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1 ─ ⌐╟╢ ─  

 ꜡Ⱳ♇♩ ─ ⌐⅔™≡ꜞ☻◒▪☿☻ⱷfi♩│ ⌂ ⱪ꜡☿☻─ ≈∞⅜⁸ꜞ☻◒─

⌂ ╙╡⅜≢⅝⌂™↓≤⌐╟╡⁸ ⌂ ╙╡⌐╟╢ ⌂ ╛ ⌂ ╙╡⌐╟

╢ ─ ⅜ ↕╣╢⁹∕─√╘ ⅜ ≤⌂╢ ≤⇔≡ ≤ ⅎ╠╣╢ ─

⌐╟╢ ─℮∟⁸ ꜠ⱬꜟ─ ™ ≤ ─ ╩╕≤╘⁸ ─ ≤ ─

⌐≈™≡ ⇔√⁹ 

 

1- 1 ─ ⌐╟╢  

1- 1- 1 ⌐╟╢  

 ⌐╟╢ ≤⇔≡ ╙ ꜠ⱬꜟ─ ™ ⌐≈™≡ ⇔√⁹ ─ ⌐╟╢

│⁸ ⅜ ∫≡™╢ ─₈ ─ ─ ⌐╖√ ₉≢ ╠

⅛⌐↕╣≡™╢⁹ 26 ─ [1] ⅛╠⁸₈ ה ₉⌐╟╢ ─ │⁸6,853 ≢

№╢⁹↓─℮∟⁸ ─ ≤⌂╢₈☻ꜞ♇ⱪ⁸≈╕≠⅝ ┘╟╤╘⅝⌐╟╢ ≢─

₉│5,146 ≢№╢⁹ 

 ⌐╟╢ │ (1)⌐╟╡ ╘╢↓≤⅜≢⅝╢⁹⇔⅛⇔⁸ ─ ╩ ═╢↓≤│

⇔™⁹∕↓≢⁸ ╩ (2)─╟℮⌐ ⇔⁸ ╩ ™≡ ╩ ∆╢↓≤≤⇔√⁹ 

 

(1)  

 

(2)  

 

1- 1- 2  

 ╩ ∆╢√╘⌐⁸ ⌐ ∆╢ ╩╙≤⌐ ⇔√⁹ ⌐│⁸ ⅜ ∫√

₈ ⌐ ∆╢ ₉[2] ─ ≢⁸ 12⁸17⁸22 ⌐ ∫√₈ ─ ≤ ⌐

∆╢ ₉─ ╩ ™√⁹↓─ ≢│⁸ ─60 ─ ╩ ⌐⁸ ⌐╟╢

⌐╟╡⁸ ╛ ⌐≈™≡ ╩ ∫≡™╢⁹ ≢│⁸∕─ ─℮∟⁸

ה ≢─ ⌐≈™≡ ∫√ ╩ ™√⁹╕√⁸ ≢│ ╩ ≤⇔≡™╢√

╘⁸65 ╩♃כ♦─ ™≡ ⇔√⁹ 

 ↓─ ≢│⁸ ⌐ ∆╢ ⅜⁸₈1 ⌐ ╙ ╪∞↓≤│⌂™₉₈1 ⌐1 ╪

∞₉₈1 ⌐ ╙ ╪∞₉─3≈№╢⁹₈1 ⌐ ╙ ╪∞₉≤ ⇔√ ⅜ ╪∞⅛│

≢№╢⁹∕↓≢⁸∕─ ╩₈1 ⌐1 ╪∞₉≤ ⇔√ ≤ ⇔≡⁸ ⌐ ⌂ↄ≤

╙1 ⇔√ ╩ ╘√⁹∕─√╘⁸ ╘√ │ (3)⌐ ∆╟℮⌐⁸ ⌐ ⌂ↄ≤╙1

⇔√ ≤⌂╢⁹ 

─

⌐╟╢
⌐╟╢ =

⌐╟╢
⌐╟╢

³
=
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                                                                                    (3)  

 

 2- 1 ≢─  

 

 

1- 1- 3 ⅔╟┘  

 ≢─ ⌐≈™≡⁸3 ╩♃כ♦─  2- 1⌐ ╠⅛♃כ♦─↓⁹∆ ─ │12.5 ≤

↕╣╢⁹  

 ↕╠⌐ 26 ─ ⌐╟╣┌ │⁸3,286 ≢№╢⁹╕√ ─≤⅔╡⁸

≢─ ⌐╟╢ │5,146 ≢№╢⁹ 

 ↓╣╠─ ╩ (2)⌐ ∆╢↓≤≢⁸ ⌐╟╢ │0.1 ≤ ↕╣╢⁹ 

 

1- 2 ⌐╟╢  

 ⌐ ⌐╟╢ ⌐≈™≡ ⇔√⁹ ⌐≈™≡╙⁸1- 1- 2≤ ⌐₈ ─ ≤

⌐ ∆╢ ₉╩ ™≡ ⇔√⁹↓─ ≢│⁸1 ⌐ ⇔√ ╩ ⌐⁸↑⅜

─ ╛≥─╟℮⌂ ╩⇔√⅛╩ ≢ ⇔≡™╢⁹↓─ ─ ─℮∟⁸ 12

─ ≢│⁸₈ ╩ ∫√₉≤ ⇔√ ╩⁸ 17⁸22 ─ ≢│⁸₈ ─ ╩ ∫√₉

╕√│₈ ─ ╩ ╗ ─ ╩ ∫√₉⌐ ⇔√ ╩ ⇔√ ╩⁸ ⇔√

≤⇔≡ ™√⁹╕√⁸1- 1- 2≢ ═√╟℮⌐⁸1 ⌐ ⇔√ │ ≢№╢⁹∕↓≢⁸

(4)⌐ ∆╟℮⌐⁸1 ⌐1 ⇔√ ╩ ™≡ ╩ ⇔√⁹ ─ ╩

╙≤⌐⁸ ⇔√╙─╩  2- 2⌐ ∆⁹↓─ ⅛╠ │13.3 ≤ ↕╣╢⁹ 

 

 

(4)  

 

 

 2- 2 ≤  

 

 

1- 3 ─  

 ─ ⌐╟╡ ⅜ ↕╣√⅜⁸ ∆╢ ≢ ꜠ⱬꜟ│ ⌂╢⁹╕√ ─ ╙

1488 164
1404 167
1691 241

4,583 572

164 17
167 22
241 37

572 76

⇔√⌐11
=

⇔√⌐

⇔√

11
=
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⌐╟╡ ꜠ⱬꜟ│ ⌂╢⁹∕─√╘⁸ ↔≤─ ⅔╟┘ ⌐≈™≡ ⇔⁸

