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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.  
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Reaction-Diffusion equation 

1. ͺͣΌͶ 

 ܢഐڂݜ .1.1

ݺΝ਼ҮͶׄ͢ɾؔۯΝଲেͳͪ͢εϝϣϪʖεϥϱͪΌͶͺɾؔۯ͵Ү߁
พؽࢋܯͶׄΕͱͪͲɾดࢆͲࢋܯΝࣰͤߨΖෝ՛ࢆ๏༙ࣞ͗ްͲ͍Ζ[1]ɿ
͞Γ͑͵Үׄघ๑ͶͳͰ͚وໝࢆεϝϣϪʖνߑΝਦ 1 Ͷࣖͤɿ   



 

t 90 t 

 
ਦ 1ʁඉಋغࢆεϝϣϪʖνߑ  

͞ࢆεϝϣϪʖνͺɾଡ਼ࢢ֪͗ؽࢋܯয়ͶϋρφϭʖέͲ݃ߑͪ͢ΝͳΕɿ
εϝϣϪʖεϥϱؔۯΝ֪ࢢয়ͶۢͮͱͨΗͩΗؽࢋܯͶׄΕͱΖɿ֦ؽࢋܯͺۯ
ؔΝࢆԿ֪ͪ͢ࢢͳ͢ͱฯ࣍͠ΗɾͨΗΔ֪ࢢͶଲ͢ͱɾιϩΨʖφϜφϱΏɾยඏ
๏ఖࣞΝࢆԿ͢ͱಚͪયҢوଉΝࡠ༽ͦ͠Ζɿ͍ Ζݐࠃ࣎Ͷ͕͜ΖεϝϣϪʖεϥϱଲ
েܧΝݑ௧ͳ͢ɾͨ͞Ͷࡠ༽ͦ͠ΖયҢوଉΝ݂ͳͤΖͳɾ1 յࢋܯητρϕͲݑ௧ାଵ ൌ
݂ሺݑ௧ሻΝٽΌɾ͞ࢋܯητρϕΝͨΗͩΗ܃͗ؽࢋܯΕศͤ͞ͳͲɾؔۯؔ࣎ఴΝ
εϝϣϪʖεϥϱͤΖɿΉͪɾۢͪؔ͜͢ۯڧֆͶҒͤΖ֪ࢢࢋܯͪΌͶචགྷ
ητρϕౕͶϋρφϭʖέΝղ͢ͱૻण৶͢ࢋܯͳؽࢋܯֆυʖνΝɾۛંͤΖڧ͵
͑ʤਦ 2ʥɿ  

 

 
ਦ 2ʁϋρφϭʖέΝղͪ͢Үڧֆυʖνૻण৶  

͑ͤ͞Ζ͞ͳͲɾؽࢋܯΝଁ͢ɾखΕѽ͑ؔۯ͠߁Ν֨͢ͱ͏͚͞ͳ͗Ͳ͘Ζɿ͖͢
͢ɾ͞Γ͑͵ࢆεϝϣϪʖνͲͺɾΏෝ՛য়ڱͶΓΖҩ͏͖ΔɾࢋܯητρϕͶ
གྷͤΖݺ͗ؔ࣎ʓ͟ؽࢋܯͳͶҡ͵ΖɿͨͪΌɾືݭ͵εϝϣϪʖεϥϱΝͪ͑ߨΌ
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Ͷͺؽࢋܯಋ࢞ߨࣰࢋܯνϝϱήಋ॑͗غགྷͳ͵ΖɿಋغΝߨΚ͵͏ɾ֦ࢋܯ
࣎ॶͶΓͮͱؔۯΕศͤ͞ͳͶ͵Εɾ܃ητρϕΝࢋܯͶغͲඉಋغब༙ݽ͗ؽ
ؔଐౕ͗ҡ͵Ζ͞ͳͶ͵ΖɿಋغΝͪ͑ߨΌͶͺɾࢋܯητρϕࣰߨͪ;Ͷɾۛ
ંͤΖ౨ೈ 4 ୈ͖ؽࢋܯΔસͱ͖Δڧֆ֪ࢢυʖν͗ૻ৶͠Ηͱ͚ΖΉͲଶͤؽΖ
චགྷ͍͗Εɾ͞Η͗ࢋܯஙԈΝӀًͤ͘͞ݬҾͳ͵ΖɿಋغॴཀྵͺࢆεητϞҲͯ
͘͵՟ୌͳ͵ͮͱ͕Εɾ͞ΗΝްིԿͤΖघ๑ͺଡ͚͠ڂݜΗͱ͏Ζ[2,3]ɿҲ๏Ͳɾΰ
ʖϞ͵ʹɾεϝϣϪʖεϥϱਜ਼֮ΓΕଐౕ͗༑͠ΗΖίʖηͲͺɾ͖͖ؔ࣎
Ζಋغͺචགྷ͵͏ίʖη͍Ζɿ ΉͪɾॶͶΓͮͱؔ࣎ླྀΗΖଐౕ͗ҡ͵Ζড়݇ԾͲ
εϝϣϪʖεϥϱΝࡏͪͮߨͶɾڏͤࣖ͗ܧಊͳɾͨ݃Վਫ਼ͣΖؔۯ࣎ϏνʖϱͶͯ͏
ͱͺ͞ΗΉͲ͠ڂݜΗͱ͕Δͥɾັڷ͏ɿ  

 ߑߚదͳຌڂݜ .1.2

ߴͲफ़΄ͪΓ͑͵ɾؔۯॶͶΓͮͱࢋܯब͗غҡ͵Ζয়ڱͲεϝϣϪʖεϥϱΝ
ͳ͢ͱɾڂݜ͵దેخΝಚΖͪΌݡে͗ਫ਼ͣಚΖ͖எݳ͵ͶɾʹΓ͑ͪ͢ߨࣰ
ຌߚͲͺɾΉͥؖ࿊ڂݜΝफ़΄ɾୱ९͵೦ఽϠυϩΝଲেͶඉҲ༹͵ࢋܯबغͶΓͮͱ
εϝϣϪʖεϥϱΝࣰͪ͢ߨڏಊͶͯ͏ͱͤࡱߡΖɿ࣏Ͷɾਦ̏Ͳफ़΄ͪߑͳಋ
ড়݇ͲεϝϣϪʖεϥϱΝࣰͤߨΖٛڧࣇΝ༽͏ͱɾഀಊ๏ఖࣞͳൕԢ֨ࢆ๏ఖࣞ
Νଲেͳͪ͢εϝϣϪʖεϥϱΝ͏ߨɾͨ݃Վͳ͢ͱਫ਼ͣͪؔۯ࣎ϏνʖϱΝࣖͤɿ  

2. ؖ࿊ڂݜ 

2.1. ॶͶΓͮͱҡ͵Ζ਼֨ܐࢆΝઅఈͪ͢ 

ش͗ڂݜͪ΄ఴΝܧͯ࣍Ν਼ܐࢆ֨͵దͶඉҲ༹ؔۯ๏ఖࣞΝଲেͳ͢ͱɾࢆ֨
͖ͯଚ͢ࡑͱ͏Ζɿ[4]ͺॶͶΓͮͱҡ͵Ζ਼֨ܐࢆΝͯ࣍ഖ࣯Ͷ͕͜ΖൕԢ֨ܧࢆ
ഀߨմڏಊΝ֮͢ͱ͏Ζɿ[5]ͺɾਫ਼ൡ৫ͶΓΖාҮ֨ΝઈͤΖ Fisher Ϡ
υϩ[6]ͳಋ༹֨ࢆ๏ఖࣞΝଲেͳ͢ͱɾਫ਼ൡ৫Ώਫ਼ଚͶͳͮͱన͵ॶʤ֨͢ࢆ
Ώͤ͏ॶʥͳɾͨ͑Ͳ͵͏ॶʤ֨͢ࢆͶ͚͏ॶʥ͗Ϡδέয়Ͷଚ͢ࡑͱ͏Ζ͞ͳ
Νఈ͢ɾؔۯΝଵয়ͶۢͮͱɾͨΗͩΗଵͶҡ͵Ζ਼֨ܐࢆΝઅఈͪ͢ড়݇ԾͶ͕
͜Ζɾմ৾Ζ͏Νմੵదʀ਼దͶ֮͢ͱ͏Ζɿ͞ΗΔڂݜͺɾεϝϣϪʖεϥ
ϱؔۯॶͶԢͣͱҡ͵Ζড়݇અఈΝ͢ͱࢋܯΝͤΖ఼ͲɾຌڂݜखΕૌΊͳྪ͢ࣇ
ͱ͏Ζɿ͖͢͢ɾ͞ΗΔ͗ಝఈؔۯҮ਼֨ܐࢆΝଠҮͳร͓Ζ͞ͳΝఈ͢ͱ
͏ΖͶଲ͢ɾຌڂݜఈͺɾͨҮࢋܯबغΝร͓Ζ͞ͳͲ͍Ζɿ  

2.2. ιϩΨʖφϜφϱࢋܯΝඉಋغదͶ͑ߨ 

[7]ͺɾ̏ݫ࣏ιϩΨʖφϜφϱϠυϩΝଲেͳ͢ͱɾؔۯΝ͖ͯشϔϫρέͶۢ
ͮͪͲɾ֦ϔϫρέ಼ιϩࢋܯͺಋغదͶͯͯ͏ߨɾϔϫρέ͟ͳࢋܯࣰߨν
ϝϱήΝඉಋغͶࣰ࣎ͪ͢ߨڏಊΝ֮͢ͱ͏ΖɿΉͪɾ[8]ͺಋ͚ͣ̏ݫ࣏ιϩΨ
ʖφϜφϱͶͯ͏ͱɾιϩߍΝඉಋ͖ͯغϧϱξϞͶͪͮߨڏಊΝ֮͢ͱ͏
Ζɿ[9]ͺ̐ݫ࣏ιϩΨʖφϜφϱΝଲেͳ͢ͱ࣯ྖฯଚଉ͗ΕཱིͯΓ͑Ͷ͓ͪ͑͢Ͳɾ
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ඉಋغͶιϩΝߍͪ͢ࡏ৾Ζ͏Ν֮͢ͱ͏Ζɿ͞ΗΔڂݜͺɾસͱιϩߍ
ΝಋغదͶҲׇߍͤΖͲͺ͵͚ඉಋغͶ͑ߨ఼ͲɾຌڂݜखΕૌΊͳྪ͢ࣇͱ͏
Ζɿͳ͚Ͷɾ[7]Ͳफ़΄ΔΗͱ͏ΖɾؔۯҮΝϔϫρέͶۢΕɾϔϫρέ಼ιϩߍ
ͺಋغదͶࣰͤߨΖߑͺຌڂݜՀఈͳಋ༹Ͳ͍Ζɿ͖͢͢[7]Ͳͺɾຌ͗ڂݜఈͤΖ
Γ͑͵ɾ֦ϔϫρέ͗ͨΗͩΗ༙ݽࢋܯबغΝͮͱಢཱིͶࢋܯΝΌΖͳ͏͑ড়݇Ծ
Ͷ͕͜Ζ৾Ζ͏ͺࣖ͠Ηͱ͏͵͏ɿ  

3. ೦ఽ๏ఖࣞΝଲেͳͪ͢ࡱߡ 

ຌߚͲͺҐ߳ɾεϝϣϪʖεϥϱؔۯۢΝϔϫρέͳݼɿ֦ϔϫρέͺڠ௪γ
θ֪ࢢഓͶΓͮͱΕཱིͮͱ͏Ζɿϔϫρέ಼֪ࢢͺಋغదͶࢋܯʀߍ͠ΗΖ
͗ɾ֦ ϔϫρέͺͨΗͩΗ༙ݽؔ࣎बغͶΓͮͱࢋܯητρϕΝ܃Εศͤয়ڱΝ͓ߡΖɿ 
Ήͥୱ९ͪΌͶࣞʤ1ʥͲࣖͤݫ࣏̏ؔۯ೦ఽ๏ఖࣞεϝϣϪʖεϥϱΝࡱߡ

ͤΖɿ  

ݑ߲ 
ݐ߲

ൌ
߲ଶݑ
 ଶ (1)ݔ߲

 

