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㣑䁵 

䊻㵍㒅㋧䁱㦬䊒䐱 ⡫᷍䎀㰄㬨⡩ㅰ㻓⿗㾕㭊⭥᱄䎃䐜㬨⡫䎀䓵゛⭥㻑⺀ ⤃᷍

⳨䇪䇻䓵゛ⰵ㹐㏎䁈䇱㲹⢑⭥㦰㬗䈌㏎ㆃ᱄ 

⡫䎀⭥䐑䄖㬨⫔䁈ㅭ㬇᱄䊻ㅭ䁈⺞⧭䐱 ⡫᷍䎀㻑⺀䇻➲䁈㪛⭒⧪㬨䋙㈎⭥䓵

゛᱄䊻㘇ⰵ䁈㪛ㅓㆃ㚔㗦㋯⧭⭥㬒⽓ ⡫᷍䎀。䎌ⰵ䓵゛⭒㛋䊻䁈㻑䄜㾊㉀㳆㋯⧭

䄵ゑ䊻䁈㻑㹐㏎䁈䎃⷗䎜㳆䁈㋧⭥㬒⽓⭥䇱⺞⭥㎈〔 ⷙ᷍⨗䄜㾊㚽㑇ⳗ㸈㚻⭥ㆃ

⫑〓䎀Ⱒ㭊ㅉ䅊᱄䎃㾊㛋᷍⡫䎀䑘ㅓ〓⤯䈌ㅉ㪉⺞䄜㾊㋯⧭᱄䇪䇻䊻⡒㈊⫔䁈㩰

㋯㬒㘇㑺⭥䇪㰚㸞⭥䁈➵㗨䔊⧪⭥㳞䐻㦛㳆。ⷙ㬻㋯㦬⫙㎕㈿⫔⭥䁚㑇 ⡫᷍䎀。

㣠㠩䓵゛䊻㋯㻣㆙㾱⡩ㅰⱁ⭥䊥Ⱒ᱄⤜㌅䍦⭹ㅓ᷍䓵㧌䐑䄵㎕᷍⡫䎀⿉䊻ㅭ䁈㼁

⹹⹅䔘㩰⭥㬒ヅ㬨䊗䊗⫔䇻⡫䎀⿉䊻㋧䁱㩰⭥㬒ヅ⭥᱄䎃䊻㵍㒅㋧䁱㦬䊒䐱⤃⤜

ⱁボ᱄䎃㾊䊥Ⱒ㰚㾯⧪⭥㚻㦾㸿⪴ⳃ㾚᱄䑑ㅆ⭹᷍⡫䎀㈮䂙⧪㑬⺞゙㛋ㅴ䄜㗦㾣

㋯ 㦜᷍⽔䓽ㆂ⨗⟇䄜⡟ㅭ⤥⭥㻑⺀㑬᱄䐢㆒ ⡫᷍䎀㶋⧪㑬㑞⡟㏁㯧㭊わ⭥⨗⟇ᱟ㏏

㾣䎘᷍2014ᱠᱟ㏏㾣䎘᷍2024ᱠ᷍ 㡅䐱⭥䄜⡟⿚⨗㑬⭻ⱟ⟇᱄ 

䎃㑞⡟ㅭ⤥⭥㾕䔘⢝⧱⭥㬨᱑䎌ⰵ䓵゛䋙㈎䈗⭞⭥㎈〔㆙㾱㼋㻙ㆃ⫑᱒⭥䊎

䋓᱄䅓⪬᷍⢎㭗Ⳟ㘇⭥䔏⫔㲹⮄㈮㬨᱑⤜䓘㤔ⱁ㗕㠐㑢⭥⢎㭗᷍ⱙ㬨䄵⫔➸⿑㸋

䑘㎕䍚㋋㲷㔼᱒᱄䎃䂚㾕⭥⼤⪇㬨ⰵ䇻䈗⭞㑬⼮⡫䎀⭒㛋㏁㯧㸫㳃⭥㵍䁈᷍㼁ⰵ

⼤㏎ㆃ䄜㾊᱄⭌㬨ⰵ䇻䄲㈎㧌㗦᷍〓䎀㗜䇱䈗⭞⡫䎀㏁㯧㸫㳃⭥㵍䁈᷍㈮。㻵⭤

/䮣᷍㪖䐢㕀ゎ」㔳᱄ⰵ䇻⽔䄜⤠⳷Ⱒ䎀᷍⡫䎀⢎㬟㣙䅃᷍⤃ㅉ䅊䎃⤠⳷㵍䁈ࠋ

㎰㬇䁂䋒㡅㰝ㅭ⤥᱄⡫䎀㵬㾾㣑 㩰᷍㘇㳂⭞⭥゙㛋ㅴ䄜㗦㋯⤃䓽ㆂ⨗䄜⡟ㅓ䅆⭥

㻑⺀䇇ⶤ。キ㿙᱄㚠⭥䐜㬨㸋㑬䋗ゴ㸳㗨䐱㸥ㅭ⤥⭥ⱁ䂚㾵 㸿᷍䅃〒⭤㲌ⱁ㦬⭥

㋰Ⰹ〓䎀㬓㗕㰚㸞⭥㦺䈟᱄⡫䎀ヂ㾦䎃䂚㋪䄵㸋㸳㗨⭥㹐㏎䁈ㅭ䈞⭥㆙⤞㈂⭞䄜
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㾊㘁⡂䐏㑇᱄㧈⺜㪎㳆㤊㌗䊫㿎᷍䎃⷗㻑⺀⿚。䄜䐒キ㿙᱄ 

⡟㭊㘜㸋᱗䓵㦜䍽䁈䈌㹐㏎䁈᱘᱄㰝⭥㚻㦾᷍㎕䓵⡫䎀㆝゙㛋䊻⡒㈊⫔䁈ㅓ

㬻⭥䄜㗦ㅱ䔗᱗㆒㦶㹐㏎᱘⭥⡟㋧㪛㵉㬗⼬㾥㋯᱄䇇ⶤ㯖 ᱗᷍㆒㦶㹐㏎᱘䎃㗦㋯

䊻㸳㗨⺛コ⫔䁈⭥⡟㋧ㅭ䈞䐱᷍⤃⤜㬨⪌㵔⭥᱃䄲⧪㾮⭥㋯⧭᱄⭌㬨䊻⡒㈊⫔䁈

㹐㏎䁈䊛᷍㰝⭥㋋㪉䄲㈎䇱㑬䄜Ⱟ⡩ㅰ⧅⭥㏛㬘᱄䋈䊻㩰㬡ギ㈦㬏㛋⫛᷍ⶤ㋯⧭

㈮䇪㸳䊛㏎㔼㹐㏎䁱㈠㰚⭥ⷀ⨈㬺㻩㪛䊻㦌㾄ⳗ㸈㚻䔘㸋⹌䁂㋯㋋㪉 1᱄䎃⷗㬒

ヅㅻ⮄ ⤜᷍⺃䊗䊗䋈䇻⡫䎀ㅌ㡅㋯⧭㚻㦾䎜㏎⧪㭊䎃⷗㬒ヅㅻ⮄ ⿚᷍䊗䊗䋈䇻⡒

㈊⫔䁈㳂⧌㵉㬗ㅭ䈞䎃⷗㬒ヅㅻ⮄ 2᱄ⷀ㻩㪛㵬㾾⽔ ᱗᷍㆒㦶㹐㏎᱘⧅㠻䇪㹐㏎䁈

䊛㛞㈼㲍㹐㏎䈌⤥㑰㹐㏎䁱㈠㰚⭥䍦⼉㎰㬇䑘ㅓ 3᱄2020-2021 䁈㛋⭥⪛ゟ䁈㠻᷍

⡫䎀ㅴ⺞᱄ 

䊻⭻䄜㛋⭥㋯⧭䓝⡙⺞⧭䐱᷍⡫䎀㋋㬝⭥㬒⽓㦰㸋㋪䄵⤯㋝䐏㣑㑞㸜䑘ㅓ

ㅭ㬇⭥ㅭ⧭㎕㋋䍚ㅓㆃ 䐹᷍⮄㬨㆒㳍㹐㏎䁈⭥䎜㳆ㆊ㩽ᱟⷀ⨈㬺᱃㾜➹㤁 2᷍004ᱠ

ᱟ䍵㋎⿋᷍2005ᱠᱟ䍦㏒᷍2009ᱠᱟ䍦⼉᷍2021ᱠ᱄⭌㰇䓦⡙㋯⭥㆙㾱᷍䄵ゑ䎃㾊㛋

⭥〞㎼ ⡫᷍䎀䊞㎕䊞㤆㹛⭹㦰㬗⭞㸋㑬㏎ㆃ㆒㳍⭥㹐㏎䁈 㸳᷍㗨㬸㻩䄋➲㹐㏎䁈

⭥䔓㳍㋕㤆᱄⿜㉅⿑㯖᷍㸳㗨㿉䄋㭂㏎㹐㏎䁈㬘᷉㧈㵝 0.1 㰚㬟᷊ᱟ⺚䨩㒂᱃㪓

⿼㉞᷍2005ᱠ᱄䎃䂚⭥⿑᷍⤦㋪䄵㦤䁂㋯⭥䁈㪛䊻㆙㾱㶋㋯⧭⭥䁈㻑⽔㚵䓴㏐㘇

 
1⭒㬒㹐㏎䁈䊛⿚ㅱ㹐㏎㻖᱄㻷䊻᷍㹐㏎䁈䊛㻣㭕⭥㏎㔼㹐㏎䁱㈠㰚ⰵ䇇⭥㬨⭒㬒⭥㏎㔼㹐㏎ㅭ
䁱㬳᱄ⷀ⨈㬺㻩㪛䄓䈌㾜➹㤁㻩㪛䄜㡑㾕⺞䄜⡟᱗㆒㦶㹐㏎᱘ᱟⷀ⨈㬺᱃㾜➹㤁᷍2004ᱠ᱄ⶱ㾬
㦅⭥Ⱒ䎀᷍䊻㋕⡟㭊⭥⺞⧭䐱᷍㋪䄵⤯㋝䁈㻑᱄ 
 
2⡒㈊⫔䁈㋋㬝⫔⺇㚄㳂⧌㵉㬗ㅭ䈞᷍䄲㈎㬨㆙㧌⡟㬡ギ⭥⭻ⱟ⷗㬏㛋䐏⽔⭥㬣㤊㑬᷉㑷ㅉ⿋㻩
㪛⭄㦯㾄⧅㠻ヅ᷊᱄ 
 
3〚䇻㋯⧭⭥ㅓ䅆᷍䍦⼉㎰㬇䄓⨗⟇㑬䄜⡟㭊᷍㘜㸋᱗㕟⤞㹐㏎㬡ㆈ᱘ᱟ䍦⼉ 2᷍021ᱠ᱄ⶱ㾬㦅⭥
Ⱒ䎀᷍䊻㋕⡟㭊⭥⺞⧭䐱᷍䄓㋪䄵⤯㋝䁈㻑᱄ 

 



  

䇱䄜ⶒ᱑⹹䇻㹐㏎䁈⭥⿎㉎᱒᱄䎃ⴚ⿉㉎ⰵ䇻㸳㗨㏎ㆃ㹐㏎䁈㬨⳨⧄䐹䄋⭥᷂ⱙ

䊻㭂㏎㹐㏎䁈㬘⭥⺞⧭䐱 ⡫᷍䎀㗠㬒㗠㋭䇷Ⱍ㚽㳆。⭞㹐㏎䁈⭥䍽䁈㭕㾵䊻㹐㏎

䁈⭥ⳃ䍚⺞⧭䐱⟈䁾⭥䐹䄋ㅨ㩌ᱟ㑯儃᷍2021ᱠᱟ䑍㬹⿋᷍2024ᱠ᱄⡩㧈᷍㧈⺜

⤜㑬ㆃ⪴ⶆ㎫㹘㯚᱅㞁ⷚ᷉Francis Bacon᷍1561–1626 㛋᷊㋋㬝᷍㈎㏛㑬⭲㋉ⱜ

᷉Rene Descartes 1᷍596ÿ1650 㛋 ᱃᷊㯚⢗㝖㩐᷉ Baruch/Benedict Spinoza 1᷍632ÿ1677

㛋 ᱃᷊㕆㋬᷉John Locke᷍1632ÿ1704 㛋 ᱃᷊㎔⤝㛂⪥᷉Gottfried Wilhelm Leibniz᷍

1646ÿ1716 㛋 ᱃᷊㾾䜴᷉David Hume᷍1711ÿ1776 㛋᷊᷍ ⭞㋖⭣᷉Immanuel Kant᷍

1724ÿ1804 㛋 ᱃᷊⼻ⷒⱜ᷉Georg Wilhelm Friedrich Hegel 1᷍770ÿ1831 㛋᷊⭥⹹䇻㋧

䁈⭥䍽䁈⥄㘇⭥㯝㋝ 〓᷍㿎㸳㗨⼽㚲㳆。ⱟ㬏㬡ギ⨖䄵➏䅓㯚㲚᷉ Albert Einstein  ᷍

1879ÿ1955 㛋 ᱃᷊⤄ⱜ᷉ Niels Henrik David Bohr 1᷍885ÿ1962 㛋 ᱃᷊⤄ⱘ᷉ Max Born᷍

1882ÿ1970 㛋 ᱃᷊⭣⤝㔿䅃᷉ Louis Victor de Broglie 1᷍892–1987 㛋 ᱃᷊⼄㩎⡅᷉ Werner 

Heisenberg 1᷍901ÿ1976 㛋 㸋᷊⫛⢎⭥㚨㾊㝘䐿㲹⢑㬨⭣⺛㹐㏎䁈コ㗨䊻⥛㪛ⷐ㘝

㾵⭥㹐㏎䁈㏎㔼⭥⺞⧭䐱⭥㈡ㆂ䈌䁂䋒 4᱄ 

 
4⪴㹐㏎䁈⭥⹒㻸㩰㎕㯖᷍㼒⭳㎎㋬᷉Paul Dirac 1᷍902᷎1984᷊᱃䁇Ⰹ䜭᷉Erwin Schrödinger 1᷍887
᷎1961 㛋᷊䎃䂚⭥㦬㹐㋰Ⰹ䄓⳨⧄䐹䄋᱄⭌⡫䎀䎃㏐㣠⮘⭥㬨䊻䍽䁈⥄㘇ⰵ⭒㬒㑠䓴㏎㔼䇇ⶤ
㼓㚥⷗Ⳟ㼓ⳃ䍚⭥㯝㋝᱄⪴䎃⷗ㅨⰩ᷍⡫䎀㦰㸋䎃㹆⷗㦬ⷝ㉀⫛⢎㾵᱄㡅䐱᷍➏䅓㯚㲚᱃⤄ⱜ᱃
⤄ⱘ㛋⧅䄜㾊᱄䊻㩰㬡ギ⭥ 20 㛋⫛᷍➏䅓㯚㲚⼮⤄ⱜ⨅⭒⭥ⷝⱁ⭥㬨⭝㬇⭥ㅨ㩌᱄⤄ⱘォ㬨⭝
㬇᷍䄓䊻䄜㼀⹅䔘᱄⼄㩎⡅⼮⭣⤝㔿䅃㬨㛋㤂⭥䁈㪛᷍⫛⢎䓦』㑇᱄䎃䐷』㑇ⰵ䇻㑠䓴㏎㔼㶋⧪
⪴㑠䓴㔼⭞㑠䓴㑇䁈⭥䓋⢅䐢⹹䐹䄋᷂  
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㵝 0.1 㹐㏎䁈㬘㬟䅃㵝᱄䊻⡫䎀㋕㎕᷍㹐㏎䁈䊻㸳㗨⭥䁼㏐䇇ⶤ㬨䄜ⶒ⿎㉎᱄⭒㸳㗨⿛⿛

䍚㋋䎃ⶒ⿎㉎⭥㬒⽓᷍㹐㏎䁈⭥㏛㬘᱃㏛㬘䐱㦬㹐᱃㦬㹐㪎㩰䄵ゑ㦬㹐䐏ヅⳃ㪛⭥⹫㬣᷍

䇇ⶤ䊻㸳㗨⭥䁼㣑凓凓㧈㪛⭹᱃⿛⿛⭹䍚㻷⨗㎕᱄䎃䂚᷍㸳㗨⤦㚽㪏㋭⭹㏎ㆃ㹐㏎䁈᱄㹐

㏎䁈䊻㸳㗨⭥䁼㏐᷍䄓⤦㚽㬨㻫』⭥᱄⭒㦜᷍䎃⷗㵝㏐䇱⼽ⱁ㭞䁈コ᱃䍽䁈コ᱄䎃䈌㹐㏎

䁈⭥䓵㦜䍽䁈㭕㾵㗽㣱㼁⹹᷍⽔㘇㸳㗨。㼋㻙ㆃ㬮᱄ 

 

〚䇻䎃⷗㋝㔨 ⡫᷍䎀ㅌ㋯⧭㛃ⶓⶨ⭥㚻㦾⳷㧞⷗Ⳟ㘇㎕䍚㋋᱄⭻䄜 㬨᷍ⰵ㹐

㏎䁈ⳃ䍚㬘⭥䓽ㆂ䈌⧣㭗 ⭻ᷜⱟ 㬨᷍ⰵ㹐㏎䁈䎃㗦䁈㋧⭥䍽䁈㭕㾵⭥㯝㋝ ⭻ᷜ㧞᷍

㬨ⰵ䄲㈎⧪㭍⭥㹐㏎䁈䐋㬗㳆㻖⭥ㅓㆃ䄵ゑⰵ䄜㾊㻷⫛㹐㏎䁈㣑䁹㒍䈓⭥ㅓㆃ᱄ 

䊻䎃㧞Ⳟ㘇⭥㚻㦾䐱 ㋝᷍㔨⭞㸳㗨㹐㏎䁈䓉䄖ㅭ䈞⭥㲹⮄᷉ 㸳㗨⼽䓃䐹㉀㳆

⭥䓉䄖䐋㬗⭥⪌㬻᷊᷍ ⡫䎀㦰㸋ⰵ䁈㪛⼮ⱁ㭞Ⱒ䎀ⱙ䁵㣑㑞⷗Ⳟ㘇᷉㹐㏎䁈㬘᱃

㹐㏎䁈⭥䍽䁈㭕㾵᷊ⱙ⳨⭻㧞⷗Ⳟ㘇᷉㆒㳍⭥㹐㏎䁈᷊ⳕⱙ。ⷝ䐹䄋䄜㾊᱄䊻䎃

㣑㑞⷗Ⳟ㘇㏐㘇᷍㹐㏎䁈㬘䊻㸳㗨⭥㻷䇱ㅭ⤥䐱⡩ㅰ㦒ⳇ᱄㾳䊬⭥㬨᷍䔏㆝゙㛋

⼽ⱁ⫔䁈⭥㹐㏎㎰㬇ⰵ㡅䐹䄋㾵䄓Ⱍ䇱㑬⡩ㅰ㤆⨟⭥㦰㬗᱄⼽ⱁ䁈㾄䄓䊻㡔㵝㋋

㪉᱗㹐㏎䁈㬘᱘⭥⡟㋧㪛㋯⧭᱄⭌ⰵ䇻⭻ⱟ⷗Ⳟ㘇᷉㹐㏎䁈⭥䍽䁈㭕㾵᷊᷍ ⡫䎀

㪎⢀⭥㵍㾱⹹䓃⭥㈮㼁ⰵ㩺㑬⼽ⱁ᱄ 



  

䇇ⶤ㯖 䎃᷍䈌㋧䁈ⷐ㘝⽔㋧䁈㵲㏌䍽䁈㆙ⱙ䓉㗦⿐ ㋧᷍䁈㚻⤠⭥⳷䐈ⷘ䓵⧪

㭍 ㆙᷍ⱙ㸳㗨⭥㋧䁱㦬䊒。⤜䓵䑘⭹⹹䓃⳨⧄㉀㳆⭥㸫㳃䎃䂚䄜⷗㏛㬘⧒㒘㬨㗽

㣱㼁⹹⭥᱄⡰㈚᷍䍽䁈⭥㚻㦾ォ⤜㚨㗕㉀㳆᷍䄓⤜㚨㗕㋧䁈 5᱄䊻㸳㗨⭥䁈㋧⳷

㏁䐱᷍⼽ⱁ㬒⽓䍽䁈ⷝ㬨⡜⭒䔘㑬㸥㋧ 6᱄⭌㬨䎃㾊㛋㰇䓦⡫䎀㛋ギ⭥䋗⧅䄵ゑ

㋧䁱⹅䔘⭥〞㎼ ⡫᷍䎀䊞㎕䊞㚽㳆。⭞䊻㆙㾱䄜㾊㉀㳆⭥㋧䁱⹅䔘㬒 ⨅᷍⳷㑬ㆃ

㹐㏎䁈㬘䈌㹐㏎䁈⭥䍽䁈㭕㾵㬨⳨⧄䐹䄋⭥᱄䊻䁈㻑䍽䁈⭥⺞⧭䐱 ⡫᷍䎀䇷㆙䄜

⤞㦰㬗⭞㰝㦘㬖㬨㶓㋧䐏㚙᱄䓵㦜䍽䁈㬨䍽䁈䐱⭥䐹䄋䔊⧪⤠⳷᱄䅓⪬᷍⪴ⷚⱚ

㩰㯖᷍䍽䁈䇱⼽㣠⭥㏎䁈㭕㾵᱄〚䇻䎃⷗㏎ㆃ᷍䊻䎜㏎䎃⡟㭊⭥㬒⽓᷍⡫䎀㻄㶜

ⰵ䎃㑞⮄㚻㦾᷉㹐㏎䁈㬘᱃㹐㏎䁈⭥䍽䁈㭕㾵᷊㆙㾱䄜⷗㣠⮘ 7᷍ォ䎌ⰵ㹐㏎䁈

䓉䄖⭥䁈㪛᷍䄓䎌ⰵ㡅㰝䓉䄖⭥䁈㪛᱄2021 㛋 7 䊣᷍⡫䎀㋋㬝䎜㏎㭊ⷆ᱄゙㈎䐽

䍼᷍⡫䎀䊻 2024 㛋 12 䊣ㅌ㭊㘜Ⰹ㸋᱗䓵㦜䍽䁈䈌㹐㏎䁈᱘8᱄ 

 
5㦬㏁㏛㬘㩰᷍㲹⢑㬨⪴㋧䁈ⷐ㘝㋋㬝⭞㬏㈦㬡ギ䐱䄗㣑䎃Ⱟ㬒ヅ᷍⼽ⱁ䍽䁈コ㆙㾱⺞ㅌ䍽䁈䔗
⧪㋧䁈⭥⧃㬵᷍䔏䐶Ⱍ㬈➽㑬᱄䎃䐷㬈➽䇇ⶤ㯖䄓㬨䍽䁈⭥㬅㏜ 䎃᷍䄓㬨㸳㗨㻄㶜䊻⡟㭊㣠⮘⭥
䄜⷗㚻㦾᱄ 

 
6ⷀ㋝㬒᷍ⱁ㭞䍽䁈㻖䇇ⶤ㬨⪴㸥㋧䍱㪛⭥᱄ 

 
7䎃⷗⼽䐹䄋᷂㈺⷗㏞䓴᷍⤜㩺㹐㏎㻖⭥㎰㬇䊻ㅓ᱗㑠䓴㑇䁈᱘⭥㬒⽓᷍㪖䐢䐒ㅴⷛ䁈㪛㯖㛄⤜
䄋ⷛ㸳㲷㔼㚨㾊ⶦ㛏⡔⽔⭥䍽䁈᷍㸳⷇㰀㛄䋖㗕㰄㈮㋪䄵㑬᱄䎃䂚㞁䂙⨗㎕⭥᷍㬨ゝ⹅᷍⤜㬨䁈
䎀᱄⭒㦜᷍⡫䎀⧱㦰。㰄㬨⭻䄜⤞᷍⭌⫔䁈㋯⧭⭥䓘㤔䇇ⶤⷀ䇻䎃⷗᱄㵍㬒᷍⡫䎀䄓⧱㦰䄋➲ⶦ
㛏ㅓ㤆⨟⼽㚲᱄䎃⷗䐜㚽㯖㬨ㅓ⭞ㅓ㬻䎀⭥㚽㑇ⳗ㸈⭥㩰㻿᱄⽔㘇⭥㪏㧌㏎ㆃ᷍㬨䁈㪛⭥㬣㤊᱄
⭌⤜ㅓ᷍㋰Ⰹ⤜⼰㬫᱄ 

 
8䎃㏐㲹⢑ⶱ㾜㒖䈒尯㎰㬇᷂⡟㭊⭥㘝㘜⺞⧭㈎㏛㑬⼤゙⷗⟇⡟᷍᱗䓵㦜䍽䁈䈌㹐㏎䁈᱘䐏㣑⭥
⟇⡟㬨᱗䓵㦜䍽䁈䐏㹐㏎䁈᱘᱄䊺䐏㣑᷍㬨᱗㆒㦶㹐㏎᱘᱃᱗㹐㏎䁈㬘᱘⭩㳃㚠᱄⡫䎀㋋㬝ⷝ㻓
⿗᱗䓵㦜䍽䁈䐏㹐㏎䁈᱘᷍⭌⡫䎀㋪䄵㼌㼔䎃⷗㘜䓷。䅞㡑⼽⫔⭥㡈䅆᱄2024 㛋 12 䊣 16 㦶᷍䊻
䄜⪯⡒㈊⫔䁈㹐㏎䁈䊛⹹䇻ㅭ䁈⭥。䅊㲷㔼䐱 ⡫᷍䎀ㅓ㭗㑬䓵゛⭥ⷘ䐷㋝㔨䐏⽔᱄䈌。⭥㹃咎㎰
㬇᱃⤽㤍⽋㎰㬇᱃㏏㼇㤍㎰㬇᱃㑷㹖㎰㬇᱃㲕㬒㚧㎰㬇᱃㗰⥀㎰㬇Ⱍ㳂⨗㑬䄜㾊⼽䇱⟐䑛⭥䅃ボ᷍
䄜Ⰹ⧭Ⱙ㩰㋪䄵ⳕ䇔⨗⡟㭊⨗⟇⽔㋪㚽⥛㪛⭥Ⱒ䎀ⳕ㎂᱄䔏⽔ ⡫᷍䎀㳞㦂㑬㒖䈒尯㎰㬇⹹䇻㭊㘜
⭥ㅉ䅊᱄㻣㘇᷍⡫䎀。㼋㻙ㆃ㬮䓵゛㸋㬓㗕䄜Ⰹ䄋䊻㭊㘜䐱㳆㻷᱑䓵㦜䍽䁈᱒᱄ 
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〚䇻㧈㩰ㆊ㩽᷍㸳㗨⭥㣑䁵ㅌ➕ᷛ1᷊⪴᱗㆒㦶㹐㏎᱘⭞᱗䓵㦜䍽䁈⭥㹐㏎

䁈᱘⭥㳃㚠䓋⢅᷍2᷊⡟㭊⭥⹚ソ᷍3᷊Ⱒ䎀䇇⳦⭮ⰵ⡟㭊㠻⫞⭥䄜㾊㯖㘘᷍䄵ゑ

4᷊⡟㭊㚻㦾⭥㚠㔝䈌䐣㾜᷍⹓㯥⤠⳷䍚㋋᱄ 

 

⪴᱗㆒㦶㹐㏎᱘⭞᱗䓵㦜䍽䁈䈌㹐㏎䁈᱘㭊㘜⭥䓋⢅ 

㸳㗨㻩⪴㭊㘜⭥ⱁ⪯䓋⢅㯖㡑᱄㣑㘇㳂⭞⭥⡫䎀䊻㬻㋯⺞⧭䐱ⰵ㋯⧭㦰㬗

⭥ⶥ⢅ⰵ䇻⡫䎀ⱙ䁵㬨䔘㸋ㆂ⺜⨗㻷⭥᱄⪺⧪䎃䐷ⶥ⢅⭥䊎䅓 ⡫᷍䎀㦰㸋䈌䓵゛

䁈㻑㹐㏎⭥⺞⧭䐱⭥⼽ⱁ㎈〔㬨㼁⹹⭥᱄ⰵ᱗㆒㦶㹐㏎᱘㋯⧭⭥䓝⡙᷍ⰵ䇻⡫䎀

㼜⨞䎃㾊㎈〔㡑⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄ⱙ䎃⷗⺞⧭䐱 ㈮᷍㹐㏎䁈⭥䍽䁈㭕㾵䎃䄜

⮄⭥㦰㬗䔏㸋⹹ポ᷂⨗䇻䎃⷗㋝㔨᷍㸳㗨➲⡟㭊㘝㘜㸋᱗䓵㦜䍽䁈䈌㹐㏎䁈᱘᱄

㻣㘇᷍⡫䎀➲䎃⷗⺞⧭⳷㼎⨗㎕⹊Ⱒ䎀㳆。᱄ 

⪴ 1996 㛋ⷀ䐱⡰䄖㆙㧌㹅⼛⫔䁈㹐㏎㻖䁈㻑㰄㡑᷍⡫䎀⪴㬣㹐㏎䁈䓉䄖⭥

䁈㻑⼮䁱㈠䄲㈎䇱⧍⺞ⱟ㬏➬㛋⭥㬒ヅ㑬᱄2012 㛋⭥⪛㳍 ⡫᷍䎀䇱㾳䊻㶖ⱘⷈ㎰

㬇᱃㳐⺃㩧㎰㬇⭩㣑⡓⭥⟐䑛㻣㎕⭞⡒㈊⫔䁈㹐㏎䁈䊛䎃⷗㗯㼌䐱⭥㠞㲉㋋㬝䊅

㠙㋝⼬᷉tenure track᷊ㅸⰯ⭥⹅䔘᱄䅓㸋䋈㠻䈗⭞⭥゙⷗䁈㪛Ⱍ⼽䇦㿄᷍⫔䊝䊻

2016㛋 ⡫᷍䎀ⶱ㉖䓵゛⭥㋝⼬⪴䇓ミ䐙⢋㩰㎕ㅓ䇇ⶤ⤜。䇱㲌⫔㸫㳃 9᱄㼁䇇⭥᷍

䊻㋧䁱㩰䄓㈮⥛㪛㑬䄜䐷㾙⭂᷍㚬䐢㎈〔᱄䑘䄋⭥㸫㳃᷍㬨⡫䎀ⰵ䓵゛䊻㋧䁱⺞

⧭䐱㰚⥛㪛⭥⧪⺜⭥䐹䄋㾵㦰㬗⭹⤃⤜⨅⳷᱄ 

⭒㬒᷍㰅㦜⡫䎀䓽㚤㠶㑷㯚ⰺⷀ䁱䊛⪕㬝㦬ⶆ㎔㋬㯚㚪᷉Abraham Flexner᷍

1866ÿ1959 㛋᷊㳂⧌⭥ⰵ᱑㸿䇤䐋㬗᱒⭥䓘㤔⭥㈌㪒㦆⹥㏙䓵゛᱄⭌⤜⭤⤜㯖᷍

 
9㸳㗨⭥ tenure 㬨䇱⹭Ⰹ⢋䓝⭥᱄㬖カ㩰᷍㰚䇱䇇㬵⭥Ⰼ㹘᷍Ⱍ䇱⢋䓝᱄䎃⷗ⰵ䇻㸳㗨䐱⺛㦬Ⱍ
⤜㚲᱄㚲⭥㬨㗜䇱⢋䓝⭥㬣㤊᱄䊻⭻㒚䍣᷍ㅓ⭞㋖⭣⭥㬒⽓᷍Ⱒ䎀䇇ⶤ。䇱㳆。᱄ 

 



  

