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│⁸ ⌐⅔™≡ ─1MW ◦☻♥ⱶ─

╩ ⇔⁸ ─ ⌐ ⇔⁸ ╩ ⇔√ ─ ™ ─ ╩

∆╢↓≤╩ ≤⇔≡™╢⁹ 26 │⁸ ─ ≢№╡⁸

⁸ ⁸ ┘ ╛ ⌐ ∆╢ ╩ ⇔⁸

⌐ √∫≡─ ─ ╩ ╘⁸ ─ ⌐ ∆╢╙─≢№╢⁹ ⌐│⁸

─ 8 ╩ ⇔√╙─≢№╢⁹ 

 

 

ה (1)  

(2) ◦Ⱶꜙ꜠כ◦ꜛfi─  

(3) ─  

(4) ─  

(5) ⁸ ─ꜟⱩכ◔  

(6) ─ ─  

(7)  

(8) ╛ ─  

 

∕⇔≡⁸ ┘ ⱡ ╩ ⌐ 1 ╩ ⌂

≤ ⌐ ⇔√⁹ ⁸ ─ ╩ ╕ⅎ⁸ ┘ ⱡ ⌐

⇔√∕╣∙╣ ∏≈─ ⌐ ⇔≡ ↑╩ ™⁸ ≤

⇔≡2 ┼─ ╖╩ ∫√⁹∕─ ╩ 27 2 2 ⌐ ⇔√⁸ 2

⌐ ⇔⁸ ≤ ╩ ™⁸ ─1 ⌐≈™≡│⁸

⌐ ↑√ ╩ ╢⌐ ∫√⁹ ⁸ 2 ≤

⌂ ╩ ∆╢≤ ⌐⁸ ─ ─ ╩ ℮ ≢№╢⁹ 

╕√⁸ │ ┘ ─ ≢№╡⁸ ◄Ⱡꜟ◑

הכ NEDO⅜ ∆╢⁸₈ ◄Ⱡꜟ◑כ ₉⌐⅔™

≡⁸ ◦☻♥ⱶ─ ≢№╢⁸♫☿ꜟ╛Ⱪ꜠כ♪ ─ ╩ ∫≡™╢⁹∕

─√╘⁸ ≢│⁸ ┘ ╢╟⌐NEDOה ╩ ⇔⁸

⌐╟╢ ╩ ↑⁸ ╩ ⇔√⁹ 
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Summary 

The purpose of this project is to demonstrate the 1MW tidal energy converter system, the 

largest of its kind, in Japan, off the coast of the City of Goto, Nagasaki Prefecture, in order to 

move towards a practical application of the environmentally low-impact technology.  

As this was the first year of the proposed five-year project, it performed suitable sites 

selection, conceptual engineering design, construction execution review, and project 

feasibility study regarding its economics and project planning. 

It also aimed at understanding various agenda that the demonstration will face, in order to 

reflect them to the next phase of the project.  Specifically, it performed the following tasks: 

 

<Project Tasks> 

(1) Investigation of Regulation and Licensing Related to Project Execution; 

(2) Simulation of Tidal Current; 

(3) Selection of Multiple Candidate Sites for Demonstration ; 

(4) Conceptual Design of the Demonstration Devices; 

(5) Examination of Onshore Substation and Subsea Cables; 

(6) Examination of Installation Methods of Demonstration Devices; 

(7) Economic Feasibility Study; 

(8) Holding of Regional and Local Consultation Meetings/Council Meetings as well as 

Evaluation Committee Meetings 

 

Preliminary investigation of several locations in Naru Sound and Tanoura Sound as potential 

project site was performed, along with a voluntary investigative effort of environmental 

impact statement (EIS) of the site.  As the project progressed, the number of candidates 

was narrowed down, and two marine areas were chosen as priority sites; one was in Naru 

Sound and the other was in Tanoura Sound. The outcome was presented at the Regional 

Council Meeting on February 2, 2015. As a result of consultation meeting with local 

stakeholders, an agreement was reached that the site of Naru Sound would be appropriate 

for demonstration. The next step will be a detailed examination of the site for the project 

items listed above, along with voluntary scoping of the EIS.  

This is a cooperation project between the Ministry of the Environment (MOE) and the 

Ministry of Economy, Trade and Industry (METI).  Furthermore, the New Energy and 

Industrial Technology Development Organization (NEDO) is currently supporting the "Ocean 

Energy Technology Research and Development" project to develop nacelle and blades for a 

power generator of tidal energy convertor system. With these backgrounds, the Evaluation 

Committee Meeting encouraged the establishment of a joint committee with the MOE, the 



6 
 

METI and the NEDO, and the project has been carried out with various advices from these 

external experts. 
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1. ─  

◄Ⱡꜟ◑כ ─ │⁸ ◄Ⱡꜟ◑כ─ ╩ ⇔⁸

╩ ⇔≡™ↄ√╘⌐ ⌂ ≢№╢⁹ ⌐⁸ ◄Ⱡꜟ◑כ ─ ≢╙⁸ ─

⅜ ↕╣╢ ⌐≈™≡⁸ ⅜ ─ ⌐ ⇔√ ┘◦☻♥ⱶ╩ ∆╢

↓≤⅜ ≤ ⅎ╠╣╢⁹ 

↓─√╘⁸₈ ₉≢│⁸ ⅜ ─ ⌐ ⇔⁸

⅜ ↄ⁸⅛≈⁸ ╙ ↕™ ─ ┘ ╩ ™⁸ ◄Ⱡꜟ◑

─כ ─ ≤ ●☻─ ╩ ⌐ ╘╢↓≤╩ ≤⇔⁸ 5 ⌐

─ ╩ ∆╢╙─≢№╢⁹ 

 

(1) ⌐⅔™≡ ─ ה ╩ ℮↓≤⁹ 

(2) ⌐⅔™≡⁸ ─ ╩ ℮↓≤⁹ 

(3) 1 ≢500kW ─ ╩ ∆╢ ╩ ⌐ ⇔⁸ ╩

℮↓≤⁹⌂⅔⁸ ⌐≈™≡⁸ ─╖⌂╠∏⁸ ─ ─

─ ⌐⅔™≡ ⌂ ≤∆╢↓≤⁹ │⁸ ╛ ─

╩♃כ♦─ ∆╢↓≤⁹ 

(4) ╛ ─ ─√╘─ ╩ ℮↓≤⁹ 

(5) ─ ┘ ⌐ ╩ ™⁸∕─ ╩ ℮≤≤╙⌐⁸

⌂ ה ─ ╩ ℮↓≤⁹ 

(6) ⅛≈ ⌐ ∆╢ⱷfi♥♫fi☻ ╩ ∆╢↓≤⁹ 

 

  



8 
 

2. ─  

2.1. ─  

─ ─ ╩ ╕ⅎ⁸ ≢│⁸ ⁸

⁸ ⁸ ⅛╠⌂╢◖fi♁כ◦▪ⱶ⌐╟╡⁸

╩ ≤⇔⁸₈ ─ ◄Ⱡꜟ◑כ ⌐ ↑√ MW

◦☻♥ⱶ─ ה ₉╩ ∆╢╙─≢№╢⁹╕√⁸ │

┘ ─ ≢№╡⁸NEDO⅜ ∆╢⁸₈ ◄Ⱡꜟ◑כ ₉⌐⅔

™≡⁸ ◦☻♥ⱶ─ ≢№╢⁸♫☿ꜟ╛Ⱪ꜠כ♪ ─ ╩ ∫≡™╢

2-1-1⁹ 

 

 

2-1-1 ─  

 

2.2.  

│⁸ ─1MW ◦☻♥ⱶ─ ⌐ ↑≡⁸ 26

7 ⁸₈ ◄Ⱡꜟ◑כ ⱨ▫₉♪ꜟכ⌐ ↕

╣√⁸ ╩ ≤⇔≡™╢⁹ 

⌐│⁸ 26⅛╠ 27 ⌐ ↑≡⁸ ה ╛ ⁸ ╛

⌐ ∆╢ FS╩ ∆╢⁹ 28⅛╠29 ⌐ ↑≡⁸ ╛

♦Ᵽ▬☻ ⁸ ─ ╩ ∆╢⁹∕⇔≡⁸ 30 ⁸ ┼

◦☻♥ⱶ ┘ ─ꜟⱩכ◔ ┘⌐ ⁸∕─ ⁸ ╩ ⇔⁸ כ♦

♃╛ⱷfi♥♫fi☻ ─ ╩ ℮⁹ │⁸ ─ ⌐ ≠⅝⁸FS╩ ∆

╢╙─≢№╢ 2-2-1⁹ 
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2-2-1 26 ≤ ─  

26  ─ ≡≤─  

ה (1) ה .4.2 .4   

(2) ◦Ⱶꜙ꜠כ◦ꜛfi─  4. 4.4.  

(3) ─  3. ─  

(4) ─  
5.  

6. ─  
(5) ⁸ ─ꜟⱩכ◔  

(6) ─ ─  

(7)  4. 4.8.  

(8) ╛ ─  8 ─  
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3. ─  

3.1. ─  

┘ ⱡ ─ 2 ─ ⱨ▫⁸≡™≈⌐♪ꜟכ ╩

™⁸ ─ ─ ╩ ∫√⁹ 

╕∏⁸ ─ ⁸ ┘ ⌂≥─ ─ ⅛╠⁸

─ ╩ ∫√⁹↓─ ⁸ 3-1-1─ Ɫ♇♅≢ ∆╟℮⌐⁸

┘ ⱡ ≢∕╣∙╣2 ─ ⅜ ↕╣√⁹ 

│⁸ ─≤⅔╡≢№╢⁹ 

 

 

─ ╩ ∆╢√╘⁸ ⌐⅔↑╢ ─ ⅜⁸ → ⁸ →

≤╙⌐1.5m/s≢№╢↓≤⁹ 

 

─ ╩ ∆╢√╘⁸ ─Ⱪ꜠כ♪─ ⅜ 1020

≢⅝╢↓≤⁹꜡ כ♃כ ─ ↕20⁸ 18≤⇔≡⁸ 4050≢№╢↓≤⁹ 

 

─ ⇔√ ╩ ∆╢√╘⁸ ⌐ │ ≢№╢↓≤⁹ ─

⅜№╢ ≢╙⁸ ⌐ ↕╣≡╙ ⅜ ⌐ ⇔√╡ ⇔√╡⇔⌂™↓≤⁹

│50cm ╩ ≤∆╢⁹ 

 

 

3-1-1  

ה 1.5m/s
ה 1.5m/s
ה 40m 50m
ה or 0.5m

1 2km0

2.6m/s
14 1.2m/s

2.7m/s
14 1.2m/s

0.4km

1.2km

3.5m/s
14 1.5m/s

2.1m/s
14 1.0m/s

0.6km

0.4km
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3.2.  ─1  

─╟℮⌂ ⌐≈™≡⁸ ╩ ™⁸4≈─ ⅛╠ ─

╩ ┘ ⱡ ≢∕╣∙╣1 ∏≈ ⇔√⁹ 

 

(1)  

⌐⅔™≡ ⇔√ 4050─ ⅜ ─ ≢№╢⁹╕√⁸ ─

⅛╠⁸ ─ ⅜5 ≢№╢↓≤⅜ ╘╠╣≡™╢⁹ 

(2)  

⌐⅔™≡ ⇔√ ─≤⅔╡⁸ ⅜ ⇔≡™╢⅛ ⅜50cm ≢

№╢↓≤⅜ ╘╠╣≡™╢⁹ 

(3) ─  

⌐⅔™≡ ⇔√ ─≤⅔╡⁸ → ה → ≢ ⇔√ ™ ⅜ ╘╠╣

≡™╢⁹╕√⁸Ⱪ꜠כ♪─ ⁸ ≢─ ⅜ ⅝ↄ≡│⌂╠⌂™⁹ 

(4) ⱳ♥fi◦ꜗꜟ  

⌂ ⅜ ≢⅝╢╟℮⁸ ⅜ ↄ ⱳ♥fi◦ꜗꜟ⅜ ⅝™↓≤⅜

╕╣╢⁹╕√⁸ ─ 1MW╩ ↕∑╢√╘⁸ 2.7m/s ≢№

╢↓≤⅜ ╕⇔™⁹ 

(5)  

ↄ ⌂ ╩ ℮√╘⁸ ≤∕─ │ ⅜ ™

≢№╢↓≤⅜ ╕⇔™⁹  

(6) ⱨ▫כꜟ♪ 

⅜ ⇔ ⌐╟∫≡ ↕╣√⁸ ⱨ▫כꜟ♪ ≢─

─ ╩ ≤⇔≡™╢⁹ 

ꜟⱩכ◔ (7)  

─ ⅛╠⁸ ⅛╠ ╕≢─ ⅜ ™ ⅜ ╕⇔™⁹╕√⁸

─ ⅜♩כꜟꜟⱩכ◔╠⅛ ≢ ⅜⌂™↓≤⁸ ─≥ꜟⱩכ◔ ⌂™

↓≤⅜ ╕⇔™⁹ 

(8)  

─ ⌂≥ ─ ╛ ─ꜟⱩכ◔ ⅜ ≢№╢↓≤⁸ ⅛╠

╕≢⅜ ⅜ ™↓≤⅜ ╕⇔™⁹ 

(9)  

ⱨ▫כꜟ♪ ≢│ ⌐ ╖≤ ⌂∑╢⅜⁸ ─ ╛

⌐ ╩ ⅎ⌂™↓≤⌂≥⅜ ╘╠╣≡™╢⁹ 

(10)  

╛ⱷfi♥♫fi☻⌂≥⌐⅔↑╢ ─ ⇔⁸ ⌐│⁸

╛ ⅜ ╘╠╣╢⁹ ─ ⅜ ↕™ ⌐ ∆╢√╘⁸↓─≤⅝ ⅜
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↕™↓≤╛ ⅜ ⇔≡™╢↓≤⅜ ╕⇔™⁹ 

(11)  

⌂≥─ ◄ꜞ▪≢ ─ ⌐ ⅜⅛⅛╠⌂™↓≤⁸ ⌂≥

─ ה ⌐ ⌂ ╩ ╓↕⌂™↓≤⌂≥⅜ ╘╠╣╢⁹ ─ ∆╢ ה

╛ ⅜ ⌐ ⌂ ╩ ╓↕⌂™↓≤⌂≥⅜ ╘╠╣╢⁸ 

(12) ─1  

3-2-1⌐ ─ ╩╕≤╘√ ─ ─1 ╩ ∆⁹

─ⱨ▫כꜟ♪≢│ ᵑ⁸ ⱡ ─ⱨ▫כꜟ♪≢│ ⱡ ᵑ⅜ ↕╣√⁹

√∞⇔⁸ ≢ ─ ─╙≤≢ ╡ ╕╣√ ≢№╢√╘⁸∕╣∙╣─

≢ ⌂ │ ╠╣⌂™⁹ 

↓╣╠─ ╩⁸ ─₈ ₉⌐ ∆⁹ 
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3-2-1 ─1  

 

 

  

40 50

5

or 

50cm

1.5m/ s

0.56m/ s

(kWh/year) 1000 1400MWh 1000MWh

2.7m/ s 3.0m/ s 2.7- 3.0m/ s
2.5- 2.7m/ s 2.0- 2.5m/ s

Yaw Yaw Yaw Yaw

2.3 km 5 km
2.6 km

1.9 km
3.6 km
2.9km

66kV
150m 150m

250m
370m

250m
370m

OK
OK

RDB

0.44 km2 0.33 km2 1.08 km2 0.30 km2
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4.  

4.1.  

⌐⅔↑╢ ─ ╡ ╖⅔╟┘∕╣⌐ ≈ ╩ ∆╢√╘⁸

┼─ ╩ ∫√⁹ 4-1-1⌐ ─ ╩ ∆⁹ 

 

4-1-1 ─ 1/2 

   

  

  

   

ה ─  

ה ◄Ⱡꜟ◑כ ⱨ▫כꜟ♪

╩ ╗ ─ ה ⌐

∆╢  

ה ⌐ ∆╢ ┼─  

ה ≤─ ⌐ ∆╢  

 

  

  

 ◄Ⱡꜟ◑כ  

  

  

ה ─  

ה ◄Ⱡꜟ◑כ ⱨ▫כꜟ♪

╩ ╗ ─ ה ⌐

∆╢  

ה ≤─ ⌐ ∆╢  

  

  

 ☿fi♃כ 

 

ה ─  

ה ⌐╟╡ ╠╣√ ─

─ ה ⌐ ∆╢  

  

 

ה ─  

ה ⌐⅔↑╢ ─

─  

 

 

 

ה ─  

ה ─ ⅛╠ ⌐

∆╢ ה ─  

ה   ─  

ה ⅛╠ ⌐ ↕╣╢ ה

─  
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4-1-1 ─ (2/2) 

   

 

 

 

┤ↄⅎ  

 

ה ─  

ה ⌐⅔↑╢ ─ ⁸

⌐⅔↑╢ ⌂≥─  

ה ⌐ ∆╢  

ה ⅛╠ ⌐ ↕╣╢ ה

─  

  

 

 

ה ─  

ה ⌐⅔↑╢ ─  

ה ⅛╠ ⌐ ↕╣╢ ה

─  

 

ה .4.2  

 ─ ╩ ⌂╠⇔╘╢√╘⌐↓╣╩ ╢─│ ≢№╡⁸

─ ⌐№√∫≡╙↓╣⌐ ℮ ⅜№╢⁹√∞⇔⁸ ⌐ ─ │

∑∏⁸∕─ ─ ⌐⅔™≡╙ ╘⅜⌂™⁹∕─√╘⁸ ⌐⅔™≡│

┘⌐ ─ ⁸ ┼─ⱥꜘꜞfi◓╩ ∂≡ ╩ ⇔√⁹ ╩

4-2-1⌐ ∆⁹ 

4-2-1  

 ⅝ ₒ ⅝ ₓ  

ה   

⌐

╦╢ ⌐ ⌂  

ה  

ה  

ₒ ₓ 

ה √⌂ ─ ≤⌂╢√╘⁸

─ ⅜  

─1MWה ≢│⁸

⁸ ⅜  

  ₒ ₓ 

│ ≤ ⅎ╠╣╢⅜⁸

◄Ⱡꜟ◑כ⌐ ⇔≡ ≢№╢√╘⁸

─ ⌐ ∆╢ №╡ 

 ─√╘─  ₒ ₓ 

│ ─

─√╘⁸ ⅝│  

  ₒ ⌐╟╡ ₓ 

≢─ ⅜ ↕╣╢ ⌐  

  ₒ ≢ ₓ 

─ ≤⌂╢⅜⁸ ▪☿

☻⅜  
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 ⌐⁸ ⌐ ≠⅝⁸ ⌐ ─ ⅝⅜ ≤↕╣╢ ⌐≈™≡⁸ ∆

╢ ⁸ ⌐╙ⱥꜘꜞfi◓╩ ™⁸ ┘ ╩ ⇔√⁹

╩ 4-2-2⌐ ∆⁹ 

 

4-2-2 ┘ ─  

 
⅜ ≤↕╣╢

 
  

 
 

 
 

 

 

─

⌐№√∫≡⁸

─ ⅜ ≢№

╢⁹ 

 

 

⁸ ◔

Ⱪꜟ⁸כ  

 

 

╩ ∆╢⌐

№√╡ ╩ ∆

╢ 

 

 

 

 

 

 

⅛╠ ⌐

∆╢⌐№√╡

╩ ∆╢⁹ 

 

 
 

 
 

 

⌐№√╡

╩ ∆╢⁹

─

⁸ ⁸

♪כꜘ ⁹ 

 

 

 

─ ⁸ ─

 

 

╩ ∆╢⌐№√

╡ ≤↕╣╢ ╩

∆╢⁹ 

─

 

 

ה ה

 

─  

 

 

╩

∆╢⌐№√╡ ≤↕

╣╢ ╩ ∆╢⁹ 

ה │

⁸ ה

 

─  

 
 

 

╩ ∆╢⌐

№√╡ ┼─

╩ ∆╢ ▪☿☻

≢│ ↕╣≡™⌂™

√╘⁸ ▪☿☻─ ⌐

≡ ⁹ 

ה

 
 

 

 

  



17 
 

4.3.  