⇔√⁹ 

 

 

1- 3- 1  

 ↓─ ≢│⁸ ≢ ≤⇔≡™╢ ≢─ ⌐╟╢ ⌐≈™≡ ∆╢√╘⌐⁸

─ ⁸NEISS≡⇔≥☻כⱬ♃כ♦ ⱬ▬ꜝfi☻◦☻♥ⱶכ◘ ╩ ⇔√⁹↓

⁸│☻כⱬ♃כ♦─ ⌐ 5000№╢ ─ ⅛╠ 96 ╩ ⇔⁸ ─ כ♦

♃╩ ⇔≡™╢⁹ │⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ≢№╢⁹ 

 │⁸2014 ⌐ ⅝√ ה ⅛╠ 65 ⅜ ≤⌂∫√

35,929 ╩ ⇔⁸∕─ ⅛╠ ⌐≈™≡ ↕╣√ 925 ⌐≈™≡ ⇔√⁹

╢№⌐♃כ♦⁸│ ─ ⅛╠⁸ ↔≤⌐ ⇔⁸ ─ ⅛╠ ─

⌐ ⇔√⁹╕√⁸ ה ⌂≥⅛╠─ │ ™√⁹ 

 │ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ─ 14

⌐ ⇔≡ ⇔√⁹ ─ ⌐ ↕╣≡™√ ╩ ∆ ⌐│ ⅜№╡⁸ ⇔

√ ⌐│⌂∫≡™⌂™√╘ ─╟℮⌐ ⇔√⁹ 

 ╕√⁸ ⌐╟╢ ╩ ↑√ ╩  2- 3⌐ ∆⁹ 

 

ה   

ה   ⁸ ⁸ ⁸ ⁸ ⁸ ⁸  

ה   

ה    

ה  ⁸  

ה  ⁸ ⁸  

ה   ⁸  

ה  ⁸  

ה   ⁸ ⁸ ⁸  

ה ⁸ ⁸  

ה    

ה  ⁸  

ה   

ה    

 

 2- 3 ⌐╟╢ ╩ ↑√  

 

 

  

99
6
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 2- 4 ─ ╩ ↄ  

 

 

 2- 5 ─ ⌐╟╡ ╩ ↑√ 65 ─ ─ ⌐ ╘╢ ─

National Inpatient Sample ─ 2014 ╡╟♃כ♦  
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7 3.3%

15 7.1%
26 12.3%
19 9.0%
4 1.9%

31 14.7%
18 8.5%
56 26.5%
5 2.4%

10 4.7%
1 0.5%
6 2.8%

211 100.0%

13 0.4%
109 3.6%

0.0%
15 0.5%
1 0.0%
1 0.0%

172 5.7%
86 2.9%

912 30.4%
124 4.1%
10 0.3%
10 0.3%
12 0.4%
15 0.5%

694 23.1%
7 0.2%

171 5.7%
8 0.3%

581 19.4%
59 2.0%
1 0.0%
1 0.0%
0 0.0%
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1- 3- 2  

 head injury │⁸ ⁸ ⁸ ⁸ ↄ╙ ⌂≥⌐ ↕╣╢⁹

─ ⌐ ☻כⱬ♃כ♦√™ NEISS≢│⁸₈ ₉≤─╖ ↕╣≡™╢√╘ ⌂ ⅜≢

⅜♃כ♦™⌂⅝ ╖╠╣√  2- 3 ⁹∕↓≢ ⱬ☻⁸NIS ( National Inpatient Sample )♃כ♦─

╩ ⇔√⁹NIS│ ─ ╩ ⁹╢№≢☻כⱬ♃כ♦√⇔≥ ↕╣≡™╢ │⁸ ⁸

⁸ ⁸ ⁸ ≢№╢⁹NIS│ ╩ ≤⇔≡™╢ ⅜ NEISS ∆═≡╩

≤⇔≡™╢ ≤│ ⌂╢⁹↓─√╘⁸NIS⌐╟╢ │⁸ ╩ ∆╢ e. g. 

ↄ╙ ⁸ ⌂≥ ⌐│ ≢⅝╢⅜⁸ ╩ ↕⌂™ ⌐│ ≢⅝⌂™⁹ 

 2014 ╠⅛♃כ♦─ 65 ─ ⅜ ≤⌂╢ ╩ ⇔⁸∕─ ⅛╠ ⅜

─ ─╙─ 3002 ╩ ⇔√  2- 5 ⁹ 

 

1- 3- 3  

 2- 3─ NEISS─ ⅛╠ ─ ─ ╩ ╘╢⁹↕╠⌐⁸  2- 5─ NIS─

⅛╠⁸ ─ ╩ ╘╢⁹  2- 5⌐⅔™≡⁸ N=109⁸3.6%⁸∕─ ─

N=15⁸ 0.5% (N=13⁸0.4%)╩ ≤⇔≡ ∆╢≤⁸ ─

⌐ ╘╢ ─ │ 4.5 ≤ ╘╠╣╢⁹ ⁸  2- 3─ NEISS─ "≢♃כ♦

"╕√│Δ Δ≤ ↕╣≡™╢ │ 105 ≢№╢⁹↓↓≢⁸NEISS─ ⁸

≥♃כ♦ NIS─♦כ♃⅜ ⌐ ⅜№╢≤ ∆╢⁹╕√⁸ ─ │∆═≡

∆╢≤ ∆╢⁹∕─ ⁸105 ─℮∟ 4.5 ╩ ⅜ ╘╢↓≤⅛╠⁸₈ ₉─

│ 5 ≤ ↕╣╢⁹ 

 ↓╣╠╩ ⇔√ ─ ≤∕─ ╩  2- 6⌐ ∆⁹ 

 

 2- 6 ─ ⌐╟╡ ╩ ↑√ 65 ─ ─ ⌐ ╘╢ ─ │

NIS─♦כ♃╩ ™√  
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↓↓≢⁸1- 2 ≢ ╠⅛♃כ♦─ ╘√ ≤ NEISS─♦כ♃⌐⅔↑╢ │

⅜№╢≤ ∆╢⁹1- 2 ⌐╟╣┌⁸ ─ ⌐╟∫≡ 65 ─ ⅜ ∆╢

│ 13.3%≢№╢⁹↓─ ⌐ NEISS─♦כ♃  2- 6 ─ ─ ╩⅛↑╣┌⁸ ⌐

╟∫≡ ⅜ ∆╢ ⅜ ⌐ ↕╣╢⁹ ⅎ┌⁸ ─ │⁸13.3% × 25.9% 

= 3.5%≤ ↕╣╢⁹ ─ ╩  2- 1⌐ ∆⁹ 

 

