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1. ─  

─ ⌐≈™≡│⁸ ( 14 15 )⌐₈ 3

₉ ⁸ 3 ≤⇔≡⁸ ⌐⅔™≡ 50mⱷ♇◦ꜙ─

⅜ ↕╣⁸ ⌐╟╢ ─ ⅜ ╦╣≡™╢⁹ 

≢│⁸↓╣╠─ ╩ ╕ⅎ⁸ ╩♃כ♦─ ™≡╟╡ ⌂ ─

╩ ℮≤≤╙⌐⁸ ╠╣√ ◦Ⱶꜙ꜠כ◦ꜛfi ≤ ה ♃כ♦ ╩ ⌡ ╦∑

≡ ⌐╟╢ ╩ ∑≡ ⇔⁸ ─ ╩ ∆╢⌐ √∫≡─ ╩

⇔√╙─≢№╢⁹ 

 ─ ⱨ꜡כ ┘ ⌂ │⁸ ─≤⅔╡≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 ⱨ꜡כ 

4  ˔  
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ₒ ₓ 

   ᵑ ♦כ♃ ⁸  

ợ ⁸ ⁸ ⅜ ↕╣≡™╢ ⌐≈™≡⁸ כ◙כ꜠─

♃כ♦ ╩ ™≡⁸10m ⱷ♇◦ꜙ≢ ⌂ ╩♃כ♦  

ợ 3 ≢│⁸ ─╖⇔⅛ ↕╣≡™⌂⅛∫√ ה ╩⁸

≢◦Ⱶꜙ꜠כ◦ꜛfi⌐  

ᵒ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ─ ( ─ ╩ ) 

ᵓ ≤∆╢ ─ ( ╩ ) 

ᵔ ⌐⅔↑╢ ─ ┘ ╩  

ᵕ 10m ⱷ♇◦ꜙ⌐╟╢ ─ ( ) 

 

 

 

2. ─ ה  

 ╩ ∆╢⌐ √∫≡ ≤⌂╢ ─ ⁸ ─

⁸ ⁸♃כ♦ ─ ה ╩ ∫√⁹ 

⌐⁸ ה ╩ ∫√ ─ ╩ ∆⁹ 

 

4.1 ─  
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─♃כ♦ .3 ┘  

≢│⁸ ─ ⌐ ™╢ ♃כ♦ ┘ ╩ ⇔⁸ ⌐⁸

≢ ⇔√ ≤ 3 ⌐ ⇔√ ─ ╩ ⇔√⁹ 

 

♃כ♦ 4.2 ┘ ─  

 3    

 

 

 

 

 

 

│  

₈3.1 ₉

 

 ♃כ♦
 

50mⱷ♇◦ꜙ 

 

50mⱷ♇◦ꜙ 

 

10mⱷ♇◦ꜙ 

─♃כ♦ ₈3.3

₉  

6 ♃כ♦ ─╖ ╩  
2 ─25 ≢ ╩

 
 

6 ♃כ♦ ─╖  
┘ ≢

≤⇔√ ™⌐  

♃כ♦ ₈3.4

─ ₉  

 
⌂ ה ≢ ↕╣

≡™╢ ╩  

─ ⌐ ∆╢

ה ≢ ↕╣≡™╢ ╩

 

₈3.6 ─

₉  

 

 3.1  

⌐⅔™≡ ≤∆╢ │⁸ᵑ ⌐╟╢ ⁸ᵒ

⌐╟╢ ⁸ᵓ ה ≢№╢⁹ 

4.2⌐ ─ ╩ ∆╢≤≤╙⌐⁸ ⌐ ⸗♦ꜟ─

╩ ∆⁹⌂⅔⁸₈ᵓ ₉⌐≈™≡│⁸ ─₈5.2 ─ ₉⌐≡⁸

┘ ─≥∟╠╩ ─ ≤∆╢⅛⁸ ╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. 2  
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  1) ( )  

│⁸ ─ ─ⱪ꜠כ♩─ ┼ ⱪ꜠כ♩⅜ ╖ ╗↓≤⌐ ™⁸

↓╣╠ 2≈─ⱪ꜠כ♩─ ≢ ∆╢ ≢№╢⁹ 

≢│ ┘ ─ 2 ≈─♃▬ⱪ─ ╩ ⇔⁸ ⌐╟╢

╩ ∫√⁹ 

4. 3⌐ ─ ╩ ⇔⁸ 4.3 ⌐ ⸗♦ꜟ─ ╩ ≤≤╙⌐⁸

⌐≈™≡│⁸ ⅜ ⇔√ Ɽꜝⱷכ♃╩ⱬכ☻⌐ ↕╣√⁸

3 ≤ ─ ╩ ⇔√⁹ 

4. 3 ( )  

