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Summary 

The purpose of this project is to think about the feasibility of the demonstration of 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 explore in detail about simulation of tidal current, 

selection of candidate sites, demonstration devices and subsea cables and installation 

methods. The outlook for internal tidal power plant cost was estimated as economic feasibility 

study on the basis of prior studies and the preceded international trend. Specifically, it 

performed the following tasks: 

 

<Project Tasks> 

(1) Simulation of Tidal Current; 

(2) Selection of Multiple Candidate Sites for Demonstration ; 

(3) Conceptual Design of the Demonstration Devices; 

(4) Examination of Onshore Substation and Subsea Cables; 

(5) Examination of Installation Methods of Demonstration Devices; 

(6) Economic Feasibility Study; 

(7) Local collaboration/Evaluation Committee Meetings 

(8) Collaboration with other project 

 

In the candidate site selection, the meteorological and hydrographic data such as tidal current 

speed and ocean waves were observed and analyzed, in order to carry out a verification of 

the effects on the installation of the demonstration devices. In addition, the scoping document 

of environmental impact assessment that based on the regional characteristics, was 

compiled a document that can be used as a guide of the process of investigation, expectation 

and assessment in the future of the related projects. In regard to the economic evaluation, it 

was carried out the estimation of future power generation cost, which is expected that the 

various issues have been overcome along with the trend of technology and project 

development of foreign countries. 

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 

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

external experts. 
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◄Ⱡꜟ◑כ ─ │⁸ ◄Ⱡꜟ◑כ─ ╩ ⇔⁸ ╩

⇔≡™ↄ√╘⌐ ⌂ ≢№╢⁹ ⌐⁸ ◄Ⱡꜟ◑כ ─ ≢╙⁸ ─

⅜ ↕╣╢ ⌐≈™≡⁸ ⅜ ─ ⌐ ⇔√ ┘◦☻♥ⱶ╩ ∆╢↓≤

⅜ ≤ ⅎ╠╣╢⁹ 

│⁸ ⌐⅔™≡ ─1MW ◦☻♥ⱶ─ ╩

∆╢≤ ⌐⁸ ⌐ ╢ ╩ ™⁸ ─ ⌐ ⇔⁸

╩ ⇔√ ─ ™ ─ ╩ ∆╢↓≤╩ ≤∆╢⁹ │⁸

─ ╩ ╕ⅎ≡↕╠⌐ ⌐ ⁸ ⁸ ┘ ╛ ⌐ ∆

╢ ╛ ╩ ⇔⁸ ⌐№√∫≡─ ─ ╩ ℮⁹ 

 

2. ─  

2.1. ─  

─ ─ ╩ ╕ⅎ⁸ ≢│⁸ ⁸
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◦☻♥ⱶ─ ≢№╢⁸♫☿ꜟ╛Ⱪ꜠כ♪ ─ ╩ ∫≡™╢ 2-1-

1⁹ 

 

2-1-1 ─  
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2.2.  
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3. ─  

3.1. ◦Ⱶꜙ꜠כ◦ꜛfi 

⌐ ⇔√ ⸗♦ꜟ FVCOM⌐╟╢ ◦Ⱶꜙ꜠כ◦ꜛfi

│⁸ ⌐ ↕╣√ ADCP⌐╟╢ ⱡ ⁸ ─ ─

≤ ⌡ ⌂ ╩ ∆↓≤⅜ ⅛∫√⁹╕√⁸ ⌐⅔↑╢ ADCP⌐╟

╢15 ─ ≤ ⇔≡ ה ─ ─♃כ♦ ⅜ ™↓≤⅜ ⅛╘╠

╣√⁹∕↓≢⁸ ─ ≤⇔≡│↓─ ≤⇔≡ ─ 2 ⌐≈™≡ ╩

╢↓≤≤⇔√⁹ 

 

(1) ≢─ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢ 

(2) ╩ ⇔√ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔≡⁸ ⌐╟╢ Ɽ꞉כ┼

─ ╩ ╙╢ 

 

(1)⌐≈™≡│⁸ ─ ⅝↕⅜ 20m≢№╢↓≤⅛╠ ╦╣╢ ⱦכ♃

fi ╡─CFD ≢ ≤⌂╢ ─ ⌐ ╦∑√ ≢─◦Ⱶꜙ꜠כ◦ꜛ

fi⁸(2)⌐≈™≡│ ⁸ ≤⌂╢ ⱨ□כⱶ─ ⌐⅔™≡ ≤⌂╢

─ ⸗♦ꜟ ┘ ─ ╩ ⌐ ™≡ ∆╢⁹ 

 

3.1.1.  

◦Ⱶꜙ꜠כ◦ꜛfi⌐⅔↑╢ ≤⇔≡│⁸ ≤ ∂ 120km80km⁸ 

3-1-1 ≤⇔√⅜⁸ ⱡ ┘ ⌐⅔↑╢ ─ ≢─

ⱷ♇◦ꜙ╩ 30m≤∆╢↓≤⌐╟∫≡ ─ ╩ ╢↓≤╩ ╖√⁹ 3-1-

1│ ⌐⅔↑╢ ⱷ♇◦ꜙ─ ╩ ⇔√╙─≢№╢⁹ ⌐≈™≡│

─ J-BIRD╩ ™⁸ ─ ⱨ▫כꜟ♪

⌐⅔™≡│ ╩♃כ♦ ™≡⁸ ⌂ ╩ ⇔√⁹╕√ ─ů ╩20

≤⇔≡ ╣─ ╩ ⌐ ∆╢≤ ⌐⁸ ⌐ ∆╟℮⌐ ╛ ≤™∫√

⌐≈™≡╙∕─ ╩ ⇔√⁹ ⌐⅔™≡│⁸ ◦☻♥ⱶ

(Matsumoto et al., 2000⅛╠8 (S2,M2,O1,K1,P1,Q1,N2,K2)─ ה ╩

≤⇔≡ ⅎ√⁹ ה ─ │ ⌐╟╢

╩ ⌐ ⇔⁸ ⌐⅔↑╢ ⱨꜝ♇◒☻╩ ⇔≡™╢⁹╕√ ⌐⅔™≡│

⌐╟╢FRA-JCOPE2 reanalysis dataMiyazawa et. al, 2009)⌐╟

╢ ╩ ⅎ⁸⸗♦ꜟ┼─ ⌐ ⇔≡│Relaxation scheme(H.C.Davies,1976)╩

™√⁹ │ ◄Ⱡꜟ◑כ─ ╩ ∆╢√╘⁸ ┘ ─ ╩ ⇔√⁹
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⌐ ⇔√⁹ ⌐│ ☿fi♃כ─ ▪ⱪꜞ◔כ◦ꜛfi◘כⱣ

HITACHI HA8000-tc/HT210╩ ⇔√⁹ 
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3.1.2.  

3-1-2│⁸ ┘ ⱡ ⌐⅔↑╢ ↕╣√ → ⌐⅔↑╢

ה ╩ ⇔√╙─≢№╢⁹ⱬ◒♩ꜟ│ │כ♃fi◖כꜝ◌⁸╩ ╩ ⇔≡™

╢⁹ ─⸗♦ꜟ ╩№→√↓≤⌐╟∫≡⁸ ⌐ ⌂ ─ ╩ ∆╢↓≤

⅜ ╢⁹ ≤╙⌐ ╣⅜ ⌐ ↄ⁸2.5 m/s╩ ⅎ≡™╢⁹ 

3-1-3│ 2015 ⌐ ↕╣√ ⌐⅔↑╢ ─ ADCP ╩ ⇔

≡™╢⁹ 3-1-4│⁸ 21 ⌐⅔↑╢ ה ─ ⱱ♪◓ꜝⱨ╩

≤ ≢ ⇔√⁹ ⸗♦ꜟ─ │ ≤╒╓ ⌂∫≡⅔╡⁸ ™ ╩ ∆

╢↓≤⅜ ≢⅝╢⁹↓─ ≢│ ─ │ ≢3m/s ≢№╢─⌐ ⇔⁸ →

─ │∕─ ≤⌂∫≡™╢↓≤⅜ ⅛╢⁹ 3-1-5(a)┘(b)│⁸↓─ ─

(U, V)╩ ↔≤⌐ ≢ ≤ ≢ ⇔√ ╩ ∆⁹↓╣╠─ ⅛╠╙

⸗♦ꜟ⅜ ─◦Ⱶꜙ꜠כ◦ꜛfi≤⌂∫≡™╢↓≤⅜ ⅛╢⁹ 
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⌐⁸ 3-1-6│ ↕╣√ ┘ ⌐≈™≡⁸ ⌐╟╢

─╖ ≤ ⇔√╙─≢№╢⁹ ↕╣√ │ ⌐╟╢ ─

⌐╟∫≡ ≢ ↄ ⌐ ⅛℮⌐≈╣≡ ⅜∫≡⅔╡⁸╕√ │ ⌐ ≢ ↄ

≢ ™ ╩ ⇔≡™╢⁹ ⸗♦ꜟ│↓℮⇔√ ╩╟ↄ ≢⅝≡™╢↓≤⅜ ⅛╢⁹

⌐≈™≡╙ ─ ╩ ⇔≡™√⁹ ⌐ ⌐╟╡ ─ ű╩

⇔√ Czitrom and Simpson, 1998⁹ 
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⇔√⁹ │ ⌐ ⌐╟∫≡ ⅜ ╘╠╣⁸ ה ─ ⅜ ⅝ↄ⌂╢⁹∕─√

╘⁸ ⅜ ↄ⌂∫≡™╢↓≤⅜ ⅛╢⁹ ≢ │ ─√╘ ⌐ ↨╡╛

∆ↄ⌂╡⁸ │ ↕™⁹ 
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⌐ ⌐╟╡ ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ(TCP)╩ ⇔√⁹ 

4#0 
ρ

ς
ϽʍϽ!ϽὟ   ς 

ɟ│ ⁸ │ ⁸ │ ≢№╢⁹ 30 ≢ ⇔√

┘ ─ ╩ 3-1-8⌐ ∆⁹U│ ─ ⁸A│ ≤⇔√⁹ ≤

╙⌐ ≢ ⌐ ™◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ╩ ⇔≡™╢ ⅜ ⅛╢⁹╕√ ⌐╟

∫≡ ⅜ ╠╣╢↓≤╙ ⅛╢⁹∕↓≢ ─◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ╩ ─ ≢

∫√ ╩ ⱡ ┘ ⌐≈™≡ 3-1-9⌐ ∆⁹↓─ ⁸

─ Ɽ꞉כⱳ♥fi◦ꜗꜟ(TCP)│ ─ ⌐⅔™≡ ⌐ ∆╢↓≤⁸╕

√⁸ ⌐╟∫≡│6080⌐ ∆╢ ≤⌂∫≡™╢↓≤⅜ ⅛╢⁹↓─ ⌐≈™

≡│⁸ ─≤↓╤ ≢│⌂™⅜⁸ ⌐ ∆╢ ⌐╟∫≡ ╣─◄Ⱡꜟ◑כ

⅜ ↕╣╢≤™℮ ⅜№╢⁹ ⁸ ─ ─ ╩♃כ♦ ╘≡⁸ ⌂

╩ ™⁸TCP─ ⌐≈™≡ ∆╢↓≤⅜ ≢№╢≤ ╦╣╢⁹ 

3- 1- 7 ┘ ⌐⅔↑╢  
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3- 1- 8 ┘ ⱡ ⌐⅔↑╢ ◄Ⱡꜟ◑כⱳ♥fi◦ꜗꜟ

,   

3- 1- 9 30 ⇔√ TCP TCP─  

    ⱡ ,   
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3.2.  

3.2.1.  

 

─ ╩ ∆╢√╘⁸1 ≢ ↕╣√2 ⌐≈™≡⁸

⌐ 2 ╩ ∫√⁹2 │ ╩ ∆╢√╘ ─ ≤⇔⁸

27 │⁸ ⁸ ⁸ ╩ ∫√⁹⌂⅔⁸ │ ⌐

⇔√⁹ 

╕√⁸ ─ ─√╘⁸ ─ ╛ ⁸ ─ ─ ╩ ∫√⁹ 

 

 

¶  

¶  

¶  

¶  

¶  

¶  

─ꜟⱩכ◔ ¶  

¶  

 

 

1 ≢ ⇔√ ⱡ ᵑ⁸ ᵑ─ ⌐≈™≡ ╩ ∫√⁹╕√⁸

│ ─ ╩ ↑╢ ─ ╩♃כ♦─ ╢√╘⁸ ⁸ ╩ ╦

∑≡ ⇔√⁹ 3-2-1⌐ ╩ ∆⁹ 

 

 

2 ─ ╩ 3-2-1⌐ ∆⁹ ≤ │ ╕≢

⇔≡ ℮⁹ 
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3-2-1 2   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-1  2   

 

  

( )                 
( )             

            

            

 

    

⁷
1 2 3 34 5 6 7 8 9 10 11 12 1 2

2827

 

 ⁸  

30m  

 

 

 

 

 

 

 

 

 

⁸  

30m  

 
 

 

 

 

 

ⱡ  

ⱨ▫כꜟ♪ 

 

ⱨ▫כꜟ♪ 
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3.2.2.  

 

─ ─ ⌐№√╡⁸ ─ ⅜ ⅝™ ╩ ∆╢√╘ ╩

∆╢⁹ ⌐⅔↑╢ → ⁸ → ─ ─ ╩ ∆╢⁹ 

─ │⁸ ╣⅜ ╛⅛⌂ ─ ╕╡─ ⌐ ℮⁹ ⌂ ╩ ℮

√╘⁸↓─≤⅝─ ╣─ ╩ ∆╢√╘⁸ ⅜ ↕╣≡™╢ ⌐ ─ ╙

⇔√⁹ 

 

 

1 ≤ ⌐⁸ADCP ♪♇ⱪꜝכ ╩ ⌐ ╡ ↑√ ╩ ↕

∑⁸ ─ ─ ╩ ⇔√⁹ │ → ⁸ → ─ ⁸

│ → ⁸ ⁸ → ─ ╩ ≤⇔√1 1 30

╩ ⌐⇔≡ ╩ ⇔√⁹ 

│⁸  3-2-1╩ ─↓≤⁹ 

 

 

♃כ꜡─ ≤⌂╢ 20m─ ╩ 3-2-2⌐ ∆⁹╕√⁸

⌐≈™≡│⁸ ⌐ ╩ ↑╛∆™ 5m─ ╩ 3-2-3⌐ ∆⁹ 

─ ⁸ ⌐⅔↑╢ ┘ ⱡ ≢─⁸ ─

╣─ ╩ ⌐ ∆⁹ 

ᵑ 5 18  

→ ─ │ ≢2m/s ≢№∫√⁹ → ─ │ → ⌐ ═≡ ↄ⌂

╡⁸ ≢3.7m/s≢№∫√⁹ ≢│ ⌐⌂╢⌐≈╣≡ ₁⌐ ↄ⌂∫≡™√⁹ 

ᵒ  ⱡ 5 19 → ⁸6 3 →  

→ ─ │ ≢2.5m/s≢№∫√⁹ → ─ │33m/s ≤ →

⌐ ═≡ ↄ⌂∫≡⅔╡⁸ ≢│ ⌐⌂╢⌐≈╣≡ ₁⌐ ↄ⌂∫≡™√⁹ 

ᵓ 5 11 → ה ⁸6 10 →  

→ ─ │1 1.5m/s─ ≢№╡⁸ ─ ─ │╒╓0.5m/s

≢№∫√⁹ → ─ │1.0m/s≢⁸ → ⌐ ═≡ ⌐ ↄ⌂∫≡™√⁹ 

ᵔ ⱡ 5 10  

→ ─ │1.52.0m/s≢№╡⁸ ─ │╒╓1.0m/s≢№∫√⁹

╕√⁸ → ─ │1 1.5m/s≢№╡⁸ → ⌐ ═≡ ⌐ ↄ⌂∫≡™√⁹ 
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               ⱡ  

3-2-2 ─ → ⁸ 20  

 

 

 

 

 

 

 

 

 

               ⱡ  

3-2-3 ─ ⁸ 5  
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ⱡ
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ⱡ
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3.2.3.  

 

⁸ ⱡ ─ ⌐⅔↑╢⁸ ─ ─ ╩ ∆╢√╘

╩ ∆╢⁹╕√⁸ ─ ╩ ™⁸ ╩ ∆╢⁹ 

 

 

1 ≤ ⌐⁸ ⱡ ┘ ─ ⌐ ADCP ♪♇ⱪꜝכ ⁸

WH-ADCP⁸Teledyne RD Instruments⁸600KHz╩ ⇔ ╩ ∫√⁹ │1m

─ ─ ┘ ╩15 ⇔≡ ∫√⁹2 ≢│⁸ ╩ ⇔

≡⁸ ╩ ⇔≡ 45m─ ⌐ ⇔√⁹ 

│⁸  3-2-1╩ ─↓≤⁹ 

 

 

ⱡ ≤ ⌐≈™≡⁸ 3-2-4⁸ 3-2-5⌐ 20m⌐⅔↑╢ ─

─ ≤ ─ ╩ ∆⁹ 

ⱡ ≢│ → ⌐ ⅛╠ ─ ╣⁸ → ⌐ ─ ╣≤⌂╡⁸ ≢

3.0m/s─ ⅜ ↕╣√⁹ ≢│ → ⌐ ─ ╣⁸ → ⌐

─ ╣≤⌂╡⁸ → ─ ⅜ → ╟╡ ⅝ↄ⁸ ≢3.0m/s╩ ⅎ╢ ⅜

↕╣√⁹ ≤╙⁸ ⌂ │ ╠╣⌂⅛∫√⁹ 
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3-2-4 ⱡ 20m  

 ⁷  

0   30

30 ֔  60

60 ֔  90

90 ֔  120

120 ֔  150

150 ֔  180

180 ֔  

V│ (cm/s)╩ ∆⁹

֔ 

210 ֔  240

240 ֔  270

270 ֔  300

300

210

10%

20%

30%

0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3

0

10

20

30

40

50

(m/s)

( )

10%

20%

30%

0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3

0

10

20

30

40

50

(m/s)

( )

10%

20%

30%

0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3

0

10

20

30

40

50

(m/s)

( )

0 30 60 90 120 150 180 210 240 270 300

0

10

20

30

40

50

(cm/s)

( )

10%

20%

30%



 

17 

 

 

 

 

 

 

 

 

[ ]            

 

 

 

 

 

 

 

 

[ ]            

 

 

 

 

 

 

 

 

[ ]            

 

 

 

 

 

 

 

 

[ ]            

3-2-5 20m 
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3.2.4.  

─  

⌐╟╢ ™ ─ ⅜Ⱪ꜠כ♪⌐ ╩ ↕∑⁸ ╩ ╓∆

⅜№╢⁹ ─Ⱪ꜠כ♪─ ⌐ ⌂ ─ ╩ ∆╢⁹ 

 

 

┘ ⱡ ─ ─ ⁸ 45m─ ⌐SV-ADCP

♪♇ⱪꜝכ Sentinel V50⁸Teledyne RD Instruments╩ ⇔⁸ ─

╩ ∫√⁹◘fiⱪꜞfi◓ │2Hz≤⇔√⁹ 

│ ⌐╟╡ ╘√⁹ 

TI= ─  

 

ⱡ ≤ ⌐⅔↑╢ ⁸6∟℮─♃כ♦ 3 ─ →

≤ → ─ ─ ≤ ─☻Ɑ◒♩ꜟ╩⁸∕╣∙╣ 3-2-6⁸ 3-

2-7⌐ ∆⁹ 

≤╙ → ⌐ ═ → ─ ⅜ ה ╣≤╙ ⅝™ ≢№∫√⁹

─ │ ⅜ ⅝ↄ⁸ ⌐ ↄ⌂╢⌐⇔√⅜∫≡ ↕ↄ⌂╢ ≢№∫√⁹╕√⁸

⅜ ↄ⌂╢≤≤╙⌐ ╣⅜ ⌂ↄ⌂╢ ⅜ ╠╣√⁹ 

─☻Ɑ◒♩ꜟ╩╖╢≤ → ⌐ ═≡ → ─◄Ⱡꜟ◑כ ⅜ ⌐╟╠

∏ ⌐ ⅝™ ⅜ ╠╣√⁹╕√⁸ ─ ╩ ↑╢ 5m╩ ↑┌

─☻Ɑ◒♩ꜟ─ │╒╓ ≢№∫√⁹ 

│ ─ ™ ≢0.20.4 ≢№∫√⁹ 
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3-2-6(1) ─  

 

 

 

 

 

 

 

 

3-2-6(2) ☻Ɑ◒♩ꜟ 

 

 

 

 

 

 

3-2-7(1) ─  

 

 

 

 

 

 

 

 

 

 

3-2-7(2) ☻Ɑ◒♩ꜟ 

B+35m B+25m B+15m

B+5m B+20m

10
1

10
2

10
3

10
4

10
5

|

(m
2
/s)

100

10- 3
10

- 2
10

- 1
10

1
10

0

B+35m B+25m B+15m

B+5m B+20m

10
1

10
2

10
3

10
4

10
5

|

(m
2
/s)

100

10- 3
10

- 2
10

- 1
10

1
10

0

ⱡ  

→  

→  

 

 

→  

→  

 

ⱡ  

→  

→  

 

 

→  

→  

 



 

20 

 

3.2.5.  

─  

│ ─ ≤⇔≡ ↕╣╢√╘⁸ ─ ≤⇔≡ ╩

∆╢ ⅜№╢⁹╕√⁸ ⌐⅔™≡╙⁸  ⁹╢№≢♃כ♦⌂

 

 

ⱡ │ 30m⁸ │ 20m─ ⌐⅔™≡⁸ 1m⁸

─ ⁸ 1m ─3 ⌐ⱷ⸗ꜞכ ה C-CT ⁸

▪♪Ᵽfi♥♇◒ ╩ ╡ ↑ ─ ╩ ∫√⁹ │10 ≤⇔√⁹ 

 

 

ⱡ ≤ ⌐⅔↑╢ ─ ─ ╩ 3-2-8⌐ ∆⁹ ∑≡

⅜ ⇔≡™╢ ≢─ ╩ ∆⁹2 ─ │⅔⅔╗⌡

≢№╡⁸ ⌐╟╢ ≢─ ≤ ∆╢≤⁸╛╛ ™ ≢№

∫√⁹ 

⌂⅔⁸ ⁸ ⱡ ≤╙⁸ ⁸ ⁸ ≢─ ─ ⌐ │ ╠╣⌂

⅛∫√⁹ 

 

 

 

 

 

 

 

 

3-2-8(1) ─ (B )≤─  

 

 

 

 

 

 

 

 

3-2-8(2) ─ (C )≤─  
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3.2.6.  

