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Abstract: A spatiotemporal patterns generated by the simulator with spatially non-uniform 
calculation period are observed. Regarding to the wave equation, simulation results show 
that the spatio-temporal patterns of solutions obtained by non-uniform calculation periods 
varies. Their qualitative properties can be roughly classified whether the wave sources are 
located in a region where the calculation period is slow or not. In the reaction-diffusion 
equation, the difference in calculation period does not make a qualitative difference in the 
spatial pattern. However, from the shape of the generated spatial pattern, it was possible to 
roughly see where the region with a slow calculation period exists.  
 
Keywords: Asynchronous Distributed Simulator, Spatio-Temporal Patterns, Wave equation, 
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1. ͺͣΌͶ 

 ܢ͹ഐڂݜ .1.1

ݺΝ෵਼͹྘ҮͶ෾ׄ͢ɾؔۯΝଲেͳͪ͢εϝϣϪʖεϥϱ͹ͪΌͶͺɾؔۯ͵Ү߁
พ͹ؽࢋܯͶׄΕ౲ͱͪ৏Ͳɾด྽෾ࢆͲࢋܯΝࣰͤߨΖෝ՛෾ࢆ๏༙ࣞ͗ްͲ͍Ζ[1]ɿ
͞͹Γ͑͵྘Ү෾ׄघ๑Ͷ΍ͳͰ͚୉وໝ෾ࢆεϝϣϪʖν͹ߑ૟Νਦ 1 Ͷࣖͤɿ   
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ਦ 1ʁඉಋغ෾ࢆεϝϣϪʖν͹ߑ੔  

͞͹෾ࢆεϝϣϪʖνͺɾଡ਼͹ࢢ֪͗ؽࢋܯয়ͶϋρφϭʖέͲ݃ߑͪ͢߻੔ΝͳΕɿ
εϝϣϪʖεϥϱؔۯΝ֪ࢢয়Ͷۢ઀ͮͱͨΗͩΗ͹ؽࢋܯͶׄΕ౲ͱΖɿ֦ؽࢋܯͺۯ
ؔΝ཯ࢆԿ֪ͪ͢ࢢͳ͢ͱฯ࣍͠ΗɾͨΗΔ͹֪ࢢͶଲ͢ͱɾιϩΨʖφϜφϱΏɾยඏ
෾๏ఖࣞΝ཯ࢆԿ͢ͱಚͪયҢوଉΝࡠ༽ͦ͠Ζɿ͍ Ζݐࠃ࣎Ͷ͕͜ΖεϝϣϪʖεϥϱଲ
ে͹ܧΝݑ௧ͳ͢ɾͨ͞Ͷࡠ༽ͦ͠ΖયҢوଉΝ݂ͳͤΖͳɾ1 յ͹ࢋܯητρϕͲݑ௧ାଵ ൌ
݂ሺݑ௧ሻΝٽΌɾ͞͹ࢋܯητρϕΝͨΗͩΗ͹܃͗ؽࢋܯΕศͤ͞ͳͲɾؔۯ͹ؔ࣎൅ఴΝ
εϝϣϪʖεϥϱͤΖɿΉͪɾۢ෾ͪؔ͜͢ۯ͹ڧֆͶҒ஖ͤΖ֪ࢢ͹ࢋܯ͹ͪΌͶචགྷ
߻ητρϕ͹ౕͶϋρφϭʖέΝղ͢ͱૻण৶͢ࢋܯͳؽࢋܯֆυʖνΝɾۛંͤΖڧ͵
͑ʤਦ 2ʥɿ  

 

 
ਦ 2ʁϋρφϭʖέΝղͪ͢྘Үڧֆυʖν͹ૻण৶  

͑ͤ͞Ζ͞ͳͲɾؽࢋܯΝଁ͢ɾखΕѽ͑ؔۯ͹͠߁Ν֨୉͢ͱ͏͚͞ͳ͗Ͳ͘Ζɿ͖͢
͢ɾ͞͹Γ͑͵෾ࢆεϝϣϪʖνͲͺɾ੓೵Ώෝ՛য়ڱͶΓΖҩ͏͖ΔɾࢋܯητρϕͶ
གྷͤΖݺ͗ؔ࣎ʓ͹͟ؽࢋܯͳͶҡ͵Ζɿͨ͹ͪΌɾືݭ͵εϝϣϪʖεϥϱΝͪ͑ߨΌ
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Ͷͺؽࢋܯಋ࢞͹ߨࣰࢋܯν΢ϝϱή͹ಋ॑͗غགྷͳ͵ΖɿಋغΝߨΚ͵͏৖߻ɾ֦ࢋܯ
࣎৏͹৖ॶͶΓͮͱؔۯΕศͤ͞ͳͶ͵Εɾ܃ητρϕΝࢋܯͶغͲඉಋغ͹ब༙ݽ͗ؽ
ؔ͹਒΋ଐౕ͗ҡ͵Ζ͞ͳͶ͵ΖɿಋغΝͪ͑ߨΌͶͺɾࢋܯητρϕࣰߨ͹ͪ;Ͷɾۛ
ંͤΖ౨੤ೈ๼ 4 ୈ͹͖ؽࢋܯΔસͱ͖Δڧֆ֪ࢢυʖν͗ૻ৶͠Ηͱ͚ΖΉͲଶͤؽΖ
චགྷ͍͗Εɾ͞Η͗ࢋܯஙԈΝӀًͤ͘͞ݬҾͳ͵Ζɿಋغॴཀྵͺ෾ࢆεητϞ͹Ҳͯ͹
୉͘͵՟ୌͳ͵ͮͱ͕Εɾ͞ΗΝްིԿͤΖघ๑ͺଡ͚͠ڂݜΗͱ͏Ζ[2,3]ɿҲ๏Ͳɾΰ
ʖϞ͵ʹ͹ɾεϝϣϪʖεϥϱ͹ਜ਼֮੓ΓΕ΍ଐౕ͗༑઎͠ΗΖίʖηͲͺɾؔ࣎͹͖͖
Ζಋغͺචགྷ͵͏ίʖη΍͍Ζɿ Ήͪɾ৖ॶͶΓͮͱؔ࣎͹ླྀΗΖଐౕ͗ҡ͵Ζড়݇ԾͲ
εϝϣϪʖεϥϱΝࡏͪͮߨͶɾڏͤࣖ͗ܧಊͳɾͨ͹݃Վਫ਼ͣΖؔۯ࣎ϏνʖϱͶͯ͏
ͱͺ͞ΗΉͲ͠ڂݜΗͱ͕Δͥɾັڷ਄͏ɿ  

 ੔ߑ͹ߚ͹໪దͳຌڂݜ .1.2

઴ߴͲफ़΄ͪΓ͑͵ɾؔۯ͹৖ॶͶΓͮͱࢋܯब͗غҡ͵Ζয়ڱͲεϝϣϪʖεϥϱΝ
ͳ͢ͱɾڂݜ͵దેخΝಚΖͪΌ͹ݡে͗ਫ਼ͣಚΖ͹͖எݳ͵Ͷɾʹ͹Γ͑߻৖ͪ͢ߨࣰ
ຌߚͲͺɾΉͥؖ࿊ڂݜΝफ़΄ɾୱ९͵೦ఽ಍ϠυϩΝଲেͶඉҲ༹͵ࢋܯबغͶΓͮͱ
εϝϣϪʖεϥϱΝࣰͪ͢ߨ৖߻͹ڏಊͶͯ͏ͱͤࡱߡΖɿ࣏Ͷɾਦ̏Ͳफ़΄ͪߑ੔ͳಋ
౵͹ড়݇ͲεϝϣϪʖεϥϱΝࣰͤߨΖٛڧ؂ࣇΝ༽͏ͱɾഀಊ๏ఖࣞͳൕԢ֨ࢆ๏ఖࣞ
Νଲেͳͪ͢εϝϣϪʖεϥϱΝ͏ߨɾͨ͹݃Վͳ͢ͱਫ਼ͣͪؔۯ࣎ϏνʖϱΝࣖͤɿ  

2. ؖ࿊ڂݜ 

2.1. ৖ॶͶΓͮͱҡ͵Ζ਼֨ܐࢆΝઅఈͪ͢΍͹ 

ش͗ڂݜͪ΄͹൅ఴΝ௒ܧͯ࣍Ν਼ܐࢆ֨͵దͶඉҲ༹ؔۯ๏ఖࣞΝଲেͳ͢ͱɾࢆ֨
͖ͯଚ͢ࡑͱ͏Ζɿ[4]ͺ৖ॶͶΓͮͱҡ͵Ζ਼֨ܐࢆΝͯ࣍ഖ࣯৏Ͷ͕͜ΖൕԢ֨ܧࢆ͹
਒ഀߨմ͹ڏಊΝ֮೟͢ͱ͏Ζɿ[5]ͺɾਫ਼෼ൡ৫ͶΓΖ෾ාҮ֨୉Νઈ໎ͤΖ Fisher Ϡ
υϩ[6]ͳಋ༹͹֨ࢆ๏ఖࣞΝଲেͳ͢ͱɾਫ਼෼͹ൡ৫Ώਫ਼ଚͶͳͮͱ޹న͵৖ॶʤ֨͢ࢆ
Ώͤ͏৖ॶʥͳɾͨ͑Ͳ͵͏৖ॶʤ֨͢ࢆͶ͚͏৖ॶʥ͗Ϡδ΢έয়Ͷଚ͢ࡑͱ͏Ζ͞ͳ
Ν૟ఈ͢ɾؔۯΝଵয়Ͷۢ઀ͮͱɾͨΗͩΗ͹ଵͶҡ͵Ζ਼֨ܐࢆΝઅఈͪ͢ড়݇ԾͶ͕
͜Ζɾմ͹৾Ζ෥͏Νմੵదʀ਼஍దͶ֮೟͢ͱ͏Ζɿ͞ΗΔ͹ڂݜͺɾεϝϣϪʖεϥ
ϱؔۯ͹৖ॶͶԢͣͱҡ͵Ζড়݇અఈΝ͢ͱࢋܯΝͤΖ఼Ͳɾຌڂݜ͹खΕૌΊͳྪ͢ࣇ
ͱ͏Ζɿ͖͢͢ɾ͞ΗΔ͗ಝఈ͹ؔۯ྘Ү͹਼֨ܐࢆΝଠ͹྘Үͳร͓Ζ͞ͳΝ૟ఈ͢ͱ
͏Ζ͹Ͷଲ͢ɾຌڂݜ͹૟ఈͺɾͨ͹྘Ү͹ࢋܯबغΝร͓Ζ͞ͳͲ͍Ζɿ  

2.2. ιϩΨʖφϜφϱ͹ࢋܯΝඉಋغదͶ͑ߨ΍͹ 

[7]ͺɾ̏ݫ࣏͹ιϩΨʖφϜφϱϠυϩΝଲেͳ͢ͱɾؔۯΝ͖ͯش͹ϔϫρέͶۢ઀
ͮͪ৏Ͳɾ֦ϔϫρέ಼͹ιϩ͹ࢋܯͺಋغదͶͯͯ͏ߨɾϔϫρέ͟ͳ͹ࢋܯ͹ࣰߨν
΢ϝϱήΝඉಋغͶࣰ࣎ͪ͢ߨ͹ڏಊΝ֮೟͢ͱ͏ΖɿΉͪɾ[8]ͺಋ͚ͣ̏ݫ࣏͹ιϩΨ
ʖφϜφϱͶͯ͏ͱɾιϩ͹ߍ৿Νඉಋ͖ͯغϧϱξϞͶͪͮߨ৖߻͹ڏಊΝ֮೟͢ͱ͏
Ζɿ[9]ͺ̐ݫ࣏͹ιϩΨʖφϜφϱΝଲেͳ͢ͱ࣯ྖฯଚଉ͗੔ΕཱིͯΓ͑Ͷ͓ͪ͑͢Ͳɾ
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ඉಋغͶιϩΝߍ৿ͪ͢ࡏ͹৾Ζ෥͏Ν֮೟͢ͱ͏Ζɿ͞ΗΔ͹ڂݜͺɾસͱ͹ιϩ͹ߍ
৿ΝಋغదͶҲׇߍ৿ͤΖ͹Ͳͺ͵͚ඉಋغͶ͑ߨ఼Ͳɾຌڂݜ͹खΕૌΊͳྪ͢ࣇͱ͏
Ζɿͳ͚Ͷɾ[7]Ͳफ़΄ΔΗͱ͏Ζɾؔۯ྘ҮΝϔϫρέͶۢ઀Εɾϔϫρέ಼͹ιϩߍ৿
ͺಋغదͶࣰͤߨΖߑ੔ͺຌڂݜ͹Հఈͳಋ༹Ͳ͍Ζɿ͖͢͢[7]Ͳͺɾຌ͗ڂݜ૟ఈͤΖ
Γ͑͵ɾ֦ϔϫρέ͗ͨΗͩΗ༙ݽ͹ࢋܯबغΝ΍ͮͱಢཱིͶࢋܯΝ਒ΌΖͳ͏͑ড়݇Ծ
Ͷ͕͜Ζ৾Ζ෥͏ͺࣖ͠Ηͱ͏͵͏ɿ  

3. ೦ఽ಍๏ఖࣞΝଲেͳͪ͢ࡱߡ 

ຌߚͲͺҐ߳ɾεϝϣϪʖεϥϱؔۯ͹ۢ෾Νϔϫρέͳݼ΁ɿ֦ϔϫρέͺڠ௪͹γ
΢θ͹֪ࢢഓ྽ͶΓͮͱ੔Εཱིͮͱ͏Ζɿϔϫρέ಼͹֪ࢢͺಋغదͶࢋܯʀߍ৿͠ΗΖ
͗ɾ֦ ϔϫρέͺͨΗͩΗ༙ݽ͹ؔ࣎बغͶΓͮͱࢋܯητρϕΝ܃Εศͤয়ڱΝ͓ߡΖɿ 
Ήͥୱ९͹ͪΌͶࣞʤ1ʥͲࣖͤݫ࣏̏ؔۯ͹೦ఽ಍๏ఖࣞ͹εϝϣϪʖεϥϱΝࡱߡ

ͤΖɿ  

ݑ߲ 
ݐ߲

ൌ
߲ଶݑ
 ଶ (1)ݔ߲

 