 

 

 

 

 

 

 

 

 

 

 

 

 

3          

 

 

 

 

 

 

 

 

 

 

 

 

 

4. 3 ⸗♦ꜟ  

β ⸗♦ꜟ─ ─Ɫ♇♅│⁸▪☻Ɑꜞ♥▫╩ ∆⁹ 

3     

A1
38.41
142.49
26.0
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64
200
21
90

2266.0
2.9

km2 96.0
m 5.9

km2 96.0
m 5.9

km2 2074.0
m 2.7

km2
m

1

2

L km
W km

ɗ
ŭ
ɚ

d km
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 2) ( )  

≢ ≤∆╢ ─ ⌐│⁸ ≤ ⌐⁸ 3

≤ ─ ╩ ™╢╙─≤⇔√⁹ 4.4 ⌐ ─ ╩ ⇔⁸ 4.4 ⌐ ⸗

♦ꜟ─ ╩ ∆⁹ 

4.4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 ⸗♦ꜟ  

β ⸗♦ꜟ─ ─Ɫ♇♅│⁸▪☻Ɑꜞ♥▫╩ ∆⁹ 

3     

A1 A2 B
38.41 38.20 38.95
142.49 142.39 143.52
26.0 26.0 14.0
36 40 133
64 36 49
200 200 205
21 21 12
90 90 90

6505.0
5.64

km2 96.0 128.0
m 6.7 7.7

km2 96.0
m 6.7

km2

m

3315.0
3.5

2995.0
3.1

km2
m

1

d km
L km

W km

ŭ
ɚ

2

ɗ

 
A1 

A2 

B 
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 3)  

≢│⁸ ₈ ה ⌐ ∆╢ ₉⌐

╟╡ ↕╣√ ╩ ™⁸ ⌐╟╢ ╩ ∫√⁹ 

⌐⁸ ⌐╟╢ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. 5 ─  

ה ⌐ ∆╢ 10  

URL http://www.bousai.go.jp/jishin/nihonkaikou/10/index.html  
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 4)  

≢│⁸ 3 ⌐⅔™≡ ⸗♦ꜟ 1977 ╩ ⌐ ↕╣√ ╩

™≡⁸ ⌐╟╢ ╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6 ─ ┘  

3  
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 3.2 ─  

─ ≤∆╢ │⁸ ≤⇔⁸↓─ ⁸ 10m ⱷ♇

◦ꜙ ─ ≤∆╢ │⁸ ─ⱨ꜡כ⌐╟╡ ⇔√⁹ 

⌂⅔⁸ │ 4.8⌐ ∆≤⅔╡≤⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7 ─ ⱨ꜡כ 

 

START

ₒ ≤⇔≡ ₓ
ה
ה
ה
ה
ה
ה

Yes

No

Yes

No

ₒ ≤⇔≡ ₓ
ה
ה ה
ה ה

ה
ה
ה ⁸
ה
ה
ה ⁸

Yes

No

18

18 50m
1 2

ₒ∕─ ─ ₓ
50mⱷ♇◦ꜙה
─ ≢

1 ⌐╟╢ ⅜
↕╣╢ ≢№╢⅛

2 ─ ⌐╟╡ ⅜
↕╣╢ ≢№╢⅛

3 ⅜
↕╣╢ ≢№╢⅛

ₒ ≤⇔≡ ₓ
ה ה
ה ה
ה
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4. 8  

 

─♃כ♦ 3.3   

≢│⁸ 3 ┘ 17 ≢ ↕╣√ 50mⱷ♇◦ꜙ♦כ♃

╩ ≤⇔≡ ╩ ℮⅜⁸₈3.2 ─ ₉≢ ⇔√ ⌐

≈™≡│⁸ ⌐╟╢₈  ⸗♦ꜟ 5m10הmⱷ♇◦ꜙ ₉

┘₈ ⌐⅔↑╢ 3D ₉╩ ™≡╟╡ ╩♃כ♦⌂ ⇔√⁹ 

1) ≢ ↕╣√  ♃כ♦

ᵑ 3 ≢ ↕╣√  ♃כ♦

─ 50mⱷ♇◦ꜙ♦כ♃╩ ≤⇔≡ ⇔⁸ ⌐ ─6 ⌐≈™

≡│ 1/25,000 ╩ ╩♃כ♦≡™ ⇔≡™╢⁹ 

ợ ╩ ∆╢ ⁸ ⁸ 

⁸ ⁸ ⁸  

ợ⸗♦ꜟ ∆╢ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ 2  
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3 ⌐⅔™≡ ─♃כ♦ ⌐ ☻כ♁♃כ♦√╣↕ ╩ 4.5