─  

─ ─ ╛ ⁸ ⁸ │⁸ ─

─ ╩ ↄ ↑╢√╘⁸ ─ ╩ ⇔≡⅔ↄ ⅜№╢⁹╕√⁸ ⌐╟╢

⅜Ⱪ꜠כ♪⌐ ╓∆ ╙ ⇔≡⅔ↄ ⅜№╢⁹ 

 

 

1 ⅛╠ ⇔≡ ≢⁸ 3-2-1⌐ ∆ ⱡ ⁸ ⁸ ⁸ ─4

⌐⅔™≡⁸ ה ─ ╩ ∫√⁹ 25 30 ─ ⌐

WAVEHUNTER-08⁸▪▬○כ♥◒♬♇◒ ╩ ⇔√⁹ ≤ │⁸∕╣∙╣

─ ⁸ ─ ⌐ ⇔⁸ ─ ╩ ↑⌂™ ─ ≤⇔≡ ╡ ℮⁹ 

 

 

4 ─1 ─ ≤ ╩ 3-2-9⌐ ∆⁹ ⌐⅛↑≡│⁸

─ ╩ ↑⁸ ─ ─ ⅜ ™⁹ │⁸ ─ ⅜╒╓ ∂ ╩

⇔≡™╢⁹ ⱡ ≤ │ ≤⌂╢√╘ ─ ─ ≢⁸ ⌐│

30cm╩ ∫≡™╢⁸ │∆═≡─ ≢ ⌡6 ≢№╢⁹ ─ ≢│⁸

⌐╟╢℮⌡╡≢ ⅜ ↄ⌂∫≡™╢⁹ 

 

 

 

 

 

 

 

 

3-2-9(1)               (2)  
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3-2-10⌐⁸4 ─ ≤ ╩ ∆⁹ ─ ─ │

─ ╡≢№╢⁹ 

ᵑ  

⌐ ⇔≡™╢√╘ ⅜ ™ ⌐│ │ 5 6 ⌐ ∆╢↓≤╙№╢⁹ │

3 8 ≢№╢⁹ ⌐ ↑≡™╢ ≢№╢√╘⁸WNW NW N─ ⅜ ™⁹ 

ᵒ  

NW╛WNW─ ⅜ ↄ⁸ ─ ─ ⅛╠ ∆╢ ⅜ ⇔

√⁹√∞⇔⁸ESE─ ⅜ ╕╢ ╙№╡⁸ ⅛╠ ∆╢ ╙ ↕╣

√⁹ 

─ ╛ ─ ≤ ∆╢╟℮⌂ ⌂ ⅜╖╠╣╢⁹ ─

⌐╟╡⁸ │ ─ 1/2≢№╢⁹ │ ≢╙2 ≢⁸ │ 3

8 ─ ≢ ⇔≡⅔╡⁸ ─ ─ │╒╓ ≢№∫√⁹ 

ᵓ  ⱡ  

NW ™≢NNW≤ ⅛╠ ∆╢ ─ ⅜ ↄ ╠╣√⁹ ≢⁸SE ─

╙ ↄ⁸ ≤ ⌐ ⅛╠ ∆╢ ⅜ ─ ≢ ↕╣√⁹ 

≤ ⌐ ⌐ ∆╢╟℮⌂ ⌂ ⅜ ╠╣╢⁹ ─ │

3 8 ─ ≢ ⇔≡⅔╡⁸ ─ │╒╓ ⅜ ↄ╖╠╣√⁹ 

ᵔ   

⇔≡⁸ ◦♫ ⌐ ∆╢ SW S SE⅛╠─ ─ ⅜ ⌂ↄ ↄ⁸ ⌐

⌐№√╢WSW N NE─ ⅜ ⌂™⁹ 

⌐╟╢ ⅜ ╠╣╢╙──⁸ ≤ ⇔≡ │ ↕™⁹ ─ │ 3 8

≢ ⇔≡™╢⁹ ⌐ ↑≡™╢ ≢№╢√╘⁸ ─ ─ │ ⅜ ™⁹ 
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3-2-10(1) ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-10(2) ─  
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3-2-10(3) ─ ⱡ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-10(4) ─  
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3.2.7.  

 

─ ╩ ∆╢√╘⁸ ה ─ ╩ ∫√⁹ ─

╛ ─ ≡⇔≥♃כ♦ ∆╢⁹ 

 

 

─ ⌐⁸♥꜠ⱷ♩ꜞכ◦☻♥ⱶ⌐╟╢ ה ╩ ⇔√⁹

─ ↕│10m≤⇔⁸ │10 ≤⇔√⁹ 3-2-11⌐ ─ ╩

∆⁹ ≢ ⇔≡ ╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-2-11  

  

 

ⱡ
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─ ≤⇔≡⁸ 3-2-12⌐ ─ ─ ≤ ╩ ∆⁹╒

│ ─ ⅜ ⇔≡⅔╡⁸ │ ≢№∫√⁹ ┘ ─

│ ≢№╡⁸ │∕─ ╙ ↄ⌂∫≡™√⁹ 

 

26 11 27 10  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ │ ─ ⌐⇔√⁹ 

3 5  

  6 8  

  9 11  

  12 2  

  1 12  

 

 

 

─ │⁸ ╩ ∆⁹ 

3-2-12 ≤  
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─ꜟⱩכ◔ .3.2.8  

 

ⱡ ┘ ─ ⌐│⁸ ╛ꜟⱩכ◔ ⱨ□▬Ᵽכ◔כⱩꜟ⅜ ↕

╣≡™╢⁹ ╛ ╩ ⅜ꜟⱩכ◔ ⇔≡™╢≤⁸ ⌐ꜟⱩכ◔

╩ ⅎ╢ ⅜№╢⁹ │ꜟⱩכ◔ ⌐ ⅜№╢⅜⁸ ─ ♩כꜟ─ꜟⱩכ◔

╛ │ ≢№╢⁹  

↓↓≢│⁸ ⌐ ╩♩כꜟ™ ╢ ─ ⱨ□▬Ᵽכ◔כⱩꜟ─ꜟכ♩≤

╩ ∆╢⁹ 

 

 

ה  ♩כꜟ─ꜟⱩכ◔

ה ─ꜟⱩכ◔  

 

 

⅜ №╢ ≢│⁸◘▬♪☻◐ꜗfi♁♫כ EdgeTech  2000-DSS

┘ Geometrics G880╩ ⇔≡ ─♩כꜟꜟⱩכ◔√╣↕ ╩

╩♩כꜟꜟⱩכ◔⁸√╕⁹√∫ ⇔√ ⌐⁸ ⱦ♦○╩ROV⌐ ꜟⱩכ◔≡⇔

─ ╩ ∫√⁹ 

⅜ ↄ ╛ ─ ≢⁸ ≢ ⅜≢⅝⌂™ ≢│⁸ ꜡Ⱳ

♇♩   Deep Crawler⌐ ◌ⱷꜝ╩ ⇔≡ ╩ ∫√⁹ 

 

 

│⁸ ─  3-2-13╩ ─↓≤⁹ ─ │◘▬♪☻◐ꜗfi♁♫כ≤

⌐╟╢ ⁸ │ ꜡Ⱳ♇♩⌐╟╢ ≢№╢⁹ 

 

 

╩  3-2-13⌐ ∆⁹ ╩ ⇔≡™╢ ⅜⁸ ↕╣≡™╢ ⱨ□▬

Ᵽכ◔─כⱩꜟꜟ⁹╢№≢♩כ ⌐ ↕╣√ │ꜟⱩכ◔ 1 ≢№╢⅜⁸ ─

⁸ Ⱪꜟ│2כ◔ ↕╣≡™╢↓≤⅜ ⅛∫√⁹∕─℮∟ ─ Ⱪꜟ│⁸כ◔

╟╡ 130150 ⌐№╡⁸ ╠⅛♩כꜟ─ ⅝ↄ ╣≡™╢↓≤⅜

⅛∫√⁹ 

─ꜟⱩכ◔ ─ ╩ 3-2-14⌐ ∆⁹ ⅜ꜟⱩכ◔│≢ ⇔≡⅔╡⁸

─ ≢│ ⅜ꜟⱩכ◔ ⇔≡™╢ ⅜ ≢⅝╢⁹ ꜡Ⱳ♇♩ Deep 

Crawler─ ╙ ⇔≡™╢⁹  
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 ♩כꜟꜟⱩכ◔ 3-2-13

 

 

 

 

 

 

 

 

 

 

 

 

Ⱪꜟ⁸כ◔─ 3-2-14  Ⱪꜟ≤Deep Crawlerכ◔─



 

29 

 

3.2.9.  

 

─ │⁸ ⅜ ╛ ™ №╢↓≤⁸ ─ ─ ⅜

≢ ⅜5 ≢№╢↓≤⌂≥⅜ ↕╣╢⁹↓↓≢│⁸1 ≢│ ≢⅝⌂⅛

∫√ ─ ╩ ∆╢√╘⁸ ─ ᵑ ╩ ≤⇔≡⁸ⱦ♦

○ ╩ ∫√⁹ 

 

 

3-2-15⌐ ∆╟℮⌐⁸ROVMitsui RTV N-100⁸ ⌐ⱦ♦○◌ⱷꜝ╩

⇔≡⁸ ≡⇔ꜟכ꜡♩fi◖♩כ⸗ꜞ╠⅛ ╩ ↕∑√⁹ 

 

3-2-15 ROV  

 

 

─ │⁸ ⅜ ⌂ↄ200m─ ⌐1 2ﬞ 0.3m ─ ⅜№╢

№∫√⁹ ─ ⅜ ™⅜ ⌐ ⅝⌂ ⅜ ⇔√⁹ 3-2-16─ ROV─ ⌐

∆╟℮⌐⁸ ─ │ ≢№∫√⁹ 

 

 

 

 

 

 

 

 

 

3-2-16 ROV⌐╟╢ ─ ⱡ ⁸  

ⱤⱠꜟ ROV 

 ꜟⱩכ◔
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3.3.  

3.3.1.  

 

⌐⅔™≡⁸ ⌐⅔↑╢ ┼─ ╛ │⁸ ⅝⌂

─ ≈≢№╢⁹ ⌐⁸ ≢│ ─♃כ꜡╢№≢ ╛⁸ ≢│ ─ ⅜

↕╣⁸ ╛ ⌐ ⇔≡ ⅝⌂ ╩ ⅎ╢ ⅜ ™≤ ⅎ╠╣╢⁹↓─

√╘⁸ ─ ≤⇔≡ ╩⁸ ≤⇔≡ ╩ ⌐

∆╢ ≢№╢⁹ 

∕╣∙╣─ ⌐╟╢ ╩ ∆╢√╘⌐⁸ ─ ⌐≡⁸

╩ ™⁸ ─ ה ╩ ∆╢⁹╕√⁸ ⅜ ⇔√ ─ⱷfi♥

♫fi☻ ⌐╟╢ ╛ ⌂≥ ⌐ ⅎ╢ ─ ╩ ℮⁹ 

 

 

ה ─  

ה ─  

☻ⱷfi♥♫fiה  

◓fi◐♇♪ה ⅝ ⅜⇔ ∑╪  

ה ─  

 

 

─ ╩ 3-3-1⌐ ∆⁹1 ≢ ⌐ ↕╣√⁸

ᵑ ─ 30─ ⌐ ╩ ⇔√⁹ 
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3-3-1   

 

─  

⌐ ⇔√ ─ ╩ 3-3-2⌐ ∆⁹ 

ה ᵑ ♫☿ꜟ ≤ ∂ ⌐ ╩ ⇔≡™⌂™  

ה ᵒ ♫☿ꜟ ≤ ∂ ⌐ ╩ ⇔√  

ה ᵓ Ⱪ꜠כ♪≤ ∂ ⌐ ╩ ⇔≡™⌂™  

ה ᵔ Ⱪ꜠כ♪≤ ∂ ⌐ ◦ꜞ◖fi ╩ ⇔√  

ה ᵕ Ⱪ꜠כ♪≤ ∂ ⌐ ◦ꜞ◖fi ╩ ⇔√  

ה ᵖ ╩ ⇔√☻♥fi꜠☻ ─ ─ ⇔  

♪♇◐fi◓ ╩ ⇔√☻♥fi꜠☻ ≢⁸ ─ │ 5mm 

ה ᵗ ╩ ⇔√  
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3-3-2 ⌐ ⇔√  

 

 

27 3 ⌐1 ─ ╩ ⇔√ ╩ ⇔√⁹ │⁸

⇔√ ╩ ↔≤⌐ ⅝ →√⁹ ╩ 3-3-1⌐ ∆⁹ 

 

3-3-1   

 

  

1 2 3 4
1 2

1 2 3 4
1 2
1 2

1 2 3 4
1 2

3 7 3 7

ᵑ♫☿ꜟ 

ѝ 

ᵓⱩ꜠כ♪ 

ѝ 
ᵖ  

ѝ 

ћᵒ♫☿ꜟ 

 

ћᵔⱩ꜠כ♪ 

 

ћᵗ  

ћᵕⱩ꜠כ♪ 

 

 

(7 )  

 

 

(3 )  
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3.3.2. ─  

 

⌐ ⇔√ ╩ ⇔⁸ ⌐⅔↑╢ ⌐ ∆╢ ─

≤ ╩ ∆╢⁹ 

 

 

↔≤⌐ ─ ╩♄▬Ᵽכ⅜ ⅝ →⁸ ╩ ∫√⁹ ᵑ ᵕ

⌐≈™≡│ ╩ ™⁸ ⌂ ─ ⁸ ⁸ ─ ↕ ╩ ⇔√⁹

ᵖ⁸ᵗ⌐≈™≡│⁸ ⌂ ─ ⌐≈™≡ ╩ ∫√⁹ 

 

 

3-3-3⌐⁸ ─ ╩ ∆⁹ ⇔√ ⁸↓─ ≢│ⱨ☺♠Ⱳ ⌐

▪◌ⱨ☺♠Ⱳ⁸◘fi◌◒ⱨ☺♠Ⱳ ─ ⅜ ↄ ⇔≡™√⁹↓╣│⁸ ≢─

╛ ─ ┼─ ≤ ─ ≢№∫√⁹ 

─ ╩ ╢≤⁸ ≢│⁸ ─ ⌐⁸ⱨ☺♠Ⱳ ≤⇔≡ ⅜ 1cm

─ ⅜ ≤ ⅜ 1 ─ ↕™ ⅜ ⇔≡™√ ≢№∫

√⁹⇔⅛⇔⁸ ≢│⁸ⱨ☺♠Ⱳ ─ ⅜ ↄ╖╠╣⁸◖◔ⱶ◦ ⁸ⱥ♪꜡ ┘

ⱱꜘ ─ ⅜ ↕╣⁸ⱨ☺♠Ⱳ ≢│⁸ ⅜ 1 m ─◘fi◌◒ⱨ☺♠Ⱳ≤ 2

3cm ─▪◌ⱨ☺♠Ⱳ─ ⅜ ↄ ╠╣⁸ ⅛╠ ⅝ↄ ⇔≡™╢↓≤⅜℮

⅛⅜ⅎ√⁹ 

≢│⁸ⱨ☺♠Ⱳ ─ ⅜ ≢№╡⁸ ⌐│◖◔ⱶ◦ ⁸ ◗◌▬ ─

⅜ ↕╣√⁹ ≤ ™⁸ⱨ☺♠Ⱳ ─ ⅜ ⇔≡™√⅜⁸ ⇔≡™╢

⅜ ↄ ╠╣⁸ ─ ⅝↕≤⇔≡│ ⇔≡™╢≤│™ⅎ⌂™⅜⁸ ≤⇔≡│

╟╡ ↄ⌂∫≡™╢ ≢№∫√⁹ ≢│⁸ ≤ ≢⁸ⱨ☺♠

Ⱳ ─ ⅜ ≢№╡⁸ ⌐│◖◔ⱶ◦ ⁸ ─ ⅜ ↕╣√⁹╕√⁸ⱨ☺♠

Ⱳ ─ ⅜ ⇔≡™√⅜⁸ ⇔≡™╢ ⅜ ↄ ╠╣√⁹ 

ᵑ ᵑ ♫☿ꜟ ⁸ ⌂⇔ 

≢│⁸ ┼─ ≢ ⅜ ∆╢≤≤╙⌐ ⅜ ╪≢™╢ ≢№╡⁸ⱨ

☺♠Ⱳ ╛◖◔ⱶ◦ ─ ⅜ ↕╣√⁹ ≢│⁸ ⌐ ⅜ ╪≢

⌐ ╦╣≡⅔╡⁸ ─ ⅜≢⅝⌂™ ≢№∫√⁹ 

ᵒ ᵒ ♫☿ꜟ ⁸ №╡ 

≢│⁸ ⅛╠ ⌐⅛↑≡─ 6 ⅛ ─ ┼─ ≢│⁸ ᵑ─╟℮⌂

─ │ ↕╣⌂⅛∫√⁹ 

─ ╩ ╢≤⁸ ─ ⅜ ╙ ≢№╡⁸ ≤⇔≡ 60 70

≢№∫√⁹≈™≢ⱨ☺♠Ⱳ ─ ⅜ ↄ╖╠╣ ≤⇔≡ 30 ⁸◖◔ⱶ◦ ╛
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ⱥ♪꜡ ─ ⅜ ₁ ↕╣√⁹ⱨ☺♠Ⱳ ≢│⁸ ⅜ 1 m ─◘fi◌◒ⱨ☺♠

Ⱳ≤ 2 3cm ─▪◌ⱨ☺♠Ⱳ─ ⅜ ↄ ╠╣⁸ ⅛╠ ⅝ↄ ⇔≡™╢

↓≤⅜℮⅛⅜ⅎ√⁹ 

ᵓ ᵓ Ⱪ꜠כ♪ ⁸ ⌂⇔ 

─ ╩ ╢≤⁸ ≢│⁸ ─ ⌐⁸ⱨ☺♠Ⱳ ≤⇔≡ ⅜ 1cm

─ ⅜ ≤ ⅜ 1 ─ ↕™ ⅜ ⇔≡™√ ≢№∫

√⁹⇔⅛⇔⁸ ≢│⁸ⱨ☺♠Ⱳ ─ ⅜ ↄ╖╠╣ ≤⇔≡ 30 ⁸◖

◔ⱶ◦ ⁸ⱥ♪꜡ ┘ⱱꜘ ─ ⅜ ↕╣⁸ⱨ☺♠Ⱳ ≢│⁸ ⅜ 1 m

─◘fi◌◒ⱨ☺♠Ⱳ≤ 2 3cm ─▪◌ⱨ☺♠Ⱳ─ ⅜ ↄ ╠╣⁸ ⅛╠

⅝ↄ ⇔≡™╢↓≤⅜℮⅛⅜ⅎ√⁹ 

≢│⁸ⱨ☺♠Ⱳ ─ ⅜ ⇔≡™√⅜⁸ ⇔≡™╢ ⅜ ↄ ╠╣⁸

─ ⅝↕≤⇔≡│ ⇔≡™╢≤│™ⅎ⌂™⅜⁸ ≤⇔≡│ ╟╡⅔⅔ↄ⌂

∫≡™╢ ≢№∫√⁹ 

ᵔ ᵔ Ⱪ꜠כ♪ ⁸ №╡ ◦ꜞ◖fi  

─ ╙ ⌂ↄ⁸ ─ ⅜ ≢№╡⁸ ⌐ⱥ♪꜡ ⅜ ₁ ⇔≡™╢

≢№╡⁸ ᵓ─ ⌐ ═╢≤ ⅜ ⅝™↓≤⅜℮⅛⅜ⅎ√⁹ 

ᵕ ᵕ Ⱪ꜠כ♪ ⁸ №╡ ◦ꜞ◖fi  

ᵔ≤ ⌐ ─ ╙ ⌂ↄ⁸ ─ ⅜ ≢№╡⁸ ⌐ⱥ♪꜡ ⅜

₁ ⇔≡™╢ ≢№╡⁸ ᵓ─ ⌐ ═╢≤ ⅜ ⅝™↓≤⅜℮⅛⅜

ⅎ√⁹ 

ᵖ ᵖ ☻♥fi꜠☻  

≢│ ᵒ╛ ᵓ≤ ⌐⁸ ─ ⌐⁸ⱨ☺♠Ⱳ ─ ⅜ ↄ╖╠╣

≤⇔≡ 30 ⁸◖◔ⱶ◦ ⁸ⱥ♪꜡ ┘ⱱꜘ ─ ─ ⅜

↕╣√⁹ ─ ⌐│⁸ⱨ☺♠Ⱳ ≢│⁸ ⅜ 1 m ─◘fi◌◒ⱨ☺♠Ⱳ≤ 2 3cm

─▪◌ⱨ☺♠Ⱳ─ ⅜ ↄ ╠╣⁸ ⅛╠ ⅝ↄ ⇔≡™╢↓≤⅜℮⅛⅜

ⅎ√⁹ ≤ ─ ⌐│⁸◖◔ⱶ◦ ⁸ⱥ♪꜡ ┘ⱱꜘ ─ ─ ⅜

↕╣√⅜⁸ⱨ☺♠Ⱳ ─ ⅝⌂ │ ╠╣⌂⅛∫√⁹ 

ᵗ ᵗ  

≢│⁸ ⌐ │ ↕╣⌂⅛∫√⁹ ─ ╩ ╢≤⁸

─ ⅜ ↄ⁸≈™≢ⱨ☺♠Ⱳ ─ ⅜ ↄ ≢⅝√⁹ 

≢│⁸ ⌐ │ ↕╣∏⁸ ─ ⅜ ↄ⁸≈™≢ⱨ☺

♠Ⱳ ─ ⅜ ↄ ≢⅝√⁹╕√⁸ ─ ╙⁸ ≢№∫√⁹ 
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3-3-3 ᵑ ♫☿ꜟ ─ ⁸  

 

 

 

 

 

 

 

 

3-3-3 ᵒ ♫☿ꜟ ─ ⁸  

 

 

 

 

 

 

 

 

3-3-3 ᵓ Ⱪ꜠כ♪ ─ ⁸  

 

 

 

 

 

 

 

 

3-3-3 ᵔ Ⱪ꜠כ♪ ─  

⁸  
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3-3-3 ᵕ Ⱪ꜠כ♪ ─  

⁸  

 

 

 

 

 

 

 

 

3-3-3 ᵖ ─ ⁸  

 

 

 

 

 

 

 

 

 

 

 

 

 

3-3-3 ᵗ ─ ⁸  
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3-3-3 ᵗ ─ ⁸  

 

3.3.3. ─  

 

⌐ ⇔√ ╩ ∆╢⁹ ⌐⅔↑╢ ⌐ ∆╢ ─

╩ ⌐ ∆╢⁹ 

 

 

ᵑ ᵕ⌐≈™≡ ─ ⁸ ─ ◘fiⱪꜟ≤⇔≡⁸ ↔

≤⌐ ─ ╩ 100mm×200mm כⱤכ꜠◒☻≈∏ ╩ ™≡ ⅞ ╡ 3-3-4 ⁸

1 ≈─◘fiⱪꜟ≤⇔≡╕≤╘ 10 ⱱꜟⱴꜞfi≢ ∆╢⁹ ⇔√ ◘fiⱪꜟ│⁸ ∟

⌐ ∟ ∫≡ ─ ╛ ⁸ ↕ ─ ╩ ℮⁹ │⁸ ⱴ♬ꜙ▪

ꜟ ⌐ ∏╢⁹ 

 

 

 

 

 

 

3-3-4  

─ ⅞ ╡  
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3.3.4. ⱷfi♥♫fi☻  

 

─ ⌐╟∫≡ ⅜ ∆╢√╘⁸ⱷfi♥♫fi☻≢ →⇔√≤⅝⌐

⌐ ⇔√ ─ ╩ ℮⁹ ─ │⁸ ⌂ ≢ ℮ ≢№

╢√╘⁸ ⌐╟╢ ╩ ∆╢⁹╕√⁸ⱷfi♥♫fi☻ ─ ⌐╙ ∆╢⁹ 

 