䓵゛ⰵ㹐㏎䁈䎃㗦䁈㋧䄵ゑⰵ䍽䁈⭥㦰㬗㉁㏌ⶆ㎔㋬㯚㚪㰚㘇ⰵ⭥㚨㾊Ⰶッ㋧

䁈コ㗨㼁⥏㬖䊻㲌䊗㑬 10᱄䅓⪬᷍ⰵ䎃㉅⿑⭥㏎ㆃ㒘䇻⢎㘇᱄䔘㸋䄜⷗ㆂ⺜᷍䊻

⡫䎀ⶱ㉖䓵゛䊅㠙㋝⼬〚⡟㋪䄵㶋⧪⽔ ⰵ᷍㋧䁱⭥㾬㦅㬨䇱㰚㩆㬈⭥᱄䎃䐷䓕㌗

⧷㿙㑬⼤゙㛋᱄䊻䎃゙㛋ヅ᷍⡫䎀ㅌ⼽ⱁ㈌㑇⳦䊻ㅭ䁈䈌⹌⹓ⴟ㹒㩰᷍䅓㸋⭒㬒

⭥⡫䎀㉖⭤䎃㾊㬣㤊ⷝ䇱䅃䅆᱄ 

2020ÿ2021 䁈㛋⭥⪛ゟ䁈㠻 ⡫᷍䎀㋋㬝䑘ㅓ᱗㆒㦶㹐㏎᱘᱄㵍䂚䊻䎃Ⱟ㬒ヅ᷍

⡫䎀㋯㳃䔊䇱゙㼏⪠㏎㔼⹅䔘㻩⽔㶋⧪〓㻩⽔㡑⤞ᱟYe 2᷍021ᱠᱟYe 2᷍023ᱠᱟOuyang᷍

2024ᱠ᱄䅓㸋䓝⡙㋯⧭ㅓ䅆⺞⧭䐱ⰵ㹐㏎䁈㬘⭥㑬ㆃ᷍⡫䎀䇱㑬䄜Ⰹ⭥㚽㑇➲䎃

㾊⹅䔘⳦⭞䁈㋧ⳃ䍚⭥㏛㬘䐱㦆㳆。㡅䅃䅆 11᱄㧈⺜ⰵ㡅ゼ䐖⪴䁈㋧ⳃ䍚⭥ㅨⰩ

㝱ⰰⷙ⨗⭥⫑➙㬨㋰Ⰹ⭥ 㚨᷍㗕㈮㯖ⴟ䁈㪛䄵䄜䐷⤜㤔ㆂ⺜⭥㾥㲍㦆㋋䍚䁱㈠ 12᱄

ⱙ㒏⡫䎀㈋㻓⭥ 㬨᷍䎃䂚䔗⭥䄜⷗䐒ㅴ⭥ㆂ⺜㈮㬨⡫䎀㋪䄵䊻⼽⫔⧭Ⱙ㩰㼜⨞㑬

 
10㰜/㰞㗨㚨⫛㹐㏎䁈コ⤜⺃㹐㏎䁈䈌㭞䁈⭥㯹䂙⼤ 䍽᷍䁈㯹䂙䄓㶚㶚䄓⼽ⷀ᱄㰜㗨⨞㑬ㆊ㩽㹐㏎
䁈㬘⤃⨗⟇⹹䇻㹐㏎䁈⭥䍽䁈㭕㾵⭥䓉䑙 䊻᷍ㆊ㩽㹐㏎䁈⭥㉀㳆㚻㦾⭥㬒⽓ 㶚᷍㶚䄓。㦻㧌⼽ⱁ
䍽䁈⭥㯝㋝᱄⫔コ㋪䄵⪴㸥㻸ᱟ⤄ⱘ 2᷍015ᱠ᱃ᱟ㎮ⱓ 1᷍978ᱠ᱃ᱟ㕎⼶ 2᷍014ᱠ᱃ᱟ㕎⼶ 2᷍016ᱠ᱃
ᱟ➏䅓㯚㲚᷍2015ᱠ〒⭤䄜Ⰹ⭥㳆。᱄㉀㳆⭞㠶㑷㯚ⰺⷀ䁱䊛᷍㈾㯖➏䅓㯚㲚᷉Albert Einstein᷍
1879-1955 㛋᷊ⰵ䇻䎃⷗⹅䔘⼽ⶱ㾬㦅᷍⨞㑬㾞⨋᷍㒎䄜⷗䊎䅓㈮㬨㰜㉖⭤㋪䄵䈌ⷈ⭣ⱜ᷉Kurt 
Friedrich Gödel᷍1906-1978 㛋᷊䄜㡑㩃⤞⿹コ᱄䊺㈺䄜⷗㏞䓴᷍䄓㋪䄵㳆㻷䍽䁈䊻䎃㏐⭥㬽䐹㬴
⧭Ⱙ᱄ⴌ᱅㝖䄢㕝᷉John von Neumann᷍1903-1957 㛋᷊䈌㸛ⷒ㚪᷉Eugene Paul Wigner᷍1902-1995
㛋 㬨᷊䄜ⰵ⪴ⷀ䐱㋋㬝㈮ㅉ㑃㑬㪏⽒䇲䅋⭥⼤䇲᱄㰜㗨䊻㩰㬡ギ 30 㛋⫛⨖䄜㡑⭞㠶㑷㯚ⰺ⹅䔘᱄
䊻㿙㠙⭥⿘ㅻ᷍ⴌ᱅㝖䄡㕝⭤⭞㑬ⷝ㌍⭥㦰㋪᱄䎃㋰Ⰹ⤜㬨䅓㸋㸛ⷒ㚪⤜䇦㿄᷉㬖カ㩰㰜䄲㈎䇦
㿄⭹⤜㚽䊺䇦㿄㑬᷊᱄㸉䄜⡫䎀㚽㼌⭞⭥䊎䅓㬨㎕䓵ⰵ⡩᷍⡰㈚㣑䎀⭥⹅䔘ⷝ㚽㳆㻷䍽䁈᷉⡩㧈
㕀ゎ䁈᷊⭥䄜㾊㲹䐫᱄ⱙ⽔䎀⭥⧪㈮ⱁ㸋᱑㉀㳆⭥䐋㬗᱒᷍䄓㈮㬨㋧䁈㩰⭥⧪⺜᱄⹹䇻䎃㉅⿑᷍
Ⱒ䎀㋪㰇䓦䎌ⰵ⡟ㅭ⤥⭥䊥Ⱒ⭥㆙㾱㕞㕞䇱㳆。᱄⭒㦜 䊻᷍⽔䎀Ⱝ䊾㏌㋋⽔᷍㾄Ⳟ⼽㌍䅃㬗⭞㑬
䎃⷗⫎㹔 ⤃᷍䐹㾣ㅌ㡅䂜㤌⿹㠶㑷㯚ⰺ᱄⡫䎀⪴䎃㾊㏛㬘 ⶱ᷍㬽⭞⭥䄓㬨㠶㑷㯚ⰺⷀ䁱䐱㾥ⰵ㋧
䁈⡔⽔⭥䍽䁈⭥䐹㬴᱄ 
 
11ㅭ⼮䁈㬨⳷⤜㋋⭥᱄ㅭ䁈㋰Ⰹ。䍝䇤㋧䁱㬒ヅ᷍⪴Ⱝ㠻㎕ㅓ。䇑㼍㔼㸥⥛⨗᱄⭌㬨ㅭ䁈⺞⧭䐱
ⰵ䁈㋧㚻㦾⭥㳆。᷍㬨。䊻⧅䄜⮄⭥㬒ヅ䐽㠻㚻ⳕ⤙㋧䁱⭥᱄䎃㬨⡫䎀㆙㧌⡒㈊⫔䁈⹅䔘 12 㛋
⽔⭥䄜⷗㣱㪎㳆。᱄ 

 
12⼽㤍㾳⡫䎀⭥䁈㪛〚⡟䄓Ⱍ㬨䎃䂚⭥㦬᷍㗜䇱ⷙ⡫䎀㲌ⱁ㻷㬖⭥䁚㑇᷍䐵㾥ⶱ㾜㰜/㰞㗨᷂ 
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䐏㣑⭥㎈〔㑬 13᱄⡩㧈᷍⡫䎀㡔㵝䁱㈠䄜⷗㵔ェ㹐㏎Ⳟ㘇⭥㸫㳃᷍〓䎀䄜⷗⮈䓴

ㆂ⹚ェ㰄Ⳟ㘇⭥㸫㳃᱄⡫䎀䊻㩰䎃㗦㋯䐏㣑 ⰵ᷍㵔ェ㹐㏎䈌⹭㳆㹐㏎⭥ⳃ䍚㬘㑬

ㆃ⭥⤜ⱁ᷍䅓⪬⤃㗜䇱䎃䐷㝱ⰰ㑇᱄ⱙ䊻㩰㑬䎃㗦㋯䐏⽔᷍䇪䇻⡙㋯⺞⧭䐱。⼽

䓵㦜⭹ㅴ⪆⪬㏁㚻㦾᷍㆙㾱䎃⷗㝱ⰰ㈮㦾䄸㑬⼽ⱁ᱄⡟㭊䐱᷍㸳㗨⭒㦜⤜。ㅓ⭹

㲌㻙 ⭌᷍⿚㬨。ⰵㅓ䅆⭥䓝⡙⺞⧭䐱㾯⧪⭥䄜㾊ⰵ㹐㏎䁈⭥㦰㬗 ㆙᷍㾱䄜⷗㼁ⰵ

㻖㵔⭥䓽ㆂ᱄⳷㼎⭥ⰵ㼔᷍䊻⡫䎀⭥㚵⼄䐱᷍ォ㬨⡟㭊⭥Ⱒ䎀᷍䄓㬨㩺㛋㬒⫛⭥

㚨⷗㑃䐟䁈㻑㹐㏎䁈䐏⽔䊻㚔⷗ㅸⰯ㩆㬈㑬䄜㾊㋧䁱㾬㦅⭥䓵゛᱄ 

〚䇻䎃⷗㭂㏎䈌䓽ㆂ᷍⡫䎀䊻㩰㋯⺞⧭䐱⿚㋪䄵㆙䄜⤞㳆。⭞㹐㏎䁈⡔⽔

䄜㾊䍽䁈㚻㦾᱄ⰵ㹐㏎䁈⭥䍽䁈㭕㾵⭥㏎ㆃ᷍⼢⤜㌅䍦⭹ㅓ᷍㦤⡫䎀䐹㾣㦰㬗㑬

㹐㏎䁈᱄〚䇻䎃⷗㳆。᷍㦤⡫䎀。䊻➓㝦㸳㗨⭥㋯⧭⭹㬒⽓⨞㑬㹐㏎䁈㬘᷍㋭䅃

⭹⟝⼍䄜㾊⹹䇻㋧䁈⭥䍽䁈㭕㾵⭥㲷㔼᱄ 

⪬㶃 䊻᷍䊥Ⱒ䎃䍽䁈Ⳟ㘇⭥㭊わ䈌㸥㻸⭥㬒⽓ ⡫᷍䎀⿚ⳃ㻷㧈⺜ⰵ䍶㋧䁈䎜

㳆ⱙ⤜䐜㬨䎌ⰵ㹐㏎䁈䎃⷗䄜゗䁈㋧ 㹐᷍㏎䁈㬘䈌㹐㏎䁈⭥䍽䁈㭕㾵䎃㑞⮄䄓㬨

䇱ⰵ䇇⭥᷉ ㋧䁈ゝ㭖㬘䈌㋧䁈ゝ㭖䍽䁈 ᱄᷊㉀㳆ⱙ䁵 䊻᷍㸳⺛⭥䁈㋧⳷㏁㚠㔝䐱᷍

⫇䊻㋧䁈ゝ㭖㬘᷉ビ⧧㋧ゝ㬘᷊䈌㋧䁈ゝ㭖䍽䁈᷉ビ⧧㋧䁈䍽䁈᷊㑞⷗䁈㋧᱄㋧

ゝ㬘䊻㸳⺛㭕䇻䄜⷗Ⱑ㑃⭥㏎䁈䄜゗䁈㋧᱄㋧䁈䍽䁈 䋓᷍㬨䍽䁈䎃⷗䄜゗䁈㋧㻣

㭕⭥ⱟ゗䁈㋧ 䄵᷍㣑ㅱ䓵㦜⢈䐅ⳉ᱄㰝㗨䊻䁰ⷒ䅃䅆㩰㬨㭕䇻⤜㵍⭥䁈㋧㒍䈓⭥᱄

 
13䎃㏐㋪䄵㩵㸃䍚㋋ㅓ䄜㻣᱄㉀㳆ⱙ䁵᷍⢋䓝㈮㑞⷗᱄⭻䄜᷍㬨〚䇻䓵゛ⰵ䁈㋧ⳃ䍚⭥㏛㬘⭥㑬
ㆃ 䎌᷍ⰵ䁈㋧㻷䓕⭥㻷䓕 㦆᷍㝱ⰰ䎃⷗⹅䔘㬨ⴒ㸋䎃⷗䁈㋧䋗ゴ㾣⭥㦬㗨ⶱ㾬㦅⭥䐋㬗ᷠ䎃⷗䐋
㬗⭒㦜䄋㬨㋧䁈⭥᱃㦘Ⰹ㾵⭥䐋㬗᷍䄋㋪䄵⡜䐅㬖⭥᱄⭻ⱟ᷍㈮㬨㋕䎃⷗⹅䔘㬨ⴒ⫇䊻㋪㚽⭥㬖
䇤ゼ䐖ᷠ⭒㦜᷍䊻㑞⷗⢋䓝⭥㚻⤠᷍䄓䇱゗⢑⭥㝱ⰰ᱄⡩㧈᷍⭻䄜⷗㏐㘇⭥䐋㬗᷍䄓䇱㪏Ⱙ䈌㬫
䇤ⳗ㸈⭥㸫㳃 ⭻ᷜⱟ⷗㝱㈾㏐㘇㬖䇤ゼ䐖⭥⫔㾂䈌㬖䇤㾵⭥⫔㾂 䄓᷍䇱⥄゗᱄⡫䎀⪴㬣〚⪂䁱㈠᷍
䑘䄋䄡㎖⭻䄜⷗㝱㈾᱄⭒㸳㗨⡩ㅰ⼤⭥㏎ㆃ㹐㏎䁈ⳃ䍚㬘⽔᷍䊺〚䇻䎃㑞⮄᷉䇩㡅㬨⭻䄜⮄᷊㆙
㾱㝱ⰰ᷍㈮⡩ㅰ㦾䄸㑬᱄ 
 



  

⭌㈮㼒ⱟ㬏㬡ギ㠥㉀䇑㼍⭥䄜㘜㭞䁈コ䈌㋧䁈䍽䁈コ㎎㋉㵱㯚᷉Lakatos Imre᷍

1922ÿ1974 㛋᷊㰚ㅓ⭥᱑㗜䇱㋧䁈㬘⭥㋧䁈䍽䁈㬨㋶Ⱅ⭥᷍㗜䇱㋧䁈䍽䁈⭥㋧䁈

㬘㬨㗅㚠⭥᱒᷍ 䎃㑞⷗䁈㋧㬖カ㩰䄓㬨㸿ⳉ⳷ⷕ⭥᱄ 

➲䎃䐷⹹㻖ⰵ䇇⭞᱗㆒㦶㹐㏎᱘䎃㗦㋯⧭⭥ㅭ䁈㩰 ⡫᷍䎀。ⳃ㻷㸳㗨䄓㿉䄋

䓽㳆ⰵ᱑㹐㏎䁈⭥䍽䁈㭕㾵᱒䄵ゑ᱑㹐㏎䁈㬘᱒㆙㾱➲㸶᷍⤃㣳ㅌ㰝㗨⭥㑋㻖ㅓ

⨗㎕᷍⤦㚽㦤䁈㪛ⷝ⼤⭹㏎ㆃ㸳㗨㹐㏎䁈᱄䔏⽔᷍㋝㔨⭞㸳㗨⭥᱗㆒㦶㹐㏎᱘䎃

⷗㋯⧭㘜䓷㏐㘇⡰㈚䇱᱑㆒㦶᱒䎃⷗⹹ポ⪫᷍㸳㗨⿚䄋㼋㻙⭹ㆊ㩽ⰵ㆒㳍⭥⫔䁈

㪛ⱙ䁵㿉䄋䐋⭡⭥㚨㾊㹐㏎䁈⧄㬗᷉ ⟝⼍㚠㣑⧪㭍⭥㹐㏎䁈䐋㬗䄵ゑ㣑䁹䁱㈠⭥

䄜㾊⹹ポ㒍䈓⭥㾣㚻㦾 ᱄᷊⿜㉅⿑㎕㯖᷍㸳㗨㿉䄋䊻㹐㏎䁈⭥䍽䁈㭕㾵᱃㹐㏎䁈

㬘᱃䄵ゑ㆒㳍⭥㹐㏎䁈䐏ヅ䁑㤔䄜䐷㼁ⰵ㠞⽃᷍⤃㣳ⰵ㣑㘇㑞⤠⳷㚻㦾᷉㹐㏎䁈

⭥䍽䁈㭕㾵᱃㹐㏎䁈㬘᷊㆙㾱䄜Ⰹ⧭Ⱙ㩰⭥㣠⮘᱄ 

〚䇻䎃⷗⨗ⳃ⮄ ⡫᷍䎀➲᱗㆒㦶㹐㏎᱘㋯⧭⭥ㅓ䅆㘝㘜㸋᱗䓵㦜䍽䁈䈌㹐㏎

䁈᱘᷍ ⤃㻄㶜㡅⨗⟇㆙ⱙ㸋ⰵ㹐㏎䁈ⶱ㾬㦅⭥䁈㪛䈌㛋㤂ㅭ㬇㳂⹊䄜㾊⟐䑛⭥Ⳟ

㬞㎕㋋䍚㾕䔘᱄㳃㚠㋕㡑㎕⼽⤜㣌㿊 ⭌᷍㦕㬨㎕䓵㩰㘇㰚ㅓ⭥㚨⷗㠴㯹⭥㋝㔨 14᱄ 

㒎㶃 㸳᷍㗨⿚㿉䄋㯖㘘⭥㬨䎃㏐⭥᱑䁈㪛䈌㛋㤂ㅭ㬇㦛㳆᱒ォ⟝㎉㹐㏎䁈䓉

䄖⭥䁈㪛䈌㛋㤂ㅭ㬇 䄓᷍⟝⼍ⰵ㹐㏎䁈ⶱ㾬㦅⭥⳨㹐㏎䁈䓉䄖⭥䁈㪛䈌㛋㤂ㅭ㬇᱄

㡅䐱 ⟝᷍⼍㣑䎀㬨䅓㸋㩰㘇㳂⭞⭥⡫䎀㈎㏛⭥䎖䋛 ⡫᷍䎀㦰㸋㋯⧭㚻㦾ⰵ㹐㏎䓉

䄖⭥䁈㪛䈌㛋㤂ㅭ㬇䇇ⶤ㬨䇱䇤⭥ 15᱄⟝⼍⽔䎀䋓㬨䅓㸋᱗㆒㦶㹐㏎᱘㋯㬨䄜㗦

 
14䐹ⶕ䄜㻣᷍䎃⷗㋝㔨㈮㬨ᷛ䓵゛⭒㛋䁈㻑㹐㏎⼮⪴㬣㹐㏎䁈䁱㈠⭥⺞⧭䐱⭥㎈〔᷍䄵ゑ㩰㋯㬒
ⰵ㋯⧭㿉䄋⼎ⶨ⭥㚻㦾⭥㏎ㆃ᱄ 

 
15⡫䎀㵉⺞䓵㪎⭥ㅭ䈞㈎㏛ 䎜᷍㳆㩰ⰵ㸳㗨㹐㏎䁈ㅭ䈞⭥⡸Ⱜ⭥䓽ㆂ㈮㬨 1ᷛ 㸳᷊㗨⭥〚⪂㋯⧭⺞
䇻㣠⮘䄜㾊㚲⭥㳃䄵ゑㆃ㳃Ⳟⳉ᷍ⱙ⽗㔵㑬䎃㾊〚⪂䐋㬗⥛㪛⭥㏛㬘⺞⧭䈌㰝㗨䊻䍽䁈⥄㘇⭥
⼎䅆᷉䎃㬚⭤㸳㗨⤃⤜㚽⼽⼤⭥㏎ㆃ㹐㏎䁈⭥䁈㋧㭕㾵᷊ᷜ2᷊㸳㗨⭥ⷀ゗㋯⧭⤜㚽ㅌ㋯⧭䈌㣑
䁹䁱㈠ㅉ㑃㑋㻖᷍䁈㪛䁈㶋⽔㶚㶚。㉖⭤㗜䇤㕎㩰㶝⮕᷉䎃㬚⭤㸳㗨䁈㶋⿚⤜。䔗㋧䁱᷊᱄⡫䎀



 

10 
 

᱑㵉㬗㋯⧭᱒᱄㋯⧭⭥䄜⷗㚠⭥᷍㬨㸋⤜⪴㬣㹐㏎䁈䁱㈠⭥㎰㬇⼮㵍䁈ㆊ㩽㹐㏎

䁈᱄⭒㦜᷍䊻㋯⧭㆙㾱⺞⧭䐱᷍㿉䄋〚䇻㹐㏎䁈㬘䈌㹐㏎䁈⭥䍽䁈㭕㾵㎕ㆊ㩽㆒

㳍⭥㹐㏎䁈᱄⡫䎀ズⰉ⭥Ⱒ䎀⭥〚⪂᷍㬨㶋⧪㑬ⷀ䐱ㅸⰯ㹐㏎⭥䁈㻑᷍㻄㶜㑬ㆃ

⫔䁈⭥㹐㏎᷍㲹⢑㬨㰝䈌ⷀ䐱㹐㏎⭥㤙⢑᱄䇇ⶤ㯖᷍⡟㭊㰚㘇㼓⭥Ⱒ䓦㦛㳆᷍㬨

㉀⡙䎃䂚⭥〚⪂⭥᱄䇪䇻⡫䎀⤃⤜㎕䓵⽔䎀䎃⷗㦛㳆᷉ ⤜⪴㬣㹐㏎䁈䁱㈠⭥㎰㬇

⼮㵍䁈᷊᷍ 㗜䇱⷗㦬㈎㏛㎕㳆。㆙ⱙ㦻㧌㾕䔘᷍䐜㚽㵉⺞䁂㋯⺞⧭䐱䁈㪛⭥ⳕ㎂

㎕ⰵ㚻㦾⭥⼰㏎㾵㆙㾱㝱ⰰ᱄㈎⺞゙㛋⭥⧃㬵䈌䁈㪛⭥ⳕ㎂ 㰅᷍㦜⤃⤜㬨㲹⢑㒏

㦬㕛䅃᷍⭌䎜㳆ⶱ㉖㬨㚠㣑䎃⷗㪉ェ㬨⼰㏎⭥ 16᱄ 

 

⡟㭊⭥⹚ソ 

㭊㘜䈌⫔䐣㚻㦾㦘Ⰹ䐏⽔ 㻣᷍䄜⤞㈮⼽ビ⭆㑬 䄋ᷛ䇱䄜⷗㯝㔘 ➲᷍⡫䎀㻄㶜

㵉⺞⡟㭊⢎⫐⭥㚻㦾㈂㑠䓝㦘⭹⢎⫐᱄䎃㈮㿉䄋㣠⮘⿜㸜㯝㋝㑬 ⡫᷂䎀㾕㸥䍣⼮

㾕㭊⭥㬒⽓᷍䄜⟄䄓䇱䎃⷗㻑⺀᱄䎃㏐㲹⢑㣠⮘䄜㻣᱄㣑㘇㯖⺞᷍㸳㗨㘇ⰵ⭥Ⱒ

䎀䇱㑞㏁᷉㹐㏎䓉䄖䈌⳨㹐㏎䓉䄖 ᱄᷊㸳㗨㿉䄋㵉⺞⿜㸜㯝㋝㎕㳆。䎃㑞㏁Ⱒ䎀

㻄㶜⪴䎃⡟㭊䐱〒㦂㬓㗕䂚⭥䐋㬗ᷠ㆙ⱙ〚䇻䎃⷗㏎ㆃ᷍㆙㾱㚻㦾⹚ソ᱄ 

䎃㑞㏁Ⱒ䎀㿉㤔⭥⹓㵍⮄㬨㰜/㰞㗨Ⱍ㻄㶜ⰵ㹐㏎䁈䇱⷗㾣⭥㦰㬗᱄䎌ⰵ䎃

⷗㸫㳃᷍⡫䎀䄋䔗⭥㈮㬨䓆䓂㣑㘇㳂⭞⭥⹹ポ⮄ᷛ䄋㼌㏎ㆃ᱗㆒㦶㹐㏎᱘᷍ 䔏䐹

 
⭥䎃⡟㭊㬖カ㩰㬨㡔㵝䊻⭻䄜⷗Ⳟ㘇䔗⮄㬣㤊᱄゙ 㛋㣑 ⡫᷍䎀⨗⟇⺞䄜⡟᱗㦛㔼ゑ㡅䊻㛞㈼㲍㹐
㏎䐱⭥䇇䇤᱘᷍䋓㬨㻄㶜䊻⭻ⱟ⮄㩰㆙㾱䄜㾊ⶥ㩧᱄⭒㦜᷍䎃㑞⮄䄋㼌⧚⭸ⶥ⢅⼽㚲᷍㿉䄋䊞㎕
䊞ⱁ⭥㉀䇱䄜Ⰹ㋧䁱㚽㑇⭥⫔䁈ㅭ㬇㵉⺞⧱⭄⤜㵍⭥㋯⧭⤃㶋⧪ㅓ䅆㎕䄜⤞䄜⤞ⶥ㩧᱄ 

 
16䋈㠻䁂㋯㵍䁈䐱⳨㹐㏎䁈䓉䄖⭥⡩㏞⼽ⷀ᷍䇱⤜㩺㵍䁈ⳕ㎂㬶〒⼽⫔᱄⭌⽔㎕䅓㸋㋯⧭⡹㿌㋝
㬵 ⳨᷍㹐㏎䁈䓉䄖⭥㵍䁈䊻㋝㬵䐱䓽㬨⡩ㅰ⧵㌘ ㅆ᷍ㅆ⭹㈮⢅⧪㑬㹐㏎䁈䓉䄖䁈㪛㸋䑘⭥㤊㌗㑬᱄
䅓⪬᷍䎃㏐㸳㗨㯖㾈⺜⤃⤜㬨㲌⼤᱄⭌⪴䁂㋯䁈㪛㭞㚠㎕㋕᷍㚻㦾㪉ェ䄓㰄⼰㏎᱄ 

 



  

䄋⭥㬨➲㹐㏎䁈⭥䍽䁈㭕㾵䄵ゑ㹐㏎䁈䊻㏛㬘㩰㬨䋖㗕ⳃ䍚㡑㎕⭥ⷄ㤆⨟᱄㵍㬒᷍

䄓䄋➲㆒㦶⭥㹐㏎䁈㘇㑺㬓㗕䂚⭥㸫㳃⼮〛䈗㆙㾱䄜⷗㈂㑠㦌㘇⭥㭂㏎᱄㦜⽔᷍

䇤䔏ビ⭆䄸Ⰿ⭥Ⳟ㬞➲䎃㾊㏎ㆃ⢎⫐⨗㎕ 㸳᷂㗨⤪㦂⭥㬷Ⱟ㬨デ⹬㏛㬘㾵䈌㕀ゎ

㾵᷍䁹䓦㏛㬘⭥㕗㕈㎕⿹⹬䎃㗦䁈㋧⭥ⳃ䍚 17᷍㆙ⱙ䔗䍚㶜᱄䐱ヅ⼽ⱁ⹹ポ⭥㦬

㹐䐏ヅ⭥⹹㻖㸳㗨。䔗䄜⷗㭂㏎᱄䎃䂚䔗⭥⼤⪇㬨㚽⹜⟐䑛Ⱒ䎀➲䄜㾊䐏㣑᷉ ⡩

㧈ⷀ䐱᱃⫔䁈ㅸⰯ᷊〞㎼⭥⹹䇻㹐㏎䁈〓䎀㬨㋧䁈䎜㳆⭥䐋㬗⪏㡑㎕᱄䎃㬖カ㩰

䄓㬨㵉㬗ㅭ䈞⭥䄜⷗㚠⭥᱄ 

㈮⤜㵍⮄ⱙ䁵 ⳨᷍㹐㏎䓉䄖⭥Ⱒ䎀。⡈䓦㼁ⰵ㤂㯪⭥㾥㲍㆙㾱䊥Ⱒ 〓᷍㿎⡟

㪎⤃⤜㠻⫞ⰵ㹐㏎䁈䇱㚨㗕㪏㋭⭥㦰㬗 18᱄㸋㑬㕛䔄䎃⤠⳷Ⱒ䎀᷍㸳㗨。㈂㑠㾕

⭤᱑ⳛ᱒䄜㾊᱄⡩㧈᷍㸳㗨➲㲷㔼㈂㑠⭹㼓䍽䁈᱃䓵㦜䍽䁈᱃㋧䁈᷉㪖䐢㡅ⳃ䍚

⺞⧭䐱⭥䓻ㅭ䅓㯹᱃䎟䐯䅓㯹᷊䎃㾊㚻㦾㩰㦆㎊䍚᷍㣠⮘䐋㬗㾵᱃㦅㸗㾵᱄ⱙⰵ

䇻㹐㏎䁈䓉䄖⭥Ⱒ䎀 ㏁᷍⡩䓵゛⭥㈎㏛ ⡫᷍䎀㻄㶜➲㹐㏎䁈䇤䄜䐷⤜㵍䇻⪌㵔⭥

㣠⮘䐋㬗⮄ㅓㆃ⭥Ⳟ㬞㆙㾱ビ⭆⭥⧫㻷⨗᱄㬖カ㩰᷍➲㣑䄜⮄䔗⼤᷉䎌ⰵ⳨㹐㏎

䓉䄖Ⱒ䎀⭥㋝㔨᷍➲㏛㬘㕗㕈᱃䍽䁈㭕㾵ㅓ㤆⨟᷊᷍ ⽔䄜⷗㚠⢋᷉➲㹐㏎䁈䇤䄜

 
17䎃㏐᷍⡫䎀⤜䓵㉖⭹㬽⭞㑬㻓㕎㎎䁦᷉䄜⷗䅕㠖⳷㼎㠞㲉᷊㩰䄜⷗䇪㹅⼛⫔䁈䍽䁈㻖䍵㑷㎰㬇
䑘ㅓ⭥㻖㑱ㅓ䔚᱗⹦㻄㎑㸥㘘⭥㾬㯆᱘⭥䇑㼍᱄䍵㎰㬇䊻㏐㘇㈎⧄㳂⭞䄜⷗⪫᷍ㅱ㏛㬘䈌㕀ゎ㼁
㵔䄜᱄㩰㬡ギ㚊᷍⡫䎀䊻㹅⼛⫔䁈Ⱒ⡟㋧⭥㬒⽓᷍㈮㳞⺞䍵㎰㬇⭥⡉⷇᱄㚨㾊⡉⷇ⰵ䇻⡫䎀⫓㋋
䁼ㆈ㦆㦰㬗㬡ㆈ 㡑᷍⭞⺞⳨⧄䐹䄋⭥⟐䑛᱄➕䍵㎰㬇⭥㯖ⳉ ㏛᷍㬘䈌㕀ゎ㼁㵔䄜䎃⷗䁱㈠Ⳟⳉ㎕
䓵⼻ⷒⱜ᷉Georg Wilhelm Friedrich Hegel᷍1770-1831 㛋᷊᱄䊻⼻ⷒⱜ⭥䁼㏐᷍䍽䁈㈮㬨䍽䁈㬘᱄
㵉⺞ⰵ䍽䁈㬘⭥㭂㏎᷍㰜㚽➲䍽䁈䇤䄜䐷ビ⭆᱃㻖㵔⭥㕀ゎ㌓ソ⪏㡑㎕᱄䅓⪬᷍⼻ⷒⱜ䊻㲙䍽䁈
㸫㳃㬒᷉⤜㔼㬒䍽䁈⭥㚨⷗⳷䐈᷊᷍⨞㑬㪏㋭᱃㾣䇒᷍䄜⷗䔏⫔⭥㲹Ⰹ㈮㬨᱑㻖㵔᱒᱄㰜⭥㔼㭗
ⱁ。〚䇻ビ⭆⭥㕀ゎ䍚㋋᷍㦜⽔㬚㡅䑑ㅆ㪏㧌⤃㻖㵔⿐᱄⭒㦜᷍䊻㏛㬘䁈コ㋕㎕᷍䎃䐷Ⳟ㬞㉀䇱
䄜Ⰹ⭥㾯ⱙ㩰⭥㲹䐫᱄⭌⤜⭤⤜㯖᷍䎃䐷Ⳟ㬞ⰵ䇻㦬㗨㻖㵔⭥㏎ㆃⷘ䐷䐋㬗᷍⤃⼽⼤⭹䍧㸶キ㿙
ⳃ䍚㰝⭥ゝ㚽 㬨᷍⼽䇱㾈⭥᱄䎃㏐ 㸳᷍㗨。ㆉ䑛䎃䐷Ⳟ㬞㎕䍚㋋㋯⧭⭥ㅓㆃ᱄㋕㯧ⶕ䊴⭥㹐㏎䁈᷍
䊻㡅ⳃ䍚⭥⺞⧭䐱᷍㬖カ㩰㬨䔑䐹䔏ビ⭆⭥㕀ゎ⭥᱄ 
 
18㪏㋭⭥㦰㬗⿚㬨㿉䄋ⰵ㭞䁈⹅㉀⭥䍧㸶᱃䄵ゑ䁈㻑䈌⹅䔘㈎䂊⭥⧅㠻〞㎼䔘㸋〚⪂⭥᱄ 
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䐷⤜䄜䂚⭥Ⳟ㬞⧫㻷⨗㎕᷊䓵㦜㈮⫐⭞㑬᱄䎌ⰵ⽔䄜⤠⳷Ⱒ䎀᷍⡫䎀⿚。䊻㾕䔘