 
ਦ 3ʁ৖ॶͶΓΕֶؔࢋܯ͹ҡ͵Ζ೦ఽ಍εϝϣϪʖεϥϱ  

ਦ 3 Ͷࣖͤ௪Εɾ೦ഖ࣯Νන֪ͤ͗ؔۯࢢ 2 ͯ͹ϔϫρέͶΓͮͱൔ෾Ͷ෾͖Ηͱߑ੔͠
Ηͱ͕ΕɾͨΗͩΗ͹ϔϫρέ͗ЍHzɾЎ+] ͹ֶؔࢋܯΝͯ࣍ͳͤΖɿΉͪɾഖ࣯͹ࠪ
୼Ν೦͢ɾӊ୼Νྮ͢٭କ͜ɾ֦֪ࢢͶͺഖ࣯͹Իౕ֪͗೴͠ΗΖ΍͹ͳͤΖɿ  
͞͞ͲɾЍ͗ЎΓΕ΍ۅ୼Ͷ୉͘͏૟ఈʤЍ>>ЎʥͲɾॵغয়ସ͗ؔۯదͶҲ༹͵Իౕ͖
ΔࢋܯΝ֋࣎ͪ࢟͢Ͷɾؔ࣎ࢋܯ͹ܨգͶ൒ͮͱรԿͤΖմ͹ܙয়͹યҢΝਦ 4 Ͷࣖͤɿ 
Ήͥɾॵغয়ସʤਦ̒͹ᶅʥ͖Δࢋܯ֋͢ޛ࢟ͻΔ͚ͺࠪϔϫρέ͹ΊͲළൡͶࢋܯη 
 

 
ਦ 4ʁ೦ఽ಍εϝϣϪʖεϥϱ͹༩଎  
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τρϕ͗܃Εศ͠ΗΖͪΌɾܨؔ࣎գͶ൒ͮͱࠪ୼͗೦͠Η߶ԻͶ͵ΖɿЍ!!Ў ΝՀఈ
͢ͱ͏Ζ͹Ͳ͞͹఼࣎Ͳͺӊϔϫρέ͹ࢋܯητρϕ͗Ήࣰͫ͠ߨΗͥɾԻౕรԿ͗ਫ਼ͣ
͵͏ɿࠪϔϫρέ͹ཱི৖Ͳͺɾ͞͹ؔɾࠪϔϫρέ಼͹ӊ୼ڧֆͺॵغ஍Ͳݽఈ͠Ηͱ͏
Ζ͹ͳಋ౵Ͳ͍ΖͪΌɾӊ୼͹Իౕͺఁ͏ΉΉͲ͍Ζʤਦ̒͹ᶆʥɿ͖͞͞Δॉ෾Ͷ͗ؔ࣎
Εศ͠Ηɾ݃Վͳ͢ͱӊϔϫρέ಼͹ӊ୼ͺ܃ητρϕ͗ࢋܯգͤΖͳɾӊϔϫρέ΍ܨ
ֆͺࠪϔϫρέ͖Δླྀ೘͢ͱ͚ڧͶɾӊϔϫρέ಼͹ࠪ୼࣎ΗͱԻౕ͗Ծ͗Ζɿಋ͠٭ྮ
Ζ೦͹ӪڻΝण͜ͱԻౕ͗৏͗ΖɿΉͪɾॉ෾ௗ͏ؔ࣎ऊౕͲଌ͓Ζͳɾࠪϔϫρέ͹ཱི
৖͖ΔΊͱࠪϔϫρέ಼͹ӊ୼ڧֆͺࣙ༟ڧֆͳͪࣇয়ڱͳ͵Εɾࠪϔϫρέ಼͹ӊ୼͹
Իౕ΍৏͗ͮͱ͏͘ɾ࠹शదͶͺਦ 4 ͹ᶇͲࣖͤฑߩয়ସͶཚͬ஥͚ɿਦ 4 ͺЍ͗ЎΓΕ
΍ۅ୼Ͷ୉͘͏ίʖηΝ૟ఈͪ͢΍͹Ͳ͍Ζ͗ɾЍΏЎ͹஍ɾΉͪɾؔۯ͹෾਼ׄݺΏ෱
Ͷ͖͖ΚΔͥॉ෾ܨ͗ؔ࣎գͪ͢ޛ͹݃Վͺಋ༹͵΍͹ͳ͵ΖɿΉͪɾ͞ΗͺؔۯదͶҲ
য়ସͲ΍͍Ζɿͪ͗ͮ͢ߩ͹ฑ࣎ͪͮߨҲൢద͵εϝϣϪʖεϥϱΝͯ࣍Νغबࢋܯ͵༹
ͱɾঙ͵͚ͳ΍̏ݫ࣏೦ఽ಍๏ఖࣞ͹ؔ࣎൅ఴεϝϣϪʖεϥϱͶΓͮͱٽΉΖฑߩয়ସ
ͺɾඉҲ༹͵ࢋܯबغ͹ӪڻΝण͜͵͏ͳ͏͓ΖɿΉͪɾؔۯ͹ݫ࣏̐͗ݫ࣏Ώ̑ݫ࣏Ͳ
͍ͮͱ΍ɾ͍Ζڧֆড়݇Ͷ͕͜Ζ೦ఽ಍๏ఖࣞܧ͹ฑߩয়ସͺҲқͶఈΉΖͪΌɾ͗ؔ࣎
ॉ෾Ͷܨգͪ࣎͢͹য়ସͺඉҲ༹͵ࢋܯबغ͹ӪڻΝण͜͵͏ͳࢧΚΗΖɿ  

4. ഀಊ๏ఖࣞɾൕԢ֨ࢆ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ  

઴হͲफ़΄ͪ೦ఽ಍๏ఖࣞͺɾܧ͹ฑߩয়ସ͗ࢋܯबغͶғΔͥҲқͶఈΉΖͪΌɾܯ
͹য়ସͶҩ͏ͺໃޛգͪ͢ܨؔ࣎ͳർֳ͢ͱ߻ඉҲ༹Ͳ͍ͮͱ΍ɾҲ༹Ͳ͍Ζ৖͗غबࢋ
͏͞ͳΝफ़΄ͪɿ͞ΗͶଲ͢ͱɾഀಊ๏ఖࣞܧΏൕԢ֨ࢆ๏ఖࣞܧͺɾ෵਼͹մ͗ଚͤࡑ
ΖͪΌɾफ଍ͤΖմΏɾմͶफ଍ͤΖգోգఖ͗ɾඉҲ༹͵ࢋܯबغͶΓͮͱʹ͹Γ͑͵
ӪڻΝण͜Ζ͹͖༩଎Ͳ͘͵͏ɿͨ͞ͲɾඉҲ༹͵ࢋܯबغΝͯ࣍෾ࢆεϝϣϪʖν৏Ͳ
͞ΗΔ͹ܧΝࣰࡏͶۨಊ͢ɾͨ͹ڏಊΝ֮೟ͪ͢ɿ  

4.1. εϝϣϪʖεϥϱڧ؂ 

ਦ 5 ͶɾࣰݩΝࣇٛͪͮߨ෾ࢆεϝϣϪʖν͹֕གྷΝࣖͤɿ֦ࢋܯόʖχͺؔۯ৏͹ݽ
༙͹ϔϫρέΝฯ࣍͢ɾͨΗͩΗ͗ಢཱིͶࢋܯητρϕΝ஠ͤߨࣰ࣏Ζɿຌཔ͹෾ࢆεϝ 

 
ਦ 5ʁεϝϣϪʖεϥϱߑ੔ʤਦ̏͹εητϞΝໝͪٛ͢ڧ؂ࣇʥ  



 

t 94 t 

ϣϪʖν͹ࢋܯόʖχͺɾਦ̏Ͷࣖͪ͢Γ͑Ͷพʓ͹ؽࢋܯͶΓͮͱಊ͢ࡠɾόʖχؔ͹
௪৶ͺϋρφϭʖέΝղ͢ͱ͑͞ߨͳΝ૟ఈ͢ͱ͏Ζ͗ɾࠕյͺࢋܯबغ͹Ӫڻ͹ΊΝ֮
೟ଲেͳͪͪ͢Όɾ֦ࢋܯόʖχͺ 1 ͯ͹ηϪρχʤࢋܯॴཀྵࣰߨ͹ୱҒʥͳ͢ͱࣰૹ͢
ͪ৏Ͳ 1 ୈ͹಼ؽࢋܯͲಊͪͦ͠ࡠɿΉͪɾόʖχؔ͹௪৶ͺϟϠϨΝղ͢ͱ͑͞ߨͳͲ
ϋρφϭʖέ௪৶ͶགྷͤΖؔ࣎͹ӪڻΝഋঈͪ͢ɿ  
ͺؔۯ 135ʹ135 ͫ͏ܪয়Ͷࢢ੔͢ɾͨΗΔΝ֪ߑͶΓͮͱࢢ͹֪ݺ 9 ͯ͹ࢋܯόʖχ

ʤηϪρχʥͶׄΕ౲ͱɾεϝϣϪʖεϥϱΝด྽ࣰͪ͢ߨɿ֦όʖχͺ 45ʹ45 ͹֪ࢢ
ϔϫρέΝฯͪͦ࣍͠ɿΉͪɾͨ ΗΔ͹ߍ৿बغΝਦ 6 Ͷࣖͤ௪Ε͹ϏνʖϱͲ݀ఈͪ͢ɿ  
ਦ 6 Ͷ͕͜Ζ͏ࠉϔϫρέͺɾപ͏ϔϫρέ͹ࢋܯόʖχΓΕ΍ࢋܯबغΝௗ͚ͤΖ͞ͳ
Νࣖ͢ͱ͏Ζɿࠕյɾ͏ࠉϔϫρέͺɾപ͏ϔϫρέ͹ 4 ഔ͹ࢋܯबغͳͪ͢ɿͯΉΕɾ
ϔϫρέ͗͏ࠉ 1 յࢋܯητρϕΝࣰͤߨΖؔͶɾപ͏ϔϫρέͺฑ͢ۋͱ 4 յ͹ࢋܯη
τρϕΝࣰͤߨΖ͞ͳͶ͵Ζɿ͵͕ɾݺʓ͹ηϪρχͺɾຌཔͺಢཱིͪ͢ؽࢋܯ৏Ͳҡ͵
Ζϕϫιηͳ͢ͱಊͤࡠΖ͞ͳΝ૟ఈ͢ͱ͏ΖͪΌɾηϪρχؔ͹ಋغͺͮߨͱ͏͵͏ɿ
ͨ͹ͪΌɾࢋܯητρϕࣰߨ͹յ਼ർིʤ1:4ʥͺ͍͚ΉͲ໪҈Ͳ͍ΕɾηϪρχॴཀྵ͹਒
ṁয়ڱͶԢͣͱऑͤݰଁױΖɿΉͪɾ֦ηϪρχͺࢋܯητρϕΝࣰͤߨΖͪ;Ͷɾͨ͹
ϔϫρ͏ࠉ͹য়ସ஍ΝۛંηϪρχ΃௪எͤΖɿҐ߳ɾࢢֆͶ͕͜Ζ֪ڧ఼͹ϔϫρέ࣎
έΝஙԈϔϫρέɾപ͏ϔϫρέΝ௪৙ϔϫρέͳݼ΁ɿ  
εϝϣϪʖεϥϱΝࣰؽࢋܯͪ͢ߨ͹੓೵ͺ CPU1.8GHz 4 αΠʤ8 ࿨ཀྵϕϫιργʥ,

ϟϠϨ 8GB Ͳ͍ΖɿεϝϣϪʖεϥϱ͹ϕϫιηͺ Java Ͷͱࣰૹͪ͢ɿԍࢋͶ GPU ͺ
༽͏ͱ͏͵͏ɿ  

 

 
ਦ 6ʁஙԈϔϫρέ͹ഓ஖Ϗνʖϱ  

4.2. ഀಊ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ 

઴ߴͲफ़΄ͪεϝϣϪʖεϥϱڧ؂৏Ͳɾࣞʤ2ʥͶࣖͤ 2 ൅ؔ࣎͹ഀಊ๏ఖࣞ͹ݫ࣏
ఴΝͪ͢ࢋܯɿεϝϣϪʖεϥϱ͹ࢋܯ๏ࣞͺࠫ෾๑Ͳ͍Ζɿ۫ରదͶͺࣞʤ2ʥΝ཯ࢆ
Կͪࣞ͢ʤ3ʥͶΓͮͱ݀ ൌ ͳͲି଻ͳ͕͏ͱɼ֪ࢢΝߍ৿ͤΖࢋܯητρϕΝ஠ͪ͢ߨࣰ࣏ɿ
ࣞʤ3ʥ಼͹శ͓݅࣊ǡ ݆ͺ֪ࢢ͹࠴ඬΝɾݐͺؔ࣎ητρϕΝන͢ͱ͏Ζɿ  

  



 

t 95 t 

 ߲ଶݑ
ଶݐ߲

ൌ
߲ଶݑ
 ଶ (2)ݔ߲

௜ǡ௝௧ାଵݑ  ൌ ௜ǡ௝௧ݑʹ െ ௜ǡ௝௧ିଵݑ ൅ ݀ሺݑ௜ିଵǡ௝௧ ൅ ௜ାଵǡ௝௧ݑ ൅ ௜ǡ௝ିଵ௧ݑ ൅ ௜ǡ௝ାଵ௧ݑ െ Ͷݑ௜ǡ௝௧ ሻ (3) 

దͶҲ༹͵஍ʁ0ؔۯ஍ͳ͢ͱغֆড়݇ͳ͢ɾॵڧغֆড়݇ͺबڧ Νઅఈͪ͢৏Ͳɾؔۯ
͹஦ԟͶҒ஖ͤΖ֪ࢢͶଲ͢ͱਜ਼ഀݯͶΓͮͱ৾ಊΝ༫͓କ͜ͱεϝϣϪʖεϥϱΝۨಊ
ͪ͢ɿਜ਼ഀݯ͹बغͺɾͨ͹ϔϫρέͶ͕͜Ζࢋܯητρϕबغൈ ͳͲଷͳ͢ͱ༫͓ͪɿؔۯ
஦ԟ͗௪৙ϔϫρέ͹৖߻ͺɾͨ͞Ͳ༫͓ΔΗΖਜ਼ഀݯ͹बغͺɾஙԈϔϫρέ͹ཱི৖͖
ΔͤΖͳ༁ 1/4 ͳ͵ΕɾٱͶؔۯ஦ԟ͗ஙԈϔϫρέ͹৖߻ͺɾ௪৙ϔϫρέ͹ཱི৖͖Δ
ͺ༁ 4 ഔͳ͵Ζɿ  

 
݃Վͳࡱߡ 
ਦ 7 ͶεϝϣϪʖεϥϱ͹݃ՎΝࣖͤɿ֦ߨͶஙԈϔϫρέ͹ഓ஖ϏνʖϱΝɾ֦྽Ͷ

ͨΗͩΗ͹ϏνʖϱͶ͕͜Ζܨؔ࣎գͶ൒͑մ͹ܙয়Νඵժͪ͢΍͹Ͳ͍Ζɿմܙয়ͺ
135ʹ135 ϒέιϩ͹໎ౕժ଀Ͳ͍Εɾ֦ϒέιϩ͹໎ౕͺݑ͹஍ͶԢͣͱ݀Όͱ͏Ζɿ͏
ͥΗ͹݃Վ΍ɾεϝϣϪʖεϥϱؔ࣎͹ܨգͶ൒ͮͱ࠹शదͶͺఈ৙ഀ͗ਫ਼੔͠Ηͪɿఈ
৙ഀ͹Ϗνʖϱͳ͢ͱͺɾഀݱͳ͢ͱਜ਼ഀݯΝ༫͓ͪؔۯ͹஦ԟ͹ϔϫρέ͗ஙԈϔϫρ
έ͖௪৙ϔϫρέ͖Ͳ෾ྪͲ͘Ζɿ  
 