 

─ ─◘fiⱪꜟ╩ ⅞ ∫√ ─ ᵑ ᵕ─⁸ ∫√ ⌐ ⇔

≡ ╩ ∫√⁹ ≢ ⅛╠ⱡ☼ꜟ ╕≢─ 20⁸10cm≤ ─ 3

≢ ⇔≡⁸ ─ ⅞ ╡ ╩ ה ⇔⁸ ─ ╩ ⇔√⁹ 

╕√⁸ ≢│ ≢ ⅛╠ⱡ☼ꜟ ╕≢─ ╩ ≢ ⇔≡⁸

─ ⅞ ╡ ╩ ה ⇔⁸ ─ ╩ ⇔√⁹ 

│ ─╙─≢⁸ 10MPa≢№╢⁹ 

 

 

3-3-2│ ─ ≢№╢⁹ 3-3-5│⁸ ─ ╩ ⇔

≡™╢⁹ 

⌂⇔─♫☿ꜟ ᵑ│⁸ ⅜ ⌐ ⇔√⁹ ⅜ ↄ⁸ ─ ⌐╟∫≡

⅜ ⇔≡™╢╙─≤ ╦╣╢⁹ ⇔√ ᵒ│⁸2 3cm─ ⅝™ⱨ☺♠Ⱳ│

≢⅝√⅜⁸3 ─ ≢╙ ╩ ≢⅝⌂⅛∫√⁹ ⅝™ⱨ☺♠Ⱳ╙ ⅜ ∫≡™╢⁹ 

⌂⇔─Ⱪ꜠כ♪ ᵓ│⁸3 ─ ≢╙ⱨ☺♠Ⱳ─ ╩ ≢⅝⌂⅛∫√⁹

⇔√ ᵔ⁸ᵕ│⁸ ⅜ ⌐ ⇔√⁹ 

ᵗ│⁸ ≢╙ⱨ☺♠Ⱳ─ ╩ ≢⅝⌂⅛∫√⁹ 
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3
-3
-2

 
─

 

-
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3-3-5 ᵑ─ ⁸ 1  

 

 

 

 

 

 

 

 

3-3-5 ᵒ─ ⁸ 3  

 

 

 

 

 

 

 

 

3-3-5 ᵓ─ ⁸ 3  

 

 

 

 

 

 

 

 

3-3-5 ᵔ─ ⁸ 1  
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3-3-5 ᵕ─ ⁸ 1  

 

 

 

 

 

 

 

 

 

 

3-3-5 ᵗ─ ⁸  

 

3.3.5. ♪♇◐fi◓ ⅝ ⅜⇔ ∑╪  

 

─ⱷfi♥♫fi☻│⁸ ╩ ⌐ ⇔≡ ─╖ ∆╢⁹

≤ ─♪♇◐fi◓ ─ ⅜ ↕™√╘⁸ ─ ⅜ ⇔√ ⁸ ╖ ∫≡

≤⌂╡⁸ ╩ →╢↓≤⅜≢⅝⌂™ ⅜№╢⁹╕√⁸►▬fi♅─ ╡ →

╩ ∆╢↓≤╙ ⅎ╠╣╢⁹ │⁸ ─ → ─∑╪ ╛ → ╩

∆╢√╘⌐ ∆╢⁹ 

 

 

ᵖ│⁸♪♇◐fi◓ ╩ ⇔√☻♥fi꜠☻ ─ ─ ≢⁸ │⁸

Ⱳꜟ♩ ╘≢ ⅜ 5mm≢ ↕╣≡™╢⁹ →√ ─Ⱳꜟ♩╩ ⇔⁸ ─ ╩

⁸ ─ ╩ ⌐⇔√ ≢ ╩ ℮⁹ ─ ╩ⱣⱠⱣ◌ꜞ≢ ₁⌐ ⅝ →≡

™⅝⁸ ─ ⅜ ⅝ ╘√≤⅝─∑╪ ≤ ⌐ ↑√≤⅝─ ↕╩ ⅝ ⅜⇔ ≤

⇔√⁹ 
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3-3-6│⁸ ≢─ ─ ╩ ⇔≡™╢⁹ ─ ⌐│⁸ ─

│╒≤╪≥ ⅜ ⇔≡™⌂™⁹ 

3-3-3 ⌐⁸ ⇔ ╩ ∆⁹ ┘ ≢│⁸ⱨ☺♠Ⱳ ╩│∂╘⁸

⌐ ═ ⅜ ↄ⁸ ⇔≡™√⁹ ─ ⅝∑╪ ⅜ ⅝™─│⁸

⅜ ⇔≡⅔╡⁸ ⅛╠ ⅝™ ╩ ⇔√╙─≤ ╦╣╢⁹ 

 3-3-3 ⅝ ⅜⇔ ─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3-3-6 ᵖ ─ ⁸  

 

3.3.6. ─  

 

⌐⅔™≡⁸♫☿ꜟ ⅛╠─ │ ╩ ∂≡⁸♫☿

ꜟ ⌐ ⇔≡™╢ ╩ ⇔≡ ∆╢◦☻♥ⱶ≤⇔≡™╢⁹ │ⱷfi♥

♫fi☻ ╕≢ ⌐ ↕╣╢√╘⁸ ─ ⌐╟╢ ─ ⅜ ↕╣

╢⁹∕↓≢⁸ ─ ⌐╟╢ ─ ⌐ ∆╢ ╩ ∆╢√╘⌐⁸

─ ⌐╟╢ ┘ ╩ ∆╢⁹ 

 

ᵗ│⁸ ╩ ⇔√♅♃fi ─ ≢⁸ │ ⌐ ╩ ⇔ⱨ

ꜝfi☺≢ ⇔≡™╢⁹ ≢│⁸ ⁸ ⁸ ─

─ ╩ ∆╢↓≤≢⁸ ╩ ⇔√⁹ ─

╩ ⌐⁸ ╣ ╩ ⇔ ╩ ⇔√⁹ 

39.2 98.0 4.1 10.3

7.8 105.8 0.8 11.2

27.4 115.6 2.9 12.2

[N]

0.0

[kN]

0.0
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[ ]   

─ │⁸ ─ ⌐≡ ℮⁹ 

ה ─ U╩⁸ ᵑ⌐≡ ⇔⁸ U ≤∆╢⁹ 

ה ─ ╙⁸ ⌐≡ ™⁸ U╩ ᵑ⌐≡ ⌐ ⇔⁸

U ≤∆╢⁹ 

ה ⇔√ ╩ ™≡⁸ ᵒ╟╡ ╣ Rf╩ ╘╢⁹ 

U    W m2הK  

M    kgs  

Cp   J (kgהK β1 

T   K  

T2  K  

A    m2  

ᴅTm β2 

 

Rf  ╣ m2K W  

U  ─ W m2הK  

U  ─ W m2הK  

β1 │⁸ ♃fi◒ │⁸ ⌐ ≡™╢╙─≤⇔≡⁸

│ ≤ ⌂⇔ 20ϴ≤⇔≡ ∆╢⁹ 

β2 ≤ │⁸ Ɫfi♪Ⱪ♇◒ (1993)╟╡ 310K─ ╩

 

β3 ᵒ│⁸Ⱪ꜠▬fi ₈ < >₉P.394╟╡  

 

 

│⁸ ⅛╠ ⇔√ ─ ╩⁸ ─ ≢№╢

≤⇔≡ ╣ ╩ ⅝⁸∕─ ⌐≡ ╩ ∫√⁹╕√⁸ 10ﬞ

─ ⌐≈™≡│⁸ ⌐≡ ╩ ⇔√ ─ ╙ ⇔√⁹

3-3-4⌐⁸ ─ ─ ≤ ⇔⁸ ─ ╣ ╩ ⇔√ ╩

∆⁹ 

  

U

1 1

U U
Rf



 

44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3- 3- 4   

3- 3- 7  ─  

3- 3- 8  ╩ 100 ≤⇔√  

(W/m
2

(m2 (L/min)

1245.0 10.8 37.0 26.2 20.0 8.4

444.2 0.00145 14.2 37.1 32.0 20.2 8.4

807.5 0.00044 12.6 37.2 29.0 20.1 8.4

786.5 0.00047 12.6 37.0 29.0 20.0 8.4

1115.0 0.00009 11.2 37.0 26.9 20.0 8.4

1245.0 

444.2 

807.5 786.5 

1115.0 

0

200

400

600

800

1000

1200

1400

6 10

(w
/m

2
K

)

35.7

64.9 63.2

89.6

0

10

20

30

40

50

60

70

80

90

100

6 10

1
0
0

(
)
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ה ╩ ⇔√ ≢│⁸ ─ ╟╡ │ 35.7⌐╕≢

∆╢⁹ 

ה 6ﬞ ─ ≢│⁸ ─ ╟╡ │64.9

⌐╕≢ ∆╢⁹ 

ה 10ﬞ ─ ≢│⁸ ─ ╟╡ │

63.2⌐╕≢ ∆╢⁹ 

ה ─ ≢│⁸ ─ ╟╡ │89.6⌐╕≢ ∆╢⁹ 

 

 

3.3.7. ─╕≤╘ 

 ♫☿ꜟ ─ ᵒ⌐≈™≡│⁸ ⌐⅔™≡ ⌐ ⅜⌂™

╩ ⇔√⁹ ⁸ ─ ╩ ╢≤⁸ ╛ⱨ☺♠Ⱳ ─ ⅜ ↄ╖╠

╣⁸ ⅜ ⌐⌂╢╒≥ ⇔≡™╢⁹╕√⁸ ⌐╟╢ⱷfi♥♫fi☻

⌐≈™≡│⁸1cm ─ⱨ☺♠Ⱳ╛ ─ ⌂≥⅜ ≢⅝∏⁸ ⅜ ─

≢№╢↓≤⅜╦⅛∫√⁹ 

 Ⱪ꜠כ♪ ─ ᵔ⁸ᵕ⌐≈™≡│⁸ ─ ╙ ⌂ↄ ╩

≢⅝√⁹╕√⁸ ⌐╟╢ⱷfi♥♫fi☻ ⌐≈™≡│⁸ ╩ ⌐ ≢

⅝╢ ╩ ⇔√⁹ 

 ♪♇◐fi◓ ╩ ⇔√ ᵖ≢│⁸ ╛ⱨ☺♠Ⱳ ─ ⅜ ↄ╖╠╣⁸ ─

│ ⅜ ⌐⌂╢╒≥ ⇔≡™╢⅜⁸ ≤ ─ ≢│ ⌐ ⅝

⌂ │ ╠╣⌂™⁹╕√⁸ ⅝ ⇔ ─ ⁸ ≢ 0.8 12.2kN─∑╪

⅜ ∆╢≤ ↕╣╢⅜⁸♫☿ꜟ─ 20 kN ⌐ ⇔≡⁸0.4 6 ─

≢№╡⁸♪♇◐fi◓ ─ ⌐ ⅝⌂ ⌐⌂╠⌂™ ⇔╩ √⁹ 

 ╩ ⇔√ ᵗ≢│⁸ ╛ⱨ☺♠Ⱳ ─ ⅜ ≢⅝√⁹ ⇔√

⌐╟╡⁸ │ ─6 ⌐╕≢ ⇔≡™╢⁹↕╠⌐⁸ ⌐╟

╢ ─ ≢│⁸ │ ⌐│ ⇔⌂™↓≤⅜╦⅛∫√⁹╕√⁸

│⁸ ─3 ⌐╕≢ ⇔≡⅔╡⁸ ╩ ≢ ℮↓≤⌐╟╢

─ │ ⅝™⁹ ╟╡⁸ ⌐╟╢ ⌐ ∆╢ ⅜ ≢№

╢⅜⁸ ╩ ∆⌂≥─◖☻♩─ ⅜╠⌂™ ≢─ ⅜ ≢№╢≤ ⅎ╠╣

╢⁹ 
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3.4. ─  

3.4.1. ─1  

⁸ ┘ ⱡ ─2 ─ ⱨ▫⁸1≡™≈⌐♪ꜟכ

╩ ™⁸ ─ ─1 ╩ ∫√⁹ ─ ⌐≈™≡

╩ ∫√ ⁸ 3-4-1⌐ ∆ ᵑ≤ ⱡ ᵑ─2 ⅜ ↕╣√⁹ 

 

 

3-4-1  

 

ה ─ ╩ ∆╢√╘⁸ 4050─ ≢№╢↓≤⁹╕√⁸

─ ⅛╠⁸ ⅜ ≢ ⅜5 ≢№╢↓≤⁹ 

ה ─ ⇔√ ─√╘⁸ │ ≢№╢↓≤⁹ ─ ⅜

№╢ │ 50cm ≤⇔⁸ ⌐╟╢ ─ ╛ ─ ╣⅜⌂™

↓≤⁹ 

ה ─ ╩ ∆╢√╘⁸ ─ ─ ⅜ → ⁸

→ ≤╙⌐1.5m/s≢№╢↓≤⁹ ─ 1MW╩ ↕∑╢

√╘⁸ 2.7m/s≢№╢↓≤⅜ ╕⇔™⁹Ⱪ꜠כ♪─ ⁸

≢─ ⅜ ↕™↓≤⁹ 

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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ה   ↄ ⌂ ╩ ℮√╘⁸ ≤∕─ │

⅜ ™ ≢№╢↓≤⅜ ╕⇔™⁹ 

ה ⱨ▫כꜟ♪ ⅜ ⇔ ⌐╟∫≡ ↕╣√⁸ ⱨ▫כꜟ♪

≢─ ─ ╩ ≤⇔≡™╢⁹ 

ה ꜟⱩכ◔ ⅛╠ ⅛╠ ╕≢─ ⅜ ™↓≤⁹ ⅛╠◔

⅜♩כꜟꜟⱩכ ≢ ⅜⌂™↓≤⁸ ─≥ꜟⱩכ◔ ⌂™↓

≤⅜ ╕⇔™⁹ 

ה ─ ⌂≥ ─ ╛ ─ꜟⱩכ◔ ⅜ ≢№╢↓≤⁹

⅛╠ ╕≢⅜ ⅜ ™↓≤⅜ ╕⇔™⁹ 

ה ⌂≥ ─ ╛ ⌐ ╩ ⅎ⌂™↓≤⁹ 

ה ─ ה ☻ⱷfi♥♫fiה ⇔ ─ ╛ ─√

╘⁸ ∆╢ ─ ⅜ ↕ↄ ⅜ ⇔≡™╢↓≤⁹ ╛ ⌐

⅜ ≢№╢↓≤⁹ 

ה ⌂≥─ ◄ꜞ▪≢ ─ ⌐ ⅜⅛⅛╠⌂™↓≤⁸

⌂≥─ ה ⌐ ⌂ ╩ ╓↕⌂™↓≤⌂≥⅜ ╘╠╣╢⁹

─ ∆╢ ה ╛ ⅜ ⌐ ⌂ ╩ ╓↕⌂™↓≤⌂≥

⅜ ╘╠╣╢⁹  

 

3.4.2. ─2  

1 ↕╣√ ⱡ ᵑ⁸ ᵑ─2 ⌐⅔™≡⁸ ─2

≢ ⌐ ╩ ═ ─ ╩ ∫√⁹ ≢│⁸∕╣∙╣─ ╩ 4≈⌐

⇔⁸ ╛ ⁸ ─ ⅛╠ ╡ ╖╩ ™⁸ ╩ ⇔√⁹

⌐ ─ ≤ ⇔√ ╩ ∆⁹ 

 

ₒ ⱡ ᵑₓ 

ⱡ ᵑ│⁸ ⱡ ─ ─ ≢№╢⁹ ─ ≤⇔≡ ⅛

╠ ⌐ ↑≡ ↄ⌂∫≡⅔╡⁸ │ ⅜ ╛⅛⌐⌂∫√ ─ ≢№╢⁹

⌐│50cm ─ ─ ⅜№╡ ⌂™ ⅜ ⅜╢⁹ │⁸ ⅜ ⇔≡™

╢√╘ ─ ⅜№╢⅜⁸ 1 ─ ↕≢│ ─ ↕⌂ ╙ ∆╢⁹

≤ ─ ≢ ─ ⅜ ↄ⁸ ⌐│ ⌐ ∫≡ ≢ ╣⅜ ↄ⌂∫≡™

╢⁹ → ⌐│ ≢ ╣⅜ ™⅜⁸ ≢ ⅝⌂ │⌂™⁹ │ →

⌐ ↕╣╢⁹ 

│ → ─ ⅜ ↄ⁸ ─ ⅛╠ ⅜ ⇔√ ⅜╟

╡ ⇔≡™╢≤ ⅎ╠╣╢↓≤⅛╠⁸ ⌐ ⇔√⁹ ╩ ⱦ♦○≢ ⇔√

╩⌐ ∆⁹30cm ─ ⅜ ⌐ ╠╣╢⅜⁸ ⅝⌂ │ ↄ ─
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⌂ ⅜ ∆╢⁹ 

 

3-4-1 ⱡ ᵑ  

      

 Ừ ƺ ƺ ỏ ─ ⅜ ↕™ 

 ỏ ỏ ƺ ƺ ⌐ ─ ⅜№╢ 

 
 ỏ ƺ Ừ Ừ ─ ⅜ ⌐ ™ 

 ƺ ƺ ƺ ƺ → ⅝⌂ │⌂™ 

 ƺ ƺ Ừ ƺ  

 

 

3-4-2 ⱡ ᵑ ≤ ┘ ⱡ  

 

ₒ ᵑₓ 

ᵑ│ ≤ ─ ≢ ─ ⅜ ↄ⌂∫√ ⌐ ∆╢⁹ │

≡ ⅜ ⇔≡™╢⁹ ⌐╛╛ ⅜№╢⅜⁸ 1 ─ ↕≢│ ─ ↕

⌂ ╙ ∆╢⁹ → │ ─ ⅜ ↄ⌂╢ ≢ ╣⅜ ™⁹ → │ ≤

─ ╩ ⇔√ ™ ╣⅜ ─ ╩ ∆╢⁹ ─ ≤⌂╢ ≢│⁸ ╣

⅜ ╣ ⅜ ↄ⌂╢⁹ 

→ ⌐ ─ ≤⌂╢ ╩ ↑⁸ → ─ ╙ ™⁸ ⅜ ─

⌐ ⇔≡™╢⁹ │ ╩ꜟⱩכ◔ ↑╢√╘ ─ ⌐ ⇔√⁹ ╩

ⱦ♦○≢ ⇔√ ╩⌐ ∆⁹ ⌐│ ⅝⌂ ╛ │ ↄ⁸ ─

⌂ ⅜ ∆╢⁹ 
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3-4-2 ᵑ  

 

 

     

 ỏ ỏ ỏ ƺ ─ ⅜╛╛ ⌂™ 

 ƺ ƺ ƺ ƺ │ ≡  

 
 Ừ ỏ Ừ ỏ ─ ≤⌂╢ ≢ ⅜ ╣╢ 

 ƺ ƺ ỏ ỏ ─ ⅜ ™ 

 Ừ ƺ ƺ ƺ  

 

3-4-3 ᵑ ≤ ┘  

 

3.4.3. ─  

1 ⁸2 ╩┤╕ⅎ√ ⱡ ⁸ ─ ─ ╩ 3-4-3⌐ ∆⁹

ⱡ ⁸ ≤╙⌐ ─ │ ⌡ ≢№╢⁹ ─≈™√ ≤⇔≡⁸

≤─ ⌂≥─ ≤ ─ ─ ⅜ →╠╣╢⁹ 

≢│ ─ ─ ⌐ ⅜ ↄ ≢ ≤─ ⅜0.4 ≢№╢⁸

↓─ ⅛╠─ ╙♩כꜟ ≢№╢⅜⁸ ⱡ │ ─ ─ ⌐ ⅜

ↄ⁸↓─ ⅛╠─ ─♩כꜟ │╛╛ ↄ⌂╢√╘⁸ ╩ ⇔√ ≢

│ ⅜ ≢№╢⁹╕√⁸ │ 3.4m/s⌐ ⇔≡⁸ ⱡ 3.2m/s

≢№╡⁸ 1MW─ ≢№╢ 2.7m/s─ ╙ ≢ ™⁹√∞⇔⁸

─ │ ─ ⅜╛╛ ↄ⁸ ⅜ꜟⱩכ◔ ↄ⌐ ↕╣≡™╢ ⁸ ⌐ ⅜

≢№╢⁹ 

╟╡⁸ ᵑ─ ╩ ─ ≤⇔≡ ∆╢⁹ 
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3-4-3 ⱡ ⁸ ─ ─  

 

15,800kWh/m3/y 12,400kWh/m3/y
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4.  

4.1.  

∆╢ ⌐≈™≡│⁸ ─ ┘ 0.1kW

⌐⅔™≡╙ ⌐ ≠ↄ ╩ ∆╢ ≢│⌂™⅜⁸ ─⌂™

─ ≢№╢√╘⁸ ─ ⌐ ↑≡─ ╩ ∆╢√╘⌐⁸ ⌐ ∆╢

╙─≢№╢⁹⇔⅛⇔⁸ ⌂ ⅝ ╛ №╢™│ ╩ ™≡⁸

⌂ │ ⌐ ∂≡ ∆╢↓≤≤⇔√⁹∕⇔≡⁸ ─ ⌐ ∆

╢ ╩ ∆╢↓≤⌐╟∫≡⁸ ⌐⅔↑╢ ⌂ ה

─ ⌐ ┘≈↑╢╙─≢№╢⁹ 

─ ⌂ ⅝│⁸ 4-1-1⌐ ∆ ╡≢№╢⅜⁸↓─ ╣⌐ ∫≡

─ ⌐⅔↑╢ ─ ─ ╩ 4-1-1⌐ ∆⅜⁸ │ ≤

─ ╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 

4-1-1 ⌂ ⅝─ ╣ 

 

4-1-1 ⌐⅔↑╢ ─  

 

─ ─ ⌐≈™≡│⁸ 4-1-2⌐ ∆⅜⁸ ─ ⱨ▫כ

ꜟ♪ ┘∕─ ─ ⌐≈™≡⁸ ⌂ ╩ ⱨ▫כꜟ♪─ ∆╢

2014  2015  2016  2017  2018  

   
ה  

( ) 

⸗♬♃ꜞfi◓

 

( ה ⁸

) 



 

52 

 

╩ ≤⇔≡⁸ ⇔√ ╩ⱬכ☻⌐ ⌂ ─ ∕─ ─ ⌐

╟╡ ╩ ⇔√⁹ 

↓─╟℮⌐⇔≡ ╠╣√ ─ ≤ ─ ╩ ╕ⅎ≡⁸

╩ ⇔⁸∕╣∙╣─ ↔≤⌐ ⁸ ┘ ─√╘─ ⌐≈™≡ ⇔√⁹↓

╣╠─ ⌐ ≠⅝⁸ ≤⇔≡≤╡╕≤╘√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-1-2 ≤ ─ ╣( 27 ) 
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4.2. ≤ ─ ≤  

4.2.1.  