⺞⧭䐱ゴ㧌䄜㾊㼁ⰵ䓉䄖⭥㚻㦾⭥䐹㾣ㆃⰢ ⤃᷍䅞⭝Ⱒ䎀㶚䓉䄖Ⳟ㼓㆙㾱䄜㾊㯝

㋝᱄㧈⺜㣑䄜⤠⳷Ⱒ䎀᷉⳨㹐㏎䓉䄖᷊䊻䁈㻑䔏⽔䎃⮄㬒䈗⭞㸫㳃᷍⤜䇤⭄㾥᷍

䎃㾊㚻㦾㆗䔘⤯㋝ゕ㋪᱄㻣㘇⭥㲷㔼㈮㬨䎃㏐㯖⭥㑞⤠⳷㚻㦾⭥⮅㾮㏞䓴᷉ 䎌ⰵ

⳨㹐㏎䓉䄖Ⱒ䎀᱃䎌ⰵ㹐㏎䓉䄖Ⱒ䎀᷊᷍ ⫔コ㋪䄵㻩㳆。䄜㻣᱄ 

㸋㑬⢄䇻ⱁ㭞Ⱒ䎀⭥䊥Ⱒ᷉⟝㎉⳨㹐㏎䓉䄖Ⱒ䎀᷊᷍ 㸳㗨。⪴ⴌ䇲㎝㻩㪛⭥

㘜㉅᱑䍽䁈㬨㯝㼌㦬㪛䐏㯝㼌᱒⨗ⳃᱟⴌ䇲㎝ 2᷍013ᱠ᷍㎕ㆃ㬮㸋㬓㗕。䇱䍽䁈 19ᷠ

㆙ⱙ㸋㬓㗕。䇱䓵㦜䍽䁈 20ᷠ䊻⪬〚⪂㩰 㸳᷍㗨㿉䄋ㆃ㬮㸋㬓㗕㯖㹐㏎䁈㬨䓵㦜

䍽䁈䐱䔏〚⪂⭥⳷䐈ᷠ䓵㦜䍽䁈䊻⹦㻄㎑㬨㧈⼯㻖㵔㾵⭥ⳃ䍚⭥ᷠ䐏⽔ 㰝᷍䊻䐱

 
19䍽䁈㬨㰚䇱䁈㋧⭥ⷚ᷍⭒㦜⟝㎉㹐㏎䁈᱄㰝䄓㬨䄜㣱㸥㘘㩰㪞⭞䄜ⰉⷀⰩ⽔⤦㚽⹜⥛㪛⭥ᱟ䍵
ⰹ⿋᷍2012ᱠ᱄㋯⧭㋋㬝⭥㬒⽓᷍㸳㗨。➕䍶䍵ⰹ⿋㎰㬇᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱⭥⹼⮄᷍㻩㦰㸋㩰
㪞⭞䎃⷗ⷀⰩ⭥㸥㘘䑘䄋㬨㻄㎑㸥㘘᱃⿋㻥㸥㘘᱃䇂Ⱙ㸥㘘 ⤃᷍䊻⡟㭊⭹㲷㔼䐱䑘䄋㸈㦧㻄㎑㸥
㘘䈌㸳㗨⿋㻥㸥㘘⥛㪛⨗⭥䍽䁈䍚㋋᱄䊻㻄㎑㸥㘘⭥⪌㵔⹼㛏䐱᷍䍽䁈㬨➏䐨⿼᷉philosophy᷍
philein 㬨➏᷍sophia 㬨䐨⿼᷊᱄䎃⷗䐨⿼䔏⼤㬨䄜䐷⳦䐏㯥⼄ⱙㅵ䓝⭥䎇㏎᱄⭌⽔㎕᷍㦬㗨㦰㬗
⭞䑘⹼⭥Ⰼ㹘⼽㚲⳦䐏㯥⼄ⱙㅵ䓝᷉⡩㧈㗡⭥ⶱ㉖᷍㉀䇱⼽⫔⭥䑘⹼㾵᷊᷍䇻㬨䍽䁈⨞㑬䁱㈠㠶
㬫⭥䎇㏎᷍⿚䁱㈠ⷝ㸋⺄ⳛ⭥䐨⿼᱄㵍㬒᷍䍽䁈⡟㪎䁱㈠⭥Ⰼ㹘㉀㳆⿐⽔᷍䄓。䑑⤞㵲㏌䍽䁈ⱙ
⧪㸋Ⱑ㑃䁈㋧᱄⪴ⷚ㩰㎕㯖᷍㏎ㆃ㹘Ⳟ䍽䁈᷍⪴➏䐨⿼⨗ⳃ㎕㏎ㆃ。⡩ㅰ㯔᱄⭌⤜㵍䍽䁈コⰵ䍽
䁈䇱⤜㵍Ⰹ䅆᱄⡩㧈᷍ⴌ䇲㎝㻩㪛㯖䍽䁈㬨㯝㼌㦬㪛䐏㯝㼌ᱟⴌ䇲㎝᷍2013ᱠᷜ⼻ⷒⱜ㯖䍽䁈㈮
㬨䍽䁈㬘᱄䎃㾊Ⱍⰵ᱄䊻㸳㗨ⰌⳞ᷍䋈㠻㸳㗨㋰Ⰹ⤜。䇱䅃㬗⭹➕ philosophy 䎃⷗⪫㎕㋕⫞㸳㗨
⭥㸥㘘᱄⭌㸳㗨⭥⪌㵔㸥⿐㰚⟝⼍⭥Ⰼ㹘⼢㸿䄪㸫㾯⧪㑬䄜⷗㶋䎜⭥䍽䁈㳆㻖᱄㩰⷗㬡ギ㩰⟌䄗᷍
㼒ⴌ䇲㎝㻩㪛䎃䂚⭥䁈䎀䊻㻖㵔⭹䁈㻑㑬㹘Ⳟ䍽䁈⽔᷍䇤㏁㯧䇻᱑㯝㼌㦬㪛䐏㯝㼌᱒䎃䐷ビⰭ⭥
㉅䓴ⰵ䍽䁈㆙㾱㑬䐹㾣⢎㭗ᱟⴌ䇲㎝ 2᷍013ᱠ᱄➕䍶⪬⢎㭗᷍⤜⺃⪌㵔⭥㹘Ⳟ䍽䁈⭥Ⰼ㹘⼽䓵㦜
⭹。⡜⟝㎉䊻㰜㗨⭥㳆㻖䐱᷍㸳㗨ⰌⳞ⭥⪌㵔㸥⿐䄓。⼽䓵㦜⭹㆙㧌䍽䁈㳆㻖᱄ 
 
20➕䍶ⴌ㻩㪛⭥⹼⮄᱑㯝㼌㦬㪛䐏㯝㼌᱒᷍㦬㪛』䊻䓵㦜ㆈ᷍䓵㦜㈮。䇱䓵㦜䍽䁈᱄䓵㦜䍽䁈ⳃ
䍚⭞ 19 㬡ギ᷍䊻㈎㏛㑬㋧䁈ⷐ㘝⽔᷍㦌㘇⭹䁾⿐㸋䓵㦜㋧䁈᱄⭌䓵㦜䍽䁈䈌䓵㦜㋧䁈⡟㪎⿚㬨
䇱䄜⮄㤙⢑⭥᱄䓵㦜䍽䁈⤜。㼒䓵㦜㋧䁈㚨䂚ㅌ䓦䁼⮄⳦䊻䓵㦜ㆈ⭥㈷⤠㻷㼔 䄵᷍䐋㬗⭹㎼ェ㸋
㚠⭥᱄㼁ⳕ᷍䓵㦜䍽䁈ⷝ㤄㼓䇻➲䓵㦜㋕䔘䄜⷗䎜㳆᷍䓦䁼䇻䓵㦜㚻䊻⭥Ⱀ㑇ㆂ⹚䈌㠶⢊䊎㏎᱄
䅓⪬᷍➕㾜㑷᷉Friedrich Wilhelm Joseph Schelling᷍1775-1854᷍㰜䈌㋖⭣᱃Ⳳ㻄㲹᱃⼻ⷒⱜ䄜䂚Ⱍ
㬨⭣⺛䍽䁈⭥⫛⢎㦬㹐᷍㉀㳆㪛』⭥㛋⫛⡩Ⳳ㻄㲹㶎᷍⼮⼻ⷒⱜ⥏⤜ⱁ᷊⭥㯖ⳉ᷍䓵㦜䍽䁈㬨㯝
⢇⭥㹐㏎䁈 㰜᷍㸋䓵㦜㋧䁈㳂⹊㣑㳂⼮䓝䋓᱄䄓㬨䅓㸋䎃⷗㲹㾵 㹐᷍㏎䁈⼢㸿䄪㸫⭹⧪㸋䓵㦜㋧
䁈⭥㰚䇱⳷䐈䐱䔏㚽㳆㻷䓵㦜䍽䁈⡟䐫㲹㾵⭥㚨䄜⷗᱄䊻⼽ⱁ䈐㈔㻣 㦬᷍㗨㪖䐢䄓。䐒ㅴ㯖㹐㏎
䁈ゕ䓵㦜䍽䁈᱄䎃㏐᷍㸳㗨⿚㬨㻄㶜㻩⧯㤆䄜㻣㑞䎀䐏ヅ⭥⥏⢑᱄ 
 



  

㬡ギ㬨㈎㏛㑬㬓㗕䂚⭥㵄䐮䈌䍾ⴝ 䇷᷍㵉⺞㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝䔀㼓㻷⫛㹐㏎䁈

⭥⿵⿮⭥ᷠ䎃㬨⪴㏛㬘ⳃ䍚⭥ㅨⰩ㡔㵝㆙㾱⭥㦅㸗㾵⭥⭝Ⱒ᱄㡅䐱 䄲᷍㈎䇱㑬⼽

ⱁ㹐㏎䁈⭥䍽䁈㭕㾵⭥㯝㋝᱄ 

㵍㬒᷍㸳㗨䄓䐋⭡㭞䁈⭥ⳃ䍚䈌䍽䁈⭥ⳃ䍚᱃㋧䁈⭥ⳃ䍚⫇䊻䓦㗽㣱⭥㑋

㻖᱄⡫䎀。➲䄜㾊㳞㡑㎕㻦㦬⭥㭞䁈䐋㬗䇤䄜⷗ビ⭆⭥㕀ゎ⧫㻷᱄⡩㧈᷍㸳㗨䊻

䅆㹒ㅭ䈞ㅸⰯ。ㅴ⪆㰄㭖᱃゙⼯᷉㝘㬰᷊᷍ 䊻ⷀ䐱ㅸⰯ。ㅴ⪆⫛㭞Ⳟ⧭᱃ㆃ㹗゙

⼯᷍䊻⫔䁈ㅸⰯ䄋䁈㻑⭥㸃〞⳷᱃ⶦ㔫㔼᱃⧄㸃⳷Ⳟ⧭᱃㠌㸃⳷Ⳟ⧭᱄䐏⽔᷍㬨

ⷝ㸋⨊㼔⭥㼀㾵⫛㭞䈌䇱㻿㦛㏎㔼 21᷍䄵ゑ䊺㶚⽔⭥⳨㝘゙⼯᱃㏏㦛㏏⫛㭞᱃㵹

㠬䁈᱄䎃㾊㚻㦾᷍㲹⢑㬨⽔㘇⭥ⷀ⭩㭞䁈⭥㚻㦾᷍㋕㡑㎕Ⱍ⼽⨊㼔᱄⭌㰝㗨⥛㪛

㯔㿓䈌㼁⿆⹹㻖᷍㦕䇱䄜⷗⳨⧄ビ⭆⭥㕀ゎ 22᱄⡫䎀⭒㛋䊻㩰䁈⭥⺞⧭䐱㈮㗜䇱

䅃㬗⭞䎃䄜⮄᱄ㆂ⺜㈮㬨ゕ⢄㬨⼽〚⪂⭥㚻㦾᷍䅓㸋㗜䇱ⰵ㕗㕈⭥㦰㬗᷍㋝㬵ㆂ

㭙⽔〚⡟Ⱍ㶝エ㑬᱄ⱙ㋕㡑㎕⡩ㅰ㚲⭥㚻㦾᷍䐒ㅴ㈮⡜㻦⭤⤜ⶳ䁈㑬᱄⽔㎕᷍㰇

䓦㛋㒅⭥䋗⧅ ⡫᷍䎀䑑ㅆ䎃㾊㚻㦾⡔⽔⭥㕀ゎ⹹㻖㋪䄵⳨⧄ビ⭆᱄㑬ㆃ䄜㻣䎃⷗

㕀ゎ⹹㻖᷍ⰵ⡫䎀㏎ㆃ㹐㏎䁈᱃㏎ㆃ㭞䁈㬨⳨⧄䇱⟐䑛⭥ 23᱄ 

 
21䎃㏐⡫䎀㼌㣠⮘䄜㻣㰅㦜᱗㼀㾵⫛㭞᱘⫔コ㩰㑬⫔䄜㈮䁈᷍⭌⪴㏛㬘ⳃ䍚䄵ゑ⨊㼔㾵⭥ㅨⰩ᷍
⡫䎀㤄㼓䇻➲㰝⳦⭞䈌䇱㻿㦛㏎㔼㠞゗ 䔘᷍㸋㆝㬡⫛㭞䎃⷗⥄㘇⭥㚻㦾㎕ㅓ᱄⿜㉅⿑㯖 㼀᷍㾵⫛
㭞⼮㸃〞⳷㬖カ㩰㬨㶋㦌⤜㵍⥄゗㩰⭥㭞䁈 㸃᷂〞⳷䄋ビ⭆⤜㩺᱄㼁㾦㈎㏛㑬⫔䄜㩰䁈㠻⭥㵍䁈
䇇ⶤ䇱㳆。᱄䋍⧪䎃⷗㻷㼔⭥䊎䅓᷍㸳㗨䇇ⶤ⮄⨗㎕᷂⽔㘇⭻㹆䍣㸳㗨。㼋㻙ㆃ㬮᱄ 

 
22䊻⭻㹆䍣㸳㗨。䍚㋋ㅓ䎃⷗㕀ゎ᱄ 

 
23㭞䁈䈌㹐㏎䁈⭥⹹㻖⽔㘇㸳㗨。㻙ㅓ᱄䎃㏐᷍㆗㯖䄜㉅᷍㈮㬨㭞䁈㬨㘉㭗䓵㦜⭥䈐䁵᷍⭒㦜䄓
㬨㘉㭗㹐㏎䁈⭥䈐䁵᱄㭞䁈᷍㲹⢑㬨㆝⫛⭥㭞䁈᷍ㅓ⭥㬨ㆂ⹚᱄䊻㹐㏎䁈䁱㈠䐱᷍㸳㗨。ⰵ䎃㾊
ㆂ⹚ⶔ䈉䄜Ⰹ⭥㹐㏎䅃䅆᷍㆙ⱙ㲷㔼䎃㾊ㆂ⹚⭥⫇䊻㰚⫙㎕⭥㹐㏎㩰⭥⽔⺜᱄䊻㭊䐱 䎃᷍⷗⹹㻖
⳨⧄䐹䄋 ⭌᷍㸳㗨䊻㣑㘇⤜。㆙㾱㲌ⱁ䓉䄖᱃ゼ䐖⥄㘇⭥㲷㔼᱄㸳㗨➲㼁ⰵ㎕㯖䔏䓉䄖⭥㲷㔼㒕
䊻䔏⽔䄜䍣⭥䍚㶜䐱᱄㣑㘇⭥㲷㔼᷍㸳㗨Ⱍ➕᱑䅞㧌㬞᱒㎕⪇㏎᱄䎃䂚䔗᷍㬨⤯㋝⡫䎀㋕⭞⭥ⷀ
㼟㯪㲙㾕ⷉ⭥㬒⽓⭥䄜⷗ゝ㣪᱄➕䍶ⷀ㼟㯪⭥㯖ⳉ᷍㰜䄜⟄⤜。㩰㎕㈮᱑㾬᱒᷍䅓㸋䎃。➲㦬㵧
䊗᷍㗜ⳉ⫓Ⱀ㳞䐻᱄㰜㩰㎕䄜⟄Ⱍ㬨㾕䄜㾊㾂㬣ⱚ᷍➲㳞䐻㎎㆙᱄䎃䂚⭞᱑㾬᱒⭥㬒⽓᷍䄜㦎⨗
㦆 ⤦᷍㚽⫓Ⱀ㛄᱄⡫䎀㾕㹐㏎䁈䓉䄖⭥Ⰼ㹘 䄓᷍㻑⺀䎃䐷Ⳟ㬞 ➲᷍㬣㤊㯖⭥㈂㑠㵉㯸᱃㈂㑠ビ⭆᷍
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⡟㭊㾕䔘⺞⧭䐱 ⡫᷍䎀㰅㦜。䄵㹐㏎䁈⭥㆙䍚㸋䑘㼀㎕㆙㾱ㅓㆃ ⭌᷍㬨。➲

䎃⷗ㅓㆃ〚䇻ⰵ䍽䁈᱃㭞䁈⭥ㅓㆃ㎕㆙㾱᱄䎌ⰵ⫔コ㠞㬒㋕㡑㎕⼽㻦㦬⭥㚻㦾᷍

㸳㗨。䓦䐹ㅓ㡅⡔⽔ビ⭆⭥㕀ゎ᱄䎃䂚᷍⭒䍽䁈᱃㭞䁈⥄㘇⭥〚⪂ㅓ㤆⨟⽔᷍⭒

䎃㾊㋕㯧⨊㼔⭥㚻㦾⡔⽔⭥ビ⭆㕀ゎㅓ㤆⨟⽔᷍㹐㏎䁈⭥ⳃ䍚㈮㯔㏜⧪䍣᱄ 

䊻䎌ⰵ㹐㏎䁈䓉䄖⭥Ⱒ䎀⭥㚻㦾䐱᷍⨞㑬㣑㘇㳂⭞⭥➲䍽䁈⼮㏛㬘㦻㧌㹐

㏎䁈⭥䁈㻑䐱 ⡫᷍䎀⿚。ㆂ⼰䓵゛䊻㦶⧄⭥㋧䁱⹅䔘䐱䈗⭞⭥㏞䓴 ㋋᷍䍚䄜⮄⹹

䇻䎃㾊㉀㳆䁱㈠⡔⽔⭥㋧䁈⡔㈑⭥ㆊ㩽᱄㻷⫛㹐㏎䁈㈮䁱㈠Ⳟ㼓ⱙ䁵㰅㦜䐷㏁Ⳓ

ⱁ᷍䇱䄜㾊⹅㉀㋕㡑㎕⼽㉀㳆᱃⼽ゝ㭖᷍㸳㗨䊻㬚䇤⭥㬒⽓㶚㶚。⹹䓃㰝⭥䎃㾊

㠌ゝ㭖⭥Ⳟ㘇᷍⭌㬖カ㩰㰝㗨㬨䇱⼽㣠⭥〚⪂㋧䁈㭕㾵⭥᷍㸳㗨㈎⧄。⽗㔵᱄⡩

㧈᷍⡫䎀⭥㋧䁱䐱㈎⧄。䇤⭞䄜⷗Ⳟⳉ᷍ㅱ⳷䓴Ⱀ㑇䁈Ⳟⳉ᱄⡫䎀䄵㣑䐜㬨㉖⭤

㰝㬨䄜⷗䊻㋧䁱䐱䄋䇤⭞⭥Ⳟⳉ ➲᷍䋖㗕䇤ⷄ㤆⨟㈮㋪䄵㑬 㯠᷍⼢㗜䇱䅃㬗⭞㡅

⡔⽔⭥㹐㏎㯝㼌᱄᱗㆒㦶㹐㏎᱘⡙㋯⺞⧭䐱䂙⧪⭥䄜㾊㻑⺀᷍。䅞⭝⡫䎀䎌ⰵ㡅

㹐㏎㯝㼌㆙㾱㯝㋝᱄䎃䊻⼽⫔⧭Ⱙ㩰。⟐䑛⡫䎀㏎ㆃ䓵゛⪴㬣⭥㉀㳆⭥㋧䁈䁱㈠

⭥䅃䅆᷍⿞㾲䓵゛ⰵ㋧䁈䁱㈠⭥㦩㤊᷍⤃ㅌ䁱㈠㆙㾱⭹ⷝゴ㪏㧌䄜㾊᱄ 

㉀㳆ⱙ䁵᷍㈮㬨㸳㗨䄋㘘㦘⳷䓴Ⱀ㑇䁈⭥⼬㾥㯝㼌㡑䊕䇻㬏㈦㬡ギ䐱㠻㋋

㬝⭥㸷㲹㯚ⰺ᷉ John James Waterston 1᷍811ÿ1883 㛋 ᱃᷊㋬㔿㛂ⷒ᷉ August Karl Krönig᷍

1822ÿ1879 㛋 ᱃᷊㕔㋬㯚㸅᷉ James Clerk Maxwell 1᷍831ÿ1879 㛋 ᱃᷊⤄ⱜ䓩㕝᷉ Ludwig 

Eduard Boltzmann 1᷍844ÿ1906 㛋᷊⭩䊻䁱㈠㦩䁈㻷㼔⭥㸃⹼〛㏎㬒㳂⨗⭥ kinetic 

 
䔏⽔䊺ㅓゼ䐖⥄㘇⭥Ⰼ㹘᱄䎃䂚䔗⭥䄜⷗⡸Ⱜ 㬨᷍。➲㹐㏎䁈㾕⭤⤜㬨㚨㗕䁰㆘᷉ 㬖カ㩰⪴㕀ゎ
⥄㘇⡫䎀㶚㶚䄲㈎。⳨⧄䓃䅃㑬 ⭌᷍㬨⪴䊥Ⱒ㳆䂊㩰Ⱒ䓦䄜⟄。䇱䎃䐷ⶱ㉖᷊᱄⡫䎀䐏㣑⨗⟇⺞
䄜⡟᱗㦛㔼ゑ㡅䊻㛞㈼㲍㹐㏎䐱⭥䇇䇤᱘᷍㬽⭞⭥㞛㠡〚⡟䄓㎕䓵䎃⷗Ⳟ㘇᱄⭌䎜㳆ⱙ䁵᷍⡫䎀
ⰵ䎃䐷ⴈⷒ⿚㬨⼽ヂ⧷᱄䅓㸋㹐㏎䁈ㅭ⤥⭥Ⱒ䎀䄓㬨㠶㵉⭥㦬᷉䐜㬨ⰵ㹐㏎䁈ⶱ㾬㦅᷊᷍䔘㸋䔘
䎀㿉䄋➲Ⱒ䎀㆙㾱䅞⭝᷍㬚⭤Ⱒ䓦ⰵ䎃㗦㋯⧭䇱㑬ⶱ㉖᷍⤦㚽ㅓゼ䐖⥄㘇⭥Ⰼ㹘᱄⤜㦜᷍䊻㋋㬝
㈮ㅓ⼽ⱁ㪏➣⭥㚻㦾᷍Ⱒ䓦㶚㶚。⡜㻦⭤㏌㋋᱄䊻⡟㭊䐱᷍㸳㗨䄓。⤪䇤䎃⷗Ⳟ㬞᷍  
 



  

theory of gases᷉ 㡙㳆Ⱀ㑇䁈㏎㔼 ᱄᷊⪬㏎㔼䊻⭒㬒⭥䔘䇤᷍㬨ⷙ㦩㑇䁈᷉䄜Ⰹ⧭Ⱙ

㩰㬨䄜⷗〚䇻㬖䂊㋪⹼⥃㑠ⰵ䄜⷗㻖㵔⭥㦩䁈㾵䐫㆙㾱㘉㭗⭥㸉㼔㏎㔼 䄜᷊⷗㑇

䁈᷉䄜Ⰹ⧭Ⱙ㩰㬨㹐㏎䁈㏎㔼㠻⫞⭥䐶れ㾯㬞᷍䇱㸃⹼〚⪂᱃㕅⭞⡟㳆㩰᱃㳆㻷

䅓⺜⹹㻖 ⭥᷊〚⪂ ㉀᷍䇱㪏㋭⭥㹐㏎㚻⼎᱄⡩䎃㾊⹅䔘䊺㶎䄜㾊᷍る⤝㯚᷉Josiah 

Willard Gibbs 1᷍839ÿ1903 㛋 㳂᷊⨗㑬〚䇻㻖䓼⭥㵔ェ㠞㉚⭥ⶦ㛏᱄䎃㾊㚻㦾⼰䊻

䄜㡑 ⹚᷍⧪㑬⳷䓴Ⱀ㑇䁈⭥⼬㾥㯝㼌᱄⭌䇪䇻㦬㗨⭒㬒ㆃ㉗㸫㳃⭥㭞䁈㬷Ⱟ㈷㻿

䇻ㆃ㹗᷍䎃㾊㏎㔼㆗䊻㏎㼌㡙㳆᱃ビ㾔㈈ⷒ㻖㵔䎃㾊㏎㼌㚄㾮䐱⡜㲷㔼᱄⽔㎕᷍

㈎⺞ⱁ㛋⭥䍾ⴝ ⭒᷍ェ㰄䔘㸋㬷Ⱟ䊻㩰㬡ギ㹆㬏㛋⫛㆙㧌㹐㏎䁈䁱㈠⽔ ⪬᷍Ⳟⳉ

㋋㬝ⰵ㑇䁈᱃㹐㏎䁈䐱⭥㵔ェ㹐㏎᱃㹐㏎䁈䐱⭥㛞㈼㲍㹐㏎᱃⿐䁈䐱⭥㹐㏎⿐䁈᱃

䄵ゑ⤥㑰㋧䁈⭩䁈㋧⥛㪛㈿⫔䇑㼍᱄ 

⡫䎀䊻ㅓ㬻䎃㗦㋯⧭㣑᷍㰅㦜䄜䐒㬚䇤⪬Ⳟⳉ㋋䍚䁱㈠ᱟ㏏㾣䎘᷍2014ᱠ᷍

⭌ⰵ䎃㾊㚻㦾㬨㗜䇱⨅⳷㳆。⭥᱄䔘㸋䄜⷗ㆂ⺜᷍㈮㼒㣑㘇㳂⭞⭥᷍⡫䎀䊻⼽⧅

㬒ヅ㚻䄓。䅓㸋䔗⭥㋧䁱⺞䇻⧭㬞⿐ ㆙᷍ⱙ㬈㦆䄜㾊䔗䁱㈠⭥㾬㦅᱄䊻㏎ㆃ⭞䎃

㾊㚻㦾䐏⽔᷍⡫䎀⽔㘇䔗㦯⼯㉀㳆⭥㋧䁱⹅䔘᷉⡩㧈䈌⳷䓴Ⱀ㑇䁈㼁⹹⭥⹅䔘᷊

ᱟYe᷍2021ᱠᱟYe 2᷍023ᱠ᷍ Ⱍ。㼒㣑㘇㯖⭥㚨䂚➲㰝⳦⭞䎃⷗㏛㬘⭥⧅⼴䐱㦆㠘

㸗䎃⷗⹅䔘㬨ⴒ䐖⭤⿉Ⳳ㬒ヅ㑬ᷠ  

㵍㬒 䊻᷍㦰㬗䎃㾊㏛㬘⽔ ⡫᷍䎀ⰵ䓵゛㰚䔗⭥㋧䁱ⶶ⹅䔘⭥㠻⫞䄓㬨䇱⼽⫔

⢅⿐⭥᱄⡩㧈᷍⡫䎀䎃㬒㋕⭞⭥ⷝⱁ⭥᷍㬨㸳㗨㻷䊻㘇㑺⭥〛。᱄㧈⺜㗜䇱ⰵ㹐

㏎䁈㬘䈌㹐㏎䁈⭥䍽䁈㭕㾵⭥㦰㬗 㸳᷍㗨䊻㝱ⰰ㑇㩰㬨。㬽㻿⭥ ㆙᷍ⱙ䊻㬖カ㋧

䁱䐱䄓。⫎⺞⼽ⱁⰌ㹘 24᱄䎃㾊⫎⺞⭥Ⰼ㹘䐱 㶚᷍㶚䊭⤹䓦⼽ⱁ⫔䇱㋪㸋⭥㋯㳃᱄

 
24䊻⡫䎀㋕㋋᷍㝱ⰰ㑇㬨䄜⷗㋧䁱⹅䔘䎀䔏㸋⼬㾥⭥䄜⷗㚽㑇᷂䄓㬨⫔䁈ㅭ䈞䇇ⶤ䓦䐹㣠⮘⭥  ᷂
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䇱㑬䎃㾊䐋㬗⪃⡙᷍㸳㗨䊻㘇ⰵ㹐㏎䁈䎃㗦䁈㋧㬒㈮⤜。㗅㚠⭹䄋㗕⿔䓦㋷㉆

᷉㹐㏎䁈㲌㚲㑬 ᱃᷊䄋㗕⡈䓦䄦⼗᷉ 㼒㗞㳆㩰䓽㬨㿜⪌⭥㹐㏎䁈⭥㬡ギ䄲㈎⺞㦆᷊

㆙㾱䁈㻑᱄㦂ⱙ⫛䐏⭥᷍䇇ⶤ㬨➲㻷䇱䐋㬗⭥⨅⳷䇇䇤⭥㋫㶜᱃ⰵ㻷䇱㦰䐋㣑䁹

⭥㪏Ⱙ㲞㰘⭥⼤㡇᱃䄵ゑⰵ䁈㋧㸕㎕ⳃ䍚⭥ⷀⰩ㠻⫞ 25᱄䎃㏐᷍⡫䎀➲㋧䁱䐱⭥

䎃㾊㈎㏛䔘㸋㏞䓴㾕⨗ 㚠᷍⭥㬨ㆃ㬮⡟㭊䎌ⰵ㹐㏎䁈䓉䄖Ⱒ䎀㪉䐤⭥㯝㔘䈌ソ⹚᱄

䈌㣑㘇㳂⭞⭥䎌ⰵ㰚䇱Ⱒ䎀᷉⟝㎉⳨㹐㏎䓉䄖⭥Ⱒ䎀᷊㆙㾱⭥㪉䐤䓼⼰㡑㎕᷍⡫

䎀㻄㶜⡟㭊㋪䄵䊻䔏⫔⧭Ⱙ㩰㦤⤜㵍Ⱒ䎀㬽䅇᱄ 

 

Ⱒ䎀㿉⳦⭮ⰵ⡟㭊㠻⫞⭥䄜㾊㯖㘘 

䐢⪬ 㸳᷍㗨㑥⭥Ⱍ㬨⡟㭊㾕䔘⭥Ⱀ〛䄵ゑ⡫䎀ⰵ䓵゛㾕䔘⭥䄋㤔᱄㸳㗨ㅓ㑬

⼽ⱁ᱄⪴㠋ⴚ㩰᷍䎃⷗㣑䁵㬨䊗䊗⧍⺞ⱁ㭞㵍㏁㵝㭊⭥᱄䎃䂚䔗⭥䄜⷗㸫㳃᷍㬨

㋪㚽。➲Ⱒ䎀⭥㠻⫞⮘⭤⡩ㅰⷀ 26᱄䎃䄓㬚⭤⡫䎀䊻䎃㏐⤜⭤⤜㾕䄜㾊㯖㘘᷍㎕

⳦⭮Ⱒ䎀ⰵ⡟㭊⭥㠻⫞᱄ 

ㅖ⭮㠻⫞⭥㋝㔨䈌⡫䎀䎃㾊㛋㩰㋯⭥㈎㏛䄓㬨䇱⹹⭥᱄㸳㗨⭥ⱁ㭞䁈㪛㻑

⺀䇻䁈㻑㉀㳆⭥䐋㬗᷍⽗㔵ⰵ䁈㋧⭥㯝㋝᱄ⱙ⡫䎀ⰵ⫔䁈㋯⧭⭥㦰㬗᷍㈮㬨᱑⫔

 
25⡫䎀㩰⷗㬡ギ㚊䊻⺛㚻䁈㻑〚⪂㋯⭥㬒⽓᷍ㅓ㋯⭥㎰㬇㈎⧄⺁㭅㑞⷗⹼⮄᱄䄜⷗㬨㹐㏎䁈㬨㳍
⤦䔗⭥ 㒎᷍䄜⷗㬨䐹䄋⭥Ⰼ㹘䄲㈎⡜䔗㶋㑬᱄⡟㬡ギ⨖ ⡫᷍䎀㋋㬝⪴㬣㋧䁱 ⟝᷍㎉⭞⭣⺛Ⱒ⤊㬠᱃
䇃⺛䔗⤊㬠᱄䊻䎃⷗⺞⧭䐱 ⡫᷍䎀ⳕⱙ⼽㩺㳞⭞㏁㯧⹼⮄᱄⡫䎀䇂㼔䔏㪏⭥䄜⪯㲷㔼ⳃ㪛䊻⤊⽔
㠻ヅ᷍䈌⭝㬇᷉Angelos Michaelides ㅭ㬻᷍⭒㬒䊻㔸ⰹ⫔䁈䁈䊛⹅䔘᷍⽔䓋⭞ㅄ㣦⫔䁈᷍Ⳟ㼓㬨㏎
㔼⿐䁈᷊᱄㰜㸫㸳ⰵ䎃⷗䁈㋧䇱㬓㗕㠻⫞ᷠ㸳㯖㸳㗨䎃⷗䁈㋧䐹䄋⭥Ⰼ㹘䄲㈎Ⱍ⡜㣑㦬ⳃ㻷㑬᷍
㸳㗨㸿⳨㬨䊻㰜㗨ⳃ㻷⭥㒍⭹㩰䐷䐷⤬ ➲᷍⿉䊑⫓㏎⼤᱄㰜⼽㈋䁩⭹㸫㸳㸋㬓㗕䎃㗕㼌ᷠ㸳㯖㸳
⪴㩰ⷀ䐱㋋㬝㎰㬇Ⱍ㬨䎃㗕㯖⭥᱄㰜㯖㰜⳨⧄⤜㦰㵍䎃䐷㯖ⳉ᷂䔘㸋䄜⷗ㆂ⺜ 㸳᷍㋪䄵ⶱ㬽⭞㰜
ⰵ㸳㗨⪴㬣⭥䁈㋧䄜䐒㬨⡄䇱⡆㕛⭥㦩㤊⭥᱄㵍㬒 㸳᷍䊻㰜㪎㩰㋕⭞⭥䄜㾊㲞㰘⭥㈌㪒ⰵ㸳⽔㠻
䁈㭖㪛䁥㬨⥛㪛㑬⳨⧄〞れ⭥䇑㼍⭥᱄⭒㬒 㰜᷍㦑㯖㸳⳦㡛㏁㯧㼌ⳉ᷍⭌⼽䄦⼗㸳⭒㬒⤃⤜㚽㶋
㦌ㅴ㬽㰜⭥⹼⮄᱄ 

