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 1-1 

Ϛ  ›ṕ 

ṅשׁ 1.1 ӭᾼ 

ᴯὑὧҖṸếὧ⁮Ṹӻꜜ ȲἏҖ ѡӐȳ ȲἏ⁮

ὧ⁮Ṹ֢ ȲЛ ⱢὧҖṸ ὧ⁮Ṹ ϱẃἏ ᾼ Ȳ֯

ὔϱḆⱢ ȴῺ ѿẃד20 ᴞ ᵑṆ (AIS)

ẁϠ в֢ ᾼᵛ Ȳ ᴖ ϱṶ╝⁯Ь Ϣṝׄԓцכ

ҷȲⱢ ᵅ ϱṶ╝ ӢᾼҠ ȲӐ ѻ Ἇ

ὓ ϱṶ╝ ҭ ȲиέẔ ᵑ ῈиӁѿ ϚḔϠ Ẕ Ӣᾼ

֪ІȲṳ ֢ ֪І о∟ῴḔ∂Ӵ Ϛѻ ЀỂ

П ᴩ ᴷ ȷҫה вҵ ӻ Ṇ (VDES)П

ד ӣ ᶾ ѝԈȲ VDES ׄԓц ϱ Пᵗ Ȳẁ

в ᴯ ᴕȴ 

ѷꜜ ֥ᵂ (Organization for Economic 

Co-operation and Development, OECD) 2016דᾼԓ ὔ

ӱȲ85%ᾼ ᾬЬ ϱ Ȳԓ ὔ ᴾפּ ὔ

פּ 50%ȲҠṓԓ ὔᾬ☼ᾼѻ ѠהЬѿ ◦ ⱢЄỨȴ Л

╥ὧҖṸ ὧ⁮Ṹ ϱẃἏ ᾼ Ȳ֯ ὔϱḆⱢ

П Ȳ ᴖ֮ ᴯ ⁯ὔắ Ἠ ᾌ – Ȳ Ể

ᾼ ♄ Ϸ֯׀ ֵЛҠᶼἴᾼ֚ Ȳ֪ ᴶ∂Ӵֽױ ϱ ᴩ

Ȳה с ◦ ᴩׄԓ ҵ ȴ 

о Ṇ І ᶾ ȳ Ṇ ȳ ᴻὢ

Ȳצ ֥ṳ ӣὑ ȳ ц ỴП ᾼ Ȳ

ṿӣ῏ ӦṆ ֥ᾼד ᶶ Ϡ ᴩ Ҡ Ӣᾼ

Ȳ ᴖ ᴩᵫ ḳ ᾼṶ›ṮᾙȴӐ ṅӭשׁ ѻ ╥Ɫ

ϚḔ с ὑ ϱ ᴩᾼׄԓȲ ֥ ᶝᾼ AISṆ Ȳ ứ

ᾼ ֪І Ẕ о ὨῴḔ∂Ӵӭ Ể ᾼ ϱ ᴩ

Ȳṳה ᴷ ה ӣ ц∟ ӣц ȴ 



 1-2 

1.2 Џᵂ ӭ 

Ӑ Џᵂ ӭѻ ҠиⱢẒ Ȳ М ᵫ› ѻ вҵ

ӻ Ṇ (VDES)Пד ṅשׁ ᶾ ѝԈȲ ד ӣ

ᶾ с ẂȲ ᴷ VDES ὑ в ׄԓ ϱПᵗ Ȳ

ẁ∟ ᴩ Ɫ ᴕȷẔװ ӭ Ể Ἤ Ӣᾼ

ϱṶ╝ ᴩ Ȳ∂Ӵ ϱṶ╝ ȲԛṼṶ╝ ἤ ῈиӁ

ᴩи Ȳ ӭ ѻ ֪ІҔ╗ ֪Іȳ Ὲ

֪ІȳϢⱢ֪ІцẔ҃Ҡ ֪ ἬᴾכиȲṳиέṶ╝ ȴ 

Ӑ ᴕ ᴩᾼ ☼ ֪ Ȳѿ Ѡה

ϡ ה ӭ Ể ᾼᾌ ȳ☼ ȴ ∟ ֥

ᶝП AISṆ Ȳ ứᾼ ֪І Ẕ о ὨῴḔ∂Ӵӭ Ể

ᾼ ϱ ᴩ Ȳṳה ᴷ ה ӣ ц∟ ӣц ȳ∂

Ӵ ứӭ ϱ ᴩ ȴѻה Џᵂ ӭֽϯȸ 

Ϛȳ ӻ Ṇ Пѝ  έȴשׁ

ϡȳѻ Ѐ ϱ Ṷ╝ ȴ 

Ϯȳ ϱ Ṷ╝ ֪Іиέȴ 

ҳȳ ứӭ ȴ 

Хȳ∂Ӵ ứӭ ϱ ᴩ  ȴה

1.3 ѝ ֫  

1.3.1 ׄԓ  

Ṷ (International Maritime Organization, IMO) ᾼɦe

о ᴩɧ╥Ғ ᶾדּ ѿ ӣὑ с ϱׄԓȳ’ׄ ◦ П

’ ȴẔМѻ ᶾ Ҕ╗ȸ1.҉и ᾼ І ᴩ (Electronic 

Navigational Chart)ȷ2.ᶙ Ҡ ᾼứᴯ Ṇ ȷ3. ỴẒ ѿ

оϢ ꜜ ẁиέ ḟ ќ ᾼ ֥Ṇ ȷ4. ѹ ᾼ

▐ ȴIMO ὑ ד2008 ứɦeо ᴩ ɧṿ Ἐ ᾼׁש
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Ϥ ◕Ȳ ȳּרȳҒȳѡȳ ȳ ☺ ֢ Бׁש

᷾Ϥׁש ȴeо ᴩᾼ ϚḔ╥ṿ ᵂ ᴟṿӣ

І ᴩ ᾼɦ І ӱ Ṇ (Electronic Chart 

Display and Information System, ECDIS)ɧȴECDIS БכⱢ ϱϢ

Ễׄԓ еּפ(Safety of Life At Sea Convention)ạ ׄ ᾼ

Ȳи ◕Ӧ 2012ᴟ ד2018 Ḕ ╟ȴ֯∟ ◕⁄ ӣ

ECDIS ᴩ ȳ ц Ȳ֯Ỵϱ Ṷὢ

Ầᵗ Ȳ с ᴩׄԓȳ ’ ȴ 

ᶺ П ֵѹ ◦Ṷ ♄ Ȳ֯ ӑẃѬ ӻ

⇔═ ᾼ ᾓϯȲ ṿ ϱӻ ⇔ Ȳ ֥ɦ ϱ

ϢỄׄԓ еּפɧ ạ ḖȲἬצⅎ ȳ ᴩ ᴯ 300 

ѿϱᾼ Ȳц‍ ᴩ ᴯ 500 ѿϱᾼ ɦ

ᴞ Ṇ  (Automatic Identification System, AIS)ɧȲӻ

ὑӖ פṼеּד97 ɦ ⁄ɧȲ Ḗ ֥ ᴯ Ԉᾼ

AISȲѿ о ᴩׄԓȲẔМȲ106ד 12ѣӻ

ᵫ Ӕ ⁄ и ѝ Ӕ Ȳ107ד 7ѣӻ еᵫ

Ӂ Ӕ ⁄ и ѝȲẔМ ѿҵП ὑ ד108 7ѣ

27ѡ∟ Ϛװ ứ Ἠ ᵑ ▲ AIS ȲṳὑӖ ד 108

8 ѣ 14ѡ Ӕɦ ⁄ɧМȲ֢ה ᴞ ᵑ

Ṇ (AIS)ᾼד ứȴ 

ӻ ὑӖ ד102 ҏɦ ╜ Ӫӫ - ɧȲẔМ 15

Ӧὑ в Ṷ Ԉ Ӣ Ȳ о Ѐׄԓὢ ȲҠצ

с ᴩׄԓȴ Ṷ ạứП Ѐ ạᵂ ᶧ

Ȳ с Пὢ ȳ Ѐ ạ ▲ЏᵂȲҠ сц ӻ

☼ȳ о ạцҒ в ⅎ ׄԓ ȴ 16Ɫ

с ḳ Ṯ ϩȲẔᴩ Ѡ ⱢҒ ȳ ᴩ

ϩȳ Ṷ ạ⇔ц о ᾒᴆ╬Ṯạ ϩȴ 17

Ɫ о ׄԓ ạȲ ὑҒ ׄԓ П ᴩ ϩȲ

Ғ ׄԓѝо Ṏ Ȳ о ạȳ ᴩ ϩȲ

ᶮ Ӕ ᾼׄԓѝоȲṳ Ӧ Ḃ ṳ ᶺ Ṷ ▲ᵂ ☼

Ȳ∂ П Ṷ иέạ⇔Ȳѿ Ṯ Ṷ Ԉ



 1-4 

Ӣȴ 18Ɫ ׄԓᾎ ạ⇔Ɫ ׄԓП ӰȲὑ═

Ӕ ᾎ цד ІᾎȲṿẔ ֥ еּפ Ȳṳ

ɦ ϱӻ ׄԓᾎɧПӴᾎȲѿ∂Ӵᶙ ᾼ Ṷᾎ ṆȲ

ׄԓȴϱ שׁ П ד ứ ӱ вד ᴩׄ

ԓȲ ᴩ ṶṮḳὢ ᾼᶾ сȲҒ в

ׄԓ ȴױҵӻ Бὑ ἉеӁɦ2020ד108 ╜ Ӫӫ

ɧȲ ὑ ᾪדᾪȲ2020ד102 ҏẦᵗ ȲכⱢ ∟

╜ᾼל ѿцҔ╗ ȳᾎ ԓ ᾼ

ᴩ Ѡ Ȳṳѿ с ȲᵂⱢ ֥ ₤ᾼ 

Ѡ֣ȴ ₤ ҏ ₤ ȲҔ╗ ᶾ

ᾼ ӣȳד ὢ ӂ ᾼ∂ оȳ

ᵗṆ ȳ ӻ Ṇ ѿц Ṇ

ᴩ Ѡ Ȳ с Ѐ ׄԓȴױҵҔ╗ ЀП ᴥ Ә

ȳ ׄԓᾎ ạ⇔ оȳҒϤ ד ȲᶁⱢ

П  ═ ἤЏ ȲW2020 דᾪЬ Ϥד ṳ ᴩ Ѡ ȴ 

ӻ ṅשṅἬׁשׁ ᵫɦ Ṇ Пׁשṅɧ Ϡ

вӭ› AIS֢֯ӭ ᾼד ὨȲҔ╗ȸ1.AISכ ן ▐ ᾓȷ

2.ɔ ӣМ ᶾ AISṆ ᾼ ắ ȷ3. ֢ Ѐ

иӁȲ Ӧ оᾼ Ȳ כ ᾼכ

ȷ4.ѿ AIS ҭ ᵛ ᾼ иέ ᵛ

ᶾ Ȳ иέ ȳ ȳ Ἠ ╝ ȳ ☼ Ṷ╝ȷ

5. ֥ AIS ᴯ ἤ ẻṆ Ȳ Ϛ ᴩ ⇔Ȳ

ѿᾨậ   ȷ6. ậ ӣ ȲṳṼ Ѭ

ѿц Ἤ Ȳ ẁᴞ о ӱғ ȴ 

ӻ ᶝⱢ с ᴩׄԓȲ ю ӢȲ о

ᵗȲ ᶺ ӻ ☼Ȳѿᵓ═ ᴷ ᴩ ṳ Ἠ

Ṇ П Ȳѿ ᴞ ᵑṆ (Automatic Identification 

System , AIS)Ɫ Ȳᶺ ὑԓ ∂ 33 AISȲֽ 1.3Ἤ

ӱȴ Ϣ(2009) ϡ Ѐ ֣ ᴩᾼ Ẫ ▲Ȳṳ

ṿӣ ᴩ ᵂ ṳ ҏҠᴩѠ ȴ Ϣ(2012) ᴕ

Ỵ ᴩׄԓṳ П֚ Ȳ ҵד
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ѝ Ȳ ҏ Ỵה ϩ ֯ ᴩׄԓϱП ד Ԉцẓ

П֪ ╟ȴ Ϣ(2020) ◦ Ể ӣ ӻ ☼ᾼ

Ȳ╓ҏ ṳ ҏ ᴩ ד ׄԓ ᾼẓ ∂ ȴ 

 
     ẃ ȸӻ ᶝ  

1.3 ӻ ᶝ AIS ן  

1.3.2 ӻ Ṇ (VDES) 

AISⱢӭ› ᴩᾼ Ӑ Ȳѻ ╥ṮѦ ắẞ ᴖ

ḳȲᵀϷӦὑ AISṆ ᾼכғ ȲẔ ӣ ϩѡ сȲ֪

ױ ꜜѷד2015 Є М VDESᾼ ȴ Ȳ 

ṖЎ Ϣ(2016)Ю VDESṳ ὙẔ ἤ Ӈ ἤȷWimpenny

Ϣ(2018) ҏӦὑ VDES ֵ ‒ Ȳ֪ױ ὔכⱢ ḃ

ᾼӭ Ȳ Д ϱ ᴩ ᵗ ᴖ֚ц ׄԓȲ╝

VDES ASM ᾼ и ҏ Public Key Cryptography (PKC)ᾼṝи

ѠהȷLĠzaro Ϣ(2019) ὙⱢᴶ ṿӣ ╦ VDESц ֵṿӣ

ẂȲṳ ҏṆ ᾼ╚ цӑẃ ḟᾼ ȷBradbury Ϣ
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(2019)ếØ ystein Ϣ(2009) ☺ыῈ ֯ ╦AISṆ ᾼד

ṅцṆשׁ ḖȷPoghosyanế Golkar(2017)ц NASA Ames Research 

Center(2020)иέϠӴѠ ╦ᾼ › ϩȲṳ ╦ ȳ ֮

ҏכᾎȲᴖ Reid Ϣ(2018)⁄ ҏᵅ ⱢӴѠ ╦ ᴩ

ֻᾼѠᾎȷGolayaế Yogeswaran(2020)֫ ϱ ҭṳ Ὑ

VDESᾼ ӣ Ẕӣ ȷ ׅ(2020)Ю ѡӐׁש ᾼ VDES

ן цẔ ӣ ᶮȷḌ(2021) ӣ ╦ᾼׄԓ

ᵒȲṳשׁ Ὑּר HawkEye360еҨ ᾼ ӣ

╦ғ ȴ 

1.3.3 ϱṶ╝ иέד  ṅשׁ

רּ № ѵІ ֯Ϛװ ᾒᴁ♪ ṶԈ∟Ȳ ṅשֵׁ

╟ ứȲ צ Ṯạ Є ᴆ╬ṶԈᾼ ӢȴMerrick Ϣ(2002)