⌐⁸ ─☻כ♁♃כ♦ ≤ ╩ 4.9⌐∕╣∙╣ ⇔√⁹ 

 

4. ♃כ♦ 5 ⌐  ☻כ♁╢™

 

 

 

 

 

 

3    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─☻כ♁♃כ♦ 4.9 ≤∕─ 3  

3        

ᵒ ₈ 17  ₉ ≢ ↕╣√  ♃כ♦

─ 3 ≢ ⁸│♃כ♦√⇔ ⌐╟╢₈ 17  

₉ ⁸ 17 ≤ ∆ ☻כ♁♃כ♦⁸≡™⅔⌐

─ ה ⌐╟╡ ⅜ ╦╣≡™╢⁹ 

4. ♃כ♦ 6 ⌐  ☻כ♁╢™

3 ≢  ≢  

☻כ♁♃כ♦ ה  ה ☻כ♁♃כ♦  ה  ה  

25000 

ה  

1/25, 000 

 

12 10  

ⱳꜞ◗fi 

1/25, 000 

▪ꜟⱪ☻  

16 8  

17  

500m
1/50000

1/25000
50m
1/25000
1/2500
-

50mⱷ♇◦ꜙ

 

 ♃כ♦

25000

ה  

500mⱷ♇◦ꜙ 

 ♃כ♦
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   ⌂⅔⁸ 4. 7 ⌐ ┘ ⌐ ∆╢⸗♦ꜟ ─ ⁸ 4. 10 ☻כ♁♃כ♦⌐

─ ≤ ╩∕╣∙╣ ⇔√⁹ 

 

4. 7 ⌐ ∆╢⸗♦ꜟ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. ─☻כ♁♃כ♦ 10 ≤∕─ 17  

       17  

2 B T.P.-1.10m 1/ 190

2 A

2 A

2 B T.P. 0.00m 1/ 200

2 A

2 B

2 B T.P.+1.44m 1/ 200

1 A

2 B T.P.+0.71m 1/ 300

1 A

2 A

1 B T.P.-2.03m

1 A

2 A

2 B T.P.-2.00m

2 B T.P.-2.00m

2 A

2 A

1 B T.P.-2.00m

1 A

1 A

1 B T.P.-2.00m

1 B T.P.-1.05m 1/ 5200

1 A

B T.P.-0.28m

H17
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2) ≢  ☻כ♁♃כ♦╢∆

≢ ─ ♃כ♦ ⌐ ─☻כ♁♃כ♦╢∆ ╩ ⌐ ∆⁹ 

ᵑ ♦כ♃ 

ₒ  ⸗♦ꜟ 10mⱷ♇◦ꜙ ₓ 

₈  ⸗♦ꜟ 10mⱷ♇◦ꜙ ₉│⁸2 5 1 ─

♃כ♦ ╩ ⌐⁸ 0.4 ( 10m) ≢ ∫√ ⱷ♇◦ꜙ ─

╩ ╘√ ⸗♦ꜟ DEM≢№╢ 2≈─ ⌐ ╕╣√ ─ ╩⁸

─ ⅛╠ ∆╢↓≤⌐╟╡ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 1  ⸗♦ꜟ 10mⱷ♇◦ꜙ ─♄►fi꜡כ♪  

ⱱכⱶⱭכ☺ URL http://fgd.gsi.go.jp/download/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 2  ⸗♦ꜟ 10mⱷ♇◦ꜙה  
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ₒ  ⸗♦ꜟ 5mⱷ♇◦ꜙ ₓ 

₈  ⸗♦ꜟ 5mⱷ♇◦ꜙ ₉│⁸5m ≢ ∫√ ⱷ♇

◦ꜙ ─ ╩⁸ ♫ꜗ◐☻◙כ꜠ ≢ ⁸⌐≥╙╩♃כ♦√⇔ ╛ ⁸

╩ ╡ ™√ ≡⇔≥♃כ♦ ⇔√ ⸗♦ꜟ DEM≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 3  ⸗♦ꜟ 5mⱷ♇◦ꜙ ─♄►fi꜡כ♪  

ⱱכⱶⱭכ☺ URL

http://fgd.gsi.go.jp/download/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 4  ⸗♦ꜟ 5mⱷ♇◦ꜙה  
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ₒ ⌐⅔↑╢ 3D ₓ 

₈ ⌐⅔↑╢ 3D ₉│⁸ ה Ɫ◙כ♪ⱴ♇ⱪ─ ─ ╩ ╢

√╘⁸ ה ה ⅜ ↕╣╢ ─ ⌐⅔™≡

╟╡ 1km╕≢╩ 2mⱷ♇◦ꜙ ≢ ⇔√  ⁹╢№≢♃כ♦

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 5 ⌐⅔↑╢ 3D ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 6 ⌐⅔↑╢ 3D 2mⱷ♇◦ꜙה  

