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仈 ⴞ 跳台跳水难度系数的体型校正分析
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1. 䰤从䠃䘦

1 . 1 ᕅ䀰

ഭ䱵⌣㚄൘䐣≤ㄎ赛㿴ࡉѝ㿴ᇊҶн਼䐣≤ࣘⲴԓ⸱৺ަ䳮ᓖ㌫ᮠˈᆳ
Ԝо䐣≤䘀ࣘ员Ⲵ䎧䐣ᯩ৺オѝࣘᴹޣǄ䎧䐣ᯩᔿवᤜ䎧䐣ᰦ䘀ࣘ员↓䶒ᵍ
ੁǃ㘫㞮ᯩੁˈオѝࣘवᤜ㘫㞮৺䖜փസᮠǃ䓛փု࣯ㅹǄ㻱ࡔ员Ԝ䇴࠶ᰦˈ
ṩᦞ䘀ࣘ员ᆼᡀࣘⲴ㺘⧠Ո࣓৺ޕ≤᭸᷌ˈ㠚㔉ࠪӾ ࡠ10 0Ⲵࣘ䇴࠶ˈ
❦ਾ᤹аᇊޜᔿ䇑㇇䈕䘀ࣘ员䈕ࣘⲴᆼᡀ࠶ˈ↔ᆼᡀ҈࠶ԕ䈕ࣘⲴ䳮ᓖ㌫
ᮠণѪ䈕䘀ࣘ员䈕ࣘⲴᴰ㓸ᗇ࠶Ǆഐ↔ˈࠪҾޜᒣᙗ㘳㲁ˈањ䐣≤ࣘⲴ
䳮ᓖ㌫ᮠᓄ࠶ݵ৽᱐䈕ࣘⲴⵏᇎ䳮ᓖǄնᱟˈࠪҾᇎ䱵⭏⍫㓿傼ˈн਼փර
઼䓛փ㍐䍘Ⲵ䘀ࣘ员൘ᆼᡀ਼ṧⲴ㘫㞮઼䖜փࣘᰦާᴹн਼Ⲵ⭏⨶Ո࣯ˈ᭵
ᓄᖃ䇮㖞փර㌫ᮠҸԕ校↓Ǆ

䘀ࣘ员൘䘋㹼㘫䖜䘀ࣘᰦˈṩᦞ࣋学⨶ˈᖃ⢙փ㔅ᇊ䖤䖜ࣘᰦࣘ䟿⸙ㅹ
Ҿ䖜ࣘᜟ䟿઼䀂䙏ᓖⲴ҈〟. 㤕ࣘ䟿⸙ᆸᚂˈ䖜ࣘᜟ䟿Ⲵਈॆнӵᖡ૽䀂䙏ᓖ
Ⲵ大小ҏሶ᭩ਈ䀂䙏ᓖⲴᯩੁǄ⭡Ҿቸփᰦ䓛փ䍘䟿Ⲵ࠶ᐳ䐍䖜䖤䐍䖳䘌ˈ
䖜ࣘᜟ䟿大ˈᣡ㟍ഒ䓛Ⲵオ㘫ࣘˈ䓛փ䍘䟿࠶ᐳ䖳Ѫ䳶ѝˈ䖜䖤䐍䖳
䘁ˈ䖜ࣘᜟ䟿䖳小 [1]Ǆഐ↔ˈ䘀ࣘ员ഒ䓛Ⲵᶮ㍗〻ᓖሶᖸ大〻ᓖкߣᇊ⵰䖜ࣘ
ᜟ䟿Ⲵ大小Ǆ

1 . 2 䴰㾱䀓ߣⲴ䰞仈

ṩᦞ䐣≤ㄎ赛㿴ࡉѝ䎧䐣ᯩᔿԕ৺䐣≤ࣘˈᨀࠪԕл䰞仈˖
1. ⹄ウޣ᷀࠶Ҿഭ䱵⌣㚄ॱ㊣䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴ࡉˈᗇࠪо䘀ࣘ

员ᆼᡀ䐣≤ࣘᰦ䰤ǃ䘀ࣘ员փරޣфᴹѹⲴ㔃䇪Ǆ
2. 䈧ᓄ⭘⢙⨶学ᯩ⌅ˈᔪ・⁑ර᧿䘠䘀ࣘ员ᆼᡀњ䐣≤ࣘⲴᰦ䰤о䘀

ࣘ员փර˄䓛儈ˈփ䟽˅ѻ䰤Ⲵޣ㌫Ǆ
3. 䈧ṩᦞᔪ・Ⲵ⁑ර䈤᰾ˈ൘ 10㊣䐣ਠ䐣≤∄赛ѝ䇮㖞փර校↓㌫ᮠᴹᰐ

ᗵ㾱Ǆྲ᷌ᴹˈᓄྲօ䇮㖞校↓㌫ᮠǄ
4. 䈧ቍ䈅สҾᔪ・Ⲵк䘠⁑රˈ㔉ࠪ仈ѝᡰࡇⲴॱ㊣䐣ਠ䐣≤ࣘⲴ䳮ᓖ

㌫ᮠǄᗇࠪⲴ㔃᷌о䱴Ԧ 1ѝ㿴ᇊⲴ䳮ᓖ㌫ᮠᴹᰐ४࡛Ǆྲ᷌ᴹ४࡛ˈ䈧ࠪ
䀓䟺Ǆ
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2. ㅜਭ䈪᱄ૂ⁗型ٽ䇴

2 . 1 ㅖ号䈤᰾

ㅖ号 ѹ

DD 䐣ਠ䐣≤䳮ᓖ㌫ᮠ

A 㘫㞮ઘᮠ参ᮠ

B オѝᢰᐗ参ᮠ

C 䖜փᯩᔿ参ᮠ

D 㘫㞮փᔿ参ᮠ

E ṧᔿ参ᮠ≥ޕ

(S) փ㌫ࡊ

O (S)Ⲵ䍘ᗳ

M (S)Ⲵ䍘䟿

H (S)Ⲵ儈ᓖ

mi SiⲴ䍘䟿

l (S)Ⲵॺ㟲䮯ᓖ

g (S)Ⲵ㛙ᇭаॺ

Ψ (S)Ⲵオ㘫䙏ᓖ

Φ (S)Ⲵ䖜փ䙏ᓖ

Ψ′ (S)Ⲵオ㘫䀂

Φ′ (S)Ⲵ䖜փ䀂

ta 䎧䐣ޕࡠ≤ᰦ䰤

ti ᆼᡀ䐣≤ࣘᰦ䰤

td 㠚⭡㩭փᰦ䰤

ㅖ号 ѹ

(x, y, z) փѝᗳѫ䖤ḷ㌫ࡊ

(a, b, c) ᜟᙗオ䰤ѝⲴᒣࣘḷ㌫
−→
I փ㔅䍘ᗳⲴࣘ䟿⸙⸒䟿ࡊ

ω փⲴ䀂䙏ᓖࡊ

ωt փⲴⷜᰦ䀂䙏ᓖࡊ

pǃqǃr ωtੁ䖤кⲴᣅᖡ

NǃVǃL ⸙փⲴѝᗳѫᜟᙗࡊ

S0ǃS1ǃS2 S0 + S1 + S2 = (S)

S3ǃS4 S3 + S4 = (S)

∆Ψ′ (S)Ⲵオ㘫䀂䟿

∆Φ′ (S)Ⲵ䖜փ䀂䟿

n ⇿オ㘫аઘⲴ䖜փઘᮠ

m 㘫㞮ઘᮠ

n 䖜փઘᮠ

TΨi オ㘫аઘᡰ⭘Ⲵᰦ䰤

TΦi 䖜փаઘᡰ⭘Ⲵᰦ䰤

Tdive ᆼᡀ䐣≤ࣘⲴᰦ䰤

tf 㠚⭡ᰦ䰤

κ փරᢠࣘഐᆀ

∆D փර校↓参ᮠ

2 . 2 ⁑රٷ䇮

• 伎䓛ਚ㜭൘ቸփ Bᡆᣡ㟍 C⣦ᘱᰦਟ㜭ਁ⭏Ǆ
• 㘫㞮ॺઘᰦˈਚ㜭൘ⴤփ Aǃቸփ B઼ᣡ㟍 C⣦ᘱᰦ䖜փǄ
• 㘫㞮аઘᡆаઘॺᰦˈਚ㜭൘ԫု࣯ D⣦ᘱᰦ䖜փǄ
• 㘫㞮єઘ৺ԕкᰦˈਚ㜭൘ቸփ B઼ᣡ㟍 C⣦ᘱᰦ䖜փǄ
• 㟲・䐣≤㘫㞮ॺઘǃаઘॺᡆєઘᰦˈਚ㜭൘ԫု࣯ D⣦ᘱᰦ䖜փǄ
• 㟲・䐣≤㘫㞮єઘॺ৺ԕкᰦˈਚ㜭൘ቸփ B઼ᣡ㟍 C⣦ᘱᰦ䖜փǄ
• 䘀ࣘ员൘䐣≤ᰦн㘳㲁オ≄䱫࣋䰞仈Ǆ
• 䖜փ䐣≤ᰦˈн㘳㲁ޕ≤ṧᔿǄ
• ਼ањփ㘫㞮ᡆ䖜аസⲴᰦ䰤ᱟаṧⲴˈн㘳㲁䘎㔝㘫䖜Ⲵᜟᙗഐ㍐Ǆ
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3. 䰤从分析

ഭ䱵⌣㚄൘䐣≤ㄎ赛㿴ࡉѝ㿴ᇊҶн਼䐣≤ࣘⲴԓ⸱৺ަ䳮ᓖ㌫ᮠˈᆳ
Ԝо䐣≤䘀ࣘ员Ⲵ䎧䐣ᯩ৺オѝࣘᴹޣǄ䎧䐣ᯩᔿवᤜ䎧䐣ᰦ䘀ࣘ员↓䶒ᵍ
ੁǃ㘫㞮ᯩੁˈオѝࣘवᤜ㘫㞮৺䖜փസᮠǃ䓛փု࣯ㅹǄ㻱ࡔ员Ԝ䇴࠶ᰦˈ
ṩᦞ䘀ࣘ员ᆼᡀࣘⲴ㺘⧠Ո࣓৺ޕ≤᭸᷌ˈ㠚㔉ࠪӾ ࡠ10 0Ⲵࣘ䇴࠶ˈ
❦ਾ᤹аᇊޜᔿ䇑㇇䈕䘀ࣘ员䈕ࣘⲴᆼᡀ࠶ˈ↔ᆼᡀ҈࠶ԕ䈕ࣘⲴ䳮ᓖ㌫
ᮠণѪ䈕䘀ࣘ员䈕ࣘⲴᴰ㓸ᗇ࠶Ǆഐ↔ˈࠪҾޜᒣᙗ㘳㲁ˈањ䐣≤ࣘⲴ
䳮ᓖ㌫ᮠᓄ࠶ݵ৽᱐䈕ࣘⲴⵏᇎ䳮ᓖǄնᱟˈࠪҾᇎ䱵⭏⍫㓿傼ˈн਼փර
઼䓛փ㍐䍘Ⲵ䘀ࣘ员൘ᆼᡀ਼ṧⲴ㘫㞮઼䖜փࣘᰦާᴹн਼Ⲵ⭏⨶Ո࣯ˈ᭵
ᓄᖃ䇮㖞փර㌫ᮠҸԕ校↓Ǆ

3 . 1 䰞仈а᷀࠶

䰞仈а㾱≲ṩᦞഭ䱵⌣㚄ॱ㊣䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴᷀࠶ˈࡉ䈕㿴ࡉ
о䘀ࣘ员ᆼᡀ䐣≤ࣘᰦ䰤ǃ䘀ࣘ员փරޣфᴹѹⲴ㔃䇪Ǆ䴰㾱俆ݸҶ䀓
ഭ䱵⌣㚄䐣ਠ䐣≤Ⲵࣘԓ⸱ˈ⨶䀓䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴ࡉǄ❦ਾ➗
䐣≤ࣘˈ࠶ݸ㓴䘋㹼䳮ᓖ㌫ᮠⲴተ䜘ˈ᷀࠶䘋㹼ޘተ᷀࠶ᗇࠪ㔃䇪Ǆ