 
26㏁㯧⧅㠋ⴚ⭥㣑䁵䊻㏛㬘㩰⼤㼒ⰵ䇇⭥Ⱍ㬨䄜㾊㏛㬘㩰⭥䍽䁈⭥䓉䑙᱄ 



  

䁈㋯⧭㿉䄋㳙⨗䎃⷗㯝㸍㚄㬞᱒᱄⪴䎃㾊㛋㬻㋯⭥㾈⺜㎕㋕᷍⡫䎀㦰㸋䓵゛䔗⭤

⳨⧄⳨⧄⭹⤜⧪⹇᷂⤜㩺䁈㪛。㦰㸋⡫䎀䊻㋯㲤ㅓ⭥㚻㦾⺞䇻䊴᱃⺞䇻㩃᷍⤜㏜

䇻㋝㬵᱄ⱙ⡫䎀䋓㦰㸋䎃䐷䊴᱃䎃䐷㩃᱃䄵ゑ⹼⮄⭥⳷㼎᷉䇱㾊⹼⮄䄓⤜䄜Ⰹ䄋

䎞㦘 䎞᷊㬨㸳㗨⭥⫔䁈㋯⧭㦒ⳇ⭥᱄㸳㗨⤜㚽䇓㾵⭥䄋㤔㗠⷗䁈㪛Ⱍ䈌⡫䎀⧷㵍

䂚㋕ⳉ᷍⡰㈚㦬䈌㦬⭥㈎㏛⤜㵍᷍㋕⼽ⱁ㬣㤊⭥ㅨⰩ䄓。⤜㵍᱄⭌⡫䎀ⰵ䎃䄜⮄

㬨⳨⧄ヂ⧷⭥᷂ 

㸋㑬ㆃ㬮㤆⨟⡫䎀㸋㬓㗕ヂ⧷䎃䐷ⴈⷒ᷍⡫䎀。㻩㯖䄜㻣䓵゛ⰵ⭣⺛㋧䁈

㬘⭥䓽ㆂ䈌㋕ⳉ᱄㦜⽔ ⶱ᷍㋏䄜㻣㉀㳆䐋㬗⮄⭥ㅓㆃ䈌䇇㬵ㅭ䈞㬨㸿ⳉⶓⶨ䎃㾊

㚻㦾⭥᱄ⱙ㑬ㆃ䎃㾊㚻㦾᷍ⰵ䇻⫔コ㏎ㆃ㹐㏎䁈⿚㬨䇱䅇⭥᱄䐜䇱ㅓ⭥㩃᱃ㅓ⭥

䊴 ⤦᷍㚽䅞⭝䁈㪛㆙㾱ⷝⱁ⭥䑘Ⱀ䊥Ⱒ ㆙᷍ⱙ⟐䑛㡅䊻䄵⽔⭥㋧䁱㬖ペ䐱〚䇻䓵

゛ⰵ䁈㋧ⳃ䍚㬘⭥㑬ㆃ䄵ゑⰵ䁈㋧⭥㦰㬗㾯⧪㝱ⰰ㑇᱄㧈⺜䁈㪛⡈䓦㋝ⷀ⳷〓䎀

㉖⭤䓵゛䁈㶋㈮㻖㵔䍧㸶䄜㻖㑱䐋㬗⮄⭥㲍Ⱙ㎕㆙㾱䁂㋯〓䊥Ⱒ⭥⿑ 䄜᷍Ⰹ。㬈

㶜᱄⪴䎃㾊㛋⭥㋯⧭㠡⹡㩰㎕㋕᷍⼽ⱁ㵍䁈㦘㬖䄓㬨⼽㬈㶜⭥᱄⤜⺞⡫䎀⭥ㅨⰩ

㎕ㅓ᷍㰅㦜䓵゛ⰵ䁈㪛䄜䐒⡩ㅰ⹥㏙⼮䔑䐹᷍⭌㬨䊻䎃⷗㬣㤊㩰᷍㸳㿉䄋ヂ⧷㸳

䓵゛᷂ 

䎃⷗ㆃ㬮⿚㋪䄵䊺䍚㋋䄜㾊᱄ⴌ䇲㎝㻩㪛㯖⺞䐱⺛䍽䁈㼓㚻䓘㤔 䄵᷍⫐㦬㾵

⭥㶋㕛㸋㚠⭥ᷜⱙ㹘Ⳟ䍽䁈䋓㼓㶃㲞䁑᷍䄵㦰㬗䓵㦜᱃䎘ⴟ㶃䊻㬡ㆈ㸋䔏䐶㚠⭥

27᱄䅓㸋䎃⷗㤙⢑ ㈮᷍䓵㦜䍽䁈⭥ⳃ䍚ⱙ䁵 㸳᷍㗨⭥㘒䔆㦒㻐㑬䄜㾊⹹ポ⭥ㅸⰯ᱄

䔏㆝゙㬏㛋᷍㰇䓦㸳㗨⫓㋋⺛㗦䈌㶃㘇⭥㬡ㆈ㆙㾱㪏㧌⭥ㅜ㒘䄵ゑ㈎イ⭥ⳃ䍚᷍

㸳㗨䄓䇱㑬⫔㑠⭥䇖䇱䊻㝘㗡⺛コ䑘㒘䁱㈠䔊⭥⧅㠻䁱㈠㈎㏛⭥㋧䁱㦬䊒⿹⺛

㧌䐑ⷘⷀ㾄䈌䁱㈠㰚⪴㬣㋧䁈䁱㈠᱄⡫䎀㣸㪎㈎㏛㑬䎃⷗⺞⧭ 㪏᷍Ⱙ㦰㵍䎃ⰵ䇻

 
27䎃㉅⿑㋰Ⰹ⤜㋪㚽㶋㦌䎞㦘᷍䅓㸋㦬㬨ⶕ䊴⭥᱄⭌⫔コ㋪䄵䊾㣳ㅴ㬽䎃⮄᱄ 
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㦌㘇㳂ⷀ㸳㗨ⷀ㾄䈌㋧䁱〛⹚⭥䁱㈠㯏㠞䐢⹹䐹䄋 㵍᷂㬒 䊻᷍㦰䎇⹼⥍㵍㒅〓ⷝ

㛋㤂䄜㾊⭥䁈䎀㬒 䄓᷍㚽ⶱ㉖⭞㸳㗨䊻ⰵ㋧䁈䐱䄲䐋⭥᱃㉀㳆⭥㋧䁈㣑䁹⭥➲㸶

㩰᷍⼮㹘Ⳟⳃ⫐⺛コ⭥㵍㾱䇇ⶤ⥏⭥⤜㬨㲌ⱁ᱄⭌䊻㧈⼯⪴㋕㯧᱑㾂⭥㬒⫛⭥㾂

㸫㳃᱒䐱ⳃ㉓᱑⫔⭥Ⰼ㹘᱒㆙ⱙ㋋⪕䄜⷗㒍䈓䎃⷗Ⳟ㘇᷍㸳㗨㿉䄋㝍㑇⭥⭹Ⳟ⿚

䇱⼽ⱁ᱄㸳㗨㪈。㩰⭒㦜䇱⼽ⱁ㏁㯧᱑⼯㬒⥛㪛㝖ㅒ᱒⭥㲷㔼᷍⭌⡫䎀㦰㸋䊻㋝

㔨䎃㾊㸫㳃䐏㣑᷍㦤㸳㗨⭥䁈㪛㈂㑠㪏㋭⭹㦰㬗㋧䁈〓㿎㬨ⷝ㸋㬖カ⭥䓝⡙᱄ 

㈮ㅭ䈞㈎㏛ⱙ䁵᷍⡫䎀㬨䅖⥏䂕⫎⭌䇷れ㡅㾳䊬⭹䊻⭣⺛㶋⧪㑬⤊㬠ㅸⰯ

⭥䁈㻑᱄䅓⪬᷍䊻⽔㘇⭥ㅭ䁈᱃㋧䁱䄵ゑⷘ䐷⹅䔘䐱᷍㧈⺜㋕⭞䄜㾊㸫㳃᷍䄓。

⤜䇪䓵䑘⭹䈌⭣⺛㆙㾱ⰵ⡩ ㎕᷍⳷㹗䄜㾊 䄵᷍㠻䐢㩺䊻䓵゛㪎㩰⼮㪎⢀㆙㾱䄜㾊

ⶥ㆙᱄䊻㣑䄜Ⱟ㸳㗨㳂⭞㑬㸳㗨䊻㾂⭥㋧䁱ゝ㚽㩰㚽䍧㸶⭹ⷝ⼤ ⭌᷍㾣Ⳟ㼓⭥ⳃ

㻷Ⳟ㘇㸳㗨䇱ㅰ⫔ⶥ㆙㋶ヅ᱄䎃䄜⮄㩰 㸳᷍㗨〓㿎㋪䄵⤯㋝⭣⺛⭥㋧䁈⭥ⳃ䍚㬘

䄵ゑ㰜㗨ㅭ䈞䐱㣠⮘⭥Ⰼ㹘㎕㆙㾱䄜㾊㯝㋝᱄ 

⭣⺛⭥㋧䁈ⳃ䍚 䇇᷍ⶤ㯖㬨㈎㏛㑬䄜⷗⪴䍽䁈᱃㭞䁈᷉ 䎃㑞⷗ⶶ⼤䄓㬨䔏〚

⪂⭥䁈㋧᷊᷍ ⭞㬖䂊㹐㏎䁈᷍⭞㏎㔼㹐㏎䁈᷍䊺⭞ⷘ⷗䁈㋧⭥㻖㵔䁎㿓ㅆ㆙᷍䔏

⽔䊻ⱟ㬏㬡ギ⨖㦌㘇䍡⳦⭥⺞⧭᱄ 

䎃⷗⺞⧭㋪䄵⪴㬏㡀㬡ギ㚊᱃㬏➬㬡ギ⨖⭥㎔⤝㛂⪥᷉Gottfried Wilhelm 

Leibniz᷍1646ÿ1716 㛋᷊㯖㡑᱄㰜㬨⿾ⷝ㯚᷉Christiaan Huygens᷍1629ÿ1695 㛋᷊

⭥䁈㪛᷍ⱙ⿾ⷝ㯚㬨⭲㋉ⱜ᷉Rene Descartes᷍1596ÿ1650 㛋᷍㆝⫛㹘Ⳟ䍽䁈⭥㡑

⮄᷍㏎㾵䑘䅆⭥⮍〚㦬᷊⭥䁈㪛᱄䅓⪬᷍㎔⤝㛂⪥⨞㑬䊻㸃〞⳷Ⳟ㘇⭥⹒㻸᷍㒎

䄜⷗⼽䐹䄋⭥㪎⳾㬨㏎㾵䑘䅆⭥䍽䁈⫔㬇᱄䊻㰜㪛』⭥㛋⫛ 㠶᷍㔔㬠⿚䊗㸕㵔䄜᷍



  

㰜⭥ⴟ㹒ⰵ㼔㆗㆗㬨㡅䐱⭥㚔⷗䎟㦉ⱙ⳨㸳㗨㻷䊻㯖⭥⭣䅃䐟㘒䔆 28᱄⭌⡫䎀㋪

䄵㼌㼔㰜ⰵ㵍䂚㎕䓵䇻㰜㪛』⭥㚨㠍㵢⭹⭥㶎⡓⭥䇑㼍᷍㈮㼒䂏䎒㛟᱃㏏䎟⭡᱃

⧣㬂㪎㻩㪛ⰵ㸳㗨䎃㠍㵢⭹㩰㑃䐟䇻⪴㬣㹐㏎䁈᱃㭞䁈䁱㈠⭥㛋㤂㦬⥛㪛⭥䇑㼍

䇇ⶤ㬨䄜䂚⭥᱄㰜㗨ⷙ㑬㸳㗨㾦㾥᷍㦤㸳㗨㼁㾦㸳㗨㋪䄵䊻〚⪂䁈㋧䔗⭞䔏⼤᱄ 

⭞㑬㬏➬㬡ギ䐱⽔㠻䐢㬏㈦㬡ギ⭥㯥㬏㛋⫛᷍⭣⺛⭥䍽䁈㋋㬝㻖㵔㾵⭹䍡

⳦ 29᱄⨗㪛㼁⥏ 50 㛋⭥㯥㸜䍽䁈⫔㬇᷍㋖⭣᷉Immanuel Kant᷍1724ÿ1804 㛋 ᱃᷊

Ⳳ㻄㲹᷉Johann Gottlieb Fichte᷍1762ÿ1814 㛋 ᱃᷊㾜㑷᷉Friedrich Wilhelm Joseph 

Schelling᷍1775ÿ1854 㛋᷍䅓㸋㰜⧪㘜⡩⼻ⷒⱜ䋈᷍䄜⟄。➲㰜⳦䊻㣑㘇 ᱃᷊⼻ⷒ

ⱜ᷉Georg Wilhelm Friedrich Hegel᷍1770ÿ1831 㛋᷊᷍ ㅌㆂ⼰㑬㏎㾵⹅㉀䈌㈎䂊⹅

㉀⭥⹦⮅䑘䅆䍽䁈㵧㼓㑬ⷀⴆ᱄㰜㗨㗠⷗㦬⭥䍽䁈 Ⱍ᷍⟝⼍㋧䁈⭥Ⳟⳉ⭥䍽䁈〚

⪂᷉㾯ⱙ㩰䁈⭥〚⪂ ᱄᷊㡅䐱㋖⭣䔏㸋⮅㾮᱄㻷䊻᷍㦬㗨䊻ㆊ㩽㋖⭣⭥㬒⽓᷍㈎

⧄㯖⭥⿑㈮㬨 㰜ᷛキ⧱㑬㎔⤝㛂⪥⭥㏎㾵䑘䅆 ⤃᷍㣳㈎䇪㾾䜴⭥㳂㾲⳦㡛㑬Ⱑⰰ

㔼 㸋᷍㋧䁈ㅉ㑃㑬ヂ㬖⭥㾯ⱙ㩰䁈⭥〚⪂㆙ⱙ䇑㼍㑬⽔㬡⭥⫔㞛㋧䁈コ᱃䍽䁈コ

⭥䍽䁈⫔㬇᱄䎃䂚᷍㈎⺞䎃䄜➺ⱁ㛋⭥㝍㑇᷍䇇ⶤ㯖⭞㑬㬏➬㬡ギ㚊᱃㬏㈦㬡ギ

⨖⭥㬒⽓ 㰜᷍㗨䄲㈎㶋⧪㑬ⰵ㋧䁈ㅉ㑃ヂ㬖⭥㕀ゎ䁈䈌㾯ⱙ㩰䁈〚⪂䎃䂚䄜⷗㦯

㹒᱄䎃䄜⮄᷍〓㿎㬨㸳㗨ⱁ㭞ㅓㆃ㋧䁈䐋㬗⭥ㅭ⤥䐱⽗㔵⭥㚻㦾᱄⭌⡫䎀㦰㸋᷍

㰝れ㡅䐹䄋᷂ 

䎃⤇䍽䁈コ䐱䔏㶎⭥㑞⷗᷉ 㾜㑷䈌⼻ⷒⱜ᷊᷍ 䈌㭞䁈㶖䓴ⷀ㯚᷉ Carl Friedrich 

Gauss 1᷍777ÿ1855 㛋 㪛᷊』⭥㛋⫛㈮⼽㆝㑬᱄㰜㗨⭥』䊟㠻䎜㳆㬨䊻㬏㈦㬡ギ⨖᱄

 
28㎔⤝㛂⪥⡟㦬䄓㬨䇤㎎Ⰲ㸥㾕䔘⭥䍽䁈コ䈌㭞䁈コ᱄⭣⺛䔘㸋䄜⷗㘒䔆⺛コ⭥㾯⧪᷍㬨㶎䇻䇃
⺛⼮ⳉ⺛⭥᱄ 

 
29䎃⷗䊻⭣䅃䐟㘒䔆䱩㡑⭥⺞⧭䐱᷍㬨ⳃ⿴㑬㉗Ⰹ㾵䔘䇤⭥᱄ 
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䊻䎃⷗㬒ヅ⮄᷍㭞䁈㵉⺞㎔⤝㛂⪥⭥⪌㦬㗨᷉⡩㧈⤏㝍㏜コ䔆᱃㝘㎎᱃㎎ⷒ㎫㦶

⭩䄜㞛ⳉ⺛㭞䁈コ ⭥᷊㝍㑇䄲ⳃ䍚⭞㑬䄜⷗㼁⭒ⷀ゗⭥ㅸⰯ㑬᱄ⷀ㯚䊻䎃⷗㬒⽓᷍

〚䇻⭥⭣⺛䍽䁈⪌㵔᱃㭞䁈⪌㵔 ➲᷍⭣⺛⭥㭞䁈㵧⭞㑬䄜⷗㋪䄵䈌ⳉ⺛㭞䁈⡩㛃

⭥ⷀⰩ᱄䐏⽔᷍⭣⺛㈎⺞⽊⡅㾷⭽⭥ⷀㅭⶥⷐ᷍⭏㪛㑬䑏㧈➹㑷⫔䁈᱃ⷈ㵃ⷚ⫔

䁈᱃㋣㛂㯚⡅⫔䁈䎃䂚⭥㬡ㆈ゗⭥䁱㈠䐱㾥᱄ⷀ㯚㒕㻣⭥⭸䓴㈎⺞㰜⭥⭽䓴᷉⡩

㧈ⷈ㵃ⷚ⫔䁈⭥㏉㕝᷍Bernhard Riemann 1᷍826ÿ1866 㛋᷊〓䎀⭽䓴⭥⭽䓴᷉⡩㧈

➹㑷⫔䁈⭥㸍ⱜ㯚㲹㎎㯚᷍Karl Theodor Wilhelm erstraß᷍1815ÿ1897 㛋᷊᷍ 䄵ゑ䊺

㶎䄜⡓〓䎀゙⡓⭥䁈䎀᷉ ⡩㧈㋬㎔䅓 F᷍elix Klein 1᷍849ÿ1925 㛋 䄵᷍ゑ㻄ⱜ⤏㲹᷍

David Hilbert 1᷍862ÿ1943 㛋᷊⭤⭞㆙䄜⤞⭥ⳃ䂐᱄ㆂ⺜㈮㬨㦤⭣⺛䊻㬏㈦㬡ギ䈌

ⱟ㬏㬡ギ䐏ㅜ⧚⭸⧪㸋㑬⺛カ㭞䁈⭥䐱㾥᱄ 

䎃㾊䍽䁈䈌㭞䁈⭥ⳃ䍚䇇ⶤ㯖㬨㰚䇱䁈㋧⭥〚⪂᱄⡩㭞䁈⭥ⳃ䍚㩵㸃㶎䄜

㾊 䄜᷍Ⰹ⧭Ⱙ㩰䄓㬽㭞䁈ⳃ䍚⭥䇑㼍 㻖᷍㵔⭥㹐㏎䁈䁱㈠⪴㬏㈦㬡ギ⨖㋋㬝䊻⭣

⺛ㅆㅆ㡑⤞᱄䔏䋈䇠㻷⨗㎕⭥᷍㬨䇦㿄⭥⺃䁈䄨㡘䐧䋍䎀ⴓ㎦⼮Ⳳ᷉Joseph von 

Fraunhofer᷍1787ÿ1826 㛋 ᱄᷊㰜㵉⺞䓵゛ⳃ䍚⭥㏃㈖ゝ㭖᷍㻖㵔䁱㈠㑬㲌䂕⺃䐱

⭥➖㼀᷉ ⽔⡜㦬㗨⧧㸋ⴓ㎦⼮Ⳳ㼀 ᱄᷊䎃㬨㬖䂊㹐㏎䁈䁱㈠䐱⭥䐹䄋⧪⺜᱄䐏⽔᷍

㸅⤏᷉Wilhelm Eduard Weber᷍1804ÿ1891 㛋 ᱃᷊㕖ⱜ᷉Julius Robert von Mayer᷍

1814ÿ1879 㛋 ᱃᷊⼆㚘〕䓩᷉Hermann von Helmholtz᷍1821ÿ1894 㛋 ᱃᷊〚ⱜ〕ⴓ

᷉Gustav Kirchhoff᷍1824ÿ1887 㛋᷊ㅌ⭣⺛⭥〚⪂㹐㏎䁱㈠⫙㧌㑬⭒㬒㝘䐿⭥䑘

㒘᱄㰜㗨䎃゙⷗⭥㲹⮄㬨⨞㑬⡟㪎㋪䄵⥛㪛䄜㒘⧪⺜ 䊻᷍㹐㏎䁈⭥㻖㵔➲㸶䄵ゑ

ⰵ㹐㏎䁈㦬⤦⭥㞁䂙㩰䄓Ⱍ⧪㾈䓠䑙᱄ 

䄵〚ⱜ〕ⴓ᱃⼆㚘〕䓩㸋㏞ 㰜᷍㗨Ⱍ䓌㾕㑬䊻⭒㬒⳨⧄㣑䁹⭥㻖㵔⭥㹐㏎䁈

⭥ㅓ䅆᱄㲹⢑㬨〚ⱜ〕ⴓ 㸳᷍㗨㈎⧄ㅓ⭞⭥⼻㳆ⴙ㪅⭥䁱㈠㬖カ㩰㬨⪴㰜㋋㬝⭥᱄



  

㰜㗨⭥䁈㭖㯏㠞䈌䁈㭖㝱ⰰ᷍⼽ⱁ⧭Ⱙ㩰。䇑㼍⭞㰜㗨⭥䁈㪛㗨᱄㬣㬖䄓䐅㘘᷍

㰜㗨⭥䁈㪛㗨᷍䄵㗦ㅾ㑱ⴓ᷉Dmitri Ivanovich Mendeleev᷍1834ÿ1907 㛋 ᱃᷊➛㚪

㯚᷉Heike Kamerlingh Onnes᷍1853ÿ1926 㛋 ᱃᷊⼶䓩᷉Heinrich Rudolf Hertz᷍1857

ÿ1894 㛋 ᱃᷊㠶㎫㋬᷉ Max Planck 1᷍858ÿ1947 㛋 ᱃᷊㸍ⱘ᷉ Wilhelm Wien 1᷍864ÿ1928

㛋 㸋᷊⫛⢎ 䊻᷍㻷⫛㋧䁈⭥ⳃ䍚䐱䄓ⰵⳃ⿴㑬れ㡅⹹ポ⭥䔘䇤᱄⭞㑬ⱟ㬏㬡ギ⨖᷍

䎃㾊㦬⭥䁈㪛⡓⭥䁈䎀㗨䇷䄵ⷈ㵃ⷚ⫔䁈᱃➹㑷⫔䁈᱃㋣㛂㯚⡅⫔䁈᱃㚞㛂⼻⫔

䁈㸋䐱㾥 㬚᷍⭣⺛⧪㸋㑬⺛カ㋧䁈䁱㈠⭥䎇䎞䅞㒍䎀᱄䎃㬨䄜⷗㈎㏛㑬㑞➺ⱁ㛋᷍

䄵䍽䁈᱃㭞䁈⫙Ⱀ㹐㏎䁈᱃⿐䁈⭥ㅜ⥇⿆㦻㬞ⳃ䍚⭥⽋⫔⭥㏛㬘⿎㉎᱄ 

⭌䄦⼗⭥㬨 䊻᷍᱗㆒㦶㹐㏎᱘㋯⧭ㅓ䅆⭥䓝⡙⺞⧭䈌ㅓ㬻⺞⧭䐱 ⡫᷍䎀䄜⷗

㪏㣱⭥ⶱ⪆㈮㬨㸳㗨⭥䁈㪛ⰵ䎃㾊㏛㬘㠶⢊㎕ㅓ㬨⳨⧄⤜㑬ㆃ⭥ 㵍᷂㬒 ⰵ᷍䎃㾊

㏛㬘⽔⭥䁈㋧ⳃ䍚⺇㔪⭥㯝㋝᷍䄓㬨㶋㦌㦒㬈⭥᷂䎃㬨䄜⷗㋪⡐⭥㬣㬖᷂ 

䊻⹹䇻㉀㳆⭥㋧䁈᱃ゝ㭖᱃⹅⧭᱃㭞䁈⭥䐋㬗⮄⭥䍧㸶㩰 30᷍㸳㗨⭥䁈㪛䊻

⫔䁈ㅸⰯ〓㿎。䇦䇻㵍㒅⭥⭣⺛㵍䁈 ⭌᷍㬨㸳㗨⭥ㅭ䈞ⰵ㋧䁈㬘⼮䍽䁈⥄㘇䎌ⰵ

㋧䁈⭥㯝㋝⭥㦒㬈。㦤㸳㗨⭥䁈㪛䊻⧪㸋㋧䁱㦬䊒⽔ⳃ䍚㬽㻿᱄⡫䎀⭒㛋䊻⭣⺛

Ⱒ⤊㬠⭥㬒⽓ⰵ䎃⮄⭥㳆。㬨㪏㋭⭥᱄⭒㦜 䎃᷍〓㿎䈌㹐㏎䁈㬘䐱⼽ⱁ䐹䄋⭥㬣

ミ⼮㰜㗨⭥⺛コ㼁⹹ⱙ㸳㗨⤃㗜䇱⤯䈌䎃䄜⮄᷍㬨䇱⹹⭥᱄⭌⤜⹽䋖䂚᷍㸳㗨⭥

䁈㪛⿚㬨䇇ⶤ㼁ⰵ㦌㘇⭹㑬ㆃ䎃㾊䁈㋧ⳃ䍚㬘䄵ゑ㰝⭥䍽䁈㭕㾵 ㆙᷍ⱙ㦆➓㝦㸳

㗨⭥䁈㻑᷍䄵㠻䊻㸕㎕㈂㋪㚽⭹ⶥ⢅䎃䐷䓕㌗᷂ 

〚䇻䎃䂚䄜⷗㋝㔨㦆䓽ㆂㅓ䅆᷍。㦤⡟ㅭ⤥⭥㚻㦾䈌⪌㵔⭥㹐㏎䁈㋯⧭⡩

㡑㎕㻵⭤⼽⤜㵍᱄䅓㸋⹹䓃⮄⤜䊺㬨䐋㬗⮄⡟㪎㑬᷍䄓⤜㬨㠐㑢⭥㏎㔼㳆㻖᷍ⱙ

㬨⭞㑬䐋㬗⮄⥛㪛⭥㏛㬘⡔㈑᱃⺞⧭᱃䄵ゑ⡔⽔⭥⺇㔪㾵⭥Ⰼ㹘⭥㲞㲷᷉⡩㧈㭞

 
30 㗞㳆㩰。㈎⧄䇤⭞䄜⷗⪫᷍STEM᷍ゕ Science᱃Technology᱃Engineering᱃Mathematics᱄ 
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䁈᱃䍽䁈⥄㘇⭥㚻㦾⭥㲞㲷 ᱄᷊⡫䎀ヂ⧷⪬䊎䋓᷍㡔㵝䊻㭊⡟㩰➲᱑⢚㏅⭥䐋㬗

⮄᱒䓋⿐㸋᱑㻫』⭥㏛㬘᱒ゑ㡅⡔⽔⭥᱑䁈㋧⺇㔪᱒᱄㆙ⱙ᷍㠻⫞㸳㗨⭥䁈㪛㋪

䄵㹝㬶⤃㣳㼁ⰵ䇻㸳㗨䎃䄜⫛ⰵ䁈㋧⥛㪛ⷝ⼤⭥㏎ㆃ᱄ 

䅓㸋䎃⷗㲹⮄ ⡫᷍䎀䄓⡹㿌⧱㦰⡟㭊⭥㚻㦾㪇㑵。⡩ㅰ⺄᱄㡅䐱 ⧍᷍⨗⡫䎀

㠞⧄㋧䁈䁱㈠ⳗ㸈⭥㚻㦾⡫䎀。㵉⺞⤜㵍⭥㤟⭡㆙㾱㯲ゐ᱄⡩㧈 ⨞᷍㑬㸥㻸䐱䅞

䇤⭥⤯㋝㸥㻸᷍䇱㾊㉅䓴䄓。䍋䓵⟝㎉㸍〚➺㋧᱃➺Ⱙ➺㋧᱃䐋⽖᱃㻓㕎㎎䁦䊻

㚻⭥㶙㩰䓫䊕᱄⡫䎀㋪䄵⡄䐅⭥㬨䎃㾊㚻㦾䊻⡫䎀⭥㦰䐋ⳗ㸈㚻㆙㾱䎜⼰ ⿉᷍㑬

゙㛋㬒ヅ᷍䊻㡅㾯⧪䄜⷗⼰㏎㕀ゎ⽔⳷㼎ⷙⰢ䎀⭥᱄⭌㵍㬒᷍⡫䎀䄓㿉䄋㣠⮘䎃

㾊㦰㬗㉙⳨㉀䇱⼽㣠⭥䊎⪕㾵⭥䁱㈠⧪⺜᷍㆗㆗㬨⷗㦬⹼⮄᱄ 

䊻㆙㾱㶋㰚䇱䎃㾊ㆃ㬮⽔᷍⡫䎀㻄㶜䁂㋯⭥䁈㪛䄵ゑ⡟㭊⭥Ⱒ䎀㚽㏎ㆃ⡫

䎀⭥䁂䋒᷍⮘䎜䊅㠻᷍䊻䔏⫔⧭Ⱙ㩰㼎㬽䁂㋯䈌䊥Ⱒ᱄ 

 

㚻㦾㚠㔝䈌䐣㾜 

䔏⽔᷍䊻Ⱒ䎀㋋㬝䎞㬞䊥Ⱒ䐏㣑᷍㸳㗨⿚㬨䄋㯖䄜㻣⫔䐣➓㝦᱄䎃⷗㬨〚䇻

䎃㾊㛋⭥ㅭ䁈㬖ペ㦘Ⰹ⭥᱄㸳㗨⭥㋯⧭䄜⟄⪛ゟ䁈㠻㋋᷍㗠⪯ 48 䁈㬒᷉16 䐽᷍

㗠䐽 3 䁈㬒 ᱄᷊䎃㾊㚻㦾䊻⡟㭊䐱䓽ㆂ㸋㈦䍣᷍㉀㳆㧈㻣ᷛ 

1. 㹐㏎䁈ビㆊ 

2. 㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝䐏㣑⭥䓵㦜䍽䁈 

3. 㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝 

4. ㈎⮅㹐㏎䁈᷉㑇᱃㦩᱃⺃᱃㪚᱃⮈䈌⪦⭥㈎⮅㏎㔼᷊ 

5. 䄜㾊⹹ポ⭥㭞䁈㆙䍚 

6. 㹐㏎䁈ⷐ㘝㣑䈌㹐㏎䁈㼁⹹⭥䍽䁈㯝㼌 



  