ṅМשׁ ц ӴϠϚכ֮ ╓ ỗ Ȳ҅ῶϠ ꜜȳ╜Ἀȳ ֮е

Ӗ Ȳ Ϡɦ№ ѵІ ᴷṆ ɧȲв Ҕ╗Ṇ

ȳ иέế ᵒ ᾼ ₤Ȳ ₤ ᴷ ц PWS

Пᾒ Ṷ╝ᾼ › ᴷế֯ס юױ ᾼ ╟Ȳ

₤ ӱҠ ю 75%ᾼӰᾒ♪ Ȳṳ ᵅᾼ 68%ᾼṶ╝ Ӣ

ȴMerrick Ϣ(2005; 2006)ׁשṅМ ц№ ѵІ ᴷṆ ӑ

ᴷ ὨᾼЛ ứἤȲ֪ױȲ Ɫ╥צ ἤᵀỮЛᶙ ᾼȲ ᴷ

Л ứἤᾼᵺ ֯ὑ юᾼ ȴᴖ∟ ϠẒ

ѠᾎȲҠӣὑ ᴷ Ṷ ᴷМᾼЛ ứἤȲ ẓצ ֯Ṷ╝

ᾓᾼṙ ц ṷ ᾓᾼ֪ ᵒ П ᾼ …Ȳ

ᴩṙ ֵа֫ иέȲṳ ֥Ẓ Ѡᾎ Ẓ ẂȲׁשṅԓ ᾼ

ếЛ ứἤ ᴷȴWang Ϣ(2004)֫ Ϡ Ṷ ᴷᾼ ᾭȲ

ṳ ▐ế о ▐Ȳ ạЏ ᶾ цẔ֯

∂ ếḟ Мᾼ ӣȲԛЮ ҳ ᾼ ∂ ếḟ Ѡᾎ Ẕ

ẂȲ Ὑ֯ױ ѠᾎҠ ḟ ᶾ ᾎ ӣᾼ Ȳѿ‚ ∂

ếḟ ȴ Ϣ(2004) ӣᴊᴥṆ Мᾼᴊᴥ иέᾎȲ∂

ӴϠ ЀѬ Ṷ╝ѻ щ ֪ᾼ иέ ₤Ȳԝҏ֢ѻ

Ѐ›Х ṶṶ╝щ ֪ȴ Ϣ(2006)ɔ ӣ иέᾎ ᴩ ȳ
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Ừȳ ꜜП Ẫ ȲἬ П ᵓӣ ḟ ᴩ

ѩ ѻ Ṷ╝ЏϢⱢ֪ Мᾼ ӭȴ Ϣ(2008)ѿ

ᴊᴥ Ṇ иέ ᴫỴП ȳ Мȳ ϮЄ Ѭ П

Ṷ╝ȲṳѿẔМ ᴩׄԓ צ ῏П ȳ Ἠ ȳ ȳ

ѭḳἨ Ⱨȳ ╝ Ἠ г Ȳѿц Ṷ╝ ₤ Ṷ

╝֮ Ȳ ӣᴊᴥ ҏẔד ἤȴBalmat Ϣ(2009) ҏ

ϠϚ ӣὑ ϱׄԓᾼ ᴷѠᾎȲҠᴞ ứ ֯ḟ Ṇ

Мṿӣᾼ ֪ Ȳѿ ᾼ оếи

֪Іế ֪І ᾼכ ֪Іȴ ֪ ᴷ

ᴕ Ϡ צ ᾼϚṷ ד) ȳ ȳ ᴯȳеҨ ȳ

ế ₤)ȴ ֪ ⁄ᴕ Ԉ( ᾓȳ ế ṓ

⇔)ế ѡ ẘẃ ᴷȴ ὑ ṅȲBalmatשᾼׁד2009 Ϣ(2011)ԛ

ҏϚ ѠᾎȲѿ ᴷ ӣὑ ϱׄԓᾼ ϱ ᴷȲяẔ╥

е ᾼᴆ╬ ṮȲ Ṇ Ҡ ᾼ ἤếщ ᾭᾓⱢḕ ứ

֪ Ȳṳ Ԓᴕ Ϡ ᾼ оȴZhang Ϣ(2016)∂ӴϠϚ

ṙ ₤ẃ щ☿ ᾼ Ṷ╝Ȳ ṅשׁ ӣ ᴟד2008

ᾼד2013 6 ד ҭṶ╝ ᴩ иέȲԛѿṙ ẃ

╓ Ṷ╝∟ὨПד Ȳ ἤиέ ứ ἤ Єᾼ╓

ȲҔ╗ ᴩ ȳ ₤ếϚщМᾼ Ȳ Ὠ ӱṶ╝ Ӣ

ᾼᴯ ȲẔװ╥ ế  ȴ Ϣ(2017)ɔ ӣ֪Ὠиέᾎ

(Why Because Analysis, WBA)ɧ έҏ ֪ѿцẔ ᾼ֪Ὠ

Ȳṳ Ӧṙѫ (Bayesian Network, BN)П оиέғ Ȳ ϚḔ

֢ ֪П ἤцẔ ᶧȴṳ Ṷ ẂиέȲ Ὑ

Ӑ Ṇ оиέ☼ ᾼ ᵂ Ȳṳ Ӧ ἤц оиέᾼ ὨȲ

ậὙ П ֪цẔ ᶧ Ὠȴ Ϣ(2017) ӣ ֛

₤Ȳ 1980ᴟ ד2010 Пᾒ Ṷ╝ ֪Ȳ ᾒ ԓ ᾼ

Ṷ╝П ֚ ֪ иέȲ ‍ϢⱢᾼ ЄṶ╝֚ ֪ (

₤ȳ ᾬ ế )МȲᾒ ₤ếṶ╝ᾼ ₤ẓצ ԓ

Ṷ╝ד ȴ (2018) ṶԈ ӣӦ SHELL ₤

Ḃṏ ֥ ᴩ ḖП HFACS-MA Х ▐ и ᾎȲ Ӧ ῶ

ԝȳ ֪ῶԝѿц ἤ и ᶧȲиέҏṶ╝ Ӣᾼѻ Ȳ

ṳ ᴕ ϱ (International Regulations for Preventing 
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Collisions at Sea) ֢ Ϣ֪ ҷȴ 

ϱ ҵנ ѝ ӱ֯ AISṆ Ữӑ ᾛ ӣ ȲἏὓᾼ

Єֵ ὑ Ϛ ᾼ ҭ иέἨṶ╝ᾼ ȲⱢϠᴕ

Л ứἤȲ Ӧ Ѡᾎ Ṇ Ɫ ӣṙ ֫ ȳ

ц ᾼѠהẃ ḟ ȴ֯ AISṆ ᾛ ∟ȲЄ

ᾼ ӣׁשṅ ҏȸNguyen Ϣ(2018)ׁשṅ

ᾼѻ ֪ Ȳ Ϡ ᴷᾼ ₤Ȳṳ ὑ AIS‒

ᴷȲ ᴖ ֥ ϱ AIS Ɫ ế Ṇ ẁ∂ ȴJeon

Yang(2019)╓ҏἏὓ Ὼ ᾎḥצᴕ ᾼ ֣ ϩ

֯ѐЉϱᾼ ἤ Ȳѹ ֵҒᴕ Ѭ ᴩ ᾼ ȴ

ױ֪ ᵓӣ AIS М ᾼ ⇔ế֦Ѭ ⇔ȲѬ ц ֣ẃ ᴩи

έ ȳ Ȳṳ ὙἬ ҏ ᾎҠ֯ в Є ᾼ

Ể ◦ӻ ‒ ế ‒ ȴHu Ϣ(2019)ṿӣ AIS ᴕ ᾼ

ᴯ ế ⇔Ȳ ӣMean C-FuzzyѠᾎᶙכ и Ȳ ӣẞ

Ὼ ᾼ ếẞ Ὼ ᾼ ȲW Ɫ ᾼ ẃ

Ӑᾼ ȴChen Ϣ(2019)∂ӴϠᵓӣ AISế ҭṶ╝

ᴷѠᾎȲ ӣ Ѡᾎ∂Ӵ ₤Ȳ

ṙ ѿ ҭṶ╝ ∂ӴṶ╝ ₤ȲῴḔ Ὠ ӱױѠ

ᾎҠӣὑиέ ἤ ȴ 

ӻ ṅἬשׁ ᶾ ṅМїשׁ ɦד109 ֥ Ӵ∂ה

ᴩ Ṇ ɧ Ể ᾼ Ю Ȳׁש

ᶶ Ể ᾌ ᾼᴞ о ֥Ӣכ Ȳṳ

ᵓӣ ᾼצ AISṆ Ȳ ֥ ᴩᵫ Ṇ ᾼ Ȳ

ẁ ᴯ ᴕȲҫ ӣ AIS ҭ ∂Ӵ AI ṳה

Ӧ иέẃᵒ Ҡ ᾼ ᴩ Ȳ ױ ⁄ᵒứⱢ

ȴӐ(110)ד⇔ЏᵂᾼиέѠה⁄ ӣ ᴩ Ɫѻ Ȳ иέ

ᴩ ֪І(ֽȸ ȳ ȳ☼ ֪Іȳ Ὲ ֪ІȳϢ

Ɫ֪І Ẕ֪҃І)ẃ ᴩ ᾼ ᴷȴ 
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ϡ  ӻ Ṇ Пѝ  έשׁ

вҵ ӻ Ṇ (VDES)Пד ṅשׁ ᶾ ѝ

ԈȲ ד ӣ ᶾ с ẂȲ ᴷ VDES ὑ в ׄԓ

ϱПᵗ Ȳ ẁ∟ ᴩ Ɫ ᴕȴ 

2.1 ӻ Ṇ (VDES) Ю 

ᴞ ᵑṆ (Automatic Identification System , AIS)╥Ϛ

ӣὑ ếỴц ế П ᾼ Ṷׄԓ ‒ᾼ ᵗ Ȳ

AISᾼ ‒Ҡ ẞ ᵑ ȳẦᵗ ӭ ȳ о ӻ ц ẁẔ

҃ ᵗ ѿ ᵍ ᾼғ Ȳ о ϱ ӻ ׄԓȴ2000ד 12

ѣ Ṷ  (International Maritime Organisation, IMO) MSC73

AIS ạἤׄ Ȳ֪ױ AISӭ›Ɫ ᴩᾼ Ӑ Ȳ

ӦὑױṆ ᾼכғ Ȳӭ›Ἥắ ẃ Єᾼ ӣ ϩȲ

ᵗ Ầ  (International Association of Marine Aids to Navigation and 

Lighthouse Authorities, IALA) ҏ AIS 50% Ȳ ֪‒

  ᴖ ᴩׄԓȲ╝ ҏ ӻ Ṇ (VHF Data 

Exchange System, VDES)ᾼ ἘȲᴖ∟ ‒ (International 

Telecommunication Union, ITU)ȳ Ṷ (IMO)ếẔ҃

ӣȴ 

VDES╥Ϛ ҔᵶЛ֝ ‒ІṆ ᾼ ‒Ṇ Ȳ Ϡ ᾼצ AIS

ṳ Ғ ứ ӣ (Application Specific Messages, ASM)ế

ӻ (VHF Data Exchange, VDE)Ẓ ІṆ ȲҠ צ AIS

ᾼ ϩȲ Ṝ ȳ Ỵȳ ╦цỴ ╦П ᾼ

ӻ ḖȲֽ 2.1-1 Ἤӱȴ֢ІṆ ғ иᵑⱢȸ1.AIS-ӣὑ

֤ ȳᴯ ȳ ᴩᾭ ȳ ế ‒ ȴ2.ASM-ӣὑ

Ϡ ᴯ ế ᴩᾭ ҵᾼׄԓ‒ ȲֽѬѝȳ ‒ ȲẔӭ

ᾼ╥ ю AIS ᾼ ȴ3.VDE-╥ VDESᾼ їғ Ȳб Ḇ

ᾼ ‒ȲиⱢ֮ VDEế ╦ VDEẒ иȲ ֵ ‒ ȴ

VDESᾼ ᴥⱢȸ1. ᴯ ếׄԓἤ ӣ ӣ ѿ’ ‒

ȴ2.ṿӣḆ ♄Ȳṿӣ῏Ҡ ѻ ֣Ẕ҃ ȳ Ѐȳ
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Мї Ἠ ậ‒ ȴ3.Ṽ ṿ ‒ ⇔Є

сȴ 

 

ẃ ȸLázaro Ϣ(2019) 

2.1-1 VDES  

ᵗ Ầ (IALA)ếד ᴯᾼᵘϩȲ֯ ꜜѷד2015

Є  (World Radio Communication Conference in 2015, 

WRC15)ϱ Ϡ VDESᾼ ȲẔ и ֽ 2.1-2ἬӱȲ

ὑ֮ VDE иȲⱢϯᴩếϱᴩ и Ϡ 100 kHz Ȳ

ṳⱢ ASMᾼ֮ ế ╦и ϠẒ 25 kHz ȲẔМ ╦ ◕

Ἃ Ȳ᾿ẞ ֮ ֯Д ᴩ ϚḔׁשṅⱢѦȴVDESᾼ

╟ ◕ֽ 2.1-3ἬӱȲ2017~2018דѻ ∂Ӵ֮ VDEȲ ẞ AIS+

֮ VDEᾼῴỞ ᴩ ϩȲ2019~2020דѻ ∂Ӵ֮ VDE+ASMȲ

ẞ VDESᾼ֮ ῴỞ ᴩ ϩȲ2021ד∟⁄ᶙ֮כ VDEȳ ╦

VDE+ASMȲ ẞ VDESᾼԓ ᴩ ϩȴ 
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ẃ ȸIALA guideline G1117 (12/2017) 

2.1-2 VDES и ᾓ 

 

ẃ ȸIALA guideline G1117 (12/2017) 

2.1-3 VDES  
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2.2 ӻ Ṇ (VDES) ᾓ 

‒ (ITU)ὑ ꜜѷד2019 Є  (World Radio 

Communication Conference in 2019, WRC19)ḟứϠVDESҔᵶ ╦ᾼ

и Ȳᴖ ᵗ Ầ (IALA )Б֣ Ṷ (IMO) ҏӨ

Ȳṿ VDESҠѿֽ֝ ד2000 12ѣ Ṷ (IMO)ᾼ MSC73

AIS ạἤׄ Ϛ Ȳ ᷅ ∟ VDESȴ 

2.2.1 VDES  

֢ ӭ›Б њ VDES ᾼạứȲ ᶮֽϯȸ 

1. ᵗ Ầ (IALA)ȸБᶙכ IALA guideline G1117 VHF DATA 

EXCHANGE SYSTEM (VDES) OVERVIEW (Edition 2, 12/2017)ế

IALA guideline G1139 THE TECHNICAL SPECIFICATION OF 

VDES (Edition 3, 6/2019)ȴ 

2. ‒ (ITU)ȸБᶙכ Recommendation ITU-R M.2092-0 

Technical characteristics for a VHF data exchange system in the VHF 

maritime mobile band (10/2015)Ȳӭ› Recommendation ITU-R 

M.2092-1Ӕ֯ ḂМȴ 

3. Ṷ (IMO)ȸMSC73 ֯ SOLAS Мפּ ạ ứ

ׄ AISȲӭ›Б Ḃכ ạ ứ ׄ AISἨ VDESȴ 

4. Іᶾ ỗ (International Electrotechnical Commission, 

IEC)ȸБ∂Ӵ AIS Ȳӭ›Ӕ֯ ASMế VDES ȴ 

5. VDES (VDES Alliance)ȸ֯ ד2020 9ѣ 29ѡᾼ IALA МȲ

О ỗ Stefan Pielmeier (IALA ENAV ỗ WG3  )∂ Ӵ

VDES Ȳṳ ҏҒ VDES ╦ᾼ∂ ֽ 2.2-1ἬӱȲ

ῴ ᾃὑҖ ᾼ ӣȲ֯ כᶙד2022~2021 1 ╦ᾼ

ᴩȲṿ ֯Җ Ҡѿ ẞḕ Њ Ȳᴖԓ ⁄Ɫ 1щȴ

֯ ԛד2024~2023 Ғ 4 ╦ᾼ ᴩȲṿ ֯Җ Ҡѿ

ẞ 1Њ Ȳᴖԓ ⁄Ɫ 1щ ȴ֯װ5-7 ԛד2026~2025 Ғ 16

╦ᾼ ᴩȲṿ ֯ԓ ẞ 15и ȴ֯ ԛד2028~2027
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Ғ 40 ╦ᾼ ᴩȲṿ ֯ԓ Ҡ ẞᵛ ֥ȴ 