3 . 2 䰞仈Ҽ᷀࠶

䰞仈Ҽ㾱≲ᓄ⭘⢙⨶学ᯩ⌅ˈᔪ・⁑ර᧿䘠䘀ࣘ员ᆼᡀњ䐣≤ࣘⲴᰦ
䰤о䘀ࣘ员փර (䓛儈ˈփ䟽)ѻ䰤Ⲵޣ㌫Ǆᵜ᮷ٷ䇮Ӫփ൘䐣ਠ䐣≤ᰦн㘳㲁
オ≄䱫࣋䰞仈ˈᡰԕ䐣ਠ䐣≤䘀ࣘਟԕⴻ㞮オ䘀ࣘǄṩᦞ䘀ࣘᵜ䍘ˈ䐣ਠ䐣
≤ࣘਟԕ㿶Ѫࡊփ䘀ࣘǄ㘼䐣≤䘀ࣘ员Ⲵオ㘫䖜փ䘀ࣘਟԕⴻѪ㔅䍘ᗳⲴ
䘀ࣘˈ䘉䘀ࣘ㿴ᖻᗵᇊ䚥ᗚࣘ䟿⸙ᆸᚂᇊ⨶ [2]ǄǄ俆ݸṩᦞࣘ䟿⸙ᇊ⨶ᇊᙗ
䀓䟺䘀ࣘⲴ⢙⨶ᵜ䍘Ǆ❦ਾ䙊䗷ᔪ・ӪփⲴࡊփ㌫⁑රᶕᴤ࣐䈖㓶䇔䇶䐣≤
ᰦⲴࡊփ䘀ࣘǄަ⅑᷀࠶㔅䍘ᗳ䘀ࣘⲴࣘ࣋学ᯩ〻ˈ䈖䘠䘀ࣘⲴࣘ࣋学⨶
ᒦሬࠪ⢙⨶参ᮠѻ䰤ᇊ䟿ޣ㌫Ǆᴰਾᔪ・ᒦ≲䀓⁑රᗇࠪ䘀ࣘ员ᆼᡀњ䐣
≤ࣘⲴᰦ䰤ˈᒦфᗇࠪ䈕ᰦ䰤о䘀ࣘ员փර (䓛儈ˈփ䟽)ѻ䰤Ⲵޣ㌫Ǆ

3 . 3 䰞仈й᷀࠶

䰞仈й㾱≲ṩᦞᔪ・Ⲵ⁑ර䈤᰾ˈ൘ 10㊣䐣ਠ䐣≤∄赛ѝ䇮㖞փර校↓㌫
ᮠᴹᰐᗵ㾱Ǆྲ᷌ᴹˈᓄྲօ䇮㖞校↓㌫ᮠǄᵜ仈俆ݸ䴰㾱ᇊ䟿ࡔᯝᱟᴹᗵ
㾱䇮㖞փර校↓㌫ᮠˈ❦ਾ㘳㲁ᘾṧ䇮㖞փර校↓㌫ᮠǄ⭡ㅜҼ䰞ѝᗇࠪҶ㘫
䖜ᰦ䰤оփරⲴޣ㌫ˈ㘫䖜ᰦ䰤ᒦно䳮ᓖ㌫ᮠ㓯ᙗޣ㌫Ǆഐ↔ᰐ⌅ⴤ᧕࡙
⭘㘫䖜ᰦ䰤о䳮ᓖ㌫ᮠⲴޣ㌫ᶕ᧘ሬփරо䳮ᓖ㌫ᮠޣ㌫Ǆ൘ᵜ㢲ѝˈᇊѹᯠ
Ⲵਈ䟿˖փරᢠࣘഐᆀˈᶕ㺘⽪փරഐ㍐Ⲵн਼ࣘⲴᖡ૽〻ᓖǄփරᢠࣘഐ
ᆀоࣘᆼᡀᰦ䰤Ⲵḷ߶ᐞ↓ޣˈণᖃн਼փර൘䈕ࣘкⲴᐞᔲ䎺大ˈփ
රᢠࣘഐᆀ䎺大Ǆަ⅑䇮㖞Ҷо䓛儈ǃփ䟽৺փරᢠࣘഐᆀᴹޣⲴփර校↓㌫
ᮠˈ䙊䗷校↓㌫ᮠⲴ䇑㇇ˈ⺞ᇊփරᢠࣘഐᆀⲴѤ⭼٬Ǆᖃփරᢠࣘഐᆀ䎵䗷
Ѥ⭼٬ᰦˈփර参ᮠሩ䳮ᓖ㌫ᮠⲴᖡ૽᰾ᱮ࣐ˈণ↔ᰦ䳮ᓖ㌫ᮠ᰾ᱮਇփර
ഐ㍐ⲴᢠࣘǄ

3 . 4 䰞仈ഋ᷀࠶

䰞仈ഋ㾱≲ቍ䈅สҾᔪ・Ⲵк䘠⁑රˈ㔉ࠪ仈ѝᡰࡇⲴॱ㊣䐣ਠ䐣≤ࣘ
Ⲵᯠ䳮ᓖ㌫ᮠˈо䳮ᓖ㌫ᮠᱟᴹ४࡛Ǆ䴰㾱㔉ࠪ⇿њࣘⲴᯠ䳮ᓖ㌫ᮠ٬Ǆ
䙊䗷ḕ䰵䍴ᯉˈਆ⑨⌣䘀ࣘ员䓛儈઼փ䟽ⲴՇᮠˈሶަᑖޕㅜй䰞ѝᡰ䇑㇇ᗇ
ࠪⲴփර㌫ᮠޜ↓؞ᔿˈᗇࡠ⇿њࣘ؞↓ਾⲴᯠ䳮ᓖ㌫ᮠǄ䙊䗷∄䖳ࣘᡰ
䴰ᰦ䰤о䳮ᓖ㌫ᮠˈԕ৺ḕ䰵ޣ䍴ᯉ䀓䟺ᡰᗇ䇑㇇㔃᷌Ǆ
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4. 䰤从ж

䰞仈а䴰㾱ޣ᷀࠶Ҿഭ䱵⌣㚄ॱ㊣䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴ࡉˈᗇࠪо
䘀ࣘ员ᆼᡀ䐣≤ࣘᰦ䰤ǃ䘀ࣘ员փරޣфᴹѹⲴ㔃䇪Ǆ俆ݸ䴰㾱Ҷ䀓ഭ
䱵⌣㚄䐣ਠ䐣≤Ⲵࣘԓ⸱ˈ⨶䀓䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴ࡉǄ❦ਾ➗䐣
≤Ⲵ࠶㓴ࣘˈ䘋㹼䳮ᓖ㌫ᮠⲴ᷀࠶ᒦᗇࠪ㔃䇪Ǆ

4 . 1 ഭ䱵⌣㚄䐣ਠ䐣≤Ⲵࣘԓ⸱

൘⨶䀓䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴ࡉѻࡽˈ䴰㾱⸕䚃ഭ䱵䐣≤Ⲵࣘԓ⸱ˈ
ᒦ⨶䀓ࣘԓ⸱⇿аսⲴਜ਼ѹǄഭ䱵䐣≤Ⲵࣘԓ⸱а㡜Ѫ 3սᮠᆇᡆ 4սᮠ
ᆇˈཆ࣐ 1սオѝࣘု࣯䇶࡛⸱˄ᆇ⇽ Ǆ˅オѝࣘု࣯䇶࡛⸱а㡜Ѫ 4˖
AѪⴤփˈBѪቸփˈCѪᣡ㟍ˈDѪԫု࣯Ǆ
䐣≤ࣘԓ⸱ѫ㾱࠶Ѫє䜘࠶ǄӾᐖࡠਣⴻˈㅜ 1սᱟࣘ㓴࡛ǃަ։ս

Ѫࣘ㓶㢲Ǆࣘ㓶㢲वᤜᱟᴹ伎䓛ǃ㘫㞮ઘᮠԕ৺䖜փઘᮠㅹǄ㘼ࣘ㓴
࡛ᴹ 6㓴ˈѫ㾱࠶Ѫ 3大㊫˖

1.ㅜ 1-4㓴ᱟสᵜⲴࣘ㓴࡛ˈަࣘԓ⸱а㡜Ѫ 3ս˗
2.ㅜ 5㓴ᱟ䖜փ䐣≤ˈަࣘԓ⸱а㡜Ѫ 4ս˗
3.ㅜ 6㓴ᱟ㟲・䐣≤ˈަࣘԓ⸱ਟԕѪ 3սҏਟԕѪ 4սǄ
㓴䐣≤ࣘԓ⸱սⲴާփѹ㺘⽪ྲമ (1)(2)(3)ᡰ⽪Ǆ

മ 1

മ Ҷㅜࠪࡇ(1) 1-4㓴Ⲵ䐣≤ࣘԓ⸱սⲴާփѹǄㅜ 1-4㓴ࣘԓ⸱а
㡜ਚᴹ 3սǄֻྲĀ402Bā㺘⽪㛼ੁ≤⊐ቸփੁ㘫㞮 3ઘॺ Ā̍412Bā㺘⽪㛼
ੁ≤⊐ቸփੁ㘫㞮 3ઘॺфդᴹ伎䓛Ǆྲ᷌ࠪ⧠ 4սᛵߥˈ䛓Ѹᓄᢺᴰਾє
սⴻаսˈѪ䘀ࣘ员Ⲵ㘫㞮ઘᮠǄֻྲĀ1011Cā㺘⽪䶒ᵍ≤⊐ᣡ㟍ੁཆ㘫㞮
5ઘॺǄ

മ Ҷㅜࠪࡇ(2) 5㓴Ⲵ䐣≤ࣘԓ⸱սⲴާփѹǄㅜ 5㓴ࣘԓ⸱а㡜ᴹ
4ս Ā̍5375Cā㺘⽪ᣡ㟍ੁ㘫㞮 3ઘॺф䖜փ 2ઘॺǄ

മ Ҷㅜࠪࡇ(3) 6㓴Ⲵ䐣≤ࣘԓ⸱սⲴާփѹǄㅜ 6㓴ࣘԓ⸱ਟԕᴹ
3սˈҏਟԕᴹ 4սǄᖃ䐣≤ࣘԓ⸱Ѫ 4սᰦປ߉䖜փઘᮠˈ㤕Ѫ 3սࡉн
㇑ǄֻྲĀ611Aā㺘⽪㟲・ⴤփੁࡽ㘫㞮ॺઘ Ā̍6243Dā㺘⽪㟲・ԫု࣯ੁ
ਾ㘫㞮 2ઘф䖜փ 1ઘॺǄ
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മ 2

മ 3

4 . 2 ഭ䱵⌣㚄䐣ਠ䐣≤Ⲵ䳮ᓖ㌫ᮠ

ṩᦞ䐣≤Ⲵࣘԓ⸱ˈਟԕ㋇⮕⸕䚃䐣≤ࣘⲴ䳮ᓖ㌫ᮠо䘀ࣘ员䎧䐣ᯩ
ᔿԕ৺オѝࣘᴹޣǄഭ䱵⌣㚄ᴰᯠ䐣≤㿴ྲࡉ䱴Ԧ 1ᡰ⽪ˈ䱴Ԧ 1Ⲵ䱴ᖅ 3
Ѫഭ䱵⌣㚄䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ䇑㇇ᯩ⌅઼亩参ᮠˈ䱴ᖅ 4Ѫഭ䱵⌣㚄䐣ਠ
䐣≤䳮ᓖ㌫ᮠǄӾ䱴Ԧ 1ѝᗇࠪഭ䱵䐣≤ㄎ赛ѝ⭘ᔿ (1)ᶕ䇑㇇䐣ਠ䐣≤䳮ᓖ㌫
ᮠˈ䳮ᓖ㌫ᮠ䇠Ѫ DDǄ

DD = A+B + C +D + E (1)

