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1.1.1 �	�� 

˟ċ͕�ȉȓͿɸɷɰv{ϠǱ�{͢˫ΌΒΕͺ͝Δ͖ɸɷɰĤ{ϠǱ�{Θ˫ΌΔ

ȀȆͼͭͺ͕�ʛϐϙηλͨ͢͜ΒΕΔ͖ 

- ɸ£͉̀{;ͽͿΑΔɸ£�ˉʗǞ 

- ̉ˊ̣ɴǝͿͧ͠Δɸ£ʹŋǡð 

- �ǰȓώΰiǡͿΑΔʊȶ;ͽǡð 

- �$ʾΘÐΌͼͯΔΪΰλiǡ 

- ȁ¿΅˽Ļ 

ǷͿUɴɸɸ£�ˉͼɸ£͉̀{ǟg;¦̵ͻ͜Δ[1]͖ɸ£�ˉ¦̵ 20~30

ċj͡ΒÕµͭʹ͕͢˟ċ͉̀{͢˫Ι͵ͩͼͻˣɪɩ͢À͕͟¦̵ͫ͢ΒͿ̶ʁͿ;ͷ

ͺ͝Δ͖ĊĽ 27ċ 10ƒƅǯͻŻƙ²UͿ 20,258�Uɴɸ£͢ÕµͯΔ͕͢55ǂ!

�͢ 4kΘ�ΌΔ[2]͖Äɴɸɸ£�ˉUɴɸ·ͽ̶ʁͻ;͕͢͝ɸ£ÅͥÄ²

�ͻ͜Γ͕Żƙ�ɸ£ð;͕ͥ�ƚȤ;͢¦̵Ϳ;ͷͺ͝Δ͖ǝ�˯ˤǒͿºͥ

͘Żƙɸɷ�ɸ£Ȥ;Ϳ̍ͯΔºƙŵ͙̄ͿÝΌΔȘƵ ĊĽ 20ċ͡Β 10ċ

̌ͻŻƙ�ɸ£Θ 1.5?ͿÀoͫͱΔͩͼ͢ÝΌΒΕͺ͝Δ͖ 

 

 
 1-1 [2] 

 



 

 
 
 

3 

Ήʹpĵ;sIȁ¿ͿΑΔɸ£̣ɪǼ̀ͫ¦̵ͻ͜Δ͖ɸ£ÝȝǼ͠͠ΑͲ 7

kͻ͜Γ͕3k˦
ͻ˝Όͺʇͥ[1]͖ʹͼ͟ə�̀ͥ͢ͺ͕ywĝĺ(3 ϟƒ�ɸ 1 ϟƒ(

Ί)ΎsIȁ¿˰˿ͫ͢�ͼ;Δ͖ó.ȁ¿Ϡ̹�¦̵ϠŠć̥ʥ͢ɢ͢Β;ͩ͝ͼ͢

ȂǙȁ¿�ʹΔ¦̵ǯͻ͜ΔͼUɴǝ˯̍:ɩ΅σΚϙϞΧͿΑΓŐšͫΕͺ͝Δ͖ 

ͩΑ͞;¦̵ͿéĮͯΔʹΌͿɰĤɸͼ͝͞ΚΜκΛΚ͢ɨƩͫΕʹ͖Rodseth Β[3][4]͕

ɰĤɸͥ͝͡ŏɛĲͿ͝ͺʺǻͯΔͼˡΆͺ͝Δ͖ 

- ɖǠȓŏɛĲ: ˯ɴͿ͡͡ΔΪΰλ(5͟�$ʾ;ͽ)ΘiǡͯΔ 

- ȁ¿ȓŏɛĲ: �̌ȂǙͿ̍ΗΔʝFΘiǡͯΔͩͼͻ͕ǵŲǞʾ̃Θ�ͨΔ 

- Ȩ)ȓŏɛĲ: Ȏsͭʹɸ£͢ťɸͿ̍ΗΔͩͼΘ˹ͧΔͩͼͻÚPĲΘ��ͫͱΔ͕

ΉʹϙϑϡλήΰιϏͿΑΓ̉ƅ̌ɴǝ͢;ͥ;Δͩͼͻ͕ɸ£ͿéͯΔʹŋΘ�ͨΔ 

ɰĤɸͿ̍ͯΔȢȴ`Ɩǃ̜ͻ͜Γ͕2018ċ 1ƒǾµͿ͠͝ͺ͕ΪϞβψλʝʙ͢

�ͻ͜Δ͖ ʋȓ;ψϜίΞΦλͼͭͺ Rolls-RoyceͿΑͷͺʇΗΕͺ͝Δ AAWA͕EUͿΑͷ

ͺʇΗΕʹ MUNIN͕DNV-GLͿΑͷͺʇΗΕʹ ReVolt;ͽ͢őͨΒΕΔ͖ͩΕΒψϜ

ίΞΦλ˩ɸ)ȨΎɸɎ�)͕ÇÖ;ͽʏŮcá̍:ɩͿΑͷͺ˫ΌΒΕͺ͝Δ͕͢

�cá̍:ɩȷ¼͡ΒſȤͿ]ƠͭʹʛˡÕµͭ;͖͝ 

1.1.2 Systems Approach��]} 

Systems Approach ͼ͕Ȩ)ȬÖ]̂ͻȐõͭʹɨ͟ŵͻ͜Γ͕ʏ̢Ĳ͜Δ¦̵Ϳ 

éͭͺ�ʸP/ΘήΰιϏͼͭͺʨʴͯΔͩͼͻ¦̵ʗǋΘ°Δŵǒʰͩͼͻ͜Δ[5]͖

Simmons[6]͕ͩ Systems Approach ΘȄ͝ͺ͕ΚόϜʙȈ¦̵Ϳ͝ͺɨçͭͺ͝Δ͖

Simmons͕ΚόϜʙȈ¦̵Ϳ͝ͺĸıǋÝͯΆͣ¦̵ΘŊ\͕ͭɨ͟ΒΕΔʝʙƩ͡

Β͕ͽʝʙƩΘ˸΄Άͣ͡ͼ͝͞¦̵Θʗ͝ʹ͖5͕͘͟ØÜɸ΅ş�£Ů0�

ͿͯΆ͙͕ͣ͘͡ǵŲ0Θ˸ŉͯΆ͙ͣ͡;ͽͻ͜Δ͖ 

ΚόϜʙȈ¦̵ņʈήΰιϏͼȨ)ήΰιϏʆ�ͭʹ SociotechnicalήΰιϏͻ͜Γ͕

ͩΑ͞;ʏ̢;¦̵Ϳ Systems ApproachƓtͻ͜ͷʹ͖ɰĤɸΪϞβψλʝʙ¦̵

�ͮͥņʈήΰιϏͼȨ)ήΰιϏ͢ʆ�ͭʹ SociotechnicalήΰιϏͻ͜Γ͕ÝĘ{̤͢

ͭ͝ʏ̢;¦̵ͻ͜Δ͖ͩ¦̵Ϳ Systems Approach͢Ɠtͻ͜Δͼɨ͟ΒΕΔ͖ 
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 §¦ 

ɰĤɸ̋Ȑ`Ɩǃ̜Ϳ͜Δ͖cá̍:ɩɰĤɸͿéͭͺȌ;ΔξϡαΘŏͷͺ͠

Γ͕ɰĤɸΪϞβψλPͺcá̍:ɩξϡαΘǧʹͯͩͼ͢Ȁķͻ͜Δ͖ͭͭ͡;͢

Β͕Ț�ͯΔξϡα͢Õµ͕ͭPͺcá̍:ɩξϡαΘǧʹͯͩͼ̤͖ͭ͝Þ̞Ϳ

͕ǷÝcá̍:ɩͿͼͷͺƑ˵;˸ŉΘͯΔ ΗΓͿ͕Åͥcá̍:ɩ͢ǧˉͭ͞Δ

ĸıǋÝΘȘŐͯͩͼͼ;Δ͖ 

ƙȢȴͻ͕ͩΑ͞;ĸıǋÝŦŝͼͭͺ͕cá̍:ɩͪͼͿȌ;ΔξϡαΘſȤͿ

ʛˡ͕ͭϑκϚωϡΰͻĲɭΘʑȳΔͩͼͻ͕KΕʹɰĤɸΪϞβψλʝʙƩΘƬʚͯ

ΔφϜϡΘŚƩͯΔ͖ 

S/ȓͿ͕Systems Approach ΘȄ͝ͺɰĤɸΪϞβψλʝʙφϜϡΘŚƩ͕ͭÞʡͯ

Δ͖cá̍:ɩͪͼξϡαΘ Stakeholder Value Network(SVN)ΘȄ͝ͺſΒ͡Ϳ͕ͭξϡ

αͿºͣɰĤɸĲɭΘʢ8ͯΔʢ8˔ΘǋÝͯΔ͖ƽͿ͕ξϡα͡Β Object Process 

Methodology(OPM)ΘȄ͝ͺźÕɸɷͿ̍ΗΔ Function ͼ Form ΘύηυϞΧ͕ͭɰĤɸΪ

ϞβψλʝʙͿͧ͠ΔĸıǋÝ̰ȘΘ Morphological Matrix(MM)ͼͭͺʋǾͯΔ͖ĸıǋ

Ý̰ȘɕΊ�ΗͱͼͭͺʋǾͫΕΔɰĤɸΪϞβψλΘ͕˸ŉͭʹʢ8˔Ϳºͣʢ8

͕ͭςϛϡλƑ˵;ΪϞβψλΘȿ\ͯΔ͖MUNINΎ ReVolt;ͽźÕɰĤɸΪϞβψλ

Θʢ8ͯΔͩͼͻ͕ŚƩͯΔɰĤɸʝʙφϜϡ͢ƺɭͯΔͩͼΘȤʨͯΔ͖ 

 �É���� 

ƙʰŰƳĽͿ͝ͺ!�Ϳȧ͖ͯ 

ȼ 1ȸͻ͕ƙȢȴɬƈͼȘȓͿ͝ͺˡΆʹ͖ 

ȼ 2ȸͻ͕ɰĤɸͿ̍ͯΔMʇȢȴϠ�5Ϳ͝ͺˡΆΔ͖ 

ȼ 3ȸͻ͕Systems ApproachθϡϚͿ͝ͺˡΆ͕ƙȢȴ,ɤ�ͧΘȧ͖ͯ 

ȼ 4ȸͻ͕ɰĤɸʝʙφϜϡͿ͝ͺˡΆΔ͖ 

ȼ 5ȸͻ͕ɰĤɸʝʙφϜϡͿǏͷͺ͕ʁɩ͢ɰĤɸͿ͝ͺʝʙΘʇͷʹ�5Θ

ΨϡΰΰδκΛͼͭͺȧ͖ͯ 

ȼ 6ȸͻ͕ŚƩͭʹɰĤɸʝʙφϜϡΎΨϡΰΰδκΛͿ͝ͺɨçͿ͝ͺˡ

ΆΔ͖ 

ȼ 7ȸͻ͕ƙȢȴɗʰͼ�ĥõƕͿ͝ͺˡΆΔ͖ 
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ƙȸͻ͕˟ċɰĤɸîOǸǐͼȢȴͿ͝ͺɓ�ͯΔͼͼͿ͕ɰĤ{̞Ϳī

ʐͼͫΕΔʐɏņʈͿ͝ͺʫſͯΔ͖ƽͿɸɷʝʙͿ͝ͺȢȴΘˡΆΔ͖ƙȸ͕ǷͿ

2.4ȟʴ͕4.4Ϳ͠͝ͺʝʙȵ̌ΘʋǾͯΔ̞Ϳġȷ͖ 

 G��¹x½6A*"%1 

Ǿµ͕�ȉ
ͻɰĤɸͿ̍ͯΔψϜίΞΦλϠȢȴ͢˫ΌΒΕͺ͝Δ͖�;ͼͭͺͩͩͻ

͕Rolls-Royce ͿΑͷͺʇΗΕͺ͝Δ Advanced Autonomous Waterbone Applications 

(AAWA)[7]͕μΜθ͕πϚΝΞϡ͕ΰΝΞϡκϞ͕ΚΜΰϘϞμ͕ΚΜϚϘϞμͿ,ɤͯΔ²Ύ&

ƮͿΑͷͺʇΗΕͺ͝Δ Maritime Unmanned Navigation through Intelligence in Networks 

(MUNIN)[8]͕DNV-GLͿΑͷͺʇΗΕͺ͝Δ ReVolt[9]͕ͲͭͺŻƙͿͧ͠ΔɰĤɸv�

Ϳ͝ͺƱʫͯΔ[10]͖ 

2.2.1 AAWA 
AAWA͕Finnish Funding Agency for Technology and Innovation͡Β 660�ϕϡϜŦŝ

Θ�ͧʹɰĤɸR�ψϜίΞΦλͻ͜Δ͖2015 ċ͡Β 2018 ċΉͻ 3 ǃ̜ͻÞŶ�Ý

ͻ͜Γ͕Phase1(2015 ċ-2016 ċ)ƱİÝɦ͕Phase2(2016 ċ-2017 ċ)ʐɏņʈ̋Ȑ͕

Phase3(2017 ċ-2018 ċ)ƱİȤʨͻ͜Δ͖�˂)ȨϠƺ͕̍Rolls-Royce͕DNV-GL͕

Inmarsat͕Deltamarin͕NAPA͕Brighthouse Intelligence͕Tampere University of Technology͕

VTT Technical Research Centre of Finland Ltd͕Abo Akademi University͕Aalto Universityͻ

͜Δ͖ɸɷͿ�Γ�ͧΒΕͺ͝ΔʏŮβϞάϡΘͽΪϞιΤΰλͻͽΑ͞ͿɕΊ�Ηͱ

Εɺ͝͡ͼ͝͞βϞάϡφϔϡίϖϞ¦̵͕MAXCMAS ˹ɴťɸΘͮΌͼͭʹeĨΚ

ϚΫϙαϏ;ͽ͘ņʈ̋ȐϠƬʚ͙ΘͮΌͼͭͺ͕͘ÚPͼβΤϔϙιΛϡ͙͕͘Ȩ)ȓϠǒȓ

�ãĲ͙͕͘τίοΰϑκϚ͙ 4ʕǯ͡ΒɰĤɸͿ͝ͺƬʚͭͺ͝Δ͖ 

Rolls-Royce Ȩ͕ŚƩͯΔņʈ·ͼΙͽźÕņʈɕΊ�ΗͱͿΑΓ͕˲Ľ͢�

ɭ͵ͼͭͺ͝Δ͕͢Þ̞ͿɕΊ�Ηͱʹ¼�ͿźÕɸɷͼ��ĲɭΘȤ;ͯΔͩͼ͕Ή

ʹɰĤɸͿʑ�ͷʹĦƝΑΓ̀͝ĲɭΘȤ;ͯΔͩͼʭ̵ͻ͜ΔͼˡΆͺ͝Δ͖ 

2.2.2 MUNIN 
MUNIN ͕ņʈ̋Ȑͻ;͕ͥɰĤɸΪϞβψλ̋ȐΘȘȓͼͭʹψϜίΞΦλͻ͜Δ͖
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MUNINψϜίΞΦλ͕2012ċ 9ƒ͡Β 2015ċ 8ƒΉͻ͕290�ϕϡϜ�ȿͻÞŶͫΕ

ʹ͖6ʣɸͼͭͺ͕²̞ɴˌΘɴʇͯΔρϚΦΤϒϙΚɸΘ˸Ý͕ͭM˫βϞάϑίϔϡϚ͕

ǟǝ¸ɰĤ̀ƦήΰιϏ͕ɰĤΟϞίϞϑξδϙϞΧήΰιϏ͕̗�eĨβϞδ͕̗�eĨβ

Ϟδɸɷ˯ȄÂ͕̗�eĨβϞδƺ̍Â�̗�eĨβϞδǸǐɀȀζϡϏ̋Ȑͼή

ώϔϛϡδͿΑΔƬʚ͢ʇΗΕʹ͖ 

MUNIN͕ρϚΦΤϒϙΚɸΘéʸͿ͕ǟǝ¸ͻÇ̗̌ɴǝΘ̗�ΪϞλϜϡϚβϞ

δϡͻϑξδϙϞΧͭ;͢Β˯ɴͯΔͩͼΘķÝͭʹɰĤɸΪϞβψλΘʝʙͭͺ͝Δ͖̣ȝ

ƪͼǦUϠ˜˚ǝ¸ͻɴǝǾµ�ƴ͕ɸ�χϙηί͡Βʇ͞�Ýͻ͜Δ͖˯ɴɸɷ͢

ÄǖͿ˟ͥͼ�ɸͭͺ͝Δɸ£͢bɸͻ̗�ͿŀΓ͕Ͳͩ͡ΒϙϑϡλΪϞλϜϡϚͻ

˯ɴͯΔͩͼΘķÝͭͺ͝Δ[8]͖ 

ϛϡεϡΎ AIS(Automatic Identification System)͕˅ÄɟϐϘΘÐΌͼͭʹM˫βϞά

ϑίϔϡϚ͕͢ɸɷ˯ɴȁ¿ΘϑξδϙϞΧ͕ͭǶ/ʨʴΎ�̘ĒaųΘʇ͖͞M˫

βϞάϑίϔϡϚ<̴ĲΎɈĒǾµβϞάϡΑΓ̀ͥ;Δ�Ýͻ͜Δ͖Ήʹɸɷ

ɰv˯ɴʊȶ¬˹ͼΝΞέϡϚϡιΛϞΧͼ͝͞ 2Ȳ̷ϑίϔϡϚͿΑΓÞǾͫΕΔ͖ʊ

ȶ¬˹ϑίϔϡϚ͕ǪɸΎʻǶɸ͕Ǜǝ¸;ͽ͢Ƭ\ͫΕΔͼ˯ɴɸɷ COLREGs

ϚϡϚͿĦ͕͝˹ɴΘʇ͖͞ΝΞέϡϚϡιΛϞΧϑίϔϡϚɴˌÈAΎǝʸ�ǤΘ

ʇ͕͝Ƒ˵;ɴˌΘŚƩͯΔ͖ 

 

 

 2-1 MUNIN [8] 

 

MUNIN ɰĤɴʇͿͧ͠ΔƬʚɗƢͼͭͺ͕!�Α͞ͿˡΆͺ͝Δ͖͘ɰĤɴʇΪ
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ϞβψλΘƬʚͯΔ�ͻ͕ǷͿÇͣ;̟á;͡ͷʹ͖ʹ͵͕ͭ¥ƮωϡΰɰĤɸͿ̍ͯ

ΔɰĤɴʇήΰιϏΘƳɃͯΔͿͫΒ;ΔƬʡ2Ʈ͢īʐͻ͜Γ͕Ŵʹ;M˫βϞάc

ȄǈΌΒΕΔ͖ͫΒͿ͕˜˚ǝ¸cȄͿ͠͝ͺ͕ɰv˹ɴ͜Δ͝˹ɴťɸŦŝƺɭ

��͢īʐͻ͜Δ͖͙ 

2.2.3 ReVolt 
ReVoltπϚΝΞϡ�μΜθɸɎ�)ͻ͜Δ DNV-GL͢�/ͼ;ͷͺʇͷʹψϜίΞ

Φλͻ͜Δ͖ReVolt Șȓ͕πϚΝΞϡͿͧ͠ΔλϘηΦ˛ˤͿÃΗΔtǼȓ;˛ˤŃǃ

̋Ȑͻ͜Δ͖ĢΒ͢ɨƩͭʹɰĤɸΪϞβψλ͕ρηιϙϡ̼vͿΑΓ̥ǆΘΟοϚΥϡ

ǨͼͯΔȠˊ̣ÛPǱ�ɸͻ͜Δ͖ĢΒ͢ɨƩͭʹΪϞβψλɸΘ° 2-2 Ϳȧ͖ͯÅ]̂

ë̊âͼʶʰͼζϡϏϝϡΦͿΑΓ͕ͩΪϞβψλʝʙͫΕʹ͖άϡτΰΰυϡμ

6knot͕ɴǝɂ¯͠ΑͲ 100 ǝ͕̀ş˖ΪϞινŮ 100TEU ͼͭʹ͖Ͳ�ʐȘͿ͝

ͺʋ 2-1 Ϳȧ͖ͯÛPǱ�{Θ˲ĽͯΔͩͼͻ͕˖ʻʻǶÀoͼ͕˯ɴΪΰλͼϐϞινϞ

ΰΪΰλ-�ΘÞǾͻ͕ͣźÕɸɷͿéͭͺ͕30 ċ̌ͻ 34million USD ɁɋͿ;Δͼˡ

Άͺ͝Δ͖Ǿµ 20] 1 ΰΨϡϚƶ·ɸΘė˩͕ͭÞ̾Θʇ;ͷͺ͝Δ͖ 

 

 

 2-2 ReVolt [9] 

 

 2-1 ReVolt  
Item  Item  

Loa 60.23 m Cargo Capacity 100 TEU 

B 14.5 m Cruising range 100 NM 

Draught (Full) 5.0 m 2 Blade Azimuth Pod 2 

Service Speed 6 knot Retractable Bow Thruster 2 

Battery 3000 kwh   
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ReVoltψϜίΞΦλɗʰͼͭͺ!�Α͞ͿˡΆͺ͝Δ͖ 

͘ReVolt ɰĤɸΪϞβψλΘʝʙͭʹ͖ReVolt ̋ȐͭʹΪϞβψλɸǾµņʈ

ͻė˩͕˯Ȅ�ɭͻ͜Δ͕͢¥ƮωϡΰͻÞǾͿ͕ͥ͝͡ņʈͿ͠͝ͺʭ̵͢͜Γ͕

ͫΒ;Δ̋ȐͼƬʡ͢īʐͻ͜Δ͖ΉʹΜϞφϘLÞĒͿΑΓ͕ήΰιϏςφΠϡύϞΰ͢

Ă�ͫΕΔʹΌ͕ΜϞφϘůF�ΌʹƬʚ͢īʐͻ͜Δ͙͖ 

2.2.4 ������¹x½�^b 

²³�˧țΘͮΌͼͭͺ͕Ūđ 2025ċΉͻ͘ɰv˯ɴɸ͙ÞȄ{ΘȘŐͭͺ͝Δ

(Ūđ͘ɰĤɸ͙ͼ͝͞�Ȯͻ;͕ͥ͘ɰv˯ɴɸ͙ͼ͝͞�ȮΘȄ͝ͺ͝Δ)͖U̎đ͢Ȑ

ʋͭʹƘƝňˁĿȋ 2017 –Society 5.0ÞǾͿ�ͧʹŧ̪–[11]ͻ͕�ʛΑ͞ͿɰĤ

ɸͿ͝ͺˡΆΒΕͺ͝Δ͖ 

͘2025ċΉͻ͘ɰv˯ɴɸ͙ÞȄ{Ϳ�ͧͺ͕ɸɷʝF͕˯ɴȽͿ̍ΗΔ²̞ºǩ

 2023ċĒ
�ĸΘȘŐͯͼͼͿ͕²UºǩΘůFͯΔ͖ͲʹΌ͕ƝċĒͿ͕ͩΕ

ΒºǩºȦͼ;Δʐɏņʈͼͭͺ͕ɸUƺªȽκϡδ*ˤͿ̍ΗΔ²̞ʒƨΘľ͢

²�îͻȾÝͯΔͼͼͿ͕ŧǀĥǝ�˯ˤǒͿº͕ͣ˯ɴtǼ{ʹΌƑMȹ

κϡδ*ˤņʈȽΘǙȄͭʹM˫ɸɷ͕͢2025ċΉͻͿ 250̠ȰĒͻîOͫΕΔͩͼΘȘ

Ő͙͖ͯ 

 ¹x½V»�Ù
�©« 

2.3.1 ¹x½DÒÛ½�m´DYÞ 

ɰĤɸ(autonomous ship)ÝɦͿ͝ͺ͕2006ċͿʇΗΕʹƾÿ˪�ŪđɊǝ�̍

:ʱ¦ƺ̍ͻ͜ΔWATER BONE TP: Technical Platformͻ�ʛ˧Γ͕ÝɦͫΕͺ͝

Δ͖ 

“The vessel with next generation modular control systems and communications technology 

will enable wireless monitoring and control functions both on and off board. These will 

include advances decision support systems to provide a capacity to operate ships remotely 

under semi or fully autonomous control” 
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ΉΓ͕ɰĤɸͿ͘ɰĤeĨΘ�ɭͿͯΔM˫aųŦŝήΰιϏ͙ͼ͘ϝΜϓϛΰͻȗ

ʓͼeĨƺɭΘ�ɭͿͯΔƽ� ϑίϔϘϡeĨήΰιϏ�˧<ņʈ͙	ŵ͢īʐͻ

͜ΔͼˡΆͺ͝Δ͖ͭͭ͡;͢Β͕ɰĤϠ˳̝Ϳ̍ͯΔ|bƌƃ;ΉΉͻ͜Δ͖ 

Ήʹ MUNINɰĤɸͿ͝ͺ͕�ʛΑ͞;ÝɦΘʇ;ͷͺ͝Δ͖ 

“No persons on board for whole or part of the voyage. The ship, with partial help from 

remote control, must be able to manage the voyage on its own.” 