β ─ ♃כ♦│  
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 ♃כ♦ (1

ₒ  ₓ♃כ♦ꜟ♃☺♦

─ ⁸│≡™≈⌐♃כ♦  ☿fi♃כ

⅜ ⇔≡™╢₈ ╩₉☼כꜞ◦M7000♃כ♦ꜟ♃☺♦ ™≡ ╩ ℮⁹

⌐⁸ ─♃כ♦ ┘ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 ─♃כ♦ꜟ♃☺♦ 7  

 ⱱכⱶⱭכ☺ 

URL http://www.jha.or.jp/jp/shop/products/btdd/index.html  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 ╢╟⌐♃כ♦ꜟ♃☺♦ 8 ─  

                5m ≢  

─♦☺♃ꜟ 

♃כ♦  
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ₒ ┘ ₓ 

≢│⁸ ⌐ ⌐≈™≡⁸ ─ ┘ ⌐

↕╣≡™╢ ┘ ╩ ™≡⁸ ─ ♃כ♦ ╩ ∫√╙─≢№╡⁸

⁸ ╩ ∆≤≤╙⌐⁸ 4.1 9 4. 20⌐∕─ ╩ ⇔√⁹ 

4. 8 ⌐ ™╢  

 ∆╢  

  

  

  

  

  

  

  

ה   

ה   

ה   

ה   

  

 

 

 

 

 

 

 

 

 

 

4.1 9 ┘ ה  

 

 

 

 

 

 

 

 

 

4. 20 ⌐╟╢ ♃כ♦ ה  
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─♃כ♦ 3.4  

≢│⁸ ה ╩⁸ 17 ≢ ↕╣√ ╩♃כ♦ ⌐⁸

─♃כ♦⌐ ה ╩ ™ ⇔≡ ⌐ ⇔√⁹ 17 ≢ ↕╣≡™╢

─ │⁸ 4.2 1⌐ ∆≤⅔╡≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 1 ≤∕─ 17  

              17  

 

─♃כ♦ 3.5  

≢│ ⁸≡™≈⌐♃כ♦ 17 ≢ ╩♃כ♦√╣↕ ∆╢╙

─≤∆╢⅜⁸ ⌐≈™≡│⁸₈ ⌐⅔↑╢ 3D ₉⌐ ─

╟╡ ╩ ╖ ╡⁸ ╩♃כ♦ ⇔√⁹ 

⌐⅔↑╢ ♃כ♦ 50mⱷ♇◦ꜙ ╩ 4.2 2⌐⁸ ⌐⅔

↑╢ ─♃כ♦ ╩ 4.2 3⌐∕╣∙╣ ⇔√⁹ 

 

 

 



92 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 2 ≢─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 ─♃כ♦ 3 ( ) 
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3.6 ─  

≢│⁸ ה ─ │ ∑∏⁸ ╩ ≤⇔≡ ∆╢⁹ ⌐

™╢ │⁸₈ ה Ɫ◙כ♪ⱴ♇ⱪⱴ♬ꜙ▪ꜟ 16 3 ₉⁸p.98 ⌐ ≠⅝⁸

H.W.L. ╩ ≤⇔√⁹ 

─ ⌐≈™≡│⁸∕─ ⌐ ╕╣╢ ┘ ≢ ↕╣

≡™╢ ╟╡ ╩ ∫√⁹ ⌐⅔↑╢ ╩ 4. 9 ┘ 4. 10

⌐ ∆≤≤╙⌐⁸ ╩ 3.24⌐∕╣∙╣ ⇔√⁹ 

4. 9 50m ⌐⅔↑╢  

 

 

 

 

4. 10 ⌐⅔↑╢ ( ≢ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 4 ⌐⅔↑╢  

No.
0.760
0.860
0.825
1.093

(T.P (m))

1.093
0.716
0.716
0.60
0.70

0.8255
0.8255
0.72
0.86
0.76
0.75
0.75



94 

4. ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ─  

≢│⁸ 3 ≤ ⌐ ─ ╩ ℮↓≤⌐╟╡⁸

⌐ ™╢ ⸗♦ꜟ─ ─ ╩ ∫√⁹ 

4.1 ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─  

1) ◦Ⱶꜙ꜠כ◦ꜛfi─ ⱨ꜡כ 

₈ ה Ɫ◙כ♪ⱴ♇ⱪⱴ♬ꜙ▪ꜟ₉ H16 4 ⌐╟╢₈ ╩ ⇔√

◦Ⱶꜙ꜠כ◦ꜛfi₉⌐╟╡ ⌐╟╢ ╩ ⇔√⁹ │⁸

╩ ⁸ │ Leap- frog ⌐╟╢ ─ 2

⸗♦ꜟ≤⇔⁸ ─ ה ⅛╠ ╕≢╩ ≢ ⇔√⁹ 

ⱨ꜡כ│ 4.25 ⌐ ∆≤⅔╡≢№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.25 ⱨ꜡כ 

 