─1MW ◦☻♥ⱶ─ ╩ ℮ ≢│⁸ ⌐ ┼

⇔⁸ ╩ ∆╢≤≤╙⌐⁸ ⌂≥⁸ ┼─ ─ ™ ╩

∆ ⅜№╢⁹ 

│ ↄ⅛╠ ─ ה ⅜ ∆╢ ≢№╡⁸ 25 2 ⌐₈⌂

⅜↕⅝ ה ₉≤⇔≡ ↕╣⁸ ≤⇔≡ ה ─

⌐ ⌐ ╡ ╪≢⅔╡⁸ ─ ≤∆╢ ≢│⁸ 24

⅛╠ ⅜ ╦╣≡™╢⁹ 

↔╤ ╟╡ ↕╣√ ◄Ⱡꜟ◑כ ─√╘─

≢№╢₈ ⱨ▫⁸│≡™≈⌐₉♪ꜟכ ╟╡ ≢№╢

╩ ╗ 3 ⌐≈™≡⁸ ╩ ⱨ▫כꜟ♪≤⇔≡ ∆╢↓≤⌐ ⇔≡

⅛╠─ ╩ √℮ⅎ≢ ╩ ™⁸™∏╣╙ ⱨ▫כꜟ♪≤⇔≡─

╩ ↑≡™╢⁹ 

│⁸ ⌐ ⱨ▫כꜟ♪≤⇔≡ ↕╣⁸ ⅜ ™≤ ∆╢↓≤

⅜≢⅝╢ ⌐⅔™≡⁸ ╩╟╡ ⌐ ⇔√ ≢ ╩№╠√╘≡

⁸ ╩ ℮√╘⁸ ─ ─ ╩ ≡ ╩ ⇔√⁹ 4-3-1

⌐ ─ ╩ ∆⁹ 

 

4-3-1 ─  

   

ה  2014/11/17 ─  

ה ─ ⅔╟┘ ─  

ה ≤⇔≡ ⌐╟∑╢ ─  

ה  2015/2/2 ─  

ה ─ ⅔╟┘ ─  

ה ≤⇔≡ ⌐ ∑╢ ⌐ ∆

╢♦▫☻◌♇◦ꜛfi 

 

≢№╢ ≢│ 26 ⌐₈  ◄Ⱡꜟ◑כ ₉1╩

⇔⁸ ╩ ⌐ ╕╣√ ─ ╩ ⅛⇔≡ ◄Ⱡꜟ◑כ ─ ⌐

⌐ ╡ ╪≢™╢⁹ ≢⁸ ─ │⁸ 35 9 ⅛╠

27 1 31 39,529╕≢ ⇔≡⅔╡⁸ ─ ≢ │⁸ ◄Ⱡꜟ◑

₈⅜כ ─ ⌐≈⌂⅜╢ ₉≢№╢↓≤╩ ─ ≤⇔≡ →≡⅔

╡⁸ ⱨ▫כꜟ♪─ ⌐№√∫≡│⁸₈ ה ⱷ♬ꜙכ─ ₉╩ ™⁸₈

                                                   
1 ⱱכⱶⱭכ☺ 

http://www3.city.goto.nagasaki.jp/contents/city_ad/pdf/saiene_kihonkousou.pdf 
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ⱨ▫כꜟ♪⅜ ≤⇔≡╙ ⌐ ↕╣⁸ ⁸ ⁸ ⁸

≤ ⌐ ╢Win-Win ─ ╩ ∆₉≤⇔≡™╢⁹ 

≢│⁸ ↄ─ ─ ╩ ≡ ⌐ ∆╢ ⁸

╩ ™⁸ ─ ⌐╙№╠╦↕╣≡™╢ ╩ ℮↓≤⅜≢⅝√⁹ ─ ≤

∆═⅝ ╩ 4-3-1⌐ ∆⁹ 

 

 

4-3-1 ⌐⅔↑╢ ─  
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4.4.  

4.4.1. 1  

(1)  

 

─ 1 ≤⇔≡⁸ ⱨ▫כꜟ♪ 2 ⱡ ⁸ ─

╩ ∆╢√╘⌐⁸ ╩ ⇔√⁹ 

 

 

¶  

¶  

¶  

¶  

¶  

 

 

│ ⱨ▫כꜟ♪≢№╢ ⱡ ⁸ ≢ ∫√⁹╕√⁸ │ ─

╩ ↑╢ ╩♃כ♦─ ╢√╘⁸ ⁸ ╩ ╦∑≡ ⇔√⁹ 4-4-1

⌐ ╩ ∆⁹ 

 

 

26 9 30 26 10 18  

1 ─ ╩ 4-4-1⌐ ∆⁹ │ ╕≢ ⇔≡ ℮⁹

│ ♃כ♦ ─√╘⁸11 15 29 ⌐ ╩ ∫√⁹ 

 

4-4-1 1   

 

  

10

30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

⁷

(

( )
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4-4-1 1    

0 4
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(2)  

 

⌐⅔↑╢ ─ ╩ ∆╢√╘⁸ADCP ♪♇ⱪꜝכ

╩ ⌐ ╡ ↑√ ⌐╟╡⁸ ─ ─ ╩ ⇔√⁹ │ 4 ─

≢ ™⁸1 №√╡2 ─ 8 ╩⁸∕╣∙╣2 ⇔√⁹ │ ─ → ⁸

→ ─ ⅜ ≤⌂╢ 1 ╩ ⌐ ∫√⁹ 

♪♇ⱪꜝכ │WH-ADCPTeledyne RD Instruments⁸300KHz⁸600KHz

╩ ™√⁹ ╩ 4-4-2⁸ADCP─ ╩ 4-4-2⌐ ∆⁹ 

 

4-4-2 ─  

 

4-4-2  ADCP  

 600KHz300KHz 

 m 

 2.0m  

 ─ 9 ╕≢─  

 3cm/s ♪כ⸗  

ⱡ ─ ≢│ 60 ─ ⅜№╡⁸300KHzADCP╩ ⇔√⁹ 

  

600KHz

DGPS

GPS
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4-4-3⁸ 4-4-4⌐ ╩ ∆⁹ ⱡ ≢│⁸ ─ ─ ≢ → ⁸

→ ≤╙⌐ ╣⅜ ↄ⁸ │ ─ ≢ → ⌐2.5m/s─ ╣⅜

↕╣√⁹ ≢│⁸ → │ ─ ─ ╟╡≢2.5m/s─ ╣⅜

↕╣√⁹ → │ ─ ⅜ ↄ⌂╢⁸ ─ ≢ ╣⅜ ™ ≢№∫√⁹ 

 

4-4-3 ⱡ ⁸ 30m 

 

4-4-4 ⁸ 30m  

0 1000

ⱡ

0 50cm/s
50 100cm/s
100 150cm/s
150 200cm/s
200 250cm/s
250    cm/s

50m 40m

30m

40m

30m 40m

 200cm/s

⁷

→  

0 1000

ⱡ

0 50cm/s
50 100cm/s
100 150cm/s
150 200cm/s
200 250cm/s
250    cm/s

50m 40m

30m

40m

30m 40m

 200cm/s

⁷

→  

0 50cm/s
50 100cm/s
100 150cm/s
150 200cm/s
200 250cm/s
250    cm/s

0

30m40m

50m

40m

30m

50m

30m

40m50m

 200cm/s

⁷

→  

0 50cm/s

50 100cm/s

100 150cm/s

150 200cm/s

200 250cm/s

250    cm/s

0

30m40m

50m

40m

30m

50m

30m

40m50m

 200cm/s

⁷

→  
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(3)  

 

─ ╩ ∆╢√╘⁸ ⱡ ┘ ─ 30m ─ ⌐

ADCP ♪♇ⱪꜝכ ⁸WH-ADCP⁸Teledyne RD Instruments⁸600KHz╩

⇔ ╩ ∫√⁹ │ 1m ─ ─ ⅔╟┘ ╩ 15 ⇔≡ ∫√⁹

4-4-5⌐ ⁸ 4-4-3⌐ ─ ╩ ∆⁹ 

 

 

4-4-5 ─  

 

4-4-3 ─ADCP  

 600kHz 

 m 

 2.0m  

 ─ 9 ╕≢─  

 10 ≢120─  

◘fiⱪꜞfi◓2Hz 

 15  

  

ADCP

ᶽᶓ

♪♇ⱪꜝכ  

Teledyne RD Instruments  

WH -ADCP 600KHz  
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4-4-6⁸ 4-4-7⌐ 15m─ ⱬ◒♩ꜟ─ ⁸ 4-4-8⁸ 4-4-9

⌐ ─ ⁸ 4-4-10⁸ 4-4-11⌐ ─ ╩ ∆⁹ ⱡ ≢│ →

⌐ ⅛╠ ─ ╣⁸ → ⌐ ─ ╣≤⌂╡⁸ ≢3.0m/s─ ⅜

↕╣√⁹ ≢│ → ⌐ ─ ╣⁸ → ⌐ ─ ╣≤⌂╡⁸ →

─ ⅜ → ╟╡ ⅝ↄ⁸ ≢3.0m/s╩ ⅎ╢ ⅜ ↕╣√⁹ 

ₒ ⱡ 15mx  

 

4-4-6 ⱬ◒♩ꜟ─ ⱡ  

 

4-4-8      4-4-10  

 

ₒ 15mx  

 

4-4-7 ⱬ◒♩ꜟ─  

 

4-4-9          4-4-11   

  

200

100

0

100

200

10/2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17   

200

100

0

100

200

2.0

1.0

0.0

1.0

2.0

(m
/s

)

10%

20%

30%

  

200

100

0

100

200

10/2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17   

200

100

0

100

200

2.0

1.0

0.0

1.0

2.0

(m
/s

)

10%

20%

30%

0 30 60 90 120 150 180 210 240 270 300

0

10

20

30

40

50

(cm/s)

( )

0.0  0.3  0.6  0.9  1.2  1.5  1.8  2.1  2.4  2.7  3.0 
 

 (m/s)  

0 30 60 90 120 150 180 210 240 270 300

0

10

20

30

40

50

(cm/s)

( )

0.0  0.3  0.6  0.9  1.2  1.5  1.8  2.1  2.4  2.7  3.0 
 

 (m/s)  
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(4)  

 

─Ⱪ꜠כ♪─ ⌐ ⌂ ─ ╩ ∆╢√╘⁸ ⱡ

┘ ─ 30 ─ ⌐⁸ ♪♇ⱪꜝכ 3 VECTOR⁸

NORTEK ╩ 3 ─ ⌐ ≢ ⇔⁸3 ─ ╩ ∫√⁹

4-4-12⌐ ⁸ 4-4-4⌐ ╩ ∆⁹ 

 

 

4-4-12 ─  

 

 

4-4-4 ─  

 10  

 180 

◘fiⱪꜞfi◓ 32Hz 

♃כ♦  5760 

 1  

  

2 Ϸ

2l

3  

VECTOR /NORTEK  
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4-4-13⁸ 4-4-14⌐ ─ ─ ⁸ 4-4-15⁸ 4-4-16⌐ ─

╩ ∆⁹ │ 0.5m/s─ ─ ╩ ∆⁹ │ 11/2123⌐

⅛↑≡ ⇔⁸ ⱡ ─ │ EW ⅜ → ⁸ → ≤╙⌐ ⅝ↄ⁸ ⱡ

─NS ⅔╟┘ ─EW⁸NS │ → ─╖ ⅜ ⅝ↄ⌂∫√⁹

│ ─ ™ ≢0.20.4 ≢№∫√⁹ 

ₒ ⱡ ₓ 

 

4-4-13 ─ ─ ⱡ  

 

4-4-14 ─ ─ ⱡ  

ₒ ₓ 

 

4-4-15 ─ ─  

 

4-4-16 ─ ─   

0.0

0.2

0.4

0.6

0.8

1.0

11/17 11/18 11/19 11/20 11/21 11/22 11/23 11/24

EW NS

0.0

0.2

0.4

0.6

0.8

1.0

11/17 11/18 11/19 11/20 11/21 11/22 11/23 11/24

EW NS

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

11/17 11/18 11/19 11/20 11/21 11/22 11/23 11/24

(m
/s

)

(m
/s

)

EW NS)

→  

→  

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

11/17 11/18 11/19 11/20 11/21 11/22 11/23 11/24

(m
/s

)

(m
/s

)

EW NS)

→  

→  
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(5)  

 

⌐╟╢ ─ ╛ ┼─ ╩ ∆╢√╘⁸ ╩ ∫√⁹ │

─ ╩ ↑╢ ─ ─ ≤⁸ ─ ─ ╩ ∆╢√╘⁸4 ≢ ∫√⁹

30 ─ ⌐ WAVEHUNTER-08⁸▪▬○כ♥◒♬♇◒ ╩ ⇔⁸

⁸ ─ ╩ ∫√⁹ │ ╕≢ ⇔≡ ™⁸1.5ﬞ ⌐1 ─ ≢

♃כ♦ ≤ⱷfi♥♫fi☻╩ ℮⁹ 4-4-17⌐ ⁸ 4-4-5⌐ ╩ ∆⁹ 

 

 

4-4-17 ─  

 

4-4-5 ─  

 60  

 20 ⁸◘fiⱪꜞfi◓2Hz 

 
⁸ ─ ⁸ 

─  

  

WAVEHUNTER -08 

◒♇♬◒♥כ○▬▪  
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4-4-18⌐ ≤ ─ ╩ ∆⁹ ⌐ 18 10/56⁸

19 10/1213─ ⅜№╡ ™ ╩ ⇔√⁹╕√⁸ │ ⅛╠

─ ─ ⅜ ↄ⁸ ≢─ ⅜ ⅝⅛∫√⁹ ─ ≤ ⱡ

⁸ ─ │0.3 ≢№∫√⅜⁸ → ⌐ ≤ ⅜ ⅝⌐⌂

╢≤ ─ ⅜ ⅝ↄ⌂╡⁸ ─ ≤ ─ ≤⌂╢ ╙№∫√⁹ 

4-4-19⁸ 4-4-20│ ⱡ ≤ ─ ⁸ ⁸ ─

≢№╢⁹ │ ⱡ ≢WNW⅔╟┘ NW⁸ ≢NW─ ⅜ ™ ≢

№∫√⁹ 

 

4-4-18 ≤ ─  

ₒ ⱡ ₓ 

 

ה 4-4-19 ה ─ ⱡ  

ₒ ₓ 

 

ה 4-4-20 ה ─   

(s
) 
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(6)  

 

ⱡ 30m⁸ 20m─ 1 ⌐⅔™≡⁸ ⁸ ⁸

─3 ⌐ⱷ⸗ꜞכ ה C-CT ⁸ ▪♪Ᵽfi♥♇◒ ╩ ╡ ↑

─ ╩ ∫√⁹ │10 ≤⇔⁸ │ 1m ⁸ ─ ⅔╟

┘ 1m ─3 ≤⇔√⁹ 4-4-6⌐ ─ ╩ ∆⁹ 

 

4-4-6 ⱷ⸗ꜞכ ה ─  

      

☿fi◘♃▬ⱪ ◘כⱵ☻♃ ☿fi◘♃▬ⱪ ☿ꜟ 

 -5 40ϴ  0 60mS/cm 

 0.001ϴ  0.001mS/cm 

 Ñ0.05ϴ  Ñ0.05mS/cm 

 

 

4-4-21⁸ 4-4-22⌐ ─ ╩ ∆⁹ ⱡ ⁸ ≤╙⁸ ⁸

⁸ ≢─ ─ ⌐ │⌂⅛∫√⁹╕√⁸2 ─ │⅔⅔╗⌡ ≢№╡⁸

⅜ ⇔≡™╢ ≢─ ╟╡╛╛ ™ ≢№∫√⁹ 

 

4-4-21 ⱡ

 

4-4-22   

20

21

22

23

24

25

26

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

20

21

22

23

24

25

26

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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4.4.2. 2  

(1)  

 

─ ╩ ∆╢√╘ 1 ≢ ↕╣√ ⌐≈™≡

⌐ 2 ╩ ℮⁹2 │4 ─ ≤⇔⁸ 26 │

╩ ⇔√⁹ 27 ⌐ ⁸ ⁸ ╩ ℮⁹ 

 

 

ה  

ה  

ה  

ה  

ה  

 

 

2 ─ ╩ 4-4-23⌐ ∆⁹ │1 ≢ ⇔√ ⱡ ⁸

─ ⌐≈™≡ ∫√⁹ 

 

4-4-23 2    

 

 
⁸  

30m  

 
 

 

 

 

 

 

 

⁸  

30m  

 
 

 

 

 

 

ⱡ  

ⱨ▫כꜟ♪ 

 

ⱨ▫כꜟ♪ 
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27 2 19 ~ 27 3 27  

2 ─ ╩ 4-4-7⌐ ∆⁹ │1 ⅛╠ ╕≢

⇔≡ ℮⁹ 

4-4-7 2   

 

 

 

 

 

│⁸ ─ ≤ ╦∑≡ ∆╢⁹ 

  

2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

⁷

⁷

2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

⁷

⁷
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4.4.3. ◦Ⱶꜙ꜠כ◦ꜛfi 

(1)  

◦Ⱶꜙ꜠כ◦ꜛfi─ │⁸ ─

─ ⌂ ╩ ╢↓≤≢№╢⁹ ≤

─ ⌐╟∫≡ ⅜ ⅛╘╠╣√ ◦Ⱶ

fi│⁸ꜛ◦כ꜠ꜙ ≢│ ╠╣⌂™ ⅛≈

⌐ ⌂ ╩♃כ♦ ≢№╡⁸

─√╘⌐ ⌂ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 

(2) ⸗♦ꜟ 

≢│⁸ ⸗♦ꜟ≤⇔≡│

⸗♦ꜟ FVCOM╩ ™╢⁹↓─

⸗♦ꜟ│⁸Chen et al.(2006)⌐╟∫≡ ↕╣⁸

▬fi♃כⱠ♇♩≢ ↕╣≡™╢⁹ ⌂ ≤⇔

≡│⁸ ≢│ ⁸ ⌐

│ů ╩ ™╢↓≤⌐╟∫≡ ⌂ ╩

ↄ ≢⅝╢↓≤≢№╢⁹ 4-4-24│⁸

™√ 120km X 80km≤ⱷ♇◦ꜙ

╩ ⇔≡⅔╡⁸ⱷ♇◦ꜙ◘▬☼│ 30m⅛

╠ 4,000m╕≢ ⌐ ∂≡ ↕∑≡™╢⁹ 

 

(3) ◦Ⱶꜙ꜠כ◦ꜛfi  

 ╕∏⁸ ◦Ⱶꜙ꜠כ◦ꜛfi─ ─√

╘⌐ ≢ ⇔√ ≥♃כ♦

╩ ∫√⁹ 4-4-25│⁸ (ADCP)

─ ╩ ⇔≡⅔╡⁸ ─ ⌐

™ 27m─ ≢№╢⁹  

 4-4-26│⁸ 10m⌐⅔↑╢ ⱱ♪

◓ꜝⱨ─ ≤ ─ ≢№╢⁹ ┘

≤╙⌐ ⌂ ╩ ⇔≡™╢↓≤⅜ ⅛╢⁹

↓─ ≢│⁸ ─ │ 3m/s╩

ⅎ╢⅜ → ─ │ 1.6m/s╒≥≢№

╢⁹ 

 4-4-27 ┘ 4-4-28│⁸ 2014

10 2 ⅛╠ 18 ╕≢─ ─ ─♃כ♦ ≢№╡⁸ ≤ ─

⌐≈™≡ ⇔√⁹↓╣╠╩╖╢≤ ─ ™│ ⅛≢№╡⁸◦Ⱶꜙ꜠כ◦ꜛfi

 

4-4-24 ≤ⱷ♇◦ꜙ 

 

4-4-25 ≤ADCP  

 

4-4-26 ⱱ♪◓ꜝⱨ 10m 

-3

0

3

Cal_10m_ASB

Obs_10m_ASB

ⱱ♪◓ꜝⱨ 
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4-4-28 ≤  

-3

-2

-1

0

1

2

3

11/15 11/17 11/19 11/21 11/23 11/25 11/27 11/29 12/1

m
/s

e
c

Cal_SN_10m

Obs_SN_10m

 

4-4-27 ≤  

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

11/15 11/17 11/19 11/21 11/23 11/25 11/27 11/29 12/1

m
/s

e
c

Cal_EW_10m

Obs_EW_10m

 

4-4-30 → ─  

 

4-4-29 ─  

│ ⌂╙─≢№╢≤ ⅎ╢⁹ 

 4-4-29 ┘4-4-30│⁸↓─◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ─ ─ ╩

ⱡ ┘ ⌐⅔™≡ ╘√╙─≢⁸ ╩ ⌐╟∫≡ ™√╙─≢

№╢⁹ 4-4-29│ ≢№╡⁸ ─ ™ ⌐⅔™≡ 3m/s╩ ⅎ╢ ⅜

∆╢↓≤⅜ ⅛╢⁹ ⱡ ≢│ ⌐ ™ ≢ ™ ⅜ ⇔≡™╢↓

≤⅜ ⅛╢⅜⁸ │ 3m/s╕≢⌐│ ⇔≡™⌂™⁹ ⁸ 4-4-30│⁸ → ─

≢№╢⅜⁸ ⌐⅔™≡│ ™ ╣│ ╟╡╙ ⌐ ∂≡™╢⅜⁸ ⁸

≢│ │ 1.5m/s≢№╢↓≤⅜ ⅛╢⁹≈╕╡⁸ ─

⅜ ⌐ ⅝ √ ≤⌂∫≡⁸∕─ ≢│ ⌐ ™ ⁸ → ⌐

─ ╩ ∫≡⁸™╦╝╢ ≤⌂╢↓≤⅜ ⅛╢⁹ ≢│↓─ ≤

⌂╢⁹ ⁸ ⱡ ⌐⅔™≡│⁸ ⌐≈™≡│ ⌐ ┌⌂™⅜⁸

≤ → ≢ ⌂ ⅜ ╠╣╢─≢⁸ ⌐⅔™≡│ ⁸ → ─

⅜╒╓ ⇔ↄ⌂╢─≢ ╕⇔™ ≤ ⅎ╢⁹ 

 ─ ◦Ⱶꜙ꜠כ◦ꜛfi│⁸ ⅜⌂™ ─╙─≢№╡⁸ ⁸

─ ⅜ ↕╣√ ─ ⱳ♥fi◦ꜗꜟ╩ ╘╢ ⅜№╢⁹ 
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ה .4.5  

(1)  

 

ⱡ ┘ ⌐⅔™≡⁸ ⅔╟┘ ╩ ⇔⁸

─ ─ ≤∆╢⁹ 

 

 

¶ ᵑ  

¶ ᵒ ROV⌐╟╢ ─  

¶  

¶  

¶ ᵑ  

¶ ᵒ Ⱳכꜞfi◓  

 

 

4-5-1⌐ ה ─ ╩ ∆⁹ 

 

4-5-1  

 

 

ⱡ 26 9 22 9 29  

 26 9 30 10 3   
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(2) ᵑ  

 