 
ਦ 3ʁॶͶΓΕֶؔࢋܯҡ͵Ζ೦ఽεϝϣϪʖεϥϱ  

ਦ 3 Ͷࣖͤ௪Εɾ೦ഖ࣯Νන֪ͤ͗ؔۯࢢ 2 ͯϔϫρέͶΓͮͱൔͶ͖Ηͱߑ͠
Ηͱ͕ΕɾͨΗͩΗϔϫρέ͗ЍHzɾЎ+] ֶؔࢋܯΝͯ࣍ͳͤΖɿΉͪɾഖ࣯ࠪ
Ν೦͢ɾӊΝྮ͢٭କ͜ɾ֦֪ࢢͶͺഖ࣯Իౕ֪͗͠ΗΖͳͤΖɿ  
͞͞ͲɾЍ͗ЎΓΕۅͶ͘͏ఈʤЍ>>ЎʥͲɾॵغয়ସ͗ؔۯదͶҲ༹͵Իౕ͖
ΔࢋܯΝ࣎ͪ࢟͢Ͷɾؔ࣎ࢋܯܨգͶͮͱรԿͤΖմܙয়યҢΝਦ 4 Ͷࣖͤɿ 
Ήͥɾॵغয়ସʤਦ̒ᶅʥ͖Δࢋܯ͢ޛ࢟ͻΔ͚ͺࠪϔϫρέΊͲළൡͶࢋܯη 
 

 
ਦ 4ʁ೦ఽεϝϣϪʖεϥϱ༩  
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τρϕ͗܃Εศ͠ΗΖͪΌɾܨؔ࣎գͶͮͱࠪ͗೦͠Η߶ԻͶ͵ΖɿЍ!!Ў ΝՀఈ
͢ͱ͏ΖͲ఼࣎͞Ͳͺӊϔϫρέࢋܯητρϕ͗Ήࣰͫ͠ߨΗͥɾԻౕรԿ͗ਫ਼ͣ
͵͏ɿࠪϔϫρέཱིͲͺɾؔ͞ɾࠪϔϫρέ಼ӊڧֆͺॵغͲݽఈ͠Ηͱ͏
ΖͳಋͲ͍ΖͪΌɾӊԻౕͺఁ͏ΉΉͲ͍Ζʤਦ̒ᶆʥɿ͖͞͞ΔॉͶ͗ؔ࣎
Εศ͠Ηɾ݃Վͳ͢ͱӊϔϫρέ಼ӊͺ܃ητρϕ͗ࢋܯգͤΖͳɾӊϔϫρέܨ
ֆͺࠪϔϫρέ͖Δླྀ͢ͱ͚ڧͶɾӊϔϫρέ಼ࠪ࣎ΗͱԻౕ͗Ծ͗Ζɿಋ͠٭ྮ
Ζ೦ӪڻΝण͜ͱԻౕ͗͗ΖɿΉͪɾॉௗ͏ؔ࣎ऊౕͲଌ͓Ζͳɾࠪϔϫρέཱི
͖ΔΊͱࠪϔϫρέ಼ӊڧֆͺࣙ༟ڧֆͳͪࣇয়ڱͳ͵Εɾࠪϔϫρέ಼ӊ
Իౕ͗ͮͱ͏͘ɾ࠹शదͶͺਦ 4 ᶇͲࣖͤฑߩয়ସͶཚ͚ͬɿਦ 4 ͺЍ͗ЎΓΕ
ۅͶ͘͏ίʖηΝఈͪ͢Ͳ͍Ζ͗ɾЍΏЎɾΉͪɾؔۯ਼ׄݺΏ
Ͷ͖͖ΚΔͥॉܨ͗ؔ࣎գͪ͢ޛ݃Վͺಋ༹͵ͳ͵ΖɿΉͪɾ͞ΗͺؔۯదͶҲ
য়ସͲ͍Ζɿͪ͗ͮ͢ߩฑ࣎ͪͮߨҲൢద͵εϝϣϪʖεϥϱΝͯ࣍Νغबࢋܯ͵༹
ͱɾঙ͵͚ͳ̏ݫ࣏೦ఽ๏ఖࣞؔ࣎ఴεϝϣϪʖεϥϱͶΓͮͱٽΉΖฑߩয়ସ
ͺɾඉҲ༹͵ࢋܯबغӪڻΝण͜͵͏ͳ͏͓ΖɿΉͪɾؔۯݫ࣏̐͗ݫ࣏Ώ̑ݫ࣏Ͳ
͍ͮͱɾ͍Ζڧֆড়݇Ͷ͕͜Ζ೦ఽ๏ఖࣞܧฑߩয়ସͺҲқͶఈΉΖͪΌɾ͗ؔ࣎
ॉͶܨգͪ࣎͢য়ସͺඉҲ༹͵ࢋܯबغӪڻΝण͜͵͏ͳࢧΚΗΖɿ  

4. ഀಊ๏ఖࣞɾൕԢ֨ࢆ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ  

হͲफ़΄ͪ೦ఽ๏ఖࣞͺɾܧฑߩয়ସ͗ࢋܯबغͶғΔͥҲқͶఈΉΖͪΌɾܯ
য়ସͶҩ͏ͺໃޛգͪ͢ܨؔ࣎ͳർֳ͢ͱඉҲ༹Ͳ͍ͮͱɾҲ༹Ͳ͍Ζ͗غबࢋ
͏͞ͳΝफ़΄ͪɿ͞ΗͶଲ͢ͱɾഀಊ๏ఖࣞܧΏൕԢ֨ࢆ๏ఖࣞܧͺɾ਼մ͗ଚͤࡑ
ΖͪΌɾफͤΖմΏɾմͶफͤΖգోգఖ͗ɾඉҲ༹͵ࢋܯबغͶΓͮͱʹΓ͑͵
ӪڻΝण͜Ζ͖༩Ͳ͘͵͏ɿͨ͞ͲɾඉҲ༹͵ࢋܯबغΝͯ࣍ࢆεϝϣϪʖνͲ
͞ΗΔܧΝࣰࡏͶۨಊ͢ɾͨڏಊΝ֮ͪ͢ɿ  

4.1. εϝϣϪʖεϥϱڧ 

ਦ 5 ͶɾࣰݩΝࣇٛͪͮߨࢆεϝϣϪʖν֕གྷΝࣖͤɿ֦ࢋܯόʖχͺؔۯݽ
༙ϔϫρέΝฯ࣍͢ɾͨΗͩΗ͗ಢཱིͶࢋܯητρϕΝͤߨࣰ࣏Ζɿຌཔࢆεϝ 

 
ਦ 5ʁεϝϣϪʖεϥϱߑʤਦ̏εητϞΝໝͪٛ͢ڧࣇʥ  
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ϣϪʖνࢋܯόʖχͺɾਦ̏Ͷࣖͪ͢Γ͑ͶพʓؽࢋܯͶΓͮͱಊ͢ࡠɾόʖχؔ
௪৶ͺϋρφϭʖέΝղ͢ͱ͑͞ߨͳΝఈ͢ͱ͏Ζ͗ɾࠕյͺࢋܯबغӪڻΊΝ֮
ଲেͳͪͪ͢Όɾ֦ࢋܯόʖχͺ 1 ͯηϪρχʤࢋܯॴཀྵࣰߨୱҒʥͳ͢ͱࣰૹ͢
ͪͲ 1 ୈ಼ؽࢋܯͲಊͪͦ͠ࡠɿΉͪɾόʖχؔ௪৶ͺϟϠϨΝղ͢ͱ͑͞ߨͳͲ
ϋρφϭʖέ௪৶ͶགྷͤΖؔ࣎ӪڻΝഋঈͪ͢ɿ  
ͺؔۯ 135ʹ135 ͫ͏ܪয়Ͷࢢ͢ɾͨΗΔΝ֪ߑͶΓͮͱࢢ֪ݺ 9 ͯࢋܯόʖχ

ʤηϪρχʥͶׄΕͱɾεϝϣϪʖεϥϱΝดࣰͪ͢ߨɿ֦όʖχͺ 45ʹ45 ֪ࢢ
ϔϫρέΝฯͪͦ࣍͠ɿΉͪɾͨ ΗΔߍबغΝਦ 6 Ͷࣖͤ௪ΕϏνʖϱͲ݀ఈͪ͢ɿ  
ਦ 6 Ͷ͕͜Ζ͏ࠉϔϫρέͺɾപ͏ϔϫρέࢋܯόʖχΓΕࢋܯबغΝௗ͚ͤΖ͞ͳ
Νࣖ͢ͱ͏Ζɿࠕյɾ͏ࠉϔϫρέͺɾപ͏ϔϫρέ 4 ഔࢋܯबغͳͪ͢ɿͯΉΕɾ
ϔϫρέ͗͏ࠉ 1 յࢋܯητρϕΝࣰͤߨΖؔͶɾപ͏ϔϫρέͺฑ͢ۋͱ 4 յࢋܯη
τρϕΝࣰͤߨΖ͞ͳͶ͵Ζɿ͵͕ɾݺʓηϪρχͺɾຌཔͺಢཱིͪ͢ؽࢋܯͲҡ͵
Ζϕϫιηͳ͢ͱಊͤࡠΖ͞ͳΝఈ͢ͱ͏ΖͪΌɾηϪρχؔಋغͺͮߨͱ͏͵͏ɿ
ͨͪΌɾࢋܯητρϕࣰߨյ਼ർིʤ1:4ʥͺ͍͚ΉͲ҈Ͳ͍ΕɾηϪρχॴཀྵ
ṁয়ڱͶԢͣͱऑͤݰଁױΖɿΉͪɾ֦ηϪρχͺࢋܯητρϕΝࣰͤߨΖͪ;Ͷɾͨ
ϔϫρ͏ࠉয়ସΝۛંηϪρχ௪எͤΖɿҐ߳ɾࢢֆͶ͕͜Ζ֪ڧ఼ϔϫρέ࣎
έΝஙԈϔϫρέɾപ͏ϔϫρέΝ௪ϔϫρέͳݼɿ  
εϝϣϪʖεϥϱΝࣰؽࢋܯͪ͢ߨͺ CPU1.8GHz 4 αΠʤ8 ཀྵϕϫιργʥ,

ϟϠϨ 8GB Ͳ͍ΖɿεϝϣϪʖεϥϱϕϫιηͺ Java Ͷͱࣰૹͪ͢ɿԍࢋͶ GPU ͺ
༽͏ͱ͏͵͏ɿ  

 

 
ਦ 6ʁஙԈϔϫρέഓϏνʖϱ  

4.2. ഀಊ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ 

ߴͲफ़΄ͪεϝϣϪʖεϥϱڧͲɾࣞʤ2ʥͶࣖͤ 2 ؔ࣎ഀಊ๏ఖࣞݫ࣏
ఴΝͪ͢ࢋܯɿεϝϣϪʖεϥϱࢋܯ๏ࣞͺࠫ๑Ͳ͍Ζɿ۫ରదͶͺࣞʤ2ʥΝࢆ
Կͪࣞ͢ʤ3ʥͶΓͮͱ݀ ൌ ͳͲିͳ͕͏ͱɼ֪ࢢΝߍͤΖࢋܯητρϕΝͪ͢ߨࣰ࣏ɿ
ࣞʤ3ʥ಼శ͓݅࣊ǡ ݆ͺ֪ࢢ࠴ඬΝɾݐͺؔ࣎ητρϕΝන͢ͱ͏Ζɿ  

  



 

t 95 t 

 ߲ଶݑ
ଶݐ߲

ൌ
߲ଶݑ
 ଶ (2)ݔ߲

ǡ௧ାଵݑ  ൌ ǡ௧ݑʹ െ ǡ௧ିଵݑ  ݀ሺݑିଵǡ௧  ାଵǡ௧ݑ  ǡିଵ௧ݑ  ǡାଵ௧ݑ െ Ͷݑǡ௧ ሻ (3) 

దͶҲ༹͵ʁ0ؔۯͳ͢ͱغֆড়݇ͳ͢ɾॵڧغֆড়݇ͺबڧ Νઅఈͪ͢Ͳɾؔۯ
ԟͶҒͤΖ֪ࢢͶଲ͢ͱਜ਼ഀݯͶΓͮͱ৾ಊΝ༫͓କ͜ͱεϝϣϪʖεϥϱΝۨಊ
ͪ͢ɿਜ਼ഀݯबغͺɾͨϔϫρέͶ͕͜Ζࢋܯητρϕबغൈ ͳͲଷͳ͢ͱ༫͓ͪɿؔۯ
ԟ͗௪ϔϫρέͺɾͨ͞Ͳ༫͓ΔΗΖਜ਼ഀݯबغͺɾஙԈϔϫρέཱི͖
ΔͤΖͳ༁ 1/4 ͳ͵ΕɾٱͶؔۯԟ͗ஙԈϔϫρέͺɾ௪ϔϫρέཱི͖Δ
ͺ༁ 4 ഔͳ͵Ζɿ  