│⁸ ⅜ ─ ⌐ ⇔≡ ⅜ ↄ⁸ ╙ ↕™ ─

┘ ╩ ™⁸ ◄Ⱡꜟ◑כ─ ─ ≤ ●☻─ ╩ ⌐ ╘╢↓

≤╩ ≤⇔≡ ∆╢╙─≢№╡⁸1MW ◦☻♥ⱶ─ ≤⇔≡⁸

╩ ≤⇔≡ ╩ ∫≡™╢⁹ 

─ ⅛╠ ↕╣╢ ≤∕─ ╩⁸ 4-2-1⌐ ∆⁹ 

 

4-2-1 ⅛╠ ↕╣╢  

─  ─  

─  

ה ⌐╟∫≡⁸ ╩ ⌐ ∆╢⁹ 

ה ⌐╟∫≡⁸ ╩ꜟⱩכ◔ ∆╢⁹ 

ה ⌐⁸ ≤ ╩ꜟⱩכ◔ ∆╢⁹ 

ה ┼─ ⌐ ∫≡ ⁸ ─ │ ╦∏⁸ ─

│ ╦⌂™⁹ 

ה ⌐⅔↑╢ ╩ ∆╢⁹ 

ה ╩ꜟⱩכ◔ ↕∑⁸ ┼ ∆╢⁹ 

ה ⌐ ∫≡⁸ ─ ⁸ ╩ ℮ ⅜№╢⁹ 

ה ⌐ ∫≡⁸ ⁸ ⌐╟╢ ⁸

─ │ ╦⌂™⁹ 

│
─ ┘  

─  
ה ⁸  ꜟⱩכ◔

ה  ꜟⱩכ◔⁸

─ ה  ─ Ⱪ꜠כ♪─ ╩ ℮ 

 

4.2.2.  

ᵑ  

ה ─ │⁸ ⱨ▫כꜟ♪⅜ ∆╢ ≢│ 1 ─╖≢ ╦╣≡

⅔╡⁸ ⁸ ⁸ ⌐≈™≡│ ⌐ ⇔≡™

╢⁹ ○◐◦♄fi♩⌐≈™≡│ ⌐ ⇔≡™⌂™⁹ 

ה ⌐ ∆╢ ─ ⌐⅔↑╢ ─ │⁸ ⱨ▫כ

ꜟ♪─ ⌐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 ┘ ─ ⌐≈™≡
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↕╣≡™⌂™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♪ ⌐ ∆╢ ─ │⁸ ⁸ ≤╙⌐

⅜ ╘╠╣≡™⌂™⁹ 

ה ⱨ▫כꜟ♪⌐│ ⅜ ↕╣≡™╢⁹ 

ה ⱨ▫כꜟ♪─ ⌐│ ≤⇔≡ ⁸ ⱡ ⁸ ⅜№╢⁹ 

ה ⱨ▫כꜟ♪⅜ ∆╢ ─ ⌂ ⌐⅔↑╢ 22 ⌐⅔↑╢

─ 12 ─ │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 ⅜

⇔≡™╢⁹ 

ה ⱨ▫כꜟ♪ ┘∕─ ─ ≤ ≤─ ╣ ™─ ─ ≤⇔≡⁸

⌐ ⇔≡™╢ │ ≢⅝≡™⌂™⁹ 

ה ה ≤⇔≡│⁸ ⌐│₈ ─ ≤◐ꜞ☻♩ ₉

⌐ ╕╣╢ ⁸ ⅜№╢╒⅛⁸ │ ─ ╩

↑≡™╢⁹ 
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4.3. ─  

4.3.1. ◄Ⱡꜟ◑כ ≤─  

│⁸ ⅜ ≤™℮ ◄Ⱡꜟ◑⁸╘√╢№≢כ ─ ◄

Ⱡꜟ◑כ╩ ⇔≡™╢ ⁸ ┘ ≤ ─ ╩ ≈

╙─≤ ⅎ╠╣╢⁹ 

↓─√╘⁸ ─ ─ ─ │⁸₈ ─ │ ─ ─

⌐ ╢ ─ ┘⌐ ⌐ ╢ ⁸ ┘ ─

⌐ ∆╢ ⁸ ─ ┘⌐ ⌐ ╢ ⁸ ┘ ╩

⌐ ℮√╘─ ╩ ∆╢√╘─ ┘⌐ ─ ─√╘─ ⌐ ∆╢ ╩

╘╢ ₉ 10 54 ₈ ▪☿☻ ₉≤™℮⁹ 21

1 ⌐ ╘╢⁸ ⁸ ┘ ─ ⌂ ─ ≤

─ ╩ 4-3-1─≤⅔╡ ⇔≡ ⇔√⁹ 
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4-3-1 ─  

 ─     

─

⌐

∆
╢

 

 

─

 

─ ⌐

⌂ ─ │

≢ ℮⁹ 

⁸ ─

⌐ ⌂ ─

⁸ ⁸ ─

╩ ℮⁹ 

⁸ ─

⌐ ⌂ ─

⁸ ─ ⁸

⁸ ⁸ ─

╩ ℮⁹ 

⁸ ─

⌐ ⌂ ─

⁸ ─ ⁸

⁸ ⁸ ─

╩ ℮⁹ 

─

 

╩ ⇔≡

⁸ ꜟⱩכ◔

─ ╩ ℮⁹ 

⌐

─ ╩ ℮⁹ 

⁸

⁸ ⁸

─ │ ה

⁸ ╣

╖ ─ │

╩ ℮⁹ 

 ⁸ ─

─

│ ╩ ╗⁹ ╩

℮⁹⌂⅔⁸ ⌐ ↕╣

╢ │⁸⇔╜╪∑≈

╩ ╗⁹ 

─

 

─ ─ ⌐№

√╡⁸ ─ ⁸ ╩

℮⁹ 

⁸ ≡ ⁸

─ ╩ ℮⁹ 

─ ⁸ ⁸

⁸ ⌐╟╢ ⁸

─ ⁸ ⁸

⁸ ⁸

─ ╩

℮⁹ 

─ ⁸ ⁸

⁸ ⌐╟╢ ⁸

─ ⁸ ╩

℮⁹⌂⅔⁸ ⌐ ↕

╣╢ │⁸ ─

╩ ╗⁹ 

│

─

┘

⌐

∆
╢

 

┘

─

 

⌐ ↕╣√

┘ Ⱪכ◔

ꜟ⁸ ─ ╩ ∆

╢⁹ 

╩ ⇔

↕╣√ ⁸

⁸ ⁸ ⁸

⁸ ⁸ ⁸

⁸ ╩ ∆

╢⁹ 

─ ≤⇔≡⁸

─ ⁸

⁸ ♄ⱶ╩

∆╢⁹ 

─ ≤⇔≡⁸ ╣

╖ ─ ⁸

╩ ∆╢⁹ 

╩ ⇔

↕╣√ ╩ ∆

╢⁹ 

─ ┘

─ │⁸ ≢

⅛╠ ⇔√

╩ ≤ ⌐ ⇔

≡⁸ ╩ ⇔

⌐≡ ╩ ┼

∆╢⁹ 

●☻≤⇔≡⁸ ⌐

╕╣╢●☻╩ ⇔⁸

⅛╠ ∆╢⁹ 

│⁸

⅛╠─ ╩ ⌐

∆╢⁹ 

⅛╠

⅜ ∆╢⁹ 

╩ ⇔

↕╣√ ╩ ∆

╢⁹⌂⅔⁸ ⌐ ↕╣

╢ │⁸ ⌐⅔↑╢

╩ ℮⁹ 

─

 

─ ╩

℮⁹ 

─ ╩ ℮⁹ 
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4.3.2. ⅛╠ ↕╣╢  

╩ ╕ⅎ≡≥─╟℮⌂ ⅜ ↕╣╢⅛╩⁸ ⱨ꜡כ≤⇔≡ 4-3-2⌐╕≤

╘√⁹ 

4-3-2 ⅛╠ ↕╣╢ ⌂  

▬fiⱤ◒♩  ╛ ─ ꜠☻ⱳfi☻  ┼─  

─

 

 
( ─ ) 

─  

─ ⅝ ⅜╡ 

( ╡─ ) 

─ ה ⁸ ( ) 

ה ─  

ה ─  

ה ┼─  

ה ─  

ה ⁸ ─  

 
( ꜟⱩכ◔ ─ ) 

( ─ ) 

─√
╘─ ⁸ ה

 
─  ─ ה ─  

─

 

 

─  
─ 

 

Ÿ  

─ 

─  

─  ─  ─ 

 ─ 

 ─  

─  ─ ה ─  
ꜟⱩכ◔  

─

 

 
Ⱪ꜠ ─♪כ  

≢─ 

─  

─ ה ─  
╡─  

─  

─ ה ─  

─ ⁸ ─ ה  

─ ─ ─♩כꜟ ⁸

 

 
─  

─  ─ ה ⁸  
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4.3.3. ─  

─ ┘ ╩ ╕ⅎ⁸ ▪☿☻ 21 ─ ⌐ ≠⅝⁸

4-3-3─≤⅔╡ ⇔√⁹ 

─ │⁸ ≢ ⇔√ ┘ ─ ◄Ⱡꜟ◑כ ≤─

╩ ╕ⅎ⁸ ─ ─ ╕╡⌐╟∫≡ ╠⅛⌐⌂╢ ╛ ─ ╖

⌐╟∫≡⁸ √⌐ ≤∆═⅝ ╛ ─ ⌐≈™≡─ ╩ ∫√⁹╕√⁸

≢ ⇔√ ┘⌐ √⌐ ∆═⅝ ⌐≈™≡│⁸ ⅛╠─ ╩ ™√

℮ⅎ≢⁸∕─ ╩ ╕ⅎ≡ ⇔√⁹ 
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4-3-3 ─ ─  

 

    ─   

 

 

 

 

 

 

 

    ─   

─  
│  

─ ┘  

─
 

─

 

⌂

 

─

⌐

╟

╢ 

─

 ┘ 

─

 

─

─ ⌂

─ ╩ ≤⇔≡

⁸ ┘

↕╣╢═⅝

 

        

  ∂╪       

  
┘

 
     

         

  ─ ╣      

  ─ ╡  ƺ   ƺ 

 

       

∕ ─  
┘     Ừ Ừ 

  Ừ   Ừ 

∕─ ─  ┘ 

 

⌂ ┘

 
   ƺ ƺ 

─ ─

┘ ─

╩ ≤

⇔≡ ⁸

┘ ↕╣╢═⅝

 

 

⌂ ┘ ∆═⅝

 

⌐ ∆╢╙─╩

ↄ  

     

 ⌐ ∆╢   Ừ  ƺ Ừ 

 

⌂ ┘ ⌂  

⌐ ∆╢╙─╩

ↄ  

     

 ⌐ ∆╢   Ừ  ƺ Ừ 

 ╩ ≠↑╢       

≤ ≤─ ⅛

⌂ ╣ ™─

╩ ≤⇔≡ ⁸

┘ ↕╣

╢═⅝  

 
⌂ ┘  

┘⌐ ⌂  
     

≤ ≤─ 

╣ ™ ─ 

─  

⌂ ≤ ≤─ ╣ ™

─ 

─  

ƺ     

 

 
      

┼─ ─

─ ⌐╟╡

┘ ↕╣╢═

⅝  

    ƺ   

 

       

ה    Ừ  Ừ Ừ 

 

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

5₉⌐ ∆ ≢№╡⁸₈ƺ₉│ ─ ≤⇔≡ ∆╢ ╩ ⇔⁸₈Ừ₉│ ⌐⁸

─ ≤⇔≡ ∆╢↓≤╩ ∆⁹ 
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4.3.4. ─  

┘ ╩ ╕ⅎ⁸ ⌐ ∆╢≤ ⅎ╠╣╢ ⌐ ⇔⁸

─ ≤⇔≡ ∆╢ │ 4-3-4⌐ ∆⁹ 

4-3-4 ─ ≤⇔≡ ∆╢  

    
─ ≤⇔≡ ∆╢  

─  ─  

 

  ─ ╡ 

─  ─ ⌐ ™⁸ ─ ⅝ →⅜ ↕╣╢√
╘⁸ ≤⇔≡ ∆╢⁹ 

─  ─ ⌐ ™⁸ ─ ⌐╟╢ ╡─
⅜ ↕╣╢√╘⁸ ≤⇔≡ ∆╢⁹ 

∕─  

┘ 

 

─  

ה  

─ ה ⌐ ™⁸ ─ ─ ⅜
↕╣╢√╘⁸ ≤⇔≡ ∆╢⁹ 

 

─  ─ ⌐ ™ ∆╢ ⌐╟╡⁸ ┼─
⅜ ↕╣╢√╘⁸ ≤⇔≡ ∆╢⁹ 

─  ─ ⌐ ™ ∆╢ ⌐╟╡⁸ ┼
─ ⅜ ↕╣╢√╘⁸ ≤⇔≡ ∆╢⁹ 

∕
─

─ 
 

 
 

 

  

┘ 

  

⌂ 

┘ 

 

─  

ה  

ⱨ▫כꜟ♪─ ⌐♩fiⱲ꜡ ┘ ─ ┘
⅜ ⇔⁸ ─ ה ⌐ ™ ─

⌐╟╢ ─ ┼─ ⅜ ↕╣╢√╘⁸ ≤
⇔≡ ∆╢⁹ 

 
 

⌐ ∆╢  

─  ─ ⌐ ™⁸ ─ ┘∕─
⌐ ∆╢ ⌐ ⅜ ┬ ⅜ ⅎ╠╣╢
↓≤⅛╠⁸ ≤⇔≡ ∆╢⁹ 

─  

ה  

─ ┘ ⌐ ™⁸ ⌐ ∆╢
⌐ ⅜ ┬ ⅜ ⅎ╠╣╢↓≤⅛╠⁸

≤⇔≡ ∆╢⁹ 

 
 

⌐ ∆╢  

─  ─ ⌐ ™⁸ ─ ┘∕─
⌐ ∆╢ ⌐ ⅜ ┬ ⅜ ⅎ╠╣╢
↓≤⅛╠⁸ ≤⇔≡ ∆╢⁹ 

─  

ה  

─ ┘ ⌐ ™⁸ ⌐ ∆╢
⌐ ⅜ ┬ ⅜ ⅎ╠╣╢↓≤⅛╠⁸

≤⇔≡ ∆╢⁹ 

≤

≤

─

╣

™

─

─

 

⌂ ≤  

≤ ─ ╣ ™ ─ 

─  

─
 

─ ⌐ ™⁸ ⌐ ∆╢ ≤ ≤─
╣ ™─ ─ ─ ┼─ ⅜ ↕╣╢↓≤⅛
╠⁸ ≤⇔≡ ∆╢⁹ 

 

 

─ 

 

⌐ ™⁸ ⅜ ∆╢↓≤⅛╠⁸
≤⇔≡ ∆╢⁹ 

ה  

─  ⌐ ™⁸ ─ ⌐ ⅜ ┬ ⅜ ⅎ╠╣
╢↓≤⅛╠⁸ ≤⇔≡ ∆╢⁹ 

─  
ה  

─ ┘ ⌐ ™⁸ ─ ⌐ ⅜ ┬
⅜ ⅎ╠╣╢↓≤⅛╠⁸ ≤⇔≡ ∆╢⁹ 
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4.4. ⱪꜝfi☻♩כꜞכ─  

4.4.1. ─ ה ה ─ ⌐ ∆╢  

⌐ ╢ ⌐ ⇔⁸ ─ ─ ⅝≢№╢

╩ ∆╢ ≢ ≤⌂╢ ╩ ≤⇔≡≤╡╕≤╘√⁹ 

⅜ ≢│⁸ ─ │ ⌐≈™√┌⅛╡≢№╡⁸ ⌐⅔™≡ ⅜

↕╣√ ⅜⌂™√╘⁸ ─℮∟ ─ ⌐≈™≡ ∆╢≤≤╙

⌐⁸ ≤ ⅜ ⇔≡™╢ ⅛╠ ≤⌂╢ ╩ ⇔

√⁹╕√⁸ ─ ⅛╠│ ⅜ ⅝ↄ ╩ ⇔√ ╩ ⇔√⁹

╡ ∫√ │⁸ 4-4-1─≤⅔╡≢№╢⁹ 

4-4-1 ≤⇔√  

    

( )  

 
( ) 25 3  

 

╗≈  

 

╗≈  

( ) 
26 5  

 

 

( ) 
 24 6  

 

  

 

◄Ⱡꜟ◑כ  
25 1  

 

─

⌐ ∆╢  

◄Ⱡꜟ

הכ◑

 

27 9  
 

( ─ ) 

Anholt (♦fiⱴכ◒) 
DONG Energy 2010  

 

 

1) ( ─ ╡) 

4-4-2 ─ ╡⌐ ∆╢ ─ ה  

       

 

 ∕─ ─  ⁸ ♦fiⱴכ◒  

 

Ᵽfi♪fi ≢ ⇔  ⁸╗≈ ⁸

 

ⱷ⸗ꜞכ   

 
 

─ ⌐╟╡ ⌐

 

╗≈ ⁸  

 ◦Ⱶꜙ꜠כ◦ꜛfi ⁸  

 

ה  
⌂ ≢ │

↕╣≡™╢⅛  

⁸╗≈ ⁸ ⁸

 

ה  
─ │

≤─  

⁸  

 

  



 

62 

 

─ ╡─ ⌐≈™≡│⁸ ≢│ ─ ⌐╟╢ ╕√│

◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ≠ↄ ⌂ ⌐⌂∫≡™╢⅜⁸ ⌐≈™≡│⁸

─ ─╖ ⅛╠ ∆╢≤⇔≡⅔╡⁸ ┼─ ─ ⅛╠

│ ↕╣≡™⌂™⁹ ─ ≤⇔≡ ⅛╠ ∆╢ ╡─ ┼─

⌐ ∆╢ ─ ⅜ ≤ ⅎ╠╣╢⁹ 

2)  

4-4-3 ⌐ ∆╢ ─ ה  

       

 

 ∕─ ─  ⁸  

 ╩ ™√  
⁸╗≈ ⁸ ⁸

 

 
 

╩ ⌐ ─ ╩

 

╗≈ ⁸  

  ⁸  

 

ה  
⌂ ≢ │

↕╣≡™╢⅛  

⁸╗≈ ⁸ ⁸

 

ה  

─ ⅜ ∂╢⅛   

│ ⅜№╣┌ ╩

 

 

 

─ ⌐≈™≡│⁸ ≢│ ╩ ⌐ ─ ╩ ╕√

│ ⌐ ≠ↄ ⌂ ⌐⌂∫≡™╢⅜⁸ ⌐≈™≡│⁸™∏╣

─ ╙ ⌂ ≢ │ ↕╣≡™╢⅛ ∆╢≤⇔≡™╢⁹ ≢│

─ ⅜ ∂╢⅛ ∆╢⁸╕√⁸ ≢│ ה ⅜№╣┌

╩ ∆╢≤⇔≡™╢⅜⁸ ⌂ ה │ ↕╣≡⅔╠∏⁸ ┼─ ─

⅛╠─ │ ≢⅝⌂™⁹ ─ ≤⇔≡ ⅛╠ ∆╢ ─

┼─ ⌐ ∆╢ ─ ⅜ ≤ ⅎ╠╣╢⁹ 

3)  

4-4-4 ⌐ ∆╢ ─ ה  

       

 

 ∕─ ─  ⁸  

 

─ ≢   

⌐╟╢  ╗≈ ⁸  

ROV

 
 

⅝ ⌐╟╢   

  ╩ ⌐ ⌂  
⁸╗≈ ⁸

⁸  

 

ה  
⌂ ≢ │

↕╣≡™╢⅛  

⁸╗≈ ⁸

⁸  

ה  
│ ⅜№╣┌ ╩
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─ ⌐≈™≡│⁸™∏╣╙ ╩ ⌐ ─ ╩ ⇔⁸

⌐≈™≡╙⁸ ⌂ ≢ │ ↕╣≡™╢⅛ ∆╢≤⇔≡™╢⁹⌂⅔⁸

≢│ ה ⅜№╣┌ ╩ ∆╢≤⇔≡™╢⅜⁸ ⌂ ה

│ ↕╣≡⅔╠∏⁸ ┼─ ─ ⅛╠─ │ ≢⅝⌂™⁹ ─ ≤⇔

≡Ⱪ꜠כ♪─ ⌐╟╢ ╛ ─♩כꜟ ┘⌐ ─

╛ ─ ⌐ ℮ ─ ⌐╟╢ ┼─ ⌐ ∆╢ ─

⅜ ≤ ⅎ╠╣╢⁹ 

4)  

4-4-5 ⌐ ∆╢ ─ ה  

       

 

 
∕─ ─  ⁸ ⁸

♦fiⱴכ◒  

 

─ ≢   

⅛╠  
╗≈ ⁸ ⁸

 

ⱴ▬◒꜡ⱱfi⌐╟╢

 

⁸ ♦fiⱴכ

◒  

♩ꜝfi☿◒♩⌐╟╢

 
 

  

╩ ⌐ ⌂  
⁸╗≈ ⁸

⁸  

▪◙ꜝ◦⁸Ⱡ☼Ⱶ▬ꜟ◌─

╩ ⇔⁸ ─

꜠ⱬꜟ╩  

♦fiⱴכ◒  

 

ה  
⌂ ≢ │

↕╣≡™╢⅛  

⁸╗≈ ⁸

⁸  

ה  

│ ⅜№╣┌ ╩

 

 

▪◙ꜝ◦⁸Ⱡ☼Ⱶ▬ꜟ◌─

⁸

⁸ ⅛╠

─ ╩  

♦fiⱴכ◒  

 

─ ⌐≈™≡│⁸ ╩ ⅝™∏╣╙ ╩ ⌐ ─

╩ ⇔⁸ ⌐≈™≡╙⁸ ⌂ ≢ │ ↕╣≡™╢⅛

∆╢≤⇔≡™╢⁹⌂⅔⁸ ≢│ ה ⅜№╣┌ ╩ ∆╢≤⇔≡

™╢⅜⁸ ⌂ ה │ ↕╣≡⅔╠∏⁸ ┼─ ─ ⅛╠─ │

≢⅝⌂™⁹⌂⅔⁸ ─ ≢│▪◙ꜝ◦⁸Ⱡ☼Ⱶ▬ꜟ◌─ ⁸

⁸ ⅛╠ ─ ╩ ∆╢ ⅜ ™╠╣≡™╢⁹ ─

≤⇔≡ ─ ⌐ ℮ ╛Ⱪ꜠כ♪─ ⌐╟╢ ╛ ה

─ ┘⌐ ─ ╛ ─ ⌐ ℮

─ ⌐╟╢ ┼─ ⌐ ∆╢ ─ ⅜ ≤ ⅎ╠╣╢⁹ 
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4.4.2. ⌐ ∆╢ ─ ⌐ ∆╢  