ⱨ▫כꜟ♪─ ╩ ∆╢√╘⁸ ⌐╟╢ ╩ ∫√⁹ │⁸

ⱶכⱴꜟ♅ⱦכ꜡♫ ◦☻♥ⱶ R2SonicSonic2024╩ ⇔√⁹╕√⁸

─♃כ♦ ⌐ ─ ⅔╟┘ ⁸ ⁸ ╩♃כ♦ ⇔ ─

╩ ∫√⁹ 4-5-1⌐ ⁸ 4-5-2⌐ ▬ⱷכ☺╩ ∆⁹ 

 

─ⱶכⱴꜟ♅ⱦכ꜡♫ 4-5-1  

ⱶכⱴꜟ♅ⱦכ꜡♫  (sonic2024/R2sonic) 

꜠fi☺ 500  

 

 

 

 

 

Sonic2024 

꜠fi☺  1.25cm 

Ɽꜟ☻  151000ɛs 

ⱦכⱶ  256 

☻꞉♇☻  0 160Á 

 0 50ϴ  

-30ϴ +50ϴ  

 

 

 

╢╟⌐ⱶכⱴꜟ♅ⱦכ꜡♫ 4-5-2 ▬ⱷכ☺ 
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4-5-3⁸ 4-5-4⌐ ─ ─ ╩ ∆⁹ 

 

4-5-3 ⱡ  

 

4-5-4  
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4-5-5⁸ 4-5-6⌐ ╩ ∆⁹ │1m ⌐ ⇔√ ╩♃כ♦ ™

≡ ⇔⁸ ─ ╩ ⇔√⁹ 

 

4-5-5 ⱡ  

 

4-5-6   



38 
 

(3) ᵒ ⁸ROV 

 

─ ╩ ∆╢√╘⁸ 4-5-7⌐ ∆ ⱡ ⁸ ─ 1 ⌐⅔™≡⁸

ROVMitsui RTV N-100⁸ ╩ ™≡ ─ ╩ⱦ♦○ ⇔√⁹

╩ ⌐ ∆⁹ 

 

4-5-7 ROV  

 

4-5-8⁸ 4-5-9⌐ ROV─ ─ ╩ ∆⁹ ⱡ ─ │ ≢

↕ 0.5m ⁸ m─ ⅜ ↄ⁸ ─ ─ ⌐ ⅜ ⇔≡™√⁹

─ │⁸ ⅜ ⌂ↄ200m─ ⌐1 2ﬞ 0.3m ─ ⅜№∫√⁹ ─

⅜ ™⅜ ⌐ ⅝⌂ ⅜ ⇔√⁹ 

 

4-5-8 ROV⌐╟╢ ⱡ  

 

4-5-9 ROV⌐╟╢   

ⱤⱠꜟ ROV 

 ꜟⱩכ◔
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(4) ⁸  

 

─ ┘ ╩ ∆╢√╘─ ╩ ∫√⁹ │ ┘◘▬

♪☻◐ꜗfi♁♫כ╩ ≢ ⇔ ∫√⁹ ╩ 4-5-10⌐ ∆⁹ │

╩ ∆╢ ╩ ⇔ ⅛╠ ╩ ╠⅛⌐∆╢ ≢№╢⁹

─ ╩ 4-5-11⌐ ∆⁹◘▬♪☻◐ꜗfi♁♫כ│ ⌐ ⇔√ ⌐╟╡

─ ╩ ∆╢ ≢№╢⁹ ─ ╩ 4-5-12⌐ ∆⁹ 

 

4-5-10  

   

4-5-11     4-5-12 ◘▬♪☻◐ꜗfi♁♫כ   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◘▬♪☻◐
ꜗfi♦כ♃ 

◘▬♪☻◐
ꜗfi♦כ♃ 

 

 
 ♃כ♦
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4-5-13⁸ 4-5-14⌐ ─ ╩ ∆⁹ 

 

4-5-13 ─ ⱡ  

 

4-5-14 ─   
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4-5-15⁸ 4-5-16⌐ ─ ╩ ∆⁹ 

 

4-5-15 ─ ⱡ  

 

4-5-16 ─   
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(5) ᵑ  

 

ⱡ ┘ ─ ≢⁸ ─ ╩ ⇔⁸ ╩ ∫√⁹ 

 

 

4-5-2⌐ ≢ ⇔√ ─ ╩ ∆⁹ ⱡ ─ │⁸

─ ⅛╠ ⅜ ⅝ↄ⁸ ⅜ ⅝™≤ ╦╣╢ ≢№╡⁸ │

1.47mm≢№∫√⁹ ⁸ ─ │ ⌐ ™ ∞╕╡≢№╡⁸ │

0.384mm≤ ⱡ ─ ╟╡ ⅜ ⅛ↄ⌂∫≡™√⁹ 

─ ─ ⌐⅔™≡│ ⱡ ─ ≤ ∂ ⌂ ⅜ ⅝ↄ⁸

⅜ ∆╢ ⅜№╡⁸↓╣╠─ ─ │ ⱡ ─ ⌐ ™╙─≤ ╦

╣╢⁹ 

 

4-5-2  

 

JIS A1204⁸┤╢™ ↑  

  

ה♩ꜟ◦ 50%

2mm 2 0.85mm0.85 0.25mm
0.25

0.075mm
0.075mm

% % % % % mm

ⱡ 29.5 56.7 13.0 0.4 0.4 1.47

8.4 5.3 74.2 10.8 1.3 0.384
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(6) ᵒ Ⱳכꜞfi◓  

 

╩ ∆╢ ─ ╩ ∆╢√╘⁸ 4-5-17⌐ ∆2 ≢Ⱳכꜞfi◓

╩ ⇔√⁹ │○▬ꜟⱨ▫כ♪ ╩fi◓ⱴ◦fiꜞכⱲכꜞ♃כ꜡ ⇔⁸ 66mm

─◖▪ ╩ ⇔√⁹ 2⌐╟╢≤ ⱨ▫כꜟ♪─ ⱡ ⁸ ─ │⁸

⌐ Gs⁸Ga⁸Gt≤ G2⁸G3⁸G4 ≢ ↕╣╢⁹Ⱳכꜞfi◓

╩ ⇔√ │₈Ga ₉⁸ │₈Gs ₉⅜ ∆╢⁹ 

╕√⁸₈G3 ₉⅜ ∆╢≤↕╣≡™╢ ⱡ ─ ≢Ⱪ꜡♇◒ ╩

⇔√⁹ ─Ⱳכꜞfi◓≢ ⇔√◖▪ ⁸ ⱡ ≢ ⇔√Ⱪ꜡♇◒ ╩ ™

≡ ╩ ⇔√⁹ 

 

 

4-5-17 ─ 1≤Ⱳכꜞfi◓  

  

                                                   
2 20 ─1 ₈ ₉⁸  ☿fi♃כ ⁸1989 
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4-5-18⁸ 4-5-19⌐Ⱳכꜞfi◓◖▪─ ≤ ─ ╩ ∆⁹ ─

⌐│ ╟╡ ⅜ ⇔⁸ ─ │ ⅜ ↕0.9m≢ ↄ ⇔⁸∕─

│ ⌐╟╢ ⅜ ↕╣√⁹ 

 

 

4-5-18 Ⱳכꜞfi◓◖▪  

 

 

 

4-5-19 Ⱳכꜞfi◓◖▪   

Sh 50<

Ag 23

Ss 50<
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4.6.  

4.6.1.  

(1)  

 

─ ╩ ∆╢√╘⁸ ה ─ ╩ ∫√⁹ 

 

 

─ ⌐⁸♥꜠ⱷ♩ꜞכ◦☻♥ⱶ⌐╟╢ ה ╩ ⇔√⁹

─ ↕│10m≤⇔⁸ │10 ≤⇔√⁹ 4-6-1⌐ ─ ╩

∆⁹ 

 

4-6-1  

 

 

26 10 23 ⌐ ╩ ⇔⁸ ╕≢ ⇔≡ ╩ ℮⁹ 

  

 

ⱡ  
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4-6-2⌐ ⱬ◒♩ꜟ─ ⁸ 4-6-3⌐ ─ ≤ ╩ ∆⁹

╩ ⇔√11 ⅛╠1 ⌐⅛↑≡│ ─ ⅜ ⇔⁸ 10m/s╩ ⅎ╢╛

╛ ™ ⅜ ™ ≢ ↕╣√⁹ 

 

4-6-2 ⱬ◒♩ꜟ─  

 

 

4-6-3 ≤  

  

N

10/1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

10

5

0

-5

-10

11/1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

10

5

0

-5

-10

12/1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

10

5

0

-5

-10

1/1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

10

5

0

-5

-10

2014 11  2014 12  2015 1  
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4.7. ─  

4.7.1.  

∆╢ ⌐≈™≡│⁸ ─ ┘ 0.1kW

⌐⅔™≡╙ ⌐ ≠ↄ ╩ ∆╢ ≢│⌂™⅜⁸ ─⌂™

─ ≢№╢√╘⁸ ─ ⌐ ↑≡─ ╩ ∆╢√╘⌐⁸ ⌐ ∆

╢╙─≢№╢⁹⇔⅛⇔⁸ ⌂ ⅝ ╛ №╢™│ ╩ ™≡⁸

⌂ │ ⌐ ∂≡ ∆╢↓≤≤⇔√⁹∕⇔≡⁸ ─ ⌐

∆╢ ╩ ∆╢↓≤⌐╟∫≡⁸ ⌐⅔↑╢ ⌂

ה ─ ⌐ ┘≈↑╢╙─≢№╢⁹ 

─ ⌂ ⅝│⁸ 4-7-1⌐ ∆ ╡≢№╢⅜⁸↓─ ╣⌐ ∫≡

─ ⌐⅔↑╢ ─ ─ ╩ 4-7-1⌐ ∆⅜⁸ │ ≤

─ ╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 

4-7-1 ⌂ ⅝─ ╣ 

 

 

4-7-1 ⌐⅔↑╢ ─  

 

─ ─ ⌐≈™≡│⁸ 4-7-2⌐ ∆⅜⁸ ─ ⱨ▫כ

ꜟ♪ ┘∕─ ─ ⌐≈™≡⁸ ⌂ ╩ ⱨ▫כꜟ♪─ ∆╢

╩ ≤⇔≡⁸ ⌂ ─ ∕─ ─ ⌐╟╡ ╩ ⇔√⁹⌂⅔⁸

≢│ ⌂ ⅜ ╠╣⌂™ ┘ ⅜ ↕╣╢ ⌐≈™≡│⁸ ┼

─ⱥ▪ꜞfi◓╩ ⇔≡⁸ ╩ ⇔√⁹ 

↓─╟℮⌐⇔≡ ╠╣√ ─ ≤ ─ ╩ ╕ⅎ≡⁸ ⌐⅔

2014  2015  2016  2017  2018  

  
 
 

ה  
ה  

 
ה  
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↑╢ ┘ ╩ ⇔√⁹∕⇔≡⁸ ↕╣√ ⌐

≈™≡─ ╩ ⇔⁸ ≤⇔≡≤╡╕≤╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-7-2 ─ ╣ 26  

 

 

4.7.2. ─  

(1)  

ⱨ▫כꜟ♪ ┘∕─ ⌐⅔↑╢ ┘ ⁸₈ ₉

≤™℮⁹ ⌐≈™≡│⁸ ⌂ ╩ ⱨ▫כꜟ♪⅜ ∆╢ ≤⇔⁸

⌐ ╩ ↑╢⅔∕╣⅜№╢≤ ⅎ╠╣╢ ╩ ⇔≡⁸ ╩ ⌐

⌂ ─ ∕─ ─ ⌐╟╡ ╩ ⇔√⁹⌂⅔⁸ ⌐⇔√ ⌂ │ ─

╡≢№╢⁹ 

ה ⁸ ⁸ ⁸  

ה ⁸  

ה ☻כⱬ♃כ♦ ⁸ ⁸  

ה ◒♇Ⱪ♃כ♦♪♇꜠⁸ ꜞ☻♩  

ה ─  

ה ₈ ─ ₉⁸ ⁸ ♃כ♦⁸  
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(2) ⱥ▪ꜞfi◓ 

┼─ⱥ▪ꜞfi◓│⁸ ≢│ ⌂ ⅜ ╠╣⌂™ ┘ ⅜

↕╣╢ ╩ ⌐ ⇔√⁹ 

≤⇔√ │ ⁸ ⁸ ≢№╡⁸∕─ │ 4-7-2─≤⅔╡≢

№╢⁹ 

 

4-7-2 ┼─ⱥ▪ꜞfi◓  

 

(3) ⌂  

⅔╟┘ⱥ▪ꜞfi◓ ⌐ ≠™≡ ⇔√ ─ ─ │⁸ ─

╡≢№╢⁹ 

ᵑ  

ה ─ │⁸ ⱨ▫כꜟ♪⅜ ∆╢ ≢│1 ─╖≢ ╦╣≡⅔╡⁸

⁸ ⁸ ⌐≈™≡│ ⌐ ⇔≡™╢⁹

     ⌂ⱥ▪ꜞfi◓    

26  

12 4  
  ▪◌♦Ⱶכ

 

ה ─ ─  

ה ⌐ ∆╢ ┼─ ⌐≈

™≡ 

ⱥ▪ꜞfi◓
 

26  

12 9  
  

☿

fi♃כ

 ◦☻♥ⱶ

☿fi♃כ ◄Ⱡ

הכ◑ꜟ

ⱪכꜟ◓  

ה ≤ ┼─ ⌐≈™≡ 

 ≡™≈⌐◒▬ꜝ♩☻ꜙ◦♇▫ⱨה

ה ⌐≈™≡ 

ⱥ▪ꜞfi◓
 

26  

12 18  
  

 

  

ה ⌐≈™≡ 

ה ⌐≈™≡ 

ה ─ ⌐≈™≡ 

ⱥ▪ꜞfi◓
 

27  

1 20  
ה   

  

ה ה ─
⌐≈™≡ 

ה ─ ⌐≈™≡ 

ⱥ▪ꜞfi◓
 

26  

12 12  
 

┤ↄⅎ  

 

ה ─ ⌐⅔↑╢
─  

ה ⌐≈™≡─  

▪fi◔כ♩
 

26  

12 16  
  

┤ↄⅎ  

 

ה ─ ⌐⅔↑╢
─  

ה ⌐≈™≡─  

▪fi◔כ♩
 

26  

12 26  
   

ה ─ ⌐⅔↑╢
─  

ה ⌐≈™≡─  

▪fi◔כ♩
 

27  

1 19  

 

  

 

 

ה ─ ⌐⅔↑╢
─  

ה ⌐≈™≡─  

ⱥ▪ꜞfi◓
 

27  

1 20  

  

 

  

  

┤ↄⅎ  

 

 

 

ה ─ ⌐⅔↑╢
─  

ה ⌐≈™≡─  

ⱥ▪ꜞfi◓
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○◐◦♄fi♩⌐≈™≡│ ⌐ ⇔≡™⌂™⁹ 

ה ⌐ ∆╢ ─ ⌐⅔↑╢ ─ │⁸ ⱨ▫כꜟ

♪─ ⌐⅔™≡ ╦╣≡™⌂™⁹ 

ה ─ │⁸ ⱨ▫כꜟ♪⅜ ∆╢ ≢│ 1 ≢ ⅜ ╦

╣≡⅔╡⁸ 24 │⁸ 443─℮∟81.3%≢ ⁸ ≤╙⌐

╩ ⇔≡™╢⁹ 

ה ⌐⅔↑╢ ┘ ─ │⁸ ⱨ▫כꜟ♪⅜ ∆╢

≢│ ╦╣≡™⌂™⁹ 

ה ⱨ▫כꜟ♪⌐ ∆╢ ─ ≢│⁸ ┘ ─ ⌐≈™≡

↕╣≡™⌂™⁹ 

 

ᵒ  

ה ⱨ▫כꜟ♪⅜ ∆╢ ≢│ 6 ⁸ 4 ≢ ⅜

↕╣≡⅔╡⁸ 21 ≢│ ⁸

┘ ≢│∆═≡─ ≢ ╩ ⇔≡™╢⁹ 

ה ⱨ▫כꜟ♪≢│ ⅜ ↄ⁸ → ⁸ → ─ ≢1.5m/s─ ⅜№

╢⁹ 

 

ᵓ ∕─ ─  

ה ⱨ▫כꜟ♪ ─ │⁸ ⅜ꜞ▪☻ ─ ≤⌂∫≡™╢⁹ 

ה ⱨ▫כꜟ♪ ┘∕─ ─ │⁸ 30m ╕≢│ ⌂

≢№╢⁹ 

ה ⱨ▫כꜟ♪ ┘∕─ ─ │⁸ ⌐ ≢№╢⁹ 

ה ⱨ▫כꜟ♪ ⌐│ ⌂ ┘ │ ⇔⌂™⁹ ⱨ▫כꜟ♪─

⌐│⁸ ≤⇔≡ ─₈ⱦ₉⁸◒♇꜡♅כ ┘ ─₈♩fiⱲ꜡ ┘

₉⅜ ∆╢⁹ 

ה ⱨ▫כꜟ♪⅛╠ ה ─ ⌐ ⅜ ⌂ ╕≢─ │⁸

1.5km≢№╢⁹╕√⁸ ⱨ▫כꜟ♪⅛╠ ╡─ ╕≢─ │⁸ 0.6km

≢№╢⁹ 

ה ⱨ▫כꜟ♪ ⱡ ⌐ ∆╢ ─ │ ⁸ ≤╙⌐

⅜ ╘╠╣≡™⌂™⁹ 

ה ⱨ▫כꜟ♪ ⌐ ∆╢ ─ │⁸ ⁸ ≤╙⌐

⅜ ╘╠╣≡™⌂™⁹ 

ה ⱨ▫כꜟ♪⌐│ ⅜ ↕╣≡™╢⁹ 

ה ⱨ▫כꜟ♪─ ⌐│ ≢№╢ ⅜№╡⁸ ≤⇔≡│ ⱡ ⁸

⁸ ⅜№╢⁹ 
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ה ⱨ▫כꜟ♪⅜ ∆╢ ─ ⌂ ⌐⅔↑╢ 22 ⌐⅔↑╢ ─

12 ─ │⁸ 384≢│11,208⁸ ─ ≢│2,253

⁸ ≢│227⁸ ≢│2,118≢№╢⁹ 

 

ᵔ ⁸ ⁸  

ה ⱨ▫כꜟ♪⅜ ∆╢ ≢│ⱴ▬ꜟ◌⁸Ɫfi♪►▬ꜟ◌ ─▬ꜟ◌ ⁸

▪◌►Ⱶ●ⱷ⁸ⱷⱣꜟ⁸Ⱪ♄▬⁸◌◘◗ ⅜ ↕╣≡™╢⁹ 

ה ⱨ▫כꜟ♪⅜ ∆╢ ─ ⌂ ◦◌ה▬◦│ ⁸○♬ꜘⱩ♁♥♠

Ɫⱴⱦ꞉ ⁸♃Ⱪⱡ◐ ꜘⱩ♬♇◔▬ ≢№╡⁸ │ ⅜ ⇔

≡™╢⁹ 

ה ⱨ▫כꜟ♪ ┘∕─ ⌐│ ה ⅜ ∆╢⁹ 

 

ᵕ ┘ ≤ ≤─ ╣ ™─ ─  

ה ⱨ▫כꜟ♪ ┘∕─ ─ ≤⇔≡⁸ ⱡ ⁸ ⱡ ⁸

⅜ ⇔≡™╢⁹ 

ה ⱨ▫כꜟ♪ ┘∕─ ─ ≤ ≤─ ╣ ™─ ─ ≤⇔≡⁸

┘ ⱡ ⌐ ⇔≡™╢ │ ≢⅝≡™⌂™⁹ 

ה ה ≤⇔≡│⁸ ⌐│₈ ─ ≤◐ꜞ☻♩ ₉⌐

╕╣╢ ⁸ ⅜№╢╒⅛⁸ │ ─ ╩ ↑

≡™╢⁹ 

 

 

4.7.3. ─ ┘ ה ─  

(1) ─  

₈ ▪☿☻ 3₉ 4 ⌐ ≠⅝⁸ ─ ┘ ╩ ╕ⅎ⁸

≤∕─ ╩ ∆╢≤≤╙⌐⁸₈ ▪☿☻ ₉ 5 ─ ⌐

≠⅝⁸ 4-7-3─≤⅔╡ ⇔√⁹ 

⌂⅔⁸ │ ⅜ ≤™℮ ◄Ⱡꜟ◑⁸╘√╢№≢כ ─ ◄

Ⱡꜟ◑כ╩ ⇔≡™╢ ⁸ ┘ ≤ ─ ╩ ≈

╙─≤ ⅎ╠╣╢⁹∕↓≢⁸ ⁸ ┘ ─ ─ ≤

─ ╩ ה ⇔√ ≢ ⇔√⁹ 

 

                                                   
3 ₈ ─ │ ─ ─ ⌐ ╢ ─ ┘⌐

⌐ ╢ ⁸ ┘ ─ ⌐ ∆╢ ⁸ ─ ┘⌐

⌐ ╢ ⁸ ┘ ╩ ⌐ ℮√╘─ ╩ ∆╢√╘─ ┘⌐

─ ─√╘─ ⌐ ∆╢ ╩ ╘╢ ₉ 10 54  
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4-7-3 ─ ─  

 

 

    ─   

 

 

 

 

 

 

 

    ─   

─  

│

 

─ ┘

 

─

 

─

 

⌂

 

─

⌐

╟

╢ 

─

 ┘ 

─

 

─
─ ⌂

─ ╩ ≤⇔≡
⁸ ┘

↕╣╢═⅝
 

        

  ∂╪       

  ┘       

         

  ─ ╣      

  ─ ╡     ƺ 

 

       

∕ ─  
┘      Ừ 

     Ừ 

∕ ─ ─  
┘ 

 
⌂ ┘     ƺ ƺ 

─ ─
┘ ─

╩ ≤
⇔≡ ⁸
┘ ↕╣╢═⅝

 