 

ẃ ȸIALA (2019) 

2.2-1 VDES ╦ᾼ∂  

2.2.2 ╦∂  

╦ VDEӭ› Ϡ ☺ыῈ (European Space Agency, ESA)

כ Мᾼ ȳ ȳ Єᵓȳᴫ Ѳȳ ẕȳО цҒ ЄҵȲ

Ṹ☺֮ Ҕ╗ѡӐȳ ☺ȳМ ȳ Ғịц Ꞌ שׁ ∂ ȴ 

№ыῈМї֯ ד2015 7ѣ ֵ ֵЄ ῈׁשṅἬ Ϡ∂

VDES ╦ NORSAT-2 ᾼּ֥פȲẔⱢϚ 15kg(ѐЉⱢ

20cm×30cm×40cm)ᾼ ╦Ȳֽ 2.2-2ἬӱȲNORSAT-2 ╦ὑ 2017

ד 7 ѣ Ȳ Ϡ AIS ן ц ֣ ‒ᾼ VDEȲ ⇔Ɫ

600km(ы ֝Ḕ )Ȳӭ›ὑ № ẁԒ ᾼ

ӻ ὢ ȴ 2.2-3Ɫ NORSAT-2 ╦ӭ›ᾼ ‒ ⇔ȲӦ МҠ῀Ȳ

ế Ɫ 38.4~115.2kbpsȲ ế ╦ Ɫ 2.1~140kbpsȴ №

ыῈМїӼ֯ ד2017 7ѣ NORSAT-1 ╦Ȳ ╦ Ϡ AIS

ắ Ȳ֝ ֯ ד2021 4ѣ NORSAT-3 ╦Ȳ ╦ ϠϚ

ἤ Ȳѿ AIS ן ᾼ ϩȴ 
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ẃ ȸ №ыῈМї  

2.2-2 NORSAT-2 ╦ 

 

ẃ ȸ №ыῈМї  

2.2-3 NORSAT-2 ╦ ‒ ⇔ 

М ֯ ד2017 1ѣ ╦ Caton-1Ȳ ╦ӦҖ

Ṻ ל צᶾדּׁ еҨếҖṺϟщ ᶾדּ╦ צ еҨ ֥

ȲṳӦ⁮Ṻ ЏЄ ᶙכ ȲẔⱢϚ 2095 ᵌ(ѐЉⱢ
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100×100×227mm)ᾼӴѠ ╦Ȳ Ễ 10 ѣȲ ⇔Ɫ

533km(ы ֝Ḕ )Ȳ Ϡ AIS ן Ȳ ᴩԉ ѻ

╦ ן цẔ ᾎᾼҠ ἤȴ 

SaabȳOrbcommếAAC Clyde Space֯ 8ѣד2020 Ӂ ὑ2022

ד VDES ╦ȲẔМ AAC Clyde Space ╦ᾼ Ȳᴖ

Orbcomm Ẕ ╦ ȳ ếᾬ ȲSaab⁄ ẁ

VDESᶾ Ȳ ӭӦ ẕ ᶝԚ֝ ᵗȴ 

רּ HawkEye360еҨ֯ ד2018 12ѣ Ϛ҅ ᾌ

╦ PathFinder (Cluster 1)Ȳṳὑ ד2021 1ѣ ϡ҅ ᾌ

╦ PathFinder (Cluster 2)ȲẔⱢѿ ӣ ╦ὢ ẁ

(SIGNIT) ᴩ Іќ ᵂ ᾼԒ ȲHawkEye360еҨᾼ

╦ ѿϮ ӴѠ ╦Ɫ Ȳᴯ Ϯ ╦ᶁ ẞӦ֮ן ῶ

П ᾌ Ȳᵛ Ẕẃ ᴯ ȴ Ϡ AIS‒ ҵȲ

ế ᾌȲ Ϛ҅ PathFinderҠ Ҕ╗ Xᾌ◕ Ṷ

ȳ Ṷ (maritime VHF)П 16 70 ȳ ≡╓ᴯ

ӱ (EPIRB marine emergency distress beacons)ц AIS Ȳד

ὑϚ ╦ ẁ ȲAIS ⁄ἷ ᴟ ᵑȳ ȳ

֣ ȲHawkEye360еҨ ẁᾼὢ ♄ ẁ֯ Ὲϱ

Ḇ ᾼ ȲЛ ẁᴯ ȲḆ Ϡ ֯ ᾼ♄ ᾭ

ᾓȲꜙᴟ╓ҏ  AIS ᾼҠ Ȳ ὑ ϱ‍ᾎṛṂȳ

ᾼ ᾎц ᴩ צ ӣ ȴ ϡ҅ ╦ ֯Ṇ с

∟ȲЛᵀ═ ҉ ȲꜙᴟҠ ֝Ϛ֮ ֝ ẁЛ֝

◕ᾼ Ȳ έ ◕ṿӣἬ҅ῶᾼ ȴ 

вӭ›צ Ӵ ◦Є ȳ′ׁ (ῖ)еҨц

צᶾῖԌדּ еҨ֥ᵂ ӴѠ ╦╦ Ṇ Ȳ∂Ӵԓ

ȳԓ Ѭѝ Є Ȳṳ 5G ᶾ ȳᾬ

Ȳ Ҡ ᶺ П Ȳ֯ Ṷ

ԏ ȷҫӑẃϮѠϷ ∂Ӵɦ ᴥ ԓ ӻ

Ṇ VDESɧȴ 
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2.3 ӻ Ṇ (VDES)ӑẃ ӣ 

ѡӐᾼе ᾎϢ Ўӂế ◦╜ ṅἬ(OPRI)ѻשׁ

ᴩ ◦╜ ᾼׁשṅц∂ Ȳὑ ד2004 Ởḕדҏᾪɦ ◦Ӫ ɧ

ѡӐ вҵ ◦цῺỴ֮ ד ᾼṶԈц Ȳ֯ ⁄ד2020

ѡӐі VDESᾼ Ḃ ҏ ế ֽῶ 2.3-1ἬӱȲ

Ҕ╗ȸ1.ѡӐ вӣљᾼ (‚ ◦ ᴯо)ȷ2.╜ ȳᾎ√ȷ3.

ᶾ ȷ4.Ṷ о ȴẔМ Ϛ ᴷ ѡӐד2040 в ᾭ

ᾓֽ 2.3ἬӱȲӦ МҠ῀ȲVDESҠ ẁ֢ Ԛצ AIS Ȳ

Ϡ ᾼׄԓἤғצ ȲḆ Ϡ ϱᾼ ϱᾭᾓȲᴖ֯ ◦ ᴯ

о и⁄ ֥ ╦ȳ֮ ╦ȳ ϱ ц ן Ҡ

ẞ έ Ȳ VDES ╦Ҡ ẁԅ ד Ȳ

ҒẔ ᴩᾼׄԓἤȲṳӦ ◦ ᴯоᾼ ҏ  Ғ ᾼ

ᴩⱢȲҔ╗ȸ ȳ ȳ Ἁ (  צ )ᾼ┤

ц ỴӢ ȴ 

ῶ 2.3-1 ѡӐі VDESᾼ Ḃ ế  

  

1.ѡӐ вӣљ

ᾼ (‚ ◦

ᴯо) 

 ̧ е ᾼṿӣ 

 ̧ ȳ ȳѬ ȳԅ ῂ ᾼᶮכ 

 ̧ ҏ  Ғ Ÿ ◦ ᴯоᾼ‚  

2.╜ ȳᾎ√ 

 ̧ ứṿӣ VDESᾼ╜ ӭ  

 ̧ ᴩ╜ ế (ֽ Ҡ ếᾎ√ạ⇔ ) 

 ̧ ‚ о(IALAȲITUȲIMO ) 

 ̧ ӴѡӐכ в VDESᵓӣ‚  

3.ʒ  

 ̧ ӣ ( ȲAI ) 

 ̧ њ ȳ֮ VDEế ╦ VDEᾼ ֥ ӣᶾ  

 ̧ Њ₤оᶾ  

 ̧ ╦ᾼ ц ╦╦ ӣᶾ ᾼ  

 ̧ ṅשׁ ѻ ᶾ  

4.Ṷ о  

 ̧ ן  ה

 ̧ Ӵכ ᵂ (ѿ ╦ế ӣ ᶧᾼԚṹṿӣế ᵂ

Ɫӭᾼ) 

 ̧ (• ȳМ ȳ )ᾼ  

 ̧ ‒ᾎ ᾎ√ ѝ Ӕᾼ  
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ẃ ȸ ◦Ӫ (2020)  

2.3 ѡӐ VDES‚ ◦ ᴯоᾼѠה 

е ᾎϢ Ўӂế ◦╜ ṅἬӼὑשׁ ד2021 6ѣҏ

ᾪɦ2020ד⇔ ╦ VDES ỗ ᵫ ֥ᾪɧȲ ᵫМ

ҏ VDESᾼӣ ֽῶ 2.3-2ἬӱȲ ׄԓȳṮѦ ȳᴞ ȳ

Ϣ ȳὍ ȳ ◦ᾭᾓȳ ‒ȳ ◦ׄԓц

Л֝ӭᾼиᵑ ὙẔӣ ȴ 
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ῶ 2.3-2 VDESᾼӣ  

ӭᾼ ӣ  

1.ׄ ԓȳṮѦ  

 ̧ Ԛצ ֣ ‒  

 ̧ Ầ ᾎ 

 ̧ ạ ᾼϤ ế Ỵ 

2.ᴞ ȳ Ϣ  

 ̧  

 ̧ ᵑ 

 ̧ ȳ ⇔ȳ ϩ  

3.Ὅ  

 ̧ Ὅ  

 ̧ ֚  

 ̧ ◦  

4. ◦ᾭᾓ 

 ̧ ԓ VTS 

 ̧ ϱ ╟ 

 ̧ ֢  

5. ‒ 
 ̧ - / ῂ ‒ 

 ̧ ֣Њ₤ ẁ  

6. ◦ׄԓ  ̧ ứ  

7.  
 ̧ ᾬᾼ ֮ Ὑ 

 ̧ ᵓӣὢ  
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Ϯ  ѻ Ѐ ϱ Ṷ╝  

в ṶԈứ Ɫ Ӣ╝ ȳḛḥȳ ȳ ȳҷѭ

Ⱨ ᾓȲἨẔ҃צ ȳ ȳ ⅎП‍ Ṷ╝῏ȴẔ

Мḳ ϭṼϢ Ϻҷ ᾒἨ♪ иⱢӧ ȳϛ Ѷ

Ϯ ȲṼ ᶝɦ ḳ Ṯ ᵂ ☼ ɧᵂⱢ ᵂ

ᾎȲ ☼ ֽ 3.1Ἤӱȴ 

 
        ẃ ȸӻ ᶝ ȲӐ Ḇ  

3.1 ☼  

3.1МἬ Ӣ Ϛ ᾼ ṥ ȳ Мїȳ

ᶝ ḳ Њ ᴯҵȲṼ ɦ Ṷ╝ ▲ᾎɧ 6 Ȳ

Ӣὑ вᾼ Є Ṷ╝Ȳ Ӧ ׄԓ ▲ỗ

▲ȲӐ Ὲ ц ȳӦӐ ϢṿӣȳӐ Ἠ П Ὲ

ц Є Ṷ╝ Ӣὑе ἨЛ ὑԉϚ П ῏ȲӼ֝ȴ

ᴖ֯ ạ иҔᵶȸ(1)ӻ ᶝ Ỵ
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Җԉ ạМїȳ ỗ ȳ еҨ

֢ иеҨ Ѐ МїɎ‒ ɏȲḕѡ 24Њ ׂ Ɏ

ן ɏᵂ ȷ ᶝ Ф֥דᵂ Ȳ Ли Ἠ

ᶁФ ԓϩ ֥ ȴ(2) ϱ ạȸ Ỵ ȳ

ȳ Ѐ‒ ȳ Җԉ ạМїɎ ╦ ‒ ɏ

ᴯןẞɎ Ἠ ɏ ϱ Ȳᵛ ӭ ᴯ ∟ ṥ

ȲӴᵛ♆ҏ ṥ ᴩ Ȳ ṥ Ғ ῈᵎϩɎ

Ἠ ɏ Ȳ ᴩ╜ МїӨ ќ ȴ(3) ϱ

Ἠњ ạȸצ Ἠѿњ 118Ɏ ṥ ɏȲҠ

᾿ Ө ᵗȲ њ ắן ȴҠᵓӣ  Ἠ

Ἠ еҨ ᾭᾓ 118 ṥ ȴ(4) ṥ Ɏ ɏ ᴩ ϱ

ԉ ᵂ Ȳṳ ῀ӻ ȳ ᶝȳ ỗ ᴯȲ ֥

ϱќ ᵂ Ɏ Ӑ ȳϚй∟ ќ ȳׄ ᾜȳ

Ὀ Ὀ ȳ Ṟ ȳ ҏ ꜟɏ ȴ(5)ɦᴩ

╜ ╓ Мїɧ Ϛ╓ ᶝȳ ỗ ȳ ṥ ц

Ṯᵎϩ ᴯȲԚ֥֝ᵂ ᴩ Ἠ ԉ ȴ(6)ӻ Ɫ

Ὲ ȳ ц ϱӻ Пḳ Ṯ ѻ Ȳ ╓ ȳ ȳẦ

֢ ḳ Ṯ ד ᴩ╜ цеԚṶ ᴩ֢ ḳ Ṯ Џᵂȴ 

ᴖṼɦ ḳ Ṯ ɧ֯ Ṷ ▲ МȲ ḳ

Ӣ∟Ȳ֢ Ἠ ḳ ᵂⱢȲ

ṳὑ СӭᾼṶ ѻ ȴɕ ᶝ М

ї ᴩ Ṷ ▲Ȳṳ Ḗ  Ṽɞ ᾎɟ 66 ứᵂכ Ṷ

ᵫц Ṷ ᵫ Ȳᴖ∟▲Ὑ Ṷ ӢП Ӑ ֪ɎROOT 

CAUSEɏц Ṯ ╟ɎPREVENTIVE MEASURESɏ ҏ ▲ ᵫц

ᴩׄԓḂ ∂ Ȳѿ ᵍ ᴿṶ╝ԛ⇔ ӢȴӐ в ϱṶ

╝ ᴩ Ȳѿ ẁ∟ ֢ҷṶ ֪ᾼ ἤ иӁᾭ

ᾓ ᴩиέȲṳ ϚḔ ֪ІȴṼ ϱ ᾎ М Ϛ

ד ᾼ ᶝ ֢֮ МїҵȲӭ› ׄԓ ▲ỗ

Ϸ ֯Ṷ╝ Ӣ∟ ᴩӇ ᾼ ▲Ȳѿϯ ד ẃ ᴩ

Ὑȴ 
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3.1 ẃ  

3.1.1 ӻ ᶝ 

Ӑ ד2013 1ѣ ᴟ ד2021 4ѣԌᾼ

ӻ ᶝ Ṷ Ԉ ῶȲẔв Ҕ╗ȸṶ ѡ ȳ ֤ȳ ᴯȳ

ȳ ȳҷṶ֮ ȳҷṶ ֪ȳ ⇔ȳ Ϻ ᶮȳ ȳ

֪иέȳ ẃ   ȴӐ ῶᾼ ẃ ꞋⱢ  ᴞ

ᾼ Ṷ Ȳ ЄṶ╝ᾼ Ӣ ᾓ ֪ȲҠ

ᶝỪѠᾼ ▲ ȴ ᴖӻ ὑ ד2019 8ѣ 21ѡ ứ Ṷ

⁄Ȳ Ṷ Ԉ Ӧ ╜ Ṷᴩ╜ ▲ȲѹⱢ’ ṶϢ

ц ṂȲ Ṷ ▲ ᵫ ‍Ṽᾎ҆Л ҵе ȴẔМ Ṷ ▲

ᵫ цẪ ╜ в ѝԈȲѹ ц֢ ṶϢȳᵓ …Ϣ

Ἠ ϮϢȲⱢᵍ– ᵓȳ Ṃц Ȳ Ṷ ⁄ 5 Ὑứ‍

Ṽᾎ҆Л ҵ ẁ Ṷ ▲ ᵫ Ẫ ȴ Џᵂ

ᶝׁש ▲ ᵫᾼ ậ ѠהȲ֯ӭ›Ь ֥ ᾼ ẁѠ

‹Ȳ╝ӭה ӣ Ṷ Ԉ ῶ(ֽῶ 3.1-1) ᴩиέȴ 

ῶ 3.1-1 Ṷ Ԉ ῶ 

 