7. 㬏㈦㬡ギ⭥㝘䐿⫔䁈 

8. ㈎⮅㹐㏎䁈⭥㸄〛䈌㹐㏎䁈ⷐ㘝 

9. 㹐㏎䁈ⷐ㘝䐏⽔⭥㻷⫛㹐㏎䁈 

䎃㈦⷗䑘㳃⭥㪉Ⰹ 〚᷍⡟㬨➕㏛㬘ⳃ䍚㯔㿓⪴⹦㻄㎑䑑⤞㵧㆙⭞㻷⫛⭥Ⳟ㬞㎕㆙

㾱⭥᱄㋯⧭䔏⽔⭥㕅ㅦ⮄ 㬨᷍ⰵ㚠㣑㹐㏎䁈ⷘ⷗Ⳟ㼓⭥ㆊ㩽⼮ⰵ㹐㏎䁈⭥䄜㾊䍚

㶜᱄Ⱒ䎀䊻䁈㻑⺞⧭䐱᷍㋪䔒䁎⪬㯝㔘㆙㾱䊥Ⱒ᱄⡫䎀㻄㶜䎃㾊㝍㑇㚽㸋㸳㗨⭥

⡟㋧㪛᷉ ⟝⼍㹐㏎䁈䓉䄖䈌⳨㹐㏎䁈䓉䄖 䊻᷊㑬ㆃ㹐㏎䁈⭥⺞⧭䐱㳂⹊䄜⷗ビ⭆

⭥㧌㗦᱄ 

䊻䐣㾜⤠⳷ ⡫᷍䎀㬸㻩䄋ⶱ㾜䁈㻑⺞⧭䐱䈗⭞⭥ⱁ㸜䇦㿄⭥㎰㬇 ⟝᷂㎉ ⭌᷍

⤜㻿䇻ᷛⰂ㶓㦛㎰㬇᷉ⷀ䐱⟁䑘㦯᱃㹐㏎㎰㬇᷍㕆䂕䄜ⷀ ᱃᷊㬐㈅ㅭ㬻᷉⡟㋧⟁

䑘㦯᷍㹅⼛⫔䁈㹐㏎㻖 ᱃᷊㻥ㅉ➸䊛㬠᷉㯗㬠⭝㬇᷍䐱⺛㋧䁈䊛⟌⭝㳆䁱㈠㰚 ᱃᷊

Matthias Scheffler ㅭ㬻䈌 Ricardo Gomez-Abal ⤊㬠᷉ ⤊㬠⭝㬇 ⭣᷍⺛㕎㠶䁈。 Fritz-

Haber 䁱㈠㰚 ᱃᷊Angelos Michaelides ㅭ㬻᷉ ⤊㬠⽔⼰䔘⭝㬇 䇃᷍⺛㔸ⰹ⫔䁈䁈䊛 ᱄᷊

㰜㗨⭥⟐䑛 㬚᷍⭤⡫䎀㋪䄵㯔㏜⭹㶋⧪ⷘ⷗ㅸⰯ⭥䁈㻑᱄2011 㛋㻣⟌㛋 ⡫᷍䎀⪴

䇃⺛㶋⧪⤊㬠⽔ㅸⰯ⭥⹅䔘᷍ⳃ⢎⭥㸥䍣㆗䇱 5 㠋᷍䍳ㅭ䐑れ㡅㎈㚲᱄⡫䎀䐵㾥

ⶱ㾜㶖ⱘⷈ䊛㬠᷉㬒㦯ⶒ㾄⧅᷍⽔㦯㾄⧅᷊⭥㦰㋪䈌㳐⺃㩧ㅭ㬻᷉㬒㦯㛞㈼㲍㰚

㏎㔼䔊䔊⧅᷊⭥⟐䑛᷂䎃㬨⡫䎀㋪䄵㧌䐑⡒⫔⭥䔏⹹ポ⭥䅓㯹᱄㵍㬒᷍⡫䎀䄓䄋

ⶱ㾜䄵㝘䂕增䊛㬠᷉㬒㦯㛞㈼㲍㰚㰚⧅ ᱃᷊㾜㾥⧯䊛㬠᷉㬒㦯㹐㏎䁈䊛䊛⧅᷊㸋

⫛⢎⭥⭒㬒⭥㹐㏎䁈䊛䁈㭖㸐䊒。᱃ㅭ䁈㸐䊒。᱃㆙㦬㸐䊒。⭥ⷘ㸜㎰㬇⭥䐈⧷  ᷂

䊻䄲㶋⧪⭥㯥⷗䁈㠻⭥ㅭ䁈㬖ペ䐱 ⭬᷍㘏䵚⤊㬠㑍㿙㑞㛋⭄㦯㋯⧭䑛ㅭ 㸋᷍

㋯⧭ㅉ㪉䔗⨗㑬䐹䄋⭥⹒㻸᱄⡟㭊㚻㦾䐱䈌㦩㑇䁈⭻㧞Ⰹ㔪㼁⹹⭥⤠⳷㎕䓵⼮㰞

⹓㵍㶋⧪⭥䄜㠋㸥䍣ᱟ⭬㘏䵚 2᷍024ᱠ᱄㵍䂚⭄㦯䑛ㅭ⭥⿚䇱㏏㘘㎕㵍䁈᱃䄇⺔䐱
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㵍䁈᱄㶖ゲ㚱᱃㹃⭳㿚㬨⡫䎀⭄㦯⟁䑘㦯⭥⡟㋧㪛⟁㏐⭥䁈㪛᷍⡟㭊㚻㦾䐱䈌⼻

㳆ⴙ㪅㼁⹹⭥㚻㦾䄓㎕䓵䈌㰜㗨⹓㵍䎜㏎⭥䄜㠋㸥䍣᱄䊻⡫䎀䓝⡙䎃⡟ㅓ䅆⭥䎃

゙㛋᷍ⰵ㵔ェ㹐㏎⭥䐹㾣㦰㬗㡑⭞㑬⹹ポ⭥䔘䇤᱄㡅䐱᷍㦌⼄㲯ㅭ㬻᱃㿍㏓㗘ㅭ

㬻ⷙ䈉㑬䑏ⱁ⟐䑛᱄䊻⹹䇻⭣⺛⹦⮅䑘䅆䍽䁈䄵ゑ㑠䓴㑇䁈⭥㚻㦾⭥䓌㾕⺞⧭䐱᷍

㿎㚑⼎㵍䁈⼮㸳䄓䊻䄜㡑㶋⧪㑬䄜㠋㔼㸥᱄䎃䄓ⰵ⡟㭊⭥㶋⧪㳂⹊㑬㣠䇱㑇⭥䐈

⧷᱄㭊ⷆ㶋⧪⽔᷍㑷㹖ㅭ㬻᱃ㅐ⽉ㅭ㬻᱃㦯㾣⺛ㅭ㬻⭩ⱁ㸜㎰䇲䄓㳂⨗㑬⹹ポ⭥

㾿ⶥ䅃ボ᱄䊻⡟㭊⼮⡫䎀㶋⧪⭥゙⡟㵝㭊⭥⨗⟇⺞⧭䐱 ⡒᷍㈊⫔䁈⨗⟇㪈㒖㾆㎰

㬇᱃⧣㾂⽍㎰㬇᱃䅝䍶䊎㎰㬇Ⱍ㳂⹊㑬ⷘ䐷⟐䑛᱄䎃㏐䄜⤃ⶱ㾜᷂ 

䔏⽔ 䄓᷍㬨䊻㾥㒊⭥䔏㪏⪇ ⡫᷍䎀䄋ⶱ㾜コ㦬䄜䐒䄵㎕⭥䐈⧷䈌⹥㏙ 䇩᷍㡅

㬨⡫䎀⭥⶙㚙䊻㹐䓫䖲ⳇ㛋⫛ⰵ⡫䎀⭥㾬㦅⭥㞁䂙䈌⡄⿅᷂  

㏏㾣䎘 

2025 㛋 1 䊣 30 㦶 
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䁈᷉Natural Philosophy᷊᱄Science ⭥⪫ⷚ㬨㎎Ⰲ䈐⭥ scientia᷍⡟䅃㈮㬨䐋㬗᱄䊻䐱㬡ギ䐏㣑᷍㦬
㗨䓘㤔 scientia ⭥㒍䈓⟝⼍㑬䈐ⳉ᱃㕀ゎ᱃㾿⪨᱃㰄㭖᱃゙⼯⭩゙⽖㰚䇱⪌㵔䍽䁈⭥㒍䈓᱄1833
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⳷㸋䓵㦜㋧䁈᱃㾯㬞㋧䁈᱃㪈。㋧䁈᱄䎃㏐⭥䓵㦜㋧䁈᷍䈌㸳㗨⪌㵔䅃䅆㩰㯖⭥䓵㦜䍽䁈〚⡟ⰵ
䇇᱄⪴䎃⷗ㅨⰩ㎕㋕᷍㋧䁈䈌䓵㦜䇱⷗㶋㦌⤜㵍⭥⥁䐹⮄᱄㋧䁈⭥⪫ⷚ㎕䓵㎎Ⰲ䈐 scientia᷍㰝㠌
䐹䇻㋪䄵䇤㋧䁈Ⳟⳉ䂊䐅⭥䐋㬗⭥ゐ⼰᱄䓵㦜᷍⪫ⷚ䋓㬨㎎Ⰲ䈐 natura᷉〓㻄㎑䈐 phusis᷊᷍㰝
䇱㑞⷗䅃㯝᷍䄜⷗㬨㋮⹼⫇䊻᷉⡩㧈㹐䐫㬡ㆈ᷊᷍䄜⷗㬨䎃䐷㋮⹼⫇䊻⡔⽔⭥㤞Ⱀ㑇᱄ⱙ㹐㏎᷍
䋈㠻⭥㯝㔘㈮㬨⿚䊎㔼 ⹹᷍䓃⭥㈮㬨㋮⹼⫇䊻䐱䔏〚⪂⭥Ⰼ㹘 䄵᷍ゑ䎃㾊Ⰼ㹘⭥䊬Ⱀ⺇㔪᱄⽔㎕᷍
㦬㗨䅃㬗⭞㋮⹼⫇䊻䇱⼽ⱁ᷍⡩㧈⿐䁈᱃㪛㹐᱃⭹䁈᱃㳍㡙⭩᷍䎃㾊䄓Ⱍ⡜⭒䔘䓵㦜㎕䁱㈠᱄䓼
⼰䎃㾊 㸳᷍㗨㋪䄵㯖䓵㦜ⷝ㣠⮘㋮⹼⫇䊻ゑ㡅⡟䐫⺇㔪 ⱙ᷍㋧䁈ⷝ㣠⮘㋪䄵⡜㬖䂊䐅㬖〓䐅㸒⭥
䐋㬗᱄㸳㗨㻷䊻⧄㳂⭞⭥㠻㋐ Science ⼮ Nature 㰅㯖ⶓⶨⳗ㸈〚⡟䄜䐣᷍⪴⟍㋐㯝㼌㩰᷍䇇ⶤ⿚
㬨䇱䄜⮄㚽ⳕ䇔㡅⪫ⷚ⭥㤙⢑⭥᱄䎃㏐⡫䎀䎃㾊㛋〚䇻㵗ⷆ㈎䂊 䓽᷍ㆂ⨗䄜㾊㳆。⳦䊻䎃㏐㆗䔘
⳷㼎᱄㸳㗨⡟㭊⭥⼬㾥 physics᷍䊻㻄㎑䈐᷉phusis᷊⭥䅃㯝㈮㬨㸳㗨㻷䊻㯖⭥ nature᱄㝄ⰺ䐏⽔᷍
㹐㏎䁈⤦䇱㑬㻷⫛䅃䅆㩰⭥Ⰹ䅆᱄㸳㗨⽔㘇。㳂⭞ 䎃᷍䄓㬨㦬㗨㸋㬓㗕䓽㯖㹐㏎䁈ゕ䓵㦜䍽䁈⭥
䄜⷗䊎䅓᱄ⷝⱁ㏁㯧㲷㔼㤌ボ 1.2 ㅻ᱄ 
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ビ⭆ⶦ㎉ᷛ䄜⷗㬨᱑⫔᱒᷍ 㒎䄜⷗㬨᱑〚⪂᱒᱄᱑⫔᱒䎃⷗㲹⮄᷍㋪䄵⪴㰝⭥䁱㈠

ⰵ㼔⼮䁱㈠㚻㦾㩰㋕⨗᱄㹐㏎䁈⭥䁱㈠ⰵ㼔⟝⼍㬒㋶䐱⭥䈏䑇㶓㹐᱄ⱙ䁱㈠㚻㦾᷍

䋓㬨䎃㾊㬒㋶䐱⭥㹐䐫᷉⪴㋶ヅ㩰⫔⭞䈏䑇⡟㪎᱃㾂⭞䔏〚⡟⭥㑄䓴᷍⪴㬒ヅ㩰

⫔⭞䈏䑇㬺㘝᱃㾂⭞㡅䐱㦯⼯䄜⷗㑄䓴⥛㪛〓䎀亯㘑⭥㚨⷗㯓ヅ ⭥᷊⫇䊻㾯㬞䈌

䊬Ⱀ⺇㔪᱄䎃㏐ 㬒᷍㋶㬨㸳㗨䊻㘉㭗㹐䐫⭥⫇䊻㾯㬞䈌䊬Ⱀ⺇㔪㬨⡹㿌䅞㧌⭥䄜

⷗㭞䁈㩰⭥㋶ヅⶦ㛏᱄➕䍶㋖⭣᷉Immanuel Kant᷍1724ÿ1804᷊⭥⹼⮄᷍㰝㬨㻩

䂊⭥᱄㹐㏎䁈⭥⺇㔪᷍㎕䓵䇻㈎䂊᷍⭌㿉䄋⡜⳦䊻㻩䂊⭥㬒㋶ⶦ㛏䐱㆙㾱⢎⫐᱄

⹹䇻䎃䄜⮄ Ⱒ᷍䎀㋪䄵⤜䇤䓦を 㻩᷍㒕⷗䇂㼔 㸳᷍㗨ㅌ䊻⭻㡀䍣㆙㾱㻖㵔⭥ㅓㆃ᱄

䊻㹐㏎䁈⭥䁱㈠䐱 㦬᷍㗨㬚䇤㬒㋶䎃⷗ⶦ㛏㬨㸋㑬ⰵ㹐䐫⭥⫇䊻㾯㬞䈌䊬Ⱀ⺇㔪

㆙㾱㭞䁈⢎⫐᱄ 

ⱙ᱑〚⪂᱒᷍ 䋓㋪䄵㵉⺞㰝䈌䓵㦜㋧䁈䐱㡅㰝䁈㋧⳷䐈⭥⡩ㅰ㎕㏎ㆃ᱄㼁ㅰ

䇻㡅㰝㾷⭽䁈㋧ 㹐᷍㏎䁈⹹䓃⭥㬨㹐䐫⭥䔏〚⡟⭥⫇䊻㾯㬞䈌䊬Ⱀ⺇㔪᱄䊻㹐㏎

䁈䁱㈠⭥㹐䐫⭥⫇䊻㾯㬞䈌䊬Ⱀ⺇㔪⭥〚⪂㩰 ㋪᷍䄵䇱⿐䁈᱃㪛㹐䁈⭩㾷⭽䁈㋧

㰚⹹䓃⭥ⰵ㼔ⷘ䐷㾱㸋᱄䎃㾊㚻㦾 ⤃᷍⤜㬨㹐㏎䁈⭥䁱㈠ⳗ⨌᱄⭌㬨䊻㸃⹼⥄㘇᷍

䎃㾊⿐䁈⭥᱃㪛㹐䁈ⰵ㼔⭥㾱㸋㬨㋪䄵㵉⺞㑠䓴㑇䁈᱃㵔ェ㑇䁈䎃㾊㹐㏎䁈⭥〚

⪂㏎㔼䈌㹐㏎䁈ㅉ㑃㑋㻖⭥᱄ 

㩰㭗㲹䎘䊻䄜Ⰹ⧭Ⱙ㩰㉗Ⰹ㑬㹐㏎䁈㡑䊕䇻䓵㦜䍽䁈 ⤃᷍㋪䄵䊻䄜Ⰹ⧭Ⱙ㩰

㋪䄵⫛⢎䓵㦜䍽䁈 ㆙᷍ⱙ䐈⧦㡑䊕䇻䓵㦜䍽䁈⭥㡅㰝䓵㦜㋧䁈⭥䁈㋧⳷䐈䎃䂚䄜

⷗㲹䐫᱄㸳㗨㋪䄵㯖㹐㏎䁈䈌㭞䁈䄜㡑᷍䐈⧦㡑㑬㻷⫛⭥䓵㦜㋧䁈䁱㈠᱄⭌䈌㭞

䁈⤜㵍᷍㹐㏎䁈⭥ⷚ䊻⹹䇻᱑㹐᱒⭥㏎㩰᱄䎃⷗〚⪂㾵᷍〓㿎䄓㬨㸳㗨㈎⧄㋕⭞



  

᱑㹐㏎䁈ゑ䓵㦜䍽䁈᱒䎃䐷⤜㲌䁰ⷒ⭥⢎㭗㈎⧄⨗㻷⭥䄜⷗䐹䄋䊎䅓 35᱄ 

䇱㑬䎃䂚䄜⷗〚⡟⭥䇂㼔 㸳᷍㗨㋪䄵⪴㏛㬘ⳃ䍚⭥ㅨⰩ㎕⨖⤞⭹᱃㆝㉁㏌⭹

㳆。䄜㻣㹐㏎䁈㑬᱄㸳㗨㋪䄵㻩⪴㰝⭥䊎㬝㾯㲍 䓵᷍㦜䍽䁈㯖㡑ᱟ䍵ⰹ⿋ 2᷍012ᱠ

ᱟ➃㏐➣㵱 2᷍011ᱠᱟ⭬㼟㗃᱃䍵㑷 2᷍014ᱠᱟLloyd 2᷍021ᱠ᱄䋈䊻⹦㻄㎑㬒⫛᷍

㲊㎶㯚᷉Thales of Miletus᷍䊝⹌䊋㣑 620 㛋⫛⭞ 540 㛋⫛᷊㈮㳂⨗㑬㉀䇱㻫㘘⭥

㹐㏎䁈㲹䐫⭥㯏⡟䊎㯖 36᱄㡅䊭⤹⭥䍽䁈㯝㼌᷍⫛⢎㑬㦬㗨⭒㬒㵲㏌㪒⿑ⰵ㬡ヅ

㶓㹐⭥⡟䐫⭥⨖⤞㯝㋝᱄⡩㲊㎶㯚㶎 100 ⱁ㛋᷍㒕〚⤉᷉Leucippus᷍䊝⹌䊋㣑 5

㬡ギ㣑㠻᷊䈌⭣䜴㋬㏐㲹᷉Democritus᷍䊝⹌䊋㣑 460 㛋⫛⭞ 370 㛋⫛᷊㑬䊎䓴

㔼᱄䊻㰜㗨⭥㬡ㆈ⹼䐱᷍㬡ㆈ㬨䇪䊎䓴䔊⧪⭥᷍䊎䓴䈌䊎䓴䐏ヅ㬨䎇㋶᱄䎃ⷝ㬨

䊻䄜Ⰹ⧭Ⱙ㩰⧪㸋㑬 2200 㛋⽔䇪⭡ⱜⰺ᷉ John Dalton 1᷍766ÿ1844 㡅᷍⫛⢎䔘᱗A 

New System of Chemical Philosophy᱘䅌䔘᱗⿐䁈䍽䁈㾣㳆㻖᱘᷍ 䇻 1808 㛋⭻䄜⪯

⨗⟇᷊㰚㳂⧌⭥䊎䓴㔼⭥䍽䁈〚⪂᱄ 

⡩⭣䜴㋬㏐㲹䊺㶎䄜⮄ 䁨᷍㏐㬠ⱁ⭣᷉ Aristotle ⹌᷍䊋㣑 384ÿ332 㛋 䊻᷊ㅉ㑃

㡅䍽䁈㳆㻖㬒䄵᱗Physics᱘㸋㡑⮄ 37᷍ㅉ㑃㑬⟝㎉᱗Metaphysics᷉㾯ⱙ㩰䁈 ᱘᷊᱃

 
35⭒㦜⿚。䇱㡅㰝䊎䅓᷍⡩㧈㸳㗨㻣㘇䄋㳂⭞⭥ⰵ䁨㏐㬠ⱁ⭣⭥䑙䔘᱗phusis᱘⭥Ⳏ䅌᱄㋧䁈ⷐ㘝
⽔᷍䅓㸋㋧䁈㵲㏌䍽䁈Ⱑ㑃⫇䊻᷍㋧䁈䐱ⷘ⷗⳷䐈䊻⧪㭍⽔䇷㋋㬝⹹䓃⳨⧄䓉䄖䈌㻙ㅻ⭥㸫㳃᷍
⭝䐣㑬⪴㬣㋧䁈䁱㈠⭥㦬㋋㬝䊞㎕䊞㩺⭹⹹䓃㋧䁈䈌䍽䁈⭥⹹㻖᱄䔘㸋䄜⷗ㆂ⺜᷍㏁㯧᱑㹐㏎䁈
ゑ䓵㦜䍽䁈᱒䎃䐷⤜㲌䁰㆘⭥⢎㭗䄓㋋㬝䊞㎕䊞ⱁ⭥⨗㻷᱄⡫䎀䊻᱗㆒㦶㹐㏎᱘䎃㗦㋯⧭⭥ㅓ䅆
⭥䎜㏎⺞⧭䐱᷍⡩ㅰ㋕䐹㏁㯧ⶦ㛏⭥⧯㤆᱄ 
 
36㦬㗨䄜⟄㦰㸋䍽䁈㡑䊕䇻㲊㎶㯚᱄䎃⷗㬒ヅ᷍⫔ⶦ䊻⹌䊋㣑 500 ⱁ㛋᱄㲊㎶㯚㈮㬨㚨⷗䂗㶜㾨
㋶᷍ㆂ⺜⮕⭞㋴㏐⭥㦬᱄㻷䊻㸳㗨㯖⭥᱑䂗㶜㾨㋶᱒᷍䄓㎕䓵䇻⪬⮅⹫᱄ 
 
37Physics ⭥䊎⪫㬨 Phusis᱄㰝㬨㻄㎑䈐᷍䅃㯝䈌㻷䊻⭥ nature ⡩ㅰ㼒᷍㣠⮘⡟䐫᱃⡟䊕᷍⤃⤜㬨
㻷⫛䅃䅆㩰⭥㹐㏎䁈⭥䅃㯝᱄᱗Phusis᱘㰚⤪㦂⭥㾯㬞㬨〚䇻⹼⥍㆙㾱㘉㭗᷍㆙ⱙ㯝⢇᱄㡅䐱᷍
㬨㗜䇱㬖䂊⭥᱄㵍㬒 㡅᷍⹹䓃㚻㦾⨞㑬㝄ⰺ᱃䙅㏜㔵⭥㹐㏎䁈⹹䓃⭥㚻㦾 䄓᷍⟝⼍䄜㾊㪛㘝㻷㼔᱄
䅓⪬᷍⤜⹽㬨⪴䁱㈠Ⳟⳉ⿚㬨⹹䓃㚻㦾㩰㎕ㅓ᷍䁨㏐㬠ⱁ⭣⭥᱗Physics᱘Ⱍ䈌㻷⫛㸳㗨㯖⭥㹐㏎
䁈⫇䊻⼽⫔⥏⢑᱄⽔㘇㸳㗨。ㅓ⭞᷍➲䎃⡟㭊ㅱ䔗᱑䁨㏐㬠ⱁ⭣⭥᱗Physics᱘᱒〓㿎ⷝ⼰㬫᱄ 
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᱗Logics᷉㕀ゎ䁈 ᱘᷊᱃᱗Ethics᷉㔸㏎䁈 ᱘᷊᱃᱗Aesthetics᷉㗡䁈 ᱘᷊᱃᱗Rhetoric᷉㾿⪨

䁈 ᱘᷊䊻㚻⭥䄜㲸䍽䁈㳆㻖 38᱄䊻᱗Physics᱘䐱᷍㰜ㅉ㑃⭥ Celestial Realm᷉ 䊣㩰㬡

ㆈ᷊䈌 Terrestial Realm᷉䊣㻣㬡ㆈ᷊⭥ⶦ㛏䄵ゑ㡅䔊⧪䈌䊬Ⱀ⺇㔪⭥䁈㯖䊻⼽⫔

⧭Ⱙ㩰㉗Ⰹ㑬㋧䁈ⷐ㘝㣑䎜⷗㹘Ⳟⰵ㹐䐫㬡ㆈ⭥㦰㬗 39᱄ゕ㬚䊻㋧䁈ⷐ㘝䐏⽔᱃

㹐㏎䁈ⷐ㘝䐏㣑 40᷍㡅䐱⭥㏁㯧䇻䄵㲌⭥ⶦ㛏䄡㦜䊻䇑㼍䓦㹐㏎䁈 41᱄⡩䁨㏐㬠

ⱁ⭣䊺㶎䄜㾊 ➃᷍〚㗸⭣㰚䓽ㆂ⭥㈓㑇䁈Ⰹ㔪㦤㦬㗨ⰵ㑇䇱㑬䔏⨖⭥㦰㬗᱄䎃㾊

䁱㈠⪌⧱⭥᷍㬨䎜⷗䓵㦜䍽䁈䐱䔏⼬㾥⭥㯝㋝᱄㡅⼬㾥⹹䓃⮄᷍㈮㬨㹐䐫㬡ㆈ⭥

䔊⧪䈌䊬Ⱀ⺇㔪 42᱄ 

䐏⽔᷍㈎㏛㑬㕟⧅⭥䐱㬡ギ᷍䊻㸥䄶ⶕ㾬ㆂ㭙⽔᱃㋧䁈ⷐ㘝⭥⨖㠻᷍䙅㏜㔵

 
38㸋㬓㗕䁨㏐㬠ⱁ⭣⭥䍽䁈㳆㻖。⟝⼍䎃㾊㚻㦾᷍㸳㗨。䊻⡟䍣⭻ⱟㅻㆃ㬮᱄ 

 
39㡅䐱᷍䊣㩰㬡ㆈ⨅㕛䄵㲌᱄䊣㻣㬡ㆈ㬨㯏᱃】᱃㵢᱃㡙䎃㯥䐷䊋㯹᱄ 

 
40㋧䁈ⷐ㘝᱃㹐㏎䁈ⷐ㘝㉀㳆⭥Ⰹ䅆᷍㸳㗨⽔㘇䊺ㆃ㬮᱄ 

 
41䊻䁨㏐㬠ⱁ⭣䎃㏐᷍䊣㩰㬡ㆈ⨅㕛㑬䄵㲌᱄䊻㒕〚⤉⼮⭣䜴㋬㏐㲹㚨㏐᷍䊎䓴䐏ヅ㬨䎇㋶᱄䅓
⪬ Ⱒ᷍䎀䄓㋪䄵ⶱ㬽⭞㼒䄵㲌᱃䎇㋶䎃䂚䊻㆝⫛䈌㻷⫛㹐㏎䁈䐱䄡㦜⟈䁾䎀䐹䄋ㅨ㩌⭥ⶦ㛏 㡅᷍
ⷚ䊕㋪䓘㯾䐢⹦㻄㎑⭥䍽䁈᱄ 
 
42㸋ⳡ䐚㹔ㆃ᷍䎃㏐䄓㯖㘘䄜㻣᷍䊬Ⱀ⺇㔪䊻䎃⷗㬒㠻㳆㻷㸋⭒㬒⭥㹐㏎䁈㰚㘉㭗⭥䊬Ⱀ⺇㔪᷍
ⷝ㼒䊬Ⱀ䁈᷉kinematics᷊᷍ⱙ⤜㬨㸳㗨㻷䊻㯖⭥䇪㝄ⰺ㦘㑃⭥㑇䁈⭥㾯㬞᷉mechanics᷊᱄㰅㯖➲
㭞䁈⭒䔘㬨㘉㭗䓵㦜⭥䈐䁵䎃䐷㻑⺀㦬㗨䊻⹦㻄㎑㬒㠻㈮䄲㈎䂙⧪㑬 ⭌᷍㬨䊻⭒㬒 㦬᷍㗨㘉㭗䊬
Ⱀ⭥㬒⽓㬚䇤⭥ⷝⱁ⭥㬨䁨㏐㬠ⱁ⭣㰚㳂⨗⭥Ⰹ㾵⭥䊬Ⱀ⺇㔪᷍㬨⤜㿉䄋㑇⭥᷍䅓⪬⤜㬨
mechanics᱄Mechanics᷍ⱁ䇇䇤䇻䈌〛㾖䇇䇤㼁⹹⭥㒍䈓᷉㬖カ㩰 mechanics 䎃⷗⪫⭥⪫ⷚ㈮⼮
mechine 㼁⹹᷊᱄㈺⷗㏞䓴᷍⭞㋋㠶㎶㚨⷗㬒⽓᷍㰅㯖㘉㭗㾱㾨䊬Ⱀ⺇㔪䇤⭥㬨㭞䁈⭥䈐䁵᷍⭌
㡅⺍⭡⭥⥛㪛⤃⤜䓘㤔䁰ⷒ⭥㑇䁈⭥ㆃ㬮᱄䎃䄓㬨㸳㗨➲㝄ⰺ⭥᱗䓵㦜䍽䁈⭥㭞䁈䊎㏎᱘⭥⨗⟇
⭒䔘㋧䁈ⷐ㘝⭥ⷀ⧒⭥䄜⷗䐹䄋䊎䅓 㰝᷍⮍Ⰹ㑬㈎⮅㹐㏎䁈⭥㯝㸍ⳗ㬞 ㅌ᷍㑇䈌䊬Ⱀ㆙㾱㑬㭞䁈
㩰⭥ㆂ⼰᱄⽔㘇᷍䊻⭻➬䍣᷍㸳㗨䄓。ⳕⶕ㣠⮘㼒᱑䊬Ⱀ䁈᷉kinematics᷊᱒䎃䂚⭥ⶦ㛏䊻ゕ㬚㬨
㑠䓴㑇䁈䎃䂚⭥㻷⫛㹐㏎䁈㏎㔼䐱ⳃ⿴⭥䐹䄋䔘䇤᱄䎃䐷ㆂ⼰᷍⪴ⷚⱚ㩰ㅓ᷍䎃Ⱍ㬨᱑㹐㏎䁈⹹
䓃㹐䐫⭥⫇䊻㾯㬞䈌䊬Ⱀ⺇㔪᱒䎃䂚䄜⷗䁈㋧㲹䐫⭥㳆㻷᱄ 
 



  

᷉Galileo Galilei 1᷍564ÿ1642 㛋᷊䓽ㆂ⨗䇤㬖䂊㎕䂊䐅㏎㔼ズ㯖⭥䁱㈠Ⳟⳉ 43᱄䐏

⽔᷍⡩㰜㶎㧞㬏ⱁ㛋⨗㪛⭥⭲㋉ⱜ᷉Rene Descartes᷍1596ÿ1650 㛋᷊ㅌㆃ㹗゙⼯

䅞㧌㑇䁈㸫㳃⭥䁱㈠䐱 44᷍⪬Ⳟⳉ䇷⡜㡅䁈㪛⿾ⷝ㯚᷉Christiaan Huygens 1᷍629ÿ

1695 㛋᷊㆙䄜⤞ⳃ䍚᱄䊺㶚⽔᷍䄵㝄ⰺ᷉Isaac Newton 1᷍642ÿ1727 㛋᷊䊻 1687 㛋

⨗⟇⭥᱗䓵㦜䍽䁈⭥㭞䁈䊎㏎᱘㸋⢋䐟᷍㦬㗨䊻㏛㬘㩰㬸⪯䍧㸶㑬䄜⷗䁰ⷒⰉ㑠

⿐⭥㋧䁈㏎㔼㳆㻖᱄䎃㬨㑇䁈㏎㔼᷍䇤䄵㘉㭗㹐䐫䊬Ⱀ䈌㑇䐏ヅ⭥⹹㻖᱄䓵㦜䍽

䁈䄓㶋⧪㑬䔏㸋⹹ポ⭥䄜⪯㵪⢅ 45᱄㵪⢅⽔⭥㏎㔼㈮㬨㸳㗨㻷䊻㯖⭥㹐㏎䁈㑬᷍

䎃䐷㹐㏎䁈⭥䇑㼍㑇䄓⼽㌍ⶓⶨ㑬䓵㦜䍽䁈⭥㡅㰝㒍䈓 46᱄㸳㗨㋪䄵㯖䎃㬨䄜⪯

㦰䐋ⷐ㘝 㰝᷍ㅳ㬟㑬㼒㲌䂕᱃䊣㑢䎃䂚⭥㳍㳆䈌㸳㗨㪎⢀⭥㦶⧄㬣㹐䔒䁎㵔䄜⭥

㑇䁈⺇㔪 㬚᷍⭤㦬㗨⤜䊺䄜㸗㼁㾦㪒㑇 ㆙᷍ⱙⰵ㋮⹼㬡ㆈ䇱㑬ⷝ㸋ㅴ㆝䎇㏎⭥㦰

䐋᱄䊻㹐㏎䁈㚻⤠᷍㝄ⰺ㑇䁈⭥㲹䐫㬚⭤᱑㑇䁈᱒⧪㸋㹐㏎䁈䁱㈠䐱䔏⼬㾥⭥⤠

 
43䎃⷗Ⳟⳉ⽔㎕⡜㦬㗨⧧㸋㬨㋧䁈⭥Ⳟⳉ᷍䇪㡅⭤⭞⭥㦘Ⰹ㾵⭥䐋㬗䄓⡜⧧㸋㋧䁈䐋㬗᱄䊻䙅㏜
㔵䎃⷗㬒ヅ⮄㶚㣑䈌㶚⽔᷍䇱䄜㻖㑱䈌㋧䁈㼁⹹⭥䍽䁈㯝㼌⭥ⳃ䍚᷍㸳㗨。䊻⭻㒚䍣ㆊ㩽᱄ 
 