 
⌂ ┘ ∆═⅝  

⌐ ∆╢╙─╩ ↄ  
     

 ⌐ ∆╢     ƺ Ừ 

 
⌂ ┘ ⌂  

⌐ ∆╢╙─╩ ↄ  
     

 ⌐ ∆╢     ƺ Ừ 

 ╩ ≠↑╢       

≤ ≤─ ⅛
⌂ ╣ ™─
╩ ≤⇔≡ ⁸

┘ ↕╣
╢═⅝  

 
⌂ ┘  

┘⌐ ⌂  
     

≤ ≤ ─ 

╣ ™ ─ 

─  

⌂ ≤ ≤─ ╣ ™─

─  
     

 

 
      

┼─ ─
─ ⌐╟╡
┘ ↕╣╢═

⅝  

       

 
       

     Ừ Ừ 

    Ừ Ừ 

 

     │₈ ▪☿☻ ₉ 21 1 ⌐ ╘╢₈  1₉⁸₈  4₉⁸₈  5₉

⌐ ∆ ≢№╡⁸₈ƺ₉│ ─ ≤⇔≡ ∆╢ ╩ ⇔⁸₈Ừ₉│ ⌐⁸

─ ≤⇔≡ ∆╢↓≤╩ ∆⁹ 
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ה (2) ─  

⌐⅔™≡ ⇔√ ⌐ ∆╢⁸ ⌐⅔↑╢ ┘

─ ╩ 4-7-4─ ╡ ⇔√⁹ 

 

4-7-4 ⌐⅔↑╢ ┘ ─ 1/2 

  ─  ─  ─  

─ ╡ ─ ה

 

ₒ ₓ 

ה ─  

ה ─  

ה ─  

ₒ ₓ 

ה ─  

╩

⇔⁸ ┘

╕≢─ ╩

⇔⁸ ─ ⌡

╦∑⌐╟╡ ─

╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 

┘ 

 

─ ה

 

ₒ ₓ 

ה  

ₒ ₓ 

ה ─  

─

⌐ ╩

⇔√≤ ⇔⁸ ─

─ ╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 

 ─ ה

 

ₒ ₓ 

ה ─  

ₒ ₓ 

ה ─  

─

⅛╠

╕≢─ ╩ ⇔⁸

─ ⌡ ╦∑⌐

╟╡ ─ ╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 

⌂  

┘  

─ ה

 

ₒ ₓ 

ה ⌂ ┘ ─

 

ₒ ₓ 

ה ─  

╩

⇔⁸ ⌂ ┘

╕≢─ ╩ ⇔⁸

─ ⌡ ╦∑⌐

╟╡ ─ ╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 

⌐

∆╢  

─ ה

 

ₒ ₓ 

ה ⌐ ∆╢ ─

 

ה ⌂ ┘ ∆═

⅝  

ₒ ₓ 

ה ─  

─

─ ╩ ⇔⁸

⌂ ─ ┘

─ ╩

⌐ ─ ╩ ⁹ 

╩

⇔⁸ ה ╕≢─

╩ ⇔⁸ ─

⌡ ╦∑⌐╟╡

─ ╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 

⌐

∆╢  

─ ה

 

ₒ ₓ 

ה ⌐ ∆╢ ─

 

ה ⌂ ┘ ⌂

 

ₒ ₓ 

ה ─  

─

─ ╩ ⇔⁸

⌂ ─ ┘

─ ╩

⌐ ─ ╩ ⁹ 

╩

⇔⁸ ╕≢─ ╩

⇔⁸ ─ ⌡

╦∑⌐╟╡ ─

╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 
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4-7-4 ⌐⅔↑╢ ┘ ─ 2/2 

  ─  ─  ─  

 

─ ה

 

ₒ ₓ 

ה ─  

ₒ ₓ 

ה ─  

 ◓ⱥ▪ꜞfiה

─

─ ╩ ⇔⁸

─ ┘

─ ╩

⌐ ─ ╩ ⁹ 

─ ↔≤

⌐ ⌂ ─

╩ ⇔⁸∕─

╩ ⇔√⁹ ∑≡

⁸ ≤─ ╩

⇔√⁹ 

 

4.7.4. ─  

⌐⅔™≡ ⇔√ ⌐≈™≡⁸ ╩ ∫√ ─ ╩ 4-7-5

⅛╠4-7-12⌐ ╩╕≤╘╢⁹ 

 

4-7-5 ─ ╡─ ─  

  ᵑ ᵒ ⱡ ᵑ ⱡ ᵒ 

─ 

╡ 

 

⅛╠─ ⁸ 

⌂╡  

 
⌂╠⌂™ 

 ╡─ │ ⌂™ 

 
⌂╢ 

0.07km2 

⌂╢ 

0.06km2 

⌂╢ 

0.11km2 
⌂╠⌂™ 

  

│ ⌂™ 
│ 

╒≤╪≥⌂™ 

≢│ 1 ─╖╩ ∆╢↓≤⅛╠⁸

⌐╟╢ │╒≤╪≥ ╠╣⌂™⁹ 

Ɫ♇♅fi◓│⁸ ╩ ⇔≡ ⌐ ⅜№╢╙─╩ ∆⁹ 

 

 4-7-6 ┘ ┼─ ─  

  ᵑ ᵒ ⱡ ᵑ ⱡ ᵒ 

 

┘ 

 

 

─ km2  
1.74 2.06 3.13 1.35 

  
1 №√╡─ ─ ⌐│ ⅜⌂™⁹ 

⌐╟╢ │╒≤╪≥ ╠╣⌂™ 

 

4-7-7 ─ ─  

  ᵑ ᵒ ⱡ ᵑ ⱡ ᵒ 

 

 

─  

╕≢─  

1071

 

800m 

1067

 

1100m 

1504

 

1300m 

2516

 

2500m 

  
─ ⌐╟╡ ─ ⅜№╢⁹ 

⌐╟╢ │╒≤╪≥ ╠╣⌂™ 

Ɫ♇♅fi◓│⁸ ╩ ⇔≡ ⌐ ⅜№╢╙─╩ ∆⁹ 
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4-7-8 ⌂ ┘ ┼─ ─  

  ᵑ ᵒ ⱡ ᵑ ⱡ ᵒ 

⌂

┘

 

─   ┘   ⇔⌂™ ⇔⌂™ 

 

⅛╠─  
2500m 2500m  

750m 

─  
  

  
│╒≤╪≥⌂™ │⌂™ 

⌐╟╢ │╦∏⅛⌐ ╠╣╢⁹ 

Ɫ♇♅fi◓│⁸ ╩ ⇔≡ ⌐ ⅜№╢╙─╩ ∆⁹ 

 

4-7-9 ┼─ ─  

Ɫ♇♅fi◓│⁸ ╩ ⇔≡ ⌐ ⅜№╢╙─╩ ∆⁹ 

 

 

  
 

ᵑ 

 

ᵒ 

ⱡ  

ᵑ 

ⱡ  

ᵒ 

 

 

─  

─

 
─  

0.42% 0.37% 0.12% 0.77% 

0.3% 0.3% 0.1% 0.3% 

 ─  
─ ⌐ ⇔≡ %  

─ ⌐│ ─  

 

─

 
─ ꜟⱩכ◔  ⌐  

 ─  ⌐╟╢ ─ ─ ⌐╟╢ 

 

─

 
─  0.42% 0.37% 0.12% 0.77% 

 ─  ⌐╟╢ ─ ─ ⌐╟╢ 

ⱪꜝfi◒♩

fi 

─

 
─  0.3% 0.3% 0.1% 0.3% 

 ─  ─ ⌐ ⇔≡ %  

ה  

─

 
─  0.3% 0.3% 0.1% 0.3% 

 ─  ─ ⌐ ⇔≡ %  

⌂

 

 ⱪᵑכꜟ◓

ⱴ♄ꜝ▬ꜟ

◌⁸◘꞉ꜝ  

─

 
─  0.3% 0.3% 0.1% 0.3% 

 ─  ─ ⌐ ⇔≡ %  

 ⱪᵒכꜟ◓

ꜘ♫◑ⱶ◦●

꜠▬⁸▪◖ꜘ●

▬  

─

 
─  0.42% 0.37% 0.12% 0.77% 

 ─  
─ ⌐ ⇔≡ %  

⌐╟╢ ─ ─ ⌐╟╢ 

∆
═
⅝

 

 

─

 
─ ꜟⱩכ◔  ⌐  

 ─  
⌂╢ 

0.07km2 

⌂╢ 

0.06km2 

⌂╢ 

0.11km2 
⌂╠⌂™ 

 

─

 
─ ꜟⱩכ◔  ⌐  

 ─  ⌂╠⌂™ 

  

─ ⌐ ⇔≡ 

─ ⅜ ↕╣╢⁹ 

⌐╟╢ │╒≤╪≥ ╠╣⌂™⁹ 
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4-7-10 ┼─ ─  

Ɫ♇♅fi◓│⁸ ╩ ⇔≡ ⌐ ⅜№╢╙─╩ ∆⁹ 

 

 4-7-11 ┼─ ─  

  ᵑ ᵒ ⱡ ᵑ ⱡ ᵒ 

 

 

⅛╠ ─  

╕≢─  

1071  

800m 

1067  

1100m 

1504  

1300m 

2516  

2500m 

 

≤─  
⇔⌂™ 

  
│╒≤╪≥⌂™ 

⌐╟╢ │╒≤╪≥ ╠╣⌂™ 

Ɫ♇♅fi◓│⁸ ╩ ⇔≡ ⌐ ⅜№╢╙─╩ ∆⁹ 

 

4-7-12 ┼─ ─  

  ᵑ ᵒ ⱡ ᵑ ⱡ ᵒ 

 

 

─ ⌐╟╢

 
─ ™ ─ ┘ ─ ⅜ ↕╣╢⁹ 

─ ⌐╟╢

 

─ ─ ┘ ⌐│⁸ 

⌐╟╢ ⅜ ↕╣╢⁹ 

  ⌐╟╢ │╒≤╪≥ ╠╣⌂™ 

 

 

 

  
 

ᵑ 

 

ᵒ 

ⱡ  

ᵑ 

ⱡ  

ᵒ 

 

 

 

─

 
─ ꜟⱩכ◔  ⌐  

 ─  ⌐╟╢ ─ ─ ⌐╟╢ 

 

─

 
─ ꜟⱩכ◔  ⌐  

 ─  ⌐╟╢ ─ ─ ⌐╟╢ 

ⱪꜝfi◒♩

fi 

─

 

─

 
0.3% 0.3% 0.1% 0.3% 

 ─  ─ ⌐ ⇔≡ %  

⌂

 

◖▪ⱴ⸗ 

─

 

─

 
ꜟⱩכ◔ ⌐  

 ─  ⌐╟╢ ─ ─ ⌐╟╢ 

 

─

 
─ ꜟⱩכ◔  ⌐  

 ─  
⌂╢ 

0.07km2 

⌂╢ 

0.06km2 

⌂╢ 

0.11km2 
⌂╠⌂™ 

  

─ ⌐ ⇔≡ 

─ ⅜ ↕╣╢⁹ 

⌐╟╢ │╒≤╪≥ ╠╣⌂

™⁹ 



57 
 

4.8.  

⌐ ╢ │⁸ ─ ⁸ ⁸ ─

╩ ™⁸1MW ─ ╩ ╠⅛⌐∆╢≤ ⌐⁸ ⌐ ⅜ ↕╣√

╩ ⇔⁸ ╩ ℮⁹ 

 

4.8.1.  

(1)  

 ◄Ⱡꜟ◑כ ─ ≢ ╩ ∆╢ ↑⌐№╢ │⁸2020╕≢⌐

─ ╩167MW⁸ ─ ╩74MW≤⇔≡™╢4⁹∕╣╠─ ⌐

↑≡⁸ ┘ ─2020╕≢─ ≤⇔≡⁸ 4-8-1⌐ ∆ ╡⁸ 1,000

1bn=1,863╩ ╪≢™╢5⁹ 

 

4-8-1 ⌐⅔↑╢2020╕≢─ ◄Ⱡꜟ◑כ⌐ ∆╢ ⇔ 

 

 

(2)  

 ─398MW MeyGen Project─ⱨ▼כ☼ 1a≤⇔≡⁸1.5MWĬ4

─ ⌐ ╢ ─ (FID: Final Investment Decision)⅜20149 ⌐

↕╣√6⁹∕─ ⁸ⱨ▼⁸86│≢1☼כMW─ ╩ ™⁸ⱨ▼2☼כ┼≤ ⇔⁸

⌐398MW─ ╩ ∆╙─≢№╢ 4-8-1⁹ 

  

                                                   
4 Bloomberg(2014), Bloomberg New Energy Finance 
5 Energy Technology Innovation Showcase(2014), British Embassy Tokyo 
6 MeyGenⱱכⱶⱭכ☺ 

http://www.meygen.com/2014/09/51-million-meygen-financial-close-completed/ 
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4-8-1 MeyGen Project─◘▬♩   

 

4-8-2 ⱨ▼1☼כa⌐⅔↑╢ ─  

 

ⱨ▼כ☼ 1a─ │⁸ 95.6 1milion=1.86≢№╡⁸ ─

│ 4-8-2─ ╡≢№╢⁹∕⇔≡⁸20157-9 ⌐ ꜟⱩכ◔≡↑ ┘ ╩ ⇔⁸

─ⱦfiכ♃ ┘ │20153-10 ⌐ ↑≡ ∆╢ ≢№╢⁹ 

 

(3) ─  

 ─ ⅜ ◄Ⱡꜟ◑כ┼─ ╩ ∆╢ ⌐⁸ ⌐ ∆╢

⌂ │⁸ ─7≈≢№╢7⁹ 

ᵑ 50 ╩ ≤∆╢ ⌂  

ᵒ ⌂O&M◖☻♩ 

ᵓ ╩ ∆╢  

ᵔ ╩ ∆╢ ─№╢  

                                                   
7 ICOE2014, Nawitka Capital Advisors LTd. 
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ᵕ ╩ ⇔⁸ ─№╢EPC  

ᵖ ─ ™ⱷכ◌כ⌐╟╢  

 

4.8.2. ▪ⱪ꜡כ♅ 

 ─ ╩ ╕ⅎ⁸ ⌐ ∆╢ ⌐ ∆╢▪ⱪ꜡כ♅⌐

≈™≡⁸ ╛ ◄Ⱡꜟ◑כ ─ ╩ ∆╢ ≤ ╩ ™⁸

4-8-3─ ╡⁸ ⇔√⁹ 

 

 

4-8-3 ─ ▪ⱪ꜡כ♅ 

 

ᵑ ⸗♦ꜟ◔כ☻(Model Case) 

R&Dⱨ▼כ☼⌐№╢ 1MW ⌐ ∆╢ ╩ ╠⅛⌐∆╢≤ ⌐⁸ ⌐

≤⇔≡ ⅜ ╘╠╣≡™╢⁸10MW ⌐ ∆╢ ╩ ⇔⁸⸗

≡⇔≥☻כ◔ꜟ♦ ╩ ╡ ╘╢⁹ ≢│⁸ ⌐⅔™≡⁸1MW ┘

10MW─ ╩∕╣∙╣ ⇔⁸1MW─ │ ─ ⁸10MW─ │

⌂ ⌐ ↑√  ⁹╢∆≥♃כ♦

 

ᵒ ☻◒ꜞכ♬fi◓(Screening) 

 ◘▬♩ ╩ ⇔⁸ ⅜ ⌂ ╩ ∆╢⁹∕⇔≡⁸∕

─ ╩ ╕ⅎ⁸ ─ ∟ ⅜╡╛ ─ ┘╩◦♫ꜞ○ ⇔⁸ ╩ ℮⁹

≢│⁸ ─ ╛♃כ♦ ─ ⅛╠ ─ ⌂

╩ ⇔⁸ ⌐⅔™≡ ╩ ⇔⁸ ⌐⅔↑╢ ─ ◄Ⱡꜟ◑כ─

─ ╩ ⇔⁸◦♫ꜞ○ ╩ ™⁸ ─ ╩ ∆╢⁹ 
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ᵓ ◖☻♩ (CoE Curve) 

 ᵑ ┘ᵒ─ ╩ ╕ⅎ⁸ ─ ≤ ◖☻♩─ ╩ ╠⅛⌐∆╢⁹∕

─ ⁸ ⌐ ℮⁸ ╛ ∆╢◘▬♩ ⌐ ∆╢ ─ ╩ ℮

⅜№╢⁹ ≢│⁸ ⌂ ◖☻♩─ ─╖⌂╠∏ ─

ⱦfiכ♃⁸ ⁸ ─ ⁸♫☿ꜟ ╛ ∆╢◘▬♩ ⌐╟╢

╛♩♇ꜞⱷꜟכ◔☻ ╙ ∆╢⁹ 

 

4.8.3.  

 ─▪ⱪ꜡⁸≡⇔≥♅כ 4-8-4⌐ ∆ ╡⁸ ─ ⌐ ⇔⁸

╛ ─ ♃כ♦ ┘ ╛ ─ ⌐♃כ♦ ⇔⁸ ∆╢

─ ⅛╠ ↕╣╢ ╩ ╠⅛⌐∆╢⁹∕⇔≡⁸ ─ ⅛╠

─ ╩ ™⁸∕╣╠─ ⅛╠ ─ ╩ ∆╢⁹ 

 

 

4-8-4 ─ ─ ╖─▬ⱷכ☺ 

 

 ─ ⌐≈™≡│⁸ 4-8-5⌐ ∆ ╡⁸Step1≢ ─ ╖╩ ™⁸

Step2≢ ╩ ⱡ ╛ ─ ╩ ⌐ ∆╢≤ ⌐⁸Step3

≢ ─ ─ ╩ ™⁸∕─ ╩ ─ ≤∆╢⁹ 

 ⌐ Step2⌐≈™≡│⁸ ─ ╛♃כ♦ ─♃כ♦ ─ ⅜ ╘≡ ╠

╣≡™╢√╘⁸ ⱡ ╛ ─ ─ ╩ ∆╢↓≤╩ ⇔≡™╢⅜↓─

⌐≈™≡│⁸ ╩ ↄ ⇔≡™╢√╘⁸ ⁸ ─ ה ⅜♃כ♦

↕╣√ ≢ ⇔╩ ™⁸ ─ ╩ ╢ ⅜№╢⁹╕√⁸Step1─☻◒ꜞכ♬

fi◓≢ ≤⌂╠⌂⅛∫√ ⌐≈™≡╙⁸ ⁸ ─ ≢ ≤

╡ ╢ ╙№╢⁹∕─√╘⁸ ≢ ∆╢ ─ ⌐≈™≡│⁸

─ ≢ ⁸ ꜞ☻◒─ ™ ≤ ⅎ╢⁹ 
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4-8-5 ─ ─▬ⱷכ☺ 

 

4.8.4.  

 ⌐ ∆╢ ╩ ∆╢√╘⌐⁸ ⌐ ─ ≤ ∫≡™

╢ ◄Ⱡꜟ◑כ─ ≈≢№╢⁸ ╩ ⇔8⁸ ─◖☻♩

╩ 4-8-2─ ╡ ╩ ∫√⁹1MW ┘10MW─ ⌐≈™≡│⁸ 4-8-2─∕

╣∙╣╩ ⇔⁸ ╩ ∆╢≤ ⌐⁸1MW⌐≈™≡│⁸ ⌐ ∆╢ ╩∕

─ ⌐ ⇔⁸ ─ ╩ ℮⁹ 

 

  

                                                   
8 ◄Ⱡꜟ◑כ  ─ ⌐ ╢ 2014  

http://www.meti.go.jp/press/2013/01/20140107001/20140107001.html 
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4-8-2 ─  

 

 

 ∕⇔≡⁸ ⌐ ◖☻♩╩ ⌐╟╡ 9⇔⁸1MW ┘10MW⌐⅔↑

╢∕╣∙╣─ ╩ ℮≤ ⌐⁸ ╩ ™⁸ ─ ╩ ℮⁹ 

 

4.8.5.  