 
݃Վͳࡱߡ 
ਦ 7 ͶεϝϣϪʖεϥϱ݃ՎΝࣖͤɿ֦ߨͶஙԈϔϫρέഓϏνʖϱΝɾ֦Ͷ

ͨΗͩΗϏνʖϱͶ͕͜Ζܨؔ࣎գͶ͑մܙয়Νඵժͪ͢Ͳ͍Ζɿմܙয়ͺ
135ʹ135 ϒέιϩౕժͲ͍Εɾ֦ϒέιϩౕͺݑͶԢͣͱ݀Όͱ͏Ζɿ͏
ͥΗ݃ՎɾεϝϣϪʖεϥϱؔ࣎ܨգͶͮͱ࠹शదͶͺఈഀ͗ਫ਼͠Ηͪɿఈ
ഀϏνʖϱͳ͢ͱͺɾഀݱͳ͢ͱਜ਼ഀݯΝ༫͓ͪؔۯԟϔϫρέ͗ஙԈϔϫρ
έ͖௪ϔϫρέ͖ͲྪͲ͘Ζɿ  
 
௪ϔϫρέͶ͍Ζʥ͗ݱԟ͗௪ϔϫρέͲ͍Ζʤഀؔۯ  
ԟͲਫ਼ͪ͢ഀഀௗ͗ɾஙԈϔϫρέͲͺ͚͵Ζ͞ͳ͖ΔɾஙԈϔϫρέͲͺ௪

ϔϫρέͳർֳ͢ͱ͖ࡋ͵ഀ͗ଚ͢ࡑͱ͕ΕɾͨΗΝ֮ͶͤࢻΖ͞ͳ͗Ͳ͘Ζʤਦ
7  B,E,F,I,K,L য়ͺ௪ϔϫρέͳં͢๏ͲܙʥɿΉͪɾஙԈϔϫρέͲਫ਼ͣΖഀߨ
รԿͤΖ͞ͳ͖͗Ζɿྭ͓ͻਦ 7 Ϗνʖϱ B ͲͺஙԈϔϫρέͺ௪ϔϫρέͳೈ
Ͳ͖͢ં͢ͱ͕Δͥɾഀ͗ͨΗͶԌͮͱࡋௗ͚ଚ͢ࡑͱ͏Ζ͞ͳ֮͗Ͳ͘Ζʤਦ 7  B
ߨ 32,64 ʥ ɿ   
 
ஙԈϔϫρέͶ͍Ζʥ͗ݱԟ͗ஙԈϔϫρέͲ͍Ζʤഀؔۯ  
ԟͲਫ਼ͪ͢ഀഀௗͺɾ௪ϔϫρέͲͺௗ͚͵Ζ͞ͳ͖Δɾ௪ϔϫρέͲͺഀ

ௗ͘͵ഀ͗ਫ਼͠ΗΖɿΉͪɾ͞ഀӪڻΝٱͶण͜ͱஙԈϔϫρέഀௗௗ͚
͵Εɾॉ͵ܨ͗ؔ࣎գͤΖͳɾஙԈϔϫρέͳ௪ϔϫρέࢻͶΓΖۢพͺͲ͘͵
͚͵Ζɿ  

  



 

t 96 t 

 
ਦ 7ʁഀಊ๏ఖࣞεϝϣϪʖεϥϱ݃Վ  



 

t 97 t 

4.3. ൕԢ֨ࢆ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ 

ൕԢ֨ܧࢆͺɾඉҲ༹͵ؔۯϏνʖϱΝͯ࣍ฑߩմ͗ଚ͢ࡑͱ͏Ζ[10]ɿࠕյͺൕԢ֨
ͳͲஎΔΗͱ͏Ζࣞʤ4ʥͶࣖͤͯ࣍͞ͲಝͶଡ༹͵մΝܧࢆ 2 ݫ࣏ GrayScott
Ϡυϩ[11,12]ؔ࣎ఴΝͪ͢ࢋܯɿεϝϣϪʖεϥϱͺߴಋ༹Ͷɾࠫ๑ͶΓͮͱܯ
ܨͺࣞʤ5ʥͶࣖͤ௪ΕͲ͍ΕɾࣞࢆͪΌߍࢢɿ֪ͪͮߨΝࢋ ൌ 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) 

 

ǡ௧ାଵݑ ൌ ݀൛ሺݑǡ௧ ሻଶݒǡ௧ െ ሺܨ  ݇ሻݑǡ௧  

��������������������
௨ܦ

݇ଶ ൫ݑିଵǡ
௧  ାଵǡ௧ݑ  ǡିଵ௧ݑ  ǡାଵ௧ݑ െ Ͷݑǡ௧ ൯ൟ  ǡ௧ݑ ǡ 

ǡ௧ାଵݒ ൌ ݀൛െሺݑǡ௧ ሻଶݒାଵǡ௧  ൫ͳܨ െ ାଵǡ௧ݒ ൯  

��������������������
௩ܦ

݇ଶ ൫ݒିଵǡ
௧  ାଵǡ௧ݒ  ǡିଵ௧ݒ  ǡାଵ௧ݒ െ Ͷݒǡ௧ ൯ൟ  ǡ௧ݒ Ǥ 

(5) 

ሺ݅ǡࢢԟͶҒͤΖ֪ؔۯֆড়݇ͳ͢ɾڧغֆড়݇ͺबڧ ݆ሻΝৼͳ͢ͱਫ਼ͪ͢ΪΤ
η਼݂ؖሺݔǡ ሻݕ ൌ ͳͲ ൈ ����ሼെሺݔ െ ݅ሻଶ െ ሺݕ െ ݆ሻଶሽΝॵغͳ͢ͱ༫͓ͪɿ  
 
݃Վͳࡱߡ 
ਦ 8 ͶεϝϣϪʖεϥϱ݃ՎΝࣖͤɿߴಋ༹Ͷɾ֦ߨͶஙԈϔϫρέഓϏνʖ

ϱΝɾ֦ ͶͨΗͩΗϏνʖϱͶ͕͜Ζܨؔ࣎գͶ͑մܙয়Νඵժͪ͢Ͳ͍Ζɿ
ΉͪɾϒέιϩౕͺݑͶԢͣͱ݀Όͱ͏Ζɿ  
ߴͲഀಊ๏ఖࣞͺɾྙͳ͢ͱਜ਼ഀݯΝ༫͓କ͜ͱ͏ͪͪΌɾܨؔ࣎գͳͳͶร

Կ͢͵͚͵Ζฑߩմͺଚ͢ࡑ͵͖ͮͪ͗ɾ͞͞Ͳଲেͳͪ͢ܧͶͺฑߩմ͗ଚ͢ࡑɾࢋܯ
ητρϕΝॉͶ॑Ζͳɾͨ ΗҐܨؔ࣎գ͢ͱรԿ͢͵͚͵Ζয়ସ͗ಚΔΗΖɿ Ή
ͪɾহͲफ़΄ͪୱ९͵೦ఽ๏ఖࣞͺɾฑߩմͳ͢ͱखΕ͓Ζয়ସͺ 1 ͯͫ͜Ͳ͍ͮͪ
ͪΌɾඉҲ༹͵ࢋܯबغͲ͍ͮͱɾॉͶܨ͗ؔ࣎գͪ͢ޛ݃ՎͶรΚΕͺ͵͖ͮͪɿ  
͖͢͢ɾ͞͞Ͳଲেͳͪ͢ܧͺɾฑߩմ͗ଡ༹Ͷଚ͢ࡑͱ͕ΕɾඉҲ༹͵ࢋܯबغӪڻ
Νण͜ͱɾܨؔ࣎գͶͮͱ౺ୣͤΖয়ସรԿ͢ͱ͏Ζ༹͗ࢢΚ͖Ζɿ  
մϏνʖϱͳ͢ͱͺɾߴഀಊ๏ఖࣞΝଲেͳͪ͢εϝϣϪʖεϥϱ݃ՎΓ͑Ͷɾ

ஙԈϔϫρέͳ௪ϔϫρέؔͲմܙয়ഀௗͶ͘͵ҩ͏ͺड़Ζ͞ͳͺ͵͖ͮͪɿ
͖͢͢ɾࢋܯգఖͲɾ௪ϔϫρέͲϏνʖϱܙ͗ଐ͚ͤߨΖͪΌɾΉͥ௪ϔϫ
ρέͶ͕͏ͱϏνʖϱ͗ਫ਼͠ΗɾͨޛͶஙԈϔϫρέͲϏνʖϱਫ਼͗ɾۯപҮ
ΝດΌΖΓ͑ͶͤߨΖ༹ࡱ؏͗ࢢͲͪ͘ɿ͞ͳ͘ɾۯപҮܙয়ͶԌͮͱϏνʖϱ
ਫ਼͗͵͠ΗΖͪΌɾ͗ܧʹΓ͑͵գఖΝḹͮͱͨฑߩয়ସͶ౺ୣ͖ͪ͢ɾ͏Κͻ
գోգఖܙ֮͗Ͳͪ͘ɿൕԢ֨͗ܧࢆਫ਼ͤΖؔۯϏνʖϱͺɾҮͶଲͤΖనԢ
ʀΝ༙͢ͱ͏Ζ͞ͳ͗எΔΗͱ͕Ε[13,14]ɾ͞ܙͺ࣯͞ͶΓΖͲ͍
Ζͳ͓ߡͱ͏Ζɿ   

 



 

t 98 t 

 
ਦ 8ʁൕԢ֨ࢆ๏ఖࣞεϝϣϪʖεϥϱ݃Վ  



 

t 99 t 

ΉͳΌ 

ɿ೦ఽͪͮߨΝݩͳࣰࡱߡεϝϣϪʖεϥϱͶؖͤΖͯ࣍Νغबࢋܯ͵దͶඉҲ༹ؔۯ
๏ఖࣞͶͯ͏ͱͺɾඉҲ༹͵ࢋܯबغӪڻΝण͜͵͏͞ͳΝͪ͢ࡱߡɿഀಊ๏ఖࣞͶ
ͯ͏ͱͺɾεϝϣϪʖεϥϱ݃ՎɾඉҲ༹͵ࢋܯबغͶΓͮͱಚΔΗΖմఈഀϏ
νʖϱ͚͗͘ҡ͵ͮͪɿΉͪɾͨఈద͵࣯ͺഀ͗ݱ௪ϔϫρέ͖ஙԈϔϫρέ
ʹͬΔͶҒͤΖ͖ͲΉ͖͵͜Ζ͞ͳ͗Ͳͪ͘ɿൕԢ֨ࢆ๏ఖࣞͶͯ͏ͱͺɾಚΔ
ΗΖؔۯϏνʖϱͶఈద͵ҩ͏ͺਫ਼ͣ͵͖ͮͪɿ͖͢͢ɾͨϏνʖϱͶ౺ୣͤΖΉͲ
գఖܙΝݡΖ͞ͳ͗Ͳͪ͘ɿ  
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ཱིରӫࢻ࣎Ͷ͕͜ΖࢻતٌϏνʖϱͳ 
॑ৼಊ༵Ϗνʖϱؖܐ 
ঘ࿉ଢ�� ฑీཾ߀�� ߶ీभध 

ෳҬָָӅڂݜָՌ ෳҬݟෳҬࢤชښ �-�-��  
�WDNDGD#X-IXNXL�DF�MS 

5HODWLRQVKLS�EHWZHHQ�3DWWHUQV�RI�WKH�(\H�0RYHPHQW�DQG�WKH�
%RG\�6ZD\�:KLOH�9LHZLQJ�D��'�9LGHR�&OLSV 

5HQWDUR�2QR��7DND\XNL�+LUDWD��+LURNL�7DNDGD 
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(2021 ೧ 1 ݆ 14 ೖणɾ2021 ೧ 1 ݆ 25 ೖणཀྵ) 