߻௪৙ϔϫρέͶ͍Ζʥ৖͗ݱ஦ԟ͗௪৙ϔϫρέͲ͍Ζʤഀؔۯ  
஦ԟͲ൅ਫ਼ͪ͢ഀ͹ഀௗ͗ɾஙԈϔϫρέͲͺ୻͚͵Ζ͞ͳ͖ΔɾஙԈϔϫρέͲͺ௪

৙ϔϫρέͳർֳ͢ͱ͖ࡋ͵ഀ͗ଚ͢ࡑͱ͕ΕɾͨΗΝ໎֮Ͷ໪ͤࢻΖ͞ͳ͗Ͳ͘Ζʤਦ
7 ͹ B,E,F,I,K,L য়ͺ௪৙ϔϫρέͳ͹ં͢๏ͲܙʥɿΉͪɾஙԈϔϫρέͲਫ਼ͣΖഀ͹ߨ
รԿͤΖ͞ͳ͗෾͖Ζɿྭ͓ͻਦ 7 ͹Ϗνʖϱ B ͲͺஙԈϔϫρέͺ௪৙ϔϫρέͳೈ๼
Ͳ͖͢ં͢ͱ͕Δͥɾഀ͗ͨΗͶԌͮͱࡋௗ͚ଚ͢ࡑͱ͏Ζ͞ͳ֮͗೟Ͳ͘Ζʤਦ 7 ͹ B
ߨ 32,64 ྽ʥ ɿ   
 
߻ஙԈϔϫρέͶ͍Ζʥ৖͗ݱ஦ԟ͗ஙԈϔϫρέͲ͍Ζʤഀؔۯ  
஦ԟͲ൅ਫ਼ͪ͢ഀ͹ഀௗͺɾ௪৙ϔϫρέͲͺௗ͚͵Ζ͞ͳ͖Δɾ௪৙ϔϫρέͲͺഀ

ௗ͹୉͘͵ഀ͗ਫ਼੔͠ΗΖɿΉͪɾ͞͹ഀ͹ӪڻΝٱͶण͜ͱஙԈϔϫρέ͹ഀௗ΍ௗ͚
͵Εɾॉ෾͵ܨ͗ؔ࣎գͤΖͳɾஙԈϔϫρέͳ௪৙ϔϫρέ͹໪ࢻͶΓΖۢพͺͲ͘͵
͚͵Ζɿ  

  



 

t 96 t 

 
ਦ 7ʁഀಊ๏ఖࣞ͹εϝϣϪʖεϥϱ݃Վ  



 

t 97 t 

4.3. ൕԢ֨ࢆ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ 

ൕԢ֨ܧࢆͺɾඉҲ༹͵ؔۯϏνʖϱΝͯ࣍ฑߩմ͗ଚ͢ࡑͱ͏Ζ[10]ɿࠕյͺൕԢ֨
ͳͲஎΔΗͱ͏Ζࣞʤ4ʥͶࣖͤͯ࣍͞͹஦Ͳ΍ಝͶଡ༹͵մΝܧࢆ 2 ͹ݫ࣏ GrayScott
Ϡυϩ[11,12]͹ؔ࣎൅ఴΝͪ͢ࢋܯɿεϝϣϪʖεϥϱͺ઴ߴಋ༹Ͷɾࠫ෾๑ͶΓͮͱܯ
ܨͺࣞʤ5ʥͶࣖͤ௪ΕͲ͍Εɾࣞࢆ৿͹ͪΌ͹཯ߍࢢɿ֪ͪͮߨΝࢋ ൌ ͲǤͲͶǡ ݇ ൌ ͲǤͲͷͻǡ ݀ ൌ
ͲǤͲͳǡ ݇ ൌ ͲǤͲͳǡܦ௨ ൌ ͳͲିହǡ ௩ܦ ൌ ʹ ൈ ͳͲିହͳ͕͏ͪɿ  

 

ݑ߲
ݐ߲

ൌ ݒଶݑ െ ሺܨ ൅ ݇ሻݑ ൅ ௨ܦ
߲ଶݑ
ଶݔ߲

ǡ 

ݒ߲
ݐ߲

ൌ െݑଶݒ െ ሺͳ െ ሻݒ ൅ ௩ܦ
߲ଶݒ
ଶݔ߲

Ǥ 
(4) 

 

௜ǡ௝௧ାଵݑ ൌ ݀൛ሺݑ௜ǡ௝௧ ሻଶݒ௜ǡ௝௧ െ ሺܨ ൅ ݇ሻݑ௜ǡ௝௧ ൅ 

��������������������
௨ܦ

݇ଶ ൫ݑ௜ିଵǡ௝
௧ ൅ ௜ାଵǡ௝௧ݑ ൅ ௜ǡ௝ିଵ௧ݑ ൅ ௜ǡ௝ାଵ௧ݑ െ Ͷݑ௜ǡ௝௧ ൯ൟ ൅ ௜ǡ௝௧ݑ ǡ 

௜ǡ௝௧ାଵݒ ൌ ݀൛െሺݑ௜ǡ௝௧ ሻଶݒ௜ାଵǡ௝௧ ൅ ൫ͳܨ െ ௜ାଵǡ௝௧ݒ ൯ ൅ 

��������������������
௩ܦ

݇ଶ ൫ݒ௜ିଵǡ௝
௧ ൅ ௜ାଵǡ௝௧ݒ ൅ ௜ǡ௝ିଵ௧ݒ ൅ ௜ǡ௝ାଵ௧ݒ െ Ͷݒ௜ǡ௝௧ ൯ൟ ൅ ௜ǡ௝௧ݒ Ǥ 

(5) 

ሺ݅௖ǡࢢ͹஦ԟͶҒ஖ͤΖ֪ؔۯֆড়݇ͳ͢ɾڧغֆড়݇ͺबڧ ݆௖ሻΝ஦ৼͳ͢ͱਫ਼੔ͪ͢ΪΤ
η਼݂ؖሺݔǡ ሻݕ ൌ ͳͲ ൈ ����ሼെሺݔ െ ݅௖ሻଶ െ ሺݕ െ ݆௖ሻଶሽΝॵغ஍ͳ͢ͱ༫͓ͪɿ  
 
݃Վͳࡱߡ 
ਦ 8 ͶεϝϣϪʖεϥϱ͹݃ՎΝࣖͤɿ઴ߴಋ༹Ͷɾ֦ߨͶஙԈϔϫρέ͹ഓ஖Ϗνʖ

ϱΝɾ֦ ྽ͶͨΗͩΗ͹ϏνʖϱͶ͕͜Ζܨؔ࣎գͶ൒͑մ͹ܙয়Νඵժͪ͢΍͹Ͳ͍Ζɿ
Ήͪɾϒέιϩ͹໎ౕͺݑ͹஍ͶԢͣͱ݀Όͱ͏Ζɿ  
઴ߴͲ͹ഀಊ๏ఖࣞͺɾ೘ྙͳ͢ͱਜ਼ഀݯΝ༫͓କ͜ͱ͏ͪͪΌɾܨؔ࣎գͳͳ΍Ͷร

Կ͢͵͚͵Ζฑߩմͺଚ͢ࡑ͵͖ͮͪ͗ɾ͞͞Ͳଲেͳͪ͢ܧͶͺฑߩմ͗ଚ͢ࡑɾࢋܯ
ητρϕΝॉ෾Ͷ॑͸Ζͳɾͨ ΗҐ৏ܨؔ࣎գ͢ͱ΍รԿ͢͵͚͵Ζয়ସ͗ಚΔΗΖɿ Ή
ͪɾ઴হͲफ़΄ͪୱ९͵೦ఽ಍๏ఖࣞͺɾฑߩմͳ͢ͱखΕ͓Ζয়ସͺ 1 ͯͫ͜Ͳ͍ͮͪ
ͪΌɾඉҲ༹͵ࢋܯबغͲ͍ͮͱ΍ɾॉ෾Ͷܨ͗ؔ࣎գͪ͢ޛ͹݃ՎͶรΚΕͺ͵͖ͮͪɿ  
͖͢͢ɾ͞͞Ͳଲেͳͪ͢ܧͺɾฑߩմ͗ଡ༹Ͷଚ͢ࡑͱ͕ΕɾඉҲ༹͵ࢋܯबغ͹Ӫڻ
Νण͜ͱɾܨؔ࣎գͶ൒ͮͱ౺ୣͤΖয়ସ΍รԿ͢ͱ͏Ζ༹͗ࢢΚ͖Ζɿ  
մ͹Ϗνʖϱͳ͢ͱͺɾ઴ߴ͹ഀಊ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ݃Վ͹Γ͑Ͷɾ

ஙԈϔϫρέͳ௪৙ϔϫρέ͹ؔͲմ͹ܙয়͹ഀௗͶ୉͘͵ҩ͏ͺड़Ζ͞ͳͺ͵͖ͮͪɿ
͖͢͢ɾࢋܯ͹գఖͲɾ௪৙ϔϫρέͲϏνʖϱܙ੔͗ଐ͚਒ͤߨΖͪΌɾΉͥ௪৙ϔϫ
ρέͶ͕͏ͱϏνʖϱ͗ਫ਼੔͠Ηɾͨ͹ޛͶஙԈϔϫρέͲ͹Ϗνʖϱਫ਼੔͗ɾۯപ྘Ү
ΝດΌΖΓ͑Ͷ਒ͤߨΖ༹ࡱ؏͗ࢢͲͪ͘ɿ͞͹ͳ͘ɾۯപ྘Ү͹ܙয়ͶԌͮͱϏνʖϱ
ਫ਼੔͗͵͠ΗΖͪΌɾ͗ܧʹ͹Γ͑͵գఖΝḹͮͱͨ͹ฑߩয়ସͶ౺ୣͪ͢͹͖ɾ͏Κͻ
գోգఖ͹ܙ੽֮͗೟Ͳͪ͘ɿൕԢ֨͗ܧࢆਫ਼੔ͤΖؔۯϏνʖϱͺɾ྘ҮͶଲͤΖనԢ
੓ʀ੖྽੓Ν༙͢ͱ͏Ζ͞ͳ͗எΔΗͱ͕Ε[13,14]ɾ͞͹ܙ੽ͺ͞͹੓࣯ͶΓΖ΍͹Ͳ͍
Ζͳ͓ߡͱ͏Ζɿ   

 



 

t 98 t 

 
ਦ 8ʁൕԢ֨ࢆ๏ఖࣞ͹εϝϣϪʖεϥϱ݃Վ  



 

t 99 t 

ΉͳΌ 

ɿ೦ఽͪͮߨΝݩͳࣰࡱߡεϝϣϪʖεϥϱͶؖͤΖͯ࣍Νغबࢋܯ͵దͶඉҲ༹ؔۯ
಍๏ఖࣞͶͯ͏ͱͺɾඉҲ༹͵ࢋܯबغ͹ӪڻΝण͜͵͏͞ͳΝͪ͢ࡱߡɿഀಊ๏ఖࣞͶ
ͯ͏ͱͺɾεϝϣϪʖεϥϱ͹݃ՎɾඉҲ༹͵ࢋܯबغͶΓͮͱಚΔΗΖմ͹ఈ৙ഀ͹Ϗ
νʖϱ͗୉͚͘ҡ͵ͮͪɿΉͪɾͨ͹ఈ੓ద͵੓࣯ͺഀ͗ݱ௪৙ϔϫρέ͖ஙԈϔϫρέ
͹ʹͬΔͶҒ஖ͤΖ͖Ͳ୉Ή͖͵෾͜Ζ͞ͳ͗Ͳͪ͘ɿൕԢ֨ࢆ๏ఖࣞͶͯ͏ͱͺɾಚΔ
ΗΖؔۯϏνʖϱͶఈ੓ద͵ҩ͏ͺਫ਼ͣ͵͖ͮͪɿ͖͢͢ɾͨ͹ϏνʖϱͶ౺ୣͤΖΉͲ
͹գఖ͹ܙ੽ΝݡΖ͞ͳ͗Ͳͪ͘ɿ  

 ݛชߡࢂ
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Abstract: In recent years, the development of video technology has increased the chance of 
viewing stereoscopic films on media such as televisions and movie theaters. As the viewing of 
3D video has become more commonplace, symptoms such as visually induced motion sickness 
(VIMS) and eye fatigue have been reported. In a previous study, post peripheral tracking was 
shown to influence the equilibrium function compared to post tracking of a 3D video clip. 
However, this result may depend on the experimental environment. In this study, we 
investigate the relationship between patterns of the eye movement and the body sway while 
viewing a 3D video clips. Our results show that post peripheral viewing increases gain. This 
suggests that post peripheral viewing tends to accumulate fatigue.  