ަѝ Aᱟ㘫㞮ઘᮠǃB ᱟオѝᢰᐗǃC ᱟ䖜փᯩᔿǃDᱟ㘫㞮փᔿǃE ᱟޕ≤
ṧᔿˈ䘉൷Ѫ䐣≤䳮ᓖ参ᮠǄ

Ӿ䱴Ԧ 1Ⲵ䱴ᖅ 3ѝਟԕᗇࠪњ参ᮠሩᓄⲴ࠶ᮠˈ⋑ᴹ࠶ᮠⲴ䜘࠶㺘⽪
ሩᓄࣘⴞࡽ⋑ᴹӪ㜭ᆼᡀǄֻྲ䱴ᖅ 3Ⲵ参ᮠ AሩᓄⲴ㺘ѝˈ䘈⋑ᴹӪ㜭ཏ
ᆼᡀ൘ 5m儈Ⲵ䐣ਠ儈ᓖл㘫㞮 4ઘ৺ԕкˈᡰԕሩᓄս㖞⋑ᴹ࠶ᮠǄ䱴ᖅ 3Ⲵ
参ᮠ Dᴹєњ㺘ˈањѪ䶎㟲・䐣≤ሩᓄⲴ DˈањѪ㟲・䐣≤ሩᓄⲴ Dˈ൘
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䇑㇇䗷〻ѝṩᦞ䐣≤ԓ⸱䘹⭘ᓄⲴ࠶ᮠণਟǄն൘䐣ਠ䐣≤ᰦᴹԕлٷ䇮˖
1.伎䓛ਚ㜭൘ቸփ Bᡆᣡ㟍 C⣦ᘱᰦਟ㜭ਁ⭏Ǆ
2.㘫㞮ॺઘᰦˈਚ㜭൘ⴤփ Aǃቸփ B઼ᣡ㟍 C⣦ᘱᰦ䖜փǄ
3.㘫㞮аઘᡆаઘॺᰦˈਚ㜭൘ԫု࣯ D⣦ᘱᰦ䖜փǄ
4.㘫㞮єઘ৺ԕкᰦˈਚ㜭൘ቸփ B઼ᣡ㟍 C⣦ᘱᰦ䖜փǄ
5.㟲・䐣≤㘫㞮ॺઘǃаઘॺᡆєઘᰦˈਚ㜭൘ԫု࣯ D⣦ᘱᰦ䖜փǄ
6.㟲・䐣≤㘫㞮єઘॺ৺ԕкᰦˈਚ㜭൘ቸփ B઼ᣡ㟍 C⣦ᘱᰦ䖜փǄ
7.䖜փ䐣≤ᰦˈн㘳㲁ޕ≤ṧᔿǄ
ṩᦞ䱴ᖅ 3ѝњ参ᮠⲴ࠶ᮠਟԕᗇࠪн਼䐣≤ࣘⲴ䳮ᓖ㌫ᮠǄ⭡Ҿк

䘠ٷ䇮ሬ㠤ᒦ䶎ޘ䜘Ⲵ䐣䈤ࣘ൷ᴹ䳮ᓖ㌫ᮠˈֻྲ㘫㞮 2ઘԕкⲴ䖜փቡਚ
㜭൘ቸփ B઼ᣡ㟍 CⲴ⣦ᘱлᴹ䳮ᓖ㌫ᮠǄ
ṩᦞԕкⲴ㿴ࡉˈഭ䱵⌣㚄㔉ࠪ䐣≤ࣘⲴ䳮ᓖ㌫ᮠྲ䱴Ԧ 1ѝ䱴ᖅ 4ᡰ

⽪Ǆ

4 . 3 ഭ䱵⌣㚄䐣ਠ䐣≤䳮ᓖ㌫ᮠ᷀࠶

൘䐣ਠ亩ⴞѝˈ䘀ࣘ员䴰㾱ᆼᡀޝ㓴㿴ᇊࣘˈ࡛࠶Ѫੁࡽ䐣≤ˈੁਾ䐣
≤ˈ৽䓛䐣≤ˈੁ䐣≤ˈ䖜䓛䐣≤઼㟲・䐣≤Ǆ䘀ࣘ员Ⲵ∄赛ࣘᗵ享൘н
਼㓴࡛ѝ䘹ࠪˈн㜭䟽༽Ǆഐ↔ˈሩ 6㓴࡛ࣘ࠶䘋㹼᷀࠶Ǆ
а.ㅜ 1㓴ࣘ
൘∄赛ѝ䘀ࣘ员㓿ᑨ䘹⭘Ⲵ 1㓴ࣘѪ 107B৺ 109Cˈަ䳮ᓖ㌫ᮠ࡛࠶Ѫ

3.0৺ 3.7Ǆമ (4)ኅ⽪Ҷа㓴ࣘѝˈ䳮ᓖ㌫ᮠо㘫㞮ઘᮠⲴޣ㌫Ǆަѝ x䖤
Ѫ㘫㞮ઘᮠˈy䖤Ѫ䳮ᓖ㌫ᮠǄമ (4)ѝ㲊㓯ԕк㺘⽪Ѫ䳮ᓖ㌫ᮠ䎵䗷 Ⲵࣘ࠶3
ˈ䙊ᑨ൘大赛ѝ䘀ࣘ员䜭䟷⭘ ԓ㺘ቸփ࡛ࣘ࠶ԕкⲴࣘǄ㬍㢢о₉㢢࠶3
৺ᣡ㟍ࣘˈ㓒㢢Ⲵ⛩ḷ⌘Ҷ൘大赛ѝ䘀ࣘ员ᑨ֯⭘ⲴࣘǄ⁚ੁሩ∄ਟԕ
ⴻࠪˈᖃ䳮ᓖ㌫ᮠ䎵䗷 Ǆ㓥ੁ࣐ԕਾˈ㘫㞮ઘᮠሩ䳮ᓖ㌫ᮠⲴᖡ૽大大࠶3
ሩ∄ਟԕਁ⧠ˈቸփоᣡ㟍Ⲵ䳮ᓖᐞᔲ䲿㘫㞮ઘᮠҏ䙀⑀࣐Ǆሩ∄ቸփоᣡ
㟍㊫࡛о㘫㞮ઘᮠሩо䳮ᓖ㌫ᮠⲴᖡ૽ਟԕⴻࠪˈ㘫㞮ઘᮠᖡ૽〻ᓖ大Ҿቸփ
ᣡ㟍㊫࡛Ǆ

മ 4

Ҽ.ㅜ 2㓴ࣘ
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൘∄赛ѝ䘀ࣘ员㓿ᑨ䘹⭘Ⲵ 2㓴ࣘѪ 207B৺ 209Cˈ䳮ᓖ㌫ᮠ࡛࠶Ѫ 3.3
৺ 3.6ˈྲമ (5)Ǆަѝ x䖤Ѫ㘫㞮ઘᮠˈy䖤Ѫ䳮ᓖ㌫ᮠǄ਼ṧˈ⁚ੁሩ∄ᖃ䳮
ᓖ㌫ᮠ䎵䗷 Ǆ㓥ੁሩ∄ਟԕᗇ࣐ԕਾˈ㘫㞮ઘᮠሩ䳮ᓖ㌫ᮠⲴᖡ૽大大࠶3
ࠪቸփоᣡ㟍Ⲵ䳮ᓖᐞᔲн䲿㘫㞮ઘᮠ࣐Ǆ㘫㞮ઘᮠᖡ૽〻ᓖ大Ҿቸփᣡ㟍
㊫࡛Ǆ

മ 5

й.ㅜ 3㓴ࣘ
൘∄赛ѝ䘀ࣘ员㓿ᑨ䘹⭘Ⲵ 3㓴ࣘѪ 307Cˈ䳮ᓖ㌫ᮠѪ 3.4ˈྲമ (6)Ǆ

ަѝ x䖤Ѫ㘫㞮ઘᮠˈy䖤Ѫ䳮ᓖ㌫ᮠǄ਼ṧˈ⁚ੁሩ∄ᖃ䳮ᓖ㌫ᮠ䎵䗷 ԕ࠶3
ਾˈ㘫㞮ઘᮠሩ䳮ᓖ㌫ᮠⲴᖡ૽࣐ˈնᑵнྲ 1,2㓴ࣘǄ㓥ੁሩ∄ਟԕᗇ
ࠪቸփоᣡ㟍Ⲵ䳮ᓖᐞᔲн䲿㘫㞮ઘᮠ࣐Ǆ㘫㞮ઘᮠᖡ૽〻ᓖ大Ҿቸփᣡ㟍
㊫࡛Ǆ

മ 6
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ഋ.ㅜ 4㓴ࣘ
൘∄赛ѝ䘀ࣘ员㓿ᑨ䘹⭘Ⲵ 4㓴ࣘѪ 407Bˈ307Cˈ䳮ᓖ㌫ᮠ࡛࠶Ѫ 3.5

৺ 3.2ˈྲമ (7)Ǆަѝ x䖤Ѫ㘫㞮ઘᮠˈy 䖤Ѫ䳮ᓖ㌫ᮠǄ਼ṧˈ⁚ੁሩ∄ᖃ
䳮ᓖ㌫ᮠ䎵䗷 Ǆ࣐ԕਾˈ㘫㞮єઘॺǃйઘॺǃഋઘॺѻ䰤䳮ᓖ㌫ᮠ᰾ᱮ࠶3
㓥ੁሩ∄ਟԕᗇࠪቸփоᣡ㟍Ⲵ䳮ᓖᐞᔲн䲿㘫㞮ઘᮠ࣐Ǆ㘫㞮ઘᮠᖡ૽〻
ᓖ大Ҿቸփᣡ㟍㊫࡛Ǆ

മ 7

ӄ.ㅜ 5㓴ࣘ
൘∄赛ѝ䘀ࣘ员㓿ᑨ䘹⭘Ⲵ 5㓴ࣘѪ 5156Bˈ5253Bˈ5255B䳮ᓖ㌫ᮠ࠶

࡛Ѫ 3.8৺ 3.2ˈ3.6Ǆ5㓴ࣘ䳮ᓖ㌫ᮠྲമ (8)ᡰ⽪ˈަѝ x䖤Ѫ㘫㞮ઘᮠˈy
䖤Ѫ䖜փઘᮠǄㅜа㹼Ѫнਜ਼䐣≤ࣘⲴ 2B㓴ࣘѪሩ➗ˈㅜ 2-10㹼Ѫԕ
52ᔰཤⲴࣘǄަѝˈ唁㢢४ฏѪ䳮ᓖ㌫ᮠ㺘к⋑ᴹᮠ٬Ⲵࣘˈ㬍㢢䗩Ṷम
ࠪ䳮ᓖ㌫ᮠ䎵䗷 ࣘ≥Ⲵࣘˈ哴㢢䗩ṶमࠪⲴᱟ大赛ѝ䘀ࣘ员ᑨ䘹⭘Ⲵ䐣࠶3
ˈ਼ᰦ䘉єњࣘ䳮ᓖ㌫ᮠҏ䎵䗷 ǄӾമѝਟԕⴻࠪˈ൘䳮ᓖ㌫ᮠ䎵䗷࠶3 3
ԕਾˈ䖜փࣘⲴ䳮ᓖ䮯⮕儈Ҿ㘫㞮ࣘǄ㓥ੁሩ∄ਟԕᗇࠪቸփоᣡ㟍Ⲵ
䳮ᓖᐞᔲн䲿㘫㞮ઘᮠ࣐Ǆ㘫㞮ઘᮠᖡ૽〻ᓖ大Ҿቸփᣡ㟍㊫࡛Ǆ

ㅜ.ޝ 6㓴ࣘ
൘∄赛ѝ䘀ࣘ员㓿ᑨ䘹⭘Ⲵ 5㓴ࣘѪ 626Bˈ626C৺ 6245Dˈ䳮ᓖ㌫ᮠ࠶

࡛Ѫ 3.5ˈ3.3ˈ3.6. മ (9)ኅ⽪Ҷ㟲・㛼ሩ≤⊐фнवਜ਼䖜փ (ԕ 62ᔰཤⲴйս
ᮠ)Ⲵа㌫ࣘࡇⲴ䳮ᓖ㌫ᮠǄӾമ⽪ਟԕⴻࠪˈᖃ䳮ᓖ㌫ᮠ䎵䗷 ԕਾˈ㘫࠶3
㞮ઘᮠሩ䳮ᓖ㌫ᮠⲴᖡ૽᰾ᱮ࣐Ǆ

г.ޘተ᷀࠶
⭡Ҿㅜ 1-4㓴Ⲵ䐣≤ࣘᮠᆇԓ⸱ਚᴹ 3սˈࡉ䈤᰾ਚᴹ䐣≤ᰦ↓䶒ᵍੁԕ

৺㘫㞮ઘᮠн਼Ǆഐ↔䘹ਆㅜ 1-4㓴ᡰᴹオѝု࣯䇶࡛⸱Ѫ BⲴ䐣≤ԓ⸱˄䲔
ᑖ伎䓛Ⲵࣘ˅䘋㹼᷀࠶ˈᗇࠪྲമ (10)ᡰ⽪Ǆਟԕⴻࠪˈ൘਼а㘫䖜ઘᮠѝˈ
ㅜ 2㓴Ⲵ䳮ᓖ㌫ᮠᲞ䙽∄ަ։㓴Ⲵ儈Ǆ⭡↔ᗇࠪ൘਼㘫㞮ઘᮠлˈ㛼ੁ≤⊐
ੁཆ㘫䖜Ⲵࣘ䳮ᓖ㌫ᮠᴤ儈Ǆ
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മ 8