2)  

3 ≢│⁸ ╩ ∆╢ ≤⇔≡⁸ ─

╩ ™≡ ╩ ∫≡™╢⁹ 

≢│⁸ ⌂ ≢─ ╩ ™⁸ ─ ⅛╠

╕≢╩ ⇔≡ ∫√⁹ 

⌂⅔⁸ ╩ ∆╢ ─ ⌐│⁸ ─ ╖╛◖ꜞ○ꜞ ╩ ⇔√

╩ ™≡ ╩ ℮ ╙№╢⅜⁸ ≢│ ─ ⅛╠ ╕≢╩

≤∆╢√╘⁸ ≢ ╩ ⇔≡ ╩ ℮╙─≤⇔√⁹ 

 



95 

 ⱶכ◐☻ (3

│⁸ ≢ ↕╣√ⱪ꜡◓ꜝⱶ╩ ™≡ ∫√⁹↓─ⱪ꜡◓

ꜝⱶ≢│⁸Staggered leap - frog ≢ ─ ╩ ⇔⁸

≤ ╩ ⌐ ∆╢↓≤≢ ⅜ ╦╣╢╙─≢№╢⁹ 

4.26 ⌐ɜ,M,N─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

4.26  Leap- frog ─ ─ Staggered  

 

4) ─  

≢│⁸ ⌐⅔™≡ ╩ ℮⅜ ╛ ─╟℮⌂

≢ ─ ╩ ∆╢⌐│⁸╟╡ ⅛™ ⅜ ≤↕╣╢⁹ 

⇔⅛⇔⁸∕─╟℮⌂ ⅛™ⱷ♇◦ꜙ≢ ╩◌Ᵽכ∆╣┌ ⌐ ™╢ ♃כ♦

─ │ ≤⌂╡⁸ ⌐ ╩ ∆ ╣⅜№╢√╘⁸ ─ ™ ⌐⅔™≡

╩ ↄ ⇔⁸ ⌐ ≠ↄ⌐ ∫≡ ╩ ↕∑╢√╘⌐ ╩

⅛ↄ∆╢₈ ₉╩ ™≡ ╩ ∫√⁹ 

≢│⁸ ─ ⌂╢ ╩ ∆╢√╘⁸ ≤ ≢

┘ ─ ↑ ⇔╩ ™⁸ ─ ─♃כ♦ ⁸₈3.3│ ₉≢ ⇔√≤⅔

╡⁸ ≤ ─ ─ ╩ A D ≢ 3:1⁸D E ≢ 5:1 ≤⌂╢

╟℮⌐ ⇔√⁹ ⌐⁸ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

4.27 ─ ( ה( ( ) ─ ( 1/3) 
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 4.2 ─  

─ ≤∆╢ │⁸ ⌐⅔™≡ ≤∆╢ᵑ

⌐╟╢ ⁸ᵒ ⌐╟╢ ⁸ᵓ

─℮∟⁸ ─ ⅜ ↕╣≡⅔╡⁸ 3 ⌐╙ ⅜ ╦╣√ᵓ

≤⇔√⁹ ⌐⁸ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

4.28 ( ) ┘ ─ ( ) 

 

4.3 ─  

1)  

─ ≤∆╢ │ ⅛╠ ⁸ ┘

≤⇔⁸ 4.29 ─≤⅔╡ ┘ⱷ♇◦ꜙ◘▬☼╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.29 A 450mⱷ♇◦ꜙ C 50mⱷ♇◦ꜙ ─  

3     
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1)  

3 ≤ ⌐⅔™≡⁸ ─ ╩ ⇔√╙─≢№

╢⁹ │⁸A ( ⁸450mⱷ♇◦ꜙ)⅛╠ C ⁸50mⱷ♇◦ꜙ

⌐ ╢╕≢─ 3 ⌐≈™≡⁸ ⱷ♇◦ꜙ◘▬☼╩ ↕ↄ⇔≡ ∫√⁹ 

⌐⁸ ≢ ╩ ⇔√ ╩ ™⁸ ⌐≈™≡│ ⅜ ⇔√

─ ⅜ ≢№╢√╘ T.P+0.0m ≤⇔≡ ⇔√⁹ 

⌂⅔⁸ ─ ה ⌐≈™≡│⁸ ─ ⅜ ╢ ⅜ ⇔

™√╘⁸ │⌐♃כ♦ 3 ─ ╩⁸ │⌐♃כ♦ 0.020 ⌐

∆╢ ╩ ⇔≡ ╩ ∫√⁹ 

 