MUNIN͕ɰĤɸͼ�̌ͼ̍:ΘˡΆΔͿͼͽΉΓ͕ɰĤ{˲ĽʹΌͿīʐͼͫΕΔ

ņʈͿ͝ͺˡΆͺ;͖͝ 

Ήʹ 2017ċ 10ƒͿQ̋ͫΕʹ NFAS(Norwegian Forum for Autonomous Ships)[12]Ϳ͠

͝ͺ͕ɰĤɸ]̷͢;ͫΕͺ͝Δ͖Ͳ]̷Ϳ͝ͺ�°Ϳȧ͖ͯͩͩͻɰĤɸ

(Autonomous Maritime Vehicles)Ϳ͝ͺ͕ȼ�ƽ]̷ͼͭͺǱ�ǬǇɹ(Unmanned 

Underwater Vehicles: UUV)ͼɰĤǖ�ɸ(Autonomous Surface Vehicles)Ϳ]̷ͭͺ͝Δ͖Ͳ

ĥ͕Autonomous Surface VehiclesͿ͝ͺɰĤ·(Maritime Autonomous Surface 

Ship: MASS)ͼǱ�·(Unmanned Surface Vehicle: USV(Small))Ϳ͝ͺ|]ͭͺ͝

Δ͖�ɵͿɰĤɸ(autonomous ship)ͼ ΕΔͩ]̷�ͻ MASSͿ]̷ͫΕΔ͖

ͫΒͿ MASS͕!� 4Ϳ]̷ͫΕΔ͖ɸƹͿĈͿ�͢͝ͺ͕ƺƫ͢�̌2ƮΘŝ

qͭͺͥΕΔ Autonomy Assisted Bridge: AAB͖ɸUͿ�͢͝Δ͕͢ĈͿɸƹͿ�Θɤͥ

īʐ͢;͕ͥĊĈƅƺƫ͢2ƮΘʇ͕͝īʐͿĮͮͺ�̌͢ɸƹͻť2Θʇ͞

Periodically Unmanned Bridge: PUB͖ɸUͿ�͢͠ΒͰ͕īʐͿĮͮͺ0Β͡Ńǃͻ�̌

͢�ɸͭť2Θʇ͞ Periodically Unmanned Ship: PUS͖ÛPǱ�{ͻťɸΘʇ͞

Continuously Unmanned Ship: CUS͖ 

 

 
 2-3 ([12] ) 
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2.3.2 ¹x_@7?�m´��� 

ɰĤ{ϛωϚ(Autonomy level Ήʹ Levels  of  autonomy)Ϳ͝ͺ͕ŮÅͥÝ

ɦ͢ÕµͯΔ͖ͩͩͻ͕Ͳ͞Ͷͥ͝͡ΘʗʫͯΔ͖ 

ΉͰ`ΌͿ͕ͷͼΑͥȟΒΕͺ͝ΔɰĤ{ϛωϚÝɦ Thomas Sheridan[13]ͿΑΔ

ͻ͜Δ͖Sheridan�̌͢ÛPͿeĨͯΔǸĺ͡Β͕ƺƫ͢ÛPͿɰĤͯΔǸĺΉͻΘ

10ǃ̜ͻÝɦͭʹ͖ 

 

 2-2 Sheridan  
Level Description 

10 The computer does everything autonomously, ignores human 

9 The computer informes human only if it (the computer) decides so 

8 The computer informes human only if asked 

7 The computer executes automatically, when necessary informing human 

6 The computer allows human a restricted time to veto before automatic 
execution 

5 The computer executes the suggested action if human approves 

4 Computer suggests single alternative 

3 Computer narrows alternatives down to a few 

2 The computer offers a complete set of decision alternatives 

1 The computer offers no assistance, human in charge of all decisions and 
actions 

 

 

Ήʹ͕Lloyd Registers 7ǃ̜ɰĤ{ϛωϚΘÝɦͭͺ͝Δ͖ 
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 2-4 Autonomous level of Lloyd Registers 

 

Ήʹ͕πϚΝΞϡȃƮȬÖņʈȢȴł(SINTEF)͕ɰĤ{ϛωϚΘ Operator 

independence, Complexity, Automation 3˔Ϳ]ʗ͕ͭʋ 2-3Α͞ͿɰĤ{ϛωϚΘÝ

ɦͭͺ͝Δ[14]͖ 
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 2-3 SINTEF [14] 
Level Operator independence Automation Complexity 

0 Crew at bridge at all times None: Direct control by human Few static obstacles 

1 Periodically unmanned bridge 

monitored by shore control that can 

muster crew on ship 

Guidance to operator, no 

automatic control 

Many static obstacles 

2 Unmanned ship, continuous shore 

monitoring and control 

Human supervises, automatic 

and deterministic control using 

simple set-points 

Some movements of 

obstacles, no restriction on ship 

maneuverability 

3 Periodically unmanned bridge with 

no shore monitoring, crew on ship 

mustered by system  

Fully automatic and 

deterministic longer and more 

complicated control sequences 

Some movements of 

obstacles, some restriction on 

maneuverability 

4 Unmanned with shore monitoring, 

shore takes control when needed 

Constrained autonomy – several, 

but restricted options selected by 

ship control system 

Many movements, some 

restrictions maneuverability 

5 Unmanned, no shore monitoring or 

control 

Fully autonomous – no 

restrictions on decisions by system 

Many movements, significant 

restrictions on maneuverability 
 

 

Ήʹ͕NFAS[12] Operational autonomy level ͼ bridge manning level ͼ͝͞ 2ʕǯ͡

ΒɰĤ{ϛωϚΘÝɦͭͺ͝Δ͖ 
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 2-5 Autonomy level of NFAS[12] 

 

Ήʹ NFASͻ͕ͩ Autonomy levelͿĮͮͺ�ɸɷȲ̷ΘǋÝͭͺ͝Δ͖ 

 

 

 2-6 Ship autonomy types[12] 

 

2.3.3 ¹x½�>+%�,+9C1�Ù
�©« 

Rødseth Β[15]͕MUNINɰĤɸʝʙΚψϜϡζͿ͝ͺʗʫ͕ͭɰĤɸÞǾͿ͠͝

ͺɨ͟ΒΕΔήνϙΡͼϙΰΦΘſΒ͡Ϳͭͺ͝Δ͖MUNIN͕IMOͿΑͷͺŘÎͫΕͺ͝Δ

Formal Safety Analysis(FSA)Θ�˼îOͭʹ͕° 1Α͞;ŃǒͿΑΓɰĤɸʝʙΘʇͷ

ͺ͝Δ͖ 
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 2-7 MUNIN [15] 

 

Ήʹ͕65˧Γɨ͟ΒΕΔϙΰΦΘſΒ͡Ϳ͕ͭɲ¡ȓ;ͼͭͺ!� 5ϙΰΦͼͲ

é[ǒΘˡΆͺ͝Δ(° 2-8)͖͘1. �ɸͼ˶ˮ͕ʊȶ¬˹͙͕͘2. 
ï·ɸȐʑ͕]

̷ώΰ͙͕͘3. ʓȉ�ɺ�Ϳͧ͠ΔǶ/ʨʴώΰ͙͕͘4. Ř˫ƺªū̟͙͕͘5. ĵÈA�

Ϳͧ͠Δɴǝ͙͖ 

 

 
 2-8 [15] 

 

2.3.4 ¹x½�¹^ÑÍÌ 

Rolls-Royce͢ 2016ċͿȐʋͭʹˁŲ[7]Ϳ͠͝ͺ͕ɰĤɸͼɰv˯˓ːͼĄȌ͢ˡ
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ΆΒΕͺ͝Δ͖ƙˁŲͿΑΕ͕ǸǐʨʴΘβϞάϡȽΘ˧ͭͺʇ͕͝¶°ͼǄ˕ͭǾµ

,ɤΘŇŜ͕ͭ͌ ŐȧϠ˹ɴv2ΘͼΔ͕ͼ͝͞͠͠Ή͡;ǚΕɰĤɸ͕ɰv˯˓ːͼͿ

R˧ͭͺ͝Δ͖͌ ɰv˯˓ːͼȌ;Δǯͼͭͺ͕ɸ 360ĒPŵ,Ϳvͥͩͼ͢ͻͣΔǯ͕

ÈAΎǝ¸Ǹĺ;ͽȁ¿ͿΑΔĠ̮͢Çͣ͝ǯ͕ƣ˒ͿƿΉͷʹΓƍ͢ͷʹΓͯΔͩͼ͢

ͻͣͰƅ̌ΘʐͯΔǯ͢ˡΆΒΕͺ͝Δ͖ 

 

 

 2-9 [7] 

 



 

 
 
 

17 

2.3.5 ¹x½�ÅÄ�Ù
�©« 

AAWA Autonomous Navigation System(ANS)ΘŚ¤ͭͺ͝Δ[7]͖° 2-10ͿͲƳ˩

Θȧ͖ͯɴˌʙȈϑίϔϡϚ͕ǸǐʨʴϑίϔϡϚ͕ʊȶ¬˹ϑίϔϡϚ͕ɸ/ǸĺŇŜ

ϑίϔϡϚͼ͝͞ 4ϑίϔϡϚΘ͖ 

 

 
 2-10 Autonomous Navigation System[7] 

 

Ήʹ SAE J3016[16]͕Operational Design Doman (ODD)ͼ͝͞ΪϞβψλΘŚ¤ͭͺ͝

Δ͖ͩΕ͕ήΰιϏͿ͠͝ͺ͕eĨͯΆͣƺɭΘΪϞλϜϡϚͭȗʓͯΔͩͼ͢ͻͣΔŃǒ

Pͺʗȵ̌Θĸ�ͯΔ͖ΉΓ͕ήΰιϏ ODDͻÝɦͭʹΑΓʏ̢;�ʸͿé[ͯΔ

ͩͼ��ɭͻ͜Δ͖ͩͩͻ Dynamic Navigation Task (DNT)ͼ͝͞ΪϞβψλ͢ÝɦͫΕͺ͠

Γ͕ɸɷɰĤ{ήΰιϏΉʹ�̌ͿΑͷͺeĨϠˬʇͫΕΔΆͣPͺ[ȀϠ2Ʈɞ¢

ΘŐ͖ͯ° 2-11͕͌ DNT ͼ ODD̍:Θȧͭʹͻ͜Δ͖Automatic DNT ͼɰĤ{

ήΰιϏͿkΓĜͺΒΕΔ2Ʈͻ͜Δ͖Operator Exclusive DNT ͼ͕Operator Θīʐͼͭ;

͝2Ʈͻ͜Δ͖ɸɷ˯ɴĈͿ ODDƜ$�ͻʇΗΕΔͼ̔Β;͖͝ODDɂ¯Θ

ˇ͟ʹ5Ä�ʸ͕͢˯ɴ
ͿˆͩΔ¼�͜Γ͕ͩΑ͞;�ʸΘ[ȀͯΔʹΌͿ DNT 

Fallback͢ÝɦͫΕΔ͖DNT Fallback̗�ΡϊϛϡδͿΑͷͺ[ȀͫΕΔ͖ 
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 2-11 Illustration of relationships between ODD, DNT and DNT Fallback[12] 

 

2.3.6 ¹x½��¸�YÃ�Ù
�©« 

MUNINɰĤɸƺɭΘ 10Çͣ;ΧϚϡψͼ 40ïͫ;ΧϚϡψͼͿ]ʗͭͺ͝

Δ͖ͲUʟΘʋ 2-4Ϳȧ͖ͯ”Use”_Ͳƺɭ͢ͽéʸͿéͭͺ˵Ȅ�ɭ͡Θȧ

͖ͯUS(Unmanned ship);ΒɰĤɸ͕SCC Shore Control Center(2.4.4.5Ϳʧɒ)͕n/a;Β

ɰĤɸͿ˵Ȅ��ɭͻ͜ΔͩͼΘȧ͖ͯ 
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 2-4 MUNIN Main function groups and sub-groups[12] 
Main 

group 

Sub-group Use Description 

1. Voyage 

1.1 Plan SCC Create and maintain a voyage plan based on instructions from shore and known 

sailing constraints, including planning for port calls and other events. 

1.2 Nautical 

information 

SCC Keep track of information related to voyage, nautical publications, weather forecasts, 

tide tables, port instructions, legislative documents etc. 

1.3 Location US Determine where the ship is and where it is moving in relationship to its voyage plan. 

1.4 Economize US Monitor and assess the Operational and economical parameters of a voyage, including 

fuel consumption, late arrivals etc. Determine corrective measures. 

2. Sailing 

2.1 Maneuvers US Control the ship during passage to compensate for external conditions, including 

weather, traffic regulations, other objects. May also include dynamic positioning.  

2.2 Interactions US Manage direct interactions with other ships, pilot boats, tugs, berths, locks etc. 

2.3 Nautical 

communication 

US Communicate with other ships and shore, e.g., reporting areas or VTS. Including 

updates to MetOcean. 

2.4 Anti-collision US Detect and avoid other objects in the vicinity that may be a danger to the ship. Use 

COLREGS where applicable. 

2.5 Anti-

grounding 

US Avoid groundings by keeping to safe channels with sufficient air and sea draft and 

sufficient distance to land. 

3. Observations 

3.1 Weather US Assessment of weather related environmental factors that can impact the ability to 

execute voyage plan and to manoeuvre, including, e.g., icing and ice. 

3.2 Visibility US Assessment of factors that impact the possibilities to detect other ships, objects, 

waves, land, aids to navigation etc. Also linked to anti-collision functions. 

3.3 Objects US Detect and observe objects that are important for other ships and services, such as 

dangerous floating objects, life saving devices, signal flares, man over board etc. 

4. Safety / emergencies 

4.1 Safety 

communication 

US Monitor GMDSS, communicate with ships in distress. Send emergency messages; 

communicate with MRCC and ships, EPIRBS, portable radios. 

4.2 Onboard 

communication 

n/a Public Announcement (PA), General Alarm (GA), UHF radios.  

4.3 Emergency n/a Distress team, response groups, fire-fighting, smoke divers, first aid etc. Includes man 
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management over board (MOB) 

4.4 Emergency 

preparedness 

n/a Drills, training, maintain hospital, fire prevention, fire patrols, life saving devices, 

escape routes, lifeboats etc. 

4.5 Technical 

safety 

US Fire detection, fire doors and dampers, watertight doors, extinguishing systems. 

4.6 AOS n/a Assistance other ships or persons in distress. 

5. Security 

5.1 ISPS US Monitor access to ship and interactions with entities that can endanger ship’s ISPS 

status. 

5.2 Onboard 

security 

US Access control for crew and passengers, network firewalls and data protection etc. 

5.3 Antipiracy US Monitor and control attempts to board or otherwise interfere with ship operations. 

6. Crew / Passenger 

6.1 Passengers n/a Monitor and manage passengers on-board and services for these. 

6.2 Life support n/a Maintain good working and living conditions for the crew and passengers. Ventilation, 

heating, AC, black/grey water, drinking water, supplies etc. 

7. Cargo / stability / strength 

7.1 Stability US Detect dangers and maintain ship stability and trim. Operate stabilizers, use ballast 

systems. 

7.2 Integrity US Observe and maintain water and weather integrity of ship, including ship strength 

and damage integrity. Monitor and operate hatches and doors.  

7.3 Load and 

discharge 

n/a Monitor and manage the loading, stowage, securing and unloading of cargoes. 

7.4 Bunker 

management 

US Monitor and manage bunkers and bunker tanks. 

7.5 Cargo 

condition 

US Observe and control cargo condition for safe transport during passage. 

7.6 Pollution 

prevention 

US Observe and control cargo and ship supplies to avoid and manage discharges and 

possible pollution, including ballast water handling. Handle dangerous or noxious 

substances safely. 

8. Technical 

8.1 Environment US Monitor and optimize ships environmental impacts from energy systems and hull in 

terms of emissions to sea or air including, when applicable, sound emissions. 

8.2 Propulsion US Maintain propulsive functions and efficiency based on available power from engines. 



 

 
 
 

21 

8.3 Main energy US Produce required energy on shafts to propeller and generators. 

8.4 Electric US Convert and distribute electrical power from generators and other systems. 

8.5 Auxiliary US Control and manage boilers, incinerators and other technical systems not covered 

elsewhere. 

8.6 Hull 

equipment 

US Access, anchoring, lifting, ladders etc. 

9. Special ship function 

9.1 Other n/a Must be expanded for special ships, e.g., offshore intervention, tugs, dredgers, cable 

layers etc. 

10. Administrative 

10.1 Operational 

communication 

SCC Communicate with ship owner, charterer, cargo owner, ports and agents, weather 

routing companies or others that may send instructions to ship or require status 

updates. Including port logs, noon at sea and other reports. 

10.2 Manning SCC Consider the number of, tasks for and working ability of ship crew (STCW) 

10.3 Logs US Keeping mandatory logs on actions taken on board. 

10.4 Mandatory 

reporting 

SCC Send mandatory reports to ship reporting systems, port state authorities, ports or 

other entities. 

10.5 Documents SCC Keep non-nautical ship documents updated: Certificates, ISM documents, manuals ... 
 

 

 ¹x½�Â¯�À�Ù
�©« 

˯˓ʇv͕͘ʨȟϠaųϠť2͙ 3ǃ̜͡ΒĽΓȷͷͺ͝ΔͼʘΗΕΔ[17]͖ͩͩͻ

ͲΕΒǃ̜ͿǏ͕͝ɰĤɸÞǾƅͿ̍˪͢ǟ͝ͼɨ͟ΒΕΔņʈΘɓ�ͯΔ͖Ήʹ͕˯

˓ƅ!ÄͿ͠͝ͺɰĤɸͿ̍ͭͺīʐͼͫΕΔņʈͿ͝ͺʫſͯΔ͖ 

2.4.1 ce�¤i���DÇÊ(Ç¨) 

������� Radar 

ɸɷ˯ɴͿ͠͝ͺ Radar�ͥ͡ΒȄ͝ΒΕͺͣʹ͖RadarɰΒ̥ǓΘȐì͕ͭͲ

�ìǓΘͼΒ͟Δͩͼͻ͕ǝ��ɸΎχΜ͕̓;ͽǶƵΘͼΒ͟Δͩͼ͢�ɭͻ͜Δ͖Ǔ̉

Ƞ͝ύΜΦϜǓΘ4ȄͯΔʹΌ͕ΤϒηζͭʹǶƵΉͻˊ̣ͼŵ,ΘǀȤͿǤÝͯΔͩͼ
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͢ͻͣΔ[18]͖ 

 

 
 2-12  Radar [18] 

 

ͭͭ͡;͢Β͕RadarͿÈAΎǝʸ;ͽĠ̮ͿΑΓʪĄ͢ȐȂͯΔ͖ɸ̺ñŵ�ͼǀ

ƸͿʪĄΘ]k͕ͭAISκϡδͼǄ˕ͭʹ¼�Ϳ͕ƑÇͻɸ̺ñŵ�Ϳ 30.7mʪĄ͢Ȑ

ȂͯΔͼ͝͞»�ÕµͯΔ[19]͖éʸͼͯΔɸɷÇͣͫΎ͕ǝ¸ǸǐͿΑΓʪĄÃ{

ͯΔ͕̀͢͝ÚPĲ͢ǈΌΒΕΔ˜˚ǝ¸;ͽͿ͠͝ͺΑΓ̀Ĳɭ; Radar Θ̋ȐͯΔ

īʐ͢͜Δͼ͟͝Δ͖ 

ɰv˯˓ːȢȴͿ͠͝ͺ KaρϞμͼWρϞμΘ4ȄͭʹŴʹ; Radar̋͢ȐͫΕ

ͺ͠Γ͕ͩ RadarɰĤɸͿ͠͝ͺƓt͵ͼɨ͟ΒΕͺ͝Δ͖ͩ Radar͕ǷͿ˟ˊ̣

Ƕ/ĹȟϠʨʴͿKΕͺ͠Γ͕ʖĒͼˊ̣Ϳ͝ͺźÕɸɷȄ Radar ΑΓ͕̀ɈĒ

ͻǶ/ĹȟϠʨʴ͢�ɭͻ͜Δ[20]͖ 

������� LIDAR 

LIDAR(Light Detection And Ranging)͕NΘȄ͝ʹϙϑϡλβϞήϞΧņʈͻ͜Γ͕ΑΓɈ

Ḕ͝ǤÝΘ�ɭͿͯΔ͖ASV: Autonomous Surfave VesselͿ͠͝ͺ͕LIDAR�ɸͼ

ʊȶ¬˹;ͽʹΌͿ͕̟áǶͼˊ̣ΘǀȤͿǤÝͯΔβϞάϡͼͭͺȢȴ͢ʇΗΕ

ͺ͝Δ[21][22]͖° 2-13 3D ϛϡέΰΤϒν(Velodyne HDL-64E)ͻ͕λϙύϘϞɸΘ�

CǑ
ϋϡλ͕ϗηλ͕ςϝϡϋϡλΘţĠͭʹͼϐϘͻţĠͭʹͼǄ˕ͻ͜Δ͖

ϛϡέΰΤϒνʙǤɗƢΑΓ͕ɸȲ͢ãƀͿabͻͣΔͩͼ͢Η͡Δ͖Ήʹ͠ΑͲ 90mˊ

̣Ϳ͜Δ˳ˊ̣ϋϡλͻ͂ſͻ;͕͢͝ʙǤ�ɭͻ͜ͷʹ͖ 
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 2-13 3D [22] 

 

������� $9= 

ʑĚΓΘ ȄͯΔͼͭͺ͕ϐϘΘ4ȄͯΔͩͼ͢ƬʚͫΕͺ͝Δ͖ͭͭ͡;͢Β͕�ɵ

ϐϘÆ̌Ύ̦;ͽĵÈAͿΑΔʓȉ�ɺͿę͖͝ͲͩͻȗʓϐϘ;ͽͿ4ȄͫΕ

ͺ͝Δ NIR(Near-Infrared: ˟˅Äɟ)βϞάϡΎ͕ΑΓ̀ĲɭͻȜÆ
ͻȈJΘ�ħͻͣ

Δ LWIR(Long Wave Infrared Range: ̉Ǔ̉˅Äɟ)βϞάϡΘş˖ͭʹϐϘ4Ȅ͢Ƭ

ʚͫΕͺ͝Δ͖LWIR̲¸ͿÕµͯΔ˅ÄɟͯΆͺǶ/͡ΒũìͫΕΔʹΌ͕ȈJ�

ħ͢ãƀͻ͜Γ͕�ɵͿʨʴ̤ͭ͢͝ͼʘΗΕΔƄ̌Ϳ͠͝ͺ͕Ƕ/ʨʴ͢�ɭ;ȈJ

�ħ͢�ɭͻ͜Δ(° 2-5)͖Ͳ
ͻ Microbolometer-based LWIR ͼ ΕΔβϞάϡ

Θş˖ͭʹϐϘ͕͢-ǣY�Θīʐͼͭ;͝ʹΌͷͼǾÞȓͻ͜Δ͕̀͢ʗJĒβϞ

άϡ̀8ͻ͜Δͼ͝͞¦̵͢͜Δ[7] 
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 2-14 Camera 

 

˟ċͻ͕Ǳ�̸ʇƺ]̂Ϳ͠͝ͺ͕˅ÄɟϐϘͿ4ȄͯΔβϞάϡͼͭͺ

SWIR(Short Wave Infrared Range)βϞάϡͼʘΗΕΔͿ͝ͺȢȴͼĮȄ͢˫ΌΒΕͺ

͝Δ[23]͖Ǳ�̸ʇƺͿ͠͝ͺ͕κίδϚϐϘΎ˅ÄɟϐϘ͢ďͥ4ȄͫΕͺͣʹ͖

SWIR̦ΎΎ;ͽͿě͕͢͝ÛP;Ƌ̐ͻ4Ȅͻͣ;͝ͼ͝͞Ƿĩ͢͜Δ͖ 

 

������� AIS 

AIS(Automatic Identification System: ɸɷɰvʴbʌɤ)ͼ͕ɸɷ�Â͢ÚPͿɴǝ

ͻͣΔΑ͞²̞ VHF ΘcȄͭͺɸɷΘɰvʴbͯΔʌɤͻ͜Δ͖ 

AIS˯ȄȘȓ(1)ɸɷΘʴbͯΔͩͼ͕(2)ȘƵǶˢˋΘŦŝͯΔͩͼ͕(3)ɴǝĶ

»�śΘãƀͿͯΔͩͼ͕(4)ʊȶ̑ƿͿġȷĶ»ΘŚ6ͯΔͩͼ͕(5)Ǳɟ̥ʥͿΑΔ

ɸɷ˧»ΘǡΒͯͩͼͻ͜Δ[24]͖ 

AISͻ*˲�ɭ;Ķ»̧ȓ;Ķ»͕vȓ;Ķ»͕ɴǝͿ̍ͯΔĶ»͕ÚPΘŋ;ͯΔ

ʹΌήϖϡλϐηβϡί 4Ϳ]ͧΒΕΔ[25]͖Ͳʧɒ!�ͻ͜Δ͖ 

 