 

 2- 1 ⁸ ⅔╟┘ ─  

 

1- 4  

 1- 3 ≢ ™√ ─ │⁸ ─ ╩ ≤⇔≡™⌂™⁹↓↓≢⁸1- 2 ≢ ─♦

╠⅛♃כ ╘√ ≤ NEISS─♦כ♃⌐⅔↑╢ ⌐ ⅎ≡⁸ ⌐⅔↑╢ ≤

─ │⁸NEISS─♦כ♃⌐⅔↑╢∕╣≤ ⌐ ⅜№╢≤ ∆╢⁹  2- 3⌐⅔™≡⁸

─ │ 338 ≢№∫√⁹↓↓⅛╠ 1- 3 ≢ ⇔√ ─ 5 ╩ ⇔ ↄ≤ 333

≤⌂╢⁹ ⁸ 216 ≤─ 1.54 ≢№╢⁹⇔√⅜∫≡⁸ ⌐ ≠⅝⁸ 13.3 %×

1.54 = 20.5%⅜⁸ ─ ⌐╟∫≡ 65 ─ ⅜ ╩ ↑╢ ≤ ↕╣

╢  2- 2 ⁹ 

 

0.1%

13.3%

3.5%

: 1.9%

: 1.6%

: 1.2%

: 1.1%

 2- 2 ⁸ ⁸ ─ ⅔╟┘  

0.1%

13.3%

20.5%

3.5%

: 1.9%

: 1.6%

: 1.2%

: 1.1%
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 ╕√⁸  2- 3⌐╟╣┌⁸ ⌐ ℮ ה ─ │ 105⁸╕√ ─ │ 233≢№╢⁹

⅜ ≡ ╩ ℮≤ ∆╢≤ ╩ ™√ ⌐ ℮ ה ─ │

100≤⌂╢ ↓─ ╩ ╩ ↑╢ 20.5%⌐⅛↑╢≤⁸ ─ ⌐╟∫≡ 65

─ ⅜ ⌐╟╡ ∆╢ │⁸100/333 × 20.5% = 6.2%≤ ⅛╣╢⁹╕√⁸ ─

│⁸233/333×20.5% = 14.3%≤ ⅛╣╢⁹ │⁸ ⁸ ╩ ╖ │⁸

⁸ ⁸ ⌂⇔⅜ ╕╣╢⁹  

 ↕╠⌐⁸ 6.2 ⌐⁸NIS─♦כ♃  2- 6 ─ ⌂ ─ ╩⅛↑≡

╩ ╘╢⁹ ⅎ┌⁸ ⌐╟╢ ⌐ ╘╢ ↄ╙ / / ─ │

30.4%×6.2%=1.9%≤ ⅛╣╢⁹╕√⁸∕─ ─ │ 23.1%×6.2%=1.4%≢№╢⁹ ╩  2- 3

⌐ ∆⁹ 

 

 

 2- 3 ⌐╟╢ ≤∕─  

 

1- 5 ⌐╟╢ ╕≤╘ 

 ⌐╟╢ ⁸ ⅔╟┘ ─ ⁸ ≤ ─ ╩  2- 3⌐╕

≤╘√⁹ ─ │⁸ ─ (4)≢ ╘√ ≤⁸  2- 6≢ ⇔√ ─ ╩

↑№╦∑≡ ╘√⁹ ⌐╟╢ │⁸ ─ 1 ≢ ⇔≡™≡⁸∕─ ↄ⅜ ≢№

╢⁹ ─ │⁸∕─ ─ ╛ ⌐ ⅎ╢ ⅜ ⅝™√╘⁸ꜞ☻◒≤⇔

≡ ∆╢ ⅜№╢⁹⌂⅔⁸ ⌐╟╢ ≤⇔≡⁸ ⁸ ⌐ ⁸ ⁸ ⁸↑⅜

⌂⇔ ⅜ ⅎ╠╣╢⅜⁸↓╣╠─ ─⧵⁸╘√™⌂⅜♃כ♦⁸│≡™≈⌐ │ ─

≤⇔√⁹ 

 

0.1%

13.3%

3.5%

1.9%

1.2%

1.6%

1.1%

20.5%
6.2%

1.9

1.2

1.4

14.3%

0.4
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[1]  Γ Δ, , 26 , 

http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei14/  

[2]  Γ ─ ≤ ⌐ ∆╢ Δ ⌐ ∆╢ , 12, 17, 22 , 

http://www8.cao.go.jp/kourei/ishiki/kenkyu.html  

 3 ⌐ ≠ↄ ─ JARI  

 

1  

 ꜞ☻♩╩ ∆╢⌐№√╡ ─ ─ ╩ ⇔⁸ ⌐ ℮ ─

⌐≈™≡ ╠⅛⌐⇔√⁹⇔⅛⇔⁸ ─ ↄ│⁸ ⅜ ⇔√≤⅝─ ⌂

⅜ ⅛╠⌂™√╘⁸ ─ ≤ ─ │ ⅛╠⌂™⁹⇔⅛⇔⁸ ─ ⌐╟╡

⇔√≤⅝⌐ ∆╢ │ ⌂╡⁸∕─ ─ ↕╙ ⌂╢⁹ 

 ∕↓≢ ─ ≤ ─ ╩ ╠⅛⌐∆╢↓≤╩ ≤∆╢⁹ ≢│⁸ ∆╢

⌐ ╦∑≡ ⌂╢ ╩ ∫√⁹ 

 

2 ⅔╟┘  

2- 1  

 │ ⁸ ⅛╠ ⇔√ ─ ⌐≈™≡⁸ ♄Ⱶכ╩ ™≡ ∫√⁹ ⇔√

♄Ⱶכ│ ─HYBRID- III/AM50≢№╢⁹↓─ ♄Ⱶכ│ ─50%♃▬

ꜟ─ ╩ ⇔≡ ↕╣√ ♄Ⱶ⁹╢№≢כ ⇔√ │⁸ ≢№╢⁹ 

 

2- 2  

 ╩ ∫√ ♄Ⱶכ─ │⁸ ─4≈≢№╢⁹ 

ה 1 ⅛╠ ⌐  

ה 2 ⅛╠ ⌐ ╣  

ה 3 ⅛╠ ⌐  

ה 4 ⅛╠ ⌐  

 