 
Keywords: 3D video clips, Visually induced motion sickness (VIMS), Eye movement, Body 
sway pattern, Transfer function analysis 

1. ຌ࿨ช͹໪ద 

ۛ೧ɼ3DCG ٗढ़͹ඊ༄ద͵਒ิͶΓΕɼཱིରӫ଀͗ਐۛ͵΍͹Ͷ͵Ζͳͳ΍Ͷɼϐ
φ͗͞ΗΉͲͶͪ͢͞ݩܨͳ͹͵͏ְܻ࢙ࢻΝण͜Ζ͞ͳ͗ड़པΖ࣎େͶ͵ͮͪɽ2010
೧ͺ 3D ͻΗɼ3Dݼ೧ͳݫ ӫ଀੣඾͗ࢤ৖Ͷ߁ΉΕ࢟ΌͪɽΉͪɼ৿ͪͶ 2016 ೧ͺ VR
ֺޚͺɼٶ͹߶͏ӫ଀͗ఴ֋͠Η͍ͯͯΖɽ͞͹Γ͑͵੣඾͹෕״ͻΗɼྡ৖ݼ೧ͳݫ
෾໼ͶͳʹΉΔͥɼҫྏΏگүɼෳࢳ͵ʹଡزͶΚͪΖ[1][2]ɽͨ͹Ҳ๏Ͳɼءൾ࿓Ώ
ᅇృ״ɼ਴͏͵ʹ͹ӫ଀਴͏ͳݼͻΗΖ෈չ͵঳য়͗Ӏً͘͞͠ΗΖ͵ʹɼ݊߃৏͹ѳ
Ӫݔ͗ڻ೨͠Ηͱ͏Ζ[3]ɽͨ͞Ͳɼ༹ʓ͵ਫ਼ର৶͖ߺΔӫ଀਴͏Ν඲ՃͤΖ͗ڂݜ͵͠
Ηͱ͏Ζ[4][5]ɽ  
ӫ଀਴͏Ͷͯ͏ͱਫ਼ཀྵࢨඬΝ༽͏ͪఈྖద͵඲Ճ๏๑͹Ҳͯͳ͢ͱɼ॑ৼಊ༵͗ࠬݗ

ى͹৏ͶཱིҒͪ͢য়ସ͹॑ৼҒ஖Νح଎ఈ͗ंݩͲͺɼඅࠬݗΔΗΖ[6]ɽ॑ৼಊ༵͝ڏ
࿧ͤΖɽ͞͹๏๑ͺɼཱིରӫ଀ࢻ೟࣎͹ӫ଀ͶΓΖରฑܧߩ΃͹ӪڻΝఈྖదͶ඲Ճͤ
Ζ͹Ͷ༙ްͲ͍Ζɽ઎ڂݜߨͶ͕͏ͱͺɼӫ଀͹ࢻ೟๏๑Ͷ஭໪͠Ηͱ͕Εɼ௧ॊࢻͶ
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ർ΄बวࢻ͹๏͗ରฑܧߩͶӪڻΝٶ·ͤ͞ͳ͗ࣖ͠ࠨΗͪ[7]ɽ͖͢͢ɼࣰڧ؂ݩͶғ
ଚ͢ͱͨ͹ܑ͗޴ΊΔΗ͵͏͞ͳ΍͍Εɼӫ଀਴͏͹ؽ঄͹৆ࡋΝմ໎ͤΖ͞ͳ͗ٽΌ
ΔΗͱ͏Ζɽ  
ϐφ͹ରฑߩͺɼ༹ʓ͵ְ״৚ๅ͹౹߻ͶΓͮͱฯ࣍͠Ηͱ͏ΖɽकͶɼᶅ઴ఋ͖ح

ΔಚΔΗΖՅଐౕ৚ๅɼᶆְࢻ৚ๅɼᶇର੓ְ״৚ๅ͹ 3 Ͳ͍Ζɽ͞ΗΔ͹೘ྙ৚౹ܧ
ๅ͗ɼൕࣻܧΏ߶࣏೶Ͳ͹৚ๅॴཀྵΝܨͱ౹͠߻Ηͱɼड़ྙܧ΃΍ͪΔ͠ΗΖ[8]-[11]ɽ
Edwards ͹ๅࠄͶΓΖͳɼࢡ੐੏ޜͶؖͤΖ৚ๅ͹͑ͬɼְࢻ৚ๅͺ 50%ఖౕΝઐΌΖ
ͳๅ͢ࠄͱ͏Ζ[12]ɽΉͪɼְࢻ৚ๅ͗ܿཚͪ͢য়ସͲ͹ࢡ੐҈ఈ੓ͺɼְࢻ৚ๅ͹೘
ྙ͍͗Ζ৖߻ͳർ΄ɼ20-50%ఖౕఁԾͤΖ͞ͳ͗எΔΗͱ͏Ζ[13][14]ɽͨ͹ͪΌɼड़
೘ྙͳ୉͚ؖ͘Κͮͱ͏Ζɽְࢻͺޜ੏࣍੐ңࢡͳ͢ͱ͹ܧྙ  
੐รԿࢡ༢಍੓ְࢻͺɼޜ੐੏ࢡ৚ๅͶΓΕӀً͘͞͠ΗΖְࢻ (Visual evoked 

postural responses : VEPRs)ͳݼͻΗΖɽ઎ڂݜߨͲͺɼVEPRs Ν଎ఈͤΖ͞ͳͲྡ৖
Γ;ӫ଀਴͏͹ʹͬΔ͹඲ՃͶ΍༽͏ΔΗͱ͏Ζ[15]-[18]ɽΉͪɼӫ଀͹ଐౕΏ઴͕״
ߨ઎ͪͮߨΝݩࣰৄݗ໪Ͷͯ͏ͱߴ੓͵ʹ͹ܐ͹ؖࢻͳ஦ৼࢻ੓ɼबวܐ͹ؖܢͳഐܢ
ͶΓΕܻ࢙ܢ೟๏๑ͶؖΚΔͥɼഐࢻΏ޴ӣಊ͹๏ހͲͺɼࣙڂݜ VEPRs ͺ൅ͤݳΖͳ
݃࿨෉͜ΔΗͱ͏Ζ[19]-[21]ɽ͖͢͢ɼVEPRs ͹൅ਫ਼ϟΩωθϞͺ෈໎ྐ͵఼͗ଡ͚ɼ
ͱ͏͵͏ɽͮ͠ࢺে͹մ໎Ͷͺݳ ΔͶɼVEPRs ͺְࢻ৚ๅͶًҾͤΖࢡ੐รԿͲ͍Ζ͗ɼ
౲ͪݡͺྭͪͮߨΝڂݜͶࡋͶͯ͏ͱ৆ౕک͹ɼఽୣࡏ΃ఽୣͤΖׯح৚ๅΝӣಊְࢻ
Δ͵͏ɽͨ͹ͪΌɼְࢻ৚ๅͳࢡ੐੏ޜ͹ఽୣౕ͗کɼҾࢢͶΓͮͱʹ͹Γ͑ͶรԿͤ
Ζ͖Νݗ౾ͤΖ͞ͳ͗غଶ͠Ηͱ͏Ζɽ  
ରฑܧߩͶؖ͢ͱɼܙ͹Ռָ͖Δ͹Πϕϫʖοͺɼ৿͢͏Ն೵੓Ν΍ͮͱ͏Ζɽ͞Η

ΉͲ͹ͳ͞Θɼಊ༵ਦͺٌ੽ௗΏใཙ໚੷ͳ͏ͮͪݸఈద͵ਦܙϏνʖϱ͹մੵ͕Γ;
߶ଐϓʖϨΦร׷ͶΓΖबഀ਼մੵͶΓͮͱ෾ੵ͠Ηͱ͕Ε[22][23]ɼୱ९͵ϔϧΤϱ
ӣಊͳ͢ͱىफ़͠ΗΖ͞ͳ͗ଡ͏[24]ɽ෵ࡸ͵ਦܙϏνʖϱΝ༙͢ɼ৚ๅྖ͗୉͘͏͞
ͳ͗غଶ͠ΗΖൕ໚ɼಊ༵ਦ͹ΊͲ͹մੵͲͺɼฑؽߩ೵͹඲ՃͶͺݸֆ͍͗Ζɽͨ͞
Ͳɼରฑߩ͹ฯ࣍Ͷ॑གྷ͵ࢻતٌ੽Ϗνʖϱ(ਦ 1)Νಊ༵Ϗνʖϱ(ਦ 2)ͳলΔ͢߻Κͦ
ͱ඲ՃͤΖ͞ͳͶΓΕɼΌΉ͏ʀฑؽߩ೵্֒͹ࠬݗɼϨύϑϨτʖεϥϱҫָ͵ʹଡ
෾໼Ͷ͕͏ͱر༫ͤΖ͞ͳ͗غଶ͠ΗΖɽΉͪɼາͫմ໎͠Ηͱ͏͵͏਴͏͹඲ՃͶ΍
Ԣ༽Ͳ͘Ζ͵ʹɼରฑܧߩͶؖͤΖڂݜ͹൅ఴͶͺɼܙ͹Ռָ͖Δ͹Πϕϫʖο͗॑གྷ
Ͳ͍Ζɽͨ͞ͲຌڂݜͲͺɼְࢻ೘ྙͳड़ྙͳ͢ͱ͹ࢡ੐ң࣍੏ޜ͹ؖܐͶ஥໪͢ɼཱི
ରӫ଀ࢻ೟࣎͹ࢻતӣಊͳ॑ৼಊ༵Νಋܯ࣎଎ͤΖ͞ͳͲɼࣰڧ؂ݩͶғଚ͢͵͏ӫ଀
਴͏͹඲Ճ๑Ν఑ҌͤΖͳͳ΍Ͷɼӫ଀਴͏͹൅ਫ਼ؽ঄Νմ໎ͤΖ͞ͳΝ໪దͳͤΖɽ  

 
ਦ 1ʁཱིରӫ଀ࢻ೟࣎Ͷ͕͜Ζࢻતٌ੽Ϗνʖϱ͹ྭɼ(a) बวࢻ೟ɼ(b) ௧ॊࢻ೟  
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ਦ 2ʁཱིରӫ଀ࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵Ϗνʖϱ͹ྭɼ(a) बวࢻ೟ɼ(b) ௧ॊࢻ೟  

 ݩࣰ .2

 ๏๑ݩࣰ .2.1

අंݩͺɼࣘ ʀਈع׳࣮ܧܨԡྼ͹͵͏ऑ೧஋ঃ 11 ໌(ฑۋ೧ྺʸඬ६ยࠫ:22.7 ʸ 0.8
৏Ͳɼॽ໚ͪͮߨ͹ઈ໎Νॉ෾Ͷݩ઴ͶࣰࣆͶͺंݩɽඅͪͮߨ଎ΝܯΝଲেͳ͢ͱ(ࡂ
ͶͱಋқΝಚͪɽΉͪɼຌڂݜͺɼෳҬ୉ָ୉ָӅڂݜָ޽Ռஎ೵εητϞָ޽઒ߊਕ
ΝଲেͳͤΖྛڂݜཀྵҗҽճ͹ট೟Νण͜ͱࣰͪ͢ࢬ(ট೟൬ߺʁH2019003)ɽ 
ຌڂݜͲͺɼඅ͖ंݩΔ 2 m ઴๏Ͳ໪͹߶͠͹Ғ஖͗஦ৼͶ͵ΖΓ͑Ͷઅ஖͠Ηͪ 55

΢ϱο͹ 3DυΡηϕϪ΢ 55UF8500(LG)Ͷӫ଀Νනࣖͪ͢ɽࣰ Ͷ༽͏Ζཱིରӫ଀ͺɼݩ
Sky Crystal(ΨϨϱϏηϟϠϨʖϭʖέη)Ν΍ͳͶಋऀ͹ڒՆΝಚͱߑ࠸੔ͪ͢΍͹Ν
༽͏ͪ(ਦ 3)ɽSky Crystal ͺɼځରΝఆࣖͤΖಊժͲ͍Εɼࠪӊ͕Γ;৏ԾͶรҒΝ൒
͏͵͗Δ 5 භबغͲۛҒͳԗҒΝ६बغదͶԡ෰ͤΖɽ఑ࣖͪ͢ӫ଀͹ځର͹γ΢θͺɼ
ۛ๏͗࣎ 9.4 [deg]ɼԗ๏͗࣎ 0.3 [deg]Ͳ͍ΖɽځରΝԗҒͳۛҒ͹ؔͲ׊Δ͖Ͷӣಊ͠
ͦͱఆࣖͤΖ͞ͳͶΓΕɼ໡༹ର۔͹৵क़ӣಊΝͦ͠ͱɼءൾ࿓Ν؉࿪ͤΖଠɼՀ੓ۛ
Ͳͺɼӫ଀͹ཱིର੓ڂݜͶଲ͢ͱҲఈ͹ްՎ͍͗Ζɽຌࢻ 2D/3D ͗ҡ͵Ζӫ଀ΝɼͨΗ
ͩΗबวࢻ೟Ήͪͺ௧ॊࢻ೟ͦͪ͠ɽबวࢻ೟࣎ͲͺɼඅंݩͶͺଲে෼Ν஭ͥͦࢻɼ
ժ໚સରΝ்ΌΖΓ͑ͪࣖ͢ࢨɽΉͪɼ௧ॊࢻ೟࣎ͲͺɼඅंݩͶͺଲে෼Ν஭ͤࢻΖ
Γ͑ͪࣖ͢ࢨɽܯ଎ͺҋ࣪Ͳ͏ߨɼࣰࢡݩ੐ͺཱིҒϫϱϗϩήࢡ੐ͳͪ͢ɽ॑ৼಊ༵ܯ
଎Ͷͺώϧϱη Wii Ϛʖχ(Nintendo)Ν༽͏ɼӫ଀ࢻ೟࣎͹֦γϱϕϨϱήؔ࣎Ͳ͹॑
ৼ͹Ғ஖Νى࿧ͪ͢ɽγϱϕϨϱήबഀ਼ͺɼ100 Hz Ͳܯ଎ͪ͢ɽࢻતӣಊܯ଎Ͷͺࢻ
໼Ωϟϧ͗खΕ෉͜ΔΗͪΠ΢ϜʖέϪαʖξ EMR-9ʤψρέ΢ϟʖζτέόϫζʖʥ
Ν༽͏ɼӫ଀ࢻ೟࣎͹֦γϱϕϨϱήؔ࣎Ͳ͹ࢻત͹Ғ஖Νى࿧ͪ͢ɽγϱϕϨϱήब
ഀ਼ͺɼ60 Hz Ͳܯ଎ͪ͢ɽ  
ɼ৏फ़͹ӫ଀Νͨޛ੐ΝͳΔͦͪɽཱིҒ҈੫͹ࢡͶͺཱིҒϫϱϗϩήंݩ଎஦ɼඅܯ

ΗͩΗबวࢻΉͪͺ௧ॊࢻͲɼ֦ 60 භؔࢻ೟ͦ͠ɼ͞͹ؔ͹॑ৼಊ༵ͳࢻતӣಊΝಋ
ɼࣰྂ͢ߡ೟๏๑͹ॳ঄ްՎΝࢻ೟ͤΖӫ଀ͳࢻ଎ͪ͢ɽܯ࣎ ɽͪͮߨͺ೜қ͹ॳ൬Ͳݩ
͵͕ɼӫ଀ࢻ೟࣎Ͷ͏ک਴͏Νͪͣ״৖߻ͺࣰݩΝ஦ࢯͲ͘Ζ΍͹ͳͪ͢ɽΉͪɼܯ଎
஦Ͷգౕ͹΀Δͯ͘Ώϫϱϗϩήࢡ੐Νฯͱ͵͚͵ͮͪ৖߻͵ʹͺࣰݩΝࢯΌɼҲఈ࣎
ؔ͹ܞٵΝͺ͠Ίɼܯౕ࠸଎Νͪͮߨɽ  
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ਦ 3ʁࣰݩͲ࢘༽ͪ͢ӫ଀  

2.2. ఽୣ਼ؖմੵ 

ӫ଀ࢻ೟࣎͹֦γϱϕϨϱήؔ࣎Ͳ͹ɼࢻતӣಊͳ॑ৼಊ༵͹ x - y ࠴ඬΝى࿧ͪ͢ɽ
ಚΔΗͪࢻતӣಊ͹υʖνͺɼx ๏޴ʤӊ๏޴Νਜ਼ʥɼy ๏޴ʤ৏๏޴Νਜ਼ʥͳͤΖࢻત
Ғ஖͹ܧ࣎྽Ͷร͢׷ɼ॑ৼಊ༵͹υʖνͺ x ๏޴ʤӊ๏޴Νਜ਼ʥɼy ๏޴ʤ઴๏޴Ν
ਜ਼ʥͳͤΖ॑ৼҒ஖͹ܧ࣎྽Ͷรͪ͢׷ɽ͠ΔͶɼࢻતӣಊͳ॑ৼಊ༵͹֦੔෾͹ܧ࣎
྽Ͷͯ͏ͱηϘέφϩմੵΝͪͮߨɽ͞ΗΔ͹έϫηηϘέφϩΝٽΌͪ৏Ͳɼࢻતӣ
ಊΝ೘ྙɼ॑ৼಊ༵Νड़ྙͳͪ͢ਫ਼ରεητϞΝՀఈ͢ͱɼఽୣ਼ؖմੵͶΓΕαϐʖ
Ϫϱηͳΰ΢ϱΝࢋड़ͪ͢ɽαϐʖϪϱη ሺ݂ሻͺҐԾ͹Γ͑Ͷఈٝͪ͢ɽ݄݋ܥ   