മ 9

4 . 4 䐣ਠ䐣≤䳮ᓖ㌫ᮠᗇࠪⲴ㔃䇪᷀࠶

⭡ഭ䱵⌣㚄㔉ࠪⲴ䐣ਠ䐣≤䳮ᓖ㌫ᮠⲴ⺞ᇊ㿴ࡉˈਟԕ⸕䚃䐣ਠ䐣≤䳮ᓖ
㌫ᮠо㘫㞮ઘᮠ Aǃオѝᢰᐗ Bǃ䖜փᯩᔿ Cǃ㘫㞮փᔿDԕ৺ޕ≤ṧᔿ E ᴹ
ⴤ᧕ޣ㌫Ǆ

䙊䗷᷀࠶䱴ᖅ 4ѝⲴᮠᦞˈᗇࠪԕлࠐњᯩ䶒㔃䇪˖
а. 䐣≤䳮ᓖ参ᮠ൘䳮ᓖ㌫ᮠѝⲴঐ∄
1.൘ 1-4㓴ࣘѝˈ㘫㞮ઘᮠ Aሩ䳮ᓖ㌫ᮠDDⲴᖡ૽ᴰ大ˈA䎺大ˈDD

䎺儈Ǆ
2.൘ 5ˈ6㓴ࣘѝˈ㘫㞮ઘᮠ A઼䖜փઘᮠ C ሩ䳮ᓖ㌫ᮠ DDⲴᖡ૽䖳

大ˈAˈC 䎺大ˈDD䎺儈Ǆ
3.൘਼а㓴ࣘԓ⸱ѝˈ䟷⭘ቸփᡆᣡ㟍Ⲵᯩᔿ䳮ᓖ㌫ᮠᴤ大Ǆ

11



മ 10

Ҽ. 䳮ᓖ㌫ᮠ䲿䐣≤䳮ᓖ参ᮠⲴਈॆ䎻࣯
1.൘ 6㓴ࣘѝˈ䳮ᓖ㌫ᮠ Dо㘫㞮ઘᮠ AᒦнѕṬ㓯ᙗޣ㌫Ǆ
2.൘ 6㓴ࣘѝˈᖃ䳮ᓖ㌫ᮠ DD大Ҿ 3ᰦˈDD䲿㘫㞮ઘᮠ AⲴ䮯䙏

⦷大Ǆ
3.൘ 1㓴ࣘѝˈᖃ䳮ᓖ㌫ᮠ DD大Ҿ 3ᰦˈ䟷⭘ቸփᡆᣡ㟍ᯩᔿሩ䳮ᓖ

㌫ᮠⲴᖡ૽大ˈ൘ަԆ㓴࡛䈕䮯䎻࣯ѝн᰾ᱮǄ
4.൘਼㘫㞮ઘᮠлˈ㛼ੁ≤⊐ੁཆ㘫䖜Ⲵࣘ䳮ᓖ㌫ᮠᴤ儈Ǆ
㔬кᡰ䘠ˈ൘䐣≤䘀ࣘѝˈ㘫㞮ઘᮠ઼䖜փઘᮠሩ䳮ᓖഐ㍐Ⲵᖡ૽ᴰ大ˈ

ަ։ᖡ૽ഐ㍐䖳վфᮠࠐ٬Ѿ਼Ǆ਼ᰦˈᖃ䳮ᓖ㌫ᮠ大Ҿ 3ᰦˈ㘫㞮ઘᮠ઼
䖜փઘᮠⲴᖡ૽ഐᆀ䙀⑀大ˈ㘼ަ։ഐ㍐Ⲵᖡ૽ഐᆀᰐ᰾ᱮ࣐Ǆ
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5. 䰤从ӂ

䰞仈ˈᡰԕ䐣ਠ䐣≤䘀ࣘਟԕⴻ࣋䇮Ӫփ൘䐣ਠ䐣≤ᰦн㘳㲁オ≄䱫ٷ
㞮オ䘀ࣘ [1]Ǆṩᦞ䘀ࣘᵜ䍘ˈ䐣ਠ䐣≤ࣘਟԕ㿶Ѫࡊփ䘀ࣘ [3]Ǆ䐣≤䘀ࣘ
员Ⲵオ㘫䖜փ䘀ࣘਟԕⴻѪ㔅䍘ᗳⲴ䘀ࣘˈ䘉䘀ࣘ㿴ᖻᗵᇊ䚥ᗚࣘ䟿⸙ᆸ
ᚂᇊ⨶Ǆ俆ݸṩᦞࣘ䟿⸙ᇊ⨶ᇊᙗ䀓䟺䘀ࣘⲴ⢙⨶ᵜ䍘Ǆ❦ਾ䙊䗷ᔪ・Ӫփ
ⲴࡊփⲴ䖜ࣘ⁑රǄަ⅑᷀࠶㔅䍘ᗳ䘀ࣘⲴࣘ࣋学ᯩ〻 [4]ˈ䈖䘠䘀ࣘⲴࣘ࣋
学⨶ᒦሬࠪ⢙⨶参ᮠѻ䰤ᇊ䟿ޣ㌫Ǆᴰਾᔪ・ᒦ≲䀓⁑රᗇࠪ䘀ࣘ员ᆼᡀ
њ䐣≤ࣘⲴᰦ䰤ˈᒦфᗇࠪ䈕ᰦ䰤о䘀ࣘ员փර (䓛儈ˈփ䟽)ѻ䰤Ⲵޣ㌫Ǆ

5 . 1 Euler-Poinsotࡊփ䘀ࣘ

䐣ਠ䐣≤䘀ࣘਟԕⴻਔިࡊփ⅗࣋学䰞仈Ǆ俆ݸˈᡁԜԕࡊփ䍘ᗳ O
Ѫ⛩ᔪ・ḷ㌫˖ࡊփⲴѝᗳѫ䖤ḷ㌫ (x, y, z)ˈᜟᙗオ䰤ѝⲴᒣࣘḷ㌫

(a, b, c)ˈOb⋯ᆸᚂⲴࡊփ㔅䍘ᗳⲴࣘ䟿⸙⸒䟿ᯩੁѪ
−→
I Ǆ

മ 11

ྲമ (11)ᡰ⽪ˈٷ䇮 (a, b, c)㔅 Ob䖜ࣘ θ䀂ᗇࡠᯠⲴᒣࣘḷ㌫ˈ❦ਾ㔅
ᯠⲴ Oa䖜ࣘ δ䀂ਾѪ (a′, b′, c′)ˈ↔ᰦ Oc′оѫ䖤 Oz 䟽ਸˈ㔅 Oc′䖜ࣘ φ䀂
ਾѪ (x, y, z)Ǆަѝ θǃδǃφᱟ (x, y, z)о (a, b, c)ሩս㖞Ⲵ䀂ᓖḷˈоՐ㔏
֯⭘Ⲵ⅗䀂ᒦн਼Ǆ↔ᰦࡊփⲴⷜᰦ䀂䙏ᓖ ωtੁњ䖤кⲴᣅᖡѪ pǃqǃrˈ
ަᔿᆀྲᔿ (2)ᡰ⽪  p = θcosδsinφ+ δcosφ.

q = θcosδcosφ− δsinφ.
r = φ− θsinδ.

(2)

䇮 NǃVǃLѪࡊփⲴѝᗳѫᜟᙗ⸙ˈሶ⋯⵰ b䖤Ⲵ⸒䟿
−→
I ੁ (x, y, z)Ⲵ

䖤ᣅᖡˈᒦ࡛࠶⭘ NpǃMqǃLr ᶕ㺘⽪ˈᗇ࣋ࣘࡠ学ᯩ〻ྲл˖
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 θ = ω0(1− λµsin2φ).
δ = −ω0λµcosδcosθsinφ.
φ = −ω0λsinδ(1 + µsin2θ).

(3)

ަѝ˖

ω0 =

−→
I

M
, λ =

M − L

L
, µ =

L(N −M)

N(M − L)
(4)

䛓Ѹᔿ (3)ᆈ൘Ⲵ⢩䀓Ѫ˖

θ = ω0t, δ = φ = 0 (5)

䘉ቡ㺘⽪ࡊփ㔅ѫ䖤 Oyԕ ω0 Ѫ䀂䙏ᓖर䙏䖜ࣘˈ਼ᰦ䖜䖤൘ᜟᙗオ䰤ѝ
ᤷੁн᭩ਈˈ䘉ᛵߥ〠ѻѪ≨ѵ䖜ࣘ [6]Ǆ
ሶᔿ (3) ѝਾєњᆀᔿ䲔ቡਟԕ⎸৫ᰦ䰤ਈ䟿Ǆ䇮 δ0 Ѫ δ Ⲵࡍ٬ˈ

φ = 0ሩᓄࡍᰦ䰤ˈ〟࠶ᗇࠪ{
cosδ = cosδ0(1 + µsin2φ)−

1
2 .

sinδ = (sin2δ0 + µsin2φ)
1
2 (1 + µsin2φ)−

1
2Sign(sinδ0).

(6)

δ0 > 0ˈሶᔿ (6)ԓޕᔿ (3)⎸৫ δˈਟԕᗇࡠ φⲴᗞᯩ࠶〻Ѫ˖

φ′ = −ω0λ(sin
2δ0 + µsin2φ)

1
2 (1 + µsin2φ)

1
2 (7)

5 . 2 䖜փ䘀ࣘⲴࡊփ⁑ර

ӪփⲴ࣋学⁑රਟԕ⺞ᇊѪ փ㌫Ǆᵜ㢲ѝ㘳㲁䐣≤ⴤփࡊփ䬠㔃ᡀⲴࡊ15
ᛵᖒˈਟԕሶ⁑රㆰॆѪ S0˄ཤǃ䓛䓟ǃ㞯䜘 ǃ˅S1˄ᐖ㟲 ǃ˅S2˄ਣ㟲˅㓴ᡀ
Ⲵࡊփ㌫ (S)ˈྲമ (12)ᡰ⽪Ǆ

മ 12

ሶ Si(i = 1, 2)ㆰॆѪമ (12)ѝєחⲴ⸙ᖒˈ䇮 O0ˈMˈH Ѫ࡛࠶ (S)Ⲵ
䍘ᗳǃ䍘䟿઼儈ᓖˈOiˈm࡛࠶Ѫ Si䍘ᗳ઼䍘䟿ˈPiѪ Siо S0൘㛙䜘㚄㔃
Ⲵ䬠᧕⛩Ǆٷ䇮 P1о P2Ⲵ䘎㓯о䗷 Onᤷੁཤ亦Ⲵ㓥䖤 O0Z0ӔҾ Q⛩ˈф
O0Q = hˈOPi = g ˈOiPi = lǄ⭡Ӫփᶴ䙐ਟ⸕ˈа㡜ᛵߥл㛙ᇭ大ᾲᰦᒣ൷
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䓛儈Ⲵ 22%ˈ㟲ኅ઼㛙ᇭ઼䓛儈ᴹപᇊޣ㌫˖

H = 4l + 2g (8)

䇮 OѪ O0Z0ко O0䐍Ѫ 2mh/(M +2m)Ⲵ⺞ᇊ⛩ˈਟ䇱ᖃ S1 ,S2սҾ
н਼ս㖞ᰦˈ㌫㔏Ⲵ䍘ᗳսҾԕ OѪѝᗳˈ2ml/(M + 2m)ѪॺᖴⲴശǄ䙊
䗷䇑㇇ਟ⸕↔ശॺᖴѪ 3cmᐖਣˈѪҶׯҾ䇑㇇ᡁԜ䘁լԕ O⛩Ѫ OⲴ䍘ᗳ
ս㖞Ǆ