 
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. ຌชద 

ۛ೧ɼ3DCG ٗढ़ඊ༄ద͵ิͶΓΕɼཱིରӫ͗ਐۛ͵Ͷ͵ΖͳͳͶɼϐ
φ͗͞ΗΉͲͶͪ͢͞ݩܨͳ͵͏ְܻ࢙ࢻΝण͜Ζ͞ͳ͗ड़པΖ࣎େͶ͵ͮͪɽ2010
೧ͺ 3D ͻΗɼ3Dݼ೧ͳݫ ӫ͗ࢤͶ߁ΉΕ࢟ΌͪɽΉͪɼͪͶ 2016 ೧ͺ VR
ֺޚͺɼٶ߶͏ӫ͗ఴ͠Η͍ͯͯΖɽ͞Γ͑͵״ͻΗɼྡݼ೧ͳݫ
ͶͳʹΉΔͥɼҫྏΏگүɼෳࢳ͵ʹଡزͶΚͪΖ[1][2]ɽͨҲ๏Ͳɼءൾ࿓Ώ
ᅇృ״ɼ͏͵ʹӫ͏ͳݼͻΗΖչ͵য়͗Ӏً͘͞͠ΗΖ͵ʹɼ݊߃ѳ
Ӫݔ͗ڻ೨͠Ηͱ͏Ζ[3]ɽͨ͞Ͳɼ༹ʓ͵ਫ਼ର৶͖ߺΔӫ͏ΝՃͤΖ͗ڂݜ͵͠
Ηͱ͏Ζ[4][5]ɽ  
ӫ͏Ͷͯ͏ͱਫ਼ཀྵࢨඬΝ༽͏ͪఈྖద͵Ճ๏๑Ҳͯͳ͢ͱɼ॑ৼಊ༵͗ࠬݗ

ىͶཱིҒͪ͢য়ସ॑ৼҒΝحఈ͗ंݩͲͺɼඅࠬݗΔΗΖ[6]ɽ॑ৼಊ༵͝ڏ
ͤΖɽ͞๏๑ͺɼཱིରӫࢻ࣎ӫͶΓΖରฑܧߩӪڻΝఈྖదͶՃͤ
ΖͶ༙ްͲ͍ΖɽڂݜߨͶ͕͏ͱͺɼӫࢻ๏๑Ͷ͠Ηͱ͕Εɼ௧ॊࢻͶ
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ർ΄बวࢻ๏͗ରฑܧߩͶӪڻΝٶ·ͤ͞ͳ͗ࣖ͠ࠨΗͪ[7]ɽ͖͢͢ɼࣰڧݩͶғ
ଚ͢ͱܑͨ͗ΊΔΗ͵͏͞ͳ͍Εɼӫ͏ؽࡋΝմͤΖ͞ͳ͗ٽΌ
ΔΗͱ͏Ζɽ  
ϐφରฑߩͺɼ༹ʓ͵ְ״ๅ౹ͶΓͮͱฯ࣍͠Ηͱ͏ΖɽकͶɼᶅఋ͖ح

ΔಚΔΗΖՅଐౕๅɼᶆְࢻๅɼᶇରְ״ๅ 3 Ͳ͍Ζɽ͞ΗΔྙ౹ܧ
ๅ͗ɼൕࣻܧΏ߶࣏ͲๅॴཀྵΝܨͱ౹͠Ηͱɼड़ྙܧͪΔ͠ΗΖ[8]-[11]ɽ
Edwards ๅࠄͶΓΖͳɼࢡޜͶؖͤΖๅ͑ͬɼְࢻๅͺ 50%ఖౕΝઐΌΖ
ͳๅ͢ࠄͱ͏Ζ[12]ɽΉͪɼְࢻๅ͗ܿཚͪ͢য়ସͲࢡ҈ఈͺɼְࢻๅ
ྙ͍͗Ζͳർ΄ɼ20-50%ఖౕఁԾͤΖ͞ͳ͗எΔΗͱ͏Ζ[13][14]ɽͨͪΌɼड़
ྙͳ͚ؖ͘Κͮͱ͏Ζɽְࢻͺޜ࣍ңࢡͳ͢ͱܧྙ  
รԿࢡ༢ְࢻͺɼޜࢡๅͶΓΕӀً͘͞͠ΗΖְࢻ (Visual evoked 

postural responses : VEPRs)ͳݼͻΗΖɽڂݜߨͲͺɼVEPRs ΝఈͤΖ͞ͳͲྡ
Γ;ӫ͏ʹͬΔՃͶ༽͏ΔΗͱ͏Ζ[15]-[18]ɽΉͪɼӫଐౕΏ͕״
ߨͪͮߨΝݩࣰৄݗͶͯ͏ͱߴ͵ʹܐؖࢻͳৼࢻɼबวܐؖܢͳഐܢ
ͶΓΕܻ࢙ܢ๏๑ͶؖΚΔͥɼഐࢻΏӣಊ๏ހͲͺɼࣙڂݜ VEPRs ͺͤݳΖͳ
݃͜ΔΗͱ͏Ζ[19]-[21]ɽ͖͢͢ɼVEPRs ਫ਼ϟΩωθϞͺྐ͵఼͗ଡ͚ɼ
ͱ͏͵͏ɽͮ͠ࢺেմͶͺݳ ΔͶɼVEPRs ͺְࢻๅͶًҾͤΖࢡรԿͲ͍Ζ͗ɼ
ͪݡͺྭͪͮߨΝڂݜͶࡋͶͯ͏ͱౕکɼఽୣࡏఽୣͤΖׯحๅΝӣಊְࢻ
Δ͵͏ɽͨͪΌɼְࢻๅͳࢡޜఽୣౕ͗کɼҾࢢͶΓͮͱʹΓ͑ͶรԿͤ
Ζ͖Νݗ౾ͤΖ͞ͳ͗غଶ͠Ηͱ͏Ζɽ  
ରฑܧߩͶؖ͢ͱɼܙՌָ͖ΔΠϕϫʖοͺɼ͢͏ՆΝͮͱ͏Ζɽ͞Η

ΉͲͳ͞Θɼಊ༵ਦͺٌௗΏใཙͳ͏ͮͪݸఈద͵ਦܙϏνʖϱմੵ͕Γ;
߶ଐϓʖϨΦรͶΓΖबഀ਼մੵͶΓͮͱੵ͠Ηͱ͕Ε[22][23]ɼୱ९͵ϔϧΤϱ
ӣಊͳ͢ͱىफ़͠ΗΖ͞ͳ͗ଡ͏[24]ɽࡸ͵ਦܙϏνʖϱΝ༙͢ɼๅྖ͗͘͏͞
ͳ͗غଶ͠ΗΖൕɼಊ༵ਦΊͲմੵͲͺɼฑؽߩՃͶͺݸֆ͍͗Ζɽͨ͞
Ͳɼରฑߩฯ࣍Ͷ॑གྷ͵ࢻતٌϏνʖϱ(ਦ 1)Νಊ༵Ϗνʖϱ(ਦ 2)ͳলΔ͢Κͦ
ͱՃͤΖ͞ͳͶΓΕɼΌΉ͏ʀฑؽߩ্֒ࠬݗɼϨύϑϨτʖεϥϱҫָ͵ʹଡ
Ͷ͕͏ͱر༫ͤΖ͞ͳ͗غଶ͠ΗΖɽΉͪɼາͫմ͠Ηͱ͏͵͏͏ՃͶ
Ԣ༽Ͳ͘Ζ͵ʹɼରฑܧߩͶؖͤΖڂݜఴͶͺɼܙՌָ͖ΔΠϕϫʖο͗॑གྷ
Ͳ͍Ζɽͨ͞ͲຌڂݜͲͺɼְࢻྙͳड़ྙͳ͢ͱࢡң࣍ޜؖܐͶ͢ɼཱི
ରӫࢻ࣎ࢻતӣಊͳ॑ৼಊ༵Νಋܯ࣎ͤΖ͞ͳͲɼࣰڧݩͶғଚ͢͵͏ӫ
͏Ճ๑ΝҌͤΖͳͳͶɼӫ͏ਫ਼ؽΝմͤΖ͞ͳΝదͳͤΖɽ  

 
ਦ 1ʁཱིରӫࢻ࣎Ͷ͕͜ΖࢻતٌϏνʖϱྭɼ(a) बวࢻɼ(b) ௧ॊࢻ  
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ਦ 2ʁཱིରӫࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵Ϗνʖϱྭɼ(a) बวࢻɼ(b) ௧ॊࢻ  

 ݩࣰ .2

 ๏๑ݩࣰ .2.1

අंݩͺɼࣘ ʀਈع׳࣮ܧܨԡྼ͵͏ऑ೧ঃ 11 ໌(ฑۋ೧ྺʸඬ६ยࠫ:22.7 ʸ 0.8
ͲɼॽͪͮߨઈΝॉͶݩͶࣰࣆͶͺंݩɽඅͪͮߨΝܯΝଲেͳ͢ͱ(ࡂ
ͶͱಋқΝಚͪɽΉͪɼຌڂݜͺɼෳҬָָӅڂݜָՌஎεητϞָߊਕ
ΝଲেͳͤΖྛڂݜཀྵҗҽճটΝण͜ͱࣰͪ͢ࢬ(ট൬ߺʁH2019003)ɽ 
ຌڂݜͲͺɼඅ͖ंݩΔ 2 m ๏Ͳ߶͠Ғ͗ৼͶ͵ΖΓ͑Ͷઅ͠Ηͪ 55

ϱο 3DυΡηϕϪ 55UF8500(LG)ͶӫΝනࣖͪ͢ɽࣰ Ͷ༽͏Ζཱིରӫͺɼݩ
Sky Crystal(ΨϨϱϏηϟϠϨʖϭʖέη)ΝͳͶಋऀڒՆΝಚͱߑ࠸ͪ͢Ν
༽͏ͪ(ਦ 3)ɽSky Crystal ͺɼځରΝఆࣖͤΖಊժͲ͍Εɼࠪӊ͕Γ;ԾͶรҒΝ
͏͵͗Δ 5 භबغͲۛҒͳԗҒΝ६बغదͶԡͤΖɽࣖͪ͢ӫځରγθͺɼ
ۛ๏͗࣎ 9.4 [deg]ɼԗ๏͗࣎ 0.3 [deg]Ͳ͍ΖɽځରΝԗҒͳۛҒؔͲΔ͖Ͷӣಊ͠
ͦͱఆࣖͤΖ͞ͳͶΓΕɼ༹ର۔৵क़ӣಊΝͦ͠ͱɼءൾ࿓Ν؉ͤΖଠɼՀۛ
ͲͺɼӫཱིରڂݜͶଲ͢ͱҲఈްՎ͍͗Ζɽຌࢻ 2D/3D ͗ҡ͵ΖӫΝɼͨΗ
ͩΗबวࢻΉͪͺ௧ॊࢻͦͪ͠ɽबวࢻ࣎ͲͺɼඅंݩͶͺଲেΝͥͦࢻɼ
ժસରΝ்ΌΖΓ͑ͪࣖ͢ࢨɽΉͪɼ௧ॊࢻ࣎ͲͺɼඅंݩͶͺଲেΝͤࢻΖ
Γ͑ͪࣖ͢ࢨɽܯͺҋ࣪Ͳ͏ߨɼࣰࢡݩͺཱིҒϫϱϗϩήࢡͳͪ͢ɽ॑ৼಊ༵ܯ
Ͷͺώϧϱη Wii Ϛʖχ(Nintendo)Ν༽͏ɼӫࢻ֦࣎γϱϕϨϱήؔ࣎Ͳ॑
ৼҒΝىͪ͢ɽγϱϕϨϱήबഀ਼ͺɼ100 Hz Ͳܯͪ͢ɽࢻતӣಊܯͶͺࢻ
Ωϟϧ͗खΕ͜ΔΗͪΠϜʖέϪαʖξ EMR-9ʤψρέϟʖζτέόϫζʖʥ
Ν༽͏ɼӫࢻ֦࣎γϱϕϨϱήؔ࣎ͲࢻતҒΝىͪ͢ɽγϱϕϨϱήब
ഀ਼ͺɼ60 Hz Ͳܯͪ͢ɽ  
ɼफ़ӫΝͨޛΝͳΔͦͪɽཱིҒ҈੫ࢡͶͺཱིҒϫϱϗϩήंݩɼඅܯ

ΗͩΗबวࢻΉͪͺ௧ॊࢻͲɼ֦ 60 භؔࢻͦ͠ɼؔ॑͞ৼಊ༵ͳࢻતӣಊΝಋ
ɼࣰྂ͢ߡ๏๑ॳްՎΝࢻͤΖӫͳࢻͪ͢ɽܯ࣎ ɽͪͮߨͺқॳ൬Ͳݩ
͵͕ɼӫࢻ࣎Ͷ͏ک͏Νͪͣ״ͺࣰݩΝࢯͲ͘Ζͳͪ͢ɽΉͪɼܯ
ͶգౕΔͯ͘ΏϫϱϗϩήࢡΝฯͱ͵͚͵ͮͪ͵ʹͺࣰݩΝࢯΌɼҲఈ࣎
ؔܞٵΝͺ͠Ίɼܯౕ࠸Νͪͮߨɽ  
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ਦ 3ʁࣰݩͲ࢘༽ͪ͢ӫ  