 1 4─ ─ ╩  3- 1  3- 4⌐ ∆⁹ 1│⁸ ⅛╠ ⌐ ⇔√ ╩

⇔√ ⁸ 2│ ⅛╠ ⌐ ╣⇔√ ╩ ⇔√ ⁸ 3│ ⅛╠

⌐ ∟ ⅜╢ ≢ ⇔√ ╩ ⇔√ ⁸ 4│ ⅛╠ ⌐ ⇔√ ╩

⇔√ ╩ ⇔√⁹╕√⁸↓╣╕≢─ ⌐╟╡ ─ ─ ↕⌐╟╡ ꜠ⱬꜟ⅜ ⌂

╢↓≤⅜╦⅛∫≡™╢⁹ ≢│ 1₩4≢⁸╟╡ ⇔™ ≤⇔≡ ╩ ™≡ ™⁸

1⁸2≢│ ╠⅛™ ≤⇔≡⁸◖fi◒ꜞכ♩ ─ ⌐ ╢♃▬ⱪ─ ♩כ◦  

3- 5 ╩ ™√⁹ ─♩כ◦ ↕│⁸60G JIS A 6519 ≢№╢⁹ ─ │ 3

≤⇔√⁹ 

 

 

http://www8.cao.go.jp/kourei/ishiki/kenkyu.html
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 3- 1 1─♄Ⱶכ  

 

 

 

 3- 2 2─♄Ⱶכ  

 

 

 

 3- 3 3─♄Ⱶכ  
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 3- 4 4─♄Ⱶכ  

 

 

 

 3-  ♩כ◦ 5

 

2- 3  

  3- 1⌐ ─ ↔≤─ (HIC )╩ ∆⁹╕√⁸  3- 6⌐│⁸ NHTSA⅜

⇔≡™╢ ─ ─ Ⱪכ◌◒☻ꜞ ╩ ∆[1] ⁹ ⌐≈™≡│⁸ ↄ─

⅜Ⱪכ◌◒☻ꜞ ↕╣≡⅔╡⁸≥╣╩ ™╢⅛│ ─ ≢№╢⅜⁸ ≢│6 ⅔╟┘

╩ ≤⇔√  3- ╩Ⱪכ◌◒☻ꜞ─6 ™√⁹ 1─ HIC≢⇔⌂♩כ◦ │ 4260≤

ↄ⁸ꜞ☻◒◌כⱩ⅛╠ │ ╘≡ ™↓≤⅜ ⅛╢⁹╕√⁸ ╢№⅜♩כ◦ ≢

│⁸ 2033≤ ™⌂⅜♩כ◦ ≤ ═≡ ⌐ ↕╣≡™╢⅜ │ ⌐

™↓≤⅜ ⅛╢⁹ 2≢│ ≢╡№♩כ◦ 685⁸⌂⇔≢382≢№∫√⁹ 1≤ ═╢

≤ ⅝ↄ ⇔√⅜⁸ AIS3≢⇔⌂♩כ◦ ─ ╩ ∆╢ ⅜№╢⁹ 3│⁸

1⁸2 ≤╙ ™ ∞⅜3 │≤≡╙ ™ ⅜ ≡™╢⁹∕─√╘⁸↓─ ≢ ∆╢ │

HIC ⅜ ↄ⌂╢↓≤╩ ∆╢ ⅜№╢⁹ 
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 3- 1 ─ HIC  

 

 

 

 3- 6 6 ⅛╠ ╩ ≤⇔√  

 

3  

3- 1  

 ≢│ ♄Ⱶכ╩ ™≡ ⇔√ ─ ⅔╟┘ ╩ ⇔√⁹ ⇔√

♄Ⱶכ│ ♄ⱵכES- 2≢№╢⁹↓─ ♄Ⱶכ│ ⌂ ─ ╩

⇔≡™╢⁹ ♄Ⱶכ≢│ ⅔╟┘ ╩ ⇔√⁹ 

 ╕√⁸ ┼─ ╩ ∆╢√╘⌐ ╩ ⌐ ⇔⁸∕─ ⌐ ↕∑√⁹ 

 

3- 2  

 ∆╢ ─ ≤⇔≡ ⅔╟┘ ⅜ ↕╣╢⁹↓─2≈─ ⌐⇔√ ♄Ⱶכ╩

─ ⌐ ↕∑√⁹ ⇔√ ♄Ⱶכ│ ─ ⌐ ╠∑≡ ∆╢↓≤╩

≤⇔≡™╢√╘⁸ ⌐⌂╢↓≤│≢⅝⌂™⁹∕─√╘⁸  3- 7─╟℮⌐ ≤⌂∫√

≤ ∂ ↕⁸ ⁸ ≤⌂╢╟℮⌐⇔√⁹↓─ ≤⇔√─│ ♄Ⱶכ

HYBRID- III/AM50≢№╢⁹ 

 ⇔√ⱨ◊כ☻ⱪ꜠כ♩│  3- 9─╟℮⌐ ⇔√⁹100mm×400mm─ⱨ◊כ☻ⱪ꜠18╩♩כ

╖ ╦∑⁸ ⅜ ⇔√ ─ ─╖╩ ⇔√⁹ 

 ╕√⁸ │ ≤ ≢∕╣∙╣2 ∫√⁹ 

4272 1935 644 416 305 2182
3963 2163 717 425 133 2718
4546 2002 695 306 1126 2142

4260 2033 685 382 521 2347

0

10

20

30

40

50

60

70

80

90

100

0 500 1000 1500 2000

H
e

a
d

 I
n

ju
ry

 P
ro

b
a
b

ili
ty

[%
]

HIC15

AIS2+ AIS3+ AIS4+ AIS5+ Fatal



꜡Ⱳ♇♩ ─√╘─ Ɫfi♪Ⱪ♇◒  

 

 3 ⌐ ≠ↄ ─ JARI  

 

 

40 

 

 

 3- 7 ⌐ ⇔√ ♄Ⱶכ 

 

 

 3- 8 ⌐ ⇔√ ♄Ⱶכ 

 

 

 3- 9 ⇔√ⱨ◊כ☻ⱪ꜠כ♩ 

 