1) ─ ╡⌐╟╢  

─ ╡─ ≤⇔≡│⁸ ─ ╛ ─ꜟⱩכ◔ ⌐ ℮ ─

⅝ → ┘ ─ ⌐ ℮ ─ ⌐╟╢ ⅜ ⅎ╠╣╢⁹ 

┼─ ≤⇔≡│⁸ ─ ⌐╟╢ ─ ⁸ ╡╩ ℮ ─

─╒⅛⁸ ─ ╡⌐╟╢ ⁸ ─ ⅜ ╣╢↓≤⅜№╡⁸ ╡

─ ™╛ ⌐╟∫≡│ ┼─ ╙ ≡ↄ╢ ⅜№╢⁹╕√⁸ ─ ╡─

꜠ⱬꜟ⌐≈™≡│⁸ ⌐⅔↑╢ │⌂™⅜⁸ ∆╢↓≤⅜ ╕⇔™ ≤⇔≡

SS ⌐ ∆╢ ⅜ ↕╣≡™╢⁹ 

─ ╡─ ┼─ │⁸ ─ ⁸ ╡─ ┘ ⌐╟∫≡

⌂╡⁸ ─ ⁸ ⅜ ₁ ╦╣⁸ ╛ ≤⇔≡ ↕╣≡™╢⁹↓─℮∟⁸

≤ ≤─ ⌂ ╩ ⇔√ ╩ 4-4-1⌐ ∆⁹ ─ ╡≤ ≤─

⌂ │⁸ ⅜ ™ ⁸ ⅜ ≢╖╠╣⁸ ⅜ ™ ⌐⅔™≡╙⁸

⌐ ╪∞ ⁸ ⌐ ╩ ╓∆ ⅜№╢↓≤⅜ ╠╣≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-4-1 ≤ ─ ─  

₈ ┘ ⌐⅔↑╢ ─ ╡ ⌐ ∆╢  ●▬♪ꜝ ▬fi₉ ⁸ 213   
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2) ⌐⅔↑╢ ╡ ─ ─ ⌐ ╢  

│ ⅜ 40⌐ ─ ⅛╠ ┼

─ ╩ ⇔⁸ ╩ ⇔√₈ 40 ₉╩

⇔⁸∕─ ─ ╛ ┼─ ≢ ⅛ ↕╣⁸ │ ∆╢↓

≤⅜ ╕⇔™ ≤⇔≡₈  2012 ₉⅜ ↕╣≡™╢⁹ 

≤∕─ ⅎ ╩ ⌐ ∆⁹↓╣╠│⁸ ─ ≢ ∆╢ ─

╡⌐╟╢ ┼─ ⌐№√╡⁸ ─ ≤⇔≡ ≤∆╢↓≤⅜≢

⅝╢≤ ⅎ╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3) ─ ╡⅜ ⌐ ⅎ╢  

─ ╡⅜ ⌐ ⅎ╢ ⌐≈™≡│⁸ 45 52 ⌐ ╦╣√

≢ ₁─ ⅜ ╠╣≡⅔╡⁸ ⌐ ⇔√ ⅜₈ ⅜

⌐ ⅎ╢ ⌐ ∆╢ ─ ₉ ( ) ⁸ 58 ⌐╕

≤╘╠╣≡™╢⁹↓─ ⅛╠ ⌐ ה ∆╢ ⌐ ∆╢ ╩ ∆╢≤ 4-

4-6─≤⅔╡≢№╢⁹ 

 

֘ ─ SS ֙ 

ᵑ ⌐ ⅎ╠╣╢ │ 2 mg/L ≢№╢↓≤⁹ 

ᵒ ─ ⌐ ⇔√ ⌐⅔™≡ ⌂ ⅜ ↕╣⁸∕─ ≤ ⌐ ╩ ╓↕

⌂™↓≤  

֘ ─ ─ ⅎ ─ SS ֙ 

─ ⌐ ∆╢ ─ │⁸ⱥ♩◄◓◘ ┘▪ⱴⱡꜞ ≢ 10mg/L

⁸꞉ ◌ⱷ─ ≢│ 5mg/L ≢№∫√⁹ ─☻◘ⱦⱡꜞ ⌐ ∆╢ 24

│ 1.0 5.0mg/L ≢№∫√⁹꞉◌ⱷ ─ ─ ⌐ ⅜ ∆╢

≤ ╩ ⇔⁸ ⁸ ─ ⌐ ╩ ╓∆↓≤⅜ ╠╣≡™╢⁹

│╠⅛♃כ♦─ 3 4mg/L─ ⅜ ╖≤╣╢⅜⁸ ╠│ ─ ≢│ ─ ╣╛

─ →⌂≥─ ⅜№╢─≢∕╣╠─ │ ≢│⌂™≤⇔≡™╢⁹ ─ ┼─

⌐≈™≡│ ─ ≤⇔√™⁹ 

▬●▬│ 5mg/L─ ⅜ ↄ≤ ⅜ ⇔⁸▪◖ꜘ●▬│ 7mg/L≢ ─ ╛

⌐ ⅜ ╣╢⁹◌◐─ ─ ⅜ ⅝⌂™ ≤⇔≡│ 2 mg/L⅜ ↕╣≡™╢⁹ 

⌐│ │ ╡╩ ℮ ⅜№╢⅜⁸ ─ │⁸▬◦♄▬≢ 5mg/L⁸

Ⱪꜞ ≢ 10mg/L≢№∫√⁹1 2 ─ ≢ ─ ⌐ ╩ ⅎ╢ │⁸Ⱪꜞ

⌐≈™≡─ 10mg/L≢№∫√⁹ │ ⌐ ╩ ⇔≡™╢⁹◒꜡♄▬⁸ⱴ◖●꜠▬⁸

▪▬♫ⱷ⌂≥─ ≢│ 100mg/L≢╙ ⌐│ │╖╠╣⌂™⅜⁸ ⌂ ≢№╢▬◦♄▬

─┤ ≢│ 5mg/L≢ ⌐ ⅜ ╠╣⁸ ⌐╟╢ ⅜ ⅝™⁹ 

⇔√⅜∫≡⁸ ⌐ ↕╣╢ ╡│⁸☻◘ⱦⱡꜞ ─ ┼─ ┘◌◐─

┼─ ⅛╠ 2mg/L ≤⇔√⁹ 

 7 2012  ( ) ⁸ 25 1  
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4-4-6 ─ ╡⅜ ⌐ ⅎ╢  

  ╩ ↑╢  

▪▬♫ⱷ ─ 100mg/L╕≢│100%⁸300mg/L≢25% 

400mg/L≢1~2≢  

▬◦♄▬ ─┤ 10mg/L╕≢│ 95% ⁸25~50mg/L≢ ╩ ↑⁸600mg/L≢ 50%

25% 

─ ┤ ⅛╠ 10mg/L≢ ╩ ↑ ╘⁸100mg/L≢ 50%⁸

600mg/L≢28%⁹ ─ 100mg/L≢7%⁸600mg/L≢2%≤ ╘≡ ™⁹ 

◌◘◗ 30~50mg/L≢ ⁸100mg/L≢  

◒꜡♄▬ ─ 24 ≢│400mg/L≢╙0%⁸48 ≢│100mg/L≢10%⁸400mg/L

≢40% 

☻☼◐ 50mg/L≢│ ⌂⇔ 

♩ꜝⱨ◓ ─┤ 600mg/L≢╙ ╘╠╣∏ 

Ɫⱴ♅ ─ 13mg/L≢│100%⁸25~100mg/L≢│3 ≢0% 

⅜ ╩ ↑ ╘╢ 50mg/L 

ⱴ▪♫◗ 100mg/L≢ ⁸ ╣╢⁹ 

ⱴ♄▬ ─┤ 50mg/L≢│ ≥ ⌂™⅜100mg/L≢ ⁸200mg/L≢│  

┤ ─ 24 ≢│600mg/L⁸48 ≢│400mg/L≢  

5mm ─ 24 ≢│40mg/L≢  

10mm ─ 24 ≢│320mg/L≢  

─ ╩ ↑ ╘╢ 50mg/L 

●◙Ⱶ ♂◄▪1 2 ╩ ↑ ╘╢ 25mg/L 

♂◄▪4 ⱷ●꜡♇Ɽ ╩ ↑ ╘╢ 200mg/L 

48 ─ │100mg/L≢10%⁸200mg/L≢40%⁸300mg/L≢50% 

◒ꜟⱴ◄ⱦ 2 ─ │200mg/L≢20%⁸300mg/L≢60%⁸400mg/L≢100% 

ꜜ◦◄ⱦ │300mg/L≢50% 

◖►▬◌ 2 ─ │100mg/L≢30%⁸200mg/L≢60%⁸400mg/L≢100% 

◦ꜞꜘ◔▬

◌ 

│300mg/L≢40%⁸400mg/L≢100%1 ≤2 ≢│ ⌂™  

▪◖ꜘ●▬ ─ ╩ ↑ ╘╢ 6.5mg/L 

│10mg/L⅜ ⌐⌂╢≤ ╩ ↑╢⁹ 

◘◙◄ ─ ╩ ↑ ╘╢ 5mg/L 

ⱴ●◐ ─ ╩ ↑ ╘╢ 5mg/L 

☻◘ⱦⱡꜞ 5mg/L╕≢│ ⌂™⅜⁸10mg/L≢ ⅜ ╣⁸200mg/L≢│ ⌂ↄ⌂

╢⁹ 

꞉◌ⱷ ⌐ ╩ ⅎ╢ 50mg/L⁸ │5mg/L 

₈ ⅜ ⌐ ⅎ╢ ⌐ ∆╢ ─ ₉ ( ) ⁸ 58  

 

4) ┘  

┘ ─ ≤⇔≡│⁸ ─ ┘ ⌐ ™⁸ ─ ─

⅜ ⅎ╠╣╢⁹⇔⅛⇔⁸ ─ ⅜ ⌐ ⅎ╢ ⌐≈™≡│№╕╡⌐ ⅜

⌂ↄ⁸ ─ ⅜ ≢№╢⁹↓╣╕≢─ ≤⇔≡ ↕╣≡™╢ ╩ ∆╢

≤ ─≤⅔╡≢№╢⁹ 
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¶ ▬◑ꜞ☻─ Marine Current Turbines ⅜ ⇔√ ─ ⁸☻♩ꜝfi◓ⱨ◊כ♪ ─

⌂⅛─ ─ ╛ ╣─ │ ⅝⌂ │ ╠╣⌂⅛∫√⁹₡ ╠⁸2012₢1 

ה ¶ ─ ≤⇔≡ ─ ⅜ ↄ≡ ⅜ ⇔™ ♪כ꜠ⱦfiⱩכ♃⁸│≢

─ ⌐╟╡ ⅜ ↕╣⁸ ⅜ ∆╢ ⅜№╢⁹ ⇔√ │⁸ ─ ↕⌐╟

╡ ─ ™⅜ ╦╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔⁸№╢ ─ ⅜№╢ ≢│ ⌐

⅜ ↕╣╢↓≤│ ⅎ⌐ↄ™⁹₡ ⁸2011₢2 

¶ ⌐╟╢ ─ ⌐╟╢ ⌐≈™≡│ ⌂ ╩ ↕╣≡™╢⁹ ≤™℮

⅛╠│⁸ ─ ⌐ ℮ ≤ ─ ─ ⁸∕╣⌐╟╢ ─ ─ ⌐ ⅜⌂

↕╣≡™╢⁹ ⅎ┌⁸Fundy─ ⌐╟╢≤⁸ ⌐⅔↑╢ ⌂ ≤ ─ ─ ≤⁸

⌐╦√╢ ─ ⅝≤ ─ ─⸗♬♃ꜞfi◓⅜ ╘╠╣⁸ ─ ≢─ ∞↑≢⌂

ↄ ⌂ ─ ⅜╡─ ⅜ ╘╠╣≡™╢⁹₡ HP₢3 

¶ ≤ ─ ─ ─ ⌐ ℮ ─ ⅜ ≤⌂∫≡ↄ╢⁹ ╣╩ ∆╢↓≤⌐╟∫≡⁸

∕─ ─ ⅜ ╛ ↕╣╢ ⌐≥─╟℮⌂ ╩ ⅎ╢⅛⁹ ◘Ᵽ│ ─ ™

≤↓╤≢≤╣√Ⱪꜝfi♪≢№╢⅜⁸ ∞↑≢⌂ↄ⁸Ⱪꜝfi♪ ─ ╙ ∆╢ ⅜№╢⁹₡

⁸2013₢4 

 

5)  

─ ≤⇔≡│⁸ ─ ╛ ─ ⌐ ™ ∆╢

⌐╟╡ ─ ⅜ ⅎ╠╣╢⁹₈ ─ ⌐ ╓∆ ₉

⁸ 9 10 ⌐╟╢≤ ꜠ⱬꜟ≤ ─ │⁸ 4-4-7 ┘ 4-4-

2⌐ ∆≤⅔╡≢№╢⁹⌂⅔⁸ │ ⅛╠ ╣╢⌐≈╣≡ ∆╢─≢ ≢│ ⅛

╠─ ╙ ⇔≡№╢⁹ 

 

4-4-7 ꜠ⱬꜟ≤ ─  

    ꜠ⱬꜟ 0dB=1ɛPa  

 ⌐╟℮╛ↄ ↓ⅎ╢ ꜠ⱬꜟ⁹ 
─ ™ ⌂ 6080dB 

─ ™ ⌂ 90110dB 

꜠ⱬꜟ 
⌐≤∫≡ ⌂ ─ ↕≢№╡⁸ ─№╢

≢№╣┌ ┼ ∫≡ↄ╢ ꜠ⱬꜟ⁹ 
110130dB 

꜠ⱬꜟ 
⅜ ™≡ ╖⌐ ╢⅛⁸ ⅛╠ ↨⅛╢

╩ ∆ ꜠ⱬꜟ⁹ 
140160dB 

꜠ⱬꜟ 

꜠ⱬꜟ  

─ ╛ ─ ⌂≥─ ⅜ ∆╢

꜠ⱬꜟ⁹ 
220dB  

₈ ─ ⌐ ╓∆ ₉ ⁸ 9 10  

 

 

 

 

 

                                                   
1 ₈ ─ ≤ ₉ ╠⁸2012  
2 ₈ ה ⌐╟╢ ⅜ ╓∆ ⌐ ∆╢ ₉ ⁸2011  
3 ₈P-22 ◄Ⱡꜟ◑כ─ ה ⌐ ↑√ ₉

HP  
4 ₈ ⅛╠─ ◄Ⱡꜟ◑כ ╡ ⇔ ≤ ▪☿☻ⱷfi♩₉ ⁸2013  
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4-4-2 ꜠ⱬꜟ≤ ─  

₈ ─ ΅ ─ ╩ ╢΅₉ ⁸ ⁸ ⁸ 10 3  

 

╕√⁸ ─ ↓ⅎ ╘╢ ⌐ ∆╢ ⌐≈™≡│⁸ ⌐╟∫≡

╙ ⌂╢⅜⁸ ⌡100600Hz─ ⌐ ⇔≡ ⅜ ↕ↄ⁸ ⅜ ™ ↕™ ≢╙

↓ⅎ╢ ⁹⌂⅔⁸ⱴ♄▬─ ≢№╢⅜⁸ ╩ ∆ ─ │⁸150200Hz

≤500700Hz─2≈─ ⌐ ⌐ ⇔≡™√⁹ 

─ ⌐≈™≡│⁸₈ ☻כꜙ♬ No.115₉  

⁸ 24 7 ⌐╟╣┌⁸ ┼─ ╩₈ ꜠ⱬꜟ dBht

─ ☻Ɑ◒♩ꜟ≤ ─ ☻Ɑ◒♩ꜟ╩ ⇔⁸∕─ ⅜ ≤⌂╢ ⌐⅔

↑╢ ꜠ⱬꜟ ₉╩ ™≡ ∆╢ ⅜ ↕╣≡⅔╡⁸ ⅛╠ ⅜ ∂╢

≤↕╣╢90dBht0dB=1ɛPa 90dB─ ⌐⌂╢ ╩ ≤⇔≡

⅜ ↕╣√ ⅜ ↕╣≡™╢ 4-4-8⁹↓╣⌐╟╢≤⁸ ⌐╟╡

⅜ ∂╢ ─№╢ │⁸Ⱡ☼Ⱶ▬ꜟ◌⅜ 1,410m⁸Ᵽfi♪►▬ꜟ◌⅜ 710m⁸ⱥ◕

◒☺ꜝ⅜320m≢№╢⁹ 
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4-4-8 ⌐ ∆╢ ⅜ ∂╢ ─  

 
⅜ ∂╢ ─№╢  

꜠ⱬꜟ⅜90dBht0dB=1ɛPa≤⌂╢  

◒☺ꜝ 
Ⱡ☼Ⱶ▬ꜟ◌ 1,410m 

Ᵽfi♪►▬ꜟ◌ 710m 

ⱥ◕◒☺ꜝ 320m 

₈dBht₉│⁸ ─ ☻Ɑ◒♩ꜟ≤ ─ ☻Ɑ◒♩ꜟ╩ ⇔⁸∕─ ⅜ ≤⌂╢

⌐⅔↑╢ ꜠ⱬꜟ⁹ 

₈ ☻כꜙ♬ No.115₉  ⁸ 24 7  

 

─ ╩ ⇔√ ≢⁸ fi⸗כ◘─ Chinook salmon─ ─

─ ⁸ ─ │ ─ ⌐ ⅜⌂™↓≤⅜ ↕╣√⁹╕√⁸ ─ ⌐

≈™≡─ ─ │ ↕™↓≤⅜ ↕╣≡™╢⁹₡Halvorsen, Carlson and Copping, 2011₢

5 

 

6) ─  

─ ─ ≤⇔≡│⁸ ─ ⌐╟╢ ─ ╛

─ ─ ⅜ ⅎ╠╣╢⁹⇔⅛⇔⁸ ─ ⅜ ⌐ ⅎ╢ ⌐

≈™≡│№╕╡⌐ ⅜⌂ↄ⁸ ─ ⅜ ≢№╢⁹↓╣╕≢─ ≤⇔≡ ↕

╣≡™╢ ╩ ∆╢≤ ─≤⅔╡≢№╢⁹ 

¶ ─ ⱦfiכ♃ ⅜ ▪▬ꜟꜝfi♪─ Narrows ≢ ∫√ ⌐╟╢≤⁸▬ꜟ◌╛◗ⱴⱨ▪◙ꜝ

╡╟⌐ⱦfiכ♃⅜◦ ∆╢↓≤│⌂™↓≤╩ ⇔√⁹₡ ⁸2013₢ 

¶ │⁸ ⌂ ⅜ ∆╢ ⅜ ™⁹ │⁸ ⌐◄Ⱡꜟ◑כ⅜№╡ ╣

⅜№╢ ⌐ ↕╣⁸↓℮⇔√ ≢│ ─ ┘ ↕│ ™⁹ ─ │⁸ ⌐

╩ ⅎ⅛⌡⌂™ ∆╢ ╕√│ ∆╢ ⅜ ╦╣≡™╢╙──⁸

─≤↓╤⁸ ⅜⁸ ⁸▬ꜟ◌⁸▪◦◌⁸◘ⱷ≤™∫√ ⌐ ⅎ╢ ⌐≈™≡⁸

│╕∫√ↄ⌂™⁹ ─ ┘ ⅜ ≢№╢↓≤╙№╢∞╤℮⅜⁸ ─ ⌐ ═

─ ⌐ ⇔≡ ⅜ ™↓≤╙ ∞╤℮⁹₡ HP₢6 

¶ ◦☻♥ⱶ─ │⁸ ⁸ ⁸ ─ ┘

─ ─ 4≈─ ™◌♥◗ꜞ⌐ ↑╠╣╢⁹ ┼─ │ ≤ ↕╣╢⁹

│⁸ ─ ╕√│ ─ ╩ ↕∑╢╒≥─ ≢│⌂™⁹√≤ⅎ┌⁸

⌐⅔↑╢ ≢│⁸ ⅜ ┼─ ⌐№√╢⅜⁸ ─ ≤│

≢№╢⁹⇔⅛⇔⌂⅜╠⁸◦☻♥ⱶ│ Ɽ♃כfi ┘ ─ ⱪ꜡☿☻╩ ↕∑╢∞╤℮⁹

↓╣╠─ │⁸ ⌂◘▬♩ ⌐ ⌐ ╩ ℮ ⅜№╢⁹↓╣╠─ ⌂ ╩

∆╢√╘⁸ⱨ꜡ꜞ♄ ─⸗♦ꜞfi◓ ⅜ ≢№╢⁹ ─◄Ⱡꜟ◑כ ◦☻♥ⱶ│⁸

─ ≢ ↕╣╢ ⅜ ™⁹↓─√╘⁸ ┼─ │ ⌐⌂╢⁹

─ │ ╩ ↑╢∞╤℮⅜⁸◦☻♥ⱶ│ ↕╣≡™╢√╘⁸ │ ≢№╢⁹

─ │⁸ ─ ≤ ⌐ ╩ ⅎ╢∞╤℮⁹ ─ │ ⌐⌂╢↓≤≢

╠╣≡™╢√╘⁸ ─№╢ ─ │ ⇔⌂↑╣┌⌂╠⌂™⁹ ⌐ ⌂ ─

⁸ ─ ∆╢ ⅜ ⌐ ⌐⌂╢∞╤℮⁹₡ HP₢ ⅜ ╘╢

│ ↕™√╘⁸∕─ │ ≢№╢⁹₡ HP₢ 

¶ Utgrunden and Yttre Stengrund≢─ ≢│⁸ ─ ┼─Ⱡ●♥▫Ⱪ⌂ │ ╠╣∏⁸╗⇔

                                                   
5 ₈Effects of Tidal Turbine Noise on Fish Hearing and Tissues ₉ Halvorsen, Carlson and Copping, 

2011  
6 ₈ ◄Ⱡꜟ◑כ ≤ ⌐ ∆╢ ₉ HP  
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╤ ─ ⅜ ⇔√≤ ↕╣≡™╢⁹₡ HP₢ 

¶ ≢ ⌂ ≤⇔≡│⁸Ⱪ꜠כ♪┼─ ─ ⅜ →╠╣╢⅜⁸╕∞ ─

≢№╢⁹₡ ⁸2014₢7 

¶ ⌐ ⅜№╢≤⁸◌♬⌂≥─ ─ ╩ →╢ ⅜№╢⁹ ╩ ⇔√

│⁸ ⅜ ↕╣╢⅛╙⇔╣⌂™⅜⁸ ─≤↓╤ │♃כ♦⌂ ╠╣≡™⌂™⁹₡ ⁸2014₢ 

¶ ⌐ ⅜ ∆╢≤⁸ ─ ╛ ⅜ ∆╢⁹ ─ ⅜ ™╠╣╢≤

⌐ ↕╣╢ ⅜№╢⁹ ─ ⌐≈™≡│⁸≥─╟℮⌂ ⅜≥─ ∆╢

⅛│ ≢№╡⁸ ─ ⅜ √╣╢≤↓╤≢№╢⁹₡ ⁸2014₢ 

 