44⭲㋉ⱜ䇱㑞⷗㪎⳾᷍䄜⷗㬨䍽䁈⫔㬇᷍䄜⷗㬨㭞䁈⫔㬇᱄䍽䁈㩰᷍㰜㰚⪕㑃⭥㸉㏎㔼⡜⼽ⱁ㦬
㦰㸋㬨㆝⫛㹘Ⳟ䍽䁈⭥㋋Ⱜ᱄㭞䁈㩰᷍ㆃ㹗゙⼯㬖㻷㑬⫛㭞䈌゙⼯⭥⭻䄜⪯ㆂ⼰᷍㸋㝄ⰺ᱃㎔⤝
㛂⪥᷉Gottfried Wilhelm Leibniz᷍1646᷎1716 㛋᷊⭥㸃〞⳷Ⳟⳉ⭥㳂⨗㆙㾱㑬䐹䄋⭥㠭⮇᱄ 
 
45䎃㏐⫔コ㋪䄵㳆。䄜㻣᱗䓵㦜䍽䁈䐏㭞䁈䊎㏎᱘䎃⷗㭊㘜᱄䇤䓵㦜䍽䁈㬨䅓㸋䎃⷗㬒⽓㦬㗨⹹
䓃⭥⿚㬨䍽䁈䐱⭥䓵㦜䍽䁈᷍㋧䁈䎃⷗㘜⪫⡜㦬㗨⺄ⳛ㬚䇤㬨 19 㬡ギ⨖⭥㬣㤊᱄㹐㏎䁈䊻㡅㭞
䁈䊎㏎⡜ⳃ㻷⽔᷍⧪㸋㑬᱑㦌㾣⭥䓵㦜䍽䁈᱒㆙ⱙ䁾⿐㸋᱑䓵㦜㋧䁈᱒᱄ 
 
46⡩㧈䊻䎃⷗㬒⫛᷍⡩㝄ⰺ㪖䐢㩵㸃䋈䄜㾊᷍⤉䅆ⱛ᷉Bobert Boyle᷍1627-1691᷊䔗⭥㬣㤊㈮㬨㝍
㑇ㅌ⿐䁈⪴㑗㆑㭖᷉Alchemy᷊䐱⳷㏌᷍㼒㹐㏎䁈㚨䂚㬚䐏㚪㧌䓵㦜䍽䁈⭥ⳗ⨌᱄䎃⷗䊻㡅⫛⢎
䔘᱗⿔䄪⭥⿐䁈コ᱘᷉ <The Skeptical Chymist> 䐱᷊㈮䇱㳆㻷᱄㝄ⰺ㦆㬡⽔゙㬏㛋 ㎎᷍㶀㹞᷉ Antoine-
Laurent de Lavoisier 1᷍743-1794᷊⨗㪛᱄㰜ⷝ㬨⤪䇤㹐㏎䁈⭥䁱㈠Ⳟ㬞᷍㳂⨗㑬䂖⿐㯖䈌䐫㑠㬹⽄
Ⰹ㔪 㵉᷍⺞ 1789 㛋⭥᱗⿐䁈〚⪂㔼᱘᷉ <Elementary Treatise on Chemistry> ⧚᷊⭸ㅉ㑃⭥㻷⫛⿐䁈᱄
䔗⷗㔵㻵㰇䅃⭥⡩䈘᷍⿐䁈㒍䈓⭥⤉䅆ⱛ䈌㎎㶀㹞᷍㈮䇱⮄㼒㹐㏎㒍䈓⭥䙅㏜㔵䈌㝄ⰺ᱄ 
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⳷ 47᱄ 

㝄ⰺ㑇䁈⽔㎕䄓㪏㋭䇑㼍⭞㑬ⳉ⺛⭥㡕㗪䊬Ⱀ᱄ⴝⱜ㲊᷉Voltaire᷍

FrançoisÿMarie Arouet ⭥⡫㘜 1᷍694ÿ1778 㛋᷊㈮㬨㝄ⰺ⭥䄜⷗䐳㬖⳼㯠᷍㸳㗨㻷

䊻䓽㯖⭥㠜⺜㕅⭹⪺㬚㝄ⰺ㯝㋝㶓䇱䅞㑇䎃⷗⹫㬣 ㈮᷍㎕䓵䇻㝄ⰺ㦆㬡゙㬏㛋⽔

ⴝⱜ㲊䊻䇃⺛㪛』㬒ⰵ㝄ⰺ䐗㝏⭥⤪ⳤ᱄⭒㬒 ⼽᷍ⱁ㦬㦰㸋㬨㋪䄵〚䇻㝄ⰺ㑇䁈

㦆㏎ㆃ㬡ヅ㶓㹐⭥᱄䈌䐏㼁䇇⭥䍽䁈㯝㼌㬨〛㾖㔼 ㎕᷍䓵䇻⡩㝄ⰺⷝ䋈䄜㾊⭥䄜

⷗䍽䁈コ ㅱ᷍〕⤝㯚᷉ Thomas Hobbes 1᷍588ÿ1679 㛋᷊48ᱟ⭬㼟㗃᱃䍵㑷 2᷍014ᱠ᱄

⭒㦜 䊺᷍⽔㎕㦬㗨ⰵ㦩㻷㼔⭥䁱㈠㬚⭤㦬㗨㦰㬗⭞䁰ⷒ⭥〛㾖㔼⭥䇇䇤ⳗ㸈㬨䇱

⢀ㆈ⭥ 49᱄⭌〚䇻㑇䁈㦆㘉㭗㹐䐫⭥䊬Ⱀ䈌⢅⿐䎃⷗〚⡟㯝㼌᷍䊻㹐㏎䁈䁱㈠䐱

䄡㦜⡜㪏Ⱙ㦰㋪᱄ 

䔒䁎⪬㯝㼌᷍㕔㋬㯚㸅᷉James Clerk Maxwell᷍1831ÿ1879 㛋᷊ㅌ⮈䈌⪦㻷㼔

㆙㾱㑬㵔䄜ᷜ➏䅓㯚㲚ㅳ㬟㑬㬒㋶᱃䊬Ⱀ᱃㹐䐫䐏ヅ⤜㋪⳷⷏⭥⹹㻖᱄䎃㾊Ⱍ㬨

㹐㏎䁈ⳃ䍚⺞⧭䐱䔏㸑⫔⧪㈮⭥㳆㻷᱄⽔㎕ 䊻᷍㦬㗨䁱㈠㦩㻷㼔䈌㸃⹼㬡ㆈ⭥⺞

⧭䐱᷍ⳃ㻷㑬゙㔫㾵㘉㭗⭥䐹䄋㾵᷍㵔ェ㑇䁈䈌㑠䓴㑇䁈䄓㼁䇇ㅉ㑃᱄䎃㾊〚⪂

䐋㬗᷍⹚⧪㑬㸳㗨㻷䊻㦰㬗㬡ヅ㶓㹐⭥䔏㸋〚⪂⭥㏎㔼᷍䄓㸋䓵㦜䍽䁈᷉䊻㋧䁈

ⷐ㘝⽔᷍㡅䑘㳆䄲䁾⿐㸋䓵㦜㋧䁈᷊⭥㡅㰝⳷䐈㳂⹊㑬⹹ポ⭥㏎㔼䐈⧦᱄ 

䄵㸳㗨⭥㾷⭽䁈㋧⿐䁈㸋㏞ 㵔᷍ェ㑇䁈䈌㑠䓴㑇䁈⭥ⳃ䍚㬨⮅㾮⭥㹐㏎䁈⧪

㈮᱄㩰㬡ギⱟ㬏㛋⫛䐏⽔᷍䄵㎫僲ⱜ᷉Irving Langmuir᷍1881ÿ1957 㛋 ᱃᷊㔘䄸㯚

 
47䎃㏐㸳㗨㯖⭥㑇䁈᷍⟝⼍ kinematics᱃mechanics᱃kinetics᱃statics ⭩䄜㻖㑱㚻㦾᱄䊻㣑䁵⤠⳷᷍
㸳㗨ㅓ⭞⳷䓴Ⱀ㑇䁈㬨㦩䁈㻷㼔䈌㑇䁈⺇㔪䐏ヅ⭥㣦㑛㬒 䄓᷍㣠⮘⺞᱑㑇䁈᱒䊻㹐㏎䁈䁱㈠䐱⭥
⼬㾥⭹㸜᱄䎃㾊㚻㦾᷍䊻⭻㯥䍣㸳㗨ㅓ㑇䁈⭥㬒⽓᷍。㆙㾱ⷝ㪏㧌䄜㾊⭥㯖㘘᱄ 
48㰜㈮㪛』㛋⫛䈌䇑㼍㑇ⱙ䁵᷍ⰵ㝄ⰺ䇇ⶤ㬨䇱䇑㼍⭥᱄㸳㗨䊻⭻㒚䍣᷍。䇱䄜㾊ⰵ㰜⭥䍽䁈㯝
㼌䊻㋧䁈㬘㩰⭥䔘䇤⭥ㆊ㩽᱄ 

 
49䎃⷗䇇ⶤ㬨㆙㧌㬏㈦㬡ギ䐏⽔⭥㬣㤊㑬᱄ 



  

᷉Gilbert Newton Lewis᷍1875ÿ1946 㛋 ᱃᷊⡌㑷᷉Linus Pauling᷍1901ÿ1994 㛋᷊㸋

⫛⢎⭥⿐䁈コㅌ㡅⧪⹇⭹䇇䇤⭞⿐䁈⳷䓴⭥⫇䊻㾯㬞䈌ⳕ䇇〛䐧⭥㘉㭗䐱᱄〚䇻

⪬᷍⿐䁈䎃㗦䋈㠻⭥㶋㦌〚䇻㬖䂊⧃㬵⭥䁈㋧⡜㵧㼓㑬䄜⷗䇖䇱㸃⹼᷉䊎䓴᱃⳷

䓴᷊⥄㘇䁰ⷒ⭥Ⰹ㑠㘉㭗⭥㋧䁈ᱟLaidler᷍1993ᱠ᱄䊻⿐䁈㚻⤠᷍㹐㏎⿐䁈䄓䔘

㸋䄜⷗䐹䄋⭥䁈㋧⳷䐈⭏㪛 50᱄㻷䊻᷍㦬㗨ⷝ㬨㝍㑇⭹ㅌ䎃䐷⧪⹇᷉⡩㧈㣑㘇㳂

⭞⭥⳷䓴Ⱀ㑇䁈㚄㛃㬷Ⱟ 㵧᷊⺄䐢㪛㹐㳆㻖 䄵᷍㠻㵧Ⱀ㦬㗨䊻⳷䓴㯏㠞㦰㬗㪛㘝

㋧䁈᱄䎃㾊᷍䇇ⶤ㯖㬨㹐㏎䁈⧪㈮ⰵ㼁⹹㾷⭽䁈㋧䇑㼍⭥⮅㾮⭥㏞䓴᱄ 

⨞㑬㸋㾷⭽䁈㋧⭥ⳃ䍚㳂⹊䄜㾊㏎㔼⹅㉀ 䊻᷍㹐㏎䁈㚻⤠ 㲞᷍㰘㹐䐫⭥⫇䊻

㾯㬞䈌䊬Ⱀ⺇㔪⭥㦰䐋⢀ㆈ䄡㦜㬨㸳㗨䐹⮄⹹㾥⭥㸫㳃᱄䇪䇻䁈㋧ⳃ䍚䄲㈎⧪㭍

⭞䄜ⰉㅸⰯ᷍㰝⡹㦜。⥛㪛⼽ⱁ⳷䐈᱄⭒㣑᷍㹐㏎䁈⭥䁱㈠⳷䐈⫔䐣㋪⳷㸋㒚⤠

⳷ᷛⷀ㚽㹐㏎䁈᱃⼬㹐㏎䁈᱃㳍㳆㹐㏎䁈᷉䈏䑇䁈 ᱃᷊䊎䓴/⳷䓴㹐㏎䁈䈌⺃䁈

᷉Atomic/Molecular Physics and Optics ビ᷍⧧ AMO ᱃᷊㛞㈼㲍㹐㏎᱃㪛㹐㹐㏎䁈 51᱄ 

 
50⭒㦜 䎃᷍㏐㸳㗨䄓⤜㚽㶝エ㹐㏎⿐䁈䎃⷗䁈㋧䋈㠻⭥䄜㾊⮍〚㦬 㼒᷍ⳗ⭣〕ⴓ᷉ 䇷䅌䔘ⳗ㵱ⴓ᷍
Jacobus Henricus van 't Hoff 1᷍852-1911 㛋᷊᱃㏎⥊䓩᷉Theodore William Richards 1᷍868-1928 㛋᷊᱃
㚽㯚㲹᷉Walther Hermann Nernst 1᷍864-1941 㛋᷊᱃⺟⤏᷉Fritz Haber �᷍���ÿ���� 㛋᷊᷍⭥⹒㻸᱄
䊻㰜㗨㚨⷗㬒⽓ 㦬᷍㗨䄡㦜㬨〚䇻䊎䓴㔼䊻ⰵ⿐䁈ⳕ䇇⭥㸃⹼〛㏎㆙㾱㲞㰘 㑠᷍䓴㑇䁈⿚㗜䇱⧪
㭍᱄⭌㰜㗨ⰵ䇻㹐㏎⿐䁈䁈㋧⭥⹒㻸᷍⤜㦾⡫䎀䊻䎃㏐⤜㳂㰜㗨᱄ 

 
51䎃㏐⭥⿏⳷䄡㈾㬨ⰵ⺛カ㩰䑘㒘⫔䁈⭥㹐㏎㻖㬇䓫㞅⡙⭥⳷㹗᱄⡒㈊⫔䁈㹐㏎䁈䊛 2020-2021㛋
㆙㾱䁈㋧⺇⿏㬒 ⡫᷍䎀䋙⤯䈌⮘䁱⺞⺛カ㩰䑘㒘ⷀ㾄㹐㏎㻖⭥㬇䓫㞅䐤᱄䎃㏐⭥⳷㹗䄓㬨〚䇻⭒
㬒⭥䄜㾊㭞㈾᱄䊻㸳⺛㚠㣑⭥䁈㋧⳷㏁䐱᷍㪚䁈᱃㸿㼀⮈㹐㏎᱃⭩㏌䓴㳆㹐㏎䄓㬨㹐㏎䁈㻣㭕ⱟ
゗䁈㋧᱄⭌䎜㳆ⱙ䁵᷍⪴㬣㏁㯧䁱㈠⭥䁱㈠㦬䊒䊻⺛㚻㶃ⷀ㾄䐱⭥㦬䊒䍝⡩᷍⡩㡑㣑㘇㳂⭞⭥゙
⷗᷍⿚㬨䄋㩺䄜㾊᱄㵍㬒᷍㏎㔼㹐㏎䄓㬨㹐㏎䁈㻣㭕ⱟ゗䁈㋧᷍⭌䎃⷗ⷝ㼒㬨䄜䐷䁱㈠Ⳟⳉⱙ⳨
Ⳟ㼓〓㒍䈓᱄㣑㘇㳂⭞⭥゙⷗㒍䈓䐱᷉⡩㧈ⷀ㚽㹐㏎᱃㛞㈼㲍㹐㏎᱃AMO᷊᷍㦬㗨Ⱍ。䇤⭞㏎㔼
㹐㏎⭥㬷Ⱟ᱄㵔ェ㹐㏎䎃㏐㗜䇱㳂⭞ 䇱᷍㑞⷗䊎䅓᱄䄜㬨㰝䊻㸳㗨⺛㚻㹐㏎䁈⭥䁈㋧⿏⳷䐱⤃⤜
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㧈⺜ㅌ䍽䁈ビ⭆⭥⳷㸋䓵㦜䍽䁈᷉䁱㈠䓵㦜⭥䍽䁈᷍⡩㧈㹐㏎䁈᱃⿐䁈᱃㪛

㹐᱃⭹㏎⭩䊻㆙⿐㸋㻷⫛㋧䁈⭥⳷䐈㣑䁱㈠⭥㚻㦾 ᱃᷊㯝⢇䍽䁈᷉㾯ⱙ㩰䁈᱃㕀

ゎ䁈⭩ ᱃᷊㬖ペ䍽䁈᷉䎟䐯䁈᱃㈎イ䁈᱃㔸㏎䁈⭩᷊᷍ 㚨㗕㭞䁈㸿䄪䊻㾯㬞㩰䈌㯝

⢇䍽䁈⭥⹹㻖㬨䔏㆝⭥᱄㣑㘇㳂⭞⺞᷍㔿㯹䄓䇱䄜⷗⹼⮄㬨ㅌ㭞䁈㚪㧌㕀ゎ䁈᱄

㦬㗨䊻⿹⹬㹘Ⳟ䍽䁈㬘⭥㬒⽓ 㼒᷍⡰⭣ⷒ㎎㯚᱃㝘゙㏐⭤䎃䂚⭥㦬㹐㬨䄜Ⰹ䄋⡜

㳂⭞⭥ 59᷍ⱙ㰜㗨㈮㬨⮅㾮⭥㭞䁈コ᱄䊻㆝⫛᷍⭒䙅㏜㔵ㅉ㑃㋧䁈⭥㬖䂊Ⳟⳉ᱃

⭲㋉ⱜ᷉Rene Descartes᷍1596ÿ1650 㛋᷊㣠⮘㏎㾵⭥〒㦂䐋㬗⭥Ⳟⳉ䐏⽔᷍⼽⧅

㬒ヅ㚻᷍㦬㗨Ⱍ㬨㗯㼌䓦➲䍽䁈䔗⧪㋧䁈 60᱄⭞⽔㎕᷍㦬㗨㦰㬗⭞⤃⤜㬨㰚䇱䍽

䁈䁱㈠⭥㚻㦾Ⱍ㋪䄵䇤㋧䁈⭥Ⳟⳉ㎕䔗᷍⡩㧈㗡䁈᱄䅓⪬᷍⿚㬨➲䍽䁈᱃㋧䁈᱃

㪒䁈⤃㑱㸋㦰㬗㬡ㆈ⭥䔏〚⪂⭥⹅㉀᱄㋧䁈㚻⤠᷍㦬㗨䄜⟄䄓。㆙㾱䓵㦜㋧䁈᱃

㾯㬞㋧䁈᱃㪈。㋧䁈⭥⿏⳷᱄䊻䎃⷗㳆㻖䐱 㭞᷍䁈䊻㾯㬞㩰ⷝ㼒㾯㬞㋧䁈᱄䅓⪬᷍

㯖㭞䁈㬨䍽䁈䈌㋧䁈⭥⳷䐈Ⱍ⡩ㅰ㦾䄸㦤㦬ㅴ㬽 ⭌᷍㯖㭞䁈㭕䇻䓵㦜䍽䁈᱃䓵㦜

㋧䁈䋓㻵㦜㈮⤜⼰㬫㑬᱄ 

ォ㦜㹐㏎䁈䈌㭞䁈㼁⿆䐏ヅ㗜䇱⪴㭕⹹㻖 䄓᷍⤜㚽㯖㑞䎀㼒㹐㏎䁈䈌⿐䁈㚨

䂚Ⱍ㭕䇻䓵㦜䍽䁈 㚨᷍㗕䎃㏐㸳㗨㈮➲㭞䁈⭒䔘䄜⷗〚⪂㾵⡩㹐㏎䁈ⷝⷀ䄜⷗⥄

゗⭥䁈㋧᷉➕㻑⺀䎃㏐䄓ㅱ䔗㾷⭽䁈㋧᷊᷍ ⪴㏛㬘ⳃ䍚⭥ㅨⰩ᷍㎕㲷㔼㑞䎀⭥㗽

㣱㑋㻖᱄ 

䋈㠻⭥⼽ⱁ㹐㏎䁈コ䄓㬨㭞䁈コ᱄㵍㬒 㹐᷍㏎䁈⭥㗠䄜⤞䐹䄋㆙䍚䄓Ⱍ䈌㭞

䁈㗽㣱㼁⹹᱄⪴⹦㻄㎑㋋㬝᷍㝘゙㏐⭤᷉Euclid᷊〚䇻㣑㦬⧪㈮᷍䓽ㆂ⨗᱗゙⼯

 
59㣑䎀䄜Ⰹ⧭Ⱙ㩰⫛⢎㑬㰄㭖⭥⧪㈮᷍⽔䎀⫛⢎㑬゙⼯⭥⧪㈮᱄䎃䄓㬨⭒㬒㰚䇱⭥㭞䁈᱄⫛㭞⭥
⥛㪛᷍䄋⭩⭞⹌䊋⽔➬㬡ギ㚊᱃㈦㬡ギ⨖᱄ 
 
60䊻㰜㗨⭥㚨⷗㬒㠻᷍䊻䍽䁈㩰᷍㦬㗨⭥䁱㈠䐹⮄⪴⡟㳆㔼㼓㦰㬗㔼⭥䓋⿐䄓㬨䄜⷗⫔⧒㒘᱄⼮
㰜㗨⫔䐣㵍㬒㠻᷍㔵䋈䄜㾊⭥㎕䓵㸳㗨⺛コ⭥㶖䂕㘘⭥䁈㯖᷍䄓㉀⡙䎃⷗㲹⮄᱄ 
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䊎⡟᱘᷉ <The Elements> ᱄᷊㰝⭥⨗㻷᷍ⰵ䇻㚨⷗㬒⽓㦬㗨䁱㈠〛㾖᱃㈓㑇䁈᱃⺃

䁈᱃㳍㸥䁈㸫㳃㬨⤜㋪〓㦒⭥᱄㬏㡀㬡ギ㩰⟌䄗᷍⭲㋉ⱜㅉ㑃ㆃ㹗゙⼯᱄䎃⫔⫔

ⴂ⶜㑬㑇䁈㸫㳃䁱㈠⭥㭞䁈㬷Ⱟ᱄㬏㡀㬡ギ㚊᷍䊻㝄ⰺ㑇䁈⭥⭏㪛⺞⧭䐱᷍㝄ⰺ

䈌㎔⤝㛂⪥᷉Gottfried Wilhelm Leibniz 1᷍646ÿ1716 㛋᷊⳷⢑ⳃ䍚⨗⭥㸃〞⳷Ⳟⳉ

䄓㡑⭞㑬⹹ポ䔘䇤᱄㼁ⰵ䇻㝄ⰺ䊻䇃⺛ㅰⰡ㑃⭥⹅䔘 ㎔᷍⤝㛂⪥㰚ⳃ䍚⭥㸃〞⳷

⢎㭗㬷Ⱟ䊻㝘䐿⫔㔞⭤⭞㑬ⷝゴⳞⳉ⭥䇇䇤䈌㵧⺄᱄䎃㏐ ⨞᷍㑬㎔⤝㛂⪥⭥⢎㭗

Ⳟ㬞⡩ㅰ⼤Ⰿ䄓Ⳟ⢄㬚䇤㶃᷍㡅㵉⺞䁈㪛䁦㋪⡩ I᱅⤏㝍㏜᷉Jacob Bernoulli᷍

1655ÿ1705 㛋᷊䈌⤏㝍㏜コ䔆᷉Bernoulli Family᷊ㅉ㑃⭥㑋㻖 61᷍㆙ⱙ㬚⭤ⷝⱁ⭥

㭞䁈コ⹹䓃⤃㆙䄜⤞ⳃ䍚⪬Ⳟⳉ᷍〓㿎䄓㬨䄜⷗⤜㋪⽗㬴⭥䅓㯹᱄ 

㡕㗪䊬Ⱀ䐏⽔ 㠌᷍㸃⳷Ⳟ⧭䈌⢅⳷㬷Ⱟ䊻㝘䐿䄓⭤⭞㑬⺄ⳛ⭥ⳃ䍚 ⪴᷍㝘㎎

᷉Leonhard Euler᷍1707ÿ1783 㛋 ᱃᷊⫐㎫⡕ⱜ᷉JeanÿBaptiste le Rond d'Alembert᷍

1717ÿ1783 㛋 ᱃᷊㎎ⷒ㎫㦶᷉ JosephÿLouis Lagrange 1᷍736ÿ1813 㛋᷊᷍⭞㗪㦶᷉ Gaspard 

Monge᷍1746ÿ1818 㛋 ᱃᷊㎎㠶㎎㯚᷉PierreÿSimon Laplace᷍1749ÿ1827 㛋 ᱃᷊㎶㦤

⭣᷉ AdrienÿMarie Legendre 1᷍752ÿ1833 㛋᷊᷍䊺⭞ⶖ㑃䄗᷉ Joseph Fourier 1᷍768ÿ1830

㛋 ᱃᷊➓㞁᷉AndréÿMarie Ampère᷍1775ÿ1836 㛋 ᱃᷊⤕㯪᷉Siméon Denis Poisson᷍

1781ÿ1840㛋 ᱃᷊ⷒ㑷᷉ George Green 1᷍793ÿ1841㛋 ᱃᷊㋣㹘᷉ AugustinÿLouis Cauchy᷍

1789ÿ1857 㛋᷊᷍ 䎃㾊㹐㏎䁈コ〓㭞䁈コⰵ䎃㾊㭞䁈⹅㉀㆙䄜⤞ⳃ䍚䄓㸋⽔㠻㕔

㋬㯚㸅Ⳟ⧭⭥ㅉ㑃⮍Ⰹ㑬〚⪂᱄ 

䐏⽔᷍⮈Ⱀ㑇䁈⭥ⳃ䍚䅞㡑㑬㦬㗨ⰵ㉙ⰵ㬒㋶᷉䙅㏜㔵㬒㋶᷊⭥⿔䄪᱄䊻ㅌ

㬒ヅ䈌㋶ヅ䓵䇪Ⱙ㑋㻖㡑㎕⭥⺞⧭䐱᷍㕆㔸䓩⢅⿜᷉Lorentz Transformation᷊㡑

⭞㑬⹹ポ⭥䔘䇤᱄㵍䂚 咔᷍⪥ㅽ㎎⭣᷉ George Francis FitzGerald 1᷍851ÿ1901 㛋 ᱃᷊

 
61 䎃⷗⹹㻖⤃⤜㬨䁰ⷒ⭥⤊㬠⭝㬇䈌䁈㪛⭥⹹㻖᷍ⱙ㬨⺄䅆䄜㾊⭥᱑ⷛ䓦䁈㻑⺞᱒⭥⹹㻖᱄ 



  

㝴ゴ㎔᷉Henri Poincaré᷍1854ÿ1912 㛋᷊⭥⹒㻸䄓⤜㋪⽗㬴᱄䔘㸋䎃㾊㭞䁈⧪㈮

⪺⧪⭥㹐㏎䁈⭥⧪⺜᷍㻢䅆㼁ⰵ㔼䊻 1905 㛋⭥⭏㪛᱄1908 㛋᷍䷪㋪ⴓ㯚〚

᷉Hermann Minkowski᷍1864ÿ1909 㛋᷊㳂⨗㑬䷪㋪ⴓ㯚〚㬒㋶⭥ⶦ㛏᱄㋋㬝᷍➏

䅓㯚㲚᷉Albert Einstein᷍����ÿ���� 㛋᷊⤃㗜䇱ⰵ㡅⨅⳷㦰㋪᱄⭌䊻㡅ⳃ䍚⺄䅆

㼁ⰵ㔼⭥⺞⧭䐱᷍➏䅓㯚㲚䅃㬗⭞㑬䎃⷗㬷Ⱟ⭥䐹䄋㾵᱄㵍㬒᷍⡩䎃⷗䋈゙㬏㛋

᷉㬏㈦㬡ギ㒚㬏㛋⫛᷊᷍ 䇪㏉㕝᷉Bernhard Riemann᷍1826ÿ1866 㛋᷊ⳃ䍚⨗㎕⭥

㏉㕝゙⼯䄓㸋㡅㳂⹊㑬䔏〚⡟⭥㭞䁈⹅㉀ 62᱄〓㿎䄓㬨䅓㸋䎃⷗䊎䅓᷍䊻➏䅓㯚

㲚⺄䅆㼁ⰵ㔼㶋⧪⭥ 1915 㛋㻣⟌㛋᷍㻄ⱜ⤏㲹䄓⧪㸋㑬㚨⷗㸉䄜㋪䄵ⰵ㡅⥛㪛

㶟㾓⭥㦬᷉㵝 1.3 ᱄᷊䊻䎃⷗㬣㬖⭥⡔⽔᷍ⷈ㵃ⷚ⫔䁈䎃㰚⫔䁈䊻㭞䁈㩰⭥⪌⧱〓

㿎㡑⭞㑬䔏㸋䐹䄋⭥䔘䇤 63᱄ 

 
㵝 1.3 䄜⷗㕟⿎᷍㘉㭗⭥㬨䊻⺄䅆㼁ⰵ㔼⭥⥛㪛⺞⧭䐱᷍㻄ⱜ⤏㲹㋪㚽ⰵ➏䅓㯚㲚㾯⧪⭥

 
62㏉㕝㬨ⷀ㯚᷉Carl Friedrich Gauss᷍1777-1855 㛋᷊⭥䁈㪛᱄䊻ⷀ㯚⭥ㅉ䅊㻣᷍㰜ㅌ䓵゛ㅭ㬻䓫ⷒ
㋝㬵᷉Habilitation᷍⭣⺛⭥䁈䎀䊻〓䎀⤊㬠䁈㸜⽔᷍䎞㬞⧪㸋ㅭ㬻䐏㣑᷍䄋㶋⧪⭥㒎䄜⤠㔼㸥᷊
⭥㳃㚠Ⰹ㸋᱗On the hypotheses which underlie geometry᱘᱄䎃䄓㈮㬨㸳㗨⧄㯖⭥㏉㕝゙⼯᱄ 
 
63ⱟ㬏㬡ギ⨖㻄ⱜ⤏㲹᷉David Hilbert᷍1862-1943 㛋᷊䊻ⷈ㵃ⷚ⫔䁈㭞䁈㻖䐕ㅭ᷍㰜⭥㣑⡓⟝㎉
㬏㈦㬡ギ㣑㠻⼮䐱㠻⭥ⷀ㯚᱃ⷀ㯚⭥䁈㪛㏉㕝 㬏᷍㈦㬡ギ㚊⭥㋬㎔䅓᷉ Felix Klein 1᷍849-1925 㛋᷊
⭩㦬᱄ 
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㶟㾓᱄1915 㛋㻥㳍᷍➏䅓㯚㲚⭞ⷈ㵃ⷚ⫔䁈㆙㾱䄜⷗ㅓ䔚䐏⽔᷍㈮⢅⭤⳨⧄㆕䍦᷍䅓㸋㻄

ⱜ⤏㲹㬨㚨⷗⼽㤆⨟⭹Ⰿ⭤㰜䊻䔗㬓㗕⭥㦬᱄㈾⧧➏䅓㯚㲚䋙㈎㼓䄜㸜㞔䇲㵙㔊⺞䓵゛⭥

⭄㾥᱄⭌ㆂ⺜㬨➏䅓㯚㲚䊻㚨㛋㶋⧪㑬䎃㼏⹅䔘᷍⤃䇻 1916 㛋ⳃ⢎᱄ 

 