ഐ↔ˈྲമ (12)ᡰ⽪ˈԕOѪ⛩ᔪ・ SnⲴᖒփ䖤ḷ㌫ (x0, y0, z0)˖Oz0

⋯㓥䖤ᤷੁཤ亦ˈOy0⋯⁚䖤ᤷੁᐖחˈOx0ᤷੁ㞩䜘ˈOQ = h = Mh0/(M +
2m)Ǆྲ᷌кл㛒䜭؍ᤱ൘ (y0Oz0)ᒣ䶒ࡉˈ (S)䘁լѪሩ (y0Oz0)ᒣ䶒Ⲵ
䶒ሩ〠ࡊփ˗ྲ᷌кл㛒؍ᤱᐖਣሩ〠ս㖞ˈࡉ (S)ᱟሩ (x0Oz0)ᒣ䶒Ⲵ䶒
ሩ〠ࡊփǄᵜ㢲䇘䇪ৼ㞯ᒦᤒо zn 䖤ᒣ㹼ˈৼ㟲൘ (y0Oz0)ᒣ䶒ᐖਣሩ〠Ⲵ
⢩↺ᛵߥǄ䘉ᰦ (S)ሩ (y0Oz0)઼ (x0Oz0)єњᒣ䶒䜭ሩ〠ˈ(x0, y0, z0)о (S)
Ⲵѫ䖤ḷ㌫ (x, y, z)ᆼޘ䟽ਸǄ䇮 N0ˈV0ˈL0Ѫ S0ሩ O⛩Ⲵѫᜟᙗ䐍ˈJ
Ѫ S1 ሩ䗷 O1 ⴤҾሩ〠䖤 OiZi Ⲵѫᜟᙗ⸙Ǆ㺘 (1)㔉ࠪҶн਼㟲ս㖞ᰦ
(S)Ⲵѫᜟᙗ⸙Ǆ

㺘 1 н਼㟲ս㖞ᰦ (S)Ⲵѫᜟᙗ⸙

㟲ս㖞 N V L

ৼ㟲ᒣѮ N0 + 2J + 2m[(l+ g)2 + h2] V0 + 2mh2 L0+2J+
2m(l +
g)2

ৼ㟲л N0 + 2J + 2m[(h− l)2 + g2] V0 + 2J + 2m(h− l)2

L0 + 2mg2

ৼ㟲кѮ N0 + 2J + 2m[(h+ l)2 + g2] V0 + 2J + 2m(h+ J)2

ਣ㟲кѮ

N0 + 2J + 2m(h2 + l2 + g2) V0 + 2J + 2m(h2 + l2)
ᐖ㟲л

ਣ㟲л

ᐖ㟲кѮ

⭡ҾӪⴤփᰦⲴ µ大Ҿ䴦ˈᗞ小ᢠࣘ δ0 㜭ᱮ㪇᭩ਈ䘀ࣘ⣦ᘱˈӾ㘼ᕅ䎧㔅
㓥䖤Ⲵঅᯩੁ䖜ˈ↔ণ䘀ࣘⲴ⢙⨶ᵜ䍘Ǆᇊѹ Oz0 ઼ Oy∗ Ѫ䖜փ䖤઼オ㘫
䖤ǄOz0 Ѫ㓥䖤ˈOy∗ ѪӪփ⁚ᯝᒣ䶒 (x0Oy0) оᜟᙗḷ㌫ᒣ䶒 (bOz) ⲴӔ
㓯Ǆオ㘫䖤 Oy∗ⴤҾ㓥䖤նн䲿փ䘀ࣘ᭩ਈᯩս [9]ǄԔ (S)Ⲵⷜᰦ䀂䙏ᓖ ωt

⋯ Oy∗઼ Oz0ⲴᣅᖡѪオ㘫䙏ᓖ Ψ઼䖜փ䙏ᓖ ΦˈΨ′઼ Φ′ᇊѹѪオ㘫䀂઼䖜
փ䀂:

Ψ = θcosδ, Φ = φ− θsinδ (9)

ሶᔿ (3)оᔿ (6)ᑖޕᔿ (19)ˈᗇࡠ

Ψ = ω0cosδ0(1− λµsinφ2)(1 + µsinφ2)−
1
2 (10)

Φ = −ω0(1 + λ)(sin2δ0 + µsin2φ)
1
2 (1 + µsin2φ)−

1
2 (11)

ሶкєᔿоᔿ (7)䲔⎸৫ᰦ䰤ਈ䟿ਾሩ φ㠚 0㠣 2π〟࠶ˈᗇࡠ φ⇿ਈॆаઘ
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Ⲵオ㘫䀂о䖜փ䀂䟿˖

∆Ψ′ = −cosδ0
λ

∫ 2π

0

(1− λµsin2φ)dφ

(1 + µsin2φ)(sin2δ0 + µsin2φ)
1
2

(12)

∆Φ′ = (
1 + λ

λ
)

∫ 2π

0

dφ

1 + µsin2φ
(13)

ᇊѹ䖜փ㌫ᮠ nѪ⇿オ㘫аઘⲴ䖜փઘᮠǄ

n =
|∆Ψ′|
|∆Φ′|

(14)

5 . 3 փᐖਣ䶎ሩ〠ᛵᖒࡊ

ྲ᷌൘㟲・䐣≤ᰦˈਟ㜭ᆈ൘ৼ㞯ⴤփု࣯ˈնৼ㟲൘ (yOz)ᒣ䶒նԕ z
䖤䶎ሩ〠Ǆྲമ (13)ᡰ⽪Ⲵᐖമᡰ⽪ˈ䘉ᱟањӪփঅ㟲・Ⲵࡊփ⽪മǄ઼
5.2㢲਼ˈᢺӪփ࠶ᡀ S0ǃS1઼ S2йњ䜘࠶Ǆ

മ 13

⭡Ҿ S1 ઼ S2 ൘਼аᒣ䶒нሩ〠ˈ䛓Ѹ൘മ (13)ѝˈ↔ᰦ (S)Ⲵѝᗳѫ
䖤ḷ㌫ (x, y, z)ሩⴤփḷ㌫ (x0, y0, x0)㔅 Ox0〫ٿ䀂ᓖѪ ϑᰦᴹ˖

ϑ =
1

2
tan−1(

2K

L− V
) (15)

ᔿ (15)ѝˈV ǃLᱟ㺘 (1)ѝ (S)ሩҾ (x0, y0, z0)Ⲵᜟᙗ参ᮠ [7]ǄKᱟ (S)
ሩ Ox0 Ⲵᜟᙗ〟ˈਚᴹ൘ᐖ㟲кѮ઼ਣ㟲лᰦᴹ٬ˈфѪ −2mglˈަ։ᰦى
൷Ѫ 0Ǆਟԕⴻࠪ (L− V ) ≫ Kˈᔿ (15)ਟԕ䘁լѪ ϑ = K/(L− V )Ǆ

ӽ❦ሶ Oz0Ѫ䖜փ䖤ˈնноѝᗳѫ䖤 Oz䟽ਸǄྲമ (14)ˈオ㘫䖤ᇊѹѪ
ᒣ䶒 (x0Oy0)оᒣ䶒 bOz ⲴӔ㓯 Oy∗Ǆ䛓Ѹᓄ䟽ᯠᇊѹ䖜փ䀂䙏ᓖ ω1ˈṩᦞ ω1

⋯ Oy∗઼ Oz0Ⲵᣅᖡˈᗇࠪ˖

Ψ = [θcosδcosϑ− (φ− θsinδ)sinδcosϑ] · (1− sin2φsin2ϑ)−
1
2 (16)

Φ = (φ− θsinδ)cosϑ+ (θcosδcosθ − δsinφ)sinϑ (17)

16



മ 14

ަѝ θǃδǃφᱟ (x, y, z)о (a, b, c)ሩս㖞Ⲵ䀂ᓖḷǄ䇮ࡍॆᰦ S Ⲵ

ࣘ䟿⸙
−→
I ⋯ y0 䖤ˈ↔ᰦԔ δ0 = ϑˈᒦфሶᔿ (3)Ⲵࡽєњᆀᔿǃᔿ (6)ԕ৺ᔿ

(7)ԓޕᔿ (16)ᗇࠪ˖

Ψ =
ω0[(1− λµsin2φ)cos2ϑ+ (1 + λ)(µsin2φ+ sin2ϑ)1/2sinφsinϑ]

(1 + µsin2φ)1/2(1− sin2φsin2ϑ)1/2
(18)

Φ = −ω0cosϑ[(1 + λ)(µsin2φ+ sin2ϑ)1/2 − sinϑsinφ]

(1 + µsin2φ

1/2

(19)

㓿䗷о 5.2㢲㊫լਈᦒਾᗇ˖

∆Ψ′ = −cos2ϑ

λ

∫ 2π

0

(1− λµsin2φ)

(1 + µsin2φ)(µsin2φ+ sin2ϑ)1/2(1− sin2φsin2ϑ)1/2
dφ

(20)

∆Φ′ =
(1 + λ)cosϑ

λ

∫ 2π

0

1

1 + µsin2φ
dφ (21)

❦ਾሶᔿ (20)઼ᔿ (21)ԓޕᔿ (14)ቡਟԕᗇࡠ䖜փ㌫ᮠ nǄ

5 . 4 ਾ䶎ሩ〠ᛵᖒࡽփࡊ

൘ᵜ㢲ѝˈᡁԜሶㅜй䜘࠶ѝⲴオ㘫⁑රᤃኅѪवਜ਼ቸփု࣯Ⲵࡽਾ䶎ሩ
〠⁑රǄоѻࡽሩӪփ࠶ࡂн਼ˈ൘ᵜ㢲ѝᡁԜሶ䓟ᒢоৼ㞯࠶ᔰǄྲৼ㟲л
ˈৼ㞯ࡽੁ→ڌ᭦䎧ቸփု࣯ˈࡉ (S)ਚሩ (x0Oz0)ᒣ䶒ሩ〠նࡽਾнሩ
〠Ǆ

ഐ↔ᡁԜሶӪփⲴ࣋学⁑ර (S)᭩Ѫ⭡ S3(ཤˈ䓟ᒢˈৼ㟲)઼ S4(ৼ㞯)є
њࡊփ㓴ᡀˈྲമ (15) ᡰ⽪ǄS3 ઼ S4 ൘㞠䜘ਟ㔅⁚䖤ሩ䖜ࣘˈն൘䘀ࣘ
䗷〻ѝ؍ᤱപᇊ㘼ਸѪањࡊփǄԕ䍘ᗳ O0 Ѫ⛩ᔪ・ Si Ⲵᖒփ䖤ḷ㌫
(xi, yi, zi)ˈަѝ (i = 3, 4)ˈOiyi⋯⁚䖤ˈOizi⋯㠚Ⲵ㓥䖤ᤷੁཤ亦 (i = 3)ᡆ
Ӿ䏣ᓅᤷੁ㞠䜘 (i = 4)ᒦӔҾ O′⛩Ǆ
ྲമ (16)Ǆᔪ・⛩н⺞ᇊⲴ (x0, y0, z0)ḷ㌫ˈަѝ y0 ӽ⋯⁚䖤ˈz0

䖤ᒣ㹼Ҿ z3 䖤о z4 䖤Ⲵᒣ࠶䀂㓯ᯩੁˈγ Ѫ z0 䖤о zi 䖤Ⲵཀྵ䀂Ǆ䇮 mi Ѫ Si

17



മ 15

മ 16

Ⲵ䍘䟿ˈm = m3 +m4Ѫ (S)Ⲵ䍘䟿ˈliѪ Oi㠣 O′⛩Ⲵ䐍ˈ(S)Ⲵ䍘ᗳ O
ሩ OiⲴ⸒ᖴ ρi൘⛩Ѫ OiⲴ (x0, y0, z0)ѝᣅᖡѪ xi = (−1)i[−(mi/m)](̇l3 − l4)sinγ.

yi = 0.

zi = (−1)i[−(mi/m)](̇l3 + l4)cosγ.

(22)

䇮 NiˈViˈLiѪ SiⲴѝᗳѫᜟᙗ⸙ˈࡉ Siሩ Oi⛩ሩ (x0, y0, z0)Ⲵᜟᙗ
张䟿࠶䟿Ѫ

Ni = Nicosγ
2 + Lisinγ

2, Vi = ViLi = Nisinγ
2 + Licosγ

2,

Ki = 0, Ei = (−1)i−1(Ni − Li)cosγsinγ, Fi = 0 (23)

18



䇑㇇ S10ሩ O⛩ሩ (x0, y0, z0)Ⲵᜟᙗ张䟿ᒦ࣐ᗇࡠ (S)Ⲵᙫᜟᙗ张䟿 [8]Ǆ
N0 = [(A3 + A4 + ϵ(l3 + l4)

2cosγ2 + (C3 + C4)sinγ
2].

V0 = (B3 +B4 + ϵ(l3 + l4 + 2l3l4)cos2γ.
L0 = [(A3 + A4 + ϵ(l3 − l4)

2sinγ2 + (C3 + C4)cosγ
2].

E0 = [(A3 − C3 − A4 + C4 + ϵ(l23 − l24)sinγcosγ].
K0 = F0 = 0.