ሺ݂ሻ݄݋ܥ  ൌ
ห�୶୷ሺ݂ሻห

ଶ

௬௬ሺ݂ሻܥ௫௫ሺ݂ሻܥ
 ሺ1ሻ 

͞͞Ͳɼ�୶୷ሺ݂ሻͺɼࢻતӣಊͳ॑ৼಊ༵͹৶ؔߺ͹έϫηηϘέφϩɼܥ௫௫ሺ݂ሻͺɼࢻતӣ
ಊ͹ϏϭʖηϘέφϩɼܥ௬௬ሺ݂ሻͺɼ॑ৼಊ༵͹ϏϭʖηϘέφϩͲ͍ΖɽαϐʖϪϱη
ͺɼ౲֚बഀ਼ଵͶ͕͏ͱɼ஍͗ 1 ͶۛͰ͚ͶͯΗࢻતӣಊͳ॑ৼಊ༵͹ؖ͗ܐҲ࣏ؖ
਼ద͵߶͏ؖ࿊੓Νܐؖͯ࣍ͶۛͰ͚͞ͳΝқັͤΖɽΉͪɼαϐʖϪϱη͹஍͗̎Ͷ
ۛͰ͚͞ͳͺɼ඲Ճ͹৏Ͳͺɼఁ͏ؖ࿊੓Νͤ͞ࢨͳͶ͵ΖɽচɼຌڂݜͲͺ૮਼ؖܐ
ఈන(rݗ න)ͶخͰ͘ɼ݄݋ܥሺ݂ሻ ൐ ͲǤͲ͸ ͹৖߻ͶɼྈंͶؖ࿊੓͗ଚͤࡑΖͳΊ͵͢ɼͨ
͹ࡏͶఽୣ਼ؖΰ΢ϱ͹඲ՃΝͪͮߨɽ  
Ҳ๏ɼࢻતӣಊͳ॑ৼಊ༵͹ఽୣ਼ؖΰ΢ϱ ͹Γ͑Ͷఈٝͪ͢ɽ࣏ሺ݂ሻͺɼ݊݅ܽܩ   

ሺ݂ሻ݊݅ܽܩ  ൌ
�୶୷ሺ݂ሻ
௫௫ሺ݂ሻܥ

 �2� 

͞͞Ͳɼ�୶୷ሺ݂ሻͺɼࢻતӣಊͳ॑ৼಊ༵͹৶ؔߺ͹έϫηηϘέφϩɼܥ௫௫ሺ݂ሻͺɼࢻતӣಊ͹
ϏϭʖηϘέφϩͲ͍Ζɽఽୣ਼ؖͺɼࢻતӣಊΝ೘ྙɼ॑ৼಊ༵Νड़ྙͳ͓ͪߡ৖߻͹౲
֚बഀ਼ଵ͹৾෱ؖܐΝࣖͤմੵͲ͍Ζɽΰ΢ϱͺɼ஍͗߶͏Άʹɼรಊ೘ྙͶଲ͢ɼรಊ
ड़ྙ͗୉͘͏͞ͳΝқັͤΖɽΉͪɼΰ΢ϱ͹஍Ͷͯ͏ͱɼ฾ฑۋͶࠫ͗͵͏͞ͳΝؾໃՀ
ઈͳͤΖ :LOFR[RQ ͹ෘߺॳҒ࿪ݗఈΝ༽͏ͱർֳݗ౾ΝͪͮߨɽচɼຌڂݜͲͺ༙қਭ६Ν
S������ ͳͪ͢ɽ  
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3. ݃Վ 

3.1. αϐʖϪϱη 

2D ӫ଀ɼ3D ӫ଀ࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹αϐʖϪϱηΝࢋड़ͪ͢(ਦ
4-5)ɽ2D ӫ଀Ͳͺɼबวࢻ೟࣎͹ 0.16 Hz ෉ۛͲ૮ؖ͗ΊΔΗ͵͖ͮͪɽͨ͹ଠ͹बഀ
਼ଵͲͺɼ૮ؖ͗ΊΔΗͪ(p<0.05)ͪΌɼ૮ؖ͗ΊΔΗͪଵҮΝΰ΢ϱ͹඲Ճଲেͳ͢
ͪɽΉͪɼ3D ӫ଀Ͳͺɼबวࢻ/௧ॊࢻͶ͕͏ͱɼͤ΄ͱ͹बഀ਼ଵҮͲ૮ؖ͗ΊΔΗ
ͪ(p<0.05)ɽ3D ӫ଀ࢻ೟࣎Ͳͺɼ͏ͥΗ͹ྭͶ͕͏ͱ΍ΰ΢ϱ͹඲Ճଲেͳ͵ͮͪɽ  
 

 
ਦ 4ʁ2D ӫ଀ࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹αϐʖϪϱηɼ  

(a) x ࣢๏޴ɼ(b) y ࣢๏޴  

 
ਦ 5ʁ3D ӫ଀ࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹αϐʖϪϱηɼ  

(a) x ࣢๏޴ɼ(b) y ࣢๏޴  

3.2. ΰ΢ϱ 

2D ӫ଀͕Γ; 3D ӫ଀ࢻ೟࣎Ͷ͕͜Ζࢻતӣಊͳ॑ৼಊ༵͹ఽୣ਼ؖմੵ͖Δࢋड़͢
ͪΰ΢ϱΝർֳͪ͢(ਦ 6-9)ɽӫ଀ࢻ೟࣎Ͷ͕͜Ζ x ࣢๏޴͹ർֳͲͺɼࢻ೟๏๑ؔͲ༙
қࠫͺΊΔΗ͵͖ͮͪɽ2D ӫ଀ࢻ೟࣎Ͷ͕͜Ζ y ࣢๏޴͹ർֳͲͺ௧ॊࢻͶർ΄ɼबว
Ͳࢻ 0.2-0.4 Hz ෉ۛ͹ΰ΢ϱ༙͗қͶଁ୉ͪ͢(p<0.05)ɽҲ๏ɼ3D ӫ଀ࢻ೟࣎Ͷ͕͜
Ζ y ࣢๏޴͹ർֳͲͺ௧ॊࢻͶർ΄ɼबวࢻͲ 0.15-0.2 Hz ෉ۛ͹ΰ΢ϱ༙͗қͶଁ୉
ͪ͢(p<0.05)ɽ  
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ਦ 6ʁ2D ӫ଀ࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹ఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰ΢ϱ͹ࢻ೟
๏๑ؔർֳɼ(a) x ࣢๏޴ɼ(b) y ࣢๏޴  

 
ਦ 7ʁ3D ӫ଀ࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹ఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰ΢ϱ͹ࢻ೟
๏๑ؔർֳɼ(a) x ࣢๏޴ɼ(b) y ࣢๏޴  

ɽxͪͮߨ೟๏๑͟ͳͶ෾͜ͱӫ଀ؔർֳΝࢻͶɼ࣏ ࣢๏޴͹ർֳͶ͕͏ͱ 2D ӫ଀ब
วࢻ೟࣎Ͷർ΄ɼ3D ӫ଀बวࢻ೟࣎͹ 0.1-0.2 Hz ෉ۛ͹ΰ΢ϱ༙͗қͶଁ୉ͤΖܑ޴
͗ΊΔΗͪ(p<0.10)ɽΉͪɼबวࢻ೟࣎Ͷ͕͜Ζ y ࣢๏޴͹ർֳͲͺɼӫ଀ؔͲ༙қ͵
ࠫͺΊΔΗ͵͖ͮͪɽҲ๏ɼ௧ॊࢻ೟࣎Ͳͺ x ࣢๏޴ɼy ࣢๏޴ͳ΍Ͷɼӫ଀ؔͲ༙қ
͵ࠫͺΊΔΗ͵͖ͮͪɽ  
 

 
ਦ 8ʁबวࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹ఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰ΢ϱ͹ӫ଀ؔ
ർֳɼ(a) x ࣢๏޴ɼ(b) y ࣢๏޴  



 

t 107 t 
 

 

 
ਦ 9ʁ௧ॊࢻ೟࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊ͹ఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰ΢ϱ͹ӫ଀ؔ
ർֳɼ(a) x ࣢๏޴ɼ(b) y ࣢๏޴  

 ࡱߡ .4

ຌڂݜͲͺɼཱིରӫ଀ࢻ೟࣎Ͷ͕͜Ζࢻતӣಊͳ॑ৼಊ༵Νಋܯ࣎଎͢ɼְࢻͳࢡ੐
ң࣍੏ޜ͹ؖܐ੓Ν໎Δ͖ͳͤΖ͞ͳͲɼӫ଀਴͏͹ؽ঄͹৆ࡋΝմ໎ͤΖ͞ͳΝ໪ద
ͳ͢ɼࣰݩΝͪͮߨɽͨ͹݃Վɼྈӫ଀ࢻ೟࣎ͳ΍Ͷ y ࣢๏޴Ͷ͕͏ͱɼ௧ॊࢻͶർ΄
बวࢻ͹ΰ΢ϱ͗ଁ୉ͤΖ͞ͳ͗ࣖ͠Ηͪ(ਦ 6bɼ7b)ɽ͞Ηͺबว࣎ࢻͶ͕͏ͱɼࢻત
ӣಊ(೘ྙ)͹ଁ୉ͶଲͤΖ॑ৼಊ༵(ड़ྙ)͹ଁ୉͹ౕ͗͏߻୉͘͏͞ͳΝࣖ͢ͱ͏Ζɽ  
΃ͳఽୣ͠ߩʀॴཀྵ͠Ηɼରฑ߻౹Ͳܧܨ৚ๅͺɼ୉೶ൿ࣯Ώ஦೶͵ʹ͹஦਽ਈְࢻ

ΗΖͪΌɼबวࢻͲͺ೶Ͳ͹գ৔͵ॴཀྵً͗͘ͱ͏ΖՆ೵੓͗ࣖ͠ࠨΗΖɽ͞Η͗೶͹
ෝ୴ͳ͵Εɼରฑߩ΃͹৚ๅॴཀྵʀఽୣ͗෈ॉ෾ͳ͵Ζɽͨ͹ͪΌɼӫ଀਴͏ΝӀً͘
͢͞Ώͤ͏ͳ͓ߡΔΗΖɽҲ๏ɼࢻ೟๏๑ͶғଚͦͥͶഐܢӫ଀ͺؔ࣎รԿ͢ͱ͏Ζͪ
ΌɼVEPRs ͺ൅͢ݳͱ͏Ζ΍͹ͳ͓ߡΔΗΖɽ͖͢͢ɼຌڂݜ͹ఽୣ਼ؖմੵ͹݃Վɼ
बวࢻͶർ΄௧ॊࢻ͹ΰ΢ϱ͗ཊ੏͠ΗΖՆ೵੓͗ࣖ͠ࠨΗͪ(ਦ̖ɼ9)ɽ͞Ηͺɼ௧ॊ
ӫ଀͹೟எ͗๨͝ΔΗͱɼVEPRsܢ࿑͹৚ๅॴཀྵ͗༑ҒͶ͵ΕɼഐְࢻͶ൒͏஦ৼࢻ ͗
ཊ੏͠Ηͪͳਬ͠ࡱΗΖɽ  
ӫ଀ؔ͹ർֳΝͪͮߨͳ͞Θɼ௧ॊࢻͲͺཱིର੓͹ҩ͏ͶΓΔͥɼΰ΢ϱ͹ଁ෱ً͗

͞Δ͵͖ͮͪ(ਦ 9)ɽ௧ॊࢻͺबวࢻͳҡ͵ΕɼځରΝࢻતͶ௧ॊͦ͠Ζࢻ೟๏๑Ͳ͍Εɼ
͹घ͖͗ΕΝಚΖ͞ͳ͗Ն޴Ώਭฑ๏޴৚ๅ͖ΔԘ௜๏ְࢻඬͳ͵Ζ͞ͳͲɼࢻର͗ځ
೵ͳ͵Ζɽ͞ΗͶΓΕɼϐφ͗ࢡ੐Νฯͤ࣍ΖͪΌͶචགྷ͵ࢡ੐ൕࣻ͗ਜ਼৙ͶߨΚΗͱ
͏ΖɽαϐʖϪϱηմੵ͹݃Վ͖Δɼ0.15-0.4 Hz ͹बഀ਼Ͳͺɼְ͗ࢻ৚ๅΝण͜खΖ
ͳࢡ੐੏ߨ͗ޜΚΗΖ͞ͳ͓͗ߡΔΗΖ͗ɼࢡ੐ൕࣻ͹գఖͲͺɼࢻતӣಊͳ॑ৼಊ༵
͹৾෱͗ಋఖౕͲ͍ΖͪΌɼΰ΢ϱ͹ଁ෱ً͗͞Δ͵͖ͮͪɽΉͪɼबว࣎ࢻͲͺɼ2D
ӫ଀Ͷർ΄ 3D ӫ଀͹ΰ΢ϱ͹஍͗ଁ୉ͤΖ͞ͳ͗ࣖ͠Ηͪ(ਦ 8)ɽ॑ৼಊ༵ࠬݗͺɼӫ
଀਴͏͹඲Ճ๑ͳ͢ͱ༽͏ΔΗͱ͕Εɼӫ଀਴͏൅঳࣎ɼಊ༵ྖ͗ଁ୉ͤΖ͞ͳ͗எΔ
Ηͱ͏Ζ[25]ɽ৏फ़ͪ͢ΰ΢ϱ͹ଁ୉ͺɼಊ༵ྖ͹ଁ୉Νࣖ͢ͱ͕Εɼ3D ӫ଀ࢻ೟࣎Ͷ
ΰ΢ϱ͹஍༙͗қͶଁ୉ͤΖܑ͗޴ΊΔΗͪͳ͏͑͞ͳͺɼ3D ӫ଀ͶΓͮͱӫ଀਴͏͗
Ӏً͘͞͠Ηͪͳ͏͓Ζɽͨ͹ͪΌɼΰ΢ϱ͹ଁ෱ི͗߶͏͞ͳͶΓΕɼ਴͏ٶ;ͨ͹
รԿؔ࣎ӫ଀ͺܢΝ඲ՃͤΖ͞ͳ͗Ͳ͘ΖɽҲ๏ɼӫ଀͹ཱིର੓ͶғଚͦͥͶഐ͏߻ౕ
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͢ͱ͏ΖͪΌɼVEPRs ͺ൅͢ݳͱ͏Ζ΍͹ͳ͓ߡΔΗΖɽ͖͢͢ɼ3D ӫ଀ͺԠ͘ߨ৚
ๅΝ༙͢ͱ͕Εɼഐܢӫ଀͖Δؔۯ೟எΝึؔͤΖްՎ͍͗ΖɽΓͮͱɼ3D ӫ଀ࢻ೟࣎
Ͷ͕͏ͱ VEPRs ΗΖ(ਦ͠ࡱɼಊ༵ྖ͗ଁ୉ͪ͢ͳਬ͢ݳ൅͚ک͗ 8)ɽ 
΍ΰ΢ϱ͹ଁ෱ི͗߶͏͞ͳ͗ࣖ͠Η࠹Ͷ࣎ࢻ଎Ϗνʖϱ͹͑ͬɼ3D/बวܯ͹ͯ࢝