 

 

3.1.2 ׄԓ ▲ỗ  
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ׄԓ ▲ỗ (ѿϯ ׄ ) ὑᴩ╜ П

ӴϮ Ȳѻ еӔ ▲ Є Ṷ╝ȲḂ ׄԓȲṼᾎ Ӵ

ᴩṿ ▲ ȴ ▲ П Џẓ(ѿϯ ẓ)Ȳ…╓Ӗӣ е

Ὲ ȳ ₤ ẓȳ Ϣ ȳӖӣ е ȳ Ṇ

Є Ṇ ПṞ цᴩ ὑ ПḦṞȴ ׄ ᴩП Ṷ╝

▲ ᶧȲѻ Ṽ Ҕ╗ȸ Ȳֽ Ӗ еּפ 13 ȳפּ 

Ṷ Ṷ ▲ ɎIMO Resolution MSC 255(84)ɏȲѿцᶺ

ד ᾎ Ȳֽ Ṷ╝ ▲ᾎȳӻ ӁПᾎ ȴ 

֯ ׄ Мצе Б ▲ ᾼѬ Ṷ╝Ȳ ▲ ᵫиⱢѬ

Ṷ╝ ▲ῴḔ ᵫ Є Ṷ╝ ▲ ᵫẒ ȴῴḔ ▲ ᵫМ

ȸ ȳ ᵑ(ҔᵶṶ╝ Ṷ╝и )ȳ ȳ֮ ȳ

Ӑ (Ҕᵶ IMO ȳ ȳ ֤ȳ ᴯȳẻ ȳԓ ȳ∂

ȳד ȳ еҨȳ Ѡהȳ Ḋ ȳVDR/S-VDR

₤ )ȳ ⇔ȳ װ ȳҵ (Ҕ╗ ȳ

ϩȳѡԏȳ ṓ⇔ȳщ Ԝ ᾓ )цṶ╝ ȴ Є Ṷ╝

▲ ᵫ Ϡ ṶԈצḆ ᾼṶ╝ (ֽῶ 3.1-2)

ҵȲϭҔᵶ ȳщ ȳṶ╝ד ╟ ȳ נּ ȳ

ȳиέȳ ц ׄԓḂ ∂ ȴ 

ῶ 3.1-2 Є Ṷ╝ ▲ ᵫМᾼ  

 

ד ὑ Ṷ Ԉ ῶȲ ׄ ᾼ ▲ ᵫМ ֵϠ ֵ

Ȳ ᴖ ׄ Ṽ ד108 4ѣ 24ѡеᵫПɦ Ṷ╝
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▲ᾎɧцɦ ׄԓ ▲ỗ ᾎɧ ứȲὑ ד108 8ѣ

1ѡИӔכהӴȲ╝ӭ› ẞᾼ נ ᴟ ד108 8ѣȴӐ

∟ 57 Ȳ ӣẒדвᾼ 57 ᴩ∟ иέҠ ҅

ῶἤЛṜᾼ ᾓȴ╝ӭ› Џᵂ ∟ ӣ Ṷ Ԉ ῶᾼ

ᴩ∟ иέȴ 

3.2 ₇  

3.2.1  

ӻ ᶝ ᴟד2013 ד2021 4ѣἬеᵫ Ṷ Ԉ

ῶȲ ᶝ♅ ẔМ ѿ›Бד2017 ῶ Ȳ

ӣԏ ֿа ἨϢЏ ϤѠה ᴩ ȲԚ 1932 ȲṶ╝

Ӣ ᾼиӁֽ 3.2-1Ἤӱȴ 

 

 3.2-1 Ṷ Ԉ ῶМἬ ᾼ иӁ 

֯ М ϱ ю ᾼ⇔דϯҙד2013 Ȳ ᴖ
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Ἤצ ῶ Ϥ ᴩ ∟Ȳ и ◕ᾼ ῶҫҵ ẁ иἏὓ

ᾼ Ȳֽ ד2012 ᾼדϯҙד2013 иȴ⅜ ᾼ иȲ

3.2-1М ӱ Ṷ Ԉ Ӣᾼװ ѿḕד 8ѣᴟדװ 1ѣצ Ὑ

ᾼ ҒȲḕד 2ѣᴟ 5ѣᾼ Ӣװ ד⁄ юȴ в ᾼ и⁄

֯Л֝ Л֝ᾼצ ѠהȲּנ ῶѿ Ɫиꜜ›∟Єד2017 и

ⱢẒ ѿ∟ᾼדȲ2017ה₤ ῶֵϠṶ╝ ⇔ȳ

ᾼи ȲϢ Ϻ и ѿ›иⱢד2017 ⅎẒ ȷ2017דѿ

∟⁄ϭḆ иϢ ȴⱢ ’ ᾼᶙ ἤ иέᾼϚ ἤȲӐ

Ϣ Ϻ иЛи ṝи ᴩ ֥Ȳ ⇔ȳ

Лᶙ ᾼ ֫ ϱṶ╝ ȴ 

3.2.2 ₇  

Ɫ ’∟ иέᾼӔ ἤ ҅ῶἤȲӐ Ἤ Ṷ Ԉ

ῶ ᴩ ṳ ᴩ ₇ ȴ ∟ Мצѿϯ

ȸ1. ἤᾼ ȷ2.ҷṶ ֪ ᾎ ứ צ ȷ3. Ṷ

֮ נּ Л Ȳ∟ Ѡה ᴩ Ὑȴ 

1.  

Ӧὑ ᶝ ὑ Ṷ Ԉּנ ῶᾼ׀ ѠהЛϚȲצ ѣȳ

ȲӐהᾼѠדѿциⱢϱϯҙד ֢ Мצ ֵ

ҏ ᾼṶԈ Ȳ ᾿ Ẕ Ẇ צ ֵ ἤᾼ

Ȳ╝֯ Ẇ∟ѿṶ╝ Ӣ ᾼ ᴯ ᴩ ᶧȲṳ ֝ѡ

МᾼẔ҃ ᴯᵒ ╥ᵡⱢ Ȳԛ ᴩ Ȳּפҟ

10%ᾼ ȴ 

2.ҷṶ ֪ᾼ ֥ 

֯ Ṷ Ԉ ῶМᾼҷṶ ֪и Ѡה ᾎ ứ ṶԈ

Ἤצ Ȳ ᾎ ứ ╝ ȳḛḥȳ ȳ ȳҷѭȳ Ⱨ Ẕ

҃ϝ ȴT ֯ ᾼ М Ẕצ ȳ҃Ẓ ȳ ╝ ȳ

‍ ╝ȳҷѭȳ Ⱨȳ Ἠ ȳ Ẕ҃ᾬ ȳ ȳ ȳ

♪ ɦ-ɧ 12 ȴӐ ⁄ ᴯи Ȳ ֵ

ṶԈМ֢ ᾼ иȲѿ ᵍ∟ иέМדצῺ֮ ẞ
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֝Ϛ ṶԈ כ иέצ ᾼ ȴẔ ⱧṶ╝Ӧὑ

ҬצϚ ȲἬѿ Ẕ ҷѭ ẆⱢ֝Ϛ Ȳ Ẇ∟Ԛ Ɫϫ Ҕ

╗ȸẔ҃ȳẒ ȳ ╝ ȳ‍ ╝ȳҷѭ/ Ⱨȳ Ἠ

ȳ Ẕ҃ᾬ ȳ ȳ ȳ♪ ȴ 

3. Ṷ֮ Л  

Ӧὑ ϱṶ╝ᾼᴯ Ɫד ᾼ ȲӐ ӣ иέ

֢ Ṷ╝ ᴩиέȲѹ иέ ∟ Џᵂ ӭᾼӭ

ᾼ ȴ ἬצṶԈᾼ Ӣᴯ ᴩ ∟ Ṷ֮ ᾼ

иẒ ȲẔМצ 445 ᴾԓפּ ᾼ 25.4% ѝֿ ⇔Ȳ

Ẕ ⇔ и⁄צ ЛϚᾼה ȴ ⇔ ה ϢЏ

Ӕ Ȳᵀѝֿ ᾼ и⁄ ȷӐ в╜

֮ ὢ ӂүᾼԓ   ֮ᵿứᴯὢ װ᷅ Ϥ Ṷ֮

ᾼѝֿ ᴩ ȲT Є и ϱṶ╝ Ӣᾼ Ꞌ ᾎ

ắȴ╝ҫҵ ӣ Google ӂүὢ М Geocoding APIẃ᷅

װ ṷ Ṷ֮ ᾼѝֿ ὙȲ Ὠ ӱצЄ Ӕ ᾼ

Ɫ ȷ ᴖѿɦ 25 ɧױ ѝֿ ⱢẂּפ ҙצ

ắȲѹứᴯᾼ ᴯ ἏἏᴯὑ ᾼ Ȳ Ϸ Ϡ

₇ Џᵂᾼ ⇔ȴ╝ ӣ Geocoding API ֥ ϢЏ ᴩ

ᵒ Ȳᵀ֯ МЬצ ֵ ᾎὙ ứᴯᾼѝֿ Ȳֽȸɦ М

вɧȳɦ Ғịẞ ɧцɦ оѵғҵ 10 ɧ ѠהȴⱢ

ᵍ иέᾼӔ ἤȲӐ ױ Ɫӑ

Ṷ֮ ᾼ Ȳṳ֯∟ Ὲ иέМ ᴩ ȴ GoogleMap 

API ֥ ϢЏ ᴩᵒ ӔẔМ 157 Ȳּפᴾԓ ᾼ 35.3%ȴ 

֯ ₇ ל∟ ӑ Ṷᴯ ᾼ Ȳ

МἬצṶ╝ ᾼ иӁȲֽ 3.2-2Ἤӱȴ 



 3-8 

 

3.2-2 ₇ ∟ ϱṶ╝ ᾼ иӁ 

3.3 ῶ∂  

ϱ ₇ ᾼЏᵂМȲ צ Ҡ ∟

иέ ὨӔ ἤᾼ ȷ ӑẃ ֯ ϱṶ╝ ϱᵂḂ Ȳד‒

ӑẃד ╥ṅἨשׁ ᴯ Єᾼ−צ ȴtẔМ Ϛ Ɫ

Ṷᴯ ᾼ ϚȲѿӭ› ₇ ᾼ Ὠ ӱȲӐ ῧϠ

ֵ ל∟ ∟Ьצ 16.5%ᾼ Ṷ֮ ╥ ᾎṿ

ӣᾼȲ ὑ∟ иέ ϱ ֪Іᾼᵒ Ҡצ כ

ȴױҵ ϡ ⱢṶ╝и ᾼ иȲ∂ Ҡ Ϛи Ȳ Ṷ╝

иέᾼ֪כ ᴯ ᴩᾧ Ṷ╝ ᵑⱢẔ҃ᾼ ӭМȲЬצ ֵҏ

щ ֿҏ Ȳ ṷ Ӑ и Ɫ Ἠ‍ ╝

ᾼ ӭϷ ӱ МṶ╝ ᵑᾼи Ҡ Л Ὑ ȴ Ϯ Ɫ

ῶМᾼ ⇔ ȲᴯӐ ⱢӐ Ṽ Ϣ Ἠ ᾼ ἤẃ ᴩ

и Ȳ֯ ῶ М צ ֽϯȸ 

1.‍ (very serious marine casualty)ȸ…╓ Ṷ╝ цẞ
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ԓ ȳϢỄ ҷἨ ᴆ╬ȴ ᴆ╬…Ӧᾘ Ἠ ϱ

Ӣ Є֚ ᴷἨẔἬ ӢП ᾎ ậṮѦᴩ ȴ 

2.Ϛ (marine casualty)ȸ…╓ Ṷ╝ϱЛ ‍ П Ṷ

╝Ȳᵀ цẞ 

(1)ѭḳȳ Ⱨȳ ȳ ȳ ֕щ ȳԜ ȳ

Ἠ  П∟Ὠȴכ

(2) ṿ Л ὑ ᴩȲẂֽѬϯ и זּ Ȳѻ

Л Ȳ Ự ἪЄ ȴ 

(3)ᴆ╬(Л ֵю)ȴ 

(4)╝ Ȳ Ὀ ἨỴϱ ᵗȴ 

3. ϱṶ╝(marine incident)ȸ…╓ П ӑ ɦ‍ П

ɧἨɦϚ ɧȴ 

֯ ₇ МӐ צ ֵи ⁄Л ᾼ

ᾓȲѹ ѿ›ᾼד2017 ṳ ױ и Ȳ╝֯∟ М иױ

ȴ ҳ Ɫ ֪иέᾼ ȲἏὓ М ɦЛצ

ɧȳɦẔ҃ɧꜙᴟῈӪᾼ ᾓȲṿ ᵅȴӐ Ṽ

ӭ› ׄ ד ▲ ᵫМᾼ ӭ ҏ֥ ᾼ ῶ ῶֽה

3.3Ȳẁӑẃד ᴯ ᴕȲḆ∂ Ҡᴕ Ҕᵶѿϯ ᴯȸ 

1. Ӣ ȸҔ╗ ᴟ иȴ 

2. Ӣᴯ ȸ֮ ȳ Ӣ֮ Ϛ Пה ⇔ȴ 

3. Ṷ╝ ȸṶ╝ ֪ȳ ⇔ȳи ȳ ֪ ὙȳϢ

Ϻ ȳϢ ҷ Ϻ/ҷײ Ϣ ȲὈ ȲіѬϢצ

Ȳ╥ᵡ ╝ ȴ  

4. ȸ ֤ȳ ᴯȳ ȳ ȳ ȳ Ḋ ȳ

₤ȳ ȳVDR/S-VDRצ ȳ ᾬ ȳ  

ҏ צ‹ ▲ȴ 

5. Ṷ╝ ȸᴞ ԏȳщ ȳ ṓ⇔ȳ ϩ ȴ 
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ῶ 3.3 ∂ П ϱṶ╝ ῶ 