7) Ⱪ꜠כ♪⌐ ∆╢ ┘ ─ ≤ ⌐ ∆╢  

─Ⱪ꜠כ♪⌐ ∆╢ ┘ ─ ≤ ⌐ ∆╢

│ ⌂ↄ⁸ ─ ⅜ ≢№╢⁹↓╣╕≢─ ≤⇔≡ ↕╣≡™╢ ╩

∆╢≤ ─≤⅔╡≢№╢⁹ 

¶ ─ ⱦfiכ♃ ⅜ ▪▬ꜟꜝfi♪─ Narrows ≢ ∫√ ⌐╟╢≤⁸▬ꜟ◌╛◗ⱴⱨ▪◙ꜝ

╡╟⌐ⱦfiכ♃⅜◦ ∆╢↓≤│⌂™≤ ↕╣≡⅔╡₡ ⁸2013₢⁸Ⱡ☼Ⱶ▬ꜟ◌⅜

⌐ ⅛╠ ╩ ⇔≡⇔╕∫√↓≤ ⌐ ◗ⱴⱨ▪◙ꜝ◦⁸Ⱡ☼Ⱶ▬ꜟ◌⁸Ɫ▬▬꜡▪

◙ꜝ◦ ⌐ ⅝⌂ │⌂ↄ⁸Ⱡ☼Ⱶ▬ꜟ◌│ ⅜ ╩ ╘╢↓╤⌐│ ⌐ ∫≡⅝√

↓≤⅜ ↕╣≡™╢⁹₡ ╠⁸2013₢ 

¶ ▪ⱷꜞ◌─Main ╢№⌐ⱪ│⁸Cobscookכꜟ◓─ ⌐ ◌ⱷꜝ(acoustic camera)╩

─ⱦfiכ♃⁸⇔ ⅝⁸ ⁸ ─ ⅝↕⌐╟╢ ╛ ─ ⌐≈™≡ ⇔√⁹∕─ ⁸

⅜ⱦfiכ♃ ⇔≡™╢ ⁸ ⇔≡™⌂™ ╟╡╙ ⅜35% ⇔⁸ ⅜120%⌐ ⇔

⅜ⱦfiכ♃√╕⁹√™≡ ⇔≡™╢ ⁸ ╟╡ ─ ╩ⱦfiכ♃⅜ ↑╢↓≤⁸↕╠⌐ │

╩ⱦfiכ♃⅜℮╒╢™≢ ↑╢ ⅜ ↕╣√⁹₡Viehman and Zydlewski, 2015₢8 

ⱦfiכ♃╢↑⅔⌐ ¶ ⌐╟╢ ⱦfiכ♃⁸≡⇔≥ ⌐ ╡ ╕╣√ ⌐ ⇔≡

╩ ⅎ⌂™╟℮⌐ ↕╣√ (ⱨ▫♇◦ꜙⱨ꜠fi♪ꜞכ )⅜ ↕╣≡⅔╡⁸

⌐⅔↑╢ ─ ⌐⅔™≡⁸ ⌐⌂╢ ⅜№╢⁹ 

 

8) ┼─ ─ ⌐╟╢ ─ ⌐ ∆╢  

─ ─ ⌐╟╢ ─ ⌐ ∆╢ │ ⌂ↄ⁸ ─

⅜ ≢№╢⁹↓╣╕≢─ ≤⇔≡ ↕╣≡™╢ ╩ ∆╢≤ ─≤

⅔╡≢№╢⁹ 

¶ ⌐ ⅜ ∆╢≤⁸ ─ ╛ ⅜ ∆╢⁹ ─ ⌐≈™≡│⁸≥─╟

℮⌂ ⅜≥─ ∆╢⅛│ ≢№╡⁸ ─ ⅜ √╣╢≤↓╤≢№╢⁹₡ ⁸2014₢ 

¶ ⅝ →√ ⅛╠⁸◄ⱦ╛◌♬⁸ ⌂≥√ↄ↕╪─ ⅜ ≈⅛╡╕⇔√⁹ ≢│

ↄ─ ⅜ ⇔≡™√↓≤⅜ ⅎ╠╣╕∆⁹₡ HP₢9 

¶ ⌐ ↕╣√ ─ ≢│⁸ⱷ☺♫╛◌fiⱤ♅⌂≥─

⅜ ⇔≡™╢↓≤⅜ ─ ≢ ↕╣≡™╢⁹₡ ⁸

2015₢10 

¶ Utgrunden and Yttre Stengrund≢─ ≢│⁸ ─ ┼─Ⱡ●♥▫Ⱪ⌂ │ ╠╣∏⁸╗⇔

╤ ─ ⅜ ⇔√≤ ↕╣≡™╢⁹₡ HP₢ 

 

                                                   
7 ₈ ◄Ⱡꜟ◑כ─ ┼─ ₉ ⁸2014  
8 òFish Interactions with a Commercial -Scale Tidal Energy Device in the Natural Environment ó, 
(Viehman and Zydlewski, 2015 ) 
9 ₈ ₉ HP  
10 ₈ ─ ─ ╡ ⌐ ∆╢ ₆ ₇₉ ⁸

2015  
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ה .4.5 ה ─ ⌐ ∆╢  

↕╣√ ⌐ ─ ⌐⅔™≡ ™╢ ⁸ ┘ ─

⌐≈™≡⁸ ⇔√⁹ ╩ 4-5-1⌐ ⌐⇔≡ ∆⁹ 
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4.6. ┼─ⱥ▪ꜞfi◓ 

⌐ ╢ ─ ┘ ⌐≈™≡⁸ ⌐ⱥ▪ꜞfi

◓╩ ⇔√⁹ │ 4-6-1⁸ⱥ▪ꜞfi◓ │ 4-6-2─≤⅔╡≢№╢⁹ 

4-6-1 ┼─ⱥ▪ꜞfi◓  

     ⌂ⱥ▪ꜞfi◓  

27  

11 10

 

  

☿fi♃

כ  

☿fi♃כ  

ה ⅛╠ ⌐№√∫≡─ ─
⌐≈™≡ 

ה ─ ┘ ─ ⅎ ⌐≈™≡ 

ה ⌐⅔™≡⁸ ⅜ ≢⅝⌂™ ⌐≈
™≡ 

27  

11 13

 

  
 

  

ה ⅛╠ ⌐№√∫≡─ ─
⌐≈™≡ 

ה ─ ┘ ─ ⅎ ⌐≈™≡ 

ה ⌐⅔™≡⁸ ⅜ ≢⅝⌂™ ⌐≈
™≡ 

 

4-6-2 ⱥ▪ꜞfi◓ (1/3) 

             

─

⅛
╠

ⅎ
╠
╣
╢

 

ה ⅛╠ ∑╠╣╢ ─ ⅜ ≢№╢⁹ ─ │ ─ ≤ ⇔√ ⅛

╙⇔╣⌂™⁹ ⁸▬ꜟ◌─ ™╢ ⌂╠ⱴ☻◐fi◓ │ ↕™≤ ⅎ╠╣╢⁹ 

─♪כ꜠ⱨ▫♇◦ꜙ☻♩ꜝ▬◒⌐≈™≡│⁸Ⱪה ╩ ⅜ ≢⅝╢⅛⁸ ™≡™╢ ╩ ↑╢⅛

⅜ ≢№╡⁹ ≢ ⇔≡™╢√╘⁸ ─ ≤ ∆╢≤ ─ ╛ │ ≤

↕╣╢⁹ 

ה │Ⱪ꜠כ♪╩ ∆╢─⅛⁸ ╛ │≥℮⌂─⅛≤™℮ √⇔fi►♄ꜟכ◔☻⁹╢№⅜ ╩

℮─│⁸Ⱪ꜠כ♪─ ⅝↕≤ ⅛╠ ⌐ ≢№╢⁹ 

ה ⅛╠ ╢ ╛ ⌂≥⅜╦⅛╣┌⁸∕╣╩ ⌂≥≢ ⇔≡⁸ ╩ ╢▬fiⱤ◒♩

─ ⅜ ≢№╢⁹ 

ה ≢ ↓╢ ⁸√≤ⅎ┌ ╣╛ ─ ⁸ ╡ ⁸ ⁸ ─ ╖ ╦∑

⅜ ≤⇔≡ ≢№╡⁸∕╣╠─ ╩ ↑╛∆™ ╩Ⱨ♇◒▪♇ⱪ∆╢ ⅜№╢⁹ 

ⱨ▫♇◦ꜙ☻♩ꜝ▬◒⌐≈™≡│⁸ה ה ⅜ ≢№╢⁹ ╛Ᵽ▬○꜡◑fi◓ ─

⅜№╢⁹ ≢│ ─ ⅜╦⅛╠⌂™⁹∕╣⌐ ∆╢ ⌂ ⅜ ⌂™⁹ ⇔≡

™╢ ╩ ∆╢↓≤⅜ ≢№╡⁸∕─√╘─ ⅜ ≢№╢⁹ 

ה ≢│ ─ꜟⱩכ◔ ─ ┼─ ⅜ ↕╣≡™╢ ⅜№╢⁹ 

ה ─ ⌐│ ⅜≢⅝╢⁹∕℮⇔√ ⌐ ⅜ ╡ ╕╣╢↓≤╙№╢⅜⁸ ─ │

⅜╟™≤™℮ ╙№╢⁹ ⌐╙╟╢⅜⁸ ⅜≢⅝≡⁸ ╣╛ ─≢⅝ ⅜ ╦╢≤⁸

⌐▬fiⱤ◒♩⅜№╢⅛╙⇔╣⌂™⁹ 

ה ─ ⁸ ─ ─ ⅜ ה→ →≢ ⌂╢ ⅜№╡⁸∕─ ⁸ ⅜ ⅝ↄ⌂

∫≡™╢⁹ 

ה ─ ⌐ ⅜ ∆╢↓≤│№╢≤ ℮⅜⁸ ─ ≤ⱨ▫♇◦ꜙ☻♩ꜝ▬◒─

╩ ∆╢ ⅜№╢∞╤℮⁹╕√⁸ ∆╢↓≤│ ─ ≢№∫≡⁸ ∏⇔╙ ⅜ ⅎ╢↓≤

╩ ⇔≡™╢╦↑≢│⌂™↓≤⌐╙ ⅜ ≢№╢⁹ ─ⱳ▬fi♩≤⇔≡ ╩№→

≡⅔ↄ≤╟™⅜⁸ ⌂ │ ⇔™─≢│⌂™⅛⁹ 

ה ─ ─ ⌂ ≤⇔≡⁸ ╛ ╛ ╙ ≢№╢⁹ ─ ─ ⌂ ─ⱴ♇Ⱨfi◓≤⇔≡⁸

╛ ╙ ∆═⅝≢№╢⁹ ╛ ∕─╙─⅜ ↕╣╢↓≤╙ ≢№╢⁹ 
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4-6-2 ⱥ▪ꜞfi◓ (2/3) 

             

∆
═
⅝

 

ה ≢│ ╛∕─ ⌐ ⇔≡™╢ ≤ ⅜№╡⁸∕╣∙╣┼─▬fiⱤ◒♩╩

∆╢ ⅜№╢⁹ 

ה ─ │⁸▬ꜟ◌ ╛ ⅜ ⅎ╠╣╢⁹▬ꜟ◌ ≤⇔≡│☻♫ⱷꜞ╛Ⱡ☼Ⱶ▬ꜟ◌⅜№

→╠╣⁸↓╣╠│ ─ ≤⇔≡ ─ ╩ ↑╛∆™⁹╕√⁸ ─ ─℮∟

─ ⌂≥│ ─ ╩ ↑╢⁹ 

ה №√╡≢│◗fi♪►◒☺ꜝ⁸Ɫfi♪►▬ꜟ◌⁸◌ⱴ▬ꜟ◌⅜⅛⌂╡™╢√╘⁸ │ ↄ⌂

╢⁹ 
ה ≢ ↓╢ ⁸√≤ⅎ┌ ╣╛ ─ ⁸ ╡ ⁸ ⁸ ─ ╖ ╦∑⅜

≤⇔≡ ≢№╡⁸∕╣╠─ ╩ ↑╛∆™ ╩Ⱨ♇◒▪♇ⱪ∆╢ ⅜№╢⁹ 

 

ה ∆╢ ⌐≈™≡│⁸Ⱨfiⱳ▬fi♩─ ≢ ↕╣╢╙─≢№╡⁸ ⌂ ⅜⌂™⁹ 

ה ─ ╛⁸ ⅛╠ ∑╠╣╢ ⌐ ∆╢ ☻כⱬ♃כ♦≡™≈⌐ ⅜ ≢№

╢⁹ 

ה ⌐⅔™≡│⁸∕─╟℮⌂ ⌂ ─ ⅜ ⌂™⁹∕─ │ ≤ ⇔⌂⅜╠⁸

╛ ⅜ ∫≡™ↄ ⅜№╢⁹ 

ה ─ ⌐│⁸ⱬכ☻ꜝ▬fi─ ⅜ ≢№╢⁹∕─ │⸗♬♃ꜞfi◓≢ ∆╢⁹ 

 

 
 

─

 

ה ⅜ ™╙─≢│ ⅜≢⅝╢⁹ 

ה ⁸ ─ ≤⇔≡│⁸ ⱪꜝfi◒♩fi╛◒꜡꜡ⱨ▫ꜟa⁸ ꜠ⱬꜟ ⅜ ≤⇔

≡№→╠╣╢⁹∕⇔≡⁸ ≤⇔≡│⁸ ╛ ⅜ ⅎ╠╣╢⁹ 

ה ─ ╩ ╢ ⌐│⁸ ≤⇔≡─ ╛ ─ ה ─ ─ ⅜ ≢№

╢⁹ 

≤
─

 

ה ─ ╡ ╖≤⇔≡│⁸ ™≡™╢╙─╩ ≤∆╢ │ⱨ▫♇◦ꜙ☻♩ꜝ▬◒⌐ ∆╢⁹╕√

⌐╙ ∆╢⁹ ≤⇔≡ ⌐ ⌂ ╩ ∆─│ ≢№╢⁹ 

ה ─ ⌐ ⇔≡ ⅜≥─╟℮⌐ →╢─⅛ │╣↓⁹╢№╙♃כ♦√⇔ ─ ≤ ↕╣╢

╩ ⇔≡ ═√╙─≢⁸20 ↄ╠™⌐∆≢⌐╛∫≡™╢⁹ 

ⱨ▫♇◦ꜙ☻♩ꜝ▬◒⌐≈™≡│⁸ה ה ⅜ ≢№╢⁹ ╛Ᵽ▬○꜡◑fi◓ ─

⅜№╢⁹ ≢│ ─ ⅜╦⅛╠⌂™⁹∕╣⌐ ∆╢ ⌂ ⅜ ⌂™⁹ ⇔≡™╢

╩ ∆╢↓≤⅜ ≢№╡⁸∕─√╘─ ⅜ ≢№╢⁹ 

ה ≢│ ─ꜟⱩכ◔ ─ ┼─ ⅜ ↕╣≡™╢ ⅜№╢⁹ 

 

ה ╛ ™ ╣⌐ ⇔≡™╢≤™℮ ⌐≈™≡⁸ ⌂ ─ ╡ ╖│ ⌐ ╢─⅜╟™⁹ 

ה ╩ ℮ ╟╡ ╘⌐Ᵽ♇◒◓ꜝ►fi♪♦כ♃╩ ⇔⁸ ─ ╩ ∆╢═⅝

≢№╢⁹ 

ה ⁸ ⁸ ∕╣∙╣≢ ╩⅛↑≡ ╢═⅝≢№╢⁹ ≢ ╢≤⁸ ─

─ ⅜∕─ ─∑™⌂─⅛ ─ ⌂─⅛ ≢⅝⌂™⁹ 

ה ╩ ⇔√⸗♬♃ꜞfi◓⅜ ≢№╢⁹ ⌐⅔↑╢ ⅜ ─╙─⅛⁸ ⌐

╟╢╙─⅛╩ ╡ ↑╢√╘⁹ 

ה ⌐☻▬Ⱪꜟ⅜№╢√╘⁸♦Ᵽכ◔⁸┌╣№≢ ╩ ↑╠╣╢⁹ ╩⸗♬♃ꜞfi◓

ⱪꜝ♇♩ⱨ◊כⱶ≤⇔≡ ⅎ╢⁹ ◌ⱷꜝ⁸ⱴ▬◒⁸⌂≥─☿fi◘⅜ ⅎ╠╣╢⁹ 

─ ╡≢─ ⌂ ╩ ∆╢↓≤│ ≢№╢⅜⁸∕╣⅜ ⌐≥─╟℮⌐ ∆╢─

⅛⁸≥─ ╕≢≥─╟℮⌐ ∆╣┌╟™─⅛⅜ ⇔™⁹ 

ה │≢⅝╣┌ ╩ ∆╢─⅜ ╕⇔™⁹ 

ה ╩ ╢√╘⌐│⁸∕─ ≤⌂╢ ─ ≤⇔≡⁸ ⅜ ⌂◒꜡꜡ⱨ▫ꜟ

╩ ╢ ─ ⅜ ⅎ╠╣╢⁹ 

ה ⌐≈™≡│⁸ ┼─ⱥ▪ꜞfi◓⅜ ⅎ╠╣╢⁹ ─ ⁸ ≤⇔≡─

 

ה ⁸ ╛ ─ⱴ♇Ⱨfi◓⌂≥ ─ ⌐⌂╢╙─╩ ╢≤╟™⁹ 

ה ≤ ─ⱴ♩ꜞ◒☻╩ ⅎ√ ⁸ ≢ ⌂ ─ ≤ ≢ ⌂ ⌂≥

─ ⅎ ≢≥↔ꜟכ◔☻─╣∙╣⧵⁸╡№⅜ ⅜ ℮⁹ 

ה ⌂≥─ ↄ╙─│ ≢ ⌐ ⇔⁸ ⅛⌂™╙─│ ⁸◘fiⱪꜞfi◓ ╩∆╢↓

≤⅜≢⅝╢⁹ 
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4-6-2 ⱥ▪ꜞfi◓ (3/3) 

             

⌐
╟
╢
⸗
♬
♃
ꜞ
fi
◓

 

ה ≤ ∆╢ ≤≢│⁸▬fiⱤ◒♩⌐ ∆╢ ⅜ ⌂╢⁹⇔√⅜∫≡⁸⸗♬♃ꜞfi◓

╙ ⌂∫≡ↄ╢⁹ 

ᵑה ⌐│⁸ ⅜ ≤⇔≡ ≢№╢⁹▬ꜟ◌ ┘ ─ ⌐

⇔≡│a-tag ⅜№╡⁸≤ↄ⌐▬ꜟ◌ ⌐ ⇔≡│ ⌂ ⅜ ≤⌂∫≡™╢⁹ ─◌♫

●◦ꜝ⁸♩ꜝⱨ◓⌂≥╙ ∆╢√╘⁸ ⅜ ™╠╣╢⁹ ⌂♃▬Ⱶfi◓╙№╢⅜⁸

⌐ ⇔≡╙™≈≥─ ⅛╠≥─ↄ╠™─ ⅜ ≢⅝╢⅛≤™℮↓≤│╦⅛╢⁹ 

ה ─ ⌐≈™≡│⁸₈◌♫●◦ꜝ ₉⁸₈ⱨ◓ ₉ ⅜╦⅛╢⁹ 

ᵒה ⌐│⁸☻◐ꜗ♬fi◓♁♫כ╛Ᵽ▬○꜡◑fi◓⅜ ≤⇔≡ ≢№╢⁹ ≢─

⌐⅔™≡│⁸ ─ ╙ ≢№╢⁹ 

ה ─ ╩ ∆╢─⌐│ ─ 2≈─ ⅜ ⅎ╠╣╢⁹☻◐ꜗ♬fi◓♁♫כ⌐╟╢

⁸Ᵽ▬○꜡◑fi◓⌐╟╢ ─ ≢№╢⁹ 

ה ─ ≤⇔≡│⁸ ╢╟⌐♃כ♦ ─ Ҝ ─ ╡ ╖Ҝ♁♫כ⌐╟╢ ╛Ᵽ

▬○ⱴ☻─ ╛ ҜⱣ▬○꜡◑fi◓ ∞╤℮⁹ 

 

4.7. ≢─ ─  

─ ─ ─ │⁸ ≢│ ℮═⅝ ─ ≢ ℮╙

─≢│⌂™╙──⁸ ─ ꜠ⱬꜟ≢─ ┼─ ╙ ╕ⅎ≡⁸ ⌂ ⅝

╛ №╢™│ ╩ ™≡⁸ ⌂ │ ⌐ ∂≡

⇔√⁹∕─√╘⁸ ⌐⅔™≡│ ꜠ⱬꜟ─ ⌐⅔™≡╙╒╓ ∂╟℮⌂ ╩

∆╢↓≤≤⌂╢⅜⁸ ─ ꜠ⱬꜟ≢─ ╩ ╕ⅎ⁸ ꜠ⱬꜟ≢─

⌐⅔™≡ ∆═⅝↓≤⌐≈™≡⁸ ⌐ ╡╕≤╘╢⁹ 

 

ᵑ ─ ⅜ ↄ⌂╢ ─ ─ ⅝↕⌐ ∂≡⁸ ⅜ ⅝ↄ⌂╢

╙ ⅎ╠╣╢⁹ 

ᵒ ─ ↕⌐ ∂≡⁸ ╩ ╛∆↓≤⅜ ╕⇔™⅜⁸ ─

⁸ │ ─ ╛ ─ ⌐ ∂≡ ∆╢ ⅜№╢⁹ 

ᵓ ─ ⌐╟╢ ≤⇔≡│⁸ ╣─ ≤ ─ ⅜ ⅝⌂▬fi

Ɽ◒♩≢№╢⁹↓╣╠─ ⌐≈™≡⁸ ─ ╩ ∆╢↓≤⌐⌂╢

⌐⅔™≡│⁸ ∞↑─ ≢│ ─ ─ ╩ ∆╢↓≤│

≢№╢⁹∕↓≢⁸ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟∫≡ ⌂ ╩ ∆╢ ⅜№╢⁹ 

ה  

─ ╩ ∆╢ ⌐⅔™≡│⁸ ₁─ ⅛╠ ∆╢ ─

╛ №╢™│ ─ ╩ ∆╢ ⅜№╢√╘⁸◦Ⱶꜙ꜠כ◦ꜛfi⌐

╟╢ ─ ╩ ∆╢ ⅜№╢⁹ 

ה  

─ ╩ ∆╢ ⌐⅔™≡│⁸ ₁─ ⌐╟╢ ╣─ №
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╢™│ ─ ╩ ∆╢ ⅜№╢√╘⁸◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ─

╩ ∆╢ ⅜№╢⁹ 

ᵔ ⌐≈™≡⁸ ∕─ ─ ≢ⱬכ☻ꜝ▬fi╩ ∆╢√╘─ ⅜

⌂™ ⁸ ─ ╩ ∆╢↓≤⅜ ╕⇔™⁹ 

 

4.8. ⌐⅔↑╢ ⌐ ∆╢  

╦╣≡⅝√ ─√╘─ │⁸ ⌐ ↕╣╢ ╛

⌐ ™ ╦╣≡⅝√√╘⁸ ⌐ ⇔√◄ꜞ▪╩ ≤⇔√ ⅜ ≢№∫√⁹ 

│ ≢─ ≤⌂╢↓≤⅜ ↄ⁸ ה ┘ ─ ⅎ ⌐

⅜ ⌐⌂╢⁹ 

ⱥ▪ꜞfi◓╛ ⌐ ╢ ─ ⅛╠ ⇔√⁸

─ ה ┘ ⌐⅔↑╢ │ ⌐ ∆≤⅔╡≢№╢⁹ 

4.8.1. ⱬכ☻ꜝ▬fi ─  

─℮∟─ ≢│⁸1 ─℮∟ ⌐1 ╩ ∆╢ ⅜

≢№╢⅜⁸ ⅜ ╠╣≡™╢ ≢│ ─ ⅜ ╕⇔™⁹ 

™ ─ ≢│⁸ ─ ⅜ ─ ⌐╟╢╙─⅛⁸ ─ ─

⌐╟╢╙─⅛ ⅜ ≤↕╣╢√╘≢№╢⁹ 

√∞⇔⁸ ─ │ ⌐ ╢ ┘◖☻♩⅜ ∆╢↓≤⌐⌂╢

√╘⁸ ⅜ №╢ │ ╩ ∆╢↓≤╛ ⅛╠─ⱥ▪ꜞfi◓╛

⁸ ⅜ ∆╢⸗♬♃ꜞfi◓ ─ ⌐╟╢ⱬכ☻ꜝ▬fi─ ─

⅜ ╕╣╢⁹ 

 

4.8.2.  