(1) ⌂ ◖☻♩─  

─ ╩ ╕ⅎ⁸ ⌐ ─ ⌐ ↑╠╣╢1MW×10

⌐╟╢10MW ╩ ⌐⅔™≡ ⇔√⁹10MW ─ ┘

◖☻♩│⁸1MW ─ ╩ ╕ⅎ⁸ ⌐⁸ ⌐ ∆╢ ╛ꜞ☻◒╩

⌐ ⇔√⁹ ↕╣╢ י2ִ│ ≢№╡⁸ 5 ─ ┘ ╩∕╣∙

╣ ⇔≡ ∆╢ ≢№╢⁹ ⌐│⁸ ─ ╛⅛⌂ ─ ╕╡─♃▬Ⱶfi

◓╩ ⇔⁸ 1 ∆╢⁹╕√⁸10 ─ ∕╣∙╣⌐ ◖Ⱡ◒♃⅜

↕╣≡⅔╡⁸ ─ꜟ☿♫≥ꜟⱩכ◔ ╩ ≤∆╢ ≢№╢⁹ 

─ ⁸1MW ⌐⅔↑╢ √╡─◖☻♩⌐ ⇔≡⁸ ─

⌐≈™≡│◖☻♩ ─ ⅜ ╕╣╢↓≤⁸ ─ ⁸ ⁸

⌐≈™≡╙⁸ ─ ⌐╟╡◖☻♩ ─ ⅜ ╕╣╢↓≤⁸

≢⁸ ≤⌂ꜟⱩכ◔╛ №√╡─ ⅜ ≢№╢╙─⌐≈™≡│⁸◖☻

♩ ─ ⅜ ≢№╢↓≤⁸ ╛ ⅜ ≢№╢ ─ ⌂

⌐≈™≡│◖☻♩ ─ ⅜ ⇔™↓≤ ⅜ ↕╣√⁹ 

 

  

                                                   
9 ◄Ⱡꜟ◑הכ  ●▬♪Ⱪ♇◒ 2008 



63 
 

(2) ⌐ ≤⌂╢ ─ ™ ⇔ 

1MW ┘10MW ─ ⌐⅔™≡⁸ ⌂ ╩ ≤∆╢ │

⌐│ ╪≢™⌂™⅜⁸ ╛ ─ ⁸ ╛ⱪ꜡♩♃▬ⱪ ─ ─

◖☻♩│ ╪≢™╢⁹↓╣╠│⁸1MW╛10MW─ ─╖⌐ ≤⌂╢ ≢№╡⁸

◖☻♩╩ ⇔ →╢ ⌂ ≤⌂∫√⁹ ⁸ ─ ⌐ ↕╣≡™╢╟℮⌐⁸

─ ⅜ ™ ⁸ MW ⁸ ╕╣╢ │⁸▬fiⱨꜝ ⁸ ╛

─ ⁸◘ⱪꜝ▬♅▼כfi─☻◔כꜟⱷꜞ♇♩⅜ ↕╣╢ ⅜ ™

↓≤⅜ ↕╣√10⁹ ⁸ ⌂ ⅜ ∑⌂™ ⌐⅔™≡⁸ │

╩ ∆╢↓≤│≢⅝⌂™√╘⁸ ≤ ⌐ ⌂ ─ ╡ ⇔⅜ ╘≡

⌐⌂╢↓≤⅜ ╠⅛⌐⌂∫√⁹╕√⁸10MW ─ ⌐⅔™≡⁸ ⌐◖☻♩

⅜ ≤⌂╢ ≤⇔≡⁸CAPEX─ ┘ ⁸OPEX─ ≢№╢↓≤⅜ ╠

⅛≤⌂∫√⁹↓╣╠╩ ╕ⅎ⁸ ⌐ ≤⌂╢ ─ ™ ⇔ ┘▪ⱪ꜡

⁸│♅כ ─ ╡≢№╢⁹ 

 

─ ™ ⇔  

¶ CAPEX⌐ ∆╢╙─ 

─(▪) (►)╕≢│⁸ ─ ┘ NEDO ≢ ≢№╢⁹(◄) (○)⌐≈

™≡│⁸ ⌐ ╛ ╩ ≢⅝╢≤ ⌐⁸ ─ ⌐╟╢ ⅜ ≢№

╢⁹(◌)⌐≈™≡│⁸ ─ ≢№╡⁸ ⅜ ⌂ ≢№╢⁹ 

 

(▪) ⌐ ∆╢ ─ ╛ ⁸  

(▬) ⌐ ∆╢ Ⱪ꜠⁸ꜟ☿♫⁸♪כ ⁸  

(►) ⌐ ∆╢ ◖Ⱡ◒♃⁸ ♩כꜟ  

(◄) ⌐ ⇔ ∆╢ ─ ⌐ ∆╢▬fiⱨꜝ  

(○) ⌐ ⇔ ≤⌂╢ ╛ ─  

(◌) ♫☿ꜟ ╩ ℮ ─  

 

¶ OPEX⌐ ∆╢╙─ 

 ─(▪)⌐≈™≡│⁸ ≢ ╩ ™ ∆╢ ≢№╢⅜⁸ ⁸

⅜ ∆╢20 ─ꜝ▬ⱨ◘▬◒ꜟ⌐⅔™≡⁸ ⌐⸗♬♃ꜞfi◓ ⅜ ≢

№╢⁹(▬)⌐≈™≡│⁸ ⌐ ─CAPEX≤ ─ ╩ ∆╢ ≢№╢⅜⁸

≢ROV ╩ ⇔ ה ╩ ℮ │⁸∕╣╠─ ⅜ ≤⌂╢⁹ 

 

(▪) ─ ╛ ה ─ ⌐ ∆╢ ⱷfi♥♫

fi☻ ─ ╛  

                                                   
10 SI OCEAN(2013), Cost of Energy and Cost Reduction Opportunities 
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ה (▬) ⌐ ⇔ ≤⌂╢ ╛ ─  

 

¶ AEP⌐ ∆╢╙─ 

 ─(▪) (►)⌐≈™≡⁸ ≢ ╡ ╖ ╛ ╩ ┘

NEDO ≢ ≢№╢⁹(◄)⌐≈™≡│⁸ ─ ─ ╩ ╕ⅎ⁸ ─

─ ⅜ ≢№╢⁹ 

 

(▪) ╛ ה ⌐╟╢ ─ ╖╩ ℮  

(▬) ◦Ⱶꜙ꜠כ◦ꜛfi ─ ⌐ ∆╢  

(►) ─Ⱪ꜠כ♪╛ ─ ⌐ ∆╢  

(◄) ⌐ ↑√ (FS)╩ ℮  

 

─▪ⱪ꜡כ♅  

 ─ ─ ™ ⇔ ╩ ╕ⅎ⁸ ⁸ ─ ╩ ∆╢≤

⌐⁸ ⌐≈™≡│ ⌐⁸♫☿ꜟ ╩ ≤∆╢◘ⱪꜝ▬ꜘכ⌐≤∫≡ ≤⌂

╢ ⌐≈™≡ ╩ ™⁸ ╩ ╕ⅎ√⁸ ◖☻♩─ ╩ ∆

╢⁹╕√⁸ ⌐ ⇔⁸ ≤⌂╢ ⌐≈™≡│⁸ ⌐ ╩ ⇔⌂™ ╩

⇔⁸◖☻♩ ∆╢↓≤╩ ≤⇔≡™╢⅜⁸ ─ ╩ ╕ⅎ⁸

─ ⌐ ∆╢√╘⌐ ≤⌂╢⁸ ╛ ▬fiⱨꜝ ─ ─

╩ ╠⅛⌐∆╢⁹↓╣╠╩ ╕ⅎ⁸ ⁸ ╩ ─▪ⱪ꜡כ♅≢ ℮⁹ 

 

¶ ╩ ╕ⅎ√⁸ ┘ ─ ™ ⇔ 

¶ ⅛╠◦▼▪ ┘  

¶ ≤ ⅛╠  

¶ ╩ ╕ⅎ√ ◖☻♩─ ╩  
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5.  

5.1. ─  

│⁸ ─ ╣╩ ⇔◄Ⱡꜟ◑כ╩ ∆╢ ≢№╢⁹ │ ה ─

≤ ─ ⌐╟╡ ⅝ ↓↕╣╢ ה ↔≤⌐ ⌐1 4 ╕√│2 

⅝⅜ ╦╢√╘⁸∕─ ╩ ⌐ ≢⅝╢◄Ⱡꜟ◑כ ≢№╢⁹╟∫≡⁸ ⌐  

↕╣╛∆™ ╛ ⌂≥ ─ ◄Ⱡꜟ◑כ≤ ═⁸ ⌐ ≢№╢√╘⁸

⌐╟╢ ╩ ⇔╛∆ↄ⌂╢⁹╕√⁸ ─ │ ≤ ═≡ 800≢№╢

√╘⁸ ∂ ╩ ╢─⌐ ≤ ═≡⁸ ╩ ≢⅝╢ ⅜№╢⁹ 

∆╢♦Ᵽ▬☻│⁸ ⇔™ ≢╙ ⇔≡ ≢⅝╢ ╩ ∆╢⁹

≢─ ה ─ ╛ ⌐ ↕╣√ ╩ ∆╢√╘⌐

┼ → ╩ ℮√╘⁸ⱷfi♥♫fi☻ ⅜ ◖☻♩≤⌂╢⅜⁸ ה ─ ™

◦☻♥ⱶ╩ ─♩☻◖◓fi♬fiꜝהꜟꜗ◦♬▬⁸╘√╢∆ ╩ ⇔⁸

─ ╩ ℮⁹ 

│⁸ ⅜ ╡ ♃כ꜡√╣╠↑ ⁸ ┘◖fi♩꜡כꜝ ╩

∆╢♫☿ꜟ ⁸∕─ ≢☻כⱦfiⱬכ♃╢⌂≥ ⁸≢♃כ꜡⁹╢╣↕ ─◄Ⱡ

╩כ◑ꜟ ◄Ⱡꜟ◑כ⌐ ⇔⁸↕╠⌐ ≢ ◄Ⱡꜟ◑כ⌐ ∆╢⁹

│⁸ ─ ≤≤╙⌐♫☿ꜟ─ ⌐ ↕╣≡⅔╡⁸ ≤⌂∫≡™╢⁹

⇔√ │⁸ ⌡ ◖fiⱣכ♃ ╛ ⌂≥╩ ⇔⁸ ╛ ⅜

↕╣≡ ≡⌐ꜟⱩכ◔ ┼ ↕╣╢⁹ 

│ 1MW⁸ ╕≢─ ↕ 20m⁸ 18m⁸ │ 800ton

≤ ─ ≤⌂╢⁹ 

⌐≈™≡│ ╩ ☻כⱦfiⱬכ♃≥ꜟ☿♫⁸⇔ ↔≤⌐ ⌂╢ 

╩ ∆╢⁹ 

 ♫☿ꜟ  

☻כⱦfiⱬכ♃  

  

╕√⁸ ─ ┘ ⌐≈™≡╙ ─╟℮⌐ ∆╢⁹ 

 ┼─ ─√╘⌐ ╩  

☻כⱦfiⱬכ♃הꜟ☿♫  ─╖⁹ 

 

♫☿ꜟ│ ─√╘⌐⁸ ☻כⱦfiⱬכ♃ ≤ ≢⅝╢ ≤⌂∫≡⅔╡⁸

╩ ∆╢⁹ ╩ ↑╢↓≤≢⁸ ╩ ⇔√♫☿ꜟ╩ ⅛╠ ╡ ⇔⁸

─ ⁸ ⅜ ⌂◦☻♥ⱶ≤⇔≡™╢⁹╕√⁸ ≤⌂╢

─ ♩☻◖ה ─√╘⁸ ╡ ◦fi◌כ ╩ ™√ ╩

⇔√⁹↕╠⌐⁸ ─ ─√╘⌐⁸ ╩ ∆╢↓≤

≢ ◖☻♩─ ╩ ℮⁹ ─ ╩ 5-1-1⌐ ∆⁹ 
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5-1-1 ♦Ᵽ▬☻  

 

(1) ─  

─ │⁸ 5-1-1⌐ ∆ ╩ ⇔≡™╢⁹ 

 

5-1-1 ∆╢ 1/2 

  

  22.1m/s 

 -14.8ϴ⁸  18.7ϴ 

  11) 

 1   3.9m⁸ 

50  5.2m 

  

 2.4m/s⁸50 4.7m/s 

  HSWL12) 47m 

 6.513.2ϴ 

 3% 

 ◗◌▬ ⁸ 

10mm/ 

 ⇔⌂™ 

 

                                                   
11 1 │ ⁸50 │50 ─ ⌐ ⇔℮╢ ╩ ∆⁹ 

12 High Sea Water Level≢ ─↓≤⁹ ≢⁸ ┘ ─ ⅛╠5 ⌐

╣╢ ─ ╩ ⇔√ ╩™℮⁹ 

 

 ♫☿ꜟ  

 

♃כ꜡  

 

꜡♇◒  ה

◖Ⱡ◒♃ 

 

☻כⱦfiⱬכ♃  

◦fi◌  
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5-1-1 ∆╢ 2/2 

  

ה   0.0⁸ 0.0 

 ⇔⌂™ 

∕─   ⇔⌂™ 

  

 

(2) ─  

5-1-1⌐ ∆╢ ╟╡⁸ ─ ╩ ≤⇔√⁹ 

 

 5.0m/s ה

 3050m ה

3km ה  

 Ñ5deg ה

  ה

 

 

1MW ה  

  2.7m/s ה

 5.0m/s ה

fi▬♩♇◌ ה 0.9m/s 

♩►▪♩♇◌ ה 4.0m/s 

20 ה  

 40 ה

ꜟ☿♫הⱢⱩ ה 4 40ϴ⁸ 65ϴ 

  ה

V Ⱨ♇♅ ⅛╠◌♇♩▪►♩ ╕≢⁸ ≤∆╢⁹ 

V ─ ⌐♫☿ꜟ─ ⅝╩ ⱶ♥☻◦כꜜ  ) ≤

™℮ ↕∑╢⁹ 

V ◦☻♥ⱶ ╩ ⇔⁸ ╩ ╦∏⁸ ⌐ ╣⌂™ ╩

∆╢ ╣≡╙ ┼─ ─ ⌂™ ─ ⁹ 

V ◦☻♥ⱶ≤│ ⌐⁸ Ⱳ♃fi

≤∆╢⁹ 

─⧵ה  

V ◦☻♥ⱶ ◦☻♥ⱶ≢│⁸ ─ ה ╩ ℮⁹ 

    Ợ  
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ה      ◌♇♩▬fi ההה  

fi▬♩♇◌ה      ◒ꜟ♩ההה Ⱨ♇♅  )  

ה      ◌♇♩▪►♩ ♅♇Ⱨההה  

ה      ◌♇♩▪►♩ ♅♇Ⱨההה  

♩►▪♩♇◌ה      Ÿ ♅♇Ⱨההה  

    Ợ ההה  

V ◦☻♥ⱶ ─ ⌂ ⅜ ⌐⌂∫√ ⌐⅔™≡╙⁸ ⌂ ╩

⌐ ╢╟℮⌐ ∆╢◦☻♥ⱶ╩ ∆╢⁹ 

 

5.2. ◦☻♥ⱶ─  

╩ ─ ⅛╠◘Ⱪ◦☻♥ⱶ⌐ ⇔⁸∕─ ה ╩ ∆╢⁹ 

≢│⁸ ≤⌂╢₈ ◘Ⱪ◦☻♥ⱶ₉⁸₈ ◘Ⱪ◦☻♥ⱶ₉⁸

₈ ◘Ⱪ◦☻♥ⱶ₉⁸₈ ה ◘Ⱪ◦☻♥ⱶ₉─ ≈─◘Ⱪ◦☻♥ⱶ⌐ ⅎ≡⁸

∕─ ◦☻♥ⱶ≤⇔≡₈ ◦☻♥ⱶ₉⁸₈ ◖Ⱡ◒♃◘Ⱪ◦☻♥ⱶ₉⌐ ↕╣╢⁹

5-2-1⌐ ╩ ∆╢4≈─◘Ⱪ◦☻♥ⱶ≤◘Ⱪ◦☻♥ⱶ─ ╩ ∆⁹ 
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◘Ⱪ◦☻♥ⱶ  

◘Ⱪ◦☻♥ⱶ 

(Hydrodynamic Subsystem) 

(Hydrofoils) 

(Pitch System) 

◘Ⱪ◦☻♥ⱶ 

(Power Take-Off Subsystem) 

(Bearing) 

(Transmission) 

(Generator) 

(Power Conversion) 

(Cooling) 

◘Ⱪ◦☻♥ⱶ 

(Control Subsystem) 

 

 

 

ה ◘Ⱪ◦☻♥ⱶ 

(Reaction Subsystem) 

(Support Structure) 

 (BallastהFoundation)♩☻ꜝⱣה

∕─  

◘Ⱪ◦☻♥ⱶ 

הꜟ☿♫  

◦☻♥ⱶ 

꜡♇◒  

 ♪▬●כꜜ

◖Ⱡ◒♃ 

◘Ⱪ◦☻♥ⱶ 

◖Ⱡ◒♃ 

◖Ⱡ◒♃  

5-2-1 ♦Ᵽ▬☻╩ ∆╢4≈─◘Ⱪ◦☻♥ⱶ≤◘Ⱪ◦☻♥ⱶ─  

 

(1) ◘Ⱪ◦☻♥ⱶ 

◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-1⌐ ∆⁹ 

│⁸ ⅛╠◄Ⱡꜟ◑כ╩ ╡ ∆ ╩ ≈≤ ⌐⁸ ≤ ╦∑≡

─♃כ꜡ ╩ ∆╢√╘─Ⱪ꜠כ◐≤⇔≡─ ╩ ≈⁹∕─√╘⁸ ⅜ ™╟℮

⌐⁸ ⌐│ ↕╣╢ ⌐ ⇔≡ ⌂ ╩ √⌂ↄ≡│⌂╠⌂™⁹ 

⌂⅔⁸ ⌐ ╡ ↑╠╣╢ ╣─ │⁸ ⌐│ ╩ ℮ ─╙─⅜

↕╣≡™╢⁹⇔⅛⇔⁸↓─╟℮⌂ ⌂ ╩ ⌐ ∆╢≤ ⅜ ⅝ↄ⌂
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╢√╘⁸ ─ ⌂≥⅜ ↕╣⁸ ⇔ↄ ⅜ ≤⌂╢⁹ ─ ◦

☻♥ⱶ≢│ ─ ⅛╠⁸ ╣─ │ ⇔⌂™↓≤≤⇔√⁹ 

│⁸ ∆⌂╦∟ ─ ⅝ Ⱨ♇♅ ╩ ⅎ╢√╘─ ≢№

╡⁸ ↔≤⌐ ⌐ ↕╣≡™╢⁹ ⌐⅔™≡⁸ ─ ⌐

∆╢√╘⌐ ╦╣⁸Ⱨ♇♅ ╩ ⅜ ≤⌂╢ ₈ⱨ□▬fiⱧ♇♅ ₉≤

┬ ⌐ ⇔ ╩ ∆╢⁹ ⅜ ⌐⌂∫√ ╛ ◦☻♥ⱶ⌐

⅜ ⇔√ │⁸Ⱨ♇♅ ╩ ₈ⱨ▼◙ꜞfi◓ ₉≤ ┬ ┼ ⇔⁸

╩ ╙⇔ↄ│ ╩ ╘╢Ⱪ꜠כ◐ ╙ ⌡≡™╢⁹╕√⁸ ≢╙

⅜ ⌂╟℮⌐⁸ ∆╢ Ⱪ▬ꜝ♪ה │⁸ ⌐╟╢ ╩

⇔≡™╢⁹ 

5-2-1 ◘Ⱪ◦☻♥ⱶ─  

◘Ⱪ◦☻♥ⱶ  

◘Ⱪ◦☻♥ⱶ 
ᵑ Hydrofoils 

ᵒ Pitch system 

◘Ⱪ◦☻♥ⱶ─ ⌐ ∆╢ ╩⁸ ⌐ ∆⁹ 

ᵑ  

─ ╩ 5-2-2⌐⁸ ╩ 5-2-2⌐ ∆⁹ │⁸CFRP

┘ GFRP⌐╟╢ ≤⇔√⁹ ≤ ⌐╟╢

╩ ∫√ ⌐ ⇔≡⁸ ─ ╩ ⇔√ ╩ ™⁸

╩ ⇔√⁹ │Ⱪ꜠כ◐≤⇔≡─ ╙ ℮√╘⁸ ╛ ⇔

≡│⌂╠⌂™⁹ ⌐ ↕╣╢ ─ → │⁸ ⌐ ∆╢⁹

─ ≢│⁸●▬♪ꜝ▬fi₈GL13) Guideline for the Certification of Ocean 

Energy Converter Part:1 Ocean Current Turbines₉⌐≡ ↕╣≡™╢●▬♪ꜝ▬fi

₈GL2005 Offshore wind turbine₉⌐ ↕╣≡™╢⁸ ⌐ ∆╢ 1.35╩

⇔≡ ╩ ⇔√⁹ 

 

5-2-2  

  

↕ 7.5m꜡כ♃ 18m 

 20  

 CFRP┘GFRP 

 30Ñ9m 

                                                   
13) Germanischer Lloyd─ ≢♪▬♠─ ≢№╡⁸ ╩│∂╘ ⱪꜝ♇♩ⱨ◊כⱶ╛

⌂≥╩ ≤∆╢ ⁹ │⁸20139 ⌐ⱡꜟ►▼▬─ DNVDet Norske Veritas

≤ ⇔⁸DNV-GL◓ꜟכⱪ╩ ∆╢⁹ 
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5-2-2  

 

ᵒ  

─ ╩⁸ 5-2-3⌐ ∆⁹ 

5-2-3  

  

  (Individual pitch control) 

♪ꜝ▬Ⱪ  Ⱪ▬ꜝ♪♃כ⸗ 

♪ꜝ▬Ⱪ  3 ↔≤⌐1  

♃כ⸗  7.5kW 

 3  

☿fi◘ ꜞⱵ♇♩☻▬♇♅ ↔≤⌐1  

ꜞⱵ♇♩☻▬♇♅ ↔≤⌐1  

◄fi◖כ♄ ↔≤⌐1  

  

 ╩ ™⁸ ╩ ⱨ▼◙ꜞfi◓

╕≢ ↕∑╢⁹ 

 

(3) ◘Ⱪ◦☻♥ⱶ 

◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-4⌐ ∆⁹ 

ᵑ │⁸꜡כ♃ ─♩ꜟ◒╩ ⅎ╢≤ ╠⅛♃כ꜡⌐ ╢ ╩

ⅎ╢ ╩ ≈⁹╕√⁸ ≤ ∂20 ╩ ⇔≡™╢√╘⁸ ─

│ ∑∏⁸ ⌐ ⇔≡ ⅎ╠╣╢ ╩ ∆╢ 2 2 ⌐

╟╢2 ╩ ⇔√⁹ 

ᵒ │ ╩ ─♃כ꜡⁸⇔ ╩ ⇔≡ ┼≤ ∆╢√╘─

╩ ≈⁹ ╙ ╩ ⇔⌂™√╘⁸ ↕╣╢ ⌐ ⇔≡20

ⅎ╠╣╢ ╩ ∆╢ ╩ ⇔√⁹ 
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ᵓ │⁸ ◄Ⱡꜟ◑כ╩ ⌐ ∆╢ ╩ ≈⁹ ╙⁸ ╩