̧͚ȓ;Ķ»͛ 

MMSI(ǝ�ȯvƮwʴbΪϡμ) 

ɸɷ�Ȯ 

ɸɷȲ̷(ßɸ͕δϞϡ͕etc…) 

ɸ̉ͼτϡϏ 
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,ɤĶ»Θˤ<ͯΔΚϞιν(GPSΎ DGPS),ɤ 

͚vȓ;Ķ»͛ 

ʪĄΘ�Ι͵ɸɷ,ɤ(5: Ƒ-ͻ 10mαϛ) 

UTCͻδΜϏΰδϞψ 

¶ʋ̄ˌ: Course over ground(COG) 

é¶˨Ē: Speed over ground(SOG) 

ŵ, 

ť2Ǹǐ(5: ť2��ɭ;Ǹĺ͕¨ǇͿΑΔe̔Θ�ͧͺ͝ΔǸĺ) 

¬̳˨Ē: Rate of turn 

σϡϚʖ 

υηζͼϜϡϚ 

͚ɴǝͿ̍ͯΔĶ»͛ 

¨Ǉ 

ɾǶȲ̷ 

Șȓ¶ͼ�ķdȝƅ̌ 

�ÝɴǝɖˌͼΝΞΜόΜϞλ 

�ɕ£Ů 

͚ÚPΘŋ;ͯΔʹΌήϖϡλϐηβϡί͛ 

bΝΛϞμΝͿɴǝ�ÚPΘŋ;ͯΔʹΌͿ͕ιΤΰλͻήϖϡλϐηβϡί͢

ʋȧͫΕΔ 

 

AIS˧˲ˊ̣͠ΑͲ 20NM(37km)ͻ͜Δ͖VHF̥Ǔ˳ˊ̣΅*Ţ͢Ɩģͻͣ

;͝ʹΌ͕4ȄΟϙΚ̔ΒΕͺ͝Δ͖Żƙ AISƞ�ǦUΘͮΌͼͭͺ͕Łɞ͡Β̽

ǍǦΉͻΘρϡͭͺ͝Δ͖ 

2008ċ 7ƒ 1Ż!͕̓300ɞλϞ!�²̞ɴǝͯΔɸɷ͕500ɞλϞ!�̨²̞ɴ

ǝɸɷ͕²̞ɴǝPŷßɸͿ͝ͺ AISş˖͢ɦw�ͧΒΕͺ͝Δ͖ͯΆͺɸ

ɷͿ AIS͢ş˖ͫΕͺ͝Δʟͻ;͝ʹΌ͕AIS͵ͧ͡Β�¯ǸǐΘŇŜͯΔͩͼ�̘

ͻ͜Δ͖Ήʹ͕ǝ�ɰʉ̛ʷʉɹΎǝ�;ÚĎĀʓɸ͕ɪwˬʇƅͿ AIS ΘCƿ

ͭͺ͝Δͩͼ͢Å͖͝ΉʹťƮ
Ç·Ǫɸ͢Ǫ¼ȭæΘ;ŏͯΔʹΌͿ AIS ΘCƿͯ

Δͩͼ�ɭͻ͜Δ͖ͩΑ͞;ͩͼ͡Β͕AISͿΑΓʋȧͫΕͺ͝Δ,ɤͼÞ̞,ɤ͢Ȍ;Δ

ͩͼ͜Γ͞Δ͖ 
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������� ECDIS 

ECDIS(Electronic Chart Display and information System: ̥Óǝ°Ķ»ʌɤ)͕

ENC(Electronic Navigational Chart: ɴǝȄ̥Óǝ°)ǝ°κϡδΘʬΊ˞Ί͕Ͳκϡ

δΘɴǝβϞάϡ͡Β,ɤϠ̄ˌϠ˨mȽĶ»ͼͼͿʋȧͯΔɴǝĶ»ήΰιϏͻ͜

Δ͖ECDISƳĽʐɏΘ�°Ϳȧ͖ͯENCǝ°κϡδ͕ΪϞυϔϡδͿʬΊ˞ΉΕ͕

ECDISU˼ƺƫʘʩφΠϡύηλ SENC(System Electronic Navigational Chart)ͿÃśͫ

Ε͕Ȉ̩�ͿʋȧͫΕΔ͖ 

 

 
 2-15  ECDIS ([26] ) 

 

2012ċ͡Β 2018ċͿͧ͡ͺ͕²̞ɴǝͿĦ�ͯΔ 500 λϞ!�ŷßɸ͕3000 λϞ!

�δϞϡ͕ʻǶɸͿéͭǃ̜ȓͿ ECDISş˖͢ɦw{ͫΕͺ͝Δ͖ECDISɍǝ

°ͿǄΆ͕!�Α͞;cǯ͢͜Δ[26]͖ 

1. ĈͿɰɸɸ,Ϡ̄ˌϠ˨m͢ʋȧͫΕΔ 

2. ϛϡεϡƂJ͕δϡΩηλϠλϘηΤϞΧ͕AIS;ͽĶ»Θ́ȍʋȧͻͣΔ 

3. ǸǐͿĮͮͺ͕ƴ͗;ǝ°Ķ»Θʋȧ/̨ʋȧͻͣΔ  

4. ɸ,ͿĮͮͺ SENC͢ɰvȓͿ˸ŉͫΕΔͻ͕Ńvͻ SENC Θ^ΓƐ͟Δīʐ͢;

͝ 

5. ƄϠÆϠʄſƅͿĮͮʹʋȧϑϡμ͢͜Δͻ͕ɸƹj̩Ϳ ECDIS Θʝɤͭͺɴǝ

Ĝș͢�ɭͻ͜Δ 

6. ɴˌʙȈͿ͠͝ͺ͕ʝÝͭʹɴˌĉ
Ϳ�̘Ƕ͢͜Εʵ�ʋȧ͢\ͫΕΔͻ͕

ÚP;ɴˌ͢ʙȈͻͣΔ 

7. ɴʇȗʓͿ͠͝ͺ͕jŵȗʓΟϙΚͼÚPȽǟɟȽΘʝÝͯΔͩͼͿΑΓ͕ēȥ�̑͢
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ͻͣΔ 

8. Κηψκϡλ CDκϡδΘʬΊ˞ΉͱΔ͵ͧͻ͕SENCŧʎ͢ɰvȓͿʇ͟Δ 

 

 
 2-16 ECDIS [27] 

 

������� ,C'E�°�a�� 

�βϞάϡͲΕͳΕͿϐϙηλͼκϐϙηλΘ͖5͕͟ϛϡεϡˊ̣Ķ»ǤÝͻ

ͣΔ͕͢ȵ̌Ķ»Θ�ħͯΔͩͼͻͣ;͖͝ϐϘǶ/ɻΎĝʨʴͿKΕͺ͝Δ

͕͢ˊ̣ǤÝͿ��ͣͻ͜Δ͖° 2-17�βϞάϡǄ˕ͻ͜Δ[7]͖ɰĤɸΘʝʙͯ

ΔʹΌͿ�βϞάϡħĸ;˼]ͼ�ħĸ;˼]ΘŇŜ͕ͭ͞ΉͥɕΊ�ΗͱΔͩͼ͢ī

ʐ��Ƽͻ͜Δ͖ 
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 2-17 [7] 

2.4.2 ¡��{	�^Q�Z�(Z�) 

������� Õº��Z� 

˹ɴťɸaųŐƵͼͭͺ͕Ƒŗ˟ǯ(Closest Point of Approach: CPA)ͿΑΔŵǒ͢Ƒ

Ɠ�ͻ͜Δ[28]͖Ƒŗ˟ˊ̣(Distance of Closest Point of Approach: DCPA)ͼƑŗ˟ǯͿ

ɱΔΉͻƅ̌(Time of Closest Point of Approach: TCPA)ΘaųºǩͼͭͺȄ͝Δ͖CPA ͼ

ɰɸͼ�ɸ 2̠ɸɷ͢ÕµͭʹƅͿ͕Ǿµŵ,ʖͻǾµ˨ĒΉΉ˫ʇͭʹƅ

Ϳ͕ͷͼ˟ͥǯͩͼͻ͜Δ͖ɰɸ͡ΒΊʹ�ɸȚé˨ĒΘ:;ͼͭʹƅ͕TCPA ͼ

DCPA ΘʋǾͭʹΘ° 2-18Ϳȧ͖ͯTCPA ͼ DCPA͢ïͫͧΕïͫ͝·ͽ͕ʊȶ

�̘Ĳ͢Ç͕ͣͥ˹ɴīʐĲ͢ȂͮΔ͖ 

ͩ TCPAϠDCPA˹ɴaųͼ;ΔŐƵͻ͜Δ͕͢ͽȰĒïͫͧΕ͕˹ɴͯΆͣ

͡Η͡Β;͖͝Ͳͩͻ͕TCPAϠDCPAͿͧ͠Δ˹ɴºǩΘ FuzzyŘʰͿΑΓǈΌΔŵǒ

[28]ΎΟΤΰςϡλήΰιϏͿΑΓ�jͿǋÝͭͺͥ͠ŵǒ[29]͢ȟΒΕͺ͝Δ͖ 

Ήʹ˟ċͻ͕ȚŃɸͿΑΔÏáγϡϞ(OZT)ͿΑΔ˹ɴťɸŵǒ[30];ͽ͢ŚƩͫΕ

ͺ͝Δ͖ 
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 2-18 TCPA DCPA  

������� !"(E?E0�C& 

ΝΞέϡϚϡιΛϞΧϢWeather Routing: WRϣͼ͕ɸɷ͢ɴǝ
Ϳ˶ˮͯΔǆʸΎǝʸ

Θ�Ǥ͕ͭɸɷǸĺΎĲɭ͕dȝƅ̌;ͽΘɨĻͭͺ͕ÚPĲϠį˵ĲϠǵŲǞʾ̃ϠƑ

Ƞɴǝƅ̌;ͽ̰Ș�͜Δ͝ͲΕΒɕΊ�ΗͫΕʹʢ8ºǩͿΑΓƑ˵;ɴˌΘ

ʝÝͯΔͩͼͻ͜Δ[31]͖ΝΞέϡϚϡιΛϞΧ͕εΜΦΰλϘǒ;ͽΘȄ͝ͺƑȠƅ̌ɖˌ

¦̵ΘʗͥͩͼͿΑΓ͕ÞǾͫΕΔ͖ǀȤ;ϚϡιΛϞΧʹΌͿ͕̀ɈĒɸɷĲɭŘ

ÝΎ͕ǆʸϠǝʸϠǝǚκϡδ̀ɈĒ;�̡Ϡ�Ǥ͢īʐͿ;Δ͖ 

2.4.3 nÜ��Q(�Q) 

������� #E14 A.1 

ήΰιϏeĨ�ɵͿÇͣͥ]ͧͺ͕1. ήΰιϏ\mΘ͜Βͮ͡Ό�͟ʹ�ÝȘƵ

BͿ�ɲͫͱΔeĨǒΘǈΌΔϛΥϔϛϡδ¦̵ͼ 2. ȘƵB͢Ã{ͯΔ¼�Ϳ͠͝ͺȘƵ

BͿǀȤͿˢĦͯΔeĨǒΘǈΌΔλϘηΤϞΧ¦̵͢͜Δ[32]͖ɸɷeĨήΰιϏͿ͠

͝ͺ͕ɸ̺ŵ,ΘąƕͯΔ̄ˌͿ;ŏͫͱΔɰv̄ˌeĨήΰιϏ(Autopilot System)

Ύ͕�ƺ̍ψϜϊϘ˨ĒΘ�ÝͿͯΔʮ˨(Σρν)ήΰιϏ(Governor System)͢jɩ

ϛΥϔϛϡδ¦̵Ϳ͜ʹΔ͖ĥɩλϘηΤϞΧήΰιϏͼͭͺ�͟ʹɴˌͿǏͷͺɸɷ

ΘȯvͫͱΔɴˌˢĦήΰιϏ(Ship’s Tracking System͕λϘηΤϞΧeĨ)͢͜Δ͖ 

ɰvťɶʌɤ(ΡϡλςΜϜηλ: Autopilot) SperryȨ͕AnschutzȨ̋͢Ȑ͕ͭ1980ċ 

Ήͻ PIDeĨ͢Ȅ͝ΒΕͺͣʹ͖�ŻͿ͠͝ͺ͕ɆÓφΛϚδΎϚύϞφΛϚδͿΑΔ
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eĨŵǒ͢�ǚͿ;ͷͺͣͺ͝Δ͖Ήʹ GPSΎ AIS ΘͮΌͼͯΔĶ»ƺª˫ǁͿΑΓ

,ɤĶ»ΘħΔͩͼ͢Ʉ�Ϳ;Γ͕ΡϡλςΜϜηλȐõͭͺ͝Δ͖ 

ȅ�Β[33]͕ɸUʙǤƺªͿΑΓʙǤͫΕʹκϡδ͕AIS͕GPSĶ»ΘȄ͝ʹɸɷλ

ϘηΤϞΧeĨΘŚƩͭͺ͝Δ͖ɸɷ˯vΘ̂ƙ�ƽɊϑκϚ͕͝ΗΏΔ KTϑκϚͿ

ΑΓ˟+͕ͭƑ˵ϛΥϔϛϡδΘȄ͝ͺeĨ¦̵Θʗ͕ͣƞ�ǝǖÇÖɠɧɸǉˌ�Ϳ͠͝

ͺÞ̾Θʇ;ͷͺ͝Δ͖Þ̾ɗƢ͕GPSĶ»ΊΘ4Ȅͭʹ¼�͕1~2seč̝ͻ<

�Θ�<ͻͣΔ͕͢ɸ̺ŵ,Ķ»ΘħΔͩͼ͢ͻͣ;͝ʹΌeĨ͢�ÚÝͼ;Δ¼̩͢

͜ͷʹ͖AISĶ»Θ4Ȅͭʹ¼�͕ΑΓʧɒ;Ķ»͢�ħͻͣΔʹΌeĨɈĒ�žͯ

Δ͕͢AISĶ»�˪ɛĲʹΌͿ͕Þɴǝͻ˯ȄͯΔͿΉ͵¦̵͢͜Δͼɗʰͧͺ

͝Δ͖ 

2.4.4 ÑÍ�Mj�zÂ�����À 

������� ½P�Ð:2->C& 

ɸɷ 20~30ċͼ̉͝͞Ɩ̌Ϳ͠͝ͺ˯ɴͫΕΔʹΌͿ͕ɸ/Ϳ͠͝ͺɖċp{͢Ȃͮ

Δ͖ɖċp{ɗƢ͕ɸ/ͿȂͮΔŞHϠȣŞ˯vĲɭΘŞ;͞Ί;ΒͰ͕́Ç;�ū

Ϳ;͢ΔĳΕ͢͜Δ͖ͩΑ͞;ŞHżƖȐʑʹΌŃǃͼͭͺɸ/Ƴ˩ϑξδϙϞΧ

͢ǔȘͫΕͺ͝Δ͖Żƙǝ��)(ClassNK)ȎsβϞάΘ̋Ȑͭʹ[34]͖ȎsβϞάΘɸ

/Ƴ˩˼ƚͿ�ÝƖ̌ʿ�ͯΔͩͼͻ͕ʂȳͫΕʹȎsŞHĒΘʬΊ�Γ͕˼ƚȎs

ê¡ΘǈΌΔͩͼ͢ͻͣΔ͖Ήʹ͕ĊĽ 28ċͿ͕²³�˧țͿΑͷͺ͕ɸ/Ƴ˩ϑξδϙϞΧ

͘ǝ�ȃƮȂȃĲ̪¡(i-shipping)Ř˫Ϳ�ͧʹM˫ɸɷņʈȢȴ̋ȐŦŝ�Ʈ͙

Ϳ˸ÝͫΕͺ͝ΔʹΌ͕�ĥ̋Ȑͫ͢ΒͿ˫ΌΒΕΔͼ�ķͫΕΔ͖ 

������� ¼¥�d:2->C& 

ĦƝ͕ɷȄƺª�śÝƖ�śͿΑͷͺʇΗΕͺƝʹ͖ͭͭ͡;͢Β͕ɷȄƺªê

¡ʑȳΓͿÇͣ;�ȤÞĲ͢FΗͷͺ͝ΔʹΌͿ͕Ͳ�śƅƖ͢żͯͤʹΓ͕˭ͯ

ͤʹΓͯΔͩͼ͢Å͗͜ͷʹ͖ͲʹΌ͕ɷȄƺªΘϑξδϙϞΧ͕ͭ˵^;�śƅƖΘŇŜϠ

�ǤͯΔͼ͝͞ʣΊ͢ʇΗΕΔΑ͞Ϳ;ͷʹ[35]͖Manno Β[36]ɚʙκϡδΘȄ͝ͺ͕�ƺ

́͢Ç;�ū�ͼ;Δū̟ƑÇͣ;ʐͻ͜ΔͩͼΘſΒ͡Ϳͭͺ͝Δ͖ͲʹΌ�

ƺͿ�ɵͿ͕ǣĒʙϠ´mʙϠŒvǤÝª;ͽβϞάϡ͢�Γ�ͧΒΕ͕ϑξδϙϞΧ͢

ʇΗΕͺ͝Δ͖o͟ͺ͕Ͳ�Ř˫ɊήΰιϏ͕ΥϓΎ˔�͕ψϜϊϘ;ͽͿΪϞκΛ
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ήϖϞϑξδϙϞΧɂ¯ďͨΒΕͺ͝Δ͖ 

ΪϞκΛήϖϞϑξδϙϞΧŃǒ͕Manno Β[37]ͿΑΕ͕model-based Approach ͼ

data-driven ApproachͿ|]ͯΔͩͼ͢ͻͣΔͼʘΗΕͺ͝Δ͖model-based ApproachǶȀ

ϑκϚͿĦͷͺ͕ū̟Θ�ǤͯΔŃǒͻ͜Δ͖data-driven Approach͕˰�ū̟κϡδ

Θ�̡ͭςδϡϞʨʴΎξϔϡϘϚοηλϝϡΦ;ͽŃǒΘȄ͝ͺ͕ū̟Θ�ǤͯΔŃǒ

ͻ͜Δ͖model-based Approach ͼǄ˕ͭͺ͕ǶȀϑκϚΘ2ĽͯΔīʐ͢;͝ʹΌ͕ǶȀǾ

ʸΘŮĘ{ͻͣ;͝ʏ̢;ήΰιϏ;ͽ΅ĮȄ͢�ɭͻ͜Δ͖ 

DNV-GL Real-Time Risk Based Approach ͼ͝͞ΪϞβψλΘŚƩͭͺ͝Δ[35]͖ͲΜ

ϐϡίΘ° 2-19Ϳȧ͖ͯήΰιϏϛωϚͿ͠͝ͺ>bƺª<̴ĲͼϙΰΦΘ͕˯ɴ
Ϳ

�ƅͿʙȿ͕ͭ=ȀϠ=ǀͯΔīʐ͜ΔƺªΘ̱,�ͧͭͺ͕ϙΚϚδΜϏͿî\ͯΔΚψ

Ϝϡζͻ͜Δ͖ 

 

 
 2-19 Real-Time Based Approach [35] 

 

ClassNK͕τηΧκϡδΘȄ͝ͺɷȄƺªɰvȌĈʠų͕ɰvǸĺʠų͕λϘχϚ

ήϔϡλΘʇ͞ɸUÛɗ·ήΰιϏͻ͜Δ͘ClassNK CMAX LC-A͙ͼƺªκϡδ͵ͧͻ;ͥǆ

ǝʸκϡδͼɗͧ�ƺȌĈʠųΘʇ͘͞ClassNK CMAX e-GICSX͙̋͢ȐͫΕͺ͝

Δ[38]͖ͩͩͻξϔϡϘϚοηλϝϡΦΎȌĈƬȟņʈ͢Ȅ͝ΒΕͺ͝Δ͖ 

������� ¾wQ��¹^_DÒÛ_ 

IoTǙȄͿΑΔɾġ2Ʈɰv{Ϳ͝ͺ͕ǝ�ȃƮP/ͼͭͺȢȴϠ̋Ȑ͢˫ΌΒΕ
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ͺ͝Δ[39]͖��ôǥ¹̳ƧĘ)Ȩ͕Żƙͻ`Όͺɰv{ΪϞινδϡώνϚΘ̋Ȑͭʹ

[40]͖ɸɷͿȳΊ˞ΪϞινΘλϘηΦͻ˛ˤ͕ͭλϘηΦΜϞΩϡλΘ˧Δ͖��ΘǠΉ

ͱ͕ɾġϛϡϞ΅˫OΘβϞάϡͻȤʨͯΔͼ͕2Ʈ£͢˳̝ť2àΑΓ͕ϙΚϚδΜϏȈ

JκϡδΘȤʨͭ;͢Βɾġ2ƮΘʇ͖͞ɾġ2Ʈ͢ɔΗΔͼ͕ͲĥɾǶɾġΟϙΚ

͡Β;ɀΟϙΚ΅ȯvɰv˯˓ͿΑͷͺʇΗΕΔ͖ɾġ2ƮƅͿ͕Ǯá͢Å͕ͥț�

{ͿΑͷͺ͕Ǿ¼ͻIͥ2Ʈ£ÚPĲ͢��ͯΔͩͼ͢�ķͫΕΔ͖ 

������� kpØ3.1BE% 

ɰĤɸ̋ȐͿ�ͧͺ͕Çã̃οηλϝϡΦīʐĲ͢ŐšͫΕͺ͝Δ[41]͖Ǿµǖ�

Ϳͧ͠Δ˧<˨Ē̗�±Ý¬ɟͼǄ˕ͭͺ 1/10~1/ŮȒȰĒͼ-˨ͻ͜Γ[42]͕ΰλϙϡ

ώϞΧvȈ;ͽʑΔͩͼ͢ͻͣ;͖͝�ĥɰĤɸÞǾͿ�ͧͺ͕˳̝͡ΒɸɷȈ

JͿΑΔȗʓ;ͽ2Ʈ͢�ķͫΕͺ͠Γ͕ǾµοηλϝϡΦ˨ĒͻŦ̟Θͣʹͯͩͼ͢

ɨ͟ΒΕΔ͖ͲʹΌ͕ǖ�˧<ͻ�Ϳ4ΗΕΔźÕ LρϞμ(1.6/1.5GHz)ǝ�ʉƁ˧

<Ϳo͕͟ŴʹͿ KaρϞμ(30/20GHz)Θ̋ȐϠÞȄ{ͯΔͩͼΎ͕ͲɕΊ�ΗͱΘ

ƬʚͯΔͩͼ͢ʇΗΕͺ͝Δ͖ 

������� Shore Control Center(SCC) 

MUNINΎ AAWA͕̗�͡ΒɰĤɸΘΪϞλϜϡϚͯΔʝF: Shore Control 

Center(SCC)͢īʐ͵ͼˡΆͺ͝Δ͖SCCɰĤɸ͢ɰv˯ɴͻͣ;ͥ;ͷʹ̞ρηΦ

ΚηψͼͭͺƺɭͯΔ͖ΉΓ͕ǝ��˧̃͢Åͥʏ̢;ʹΌaų̤ͭ͢͝ǸǐΎ͕ʓȉ�

ɺ;ͽͿΑΔÚPɴʇ̤ͭ͢͝ȁ¿Ϳ͠͝ͺ SCCƺɭͯΔ͖S/ȓͿ VHFͿΑΔŐ

ȧΎ͕ɸƹǸǐʨȟϠaų͕ǵŲɀȀ͕ΪϞκΛήϖϞϑξδϙϞΧͼϐϞινϞΰʙȈ

2Ľ;ͽͻ͜Δ͖ 
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 2-20 SCC [8] 

 

 ¹x½�Ù
��\v����©«DÈ� 

2.5.1 £f��F���Â 

ǝ�ǒ(Maritime law)͕ɸɷΎͲ˯ɴͿ̍ͯΔʒÝΘÝΌʹǒĤΎͲΕͿǩͰΔ

ɞȮͻ͜Δ͖Ǿµǝ�ǒ͕˵ȄͯΔ¶¸ΎͲUãͿĦ͕͝ʋ 2-5Α͞Ϳ]̷

ͻͣΔ[7]͖ 

UNCLOS(United Nations Convention on the Law of the Sea: ǝǖǒͿ̍ͯΔ²̞˪�Ɯ

ɋ)͕̲ǝ͕ŗɛǇ¸͕Ŕ�ȓɖǠǇ¸͕ȁ¿;P;ͽͿ̍ͯΔzŎȓ;eĒΘʒÝͭʹ

ͻ͜Δ͖ͩƜɋ�ͻ͕”ships”ͼ”vessels”ͼ͝͞ 2Ȳ̷ɸɷͿ̍ͯΔȄʩ͢Ȅ͝Β

Εͺ͝Δ͕͢Ɯɋͻͩ 2Ϳ̍ͭͺſȤ;Ýɦ;͖͝Ήʹ͕ɸɷɰĤ{Ϳ̍ͭͺ͕

ɸ£͢͝ΔϠ͝;͝Ϳ̍ͯΔɸɷÝɦÕµͭ;͖͝�ĥɰĤɸΎǱ�ɸ͢”ships”Ή

ʹ”vessels”͕ͽͶΒιΫϙϡͿ]̷ͫΕΔ͕͡ΉʹŴʹ;ιΫϙϡΘÝɦͯΔīʐ

͢͜Δ͢͡ǲǯͿ;ͷͺͥΔ͖ 
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 2-5 Summary of the different layers and substantive branches of maritime law[7] 

 Jurisdictional rules 

(main target: states) 

Technical req. and 

standards (main target: 

flag states) 

Private law issues (shipowner and 

other commercial partners) 

Other rules (Criminal, 

social, commercial, public 

law etc) 

Global(UN) UNCLOS    

Global 

(IMO&ILO) 

 SOLAS, MARPOL, 

STCW, COLREGS, MLC 

  

Global(IMO, 

UNCITRAL, CMI, 

etc.) 