/

( ) VDR/S-VDR
( )

1 109 1 3 2 16.29
22Á59ŅN,120Á

05ŅE
3 0 0 N/A N/A N/A 4 4

2 109 1 6
TAIGANG

2994

22Á36.9ŅN,120Á

16.2ŅE 2 0 0 N/A 12 CCS 1 N/A N/A

3  109  1  20  3 36    
23Á3'NǍ121Á

22'E
 

 
N/A 0 0 N/A N/A N/A N/A N/A N/A

4  109  1  30  2 400    (24Á16.3'NǍ

121Á45.3'E)

 
 

2 1 0 N/A 22 CR N/A N/A 2 N/A N/A

5 109 2 4 36415

22Á35.9ŅN,120Á

17.3ŅE

49
2 0 0 N/A 3 DNV GL N/A 2 N/A N/A

6 109 2 10 1
22Á43ŅN,120Á

14ŅE
N/A 1 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A

7  109 2 25  (TAHO)9037    

 25

( 25Á3.70'N,120Á

58.71'E )

  
2 0 0 N/A 18 CR N/A 1 N/A N/A

8  109 3 5  (TASHIN)1551   
    

2 0 0 N/A 22 N/A N/A N/A N/A

9  109 3 5  (TAHWA)2988   
  

 -
 

2 0 0 N/A 21 N/A N/A N/A N/A

10 109 3 7  AMISNATORE 31555

22Á33.27Ņ

N,120Á19.22ŅE

71
2 0 0 N/A 3 NK N/A N/A 1 N/A N/A

11 109 3 9  5272    

TAIPEI PORT

(25Á13.6N

121Á15.4E)

 -
 

1 0 0 14 CCS 2 28 N/A

12 109 3 9  6 19.37  

TAIPEI PORT

(25Á13.6N

121Á15.4E)

  
1 2 0 10 3 18̘5

13 109 3 9  3 17.97
22Á56ŅN,120Á

00ŅE
2

 + 
1 0 N/A N/A 1 N/A N/A
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ҳ  ϱ Ṷ╝ ֪Іиέ 

Ӑ ѻ иέӐ Ἤ ᾼ ϱ Ṷ╝ ẃ ᴷ֢

ҷṶ ֪ᾼ ἤ иӁᾭᾓȲԛ ϚḔ ᴩ иέȲṳ ֢

֪Іȴ 

4.1 Ṷ╝  

4.1.1 ֢ҷṶ ֪  

Ӑ П ϱ Ṷ╝Ȳ…Ṽ ӻ ᶝ 2012ᴟ 2021

ד Ṷ Ԉ ῶᾼ ₇ ∟ẃ ᴩиέȴῶ

4.1-1 4.1-1Ɫ2012ᴟ2021ד П֪כ Ȳ 1671צ

ȷῶМ ӱѿẔ҃ Ԉ ֵȲᴾ 26.03%ȲᴖẔ҃ Ҕ╗ֵ

֪ ᾼϢכ Ἠ ắ ᴖ֣Ỵϱ֫ П ȷɲẔװ⁄ѿẒ

Ɫ ЄỨȲᴾ 22.86%Ȳ ╝ ⁄ᴾ 16.28%ȲẒ

╝ Ẓ῏ᾼᴍиѩꞋᴾѩ 10%ѿϱȲҠ Ɫ֯ Ὼ П

ṓᾼ ֪Ȳᴖ∟ᴾѩ Њᾼ֪כṼᶧⱢ‍ ╝ȳҷѭ/ Ⱨȳ

Ἠ ȳ Ẕ҃ᾬ ȴ 

ῶ 4.1-1 2012ᴟ ד2021 Ṷ╝П ֪כ  

ӢԈ ֪כ ( )  ᴍиѩ( %) 

Ẕ҃ 435 26.03 

Ẓ  382 22.86 

╝  272 16.28 

‍ ╝ 154 9.22 

ҷѭ/ Ⱨ 145 8.67 

Ἠ  143 8.5 6 

Ẕ҃ᾬ  67 4.01 

 34 2.04 

 32 1.9 2 

♪  7 0.4 2 

 1671 100.00 
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ד2012-2021 4.1-1 Ṷ╝ ֪כ  

Ӑ ҫҵ Ṷ╝ ὑϢ ѿц ᾼ ҷẃ ȲẔ

ӭᾼ֯ὑ ᴩ ϱṶ╝ ὑӖ ӢỄ Ἤ כ П ȴӦῶ

4.1-2Ҡ῀֯ ד2012-2021 Ȳ֯ Ϣ ҷ ԌѿצϢ ϺᾼṶԈײ

ֵȲᴾ 9.03%ȲẔװⱢҷ Ȳᴾ 5.21%Ȳ ∟И╥ắ Ȳᴾѩ 4.25%Ȳ

ẔМȲϢ ắ ҅ῶ ғכצ ế ᾙȷ ѩẂᾼиέҠ

῀Ȳ Ṷ╝М ϱϢ Ϻᾼײ Ь ȷᴖ֯ ҷ иȲ

⁄ѿ Ɫ ṓȲᴾ 46.80%Ȳ Ԍ ⁄ ḥϤ МȲ

ᴾ 7.96%ȲӦױҠ῀Ȳ Ṷ╝ᾼ ӢȲצ ῺϚҙᾼ ֪

כ Ἠ ᾼ ȴױҵȲӐ Ϣכ Ϻᾼײ Ṷ

╝ ᴩ ϚḔ Ȳ ȳ ҵ(Ṷ╝)ȳ ҵ(ᵂ Л )ȳщ

ȳ֑ ȳЛὙ гЄѻ֪ ᴩи ȲṳṼ ֢ѻ֪ᾼṶԈ

ἬᴾᴍиѩȲ ѿḆ Ϥ Ϣכ Ϻᾼײ ֪Ȳṳ

иέҒѿḂ ᶺ П ׄԓȴ 

Ӧ 4.1-2Ҡ῀Ȳ֯ 151Ԉ ӢϢ ϺПṶԈМȲײ ЛὙ

֪ᾼ ᾓϯȲѿ ҵ(ᵂ Л )Ɫ ֵȲᴾ 45ԈȲװПⱢ ҵ(Ṷ╝)Ȳ

ԛẃИ╥щ Ԛ 7Ԉȷ ϚḔᾼиέ ᵗӐ Ȳ ֕

Ἤ ПϢכ ϺПײ ЊὑϢⱢ ᵂᾼЛ Ȳױ Ϸ ֥

(Eleftheria et al.,2016)ế(Papanikolaou et al.,2015)Ẓ ѝ ѿ ISH 
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Seaweb Ӣὑ ᴟד2000 ԓד2012 Ṷ╝Ɫ Ӑ ᴩи

έᾼ ὨȲ ѝ╓ҏ Є Ṷ╝ֵҙ╥ ֪ẃᴞϢⱢ֪ ȷᶺ

῏Ἠ ᴯȲ ═ оϢ ׄԓП SOP

ᾼ Ȳ П ׄԓҠѿצ сȴ 

ῶ ד2012-2021 4.1-2 Ṷ╝ПϢ ȳ ҷ  

Ϣ ҷ ӢԈ ( )  ᴍиѩ( %) 

ắ  71 4.25 

ҷ  87 5.21 

 Ϻ 151 9.03ײ

 

ҷ ӢԈ ( )  ᴍиѩ(%) 

 782 46.80 

ḛ 133 7.96 

 

ד2012-2021 4.1-2 Ṷ╝ײϺṶԈ ֪иέ  
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Ɫ ᴩ∟ ᾼῈ иӁ иέȲӐ Ṷ╝ М

ӑ נּ Ӣ ᴯ ᾼṶԈȲṳԛ Ϛװ Ṷ╝П

֪כ Ȳ Ӑᾼ 1671 ᴟ 1342 ȴ 

Ӧῶ 4.1-3ế 4.1-3Ҡ῀Ȳἕ ɦẔ҃ɧ֪כ∟ȲЬѿẒ

ᾼ 25.34% ế ╝ ᾼ 17.29% Ɫ ЄỨȲẔװṼᶧⱢ‍ ╝ȳ

ҷѭ/ Ⱨȳ Ἠ ȳ Ẕ҃ᾬ ȷ֝ ԓ ᾼиέ

ὨדѩȲ Ἠ ᾼᴾѩ ҷѭ/ ⱧᾼѩẂȲ ӱҷѭ/

Ⱨᾼ и Л ȴ  

ῶ ד2012-2021 4.1-3 Ṷ╝ᵔ П ֪כ  

ӢԈ ֪כ ( )  ᴍиѩ( %) 

Ẕ҃ 337 25.34 

Ẓ  301 22.63 

╝  230 17.29 

‍ ╝ 126 9.47 

Ἠ  119 8.95 

ҷѭ/ Ⱨ 114 8.57 

Ẕ҃ᾬ  58 4.36 

 25 1.88 

 15 1.13 

♪  5 0.38 

ế 1342 100.00 
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ד2012-2021 4.1-3 Ṷ╝ᵔ П ֪כ  

4.1.2 Ṷ╝֮ Ὲ иӁ 

ϱ Ὑ ᾼ ∟Ȳ ֢ҷṶ ֪Ҕ╗(Ẓ ȳ

Ẕ҃ᾬ ȳ Ἠ ȳҷѭἨ Ⱨȳ ╝ ȳ ȳ♪

‍ ╝цẔ҃) 8 Ὲ иӁ ֽ 4.1-4ᴟ 4.1-11ȴ

4.1-4 ⱢẒ ṶԈᾼῈ иӁ Ȳ М ᴥמּ ӱ֯ ȳ

Җ ȳ М ȳ ῧ צ Ὑ ᾼ ȴ 4.1-5Ɫ Ẕ

҃ᾬ ṶԈᾼῈ иӁ Ȳד ὑẒ Ȳ М ᴥמּ ὑ

ȳ М ц צ ᴯ ֥ᾼ ȲẔ иꞋ ╦ṶԈ

ȴ 4.1-6Ɫ ц ṶԈᾼῈ иӁ ȲẔᴯ Ѿ ӢὑῺ

Ỵ Ȳ ὧҖ ᴫ⁮ Ὑ ӢȲҫҵᴫ Ỵ ҵ Ϸ

צ и ╦ṶԈȴ 4.1-7Ɫҷѭ ⱧṶԈᾼῈ иӁ Ȳ М

ӱҷѭṶԈ Ӣᴯ Мὑ ὧҖ ᴫ⁮ Ȳ ⱧṶԈ֯ 1342

М Ϛצ Ȳ Ӣὑ ᴫ⁮ ȴ 
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4.1-4 Ẓ Ṷ╝Ὲ иӁ  

 

4.1-5 Ẕ҃ᾬ Ṷ╝Ὲ иӁ  
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4.1-6 Ἠ Ṷ╝Ὲ иӁ  

 

4.1-7 ҷѭἨ ⱧṶ╝Ὲ иӁ  
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4.1-8 Ɫ ╝ ṶԈᾼῈ иӁ Ȳ М ᴥמּ ӱ

֯ ȳ М צ Ὑ ᾼ ȲẔ Ӣᴯ ֯

Җ ᴫ ᵧ ᶁлᾼиӁȴ 4.1-9 Ɫ ṶԈᾼῈ

иӁ Ȳ ṶԈ֯ 1342 М ᴾ 25 ȲЄֵҏ ὑ

ὧҖ ᴫ⁮ Ỵ ȴ 4.1-10Ɫ♪ ȳ ‍ ╝Ϯ

ṶԈᾼ ֥Ὲ иӁ Ȳиᵑѿ ᴥϮṔȳ ᶮ ᴥמּ

ᵂῶӱȴ♪ ṶԈ Хצ Ȳ Ӣὑ М ȳ ֮ ȴ

ṶԈⱢⱢ ᵂ Ԉ ᾼἮ᷈Ή Ἤ

Ȳ╝иӁᴯכ Єֵὑ Ỵ ᵂ ȴ‍ ╝Ṷ╝ Ӣ

ЄֵᴯὑҖ ᴫ Ȳᵀ Ὑ ȲϚ ױ Мᾼ

֪иέ щ ד ṶԈȴ 4.1-11ⱢẔ҃Ṷ╝ᾼῈ иӁ

ᴯ ȲẔ҃Ṷ╝Ɫ МἬᴾ ֵᾼṶԈȲṼẔ ֪иέẃ

ẔМҔᵶȸщכ ȳ ȳᾒᴆȳϢ ȳ цЛὙᾼ ֥ ȴ

֯Ὲ иӁϱѿ ȳ М ц Ὑ ȲẔ ֯

иӁ ᶁлȴ 

 

4.1-8 ╝ Ṷ╝Ὲ иӁ  
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4.1-9 Ṷ╝Ὲ иӁ  

 

4.1-10 ♪ ȳ ‍ ╝Ὲ иӁ  
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4.1-11 Ẕ҃Ṷ╝Ὲ иӁ  

Ӧϱԝ 4.1-4ᴟ 4.1-11Ҡѿ ὙῈ иӁ ἤȲ

ӱϷҠ Ẓ ȳ Ẕ҃ᾬ ȳ Ἠ Ϯ ᾼ Ӣ ẓ

Ὲ иӁ ἤȲẔ Х Ҕ╗ҷѭἨ Ⱨȳ ╝ ȳ ȳ♪ ȳ

‍ ╝цẔ҃֯Ϛ ῀ϱᾼ Ӣ ạ⁄ ЛẓῈ иέ

ᾼ ȲἬѿ∟ Ϯ ӭ ᴩ иέȴ 

4.2 иέ 

4.2.1 Ṷ╝ ֪ иέ 

иέ(Hotspot analysis)╥֮ Ṇ ӣᾼῈ иέѠ

ᾎȲẔ ᴥ╥ Ὼ ᾼ …Ȳ ҏ Мᾼ Ȳ

о ṿӣ῏ ֮ Л֝ ṔἨᴥ Ȳ̓ ậῈ ᾼ

ἤȴ 4.2-1ⱢẒ ᾼ иέ Ὠ Ȳ МӦᵐᴥ ᾼ ᴥ

ᴟ ᴥ ᾼּמᴥ ҅ῶ ϱ Ṷ╝ Ӣᾼ ⇔иӁȷױҵⱢ Ὑ

ῶ ҏѻ ᾼ Ȳ иέҙ ᾼ ӣⱢϫи ᾼ Ȳ
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ױ֯ ӣ 20kmⱢậ ҙ ᴩиέȲ Ὼּמᴥᾼ ӱ҅ῶ