2.2. ఽୣ਼ؖմੵ 

ӫࢻ֦࣎γϱϕϨϱήؔ࣎Ͳɼࢻતӣಊͳ॑ৼಊ༵ x - y ࠴ඬΝىͪ͢ɽ
ಚΔΗͪࢻતӣಊυʖνͺɼx ๏ʤӊ๏Νਜ਼ʥɼy ๏ʤ๏Νਜ਼ʥͳͤΖࢻત
Ғܧ࣎Ͷร͢ɼ॑ৼಊ༵υʖνͺ x ๏ʤӊ๏Νਜ਼ʥɼy ๏ʤ๏Ν
ਜ਼ʥͳͤΖ॑ৼҒܧ࣎Ͷรͪ͢ɽ͠ΔͶɼࢻતӣಊͳ॑ৼಊ༵֦ܧ࣎
Ͷͯ͏ͱηϘέφϩմੵΝͪͮߨɽ͞ΗΔέϫηηϘέφϩΝٽΌͪͲɼࢻતӣ
ಊΝྙɼ॑ৼಊ༵Νड़ྙͳͪ͢ਫ਼ରεητϞΝՀఈ͢ͱɼఽୣ਼ؖմੵͶΓΕαϐʖ
ϪϱηͳΰϱΝࢋड़ͪ͢ɽαϐʖϪϱη ሺ݂ሻͺҐԾΓ͑Ͷఈٝͪ͢ɽ݄ܥ   

ሺ݂ሻ݄ܥ  ൌ
ห�୶୷ሺ݂ሻห

ଶ

௬௬ሺ݂ሻܥ௫௫ሺ݂ሻܥ
 ሺ1ሻ 

͞͞Ͳɼ�୶୷ሺ݂ሻͺɼࢻતӣಊͳ॑ৼಊ༵৶ؔߺέϫηηϘέφϩɼܥ௫௫ሺ݂ሻͺɼࢻતӣ
ಊϏϭʖηϘέφϩɼܥ௬௬ሺ݂ሻͺɼ॑ৼಊ༵ϏϭʖηϘέφϩͲ͍ΖɽαϐʖϪϱη
ͺɼ֚बഀ਼ଵͶ͕͏ͱɼ͗ 1 ͶۛͰ͚ͶͯΗࢻતӣಊͳ॑ৼಊ༵ؖ͗ܐҲ࣏ؖ
਼ద͵߶͏ؖ࿊Νܐؖͯ࣍ͶۛͰ͚͞ͳΝқັͤΖɽΉͪɼαϐʖϪϱη͗̎Ͷ
ۛͰ͚͞ͳͺɼՃͲͺɼఁ͏ؖ࿊Νͤ͞ࢨͳͶ͵ΖɽচɼຌڂݜͲͺ૮਼ؖܐ
ఈන(rݗ න)ͶخͰ͘ɼ݄ܥሺ݂ሻ  ͲǤͲ ͶɼྈंͶؖ࿊͗ଚͤࡑΖͳΊ͵͢ɼͨ
ࡏͶఽୣ਼ؖΰϱՃΝͪͮߨɽ  
Ҳ๏ɼࢻતӣಊͳ॑ৼಊ༵ఽୣ਼ؖΰϱ Γ͑Ͷఈٝͪ͢ɽ࣏ሺ݂ሻͺɼ݊݅ܽܩ   

ሺ݂ሻ݊݅ܽܩ  ൌ
�୶୷ሺ݂ሻ
௫௫ሺ݂ሻܥ

 �2� 

͞͞Ͳɼ�୶୷ሺ݂ሻͺɼࢻતӣಊͳ॑ৼಊ༵৶ؔߺέϫηηϘέφϩɼܥ௫௫ሺ݂ሻͺɼࢻતӣಊ
ϏϭʖηϘέφϩͲ͍Ζɽఽୣ਼ؖͺɼࢻતӣಊΝྙɼ॑ৼಊ༵Νड़ྙͳ͓ͪߡ
֚बഀ਼ଵ৾ؖܐΝࣖͤմੵͲ͍Ζɽΰϱͺɼ͗߶͏ΆʹɼรಊྙͶଲ͢ɼรಊ
ड़ྙ͗͘͏͞ͳΝқັͤΖɽΉͪɼΰϱͶͯ͏ͱɼฑۋͶࠫ͗͵͏͞ͳΝؾໃՀ
ઈͳͤΖ :LOFR[RQ ෘߺॳҒݗఈΝ༽͏ͱർֳݗ౾ΝͪͮߨɽচɼຌڂݜͲͺ༙қਭ६Ν
S������ ͳͪ͢ɽ  
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3. ݃Վ 

3.1. αϐʖϪϱη 

2D ӫɼ3D ӫࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊαϐʖϪϱηΝࢋड़ͪ͢(ਦ
4-5)ɽ2D ӫͲͺɼबวࢻ࣎ 0.16 Hz ۛͲ૮ؖ͗ΊΔΗ͵͖ͮͪɽͨଠबഀ
਼ଵͲͺɼ૮ؖ͗ΊΔΗͪ(p<0.05)ͪΌɼ૮ؖ͗ΊΔΗͪଵҮΝΰϱՃଲেͳ͢
ͪɽΉͪɼ3D ӫͲͺɼबวࢻ/௧ॊࢻͶ͕͏ͱɼͤ΄ͱबഀ਼ଵҮͲ૮ؖ͗ΊΔΗ
ͪ(p<0.05)ɽ3D ӫࢻ࣎Ͳͺɼ͏ͥΗྭͶ͕͏ͱΰϱՃଲেͳ͵ͮͪɽ  
 

 
ਦ 4ʁ2D ӫࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊαϐʖϪϱηɼ  

(a) x ๏ɼ(b) y ๏  

 
ਦ 5ʁ3D ӫࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊαϐʖϪϱηɼ  

(a) x ๏ɼ(b) y ๏  

3.2. ΰϱ 

2D ӫ͕Γ; 3D ӫࢻ࣎Ͷ͕͜Ζࢻતӣಊͳ॑ৼಊ༵ఽୣ਼ؖմੵ͖Δࢋड़͢
ͪΰϱΝർֳͪ͢(ਦ 6-9)ɽӫࢻ࣎Ͷ͕͜Ζ x ๏ർֳͲͺɼࢻ๏๑ؔͲ༙
қࠫͺΊΔΗ͵͖ͮͪɽ2D ӫࢻ࣎Ͷ͕͜Ζ y ๏ർֳͲͺ௧ॊࢻͶർ΄ɼबว
Ͳࢻ 0.2-0.4 Hz ۛΰϱ༙͗қͶଁͪ͢(p<0.05)ɽҲ๏ɼ3D ӫࢻ࣎Ͷ͕͜
Ζ y ๏ർֳͲͺ௧ॊࢻͶർ΄ɼबวࢻͲ 0.15-0.2 Hz ۛΰϱ༙͗қͶଁ
ͪ͢(p<0.05)ɽ  
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ਦ 6ʁ2D ӫࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰϱࢻ
๏๑ؔർֳɼ(a) x ๏ɼ(b) y ๏  

 
ਦ 7ʁ3D ӫࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰϱࢻ
๏๑ؔർֳɼ(a) x ๏ɼ(b) y ๏  

ɽxͪͮߨ๏๑͟ͳͶ͜ͱӫؔർֳΝࢻͶɼ࣏ ๏ർֳͶ͕͏ͱ 2D ӫब
วࢻ࣎Ͷർ΄ɼ3D ӫबวࢻ࣎ 0.1-0.2 Hz ۛΰϱ༙͗қͶଁͤΖܑ
͗ΊΔΗͪ(p<0.10)ɽΉͪɼबวࢻ࣎Ͷ͕͜Ζ y ๏ർֳͲͺɼӫؔͲ༙қ͵
ࠫͺΊΔΗ͵͖ͮͪɽҲ๏ɼ௧ॊࢻ࣎Ͳͺ x ๏ɼy ๏ͳͶɼӫؔͲ༙қ
͵ࠫͺΊΔΗ͵͖ͮͪɽ  
 

 
ਦ 8ʁबวࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰϱӫؔ
ർֳɼ(a) x ๏ɼ(b) y ๏  
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ਦ 9ʁ௧ॊࢻ࣎Ͷ͕͜Ζ॑ৼಊ༵ͳࢻતӣಊఽୣ਼ؖմੵ͖Δࢋड़ͪ͢ΰϱӫؔ
ർֳɼ(a) x ๏ɼ(b) y ๏  

 ࡱߡ .4

ຌڂݜͲͺɼཱིରӫࢻ࣎Ͷ͕͜Ζࢻતӣಊͳ॑ৼಊ༵Νಋܯ࣎͢ɼְࢻͳࢡ
ң࣍ޜؖܐΝΔ͖ͳͤΖ͞ͳͲɼӫ͏ؽࡋΝմͤΖ͞ͳΝద
ͳ͢ɼࣰݩΝͪͮߨɽͨ݃Վɼྈӫࢻ࣎ͳͶ y ๏Ͷ͕͏ͱɼ௧ॊࢻͶർ΄
बวࢻΰϱ͗ଁͤΖ͞ͳ͗ࣖ͠Ηͪ(ਦ 6bɼ7b)ɽ͞Ηͺबว࣎ࢻͶ͕͏ͱɼࢻત
ӣಊ(ྙ)ଁͶଲͤΖ॑ৼಊ༵(ड़ྙ)ଁౕ͗͏͘͏͞ͳΝࣖ͢ͱ͏Ζɽ  
ͳఽୣ͠ߩʀॴཀྵ͠Ηɼରฑ౹Ͳܧܨๅͺɼൿ࣯Ώ͵ʹਈְࢻ

ΗΖͪΌɼबวࢻͲͺͲգ͵ॴཀྵً͗͘ͱ͏ΖՆ͗ࣖ͠ࠨΗΖɽ͞Η͗
ෝ୴ͳ͵Εɼରฑߩๅॴཀྵʀఽୣ͗ॉͳ͵ΖɽͨͪΌɼӫ͏ΝӀً͘
͢͞Ώͤ͏ͳ͓ߡΔΗΖɽҲ๏ɼࢻ๏๑ͶғଚͦͥͶഐܢӫͺؔ࣎รԿ͢ͱ͏Ζͪ
ΌɼVEPRs ͺ͢ݳͱ͏Ζͳ͓ߡΔΗΖɽ͖͢͢ɼຌڂݜఽୣ਼ؖմੵ݃Վɼ
बวࢻͶർ΄௧ॊࢻΰϱ͗ཊ͠ΗΖՆ͗ࣖ͠ࠨΗͪ(ਦ̖ɼ9)ɽ͞Ηͺɼ௧ॊ
ӫஎ͗͝ΔΗͱɼVEPRsܢ࿑ๅॴཀྵ͗༑ҒͶ͵ΕɼഐְࢻͶ͏ৼࢻ ͗
ཊ͠Ηͪͳਬ͠ࡱΗΖɽ  
ӫؔർֳΝͪͮߨͳ͞Θɼ௧ॊࢻͲͺཱིରҩ͏ͶΓΔͥɼΰϱଁً͗