  Private law conventions on e.g. 

liability, limitation, arrest, carriage 

of goods, salvage, etc. 

 

European Union  Ship safety directives 

& regulations 

Limitations on 

exemptions 

Product liability rules, insurance 

requirements 

Rules on competent jurisdiction 

and applicable law 

Several issues covered 

by EU Treaty & 

legislation 

Nordic states   Nordic Maritime Codes, Nordic 

marine insurance terms 

The entire legislation 

applies a priori for ships 

flying its flag 
 

 

2.5.2 IMO�^b 

IMO(International Maritime Organization)ͿΑͷͺ 2017ċ 6ƒͿ̋GͫΕʹ MSC98Ϳ

͠͝ͺ͕κϞύϡΦϠΟΰλξΚϠφΛϞϘϞμϠŻƙϠΡϘϞεϠπϚΝΞΜϠ̬²ϠΜΥϙΰϠΚϐϙ

��ŚƩͿΑΓɰĤɸͿ͝ͺƬʚΘ̋ÐͯΔͩͼ͢�ĸͫΕʹ[43]͖èʶɗƢ͕

`Ɩǃ̜Ƭʚ2Ʈͼͭͺ͕ɰĤɸÝɦ�ɰĤ{ϛωϚΘƬʚͯΔͩͼͼ͕źÕʐ

$Ϳ͝ͺɰĤɸͿ˵ȄͫΕΔʐ$ͼ˵ȄͫΕ;͝ʐ$Ϳ]̷ͯΔͩͼ͢�ĸͫΕʹ͖ͭ͡

ͭ;͢Β͕S/ȓ;UãͿ͝ͺΉ͵ʤΌΒΕͺ͝;͖͝�ĥ�̌ɊͼƺƫɊRÕ

ͯΔǖ�ͻ͕ͽΑ͞ͿͲ̍:ĲΘɨĻͭͺ͕ͥ͢͝͡¦̵ǲǯͿ;ͷͺͥΔͼˡΆͺ͝

Δ͖ 
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2.5.3 ¹x½n£�b��µ����HÝ 

Hooydonk[44]ɰĤɸÞǾͿ�ͧͺ͕ɨ͟ΔΆͣǒeĒͿ͝ͺʘ�ͭͺ͝Δ͖Ģ͢Ś

ʘͭͺ͝Δƽ˧Γͻ͜Δ͖ 

l ɰĤɸϠǱ�ɸɸɷͿ]̷ͫΕΔ͡ 

l ɰĤɸϠǱ�ɸŹ²Ϳɗ͝ͺ͝ΔΆͣ͡ 

l ɸ£ϠťɡÂͿ̍ͯΔǒĤǾǸͼͽ͞ÃΗΔ͡ 

l ɰĤɸͿ̍ͯΔʼ%¦̵ 
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 Systems Approach� System thinking 

`ΌͿ͕”System”ÝɦͿ͝ͺˡΆΔ͖SystemͿ͝ͺ Crawley Β[45]͕”A system 

is a set of entities and their relationships, whose functionality is greater than the sum of the 

individual entities.”ͼÝɦͭͺ͝Δ͖ΉΓ̡͕�Ϳ;ͷʹƅͿ͕��Θ̡ΌʹΑΓ

͕Ͳƺɭ͢Çͣͥ;ͷͺ͝Δͩͼ́͢ʐͻ͜Δ͖ 

System thinkingͿ͝ͺ Crawley Β[45]͕”System thinking is, quite simply, thinking 

about a question, circumstance, or problem explicitly as a system – a set of interrelated 

entities. System thinking is not thinking systematically.”ͼÝɦͭͺ͝Δ͖ 

Systems ApproachͿ͝ͺ
̂[5]͕Ȩ)ȬÖ]̂ͻȐõͭʹɨ͟ŵͻ͜ΓϤʏ̢Ĳ

͜Δ¦̵Ϳéͭͺ�ʸP/ΘήΰιϏͼͭͺʨʴͯΔͩͼͻ¦̵ʗǋΘ°Δŵǒʰͩͼͼ

ˡΆͺ͝Δ͖ 

!�͡Β͕ƙȢȴͻ Systems ApproachͿ͝ͺ͕System thinking ͼͲΕͿºͥθϡ

Ϛ̡�ͼÝɦͯΔͩͼͿͯΔ͖S/ȓͿ!�θϡϚϠɨ͟ŵΘŐ͖ͯ 

l Form, Function, Needs, Intent, Concept 

l ility 

l Stakeholder Value Network 

l Object Process Methodlogy 

l Morphological Matrix 

 Form, Function, Needs, Intent, Concept 

!� Crawley ΒÝɦͻ͜Δ[45]͖ 

Form ͼ͕SystemͿ͠͝ͺǶȀȓ͕ΉʹĶ»ȓͿÕµͯΔ�Ƕͻ͜Δ͖Form ͼǸ

ĺΘŏ¼�͢͜Γ͕ͲǸĺ˷ȯ FunctionͿΑͷͺ˲ĽͫΕΔ͖Form Function Θ

ÞǾͯΔʹΌ˱Sͻ͜Δ͖Formb FormΎ Form�Â̍:Θz�ͯΔ¼�͢͜

Δ͖Form Function͢ÞʇͫΕΔjͿÕµͭͺ͝Δ͖5) YʃĔ͕ΣϘΰ͕ǒĤ 

Function ͼ͕ςφΠϡύϞΰͿĠ̮Θ�Έ͕ͯʇv͕ť2͕ÃśΘŐ͖ͯʝʙͫΕʹ

SystemͿ͠͝ͺ͕Function System͢ÕµͯΔʹΌͿʇΗΕΔͻ͜Γ͕ȴƯȓͿ8

B˲Ľ͕9ȕÞǾΘȘŐͭͺ͝Δ͖Function FormͿΑΓÞǾͫΕΔ͖Function

Function�Âɢ͢ΓΎ̍:Ĳ͡ΒȂΉΕΔͩͼ͢͜Δ͖5) YΎ͕ͯȯvͯΔ͕ǞʾͯΔ 



 

 
 

Systems Approach  

38 

Needs ͼ͕͘īʐĲ͕ʐǈ͕�ˉͭͺ͝Δ΅ƕΊ͙ͼÝɦͫΕΔ͖Needs�ȕɩ͢

(ǬµȓͿ)ŏͷͺ͝Δʐǈͻ͜Γ͕ƌƃͿΉʹ�ɵȓ;ʘʀͿΑΓʋǾͫΕΔ͖Needs�

ȕɩͿΑͷͺ͕ʋǾͫΕ;͕͝ΉʹʨȟͫΕ;͝¼�͜Δ͖NeedsάϡτΰŚ6ɩ͢

ŏͷͺ͝Δͻ;͕ͥάϡτΰ�ȕɩ͢ŏͷͺ͝ΔͩͼͿǔĸͯΔ͖ 

Intent ͼ͕9ȕΘʋǾͯΔʹΌÃŮÝɦͼ͕(éʸÃŮΘÃ{ͫͱΔ)ÃśψϜβ

ΰͻ͜Δ͖ÃŮͿ͝ͺ Solution-neutral operand͕ÃśψϜβΰͿ͝ͺ Solution-

neutral functionͻʋǾͫΕΔ͖S/ȓͿόϞψͼ͝͞ήΰιϏ͢͜ͷʹ¼�͕Solution-

neutral operand͘ǚ/͙͕Solution-neutral function͘ȯvͫͱΔͩͼ͙ͻ͜Δ͖Solution-

neutral operand ͼͭͺ͘Ǉ͙Ύ͘ǝǇ͙;ͽΘ˸ŉͯΆͣͻ;͖͝Ήʹ Solution-neutral 

function ͼͭͺ͘ǆ´Ã{ͿΑΔȯv͙Ύ̥͘mͿΑΔȯv͙;ͽS/ȓ;ʗǒΘŐÝͭʹ

Function Θ˸ŉͯΆͣͻ;͖͝ 

Concept ͼ͕Function Θ FormͿÃśͯΔ͕ɨ͟ŵϠȀİͻ͜Δ͖ƙȢȴ͘ΪϞβψλʝ

ʙ͙ͼ Function ΘÞǾͯΔ Form ͼͭͺ0ΘͽΑ͞Ϳ˸Άɺ͝͡ͼ͝͞ĸ�ͻȄ͝Δ͖ 

ƙɁͻʫſͭʹ Form͕Function͕Needs͕Intent͕Concept͕ĥ 3.5ͻʫſͯΔ Object 

Process Methodology Θ4ȄͯΔ̞κέΜϞςδϡϞͼͭͺȄ͝Δ͖S/ȓ;4ȄŵǒͿ

͝ͺȼ 4ȸͻʗʫͯΔ͖ 

 ility 

!� de Weck ΒÝɦͻ͜Δ[46]͖ 

ility ͼ͕SystemͿʐǈͫΕΔ̨ƺɭʐ$ͻ͜Δ͖5ͼͭͺ͕FlexibilityΎ Maintainability

;ͽ͢őͨΒΕ͕”ility”ͼ͝͞ŗñʩͻɔΗΔͩͼ͢Åͩ͝ͼ͡Β͕ͩΑ͞Ϳ��ͧΒΕʹ̨͖

ƺɭʐ$ͼ͕System͢ƢʹͯΆͣƺɭΘ˲Ľͭʹ͜ͼͻȐȂͯΔ͕Ͳ System�o8

BΘ��ͫͱΔʐ$ͻ͜Δ͖ 

 Stakeholder Value Network 

`ΌͿ͕StakeholderͿ͝ͺ Freeman[47]”any group or individual who can affect or is 

affected by the achievement of the organization’s objectives”ͼÝɦͭͺ͝Δ͖Stakeholder 

Value Network (!� SVN) Ͳ Sakeholder ͼ Stakeholdeř ValueǚΕΘſȧȓ

Ϳ°ȧͭʹͻ͜Δ͖° 3-1ͿȧͯΑ͞Ϳ� Stakeholder Θ̉ŵĝͼͭͺ°ȧ͕ͭ
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Stakeholdeř8BǚΕΘȞ�ͼͭͺʋǾͭʹͻ͜Δ͖ 

Sutherland[48] Qualitative; SVN ͼ Quantitative; SVN 2Ȳ̷ΘʫſϠŚƩͭͺ͝

Δ͖ƙɁͻ Qualitative; SVNͿ͝ͺˡΆΔ͖ 

SVN Θ2ĽͯΔȘȓͿ͝ͺ͕!��͢őͨΒΕΔ[48]͖ 

1. κΛΰηήϖϞΎŰǻʮƤΘ˧ͭͺ͕� StakeholderΫϡϚϠȘȓϠξϡαΘſȤͯ

Δͩͼͻ͕StakeholderͿ͝ͺȀʗΘǟΌΔ 

2. � Stakeholderʧɒ;ΜϞψηλͼΚΝλψηλΘʛˡͯΔͩͼͻ͕P StakeholderͿ̍

:ͯΔ́ʐ;̍:ĲΘſΒ͡ͿͯΔ 

SVN2ĽṈ́!� 5 ΰιηψΘɖΔ͖ 

1. Stakeholderʨʴ 

2. SVN΅ StakeholderύηυϞΧͼ�ʓ{ 

3. StakeholderȘȓ͕NeedsŖɐ 

4. Stakeholdeř̍:͕ValueǚΕŇŜ 

5. SVN΅ ValueǚΕύηυϞΧ 

 

 
 3-1 SVN [48] 
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 Object Process Methodology 

3.5.1 Object Process Methodology�� 

Object Process Methodology (OPM) ͕ΜΰϘΟϚāȬÇÖ Dori ΒͿΑͷͺɨƩͫΕ

ʹ[49]͕ήΰιϏƱİϑκϙϞΧͿKΕʹʘʩͻ͜Δ͖° 3-2ͻȧͯΑ͞Ϳ͕OPMǶ�

Θ̉ŵĝ Object ͼƭV ProcessͻʋǾͯΔ͖ 

 

 

 3-2 Object Process 

 

Objecť͕Procesš͕Object ͼ Procesš̍:ĲϙϞΦͻʋǾͫΕΔ͖Structual link

Ϳ͝ͺ° 3-3Ϳȧͭʹ͖ĂEͅ½Γ�ʖĝϙϞΦ̡͕�ͼʐɏΘʋǾͯΔϙϞΦͻ

͜Δ͖�Eȑ½Γ�ʖĝϙϞΦ͕�ɵ{ͼS/{ΘʋǾͯΔϙϞΦͻ͜Δ͖
ËɼÁ

ȑ½Γ�ʖĝ
Ϳͅ½Γ�ʖĝ͢UzͫΕΔϙϞΦ͕�ǶͼǷĩΘʋǾͯΔϙϞΦ

ͻ͜Δ͖Ήʹ͕Procudural enabling linkͿ͝ͺ° 3-4Ϳȧͭʹ͖ĂE Agent linkͻ͜Γ͕

ProcessÞʇɩͼ Process Θ;͖ͦ�E Instrument linkͻ͜Γ͕ProcessͻȄ͝Δ˱S

ͼ Process Θ;͖ͦΉʹ͕Proceduaral transforming linksͿ͝ͺ° 3-5Ϳȧͭʹ͖Ă͡

Β Comsumption link͕Result link͕Effect linkͻ͜Δ͖Consumption linkǞʾͫΕΔΘ

Ȟ�\ȐǯͿƏ͕ͣǞʾʇvΘȞ�ɔȝǯͿƏ͖ͥResult linkȂΊ\ͯʇvΘȞ�

\ȐǯͿƏ͕ͣȂΊ\ͫΕʹɗƢΘȞ�ɔȝǯͿƏ͖ͥEffect linkȚ�ͿĠ̮Θ�

ΈͯͩͼΘʋǾͯΔ͖ 
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 3-3 OPM structural links 

 

 

 3-4 OPM procedural enabling link 

 

 

 3-5 OPM procedural transforming link 
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3.5.2 OPM������� 

OPMƏͣŵͿ͝ͺ͕ö�Ĳ͢Ç͖ͣ͝Ήʹ OPMͻͽͩΉͻήΰιϏΘɒͥ͡ʛˡ

ͯΔ͡ͼ͝͞ɆĒͿ͝ͺƌƃͫ͢͜Δ͖2017ċXͿ͕ƞ�ÇÖŴ̲¸lĽȬÖȢȴȬ

Ϳ͠͝ͺ͕ǝ�ȃƮͻIͥĦƮ£Θ̡ΌͺϝϡΦήϖηψΘʇͷʹ͖ͲϝϡΦήϖηψͿ͠

͝ͺ͕OPM ΘȄ͝ͺǝ˯άϡτΰͿ͝ͺ]ƠΘʇͷʹ͖1ζϡϏ͜ʹΓǝ�ȃƮĦƮ

£ 1�ͼÖȂ 3~4�ͻƳĽͫΕ͕ɋ 2ƅ̌ͧ͡ͺϑκϙϞΧΘʇͷʹ͖° 3-6͕° 3-7Ϳ͜

Δ Team1 ͼ Team2͢2Ľͭʹ OPMͿ͝ͺȧ͖ͯ°͡Βʑͺ�ΕΔΑ͞Ϳ͕�ͮήΰιϏ

Θéʸͼͭͺ͝ΔͿ͡͡ΗΒͰ͕ͲƏͣŵÇͣͥȌ;Δ͖ΉͰ͕Team1 Transporting͕

Stowing͕Sailing͕Communicating ͼ͝͞ Process ΘΉͰʛO͕ͭͲΕΒͿéͭͺ̍˪ͯΔ

Object ΘʛOͭͺ͝Δ͖�ŵ͕Team2 Transporting Θ
ĪͿ͕Ͳƺɭ]ʗΘʇ;ͷͺ

͝Δ͖Team1 ͼȌ;Γ͕Exhibition-Characterization link Θ4ͷͺ͝ΔͩͼǷĩͻ͜Δ͖ 

ͩ OPMƏͣŵͿ͝ͺȼ 4ȸͿ͠͝ͺ͕ΑΓǟͥʶʰΘʇͩ͞ͼͼͯΔ͖ 

 

 

 3-6 Team1  
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 3-7 Team2  

 

 Morphological Matrix 

3.6.1 Morphological Matrix�� 

Morphological Matrix (MM)ͼ͕ύλϙΦΰĝĘͻĸıǋÝ̰ȘΘ°ȧͯΔŃǒͻ͜Γ͕

Zwicky[50]͢`ΌͿÝɦͭʹ͖!͕̓Pahl[51]Ύ Buede[52];ͽͿΑͷͺ�ɵȓ;Ńǒͼͭͺ

ďΌΒΕʹ͖ĸıǋÝ̰Ș�ɒ;Ήͻ�ΌΔͼɯÇ;ŮͿ;Δ�Ϳ͕�ɒ;ĸıǋÝ

̰Ș́ʐ;ĸıǋÝ̰ȘͿÇͣͥĂ�ͫΕΔ͖Αͷͺ MMͿʛˡͯΔĸıǋÝ̰Ș

Architectural Decisionͻ͜Δīʐ͢͜Δ͖Architectuaral Decision ͼ[45]͕Ƒ́ʐ;ĸı

ǋÝ̰Ș̡�ͻ͜Γ͕FormͿÃ{Θ�ΈͯΑ͞;ĸıǋÝ̰Șͻ͜Δ͖Architectual 

Decision͕ήΰιϏςφΠϡύϞΰͿĠ̮Θ�͕͟ΪΰλΘěͥǋÝͯΔ͖ 

° 3-8Ϳ NASA Apollo projectͿͧ͠Δ MM5Θȧͯ[45]͖ʇĸıǋÝ̰ȘΘ

ʋǾ͕ͭ˸ŉɫ alt A͕alt BͻʋǾͫΕΔ͖5ͻĸıǋÝ˸ŉɫ 2ͻ͜Δ͕͢3
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ͻ 4ͻčͻƳΗ;͖͝Apollo projectͿͧ͠Δ�ʝʙƩ͕�ʇͿ͠͝ͺ

�ĸıǋÝ̰ȘΘ˸ŉͯΔͩͼͿΑͷͺħΒΕΔ͖Αͷͺ° 3-8¼�Ϳ͕2> = 32

˧ΓʝʙƩ͢ÕµͯΔͩͼͿ;Δ͖ 

Ήʹ° 3-9ͿĸıǋÝ̰ȘΘ°ͼͭͺʗʫͭʹΘř˖ͭʹ͖EOR¶ǿÄ��ͻ

ØÜɸϘϞκχϡΘʇ͞͡�͡ͼ͝͞ĸıǋÝΘŐ͖ͯϘϞκχϡͼØÜȵ̌Ϳ͠͝ͺ

2ƺ!�ØÜɸ͕ΉʹØÜΰιϡήϖϞ͢˨ĒΘ�Ηͱ͕��ˑ˱Θ̸ʇ͕ͭ�͝Ϳ

ŗ˟ͯΔť2ͩͼͻ͜Δ͖earthLaunchØÜɸ͢�Ē¶ǿÄ�Θ�¬ͭͺ͡ΒƒͿ�

ͧͺ\ȐͯΔ͕͡ͲΕͼșŗ\ȐͯΔ͡ͼ͝͞ĸıǋÝΘŐ͖ͯLORƒÄ��ͻ

ØÜɸϘϞκχϡΘʇ͞͡�͡ͼ͝͞ĸıǋÝΘŐ͖ͯmoonArrivalƒ̩΅ȝ̗ƅ

Ϳ͕�ĒƒÄ�Θ�¬ͯΔ͕͡ͲΕͼșŗȝ̗ͯΔ͡ͼ͝͞ĸıǋÝΘŐ͖ͯ

moonDeparturẹ̗ƅͿ͕�ĒƒÄ�Θ�¬ͯΔ͕͡ͲΕͼșŗ¶ǿͿ�ͧͺ\

ȐͯΔ͡ͼ͝͞ĸıǋÝΘŐ͖ͯ 

 

 3-8 Apollo project MM[45] 

 

 
 3-9  Apollo project [45] 
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3.6.2 MM����\�Á£ 

° 3-8 MMͿ͝ͺ͕�ĸıǋÝ̰Șǹȷͻ;͕ͥ�͝ͿeɋƜ$Θŏ¼�

͢͜Δ͖eɋʋǾͿȄ͝Δʛ�Ϳ͝ͺʋ 3-1Ϳȧ͖ͯΉʹ͕Ͳʛ�ΘȄ͝ͺ° 3-8

 MMͿ͝ͺeɋΘʛˡͭʹΘ° 3-10Ϳȧ͖ͯ° 3-10͡ΒΗ͡ΔΑ͞Ϳ͕́ʐ

;ĸıǋÝ̰Ș LORͻ͜Δ͖LOR͢ yes;Β͕ƒ΅̣ȝ̗(moonArrival ͼ

moonDeparture)șŗʇ͞(direct)ͩͼ��ɭͻ͜Δ͖ 

 

 3-1 Syntax of logical constraints[6] 

symbol definition symbol definition 

== logical equivalence > logical greater than 

|| logical or < logical less than 

&& logical and >= logical greater than or equal to 

!= logical not equal <= logical less than or equal to 
 

 

 
 3-10 Apollo project constraint[45] 

 

3.6.3 MM�¥��mØ¦ÆR 

° 3-8 MM 32˧ΓʝʙƩΘ(ǀȤͿeɋƜ$ͿΑͷͺͼΔͩͼͻͣ;͝

ʝʙƩ͢͜ΔʹΌÞ̞ 32 ΑΓð;͝)͖ͩʝʙƩΘÝ̃ȓͿʢ8ͯΔʹΌͿ͕ʢ8˔

ͼʙȿŵǒΘǋÝͯΔīʐ͢͜Δ͖ǋÝͫΕʹʢ8˔ͪͼͿ�βϚͿǷĲBΘOm͕ͭʝʙ

ƩͪͼͿɞ¢ϠɞȳͯΔŃǒ͢ Simmons[6]ͿΑΓŚƩͫΕͺ͝Δ͖ 

° 3-11Ϳ͕ʢ8˔ͼͭͺ Metrics A ͼ Metrics B Θ˸Ý͕ͭMMǷĲBΘ��ͭʹ

Θȧ͖ͯtypeƻʙȿŵǒΘȧͭͺ͝Δ͖add¼�ɞ¢͕ͭmult¼�ɞȳΘͯ
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Δ͖5ͼͭͺ͕PͺĸıǋÝ̰ȘͿ͠͝ͺ alt A Θ˸ŉͭʹ¼�͕ͲʝʙƩͿͧ͠Δ

Metrics A, BBͲΕͳΕĘ(3.1)(3.2)Α͞ͿʙȿͫΕΔ͖ 

 

:6/#-	%A	B-$4+.(	" = 	1 + 2 + 0 + 5 + 1 = 9 (3.1) 

 

:6/#-	%A	B-$4+.(	G = 	0.98 ∗ 0.95 ∗ 0.88 ∗ 0.96 ∗ 0.99 = 0.778… (3.2) 

 

 

 3-11 MM  

 