(24)

ަѝ ϵ = m3m4/mˈ䇮 (x, y, z)Ѫԕ OѪ⛩Ⲵ (S)ѝᗳѫ䖤ḷ㌫ˈᆳ
ሩ (x0, y0, z0)㔅 Oy0䖜䗷 σ䀂

σ =
1

2
tan(

2E0

N0 − L0

) (25)

(S)Ⲵѝᗳѫᜟᙗ⸙Ѫ N = N0cos
2σ + cosσsin2σ + E0sin2σ.

V = V0.
L = N0sin

2σ + cosσcos2σ − E0sin2σ.
(26)

മ 17

ྲമ (17)ᡰ⽪ˈሶ (x3, y3, z3)Ⲵ⛩〫㠣 Oˈᇊѹ Oz3 Ѫ䖤փ䖤ˈS3 Ⲵ⁚
ᯝ䶒 (x3Oy3)о (bOz)ᒣ䶒ⲴӔ㓯 Oy∗Ѫオ㘫䖤ˈᗇࡠ

Ψ = [θcosδcos(γ−σ)− (φ− θsinδ)sin(γ−σ)sinφ]× [1− sin2(γ−σ)cosφ]
1
2 (27)

Φ = (φ− θsinδ)cos(γ − σ) + (φcosγsinσ + δsinφ)sin(γ − σ) (28)

㓿䗷оㅜй㢲㊫լⲴਈᦒˈ〟࠶ᗇࡠ

∆Ψ′ = −cosδ0cos(γ − σ)

λ

∫ 2π

0

(1− λµsinφ2)dφ

(1 + µsin2φ)
1
2 ((sin2δ0 + µsin2φ)

1
2 )[1− sin2(γ − σ)cos2φ]

1
2

(29)

∆Φ′ =
(1 + λcos(γ − σ)

λ

∫ 2π

0

dφ

1 + sinφ2
(30)

ሶк䶒єᔿᑖޕᔿ (14)ণᗇࡠ䖜փ㌫ᮠ nǄ
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5 . 5 ⁑රⲴᔪ・ԕ৺≲䀓

⭡ԕкⲴࡊփ㌫᷀࠶ਟᗇˈ䙊䗷н਼Ⲵ䐣≤ࣘਟԕᗇࡠн਼Ⲵオ㘫䀂 Ψ′

઼䖜փ䀂 Φ′Ǆ㘼ṩᦞオ㘫䀂䟿∆Ψ′о䖜փ䀂䟿∆Φ′ਟԕᗇࠪ⇿オ㘫аઘⲴ
䖜փ㌫ᮠ nǄ䐣≤ࣘᰦ䰤нᱟ䘀ࣘ员Ӿ䎧䐣ޕࡠ≤䰤Ⲵᰦ䰤ˈ㘼ᱟ䘀ࣘ员൘
㞮オ⣦ᘱᆼᡀ䐣≤ԓ⸱ࣘⲴᰦ䰤ˈ䇠Ѫ TdiveǄ

5 . 5 . 1 ⴤփфሩ〠䐣≤⁑රⲴᔪ・

൘ 5.2㢲ѝˈ᷀࠶Ҷ䐣≤䘀ࣘ员൘ⴤփု࣯䐣≤ᰦⲴ䘀ࣘᛵߥˈণⴤփн
䖜䐣≤ࣘǄ൘ⴤփф⋯Ӫփ㓥䖤ሩ〠Ⲵု࣯䐣≤ᰦˈṩᦞࡊփࣘ࣋学ˈᡁԜ
䀓ࠪҶ൘䘉ᛵߥлⲴ䖜փઘᮠ nˈ䈖㓶䗷〻㿱 5.2㢲ǄԔオ㘫䀂䟿 ∆Ψ′ о
䖜փ䀂䟿 ∆Φ′൷Ѫ 2πˈ䖜ࣘаઘᰦ䰤Ѫ TǄ㚄・ᔿ (7)ᴹ˖{

ᔿ(7).
ω0 =

2π
T
.

(31)

ਟᗇ˖

T =
cosδ0
λ2

(1− λµsin2ϕ) (32)

↔ᰦ㚄・ᔿ (7)ᴹ˖

TΨ1 =
cosδ · (1 + µsin2φ)

1
2

λ2
(1− λµsin2δ) (33)

TΦ1 =
1 + λ

λ(1 + µsin2φ)
(34)

Ӿк䶒єᔿቡᱟ൘䟷⭘ⴤփфሩ〠ࣘ䐣≤ᰦˈTΨ1 ઼ TΦ1 Ѫ䈕⁑රлⲴ㘫㞮
аઘᡰ⭘Ⲵᰦ䰤઼䖜փаઘᡰ⭘Ⲵᰦ䰤Ǆ

5 . 5 . 2 অ㟲䶎ሩ〠䐣≤⁑රⲴᔪ・

൘ 5.3㢲ѝˈ᷀࠶Ҷ䐣≤䘀ࣘ员൘অ㟲ု࣯䐣≤ᰦⲴ䘀ࣘᛵߥˈণⴤփ
䖜䐣≤ࣘǄ൘অ㟲ф⋯Ӫփᐖਣ䶎ሩ〠Ⲵု࣯䐣≤ᰦˈṩᦞࡊփࣘ࣋学ˈᡁ
Ԝ䀓ࠪҶ൘䘉ᛵߥлⲴ䖜փઘᮠ nˈ䈖㓶䗷〻㿱 5.3㢲Ǆок䘠㊫լ䀓⌅ਟԕ
ᗇࠪ䟷⭘অ㟲фӪփ⋯ѝ䖤䶎ሩ〠ࣘ䐣≤ᰦˈ㘫㞮аઘⲴᰦ䰤 TΨ2 ઼䖜փа
ઘⲴᰦ䰤 TΦ2ྲл˖

TΨ2 =
cos2ϑ(1− λµsin2φ)

λ2(1− sin2ϑsin2ϕ)
(35)

TΦ2 =
(1 + λ)cosϑ

λ(1 + µsin2φ)
(36)

5 . 5 . 3 ቸփᡆᣡ㟍䐣≤⁑රⲴᔪ・

൘ 5.4㢲ѝˈ᷀࠶Ҷ䐣≤䘀ࣘ员൘ቸփᡆᣡ㟍ု࣯䐣≤ᰦⲴ䘀ࣘᛵߥˈণа
ਾ䶎ሩ〠Ⲵု࣯䐣≤ᰦˈṩࡽቸփᡆᣡ㟍䐣≤ࣘǄ൘ቸփᡆᣡ㟍ф⋯Ӫփ࠷
ᦞࡊփࣘ࣋学ˈᡁԜ䀓ࠪҶ൘䘉ᛵߥлⲴ䖜փઘᮠ nˈ䈖㓶䗷〻㿱 5.4㢲Ǆо
к䘠㊫լ䀓⌅ਟԕᗇࠪ䟷⭘ቸփᡆᣡ㟍ф⋯Ӫփࡽਾ䶎ሩ〠ࣘ䐣≤ᰦˈ㘫㞮
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аઘⲴᰦ䰤 TΨ3઼䖜փаઘⲴᰦ䰤 TΦ3ྲл˖

TΨ3 =
cosδ0cos(γ − σ)(1− λµsin2φ)

λ2[1− sin2(γ − σ)cos2φ])
1
2

(37)

TΦ3 =
1 + λcos(γ − σ)

λ(1 + µsin2φ)
(38)

5 . 5 . 4 й䐣≤⁑රⲴ≲䀓

൘њ⁑රѝˈṩᦞ㺘 (1)ѝሩᓄⲴѝᗳѫᜟᙗ⸙ˈ㚄・㘫㞮аઘⲴᰦ䰤
TΨi઼䖜փаઘⲴᰦ䰤 TΦiԕ৺ᔿ (4)(8)ˈਟԕᗇࠪй⁑රѝ㘫㞮аઘᰦ䰤 TΨi

о䖜փаઘᰦ䰤 TΦi઼䓛儈 Hǃփ䟽M Ⲵޣ㌫˖

TΨi.
TΦi.

ω0 =
−→
I
V
.

λ = V−L
L

.

µ = L(N−V )
N(V−L)

.

H = 2g + 4l.
i = 1, 2, 3

(39)

њ䐣≤ࣘࡠਟԕᗇˈࡉᇊⲴ䐣≤㿴ࡦṩᦞᔪ・Ⲵ⁑රԕ৺ഭ䱵⌣㚄
䴰㾱ᆼᡀⲴᰦ䰤о TΨiо TΦiᴹⴤ᧕ޣ㌫Ǆԕৼ㟲ᒣѮڊ㘫㞮аઘѪֻˈᴹ

TΨ1 =
cosδ · (1 + µsin2φ)

1
2

λ2
(1− λµsin2δ) (40)

ަѝˈ {
µ = (L0+2J+2m(l+g)2)(N0+2J+2m[(L+g)2+h2]−V0+2mh2)

N0+2J+2m[(l+g)2+h2](V0+2mh2−L0−L)−2m(l+g)2
.

λ = (V0+2mh2)−[L0+2J+2m(l+g)2]
L0+2J+2m(l+g)2

.
(41)

⭡↔ᗇࠪ䐣≤ᰦ䰤઼䘀ࣘ员փර˄䓛儈ǃփ䟽˅Ⲵޣ㌫Ǆ䛓Ѹ䐣≤ࣘⲴᆼᡀ
ᰦ䰤ቡᓄ䈕Ѫ˖

Tdive = m× TΨi + n× TΦi (42)

ަѝ mѪ㘫㞮ઘᮠǃnѪ䖜փઘᮠǄԕ↔ᗇࠪн਼⁑රл䐣≤઼ࣘ䘀ࣘ
员փර˄䓛儈ǃփ䟽˅ѻ䰤Ⲵޣ㌫Ǆ

䐣≤ԓ⸱㜭ཏሩᓄᡁԜᔪ・Ⲵ⁑රˈণ⇿њ䐣≤ࣘ䜭㜭➗⁑ර䇑㇇ࠪ
䐣≤ࣘⲴᰦ䰤Ǆṩᦞ䐣≤ࣘԓ⸱ਟԕ⸕䚃ˈਟԕṩᦞ㓴࡛名〠ԕ৺ု࣯䇶
࡛⸱ᶕ⺞ᇊ⁑රⲴ䘹ᤙ˖

1.⁑රа䪸ሩⴤփሩ〠䐣≤ࣘˈሩᓄ䐣≤ԓ⸱ᓄѪㅜ 1-4ǃ6㓴фု࣯䇶
࡛⸱Ѫ AǄ

2.⁑රҼ䪸ሩⴤփ䖜䐣≤ࣘˈሩᓄ䐣≤ԓ⸱ᓄѪㅜ 5㓴фု࣯䇶࡛⸱
Ѫ AǄ

3.⁑රй䪸ሩቸփᣡ㟍䐣≤ࣘˈሩᓄ䐣≤ԓ⸱ᓄѪㅜ 1-6㓴фု࣯䇶࡛
⸱Ѫ BCǄ

ާփ⽪ֻྲ㺘 (2)ᡰ⽪Ǆ
⭡㺘 (2)ਟ⸕ˈᖃ䐣≤ԓ⸱ѪĀ307Bāᰦˈṩᦞ㓴઼࡛オѝု࣯ԓ⸱ˈ⺞ᇊ

ԓޕ⁑රйǄަ㘫㞮സᮠѪ 3.5ˈ䖜փസᮠѪ 䐣≤ࣘᰦ䰤Ѫަࡉˈ0 3.5×TΨ3
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㺘 2 䐣≤ࣘᰦ䰤⽪ֻ

䐣≤ࣘԓ⸱ ု࣯ 儈ᓖ 㘫㞮ᰦ䰤 䖜փᰦ䰤 䐣≤ࣘᰦ䰤

307 B 10 3.5×TΨ3 0 3.5×TΨ3

404 A 10 2×TΨ1 0 2×TΨ1

5374 A 10 3.5×TΨ2 2×TΦ2 3.5×TΨ2+2×TΦ2

5371 C 10 3.5×TΨ3 0.5×TΦ3 3.5×TΨ3+0.5×TΦ3

Ǆᖃ䐣≤ԓ⸱ѪĀ5371Aāᰦˈṩᦞ㓴઼࡛オѝု࣯ԓ⸱ˈ⺞ᇊԓޕ⁑රҼǄަ
㘫㞮സᮠѪ 3.5ˈ䖜փസᮠѪ 䐣≤ࣘᰦ䰤Ѫަࡉˈ0.5 3.5×TΨ2+2×TΦ2Ǆ
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6. 䰤从п