͞Δ͵͖ͮͪ(ਦ 9)ɽ௧ॊࢻͺबวࢻͳҡ͵ΕɼځରΝࢻતͶ௧ॊͦ͠Ζࢻ๏๑Ͳ͍Εɼ
घ͖͗ΕΝಚΖ͞ͳ͗ՆΏਭฑ๏ๅ͖ΔԘ๏ְࢻඬͳ͵Ζ͞ͳͲɼࢻର͗ځ
ͳ͵Ζɽ͞ΗͶΓΕɼϐφ͗ࢡΝฯͤ࣍ΖͪΌͶචགྷ͵ࢡൕࣻ͗ਜ਼ͶߨΚΗͱ
͏ΖɽαϐʖϪϱηմੵ݃Վ͖Δɼ0.15-0.4 Hz बഀ਼Ͳͺɼְ͗ࢻๅΝण͜खΖ
ͳࢡߨ͗ޜΚΗΖ͞ͳ͓͗ߡΔΗΖ͗ɼࢡൕࣻգఖͲͺɼࢻતӣಊͳ॑ৼಊ༵
৾͗ಋఖౕͲ͍ΖͪΌɼΰϱଁً͗͞Δ͵͖ͮͪɽΉͪɼबว࣎ࢻͲͺɼ2D
ӫͶർ΄ 3D ӫΰϱ͗ଁͤΖ͞ͳ͗ࣖ͠Ηͪ(ਦ 8)ɽ॑ৼಊ༵ࠬݗͺɼӫ
͏Ճ๑ͳ͢ͱ༽͏ΔΗͱ͕Εɼӫ͏࣎ɼಊ༵ྖ͗ଁͤΖ͞ͳ͗எΔ
Ηͱ͏Ζ[25]ɽफ़ͪ͢ΰϱଁͺɼಊ༵ྖଁΝࣖ͢ͱ͕Εɼ3D ӫࢻ࣎Ͷ
ΰϱ༙͗қͶଁͤΖܑ͗ΊΔΗͪͳ͏͑͞ͳͺɼ3D ӫͶΓͮͱӫ͏͗
Ӏً͘͞͠Ηͪͳ͏͓ΖɽͨͪΌɼΰϱଁི͗߶͏͞ͳͶΓΕɼ͏ٶ;ͨ
รԿؔ࣎ӫͺܢΝՃͤΖ͞ͳ͗Ͳ͘ΖɽҲ๏ɼӫཱིରͶғଚͦͥͶഐ͏ౕ
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͢ͱ͏ΖͪΌɼVEPRs ͺ͢ݳͱ͏Ζͳ͓ߡΔΗΖɽ͖͢͢ɼ3D ӫͺԠ͘ߨ
ๅΝ༙͢ͱ͕Εɼഐܢӫ͖ΔؔۯஎΝึؔͤΖްՎ͍͗ΖɽΓͮͱɼ3D ӫࢻ࣎
Ͷ͕͏ͱ VEPRs ΗΖ(ਦ͠ࡱɼಊ༵ྖ͗ଁͪ͢ͳਬ͢ݳ͚ک͗ 8)ɽ 
ΰϱଁི͗߶͏͞ͳ͗ࣖ͠Η࠹Ͷ࣎ࢻϏνʖϱ͑ͬɼ3D/बวܯͯ࢝

ͪɽ3D/बวࢻૌΊΚͦͺӫ͏ΝӀً͘͢͞Ώͤ͏͞ͳ͗எΔΗͱ͕Ε[7][26]ɼ
ӫ͏࣎Ͷΰϱ͗ଁͤΖͳ͓ߡΔΗΖɽΉͪɼफ़Γ͑Ͷ VEPRs Νک
͚ͦ͠ݳΖૌΊΚͦͲ͍ΖͳਬࡱͲ͘ΖɽVEPRs ͗ɼְࢻͳฑְ״ߩְ״Ҳ
Ν༩ͤΖదͲ͢ݳͱ͏Ζͳ͓ߡΖͳɼΰϱଁͺ८ΝմভͤΖͪΌࣙӶ
ൕԢͫͳ͓ߡΖ͞ͳ͗Ͳ͘ΖɽͨͪΌɼࢻતӣಊͳ॑ৼಊ༵ΝͨΗͩΗड़ྙͳͪ͢
ͳ͘ఽୣ਼ؖմੵͶΓΖΰϱࢋड़͗ɼӫ͏ͪ͵Ճ๑ͳ͵ΖՆ͗ࣖ
Ηͪɽ͠ࠨ  
ӫཱིରͶғଚͦͥͶɼबว࣎ࢻͶ 0.15-0.4 Hz बഀ਼ଵͶ͕͜Ζΰϱ͗ଁ

ͪ͢ (ਦ 6bɼ7b)ɽৼധรಊմੵͶ͕͏ͱͺɼٷݼबغรಊΝනͤ߶बഀ
ʤ0.15-0.40 HzʁHFʥͳ݄ѻรಊΝൕӫͤΖఁबഀʤ0.04-0.15 HzʁLFʥͶϒʖέ
ಊΝൕӫͤΖͳ͠ΗΖ[27]ɽಝͶɼHFܨΗɼ͞ྈंͺཱࣙਈݳ͗ ͺ෯ި״ਈܨಊ
ΝɼLF ͺި״ਈܨಊͳ෯ި״ਈܨಊྈंͶғଚͤΖɽ͵͕ɼఋܧͳཱࣙਈܧܨ
ͺɼմָదͶుـਫ਼ཀྵָదͶືં͵͍ؖ͗ܐΖ͞ͳ͗எΔΗͱ͏Ζ[28][29]ɽΉ
ͪɼܧְࢻͳཱࣙਈܧܨͺືંͲ͍Εɼ͞Ηͺ͗෯ި״ਈܨͳި״ਈܨ 2 ഓࢩ॑
Νण͜ͱ͏Ζ͞ͳ͖ΔΔ͖Ͳ͍ΖɽबวࢻɼHF बഀ਼ଵͶ͕͜Ζΰϱ
͗ଁ͢ͱ͕Ε(ਦ 6bɼ7b)ɼ෯ި״ਈܨಊΰϱͳ࿊ಊ͢ͱထ͢ͱ͏Ζ͞ͳ͗͑
͖͓͗ΖɽΉͪɼ3D ӫबวࢻ࣎Ͳͺɼ0.1-0.2 Hz  LF ͳ HF बഀ਼
ଵͶΉͪ͗ͮͱɼΰϱ͗ଁͤΖ͞ͳ͗ࣖ͠Ηͪ(ਦ 8)ɽ෯ި״ਈܨͳި״ਈܨಊΝ
ൕӫͤΖ LF ͗ଁͪ͢ͺ 3D ӫࢻ࣎ΊͲ͍Εɼ2D ӫࢻ࣎ͲͺΊΔΗ͵͖
ͮͪɽҐΓΕɼ3D ӫࢻ࣎Ͷ͕͏ͱɼ2D ӫࢻ࣎ΓΕި״ਈܨಊ͗ထͤ
Ζ͞ͳͲɼ͗͢ࢆɼඅࣺֆౕ͗ఁԾͤΖ͞ͳͶΓΕӫϚί͗ਫ਼ͣͱɼΰϱ
ଁΏӫ͏Ͷͯ͵͗Ζ͞ͳ͓͗ߡΔΗΖɽ  

5. ΉͳΌ 

ຌڂݜͲͺɼְࢻྙͳड़ྙͳ͢ͱࢡң࣍ޜؖܐͶ͢ɼཱིରӫࢻ࣎
ࢻતӣಊͳ॑ৼಊ༵Νಋܯ࣎ͤΖ͞ͳͲɼӫ͏ؽࡋΝմͤΖ͞ͳΝ
దͳ͢ɼࣰ ɽͨͪͮߨΝݩ ݃Վɼࢻતӣಊͳ॑ৼಊ༵Νड़ྙͳͪ͢ΰϱͺɼ
ӫؔҩ͏͍Ζ͏ͺɼࢻ๏๑ؔҩ͏ͶΓΕรԿ͗ΊΔΗͪɽ  
αϐʖϪϱηմੵ݃Վ͖Δɼ3D ӫࢻ࣎Ͳͺɼ͏ͥΗྭͶ͕͏ͱΰϱ

Ճଲেͳ͵ͮͪɽ࣏Ͷɼఽୣ਼ؖմੵ݃Վ͖Δɼ2D ӫͶർ΄ 3D ӫࢻ࣎Ͷΰ
ϱ͗ଁͤΖ͞ͳ͗ࣖ͠ΗͪɽΉͪɼ௧ॊࢻͶർ΄बวࢻΰϱ͗ଁͤΖ͞ͳ͗ࣖ
͠ΗͪɽबวࢻɼHF बഀ਼ଵͶ͕͜Ζΰϱ͗ଁ͢ͱ͕Εɼ෯ި״ਈܨ
ΚͦͺɼૌΊࢻಊΰϱͳ࿊ಊ͢ͱထ͢ͱ͏Ζ͞ͳ͖͓͗͑͗Ζɽ3D/बว
ӫ͏ΝӀً͘͢͞Ώͤ͏͞ͳ͗எΔΗͱ͕Εɼӫ͏࣎Ͷΰϱ͗ଁͤΖ
ͳਬ͠ࡱΗΖɽຌڂݜͲͺɼVEPRs ݳͳΰϱଁͶͺؖ࿊͍͗Ζ͞ͳ͗ࣖ
Ͷ͏߶ౕ͗״ҲͶଲͤΖਐରదְ״ְ״ߩͳฑְࢻΗͪɽ͠ࠨ VEPRs ͚ک͗
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ͤݳΖͳ͓ߡΖͳɼΰϱଁͺ८ΝմভͤΖͪΌࣙӶൕԢͲ͍ΕɼΰϱΝ
ՃͤΖ͞ͳͲ͏ఖౕΝஇͲ͘Ζͳਬ͠ࡱΗΖɽ  

ःࣛ 

ຌڂݜͺɼཱི੶Ռָٗढ़৾ࡔڷ ࡔڷๅՌָ৾ਁל(A)ɼঁڂݜ  ɼঁڂݜ 
JSPS Ռݜඇ 18K11417, 20K12528 ঁΝणͪ͜Ͳͤɽ  
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(2021 ೧ 2 ݆ 1 ೖणɾ2021 ೧ 2 ݆ 1 ೖणཀྵ) 

1. ͺͣΌͶ 

λʖεϡϩυΡηνϱηͶͯ͏ͱ͢ࡱߡΓ͑ɽαϫψՔԾɼಝް༂Ώϭέοϱ͗Ҳൢ
ਕʓͶ͢ٶͱ͏͵͏য়ڱͲɼͳΕ͑Ζ༙ް͵કྲྀͺɼλʖεϡϩυΡηνϱηΝฯͯ
͞ͳͲ͍Ζɽͨ͞Ͳɼ͍Ζ෨ԲͶλʖεϡϩυΡηνϱηΝฯͬ͵͗ΔՁਕ͗Ζ͞ͳ͗
Ͳ͘Ζ͖Ν͓ߡΓ͑ʤਦ̏ࢂলʥɽ͠ΔͶୱ९ԿͤΖͳɼҲఈҮͶλʖεϡϩυΡην
ϱηΝฯͬ͵͗ΔɼՁਕ͗ΗΖ͖Ν͓ߡΖ͞ͳͶ͵Ζɽ͞͞ͲͺɼPython Νͮ࢘ͱ Lʹ
L ਜ਼๏ܙϚρέηͶɼ͏ޕͶ࠹ఁ  r ړΝฯͬ͵͗ΔՁݺ఼ΝഓͲ͘Ζ͖Νߡ
͓Γ͑ɽ  
 

 
ਦ 1ʁҲఈҮʤྭ͓ͻ෨ԲʥͶλʖεϡϩυΡηνϱηΝฯͬ͵͗Δਕ͗͏Ζ༹ࢢɽ  
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λʖεϡϩυΡηνϱηΝฯͮͱ͏Ζ༹ࢢΝࣖͤΖͪΌɼਦ 1 Ͷܚ r ԃ൭Νॽ͘
Յ͓ͪ͗ਦ 2 Ͳ͍Ζɽਦ 2 ΝݡΖͳɼλʖεϡϩυΡηνϱηฯͬ͵͗ΔਕΝഓͤ
Ζୌͺɼԃ൭ϧϱξϞϏρΫϱήୌͶؾ͠ΗΖ͞ͳ͖͗Ζɽୌ͗ཀྵͲ͘
ͪͲɼPython Νͮ࢘ͱϧϱξϞϏρΫϱήεϝϣϪʖεϥϱࣰݩΝ͢ͱΊΓ͑ɽ͵ ͕ɼ
Pyrhon ϕϫήϧϝϱήڧͳ͢ͱͺɼGoogle Colaboratory[1]Ν͑࢘ɽ  
๏Ͷͯ͏ͱफ़΄ΖɽPython͵ʹඵժࡠͶɼήϧϓ࣏ ඵժͲͺɼtkinter ͗Γ͚

ΚΗΖ͗ɼColaboratory ͺ࢘ tkinter Νγϛʖφ͢ͱ͏͵͏ɽͨΗΑ͓ 1 յ࠴ߪͲͺɼ
Turtle Graphic Νͮ࢘ͱɼಊద͵εϝϣϪʖεϥϱනࣖΝࢾΊͪɽࠕյͺɼεϝϣϪʖ
εϥϱ݃ՎΝήϧϓ͵ʹͲ͖ΕΏ͚ͤනࣖͤΖ Python ϧϔϧϨ matplotlib [2]Ν
়ղͤΖɽmatplotlib ͺɼtkinter ͳർ΄Ζͳࣙ༟͵ඵժͺ͠ݸΗΖ͗ɼήϧϓ͵ʹΝ؈
ୱͶࡠΗΖϟϨρφ͍͗Ζɽ͵͕ɼColaboratory ϙʖϞϘʖζͶΠέιηͤΖͳड़ͱ͚
ΖʰColaboratory Γ͑ͨ͞ʱͶ͕͏ͱɼυʖνՆࢻԿ๏๑ͳ͢ͱ matplotlib ়͗
ղ͠Ηͱ͏Ζɽ  