3- 3  

 ⅔╟┘ ─ HIC ╩  3- 10⌐ ∆⁹ ≢│⁸HIC⅜ 503≤⌂╡⁸  

3- 6≢ ╠⅛Ⱪכ◌◒☻ꜞ√⇔ ─ │ ™↓≤⅜ ↕╣╢⁹ ≢│⁸HIC⅜ 713≤⌂

╡⁸ ⌐ ─ │ ™↓≤⅜ ↕╣╢⁹ⱨ◊כ☻ⱪ꜠כ♩│ ⌐ ™ ≢№╢√╘⁸

2- 2 ≢ ∫√ⱨ◊כ☻ⱪ꜠כ♩ ⌐ ≢ ⇔√ ≤ ∆╢≤⁸ ⌐ ™↓≤⅜╦

⅛╢⁹↓╣│ ╟╡ ⌐ ⅜ ⌐ ∆╢↓≤⁸╕√ ⅜ ⌐ ∆╢─╩ ╛ ⅜ ∆╢

↓≤⌐╟╡ ┼─ ⅜ ↕╣√√╘≤ ⅎ╠╣╢⁹ 

 ⅔╟┘ ─ ⌐⅛⅛╢ ╩  3- 11⁸  3- 12⌐ ∆⁹ ≢│⁸ 2200N≤⌂╡⁸

≢│ 7300N≤⌂∫√⁹ ─ ⌐⅛⅛╢ │3500N≤ ╦╣≡™╢[2] √╘⁸
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│ ⌐ ─ ⅜ ™≤ ⅎ╢⁹ 

 

 3- 10 ─  

 

 

 3- 11 ─  

 

 

 3- 12 ─  
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[1] National Highway Traffic Safety Administration, PROPOSED AMENDMENT TO FMVSS No 213 

FRONTAL TEST PROCEDURE. 

[2] Courtney AC, Wachtel EF, Myers ER, Hayes WC : Age - Related Reductions in the Strength of 

the Femur Tested in a Fall - Loading Configuration. J Bone Joint Surg Am 1995; 77:387 Ί395. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



꜡Ⱳ♇♩ ─√╘─ Ɫfi♪Ⱪ♇◒  

 

 3 ⌐ ≠ↄ ─ JARI  

 

 

43 

 

 

 

  



꜡Ⱳ♇♩ ─√╘─ Ɫfi♪Ⱪ♇◒  

 

 4 ╩ ™√ ⌐ ≠ↄ ─ JARI  

 

 

44 

 

 4 ╩ ™√ ⌐ ≠ↄ ─ JARI  

 

1 │∂╘⌐ 

ꜞ☻◒▪☿☻ⱷfi♩⌐⅔™≡ ≤꜡Ⱳ♇♩ ≤─ ⌐╟╢ ╩ ∆╢⌐│⁸ ─

╩ ∆ ⁸ ⁸◄Ⱡꜟ◑כ ≤ ─ ⌐ ∆╢ ⅜ ≢№╢⁹ ╩

≤⇔√ ─ [1]  ⌐╟╡⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ─ ─ ⌐≈

⅜♃כ♦─≡™ ↕╣≡™╢╙──⁸ ─ ⅛╠ ─ ™ ─ ⁸╕√⁸

⌐ ╠⌂™ ─ ⌐≈™≡─ │ ⇔≡™╢⁹ ≢│⁸ ꜡⁸∟℮─♃כ♦╢™≡⇔

Ⱳ♇♩ ⅜ ─ ╩ ╪∞ ─ ⅔╟┘꜡Ⱳ♇♩ ⅜ ⌐ ⌐ ⇔√ ─

⌐≈™≡⁸ ╩ ™√ ╩♃כ♦⁸╡╟⌐ ∆╢⁹ 

 

2 ⌐ ∆╢ ─  

꜡Ⱳ♇♩ ╩ ─ ↄ≢ ↕∑√ ⌐│⁸꜡Ⱳ♇♩⅜ ─ ╩ ╗≤™℮ꜞ☻◒⅜

↕╣╢⁹NEDO─ ꜡Ⱳ♇♩ ⱪ꜡☺▼◒♩ [2, 3]  ─ ⌐╟╡⁸◒ⱴ─ ╩ ™√

⅛╠⁸ⱥ♩─ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⅜ ↕╣≡™√⁹↓╣╠─

─℮∟⁸ ≢│⁸b) ⅔╟┘ c) ⌐ ╡ ╗≤≤╙⌐⁸ ─ ─ ⅔╟┘ ╕∏─

╩ ⇔√ ╩ ⇔√⁹ 

a) ⱥ♩─ ─ ╡  

↓╣╕≢─ [2, 3] ≢│⁸◒ⱴ≤ⱥ♩─ ─ ─ ╡ ⅜ ≤ ⇔≡⁸ⱥ♩─

╩ ⇔≡™╢⁹↓╣╠⅜ ≢№╢⅛⌐≈™≡ ∆╢↓≤⅜ ≢№╢⁹ 

b) ⌂ⱥ♩  

⌂ⱥ♩─ ─ ╩ ╘╢⌐│⁸ ⌂ ⅜ ≢№╢⁹ ─ ⌐ ⇔≡│⁸

⅜♃כ♦⌂ ↕╣≡™╢⅜⁸ ─ ⌐≈™≡│ ⅜♃כ♦⌂ ⇔⌂™⁹ ∆╢

⅜№╢⁹ 

c) ─Ᵽꜝ♠◐⌐ ∆╢  

│⁸ ─ ╡ ╛ ─ ─ ╩ ↑≡ ∆╢⁹↓╣╠─

⌐╟╡⁸↓╣╕≢─ [2, 3] ─ ╟╡ ™ ≢ ⅜ ∆╢ ⅜№╢⁹ ╩꜡Ⱳ

♇♩─ ⌐ ∆╢⌐│⁸↓─ ╩ ⌐ ∆╢ ⅜ ≢№╢⁹ 

 

2- 1 ─ ⸗♦ꜟ 

─ │⁸ⱥ♩⌐ √ ╩ ∆╢◒ⱴ─ ─ ╩ ≤⇔≡™╢⁹↓─√╘⁸

─ ╩ⱥ♩─ ─ ⌐ ∆╢ ⅜№╢⁹↓╣╕≢─ [2, 3]  ≢│⁸ ╩

ⅎ≡™╢ ─ │⁸◒ⱴ─ ≢╙ⱥ♩─ ≢╙ ≢№╢≤ ⇔≡⅝√⁹⇔⅛⇔⁸ⱥ♩─

│◒ⱴ─ ⌐ ═≡ ⅜ ™↓≤⅔╟┘◒ⱴ⌐│⌂™ ╕∏⅜№╢↓≤⅛╠⁸↓╣╠─

╩ ⇔√ ⅜ ╕⇔™⁹∕↓≢⁸ ≢│⁸  4- 1─ ⌐⁸ ⅜ ⌐╟╡ ↕

╣≡™╢⸗♦ꜟ╩ ⇔≡⁸ ╩ ⇔≡⁸∕─ ≤⇔≡ ─ ╩ ⇔

√⁹ 

 

lZ Sb
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     4- 1 

 

 : ⌐ ╕∏⅜ ™ ⁸ 

 

   : ⌐ ╕∏⅜ ╢ ⁹

  

 