3.6.4 MM�Q��ÆRÎ�Ôm��� 

MM Θ2ĽͯΔ2ƮͿ͠͝ͺ͕¦̵̲¸ŇŜͼĸıǋÝɩ͢ΪϞλϜϡϚͻͣΔ̲

¸ŇŜΘīʐͼͯΔ͖Ͳͭͺ Architectural DecisionΊΘŊ\ͭ;ͧΕ;Β;͖͝Αͷ

ͺ MM2Ľɰ/̤͕ͭͥ͢Ͳ®̤ͫ RitcheyͿΑͷͺŐšͫΕͺ͝Δ[53]͖ 

Crawley Β MM2Ľͼʢ8˔˸ÝͿ͝ͺ͕3σϔϡϙΰιΛηΦ;ŵǒΘȄ͝

ΔŃǃΘŚƩͭͺ͝Δ[45]͖1ȘσϔϡϙΰιΛηΦ;ŵǒ͕͘ǔĸǟͥʝʙ̲¸ΘʝÝ

ͯΔͩͼ͙͖2Ș͕͘ʢ8˔Ϳé͕ͭÇͣͥĠ̮Θ�ΈͯΑ͞;ĸıǋÝ̰ȘΘ˸ŉͯΔͩ

ͼ͖ͭͥĸıǋÝ̰ȘͿé͕ͭÇͣͥĠ̮Θ�ΈͯΑ͞;ʢ8˔Θ˸ÝͯΔͩͼ͙͖3Ș

͘Architectual decision(ʝʙͿ͠͝ͺ Form ΘÃ͟ΔΑ͞;ĸıǋÝ)ΊΘ˸ŉͯΔͩͼ͙
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ͻ͜Δ͖ 

 /E?�°�a���Ù
�©« 

Hiekata Β͕͉̀ɩʑÙΓάϡτΰʝʙΘéʸͼͭͺ͕SVN ͼ MM ΘɕΊ�ΗͱʹŃ

ǒΘŚƩͭͺ͝Δ[54]͖° 3-12ͿŚƩŃǒƱʐ°Θȧ͖ͯʑÙΓΘ7̴ͯΔ�

(Subject)͕ǸĺΘʕçͯΔ�(Watcher)͕ʑÙΒΕΔ�(Target)͘ʑÙΓ�ɩϑκϚ͙Ϳ͝

ͺƬʚΘ MM ΘȄ͝ͺʇͷʹ͖MMʝʙƩͪͼͿǷĲBΘʝÝ͕ͭ�ʝʙƩͿ͝ͺ

ςϛϡλƑ˵ʗΘʙȿͯΔͩͼͿΑΓ͕KΕʹʑÙΓάϡτΰʝʙƩΘȿ\ͭͺ͝Δ͖ͩ

MM Θ2Δ̞Ϳ͕�jͿ SVN Θ2ĽͯΔͩͼͻ͕SubjectΎWatcher ΘǷÝͯΔͩͼ͢ͻͣ

Δͼͭͺ͝Δ͖Ήʹ SVN Θ�ɨͿͭ;͢Β͕ǷĲBΘʝÝͯΔͼͭͺ͝Δ͖ 

ͭͭ͡;͢Β͕ͩŃǒ MMͿͧ͠ΔĸıǋÝ͢ Stakeholder˸ŉͿ̍˪ͯΔͻ

͜Ε͕Ɠtͻ͜Δ͕͢ͲΕ!ÄΨϡΰͿéĮͻͣ;͖͝ 

 

 
 3-12 Hiekata [54] 
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ƙȸͻ͕ƙȢȴͻȄ͝Δ Systems ApproachÝɦͼ͕Systems ApproachθϡϚΉʹ

ͲɕΊ�ΗͱͿ̍ͯΔȢȴͿ͝ͺʫſͭʹ͖ 

Systems Approach ΘȄ͝ͺ͕ʝʙ¦̵Θʗ̞ͥͿ͕ʝʙɩ͢˵^;θϡϚΘɕΊ�Η

ͱ͕¦̵ΘʗͧΔĝͿůĝͯΔīʐ͢͜Δ͖ͩ2Ʈ̨ĈͿ̤͕ͭͥMM Θ2ĽͯΔ̞Ϳ

ͽĸıǋÝ̰ȘΘɨĻͯΔ͡ͼ͝͞ǯ;ͽͻ͕ö�Ĳ̀ͥ͢ɖ̾Ϳ7ōͭͺ͝Δ͖3.7Ϳȧ

ͭʹȢȴͲ¦̵Ϳ�ΓɕΙ͵5ͻ͜Δ͕ͩ͢ΕΘɰĤɸΪϞβψλʝʙ¦̵ͿͲΉ

Ή˵ȄͯΔͩͼͻͣ;͖ͩ͝ΕΘˍΉ͕͟ƙȢȴͻɰĤɸʝʙͿ˵ȄͻͣΔΑ͞Ϳ͕=

ǀΘʇ͖͞ 

Ήʹ͕ȼ 2ȸͻȧͭʹΑ͞Ϳ͕ͯͻͿ MUNINΎ ReVolt;ͽɰĤɸΪϞβψλ͢Õµ

ͯΔ͖ͭͭ͡;͢Β͕ɰĤɸͿʐǈͯΔĲɭ͢ǝ�ΦϘΰδϡUcá̍:ɩͪͼͿȌ;Δʹ

Ό͕MUNINΎ ReVoltΪϞβψλīͰͭ˵^ͻ;͝�ɭĲ͢͜Δ͖!�ΘˍΉ͕͟

ƙȢȴŴʒĲ!�ͻ͜Δ͖ 

l Systems Approach ΘȄ͝ͺɰĤɸʝʙ¦̵ΘʗͧΔΑ͞Ϳ=ǀͯΔ 

l ǝ�ΦϘΰδϡUcá̍:ɩͿĮͮʹɰĤɸʝʙ 
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ɰĤɸΪϞβψλʝʙʏ̢;¦̵ͻ͜Δ͖ͩ¦̵ΘʗͥͿ͕ĉď̲͝¸¦̵Θ

ɨĻͯΔīʐ͢͜Δ͖5͕͟ɰĤ{ͿΑΔźÕɸɷήΰιϏÃƎ�Ǥͻͣ;͝Ġ̮Θ

ǝ�̍:ɩcá̍:ɩͿ�Έ͖ͯͩΑ͞;Ġ̮͕ƖģͫΕΔ9ȕΘŞ;͞ĳΕ͢͜

Δ͖ͩΑ͞;¦̵͕ņʈήΰιϏͼȨ)ήΰιϏ͢ʆ�ͭʹ Sociotechnical System ͼ͝͞

ŰɮͿ͠͝ͺȐȂͭͺ͝Δ͖ 

ƙȢȴͿ͠͝ͺ͕Systems Approach ΘȄ͝ͺ Sociotechnical System ΘʗͥͩͼΘɨ͟

Δ͖MʇȢȴ[6][54]Θ�ɨͿ͕ɰĤɸΪϞβψλʝʙͿ4͟ΔΑ͞Ϳ=ǀͯΔ͖S/ȓ;

θϡϚͼͭͺ SVN͕OPM͕MM ΘȄ͝Δ͖ 

° 4-1ɰĤɸʝʙφϜϡƱʐ°ͻ͜Δ͖ɰĤɸʝʙφϜϡ 5ǃ̜Θ͖ 

1. cá̍:ɩ]Ơͼʢ8˔˸Ý 

2. OPMͿΑΔźÕɸɷƺɭ]Ơ 

3. MM2Ľ 

4. ʢ8˔ͿéĮͭʹʢ8Bʙȿ 

5. ςϛϡλƑ˵ʗʙȿ 

 



 

 
 
 

51 

 

 4-1  

 

 [oÙS¶�Y��ÆRÎ�Ôm 

ȼ�ǃ̜͕�ΰιηψΘ͖cá̍:ɩ]Ơͼʢ8˔˸Ýͻ͜Δ͖ͩǃ̜

ΚΝλψηλ͕éʸͼͯΔǝ�̍:ɩξϡαͼͲξϡα˲ĽĒΘǤΔʹΌʢ8

˔ͻ͜Δ͖ 

4.2.1 [oÙS¶�Y� 

ȼ�ΰιηψ͕ɰĤɸͿ̍ͯΔcá̍:ɩΘ SVN ΘȄ͝ͺ]ƠͯΔͩͼͻ͜Δ͖ɰ

ĤɸψϜίΞΦλĉď͝cá̍:ɩͿĠ̮Θ�͟Δ͖�cá̍:ɩͲΕͳΕͿȌ;Δ

ξϡαΘŏͶ͕ͥ͝͡ξϡα�cá̍:ɩͿ͠͝ͺR˧ͯΔ͕͢R˧ͭ;͝Õ

µͯΔ͖Ήʹͥ͝͡ξϡαɰĤɸͿΑΓ˲Ľ�ɭͻ͜Δ͕͢˲Ľ��ɭ;͕Ήʹɰ

ĤɸͿΑΓ̒áͫΕΔξϡα͜Δ͖ͩΑ͞;ξϡα͕�cá̍:ɩͿ͝ͺƋ͆ȓϠΉ
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ʹɖ̾ȓͿŇŜͫΕΔͩͼ͢Å͕ͥξϡαRƓțȋͫΕ͢Ͷͻ͜ͷʹ͖ͲʹΌ͕�c

á̍:ɩͻʨʴ͈͊͢ȂͮΔͩͼ͢͜ͷʹ͖ 

ͲͩͻƙȢȴͻ SVN ΘȄ͝ͺ͕ɰĤɸͿ̍ΗΔcá̍:ɩͼͲ�Γ8BǚΕ

(ξϡα)Θ�ʓ{ͯΔ͖�ʓ{ͯΔͩͼͿΑΓ͕cá̍:ɩͼξϡαΘſȤ{ͯΔ͖Ͳĥ͕

ƙȢȴ͢éʸͼͯΔ͕ɰĤɸͿ̍ͯΔĸıǋÝɩ͕ȼ��ȕɩ͕ĸıǋÝɩͿ̍ΗΔ�ƽ

ȓ;cá̍:ɩΘǋÝͯΔ͖ĸıǋÝɩΘǋÝͯΔͩͼͻ͕ĸıǋÝɩ͢ΪϞλϜϡϚͻͣ

Δɂ¯ͿĮͮͺɰĤɸʝʙ̲¸͢ǋÝͻͣΔ͖ȼ��ȕɩΘǋÝͯΔͩͼͻɰĤɸψϜ

ίΞΦλ͢ͽξϡαͿéͭͺʺǻͯΔ͡ΘǋÝͻͣΔ͖ĸıǋÝɩͿ̍ΗΔ�ƽȓ;c

á̍:ɩΘǋÝͯΔͩͼͻ͕ɰĤɸψϜίΞΦλΘ�cá̍:ɩʕǯ͡Β]ƠͯΔͩͼΘ�

ɭͿͯΔ͖ 

4.2.2 ÆRÎ�Ôm 

ȼ�ΰιηψ͕ȼ��ȕɩξϡαΎĸıǋÝɩͿ̍ΗΔ�ƽȓ;cá̍:ɩ

ξϡα͡ΒʝʙͭʹɰĤɸΘʢ8ͯΔʹΌʢ8˔ΘǋÝͯΔͩͼͻ͜Δ͖ʢ8˔ǋÝͻ

͕3.3ͻʫſͭʹ”ility”ͼ͝͞ƱİΘŕȄͯΔ͖ͩΰιηψͻ�ξϡα˲ĽĒΘʢ8

ͯΔʹΌ ility Θ_ő͕ͭͲ ility
ΑΓ͕ʢ8˔ͼͭͺȚĮͭ͝Θ˸ÝͯΔ͖ 

 OPM����l½¼��¸�Y� 

ȼ�ǃ̜ OPM ΘȄ͝ͺźÕɸɷƺɭΘ]ƠͯΔ͖OPMƏͣŵ Crawley Β[45]

ʋǾΘ�ɨͿ͕ͭMM2Ľ͢ãƀͿ;ΔΑ͞=ǀͭʹ͖ 

ɰĤɸ͢å�ͯΔξϡαΘ Intent ͼͭͺʛˡ͕ͭͲ Intent Θ˲ĽͯΔʹΌ Function Θ

ŰǻΎΜϞδτϔϡ;ͽΘ˧ͭͺƏͣ�͖ͯƽͿ͕� Function ΘÞʇͯΔʹΌ General 

Form Θʛˡ͕ͭͲ General Form ͼͭͺͽ Specific Form Θ˸΄Άͣ͡ΘƽɁͻ2Ľͯ

Δ MMͿ͠͝ͺɨ͟Δ͖ 

° 4-2 PumpήΰιϏ5ͻ͜Δ[45]͖Crawley ΒͿΑΕ͕Process ͼ Object Intent, 

Function, General Form, Specific FormͿ]k͢�ɭͻ͜Δ͖ͩƏͣŵͻ͕Form Θ�ɵ

ȓ; General Form ͼS/ȓ; Specific FormͿ]kͭͺʋ͖ͯPumpήΰιϏ Intent

”moving fluid”ͻ͜Γ͕ͩΕ”Pressurizing”, “Accelerator”, “Displacing”, “Blowing”;ͽ

Function͡Β͜Δ�Θ˸ŉͯΔͩͼͻ˲Ľ�ɭͻ͜Δ͖� Function͕ͲΕͳΕͿͲ
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Function Θ˲ĽͯΔΟϡίΞϞλ (General Form) Θŏͷͺ͠Γ͕”Pump”Ύ”Fun”;ͽ͢ɨ͟

ΒΕΔ͖General Form”Centrifugal pump”Α͞;� Specific Form Θ˸ŉͯΔͩͼͿ

ΑΓ˲ĽͻͣΔ͖ 

 

 
 4-2 OPM [45] 

 

 MM�Q� 

ȼ�ǃ̜͕ĸıǋÝ�̰ΘύλϙΦΰĝĘͻɜɥȓͿʋǾͻͣΔ MM ΘȄ͝ͺʋǾͯ

Δͩͼͻ͜Δ͖ͩǃ̜ͻΚΝλψηλɰĤɸʝʙƩAʎΘʋǾͭʹMMͻ͜Δ͖

MM Θ2ĽͯΔͩͼ͕�ʑɄ�Ͳ͞Ϳʑ͟Δ͕͢Ͳ2Ʈ̤͕ͭͥRitchey Β[53]ͿΑͷͺ

ŐšͫΕͺ͝Δ͖Ͳͩͻ͕ƙȢȴͻ 4.3ͻ2ĽͭʹźÕɸɷ OPMͿΑΔϑκϙϞΧɗ

ƢΘȄ͝Δ͖ɰĤɸʝʙ¦̵Ϳ͝ͺ͕° 4-3ͿȧͯΑ͞Ϳ͕� General Form ͼͭͺ͕ͽ

 Specific Form Θ˸ŉͯΔ͡ͼ͝͞¦̵Ϳɤͣś͟Δ͖MM�ʇͿ͠͝ͺ�

Specific Form Θ˸ŉͯΕɺ͖͝ɰĤɸʝʙƩAʎ°¼�3N = 27˧ΓAʎΘ

͖ 
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 4-3 MM (GF General Form SF Specific Form ) 

 ÆRÎ�r{��ÆRU�Ä¬ 

ȼ«ǃ̜͕ʢ8˔ͿéĮͭʹʢ8Bʙȿͻ͜Δ͖ʢ8˔͕͘1. cá̍:ɩ]Ơ

ͼʢ8˔˸Ý͙ͻ˸Ýͭʹʢ8˔ΘȄ͝Δ͖ʢ8BʙȿͿͥ͝͡ŵǒ͢ɨ͟ΒΕ

Δ͖3.6.3ͿʛˡͭʹΑ͞Ϳ͕MM�βϚͿʢ8BΘʝÝ͕ͭPͺʇͿ͠͝ͺʢ8BΘɞ

¢͕Ήʹɞ�ͯΔ�ʙȿŵǒͻ͜Δ͖Ήʹ͕ΑΓǀȤ;ʙȿɗƢΘȿ\ͭʹ͝¼

�Ϳ͕ʢ8˔ͿĦͷͺήώϔϛϡδΘ2Ľ͕ͭήώϔϛϡδΘ4ͷͺʢ8BΘʙȿͯΔͩͼ

�ɭͻ͜Δ͖ƙǃ̜ͻ͕˸Ýͭʹʢ8˔Ϳ˵^;ʙȿŵǒΘȄ͝ͺʢ8BΘʙȿͯΔ͖ 

 4@E1�ÓÃ�Ä¬ 

ȼ�ǃ̜�ʝʙƩAʎͿ͝ͺ͕ʢ8˔ͿǏͷͺςϛϡλƑ˵ʗΘȿ\ͯΔͩͼͻ

͜Δ͖ςϛϡλƑ˵ʗͼ͕ʢ8B͝ͰΕ͡Θŧ§ͭΑ͞ͼͭʹƅͿ͕�ʢ8B͢ŧĵͫ

ΕΔʗͩͼͻ͜Δ͖° 4-4Ϳʢ8˔͢ 2˔¼��ʝʙƩΘψϜηλͭʹΜϐϡί

Θȧ͖ͯ 

ςϛϡλƑ˵ʗʙȿ�ŵͿ͝ͺʫſͯΔ͖ɞŮNʝʙƩ͢͜Δͼ͕ͭʢ8˔Ů

n˔ͼͯΔ͖ͲƅκϡδƳ˩Θ° 4-5Ϳȧ͖ͯ5͕͟9_1_1ʝʙƩ ID1ʢ8

˔ 1BΘʋ͖ͯΉͰ͕ID1͢ςϛϡλƑ˵ʗͻ͜Δ͡ͽ͞͡Ϳ͝ͺɨ͟Δ͖9_1_1Θºǩ

ͼ͕ͭID1 Θ̖͝ʹPͺʝʙƩͿ͠͝ͺ Metrics 1B͕͢9_1_1ΑΓKΕͺ͝ΔʝʙƩ

ΘŊ\͕ͭϙΰλͼͭͺ;ÕͯΔ͖ƽͿͲϙΰλ͡Β9_1_2Θºǩͼ͕ͭϙΰλUʝʙƩͿ͠͝

ͺ Metrics 2B͕͢9_1_2ΑΓKΕͺ͝ΔʝʙƩΘŊ\͕ͭŴʹͿϙΰλͼͭͺ;ÕͯΔ͖ͩ

2ƮΘPͺn˔ʢ8˔ͻɣΓˠ͖ͯɗƢͼͭͺ͕;ÕͫΕʹϙΰλ͢ȵ;Β͕ID1ς

ϛϡλƑ˵ͻ͜Δ͖ȵͻ;ͧΕ͕ID1ςϛϡλƑ˵ͻ;͖ͩ͝ΕΘɞŮNʝʙƩͻɣ

Γˠ͖ͯΉΓ͕ʢ8B͝ͰΕ͡Θŧ§ͭΑ͞ͼͭʹƅͿ͕�ʢ8B͢ŧĵͫΕΔʗΘ
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Ŗͭͺ͝Δ͖ 

 

 

 4-4  ( 2 ) 

 

 

 4-5  
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 �	�� 

ΨϡΰΰδκΛɰĤɸʝʙφϜϡͻȧͭʹ 5ǃ̜ͿĦͷͺʇ͖͞ΨϡΰΰδκΛ

ȘȓŚƩͯΔφϜϡΘȄ͝ͺɰĤɸʝʙͿ͝ͺ͕ʁɩΒ͢ɨçͭʹ�5Θȧͯͩͼ

ͿΑΓ͕ŚƩͯΔʝʙφϜϡΘȄ͝ͺɰĤɸ͢ʝʙͻͣΔ͡ΘȤʨͯΔͩͼͻ͜Δ͖éʸͼͯ

Δɸɷ SR108 ΪϞινɸͻ͜Δ͖ 

 [oÙS¶�Y��ÆRÎ�Ôm 

5.2.1 [oÙS¶�Y� 

ȼ�ΰιηψcá̍:ɩ]Ơͻ͜Δ͖ 

ȱŵΒ[55]2Ľͭʹ SVNΎ͕ǝ�̍:Ȣȴɩ͕ǝ˯)ȨϠ˩ɸ)ȨϠɸɎ�)Ħ

Ʈ£ͼʶʰΘ�ɨͿ͕ɰĤɸψϜίΞΦλcá̍:ɩͼ;Γ͞ΔÕµΘ° 5-1Ϳ_őͭ

ʹ͖ͩΕɆĒΎƮȉ;ͽΘɨ͟Ͱ͕ɨ͟ΒΕΔΘőͨʹ͖ 

 

 

 5-1  
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ƽͿ° 5-1ͻʛˡͭʹcá̍:ɩΘŊʸ{ͯΔ͖Ŋʸ{ΘʇͷʹɗƢͼͭͺ͕!� 13

cá̍:ɩΘÝɦͭʹ͖ 

l ǝ˯)Ȩ (Shipping company) 

l ɸɎ�) (Classification society) 

l ˩ɸ)Ȩ (Shipbuilding company) 

l ɷȄƺªϐϡϡ (Ship system supplier) 

l ǥǦò (Port) 

l ɾ� (Cargo client) 

l ̆ʇ (Bank) 

l ;̘)Ȩ (Insurance company) 

l ²ǅ (Public) 

l ϐκΛΚ (Media) 

l Ȣȴƺ̍ (Research institution) 

l Ūđ (Government) 

l IMO 

 

ƽͿ͕�cá̍:ɩξϡαΘÝɦ͕ͭͲΕΘ° 5-2ͿύηυϞΧͭʹ͖ƙΨϡΰΰεκΛ

ͻǝ˯)Ȩ(Shipping company)ΘĸıǋÝɩͿ͕ɾ�(Cargo client)Θȼ��ȕɩͿǋÝ

ͭʹ͖ǝ˯)Ȩǝ�˛ˤάϡτΰΘɾ�ͿŚ6͕ͭɾ�ͲʑˠΓͼͭͺ˯ˀΘǝ˯)

ȨͿŦŅ͖͞Αͷͺȼ��ȕɩͻ͜Δɾ�ξϡα͘ɺ͙͝ǝ�˛ˤάϡτΰΘ�ͧΔͩͼ

ͻ͜Δ͖ΑͷͺɰĤɸψϜίΞΦλ�Ϳ͘ɺ͙͝ǝ�˛ˤάϡτΰͿå�ͯΔͼɨ͟Δ͖ͩ

5.2.2Ϳ͠͝ͺ͕͘ɺ͙͝ºǩͿ͝ͺɨçͯΔ͖ 

Ήʹ͕ɰĤɸψϜίΞΦλΘ�cá̍:ɩȷ¼͡Βʢ8ͯΔʹΌͿ͕ĸıǋÝɩϠȼ�

�ȕɩϠĸıǋÝɩͿ̍ΗΔ�ƽȓ;cá̍:ɩΘŊ\͕ͭ° 5-3Ϳʛˡͭʹ͖ 
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 5-2 SVN 

 

 

 5-3 

SVN 
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5.2.2 ÆRÎ�Ôm 

ȼ�ΰιηψξϡα˲ĽĒΘǤΔʹΌʢ8˔Θ˸ÝͯΔͩͼͻ͜Δ͖ΉΓ͘ɺ

͙͝ǝ�˛ˤάϡτΰͼ;Ϳ͡ΘɨçͯΔͩͼͻ͜Δ͖ƙɁͻ͕3.3ͻʫſͭʹ ility ͼ͝͞

ɨ͟ŵΘcȄͯΔ͖ilityAʎͼͭͺ͕Safety, Reliability, Punctuality, Economy;ͽ͢ɨ

͟ΕΔ͖�ξϡαΘʢ8ͯΔ ilityAʎΘĸıǋÝɩͼĸıǋÝɩͿ̍ΗΔ�ƽȓ;cá

̍:ɩʕǯ͡Β]ƠͭʹΘʋ 5-1Ϳȧ͖ͯʢ8˔ÅͯͤΔͼςϛϡλƑ˵ʗ͢Å

Ůȿ\ͫΕ[56]͕ʝʙƩɘ˞Ί͢ͻͣ;͖͝Ήʹ 4˔!�Ϳ;Δͼ͕�ʓ{͢ͻͣ;͖͝

ūͿ͕ƙΨϡΰΰδκΛͻ͕ƑÇͻ 3˔Ήͻʢ8˔Θ˸ÝͯΔ͖ 

 5-1 ility  

 Stakeholder Beneficiary ility 

Shipping   Operational safety, Reliability, Punctuality, 
Economy, Flexibility, Acceptability 

Ship & Repair   Reliability, Maintainability, Economy, 
Modularity, Repairability, Simplicity 

Classification & 

Surveys 

  Flexibility, Uniformity, Reliability, Safety 

Port & Cargo  
handling 

  Efficiency, Loading safety, Accuracy, 
Flexibility 

Insurance Service   Operational safety, Clarity, Reliability, 
Immediacy 

Machine mainten
ance  

 Reliability, Maintainability, Repairability, 
Modularity, Economy 

 

 