ͪɽ3D/बวࢻ͹ૌΊ߻Κͦͺӫ଀਴͏ΝӀً͘͢͞Ώͤ͏͞ͳ͗எΔΗͱ͕Ε[7][26]ɼ
ӫ଀਴͏൅঳࣎Ͷΰ΢ϱ͗ଁ୉ͤΖ΍͹ͳ͓ߡΔΗΖɽΉͪɼ৏फ़͹Γ͑Ͷ VEPRs Νک
͚൅ͦ͠ݳΖૌΊ߻ΚͦͲ͍ΖͳਬࡱͲ͘ΖɽVEPRs ͗ɼְࢻͳฑְ״ߩ͹ְ״෈Ҳ஗
Ν༩๹ͤΖ໪దͲ൅͢ݳͱ͏Ζͳ͓ߡΖͳɼΰ΢ϱ͹ଁ୉ͺ໅८ΝմভͤΖͪΌ͹ࣙӶ
ൕԢͫͳ͓ߡΖ͞ͳ͗Ͳ͘Ζɽͨ͹ͪΌɼࢻતӣಊͳ॑ৼಊ༵ΝͨΗͩΗ೘ड़ྙͳͪ͢
ͳ͘͹ఽୣ਼ؖմੵͶΓΖΰ΢ϱ͹ࢋड़͗ɼӫ଀਴͏͹৿ͪ͵඲Ճ๑ͳ͵ΖՆ೵੓͗ࣖ
Ηͪɽ͠ࠨ  
ӫ଀͹ཱིର੓ͶғଚͦͥͶɼबว࣎ࢻͶ 0.15-0.4 Hz ͹बഀ਼ଵͶ͕͜Ζΰ΢ϱ͗ଁ

୉ͪ͢ (ਦ 6bɼ7b)ɽৼധรಊմੵͶ͕͏ͱͺɼٷݼबغ͹รಊΝනͤ߶बഀ੔෾
ʤ0.15-0.40 HzʁHFʥͳ݄ѻรಊΝൕӫͤΖఁबഀ੔෾ʤ0.04-0.15 HzʁLFʥͶϒʖέ
ಊΝൕӫͤΖͳ͠ΗΖ[27]ɽಝͶɼHF׈ܨΗɼ͞͹ྈंͺཱࣙਈݳ͗ ͺ෯ި״ਈ׈ܨಊ
ΝɼLF ͺި״ਈ׈ܨಊͳ෯ި״ਈ׈ܨಊ͹ྈंͶғଚͤΖɽ͵͕ɼ઴ఋܧͳཱࣙਈܧܨ
ͺɼմ๦ָదͶ΍ుـਫ਼ཀྵָదͶ΍ືં͵͍ؖ͗ܐΖ͞ͳ͗எΔΗͱ͏Ζ[28][29]ɽΉ
ͪɼܧְࢻͳཱࣙਈܧܨͺືંͲ͍Εɼ͞Ηͺ಑͗޺෯ި״ਈܨͳި״ਈܨ͹ 2 ഓࢩ॑
Νण͜ͱ͏Ζ͞ͳ͖Δ໎Δ͖Ͳ͍Ζɽबวࢻ͹৖߻ɼHF ੔෾͹बഀ਼ଵͶ͕͜Ζΰ΢ϱ
͗ଁ୉͢ͱ͕Ε(ਦ 6bɼ7b)ɼ෯ި״ਈ׈ܨಊ΍ΰ΢ϱͳ࿊ಊ͢ͱထ਒͢ͱ͏Ζ͞ͳ͗͑
͖͓͗ΖɽΉͪɼ3D ӫ଀͹बวࢻ೟࣎Ͳͺɼ0.1-0.2 Hz ͹ LF ੔෾ͳ HF ੔෾͹बഀ਼
ଵͶΉͪ͗ͮͱɼΰ΢ϱ͗ଁ୉ͤΖ͞ͳ͗ࣖ͠Ηͪ(ਦ 8)ɽ෯ި״ਈܨͳި״ਈ׈ܨಊΝ
ൕӫͤΖ LF ͗ଁ୉ͪ͢͹ͺ 3D ӫ଀ࢻ೟࣎͹ΊͲ͍Εɼ2D ӫ଀ࢻ೟࣎ͲͺΊΔΗ͵͖
ͮͪɽҐ৏ΓΕɼ3D ӫ଀ࢻ೟࣎Ͷ͕͏ͱɼ2D ӫ଀ࢻ೟࣎ΓΕ΍ި״ਈ׈ܨಊ͗ထ਒ͤ
Ζ͞ͳͲɼ಑͗޺֋͢ࢆɼඅࣺֆ਄ౕ͗ఁԾͤΖ͞ͳͶΓΕӫ଀Ϛί͗ਫ਼ͣͱɼΰ΢ϱ
͹ଁ୉Ώӫ଀਴͏Ͷͯ͵͗Ζ͞ͳ͓͗ߡΔΗΖɽ  

5. ΉͳΌ 

ຌڂݜͲͺɼְࢻ೘ྙͳड़ྙͳ͢ͱ͹ࢡ੐ң࣍੏ޜ͹ؖܐͶ஥໪͢ɼཱིରӫ଀ࢻ೟࣎
͹ࢻતӣಊͳ॑ৼಊ༵Νಋܯ࣎଎ͤΖ͞ͳͲɼӫ଀਴͏͹ؽ঄͹৆ࡋΝմ໎ͤΖ͞ͳΝ
໪దͳ͢ɼࣰ ɽͨͪͮߨΝݩ ͹݃Վɼࢻતӣಊͳ॑ৼಊ༵Ν೘ड़ྙͳͪ͢ΰ΢ϱ͹஍ͺɼ
ӫ଀ؔ͹ҩ͏͍Ζ͏ͺɼࢻ೟๏๑ؔ͹ҩ͏ͶΓΕรԿ͗ΊΔΗͪɽ  
αϐʖϪϱηմੵ͹݃Վ͖Δɼ3D ӫ଀ࢻ೟࣎Ͳͺɼ͏ͥΗ͹ྭͶ͕͏ͱ΍ΰ΢ϱ͹඲

Ճଲেͳ͵ͮͪɽ࣏Ͷɼఽୣ਼ؖմੵ͹݃Վ͖Δɼ2D ӫ଀Ͷർ΄ 3D ӫ଀ࢻ೟࣎Ͷΰ΢
ϱ͗ଁ୉ͤΖ͞ͳ͗ࣖ͠ΗͪɽΉͪɼ௧ॊࢻͶർ΄बวࢻ͹ΰ΢ϱ͗ଁ୉ͤΖ͞ͳ͗ࣖ
͠Ηͪɽबวࢻ͹৖߻ɼHF ੔෾͹बഀ਼ଵͶ͕͜Ζΰ΢ϱ͗ଁ୉͢ͱ͕Εɼ෯ި״ਈܨ
Κͦͺɼ߻͹ૌΊࢻಊ΍ΰ΢ϱͳ࿊ಊ͢ͱထ਒͢ͱ͏Ζ͞ͳ͖͓͗͑͗Ζɽ3D/बว׈
ӫ଀਴͏ΝӀً͘͢͞Ώͤ͏͞ͳ͗எΔΗͱ͕Εɼӫ଀਴͏൅঳࣎Ͷΰ΢ϱ͗ଁ୉ͤΖ
΍͹ͳਬ͠ࡱΗΖɽຌڂݜͲͺɼVEPRs ͹൅ݳͳΰ΢ϱ͹ଁ୉Ͷͺؖ࿊͍͗Ζ͞ͳ͗ࣖ
Ͷ߻৖͏߶ౕ͗״෈Ҳ஗ͶଲͤΖਐରదְ״͹ְ״ߩͳฑְࢻΗͪɽ͠ࠨ VEPRs ͚ک͗
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൅ͤݳΖͳ͓ߡΖͳɼΰ΢ϱ͹ଁ୉ͺ໅८ΝմভͤΖͪΌ͹ࣙӶൕԢͲ͍Εɼΰ΢ϱΝ
඲ՃͤΖ͞ͳͲ਴͏͹ఖౕΝ൓இͲ͘Ζͳਬ͠ࡱΗΖɽ  

ःࣛ 

ຌڂݜͺɼཱི੶Ռָٗढ़৾ࡔڷ஄ ஄ࡔڷ৚ๅՌָ৾ਁל੔(A)ɼঁڂݜ  ੔ɼঁڂݜ 
JSPS Ռݜඇ 18K11417, 20K12528 ͹ঁ੔Νणͪ͜΍͹Ͳͤɽ  
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(2021 ೧ 2 ݆ 1 ೖण෉ɾ2021 ೧ 2 ݆ 1 ೖणཀྵ) 

1. ͺͣΌͶ 

λʖεϡϩυΡηνϱηͶͯ͏ͱ͢ࡱߡΓ͑ɽαϫψՔ͹Ծɼಝް༂Ώϭέοϱ͗Ҳൢ
͹ਕʓͶ෕͢ٶͱ͏͵͏য়ڱͲɼͳΕ͑Ζ༙ް͵કྲྀͺɼλʖεϡϩυΡηνϱηΝฯͯ
͞ͳͲ͍Ζɽͨ͞Ͳɼ͍Ζ෨ԲͶλʖεϡϩυΡηνϱηΝฯͬ͵͗ΔՁਕ͗೘Ζ͞ͳ͗
Ͳ͘Ζ͖Ν͓ߡΓ͑ʤਦ̏ࢂলʥɽ͠ΔͶୱ९ԿͤΖͳɼҲఈ͹྘ҮͶλʖεϡϩυΡην
ϱηΝฯͬ͵͗ΔɼՁਕ͗೘ΗΖ͖Ν͓ߡΖ͞ͳͶ͵Ζɽ͞͞ͲͺɼPython Νͮ࢘ͱ Lʹ
L ͹ਜ਼๏ܙ͹ϚρέηͶɼ͏ޕͶ࠹ఁ  r ͹ړ཯Νฯͬ͵͗ΔՁݺ͹఼Νഓ஖Ͳ͘Ζ͖Νߡ
͓Γ͑ɽ  
 

 
ਦ 1ʁҲఈ྘Үʤྭ͓ͻ෨ԲʥͶλʖεϡϩυΡηνϱηΝฯͬ͵͗Δਕ͗͏Ζ༹ࢢɽ  
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λʖεϡϩυΡηνϱηΝฯͮͱ͏Ζ༹ࢢΝ໎ࣖͤΖͪΌɼਦ 1 Ͷ௜ܚ r ͹ԃ൭Νॽ͘
Յ͓ͪ΍͹͗ਦ 2 Ͳ͍Ζɽਦ 2 ΝݡΖͳɼλʖεϡϩυΡηνϱηฯͬ͵͗ΔਕΝഓ஖ͤ
Ζ໲ୌͺɼԃ൭͹ϧϱξϞϏρΫϱή͹໲ୌͶؾ஥͠ΗΖ͞ͳ͗෾͖Ζɽ໲ୌ͗੖ཀྵͲ͘
ͪ͹ͲɼPython Νͮ࢘ͱϧϱξϞϏρΫϱή͹εϝϣϪʖεϥϱࣰݩΝ͢ͱΊΓ͑ɽ͵ ͕ɼ
Pyrhon ͹ϕϫήϧϝϱήڧ؂ͳ͢ͱͺɼGoogle Colaboratory[1]Ν͑࢘ɽ  
๏Ͷͯ͏ͱफ़΄ΖɽPython࢕੔͵ʹඵժ͹ࡠͶɼήϧϓ࣏ ͹ඵժͲͺɼtkinter ͗Γ͚

ΚΗΖ͗ɼColaboratory ͺ࢘ tkinter Νγϛʖφ͢ͱ͏͵͏ɽͨΗΑ͓୊ 1 յ࠴ߪͲͺɼ
Turtle Graphic Νͮ࢘ͱɼಊద͵εϝϣϪʖεϥϱ͹නࣖΝࢾΊͪɽࠕյͺɼεϝϣϪʖ
εϥϱ͹݃ՎΝήϧϓ͵ʹͲ෾͖ΕΏ͚ͤනࣖͤΖ Python ͹ϧ΢ϔϧϨ matplotlib [2]Ν
়ղͤΖɽmatplotlib ͺɼtkinter ͳർ΄Ζͳࣙ༟͵ඵժͺ੏͠ݸΗΖ͗ɼήϧϓ͵ʹΝ؈
ୱͶࡠΗΖϟϨρφ͍͗Ζɽ͵͕ɼColaboratory ͹ϙʖϞϘʖζͶΠέιηͤΖͳड़ͱ͚
ΖʰColaboratory ΃Γ͑ͨ͞ʱͶ͕͏ͱ΍ɼυʖν͹ՆࢻԿ͹๏๑ͳ͢ͱ matplotlib ়͗
ղ͠Ηͱ͏Ζɽ  

 
 
 
 
 
 
 
 
 
 
 
 

 

ਦ 2ʁړ཯  r ͹λʖεϡϩυΡηνϱηΝฯͮͱ͏Ζ༹ࢢΝࣖͤͪΌਕΝ஦ৼͶ௜̓ܚ͹ԃ൭
Νඵ͘ଏͪ͢΍͹ɽ  

2. 3\WKRQ ͲϧϱξϞϏρΫϱή 

2.1. &RODERUDWRU\ Ͳ 3\WKRQ ϕϫήϧϝϱή 

୊̏յٝߪͲɼColaboratory Ν͑࢘ͳ؈ୱͶ Python ϕϫήϧϝϱή͗Ͳ͘Ζ͹Ν়ղ
ͪ͢ɽ͞͞ͲɼColaboratory ͶΓΖ Python ͹ϕϫήϧϝϱήڧ؂Ͷͯ͏ͱɼ୊ 1 յٝߪ
[3]Ν݁؈Ͷ৾ΕศΘ͑ɽWeb ৏͹ Colaboratory ͶΠέιη༹ͪ͢ࢢͳɼαʖχιϩ΃͹
ϕϫήϧϞ͹೘ྙ૤ࡠ͹༹ࢢΝਦ 3 Ͷࣖͤʤ୊ 1 յٝߪ͹ਦΝඵ͓ͪ͘׷΍͹ʥɽαʖχ
ιϩͶ Python ͹αʖχΝ೘ྙͲ͘ΖΓ͑ͶͤΖͳɼ६ඍͺश྅ɼޛͺϕϫήϧϝϱήͲ
͍ΖɽColaboratory ͹ཤ༽ͶͺɼGoogle ͹ΠΩΤϱφ͗චགྷ͵͹Ͳɼͮ࣍ͱ͵͏ਕͺΠΩ
ΤϱφΝखಚ͢Γ͑ɽ͵͕ɼColaboratory Ͳ͵͚ͱ΍ Python ͗ૺΖ idle ͵ʹ͹ڧ؂Ͳ΍
ྒྷ͏[4]ɽ  

 
 r 
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a)  