↓↓⌐⁸Z │ ─ ⁸l  │ ─ ↕⁸h1⁸ h2⁸ h3 │⁸  4- 1⌐ ∆ ↕≢№╢⁹ 

 

 

 4- 1 ─ ⸗♦ꜟ 

 

2- 2 ◒ⱴ  ♃כ♦─

◒ⱴ ─ │⁸  4- 2─♁ꜞ♇♪♃▬ꜘ⌐ ╩ ╕╣√ ╩ ⇔≡⁸  4- 3─

╩ ™≡ ⇔√⁹ ⁸│♃כ♦ ◒ⱴ ─ CT ⅛╠ ⇔√⁹6 ─◒ⱴ ⅛

╠ 23 ─ ⌐ ∆╢ ╩♃כ♦ ⇔√⁹ 

 

 

 4- 2 ⇔√꜡Ⱳ♇♩ ─♁ꜞ♇♪♃▬ꜘ 

 200 mm⁸  45 mm⁸♩꜠♇♪  30 mm⁸◗ⱶ  A80  
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 4- 3 ◒ⱴ ─  

 

2- 3 ⱥ♩  ♃כ♦─

ⱥ♩ ─ ⁸│♃כ♦ ─ No.1939 ╩ ↑≡ ⇔√ CT

╟╡ ⇔√⁹ │⁸ ─ ─ ╩ ∆╢ 6 ≤⇔√⁹

─ ♃כ♦ https://www.dh.aist.go.jp/database/91 - 92/ ⌐⅔↑╢ ─ ─

↕─ │ 232 mm ⁸ ─ │ 95 mm ⁸ ─ ─ ↕│ 226  235 mm ⁸ │ 

92  102 mm ≢№╢⁹ 

 

2- 4 ◒ⱴ─ ─ ─   

⌐╟╡ ⇔√ 23 ─◒ⱴ ⌐ ∆╢ ─♃כ♦   ─ 2.44 ╩⁸◒

ⱴ─ ─   ≤ ⇔√⁹↕╠⌐⁸23 ─◒ⱴ ─ ╩⁸

╩ ™≡ ─ ⌐ ∆╢↓≤≢⁸ ─Ᵽꜝ♠◐╩꞉▬Ⱪꜟ

≢ ⇔√  4- 4⅔╟┘  4- 5 ⁹∕─ ⁸◒ⱴ─ ⅜ 10% ─ ≢ ∆╢ ╩⁸

2.9 kN ≤ ⇔√⁹ 

 

 

 4- 4 ◒ⱴ─ ─꞉▬Ⱪꜟⱪ꜡♇♩ 

Fw │ ⁸Ps1 │  1 ⌐ ⇔√  

  
 

20 mm 

30 mm 

Specimen 

Piece of tire tread rubber 

Guide skewer 

Force transducer 

Loading mechanism 

Steel frame 

20 mm 

Metatarsal 

lZ Sb

000 lZ Sb
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https://www.dh.aist.go.jp/database/91-92/）における日本の成人女性の足長さ
https://www.dh.aist.go.jp/database/91-92/）における日本の成人女性の足長さ
https://www.dh.aist.go.jp/database/91-92/）における日本の成人女性の足長さ
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 4- 5 ◒ⱴ─ ⌐ ╦╢ ≤ ─  

 

≈⅞⌐⁸ ─ ≢⁸꜡Ⱳ♇♩ ─ ─ ≤⇔≡⁸ⱥ♩─ ⅜ 10% ─

≢ ∆╢ ╩ ⇔√⁹ 

 

2- 5 ⱥ♩─ ─ ─   

─ ≢⁸ⱥ♩─ ⅜ 10% ─ ≢ ∆╢ ╩ ⇔√⁹ 

a) ◒ⱴ─ ─  ⌐ ∆╢ⱥ♩─ 30 ─ ╩ ⇔√⁹ 

b) ◒ⱴ─ ⅜ 10% ─ ≢ ∆╢ ─ 2.9 kN ⌐ⱥ♩─ ─

╩ ∂≡⁸ⱥ♩─ ⅜ 10% ─ ≢ ∆╢ ─ ≤⇔√⁹ 

╩  4- 6⌐ ∆⁹ 4 ⅜ ╙ ↕⌂ ≢ ∆╢≤ ↕╣√⁹↓─√╘⁸ⱥ♩─

─ ≤⇔≡⁸ 4 ─ ╩ ™╢↓≤≤⇔√⁹ 

 

 

 

 4- 6 ⱥ♩─ ⅜ 10%─ ≢ ∆╢ ─  

─ ─ ╩ ∆╢ 6  F1 F6⌐ ∆╢  

 

2- 6 ⱥ♩─ ─ ⌐ ∆╢ ─   

⇔√ 6 ─ ─ ─ ─ ╩ ™≡⁸◒ⱴ─ ≤ ─
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 4- 5 ╩⁸ⱥ♩─ ⌐ ⇔√  4- 7 ⁹ 

 

 4- 7 ⱥ♩ ─ ⌐ ╦╢ ≤ ─  

 

 4- 7╟╡⁸ⱥ♩─ ⅜ 10%─ ≢ ∆╢ │⁸1.24 kN ≤ ↕╣╢⁹ꜞ☻◒▪☿☻ⱷ

fi♩⌐⅔™≡│⁸꜡Ⱳ♇♩ ⌐ ╩ ╕╣√ ─ ⅜ 1.24 kN ⌐ ∆╢ ⌐│⁸ ⅜

∆╢≤ ⅎ╢ ⅜№╢⁹ 

↕╠⌐⁸ ≢│⁸╟╡ ⌐ ╩ ∆╢ ⅎ ╩ ⇔√⁹ ─ ⌐ ∆╢

 [ 4] ≢│⁸ ─ 1% ≡™⅔⌐ 95% ─♃כ♦ ⌐⅔↑╢ ╩ ™╢↓≤╩

╘≡™╢⁹↓─ ⅎ ╩ ⌐∆╢≤⁸ ─ ⅛╠⁸ ∆═⅝ │ 0.53 kN ≤⌂╢⁹ꜞ☻

◒▪☿☻ⱷfi♩⌐⅔™≡│⁸꜡Ⱳ♇♩ ⌐ ╩ ╕╣√ ─ ⅜ 0.53 kN╩ ⅎ╢ ⌐

│⁸ ─ ⅜№╢≤ ⅎ╢↓≤╩ ∆╢⁹ 

 