ᵜ᮷ѝ俆ݸ䴰㾱ᇊ䟿ࡔᯝᱟᴹᗵ㾱䇮㖞փර校↓㌫ᮠˈ❦ਾ㘳㲁ᘾṧ䇮
㖞փර校↓㌫ᮠǄ⭡ㅜҼ䰞ѝˈᡁԜᗇࠪҶ㘫䖜ᰦ䰤оփරⲴޣ㌫ˈṩᦞ䱴Ԧ
аᗇࠪ㘫䖜ᰦ䰤ᒦно䳮ᓖ㌫ᮠ㓯ᙗޣ㌫Ǆֻྲ䖜փᰦ䰤大Ҿ㘫㞮ᰦ䰤ˈն
㘫㞮䳮ᓖ㌫ᮠ٬࠶儈Ҿ䖜փǄഐ↔ˈᡁԜᰐ⌅ⴤ᧕࡙⭘㘫䖜ᰦ䰤о䳮ᓖ㌫ᮠⲴ
㌫Ǆ൘ᵜ㢲ѝˈᡁԜᇊѹᯠⲴਈ䟿˖փරᢠࣘഐޣ㌫ᶕ᧘ሬփරо䳮ᓖ㌫ᮠޣ
ᆀˈᶕ㺘⽪փරഐ㍐Ⲵн਼ࣘⲴᖡ૽〻ᓖǄփරᢠࣘഐᆀоࣘᆼᡀᰦ䰤Ⲵ
ḷ߶ᐞ↓ޣˈণᖃн਼փර൘䈕ࣘкⲴᐞᔲ䎺大ˈփරᢠࣘഐᆀ䎺大Ǆަ
⅑ˈᡁԜ䇮㖞Ҷо䓛儈ǃփ䟽৺փරᢠࣘഐᆀᴹޣⲴփර校↓㌫ᮠˈ䙊䗷校↓
㌫ᮠⲴ䇑㇇ˈᡁԜࡠҶփරᢠࣘഐᆀⲴѤ⭼٬Ǆᖃփරᢠࣘഐᆀ䎵䗷Ѥ⭼٬
ᰦˈփර参ᮠሩ䳮ᓖ㌫ᮠⲴᖡ૽᰾ᱮ࣐ˈণ↔ᰦ᰾ᱮਇփරഐ㍐ⲴᢠࣘǄ

6 . 1 ⁑ර参ᮠⲴ᷀࠶

䙊䗷䰞仈Ҽ⁑රⲴᔪ・ˈᡁԜਟԕᗇࠪ䐣≤ࣘᆼᡀⲴᰦ䰤о䘀ࣘ员փර
˄䓛儈ǃփ䟽˅ᴹޣ㌫Ǆഐ↔ᡁԜṩᦞ⁑රᶕ䘋㹼Ԅ㓶Ⲵ᷀࠶Ǆ

മ 18

俆ٷˈݸᇊ䘀ࣘ员փ䟽M = 65kgˈԓޕн਼䓛儈ᗇࠪᆼᡀ䐣≤ࣘⲴᰦ䰤
ྲлമ (18)(19)ᡰ⽪Ǆ
മ (18) ѝ x 䖤Ѫ䓛儈ˈy 䖤Ѫᆼᡀ㘫㞮аઘ䴰㾱Ⲵᰦ䰤ǄӾ㓥ੁкᶕⴻˈ

ᖃ䘀ࣘ员Ⲵ䓛儈а㠤ᰦˈ⁑රаǃ⁑රҼ઼⁑රйᆼᡀ㘫㞮аઘⲴࣘᡰ⭘ᰦ
䰤߿⅑ቁǄӾ⁚ੁкᶕⴻˈ䘀ࣘ员䓛儈䎺儈ˈަ䐣≤ᰦ㘫㞮аઘᡰ⭘Ⲵᰦ䰤
䎺䮯Ǆ

മ (19)ѝ x䖤Ѫ䓛儈ˈy 䖤Ѫᆼᡀ䖜փаઘ䴰㾱Ⲵᰦ䰤Ǆ䈕മѝ⋑ᴹ⁑ර
аⲴ㓯ᶑˈഐѪ⁑රан⎹৺䖜փǄӾ㓥ੁкᶕⴻˈᖃ䘀ࣘ员䓛儈а㠤ᰦˈ⁑
රйᆼᡀ䖜փаઘⲴࣘᡰ⭘ᰦ䰤∄⁑රҼཊǄӾ⁚ੁкᶕⴻˈ䘀ࣘ员䓛儈䎺
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മ 19

儈ˈަ䐣≤ᰦ䖜փаઘᡰ⭘Ⲵᰦ䰤䎺䮯Ǆ
❦ਾˈᡁԜٷᇊ䘀ࣘ员Ⲵ䓛儈 H = 165cmˈԓޕн਼փ䟽ᗇࠪᆼᡀ䐣≤ࣘ

Ⲵᰦ䰤ྲлമ (20)(21)ᡰ⽪Ǆ

മ 20
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മ (20) ѝ x 䖤Ѫփ䟽ˈy 䖤Ѫᆼᡀ㘫㞮аઘ䴰㾱Ⲵᰦ䰤ǄӾ㓥ੁкᶕⴻˈ
ᖃ䘀ࣘ员Ⲵփ䟽а㠤ᰦˈ⁑රаǃ⁑රҼ઼⁑රйᆼᡀ㘫㞮аઘⲴࣘᡰ⭘ᰦ
䰤߿⅑ቁǄӾ⁚ੁкᶕⴻˈ䘀ࣘ员փ䟽䎺大ˈᆼᡀ㘫㞮аઘⲴࣘᡰ⭘ᰦ䰤
㓖䮯Ǆ

മ 21

മ (21) ѝ x 䖤Ѫփ䟽ˈy 䖤Ѫᆼᡀ䖜փаઘ䴰㾱Ⲵᰦ䰤ǄӾ㓥ੁкᶕⴻˈ
ᖃ䘀ࣘ员փ䟽а㠤ᰦˈ⁑රҼᆼᡀ䖜փаઘⲴࣘᡰ⭘ᰦ䰤∄⁑රй䮯ǄӾ⁚
ੁкᶕⴻˈ䘀ࣘ员փ䟽䎺大ˈަ䐣≤ᰦ䖜փаઘᡰ⭘Ⲵᰦ䰤䎺䮯Ǆ

䙊䗷ሩփර参ᮠⲴᇊᙗ᷀࠶ˈᡁԜਟԕ⺞ᇊ䴰㾱䇮㖞փර校↓㌫ᮠǄ

6 . 2 փරᢠࣘഐᆀⲴᕅޕ

䙊䗷മਟᗇࠪˈփර䖳ⱖ小Ⲵ䐣≤䘀ࣘ员൘ᆼᡀ㘫䖜䘀ࣘᰦᡰ䴰ᰦ䰤䖳ቁˈ
ഐ↔㜭ཏᴤཏᆼᡀ㘫䖜സᮠ䖳ཊⲴࣘˈ਼ᰦ൘ᆼᡀ਼ṧࣘᰦˈᴹᴤᇼ։Ⲵ
ᰦ䰤ᶕ䈳ᮤޕ≤ု࣯ǄሩҾн਼ࣘˈֻྲ 203Bо 205Bˈ⭡Ҿ㘫䖜സᮠ䖳ቁˈ
ণ֯н਼փරⲴ䘀ࣘ员ҏ㜭൘㿴ᇊᰦ䰤ᆼᡀ˗㘼ሩҾྲ 5253Bˈ5255B㊫Ⲵ
ࣘˈփර儈大Ⲵ䘀ࣘ员ᖰᖰн㜭൘オѝᆼᡀࣘˈഐѪަᆼᡀࣘⲴᰦ䰤ਟ
㜭大ҾަӾ䎧䐣ޕࡠ≤Ⲵᰦ䰤Ǆഐ↔ˈᡁԜ俆᷀࠶ݸփරሩҾࣘᖡ૽ഐ㍐Ⲵ
大小ˈᶕ⺞ᇊᱟ䴰㾱ሩ䈕ࣘ䘋㹼校↓Ǆṩᦞԕк᷀࠶ਟԕᗇࡠˈн਼ࣘ
ᓄ䈕ާᴹн਼Ⲵփරᖡ૽ഐ㍐Ǆ൘ᵜ㢲ѝˈᡁԜሶ䈕փරᖡ૽ഐ㍐ᇊѹѪփර
ᢠࣘഐᆀ κˈ䙊䗷ㅜҼ䰞ѝ⁑ර䇑㇇ᡰᗇⲴࣘᆼᡀᰦ䰤ᶕ䇑㇇ κⲴ٬ˈ਼ᰦ
䇮ᇊ κⲴѤ⭼ࡔ٬ᯝࣘᱟ䴰㾱⸛↓Ǆٷ䇮䘀ࣘ员䎧䐣ࡍ䙏ᓖѪ v0ˈ䘀ࣘ
员䓛儈Ѫ Hˈ䟽࣐࣋䙏ᓖѪ gˈᆼᮤ䐣≤䗷〻ᡰ䴰ᰦ䰤Ѫ taˈণӾ䎧䐣ޕࡠ≤
ᰦ䰤ˈণ

ta =
v0
g

+

√
2
10 +H

g
(43)
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ᆼᡀࣘ iᰦ䰤Ѫ tiˈᆼᡀࣘ㠣䓛փ᧕䀖≤䶒ᰦ䰤Ѫ tdˈᴹ

td =

√
2H

g
(44)

ᡁԜሶ䘀ࣘ员ਟࣘڊᰦ䰤ᇊѹѪ㠚⭡ᰦ䰤 tfˈ䛓Ѹ

tf = ts − td =
v0
g

+

√
2
10 +H

g
−

√
2H

g
(45)

ྲ᷌аսփර䖳Ѫᓎ大Ⲵ䘀ࣘ员䘹ᤙањ䳮ᓖ㌫ᮠᖸվᒦ㜭؍䇱ᆼᡀⲴ䐣≤ࣘ
ˈֻྲ 401CǄྲ᷌ਚᱟㆰঅⲴ䇮㖞փර校↓㌫ᮠˈਟ㜭Պ֯ᗇ䈕ࣘሩ䈕䘀
ࣘ员Ⲵ䳮ᓖ㌫ᮠᖸ儈ˈӾ㘼ሬ㠤ަᡀ㔙ケࠪⲴᛵࠪߥ⧠Ǆഐ↔ᡁԜ䇮㖞փරᢠ
ࣘഐᆀ κᶕ䚯ݽ䘉ᛵࠪߥ⧠Ǆ

ሩ大ཊᮠ䘀ࣘ员ᶕ䈤ˈࣘᰦ䰤 ti ൘㠚⭡ᰦ䰤 tf ঐ∄䎺վˈ㺘᰾䈕䘀
ࣘ员ᴹᇼ։ᰦ䰤ਟԕ䈳ᮤޕ≤ု࣯ˈ֯ᗇ㺘⧠࠶ᴤ儈Ǆٷ䇮ޡᴹ䘀ࣘ员փර m
㊫ˈн਼փර䘀ࣘ员ᆼᡀࣘ iⲴᰦ䰤Ѫ tijˈ㠚⭡ᰦ䰤Ѫ tfjˈκഐ↔ᇊѹѪ˖

κ =

√
1
N

∑m
j=1(t

i
j − tij+1)

2∑m
j=1 t

f
j

(46)

ᔿ (46)ᇎ䱵৽ᓄҶ⇿њࣘѝփරⲴᖡ૽〻ᓖǄᔿ (46)Ⲵк䜘࠶㺘⽪ᆼᡀ
ࣘᰦ䰤Ⲵḷ߶ᐞˈণн਼փරⲴӪᆼᡀ਼а䐣≤ࣘᡰ䴰Ⲵᰦ䰤ᐞᔲǄḷ߶
ᐞ䎺大ˈ㺘⽪䈕ࣘሩн਼փරⲴӪ४࠶ᓖ䎺大Ǆл䜘࠶㺘⽪н਼փරⲴӪ䐣
≤ᰦⲴᒣ൷㠚⭡ᰦ䰤Ǆ