 
 
b)  

 
 

ਦ 3ʁGoogle Colaboratory ΃͹Πέιηɽa)ʰColaboratory ΃Γ͑ͨ͞ʱ͹ Web Ϙʖζɼb) 
ϕϫήϧϞ͹೘ྙ͹ͪΌ͹αʖχιϩ͹ਫ਼੔ɽ਩͘ड़͢( �ၡၠ)ͲαʖχιϩΝૢ೘ͤΖ༹ࢢΝઈ
໎͢ͱ͏ΖɽતͲҕΉΗͱ͏Ζ෨෾͗૤ࡠͳ Colaboratory ͹ಊࡠͲ͍Ζɽ  

  

ԾͶαʖχιϩΝૢ೘  ʤέϨρέͤΖʥ 

৿͢͏αʖχιϩ͗ࡠΔΗͪ  
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2.2. PDWSORWOLE Ν͑࢘ 

੔Ͳ͘ΖࡠୱͶήϧϓΝ؈ Python ϧ΢ϔϧϨ matplotlib Νͮ࢘ͱɼوଉద͵఼͹ഓ஖ɼ
ϧϱξϞ͵ഓ஖ɼλʖεϡϩυΡηνϱηΝͪྂ͢ߡϧϱξϞ͵ഓ஖ʷԃ൭͹ϧϱξϞϏ
ρΫϱήʷɼΝࡠժ͢ͱ͏͑͞ɽ  

2.2.1. つ๎ⓗ࡞Ⅼࡢ㓄⨨  

λʖεϡϩυΡηνϱη r Νྂ͢ߡ͵͗Δɼ/ʹ/ ͹ਜ਼๏ܙ྘ҮͲ͹ਕ͹ഓ஖Ν͓ߡͱΊ
Γ͑ɽୱ९Կ͹ͪΌਕ͹୉͘͠ΝໃࢻͲ͘ΖͳͤΖͳɼਕΝ఼ͳΊ͵ͦΖɽ͞ ͹ୱ९Կͺɼ
͵ͪ࣍ୱԿ͢ͱ͚ΗΖɽ఼ͺ୉͘͠Ν؈ֆͲ͹ഓ஖΍ڧɼ߻৖͓ͪߡ྘ҮͲ͹ഓ஖Νݸ༙
͏͹Ͳɼڧֆત৏Ͷഓ஖Ͳ͘ΖΓ͑Ͷ͵Ζɽ͞͞Ͳɼγ΢θ༙͗ݸͲ͍Ζԃ൭͹ϧϱξϞ
ϏρΫϱήͳ͏͑ࢻ఼͖Δ͓ߡͱΊΓ͑ɽͤΖͳɼ/ʹ/ ͹ਜ਼๏ܙ྘ҮͲ͹ړ཯ r Νฯͮͪ
఼͹ഓ஖ͺɼ(Lʶr)ʹ(Lʶr)͹ਜ਼๏ܙ྘Ү΃͹௜ܚ  r ͹ԃ൭͹ϏρΫϱήͳ౵Ճ͵໲ୌͶ
஥͠ΗΖɽؾ  

 ϧϱξϞ͵ഓ஖Ν͓ߡΖ઴Ͷɼوଉద͵ഓ஖Ν͢ࡱߡͱ͕͑͞ɽ۫ ରద͵ྭͳ͢ͱͺɼ
ͱΊΓ͑ɽ͞΄͖ූ͏ࢧಌʤϙʖϩʥ͹ࣞఱͲ͹ด;͵ʹΝߪ͹ഓ஖ɼੰ࠴͹࣪گ͹ߏָ
͹Γ͑͵৖߻ɼୱ९ԿͤΖͳਜ਼๏֪ࢢ৏΃͹఼͹ഓ஖Ͷ͵Ζɽ͠ ͱɼmatplotlib Νͮ࢘ͱɼ
఼͹ഓ஖͹ਦΝࡠΘ͑ɽ̓ʻ̣/10 ͳͤΖͳɼਜ਼๏֪ࢢ৏΃͹وଉద͵఼͹ഓ஖͹ͳ͘ɼ
11ʹ11=121 ਦ͹ͪΌ͹ϕϫήϧϞͺɼmatplotlibࡠ͹఼Νഓ஖Ͳ͘Ζɽݺ ͹ϙʖϞϘʖζ
Ͷ͍ΖγϱϕϩϕϫήϧϞΝߡࢂͶͪ͢ɽਦ 4 ͺɼਜ਼๏֪ࢢ৏΃͹఼͹ഓ஖ϏνʖϱΝɼ
matplotlib Νͪͮ࢘ Python ϕϫήϧϞʤϕϫήϧϞϨηφ̏ʥͲ੏ͪ͢ࡠ΍͹Ͳ͍Ζɽ  

 

 
 

ϕϫήϧϞϨηφ̏  
import matplotlib.pyplot as plt 
import numpy as np 
data = np.array([[],[]])    # ۯ͹ numpy2 ഓ྽Ν६ඍݫ࣏  
for i in range(11): 
    for j in range(11): 
        newdisk = np.array([[i],[j]]) 

ͪͮ࢘յࠕ Python ͹ໍྫ͹ΉͳΌ  
̏ɿimport ชͶΓΖϧ΢ϔϧϨ͹ಣΊࠒΊ  
̐ɿfor ชΝͪͮ࢘ϩʖϕ 
̑ɿif ชΝͪͮ࢘෾ز  
̒ɿdef ชͶΓΖ਼ؖ͹ఈٝ  
Python ͹ϕϫήϧϝϱήͶͯ͏ͱͺɼߡࢂช[5][4]ݛΝߡࢂͶ͢ͱ͚ͫ͠͏ɽ  

ʴۯപͳνϔ͗೘ͮͱ͏ΖͳɼΦϧʖͶ͵Ζͳ͍͗͘Ζ͹ͲαϟϱφͶͺ஭қ  ɻ
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        data = np.append(data,newdisk,axis=1)  
fig, ax = plt.subplots(figsize=(5,5))  
ax.scatter(data[0], data[1]) 
plt.show() 

 
ϕϫήϧϞ͹Ϋʖϛ΢ϱφΝմઈ͢Γ͑ɽ࠹ॵͶɼ import Νͮ࢘ͱɼϧ΢ϔϧϨ

matplotlib ͳ numpy ΝಣΊࠒΊ࢘༽Ͳ͘ΖΓ͑ͶͤΖɽ࣏ͶɼϕϫρφͤΖ఼͹࠴ඬΝ
numpy ͹ 2 ഓ྽ݫ࣏ data Ͷେ೘͢ɼmatplotlib ͹ pyplot Νͮ࢘ͱ఼͹ϕϫρφΝ͕͞͵
ͮͱ͏Ζɽޛ࠹Ͷɼmatplotlib.pyplot.show()ͲήϧϓΝනࣖ͢ͱ͏Ζɽʤ஭ʁ import 
matplotlib.pyplot as plt ͳ͢ͱಣΊࠒΞͲ͏Ζ͹Ͳɼ matplotlib.pyplot.show() ˢ  
plt.show()ɼmatplotlib.pyplot.subplots() ˢ  plt.subplots() ͳ঴ྲྀͲ͘Ζɽ͵͕ɼ import 
matplotlib ͳ͢ͱಣΊࠒ΋ͳ঴ྲྀͲ͘͵͏͹Ͳ஭қ͢Γ͑ɽʥ  

ਦ 4ʁPython ͹ϧ΢ϔϧϨ matplotlib ৏Ͷ఼Νഓ஖ͪ͢΍͹ɽࢢਦʁਜ਼๏֪ͪ͢ࡠͱ੏ͮ࢘  

͞͞ͲɼLʹL ͹ਜ਼๏ܙ͹Ϛρέη΃ɼ௜̓ܚ͹ԃ൭͗ैలͲ͘Ζ࠹୉਼ݺΝ͓ߡͱ͕͞
͑ɽڧֆ͗͵͏৖߻͹ฑ໚΃͹ैື࠹లͺɼࢢֱ֪ࢀ͹֪ࢢ఼৏Ͷഓ஖ͤΖ͞ͳͶଲԢͤ
Ζɽ͢ ͖͢ɼڧֆ͍͗Ζ༙ݸγ΢θ͹Ϛρέη΃͹ैల͹৖߻ͺɼͤ ؔ͗͘Ͳ͘ͱ͢Ή͏ɼ
లͶͺ͵Δ͵͏ɽLʹLैື࠹ ͹ਜ਼๏ܙ͹Ϛρέη΃ɼ̓ʻ̣/10 ͹ԃ൭ΝैలͤΖ৖߻͹
ͺɼ10ʹ6+9ʹ5ʻ106਼ݺ୉࠹ ͳ͵Ζɽ͢ݺ ͖͢ɼปࡏͶഓ஖ͤΖ͞ͳΝ͢ڒͱ͏Ζ͹Ͳɼ
ԃ൭͹ϏρΫϱήͳͺঙ͢ҡ͵Ζɽ͕͏ޕ͹ړ཯͗࠹ఁͲ΍̓཯ΗΖɼͯΉΕړંۛ࠹཯
͗ r Ґ৏ͳ͏͑଍ളড়݇Ͳ͹఼͹ഓ஖ͳ͵Ζɽ10̣ʙL(sin М/3)=11.547ʞΓΕɼঘ਼఼
ҐԾ઀ΕࣼͱͤΖͳɼ11 ૜͹ηϘʖη͍͗Ζ͹Ͳɼྈ୼Ν೘Ηͱ 12 ૜͹఼Νഓ஖Ͳ͘Ζɽ
Γͮͱɼ఼͗ 12 ͹૜͗ݺ 6 ૜ɼ10 ͹૜͗ݺ 6 ૜ɼܯ 11ʹ6+10ʹ6ʻ126 ͹఼Νഓ஖Ͳݺ
͘Ζɽ  
۫ରదͶ఼Νഓ஖ͤΖ༹ࢢΝɼਦ̓Ͷࣖ͢͵͗ΔΊͱ͏͑͞ɽ࠹ॵͶɼਜ਼๏ܙ͹Ϛρέ
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η͹αʖψʖ΃఼Νഓ஖ͤΖʤਦ 5a)ʥɽ࣏ͶɼปʤวʥͶԌͮͱ఼Νഓ஖͢ͱ͏ ʤ͚ਦ 5b)ʥɽ
ͨ͢ͱɼ૜Ν੷Ί॑͸ΖΓ͑Ͷഓ஖ͤΖʤਦ 5c)ʥɽޛ࠹ͶɼوଉదͶ఼Νഓ஖ͪ͢৖߻͹
ഓ஖Ͳ͘Ζ఼͹਼ݺΝΉͳΌΖͳɼࢢֱ֪ࢀ৏ 126 ৏ࢢɼਜ਼๏֪ݺ 121 ɼͳ͵Ζɽݺ  

 
 
 
 
 
 
 

 

ਦ 5ʁਜ਼๏ܙ͹ϚρέηͶɼوଉదैື࠹ల͢ͱ͏༹͚ࢢɽa) αʖψʖͶഓ஖ɼb) ปͶԌͮ
ͱഓ஖͢ͱ͏͚ɼc) ૜(layer)Ν੷Ί॑͸Ζɽ  

 

⨨㓄ࡢⅬ࡞࣒ࢲࣥࣛ .2.2.2  

LʹL ͹ਜ਼๏ܙ͹Ϛρέη΃͹ϧϱξϞ͵఼͹ഓ஖Ν͓ߡΖɽΉͥɼλʖεϡϩυΡην
ϱηΝͥͦྂߡͶɼ100 ͹఼Νഓ஖͢ͱΊΓ͑ʤϕϫήϧϞϨηφ̐ʥɽਦݺ 6 ͶɼҲ༹ཛྷ
਼Ν༽͏ͱɼ100 ͹఼Νഓ஖ͪ͢΍͹Νࣖͤɽಋ࣎Ͷɼړંۛ࠹཯͹෾ා΍ٽΌͪʤਦ 6
͹ӊͶࣖͤʥɽਦ͖̔ΔɼλʖεϡϩυΡηνϱηΝྂ͢ߡ͵͏ͳɼړંۛ࠹཯͹෾ා͖Δ
΍ືͶ͵Ζίʖη͗ଡ਼൅ਫ਼ͤΖ͞ͳ͗෾͖Ζɽ  

 
ϕϫήϧϞϨηφ̐  
import matplotlib.pyplot as plt 
import numpy as np 
 
np.random.seed(20201230)    # ཛྷ਼͹झ  
data = np.array([[],[]]) 
histdistance = np.array([])  # ړંۛ࠹཯͹Ϩηφ  
ndisk = 0                    # Number of disks ͹ॵغ஍  
 
def calnearestdistance(x, y,ndisk): 
    mindistance = 999999     # Հ͹࠹ঘ஍ʤړંۛ࠹཯ʥ  
    for i in range(ndisk): 
        distance = np.sqrt((data[0,i]-x)**2 + (data[1,i]-y)**2) 
        if (distance != 0) & (distance < mindistance):   # distance=0(ࣙਐ)͹఼Νঈ͚  
            mindistance = distance 

  

a) b) c) 



 

t 117 t 

    return mindistance 
 
for i in range(100): 
    newdisk = np.random.rand(2,1) 
    data = np.append(data,newdisk,axis=1)  
    ndisk += 1 

 
for i in range(ndisk):       # ړંۛ࠹཯͹ϨηφΝࡠ੔  
    r = calnearestdistance(data[0,i],data[1,i],ndisk) 
    histdistance = np.append(histdistance,np.array([r]))  
 
fig, axs = plt.subplots(1,2, figsize=(11, 5))  # 1 Ͷߨ 2 ͯ͹ਦ  
axs[0].scatter(data[0], data[1]) 
axs[1].hist(histdistance) 
plt.xlabel("Distance"), plt.ylabel("Number of Persons")  
plt.show() 
 