ΉͰ͕`ΌͿξϡα͘Shipping͙Θʢ8ͯΔʹΌʢ8˔˸ÝΘͯΔ͖ͩΕǝ˯)Ȩ

(Shipping company)ȷ¼͡Β͕ɰĤɸͿ͝ͺɨçͭʹƅͿ͕ͽΑ͞;ʢ8˔ͻaųͯ

Άͣ͡Θɨ͟Δͻ͜Δ͖²³�˧ț͕2017ċ 6ƒͿǝ�ȃƮȂȃĲ̪¡(i-

shipping)Ř˫Ϳ�ͧͺ 7$M˫ÚPɸɷņʈȢȴ̋ȐŦŝ�ƮΘŕŉͭʹ͖ʋ 5-2

ͿͲUãΘȧ͖ͯɰĤɸÞǾͿ�ͧͺ͕²âͼͭͺÚPĲΘ́ʐʓͭͺ͝Δͩͼ͢

Η͡Δ͖ͲͩͻƙΨϡΰΰδκΛͻ͘Shipping͙ʢ8˔ͼͭͺ Operational safety(ɴʇÚP

Ĳ)Θ˸ÝͯΔ͖Ήʹ͕ÞǾ�ɭ;ɰĤɸʝʙͿ͕ɖǠ�ȀĲ͢��Ƽͻ͜Δ͖ɰĤ{
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Ϳ̍ΗΔΪΰλ͢ʞãɂ¯Θˇ͟ʹ¼�Ϳ͕Operational safety͢��ͭʹͼͭͺ͕ÞǾĲ

-͖͝Αͷͺ͕ƙΨϡΰΰδκΛͻ͘Shipping͙ʢ8˔ͼͭͺ Economy (ɖǠĲ)Θ˸Ý

ͯΔ͖ 

 

 5-2  

  

 

 

 

 

LNG  

 

 

 

 

IoT  
 

 

ƽͿ͕ξϡα͘Ship & Repair͙Θʢ8ͯΔʹΌʢ8˔˸ÝΘͯΔ͖ͩΕ˩ɸ)Ȩ

(Shipbuilding company)ȷ¼͡Β͕ɰĤɸͿ͝ͺɨçͭʹƅͿ͕ͽΑ͞;ʢ8˔ͻa

ųͯΆͣ͡Θɨ͟Δͻ͜Δ͖˩ɸ)ȨķÝͭʹȁ¿�Ϳ͠͝ͺήΰιϏ͢ǀͭͥv2

ͯΔΑ͞;ɸɷΘė˩ͯΔīʐ͢͜Δ͖ΉΓ͕ū̟Ύ�S�͢ȐȂͭΒͩ͝ͼΘİ̳Ϳɸ

ɷΘė˩ͯΆͣͻ͜Δ͖Αͷͺ͕ƙΨϡΰΰδκΛͻ͘Ship & Repair͙ʢ8˔ͼͭͺ͕

Reliability(<̴Ĳ)Θ˸ÝͯΔ͖Ήʹ͕͜ΔήΰιϏͿū̟Ύ�S�͢ȐȂͭʹ¼�Ϳ͕Ͳ

Ġ̮͢�ήΰιϏͿ*ŢͱͰ͕ͲήΰιϏΊͻƿΉΔͩͼ͢ƕΉ͖ͭ͝o͟ͺ͕ɸɷ

˯ɴƖ̌
ͻŧ=;ͽͿ͠͝ͺ͕͜ΔƳĽʐɏΘÃƎͭʹ̞Ϳ͕�ƳĽʐɏͿ�Έ

ͯĠ̮͢Ƒï̔ͻ͜Δͩͼ́ʐͻ͜Δ͖Αͷͺ͕ͩĲɭΘ Modularity ͼ͕ͭƙΨϡΰΰδ

κΛͻ͘Ship & Repair͙ʢ8˔ͼͭͺ͕Modularity(ϑίϔϡϚĲ)Θ˸ÝͯΔ͖o͟ͺ͕ǝ

˯)Ȩͼ�ƴȀȆͻ͕Economy Θ˸ÝͯΔ͖ 

ƽͿ͕ξϡα͘Classification & Survey͙Θʢ8ͯΔʹΌʢ8˔˸ÝΘͯΔ͖ͩΕɸ

Ɏ�)(Classification society)ȷ¼͡Β͕ɰĤɸͿ͝ͺɨçͭʹƅͿ͕ͽΑ͞;ʢ8˔

ͻaųͯΆͣ͡Θɨ͟Δͻ͜Δ͖ɸɎ�)͕ɸɷͼʝFņʈ�ºǩΘÝΌ͕ʝʙ

ͫΕʹɸɷͩ͢ºǩͿhͭͺ͝Δ͡ΘƬƤͯΔƺ̍ͻ͜Δ͖ͩºǩΘ̈Ί͕ƙΨϡΰΰδ

κΛͻʢ8˔ͼͭͺMͿ�ͮͥ Reliability(<̴Ĳ)ͼŴʹͿ Flexibility(ƣ˒Ĳ)Θ˸Ýͯ
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Δ͖  

ƽͿ͕ξϡα͘Port & Cargo handling͙Θʢ8ͯΔʹΌʢ8˔˸ÝΘͯΔ͖ͩΕǥǦ

ò(Port)ȷ¼͡Β͕ɰĤɸͿ͝ͺɨçͭʹƅͿ͕ͽΑ͞;ʢ8˔ͻaųͯΆͣ͡Θɨ

͟Δͻ͜Δ͖ǥǦò͕�˧̃͢Å͕ͥ�̘Ĳ͕̀͢͝ǦUͻ�˧ΘɀeϠɀȀͯΔ

ġk͢͜Δ͖ǦUͻ͕�ɸɷv�Ύɀe͡ΒŐȧͿĦ͕͝�ɸɷƣ˒Ϳʇvͯ

Δīʐ͢͜Δ͖Αͷͺ͕ƙΨϡΰΰδκΛͻʢ8˔ͼͭͺ Flexibility(ƣ˒Ĳ)Θ˸ÝͯΔ͖�

ƴͿÚPĲΘʢ8ͯΔʹΌͿ Operational safety Θ˸ÝͯΔ͖ 

ƽͿ͕ξϡα͘Insurance Service͙Θʢ8ͯΔʹΌʢ8˔˸ÝΘͯΔ͖ͩΕ;̘)Ȩ

(Insurance company)ȷ¼͡Β͕ɰĤɸͿ͝ͺɨçͭʹƅͿ͕ͽΑ͞;ʢ8˔ͻaųͯ

Άͣ͡Θɨ͟Δͻ͜Δ͖;̘)Ȩǝ˯)ȨͿé͕ͭʻǶ;̘Ύɸɷ;̘;ͽǝ�

;̘άϡτΰΘŚ6ͭͺ͝Δ͖�ū;ͽ͢ȐȂͭʹ¼�Ϳ;̘)ȨÍɋɩͿéͭͺ;

̘ŲΘŦŅ͞ɦw͢͜Δ͖ͩΕ;̘)ȨͿͼͷͺŦ\ͻ͜Γ͕ͩΑ͞;Ŧ\Θ̑ͦʹΌ

ͿɸɷÚPĲīʐ��Ƽͻ͜Δ͖ΑͷͺƙΨϡΰΰδκΛͻʢ8˔ͼͭͺ

Operational safety Θ˸ÝͯΔ͖Ήʹ͕ɰv˯˓ː]̂ͻ͕ɰv˯˓ÞǾƅʼ%ł

µΎŦŅ͝ɦw͢ſȤͿͯΔ́ʐĲ͢ˡΆΒΕͺ͝Δ[57]͖ɰĤɸÞǾƅͿ�ƴ́

ʐĲ͢ʨʴͫΕΔͼɨ͕͟ƙΨϡΰΰδκΛͻʢ8˔ͼͭͺ Clarity(;̘ŲŦŅ͝ºǩ͕

ʼ%łµ͢ſȤ;ͩͼ)Θ˸ÝͯΔ͖ 

ƽͿ͕ξϡα͘Machine maintenance͙Θʢ8ͯΔʹΌʢ8˔˸ÝΘͯΔ͖ͩΕɷȄ

ƺªϐϡϡ(Ship system supplier)ȷ¼͡Β͕ɰĤɸͿ͝ͺɨçͭʹƅͿ͕ͽΑ͞;ʢ

8˔ͻaųͯΆͣ͡Θɨ͟Δͻ͜Δ͖ɷȄƺªϐϡϡǝ˯)ȨͿé͕ͭɷȄƺªΘ

Ś6ͯΔͼͼͿ͕̉ƖͿΗʹΓͲϐϞινϞΰΘŋĜͯΔ͖ɷȄƺª͢ū̟ͭΒͩ͝ͼ

́ʐ;ʐ$ͻ͜ΔʹΌ͕ƙΨϡΰΰδκΛͻʢ8˔ͼͭͺ Reliability(<̴Ĳ)Θ˸Ýͯ

Δ͖Ήʹ͕ϐϞινϞΰƅͿϐϞινϞΰͭ͢Ύͯͩ͝ͼ́ʐ;ʐ$ͻ͜Δ͖ΑͷͺƙΨϡΰΰ

δκΛͻʢ8˔ͼͭͺ Maintainability(ϐϞινϞΰͭΎͯͫ)Θ˸ÝͯΔ͖ 

!�ΘΉͼΌʹΘʋ 5-3Ϳȧ͖ͯ 
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 5-3  

 Stakeholder Beneficiary  

Shipping   Economy, Operational safety 

Ship & Repair   Economy, Reliability, Modularity 

Classification & Surveys   Reliability, Flexibility 

Port & Cargo handling   Flexibility, Operational safety 

Insurance Service   Operational safety, Clarity 

Machine maintenance 
 

 Reliability, Maintainability 

 

 OPM����l½¼��¸�Y� 

° 5-4źÕɸɷƺɭΘ OPMͿΑΓϑκϚ{ͭʹͻ͜Δ͖Intent”Shipping”ͻ

͜Γ͕”Shipping””Ship”ͼ”Cargo”ͿĠ̮Θ�͟Δ͖”Shipping”!� FunctionͿ]k͢

�ɭͻ͜Δ͖ͩ]kͿ͝ͺ͕2.3.6ͿʛˡͭʹȢȴΎ͕[58]Θ�ɨͿ͕ͭɰĤɸÞǾƅ

Ϳ FormÃƎ͢Çͣ͝ͼɨ͟ΒΕΔΘŊ\ͭʹ͖̱Ϳ͕”routing”, “lookout”, 

“maneuvering”, “routing for avoiding hazard”, “loading cargo”, “maintaining”, “networking”, 

“accommodating”, “Providing power”, “BerthingϠunberthing”, “”IT security”, 

“Communicating”, “Life supporting”ͻ͜Δ͖ͲΕͳΕ FunctionͲ Function ΘÞʇͯ

ΔΟϡίΞϞλͻ͜Δ General Form Θŏͷͺ͝Δ͖General Form ͼͭͺͽ Specific Form Θ

˸ŉͯΆͣ͡ΘɨĻͯΔʹΌͿ͕ƽɁͻ MM Θ2ĽͯΔ͖ 
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 5-4 OPM  
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 MM�Q� 

° 5-5͕Specific FormAʎΘʋǾͭʹ MMͻ͜Δ͖MM˸ŉɫΘ2ĽͯΔͿ͜

ʹͷͺ 2.4ͿʛˡͭʹɰĤɸʐɏņʈΘ�ɨͿͭʹ͖� General FormͿ͠͝ͺ͕�

 Specific Form Θ˸ŉͯΔͩͼͿΑΓ͕ɰĤɸʝʙƩΘʋǾͯΔ͖ƙΨϡΰΰδκΛͻ͕

Ͳ
ͻǷͿɰĤɸͿ̍ͭͺĠ̮͢ě͝ͼıΗΕΔ Lookout system (ID = 2, 3)͕Rudder 

controller (4, 5)͕Collision avoidance routing system (8, 9)͕ Accommodating system (13)Θɨ

ĻͯΔͩͼͼͯΔ(° 5-6)͖Collision avoidance routing systemͿͥ͝͡ŵǒ͢ɨ͟Β

Εͺ͝Δ͕͢ƙΨϡΰΰδκΛͻ TCPAϠDCPAϠFuzzyϚϡϚͿΑΓƳĽͫΕʹήΰιϏΘ

éʸͼͭʹ͖TCPAϠDCPAϠFuzzyϚϡϚͿ͝ͺ AppendixͿʛ˖ͭʹͻɳ�͜Δ

ʬɩ�ǳ͝ʹ͵ͣʹ͖͝ 

 

 

 5-5 MM (OS: Open Sea , CA: Congested Area ) 
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 5-6 MM 

 

ͭͭ͡;͢Β͕MMͿȧͭʹ�ĸıǋÝǹȷͻ;͕ͥȚ�ͿeɋΘŏ¼�͢͜Δ͖

5͕͟Accommodating systemͿ͠͝ͺ͕Hotel (ɸ£äǑϠȂǙήΰιϏ) ÛPǱ�

{Θ˲Ľͭ;͝!�͕;ͥͯͩͼͻͣ;͖ͩ͝ΕΒeɋƜ$͕3.6.2ͿȧͭʹʛǒΘ

Ȅ͝ͺ͕° 5-7Α͞ͿʋǾͭʹ͖ͩΕ͕Accommodating system ͼ Lookout system͕

Rudder controller ͼeɋΘȧͭʹͻ͜Δ͖Accommodating system͢ Hotel¼�Ϳ

͕Lookout system͕Rudder controller Human onboard˸ŉΘͯΔ͖Accommodating 

system͢ No hotel system¼�͕Lookout system͕Rudder contorller Automated˸

ŉΘͯΔ͖Lookout system͕Rudder controller͢ͲΕ!Ä¼�Ϳ͕Accommodating 

system Small hotel˸ŉΘͯΔͩͼΘʋǾͭͺ͝Δ͖ 

 

 
 5-7 MM  

 

Ήʹ͕Ǆ˕éʸͼͭͺ MUNINϠReVoltʝʙƩΘ MM�ͿύηυϞΧͭʹΘ° 5-8

Ϳȧ͖ͯ˅Ô MUNINʝʙƩͻ͜Γ͕ɑɻÔ ReVoltʝʙƩͻ͜

Δ͖ 
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 5-8 MUNIN ReVolt MM  

 

 ÆRÎ�r{��ÆRU�Ä¬ 

5.2.2ͻ˸ŉͭʹʢ8˔Ϳº͕ͣ5.4ͻ2Ľͭʹ MM͡ΒǈΌΒΕΔͯΆͺɰĤɸ

ʝʙƩΘʢ8ͯΔͩͼΘɨ͟Δ͖˸ŉͭʹʢ8˔ Economy͕Operational safety͕

Modularity͕Reliability͕Flexibility͕Uncertainty͕Maintainabilityͻ͜Δ͖ƙΨϡΰΰδκΛͻ

͕° 5-7ͻȧͯΑ͞Ϳ͕MMͿ͝ͺ ID2, 3, 4, 5 ͼ 13Ϳeɋ͢͜Γ͕ID2, 3, 4, 5 Θǋ

ÝͯΔͼ 13ɰvȓͿǋÝͫΕΔ͖Ήʹ Collision avoidance routing system (ID = 8, 9)

TCPAϠDCPAϠFuzzyͿ±ÝͫΕͺ͝Δ͖ΑͷͺƙΨϡΰΰδκΛͻɨĻͯΆͣɰĤɸʝʙ

ƩAʎ͕3> = 243˧Γͻ͜Δ͖ 

5.5.1 Economy�Ä¬ 

EconomyɸɷΘɰĤ{ͯΔʹΌΪΰλͼÝɦͯΔ͖ɰĤ{ΪΰλΘȿ\ͯΔʹΌͿ͕

StopfordΤϒηήϔφϜϡϑκϚΘȄ͝Δ[59]͖StopfordΤϒηήϔφϜϡΘ�ȕͼΪΰλ

Ϳ]ʗͭʹ͖Ϊΰλ Capital costs, Operating costs, Voyage costsͿ]kͻͣΔ͖ƙΨϡΰΰ

δκΛͻ͕ɸɷ�ȕɰĤɸͼźÕɸɷͻÃv͢;͝ͼ"ÝͯΔ͖Αͷͺ͕!�ͻ͕

ɰĤ{ͿΑͷͺͽΪΰλ͢ÃvͯΔ͡Ϳ͝ͺɨçͯΔ͖ 
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 5-9 [59] 

 

KretschmannɰĤɸΪΰλͿ͝ͺɨçͭͺ͝Δ[60]͖ʋ 5-4͕Operating costs, 

Voyage costs, Capital costsɰĤ{ͿΑΔÃ{Θȧͭͺ͝Δ͖ƙΨϡΰΰδκΛͻ͕° 5-6

Ϳͧ͠Δ ID2, 3, 4, 5,11 Operating costs ͼ Captital costsͿͧ͠Δ autonomous ship 

technologyͿĠ̮Θ�͟Δ͖ID13 Captital costsͿĠ̮Θ�͟Δ͖ 

 

 5-4 Cost changes 

Operating costs Voyage costs Capital costs 

Crew wages (-) Air resistance (-) Deckhouse (-) 
Crew related costs (-) Light ship weight (-) Hotel system (-) 

Shore control center (+) Hotel system (-) Redundant technical 
systems (+) 

Maintenance crews (+) Boarding crew for port calls (+) Autonomous ship 

technology (+) 
 

 

Stopford ͼ KretschmannʮƤΑΓ͕źÕɸɷͼɰĤ{ͼΤϒηήϔφϜϡÃ{Ę

(5.1)ͿΑΓʙȿͫΕΔ͖ 

 
∆36(ℎ	A/%5	%A	8-(+0&

= 	∆"#$%&%'%#(	(ℎ+,	$-.ℎ&%/%01	.%($

+ ∆34-5	560-( + ∆7%$-/	(1($-'	8-9-/%,'-&$	.%($ 

(5.1) 

 

Ę(5.1)B͕ʋ 5-5͕ʋ 5-6ͿȧͯΑ͞ͿʝÝͭʹ͖ʋ 5-5
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∆"#$%&%'%#(	(ℎ+,	$-.ℎ&%/%01	.%($ + ∆34-5	560-(BΘȧͭͺ͠Γ͕Űǻ[61][62]Θ�

ɨͿʝÝͭʹ͖ʋ 5-6 Kretschmann [60]ȢȴΘ�ɨͿʝÝͭʹ͖ 

�ɰĤɸʝʙƩAʎ�βϚBΘɞ¢ͯΔͩͼͿΑͷͺȿ\͢�ɭͻ͜Δ͖

5͕͟SF1 Θ ID2͡Β 5 Ήͻ˸ŉ͕ͭSF2 Θ ID13ͻ˸ŉͭʹ¼�Ϳ͕

∆36(ℎ	A/%5	%A	8-(+0& = 0 + 0 + 0 + 0 − 175 = −175ͼ;Δ͖ 

 

 5-5 ∆"#$%&%'%#(	(ℎ+,	$-.ℎ&%/%01	.%($ + ∆34-5	560-(  (10KUSD) 

ID GF SF1 SF2 SF3 

2 Lookout 

system 

OS 0 +10 -60 +20 -120 

3 CA 0 +20 -90 +40 -180 

4 Rudder 

controller  

OS 0 +5 -30 +10 -60 

5 CA 0 +20 -30 +20 -60 

11 Maintenance system 0 +10 -30 +20 -70 
 

 

 5-6 ∆7%$-/	(1($-'	8-9-/%,'-&$	.%($  (10KUSD) 

ID GF SF1 SF2 SF3 

13 Accommodating system 0 -175 -350 
 

 

5.5.2 Operational safety�Ä¬ 

Operational safety͕3.6.3ͻʫſͭʹΑ͞;͕�ɌͿ MM�βϚͿBΘOmͭɟĝ;

ˉͭȿϠkΓȿͿΑΔŵǒͻʙȿͯΔͩͼ̤ͭ͢͝ʹΌ͕ƙΨϡΰΰδκΛͻ̋Ȑͭʹǝ

��˧ήώϔϛϡδͿΑΓȿ\ͫΕʹɸɷʊȶŮͼͭʹ͖ήώϔϛϡδͿύϚζΟϡίΞ

ϞλήώϔϛϡήϖϞΘȄ͕͝�ΟϡίΞϞλ�ɸɷͼͭʹ͖Ήʹ͕ήώϔϛϡδÄǖ(OS: 

Open sea)ͼ˜˚ǝ¸(CA: Congested Area)�ǝ¸Ϳéͭͺ˵Ȅͭͺ͝Δ͖ήώϔϛϡδ

ʧɒͿ͝ͺ AppendixͿʛ˖ͭʹ͖ 

������� �FIÏ)8;@E-�g�Åm 

ʋ 5-7ͿήώϔϛϡδºƙʝÝΘȧ͖ͯťɡĲςϘϐϡδͻ͜ΔK, T SR108 ΪϞι
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νɸBΘ�ɨͿͭʹ͖éʸɸɷ̉ͫ 175m͕˖ʻ́̃ 24801 λϞ͕¨Ǉ 9.5mͻ

͜Δ͖ 

 5-7  

 OS: Open Sea CA: Congested Area 

Time step 2 [sec] 

Ship length 175 [m] 

Ship speed 5 [m/s] = 9.7 [knot] 

Area  (5km  5km)  

Route 2   

WX 2000 [m] 

Y 2000 [m] 

WZ 1500 [m] 

minTCPA 720 [sec] 

minDCPA 1200 [m] 

K 0.155 [sec^_] 

T 80.5 [sec] 
 

 

������� ¹x_�)8;@E-����µ� 

MMͿĮͮͺʊȶŮΘʙȿͯΔʹΌͿ͕ήώϔϛϡδɰĤɸʝʙƩAʎͿĦͷ

ͺ͕Ȍ;ΔΚΝλψηλΘȿ\ͻͣΔīʐ͢͜Δ͖ 

ƙȢȴͻ̋Ȑͭʹǝ��˧ήώϔϛϡδͿéͭͺ͕ŴʹͿ͘ʑĚΓÌŬȤǼ: ,͙ͼ͘ťɶ

�ȤÞĲ: `͙ΘîOͯΔ͖ήώϔϛϡδ�ͻ͕Time step ͪͼͿ�ɸɷͿ͠͝ͺ͕TCPAϠ

DCPA(2.4.2.1�ǳ)͢ʙȿͫΕ͕Ͳ TCPAϠDCPA ΘȄ͝ͺ˹ɴaųͫ͢Εͺ͝Δ͖͘ʑ

ĚΓÌŬȤǼ: ,͙ͼ͕Ͳ TCPAϠDCPA͢ʙȿͫΕ;͝ȤǼͻ͜Δ͖ͩΕͿΑΓ͕�ɸ

v�ΘŇŜͯΔͩͼͿÌŬ͕ͭ�ΔΆͣ˹ɴʇvΘ�Ε;͝�̘Ĳ͢ȂͮΔ͖͘ťɶ�Ȥ

ÞĲ: `͙ͼ͕ǾµɶʖͿéͭͺƑÇ`ĒϘϞεϏ;πΜαΘŐ͖ͯ͘ʑĚΓÌŬȤǼ: 

,͙ Lookout system (ID = 2, 3)Ϳ̍:͕ͭ͘ťɶ�ȤÞĲ: `͙ Rudder controller (ID = 

4, 5)Ϳ̍:ͯΔ͖ 
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������� 4=9E-Åm�±� 

Lookout system ͼ Rudder controllerͿ̍:ͯΔ͘ʑĚΓÌŬȤǼ: ,͙ͼ͘ťɶ�ȤÞĲ: 

`͙ʋ 5-8Α͞ͿʝÝͭʹ͖�ήώϔϛϡήϖϞʋ 5-8ͿĮͮͺςϘϐϡδΘÃ{ͫͱ;

͢Βʇͷʹ͖ήώϔϛϡήϖϞ͕2ĽͭʹɸɷɞŮ͢ 1000̠Ϳ;ͷʹƅͿɔ�ͯΔ͖ɗ

ƢΘʋ 5-9Ϳȧ͖ͯ 

 

 5-8  

ID SF1 SF2 SF3 

2: a (OS) 0 0.3 0.5 

3: a (CA) 0 0.3 0.5 

4: b (OS) 0 2 5 

5: b (CA) 0 2 5 
 

 

 5-9  ( :  / : ) 

ID2 ID4 Times  ID3 ID5 Times 

SF1 SF1 0  SF1 SF1 1 

SF2 0  SF2 21 

SF3 0  SF3 70 

SF2 SF1 0  SF2 SF1 3 

SF2 0  SF2 63 

SF3 1  SF3 53 

SF3 SF1 1  SF3 SF1 3 

SF2 1  SF2 68 

SF3 2  SF3 58 
 

 

5.5.3 Reliability D Flexibility D Uncertainty D Modularity D

Maintainability�Ä¬ 

ReliabilityϠFlexibilityϠUncertaintyϠModularityϠMaintainability�ʛΑ͞ͿʝÝͭʹ͖
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ǷĲBʝÝͿ͝ͺ͕ʙȿŵǒ͢ plus¼�Ϳ͕0~10 ΉͻBͻǷĲBΘʝÝͭ

ʹ͖mult¼�Ϳ͕0~1 ΉͻBͻǷĲBΘʝÝͭʹ͖ʋ 5-5͕ʋ 5-6 Economy Ήͻ

Θ�Ό͕ǷĲBΘʝÝͭʹΘ° 5-10Ϳȧ͖ͯͩʙȿ 3.6.3ͻʫſͭʹŵǒͿΑΓʇ

͖͞ 

5͟ ID2~13 Ήͻ General Form ͼͭͺ͕Pͺ SF1ͿʦĜͯΔΘ˸ŉͭʹ¼�͕

FlexibilityB(5.2)Α͞ͿʙȿͫΕΔ͖ 

 