ϱ ӢẒ Ṷ╝ Ӣ ⇔ ᾼ ֯ ȲẔװⱢ ȳ

М ῧ ȴױҵ Җ ᾘ Ỵ ἏᴫҖѠᾼׄӂ

Ἃᴼ Ӽᵧ ᴥ ᴥ Ȳ ӱϷצẒ ṶԈᾼ

Ӣȴ 

 

4.2-1 Ẓ ṶԈᾼ иέ  

4.2-2Ɫ Ẕ҃ᾬ ᾼ иέ Ὠ Ȳ֝ ѿᵐᴥ ᾼ

ᴥᴟ ᴥ ᾼּמᴥ ҅ῶ ϱ Ṷ╝ Ӣᾼ ⇔иӁȴ иέ

ҙ ӣ 20kmⱢậ ҙ ᴩиέȲ Ὼּמᴥᾼ ӱ҅ῶ

ϱ Ӣ Ẕ҃ᾬ Ṷ╝ Ӣ ⇔ ᾼ ֯ ȲẔװⱢ

М ȴ 4.2-3Ɫ ᾼ иέ Ὠ Ȳ иέҙ

ӣ 20kmⱢậ ҙ ᴩиέȲ Ὼּמᴥᾼ ӱ҅ῶ ϱ

Ӣ Ṷ╝ Ӣ ⇔ ᾼ ֯ ȲẔװ ȴױ

ҵ֯ Җ ȳ М ȳӁ ȳừ ᾘỴ ֮ Ϸᵧ ᴥ Ȳ

ӱϷצ ᾼ Ӣȴ 
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4.2-2 Ẕ҃ᾬ ᾼ иέ  

 

4.2-3 ᾼ иέ  
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֥ϱ иέҠѿ ҏ ὨȲ֯ Ẓ ц Ẕ҃ᾬ

ᾼṶԈМȲ Ὑ ᾼ ᴯὑ Ȳ ϱ ҵᾼ

Ὲ ֪І ᴩиέȲ ╥ ֥ ᾼ֮ Ȳᴖ ᾼ Ӣ

Ҡ ֮ᾼ֮ᶮѬ о דצ ȲT Ẕ ד ṶԈю

Ϡ ֵȲӑẃ Ṝצ ᾼד ṶԈ ȲӼҠ ᴩ ϚḔᾼ ȴ 

4.2.2 в иέ 

֯ Ể ᾼиέМȲ ֯Ẓ ц Ẕ҃ᾬ ᾼ

╥ Ὑ ᾼȲ╝ӐЊ ᴩ иέȲ ϱṶ╝

М ҏẒ ṶԈц Ẕ҃ᾬ ṶԈ ᴩ֥ẆиέȲẔ

Ὠֽ 4.2-4Ἤӱȴ М ӱ вѻ ѻ Ӣ֯ Мּמᴥ

Ȳ ϯѠ Мᾼᴯ иᵑⱢ#4 ᴟ#9

( ) #25  ῺѬ ȲẔ ᴯ ⁄ᵧ ᴥἨ

ᴥ ᾼиӁȲ Ὑ Ӣᾼ ȴ∟ иέ ϱ

ᴩׄԓ иέᾼ Ὠ ṷ ᴩ֥Ẇ ȴ 
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4.2-4 Ṷ╝ иέ 
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4.3 ֪Іиέ 

ϱṶ╝ ϱӻ Ṷ╝Ϛ צ ᾼּנ ᵛҠ ᴩ Ϥᾼ

֪ІиέȲ Ὼד вҵ ϱ ᴩ ᾼד ṅשׁ ᴩ

έ(Montewka et al., 2012; Fiskin et al., 2020; Wang et al., 2020)ȲӐשׁ

Ẕ ֪ІиⱢҳ Ҕ╗ȸ ֪Іȳ Ὲ ֪ІȳϢⱢ֪

ІцẔ҃Ҡ ֪ ȷṳиԝІ ӭֽ 4.3-1Ἤӱȴ 

 

 
ẃ ȸӐ  

4.3-1 ῴḔ ᾼҳ ֪І 

ӭ›Ӑ Ἤиέᾼ ϱṶ╝ Ɫӻ ᶝᾼ Ṷ Ԉ

ῶȲẔẃ Ɫ  ᴞ ᾼ Ṷ ȲẔМ ֢ṶԈᾼ ֪иέ

ⱢӂᶁּפЛ 50ֿᾼѝֿ ȲӦὑӭ› ᾎậ Ɫ

ᾼ ▲ ᵫȲ╝ ӣ ֪иέ ᴯᾼв ẃ ᴩ֪Іиέȴ֪

ȲϢⱢ֪Іױ ֪І ӣ ֿ ֥ѝֿ иέẃ ᴩ ᴷȲ

Ὲ ֪І⁄ѿ иέ Ὠẃ ᴩ Ὑȴ 
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4.3.1 ϢⱢ֪І 

Ӑ ᾧ Ṷ Ԉ ῶМ ֪иέ ᴯᾼѝֿ Ȳԝ

ҏϚṷӐ ứ ПϢⱢ֪Іᾼ ȲֽȸϢⱢȳ ҷȳ ᵒȳ

Л ȳЛ ȳч Лцȳӑᾃ ȳӑ ȳ ᵂ Ȳṳ ṷ

иҏד ṶԈȲ Ẕ Пכ Ṷ╝ᾼᴾѩṳ ᴩѝֿ иέȲѿ

Ḇ ϚḔ ֪ІᾼẔ҃ ἤȴ 4.3-2 4.3-3 иᵑⱢ

ד2012-2021 Ṷ╝ПϢⱢ֪Іᾼѝֿ ѿц ֿҏ П 

Ȳ Ԛצ 83 Ȳ֯ 1671 Мּפᴾ 5.0%ȷ ѝֿ

ᾼᵧ Ȳ֯סѠ― ῏ Ὼ ẃȲϢⱢПד10 Ṷ╝ᾼẔ҃

ἤȲẔМȲ֯ ѝֿ Мᾼֿ ЄȲ̔ ῶ֯ Мҏ ᾼװ ֵȲ

ᴥ⁄╥ и Ȳ иέ Ὠ ȴṼẔ ֿҏ ᾼװ Ȳ

ҏ ᾼ›Ϯ֤Ɫɦᵂ ɧȳɦ ᵂɧ ɦ ɧ Ȳױ ֿ֯ ֪

иέ ᴯМѻ ṶԈ Ӣᾼᾭ ֮ ȴЄֵϢⱢҷ ὑ

ᵂἨᵂ ᾭ Ȳ  Ὼ⁄╥ Ӣᾼ֮ ȴ ҳ ᴯᴟ ϥ ᴯ

⁄Ɫɦ ɧȳɦ ɧȳɦὈ ɧȳɦҏ ɧ ɦ ᾜɧȲẔМ

ӱϢⱢ֪ ṶԈכ Ӣᾼ ὨȲҏ ᾜ⁄╥ ӢṶԈ

ᾼ ᴩӭ Ȳ Ɫ ᵑᾼ╥ г ᴯᾼ ֿ ӱצ ֵṶԈ

Ὀ צ ȴ 

ᴖ 4.3-3⁄ԝ ϮװѿϱᾼϢⱢ֪ІП ֿȲӦὑ

ֵӐ ϢⱢṶԈиⱢѿϯҳ ẃ ᴩ ȸ 

1. ṶԈ Ӣ ᾭ Ἠ֮ ᾼ ֿ ֤ȸᵂ ȳ ᵂȳ

ȳҏ ȳ ᾜ(ᵶ ᾜ) ҏ ȴ 

2. ṶԈ Ӣ∟ ᾼכ Ὠ ֿ ֤ȸ ȳ ȳײϺȳ

ȳắ ȴ 

3. ṶԈ Ӣ …Ϣ ᾼ ֿ ֤ȸ ȳϢ ȳ  ȳ

іѬϢ Џȴ 

4. Ẕ҃ד ֿ ֤ȸὈ ȳ ȳ ₤ ȳ ȳ

ȴ 

5. ╓ҏϢⱢ֪ ᾼᾼ ֿȸӑ П ȴ 
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ϱ иέҠѿ ᶺ ϢⱢ֪Іד ṶԈᾼѻ Ӣ ȳṶ

∟ כ ȴ֤T Ӕ ϢⱢ֪І ᴩḆ ϚḔи ᾼ

ֿҬצɦӑ П ɧϚ ȲẔ ṶԈ ᾼ ꞋЛṜѿ Ϥ

ṶԈ֪כȴZheng et al.,2019ᾼׁשṅ╓ҏȲẔ ▲ 477Ԉ ☺

Ṷ╝ ᵫȲ Ѡᾎ ֯ Ṷ╝МȲ ⇔╥ כ

Ϻײ ắ ᾼ֪ Ȳ ᴖӐ ᾼϢⱢ֪Іᾼד ṶԈМ

ц ᾼ и⁯ ᾼ ȲẔ ֪Ҡ ╥ṶԈ֪כᾼ Л

Ἤ ȴӐ ӣ ᶝᾼ Ṷ Ԉ ῶ ẃ Ɫ Ṷ

Ȳῶ ṳ ᵑϢ Ṷ Ṷ╝ Ӣ ᾼ ֪Ȳ╝

ῶϱἬ ѝֿ ᴩиέȴ 

 

 

4.3-2 ϢⱢ֪ІПѝֿ  
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4.3-3 ϢⱢ֪І ֿҏ  

4.3.2 ֪І 

ᵂֽ֝ϱ Њ Ȳ ᾼ ֪иέȲṳ ӣᴞᴩ ᾼ

ה צ᷄ ắ ֪І ᾼ Ṷ╝ȲӐ ֪ІἬ

ứᾼ ֿⱢȸ щȳ ȳщ ȳ ȳ ȳ ȳ ☼ȳѬ☼

☼ᾓ Ȳ ᾧצ ẞצ ֿṶԈ ᴩѝֿ иέȲӭᾼ֯ὑ

Ṷ╝ Пכ ⇔ȴ 

4.3-4 4.3-5иᵑⱢ ד2012-2021 Ṷ╝П ֪Іᾼ

ѝֿ ѿц ֿҏ П  Ȳ Ԛצ 315 Ȳ֯

1671 Мᴾ 18.85%ȴ 4.3-4ᾼѝֿ Ѡ― ῏ Ὼ ẃȲӦד10

Ἤ Пכ Ṷ╝ᾼẔ҃ ἤȲᴖ 4.3-5ԝ ҏ װ5

ѿϱ ֿȲẔМѿɦ ɧȳɦắ ɧ ɦᵂ ɧⱢ›Ϯ֤Ȳ ᴯ

ҳᴟ ϥ⁄Ɫɦ ɧȳɦ ɧȳɦ ɧȳɦ  ɧ ɦḛḥɧȴҠ

ṷ ֿЄֵ ṶԈ Ӣ∟ᾼ ὨȲ ֥иέҠṓѿϯ֢

ֿȸ 
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1. ṶԈ Ӣ ᾭ Ἠ֮ ᾼ ֿ ֤ȸᵂ ȳҏ ȳ

в ᾜȴ 

2. ṶԈ Ӣ∟ ᾼכ Ὠ ֿ ֤ȸ ȳắ ȳ ȳ

ḛḥȳ ȳ ȳ ȳ ȳ Ѭȳ ȳ ȳҷҟ

ϩȳ ȳ ȳ ȳ╝ ȳ☼ ȳ ắ ȴ 

3. ṶԈ Ӣ …Ϣ ᾼ ֿ ֤ȸ  ȳ ȴ 

4. Ẕ҃ד ֿ ֤ȸ ȳ ȳ ṝȳѻ ҿ ȴ 

֯ ṷ Мצ Є и ֕щ ȲἬѿ ᴩ ϚḔ

иέᾼ ЛֵȲ ֯ М ȳ Ἠ☼Ἤ ᾼ֪כ ḥצ

− ϚḔ ȴӦϱ иέȲ ᾼ Ẕ ЛֵȲ

щ о ȲӐẃ ╥ Ṷ╝ Ӣᾼѻ֪Ȳᵀᶦ ӑẃ

вד Ḇ ὑ ᾼ ―Ȳѿ׀ ϚḔиέ ֪ṳ

∂Ӵ с ϱ ᴩׄԓᾼѠ ȴ 

 

 

4.3-4 ֪ІПѝֿ  
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4.3-5 ֪І ֿҏ  

4.3.3 Ὲ ֪І 

֢ѻ ЀḕѡἏẃ ֵȲẔ ⇔ Ϡ ӣ AIS

Ṇ ᾼ ẃиέҵȲӼҠῴḔ ӣ֢ Ẓ ᾼṶ╝ Ӣ ẃ

ᴩῴḔ ȴӐЊ Ṽ › иέ Ὠ ậ ֤›ҳᾼ ᴩ

иέȴ 4.3-6Ɫ Ẓ ӢṶ╝ ᾼ иέ

Ὠȴ МӴ ▀ᾭ ᾼ ⱢẒ Ṷ╝ᾼ Ӣᴯ Ȳ ֮ Ӣ

ᾼװ ⁄ѿ▀ᾭ ⇔ẃ Ӕ оᵧ ȴ М ӱ Ẓ ᾼṶ

ԈЄֵ М֯Җ Ϛ ЀвἏϡ Ѐᾼ⁮Җѻ Ϛ Ѐќ

ȲẔМϚ Ѐ ᴃ Ϛ Ѐќ вⱢὙ ȲẔ҃ ᾼ

Ṷ╝иӁ⁄ Ɫ ȴϚ Ѐцϡ Ѐ ꞋצẒ Ṷ╝ᾼ ҭ

Ȳ ӱ ᾼ Ḇ ϚḔѿ AISṆ ẃиέȲѿ ṷ

Ṷ╝ᾼҠ ֪Ȳ ⇔ ֪ ȴ 
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4.3-6 Ẓ Ṷ╝ᴯ Ӵ ▀ᾭ  

4.3-7Ɫ Ẓ Ṷ╝ Ӣ ᾼ иέ ὨȴӴ

▀ᾭ МᾼиӁᴯ ӱ Ẓ ᾼṶԈЄֵ М Ӣ֯

ᴃᾼᴫ Ȳѹ Ѿ Ӣὑ ȲѿẒ Ṷ╝ Ӣ

ẃכᴿѾ ⇔ ד ȴ Ϛ ᾼ╥צ ԌẒ Ṷ╝

֯ ֮ ȲẔҠ ╥֪Ɫ ῶвᾼ Л Ἤ ȴ

4.3-8 Ɫ М Ẓ Ṷ╝ Ӣ ᾼ иέ ὨȲẔӴ ▀

ᾭ ѾиӁὑᴯὑҖ ᴃᾼỂ ȲᵀЄֵ Ӣ֯ Ȳ ю

Ӣ֯ Ȳ ӱ М Ẓ ᾼṶԈЄֵ М Ӣ֯ ᾜ

Ἠẫ Ἤ  ȴכ
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4.3-7 Ẓ Ṷ╝ᴯ Ӵ ▀ᾭ  
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4.3-8 М Ẓ Ṷ╝ᴯ Ӵ ▀ᾭ  