ϕϫήϧϞϨηφ 2 ͹಼༲Ν؈ୱͶմઈ͢Γ͑ɽ numpy ϧ΢ϔϧϨ͹਼ؖ

np.random.seed()Ͳཛྷ਼͹झΝ݀ΌΖɽંۛ࠹఼ͳ͹ړ཯ΝͤࢋܯΖ਼ؖͳ͢ͱɼ
calnearestdistance(x, y,ndisk)ΝఈٝͤΖɽ࠴ඬ(x, y)Ν೘ྙͤΖͳ data Ͷౌ࿧͠Ηͪ ndisk
཯Νศ͢ͱ͚ΗΖɽΉͪɼnumpyړඬ͹஦͹΍ͮͳ΍ۛં͢ͱ͏Ζ఼ͳ͹࠴͹఼͹ݺ ͹ؖ
਼ append ͲϓΟ΢ϩͶυʖνΝ෉͜Յ͓ͱ͏Ζɽ͞͹ϕϫήϧϞͲͺɼړંۛ࠹཯͹෾
ාΝٽΌΖͪΌͶͮ࢘ͱ͏Ζ͗ɼϧϱξϞϏρΫϱή͹εϝϣϪʖεϥϱΝ͕͞͵͑ͳ͘
Ͷͺɼԃ൭͗॑͵ΔͥͶഓ஖Ͳ͘Ζ͖Ν൓இͦ͠Ζ॑གྷ͵ༀׄΝ୴͑͞ͳͶ͵Ζɽ  

 
ਦ 6ʁҲ༹ཛྷ਼Νͮ࢘ͱ 100 ͹఼Ν෾ාͦͪ͠΍͹ɽࠪݺ ཯͹෾ාɽړંۛ࠹෾ාɼӊ͗ؔۯ͗  
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λʖεϡϩυΡηνϱηΝͪྂ͢ߡεϝϣϪʖεϥϱΝ͕͞͵͑ɽΓΕືݭͶ͑ݶͳɼ
LʹL ͹ਜ਼๏ܙ྘ҮͶړંۛ࠹཯͗̓Ґ৏཯͢ͱ఼ΝϧϱξϞͶഓ஖ͤΖ໲ୌΝ͓ߡΖʤ(L
ʶr)ʹ(Lʶr)͹ਜ਼๏ܙ͹Ϛρέη΃ɼ௜̓ܚ͹ԃ൭͹ϧϱξϞϏρΫϱήͳ౵ՃͲ͍Ζʥɽ
͞͞Ͳͺɼ̓Ν̣/10 ͳ͢ͱΊΓ͑ɽ  
λʖεϡϩυΡηνϱηΝྂ͢ߡͱɼ͕͏ޕ͹ړ཯͗࠹ఁͲ΍̓཯ΗΖΓ͑Ͷ͢ͱɼϧ

ϱξϞϏρΫϱήΝ͕͞͵ͮͪͳ͘͹఼͹ഓ஖Νਦ 7 Ͷࣖͤɽਦ 7 ͹ӊଈ͹ړંۛ࠹཯͹
ළౕ෾ා͹ήϧϓ͖Δ΍఼֦͗࠹ఁ̓(ʻ̣/10)཯Ηͱ͏Ζ͹͗෾͖Ζɽಋ࣎ͶɼεϝϣϪ
ʖεϥϱ݃Վ͖Δɼ΍ͮͳ΍཯Ηͱ͏Ζ΍͹Ͳ΍ 1.35̓͹ړ཯Ґ಼Ͳ͍Ζ͞ͳ͗෾͖Ζɽ 

 
ਦ 7ʁ఼͹෾ාͳۛંړ཯͹෾ාɽLʹL ͹ਜ਼๏ܙ͹྘ҮͶړંۛ࠹཯͗ L/10 Ґ৏Ͷ͵ΖΓ͑
Ͷړ཯Ν཯͢ͱ෾ාͦͪ͠εϝϣϪʖεϥϱ݃Վ͹ྭɽ100 ຬյ͹ߨࢾͲ 82 ਕΝഓ஖Ͳ͘ͱ
͏Ζɽ  

ΠϩβϨθϞʤϕϫήϧϞϨηφ 3ʥͶͯ͏ͱઈ໎͢Γ͑ɽࠕյ͹ΠϩβϨθϞͲͺɼ
Ҳ༹ཛྷ਼Ν൅ਫ਼ͦ͠ͱɼഓ஖͢Γ͑ͳ఼ͪ͢͹ંۛ࠹఼ͳ͹ړ཯Ν̓Nͳͪ͢ͳ͘ɼ̥̓ʽ
̓Ͷ͵ͮͪ৖߻ͺɼഓ஖ͦͥͶɼཛྷ਼Νౕ࠸൅ਫ਼ͦ͠ͱ͏Ζɽཛྷ਼Ν 100 ຬյ൅ਫ਼ͦ͠ͱ
Όͪ͹͗ਦٽ 7 Ͳ͍Ζɽཛྷ਼Νͮ࢘ͱ 100 ຬյ͹ϧϱξϞϏρΫϱήΝͦ͠Ζ͹Ͷ 526 භ
ʤ༁ 9 ෾ʥ͖͖ͮͪɽͨ͹݃Վɼ82 ਕΝഓ஖ͤΖ͞ͳ͗Ͳͪ͘ɽ͠ΔͶɼ300 ຬյ͹ߨࢾ
ʤ1581 භʤ༁ 26 ෾ʥʥɼ500 ຬյ͹ߨࢾʤ2647 භʤ༁ 44 ෾ʥʥΝ͕͞͵ͮͱ΍ɼ82 ਕҐ
৏Νഓ஖Ͳ͘͵͖ͮͪɽؔ࣎ߨࢾͺɼColaboratory Ͳࣰͪ͢ߨͳ͘͹΍͹Ͳ͍Ζɽ͵͕ɼ
ཛྷ਼͹झΝร͓Ζͳ݃Վ͗รΚΖ͞ͳͶ஭қ͢Γ͑ɽ  

 
ϕϫήϧϞϨηφ 3 
import math 
import matplotlib.pyplot as plt 
import numpy as np 
 
NTRIAL = 1000000          # ߨࢾյ਼  
np.random.seed(20201230)   # ཛྷ਼͹झ  
data = np.random.rand(2,1)   # ࠹ॵ͹ਕ͹Ғ஖  
histdistance = np.array([])   # ړંۛ࠹཯͹Ϩηφ  
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socialdistance = 0.1          # Social Distance 
ndisk = 1                    # Number of disks ͹ॵغ஍  
 
def calnearestdistance(x, y,ndisk): 
    mindistance = 999999    # Հ͹࠹ঘ஍ʤړંۛ࠹཯ʥ  
    for i in range(ndisk): 
        distance = math.sqrt((data[0,i]-x)**2 + (data[1,i]-y)**2) 
        if (distance != 0) & (distance < mindistance):  # distance=0(ࣙਐ)Νঈͤ֐Ζ  
            mindistance = distance 
    return mindistance 
 
for i in range(NTRIAL): 
    newdisk = np.random.rand(2,1) 
    r = calnearestdistance(newdisk[0],newdisk[1],ndisk) 
    if r >= socialdistance: 
        data = np.append(data,newdisk,axis=1)  
        ndisk += 1 
 
for i in range(ndisk):      # ړંۛ࠹཯͹ϨηφΝࡠ੔  
    r = calnearestdistance(data[0,i],data[1,i],ndisk) 
    histdistance = np.append(histdistance,np.array([r]))  
     
print('Number of disks is ',ndisk) 
 
fig, axs = plt.subplots(1,2, figsize=(11, 5))  # 1 Ͷߨ 2 ͯ͹ਦ  
axs[0].scatter(data[0], data[1]) 
axs[1].hist(histdistance) 
plt.xlabel("Distance"), plt.ylabel("Number of Persons")  
plt.show() 

 
ϕϫήϧϞϨηφ 3 ͹ึଏઈ໎Ν͢Γ͑ɽϕϫήϧϞϨηφ 2 Ͳ΍ͪͮ࢘ɼ࠴ඬ(x, y)

Ν೘ྙ͢ɼdata Ͷౌ࿧͠Η఼ͪ܊ͳ͹ړંۛ࠹཯Νศ਼ͤؖ calnearestdistance(x, y,ndisk)
͗Ϋʖϛ΢ϱφͲ͍Ζɽ  
఼͹ഓ஖͕͗͞͵ΚΗΖգఖΝΊΖͪΌͶɼεϝϣϪʖεϥϱ౏஦͹఼͹ഓ஖Νਦ 8 Ͷ

ࣖͤɽ͞͞ͲͺɼΦϪΪϱφͲްིద͵ΠϩβϨθϞͶͺɼ఼॑Ν͕͏ͱ͏͵͏ɽ఼Ν஖
͚৖ॶΝཛྷ਼Ν൅ਫ਼ͦ͠ͱ݀Όͱ͏Ζ͹ͲɼعͶഓ஖͠Η఼ͪ͹਼͗ݺଡ͚͵ΖͶͪ͗͢
͏φϧ΢ΠϱχΦϧʖ͗ଡ͚͵Ζɽ࠹ॵ͹఼͹ഓ஖ͺɼړ཯ r Ґ಼Ͷଠ͹఼͹ഓ஖͗͵͏
͹Ͳɼφϧ΢ΠϱχΦϧʖ͹චགྷͺ͵͏ɽ͖͢͢ɼ2 ൬໪Ґ߳͹఼͹ഓ஖ͺړંۛ࠹཯͗
̓ҐԾͶ͵ͮͪ৖߻ɼഓ஖͢௜͠͵͜Ηͻ͵Δ͵͏ɽཛྷ਼Ν൅ਫ਼ͦͪ͠յ਼ͺɼ5 ͹ഓݺ
஖Ͷͺ 5 յɼ10 ͹ഓ஖Ͷͺݺ 11 յɼ20 ͹ഓ஖Ͷͺݺ 25 յɼ40 ͹ഓ஖Ͷͺݺ 95 յɼ80
͹ഓ஖Ͷͺݺ 51240 յɼͨ͢ͱޛ࠹͹ 82 ͹ഓ஖Ͷͺݺ 121970 յɼ͹͗ߨࢾචགྷͲ͍ͮ
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ͪɽਦ 9 Ͷɼߨࢾյ਼ vs.ഓ஖Ͷ੔ޯ఼ͪ͢͹਼ݺ͹ϕϫρφΝࣖͤɽ  
఼ΝϧϱξϞͶഓ஖ͪ࣎͢͹ഓ஖ްིͶͯ͏ͱ͓ߡͱΊΖɽړંۛ࠹཯̓Νң࣍͢͵͗

Δ LʹL ͹ਜ਼๏ܙ͹྘ҮͶഓ஖Ͳ͘Ζ఼͹࠹୉਼ݺͺɼ126 Ͳ͍ΖɽϧϱξϞ͵఼͹ഓݺ
஖εϝϣϪʖεϥϱͲͺ 82 ೼ࡸ͹఼Νഓ஖ͤΖ͞ͳ͗Ͳͪ͘͹Ͳɼ82/126˼0.65ɼ୉ݺ
Ͷ 2/3 ͹ްིͲ఼͗ഓ஖Ͳͪ͘͞ͳ͗෾͖ͮͪɽ͖͢͢ɼ໎Δ͖Ͷ 82 ͳ͏਼͑ݺͺઊଲ
Ͳͺ͵͏ɽཛྷ਼͹झΝร͓ͪεϝϣϪʖεϥϱΝ͕͞͵͑͞ͳͶΓͮͱɼഓ஖Ͳ͘Ζ఼͹
รΚΖɽྭ͓ͻɼϕϫήϧϞϨηφ਼͗ݺ 3 ͹ 5 ໪͹ཛྷ਼͹झΝร͓ͱɼߨ
np.random.seed(20210110)ͳͤΖͳɼഓ஖Ͳ͘Ζ఼͹਼ݺͺ 77 Ͷ͵Ζɽ 
ຌͳ͵ΖϕϫήϧϞʤϕϫήϧϞϨηφخͪ͢ࡎܟ 3ʥΝཤ༽ͤΖͳɼཛྷ਼͹झΝร͓

Ζ͵ʹ͠Ή͡Ή͵͞ͳ͗ͦࢾΖɽ͠ΔͶɼ਼ߨ͹αϜϱχΝ௧ՅͤΖͫ͜ͲɼՆ೵੓͗߁
͗Ζɽྭ͓ͻɼϚρέηͳԃ൭̓͹ർΝ 10:1 Ͷͪ͢΍͹ΝΊͱͪ͗͘ɼ͞͹ർΝร͓ͱΊ
Ζͳʹ͑รΚΖ͖΍໚പ͏τʖϜͲ͍Ζɽͧͽɼಣं͹๏ʓ͗͏Θ͏Θ͢ࢾͱ͚ͫ͠Ηͻ
Ͳ͍ΖɽϕϫήϧϞΝร͓ͱ͏͚͑ͬͶɼPython͏߀ ͹ϕϫήϧϝϱήͶ΍׵Ηͱ͏͚͞
ͳ͗غଶ͠ΗΖ͹Ͳɼ͏Θ͏Θͳ͢ࢾͱֺ͢ΞͲΆ͢͏ɽ  

Python ͹ϧ΢ϔϧϨ matplotlib Ν͑࢘͞ͳͶΓΕɼ؈ୱͶήϧϓΝࡠΗΖ͞ͳ͗Ͳ͘Ζ
͹ΝΊͱͪ͘ɽ͞͹Γ͑Ͷɼϧ΢ϔϧϨ͗ैࣰ͢ͱ͏Ζ͹͗ Python ͹ಝ௅͹ͽͳͯͲ͍
Ζɽสཤ͵ϧ΢ϔϧϨΝͯ͜ݡΖ͹΍ Python ϕϫήϧϝϱή͹ֺ͢ΊͲ͍ΖɽPython ͺɼ
ָ;Ώͤ͏ϕϫήϧϝϱήޢݶͲ͍Εʤ[4]Νࢂলʥɼ͠ΔͶ Colaboratory Ν͑࢘ͳͤ͛Ͷ
ܙɽΉͪɼϕϫήϧϞͺ͑ࢧΌΔΗΖɽͧͽɼηϜʖφϓΧϱ͵ʹͲֺ͢ΞͲ௘ͪ͜Δ࢟
͹Ռָճ͹ HP ͖Δ download Ͳ͘ΖΓ͑ͶͤΖ༩ఈͲ͍Ζɽ   

  
ʤɹ஭ʥColaboratory ͹ Home Page[1]͖ΔΫϡϕοϡʖͪ͢ਦ 3 ͺɼຌཔΩϧʖͲ͍Ε

പࠉͲһͤࡰΖͳݡͶ͚͏৖͍͗߻ΕΉͤɽɻ  
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ਦ 8ʁϧϱξϞϏρΫϱή͹༹ࢢɽ5 ɼ10ݺ ɼ20ݺ ɼ40ݺ शয়ସ(82࠹ɼͨ͢ͱݺ ࣖ͗͠(ݺ
Ηͱ͏Ζɽ  
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ਦ 9ʁߨࢾյ਼ vs.ਕ਼͹ϕϫρφɽ  

ःࣛ 

Ν܇نदɼ୉ָӅਫ਼͹߶௣࿪گΝಣΞͲ༙ӻ͵αϟϱφΝ͢ͱ͚ͫͮͪ͠∃ీभधߚݬ
ͺͣΌͳͤΖෳҬ୉ָ୉ָӅڂݜָ޽Ռஎ೵εητϞָ޽઒ߊඉતܙՌָ࣪ڂݜ͹ϟϱώ
ʖͶ״ः͏ͪ͢Ήͤɽ  
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