3 ⌂ ⌐╟╢ ⌐ ∆╢ ─  

꜡Ⱳ♇♩ ≤ ≤─ ⌂ ⌐╟∫≡ ⌂≥─ ─ ─ꜞ☻◒⅜

↕╣╢⁹∕─ ╩ ╘╢√╘⌐⁸ ≢│⁸Randeberg [5]─ ╩ ⌐⇔≡⁸ ─

⁸ ⌂≥ ≤ ─꜠ⱬꜟ─ ⌐≈™≡ ⇔⁸ ─ ⅔╟┘ ─

◄Ⱡꜟ◑כ≤ ꜠ⱬꜟ─ ╩ ⇔√⁹ ⅔╟┘ ─ │⁸ ⅜⁸

─  AP15EN001⅔╟┘ AP15EN001- 1 ╩ ≡ ⇔√⁹ 

 

3- 1 ─  

▬fiⱤ◒♃⌐╟╡ ⌐ ╩ ⅎ≡⁸ ─ ╩ ∆╢⁹ ╩ ∆╢▬fiⱤ

◒♃─ │⁸ ≢ ⌐ ⇔√  4- 8─ 3 ⅛╠⁸ ─ √╡─◄Ⱡꜟ◑כ╩

╘╛∆™ ─ ╩ ⇔√⁹ 

≢│⁸ ─ ╩ ∆╢√╘⌐⁸ ◄Ⱡꜟ◑כ⅜ ≢ ╩ ↕∑√

≢ ╩ ∫√⁹ ─ ◄Ⱡꜟ◑כ≢ ╩ ∆╢  4- 9 ⅔╟┘ⱣⱠ─ ◄Ⱡꜟ◑כ

╩ ™√  4- 10 ™√⁹ 

 

3- 2 ─  
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⅔╟┘ ⅜ⱥ♩⌐ ™≤↕╣≡™╢₈ⱷ◐◦◌fiה☻꜠▪┼הⱧ♇◓₉⌐≈™≡ ⇔√

⁸∕─ ⅔╟┘ │ⱥ♩╟╡ ™╙── ─ Ⱪ♃⌐ ═╢≤ ™↓≤⁸╕√⁸

│ ⅜ⱥ♩≤ ⌂╢╙── ↕⅜ ─ Ⱪ♃⌐ ═╢≤ ™↓≤⅜ ↕╣√─

≢⁸↓─ ╩ ≤⇔≡ ™╢↓≤≤⇔√⁹ 

 

 

 

 

 4- 8 ▬fiⱤ◒♃─  

 

 

 

 

 4- 9 ─ ◄Ⱡꜟ◑כ⌐╟╢  

 

 

 

Circular shape Hemispereshape Triangle shaped
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 4- 10 ⱣⱠ─ⱳ♥fi◦ꜗꜟ⌐╟╢  

3- 3  

≤∕─ ⅔╟┘▬fiⱤ◒♃╩ ╘√ │⁸15.4 kg⁸ 35.6 kg⁸ 55.8 kg ─ 3 ≤⇔⁸

 4- 9≢│ ↕╩ ↕∑╢↓≤≢⁸  4- 10≢│ⱣⱠ─ ╩ ↕∑╢↓≤≢⁸ ─

⁸ ◄Ⱡꜟ◑כ⅔╟┘ ╩ ↕∑≡ ╩ ⇔√⁹ 

⌐ ∆╢ ≤ ⌐ ⌐ ∆╢ ⅛╠⁸ ⌐╟╡⁸ ◄Ⱡꜟ◑כ╩ ⇔√⁹

≤ ⌐ ⌐ ∆╢ │⁸ ⌐ ⇔√ ☿fi◘כ꜡≥כ♪☿ꜟ⌐╟╡ ⇔√⁹ 

 

                   4- 2 

 

↓↓⌐⁸f │ ─ ⌐ ⌐ ∆╢ ⁸x│ ─ ⌐ ⌂ ⁸x1│ x─ ⁹ 

 

3- 4 ─  

╩ ⅎ√ ─ ⅔╟┘ ╩ⱷ☻≢ ⇔≡⁸ⱱꜟⱴꜞfi ⇔ ⌐ ∆╢↓≤≢

╩ ⇔√⁹ ─ ╩ ∆╢↓≤≢⁸ ─꜠ⱬꜟ╩ ⇔√  4- 1 ⁹ 

 

 4- 1 ─꜠ⱬꜟ  

  

Table Rail 

Impactor 

Force transducer Subject 

Moving part Spring 

Screw to compress spring 

Wall 

ñ=
1

0

x

fdxU
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3- 5  

√╡─ ◄Ⱡꜟ◑כ⅔╟┘ ≤ ↕╣√ ꜠ⱬꜟ─ ╩⁸  

4- 10⌐ ∆⁹ 

 

 

3- 5- 1 ─ ─  

 4- 11⌐⅔™≡⁸ ─ ⅜ 1.2 MPa ─ ≢│⁸ ⅜ ™╒≥

─ ⅜ ⌐ ╘╠╣⁸∕╣ ─ ≢│⁸ ─ ⅜ ╘╠╣⌂™⁹↓╣╠─

╩꜡☺☻♥▫♇◒ ⇔≡⁸ ─ ≤ ─ ╩ ╘√≤↓╤⁸1.24 MPa ⌐⅔™

≡ ─ ⅜ 10% ⌐⌂╢≤ ↕╣√ 4- 12 ⁹ 

 

STI
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нлл˃Ƴ

нлл˃Ƴ

нлл˃Ƴ
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 4- 11 ─ ─ ≤ ꜠ⱬꜟ─  

 

 

 

 4- 12 ─ ≤ √╡─ ─ ─  

 

 

 

3- 5- 2 ◄Ⱡꜟ◑כ─  

 4- 13⌐⅔™≡⁸ √╡─ ◄Ⱡꜟ◑כ⅜ 80 kJ/m2 ─ ≢│⁸◄Ⱡꜟ◑

⅜כ ™╒≥ ─ ⅜ ⌐ ╘╠╣⁸∕╣ ─ ≢│⁸ ─ ⅜

╘╠╣⌂™⁹↓╣╠─ ╩꜡☺☻♥▫♇◒ ⇔≡⁸ ─ ≤ √╡─ ◄Ⱡ

─כ◑ꜟ ╩ ╘√≤↓╤⁸103 kJ/m2 ⌐⅔™≡ ─ ⅜ 10% ⌐⌂╢≤ ↕╣√

4- 14 ⁹ 
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 4- 13 ─ √╡─ ◄Ⱡꜟ◑כ≤ ꜠ⱬꜟ─  

 

 

 

 

 4- 14 ─ ≤ √╡─ ◄Ⱡꜟ◑כ─  
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 5 ™ ─  

 