6 . 3 校↓㌫ᮠⲴ⁑ර

൘㘳㲁ሩփර校↓㌫ᮠ䘋㹼ᔪ⁑ᰦˈᓄ਼ᰦ㘳㲁䘀ࣘ员䓛儈ǃփ䟽ԕ৺փ
රᢠࣘഐᆀⲴᖡ૽ǄᡁԜⲴ䇔Ѫྲ᷌փර校↓㌫ᮠӵ⎹৺䓛儈ǃփ䟽ˈ䛓Ѹ㘳
㲁⢩↺ᛵྲߥ䓛儈ˈփ䟽⢩大Ⲵᛵߥлˈ䳮ᓖ㌫ᮠՊࠪ⧠н↓ᑨ䮯Ǆഐ↔ˈ
ᡁԜᕅޕк᮷ᡰ䇑㇇Ⲵᢠࣘഐᆀˈᶕ䲀ࡦ䓛儈ˈփ䟽ሩ䳮ᓖ㌫ᮠⲴᖡ૽Ǆ

മ 22
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䇮䓛儈Ⲵᖡ૽ഐᆀѪٷ aˈփ䟽Ⲵᖡ૽ഐᆀѪ bˈփර校↓㌫ᮠ䇑㇇ޜᔿྲ
л˖

∆D = (a
H

170
+ b

m

60
) ∗ exp(60κ) (47)

кᔿѝˈ䓛儈ǃփ䟽Ⲵᖡ૽ഐᆀ aǃb䙊䗷ᤏਸᗇࠪ a = 0.00065ǃb = 0.00035Ǆ
ᡁԜሶ䓛儈 170cmǃփ䟽 60kgⴻ䐣≤䘀ࣘ员Ⲵḷ߶փරǄྲമ (22)ᡰ⽪ˈ⁚
ḷѪփරᢠࣘഐᆀ κˈ㓥ḷѪḷ߶փරᑖޕփර校↓㌫ᮠ䇑㇇ޜᔿѝᡰᗇ
փර校↓㌫ᮠǄ

⭡മⴻࠪˈᖃ κ大ҾㅹҾ 0.08ᰦˈփර校↓㌫ᮠⲴ大Ҿ 0.1ˈণփරሩ䳮ᓖ
㌫ᮠᖡ૽䖳Ѫ᰾ᱮǄഐ↔ˈᡁԜሶ 0.08䇮Ѫփරᢠࣘഐᆀ κѤ⭼٬ˈ㺘ࠪࡇҶ
κ大Ҿ 0.8ⲴࣘǄᖃփරᢠࣘഐᆀ κ > 0.08ᰦˈਟ䇔Ѫփරሩ䈕ࣘᆼᡀާᴹ
䖳大ᖡ૽ˈഐ↔↔㊫ࣘ䴰㾱䘋㹼փර㌫ᮠ校↓Ǆ䙊䗷䇑㇇ κᡁԜਁ⧠ᖸཊࣘ
䜭䴰㾱䘋㹼փර㌫ᮠ校↓ˈ䜘࠶䐣≤ࣘྲ㺘 (3)ᡰ⽪Ǆ

㺘 3 䜘࠶䐣≤ࣘԓ⸱Ⲵփරᢠࣘഐᆀ

䐣≤ࣘԓ⸱ փරᢠࣘഐᆀ 䐣≤ࣘԓ⸱ փරᢠࣘഐᆀ

5156B 0.091 5355C 0.081
5255B 0.081 5275C 0.092
5156C 0.091 5257C 0.102
5375C 0.092 5275B 0.092
5255C 0.081 5257B 0.102
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7. 䰤从

ṩᦞ䰞仈йѝᡰᗇࠪⲴփර校↓㌫ᮠ ∆D ৺փරᢠࣘഐᆀ κˈᡁԜਟԕ䇑
㇇ԫࣘ൘փර校↓ਾⲴ䳮ᓖ㌫ᮠǄ⭡䘀ࣘ员䓛儈փ䟽઼䰞仈й㔃䇪ਟԕᗇ
ࠪⲴᯠ䳮ᓖ㌫ᮠ˖

DD′ = DD −∆D (48)

ԕ 5156BѪֻˈṩᦞ㺘 (3)ᗇ 5156BⲴփරᢠࣘഐᆀѪ 0.091ˈሶḷ߶փර
ᑖޕփර校↓ޜᔿ (47)ˈᗇ 5156B㓿䗷փර校↓ਾⲴᯠ䳮ᓖ㌫ᮠѪ 3.6Ǆ

㺘 4 ॱ㊣䐣ਠ䳮ᓖ㌫ᮠ㺘

ࣘԓ⸱

PIKE TUCK
ࣘԓ⸱

PIKE TUCK
 ᯠ  ᯠ  ᯠ  ᯠ

B B C C B B C C

105 2.3 2.3 2.1 2.1 5154 3.3 3.3 3.1 3.1

107 3.0 3.0 2.7 2.7 5156 3.8 3.6 3.6 3.4

109 4.1 4.1 3.7 3.7 5172 3.6 3.6 3.3 3.3

1011 – – 4.7 4.7 5255 3.6 3.5 3.4 3.3

205 2.9 2.9 2.7 2.7 5257 4.1 3.7 3.9 3.6

207 3.6 3.4 3.3 3.1 5271 3.2 3.2 2.9 2.9

209 4.5 4.3 4.2 3.9 5273 3.8 3.8 3.5 3.5

305 3.0 3.0 2.8 2.8 5275 4.2 4.0 3.9 3.7

307 3.7 3.6 3.4 3.3 5353 3.3 3.3 3.1 3.1

309 4.8 4.6 4.5 4.3 5355 3.7 3.7 3.5 3.4

405 2.8 2.8 2.5 2.5 5371 3.3 3.3 3.0 3.0

407 3.5 3.3 3.2 3.0 5373 – – 3.6 3.6

409 4.4 4.3 4.1 4.0 5375 – – 4.0 3.8

䙊䗷㺘 (4)ਟԕⴻࠪˈ൘ 1,2,3,4㓴Ⲵࣘѝˈസᮠ൘йઘॺԕкⲴ䳮ᓖ㌫
ᮠ䜭ᴹᡰ߿ቁ˗㘼൘ 5 㓴Ⲵࣘѝˈ5156Bˈ5156Cˈ5255Bˈ5255Cˈ5257Bˈ
5257Cˈ5275Bˈ5275Cˈ5355C઼ 5375C࡛ࣘ࠶ᴹ 0.1-0.4нㅹⲴ߿ቁǄ

㺘 5 ࣘᆼᡀᰦ䰤

ࣘԓ⸱ 5156B 5156C 5255B 5255C 5257B

ᰦ䰤 1.55 1.39 1.38 1.29 1.76

ࣘԓ⸱ 5257C 5275B 5275C 5355C 5375C

ᰦ䰤 1.65 1.69 1.58 1.37 1.59

䙊䗷ḕ䰵䍴ᯉˈਆ⑨⌣䘀ࣘ员䓛儈ˈփ䟽ⲴՇᮠ࡛࠶Ѫ 170cmǃ60kgǄ俆
ԕˈݸ 5㓴ࣘѪֻˈ㔉ࠪњ䘀ࣘⲴާփᰦ䰤˖ṩᦞᔿ (42)䇑㇇ᡰᗇԕк 9
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њࣘⲴᆼᡀᰦᰦ䰤࡛࠶Ѫ㺘 (5)ᡰࡇǄӾ㺘 (5)ਟԕⴻࠪˈṩᦞ൘ㅜҼ㢲ѝ䇑
㇇ࠪⲴᰦ䰤ˈᵜⲴ䳮ᓖ㌫ᮠоᆼᡀࣘᡰ䴰ᰦ䰤ᒦ⋑ᴹѕṬሩᓄˈഐ↔ᰐ⌅
փ⧠ࣘⲴާփ䳮ᓖ㌫ᮠǄ൘ᯠ䳮ᓖ㌫ᮠ㺘ѝˈ㘫䖜ઘᮠ䖳ཊⲴࣘǄ䳮ᓖ㌫
ᮠ䜭ᴹᡰл䱽Ǆ㘼䘉Ӌࣘѝ䘀ࣘ员Ⲵփරᢠࣘഐᆀ䖳大ˈԕ৺н਼փරⲴ䘀
ࣘ员ᆼᡀࣘⲴᰦ䰤ᐞᔲ䖳大ˈ䙊䗷䱽վ䘉㌫ࣘࡇⲴ䳮ᓖ㌫ᮠˈ㜭ཏ䖳Ѫ⎸
ᒣᙗǄޜփරᐞᔲᡰᑖᶕⲴ∄赛н߿
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8. ⁗型䇺ԭૂᵠᶛኋᵑ

8 . 1 䰞仈а

ᡁԜ䟷⭘Ⲵᱟ࠶ݸ㓴࡛Ⲵተ䜘᷀࠶㔃ਸᮤփ䎻࣯㿲ሏⲴޘተ᷀࠶ᶕ⺞ᇊ䐣
≤䳮ᓖⲴᖡ૽ഐ㍐ˈᒦࡠҶᖡ૽࣋ᴰ大Ⲵഐ㍐üü㘫㞮സᮠǄо↔਼ᰦˈᡁ
Ԝ䘈ਁ⧠Ҷн਼Ⲵု઼࣯փᘱՊᖡ૽䐣≤ࣘⲴ䘹ᤙˈӾ㘼ሬ㠤Ҷн਼Ⲵ䳮ᓖ
㌫ᮠˈѪл᮷ᔪ・䘀ࣘ员䓛փ㍐䍘о䐣≤䳮ᓖ㌫ᮠᢃлҶඊᇎⲴสǄ

8 . 2 䰞仈Ҽ

ᡁԜ俆ݸᔪ・ҶᴰՐ㔏Ⲵ Euler-Poinsetࡊփ䘀ࣘ⁑රˈ⭘ᶕ⁑ᤏⴤփӵ㘫
㞮ᰐ䖜փⲴᛵߥǄ䙊䗷ѕᇶⲴ⨶䇪᧘ሬˈ≲䀓Ҷᆼᡀаസ㘫㞮Ⲵ⭘ᰦо䘀ࣘ员
䓛փ㍐䍘Ⲵާփޣ㌫Ǆ䲿⵰䰞仈Ⲵ␡ޕˈ൘↔สкᔪ・ᐖਣнሩ〠઼ࡽਾн
ሩ〠Ⲵ༽ᵲ䘀ࣘ⁑රˈ࡛࠶⭘Ҿ⁑ᤏᑖ䖜փⲴ㘫㞮䘀઼ࣘᴹቸփᣡ㟍Ⲵᛵߥˈ
≲䀓Ҷᆼᡀаസ㘫㞮઼аസ䖜փ࡛࠶Ⲵ⭘ᰦо䘀ࣘ员䓛փ㍐䍘Ⲵާփޣ㌫Ǆѕ
䉘Ⲵ᧘ሬ઼䈖ቭⲴޣޣ㌫ˈѪл᮷᷀࠶䳮ᓖ㌫ᮠᱟ㾱ṩᦞ䘀ࣘ员䓛փ㍐䍘
ᦞǄⲴ࣋Ҷᴹᨀ↓؞ڊ

8 . 3 䰞仈й઼䰞仈ഋ

ᡁԜṩᦞк᮷Ⲵޜᔿˈᔪ・ᯠⲴਈ䟿˖փරᢠࣘഐᆀǄ㔃ਸ䱴ԦⲴ䳮ᓖ㌫
ᮠਈॆ䎻࣯ˈᡁԜ㔉ࠪҶ䐣≤ࣘⲴփරᢠࣘޜᔿˈণᡰᴹⲴ䐣≤ࣘᱟ䴰
㾱փර؞↓䜭ਟԕሶާփⲴᮠᦞԓޕˈӾ㘼ᗇࡠањާփⲴ㔃᷌Ǆ਼ᰦˈᡁԜ
ҏ֯⭘䘉њޜᔿሩ䰞仈ഋ㔉ࠪⲴ⺞ᇊ䐣≤ࣘ䘋㹼Ⲵ؞ˈ↓؞↓㔃᷌Ӿⴤ㿲䙫
䗁к┑䏣ᗳ⨶亴ᵏǄ

8 . 4 ᵚᶕኅᵋ

ਇ䲀Ҿ⁑රٷ䇮઼ᯩׯ≲䀓ˈᡁԜሶ⇿њ䘀ࣘⲴ㘫㞮઼䖜փ⇿സⲴᰦ䰤唈
䇔ᱟнਈⲴˈণㅜаസ઼ㅜҼസ⋑ᴹ⭘ᰦᐞ࡛Ǆᇎ䱵кˈ䙊䗷ᕅޕ⯢ࣣ参ᮠ઼
㘳㲁オ≄䱫࣋ሩ䙏ᓖⲴ䍏䶒ᖡ૽ˈᆼᡀ䐣≤ࣘⲴ⭘ᰦਟԕᗇࡠᴤᇎ䱵Ⲵ㔃᷌ˈ
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