 
 
 
 
 
 
 
 
 
 
 
 

 

ਦ 2ʁړ  r λʖεϡϩυΡηνϱηΝฯͮͱ͏Ζ༹ࢢΝࣖͤͪΌਕΝৼͶ̓ܚԃ൭
Νඵ͘ଏͪ͢ɽ  

2. 3\WKRQ ͲϧϱξϞϏρΫϱή 

2.1. &RODERUDWRU\ Ͳ 3\WKRQ ϕϫήϧϝϱή 

̏յٝߪͲɼColaboratory Ν͑࢘ͳ؈ୱͶ Python ϕϫήϧϝϱή͗Ͳ͘ΖΝ়ղ
ͪ͢ɽ͞͞ͲɼColaboratory ͶΓΖ Python ϕϫήϧϝϱήڧͶͯ͏ͱɼ 1 յٝߪ
[3]Ν݁؈Ͷ৾ΕศΘ͑ɽWeb  Colaboratory ͶΠέιη༹ͪ͢ࢢͳɼαʖχιϩ
ϕϫήϧϞྙࡠ༹ࢢΝਦ 3 Ͷࣖͤʤ 1 յٝߪਦΝඵ͓ͪ͘ʥɽαʖχ
ιϩͶ Python αʖχΝྙͲ͘ΖΓ͑ͶͤΖͳɼ६ඍͺश྅ɼޛͺϕϫήϧϝϱήͲ
͍ΖɽColaboratory ཤ༽ͶͺɼGoogle ΠΩΤϱφ͗චགྷ͵Ͳɼͮ࣍ͱ͵͏ਕͺΠΩ
ΤϱφΝखಚ͢Γ͑ɽ͵͕ɼColaboratory Ͳ͵͚ͱ Python ͗ૺΖ idle ͵ʹڧͲ
ྒྷ͏[4]ɽ  

 
 r 
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a)  

 
 
b)  

 
 

ਦ 3ʁGoogle Colaboratory Πέιηɽa)ʰColaboratory Γ͑ͨ͞ʱ Web Ϙʖζɼb) 
ϕϫήϧϞྙͪΌαʖχιϩਫ਼ɽ͘ड़͢( �ၡၠ)ͲαʖχιϩΝૢͤΖ༹ࢢΝઈ
͢ͱ͏ΖɽતͲҕΉΗͱ͏Ζ෨͗ࡠͳ Colaboratory ಊࡠͲ͍Ζɽ  

  

ԾͶαʖχιϩΝૢ  ʤέϨρέͤΖʥ 

͢͏αʖχιϩ͗ࡠΔΗͪ  
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2.2. PDWSORWOLE Ν͑࢘ 

Ͳ͘ΖࡠୱͶήϧϓΝ؈ Python ϧϔϧϨ matplotlib Νͮ࢘ͱɼوଉద͵఼ഓɼ
ϧϱξϞ͵ഓɼλʖεϡϩυΡηνϱηΝͪྂ͢ߡϧϱξϞ͵ഓʷԃ൭ϧϱξϞϏ
ρΫϱήʷɼΝࡠժ͢ͱ͏͑͞ɽ  

2.2.1. つ๎ⓗ࡞Ⅼࡢ㓄⨨  

λʖεϡϩυΡηνϱη r Νྂ͢ߡ͵͗Δɼ/ʹ/ ਜ਼๏ܙҮͲਕഓΝ͓ߡͱΊ
Γ͑ɽୱ९ԿͪΌਕ͘͠ΝໃࢻͲ͘ΖͳͤΖͳɼਕΝ఼ͳΊ͵ͦΖɽ͞ ୱ९Կͺɼ
͵ͪ࣍ୱԿ͢ͱ͚ΗΖɽ఼ͺ͘͠Ν؈ֆͲഓڧɼ͓ͪߡҮͲഓΝݸ༙
͏ͲɼڧֆતͶഓͲ͘ΖΓ͑Ͷ͵Ζɽ͞͞Ͳɼγθ༙͗ݸͲ͍Ζԃ൭ϧϱξϞ
ϏρΫϱήͳ͏͑ࢻ఼͖Δ͓ߡͱΊΓ͑ɽͤΖͳɼ/ʹ/ ਜ਼๏ܙҮͲړ r Νฯͮͪ
఼ഓͺɼ(Lʶr)ʹ(Lʶr)ਜ਼๏ܙҮܚ  r ԃ൭ϏρΫϱήͳՃ͵ୌͶ
͠ΗΖɽؾ  

 ϧϱξϞ͵ഓΝ͓ߡΖͶɼوଉద͵ഓΝ͢ࡱߡͱ͕͑͞ɽ۫ ରద͵ྭͳ͢ͱͺɼ
ͱΊΓ͑ɽ͞΄͖ූ͏ࢧಌʤϙʖϩʥࣞఱͲด;͵ʹΝߪഓɼੰ࠴࣪گߏָ
Γ͑͵ɼୱ९ԿͤΖͳਜ਼๏֪ࢢ఼ഓͶ͵Ζɽ͠ ͱɼmatplotlib Νͮ࢘ͱɼ
఼ഓਦΝࡠΘ͑ɽ̓ʻ̣/10 ͳͤΖͳɼਜ਼๏֪ࢢوଉద͵఼ഓͳ͘ɼ
11ʹ11=121 ਦͪΌϕϫήϧϞͺɼmatplotlibࡠ఼ΝഓͲ͘Ζɽݺ ϙʖϞϘʖζ
Ͷ͍ΖγϱϕϩϕϫήϧϞΝߡࢂͶͪ͢ɽਦ 4 ͺɼਜ਼๏֪ࢢ఼ഓϏνʖϱΝɼ
matplotlib Νͪͮ࢘ Python ϕϫήϧϞʤϕϫήϧϞϨηφ̏ʥͲͪ͢ࡠͲ͍Ζɽ  

 

 
 

ϕϫήϧϞϨηφ̏  
import matplotlib.pyplot as plt 
import numpy as np 
data = np.array([[],[]])    # ۯ numpy2 ഓΝ६ඍݫ࣏  
for i in range(11): 
    for j in range(11): 
        newdisk = np.array([[i],[j]]) 

ͪͮ࢘յࠕ Python ໍྫΉͳΌ  
̏ɿimport ชͶΓΖϧϔϧϨಣΊࠒΊ  
̐ɿfor ชΝͪͮ࢘ϩʖϕ 
̑ɿif ชΝͪͮ࢘ز  
̒ɿdef ชͶΓΖ਼ؖఈٝ  
Python ϕϫήϧϝϱήͶͯ͏ͱͺɼߡࢂช[5][4]ݛΝߡࢂͶ͢ͱ͚ͫ͠͏ɽ  

ʴۯപͳνϔ͗ͮͱ͏ΖͳɼΦϧʖͶ͵Ζͳ͍͗͘ΖͲαϟϱφͶͺқ  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() 

 
ϕϫήϧϞΫʖϛϱφΝմઈ͢Γ͑ɽ࠹ॵͶɼ import Νͮ࢘ͱɼϧϔϧϨ

matplotlib ͳ numpy ΝಣΊࠒΊ࢘༽Ͳ͘ΖΓ͑ͶͤΖɽ࣏ͶɼϕϫρφͤΖ఼࠴ඬΝ
numpy  2 ഓݫ࣏ data Ͷେ͢ɼmatplotlib  pyplot Νͮ࢘ͱ఼ϕϫρφΝ͕͞͵
ͮͱ͏Ζɽޛ࠹Ͷɼmatplotlib.pyplot.show()ͲήϧϓΝනࣖ͢ͱ͏Ζɽʤʁ import 
matplotlib.pyplot as plt ͳ͢ͱಣΊࠒΞͲ͏ΖͲɼ matplotlib.pyplot.show() ˢ  
plt.show()ɼmatplotlib.pyplot.subplots() ˢ  plt.subplots() ͳྲྀͲ͘Ζɽ͵͕ɼ import 
matplotlib ͳ͢ͱಣΊࠒͳྲྀͲ͘͵͏Ͳқ͢Γ͑ɽʥ  

ਦ 4ʁPython ϧϔϧϨ matplotlib Ͷ఼Νഓͪ͢ɽࢢਦʁਜ਼๏֪ͪ͢ࡠͱͮ࢘  

͞͞ͲɼLʹL ਜ਼๏ܙϚρέηɼ̓ܚԃ൭͗ैలͲ͘Ζ࠹਼ݺΝ͓ߡͱ͕͞
͑ɽڧֆ͗͵͏ฑैື࠹లͺɼࢢֱ֪ࢀ֪ࢢ఼ͶഓͤΖ͞ͳͶଲԢͤ
Ζɽ͢ ͖͢ɼڧֆ͍͗Ζ༙ݸγθϚρέηैలͺɼͤ ؔ͗͘Ͳ͘ͱ͢Ή͏ɼ
లͶͺ͵Δ͵͏ɽLʹLैື࠹ ਜ਼๏ܙϚρέηɼ̓ʻ̣/10 ԃ൭ΝैలͤΖ
ͺɼ10ʹ6+9ʹ5ʻ106਼ݺ࠹ ͳ͵Ζɽ͢ݺ ͖͢ɼปࡏͶഓͤΖ͞ͳΝ͢ڒͱ͏ΖͲɼ
ԃ൭ϏρΫϱήͳͺঙ͢ҡ͵Ζɽ͕͏ޕړ͗࠹ఁͲ̓ΗΖɼͯΉΕړંۛ࠹
͗ r Ґͳ͏͑ളড়݇Ͳ఼ഓͳ͵Ζɽ10̣ʙL(sin М/3)=11.547ʞΓΕɼঘ਼఼
ҐԾΕࣼͱͤΖͳɼ11 ηϘʖη͍͗ΖͲɼྈΝΗͱ 12 ఼ΝഓͲ͘Ζɽ
Γͮͱɼ఼͗ 12 ͗ݺ 6 ɼ10 ͗ݺ 6 ɼܯ 11ʹ6+10ʹ6ʻ126 ఼ΝഓͲݺ
͘Ζɽ  
۫ରదͶ఼ΝഓͤΖ༹ࢢΝɼਦ̓Ͷࣖ͢͵͗ΔΊͱ͏͑͞ɽ࠹ॵͶɼਜ਼๏ܙϚρέ
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ηαʖψʖ఼ΝഓͤΖʤਦ 5a)ʥɽ࣏ͶɼปʤวʥͶԌͮͱ఼Νഓ͢ͱ͏ ʤ͚ਦ 5b)ʥɽ
ͨ͢ͱɼΝΊ॑ΖΓ͑ͶഓͤΖʤਦ 5c)ʥɽޛ࠹ͶɼوଉదͶ఼Νഓͪ͢
ഓͲ͘Ζ఼਼ݺΝΉͳΌΖͳɼࢢֱ֪ࢀ 126 ࢢɼਜ਼๏֪ݺ 121 ɼͳ͵Ζɽݺ  

 
 
 
 
 
 
 

 

ਦ 5ʁਜ਼๏ܙϚρέηͶɼوଉదैື࠹ల͢ͱ͏༹͚ࢢɽa) αʖψʖͶഓɼb) ปͶԌͮ
ͱഓ͢ͱ͏͚ɼc) (layer)ΝΊ॑Ζɽ  

 

⨨㓄ࡢⅬ࡞࣒ࢲࣥࣛ .2.2.2  

LʹL ਜ਼๏ܙϚρέηϧϱξϞ͵఼ഓΝ͓ߡΖɽΉͥɼλʖεϡϩυΡην
ϱηΝͥͦྂߡͶɼ100 ఼Νഓ͢ͱΊΓ͑ʤϕϫήϧϞϨηφ̐ʥɽਦݺ 6 ͶɼҲ༹ཛྷ
਼Ν༽͏ͱɼ100 ఼Νഓͪ͢Νࣖͤɽಋ࣎Ͷɼړંۛ࠹ාٽΌͪʤਦ 6
ӊͶࣖͤʥɽਦ͖̔ΔɼλʖεϡϩυΡηνϱηΝྂ͢ߡ͵͏ͳɼړંۛ࠹ා͖Δ
ືͶ͵Ζίʖη͗ଡ਼ਫ਼ͤΖ͞ͳ͖͗Ζɽ  