1 CS ─  

ꜞ☻◒ ─ ╩ ↕∑╢↓≤╩ ≤⇔≡⁸™ↄ≈⅛─Ɽꜝⱷכ♃≤─ ⌐≈™≡ ⅎ╢⁹ 

CS ≤─ ⅜ ⌐ ™↓≤⅜ ╠⅛≤⌂∫≡™╢Ɽꜝⱷ⁸│♃כBMD (Bone Mineral Density: 

)≤ ─ (Endplate Area) ≢№╢[1] ⁹⇔⅛⇔⌂⅜╠⁸ ⌐⅔↑╢ BMD╛

─ ⌐│⁸X ⌂≥╩ ™╢ ⅜№╡⁸ ⌐ ⅜⅛⅛╢ ⌐ ─ꜞ☻◒╙№╢⁹↓╣╠╩

─ ≤⇔≡ ™╢↓≤│⁸ ─ ╛ ⌐ ⅜ ⅝™≤ ⅎ╢⁹ ⁸ ⅜

⌂Ɽꜝⱷכ♃≤⇔≡│ ╛ ⁸ ⌂≥≤─ ⅛╠ CS ╛∕─ ꜞ☻◒╩ ∆╢ ⅜

Genaidy╠[2] ⌐╟∫≡ ↕╣≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ꜞ☻◒( )⌐ ⇔≡ ⌂ ╩

∫≡™╢↓≤⅛╠⁸ ⌐ ₁⅜ ≤⇔√™ ꜞ☻◒ ⌐⅔↑╢ ╩ ⇔≡™╢≤ ⅎ╠╣

╢⁹ 

↓↓≢⁸  5- 1⌐ CS ⌐ ∆╢ ⁸ ⁸ ─ Ὑ╩ ∆⁹╕√⁸ ╙ ─ ™⁸CS ≤

─ ╩  5- 1 ⌐ ∆⁹↓╣│ Genaidy╠⅜ ⇔√ CS  ⁸Hutton and♃כ♦

Adams.(1982)[3] ⁸Hansson╠(1980)[4] [5] ⁸Adams and Hutton.(1982) [6] ╩ ⌐⁸ ₁⅜ ⇔√

╙─≢№╢⁹↕≡⁸ ─ Ὑ⅛╠⁸ ╛ │ CS ≤─ ⅜ ↄ⁸ ─Ɽꜝⱷכ♃≤⇔

≡ ↕⌂™↓≤⅜╦⅛╢⁹ 

⇔√⅜∫≡⁸ ─ ↕╩ ⌐ ─ ↕╩ ⇔⁸ ╩ ≈─ ≤⇔√⁸CS─ ⌐ ⇔

≡╟╡ ─ ≢Ⱪכ◌◒☻ꜞ™ ∆╢↓≤⅜ ≤ ⅎ√⁹↓╣╩ ⌐ CS≤ ⌐ ∆╢ ─

╩ ∫√⁹  5- 1⌐ ╠╣√ CS≤ (20- 79 )─ ╩ ⇔⁸ ↓↓⌐ ╩♃כ♦√⇔

™≡ ╩ ℮⁹ 

 

 5- 1  CS ⌐ ∆╢ ─  

    

Ὑ  0.32548 0.17225 0.12136 

 

 

 5- 1  CS ≤ Age (20Έ79 ) ─ Eie(1966) [7] ; Hansson et al.(1980) [4] [5] ; Hutton and 

Adams(1982)[3] ; Adams and Hutton(1982) [6] ; Brinckmann et al.(1983) [8] ; Brinckmann et 

al.(1988)[ [1] ; Ebbesen et al.(1988) [9] ─ ╩♃כ♦ N=320  
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 Ⱪכ◌◒☻ꜞ 2

2-  Ⱪכ◌◒☻ꜞ─ 1

CS )♃כ♦  5- 1)╩ 3≈─ (20- 39 40- 59 60- 79 )⌐ ⇔≡∕╣∙╣⌐ ⇔≡ꜞ☻

╩Ⱪכ◌◒ ╘╢⁹ ⌐♃כ♦─╣∙╣⧵√⇔ ꜟⱠכ◌≡⇔ ╩ ™⁸ ≢─

Ὢ ὼ─ ╩ ℮⁹ ≢│⁸ ┼─ ≡│╕╡─ ↕╩ ⇔⁸ ⌐ ∆ ⇔√◌

ꜟⱠכ ╩ ™√[10] ⁹ 

 

 Ὢ ὼ
ρ

ὲὼὬ
ὑ
ÌÎὼ ÌÎὢ

Ὤ
 (1) 

↓↓≢⁸ὼ│ CS [kN]⁸ὑ│◌כⱠꜟ ╩ ⇔⁸ ≤⇔√⁹ ⇔√ Ὢ ὼ╩

∆╢↓≤≢ ╩Ⱪכ◌◒☻ꜞ∟╦⌂∆⁸ ╘╢⁹⇔⅛⇔⌂⅜╠⁸↓─ ⌐╟∫≡ ↕

╩Ⱪכ◌◒☻ꜞ√╣ ─ ╛ ⅜ ∆╢↓≤╩ ╩Ⱪכ◌◒☻ꜞ─↓⁸≥╢∆ ∆╢

√╘⌐  5- 1⌐ ╩♃כ♦∆ ≤∆╢↓≤⌐⌂╡⁸ ⅜⅛⅛╢↓≤⅛╠ ⅜ ™≤ ⅎ╢⁹∕

ꜟⱠכ◌─↓⁸≢↓ ≢ ⌐Ⱪכ◌◒☻ꜞ√⇔ ⇔⁸ ─ (2)┼─ⱨ▫♇♥▫fi◓╩

℮⁹ 

 

 
ὶὼ

ρ

ρ ÅØÐ
ὥ ὥὼ ὥὼ

ὼ

 
(2) 

√∞⇔⁸ⱨ▫♇♥▫fi◓⌐│ MATLAB (Mathworks )─ fminunc ╩ ™⁸ ╩ ≤∆╢╟

℮⌐ ╩ ⇔√⁹ ⌐╟╡ ╩Ⱪכ◌◒☻ꜞ√╘  5- 2(a)⌐⁸ⱨ▫♇♥▫fi◓⌐╟╡ ╘

√ ╩  5- 2⌐ ∆⁹ 

 

 

(a)  ⌐≈™≡ ꜟⱠכ◌

ⱨ▫♇♥▫fi◓⇔√  

 

(b) 10% ─  

 5-  Ⱪכ◌◒☻ꜞ─  2

 

 5- ─Ⱪכ◌◒☻ꜞ─  2 (2)─  

 Á Á Á 
















































































































































































































































































































