⇔⌂™√╘⁸ ↕╣╢ ⌐ ⇔≡20 ⅎ╠╣╢ ╩ ∆╢

╩ ⇔√⁹ 

ᵔ │◖fiⱣכ♃╩ ⇔⁸ ⅛╠ ↕╣√ ╩ ⌐

∆╢ ╩ ≈⁹ ≢│⁸ ⅜№╢√╘ ─ ─

╩ ∆╢ ╩ ⇔√⁹ 

ᵕ │⁸ ┘ ─ ≢ ⇔√ ╩ ⌐ ∆╢

╩ ≈⁹╟∫≡⁸ ⌐ ∆╢ ⌂ ╩ ≈ ╩ ⇔√⁹ 

5-2-4 ◘Ⱪ◦☻♥ⱶ─  

◘Ⱪ◦☻♥ⱶ  

◘Ⱪ◦☻♥ⱶ 

Power Take-off Subsystem 

ᵑ Main bearing 

ᵒ Transmission 

ᵓ Generator 

ᵔ Power conversion 

ᵕ Cooling 

 

◘Ⱪ◦☻♥ⱶ─ ⌐ ∆╢ ╩⁸ ⌐ ∆⁹ 

ᵑ  

─ ╩⁸ 5-2-5⌐ ∆⁹ 

5-2-5  

  

 2  

1  ╦∑ ↓╤  

2  ↓╤  

 

ᵒ  

─ ╩⁸ 5-2-6⌐ ∆⁹ 

5-2-6  

  

 1  + 2  

/  15rpm/ 1500rpm 
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ᵓ  

─ ╩⁸ 5-2-7⌐ ∆⁹ 

5-2-7  

  

  

 1,100kW 

 IP54 

 F  

ᵔ  

─ ╩⁸ 5-2-8⌐ ∆⁹ 

5-2-8  

  

 1,500kW 

 IP54 

ᵕ  

─ ╩ 5-2-9⌐⁸ ─ ╩ 5-2-3⌐ ∆⁹ 

5-2-9  

  

  

 ♅♃fi 



74 
 

 

5-2-3  

(4) ◘Ⱪ◦☻♥ⱶ 

─ ╩ ∆╢ ◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-10⌐ ∆⁹

◘Ⱪ◦☻♥ⱶ│⁸ ⅝ↄ│ ─3≈─ ⌐ ↕╣⁸∕╣∙╣ ╩╙∫

≡ ╩ ℮⁹ 

ᵑ │⁸ ─ ╩ ℮√╘─ ─ ╩ ℮⁹ 

ᵒ │⁸ ╩ ה ⌐ ℮√╘─ ╩ ™⁸ ⌐

⌂ ⌂ ╩ ℮⁹ 

ᵓ │⁸ ╡ ⇔√ ╩ ⌐ ⌐ ╡ ∆√╘─ ╩ ℮⁹ 

5-2-10 ◘Ⱪ◦☻♥ⱶ─  

◘Ⱪ◦☻♥ⱶ   

◘Ⱪ◦☻♥ⱶ 

(Control Subsystem) 

ᵑ  

з  

и ꜜכ◦☻♥ⱶ  

й ꜡כ♃Ⱪ꜠כ◐  

ᵒ  
з ◦☻♥ⱶ  

и ◦☻♥ⱶ  

ᵓ  з  
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◘Ⱪ◦☻♥ⱶ─ ⌐ ∆╢ ╩⁸ ⌐ ∆⁹ 

ᵑ  

I.  

⌐ ∂⁸◦☻♥ⱶ┼─♩ꜟ◒ ─ ╩ ⅎ╢√╘⁸ Ⱨ♇

♅ ─ ╩ ℮⁹ 5-2-4⌐⁸ Ⱨ♇♅ ─ ╩ ∆⁹ 

 

5-2-4 Ⱨ♇♅ ─  

 

II. ꜜכ◦☻♥ⱶ  

⌐ 4 ⅜ ∆╢ ⌐ ─♃כ꜡⁸∑╦ ⅝╩ ↕∑╢ ╩ ℮⁹

╕√⁸ ⁸ ⌐ ∆╢ ─ ⅝⌐ ╦∑⁸╟╡ ™ ⅜ ╠╣

─♃כ꜡℮╟╢ ⅝╙ ∆╢⁹ │ ⌐ ⅜ ╙ ↕™ ⌐ ™⁸

│ ⅜№╢ ≢ ╦╣╢⁹ ⱶ♥☻◦כꜜ⁸⌐5-2-5 ─ ╩ ∆⁹ 

 

ⱶ♥☻◦כꜜ 5-2-5  
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III. ꜡כ♃Ⱪ꜠כ◐  

─♃כ꜡⁸│◐כ꜠Ⱪ♃כ꜡ ╩♦▫☻◒Ⱪ꜠כ◐⌐≡ ⌐ ↕∑╢√╘

─ ≢№╢⅜⁸ ♃כ꜡╙≡∫№⅜ ⅜ ≤⌂╢╟℮⌂ │ ─

⌐╟╡ │◐כ꜠Ⱪ♃כ꜡⁸╘√╢╣╦ ─ ≢│ ↕

∑∏⁸ ⌐─╖ ↕∑╢⁹ ⅜ ╦╣╢ ╙ ↕╣╢√╘⁸Ⱪ

◐כ꜠ │ ⌐╟╡ ╦╣⁸ ─ ⅜ ⌐ ⇔≡™╢ ≢│⁸ ⌐Ⱪ

⅜◐כ꜠ ≤⌂╢╟℮⌂ ╩ ∆╢⁹ 

ᵒ  

I. ◦☻♥ⱶ  

╩ ∆╢ ╩ ∆╢√╘─ ─ ╩ ℮⁹ │⁸   

ה ה ⌐╟╡ ™⁸ ⇔√ │ ⌐ ╡ ╪∞ ⌐ ⅎ⁸

┘ ⌐ ∆↓≤≢ ℮⁹ │⁸↓╣╠ ⅜ ╡⌂ↄ ╣╢╟℮ ה

ה ─ ╩ ℮⅜⁸↓╣╠ ⅜ ⌐ ⅎ ⅞≤⌂╠⌂™╟℮

⌂ⱥכ♃ ╛⁸∕─√╘─ ꜝ▬fi─Ᵽ▬Ɽ☻ ⌂≥╙ ℮⁹ 

II. ◦☻♥ⱶ  

♫☿ꜟ ⌐ ⇔√ ─ ╩ ℮⁹ ≤⌂╢ │⁸♫☿ꜟ ⌂≥⌐

⅜ ↕╣╢ ╛⁸ ╛ ⌐╟╡ ꜟכ◦ ⅛╠ ╣ ∫√ ─

⌂≥≢№╢⁹↓╣╠ כⱦfi♃꞉כ♃│ ⌐№╢ⱦꜟ☺♃fi◒≤ ┌╣╢

⌐ ╘╠╣⁸№╢ ⌐ ⇔√ ⁸ⱳfiⱪ⌐╟╡ ╩ ℮⁹╕√⁸

⅜ ⌐ כⱦfi♃꞉כ♃℮⁸╟╢╣╦ ⌐ ╡╟⌐ⱪכꜟ♩☻♥√↑ ⌂ 

ⱳfiⱪ ─ ╙ ℮⁹ 

ᵓ  

I.  

⌐ ╢ │⁸ ─ ≤ ⁸ ◖fiⱣכ♃ ⌐╟

╢ ⅜ ╦╣╢⁹ 

 

ה (5) ◘Ⱪ◦☻♥ⱶ 

─ ה ◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-11⌐ ∆⁹ ה

◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-12⌐ ∆⁹ ─ ◦☻♥ⱶ│

─√╘⁸ │ ⇔⌂™⁹ ─ ⌐≈™≡│⁸ ⅝ↄ ↑≡ ∟

≤ ⅜№╢⁹ ∟ ≢│ ⁸ ≢│Ᵽꜝ☻♩ ⌐╟╡∕╣∙

╣ ≤ ∆╢⁹ 
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ה 5-2-11 ◘Ⱪ◦☻♥ⱶ─  

◘Ⱪ◦☻♥ⱶ  

ה ◘Ⱪ◦☻♥ⱶ 

(Reaction Subsystem) 

ᵑ (Support Structure) 

ᵒ הⱣꜝ☻♩(FoundationהBallast) 

 

ה ◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-12⌐ ∆⁹ 

ה 5-2-12 ◘Ⱪ◦☻♥ⱶ─  

  

 3 ♃꞉כ 

  

 

 

ᵑ ─  

─ ≤⇔≡⁸⸗ⱡ♃꞉הכⱩ꜠כ☻ ⅝⸗ⱡ♃꞉3הכ ♃꞉3─כ

╩ ⇔√⁹ 5-2-6⌐ ─ ⌂⸗♦ꜟ╩ ∆⁹ 

 

 

5-2-6 ─  

⸗ⱡ♃꞉כ│ ⅜ ≢№╡⁸ ⅜ ≢⅝◖☻♩╩ ≢⅝╢≤ ⅎ╠

╣╢⁹⇔⅛⇔⁸ ─ ↕⌐│ ╡⅜№╡⁸100mm╩ ⅎ╢╙─╩ ∆╢─│

≢№╢⁹╕√⁸ ≤─ ⅜ ─Ɽ▬ⱪ─╖≤⌂╡⁸ ⅜ ⇔╛∆™  

≢╙№╢⁹Ⱪ꜠כ☻ ⅝⸗ⱡⱤ▬ꜟ♃꞉כ│Ⱪ꜠כ☻≤ ┌╣╢ ≢⁸   

⸗ⱡ♃꞉כ╩ ⇔√╙─≢№╢⁹⸗ⱡ♃꞉כ╩ ∆╢↓≤≢ ╩ ⇔⁸

∆╢ ─ ╩ ╠∆↓≤⅜≢⅝╢⁹3 ♃꞉כ│⸗ⱡ♃꞉כ≤ ⇔⁸

─◘▬☼╩ ↕ↄ∆╢↓≤⅜≢⅝ ⅜ ≤⌂╢⁹ ─ ≢│⁸ ─

⁸ ─ ⁸ ╩ ⇔⁸ ⌂ ╩ ╢√╘⌐ 3     

♃꞉כ╩ ™╢↓≤≤⇔√⁹ 

⸗ⱡ♃꞉כ Ⱪ꜠כ☻ ⸗ⱡ♃꞉3 כ ♃꞉כ 
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ᵒ  

≤⇔≡⁸ ∟ ה ─2 ─ ╩ ⇔√⁹ ∟ │⁸

Ɫfiⱴכ≢ ╩ ⌐ ∟ ╖⁸ ⌂ ╩ ∆╢⁹ ⇔√

≤ ╩ ⇔⁸◓ꜝ►♩╩ ⇔≡ ∆╢⁹ ⌐│ ╕≢

⅝ ↑√ ⅜≈™≡⅔╡⁸ ─ │ ─ ⌐ ⇔√ⱨꜝfi☺⌐ ⅛╢╟

℮⌐⌂∫≡™╢⁹ⱨꜝfi☺│⁸ ─∏╣╩ ∆╢╟℮ ╩

∆╢⁹↓╣⌐╟╡⁸ ╩ ∆╢ ꜠ⱬꜟ ─ ⅜⌂ↄ⁸  ⌂

⇔╩ ⌐ ≢⅝╢⁹↕╠⌐⁸ ─ ⌐╙ ⅎ╢≤™℮ ╙№╢⁹

⌐ ∂ │⁸ 10m ⅛╠ ↄ∆╢↓≤⅜≢⅝╢⁹ 5-2-7⌐

∟ ─ ╩ ∆⁹ 

    5-2-7 ∟  

 

│⁸ ╩ ⌐ ⁸ ─ ⌐Ᵽꜝ☻♩≤ ┌╣╢ ╩

∆╢⁹↓─Ᵽꜝ☻♩≤ ─ ⅜ ≤─ ╩ ↕∑⁸ ≤

─ ╩ ⅛⌂╙─⌐∆╢⁹ 5-2-8⌐ ─ ╩ ∆⁹ 

 

5-2-8  

 

│⁸ ⅜ ⅝ↄ⌂╢√╘⁸ ╩ ─ ⌐ כ꜠◒─

fi ⅜ ≤⌂╡ ⅜ ↄ⌂╢ ⅜№╢⁹⇔⅛⇔⁸ ∟ ≤ ═≡

≤⇔≡ ∟⅜ ⌐╟╢◖☻♩ ─ ⅜ ≢⅝⁸╕√ ╙

≢№╢⁹ ⁸ ∟ │⁸ ╩ ≢⅝╢ ⅜№╢╙──⁸   

 

 

Ɫfiⱴכ 
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∟ ╩ ╗ ⅜ ∆╢ ⅜№╢⁹╟∫≡⁸ ≢ ⇔

≡™╢ ─ ה ה ╩ ⇔√ ⁸ ╩ ™╢↓≤

≤⇔√⁹ ─ ─ ╩⁸ 5-2-9⌐ ∆⁹ 

 

 

 

 

 

 

 

 

5-2-9  

 

ᵓ ♃כⱦfiⱬכ☻  

│ ─ ה ⌐╟╡⁸ ╩ ∆╢√╘─

⅜ ╩ ↑╢⁹∕─√╘⁸ ╩ ∆╢ │⁸ ─ ⅜

≤⌂╢⁹╕√⁸ ⅜ ≢│⌂ↄ ⇔≡™╢ ⌐│⁸ ≤ ─

⅜ ≢⌂™ ⅜№╢⁹ ⅜ ⌐⌂∫√ ⁸ ─ ⅜ ↕╣

╢⁹↓─√╘ ╩ ⌐∆╢↓≤≢⁸ ─ ⅜ ⌐ ™ ╖⁸

╩ ∆╢↓≤⅜≢⅝╢⁹ │⁸ 5-2-10⌐ ∆ ⌐⌂∫≡⅔╡⁸

─ ⌐ ∆╢ ⌐╟╢ │⁸ ⇔≡™╢ ─

│ ⅝ↄ⁸ ⇔√ ≢№╣┌ ⌐ ⌐ ™ ╖ ╩

∆╢↓≤⅜≢⅝╢⁹╕√⁸ ⅜ ⌐ ⌐ ╕∫√ ⌐│⁸ ─ │

≢№╢↓≤⅛╠⁸ │ ⌐ ⇔⌂™⁹↕╠⌐ ⇔≡™

╢ ☻ꜝ☻♩ ╩ ↑√ ⁸ ⌐⅛⅛╢∑╪ │⁸ ⌐

≢⅝╢ ≢№╢↓≤╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

5-2-10  

  

2-1 Case A(6.5MPa)

2-2 Case B(48.6Pa)
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ᵔ  

─ ⁸♫☿ꜟ─ⱷfi♥♫fi☻ ⌐│ ╩ ⅛╠ ╡ → ─ 

⌐ ∆╢↓≤≤⌂╢⁹∕─ ⌐⁸▬♬◦ꜗꜟ◖☻♩─ ─√╘⌐ ה

│♫☿ꜟ≤ⱬכ☻╩ ⇔√ ≢ ⇔⁸ⱷfi♥♫fi☻─ │♫☿ꜟ ─╖╩

⇔ → ↕∑╢ ╩ ⇔≡™╢⁹ 5-2-11⌐ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

─♩☻◖◓fi♬fiꜝהꜟꜗ◦♬▬ 5-2-11 ─  

 

(6) ∕─ ─◘Ⱪ◦☻♥ⱶ 

◦☻♥ⱶ─ⱷfi♥♫fi☻ ⌐│⁸♫☿ꜟ ╩ ⅛╠ ╡ ⇔≡ ╕≢

↕∑ ∟ ╡⁸ ≢─ⱷfi♥♫fi☻ ⌐│⁸ ╕≢ ⇔⁸♫☿ꜟ ╩

⅛╠ ↕∑≡ ⌐ ┘ ה ∆╢ ⅜№╢⁹↓─√╘⁸♫☿ꜟ ≤ ≤

╩ ה ⌐ ה הꜟ☿♫╢⅝≢ ◦☻♥ⱶ⅜ ≢№╢⁹∕─ ⁸

ⱷfi♥♫fi☻ ⌐│⁸ ≤ ╩ꜟⱩכ◔←⌂≈╩ ∆╢√╘─ ◖Ⱡ◒

♃⅜ ≤⌂╢⁹ 

 

ᵑ ♫☿ꜟה ◦☻♥ⱶ 

הꜟ☿♫ ◦☻♥ⱶ─ ╩ 5-2-13⌐⁸ ╩ 5-2-14⌐ ∆⁹ 

הꜟ☿♫ 5-2-13 ◦☻♥ⱶ─  

◘Ⱪ◦☻♥ⱶ  

הꜟ☿♫ ◦☻♥ⱶ 
з ꜡♇◒  

и ꜜכ●▬♪ 
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הꜟ☿♫ 5-2-14 ◦☻♥ⱶ─  

  

з ꜡♇◒  

♫☿ꜟ כⱦfi♃꞉כ♃ ≤ ≤─ ╩꜡♇◒

∆╢ ⁹꜡♇◒╩ ∆╣┌⁸♫☿ꜟ ≤ ≤│ ↕╣

≡♫☿ꜟ ─ ⅜ ≤⌂╢⁹ 

♫☿ꜟ ⌐ ↕╣√ⱨ♇◒ ╩⁸ ⌐ ↕╣√

ⱨ♇◒ ⌐ ╩ ™≡꜡♇◒∆╢⁹ 

и ꜜכ●▬♪ 

♫☿ꜟ ⅜ ⌐ ⇔ ╘╢ כꜜ⌐

⅜ ─ ⅛╠∏╣≡™√≤⇔≡╙⁸∕─∏╣ ⅜Ñ30deg

≢№╣┌⁸♫☿ꜟ ─ כꜜ≡╣≈⌐ ╩ ⌐

☻ꜝ▬♪↕∑⌂⅜╠ ™≡™ↄ●▬♪⁹♫☿ꜟ ⌐●▬

♪─ ה ⌐●▬♪─ ⅜ ↕╣╢⁹ 

 

ᵒ ◖Ⱡ◒♃◘Ⱪ◦☻♥ⱶ 

◖Ⱡ◒♃◘Ⱪ◦☻♥ⱶ─ ╩⁸ 5-2-15⌐ ∆⁹ ◖Ⱡ◒♃◘Ⱪ◦☻

♥ⱶ│⁸ ─ ≈─ ⌐ ↕╣╢⁹ 

 

I. ◖Ⱡ◒♃ 

♫☿ꜟ ≥ꜟⱩכ◔─ ╩♃◒Ⱪꜟ│⁸◖Ⱡכ◔─≢ ⇔≡ ≢─ ╩

≤⇔√ ≢№╢⁹ ⌐ ↕╣√ ◦☻♥ⱶ│⁸ⱷfi♥♫fi☻ ─

⌐ ╩ꜟⱩכ◔≡⌐ ∆╢√╘─◖Ⱡ◒♃⅜ ≤⌂╢⁹ 

II. ◖Ⱡ◒♃  

◖Ⱡ◒♃╩ ≢ ∆╢√╘─ ⁹ ≢─ │⁸ ╕╡─  

╠╣√ ⌐ ↕∑╢ ⅜№╡⁸ ⌐╟∫≡ ⌐ ↕╣⁸

⌐ ≢⅝╢ ╖⅜ ≤⌂╢⁹ 

 

5-2-15 ◖Ⱡ◒♃◘Ⱪ◦☻♥ⱶ─  

◘Ⱪ◦☻♥ⱶ  

◖Ⱡ◒♃◘Ⱪ◦☻♥ⱶ 

(Wet-mate Connector Subsystem) 

з ◖Ⱡ◒♃ 

и ◖Ⱡ◒♃  
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◖Ⱡ◒♃◘Ⱪ◦☻♥ⱶ─ ⌐ ∆╢ ╩ 5-2-16⁸ 5-2-17⌐ ∆⁹ 

I. ◖Ⱡ◒♃ 

5-2-16 ◖Ⱡ◒♃  

  

 ⁸ Ᵽꜝfi☻⁸♁◔♇♩  

 ⱪꜝ◓  ꜠ ☿ⱪ♃◒ꜟ☿♇♩ 

 4 

( / ) 3.3kV / 5.7kV 

 200A 

/  20 /100  

 5at  

 

II. ◖Ⱡ◒♃  

5-2-17 ◖Ⱡ◒♃  

  

 ☻♃Ⱪⱪ꜠כ♩  

 ⱪ꜠⁸♩כ ⱪ꜠כ♩ 

 ⁸♃כ◄ꜙ♅◒▪

●▬♪Ⱨfi⁸ ╡ ⇔Ⱨfi 

 ⱪ꜠כ♩⌐╟╡ ─ ╩  
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(7)  

⌐ ⇔√ ⌐╟╡ ↕╣√ ╩ ⌐ ∆╢↓≤╩ ⌐

ⅎ╢⁹ ⌂ ≤⇔≡│⁸ ꜟⱩכ◔ ꜟⱩכ◔ ⁸

ꜟⱩכ◔ ⁸ ◖Ⱡ◒♃ ┘ ≢№╢⁹

↓╣⌐ ≠™≡ ⇔√ ╩ 5-2-12⌐ ∆⁹ 

 

ᵑ  

ꜟⱩכ◔  → ┘ ≢№╢↓≤⁹ 

ᵒ ◔כⱩꜟ 

 ⌂╠┘⌐ ⌐ ⌐ ╩ ╩♩כꜟ─╘√╢ ∆╢↓≤⁹ 

ᵓ ◖Ⱡ◒♃ 

 ╩ ⅛≈ ⌐ ∆╢≤≤╙⌐⁸♫☿ꜟ─ⱷfi♥♫fi☻⌐ ∆╢⌂

≥≢ ⌂ ╩ ⁹ 

  

 

5-2-12 ◦☻♥ⱶ  
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5.3.  