 
ϕϫήϧϞϨηφ̐  
import matplotlib.pyplot as plt 
import numpy as np 
 
np.random.seed(20201230)    # ཛྷ਼झ  
data = np.array([[],[]]) 
histdistance = np.array([])  # ړંۛ࠹Ϩηφ  
ndisk = 0                    # Number of disks ॵغ  
 
def calnearestdistance(x, y,ndisk): 
    mindistance = 999999     # Հ࠹ঘʤړંۛ࠹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) 
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    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 ϧϔϧϨ਼ؖ

np.random.seed()Ͳཛྷ਼झΝ݀ΌΖɽંۛ࠹఼ͳړΝͤࢋܯΖ਼ؖͳ͢ͱɼ
calnearestdistance(x, y,ndisk)ΝఈٝͤΖɽ࠴ඬ(x, y)ΝྙͤΖͳ data Ͷౌ͠Ηͪ ndisk
Νศ͢ͱ͚ΗΖɽΉͪɼnumpyړඬͮͳۛં͢ͱ͏Ζ఼ͳ࠴఼ݺ ؖ
਼ append ͲϓΟϩͶυʖνΝ͜Յ͓ͱ͏Ζɽ͞ϕϫήϧϞͲͺɼړંۛ࠹
ාΝٽΌΖͪΌͶͮ࢘ͱ͏Ζ͗ɼϧϱξϞϏρΫϱήεϝϣϪʖεϥϱΝ͕͞͵͑ͳ͘
Ͷͺɼԃ൭͗॑͵ΔͥͶഓͲ͘Ζ͖Νஇͦ͠Ζ॑གྷ͵ༀׄΝ୴͑͞ͳͶ͵Ζɽ  

 
ਦ 6ʁҲ༹ཛྷ਼Νͮ࢘ͱ 100 ఼Νාͦͪ͠ɽࠪݺ ාɽړંۛ࠹ාɼӊ͗ؔۯ͗  
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λʖεϡϩυΡηνϱηΝͪྂ͢ߡεϝϣϪʖεϥϱΝ͕͞͵͑ɽΓΕືݭͶ͑ݶͳɼ
LʹL ਜ਼๏ܙҮͶړંۛ࠹͗̓Ґ͢ͱ఼ΝϧϱξϞͶഓͤΖୌΝ͓ߡΖʤ(L
ʶr)ʹ(Lʶr)ਜ਼๏ܙϚρέηɼ̓ܚԃ൭ϧϱξϞϏρΫϱήͳՃͲ͍Ζʥɽ
͞͞Ͳͺɼ̓Ν̣/10 ͳ͢ͱΊΓ͑ɽ  
λʖεϡϩυΡηνϱηΝྂ͢ߡͱɼ͕͏ޕړ͗࠹ఁͲ̓ΗΖΓ͑Ͷ͢ͱɼϧ

ϱξϞϏρΫϱήΝ͕͞͵ͮͪͳ఼͘ഓΝਦ 7 Ͷࣖͤɽਦ 7 ӊଈړંۛ࠹
ළౕාήϧϓ͖Δ఼֦͗࠹ఁ̓(ʻ̣/10)Ηͱ͏Ζ͖͗Ζɽಋ࣎ͶɼεϝϣϪ
ʖεϥϱ݃Վ͖ΔɼͮͳΗͱ͏ΖͲ 1.35̓ړҐ಼Ͳ͍Ζ͞ͳ͖͗Ζɽ 

 
ਦ 7ʁ఼ාͳۛંړාɽLʹL ਜ਼๏ܙҮͶړંۛ࠹͗ L/10 ҐͶ͵ΖΓ͑
ͶړΝ͢ͱාͦͪ͠εϝϣϪʖεϥϱ݃Վྭɽ100 ຬյߨࢾͲ 82 ਕΝഓͲ͘ͱ
͏Ζɽ  

ΠϩβϨθϞʤϕϫήϧϞϨηφ 3ʥͶͯ͏ͱઈ͢Γ͑ɽࠕյΠϩβϨθϞͲͺɼ
Ҳ༹ཛྷ਼Νਫ਼ͦ͠ͱɼഓ͢Γ͑ͳ఼ͪ͢ંۛ࠹఼ͳړΝ̓Nͳͪ͢ͳ͘ɼ̥̓ʽ
̓Ͷ͵ͮͪͺɼഓͦͥͶɼཛྷ਼Νౕ࠸ਫ਼ͦ͠ͱ͏Ζɽཛྷ਼Ν 100 ຬյਫ਼ͦ͠ͱ
Όͪ͗ਦٽ 7 Ͳ͍Ζɽཛྷ਼Νͮ࢘ͱ 100 ຬյϧϱξϞϏρΫϱήΝͦ͠ΖͶ 526 භ
ʤ༁ 9 ʥ͖͖ͮͪɽͨ݃Վɼ82 ਕΝഓͤΖ͞ͳ͗Ͳͪ͘ɽ͠ΔͶɼ300 ຬյߨࢾ
ʤ1581 භʤ༁ 26 ʥʥɼ500 ຬյߨࢾʤ2647 භʤ༁ 44 ʥʥΝ͕͞͵ͮͱɼ82 ਕҐ
ΝഓͲ͘͵͖ͮͪɽؔ࣎ߨࢾͺɼColaboratory Ͳࣰͪ͢ߨͳ͘Ͳ͍Ζɽ͵͕ɼ
ཛྷ਼झΝร͓Ζͳ݃Վ͗รΚΖ͞ͳͶқ͢Γ͑ɽ  

 
ϕϫήϧϞϨηφ 3 
import math 
import matplotlib.pyplot as plt 
import numpy as np 
 
NTRIAL = 1000000          # ߨࢾյ਼  
np.random.seed(20201230)   # ཛྷ਼झ  
data = np.random.rand(2,1)   # ࠹ॵਕҒ  
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࠹ঘʤړંۛ࠹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)ΝঈͤΖ  
            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 ึଏઈΝ͢Γ͑ɽϕϫήϧϞϨηφ 2 Ͳͪͮ࢘ɼ࠴ඬ(x, y)

Νྙ͢ɼdata Ͷౌ͠Η఼ͪ܊ͳړંۛ࠹Νศ਼ͤؖ calnearestdistance(x, y,ndisk)
͗ΫʖϛϱφͲ͍Ζɽ  
఼ഓ͕͗͞͵ΚΗΖգఖΝΊΖͪΌͶɼεϝϣϪʖεϥϱ఼ഓΝਦ 8 Ͷ

ࣖͤɽ͞͞ͲͺɼΦϪΪϱφͲްིద͵ΠϩβϨθϞͶͺɼ఼॑Ν͕͏ͱ͏͵͏ɽ఼Ν
͚ॶΝཛྷ਼Νਫ਼ͦ͠ͱ݀Όͱ͏ΖͲɼعͶഓ͠Η఼਼ͪ͗ݺଡ͚͵ΖͶͪ͗͢
͏φϧΠϱχΦϧʖ͗ଡ͚͵Ζɽ࠹ॵ఼ഓͺɼړ r Ґ಼Ͷଠ఼ഓ͗͵͏
ͲɼφϧΠϱχΦϧʖචགྷͺ͵͏ɽ͖͢͢ɼ2 ൬Ґ఼߳ഓͺړંۛ࠹͗
̓ҐԾͶ͵ͮͪɼഓ͢͠͵͜Ηͻ͵Δ͵͏ɽཛྷ਼Νਫ਼ͦͪ͠յ਼ͺɼ5 ഓݺ
Ͷͺ 5 յɼ10 ഓͶͺݺ 11 յɼ20 ഓͶͺݺ 25 յɼ40 ഓͶͺݺ 95 յɼ80
ഓͶͺݺ 51240 յɼͨ͢ͱޛ࠹ 82 ഓͶͺݺ 121970 յɼ͗ߨࢾචགྷͲ͍ͮ
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ͪɽਦ 9 Ͷɼߨࢾյ਼ vs.ഓͶޯ఼਼ͪ͢ݺϕϫρφΝࣖͤɽ  
఼ΝϧϱξϞͶഓͪ࣎͢ഓްིͶͯ͏ͱ͓ߡͱΊΖɽړંۛ࠹̓Νң࣍͢͵͗

Δ LʹL ਜ਼๏ܙҮͶഓͲ͘Ζ఼࠹਼ݺͺɼ126 Ͳ͍ΖɽϧϱξϞ͵఼ഓݺ
εϝϣϪʖεϥϱͲͺ 82 ࡸ఼ΝഓͤΖ͞ͳ͗Ͳͪ͘Ͳɼ82/126˼0.65ɼݺ
Ͷ 2/3 ްིͲ఼͗ഓͲͪ͘͞ͳ͖͗ͮͪɽ͖͢͢ɼΔ͖Ͷ 82 ͳ͏਼͑ݺͺઊଲ
Ͳͺ͵͏ɽཛྷ਼झΝร͓ͪεϝϣϪʖεϥϱΝ͕͞͵͑͞ͳͶΓͮͱɼഓͲ͘Ζ఼
รΚΖɽྭ͓ͻɼϕϫήϧϞϨηφ਼͗ݺ 3  5 ཛྷ਼झΝร͓ͱɼߨ
np.random.seed(20210110)ͳͤΖͳɼഓͲ͘Ζ఼਼ݺͺ 77 Ͷ͵Ζɽ 
ຌͳ͵ΖϕϫήϧϞʤϕϫήϧϞϨηφخͪ͢ࡎܟ 3ʥΝཤ༽ͤΖͳɼཛྷ਼झΝร͓

Ζ͵ʹ͠Ή͡Ή͵͞ͳ͗ͦࢾΖɽ͠ΔͶɼ਼ߨαϜϱχΝ௧ՅͤΖͫ͜ͲɼՆ͗߁
͗Ζɽྭ͓ͻɼϚρέηͳԃ൭̓ർΝ 10:1 Ͷͪ͢ΝΊͱͪ͗͘ɼ͞ർΝร͓ͱΊ
Ζͳʹ͑รΚΖ͖പ͏τʖϜͲ͍Ζɽͧͽɼಣं๏ʓ͗͏Θ͏Θ͢ࢾͱ͚ͫ͠Ηͻ
Ͳ͍ΖɽϕϫήϧϞΝร͓ͱ͏͚͑ͬͶɼPython͏߀ ϕϫήϧϝϱήͶΗͱ͏͚͞
ͳ͗غଶ͠ΗΖͲɼ͏Θ͏Θͳ͢ࢾͱֺ͢ΞͲΆ͢͏ɽ  

Python ϧϔϧϨ matplotlib Ν͑࢘͞ͳͶΓΕɼ؈ୱͶήϧϓΝࡠΗΖ͞ͳ͗Ͳ͘Ζ
ΝΊͱͪ͘ɽ͞Γ͑ͶɼϧϔϧϨ͗ैࣰ͢ͱ͏Ζ͗ Python ಝͽͳͯͲ͍
Ζɽสཤ͵ϧϔϧϨΝͯ͜ݡΖ Python ϕϫήϧϝϱήֺ͢ΊͲ͍ΖɽPython ͺɼ
ָ;Ώͤ͏ϕϫήϧϝϱήޢݶͲ͍Εʤ[4]Νࢂলʥɼ͠ΔͶ Colaboratory Ν͑࢘ͳͤ͛Ͷ
ܙɽΉͪɼϕϫήϧϞͺ͑ࢧΌΔΗΖɽͧͽɼηϜʖφϓΧϱ͵ʹͲֺ͢ΞͲͪ͜Δ࢟
Ռָճ HP ͖Δ download Ͳ͘ΖΓ͑ͶͤΖ༩ఈͲ͍Ζɽ   

  
ʤɹʥColaboratory  Home Page[1]͖ΔΫϡϕοϡʖͪ͢ਦ 3 ͺɼຌཔΩϧʖͲ͍Ε

പࠉͲһͤࡰΖͳݡͶ͚͏͍͗ΕΉͤɽɻ  
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ਦ 8ʁϧϱξϞϏρΫϱή༹ࢢɽ5 ɼ10ݺ ɼ20ݺ ɼ40ݺ शয়ସ(82࠹ɼͨ͢ͱݺ ࣖ͗͠(ݺ
Ηͱ͏Ζɽ  
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ਦ 9ʁߨࢾյ਼ vs.ਕ਼ϕϫρφɽ  

ःࣛ 

Ν܇نदɼָӅਫ਼߶گΝಣΞͲ༙ӻ͵αϟϱφΝ͢ͱ͚ͫͮͪ͠∃ీभधߚݬ
ͺͣΌͳͤΖෳҬָָӅڂݜָՌஎεητϞָߊඉતܙՌָ࣪ڂݜϟϱώ
ʖͶ״ः͏ͪ͢Ήͤɽ  
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