ⅎ┌⁸ ─ ─ ≢│ │₈ ─ ₉≤⇔≡ ≈⌐╕≤╘╠╣≡

™╢⅜⁸ ≤ ≤≢│⁸ ─√╘─ ⅜ ⌂╢↓≤⁸

─ ╩ ↑╢ ╙ ⌂╢ ⅜ ⅎ╠╣╢√╘⁸ ─

─ ╩ ⇔√ ≢⁸∕╣∙╣─ ⌐№╦∑√ ╩ ™╢↓≤⅜ ╕⇔™⁹ 

 

4.8.3.  

─ ▪☿☻╛ ▪☿☻ ≢ ╦╣≡™╢⁸ ⌐≈™≡─ ─

⅜ ≢⅝╢⅜⁸ ─ ™ ─ ╩ ∆╢√╘⌐│⁸ ⇔™ ─ ⅜ ≢

№╢⁹ ─ ▪☿☻⌐⅔↑╢ ≢│⁸ ╩ ⇔√ ⅜
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╦╣≡™╢⁹ ⱥ▪ꜞfi◓≢│ ─ ╩ ∆╢√╘─ ─ ⅜

→╠╣√⁹ 

ה ▬ꜟ◌ ┘ ─ ⌐ ∆╢a-tag  

◓Ᵽ▬○꜡◑fiה ⌐ ╩ ⇔⁸ ∆╢  

4.8.4.  

─ ≤⇔≡│⁸ ─ ≤⇔≡ ⱪꜝfi◒♩fi╛◒꜡꜡ⱨ▫ꜟ a⁸

⌐ ∆╢ ⅜№→╠╣╢⁹ 

ⱦfiכ♃╛ ─ ─ ⅜ ⌐⅔╟╓∆ ⌐≈™≡─ ⅜

⇔≡™╢√╘⁸ ⅜ ≢№╢⁹ 

─ ⁸ ╛ ⌂ ⌂≥─ⱴ♇Ⱨfi◓≤ ─ ≤─ ⅛╠

∆╢↓≤⅜ ≢№╢⁹ 

─ ⌐≈™≡│⁸ ∏⇔╙ ⅜ ∆╢↓≤≢│⌂ↄ ⅜ ⇔≡™╢

∞↑≢№╢⅛╙⇔╣∏⁸ ⌂ ⅜ ⇔™⁹ 

4.8.5. ⸗♬♃ꜞfi◓ 

─ ⌐ ∆╢ ┘ ⌐⅔™≡│⁸ ↕╣≡™⌂™ ⅜№╡⁸

⅜ ™⁹∕─╟℮⌂ ⌐⅔™≡⁸ ─ ╩ ∆╢ ≤⇔≡⸗♬♃ꜞ

fi◓ ⁸ ┘ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

⸗♬♃ꜞfi◓≢│⁸ ─ ≢ ╠╣√ⱬכ☻ꜝ▬fi♦כ♃≤ ⇔≡≥─ ─

⌂ ⅜№∫√─⅛⌂⅛∫√─⅛╩ ∆╢↓≤⅜╕∏ ≤⇔≡№╡⁸ ─

╩ ─ ≤ ⌐ ℮↓≤⅜ ⌂ↄ≤╙ ╘╠╣╢⁹ ⌐╟∫≡│⁸ ⌐

↕╣╢ ╛ ⅜ ⌂ ⌐ ∆╢↓≤╙№╢⁹ 

↕╠⌐⁸ ─ ╛ ⌐╟╢ ╩ ∆╢ ⌐│⁸∕─ ⌐ ⇔√ ╩

™╢↓≤╙№╢⁹ ⌐⅔™≡ ⌐ ↕╣╢ ≤⇔≡│⁸Ⱪ꜠כ♪⌐ ∆╢

─ ⁸ ┘ ╣─ ⅜ →╠╣╢─≢⁸↓╣╠─ ⌐ ⇔≡ ⌐╕≤╘╢⁹ 

⌐♪כ꜠Ⱪה ∆╢ ─  

⸗♬♃ꜞfi◓ ╩ ┘ ⌐ ⇔⁸ ─ ╛ ⌐≈™≡⸗

♬♃ꜞfi◓╩ ℮⁹ ╩ ∆╢◌ⱷꜝ╩ ∆╢≤⁸ ⌐╟╢ ⅜ ⅎ╠╣╢√╘

◌ⱷꜝ ─ ⌐╟╢ ⅜ ⅎ╠╣╢⁹ 

ה ─ ┼─  

─ ⅛╠ ∆╢ ╩⸗♬♃ꜞfi◓∆╢↓≤⌐╟╡⁸ ─

─ ꜠ⱬꜟ╩ ∆╢⁹ 

ה ╣─ ─  

⌐╟╢ ─ ─ ⅜ ┬ ╩ ∆╢⁹ 

ה ╣─ ⅜ ⅎ╢ ⁸ ┼─  
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─ ⁸ ╩ ™≡ ─ ─ ─ ⅜⌂™⅛≥℮⅛ ∆

╢⁹ 

5.  

הⱦfiכ♃ .5.1  

5.1.1. ─  

│⁸ ─ ╣╩ ⇔◄Ⱡꜟ◑כ╩ ∆╢ ≢№╢⁹ │⁸ 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 

∆╢ │⁸ ⇔™ ≢╙ ⇔≡ ≢⅝╢ ╩ ∆╢⁹

≢─ ה ─ ╛ ⌐ ↕╣√ ╩ ∆╢√╘⌐

┼ → ╩ ℮√╘⁸ⱷfi♥♫fi☻ ⅜ ◖☻♩≤⌂╢⅜⁸ ה ─

™◦☻♥ⱶ╩ ─♩☻◖◓fi♬fiꜝהꜟꜗ◦♬▬⁸╘√╢∆ ╩ ⇔⁸

─ ╩ ℮⁹ 

│⁸ ⅜ ╡ ♃כ꜡√╣╠↑ ⁸ ┘◖fi♩꜡כꜝ ╩

∆╢♫☿ꜟ ⁸∕─ ≢☻כⱦfiⱬכ♃╢⌂≥ ↕╣╢⁹꜡ ⁸≢♃כ ─◄Ⱡꜟ◑

╩כ ◄Ⱡꜟ◑כ⌐ ⇔⁸↕╠⌐ ≢ ◄Ⱡꜟ◑כ⌐ ∆╢⁹ │⁸

─ ≤≤╙⌐♫☿ꜟ─ ⌐ ↕╣≡⅔╡⁸ ≤⌂∫≡™╢⁹ ⇔√

│⁸ ⌡ ◖fiⱣכ♃ ╛ ⌂≥╩ ⇔⁸ ╛ ⅜ ↕╣≡

≡⌐ꜟⱩכ◔ ┼ ↕╣╢⁹ │1MW⁸ ╕≢─ ↕20m⁸

23m⁸ │ 8000kN≤ ─ ≤⌂╢⁹ ⌐≈™≡│ ╩ ⇔⁸

☻כⱦfiⱬכ♃≥ꜟ☿♫ ↔≤⌐ ⌂╢ ╩ ∆╢⁹ 

 

♫☿ꜟ   

  ☻כⱦfiⱬכ♃

  

╕√⁸ ─ ┘ ⌐≈™≡╙ ─╟℮⌐

∆╢ 

 ┼─ ─√╘⌐ ╩  

☻כⱦfiⱬכ♃הꜟ☿♫  ─╖ 
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♫☿ꜟ│ ─√╘⌐⁸ ☻כⱦfiⱬכ♃ ≤ ≢⅝╢ ≤⌂∫≡⅔╡⁸

╩ ∆╢⁹ ╩ ↑╢↓≤≢⁸ ╩ ⇔√♫☿ꜟ╩ ⅛╠ ╡

⇔⁸ ─ ⁸ ⅜ ⌂◦☻♥ⱶ≤⇔≡™╢⁹╕√⁸ ≤⌂╢

─ ♩☻◖ה ─√╘⁸ ╡ ⁸◦fi◌כ≤ ∆ ╩

™√ ╩ ⇔√⁹↕╠⌐⁸ ─ ─√╘⌐⁸

╩ ∆╢↓≤≢ ◖☻♩─ ╩ ℮⁹ ─ ╩ 5-1-1⌐ ∆⁹ 

 

 

 

 

 

5.1.2. ─  

 

─ ⌐ ⇔√ ─ ≤⇔≡⁸ ≢│ ⁸ ≢

│ ╩ ⇔≡™╢⁹∕╣∙╣─ ⌐ ⇔√ ─ ╩ ⇔

√⁹↓↓≢│⁸∕─ ≤ ⌐≈™≡ ═╢⁹ 

 

 

ᵑ ∆╢  

─ │⁸ 5-1-1⌐ ∆ ╩ ⇔≡™╢⁹ 

↓╣╠─ │ ⌐≡ ⅜⌂™√╘⁸♪▬♠─ ≢№╢GL-DNV(

GL(Germanischer Loyde))─OCT(Ocean Current Turbine)●▬♪ꜝ▬fi2005 Draft⌐

⇔≡ ╩ ⇔√⁹ 

 

  

5- 1- 1   

 

 

 

 

 

♫☿ꜟ  

 

 

♫☿ꜟ  

 

꜡♇◒  

 

꜡♇◒  

 

☻כⱦfiⱬכ♃  

 

 

☻כⱦfiⱬכ♃  

◦fi◌  

 

◦fi◌  

♃כ꜡  

 

 

♃כ꜡  

 

2
0

 
2

7
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5-1-1 ∆╢ 1/2 

  

 
 22.1m/s 

 -14.8ϴ⁸ 18.7ϴ 

 

 1   3.9m⁸50  5.2m 

  2.4m/s⁸50 4.7m/s 

  HSWLβ 47m 

 6.513.2ϴ 

 3% 

 ◗◌▬ ⁸ 10mm/ 

 ⇔⌂™ 

  β  1 │ ⁸50 │50 ─ ⌐ ⇔℮╢ ╩ ∆⁹ 

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

⌐ ╣╢ ─ ╩ ⇔√ ╩™℮⁹ 

 

5-1-1 ∆╢ 2/2 

  

ה  
 0.0⁸ 0.0 

 ⇔⌂™ 

∕─  
 ⇔⌂™ 

  

 

ᵒ  

─ ⌐≈™≡⁸ 5-1-2⌐ ∆⁹ 
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5-1-2  

  

    

 1[MW] 

 10[rpm] 

 3[] 

♃כ꜡  23[m] 

 2.3[m/s] 

 5.0[m/s] 

◌♇♩▬fi  1.0[m/s] 

◌♇♩▪►♩  4.0[m/s] 

 20[] 

 40[] 

ⱢⱩה♫☿ꜟ  4 40[ϴ]⁸ 65[ϴ] 

 Ⱨ♇♅  

כꜜ   

  

   
690[V]:5.7[kV]♫☿ꜟ  

5.7[kV]66[kV]  

 

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 

ǒ  

ה      ◌♇♩▬fi   

fi▬♩♇◌ה       ♩ꜟ◒ Ⱨ♇♅  )  

ה      ◌♇♩▪►♩ Ⱨ♇♅  

ה      ◌♇♩▪►♩  Ⱨ♇♅  
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♩►▪♩♇◌ה      Ÿ  Ⱨ♇♅  

ǒ ההה  

V ◦☻♥ⱶ ─ ⌂ ⅜ ⌐⌂∫√ ⌐⅔™≡╙⁸ ⌂

╩ ⌐ ╢╟℮⌐ ∆╢◦☻♥ⱶ╩ ∆╢⁹ 

 

ᵓ ─  

─ ╩ 5-1-3⌐ ∆⁹ 

 

5-1-3 ─  

 

 

ᵔ ─  

─ ⌐ ∆╢ │⁸ ─ ≤⇔≡ ╘√⁹ 

    

   (ⱢⱩ ↕⌐≡2.3m/s) 

   TIx: 12.1%⁸TIy: 8.6%⁸TIz: 6.2% 

 Yaw Error(deg)  -7⁸0⁸7 

   ◌♇♩▪►♩ ( 3.9m⁸Ⱨכ◒ 9.1s) 

 

ᵕ  

╩ ⌐ ∆⁹ 

ה  

ה   /  

╟╡⁸ ╡Ⱨכ☻⌐ ⅎ╢ │⁸4 ╡─ 100%

2.0╩ ≤⇔≡ ⁹ 

 

 

ᵑ ─  

5-1-1 ∆╢ ╛ 5-1-2 ╩ ∆╢╟℮⁸ ─

╩ ℮⁹◦fi◌כ╩ ™√ ≤⇔⁸Ⱨ♇♅ ⌐╟╢☻ꜝ☻♩ ─ ⌐

╙ ≢⅝╢╟℮⁸∕─ ╩ ℮⁹ 

 

ᵒ ╡ ─  

0.8m/s

50MPa
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─ │⁸♫☿ꜟ ≤ ⅜ ↕╣√ ≢ ⅛╠ ↕╣⁸

⅛╠ → ─ ⌐ ∆╢ ╩ ⇔≡™╢⁹ ╡ ⌐│◦fi

╙כ◌ ↕╣√ ≢№╢√╘⁸ ⅜◦fi◌כ ⌐ ⅎ╢⅛≥℮⅛╩

∆╢ ⅜№╢⁹ 

∕↓≢⁸ ─ ⸗♦ꜟ⌐╟╢ (FEM)╩ ⇔⁸ ╡ ─

⌐ ∆╢ ╩ ∆╢⁹ ⅜ ⇔≡™╢ │⁸ ─ ⇔≤

╩ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

ᵓ ─ ⌐ ∆╢  

╡⌐≡ ╩ ∆╢ ⁸ ─ ⌐ ⇔≡ ─ ⅜ ≢№

╢⅛╩ ∆╢ ⅜№╢⁹∕↓≢⁸ ─ ╩⁸ ה ─ ─ ─

(2003) ₈ (2.3)₉⌐ ≠™≡ ╘√⁹ 

⌐⁸ ╘ ≤ ─♩ꜝ☻ ≤⇔≡ ╩⸗♦ꜟ ⇔⁸ ╘√ ─

╩ ™≡ ╩ ⇔√ 5-1-3⁹ ⇔√ ≤ ╩ ⇔⁸

╩ ∫√⁹ 

 

 

 

 

 

 

 

 

 

 

5- 1- 2  

 

 
  

5- 1- 3  
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ᵔ ⌐ ∆╢ ─  

⌐ ∆╢ ─ ⌐ ⇔⁸ ⌐ ∆╢⅛╩ ∆╢√╘⁸ ─

⌐ ∆╢ ─ ╩ ∫√⁹ ≤⇔≡│⁸ᵓ≤ ⌐ ╩

∑√♩ꜝ☻ ≤⇔≡ ╩⸗♦ꜟ ⇔⁸ ⌐ ─ ╩ ⅎ⁸

─ ⅜ ⅛≥℮⅛╩ ⇔√⁹ ⌐ ⅎ╢ │⁸Ⱪ꜠כ♪⅜ ↑╢☻

ꜝ☻♩ ╛ ⌐ ∆╢ ╙ ⇔√⁹ 

 

 

ᵑ ─  

─ ╩ 5-1-4⌐ ∆⁹Ⱨ♇♅ ⌐╟∫≡ ↑╢☻ꜝ☻♩─ ⅜

╦∫≡╙ ⅜ ∆╢╟℮⁸ ≤⇔≡™╢⁹ ─ ⌐◦fi◌כ╩ ↕∑

╢ ≢⁸∕─ ⌐╟╡⁸ ⌐╟╢ ─ ╛ ⌐ ⅎ╢ ≤⇔√⁹ ╩

∆╢ Ɽ▬ⱪ ╛ ⌐≈™≡│⁸ ↕╣╢♫☿ꜟ ─☻ꜝ☻♩ ╛ ⌐

∆╢ ╩ ⇔⁸ ╙ ≤⌂╢ ≤ ↕╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵒ ╡ ─  

╡ ─ ⸗♦ꜟ≤ ╩ 5-1-5 ┘ 5-1-6⌐⁸ ╡ ─

╩ 5-1-7⌐ ∆⁹ ─ ⁸ ≢│◦fi◌כ─ ╖─√╘ 32mm╣

⅜∫√ ≤⌂╢⅜⁸ ╡ ─ ⌐ ∆╢ │ ≡ ≢№∫√⁹ 

 

1600 10500  

 

( 3070 3500) 

5-1-4  
760 7900  

( 2120 6200) 

 mm 
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5-1-5 ⸗♦ꜟ              5-1-6 Ⱶכ♀☻  

  

 

 

 

ᵓ ─ ⌐ ∆╢  

5-1-4⌐ ╩ ∆⁹ ⌐ ⌂ↄ⁸ ⌐ ∆╢ │ ≡

≢№∫√⁹ 

  

 

 

5-1-7 ( 50 ) 

17.7[mm] 

 
32mm 

 

 
( ) 
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5-1-4 ⌐ ∆╢  

 

 

 

 

 

ᵔ ─ ⌐ ∆╢  

5-1-5 ┘ 5-1-6⌐ ╩ ∆⁹ ┘ ⌐⅔™≡ ∆╢ │

≡ ≢№∫√⁹ 

5-1-5 ⌐ ∆╢  

 

 

 

 

 

 

 

 

 

 

5-1-6 ⌐ ∆╢  

 

 

 

 

 

 

 

╕≤╘ 

─ ⌐ ⇔√ ─ ─√╘⁸ ┘ ⌐ ⇔√

ה ⌐⅔↑╢ ─ ╩ ∫√⁹ ⁸ ⇔√ ⌐≡ ╩

∆╢↓≤╩ ⇔⁸∕╣∙╣─ ⌐ ⇔√ ─ ⅜ ⇔√⁹ 

  

[kN]

7769

23308

[kN]

-2583

-3005

-81.1

662.4

-3122

656.6

-6577

-97.3

[kN]

6577

3005
657
1025
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5.2.  

 ≤⇔≡ ⅎ≡™╢ │ 26 ≤ ≢№╡⁸ ∫

≡⁸ ꜟⱩכ◔ ⁸♩כꜟ → ≤╙⌐ │⌂™⁹↓─√╘⁸ 5-2-1⌐ ∆

╙─╩ ≤∆╢⁹ 

⌐≈™≡╙ ⅜⌂™√╘⁸ ─└≤≈≢№╢ ™≈⌐ꜟⱩכ◔

≡╙ ≤ ─╙─≢ ⇔≡™ↄ↓≤≤⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ꜟⱩכ◔ 5-2-1 ♩כꜟ   

5.2.1.   

 ─ ⌐⅔↑╢ ≤⇔≡│⁸ ⌐ 5-2-2 ⌐ ∆╙─

⅜ →╠╣╢⁹ 

ה  ◖Ⱡ◒♃ ᵑ ♫☿ꜟ  Dry-Mate♃▬ⱪ 

ה  ꜟⱩכ◔ ᵑ ᵒ  6.6kV ꜟⱩכ◔ ⁸  

 

ה  ◖Ⱡ◒♃ ᵒ   Dry-Mate♃▬ⱪ 

ה  ꜟⱩכ◔ ᵒ  ᵑ ᵒ ≤  

↓╣╠ ה ╩ ∆╢ ⁸ ⌐⅔↑╢ ╛ ⌂≥╩ ─

⁸ ≢─ ⁸ ꜟⱩכ◔ ┘ ◖Ⱡ◒♃─ ה ⌐ ∆

╢ ⅜№╢⁹ ↕╠⌐ ⌐ ⇔≡╙⁸ ⌐⅔↑╢ ─ ╩ ↑╢√╘⁸

∕─ ╩ ה ─ ≢ ∂≡⅔ↄ ⅜№╢⁹ 

⌂ ⌐ ⇔≡│⁸" ◖Ⱡ◒♃─ " │ 5.2.2⁸" ꜟⱩכ◔
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"│ 5.2.3⌐⁸↕╠⌐⁸↓╣╠ ─ ┘ⱷfi♥♫fi☻ ─ ⌐

⇔≡│⁸6.1.4 " ꜟⱩכ◔ ┘ ◖Ⱡ◒♃─ "⌐ ∆╢⁹ 

─ ≤ ∆╢≤⁸ ᵑ⌐≈™≡│ Wet-Mate♃▬ⱪ( )

⅛╠Dry-Mate♃▬ⱪ( )⌐ ∆╢↓≤≤⇔√⁹ ↓╣│⁸ ⁸Wet-Mate♃

▬ⱪ─ ꜟ▬○fiכ◖ꜞ◦⅜ ≢№╡⁸ ⌐ ⌐ ⅛╠

⅜ ↑╠╣⌂™↓≤⁸ ⌐⅔↑╢ ♫☿ꜟ ∆╢ ⌐♫☿ꜟ ≤─

⌂≥ ꜞ☻◒⅜№╢↓≤⌂≥⅛╠ ∆╢↓≤≤⇔√⁹ 

⁸ ꜟⱩכ◔ │ ─╟℮⌐ ≤ ─ ≤⇔⁸ ╕≢⌐ 5-2-

1 ⌐ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-2-2   
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1 ꜟⱩכ◔  

5-2-1 6.6kV CV ꜟⱩכ◔

1 ⱨ□▬Ᵽכ◔כⱩꜟ  2 ⱨ□▬Ᵽכ◔כⱩꜟ  
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5.2.2.  ◖Ⱡ◒♃  

(1) ◖fi☿ⱪ♩ 

⌐ ↕╣╢ ─ │⁸  5-2-2 ⌐ ∆ ◦☻♥ⱶ≢

⌐ ↕╣╢⁹ ↓─◦☻♥ⱶ─ ≢ ─ ┘ ─ꜟⱩכ◔ ⁸

─ⱷfi♥♫fi☻ │ ─ ╛⅛⌂ ⌐ ∆╢↓≤⅜ ≤⌂∫≡

™╢√╘⁸ ℮™≥♄כ○ ─℮∟⌐ ⌂◖Ⱡ◒♃⅜ ≤⌂╢⁹ 

1) ◖Ⱡ◒♃─   

ⱷfi♥♫fi☻ ⌐│⁸ ╩ ⌐ ⇔√╕╕ ⅛╠♫☿ꜟ─╖

╩ ⅝ →≡ ∆╢√╘⁸ ≢ ⅛╠♫☿ꜟ╩ ╡ ∆ ⅜ ≤⌂╢⁹ ↓─

╩ ↕∑╢√╘⁸♫☿ꜟ≤ ─ ╡ ⇔ ─ 5-2-2 ─ ᵑ ⌐│⁸

≢ ⌂ Wet-Mate♃▬ⱪ─ ◖Ⱡ◒♃╩ ∆╢↓≤≢ ╕≢

╩ ╘≡⅝√⁹ ⇔⅛⇔⌂⅜╠⁸ ─ ⅛╠⁸◖Ⱡ◒♃ ⌐⅔™≡◖Ⱡ◒♃⌐

⅜ꜟ▬○fiכ◖ꜞ◦√╣↕ ┼ ⌂⅜╠ ╣ ⇔⁸ ⌐≈⌂⅜╢ ⅜№╢

↓≤⅜ ⇔√⁹↓─ꜞ☻◒╩ ≢│ ⌐ ∆╢↓≤⅜ ⌂⅛∫√√╘⁸

○▬ꜟ⅜ ↕╣≡™⌂™Dry-Mate♃▬ⱪ─ ◖Ⱡ◒♃╩ ⇔⁸ ᵑ─ ╩

∆↓≤≤⇔√⁹ 

2) ─   

╩ ⌐ ⅎ╢√╘⁸◦☻♥ⱶ ╩ ⇔√⁹ ─ ⁸ ╩

─ ╛ⱷfi♥♫fi☻ ꜟⱩכ◔√╕⁸ ≤─ ⌡ ™⅛╠⁸ ≤

─ꜟⱩכ◔ ᵑ ⁸ ≤ ≤─

ᵒ ─ 2⅛ ≤⇔√⁹ ─ 5-2-2   

 