4.3-9Ɫῧ Ẓ Ṷ╝ Ӣ ᾼ иέ ὨȴӴ

▀ᾭ МᾼиӁṳ Ὑ Мᾼ ȲT Ѐ ӱצẒ ᾼ

ҭ Ȳ Ϸצ ЛὙ Ἤ ╝ᾼṶכ ȴ 
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4.3-9 ῧ Ẓ Ṷ╝ᴯ Ӵ ▀ᾭ  

4.3.4 Ẕ֪҃І 

Ӧὑ Ṷ Ԉ ῶМḥצ ᾼ ȳ נּ Ȳ

ẃ ӐиέȲ 10 Ṷ╝֪כᾼ

ἤȲ ӂᶁ ֽῶ 4.3ȴῶМ ӱ֢ Ṷ╝ ₤ᾼ

Ȳѿӂᶁẃ Ἤצ ₤Ṷ╝ᾼ МȲѿ Ẕ҃ᾬ ᾼ
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ᾼӂᶁ ЄȲ‍ ПȲװ╝ Њᾼ⁄╥ ȴѿ ẃכȲ

Ẕ҃ᾬ ᾼ ЄȲẔ҃ṶԈ Ẓ ᾼṶԈ М

ПȲװ ЊᾼṶ╝ ₤⁄Ɫ ȴ 

ῶ 4.3 ֢ Ṷ╝ ₤ Мᾼ  

Ṷ╝ ₤ ӂᶁ   

 223.56 551.25 

Ẓ  9959.70 18138.22 

Ẕ҃ 7389.01 18725.19 

ҷѭ Ⱨ 483.67 1433.00 

╝  2150.87 7537.64 

♪  6916.86 5615.61 

 8995.77 12107.99 

Ẕ҃ᾬ  15504.06 24110.47 

Ἠ  3514.13 11164.86 

‍ ╝ 10724.45 13692.41 
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Х  ứӭ  

Ṽ ҳ ד ֪Іᾼиέ Ὠ ӱ ֵ֯ Ṷ╝

ᾼиέМꞋᵧ ⱢὙ ᾼ Ȳѹ ᵟ֟ ЄȲӼⱢ в

ЀȲ╝Ӑ ᾼ иέѿ Ɫӭ ȴ 

 Ṷ╝иέצ 5.1

Ӑ ѿ ֪иέ ᴯᾼ ֿ ᴩиέȲ 5.1-1 ᴟ 5.1-3

иᵑⱢѿ ֿɦ ɧȳɦ ɧ ɦ☼ɧ ᴩ ᾧ Ἤ иҏᾼṶ╝

Ӣᴯ Ȳד ṶԈ Ὑֽῶ 5.1-1ᴟῶ 5.1-3Ἤӱȴ 5.1-1 ד

ᾼṶ╝Ҡ ӣӻ ṅἬשׁ ᶾ  ṅМїשׁ ᾼ

ẃ ᴩ иέȲ ᴷ Ӣ ֮ ᾼ ẃ Ṷ

╝ Ӣᾼ ֪ ἤȴ 5.1-2ц 5.1-3 ế☼ד ᾼṶ╝⁄Ҡ

֥ ᾼ ẃ ᴷṶ╝ ȴ 

 

5.1-1 ֪иέ ᴯМצ цɦ ɧ ֿᾼṶԈᴯ  
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ῶ ד 5.1-1 ᾼṶԈ Ὑ 

ѣ ѡ ֪ в ד   

1 103 3 31 Ẓ  ֪ Ẓ  

2 103 7 23 Ἠ  ֪  

3 105 9 14 Ẓ  
֪ ẃ ɦ 15ɧȳɦХ 6ɧ
ϡ  

4 106 7 16 Ẓ  ​  

5 107 6 14 Ẓ  [MADRID( ṭ)] 

6 107 8 23 Ἠ  ֪ ыЄ ☼  

7 107 8 23 Ἠ  ֪ ыЄ ☼  

8 107 8 23 Ἠ  ֪ ыЄ ☼  

9 107 8 23 Ἠ  ֪ ыЄ כ  

10 107 8 23 Ἠ  ֪ ыЄ ☼  

 

5.1-2 ֪иέ ᴯМצ цɦ ɧ ֿᾼṶԈᴯ  

ῶ ד 5.1-2 ᾼṶԈ Ὑ 

ѣ ѡ ֪ в ד   

1 107 8 23 Ἠ  ֪ ыЄ ☼  

2 107 8 23 Ἠ  ֪ ыЄ ☼  

3 107 8 23 Ἠ  ֪ ыЄ ☼  

4 107 8 23 Ἠ  ֪ ыЄ כ  

5 107 8 23 Ἠ  ֪ ыЄ ☼  

6 109 2 4 Ẕ҃ כҿ ц  
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5.1-3 ֪иέ ᴯМצ цɦ☼ɧ ֿᾼṶԈᴯ  

 

ῶ ד☼ 5.1-3 ᾼṶԈ Ὑ 

ѣ ѡ ֪ в ד   

1 104 7 19 Ẓ  ֪☼ ᾜὑ8 П  

2 105 12 24 Ẕ҃ ֪ ╝ ☼ ɦЄ ɧ┤ᾇ  

3 107 8 23 Ἠ  ֪ ыЄ ☼  

4 107 8 23 Ἠ  ֪ ыЄ ☼  

5 107 8 23 Ἠ  ֪ ыЄ ☼  

6 107 8 23 Ἠ  ֪ ыЄ ☼  

7 109 7 24 ╝  ѻ Ȳ֪ ☼ [ׄ ]  
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Ӵ∂ה 5.2  

 Ӵ∂ה 5.2.1

Ӑ ה ӣО ѬϩׁשṅἬ(DHI: Danish Hydraulic 

Institute)ׁש ᶙכП MIKE 21 ᴩ ȲDHI╥Ϛ Ӵᾼ

цּד ṅשׁ ȲẔἬׁש ᾼ MIKE 21╥ Ѭ ϩȳѬ

ȳᾇḘȳᾌ ᾼ Џ Ȳѻ ӣὑ Ѐȳᾈ☼ȳ ᾜȳᾈ

Ѐ Ỵế ◦ȲẓצԒ ᾼ›∟ ғ ếӣљЮ ȴ צѿה

ᾎ(Finite Volume Method) ạѠ Ὲ֯ה ϱ ᴩ ȲἬ ӣ

П Ṇ Ɫ‍ ἤϮṔᶮ ȲḕϚ ϮṔᶮ ҅ῶϚ а Ȳ

ḕϚ ḔᶁҠ ҏ֢а Мїᾼ N ȴ 

Ϛȳᾌ  

(Ϛ)MIKE 21 SWᾌ  ה

MIKE 21 SWѻ ӣὑ ỴцῺỴ Ȳ ế ᾼכ ȳ

ц ᶮȴMIKE 21 SWҔᵶẒ Л֝еה 

1.ԓ еה 

ԓ еה ὑ Komen Ϣ(1994)ế Young (1999)ᾼᾌ ׂ⌡Ѡ

ȴԓ Ҕᵶϯԝᾬה ȸ ȳᾌ כ ᾌ‍ ἤӻФᵂӣȳ

Ӫᾍ ȳἉᶩ ȳѬ і ᾼᾌ ȳѬ оі ᾼ᷉

ế Ѭ ᶮȳᾌ☼ӻФᵂӣȳѬ о Ӣᾼ ȳᾌ

Ԝ Ӣᾼ ȴ 

…ה ᾌ ֢֯ ҵϩᵂӣϯПᾌ оȲẔḖ ПѠ

Ɫᾌה ᵂӣϩׂ⌡Ѡ ѠױȲ(Wave action conservation equation)ה

Ɫϡה П иѠ  Ȳῶӱֽϯȸה

 (5.2-1) 

ẔМȲ Ɫᾌϩ ⇔ẗ (wave action density function)Ȳ

ᾌ ⇔ẗ (wave energy density function)П …Ɫ N=E/

ȷ Ɫқѫᶄ ȷtⱢ ȷůⱢṔ ȷᴖɗ⁄Ɫᾌ֣Ṕȴ
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ⱢϚ 4 Ὲ ᾼ֣ Ȳ Ȳ҅

ῶ ᾌ֯Ὲ ϱᾼ ⇔ȲẔМ Ɫ ᾌ ⇔Ȳᴖ ⁄Ɫ ☼П☼

Ȳ Ҡᴕה ᾌ ֯ ☼☼ ᾭᾓϯП ᶮȴ dtdc /ss= Ȳ҅

ῶṔ ůП о ⇔ȴ dtdc /qq= Ȳ҅ῶᾌ֣ṔɗП о ⇔ȴ 

)/,/,/,/( qs µµµµµµµµ=Ð yx ⱢϚ 4 Ὲ ᾼ֣ ІȲS⁄

Ɫ (Source term)Ȳ҅ῶᾌ Ҡ ӢПᾌ כ

 ȳ ц‍ ἤӻФᵂӣ ᾬ Ȳῶӱֽϯ 

surfbotdsnlin SSSSSS ++++=
 (5.2-2) 

ẔМ SinⱢ Пכ  ȲSnlⱢᾌ ᾌ‍ ἤӻФᵂӣ ȲSdsⱢӪᾍ

ȲSbotⱢἉᶩ Ȳᴖ Ssurf⁄Ɫ ᾌ ȴ 

2.Ѡ֣ о еה 

Ѡ֣ о еה ὑᾌ ׂ⌡Ѡ ᾼ оᶮהȲ┬

Holthuuijsen (1989) Ȳ о֯ Ὲ в ᴩȲіϤᾌ ᾼ

ếϚ ᵂⱢḟứ ȲҠӣὑѿᾌ ᾌ∟ᴖ ӢПᾘỴ☼ᾼᾇḘ

ȴ оᾼѠ  ῶӱֽϯה

( ) ( ) ( ) ( )
0

00gy0gx0 T
mC

y

mC

x

mC

t

m
=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

q
q

 (5.2-3) 

( ) ( ) ( ) ( )
1

11gy1gx1 T
mC

y

mC

x

mC

t

m
=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

q
q

 (5.2-4) 

ẔМ m0(x,y,q)Ɫᾌ N(x,y,w,q)ᾼ װ Ȳm1(x,y,q)Ɫᾌ N(x,y,w,q)

ᾼϚװ ȲCgxц CgyиᵑⱢ ᾌ ⇔ xȳy Ѡ֣Пи ȲCqⱢqѠ֣

ᾼᾌ ᴩ ⇔ȲwⱢṔ ȲT0ế T1Ɫ Source TermsȲҔᵶ ȳἉ

ᶩ ȳ ᾌ ֪ ȴnװ mn(q)ứ Ɫ 

( ) ( )wqwwq d,,y,xN,y,xm
0

n

n ñ
¤

=

 (5.2-5) 

(ϡ) Ԉ 
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Ӑ Ἤ ӣП֮ᶮ Ȳὑ  Ὼ ӣ ֮ ᾼ֮

ᶮȲᴖ Ỵ ⁄ ӣ National Geophysical Data Center ӁПԓ

ETOPO2v2 (2006)ȴ ֮ᶮ Ҕᵶὧ 180º̡ ᴫ

180ºȳҖ 89.967º̡ ⁮ 90ºȲ֮ᶮ П έ ⇔Ɫ Ɫפּ) '2×'2 4×4

еṭ)ȴӐ ӣ‍ ₤ϮṔ Ѡה Ȳ П ꜜ⁮

ᴟҖפּ 14 ºȳҖּפᴟҖ 30 ºȳᴫּפᴟὧ 111ºȳὧּפᴟὧ 135ºȲ

ȳМ ȳ ц √ ȲἬ П֮ᶮѬ

ֽ 5.2-1ἬӱȴӦ МҠ῀ȲⱢὑῺỴ ⇔П

ὨȲ Ὼ ӣ П Ȳᴖ Ỵ ⁄ ӣ П ȲԚ

צ 9,280 ȳ16,915 а Ȳ ứֽῶ 5.2-1Ἤӱȴ 

Ӑ ה ӣ Climate Forecast System Reanalysis (CFSR; 

Saha et al., 2010)Ȳ Ɫּר Мї(National Environmental 

Prediction Centers, NCEP)ᴩ П֝оȲṳ ֝о∟ᾼ

иέ Ȳ2011דѿ›ῶ 10m П έ⇔ּפⱢ 30еṭȲ2011

∟ѿד έ⇔ּפⱢ 50еṭȲױ ẁ 6Њ П ȲⱢӭ›

Ҡ Ὼ Ὲ έ⇔П иέ ȴ 

 

5.2-1 П֮ᶮѬ  
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ῶ 5.2-1 П ứв  

а  16,915 

 9,280 

Ња (m2) 196 

Єа (m2) 3.1í109 

Ӑ ᴩᾌ Ἤ ứПד ֽῶ 5.2-2Ἤӱȴ֯

Ѡ Ȳ Њ 0.055HzȲṳѿ 1.1 ᾼ╓ иה₤ כ

25 Ȳד ὑ 1.85̡ ⇔ȴ֯Ṕה18.18ּ Ѡ Ȳѿ 22.5º

Ɫ 1 Ṕ⇔ ᴯȲԚ и כ 16 Ѡ֣ṔȲ ѿ 1Њ ᴩ

ȴ ạ⁄ᴕ 4 ᾌᾌ‍ ἤӻФᵂӣȳ ᾌ

ȳἉᶩ ȳӪᾍ ᾬ ạȴ ᾼ ꜜ ԈԚиכϡ

ꜜᶮהȲϚⱢ ꜜȲẔЛᴕ Ϥ ᾌ ᾼ ȷҫϚⱢ

ꜜȲẔᴕ ᾌ ױ ꜜ ᶙԓ ᵮןȴ 

ῶ ה 5.2-2 ứ ῶ 

ד      ứ 

 0.055Hz~ 0.542Hz 

Ṕ⇔  0º ~360ºȳȹɗ=22.5Ü 

     ȹt=1hr 

ᾌ╓  ɔ=0.8 

Ἁᶩ  kN=0.04m 

Ӫᾍ  Cds=4.5ȳŭds=0.5 

ϡȳ☼  

(Ϛ)MIKE 21 HDѬ ϩ  ה

MIKE 21 HD ∂Ӵ֯ Boussinesqế☼ ϩ ᾼЛҠ

Reynolds averaged Navier-StokesѠ ᾼה ПϱȲẔӦ Ѡ ה

ế Ѡ ה ȴכ Ϛ ᵶ ֪ ПῈ ϱϮ ᾼѬ ϩṆ Ѡ

ȲѿѬה Ѡ֣ и ∟Ȳ оⱢֽϯᵶ оПϡ Ѭ ϩ

Ṇ  
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hS

y

vh

x

uh

t

h
=

µ

µ
+

µ

µ
+

µ

µ

 (5.2-6) 

    

ShuhT
y

hT
xy

s

x

s

x

gh

x

ph

x
ghhvf
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vuh

x

uh

t

uh

sxyxx

xyxx

bxsxa
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+

µ

µ
+ö
ö
÷
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µ
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µ
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 (5.2-8) 

ẔМɖⱢᴞӦ ȲdⱢ ѦѬ Ȳh=ɖ+dⱢ Ѭ ȲfⱢ■ѫ(Coriolis)