4.11 ( 3 ≤ ) 

     

ה  ה  

ⱷ♇◦ꜙ  

⅛╠ 

A 450m( ) 

B 150m( ) 

C 50m( ) 

⸗♦ꜟ  

2 ⸗♦ꜟ 

ה ⁸ ╩  

ה ╩  

 Leap-frog  

 
Ɽꜝⱷכ♃⌐ ≠™≡ ─ ╩ ⇔⁸

≤⇔≡  

 
 

A C  ( ) 

 
  T.P+0.0m  

─  0.0m 

 
─ ╩ ╗ ≤⇔≡ 5  

0.1sec 

∕─  
╠(1998)⌐ ™ ─♃כ♦ ₈3.5 ₉  

     0.020 ⌐ ╩  

 

4.4 ─  

  4. 30⌐⁸ ⌐╟╢ ₈ 8 3 3

⌐ ∆╢ ⁸ ₉ ≤⁸ ≢ ╠╣√ ─

╩ ⇔√⁹↓╣╟╡⁸ ─ ┘ ─ │ ⌡ ⇔≡™╢⁹ 

4.30 ≤ ─  

0.0

5.0

10.0

15.0

20.0

25.0

30.0

(m
)
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4.5 ⸗♦ꜟ─ ─  

╩ ⌐ ∆╢√╘⌐⁸ (1978)⌐╟╡ ↕╣≡™╢ ≢№╢ K ɟ

╩ ⇔√⁹ 

⌐╟╢ ≤⁸ ⌐╟╡ ╠╣√ 3 ─

─ ⌐≈™≡⁸ ─ ≢№╢ K ɟ ╩ ⇔√ ╩ 4.12

⌐ ⇔√⁹ 

4.12 1978 ⌐╟╢ K ɟ ─  

  ⌐ ≤↕╣╢ ╩ ∆╢  

K  0.99 0.95֔ ֔1.05 

ə  1.45 ɟ֔1.45 

 

⅛╠⁸ ⌐⅔↑╢ K ɟ │∕╣∙╣ K=0.99 ɟ=1.45 ≤⌂╡⁸ ⌐

≤↕╣╢ 0.95֔֔1.05⁸ɟ֔1.45╩ ∆╢ ≤⌂╢ 3

─ │ K=1.01 ɟ=1.42 ⁹↓╣╟╡⁸ ─ │ ─ ╩

⌐ ⇔≡™╢↓≤⅛╠⁸ ⸗♦ꜟ─ ⅜ ≢⅝√⁹ 
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5. ◦Ⱶꜙ꜠כ◦ꜛfi 

≢│⁸ √⌐ 10mⱷ♇◦ꜙ≢ ⇔√ ╩♃כ♦ ™≡ ╩ ℮↓≤⌐╟

╡⁸ ⌂ ─ ╩ ∫√⁹ 

5.1 ─  

⌐⅔™≡ ≤∆╢ │⁸ᵑ ⌐╟╢ ⁸ᵒ

⌐╟╢ ⁸ᵓ ≢№╢⁹↓─℮∟⁸ ≢│ᵒ

⌐╟╢ ╩ ≤⇔≡ ╩ ⇔√⁹ 

⌐⁸ ─ ┘ ╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

4.31 ( ) ┘ ( )─ ( ) 

  

5.2 ─  

1)  

₈4.1 ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ₉≢ ═√ ⌐╟╡⁸ ┘

─ ╩ ⇔⁸ ⌐ ∆╢ ⌐≈™≡ ה

╩ ™⁸╟╡ ─ ⅝ↄ⌂╢ ╩ ─ ≤⇔≡ ⇔√⁹ 

⌐⁸ ─ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

4.32 ( ) ┘ ( )─  
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2)  

┘ ─ │⁸A ⁸450mⱷ♇◦ꜙ ⅛╠C

⁸50mⱷ♇◦ꜙ ⌐ ╢╕≢─ 3 ⌐≈™≡⁸ ⱷ♇◦ꜙ◘▬☼╩

↕ↄ⇔≡ ™⁸ ≢ ╩ ⇔√ ╩ ⇔⁸ ⌐≈™≡│⁸

H.W.L ╩ ⇔√⁹ 

4.13 ─  

     

  

ⱷ♇◦ꜙ

 

⅛╠ 

A 450m( ) 