:6/#-	%A	c/-d+e+/+$1 = 	0.95 ∗ 0.93 ∗ 0.94 ∗ 0.90 ∗ 0.95 ∗ 0.98 = 0.69… (5.2) 

 

 
 5-10 MM  

 

 4@E1�ÓÃ�Ä¬ 

ƙɁͻ͕5.2.2ͻ˸Ýͭʹʢ8˔ͻ]ƠΘʇ͖͞ 
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5.6.1 �ÑNª�ha 

ǝ˯)Ȩ(Shipping company)ȷ¼͡ΒɰĤɸͿ͝ͺƬʚΘʇ͖͞˸Ýͭʹʢ8˔

Operational safety ͼ Economyͻ͜Δ͖Operational safetyʙȿͻ ID11 Maintenance 

system˯ʇ�ÚPͿå�ͭ;͝ͼɨ͕͟3f = 81˧ΓʝʙƩͿ͝ͺɨçͭʹ͖° 

5-11Ϳ͕MM͡Βȿ\ͫΕʹ 81˧ΓɰĤɸʝʙƩΘψϜηλͭʹɗƢΘȧ͖ͯɡ˔ή

ώϔϛϡδͿΑͷͺȿ\ͫΕʹʊȶŮΘȧ͕ͭƸ˔ΤϒήϔφϜϡÃ{̃Θȧ͖ͯĂ�

(U: Utopia point)Ϳ�͡͞·ͽ͕ͲʝʙƩ͢KΕʹʝʙƩͻ͜ΔͩͼΘȧ͖ͯ81ʝʙƩ

͡Β 7ςϛϡλ;ʝʙƩ͢ħΒΕʹ͖ʋ 5-10ͿςϛϡλƑ˵ʗͻ͜Δ A(ReVolt), 

B,C,D,E,F,G(MUNIN)UʟΘȧ͖ͯReVoltϠMUNIN ͼͿςϛϡλƑ˵;ʝʙƩͻ͜Δͼ

ʢ8ͫΕʹ͖ 

 

 
 5-11 ( ) 
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 5-10 ( ) 

ID ID2: Lookout 

system (OS) 

ID3: Lookout 

system (CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

A SF3: No human SF3: No human SF3: Automated SF3: Automated 

B SF3: No human SF3: No human SF2: Remote SF3: Automated 

C SF3: No human SF3: No human SF3: Automated SF1: Human 

D SF3: No human SF3: No human SF2: Remote SF1: Human 

E SF2: Remote SF3: No human SF2: Remote SF1: Human 

F SF3: No human SF1: Human SF2: Remote SF1: Human 

G SF2: Remote SF1: Human SF2: Remote SF1: Human 
 

 

 5-11 Form ( ) 

 ID2: Lookout system 

(OS) 

ID3: Lookout system 

(CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

SF1 0% 28.5% 0% 71.5% 

SF2 28.5% 0% 71.5% 0% 

SF3 71.5% 71.5% 28.5% 28.5% 

 100% 100% 100% 100% 
 

5.6.2 Ð½Nª�ha 

˩ɸ)Ȩ(Shipbuilding company)ȷ¼͡ΒɰĤɸͿ͝ͺƬʚΘʇ͖͞˸Ýͭʹʢ8

˔ Economy ͼ Reliability ͼ Modularityͻ͜Δ͖ɰĤɸʝʙƩAʎ͕5.5ͻȧͭʹΑ

͞Ϳ 243˧ΓÕµͯΔ͖° 5-13ͿʝʙƩΘψϜηλͭʹΘȧ͖ͯ̈́ɻͻȝɻͫΕʹǯ͢

ςϛϡλƑ˵;ʝʙƩͻ͜Γ͕P˼ͻ 56Õµͭʹ͖ReVoltϠMUNIN ͼͿςϛϡλƑ˵;ʝ

ʙƩͻ͜Δͼʢ8ͫΕʹ͖ 
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 5-12 ( ) 

 

 5-12 Form ( ) 

 ID2: Lookout 

system (OS) 

ID3: Lookout 

system (CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

ID11: Maintenance 

system 

SF1 21.4% 39.3% 30.4% 46.4% 55.4% 

SF2 58.9% 14.3% 50.0% 35.7% 33.9% 

SF3 19.7% 46.4% 19.6% 17.9% 10.7% 

 100% 100% 100% 100% 100% 
 

 

5.6.3 ½®`N�ha 

ɸɎ�)(Classification society)ȷ¼͡ΒɰĤɸͿ͝ͺƬʚΘʇ͖͞˸Ýͭʹʢ8

˔ Reliability ͼ Flexibilityͻ͜Δ͖ɰĤɸʝʙƩAʎ͕5.5ͻȧͭʹΑ͞Ϳ 243˧Γ
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ÕµͯΔ͖° 5-13ͿʝʙƩΘψϜηλͭʹΘȧ͖ͯςϛϡλƑ˵;ʝʙƩP˼ͻ 18

ÕµͯΔ͖ReVolt(R)ϠMUNIN(F)ͼͿςϛϡλƑ˵;ʝʙƩͻ͜Δͼʢ8ͫΕʹ͖ 

 

 

 5-13 ( ) 
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 5-13 ( ) 

ID ID2: Lookout 

system (OS) 

ID3: Lookout 

system (CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

ID11: Maintenance 

system 

A SF1 SF1 SF1 SF1 SF1 

B SF1 SF1 SF1 SF1 SF2 

C SF1 SF1 SF2 SF1 SF1 

D SF1 SF1 SF2 SF1 SF2 

E SF1 SF1 SF2 SF1 SF3 

F SF2 SF1 SF2 SF1 SF2 

G SF1 SF1 SF1 SF2 SF2 

H SF1 SF1 SF1 SF2 SF3 

I SF1 SF1 SF2 SF2 SF2 

J SF1 SF1 SF1 SF3 SF1 

K SF1 SF1 SF1 SF3 SF2 

L SF1 SF1 SF1 SF3 SF3 

M SF1 SF1 SF3 SF2 SF3 

N SF1 SF1 SF3 SF3 SF3 

O SF1 SF2 SF3 SF2 SF3 

P SF1 SF2 SF3 SF2 SF3 

Q SF2 SF3 SF3 SF3 SF3 

R SF3 SF3 SF3 SF3 SF3 
 

 

 5-14 Form ( ) 

 ID2: Lookout 

system (OS) 

ID3: Lookout 

system (CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

ID11: Maintenance 

system 

SF1 83.3% 77.8% 38.9% 33.3% 16.7% 

SF2 11.1% 11.1% 27.8% 33.3% 33.3% 

SF3 5.6% 11.1% 33.3% 33.3% 50.0% 

 100% 100% 100% 99.9% 100% 
 

 



 

 
 
 

78 

5.6.4 � s�ha 

ǥǦò(Port)ȷ¼͡ΒɰĤɸͿ͝ͺƬʚΘʇ͖͞˸Ýͭʹʢ8˔ Flexibility ͼ

Operational safetyͻ͜Δ͖Operational safetyʙȿͻ ID11 Manitenance system˯ʇ

�ÚPͿå�ͭ;͝ͼɨ͕͟3f = 81˧ΓʝʙƩͿ͝ͺɨçͭʹ͖͖° 5-14Ϳʝʙ

ƩΘψϜηλͭʹΘȧ͖ͯĂ�Ϳʇͥ·ͽ͕ɺ͝ʝʙƩͻ͜Δͼʢ8ͫΕΔ͖ςϛϡλƑ˵

;ʝʙƩ 1Õµ͕ͭͲUʟΘʋ 5-15Ϳȧͭʹ͖ReVoltϠMUNIN ͼͿςϛϡλƑ˵;

ʝʙƩͼʢ8ͫΕ;͡ͷʹ͖ 

 

 

 5-14 ( ) 

 

 5-15 ( ) 

ID ID2: Lookout system 

(OS) 

ID3: Lookout system 

(CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

A SF1 SF1 SF1 SF1 
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 5-16 Form ( ) 

 ID2: Lookout system 

(OS) 

ID3: Lookout system 

(CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

SF1 100% 100% 100% 100% 

SF2 0% 0% 0% 0% 

SF3 0% 0% 0% 0% 

 100% 100% 100% 100% 
 

 

5.6.5 TÚNª�ha 

;̘)Ȩ(Insurance company)ȷ¼͡ΒɰĤɸͿ͝ͺƬʚΘʇ͖͞˸Ýͭʹʢ8˔

 Operational safety ͼ Uncertaintyͻ͜Δ͖Operational safetyʙȿͻ ID11 

Manitenance system˯ʇ�ÚPͿå�ͭ;͝ͼɨ͕͟3f = 81˧ΓʝʙƩͿ͝ͺɨ

çͭʹ͖° 5-15ͿʝʙƩΘψϜηλͭʹΘȧ͖ͯĂ�Ϳʇͥ·ͽ͕ɺ͝ʝʙƩͻ͜Δͼʢ

8ͫΕΔ͖;̘)Ȩ¼�Ϳ͕ςϛϡλƑ˵;ʝʙƩ 1Õµ͕ͭͲUʟΘʋ 5-17Ϳ

ȧͭʹ͖ReVolt(A)ϠMUNIN(H)ͼͿςϛϡλƑ˵;ʝʙƩͻ;͝ͼʢ8ͫΕʹ͖ 
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 5-15 ( ) 

 

 5-17 ( ) 

ID ID2: Lookout system 

(OS) 

ID3: Lookout system 

(CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

A SF1 SF1 SF1 SF1 
 

 5-18 Form ( ) 

 ID2: Lookout system 

(OS) 

ID3: Lookout system 

(CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

SF1 100.0% 100.0% 100.0% 100.0% 

SF2 0.0% 0.0% 0.0% 0.0% 

SF3 0.0% 0.0% 0.0% 0.0% 

 100% 100% 100% 100% 
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5.6.6 ¼¥�d9E$E�ha 

ɷȄƺªϐϡϡ(Ship system supplier)ȷ¼͡ΒɰĤɸͿ͝ͺƬʚΘʇ͖͞˸Ýͭ

ʹʢ8˔ Reliability ͼ Maintainabilityͻ͜Δ͖ɰĤɸʝʙƩAʎ͕5.5ͻȧͭʹΑ

͞Ϳ 243˧ΓÕµͯΔ͖° 5-16ͿʝʙƩΘψϜηλͭʹΘȧ͖ͯςϛϡλƑ˵;ʝʙƩ

P˼ͻ 17ÕµͯΔ͖ReVolt(L)ςϛϡλƑ˵ʗͼʢ8ͫΕʹ͕͢MUNINʢ8ͫΕ;

͡ͷʹ͖ 

 

 
 5-16 ( ) 
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 5-19 ( ) 

ID ID2: Lookout 

system (OS) 

ID3: Lookout 

system (CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

ID11: Maintenance 

system 

A SF1 SF1 SF1 SF1 SF3 

B SF1 SF1 SF1 SF2 SF3 

C SF1 SF1 SF1 SF1 SF2 

D SF1 SF1 SF1 SF2 SF2 

E SF1 SF1 SF1 SF3 SF2 

F SF1 SF1 SF1 SF1 SF1 

G SF1 SF1 SF1 SF2 SF1 

H SF1 SF1 SF1 SF3 SF1 

I SF1 SF1 SF2 SF3 SF1 

J SF1 SF2 SF2 SF3 SF1 

K SF1 SF2 SF3 SF3 SF1 

L SF3 SF3 SF3 SF3 SF3 
 

 5-20 Form ( ) 

 ID2: Lookout 

system (OS) 

ID3: Lookout 

system (CA) 

ID4: Rudder 

controller (OS) 

ID5: Rudder 

controller (CA) 

ID11: Maintenance 

system 

SF1 91.7% 75.0% 66.7% 25.0% 50.0% 

SF2 0% 16.7% 16.6% 25.0% 25.0% 

SF3 8.3% 8.3% 16.6% 50.0% 25.0% 

 100% 100% 100% 100% 100% 
 

 

5.6.7 ��� 

ςϛϡλƑ˵ͼaųͫΕΔʝʙƩΘȿ\ͯΔͩͼͻ͕ɯÇ;ʝʙƩAʎΘɘΔͩͼ͢ͻͣ

ʹ͖�cá̍:ɩȷ¼͡Β͕ςϛϡλƑ˵ʗPʝʙƩͿ�ΌΔk�ΘʛˡͭʹΘʋ 

5-21Ϳȧ͖ͯ 
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 5-21  

Beneficiary    

 

 Economy, 
Operational 

safety 

81 7 8.6% 

 Economy, 
Reliability, 

Modularity 

243 56 23.0% 

 Reliability, 
Flexibility 

243 18 7.4% 

 Flexibility, 
Operational 

safety 

81 1 1.2% 

 Uncertainty, 
Operational 

safety 

81 1 1.2% 

 

Reliability, 
Maintainability 

243 17 7.0% 

 

ςϛϡλƑ˵ʗ˸ŉĸıǋÝɩtȄ̍ŮͿ7ÕͯΔ͖5͟ 2 ÃŮςϛϡλƑ

˵ʗ˸ŉ¦̵Θɨ͟Δ¼�Ϳ͕�ÃŮ͢ĸıǋÝɩͿΑͷͺͽȰḖ͕ʐʓͫΕΔ

͡ΘǋÝͯΔīʐ͢͜Δ͖Þ̞˸ŉͿ͠͝ͺ͕ͩĸıǋÝɩtȄ̍ŮΘ͕ΚϞΨϡ

λΎ˰�ĸıǋÝ͡Βȿ\ͯΔͩͼ͢Å͝[63]͖ 

5͟ʋ 5-10ͿȧͭʹA~GΉͻǯ͞Ͷ͡Β�ςϛϡλƑ˵ʗΘ˸ŉͯΔ¦̵Θ

ɨ͟Δ͖Economy ΘƑ́ʐʓͯΔĸıǋÝɩͻ͜Ε͕A ReVoltʝʙƩΘŕȄͯΔ͖

Operational safety ΘƑ́ʐʓͯΔĸıǋÝɩͻ͜Ε͕G MUNINʝʙƩΘŕȄͯΔ͖

Ήʹ͕ͲΕ!ÄtȄ̍ŮΘĸıǋÝɩ;Β͕ͲtȄ̍ŮͿĮͮͺ B~F ʝʙƩ

ΘŕȄͯΕɺ͖͝ 

Ήʹ͕MUNIN ͼ ReVolt ʝʙƩ͕cá̍:ɩͪͼͿʢ8͢Ȍ;Δͩͼ͢Η͡Δ͖

MUNIN Äǖɴǝɰv{͕ͭ˜˚ǝ¸Ϳ͝ͺƓ�ɴǝΘķÝͭͺ͝Δ͖

ReVoltÛPǱ�ɸɷΘķÝͭͺ͝Δ͖ʋ 5-22Ϳ͕MUNIN ͼ ReVoltʝʙƩ͢ςϛϡλ
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Ƒ˵ʗͼaÝͫΕʹ͡ͽ͞͡Ϳ͝ͺʋΘȧ͖ͯMUNIN ǥǦòͼɷȄƺªϐϡϡ!

Äȷ¼ͻςϛϡλƑ˵ͼaÝͫΕʹ͖ReVoltǥǦò!Äȷ¼ͻςϛϡλƑ˵ͼaÝͫ

Εʹ͖ǥǦòͿ͠͝ͺςϛϡλƑ˵ʗͼaÝͫΕ;͡ͷʹͩͼͿ͝ͺ͕ǥǦͿ͠͝ͺ͕

�˧̃͢Å͕ͥÚPĲΘǈΌΔʹΌͿ͕ǾµɰĤ{ņʈ͢�ÛPͻ͜ΔͼaųͫΕʹʹΌ

ͻ͜Δ͖ͩΕ 2.2.2 Ϳʛˡͭʹ MUNIN ɗʰͻ͜Δ͘˜˚ǝ¸cȄͿ͠͝ͺ͕ɰv

˹ɴ͜Δ͝˹ɴťɸŦŝƺɭ��͢īʐͻ͜Δ͖͙Ϳ�ɲͭͺ͠Γ͕ǥǦòȷ¼͡Β͕

ɰĤɸʝʙƩ͢˵^Ϳaųͻͣʹͼɨ͟ΒΕΔ͖ 

 

 5-22 MUNIN ReVolt  

Beneficiary  MUNIN ReVolt 

 Economy, Operational safety   

 Economy, Reliability, 
Modularity 

  

 Reliability, Flexibility   

 Flexibility, Operational safety   

 Uncertainty, Operational safety   

 

Reliability, Maintainability   
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 �	�� 

3.8ƙȢȴ,ɤ�ͧͻˡΆʹΑ͞Ϳ͕ƙȢȴŴʒĲ�ʛͼ͠Γͻ͜Δ͖ 

l Systems Approach ΘȄ͝ͺɰĤɸʝʙ¦̵ΘʗͧΔΑ͞Ϳ=ǀͯΔ 

l ǝ�ΦϘΰδϡUcá̍:ɩͿĮͮʹɰĤɸʝʙ 

ƙȸͻͩΕΘˍΉ͕͘͟ɰĤɸʝʙφϜϡͿ̍ͯΔɨç͙ͼ͘ǝ�ΦϘΰδϡUcá

̍:ɩͿĮͮʹɰĤɸʝʙ͙ͼ͝͞ʕǯ͡ΒɨçΘʇ͖͞ 

Ήʹ͕ɰĤɸʝʙͿ͝ͺĸıǋÝͯΔ̞Ϳ͕ŚƩͭʹɰĤɸʝʙφϜϡ͕͢ͽΑ

͞;ǯͻʺǻͻͣΔ͡Ϳ͝ͺ͘ɰĤɸʝʙφϜϡĸıǋÝͿͧ͠Δʺǻ͙ͼ͝͞Ɂͻˡ

ΆΔ͖ 

 ¹x½�ÅÄ5AE�Ù
�µq 

6.2.1 �²�¦�ÖY�uJ¦�ÖY 

ƙȢȴͻ͕ɰĤɸʝʙφϜϡΘȼ 4ȸͻȧͭʹ͖ͲǚΕΘWřͯΔͼ!�Α͞ͻ

͜Δ͖ 

1. cá̍:ɩ]Ơͼʢ8˔˸Ý 

2. OPMͿΑΔźÕɸɷƺɭ]Ơ 

3. MM2Ľ 

4. ʢ8˔ͿéĮͭʹʢ8Bʙȿ 

5. ςϛϡλƑ˵ʗʙȿ 

!�͢ŃɛͣȓͿʇͩ͞ͼͻͣΔ2Ʈͻ͜Δ͕͢�2ƮͿ͠͝ͺö�ȓ;˼]͢�Ή

ΕΔ͖!�ͻö�ĲȐȂͯΔ2ƮͿ͝ͺ͕1~5 Ήͻǃ̜ͪͼͿʫſͯΔ͖ 

͘1. cá̍:ɩ]Ơͼʢ8˔˸Ý͙ͻ͕ʢ8˔˸ÝͿ͠͝ͺö�Ĳ͢͜Δ͖ 

͘2. OPMͿΑΔźÕɸɷƺɭ]Ơ͙ͻ͕ͽ Function ΘʛˡͯΔ͡Ϳ͠͝ͺö�

Ĳ͢͜Δ͖ 

͘3. MM2Ľ͙ͻ͕Function Θ˲ĽͯΔ Form ͼͭͺ͕ͽ˸ŉɫΘɨ͟Δ͡Ϳ͠͝ͺ

ö�Ĳ͢͜Δ͖ 

͘4. ʢ8˔ͿéĮͭʹʢ8Bʙȿ͙ͻ͕ǷĲBʝÝŵǒͿö�Ĳ͢͜Δ͖ 

͘5. ςϛϡλƑ˵ʗʙȿ͙ͻ͕ö�Ĳ;͖͝ 
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ͩΑ͞;ö�ĲŔ̖͕ʏŮƓʴɩͼʶʰͿΑͷͺŔ̖ͯΔ͢ƕΉ͖ͭ͝ƙ

ΨϡΰΰδκΛͻͩΑ͞;ö�Ĳǝ�̍:ɩ΅Ɠʴɩ΅σΚϙϞΧͿ͠͝ͺŔ̖

ͭʹ͖ 

6.2.2 OPM�� MM�Q���� 

ƙȢȴͻ MM2ĽͿ͝ͺ OPM ΘȄ͝ʹ͖OPM ΘȄ͝ͺɰĤɸͿ̍ͯΔ

Function ΘǗ͝\͕ͭͲΕͿéĮͯΔ Form Θ˸ŉͯΔͼ͝͞¦̵ͼͭͺ MM Θʛˡͭʹ͖

Αͷͺʝʙȵ̌Θ FormΊͿ̔Ý͕ͭǺΌʹͼʘ͟Δ͖ 

ɰĤɸΪϞβψλʝʙ¦̵¦̵ȵ̌͢ď͕ͥ˵^Ϳʝʙȵ̌Θ˸ŉͯΔͩͼ̨Ĉ

Ϳ̤͖ͭ͝ʝʙȵ̌˸ŉ͕ɖ̾ΎζϡϏϝϡΦͿ7ōͭͺ͝Δ͕͢ſȤ;ºǩ͢;͝ʹ

ΌͿö�ĲΎʑɿͼͭ͢ȐȂͯΔ�ɭĲ͢͜Δ͖ƙŃǒͲΑ͞;ʑɿͼͭΘ̑ͦͩͼ͢Ɩ

ģͻͣΔ͖ 

ƙŃǒ̔ȉͼͭͺ͕Functionɰ/͢˸ŉɫͼ;Γ͞Δ¼�͢ɨ͟ΒΕΔ͖ͲΑ͞;¼

�Ϳ MMͻɨĻͯΔĸıǋÝ̰Șͼͭͺ FormΊ;ΒͰ͕Function ɨĻͯΔīʐ͢

͜Δ͖ 

6.2.3 MM����×Â�~|�mÝ§��X 

4.3ͻ2Ľͭʹ OPM͢ăÇͿ;ͷʹ¼�Ϳ 4.4ͻ2ĽͯΔ MMĸıǋÝ̰Ș̨

ĈͿÇͣͥ;Δ͖Ͳ¼�͕ʝʙƩŮŐŮ̍ŮȓͿÀoͯΔͻ͕ςϛϡλƑ˵ʗͼ;

ΔʝʙƩΘʑͧΔ̤͖ͭ͢͝ 

Simmons[6]͕́ʐ;ĸıǋÝ̰ȘΘʑͧΔŵǒͼͭͺ͕Connectivity ͼ Sensitivity ͼ

�ŐƵΘŚƩͭͺ͝Δ͖Connectivity ͼ͕ͲĸıǋÝ̰Ș͢ͽͥΒ͝�ĸıǋ

Ý̰ȘͿĠ̮Θ�͟Δ͡Θȧͯͻ͜Γ͕Ý̃ȓͿ͕3.6.2ͻȧͭʹeɋƜ$ŮͿΑͷ

ͺʙȿͻͣΔ͖Sensitivity ͼ͕ͲĸıǋÝ̰Ș͢ʢ8˔ͿéͭͺͽȰĒĠ̮Θ�Έͯ

͡ΘΰΪΚ{ͭʹͻ͜Δ͖ 

° 6-1Ϳ͕Connectivity ͼ Sensitivity 2˔͡ΒĸıǋÝ̰ȘΘƳ˩{ͭʹΘȧ͖ͯ

Connectivity͕Sensitivity ͼͿB͢Çͣ͝·ͽ́ʐ;ĸıǋÝ̰Șͻ͜Δ͖Αͷͺ

(1)Sensitivity AND strongly connectedͿ,ɤͯΔĸıǋÝ̰Ș͢Ƒ́ʐͻ͜Δ͖ͩΑ͞

;]ƠͿΑΓ͕MM͡Β́ʐ;ĸıǋÝ̰ȘΘŊ\͕ͭĸıǋÝ̰ȘΘð;ͥͯΔͩͼ͢�

ɭͻ͜Δ͖ 
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 6-1 Connectivity Sensitivity [6] 

 