㦜⽔㈮㬨㑠䓴㑇䁈 㡅᷍㭞䁈〚⪂㬨㸳㗨㻷䊻㰚㭍㬗⭥㼀㾵⫛㭞᷉ 䓼⼰䎃㾊ⳃ

䍚᷍㸳㗨䊺㦆㼌㹐㏎㻖⭥䁈㪛㸋㬓㗕䄋䊻⫔䄜䁈㻑㸃〞⳷᱃㠌㸃⳷Ⳟ⧭᱃㼀㾵⫛

㭞䎃㾊㭞䁈〚⪂㋯⧭᷍㈮⼽䓵㦜㑬 ᱄᷊䎃㏐᷍㸳㗨㿉䄋䐙⨗䊻ⱟ㬏㬡ギ⨖᷍㚽⹜

䍧㸶㼀㾵⫛㭞⭥㹐㏎䁈コ㡅㬖㤝䐙㋪㭞 64᱄䊻ⷈ㵃ⷚ᷍⨞㑬㬏㈦㬡ギ㏉㕝ⰵ⧍䊞

㝘㬰゙⼯⭥゙⼯ⶦ㛏⭥ⳃ䍚᷍䊻ⱟ㬏㬡ギ⨖㻄ⱜ⤏㲹᷉David Hilbert᷍1862ÿ1943

㛋 ⡟᷊㦬䄓䊻㼀㾵⫛㭞⭥ⳃ䍚⺞⧭䐱㡑⭞㑬䐢⹹䐹䄋⭥䔘䇤 65᱄⤄ⱘ᷉ Max Born᷍

1882ÿ1970 㛋᷊䔘㸋㻄ⱜ⤏㲹⭥䁈㪛 66᷍ⷝ㬨䊻 1924 㛋⭞ 1926 㛋㑠䓴㔼⭞㑠䓴

㑇䁈⭥ⳃ䍚⺞⧭䐱᷍⫙㒍⼄㩎⡅᷉Werner Heisenberg᷍1901ÿ1976 㛋 ᱃᷊㝾㏜

᷉Wolfgang Pauli᷍1900ÿ1958 㛋 ᱃᷊䊝⭒᷉Pascual Jordan᷍1902ÿ1980 㛋᷊⭩㦬䊻

 
64⽔㘇㸳㗨。㳂⭞᷍䎃䈌㼀㾵⫛㭞䈌㸃〞⳷㼁⡩㬨⧪㭍䇻⤜㵍⭥㛋⫛⭥㶋㦌⤜㵍⭥㭞䁈㼁⹹᱄㸃
〞⳷⭥⼬㾥㯝㼌 䄓᷍㈮㬨㸃⳷䈌〞⳷⭥⿆㛇 ⭏᷍㪛䇻 17 㬡ギ㚊᱄ⱙ㼀㾵⫛㭞⭥⼬㾥㯝㼌 ㈹᷍䎔᷍
䋓⥛㪛䇻 19 㬡ギ䐱䄗᱄⽔䎀⡩㣑䎀㶎 180 㛋䔔䇳᷍䇇ⶤ㯖䊻㈮⨊㼔Ⱙⱙ䁵᷍㬨㶋㦌⤜㵍⥄゗⭥
㭞䁈㏎㔼᱄㻷䊻 㸳᷍㗨䊻⫔䄜㈮䁈㻑㼀㾵⫛㭞㬨䅓㸋⫔䁈䐱⭥⼽ⱁ⽔㘇⭥㋯⧭。䇤⭞㼀㾵⫛㭞⭥
㚻㦾᱄⭌㸳㗨䊻䁈㻑⭥㬒⽓䄜Ⰹ䄋䐋⭡䎃⷗㏛㬘⭥㯔㿓 ㆙᷍ⱙ ⤦᷍㚽㳆。㡅䐱⭥䄜㾊㚻㦾⭥⼎䅆᱄ 
 
65䋈㠻⭥㼀㾵⫛㭞ⰵ䇇⭥㸫㳃㬨㼀㾵Ⳟ⧭䔊⭥㤔ㆃ᱄㬏㈦㬡ギ䐱䄗 ⷒ᷍㎎㯚㕝᷉ Hermann Grassmann᷍
1809-1877᷊ⰵ㡅㆙㾱㑬㻖㵔⭥䓽ㆂ᱄⽔㎕᷍㻄ⱜ⤏㲹㳂⨗⭥㻄ⱜ⤏㲹㋶ヅ⭥ⶦ㛏᷉䎃⷗⤜㬨㰜䓵
゛㘝㘜⭥ 㰜᷍䓵゛䐜㬨㳂⨗㑬䄜㾊ⶦ㛏 䊻᷍㰜⿚䊻㬡⭥㬒⽓ 㦬᷍㗨䄲㈎➲㚨㾊ⶦ㛏ⰵ䇇⭥㋶ヅㅱ
㻄ⱜ⤏㲹㋶ヅ㑬 ᱄᷊䊻䎃⷗㋶ヅⶦ㛏㳆㻖䐱 ⡟᷍㎕㼀㾵Ⳟ⧭䔊㏐㘇⭥䄜⪯㡌⪯⼐㭞㋪䄵⡜㎊䍚䐢
Ⰹ䅆㑬㚻〞⭥㼀㾵㋶ヅ䐱⭥㦯䅃㼓㑠᱄䎃䂚㼀㾵⫛㭞⭥䇇䇤ⳗ㸈㈮⭤⭞㑬れ⫔⭥㵧⺄᱄⽔㎕ 㰝᷍
䄓⧪㸋㑠䓴㑇䁈⭥㭞䁈〚⪂᱄䄓䎞㬨䅓㸋䎃⷗䊎䅓 㸳᷍㗨㈮⤜㚲㏎ㆃ㸋㬓㗕⤄ⱘ㬨⤯䈌ㅉ㑃㑠䓴
㑇䁈⭥㈹䎔⢎㭗᷍⭌㵍㬒⼽㌍ⰵ㑠䓴㑇䁈⭥⤉⼐㭞Ⳟⳉ⢎㬟㦰㵍⭥㦬ᷠ㰜䇇ⶤ㬨䔏䋈⭹㚽⹜㦰
㬗⭞䎃㑞䐷⢎㭗Ⳟ㬞㶋㦌⭩ゼ⭥㚨䄜⷗〓゙⷗㦬᱄ 
 
66⪬㬇㪛⹹㻖⤃⤜㬨㸳㗨⧄㯖⭥⭝㬇᷉supervisor᷊䈌䁈㪛᷉student᷊䐏ヅ⭥⹹㻖᱄ⱙ㬨㯖⤄ⱘ䊻
㬽ㅭ䈞ㅸⰯ㻄ⱜ⤏㲹䋙㈎⟈䁾㑬 mentor ⭥ㅨ㩌᷍ゕ mentor 㰚ⰵ䇇⭥ student᱄㏁㯧ㅨ㩌䊻ㅭ䈞䐱
㡅㬖⳨⧄䐹䄋᱄㧈⺜㸳㗨䊻㸍〚➺㋧㩰⥊䄜㸜䁈䎀⭥⿑ 㶚᷍㶚䈌 supervisor ⤃㑱 䇳᷍⢀䇱⷗ mentor
⭥㎙㚠᱄㯖⭥㈮㬨䊻䎃⷗㦬㬽ㅭ䈞⺞⧭䐱᷍ⰵ㰜/㰞㳂⹊㑬䔏⹹ポ⭥䐙⭝⭥㚨⷗㦬᱄ 



  

ⷈ㵃ⷚ䔗⨗㑬ⱁ㼏㋋⪕㾵⭥⹅䔘᱄䊻䎃⷗⹹ポ㠻 ㎕᷍䓵ㅄ㣦⭥⭳㎎㋬᷉ Paul Dirac᷍

1902ÿ1984 㛋᷊⭥⹅䔘㬨䈌㎕䓵ⷈ㵃ⷚ䑏㦬᱃㎕䓵㸍䄓㚪⭥䁇Ⰹ䜭᷉Erwin 

Schrödinger᷍1887ÿ1961 㛋᷊⭥⹅䔘Ⱑ㑃㋋䍚⭥᷍㰜ⰵ㼀㾵⫛㭞Ⳟⳉ⭥䍧㸶䄓⼽

䐹䄋 67᱄䊻䁇Ⰹ䜭Ⳟ⧭ㅉ㑃⽔᷍⭳㎎㋬䊻ⳃ䍚㼁ⰵ㔼㑠䓴㑇䁈⭥㬒⽓᷍䊻➲㋬㎔

䅓ÿⷋⱜ⭨Ⳟ⧭᷉KleinÿGordon Equation᷊ⶥ㆙㸋⭳㎎㋬Ⳟ⧭⭥⺞⧭䐱᷍ⰵ㝾㏜

㈹䎔⭥䇇䇤䄓㡑⭞㑬⹹ポ⭥䐹䄋᱄䔘㸋㻄ⱜ⤏㲹⭥䁈㪛䈌䑛㬷᷍㸛ⷒ㚪᷉Eugene 

Paul Wigner᷍1902ÿ1995 㛋᷊䈌ⴌ᱅㝖䄢㕝᷉John von Neumann᷍1903ÿ1957 㛋᷊

⭩㦬ⷝ㬨䐒ㅴ〚䇻㼀㾵⫛㭞㲷㔼㑬㑠䓴㑇䁈⭥㭞䁈〚⪂᱄䎃㾊⹅䔘㳆㻷⭥ Ⱍ᷍㬨

㈹䎔䈌㼀㾵⫛㭞䎃⷗㭞䁈⹅㉀ⰵ㑠䓴㑇䁈⭥䐹䄋㾵᱄ 

䔏⽔᷍㸳㗨㳂䄜㻣㘉㭗ⰵ⧧㾵⭥㭞䁈䈐䁵᷉㦛㔼᷊䊻㆝⫛㹐㏎䁈ⳃ䍚⺞⧭䐱

⭥䔘䇤ᱟ㏏㾣䎘 2᷍024ᱠ᱄ⰵ⧧㾵㬨㸳㗨䊻㘉㭗㹐㏎㻖㵔㬒㈎⧄䇤⭞⭥䄜⷗㾵䐫᱄

ⱙ㦛㔼᷍䔘㸋㆝㬡⫛㭞⭥䄜㗦⳷䐈᷍㬨⪴㬏➬㬡ギ㚊⨗㻷᷍⤃䊻㬏㈦㬡ギ䐢ⱟ㬏

㬡ギ⨖ⳃ䍚⧪㭍⭥᱄㰝䎜㳆⟝⼍䇱㻿㦛᱃㏏㦛㏏⫛㭞㑞⷗⤠⳷⭥㚻㦾᱄䇱㻿㦛㋯

⧭⭥䑘㳆㬨㦛ㆂ⹚䈌㦛⢎㬟 ㏏᷍㦛㋯⧭⭥䑘㳆㬨⫛㭞᱄㸳㗨㋪䄵㻩⪴䇱㻿㦛㯖㡑᱄

䇇ⶤ㯖䎃䄲㈎㬨䄜⷗⳨⧄⨊㼔᱃⳨⧄㏎㾵᱃⳨⧄ⷀ゗⭥㭞䁈Ⳟⳉ᱄㰝䔏䋈⭥ⳃ䍚

㡑䊕䇻㦬㗨ⰵ䁑㤔䄜䊋 n ⪯Ⳟ⧭ⷚ㬞ㆃ䎃⷗㸫㳃㬨㭞䁈㩰⭥〚⡟㸫㳃⭥㲞㰘᱄ 

䊻㬏㒚㬡ギ᷍⭒㋉⭅᷉Girolamo Cardano᷍1501ÿ1576 㛋 ᱃᷊ⴌ㰟㚪᷉Niccolo 

Fontana᷍1499ÿ1557 㛋 ᱃᷊Ⳳ㎎㏐᷉Lodovico Ferrari᷍1522ÿ1565 㛋᷊䎃㾊㦬㵉⺞

㞅Ⳟ᱃⿜䊋⭥Ⳟⳉ䍳⭞㑬䄜䊋㧞⪯䈌䄜䊋㯥⪯Ⳟ⧭⭥ⷚ㬞ㆃ䐏⽔ 㝘᷍䐿⭥㭞䁈ㆈ

⿉㑬㑞➺ⱁ㛋⭥㬒ヅ㎕㵉⺞㵍䂚⭥㭞䁈ゝ㣪䁑㤔䄜䊋㹆⪯Ⳟ⧭⭥ⷚ㬞ㆃ ⭌᷍䄜䐒

 
67㲹⢑㬨⭳㎎㋬᷍㸳㗨㻷䊻⼽ⱁ䊻㑠䓴㑇䁈䐱㬚䇤⭥䈐䁵Ⱍ㬨㰜〚䇻䓵゛㼀㾵⫛㭞⭥䍧㸶᷍䊻㬏
㈦㬡ギⱟ㬏㛋⫛㚊⪕㑃⭥᱄ 



   

52 
 

㗜䇱⧪⹇᱄㬏➬㬡ギ㚊 ㎎᷍ⷒ㎫㦶㋋⪕㾵⭹ㅌ䄜⷗䄜䊋 n ⪯Ⳟ⧭⭥ n ⷗ⷚ㬞ㆃ䔘

㸋⢅⿜ⰵ㼔䅞㧌㑬ⰵ⧧⤺䔘䈌㦛⭥ⶦ㛏᱄⪴㰜㋋㬝᷍⭞㔔⳧㛂᷍⭞佩㔿㶀䈌➃⡕

ⱜ 㰜᷍㗨䔗⭥㬣㤊㬨⪴㦛㔼⭥ㅨⰩ㦆㋝㔨⫛㭞Ⳟ⧭⭥㋪ㆃ㾵䈌㡅ⷚ㬞ㆃ㰚ⰵ䇇⭥

䐤⿜㦛䐏ヅ⭥⹹㻖᱄䔏䐶᷍㰜㗨ⳃ㻷䄜⷗ n ㅸ䐤⿜㦛㬨㋪ㆃ㦛⭥㳖ミ᷍㬨㰝⭥⤜

⢅䓴㦛㾯⧪⭥⤜⢅䓴㦛㑱㉀䇱䄜⷗㲹㭃⭥㾵䐫 㣑ᷛ䄜⷗⤜⢅䓴㦛ⰵ⽔䄜⷗⤜⢅䓴

㦛⭥㩭㦛Ⱍ㬨➃⡕ⱜ㦛᱄ⰵ䇻䐤⿜㦛ⱙ䁵᷍㣑㯥⷗Ⱍ䇱䎃⷗㾵䐫᱄⭻㹆⷗ゑ㡅䄵

㩰᷍㗜䇱᱄䅓⪬᷍䄜䊋㹆⪯ゑ㡅䄵㩰Ⳟ⧭㗜䇱ⷚ㬞ㆃ᱄〚䇻䎃㾊㋋⪕㾵⭥⹅䔘᷍

㦬㗨㋋㬝䁱㈠㦛䎃⷗ゐ⼰⭥ㆂ⹚㲹䎘⤃㣳ㅉ㑃⭥䇱㻿㦛㏎㔼᱄㑠䓴㑇䁈⭏㪛⽔᷍

㦬㗨䊻㑠䓴㑇䁈⭥⡟䎘㲍䈌䎃⷗㑠䓴㳆㻖ⰵ⧧㦛⭥⤜㋪䊝⢎㬟䐏ヅㅉ㑃㑋㻖 ㆙᷍

ⱙ㋪䄵㵉⺞㦛㔼⭥䈐䁵㦆㘉㭗㑠䓴㑇䁈⭥⡟䎘㲍ゑ䈌䐏㼁⹹⭥ⷘ䐷䊟㣉᱄ 

⨞㑬䇱㻿㦛᷍㦛㔼䐱㒎㶃䄜⷗䑘㳆⤠⳷᷉㏏㦛㏏⫛㭞᷊⭥䁱㈠᷍㋪䓘㯾䐢⪴

㬏㈦㬡ギ㻣⟌䄗㋋㬝⭥⳨㝘゙⼯䄵ゑ䈌䐏ⳃ䍚䐒ㅴ㼁⹹⭥㵹㠬䁈᱄〚䇻⭒㬒⭥⳨

㝘゙⼯䈌㵹㠬䁈⨖⤞ⶦ㛏 㦬᷍㗨㋋㬝䁱㈠⤜㵍⭥⳨㝘゙⼯㋶ヅ䐏ヅ⭥㑋㻖 ㆙᷍ⱙ

ⳃ䍚⨗㏏㦛㏏⫛㭞⭥㏎㔼᱄1870 㛋᷍㋬㎔䅓᷉Felix Klein 1᷍849ÿ1925 㛋᷊䊻➏ⱜ

㎝ⷚⶺ㒍䐱㳂⨗ㅌ㏁㯧゙⼯䁈㵔䄜⭥䊙㈑ 68᱄䎃㾊㏎㔼⽔㠻䊻㹐㏎䁈⭥䁱㈠䐱䄓

䍳⭞㑬䐹䄋⭥䇇䇤᷍䇩㡅㬨䊻㶃ⱜ᷉Hermann Klaus Hugo Weyl 1᷍885ÿ1955᷊⭩㦬

㋋⪕㾵⭹䅞㧌⺇ⳗ⭥ⶦ㛏䐏⽔᱄䎃㾊䇇䇤ⷝ㬨㸋㹐㏎䁈⭥㆙䄜⤞ⳃ䍚⫓㋋㑬䄜㩩

㾣⭥⫔㗦᱄䔘㸋ㆂ⺜ 㦛᷍㔼䎃㗦㭞䁈⭥㋯⧭䄓⤜㋪⡽㘃⭥⧪㸋㑬㹐㏎䁈䓉䄖䁈㪛

䊻䁱㈠㪛䁈㻑ㅸⰯ⭥⡹㾿㋯⧭᱄䎃㏐㳆㻷⭥ 䄓᷍㬨㹐㏎䁈䁱㈠䈌㭞䁈䐏ヅ⭥㗽㣱

㑋㻖᱄ 

 
68䎃⷗➏ⱜ㎝ⷚⶺ㒍㬖カ㩰㈮㬨㋬㎔䅓䊻➏ⱜ㎝ⷚ⫔䁈㭞䁈㻖⭥㈮䐑䁾㯖⭥㚻㦾᷍ⰵ㭞䁈⥛㪛㑬
䐹䄋䇑㼍᱄䊻➏ⱜ㎝ⷚⶺ㒍䐱᷍㋬㎔䅓ⱁ⪯㳂⭞㏏᷉Sophus Lie 1᷍842–1899 㛋᷊⭥⹅䔘᱄⽔㎕᷍
㋬㎔䅓䓋⭞㑬ⷈ㵃ⷚ⫔䁈᷍⤃䊻㚨㏐⥛㪛㑬ⷝ⫔⭥䁈㋧䇑㼍᱄ 



  

䓼⼰䎃㾊᷍㸳㗨㋪䄵➲㲷㔼⳦⭞䄜⷗㕅ㅦ⮄᱄㭞䁈㬨㦬㏁㘉㭗䓵㦜⭥䈐䁵᷍

䊻㰚䇱㘉㭗䓵㦜⭥㋧䁈⳷䐈䐱 ⼢᷍㸿䄪㸫㹐㏎䁈ⰵ㭞䁈⭥䄡㎖⧭Ⱙ㬨䔏⫔⭥᱄䄓

䎞㬨䅓㸋䎃䐷㆕㗽⭥⹹㻖 䊻᷍㹐㏎䁈㗠⷗ⳃ䍚⭥⹹ポㅸⰯ 㭞᷍䁈㩰⭥㆙⤞䄋㗕䈌

䐏⟊㰇᷍䄋㗕㬨㡅㦂⭤⹹ポ㆙⤞⭥䐹䄋〚㬐᱄ⰵ㹐㏎䁈ⱙ䁵᷍㭞䁈⭥䐹䄋㾵᷍〓

㿎㸿㔼㧈⼯Ⱍ⤜㋪㚽⡜ⷀ⹡᷂ 

 

1.4 㹐㏎䁈䈌㡅㰝䓵㦜㋧䁈⭥䁈㋧⳷䐈䐏ヅ⭥⹹㻖 

㣑㘇㳂⭞ 㹐᷍㏎䁈㘉㭗⭥㬨䎃⷗㬡ㆈ⭥㹐䐫⭥⫇䊻㾯㬞䈌䔏⡟䐫⭥䊬Ⱀ⺇㔪᱄

〚䇻䎃㾊䔏〚⡟⭥㹐䐫ゑ㡅䊬Ⱀ⺇㔪᷍䓵㦜ㆈ。ⳃ㪛⼽ⱁ㻷㼔᷍⡩㧈⿐䁈㻷㼔᱃

㪛㘝㋧䁈㻷㼔᱃㳍㸥㻷㼔᱃⭹䁈㻷㼔᱄䅓⪬᷍㈮㼒㭞䁈㬨㹐㏎䁈⭥㏎㔼⹅㉀᷍䊻

㡅㰝䓵㦜㋧䁈䁈㋧⭥ⳃ䍚⺞⧭䐱 㹐᷍㏎䁈䄓㶚㶚。㳂⹊㏁㯧⭥〚⪂㏎㔼䐈⧷᱄⨞

⪬䐏㶃᷍㸳㗨⿚⡹㿌䓃䅃⭞ᷛ㰇䓦䁈㋧ㅜ⥇⭥㪏㧌᷍䎃㾊㡅㰝㋧䁈䁈㋧⭥ⳃ䍚䄓

。ⳕ㎂⭞㹐㏎䁈䁱㈠䐱᱄⡩㧈 㪛᷍㹐㹐㏎䁈㈮㬨〚䇻㹐㏎䁈䈌㪛㘝㋧䁈⭥ㅜ⥇㎕

䁱㈠㪛㘝㻷㼔䈌㹐㏎㻷㼔᱄㆝㛋㎕ 㪛᷍㹐㹐㏎䄓䊻㹐㏎䁈䁱㈠䐱䍝㈾㑬䐹䄋⭥⭹

㸜᱄㻣㘇᷍㸳㗨ㅌ䄵⿐䁈᱃㪛㘝㋧䁈᱃㳍㸥䁈䈌⭹䁈㸋㏞᷍㼋㻙ㆊ㩽䎃䐷㑋㻖᱄ 

㬸㻩㬨⿐䁈᷍㰝䁱㈠⭥㬨⳷䓴⭥㾵䐫ゑ㡅㧈⼯ⳃ㪛ⳕ䇇㆙ⱙ㾯⧪㾣⭥⳷䓴᱄

䊻䎃⷗⺞⧭䐱᷍㦬㗨ⰵ⹚⧪⳷䓴⭥䊎䓴⭥㦰㬗㈮㡑㑬⹹ポ⭥䔘䇤᱄㏛㬘㩰᷍⭡ⱜ

ⰺ᷉ John Dalton 1᷍766ÿ1844 㛋 ⭥᷊䊎䓴㔼⡩㎎㶀㹞᷉ AntoineÿLaurent de Lavoisier᷍

1743ÿ1794 㛋᷊⭥䂖⿐⿚䊎䁈㯖㶎䄜㾊᱄䊎䓴㔼⭥㳂⨗ⰵ䂖⿐⿚䊎䁈㯖㳂⹊㑬㏎

㔼⥄㘇⹹ポ⭥䐈⧦᱄䐏⽔᷍㈂㑇㑬䄜➺ⱁ㛋᷍㦬㗨⤦䊻㦰㬗䊎䓴㚻⤠ㆂ⹚⭥㬒⽓

ㅉ㑃㡑㑬㑠䓴㑇䁈᱄㑠䓴㑇䁈䊻ㅉ㑃⽔᷍ⷝ㬨䈌㵔ェ㑇䁈䄜㡑᷍⧪㸋㑬㻷⫛⿐䁈

䔏〚⡟⭥㏎㔼⹅㉀᱄⪴㎫僲ⱜ᷉Irving Langmuir 1᷍881ÿ1957 㛋 ᱃᷊㔘䄸㯚᷉Gilbert 
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Newton Lewis 1᷍875ÿ1946 㛋᷊᷍ ⭞⡌㑷᷉Linus Pauling 1᷍901ÿ1994 㛋᷊᷍ Ⱍ㬨䈌㹐

㏎䁈コㅜ㒘㗽㣱⭥⿐䁈コ᱄㰜㗨䄓㬨➲㑠䓴㑇䁈䇤⭞⿐䁈䁱㈠⭥㻩㤞᱄〚䇻䎃㾊

㦬⭥⹅䔘 㸳᷍㗨㻷䊻〚⡟㦰㬗⭞⿐䁈ポ㡅㬖㈮㬨䊎䓴⼬䊻㼁⿆㋠㆝㬒 䇪᷍䇻⮈䓴

䊻㑠䓴㑇䁈〚⡟䊎㏎⭥䔘䇤㻣⥛㪛⭥䐹㾣⳷⤝ ㆙᷍ⱙ⫙㎕⭥䊎䓴⼬䐏ヅ⭥䇱㾈⟔

Ⰹ᱄䎃䄜㣱᷍㋪䄵䇤⤄ⱘ-➣⡟⼄㚍㬧㚽㘇㎕㏎ㆃ᷉㵝 1.4᷍㉀㳆⭥⼎䅆㸳㗨。䊻

9.1.1 㾂ㅻ㆙㾱ㆊ㩽 ᱄᷊㻷䊻᷍㦬㗨䊻㏎ㆃ⼽ⱁ⿐䁈ⳕ䇇⺞⧭⭥㬒⽓᷍⤄ⱘ-➣⡟⼄

㚍㬧㚽㘇䄓㬨㡅䔏㸋䄡㎖⭥㏎㔼ⶦ㛏᱄ 

 
㵝 1.4 䔔⢀㬨⢜㵋⳷䓴⭥ㆂ⹚㬟䅃㵝᷍䊎䓴⼬⡜㘉㭗㸋䄜⷗㤓᷍⿐䁈ポ⡜㘉㭗㸋䄜⷗⟕

䓴᱄䎃㈮㬨㸳㗨⧄㯖⭥㘉㭗㹐䐫ㆂ⹚᷉⟝㎉⳷䓴᱃㵦⪹᱃䄛㳆᱃㈈㳆⭩᷊⭥㤓ÿ⟕㚄㾮᱄

䇳㵝⫛⢎⭥㬨㸳㦂㑞⷗㲝䊎䓴䐏ヅ⭥㉁㏌䔘㸋 x 䑂᷍⢅⿐䎃⷗㉁㏌᷍㚨㗕⮈䓴䔘㸋㑠䓴ㅛ

㈮。ⳕ㎂ⷙ䊎䓴⼬⤜㵍⭥䔘䇤㑇᷍㆙ⱙ⹚䋍⨗㧈㵝䐱㎝㼀㰚㬟⭥⤄ⱘÿ➣⡟⼄㚍㬧㚽㘇᱄

⭒㸳ⰵⱁ⷗ポ⧅᱃ポㅨⰝ䔗䎃⷗⪇㏎᷍㚨㗕⤄ⱘ-➣⡟⼄㚍㬧㚽䔏㾂⭥⭹Ⳟⰵ䇇⭥㈮㬨㸳㗨

㯖⭥ㅌ䊎䓴⼬㋕䔘㈎⮅㑄䓴᱃⮈䓴⭒䔘㑠䓴ㅛ㎕⪇㏎㬒⭥䔏㸩ㆂ⹚᱄⭒㦜᷍䊻䎃⷗㤓ÿ⟕

㚄㾮⭥㵝㼒㻣᷍䊎䓴⼬㬨㈎⮅⭥⮄⮈⼪᱄䊎䓴⼬⭥䊬Ⱀ䄓⤜。⫙㎕⮈䓴䊻⤜㵍⭥⤄ⱘÿ➣

⡟⼄㚍㬧㚽㘇䐏ヅ⭥䊟㣉᱄㻷䊻䄲㈎䇱⼽ⱁ⭥㹐㏎⼮⿐䁈㻷㼔ㅳ㬟⨗䎇㬖⭥㬡ㆈ⡩䎃⷗㵝

㼒䄋ⶕ䊴⼽ⱁᱟ㏏㾣䎘᷍2014ᱠ᱄⭌䊻㬚䇤㑠䓴㑇䁈㏎ㆃⱁ䊎䓴㳆㻖⭥㸃⹼ㆂ⹚䈌Ⱀ㑇䁈⭥

㬒⽓᷍㸳㗨⿚㬨㋪䄵⪴䎃⷗㵝㼒⨗ⳃ᷍䐏⽔䊺ゴ㧌ⷘ䐷㾿䎞㎕㆙㾱⭥᱄ 

 

䊻㏛㬘㩰᷍㭞䁈᱃㹐㏎䁈᱃⿐䁈䎃㾊䁈㋧⭥ⳃ䍚䄜䐒㬨䎃䂚㼁⿆ⴗ䐓᷍⹓㵍

㆙⤞⭥᱄㼒㔍㩋ⶄ᷉Ernest Rutherford᷍1871ÿ1937 㛋᷍䊎䓴㾱㾨㚄㾮⭥㳂⨗䎀᷊

䎃䂚⭥㹐㏎䁈コ᷍⭤⭥䄓㬨㝖⡕ⱜ⿐䁈ㅒ᱄㻷䊻⭣⺛䇱⷗⼽䐹䄋⭥䁱㈠〛⹚᷍ㅱ



  

㕎㋬㯚᱅㠶㎫㋬䁈。᷉Max Planck Society᷍ビ⧧㕎㠶䁈。 ᱄᷊㰜㼁⭒䇻㸳㗨⭥䐱⺛

㋧䁈䊛᱄㰝㬨ⱟ䍞䐏⽔⧪㑃⭥᱄㕎㠶䁈。⭥䄜㾊⡩ㅰ䇱㏛㬘⭥䁱㈠㰚㬖カ㩰⧪㑃

䇻ⱟ㬏㬡ギ⨖᷍䊻䄜䍞ㆂ㭙㣑㭕䇻㋎㧗㶟㑏䁈。 69᱄䎃⷗㋎㧗㶟㑏䁈。᷉Kaiser 

Wilhelm Society 䋈᷊㠻䇱㑞⷗⼽䐹䄋⭥䁱㈠㰚 䄜᷍⷗ㅱ㭞䁈㹐㏎㰚᷉ 㰚⧅㬨➏䅓㯚

㲚᷊᷍ 䄜⷗ㅱ㹐㏎⿐䁈㰚᷉㰚⧅㬨⺟⤏᷍㦌㘜 Fritz Haber᷍1868ÿ1934 㛋 ᱄᷊䎃㑞

⷗䁱㈠㰚⭥㪉䐤᷍䄜Ⰹ⧭Ⱙ㩰ⳕ䇔⭥䄓㬨㭞䁈᱃㹐㏎᱃⿐䁈䎃㧞⷗䁈㋧䐏ヅ⭥ㅜ

⥇ 70᱄㵍㬒᷍㚨⷗㬒⽓⼽ⱁ䇦㿄⭥㹐㏎䁈コ᷍⡩㧈㸛ⷒ㚪᷉Eugene Paul Wigner᷍

1902ÿ1995 㛋᷊᷍ 䊻⡟㋧⭞⤊㬠ㅸⰯ䁈⭥䄓㬨䄜䐒㬨⿐䁈᱄㰜㗨䐏㰚䄵㚽⹜䊻㭞

䁈᱃㹐㏎᱃⿐䁈䎃㾊〚⪂䁈㋧㒍䈓䐏ヅ䓋⿜᷍㰚⪇䁱㈠䔊〓䎀㞔䇲㦇䐱⤜㵍䁈㋧

䐏ヅ㪏㧌⺄ⳛ⭥ㅜ㒘㬨䄜⷗䐹䄋⭥㧎⿘㈔᱄㆝㛋㎕ ⿐᷍䁈䐱㑠䓴⿐䁈㒍䈓䄜㾊⹹

ポ⭥ェ㰄Ⳟⳉ⭥ⳃ䍚᷍⟝㎉ AI ゝ㭖⭥ⳃ䍚᷍䄓㸋㦬㗨㏎ㆃ㛞㈼㲍㳆㻖䐱ⶕ䊴⭥

⮈䓴ㆂ⹚㳂⹊㑬㾣⭥㯝㔘 71᱄㹐㏎䁈䐱㦯⼯䄜⷗㾣⭥㆙䍚᷍䊻⿐䁈䁱㈠䐱䄓Ⱍ。

䇱㰚㳆㻷᱄䎃㾊᷍㸿⤜ⳕ䇔䓦㻷⫛㋧䁈䁱㈠䐱㭞䁈᱃㹐㏎᱃⿐䁈㗽⤜㋪⳷䎃䂚䄜

⷗㬣㬖᱄ 

⨞㑬⿐䁈᷍㹐㏎䁈䈌㪛㘝㋧䁈䐏ヅ䄓⫇䊻䓦㗽⤜㋪⳷⭥㑋㻖᱄䋈㠻᷍㗰⭣ⱜ

 
69⭒㬒⭥⭣⺛⿚㬨⪴㠶㔔㬠㶖⧐ⳃ䍚㡑㎕⭥⭣䅃䐟⭼⺛᷍⤜㬨㻷䊻⭥⭣⺛᱄ 

 
70⿜㉅⿑㯖᷍㗜䇱⧪㑃㭞䁈㰚᱃㹐㏎㰚᱃⿐䁈㰚㧞⷗䁱㈠㰚᷍ⱙ㬨㭞䁈㹐㏎㰚᱃㹐㏎⿐䁈㰚᷍䎃
㑞⷗᱄ 
 
71⡩㧈⭣⺛㕎㠶䁈。㯚㵝ゴ㲹⹭㳆㹐㏎㰚㏎㔼⤠⭥⶛䋑㦬 Ali Alavi ㅭ㬻㈮㬨䄜㸜㏎㔼⿐䁈コ᱄㆝
㛋㎕䊻㑠䓴ⱁ㳆㒍䈓⳨⧄』䊟⭥ゴ䐾㏎⹅⫔䁈⭥ Garnet Kin-Lic Chan ㅭ㬻᷍㰜䄓㑆㭕䇻ゴ䐾㏎⹅
⭥⿐䁈㻖ⱙ⳨㹐㏎㻖᱄㣄⧗⭞⹹㑋⮈䓴ㆂ⹚㳆㻖⭥⭻䄜㾵䊎㏎ェ㰄 ㏎᷍㔼⿐䁈䈌㛞㈼㲍㹐㏎⭥⼽
ⱁ。䅊⭥⡉⷇㦬䄓㈎⧄。ⷀⰩ䐹⼰᱄ⱙ䎃㏐㳂⭞⭥ AI 〚⪂᷍㸳㗨䁈㹐㏎⭥㦬㋪㚽⹹䓃⭥㬨 2024
㛋⭥㝖⡕ⱜ㹐㏎ㅒ᱄⭌⭒㛋⭥㝖⡕ⱜ⿐䁈ㅒ㵍䂚ㅒ㏙⭥㬨䎃⷗㒍䈓᱄䇇ⶤ㯖᷍AI ゝ㭖⭥ⳃ䍚㬨
㹐㏎᱃⿐䁈᱃㪛㹐⭩㒍䈓⼰㑇⪺⧪⭥᷍㸳㗨⤜㚽㻢➐⭹➲䎃⷗⺊䇻㹐㏎᱄ 