B 150m( ) 

C 50m( ) 

⸗♦ꜟ

 

2 ⸗♦ꜟ 

ה ⁸ ╩  

ה ╩  

 Leap-frog  

 
Ɽꜝⱷכ♃⌐ ≠™≡ ─ ╩ ⇔⁸

≤⇔≡  

 
 

A C  ( ) 

   H.W.L  

 
─ ╩ ╗ ≤⇔≡ 5  

0.1sec 

∕─  ╠(1998)⌐ ™ ─♃כ♦ ₈3.5 ₉  

 

3)  

─ 2 ⌐ ℮ ⌐╟╢⁸ ─ ─ │

─╟℮⌐⌂╢⁹ 

 

ᵑ ⌐⅔™≡│ ─ ⅜⁸ ⌐⅔™≡│ 

─ ⅜∕╣∙╣ ∆╢ ⌐№╢ 4.33 ⁹ 

ᵒ ⌐⅔™≡│⁸ ≢ ⌐╟╢  

⅜ ∆╢⁹ 

ᵓ ─ ⁸ ⁸ ⁸ 

≢│ ⌐╟╢ ⅜ ∆╢ 4.34 ⁹ 

ᵔ ─ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ≢│⁸ ⌐ 

╟╢ ⅜ ∆╢ 4.34 ⁹ 

 

╟╡⁸ ⌐⅔™≡│ ⌐╟╢ ⅜ ∆╢╙──⁸

⅜ ∆╢ │⁸ ╛ ⁸ ⌐ ⅜ ⇔≡™⌂™

≢⁸ ⅜ ↕ↄ⌂╢↓≤⅜ ↕╣╢⁹ 
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⁸ ⅜ ⇔≡⅔╡⁸ ⅜ ⅝ↄ⌂╢≤ ↕╣╢ ⁸

⁸ ⁸ ⁸ ה ≢│ ⌐╟╢ ⅜ ∆╢

4.34 ⁹ 

╕√⁸ ♃▬ⱪ─ ⅜ ╡ ⇔ ∆╢≤ ⅎ╠╣≡™╢─⌐ ⇔⁸

♃▬ⱪ─ ╡ ⇔ │ ↕╣≡™⌂™≤ ↕╣≡⅔╡⁸ ⁸

≢ ™ ⌐ ∆╢ │ ™≤ ⅎ╠╣╢↓≤⅛╠⁸ ≢ ≤∆╢

⌐│⁸₈ ₉╩ ⇔√⁹ 

   ⌐╙≤≠ↄ ─ ╩ 4.33 4.34 ⌐ ⇔√⁹ 
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5.3 ─  

1)  

─ ≤∆╢ │⁸ ≤∆╢⁹↓─ ⁸ ♃כ♦ 10m

ⱷ♇◦ꜙ ─ │⁸ ⌐ ∆ 6 ┘ ⌐ ─ ∆╢ 13

╩ ╗ ╩ ≤⇔⁸ ≢│⁸₈ ה ₉⁸₈ ₉⁸₈

₉╩ ≤⇔≡ ╩ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♃כ♦ 4.35  

2)  

10mⱷ♇◦ꜙ≢ ⇔√ ╩♃כ♦ ™≡⁸ ה ⁸ ─

╩ ⇔√⁹ 4.14 4.15 ⌐ ⌐⅔↑╢ ─ ╩

∆≤≤╙⌐⁸ 4.36 4.37 ⌐ ╩ ⇔√⁹ 

│⁸A ( ⁸450mⱷ♇◦ꜙ)⅛╠ D ה ⁸

⁸ ⁸10mⱷ♇◦ꜙ 4 ⌐≈™≡⁸ ⱷ♇◦ꜙ◘▬☼╩ ↕ↄ⇔≡ ™⁸

⌐≈™≡│⁸ ⌐ ╕╣╢ ה ≢ ↕╣≡™╢ H.W.L ╩

⇔⁸ ≢ ╩ ⇔√ ╩ ⇔√⁹ 
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4.14 ─  

     

  

ⱷ♇◦ꜙ

 

⅛╠ 

A 450m ( ) 

B 150m ( ) 

C 50m ( )  

    D 10mⱷ♇◦ꜙ ─ ≢♃כ♦ ⅝ ⅎ  

D 10m ( ה ⁸ ⁸ ) 

⌐╟╢₈ ⌐⅔↑╢ 3D ₉ 

2mⱷ♇◦ꜙ ♃כ♦ ╩ ⇔≡  

₈3.3.2(3) ₉ ╩  

♃כ♦ꜟ♃☺♦ ┘ ה ╩ ⌐  

₈3.3.2(4) ┘(5)₉ ╩  

⸗♦ꜟ

 