ϩ ȲgⱢ ϩҒ ⇔ȲpaⱢЄ ϩȲsxxȳsxyȳsyxȳsyyⱢ

ϩ (radiation stress tensor)ȲŰsxếŰsyⱢῶ ϩȲŰbxếŰbyⱢἉ

ϩȲTxxȳTxyȳTyyⱢ ֣ ϩȲSⱢ ᾼ ҏ ȲuếvⱢѬ

ӂᶁ ⇔ȲҠứ ֽϯה 

    ññ --
==

hh

dd
vdzvhudzuh ,

 (5.2-9) 

֣ ϩ Tij Ҕ╗ ἤ ế ☼ ȲҠ ☼ ⇔  

(eddy viscosity)… Aᴷ  
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u
AT yyxyxx
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=öö

÷

õ
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ç

å
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+
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= 2,,2

 (5.2-10) 

(ϡ) Ԉ 

☼ ꜜ ӣ MOI ᴯ ᾼה ҏ ὨᵂⱢ HD ᾼה

ϩ ꜜ ԈȲMOIⱢὭ (2018)ṿӣϮ ᾭ Ἤ Ҡ

ᾼ ᴯ רȲẔѿּה Ὥ Є Ἤ ᾼ Princeton 

Ocean Model ( POM)П Ở ה Ɫ  (Blumberg and 

Mellor, 1987)Ȳṳ ᾘỴ ᴯ 24 и ᾼ ֝о

(assimilation)ᴖ∂Ӵᾼ  ȴה
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ה 5.2.2  

Ϛȳ ה  

Ɫ Ӑ ὑה вᾼ כ Ȳ ד2019 Ỵ

ЄᾼӪ (BAILU) ᾌ ц ›∟ᾼủ ᾌ

ᴩ Ȳ ֽ 5.2-2ἬӱȲӐ ӣП ẃ Ɫ

ӻ ṅἬשׁ ᶾ ṅМїὑשׁ П ȴ 

(Ϛ) ה ᴷ╓  

Ɫ ה ᾼᵭ֥ ⇔Ȳ ӣ 4 ╓ ẃ ᴷ

ה Ὠᾼ ֕ȲиᵑⱢᵒứ… (R-square, R2)ȳᶁѠ

(RMSE, root mean squared error)ȳ ᾌ Єᾌ ȹHs,pȳ Є

ᾌ Ӣ ȹtpȴ 

( )( )( )( )

( )( ) ( )( )ö
÷

õ
æ
ç

å
-ö

÷

õ
æ
ç

å
-

ö
÷

õ
æ
ç

å
--

=

ääää

ää

m n

numsmnnums

m n

obssmnobss

m n

numsmnnumsobssmnobss

HHHH

HHHH

R
2

,,

2

,,

2

,,,,

2  (5.2-11) 

( ) ( )( )2,,

1
ää -=
m n

mnnumsmnobss HH
mn

RMSE  (5.2-12) 

)()( ,,, obssnumsps HMAXHMAXH -=D  (5.2-13) 

obspnumpp ttt ,, -=D  (5.2-14) 

ẔМ Hs,numⱢ ה ᾌ ӱἤᾌ ȷHs,obsⱢ

ᾌ ӱἤᾌ ȷtp,numⱢ ה ᾌ ӱἤᾌ Є Ӣ ȷ

tp,obsⱢ ᾌ ӱἤᾌ Є Ӣ ȴӦ(5.2-13)הҠ

῀Ȳ ȹHs,pⱢӔ Ȳῶӱ ה ᾼӱἤᾌ ὑ ᴷȲ Ɫ

⁄ῶӱᵅᴷȲӦ(5.2-14)הҠ῀Ȳ ȹtpⱢӔ Ȳῶӱ ה ᾼӱἤ

ᾌ Є Ӣ Ȳ Ɫ ⁄ῶӱ  ȴנ
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5.2-2 Ӫ (BAILU)  

(ϡ) ᾌ ӱἤᾌ ᾼ ᶧԝѩ  

5.2-3Ɫ ᾌ ӱἤᾌ ц ᾼ ᶧԝѩ Ȳ М ї

Ɫ Ȳ Ɫ MIKE 21 SW ӣ CFSR ᾼ ὨȴӦ

МҠ῀Ȳ ế Ꞌ‍ Ϛ ȴӦ ᾼ Ҡ῀Ȳ

MIKE 21 SWṿӣ CFSR ᾼᾌ Ѡ֯ה вҠ Л

ᾼ  Ὠȴכ

(Ϯ) ᾌ ӱἤᾌ ᾼ ᴷ╓ ѩ  

Ӧ Ӫד2019 (BAILU) ֯ ᾼ ὨҠ῀Ȳᵒứ…

(R2)Ɫ 0.84ȲᶁѠ (RMSE)Ɫ 0.28mȲ Ὠ Ὠ

Єᾌ ȹHs,pⱢ-0.14mȲ Єᾌ Ӣ ȹtpⱢ 0Њ ȴӦ

ᴷ╓ ᾼѩ Ҡ῀ȲMIKE 21 SW ӣ CFSR ֯ Лצ

ᾼ Ὠȴ 



 5-11 

 

5.2-3 ᾌ ӱἤᾌ ц ᶧԝѩ  

ϡȳ☼ ה  

5.2-4Ɫ☼ ה Ȳϱ Ɫ ᴯ ᶧԝѩ Ȳ М

ї Ɫ Ȳ ᴥ Ɫ ὨȲМ Ɫ☼ ᶧԝѩ Ȳ

М ᴥ ї Ɫ Ȳ ᴥ Ɫ ὨȲϯ Ɫ☼֣

ᶧԝѩ Ȳ М ᴥ ї Ɫ Ȳ ᴥí Ɫ Ὠȴ

Ӧ МҠ῀Ȳ Ὠὑ ᴯȳ☼ ц☼֣ᾼѩ Ꞌד Ϛ

Ȳ ᴯᾼᶁѠ (RMSE)Ɫ 0.06mȲ☼ ᾼᶁѠ (RMSE)

Ɫ 0.15m/sȴӦ☼ ᾼה Ҡ῀Ȳ ӣ MIKE 21 HDѬ ϩ ה

֥Ӑ ἬṿӣП ꜜ ứȲ Ҡ҉и ṳᶙ ᵧ  

Ὼ ᴯ П о ἤциӁ ȴ 
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5.2-4 ☼ ה  
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5.3 Ṷ╝ ֪  

ῶ 5.1-1~ῶ 5.1-3М֢Ṷ╝ ֽῶ 5.3ᾼ ֥иέῶȲѿϯ

ц Ṽᶧ ḕ Ṷ╝ Ẕ Ӣ Ȳ֪ẔМ

ѻ ӣ ᶾ ṅМїὑשׁ 10 ᾼ ȲẔ

ѠהⱢậḕЊ ứ 10и ᾼ Є ȴ 

ῶ 5.3 Ṷ╝ ֥иέῶ 

ד ἤ ד ѣ ѡ ֪ в  

 103 3 31 Ẓ  ֪ Ẓ  

 103 7 23 Ἠ  ֪  

☼ 104 7 19 Ẓ  
֪☼ ᾜὑ 8 П

 

 105 9 14 Ẓ  
֪ ẃ ɦ 15ɧȳ

ɦХ 6ɧϡ  

☼ 105 12 24 Ẕ҃ 
֪ ╝ ☼ ɦЄ ɧ┤

ᾇ  

 106 7 16 Ẓ  ​  

 107 6 14 Ẓ  
[MADRID (

ṭ)] 

ȳ ȳ☼ 107 8 23 Ἠ  ֪ ыЄ ☼  

ȳ ȳ☼ 107 8 23 Ἠ  ֪ ыЄ ☼  

ȳ ȳ☼ 107 8 23 Ἠ  ֪ ыЄ ☼  

ȳ  107 8 23 Ἠ  ֪ ыЄ כ  

ȳ ȳ☼ 107 8 23 Ἠ  ֪ ыЄ ☼  

 109 2 4 Ẕ҃ כҿ ц  

☼ 109 7 24 ╝  
ѻ Ȳ֪ ☼ [ׄ

]  

ד103(1) 3ѣ 31ѡṶ╝ 

ӐṶ╝ Ӣᴯ ᴯὑ 5.1-1М 1ᾼᴯ Ȳᴯὑ вȲ

ṶԈ Ὑ[ ֪ Ẓ ]Ȳѻ דצ Ȳ

ѡ ֽ֣ 5.3-1ἬӱȲӦ МҠ Ȳ͂3 Ɫ4.8m/sec

4 ᴟ 20.2m/secȲѹ ֣ӦὧҖ֣ ⱢᴫҖ֣Ȳ16

Ɫ 6.1m/sec 17 ᴟ 22.7m/secȲѹ ֣ӦᴫҖ֣

Ɫᴫ⁮֣Ȳ ӱ ѡ צ ᾼ ȲҒϱ в☼

Ϛ ᵅȲ֪ױ Ṷ╝ דצ ἤȴ 
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ד103 5.3-1 3ѣ 31ѡ ֣иӁ  

ד103(2) 7ѣ 23ѡṶ╝ 

ӐṶ╝ Ӣᴯ ᴯὑ 5.1-1М 2ᾼᴯ Ȳᴯὑ ☿ ỴȲ

ṶԈ Ὑ[֪ ]Ȳѻ דצ Ȳ 5.3-2 Ɫ ѡד

в ȲӦ МҠ῀ắẞ ớ ᾼ Ȳ ᾜὑ

ҵ 1.6 ᾼṙṭ ᾒ ɦ ὕ ɧȲ֪ Є ☼

ᴟ ☿ Ỵּפ 100еѐѬ Ȳ ớ ֽ 5.3-3ἬӱȲ

ӱ 7ѣ 23ѡ ớ ᴯὑ Мҵ ȴ 

Ӧ иέҠ ѡ ֽ֣ 5.3-4ἬӱȲӦ М

Ҡ῀Ȳ7ѣ 22ѡ 22 Ở ᴟ 10m/secѿϱȲṳ═ ᴟ

7ѣ 24ѡ 8 Ȳ ֣Ɫ⁮֣Ȳ Є ẞ 19.8m/secȲ ӱ ѡ

צ Єᾼ ȴ 

Ӧ иέҠ 7ѣ 23ѡ 10 CFSR иӁֽ 5.3-5

ἬӱȲӦ МҠ῀Ȳ7ѣ 23ѡ ớ ֯ ӔϱѠȲ 5.3-6ế

5.3-7иᵑⱢ 7ѣ 23ѡ 0 ế 10ѡᾼᾌ иӁ Ȳ Ὠ ӱ

0 ֯  Ὼᾌ Юὑ 1.0~2.0mП ȲּפⱢЊ ᴟМ П Ȳ

10 ᾌ Єᴟ 5.0~6.0mП ȲּפⱢЄ ᴟҽ П Ȳ֪ױ

ᾜᴯ ᾌצ Єᾼ ȴ 5.3-8Ɫ 7ѣ 23ѡᾼ☼ иӁ

Ȳ Ὠ ӱῺỴ☼ Єѹ☼֣ⱢӦҖἏ⁮ȴ ֥ ц

ὨׁשᵒȲ ắẞ Є כ ȴ 
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ד103 5.3-2 7ѣ 23ѡד  

 

5.3-3 ớ(MATMO)  
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ד103 5.3-4 7ѣ 23ѡ ֣иӁ  

 

 

ד103 5.3-5 7ѣ 23ѡ иӁ  
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ד103 5.3-6 7ѣ 23ѡ 0 ᾌ иӁ  
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ד103 5.3-7 7ѣ 23ѡ 10 ᾌ иӁ  
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ד103 5.3-8 7ѣ 23ѡ☼ иӁ  

ד104(3) 7ѣ 19ѡṶ╝ 

ӐṶ╝ Ӣᴯ ᴯὑ 5.1-3М 1ᾼᴯ Ȳᴯὑ вȲ

ṶԈ Ὑ[ ֪☼ ᾜὑ 8 П ]Ȳѻ ☼

דצ Ȳ ѡ ֽ֣ 5.3-9ἬӱȲӦ МҠ῀Ȳ7ѣ 18ѡ

14 Ɫ 5.8m/sec 15 ᴟ 10.2m/secȲѹ═ ᴟ 7

ѣ 20ѡ 7 Ꞌ ═֯ 10m/secѿϱȲ ֣Ɫὧ⁮֣Ȳ ӱ 7ѣ 19ѡ
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ЄȲҒϱ в☼ Ϛ ᵅȲ֪ױ Ṷ╝ Є

☼כ ᴖ‍ דצ☼ ἤȴ 

 

ד104 5.3-9 7ѣ 19ѡ ֣иӁ  

ד105(4) 9ѣ 14ѡṶ╝ 

ӐṶ╝ Ӣᴯ ᴯὑ 5.1-1М 3ᾼᴯ Ȳᴯὑ вȲ

ṶԈ Ὑ[֪ ẃ ɦ 15ɧȳɦХ 6ɧϡ ]Ȳ

ѻ דצ Ȳ 5.3-10Ɫ ѡד в ȲӦ МҠ῀

ắẞ ᾼ Ȳ ϡ Ѐᾼ ϩϚ⇔ 12 Ȳ֪

ϩ ⁬ Ҕ╗ɦכ Ὑ ɧȳɦ ɧ 10 Є₤ ☼Ȳ

ֽ 5.3-11ἬӱȲ ӱ 9ѣ 14ѡ ᴯὑ

ҵ ȴ ѡ ֽ֣ 5.3-12ἬӱȲӦ МҠ῀Ȳ9 ѣ 14

ѡ 6 Ɫ 7m/sec 7 ᴟ 10.9m/secȲѹ═ ᴟ 9

ѣ 15ѡ 18 Ꞌ ═֯ 10m/secѿϱȲ ֣Ɫ⁮֣ȲẔМ 9ѣ 14ѡ

13~16 ꜙᴟ ẞ 30m/secѿϱȲᴖ Є Ɫ 41m/secȲ ӱ 9ѣ

14 ѡắẞ כ Є Ȳ֪ױ Ṷ╝

דצ ἤȴ 
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ד105 5.3-10 9ѣ 14ѡד  

 

5.3-11 (MERANTI)  
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ד105 5.3-12 9ѣ 14ѡ ֣иӁ  

ד105(5) 12ѣ 24ѡṶ╝ 

ӐṶ╝ Ӣᴯ ᴯὑ 5.1-3М 2ᾼᴯ Ȳᴯὑ ϡ

ЀҵȲ ṶԈ Ὑ[֪ ╝ ☼ ɦЄ ɧ┤ᾇ ]Ȳѻ

דצ☼ Ȳ ѡ ֽ֣ 5.3-13ἬӱȲӦ МҠ῀Ȳ12

ѣ 24ѡ Є 6.8m/secȲ ֣ⱢᴫҖ֣ȴ 

Ӧ иέҠ 12ѣ 24ѡᾌ иӁֽ 5.3-14ἬӱȲ

Ὠ ӱ  Ὼᾌ Юὑ 0.4~0.5mП Ȳ ⱢЊᾌȴ 5.3-15

Ɫ 12ѣ 24ѡᾼ☼ иӁ Ȳ Ὠ ӱҵ ☼ Єѹ☼֣ⱢӦ

⁮ἏҖȴ ֥ ц ὨׁשᵒȲ ☼ ắẞ☼

Єȴ 

 

ד105 5.3-13 12ѣ 24ѡ ֣иӁ  