(1)  

│ ─ ⌐≡ ∆╢⁹ ≢─   

╩ ⌐╕≤╘╢⁹ 

 

 ̧ 3.0m/s 

 ̧ 40-50m 

 ̧ 3km  

 ̧ Ñ5deg 

 ̧  

 

─ │⁸ ─╟℮⌐⁸ ─ ╩ ∆╢⁹ 

 

 

 ̧ 1MW  

 ̧ 2.7m/s  

 ̧ 5.0m/s 

 ̧ ◌♇♩▬fi 0.9m/s 

 ̧ ◌♇♩▪►♩ 4.0m/s 

 ̧ 30ϴ 

 ̧ Ⱨ♇♅ ⅛╠◌♇♩▪►♩ ╕≢⁸ ≤∆╢⁹ 

 ̧ ⱶ♥☻◦כꜜ ─ ⌐♫☿ꜟ─ ⅝╩ ⁹ 

 ̧ ◦☻♥ⱶ  

 

ה ◌♇♩▬fi ההה  

fi▬♩♇◌ה ◒ꜟ♩ההה Ⱨ♇♅  )  

ה ◌♇♩▪►♩ ♅♇Ⱨההה  

ה ◌♇♩▪►♩ ♅♇Ⱨההה  

♩►▪♩♇◌ה Ÿ ♅♇Ⱨההה  

 

 

⌐≈™≡│⁸ 5-3-1⌐ ∆ ╡⁸ ╩ ⇔√ ≤∆╢⁹ 

 ̧ ⅜ ╟╡╙ ☻כⱦfiⱬכ♃⁸╘√™ ─☻Ɽ▬◒

╩ ╠∑╢⁹ 
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☻כⱦfiⱬכ♃ 5-3-1 ─  

 

≢│ ⌐≡ ╩ ⇔≡™╢√╘⁸ 5-3-2 ┘ 5-3-3⌐ ∆

╡⁸ⱬכ☻ ♩ꜝ♬○fi ≤ ⌐ ∆╢√╘─♫☿ꜟ ♩

ꜝ♬○fi ⁸♫☿ꜟ ─ ╩ ℮⁹ 

 

  

5-3-2 ─√╘─ⱬכ☻ ♩ꜝ♬○fi  
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5-3-3 ♫☿ꜟ ⌐ ∆╢√╘─♩ꜝ♬○fi ⁸♫☿ꜟ  

 

∕⇔≡⁸ ⌐ ™╢ ─ Ñ1.0m╩ fi◦☻כⱦfiⱬכ♃√⇔

כ◌ ↑ ╩ 5-3-4⌐ ∆ ╡ ╩ ℮⁹ 

    

כ◌fi◦☻כⱦfiⱬכ♃ 5-3-4 ↑  
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(2) ◦☻♥ⱶ 

≤⇔≡ ⅎ≡™╢ ⅛╠⁸ ─ꜟⱩכ◔ ⁸♩כꜟ →

│ 5-3-5⌐ ∆╙─╩ ⅎ≡⅔╡⁸↓╣╩ ⌐ ∆╢⁹ 

 

 

♩כꜟ ⅜  

ꜟⱩכ◔ 5-3-5 ♩כꜟ ─   

 

  ꜟⱩכ◔ (2)

5-3-1─ ꜟⱩכ◔⁸╠⅛ ╩ ⇔√⁹ 

 

ꜟⱩכ◔ 5-3-1 ┘  
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╩ ⌐⇔√ ≤⇔≡⁸ ┘ ( )─ ⅛╠⁸

ꜟⱩכ◔ ◘▬☼│ 100mm2 ╩ ⇔√⁹ ∕─ ╩ 5-3-2⌐ ∆⁹ 

 

 

 

  

 

(3) ◖Ⱡ◒♃  

◖Ⱡ◒♃│ ⌂≥≢ ↕╣╢ ⅜ ↄ⁸ ─ ◖Ⱡ◒♃ⱷכ◌כ

≢ ↕╣≡™╢⁹ ≢ ∆╢≤⁸ ≢ ⅛⁸∕╣≤╙ ≢ ╩

℮⅛≢ ↕╣╢⁹↓↓≢│⁸ ⁸ ⅜ ™≤ ⅎ╠╣╢ ♫☿ꜟ⌐ ↕╣

5-3-2 6.6kV CV ꜟⱩכ◔  

1 ꜟⱩכ◔  

1 ⱨ□▬Ᵽכ◔כⱩꜟ  

2 ⱨ□▬Ᵽכ◔כⱩꜟ  
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╢ ᵑ⌐ ∆╢ ╩ ℮⁹ ∕─ ╩ 5-3-3⌐ ∆⁹ 

5-3-3 ◖Ⱡ◒♃ ( ᵑ ♫☿ꜟ )  

     

ꜟ☿♫┘╟⅔ꜟⱩכ◔ ꜟⱩכ◔

≤─  

⅔╟┘ ⱨ□▬Ᵽ╩◖Ⱡ◒♃

≢ ⌐  

↕╣╢ ה  ◦ꜙⱵ꜠כ◦ꜛfi ╟╡   

4 5m/s  2.7m/s  

5 7m/s ◌♇♩▪►♩  4m/s  

ה  14 32ϴ 

ꜟ☿♫ה  220° 

ה      5° 

 ─ ≢─  20  

 

↓─ ⁸♫☿ꜟ─ⱷfi♥♫fi☻ ╩ ∆╢ ⁸♫☿ꜟ ╡ ⇔ ⌐◖Ⱡ◒♃╙ ╡

⇔ ⌂ ⌐∆╢ ⅜№╢⁹ 

╩ ⌐⇔√ ≤⇔≡⁸ ≢ ⇔√ ╩ 5-3-4⌐ ∆⁹ ≢

⌂Wet-Mate♃▬ⱪ≢│⁸ ─ ꜠ⱬꜟ≢│◖Ⱡ◒♃ ꜟ▬○fiכ◖ꜞ◦⌐≤⌂

⅜ ↕╣≡™╢♃▬ⱪ⅜ ≤⌂∫≡™╢⁹ ⁸ ≢─ ⅜ ⌂Dry-Mate♃▬

ⱪ≢│ ─╟℮⌂ │ ⌐⌂™ ≤ ⅎ╠╣╢⅜⁸∕╣∙╣ 5-3-4─╟℮⌂

╩ ⇔≡™╢⁹ 

5-3-4 ◖Ⱡ◒♃─  
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ה ₈5.4─ ₉ ┘ 5-3-6│Wet-Mate♃▬ⱪ╩ ⌐ ♫☿ꜟ

⌐ ⇔√ ╩ꜟⱩכ◔─ ╘√◦☻♥ⱶ ▬ⱷכ☺╩ ™√╙─≢№╢⁹↓─ ⁸

5-3-4─Wet-Mate♃▬ⱪ1⌐ ⇔√≤⅔╡⁸ ◖Ⱡ◒♃─ ⁸ CV◔כⱩꜟ

╩ ∆╢↓≤⅜ ⌂™√╘⁸Junction Box≤ ┌╣╢ ╩ ⇔≡CV◔כⱩꜟ

⌐ ∆╢ ⅜№╢↓≤⁸ ⌐◖Ⱡ◒♃ ⅛╠ (mǎ○כ♄)◦ꜞ◖

─ꜟ▬○fiכ ╖ ⇔⅜ ∆╢↓≤⅜⁸ ≢№╢ ≢ ╠⅛≤⌂∫√⁹ ↓╣

⌐ ⇔≡⁸ ─ ─≥ꜟⱩכ◔ ᵒ⌐ ⇔≡│⁸ ה ₈5.4─

₉⌐ ∆╟℮⌐ ≢─ ╩ ⇔≡⅔╡⁸ 5-3-4─Dry-Mate♃▬ⱪ

╩ ≢│ ⇔≡™╢⁹ 

 

 

 

(4)  

 → ─ ≤⇔≡  ─ ╩ ⅎ≡™╢⅜⁸ ⅛╠─ │

6.6kV≢№╡⁸↓╣╩ → ─ ⌐ ∆╢ ⁸66kV⌐

∆╢ ⅜№╢⁹↓─ ─ ╩ ⌐╕≤╘√╙─⅜ 5-3-7≢№╡⁸

↓─ ≢ ≤ ╩ ∫≡™╢⁹ 

 

 

Ⱪꜟ◦☻♥ⱶכ◔ 5-3-6 ▬ⱷכ☺  (Wet-Mate♃▬ⱪ) 
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  5-3-7   
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ה .5.4  

5.4.1. ┘ ─ ה  

(1)  

I.  

(▪)  

5-4-1⌐ ─ ╩ ∆⁹ ⅜ CDL+2.836m≤ ⅜ ⅝

™↓≤⅜╦⅛╢⁹ 

5-4-1 ─ 14 

 

 

  

                                                   
14 22 ⁸ 23 3 ⁸
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(▬)  

─ ≤⇔≡ 5-4-1⁸ 5-4-2⌐ ∆ ⁹╢№⅜♃כ♦─15

⅜ ╛⅛⌂─│4 6 ≢№╡⁸ │ ⁸ ≤╙⌐ ⅝™ ⅜

№╢⁹√∞⇔⁸ ⅜ ─ ⌐ ↕╣≡⅔╡⁸ ─ │ ≤⌂╢√╘

─ ⌐ ∆╢⌐│ ≢№╢⁹↓─√╘⁸ ⌐⅔™≡ ⁸

╩ ⇔≡⅔╡⁸∕─ ╟╡ ─ ╩ ╠⅛⌐∆╢⁹ 

 

 

5-4-1 ⁸ ─ ⅔╟┘  

 

 

5-4-2 ─  

  

                                                   
15 32 ⁸ 25 9 ⁸  
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(►)  

⌐⅔↑╢ ─ 15 ≢│⁸ ─ │ 3.0m/s™

⅜ ↕╣≡⅔╡⁸ ╩ ™√ │ ─ ↕™ ─ ╡

⌐ ∆╢ ⅜№╢⁹ 5-4-3⌐ 2014/10/16⌐⅔↑╢ ─ ╩

∆⁹ ≤╙⁹ ≢│ 0.5m/s≤⌂╢ ⅜1 │ ≢⅝╢

⅜⁸ │ ⌐ ⅜ ⅝ↄ⌂╢ ⅜№╢↓≤⅜╦⅛╢⁹ 

 

5-4-3 ─  

 

II.  

5-4-2⌐ ─ ≢ ⇔√ ╩ ∆⁹ ─ ⌐≈™≡

│⁸ ╘≡™╢ ⅔╟┘ ╩ ⌐ ╘╢╙─≤∆╢⁹ 

 

5-4-2 ─  

 

  

0.0

0.5

1.0

1.5

2.0

2.5

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

(m
/s

)

2014/10/16

0.0

0.5

1.0

1.5

2.0

2.5

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00

(m
/s

)

2014/10/16

(m) (s) (m/s)

1.0 7.0 1.5

0.5 6.0 1.0

0.5 6.0 0.5

0.5 6.0 0.5

0.5 6.0 0.5
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III.  

─♪כꜘ (▪)  

5-4-4⌐ ─ ♪כꜘ ╩ ∆⁹ ⌐ │♪כꜘ™ ⁸

⁸⅜╢№≢♪כꜘ─ ─ ▪◒☿☻⁸ ⁸ ⌂≥⅛╠⁸ 5-4-5⌐

∆ ─ ╩♪כꜘ ∆╢╙─≤∆╢⁹ 

 

5-4-4 ─  ♪כꜘ

 

♪כꜘ 5-4-5  

ʿ Ῥ

ẞ Ῥ

Ẏʶ

ȖȐǺ

ὧ (ǞȌǖȖ)

ẞ

βʿ ῬǿǶɆɧɁȭ
Ǔ˗ὕʣʥ֯
ɓȥɨɶǵὦ ǓᾛǜǖƲ
ʰ ǜǓѰ ǜȓƲְ

Ǔ ȐȓȒ

βὧ Ƕ ֥ǲ ḹǓ
ǉȒǦȈ̓ ʥ֯

βẞ Ƕ҇ ҲǓ ƼǉǺ
ǔƽǯᴀǷȓǭǋȒ Ǯǉȑɢɶ
ɇǵ ǒȐ ẆƳȅǦɓȥɨɶƲ
ʣȽȭȵɶǵ ǵ◙ ǓẎ

ǔǋƳ

Ɍ

Ή

ȩɶɓȥɨɶ

᷂

β Ƕ ḹǓ ρǜȓǭ
ǋǱǋǦȈ̓ ʥ֯

᷂Ӣǵ Ǔ
ǋǦȈ ʥ֯

βẞ ῬǲǶɧɓȽɶǓǋǱǋƳ
ῬǒȐẎʶ ǿǵ ЊǶ45t

ֽȅǮ֯ Ƴ

β-7.5mῚṢǶ̓ ʥ֯

β-5.5mῚṢǑȏǺ ♥ǵ
ḹǶ̓ ֯

-7.5mῚṢ -5.5mῚṢŪ

-5.5mῚṢū

⌂

(350kN (250kN

47

⁷20kN/m2

─☻♩♇◒

295

(-7.5 130 (-5.5 90

3.9

2
0
0

0
0

1
5
0

5
0

70
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─╠⅛♪כꜘ (▬)  

5-4-6⌐⁸ ╠⅛♪כꜘ ╕≢─ ╩ ∆⁹ 

 

 

♪כꜘ 5-4-6 ה  

 

IV. ─  

(▪)  

─ ╩ 5-4-3⌐ ⱦfiכ♃⁹∆ כ⁸ⱬ☻כⱦfiⱬכ♃⁸

☻◦fi◌כ 3 │ ⌂ ≤⌂∫≡™╢⁹ 

 

5-4-3 ─  

 

16km

6km

190 170 20

130 17 113

480 139 417

800 326 550
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5-4-7 ─  

(▬)  

5-4-4⁸ 5-4-8⌐ ─ ⌐ ∆╢ ╩ ∆⁹ 

 

5-4-4 ─  

 

 

5-4-8 ─   

220

20

20

25 25
25
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(2) ─  

⌐⅔↑╢ │⁸ ─ ⁸ ┘ⱷfi♥♫fi☻ ⱦכ♃─

fi ─ ה ≢№╢⁹ ⱦfiכ♃⁸│ ⱦfiⱬכ♃⁸

כ◌fi◦☻כ⁸ⱬ☻כ 3 ≢ ≡╠╣≡⅔╡⁸ │ ≢ 800tf⁸

↕╣√ ₁─ ⌐⇔≡╙130190tf─ ≢№╢⁹∕─√╘⁸ ה

╩ ⇔≡─ ≤⌂╢⁹ 

│⁸ ╩ ≢ ∆╢₈ ⌐╟╢ ₉≤⁸

⇔≡ ∆╢₈ ⌐╟╢ ₉≤⅜ ⅎ╠╣╢⁹≥∟╠─ ╩ ∆╢

⌐⇔≡╙⁸ ⌐ ∆ ⇔™ ≢─ ≤⌂╢⁹ 

 

ᵑ ≤ ─ ⌐╟╢ ─  

ᵒ ─ ⁸ ≤ ─ ⌐╟╢ ≢─ ─ ⌂  

ᵓ ─ ≢─ ⌐╟╢ ⌂  

ᵔ ה ה ⅝⌐⅔™≡ ↕╣╢ ™  

ᵕ ⅜-40m-50m≤⌂╢ ≢─  

 

⌐ ═√ ⇔™ ⌐⅔↑╢ ─ ⁸ ┘ⱷfi♥♫fi☻

⌐ ⇔≡⁸ ≤ ∕╣∙╣⌐≈™≡─ ─ ╩ 5-4-5⌐ ⇔√⁹ 

 

5-4-5 ─ ≤  

 

 

╕√⁸↓╣╠─ ╩ ∆╢√╘⌐│⁸ ─ ╩ ∆╢√╘─

⁸ ╩ ∆╢↓≤⅜ ≤⌂╢⁹↕╠⌐⁸ ─ ─ ╩

℮√╘─⁸ ⁸ ⅜ ≤↕╣╢⁹  
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(3) ─  

I. ─  

5-4-6⌐ ─ ─ ⌐≡ ≤⇔≡™╢ ╩ ∆⁹ │

─ ™ ≢№╢↓≤⅛╠⁸ ⌐ ∆╢ ─ ↕™ ⅜

≢№╢⅜⁸ ⌐│ ╩ ⇔≡ ∆╢ ⅜№╢⁹ 

 

5-4-6 ─ ≤  

 

 

 



 

 
 

1
0

0
 

II.  

(▪)  

≢─ ╩ ⌂╙─≤∆╢√╘⌐⁸ ≢ ⌂ ⌐≈™≡ ╩ ∫√⁹ 5-4-7⌐ ╩ ∆⁹

┼─ ≢│ ─⸗♇◒▪♇ⱪ⌐╟╢ ♥☻♩╩ ∆╢ ≢№∫√⅜⁸ ╩ ⇔≡◦fi◌כⱩ꜡♇◒

─ ⇔♥☻♩≢ ∆╢↓≤≤⇔√⁹ 

 

5-4-7 ─  

 

⁷

♥☻♩ ♥☻♩

DP DP

⸗♇◒▪♇ⱪ ⸗♇◒▪♇ⱪ ◦fi◌כⱩ꜡♇◒ ◦fi◌כⱩ꜡♇◒ ◦fi◌כⱩ꜡♇◒ ◦fi◌כor

⌐╟╡⁸
─⸗♇◒▪♇ⱪ╩ ™

√ ♥☻♩╩ ℮⁹

DP ⌐╟╡⁸
─⸗♇◒▪♇ⱪ

╩ ™√ ♥☻♩╩
℮⁹

⌐╟╡
≢ ∆╢◦fi◌כ╩ ∆
╢ ⌐⁸ ♥☻♩╩ ℮⁹

⌐╟╡
≢ ∆╢◦fi◌כ╩ ∆
╢ ⌐⁸ ♥☻♩╩ ℮⁹

ⱥכⱩ◖fiⱭfi☿כ♃ ─
DP ⌐≡ ─◦fi◌כⱩ
꜡♇◒ 50t ╩
⇔⁸ ♥☻♩╩ ℮⁹

⌐⁸ ►▬fi
♅⌐≡ ╩ ↑√
◦fi◌כ⌂≥╩ ╡ ╤⇔
≡⁸ ≢─ ╩
℮⁹

⁸

≢─ │⁸
─ ╦∑≢│№╢

⅜⁸ ⌂ ╩ ⇔
≡⁸ ≢─ ╩
⌂╙─≤∆╢⁹

╩ ⇔≡
∆╢↓≤≢⁸ ╩
⇔⌂™ ⱷfi♥♫fiה

☻ ╩ ⇔⁸◖☻♩
╩ ╢⁹

ה ⌐╟╢
╩ ℮↓≤≢ ≢

─ ╩ →╢⁹
꜡▬ꜗ☺⌐כ◌fi◦ה
⇔≡⁸ ◦☻
♥ⱶ─ ╩ ℮⁹

ה ⌐╟╢
╩ ℮↓≤≢ ≢

─ ╩ →╢⁹
꜡▬ꜗ☺⌐כ◌fi◦ה
⇔≡⁸ ◦☻
♥ⱶ─ ╩ ℮⁹

DPה ⌐╟╢ ╘ ⁸
ⱥⱩ◖fi►▬fi♅─
╩ ℮⁹
꜡▬ꜗ☺⌐כ◌fi◦ה
⇔≡⁸ ◦☻
♥ⱶ─ ╩ ℮⁹

ה ⅜♃כ♦╢╣╠ ⌐
≢⅝⌂™⅛╙⇔╣⌂™

⅜⁸ ™ ≢ ≢─
─ ⅜≢⅝╢⁹

⸗♇◒▪♇ⱪ─ ⌐ ⅜
⅛⅛╡⁸ ╙ ⇔™⁹

─ⱪ♇▪◒♇⸗ה ⌐
⅜⅛⅛╡⁸ ╙ ⇔
™⁹
ה ─ ⁸ ⅜
⁹

╡ ⁸ ⅜ ≤ ⌂
╢√╘⁸≥↓╕≢ ≢
≈⅛ ⁹

╡ ⁸ ⅜ ≤ ⌂
╢√╘⁸≥↓╕≢ ≢
≈⅛ ⁹

⌐╟╢♥☻♩│◦
fi◌כ ╩ ⌡╢⅜⁸DP
─♥☻♩│ ⇔√ ≤
⌂╢⁹

⁷

│ ≢ ╙
⌂ ≢№╡⁸ ∏⇔╙♥
☻♩⅜ ≤™℮╦↑≢│⌂
™⁹

│ ™⅜⁸
⌐ ∆╢↓≤╙ ⁹

⇔♥☻♩≢ ╠╣╢
│ ╠╣⁸ ∏⇔╙
≢№╢ │⌂™⁹

◦fi◌כⱩ꜡♇◒ ╩
⌡╢√╘⁸♥☻♩ │ ↕
™⁹

⌐♥☻♩╩ ℮─
≢№╣┌⁸ ∏⇔╙ ⌐
∆╢ │⌂™⁹

╠⅛─ ⅜ ╠╣╢⅛╙
⇔╣⌂™⅜⁸ │≢⅝
⌂™⁹

ỏ ỏ ỏ Ừ ủ ỏ

⁷

╩ ⇔⌂™ ⁸
≢│ ⌐ ╩╖

╢⌂≥─ꜞ☻◒ ╙
≢№╢⁹

╩ ⇔⌂™ ⁸
≢─ⱷfi♥♫fi☻

⅜♥☻♩─ ≤⌂╢⁹

⇔♥☻♩



 

 
 

1
0

1
 

(▬)  