2 ⸗♦ꜟ 

ה ⁸ ╩  

ה ╩  

 Leap-frog  

 
Ɽꜝⱷכ♃⌐ ≠™≡ ─ ╩ ⇔⁸ ≤

⇔≡  

 
 

A D  ( ) 

 

 T.P+0.760m ≢ ↕╣≡™╢ H.W.L  

     T.P+1.093m ≢ ↕╣≡™╢ H.W.L  

      T.P+0.600m ≢ ↕╣≡™╢ H.W.L  

 
─ ╩ ╗ ≤⇔≡ 5  

0.02sec 

∕─  ╠(1998)⌐ ™ ₈2.5 ─ ₉  

 

4.15 ─  

3   

T.P+0.860m 

( ↕╣≡™╢ H.W.L  

 T.P+0.760m 

( ≢ ↕╣≡™╢ H.W.L       

T.P+1.093m 

( ≢ ↕╣≡™╢ H.W.L  

T.P+1.093m 

( ≢ ↕╣≡™╢ H.W.L  

T.P+0.8255m 

( ≢ ↕╣≡™╢ H.W.L  

T.P+0.600m 

( ≢ ↕╣≡™╢ H.W.L  
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4.36  A 450mⱷ♇◦ꜙ C 50mⱷ♇◦ꜙ ─  

          3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.37 C 50mⱷ♇◦ꜙ D 10mⱷ♇◦ꜙ ─  
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4.38 ─  ♃כ♦

 

 

 

 

 

 

 

 

 

 

 

 

4.39 ─  ♃כ♦

 

 

 

 

 

 

 

 

 

 

 

 

4.40 ─  ♃כ♦
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5.4 ─  

⌐⅔↑╢ ⁸ ⁸

⁸ ─ ⁸ ┘

╩ ∆≤≤╙⌐⁸ ⌐⅔↑╢ ─

╩ ∆⁹ 

⌂⅔⁸ ⌐≈™≡│⁸ ⌐╟╢ ╩ ≤⇔⁸

─◄ꜞ▪╩ ≤⇔≡ ⇔√⁹ 

 

ᵑ ה  

ᵒ ⌐ ⌐╟╢ ⌂ ╩ ↑√  

ᵓ ─ ⅜ ↕╣╢  

 

4.41 │⁸₈ ₉ ┘₈ ₉─ ╩ ⌐ ⇔√╙─≢№╢⁹ 

 

4.41 ⁸ ┘ ─  

 

1) ⌐⅔↑╢  

⁸ ⁸ ⁸ ⌐╟╢⁸

≢─ ─ ⁸ ┘

─ ╩ ⇔√⁹ 

⌂⅔⁸ ─ ⁸ │⁸ ─╟℮⌐ ⇔≡ ⇔√⁹ 

 

ᵑ ─  

₈ ⌐ ∆╢ ⱷ♇◦ꜙ ≢±0.2m─ ⅜  

⌐ ∂╢⁸ ⅛╠─ ─ ⅜ ∆╢ ₉⁹ 

ᵒ ─  

₈ ⌐ ∆╢ ⱷ♇◦ꜙ ≢ ╙ ─ ⅜ ↄ 

⌂∫√ ─ ₉⁹ 

ᵓ ─  

₈ᵒ⅜ ∆╢⁸ ⅛╠─ ₉⁹ 

 

   ─ │⁸ 4.42 4.45 ⌐ ∆≤⅔╡≢№╡⁸ ∆╢≤ ─≤⅔╡

≢№╢⁹ 
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ᵑ ≡─ ≢ │ ╒≥ ⅝ↄ⌂╡⁸ ≢│ 

⅜ ≢ 2.5m ≢№╢─⌐ ⇔⁸ ≢│  

≢ 10.0m ⁸╕√ ה ≢│

≢ 15 20m ≤⌂╢⁹ 

ᵒ ─ ⅜ ∆╢ │⁸ ה ┘  

≢⁸ │ ⌡ 20 30 ⁸ │ 50 60 ≢№╢─⌐

⇔⁸ ≢│∕╣∙╣ 10 ⅜ ╣╢⁹ 

ᵓ ┘∕─ ≢⁸ ≤ 3 ⌐ ⅜ ∂≡™╢ 

⅜ ↑╠╣╢⅜⁸ ≢ ⇔≡™╢ ⌐╟╢ ─ ╛⁸

ה ─♃כ♦ ⅜ ⌂╡⁸ ─ ⌐ ⇔≡™╢╙─≤ ↕╣╢

3 ≢│⁸ ─ ╩ ™≡ ╩ ⌐ ⇔≡™⌂™ ⁹ 
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