(2) ─   

⌐ ⇔≡⁸ ꜟⱩכ◔ ─ 5-2-1 ┘ ↕╣╢ ─

5-2-2 ╩ ⌐⁸ ╩ ⇔√⁹ ╩ ╘√◦☻♥ⱶ ─

╩ 5-2-3⌐⁸ ─ ╩ 5-2-3⌐ ∆⁹ 

5-2-2 ↕╣╢ ◖Ⱡ◒♃  
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5-2-3 ◦☻♥ⱶ─  

 

5-2-3 ─  

 

 

1) ᵑ  

 ᵑ─ ╩ 5-2-4⌐ ∆⁹ ─ │ ↄ⁸ ≤ ╩ ∆╢ ⅛╠

◖Ⱡ◒♃╩ ∆╢ ≢⁸☻♥fi꜠☻ ≢ ℮ ≤⇔√⁹ ╕√⁸

─≤⌂ꜟⱩכ◔ ⌐ꜟⱩכ◔╛ ∆╢ ╩ ∆╢√╘⁸ ─ ⌐

╘ ╩ ↑⁸ ─ꜟⱩכ◔ 5-2-1 ╩ ╡ ↑╢⁹ ⌂⅔⁸ ╘

⅛╠ ⌐ ┘╢ Ⱪꜟ⌐│⁸כ◔ ─ ꜟⱩכ◔╡╟⌐ ╩ ↓↕⌂

™ ⁸ⱬfi♪☻♥▫ⱨ♫╛ꜚכꜝ♄◒♩╩ ↑╢ ≤⇔√⁹ ↕╠⌐⁸ ⅜ꜟⱩכ◔

⌐ ↕╣⌐ↄↄ∆╢√╘⌐ ꜚ ─♩◒♄ꜝכ ⅛╠ ᵒ╕≢─ ⌐│ ╩

╡ ↑╢ ≤⇔√⁹ 

↓─ ᵑ─ ─ ≢⁸ ⌐ ⅜ ⌂ ◖Ⱡ◒♃⌐≈™≡│ 

╩ ⇔√⁹ ∕─ ⌐≈™≡│ ≢ ∆╢⁹ 

 

 



 

94 

 

 

5-2-4 ᵑ─  

2) ᵒ  

ᵒ⌐ ⇔≡│ ↓╣╕≢ ↕╣√ ─ ◖Ⱡ◒♃╩ ⇔⁸ ╩ꜟⱩכ◔

∆╢↓≤≤⇔√⁹ ⅛╠─ ╩ ≤⇔√ ╛ ─ꜟⱩכ◔

╩ ╡ ↑╢ ╘ ╩ ꜟⱩכ◔⁸⇔ ─ ⌐ⱬfi♪☻♥▫ⱨ♫╩ ™≡™╢

≢№╢⁹ ⌂⅔⁸ ─ ⌐│ ◖Ⱡ◒♃≤ ⱨ□▬Ᵽכ ◖Ⱡ◒♃⅜ ↕

╣≡™╢⁹ ᵒ─ ▬ⱷכ☺╩ 5-2-5⌐ ∆⁹ 

 

5-2-5 ᵒ─  
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 (3)◖Ⱡ◒♃   

⌐⅔™≡⁸ ◖Ⱡ◒♃⌐ ↕╣╢ ≤ ⌐ ⇔√◖Ⱡ◒♃─

╩ 5-2-4⌐ ∆⁹ ᵑ⁸ᵒ│≤╙⌐ ⁸ ⁸ ⁸

≤ ⁸╕√│∕╣ ─ ╩ ⇔≡™╢⁹ ╕√⁸ ⱨ□▬Ᵽכ ◖Ⱡ◒♃ ╩

5-2-5⌐ ∆⁹ ⌐≈™≡⁸ ╩ √∆◖Ⱡ◒♃╩ ⇔≡™╢⁹ 

 

5-2-4  ◖Ⱡ◒♃ ≤◖Ⱡ◒♃  

 

5-2-5 ⱨ□▬Ᵽכ  ◖Ⱡ◒♃ ≤◖Ⱡ◒♃  

 

 

(4)  ◖Ⱡ◒♃─   

∆╢ ᵑ─ ◖Ⱡ◒♃│ ⌐≈™≡ ∆╢↓≤≤⇔√⁹↓╣│⁸

◖Ⱡ◒♃─ │ ≤ ⱨ□▬Ᵽכ ─∕╣≢ ⅝⌂ ™⅜⌂™↓≤⌐╟╢⁹╕

∏│◖Ⱡ◒♃◘▬☼⅜ ⅝ↄ⌂╢ ⌐ ╡⁸ ╩ ╘╢↓≤≤⇔√⁹⌂⅔⁸ ≤

ⱨ□▬Ᵽכ ─ ⌐≈™≡│⁸1 ─ⱪ꜠כ♩ ⌐ ◖Ⱡ◒♃╩ ⇔√ ╩

⇔≡™╢⁹ 

1)  

5-2-6 ┘ 5-2-7⌐ ─ ╩ ∆⁹ ⌐│ⱪꜝ◓╩ ⌐│꜠☿ⱪ♃◒ꜟ

ⱭⱠ♩꜠כ♃ ╩ ⇔√⁹ⱪꜝ◓≤꜠☿ⱪ♃◒ꜟ│⁸ ⌐Ⱳꜟ♩≢ ╘≡ ⌐

∆╢ ≤⌂∫≡⅔╡⁸Oꜞfi◓╩ ⇔≡ ⌂ ╩ ⇔≡™╢⁹ 

Clear Clear

Uo/U(Um)
Clear Clear  *3

Clear Clear
Clear Clear
Clear Clear

Clear Clear
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5-2-6 ◖Ⱡ◒♃ ⱪꜝ◓ 

 

       

5-2-7 ◖Ⱡ◒♃ ꜠☿ⱪ♃◒ꜟ ⱭⱠ♩꜠כ♃  

 

2) ♫☿ꜟ┼─ ▬ⱷכ☺ 

5-2-8⌐  ◖Ⱡ◒♃╩♫☿ꜟ┼ ∆╢▬ⱷכ☺╩ ∆⁹ ♫☿ꜟ⅛╠ ⅝

↕╣√ Ⱪꜟ│⁸כ◔ ⌐ ╡ ↑√꜠☿ⱪ♃◒ꜟ≤ⱪꜝ◓╩ ⇔≡ ꜟⱩכ◔

⌐ ⅜╢⁹ⱪꜝ◓≤꜠☿ⱪ♃◒ꜟ⅜ ↕╣√◖Ⱡ◒♃ ◘▬☼│⁸ 570mmĬ

ű239mm─ ⅝↕≢№╡⁸ 3 ╩ ⌐ ≢⅝╢ ≤⌂∫≡™╢⁹↓─◖Ⱡ◒

♃◘▬☼≢№╣┌⁸ ⌐ ╡ ↑≡╙ ╛ ⌐ ≤│⌂╠∏⁸

┼─ ⅜ ≢№╢≤ ⅎ≡™╢⁹  
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5-2-8 ◖Ⱡ◒♃ ♫☿ꜟ ┼─ ▬ⱷכ☺ 

 

(5) ⱨ□▬Ᵽכ  ◖Ⱡ◒♃─  

5-2-9 ┘ 5-2-10⌐ ᵑ⌐ ™╢ ⱨ□▬Ᵽכ  ◖Ⱡ◒♃─ ╩ ∆⁹ 

ⱪꜝ◓≤꜠☿ⱪ♃◒ꜟ╩№╦∑√ │ 270mm⁸ │ ű50mm≢№╢⁹ ≢

═√ ◖Ⱡ◒♃≤ ╦∑≡⁸☻♥fi꜠☻ ⌐ ≢⅝╢◘▬☼≢

№╢⁹ │ 8 ⅜ ≢⅝╢ ≢№╢⁹ 

  

5-2-9 ⱨ□▬Ᵽכ ◖Ⱡ◒♃ ⱪꜝ◓ 
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5-2-10 ⱨ□▬Ᵽכ ◖Ⱡ◒♃ ꜠☿ⱪ♃◒ꜟ 

 

(6) ◖Ⱡ◒♃─  

⌐Dry-Mate♃▬ⱪ─ ◖Ⱡ◒♃│⁸∕─ ⌐ⱷ◌♬◌ꜟ◦כꜟ ╩

⇔≡™╢⁹ ∕─√╘⁸ ⇔√ │ꜟⱩכ◔ ╩☻כ◦ ⌐℮╟─ ™√

Ⱪꜟ≢│⁸כ◔ ◖Ⱡ◒♃─ ─ ╩ √⌐ ⇔⌂↑╣┌⌂╠⌂™⁹

╢↑⅔⌐ꜟⱩכ◔☻כ◦ ─ ≥☻כ◦⁸│≡⇔≥ ─

╩ ╡⇔ ∆╢ ↑ ⅜ ™╠╣≡⅝√⁹  

─ ◖Ⱡ◒♃≢╙ ─ ⌐╟╢ ⅜ ≢⅝╢⅛ ╩∆╢√╘

╩ ⇔√⁹⌂⅔⁸ ⌐ ↕╣╢ │(4)─ ◖Ⱡ◒♃

─ ה☼▬◘ה ╩ ⇔√╙─≢№╢⁹ ⌐ ╩ ╣⁸ 2MPa⌐≡

750 31 ─ ╩ ╛ꜟⱩכ◔⁹√⇔ ┼─ ─ │

╘╠╣∏⁸ │ ≢№∫√⁹ 

 

5-2-11 ◖Ⱡ◒♃ ─  
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(7)    

─ ≢│Dry-Mate♃▬ⱪ─ ◖Ⱡ◒♃╩ ⇔⁸ ᵑ┼─ ╩

™⁸∕─ ╩ ∆╢↓≤⅜≢⅝√⁹ ⌐ ↑√ ◖Ⱡ◒♃─ ⌐№√∫

≡│⁸ ᵑ─ ⌐ ∆╢ ⅜ 1 ╩ ⅎ╢ ⅜№╢↓≤⅛╠⁸

─ ╩ ≤⇔√ ─ ⅜ ≤⇔≡ →╠╣╢⁹ 

╕√⁸ ⌐ ∆╢↓≤⌐╟╡⁸ ⅜ ◖Ⱡ◒♃─ ⌐ ⇔⁸

◖Ⱡ◒♃⅜ ⇔ ↄ⌂╢ ⅜ ⅎ╠╣╢⁹↓╣╕≢─ ◖Ⱡ◒♃│ ─ ⅛⌂™

≢ ↕╣╢↓≤⅜ ⅛∫√↓≤⅛╠⁸ ─ ⌐ ∆╢ │№╕╡ ∂╠╣

≡™⌂™⁹ ≢│⁸ ◖Ⱡ◒♃┼─ ─ ─ ╛⁸ ─ ⌂

≥╩ ╘√ ╛ ─ ⅜ ה ≤⌂╢⁹ 

ꜟⱩכ◔  .5.2.3  

⌐ ↕╣╢ ꜟⱩכ◔ ┘ ◖Ⱡ◒♃│⁸ ─ ╩ ↑╢⁹ ⌐ 

─ ◖Ⱡ◒♃ ᵑ ⌐ ∆╢ Ⱪꜟ│⁸כ◔ Ⱪ꜠כ♪─

╩ ↑╢√╘⁸∕─ ─ ⌐ ⇔≡ ╩ ℮ ⅜№╢≤ ⅎ╠╣╢⁹ 

∕↓≢⁸ ─ ╩ ⌐⁸ ꜟⱩכ◔╢╟⌐ ╩◦Ⱶꜙ꜠כ◦ꜛ

fi⇔⁸∕─ ─ꜟⱩכ◔ ╠⅛ ╩ ⇔√⁹ 

(1) ⌐⅔↑╢ ⌂≥◦Ⱶꜙ꜠כ◦ꜛfi  

Ⱪ꜠כ♪ ─ ⌐ ∆╢ ◦Ⱶꜙ꜠כ◦ꜛfiכ♦ה♃─ ⌐⁸

5-2-12⌐ ∆ ⱦfiכ♃ ⁸Computational Fluid Dynamics

─ ╩ ⌐⁸ ⌐⅔↑╢ ⌂≥─ ╩ 5-2-6─╟℮⌐ ∆╢↓≤

≤⇔√⁹ 

 

 

 

5-2-12(a) ─ ꜠▬▪►♩ 
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5-2-6 ─◦Ⱶꜙ꜠כ◦ꜛfi (1/2) 

 

 

 

 

 

 

  

i) (  ii) A - A' )

ii)

Ҧ ҥ 

Vmag 

Vin

2.5m/s

5-2-12(b) ♃כⱦfi CFD  
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5-2-6 ─◦Ⱶꜙ꜠כ◦ꜛfi (2/2) 

 

 

(2) ◦Ⱶꜙ꜠כ◦ꜛfi ≤ ꜟⱩכ◔  

 1) ◦Ⱶꜙ꜠כ◦ꜛfi  

 ◦Ⱶꜙ꜠כ◦ꜛfi ⌐ ⇔≡│⁸ ─ ꜟⱩכ◔╢╟⌐ ⌐ ╓∆

╩ ∆╢ñ◔כⱩꜟ ò─ ⁸ ⌐╟╡ ⅝ ꜟⱩכ◔╢╣↕↓ ( )

⌐ ∆╢ ╩ ∆⁹ 

ꜟⱩכ◔ (1-1   

5-2-7⌐ ⌐⅔↑╢ ⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆⁹ ╟

╡⁸ ꜟⱩכ◔╢↑⅔⌐ ─ ╩ ⌐ ⇔≡ ╘ 60Á ⌐∆

╢↓≤⌐╟╡⁸ → ⁸ → ≤╙ ⱬכ☻ ┼─ │⌂ↄ⁸ ─ ⌐╟

ꜟⱩכ◔╢ ─ │⌂⅛∫√⁹ 

 

 

ҥ Ҧ
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5-2-7 _ ⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi  

(a)  90Á─   

 

 

   

(b)  90Á─   

 

        

 

1-2) ┘   

ꜟⱩכ◔  ⅛╠ ꜟⱩכ◔√╣╠ ⌐≡ ╩ ꜟⱩכ◔≡⇔

⌐ ∆╢ ─ ╩♃כ♦ ╘⁸∕─ ꜟⱩכ◔╢╟⌐♃כ♦ ╩

20.6

34.3
79.6
1.97
2.65

42

17.9

34.1
77.8
1.92
2.65

42
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⇔√⁹ 

 

 ꜟ♦⸗ꜟⱩכ◔(1-2-1

ꜟⱩכ◔│ꜟ♦⸗  ⌐≡ ╠╣√ ≤⇔⁸BS │3

♩כ꜠♩☻ 0.45m Ɽכ♥ 2.5m ♩כ꜠♩☻ 0.15m⁸BS כ◔─

Ⱪꜟ │1m ≤⇔√⁹ 

  

5-2-13 ⸗♦ꜟ 

 

1-2-2)  

 ─ ꜟⱩכ◔√╣╠ ─ ⌐ꜟⱩכ◔┘ ∆╢ ─

╩♃כ♦ ⌐ ꜟⱩכ◔⁹∆ ⌐◌ꜟⱴfi ⅜ ⇔≡⅔╡⁸ ─ ⅜

≢⅝╢⁹ 5-2-14 ┘ 5-2-15  

 

ꜟⱩכ◔ 5-2-14 ─ ꜟⱩכ◔ │ ⅝  

( Y )  
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⌐ꜟⱩכ◔ 5-2-15 ∆╢ ─  ♃כ♦

 

ꜟⱩכ◔ (1-2-3  

⌐≡ ╠╣√ ─ ⌐ꜟⱩכ◔⁸╩♃כ♦ ⅎ√ ꜟⱩכ◔─

╩ ∫√⁹ 

⌐⅔↑╢ ─ ─ꜟⱩכ◔⁸ │ⱬfi♪☻♥▫ⱨ♫ ≢

0.029 %≤⌂╢ 5-2-16 ⁹ 

 

5-2-16. ⱬfi♪☻♥▫ⱨ♫ ꜟⱩכ◔╢↑⅔⌐  

 

5-2-8 ⌐⅔↑╢  

  

 

ꜟⱩכ◔ (1-2-4  ≤ ─  

⌐ꜟⱩכ◔ ⇔≡™╢ ─ ⌐│ ≤

⅜№╢↓≤⅜ ╠╣≡⅔╡⁸ ⌐│ ⅜ ↄ⁸ ⅜ ™╒≥ ≤⌂╢

⅜⁸40ϴ 1◘▬◒ꜟ/day≢─104◘▬◒ꜟ ─ │⁸ 5-2-17─₈

 
(Peak to Peak)

5 0.029
ⱬfi♪☻♥▫ⱨ♫
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 55  2  OF◔כⱩꜟ─ ₉ ⁸ ⌐ ♃כ♦╢™≡╣↕

U Ɽ▬ⱪ ⌐╟╢≤0.0213%≢№╢⁹ 

  

5-2-17 ─  

 

0.0213%│1◘▬◒ꜟ/day≤™℮ ⅜ ╘≡ ™ ≢─104◘▬◒ꜟ ─

≢№╢√╘⁸ ≢ ╠╣√ (5Hz)≢─0.0213% ⌐⅔

↑╢ ╩⌐≈™≡⁸ ─ ⌐ ↕╣≡™╢ ─ ≤ ─ ⅛╠

∆╢≤⁸ 10 ─ ≤⌂╢⁹ 

logL1L2= afĬlogf1f2 

      √∞⇔⁸ L1⁸L2 (min) L1=N1f1 ╕√│ L2=N2f2 

           N1⁸N2 ╕≢─◘▬◒ꜟ  

           f1⁸f2 (cpm◘▬◒ꜟ min) 

           af (=0.54) 

─ ⅛╠⁸ ─ ꜟⱩכ◔⁸│≡™⅔⌐ ≤⇔≡ 

⌐⅔↑╢ ╛●▬♪⌂≥─ ⅜ ≢№╡⁸↓╣≤ ⇔≡ ┘ⱷfi♥♫fi

☻ ─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ 
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5.3.  

→ ≤⇔≡  ─ ╩ ≤ ⇔≡™╢ 5-2   5-2-1 ⁹  

⅛╠─ │ ╩ꜟⱩכ◔ ∫≡ 6.6kV≢ ╠╣≡ↄ╢√╘⁸↓╣╩ →

─ ⌐ ∆╢ ⁸66kV⌐ ∆╢ ⅜№╢⁹ ↓─ ⌐

⇔≡│ ≤ ╩ ∫≡⅝√⁹ ∕─ ╩ ⌐ ∆⁹ 

5-3-1│⁸ ╩ ┘꜠▬▪►♩ ⌐╕≤╘√╙─≢№╢⁹ ╕√⁸

─ ⌐ ⇔≡│ 5-3-1⌐ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 5-3-1(a)   

 

 

ꜟⱩכ◔ ┼  
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 5-3-1(b)  ꜠▬▪►♩

 

 

┼ 

 5-3-1(b)  ꜠▬▪►♩  



 

108 

 

 

         

 

1200/1200 (kVA)
66/6.6 (kV)

7.2 (kV)
800 (A)
25 (kA)

1135 (kVA)
1100 (kW)
0.69 (kV)
97 (%)

 5-3-1    
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─ ⌐⅔↑╢ ≤⇔≡│⁸ ─ ⅜ ⅎ╠╣╢⁹ 

ᵑ  ≤─ ≢⁸ ┘ ⁹ 

ᵒ  ≤─ ≢⁸ ⌐ ⇔≡100% ≤™℮ ⅜ ∫≡⅔╡⁸↓╣⌐

∆╢ ⁸ ⁹ 

ᵓ  ⌐ ╦∑≡⁸ ⌐ ╩ ↑╢↓≤⁹ 

ᵔ  ─  

 

6.  

6.1. ─  

6.1.1.  

(1)  

6-1-1⌐ ─ ╩ ∆⁹ 

 

6-1-1 ─ 11(1/2) 

 

 

 

 

                                                   
11 22   23 3  
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6-1-1 ─  (2/2) 

 

 

(2) ─  

ᵑ  

⌐⅔™≡ ─ ─ ╩ ⱦfiכ♃⁹∆ ⱦכ♃⁸

fiⱬ⁸☻כⱬכ☻◦fi◌כ│ ⌂ ≤⌂∫≡™╢⁹ 6-1-2⌐ ─

⁸ 6-1-1⌐ ─ ╩ ∆⁹ 

6-1-2 ─  

 

 

  

190 20 170

130 113 17

480 417 63

800 550 250
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6-1-1 ─  

 

 

ᵒ  

6-1-3 ┘ 6-1-2⌐ ─ ⌐ ∆╢ ╩ ∆⁹ 

 

6-1-3 ─  
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6-1-2 ─  

 

6.1.2. ─  

⅛╠─℮⌡╡─ ╩ ↑╢ ≢⁸ 50m≢─ ꜞ☻◒ ╩ ≤⇔

√ ╩ ℮⁹ 

 

ה↑ (1) ⇔  

≢│ ─ ╩ ℮ ≢№╡⁸ ─ │⁸ ─ ╩

⇔√ ≢⁸ ╙◖☻♩╩ ⅎ╢↓≤⅜≢⅝╢≤ ⅎ╠╣╢⅜⁸ ⇔│ 30m

⌐⌂╢√╘⁸ ⌐ ⇔⅜≢⅝╢ ╡ ╩ ∆╢⁹╕√⁸ⱷfi♥♫fi☻╩∆╢ ⌐

≤⌂╢♫☿ꜟ ╡ ⇔ ≤ ─ ↑ ┘ ⇔ ╙ ╦∑≡ ∆╢⁹ 

 

  

220

20

20

25 25
25

   ⱬכ☻  

♫☿ꜟ  

±25° 

♫☿ꜟ 220° 
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ⱦfiכ♃ .6.1.3  

(1)  

6-1-4⌐ ─ ⱨ꜡כ╩ ∆⁹ 

6-1-4 ⱨ꜡כ 

 

1

2

3

4

5

ה
ROV ─ ⅝

─ ⅝

─ ⅝

◖Ⱡ◒♃כ

1 

2 

3 

4 

5 
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ה (2)  

6-1-5⌐ ♫☿ꜟ ─ ⱨ꜡כ╩ ∆⁹ 

6-1-5 ─♫☿ꜟ ה ⱨ꜡(1/2)כ 

 

  

1

2

3

4

5
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-6-1-5 ─♫☿ꜟ ה ⱨ꜡(2/2)כ 

 

 

  

6

7

8

9




































































































































