5-4-8⌐ ╩ ∆⁹ ≢─ ≤⇔≡│⁸ ⅛≈ ⌂ ≢№╢ ⌐╟╢

╩ ∆╢⁹ⱷfi♥♫fi☻ ⌐│ DP ╩ ⱦfiכ♃⁸™ ─ ה ╩ ℮⁹╕√⁸ⱷfi♥♫fi☻

⌐│⁸ ─♥☻♩╩ ∆╢⁹ 

 

5-4-8 ─  

 

 

⁷

♥☻♩

DP DP

ⱦfiכ♃ ⱬכ☻◦fi◌כ

⌐╟╡
─ ╩ ℮⁹

DP ≢
─ ╩ ℮⁹

⌐╟╡
╩ ⇔⁸ ⌐
╡ ∆╢⁹ⱷfi♥♫fi☻
⁸ ╩ ℮⁹

DP ⱦכ♃≢
fi ╩ ⇔⁸
⌐ ∆╢⁹ⱷfi♥♫fi☻
⁸ ♫☿ꜟ ╩ ℮⁹

♫☿ꜟⱷfi♥♫fi☻ ⌐⁸
⌐╟╡ ─ⱬכ

☻◦fi◌כ╩ ™≡⁸ ה
♥☻♩╩ ℮⁹

⌐╟╡
─ ╩ ℮⁹

≢
─ ╩ ℮⁹

⁸

ה ⌐╟╢
─ ╩ ℮⁹

ה ≢ ⌂
╩ ™⁸ꜞ☻◒╩ ∆╢⁹

ה DP ⌐╟╢
─ ╩ ℮⁹

ה ─ ◖☻♩
⌐ ≈⁹

⌐╟╢ⱷfi♥♫
fi☻ ─ ╩ ℮⁹

ה DP ⌐╟╢
─ ╩ ℮⁹

ה ─ⱷfi♥♫fi☻◖☻♩
⌐ ≈⁹

ⱬכ☻◦fi◌כ│ ™
╩ ↕╣╢√╘⁸
≢─ ╩

∆╢⁹

≢│⁸ ⅝⌂
│◒ꜞ▪↕╣≡™╢≤

ⅎ╠╣⁸ ⌂ │
№╕╡⌂™⁹

⅜ ™⁹ ≢─ ♥☻♩
╩ ⇔⌂™ ⁸
≢ ─⌂™ ╩ ∆╢
ꜞ☻◒⅜№╢⁹

─ⱷfi♥♫fi☻◖☻♩
─ ⅜≢⅝⌂™⁹

↓─ ≢ ⅜≢⅝⌂
⅛∫√ ⁸ │↓↓
≢ ≤⇔⁸ ⌐ ╢
⅜№╢⁹

ⱬכ☻◦fi◌כ─ ⅜≢
⅝⌂™ ⱦfiכ♃⁸
─ ♥☻♩⁸ ⌐
╩ ∆⁹

⁷

≢ ╙ ⌂ ≢№
╡⁸ ─ꜞ☻◒│ ™⁹

ꜞ☻◒⅜№╢√╘⁸
⌂ ≤│ ⅎ⌂™⁹

≤ ∂ ≢№
╢⁹

ⱷfi♥♫fi☻◖☻♩ ─√
╘⌐ ∆╢ ⅜№╢⁹

─√╘─
─ ╩ ╢ ≢

⌂♥☻♩≢№╢⁹

Ừ ỏ ỏ Ừ Ừ ỏ ủ

⁷

♫☿ꜟⱷfi♥♫fi☻ ♦Ᵽ▬☻



 

102 
 

III.   

5-4-9⁸ 5-4-10⌐ ─ ⁸ ≢─ ╩ ∆⁹

─ │⁸ ⅜ ╛⅛⌂ 4 ≤⇔√⁹ ─ ∆╢ 9 ⌐⁸ⱷ

fi♥♫fi☻─√╘─♃כⱦfi ה ─ ⅔╟┘ ─ ─√

╘─ⱬכ☻◦fi◌כ─ ♥☻♩╩ ∆╢⁹∕─ ─ ╩⇔≡⁸ ─

⅜ ↕╣╢ ╩ ↑≡ ╩ ∆╢⁹ 

 

5-4-9  

 

 

5-4-10  

 

  

4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

₳ 2/₴↓ ₴

5 6 7 83 4

2

ὕ Ḣ

0/ 00 01 0 1

ὕ Ḣ

ʣ

ֽ

Ƚɶɑɱ

̱

֒

ѝҊ

ɄȷɆ

Ƚɶɑɱ

̱

֒ ֒

ɟɱɄ

Ɉɱȷ

ɟɱɄ

Ɉɱȷ

ֽ

ֽ

ẎḌ ǲȏȒʝ DP ʴḌ

DP ʴḌ ǲȏȒѝҊ ֒
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(4) ⌐╟╢  

─ ≢│⁸ ─ ╩ ⇔≡ ─ │ ╩

∆╢⁹ 5-4-11⌐ ─ ⱨ꜡כ╩ ∆⁹ 

5-4-11 ⱨ꜡כ 1/2 

 

1

2

3

4

5

◦fi◌כⱩ꜡♇◒
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5-4-11 ⱨ꜡כ 2/2 

 

  

6

7

8

9

10

ה
ROV ─ ⅝

─ ⅝

─ ⅝

◖Ⱡ◒♃כ
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(5) ─  

⅛╠─℮⌡╡─ ╩ ↑╢ ≢⁸ 50m┼─ ─ │⁸◖

☻♩ ה ≤╙⌐ꜞ☻◒╩ ℮√╘⁸ꜞ☻◒─ ⅜ ≤⌂╢⁹ ─ ™

≢─ ⅛╡ ⌐╟╢◖☻♩ ≤⁸ 50m≢─ꜞ☻◒ ╩ ≤⇔√

╩ ∫√⁹ 

 

I. ⱥכⱩ◖fiⱭfi☿כ♃ ה ⅝ ◦☻♥ⱶ 

≢─ ≢ ⇔≡™╢⁸ⱥכⱩ◖fiⱭfi☿כ♃ ⅝─►▬fi♅╩ ⌂ ≤⇔⁸

─ ╩ ∆╢⁹ ⁸ⱨ□כⱶ╙ ⌐ ╣⁸►▬fi♅꞉▬ꜘ┼─

⅜ ⌂™►▬fi♅♪ꜝⱶ ╩ ⇔⁸ ┼─ │ ⌐╟╢

╩ ∆╢⁹ 5-4-9⌐ ≤⌂╢ⱥכⱩ◖fiⱭfi☿כ♃ ⅝►▬fi♅╩ ∆⁹ 

 

 

5-4-9 ⱥכⱩ◖fiⱭfi☿כ♃ ⅝►▬fi♅  

 

II. ◦☻♥ⱶ 

≢─ ─ │⁸ ≢ ╩ ℮⁹⇔⅛⇔⁸ ╛

─ ⌐╟╢ ⅜ ™√╘⁸ ⌐│ ─ ╩ ℮↓≤⅜ ≤ ⅎ╠╣╢⁹

ⱷfi♥♫fi☻╩ ℮ ╙◖☻♩ ╩ ⅎ╢≤ ⅜ ≤⌂╢⁹ ─ │⁸

ⱦfiכ♃≥☻כⱦfiⱬכ♃ ⁸ⱬכ☻◦fi◌כ◦fi◌כ╩ ≢ ∆╢⅜⁸↓─

⁸ ─ ⅜ ╘╠╣⁸ ╙ ™ ⅜ ≤⌂╢⁹

─╖⌂╠∏⁸ ╡ ↑ ┘ ╙ ╘≡◦☻♥ⱶ╩ ∆╢⁹ 5-4-10⌐

◦☻♥ⱶ ╩ ∆⁹ 
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5-4-10 ◦☻♥ⱶ  

 

III. ↑ה ⇔  

≢│ ─ ╩ ℮ ≢№╡⁸ ─ │⁸ ─ ╩

⇔√ ≢⁸ ╙◖☻♩╩ ⅎ╢↓≤⅜≢⅝╢≤ ⅎ╠╣╢⅜⁸ ⇔│ 30m

⌐⌂╢√╘⁸ ⌐ ⇔⅜≢⅝╢ ╡ ╩ ∆╢⁹╕√⁸ⱷfi♥♫fi☻╩∆╢

⌐ ⱦfiכ♃⁸╢⌂≥ ─ ╡ ⇔ ≤ ─ ↑ ┘ ⇔ ╙

╦∑≡ ∆╢⁹ 5-4-11⌐ ≢─ ≢ ה↑ ⇔⅜≢⅝╢ ─ ╩ ∆⁹ 

 

 

ה↑ 5-4-11 ⇔   
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(6) ─√╘─  

I. ─  

⁸ ─ ⌂≥⌐│⁸ ─ ⁸ ─

⁸ ⌂≥╩ ⌐ ∆╢ ⅜№╢⁹⇔⅛⇔⌂⅜╠ │ ה

⅜ ⇔™ ⁸ ─ ™ ⌐ ╩ ∆╢≤™℮ ≢│

─⌂™ ≢№╢√╘⁸ ─ ⅛╠ ╠╣╢ ⅜ ⌐ ⌂™─⅜ ≢№╢⁹ 

⌐⅔™≡│⁸ ⁸ ◦Ⱶꜙ꜠כ◦ꜛfi ⁸

⁸ ╩ ⇔≡⁸↓─ ≢─ ╛ ─√╘─ ╩

∆╢⁹ 

 

II.  

(▪)  

─ ⌐╟╢ │⁸ ≤ ⌂≥⅛╠ ⇔√ ≤

─ ♃כ♦ ⅎ┌⁸ ─♫►ⱨ□☻⁸ ╛ ─ ⅛╠

⌐ ╦╣≡™╢⁹ ╛ ─ │⁸ ─ ⌐≈™≡─ ≢№╡⁸

⅛≈ ⌐ ╩ ⌐ ╦╣≡™╢╙─≢№╢⁹⇔√⅜∫≡⁸ ─☻ⱳ♇♩

≤⇔≡─ ⌐│ ⇔√ ⌐♃כ♦ ⇔≡ ╛ ╩ ⇔√

⅜ ≤⌂╢⁹╕√⁸ ⌐⅔↑╢ ─ ≤⌂╢ 1 ─

⌐ ∆╢ ⌐≈™≡│ ↕╣√╙─≢╙⌂™⁹∕↓≢⁸ │⁸ ⌂

╩ ∆√╘⁸ ─☻ⱳ♇♩ ⌐ ⅜ ─ 3 ╕√│ ≢╙

⅛╠ ™ ≢ ≢⅝╢ꜞ▪ꜟ♃▬ⱶ ◦☻♥ⱶ╩ ∆╢╙─≢№╢⁹ 

≢│⁸ ⌐ ℮ ─ ◦☻♥ⱶ ─ ≤⇔≡⁸

20127 12 ⌐ ⌐⅔™≡ ╦╣√ ╩ ≤⇔≡⁸ ↕╣√ ה

╩ⱶ♥☻◦◒כⱠ♇♩꞉ꜟꜝכꜙ♬⁸⌐≥╙╩♃כ♦ ™√ꜞ▪ꜟ♃▬ⱶ ◦☻♥

ⱶ╩ ⇔⁸∕─ ╩ ∆╢╙─≢№╢⁹ 

 

(▬) ꜞ▪ꜟ♃▬ⱶ ◦☻♥ⱶ 

≢│⁸Ɽꜝⱷכ♃ ─ ─ ⌐ ╩◒כⱠ♇♩꞉ꜟꜝכꜙ♬⌂ ⇔

≡ ↕╣╢ ≤ ⱶ▬♃ꜟ▪ꜞ⁸╡╟♃כ♦ ◦☻♥ⱶ╩ ∆╢⁹╕∏⁸

⁸│◒כⱠ♇♩꞉ꜟꜝכꜙ♬╢∆ 5-4-12⌐ ∆╟℮⌂ ⁸ ⁸ ⅛╠

⌂╢ ⸗♦ꜟ≢№╢⁹ ◦☻♥ⱶ⌐⅔↑╢ ─ ╣│⁸ Ÿ Ÿ

≤™℮ ⌐ ∆╢ⱨ▫כ♪ⱨ◊꞉כ♪ ≤⌂∫≡™╢⁹ Ɽꜝⱷכ♃⌐

╟╢ ▪ꜟ◗ꜞ☼ⱶ⌐│⁸ ⸗♦ꜟ─ 2 ╩ ⌐∆╢ ╩ ╘ ∆╢

≢№╢ Levenberg-Marquardt╩ ⇔√⁹↓─ fi♩כꜙ♬ה☻►●│ ≤

╩ ╖ ╦∑√▪ꜟ◗ꜞ☼ⱶ≢№╢⁹ │⁸ ⌐ 10,000

╩ 1 ≤⇔≡ 500 ℮ ─◒כⱠ♇♩꞉ꜟꜝכꜙ♬⁸≡™⅔⌐ ⌂ ╩ ←
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√╘⌐ early stopping ╩ ™≡ ⅜ 1x10-5⌐⌂╣┌ ⅜ ╦╢╟℮⌂

╩ ™╢⁹ │⁸1. training⁸ 2. testing⁸3. validating─3 ≢ ™⁸training

│ ╩♃כ♦─80%⁸testing⌐│20%─♃כ♦ ™√⁹ ⁸training│≡⇔≥♃כ♦√™

⌐│20127 1  00:0012 31 23:00─ ─1 ─ ה ─♃כ♦

13 ⁸validating⌐│20127 1  00:0012 2 20:00─ ╩ ™≡™╢⁹

─◒כⱠ♇♩꞉ꜟꜝכꜙ♬╢№ ≤⇔≡│⁸validating─ ╡╟♃כ♦

╩ ╩◒כⱠ♇♩꞉ꜟꜝכꜙ♬∆ ⇔√⁹ ↕∑√ ⁸201210 30 01:00

11 30 20:00─ ─ ↕╣√ ה ♃כ♦ ™≡24h⁸48h─ ─

≤ ╩ ⇔√ ⅜ 5-4-13⁸ 5-4-14⌐ ⇔√╙─≢№╢⁹24h─

│ ≤╟ↄ ⇔≡™╢⅜⁸ ⅜ ↄ⌂╢⌐ ∫≡ ⅜ ∆╢

⌐№╢⁹ ⌐ ⌐ ∆╢ ≤ ─ ⌐∕─ ⅜ ↄ ╣≡™╢⁹

5-4-15│ ≡─ ≤ ⌐ ∆╢ ≤ ─ ╩ ⇔√╙

─≢№╢⁹ ─ ⅜0.78⁸ ⅜0.79≤ ╟ↄ ≢⅝≡™╢

⅜⁸ ╢╟⌐◓fi♬כꜙ♅╢⌂ ╩ ℮ ≢№╢⁹ 

 

─◒כⱠ♇♩꞉ꜟꜝכꜙ♬ 5-4-12  

 

 

5-4-13 24h─ ≤  

 

 
 ההה

 ההה

 ההה

 ההה
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5-4-14 48h─ ≤  

 

 

5-4-15 ≤ ⌐ ∆╢ ≡─ ≤ ─  
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III.  

(▪)  

╩ ⌐ ∆╢ ⌐⁸ ─ ╩ ⌐ ≡⅔ↄ↓≤≢⁸

⌂ ╩ ℮↓≤⅜ ≢⅝╢⁹ │↓─╟℮⌂↓≤╩ ≤⇔≡⁸ ≢

─ ⅜ ≢№╢ ─ ─ ╩⁸ ⌐╟∫≡ ∆╢√╘─◦

☻♥ⱶ╩ ∆╢╙─≢№╢⁹ 

─ │⁸ ₁⌂⸗♦ꜟ⅜ ↕╣≡™╢⅜⁸ ≢─ ─ ₁

⌂ ╩ ⅎ╢ ⸗♦ꜟ╩ ™╢↓≤⅜ ╕⇔™↓≤⅛╠⁸◄Ⱡꜟ◑כ ╩⸗

♦ꜟ ≤⇔√ ⸗♦ꜟ╩ ⇔√⁹↓↓≢⁸ │ ⅜ ↄ ⇔⁸

╕√⁸ ╡ ╪∞ ╩ ∆╢ ≢№╢√╘⁸ ─ ⅜ ≢⅝⌂™⁹⇔⅛⇔⌂⅜

╠⁸◄Ⱡꜟ◑כ ≢─ ≢│⁸ ─ ╩ ∆╢√╘ ⌐│

╩ ℮↓≤⅜≢⅝⌂™⁹╕√⁸ ─ ⅜ ⅝ↄ⁸ ⅜ ─ ⌐ ⅎ╢

╙ ∆╢ ⅜№╢⁹ 

∕↓≢⁸ ≢│ ╘⌐ ╠(1999)⅜ ⇔√ ─ ╩ ≢⅝╢◄Ⱡꜟ◑כ

╩ ™≡ ╩ ™⁸↕╠⌐ ╠(2004)─ ╣─ ≤ ╩ ╖ ╪∞

⸗♦ꜟ╩ ⇔⁸ ⌐╟╢ ─ ⌐≈™≡╙ ∆╢⁹ 

 

(▬) ◄Ⱡꜟ◑כ  

≢│⁸ (x,y) ┘ ⅝—╩ ≤∆╢ ⌐ ╩

╖ ╪∞ ╠(2004)─ ╩ ™√⁹ 

‬ὅὔ

‬ὼ

‬ὅὔ

‬ώ

‬ὅὔ

‬—
 

‖

ς„

‬

‬ώ
ὅὅÃÏÓ—Ͻ

‬ὔ

‬ώ

ρ

ς
ὅὅÃÏÓ—Ͻ

‬ὔ

‬ώ
‐ὔ                    ρ 

↓↓≢⁸ὔ│ ⁸ὅ│ ⁸ὅ│ ⁸„│ ⁸‖│ ⁸‐│

⌐╟╢◄Ⱡꜟ◑כ ≢№╡⁸ ὅ ὅ⅔╟┘ὅ │∕╣∙╣ ─╟℮⌐

∆↓≤⅜≢⅝╢⁹ 

ὅ

ὅÃÏÓ—

Ὗ                                                                                             ς 

ὅ

ὅÃÏÓ—

ὠ                                                                                             σ 

ὅ
„

ÓÉÎÈςὯὬ
ÓÉÎ—

‬Ὤ

‬ὼ
ÃÏÓ—

‬Ὤ

‬ώ
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ÃÏÓ—ÓÉÎ—
‬Ὗ

‬ὼ
ÃÏÓ—

‬Ὗ

‬ώ
 

ÓÉÎ—
‬ὠ

‬ὼ

ÓÉÎ—ÃÏÓ—
‬ὠ

‬ώ
                                                                           τ 

↓↓≢⁸(U,V)│ ─ ⱬ◒♩ꜟ⁸k│ ⁸h│ ≢№╢⁹  
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(►)  

│ ⅝ 16 ⁸ Ho=1.0m⁸ To=4.0⁸8.0s─

≢⁸ │10⁸ │36≤⇔√⁹☻Ɑ◒♩ꜟ │Bretschneider-

≢⁸ │ ≤⇔√⁹ ⌐╟╢ │ ⇔≡™⌂™⁹ ↕╣

╢ ⅛╠ 1m/s⌐ ⇔≡╙ ╩ ∫√⁹ 

│ ≤ ⅛╠ ⇔√⁹ │ 35km⁸ 24km

≢№╢⁹ DX=DY│100m≤⇔√⁹ 

 

(◄)  

5-4-16⅛╠ 5-4-19│⁸∕╣∙╣ ─ ⅝⅜N⁸NW⁸S⁸ 4.0s─ ─

⅔╟┘ ⅝ ─ ≢№╢⁹ ─ │⁸ ╩ ⇔√

─ ≢№╢⁹╕√⁸ 5-4-12│⁸ ─ ⌐⅔↑╢ ⁸ ⁸⅔╟┘

⅝─ ╩╕≤╘√╙─≢№╢⁹ ⱨ▫כꜟ♪ ≢│ ─ ─ ─

≢│ ─ │ ↕™⅜⁸ ─ ⌐ ╢⌐⇔√⅜∫≡⁸ ⌐ ∆╢ ≢

0.50.2⌐ ⇔≡™╢⁹ ⌐ ⌐ ⇔≡™╢ ⅝ S≢│⁸ ⱨ▫כꜟ♪

─ ⅜ ™↓≤⅜ ╖ ╣╢⁹ 5-4-19│⁸ ─ ⅝S⁸ 1m/s≢─

≢№╢⁹ │ ⅜ ↕™ ╩ ⇔≡™╢√╘⁸ ─ ┼─

│ ↕™↓≤⅜ ↕╣√⁹ 

 

5-4-12 ⌐⅔↑╢ ─  

 

 

 

 

 

 

 

H o (m)

To (s)

H (m) T (s) D (deg) H (m) T (s) D (deg) H (m) T (s) D (deg)

29m -17,652.55579 -62,089.50115 1.00 4.17 142.40 0.95 4.22 173.64 0.00 5.33 11.79

24m -40,096.46695 -54,210.12701 0.05 4.08 182.56 0.06 4.32 186.47 0.78 4.14 347.27

28m -24,286.15438 -62,370.52113 0.65 4.25 151.06 0.58 4.27 157.81 0.09 3.88 320.60

27m -18,959.98038 -56,204.15149 0.40 4.30 135.82 0.26 4.03 139.25 0.14 4.26 337.39

N

4.0

S

1.0

4.0

N

1.0

4.0

NW

1.0
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5-4-17 ⅝NW  5-4-16 ⅝N  

5-4-18 ⅝S  5-4-19 ⅝S⁸ 1m/s 
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Fig-2. Distribution of wave height and wave direction (Offshre wave direction: N)
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Fig-5. Distribution of wave height and wave direction (Offshre wave direction: NW)
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Fig-8. Distribution of wave height and wave direction (Offshre wave direction: S)














































































