6.2.4 ÆRÎ�r{��ÆRU�Ä¬��� 

ƙȢȴͻ 2Ȳ̷ʢ8BʙȿŵǒͿ͝ͺʫſͭʹ͖ 

�Șŵǒ͕ήώϔϛϡδͿΑΔŵǒͻ͜Δ͖ͩŵǒͻ͕ʢ8BΘΑΓǀȤͿʙȿ

ͻ͕ͣö�ĲΘ-ǡͫͱΔͼ͝͞ϐϙηλ͢͜Δ͖κϐϙηλͼͭͺ͕ήώϔϛϡδ2ĽͿŃ̌

͢͡͡Δͩͼͼ͕MM͢Çͣͥ;ͷʹƅͿPͺĸıǋÝ̰ȘΘɨĻͻͣΔήώϔϛϡδ2

Ľ̤ͭͩ͢͝ͼ͢őͨΒΕΔ͖ 

�Șŵǒ͕MM�βϚͿǷĲBΘʝÝ͕ͭɞ¢ΉʹɞȳͿΑΓʙȿΘʇ͞ŵ

ǒͻ͜Δ͖ͩǷĲBʝÝͿö�Ĳ͢͜Γ͕˵^;BΘʝÝͯΔͩͼͿ̤ͭͫ͢͜Δ͖Α

Γ�ȀȓͿǷĲBΘʝÝͯΔŵǒͼͭͺ͕ΚϞΨϡλΎ̜÷]Ơǒ(AHP)[64]͕ISM ǒ

[65];ͽ͢ɨ͟ΒΕΔ͖ 
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 �H%=+-EW�[oÙS¶�{	�¹x½�ÅÄ 

ȼ 5 ȸΨϡΰΰδκΛΘ˧ͭͺ͕�cá̍:ɩȷ¼͡ΒΊʹ˵^;ɰĤɸʝʙƩ

Θȿ\ͭʹ͖ʋ 5-22 ͡ΒΗ͡ΔΑ͞Ϳ͕˵^;ʝʙƩcá̍:ɩͪͼͿȌ;Δͩͼ͢Η

͡ͷʹ͖ͩΕΘˍΉ͕͟ɰĤɸψϜίΞΦλͽξϡαͿå�͕ͭcá̍:ɩ͢ͽΑ͞;

ility ΘǈΌͺ͝Δ͡ΘǀȤͿŇŜ͕ͭͲΕΒͿĮͮʹʝʙΘͯΔͩͼ́͢ʐͻ͜Δͼʘ͟Δ͖ 

 ¹x½�ÅÄ5AE�~|�m����Ë¢ 

άΜϑϞͿΑΕ͕ĸıǋÝ¦̵Ϳ4ΗΕΔŃɛͣ!� 3ͿΉͼΌΔͩͼ͢ͻͣΔ

[66]͖ 

1. Ƒ˵;˸ŉ ΗΓͿǧˉͥ͝˸ŉΘǈΌΔ 

2. ŊʸȓͻÇ¸ȓ;ȘƵΘ͕ʕçͫΕǤÝͫΕ͞ΔΑ͞;�,ȘƵͿɤͣś͟Δ 

3. ĸıǋÝ��ΘÅͥë̊â̌Ϳ]k͕ͭͲΕΒΘ*˲ƺƳͼƷÒƳ˩ͼͻʮ

ůͯΔ 

1Ϳ͝ͺ͕ŚƩͯΔɰĤɸʝʙφϜϡͻ͕�cá̍:ɩȷ¼͡ΒςϛϡλƑ˵

ʗΘʙȿ͕ͭʋ 5-21ͿȧͭʹΑ͞Ϳ͕ɯÇ;ɰĤɸʝʙƩAʎΘςϛϡλƑ˵ʗΊ

ͿɘΔͩͼͿĽnͭͺ͝Δ͖ 

2Ϳ͝ͺ͕�cá̍:ɩξϡαΘſȤͿ͕ͭʢ8˔ΘÝɦͯΔͩͼͻ͕ȘƵΘǤÝͯ

ΔͩͼΘ�ɭͿͭʹ͖Ήʹ͕ɰĤɸʝʙƩAʎŊʸȓͻ͜Γ͕ͫΒͿÇ¸ȓͻ͜Δ͕͢

3.5͕3.6Ϳȧͭʹ OPM2ĽͿΑΓ͕Ͳ˸ŉΘ FormΊͿɘͷͺ͝Δ͖ 

3Ϳ͝ͺ͕6.2.1ͻȧͭʹΑ͞Ϳ͕Ńɛͣȓ;˼]ͼö�ȓ;˼]Ϳ]k͕ͭö�ȓ;˼

]Θë̊â̌ͻʶʰͿΑΓʗǋΘ°ͷͺ͝Δ͖ 

!�ΑΓ͕ͩΕΒ 1͕2͕3ǯͻĸıǋÝͿ͝ͺŦŝͭͺ͝Δͩͼ͢Ȥʨͻͣʹ͖ 
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  ...................................................................................................... 91 
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 ±É 

ƙȢȴͻ͕ʏŮcá̍:ɩ͢ɰĤɸʝʙͿ͝ͺĸıǋÝͯΔ̞Ŧŝͼͭͺ͕

cá̍:ɩͪͼͿȌ;ΔξϡαΘſȤͿʛˡ͕ͭϑκϚωϡΰͻĲɭΘʑȳΔͩͼͻ͕K

ΕʹɰĤɸΪϞβψλʝʙƩΘƬʚͯΔφϜϡΘŚƩͭʹ͖ 

S/ȓͿ͕Systems Approach ΘȄ͝ͺɰĤɸΪϞβψλʝʙφϜϡΘŚƩ͕ͭÞʡͭ

ʹ͖cá̍:ɩͪͼξϡαΘ SVN ΘȄ͝ͺſΒ͡Ϳ͕ͭξϡαͿºͣɰĤɸĲɭΘ

ʢ8ͯΔʢ8˔ΘǋÝͭʹ͖ƽͿ͕ξϡα͡Β OPM ΘȄ͝ͺźÕɸɷͿ̍ΗΔ Function ͼ

Form ΘύηυϞΧ͕ͭɰĤɸΪϞβψλʝʙͿͧ͠ΔĸıǋÝ̰ȘΘ MM ͼͭͺʋǾͭʹ͖

ĸıǋÝ̰ȘɕΊ�ΗͱͼͭͺʋǾͫΕΔɰĤɸΪϞβψλΘ͕˸ŉͭʹʢ8˔Ϳºͣ

ʢ8͕ͭςϛϡλƑ˵;ΪϞβψλΘȿ\ͭʹ͖MUNINΎ ReVolt;ͽźÕɰĤɸΪϞ

βψλΘʢ8ͯΔͩͼͻ͕ŚƩͯΔɰĤɸʝʙφϜϡ͢ƺɭͯΔͩͼΘȤʨͭʹ͖ 

 Ky�t� 

�ĥõƕͼͭͺ!� 2ǯͿ�ΓɕΊʹ͖͝ 

l MMͿͧ͠Δ́ʐ;ĸıǋÝ̰ȘŊ\ 

l ʢ8˔ͿéĮͭʹʢ8BʙȿŵǒƬʚ 

1ǯȘͿ͠͝ͺ͕6.2.3ͿʛˡͭʹŵǒΘȄ͝ͺ͕́ʐ;ĸıǋÝ̰ȘΘŊ\ͯΔͩͼ͢

�ɭͻ͜Δ͖2ǯȘͿ͝ͺ͕ήώϔϛϡδΘ̀Ē{ͯΔŵǒΎ 6.2.4ͿʛˡͭʹŵǒͿ

Αͷͺ�ΓɕΊʹ͖͝ 
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ƙȢȴΘ˫ΌΔͿ͜ʹͷͺ͕Åͥŵ͗ͿͪqmΘ̯ͣΉͭʹ͖ͩͩͿĹʳĸΘˡΆͫͱ

ͺ͝ʹ͵ͣΉ͖ͯ 

 

Őîŭ£ͻ͜Δƞ�ÇÖÇÖ̕Ŵ̲¸lĽȬÖȢȴȬ�̌ȁ¿ÖëŨ͌ Zŭœ͌ ȱŵ

¢ÊMȂͿ͕Ö˼ 4ċȂ͡ΒÇÖ̕ 2ċ̌ͿǢΔʙ 3ċ̌ͼ̉̌ͪ͝͞͝Őî͝ʹ͵

ͣΉͭʹ͖MȂ͡Β͕ɰĤɸͿ̍ͯΔȟʴΎ Systems Approach ͼ͝ͷʹņʈȓ;ʥΊ

;ΒͰ͕ʰŰɕΊȷͺŵΎʰȀõ̋�ŵͼ͝ͷʹ�ĥ�ȂͿ͠͝ͺīʐͼͫΕ

Δɨ͟ŵͿ͝ͺÖͫͱͺ̯ͣΉͭʹ͖Ήʹ͕MȂȟʴǟͫϠď͕ͫͲͭͺĮȄmϠȐ

õmͿ̿ͫ͡ΕΉͭʹ͖�ĥMȂ͡Βŭ͟ͺ͝ʹ͵͝ʹͩͼΘɉͿ͕ͫΒ;Δ̸ˎΘˬͨ

ͺʇͣʹͥı͝Ή͖ͯͪŐî͜Γ͢ͼͪͬ͞͝Ήͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

ƞ�ÇÖÇÖ̕Ŵ̲¸lĽȬÖȢȴȬ�̌ȁ¿ÖëŨ͌ Ƿ%Zŭœ͌ Bryan R Moser

MȂͿ͕Systems ApproachϠSystems thinkingɨ͟ŵΘÖͱͺ̯ͣΉͭʹ͖Ήʹ͕

GTL(Global Teamwork Lab)ǙvΘ˧͕ͭ²̞ȓ;ʓ̂ΘďͨΔͩͼ͢ͻ͕ͣɰ]íƝΘ

ɨ͟Δ�ͻɺ͝uěͿ;ΓΉͭʹ͖o͟ͺ͕ȫ͢Ö˼ 4ċȂƅ͕ύάζϔϡβηθāȬ

ÇÖ(MIT)Ϳʜ¦ͭʹ̞Ϳ͕Ǿ¶ͻȂǙ̩@ΎŰ{ɓ�;ͽÇÃ͠�ʥͿ;ΓΉ

ͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

ƞ�ÇÖÇÖ̕āÖɊȢȴȬήΰιϏlĽÖëŨ͌ Zŭœ͌ ȑøƆMȂͿ͕ʝʙā

ÖȢȴà��˙ʲ;ͽͻͪŐî̫ͪŤΘ̯ͣΉͭʹ͖ɰ]Ϳ;͡ͷʹʓǯ͡Β̇ͪ͝Ő

šΘ͝ʹ͵ͥͩͼ͢͜Γ͕Α͝ȢȴΘ˫ΌΔͩͼ͢ͻͣΉͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

ƞ�ÇÖÇÖ̕āÖɊȢȴȬήΰιϏlĽÖëŨ͌ qŭ͌ ǧʇǕǍMȂͿ͕Ö˼

ƅΑΓͣΌɒΎ͡;ŐîΘ̯ͣΉͭʹ͖͠ͲΒͥŐîͿʐͯΔƅ̌ϠsmȚĜ;ͻÅĭ

Ϳ͡͡ΗΒͰ͕ͩΕ·ͽ˄ɺ͝ŐîΘ�ͧΔͩͼ͢ͻͣʹɰ]ΘČ˯Ϳı͝Ή͖ͯMȂ

ͨ͠͡ͻɰ]ƘǴ͕ͫɱΒ;ͫΘÞĹͻ͕ͣȢȴͿéͯΔºƙȓ;Ñx͕ɨ͟ŵΘˏͿ

�ͧΔͩͼ͢ͻͣΉͭʹ͖ͪŐî͜Γ͢ͼͪͬ͞͝Ήͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

ƞ�ÇÖÇÖ̕āÖɊȢȴȬήΰιϏlĽÖëŨ͌ Zŭœ͌ ƛøɽƉMȂͿ MTI ͼ
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R�ȢȴͿ͠͝ͺͥ́͝͡ʐ;ΚμρΜΰ͕ͪŐšΘ̯ͣΉͭʹ͖MȂͪŐî͠

ͨ͡ͻΑΓɺ͝=ʰΘƏͣ�ͨΔͩͼ͢ͻͣΉͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

ƞ�ÇÖÇÖ̕Ŵ̲¸lĽȬÖȢȴȬ͌ ̨ĈyʲĆ͌ T͌ NASAίΞηλŘ˫Ȣȴήΰ

ιϏαΟϞίξΚ͌ ȡƟŌ�ƴͿ͕Ö˼ 4ċ͕=Â 1ċƽͿ˙ʲΎ MITʜ¦ƅͿ͠�

ʥͿ;ΓΉͭʹ͖Ƈǃ˙ʲͻ�ͧΔφΛϡμρηΦͼPͥȌ;Δʕǯ͡ΒͪŐšΘ̯͕ͣ

ȢȴĉΘďͨΔͩͼ͢ͻͣΉͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

  

ƞ�ÇÖÇÖ̕āÖɊȢȴȬήΰιϏlĽÖëŨ͌ ņʈë̊£͌ ƲƙƉ�ƴͿ͕Ȣ

ȴàΜϞφϘͿ̍ͯΔάόϡλΘ̯ͣΉͭʹ͖Ήʹ͕ƞ�ǝǖÇÖǉˌ�Ϳͧ͠Δ�ɸÞ

ɧ̞Ϳ͕ɸ˾͝ͻvͧ;͝ȫͿ ΗͷͺŮ͗ƓȄ;κϡδΘ̡Όͺ̯ͣΉͭʹ͖ǟͥ

Ĺʳ͝ʹͭΉ͖ͯ 

 

ȭƏøƙ¢Óƴ͕Ç¾ƔÓƴ͕́ýŰÓƴͿ͕Ȣȴà�wŃɛͣ;ͽΘʇͷͺ͝

ʹ͵͕ͣȢȴͿńͶ˞ΌΔȁ¿ΘȄĸͭͺ͝ʹ͵ͣΉͭʹ͖ƅͿKͭͥrΉͭͺ̯͕ͣȔƴ

͠ǆ˴ͨ͝͠͡ͻ͕ưͭͥȢȴȂǙΘˤΔͩͼ͢ͻͣΉͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

²ȷȢȴ̋Ȑǒ�ǝ�ϠǥǦϠɴȵņʈȢȴłϢǝȵȢϣ͌ Ȁ�̉͌ Ç¢ʍČƴͿ͕ȫ

͢Ö˼ 4ċƽͿ͕ƞ�ÇÖÇÖ̕Ŵ̲¸lĽȬÖȢȴȬ�ȁ¿ÖëŨŭœͼͭͺȢ

ȴǙvϠȢȴɩͼͭͺĪƳ͟;ͽÅͥͪŐîΘ˃ΓΉͭʹ͖Ήʹ͕=ÂµɅƅͿ͕ʲǫ

);ͽͻ͠)ͯ͝Δƺ)͢͜Γ͕ȢȴǸǐΘǆͿͧ͡ͺ͝ʹ͵ͣΉͭʹ͖MȂ͡ΒȢȴͿ

éͯΔÑxΊ;ΒͰ͕�ĥ�ȂͿ͠͝ͺǙͭ͡ͺͧ͝ΔŮÅͥɨ͟ŵΘÖΉͭ

ʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

ƧĘ)Ȩ MTIÚʅɽČƴ͕ȡ�Ɗļƴ͕ƗƛŰ̙ƴ͕Ǣ˺Ç¶ƴͿ͕Ż͗Ʈw

ͻ͠ĭͭ͝ͼͩΖ͕ȢȴͿ̍ͯΔŮÅͥΚμρΜΰΘ̯ͣΉͭʹ͖ÞwͿŠΗΔȔƴͪŐ

š�ɨͿͯΔͼͩΖ͢ÅͥÇÃƓȄͻ͜ΓΉͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

Ȣȴà~ƮȂͻ͜Δ×Ɖ̅ƴ͕
ƛʔƴ͕͇ʅƊ˗ƴ͕Ė�ʽĞƴ͕Ɵ�ǘ�ƴ͕�

̂̚ǎƴ͕ĥʅŌȞƴͿ͕˙ʲͻφΛϡμρηΦ;ͽΘ˧ͭͺ͕ȢȴͿéͯΔŮ͗Κμ

ρΜΰΘ̯ͣΉͭʹ͖Ήʹ͕ȢȴàȂǙ!ÄͿ͠͝ͺÅͥ¼̩ͻ͠�ʥͿ;Γ͕M˘ͼͭ
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ɛͧΔͩͼ́ʐͫΘŭ͟ͺ͝ʹ͵ͣΉͭʹ͖Ɵ�ƴͿ͕ę̭Θ�͡;͝ěͫΘŭ͟ͺ͝ʹ

͵ͣΉͭʹ͖�̂ƴͿ͕��ΘĻΔͩͼÇ^ͫΘŭ͟ͺ͝ʹ͵ͣΉͭʹ͖ĥʅƴͿ͕Ƕ
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ȢȴàM˘ͻ͜Δùȅ'Ⱦƴ͕Ⱥȅ3ğƴ͕¢
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ΔψϘΜωϡλ̩ͻ͠�ʥͿ;ΓΉͭʹ͖ǷͿɰ]͢ȏǆ̞Ϳ͕qͧͺ͝ʹ͵͝ʹͩͼ
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ΔM˘ͼͭͺ͕ǋųÇ�ͫΘŭΗΓΉͭʹ͖ǇơƴͿ͕ƇǃȢȴàȂǙͻ͝ʹ͵ͧ

;͝Ŵʹ;ʓǯ͡ΒΚμρΜΰΘ͝ʹ͵ͣΉͭʹ͖̻ȘƴͿ͕ΑͥȚʯͿͷͺ͝ʹ͵͕ͣ

ɰ]˫ˌΘɨ͟Δ�ͻÇÃq͡ΓΉͭʹ͖ǟͥĹʳ͝ʹͭΉ͖ͯ 

 

Ȣȴà�˘ͻ͜ΔùȅɴÉƴͿ͕ƇǃȢȴàȂǙͿ͠͝ͺ̨ĈͿɺ͝fǭΘ̯
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ǙˎΘȩİͭͺ͝Ή͖ͯ͜Γ͢ͼͪͬ͞͝Ήͭʹ͖ 

  

Ȣȴàĥ˘ͻ͜Δȡ�͋É˻ƴ͕Ø̂D�ƴ͕ǽǊ3ƴͿ͕Ȣȴà˯©Ϳ̍ΗΔ

Åͥ��Θŋͷͺ͝ʹ͵͕ͣȢȴͿ̡
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͖ͯ 
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Appendix 

a. �FIÏ)8;@E-��� 

a.1. )8;@E-��Â 

ύϚζΟϡίΞϞλήώϔϛϡήϖϞΘȄ͝ͺǝ��˧ήώϔϛϡδΘ2Ľͭʹ͖ήώϔϛϡ

δ 5.5.2ͻȄ͝ήώϔϛϡδ͕ʢ8˔Ϳ4ΗΕΔŐƵͿĮͮͺͲΚΝλψηλΘÃ{ͫͱ

Δ͖5͕͟ʢ8˔ͼͭͺ Operational safety Θ˸ŉͭʹ¼�ͿʊȶŮΘΚΝλψηλͿ͕

Economy Θ˸ŉͭʹ¼�Ϳɴʇˊ̣ΘΚΝλψηλͿʝÝͯΔ͖ήώϔϛϡδΟϡίΞϞ

λ·ψϜΧϘώϞΧʘʩͻ͜Δ NetLogo ΘȄ͝ͺ̋Ȑͭʹ͖° 7-1Ϳƞ�ǦΘéʸͼͭʹǝ

��˧ήώϔϛϡδΘȧ͖ͯ 

 

 
 7-1  
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a.2. )8;@E)<C��� 

° 7-2ήώϔϛϡήϖϞǚΕΘȧ͖ͯΉͰ͕ΟϡίΞϞλͻ͜ΔɸɷΘ2ĽͯΔ͖ƽͿ͕

�ΟϡίΞϞλͿéͭͺ͕ΰδϡλͼΫϡϚΘʝÝͯΔ͖ƽͿϦδΜϏΰιηψ˫Ό͕ΟϡίΞϞ

λΘv͖ͯ͡ΟϡίΞϞλǾµ�͝ͺ͝Δŵ�Ϳ�͡ͷͺș˫ͯΔ͖ƽͿ�ΟϡίΞϞλ

˹ɴīʐĲΘ�¯ȁ¿͡ΒaųͯΔ͖ͩ˹ɴaųͼͲ̞˹ɴŵǒͿ̍ͭͺ

Appendix, a.4.Ϳʛ˖ͭʹ͖˹ɴīʐ͢;͝¼�Ϳ͕ΟϡίΞϞλΫϡϚͿ�͖͡͞ƽ

ͿΟϡίΞϞλ͢ΫϡϚͿd˲ͭʹ¼�͕Ήʹʊȶ͢͜ͷʹ¼�ͿΟϡίΞϞλΘi̖

ͯΔ͖ƑĥͿ2ĽͭʹΟϡίΞϞλɞŮ̏͢BͿd˲ͭʹ͡ͽ͞͡ΘaÝ͕ͭd˲ͭʹ¼�

ͿήώϔϛϡήϖϞΘɔ�ͯΔ͖ 

 

 

 7-2  
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a.3. g�¦�º¿�� 

�ɸɷ͕�͟ΒΕʹɴˌΘɴʇͯΔ͖ɴˌΝΞΜόΜϞλ̡�ͼͭͺÝɦͫΕͺ͝

Δ͖�ɸɷΝΞΜόΜϞλ̌ΘǾµȘƵͼͭͺ͝ΔΝΞΜόΜϞλͿ�͡ͷͺș˫ͯΔ͖Ǿµ

ȘƵBͼͭͺ͝ΔΝΞΜόΜϞλ͡ΒƽΝΞΜόΜϞλ΅ÃƎδΜώϞΧϤȘƵͼͭͺ͝

ΔΝΞΜόΜϞλͼˊ̣͢ghm!UͿ;ͷʹͼͣͼͯΔ. 

a.4. Õº�Z��Õº¿^ 

˹ɴaųͿ̧ȓ;̟áǶ(ǝû;ͽ)ͼ˹ɴͼϤ�ɸͼ˹ɴ 2Ȳ̷͢͜Δϥ̧ȓ

;̟áǶͼ˹ɴ¼�ͿϤɰɸ͡Βʑͺgim!UͿ̟áǶ͢ÕµͯΔ¼�Ϳ�Ϳ

10ĒÃ̄ͯΔ͖ 

�ɸͼ˹ɴaųͿ TCPA ͼ DCPA ΘȄ͝ΔϥTCPAϠDCPAʙȿͿ͝ͺϤ̲¸

UͿÅŮɸɷ͢Õµͭʹ¼�ͿϤÕµͯΔɸɷPϊΚͿ͠͝ͺ TCPAϠDCPA Θʙ

ȿͯΔīʐ͢͜Δ͢Ϥʙȿ̃iǡʹΌϤɰɸ�¯j mUͿÕµͯΔ�ɸͼ

TCPAϠDCPA ΘʙȿͯΔͩͼͼͭʹϥTCPAϠDCPA�ĘͿΑΓʙȿͯΔ[66]͖ 

 

TCPA =
g(:o.%(p + :q.%(r)

:o
t + :q

t + 2:o:qcos	(p − r)
(-.  (7.1) 

 

DCPA =
g :o(+&p + :q(+&r

:o
t + :q

t + 2:o:qcos	(p − r)
'  (7.2) 

 

;͠Ϥ:o: ɰɸ˨m[m/sec]Ϥ:q: ȚŃɸ˨m[m/sec]Ϥ g: 2ɸ̌ˊ̣[m]Ϥp: ɰɸ

͡ΒΊʹȚŃɸȚéŵ,ʖϤr: ȚŃɸ͡ΒΊʹɰɸȚéŵ,ʖͻ͜Δϥ 

úþΒ[28]ŃǒͿºͣϤTCPAϠDCPA͢ͼͿ NM(Negative Medium: ƅ̌ȓͿ·ͼ

Ιͽ1ʍ͢;͝)ͼ;ͷʹƅͿ 30ĒÃ̄Θʇ͞ϥͩͼͣ TCPAϠDCPA ΘͲΕͳΕ

minTCPA,minDCPA ͼͯΔϥÃ̄ƅŵ�Ƒŗ˟ǯͿͧ͠Δʑ�͝ʖ[68]ͿĮͮͺ�Ϡ

ĂΘǋÝͯΔϥɰɸ˫ʇŵ�Θ 0ĒͼͭϤƅʙ¬ΓΘǀͼͭʹ¼�ͿϤ�ɸ͢ 135Ē͡Β

180Ē̲¸ͿÕµͯΕĂÃ̄Θʇ͝Ϥ˨ĒΘǾµ}]Ϳǡ˨ͯΔϥͲΕ!Ä¼

�Ϳ�Ã̄Θʇ͞ϥ 
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a.4. ½¼�Ñ^ 

ɸɷ˯vͿ KTϑκϚΘȄ͝ʹϥKTϑκϚ̂ƙΒͿΑͷͺŚƩͫΕʹɸɷ˯

vϑκϚͻ͜Δ[69]͖rʖ˨ĒϤ͔ɶʖϤK, TťɡĲŐŮͻ͜Γɸ·;ͽͿĮͮͺǋÝ

ͫΕΔ͖�ɸɷ�¯ȁ¿ͿĮͮͺɶʖ͔ΘǋÝͭϤĘ(7.3)Ϳº͝ͺʖ˨Ēr͢ǋÝͫ

ΕΔϥ 

 

T4 + 4 = xy (7.3) 

 