 



   

56 
 

᷉Mendel᷊䊻㆙㾱㶄Ⱊ㬖䂊㬒᷍㪛㹐䁈ㆈ㒘㾱㑞䐷䁈㯖᱄䄜⷗㬨㦻⼰䄦⪌⹼᷍䄜

⷗㬨㋦㑄䄦⪌⹼ᱟ䍦㳍㦹᱃ⷑ㸊㎆᷍2021ᱠ᱄㦻⼰䄦⪌⹼㦰㸋䄦⪌㹐䐫㼒䄛㳆䄜

䂚᷍㬨䄵㦻⼰⭥㾯㬞㆙㾱䄦⪌⭥᷍㸿ⳉ⳷㋋᱄ⱙ㋦㑄䄦⪌⹼㦰㸋䄦⪌㹐䐫㏁㯧䇻

䊎䓴᷍㬨㋪䄵Ⱑ㑃⫇䊻⭥᱄㤌⫔コ䓃䅃㗰⭣ⱜ᷉Gregor Mendel᷍1822ÿ1884 㛋᷊

㆙㾱㶄Ⱊ㬖䂊⭥㬒ヅ᷍㬨 1856 㛋᱄䎃㬨䊗䊗㶎䇻⭡ⱜⰺ㳂⨗䊎䓴㔼⭥㬒ヅ⭥᱄

⿜㉅⿑㯖᷍㗰⭣ⱜ䊻㆙㾱㶄Ⱊ㬖䂊᷍⤃ⳃ㻷⳷㏌Ⰹ㔪䈌䓵䇪䔊⼰Ⰹ㔪᷍㆙ⱙ㳂⨗

䄦⪌䅓䓴⭥ⶦ㛏⭥㬒⽓ 㹐᷍㏎䁈䐱⭥䊎䓴㔼䊻㯝㔘㩰䇇ⶤ㬨㉀䇱䄜Ⰹ⭥䐙⭝䅃䅆

⭥ 72᱄ 

㆝㛋㎕ 㰇᷍䓦㹐㏎䁈䈌㪛㘝㋧䁈⭥㆙䄜⤞ⳃ䍚 㦬᷍㗨ⷝ㬨㦰㬗⭞ㅌ㪛㹐䁈䁱

㈠㵹䍚䐢Ⰹ㑠⭥⥄㘇᷍㹐㏎䁈⭥䐈⧦ⷝ㬨⡹⤜㋪㩺᱄䄜Ⳟ㘇᷍㻷䊻㹐㏎䁈⭥ⳃ䍚

㋪䄵㸋㪛㘝㋧䁈㳂⹊㻷⫛⿐⭥㬖䂊㬷Ⱟ᷉⡩㧈㏅Ⱄ⮈㈖ゝ㭖᷊ᷜ 㒎䄜Ⳟ㘇᷍㹐㏎

䁈㸋㪛㘝㋧䁈㳂⹊㑬㏎㔼⼮䁱㈠Ⳟⳉ᷉㦩㑇䁈䈌㵔ェⳞⳉ᷊ᷜ ⨞⪬䐏㶃᷍㹐㏎䁈

䊻㼓㪛㘝㋧䁈㪙㵙⭥⺞⧭䐱㵹㌎㑬䓵゛⭥䁱㈠㒍䈓᱄䄵㪛㹐㹐㏎䎃⷗ㅜ⥇䁈㋧㸋

㏞᷍㰝⭥⼬㾥᷍㈮㬨䇇䇤㹐㏎䁈⭥ⶦ㛏⼮Ⳟⳉ᷍䁱㈠㪛㹐ⷘ⥄⪯ㆂ⹚䈌⹇㚽⭥⹹

㻖᱃㪛㘝』Ⱀ⭥㹐㏎᱃㹐㏎⿐䁈⺞⧭⼮㹐䐫䊻㪛㘝』Ⱀ⺞⧭䐱⢎㻷⭥㹐㏎㲹㾵᱄

㡅㚠⭥᷍㬨⥜㘘㪛㹐㚻䇱⹹㹐䐫᱃㚽㑠䈌㾦㻃⭥㬒ヅ⼮㋶ヅ⭥⢅⿐⺇㔪᱄䅓㸋䎃

⷗䊎䅓 㪛᷍㹐㹐㏎䁈䈌䁱㈠⫔⳷䓴⭥㧎㹐䐫㛞㈼㲍᱃㻙⟜㚻㶃㹐㏎⿐䁈⺞⧭⭥⳷

䓴㪛㹐䁈᱃ⱁ䔊䊋㼁⿆䔘䇤ⷀⰩ⳨㉚䊩⳨㼀㾵⭥ⶕ䊴㻖㵔㏎㔼䇱㗽㣱⭥㑋㻖 䊻᷍

䄞䁈⭥㑺⪓㩰䄓䇱䐹䄋䇇䇤᱄ 

䔏⽔ 㸳᷍㗨䊺㎕㋕䄜㻣㳍㸥䁈䈌⭹䁈 㡅᷍䐱⼽ⱁ⹹ポ⭥䁱㈠䈌㹐㏎䁈䁱㈠㒍

 
72⭒㦜᷍䎃㬨䄜⷗㵧⥃᱄䎃⷗㏞䓴㸳㗨㦂䓵䍦㳍㦹᱃ⷑ㸊㎆㑞㸜㎰㬇⼰䑙⭥᱗㋧䁈⪌㡇᱘ᱟ䍦㳍
㦹᱃ⷑ㸊㎆᷍2021ᱠ᱄ 
 



  

䈓⭥㆙䍚㵍䂚㗽㣱㼁⹹᱄⡩㧈 1᷍802 㛋⭥䇃⺛⿐䁈コ᱃㹐㏎䁈コ亸㎎㯚ⰺ᷉ William 

Hyde Wollaston 1᷍766ÿ1828 㛋᷊ⳃ㻷㲌䂕⺃⭥㠸㼀䐱䇱䄜㾊⼻㼀᱄⭌㰜ㅌ䎃㾊⼻

㼀⭒⧪㬨⺃㠸䐱⤜㵍⧪⳷⭥⢀ㆈ᷍䎃⷗⫎㹔㦰㬗䊻 1914 㛋䇪⭣⺛㹐㏎䁈コⴓ㎦

⼮Ⳳ᷉Joseph von Fraunhofer᷍1787ÿ1826 㛋᷊㆙㾱㑬ⷝ䎞 73᱄⫔䊝 45 㛋䐏⽔᷍〚

ⱜ〕ⴓ᷉ Gustav Kirchhoff 1᷍824ÿ1887 㛋 䈌᷊⡟㪛᷉ Robert Bunsen 1᷍811ÿ1899 㛋᷊

㆙䄜⤞ⳃ㻷䎃㾊➖㼀⭥㸜䐤㋪䄵䈌⿐䁈䊋㯹ⳃ㪅㠸⭥㠖㔫䄜䐣᱄䎃㾊㠸㼀⭥㑠䓴

⡟䐫㬨䊻ⱟ㬏㬡ギⱟ㬏㛋⫛㚊⟊㰇䓦㑠䓴㑇䁈⭥⭏㪛⤦⡜㦬㗨䎇䎞㏎ㆃ⭥᱄⭌䊻

⪬䐏㣑 䊻᷍㳍㸥䁈䁱㈠䐱 㦬᷍㗨䄲㈎㋋㬝㏜䇤䎃䐷㠸㼀ゝ㭖㎕⳷㹗ⷘ䐷㾨㳆⭥㹐

䐫⹚⧪㑬᱄⪬㶃᷍㸳㗨⿚㋪䄵⼽㦾䄸⭹㼌㼔㏁㯧⺃䁈᱃⮈⪦䁈⭥ⳃ䍚ⰵ䇻㳍㸥⹼

⥃㵍䂚䐹䄋᱄㶚ⷝ〚⪂⭥⥄㘇㎕㯖᷍⺄䅆㼁ⰵ㔼⭥ⳃ䍚᷍㸋㦬㗨㏎ㆃ㳍㸥⹼⥃䈌

䈏䑇⭥ㆂ⹚㳂⹊㑬䔏〚⡟⭥㏎㔼㌓ソ᱄ 

⭹䁈Ⳟ㘇᷍⨞㑬㦬㗨䊻㏎ㆃ⫔㡙⥄㬒䇇䇤㹐㏎䁈䐋㬗㾯⧪㑬㋶ヅ㹐㏎䁈㋧᷍

㦬㗨䊻㏎ㆃ⭹㤓㚻⤠ㆂ⹚⭥㬒⽓ 㹐᷍㏎䁈㵍䂚㬨⹹ポ⭥⹅㉀᱄䄵⭹㾥㹐䐫⭥⹚⧪

㸋㏞᷍㦬㗨㬨㸿ⳉ䎇䎞㦂⭞㡅䂚㠘⭥᱄⭌〚䇻ⰵ㡅㸣Ⱙ᱃䁚㣠㳖ミ⹡ェ᷍㦬㗨㋪

䄵ⰵ⼍䇱䄜Ⰹ䊴䐫⭥㳛㆙㾱⪬㦩㑇䁈㳖ミ㻣⭥㚄㛃᷉ 㚄㛃䐱䇤⭞⭥〚⡟⹅㉀㬨㑠

䓴㑇䁈䈌㵔ェ㹐㏎᷊᷍ ㆙ⱙ⭤⭞㡅㑇䁈᱃⪦䁈㾵䐫᷍㸋㦬㗨䎇䎞㏎ㆃ⭹㤓⭥ㆂ⹚

䈌㾵䐫㳂⹊⟐䑛᱄䈌䎃⷗䇇䇤㏁㯧⭥⿚䇱⭹䱄䐱㯏⭥㾯⧪᱄⭒㦬㗨㏜䇤㑠䓴㑇䁈

䈌㵔ェ㹐㏎㆙㾱㚄㛃㬒 䄓᷍㋪䄵⳷㹗⨗⼍㤃䂖ⷚ⭥㌔㹐䐫䊻㲹Ⰹ㸣Ⱙ᱃䁚㣠㳖ミ

 
73ⴓ㎦⼮Ⳳ⭥㲹⧅㬨䔗⺃䁈䄨㡘᱄䄜㭙➸⺃⫓⺞㎕᷍䅓㸋⤜㵍⤉⧅⭥⺃⭥ㆊ⮈⧄㭞⤜䄜䂚᷍㏜䇤
㏃㈖᷍㈮㋪㆙㾱㠸㼀⳷㹗㑬᱄ⴓ㎦⼮Ⳳⳃ㻷㲌䂕⺃䐱䇱䄜㾊➖㼀᷍⤃ⷝ䎞㑬亸㎎㯚ⰺ⭥ㆃ㬮᱄⭣
⺛⭥㋧䁱〛⹚䐱᷍㗜䇱⭣⺛㋧䁈䊛᱃⹅⧭䊛᱄䈌䐏ⰵ䇇᷍䇱㕎㠶䁈。᱃ⴓ㎦⼮Ⳳ䁈。᷍㣑䎀⹹䓃
〚⪂䁱㈠ ⽔᷍䎀⹹䓃䇇䇤䁱㈠᱄䎃䐷㪉䐤〓㿎䄓䈌㠶㎫㋬᱃ⴓ㎦⼮Ⳳ䎃㾊㦬⡟㪎⭥䁱㈠㲹䐫㼁⹹᱄
⭒㦜᷍㰜㗨䐏㶃⿚䇱᷍㎔⤝㛂⪥䁈。᱄䄡㈾㏁㯧⢋䓝㆙㾱䁰ⷒ⭥⿏⳷᷍〓㿎䄓㬨⤜㬖カ⭥᱄⭌䎃
㾊䁈。䐏ヅ䎜㳆⭥㤙⢑᷍⿚㬨䇱⭥᱄ 



   

58 
 

㻣⥛㪛㯏⭥㸃⹼〛䐧᷍㸋ㅉ㑃⭹㤓䐱㯏䁎⿘⭥㵝㼒㳂⹊䔏〚⡟⭥䊋㯹᱄ 

 

1.5 㻷⫛㹐㏎䁈䁱㈠⭥⮅㾮㒍䈓䈌㻷⫛㹐㏎䁈㏎㔼⭥〚⡟㲹⮄ 

䔏⽔㸳㗨㎕ビ⭆ㅓ䄜㻣㻷⫛㹐㏎䁈䁱㈠⭥⮅㾮㒍䈓 ㉀᷍㳆⟝㎉ 㰝ᷛ㗨㬨㧈⼯

⿏⳷⭥ 䄵᷍ゑ㰝㗨䐏ヅ⫇䊻㬓㗕䂚⭥㼁⿆㑋㻖ᷠ㣑㘇㳂⭞⺞ 㹐᷍㏎䁈⭥䁱㈠㚠㣑

⫔䐣㋪⳷㸋㒚⤠⳷ᷛⷀ㚽㹐㏎䁈᱃⼬㹐㏎䁈᱃㳍㳆㹐㏎䁈᷉䈏䑇䁈 ᱃᷊䊎䓴/⳷䓴

㹐㏎䁈䈌⺃䁈᷉AMO ᱃᷊㛞㈼㲍㹐㏎᱃㪛㹐㹐㏎䁈᱄ 

㸳㗨㬸㻩䄋㯖㘘⭥㬨䎃䐷⿏⳷䈌㸳㗨䊻ⷀ䐱㋯⡟㩰䁈⭥㹐㏎䁈㬨⳨⧄⤜䄜

䂚⭥᱄ⷀ䐱㹐㏎䐱᷍㸳㗨ⰵ㹐㏎䁈⭥ㆊ㩽䇇ⶤ㬨➕㑇᱃㦩᱃⺃᱃㪚᱃⮈䎃㾊㻷㼔

㎕䍚㋋⭥᱄⭌㻷䊻ⰵ㹐㏎䁈⭥⳷㏁᷍。➕䁱㈠ⰵ㼔᷉⡩㧈䊎䓴/⳷䓴᱃㛞㈼㲍᱃

⭩㏌䓴᱃⼬᱃㑄䓴⭩᷊䍚㋋᱄䋍⧪䎃䐷㤙⢑⭥䄜⷗䊎䅓᷍䇇ⶤ㯖㬨ⳃ㪛䊻㩰㬡ギ

⨖⭥㹐㏎䁈ⷐ㘝㪏㋭⭹ⶥ⢅㑬㹐㏎䁈⭥䁱㈠㚄㬞᱄䎃⧂㹐㏎䁈ⷐ㘝⫀㪛⨗㑠䓴㑇

䁈䈌㼁ⰵ㔼᷍ⰵ㈎⮅⭥㹐㏎䁈㵝㼒㆙㾱㑬ⷐ㘝㾵⭥⢅ⷐ᱄䊻⪬䐏㣑᷍㦬㗨ⰵ⼽ⱁ

㻷㼔⭥㦰㬗㬨㋪䄵〚䇻㝘㬰㋶ヅ᱃㈎⮅㑄䓴䎃㾊⡩ㅰ䐒⹼⭥㵝㼒㎕㆙㾱⭥᱄䊻⪬

䐏⽔᷍㑠䓴㾵䈌㼁ⰵ㔼㾵᷍ゴ㩰䐏㣑ⳃ䍚㡑㎕⭥㵔ェ㹐㏎᷍⧪㸋㑬㦬㗨㘉㭗㹐㏎

㻷㼔㬒䔏〚⡟⭥䈐䁵᷍䁹䇤䐢㆒᱄㑇᱃㦩᱃⺃᱃㪚᱃⮈䎃㾊⤜㵍⭥㻷㼔᷍㋪䄵䊻

䎃㾊䈐䁵⭥㌓ソ㻣⡜㵔䄜⭹㘉㭗᱄⿜㉅⿑㯖 䄵᷍⹅㉀〓㻷㼔㸋㝱㈾㸿ⳉ䓝㦘㘉㭗

㹐㏎䁈㘇㑺⭥㸫㳃㑬᱄ 

䇻㬨᷍㦬㗨⿜㑬䄜⷗㯝㔘᷍➲㹐㏎䁈䁱㈠㘇㑺⭥㳕䍞⫔䐣⳷㸋㑞⷗⤠⳷᱄⭻

䄜⤠⳷䑘䄋䊻ⷀ㚽㤙䈓 ⭒᷍㦜䄓⟝⼍⼬㹐㏎᱄䎃㾊䁱㈠⭥㲹⮄㬨⤜㕛䔄䇻䄲䇱㏎

㔼⹅㉀ 䁹᷍䓦⿚䊎㔼⭥㯝㔘㦆䁑㤔㘉㭗㸃⹼㬡ㆈ⭥ⷝ㸋〚⡟⭥㵝㼒᱄⭻ⱟ⤠⳷㬨

䑘䄋ゐ䐱䊻㛞㈼㲍㹐㏎᱃䊎䓴⳷䓴㹐㏎᱃⭩㏌䓴⭩㒍䈓᱄㲹⮄㬨㕛䔄䇻㻷䇱〚⡟



  

㏎㔼᷍〚䇻㡅䁱㈠㋮⹼㬡ㆈ᱄䎃㏐᷍䇪䇻⹹䓃⭥㳆㻖䊞㎕䊞ⶕ䊴᷍ⷝⱁ㾣㡇⭥㻷

㼔䄓。⤜ⰰ䇠㻷᱄ 

ⷀ㚽㹐㏎䁈⼮㛞㈼㲍㹐㏎㬨㦬㗨䁹䓦䎃㑞⷗㯝㔘㵹䍚㹐㏎䁈䁱㈠⭥䔏㸋⮅

㾮⭥⫛⢎᱄䊻ⷀ㚽㹐㏎⭥䁱㈠䐱᷍㦬㗨㿉䄋ㆉ䑛䇻ⷀ㚽ゴ㯺㡘䓓〘㑄䓴᷍ⳃ㻷⤜

㚽⡜㻷䇱㹐㏎䁈䈐䁵㘉㭗⭥㻷㼔 ㆙᷍ⱙ㶋㩧㹐㏎䁈⭥䈐䁵᱄ⱙ䊻㛞㈼㲍㹐㏎⭥䁱

㈠䐱᷍㦬㗨㬨䄵㑠䓴㑇䁈᱃㼁ⰵ㔼᱃㵔ェ㹐㏎䔘㸋〚⡟⹅㉀᷍㦆䁱㈠ⶕ䊴⭥㬖カ

㳆㻖⭥᱄䇪䇻㦬㗨ⶱ㾬㦅⭥㶚㶚⤜㬨䄜⷗〓゙⷗㑄䓴 ⱙ᷍㬨➃ⴝ䙅⭣㔿⧄㭞⷗㑄

䓴⭥ゐ⼰᷍䎃㾊㑄䓴ヅ䇪䇻㼁⿆䔘䇤᷍。⫙㎕⼽ⱁ㾣㡇⭥䁽㪛㻷㼔ᱟAnderson᷍

1972ᱠ᱄ⰵ䎃㾊䁽㪛㻷㼔⭥䁱㈠᷍ォ㎊䍚㑬㹐㏎䁈⭥⢀ㆈ᷍䄓㸋㦬㗨㏜䇤㹐㏎䁈

⭥䁱㈠⧪⺜㎕ⶥ⢅㬡ㆈ㳂⹊㑬㋪㚽᱄ 

㹐㏎䁈⭥䎃㾊⳷䐈㰚⹹䓃⭥㸫㳃 ㈂᷍⹽䊻㋶ヅ⼮㚽㑠⨀Ⱙ㩰⳨⧄⤜㵍 ⭌᷍Ⱍ

㬨㼁⿆㆕㗽㑋㻖⭥᱄㈮㼒㣑㘇㳂⭞⭥ⷀ㚽㹐㏎⼮㛞㈼㲍㹐㏎ 㰅᷍㦜⫛⢎㑬㻷䊻㹐

㏎䁈䁱㈠⭥㑞䐷⳨⧄⤜㵍⭥ゼ䐖⹼ ⭌᷍㰝㗨㵉⺞ㅜ㒘䑏㧈㑠䓴⧂㔼⼮ⰵ⧧㾵䓵ⳃ

㠧㦒⭥㯝㼌⼮ⶦ㛏᷍㬨⡬⪬㬽䅇⭥᱄⡩㧈᷍䊻㛞㈼㲍㹐㏎䈌㵔ェ㹐㏎⭥䁱㈠䐱ⳃ

䍚㡑㎕⭥ⰵ⧧㾵㠧㦒䈌䐹䎞⿐⭥㯝㼌㈮䇑㼍⺞㑄䓴㹐㏎⭥ⳃ䍚ᱟWeinberg 2᷍008ᱠ᱄

䊺⡩㧈᷍㻷䊻⼽㦩⭥䄜⷗㒍䈓᷍ㅱ㏅䊎䓴㹐㏎䁈᷍㰝䔏⨖㬨 AMO 㹐㏎䁈⭥䄜⷗

Ⳟ㼓᱄⭌䊻⺞㦆ⱟ㬏㛋䐱᷍㰝䇷⧪㸋㑬 AMO ⼮㛞㈼㲍㹐㏎䁈䐏ヅㅜ⥇㋧䁈⭥㾣

㒍䈓ᱟAnderson 1᷍995ᱠᱟDavis 1᷍995ᱠ᷍䁱㈠䑏㧈⤄㩌ÿ➏䅓㯚㲚㛞㈼᱃⧍㏅Ⳳ

㗸䓴⧍㒘䊻㚻⭥㾣㑠䓴㹐㲍ⷘ䐷䁽㪛㻷㼔᱄ 

㵍㬒᷍㸳㗨⿚㿉䄋㣠⮘㹐㏎䁈䇪䇻㡅䁈㋧㾵䐫㬨㲞㰘㋮⹼㬡ㆈ⭥〚⡟⺇㔪᷍

㬨䄜㗦㣑䁹㾵⭥〚⪂䁈㋧᱄㡅᱑〚⪂᱒㲹䐫᷍㸳㗨䄜Ⰹ䄋䇱⨅⳷⭥㦰㬗᱄㵍㬒᷍

㹐㏎䁈䁱㈠⭥㚻㦾᷍䄓㬨㰇䓦㬒⫛⭥ⳃ䍚⤜㵄ⷝ㾣⭥᷍㰝䈌㦬㏁⭥ⳃ䍚㼁⟊㰇᱄



   

60 
 

㻷䊻㹐㏎䁈⭥䁱㈠㚻㦾ゑ㡅⳷㏁ 䈌᷍㹆㬏㛋㣑㋰Ⰹ㬨⤜㵍⭥᱄ゕ㬚䇱㾊㒍䈓⭥㘜

䓷㗜⢅᷍㡅㉀㳆䁱㈠㚻㦾䄓Ⱍⳃ㪛㑬⼽⫔⧭Ⱙ⭥⢅⿐᱄䄓䎞㬨䅓㸋䎃⷗䊎䅓᷍⡫

䎀䊻㾕⡟㭊⭥㬒⽓ ⷝ᷍ⱁ⭥㬨➲⹹䓃⮄⳦䊻䔓㦶⭥㹐㏎᱄䇤䄜㾊㈎⺞㑬㬒ヅ⧢⮎

⭥⺇㔪㾵⭥Ⰼ㹘᷍㎕ㅓㆃ㹐㏎䁈⭥䁈㋧⺇㔪᱄ⰵ䇻㚠㣑⼽㦩⭥䄜㾊㒍䈓᷍㸳㗨⤜

。ㆊ㩽㲌ⱁ᷍䅓㸋䎃㾊㚻㦾⭥䅃䅆⿚㬨㿉䄋㬒ヅ㎕ネ䂊᱄⭒㦜᷍㋯⧭䔏⽔㋰Ⰹ。

㬫Ⱙㅓㆃ䄜㾊㆒㦶⭥㹐㏎䁈䁱㈠⭥㚻㦾᱄ 

䔏⽔ 㦤᷍㸳㗨䇤䂏䎒㛟㻩㪛䈌䍦㬹匪㎰㬇㈎⧄㬚䇤⭥䄜㉅㬌㎕ㆂ㭙⡟䍣ⰵ㹐

㏎䁈⭥䎜㳆ㆊ㩽 䄜ᷛ㩔䄜㬡ㆈ 䄜᷍⿉䄜㳍㲤᱄䎃㉅㬌 㬨᷍䇃⺛㬌㦬⤝㎔㋬᷉ William 

Blake᷍1757-1827 㛋᷊䊻<Auguries of Innocence>䎃㬸㬌䐱⭥㋋㵘㯥㉅᷍䊎⿑㬨ᷛ

To see a world in a grain of sand, and a heaven in a wild flower, hold infinity in the palm 

of your hand, and eternity in an hour᱄䔘㸋䄜⷗⪴㬣㑬ⱁ㛋㹐㏎䁈䁱㈠䈌㹐㏎䁈ㅭ

䁈⭥⫔䁈㎰㬇᷍㻷䊻⭥⡫䎀㦰㸋䎃㉅⿑㦘㬖㚽⳨⧄䓝㦘⭹䓆䓂㑬㹐㏎䁈⭥㲹⮄᷍

䄵ゑ㹐㏎䁈㚻䊻⭥㗡 74᱄㹐㏎䁈⭥᱑⫔᱒᷍ ㉗Ⰹ㑬㸳㗨。⹹䓃㸳㗨㋪㚽㘇㑺⭥㦯

⼯⹹䇻䓵㦜⭥㸫㳃᱄ⱙ㹐㏎䁈⭥᱑〚⪂᱒᷍ 䇷㉗Ⰹ㑬㸳㗨⹹䓃⭥㬨䎃㾊㸫㳃⭥⡟

䐫᱄㰝㗨䐏ヅ᷍㋪䄵➕㚔䐷㾯㬞㆙㾱㑍ㅴ᱄㧈⺜䓵㦜㋧䁈䇱㚨㗕䄜⷗⳷䐈㋪㚽䓆

⭞䎃⷗㑍ㅴ⭥⿑᷍㚨䄜Ⰹ㬨㹐㏎䁈 75᷂⡫䎀➲䎃㉅⿑⳦䊻䎃㏐᷍⹊Ⱒ䎀䊻䎌ⰵ⡟

㭊䍚㋋䊥Ⱒ⭥㬒⽓㆙㾱㳆。᱄ 

 

 

 
74⭒䁈㪛⭥㬒⽓⤜㲌㚽㳆。⭞᱄ 

 
75⡫䎀㉙ⰵ⤜㬨䄜⷗᱑⫔㹐㏎䁈᱒⭥㳂⧌䎀᱄㼁ⰵ䇻ⱁ㭞⡫䎀䊻㹐㏎㻖〓䎀㹐㏎䁈䊛⭥㵍㾱᷍⡫
䎀㋰Ⰹ㬨䈌⿐䁈⭥㵍㾱ㅜ㒘⭥䔏ⱁ⭥㚨゙⷗䐏䄜᱄⡫䎀䄓⨅⳷䔑䐹㪛㘝㋧䁈᱃⭹䁈⭩㾷⭽䁈㋧⭥
䁱㈠᱄⡫䎀䐜㬨⪴䓵㦜㋧䁈ⳃ䍚⭥㏛㬘᷍㆙㾱䎃䂚䄜⷗ⶱ㋏᷍⹊Ⱒ䎀⤯㋝᱄ 



  

⭻ⱟ䍣 㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝䐏㣑⭥䓵㦜䍽䁈 

㩰䄜䍣᷍㸳㗨㳂⭞㑬㹐㏎䁈䊕䇻䓵㦜䍽䁈᱄䊻㋧䁈ⷐ㘝䐏㣑᷍䓵㦜䍽䁈䊻㘉

㭗㋮⹼㬡ㆈ⭥㹐㏎㸫㳃㬒᷍䎜㳆䔒䁎⭥㬨䁨㏐㬠ⱁ⭣䊻᱗Physics᱘䐱ㅉ㑃⭥䍽䁈

Ⳟⳉ᱄㋧䁈ⷐ㘝䐏⽔ 䇪᷍䙅㏜㔵ㅉ㑃⭥㵉⺞㬖䂊䐅㬖䈌䐅㸒㎕㦘Ⰹ㉀䇱䊅⥃㾵⭥

㏎㔼⭥䎞㦘㾵⭥㋧䁈⭥䁱㈠Ⳟⳉ⧪㸋㑬䎞㬞⭥㋧䁈䁱㈠⭥Ⳟⳉ ⤃᷍⡜⺄ⳛ⭹䇇䇤

⭞䓵㦜䍽䁈⭥ⷘ⷗㒍䈓᱄㝄ⰺ䐏⽔ 䇪᷍㏁㯧䁱㈠㰚⥛㪛⭥㏎㔼⭥䊅䁵㾵ⷝ㬨⫐⭞

㑬Ⰹ㑠⭥⧭Ⱙ᱄㋧䁈ⷐ㘝⭥䄜⷗ㆂ⺜᷍㬨䊎⡟䓵㦜䍽䁈䁱㈠⭥㚻㦾᷍⨞㑬⤱㒕⭥

⡩ㅰ㠌䍽䁈⥄㘇㯝㋝⭥⤠⳷᷉䓋⢅㸋㾯㬞㋧䁈᷊᷍ ⫔㳆㩰⡜䓵㦜㋧䁈㦂⫛᱄ⱙ㹐

㏎䁈᷉⪬㬒䄲㬨㻷⫛䅃䅆㩰⭥㹐㏎䁈᷊䇷㬨䓵㦜㋧䁈⭥䄜⷗䐹䄋⭥⳷䐈᱄䇪䇻㡅

䈌⿐䁈᱃㪛㹐䁈䎃㾊⳷䐈㼁⡩᷍ⷝ㚽⫛⢎䓵㦜㋧䁈⭥㣑㪎᷉䓵㦜䍽䁈᷊⭥〚⡟㭕

㾵᷉䁱㈠㹐䐫㬡ㆈ䔏〚⡟⭥㾵䐫䈌䊬Ⱀ⺇㔪᷊᷍ 㦬㗨㶚㶚ㅌ㹐㏎䁈䈌䓵㦜䍽䁈䎃

㑞⷗ⶦ㛏」㼞᱄䎃⷗᷍㸳㗨䊻㩰䄜䍣䄲㈎ㆃ㬮⺞᷍䎃㏐䊺⪯⧯㤆䄜㻣᱄ 

㩰㘇᷍㸳㗨䊻ㆃ㬮㹐㏎䁈᱃䓵㦜䍽䁈䎃㾊ⶦ㛏⭥㬒⽓᷍㋧䁈ⷐ㘝㬨⡜⭒䔘䄜

⷗⹹ポ⭥㏛㬘㬒㠻㎕⪇㏎᱄ⱙ㋧䁈ⷐ㘝᷍䊻䄜Ⰹ⧭Ⱙ㩰䇷㬨䇪㸥䄶ⶕ㾬᱃⫔⼞⼄

᷉㲹⢑㬨㸥䄶ⶕ㾬 䎃᷊㾊㏛㬘㩰⭥㬣ミ䇶ⳃ⭥᱄ォ㦜㸳㗨㳂⭞⺞⡟ㅓ䅆ㅌ➕㏛㬘

㬒ヅ㯔㿓㎕ㅓㆃ㹐㏎䁈⭥ⳃ䍚᷍㚨㗕䊻⡟䍣᷍㸳㗨䄓ㅌ⡟㭊㲷㔼⭥㡑⮄Ⰹ㸋ᷛ㸥

䄶ⶕ㾬䈌㋧䁈ⷐ㘝㣑⭥䓵㦜䍽䁈᱄ 

⪬㳃㚠䅃㸗䓦㋯⧭䐱㸳㗨䄜Ⰹ䄋ㅓ䄜㾊⹦㻄㎑䍽䁈⭥㚻㦾᱄䊻䍽䁈Ⳟ㘇⭥ㅭ

⤥䐱 ㆊ᷍㩽㹘Ⳟ䍽䁈㲹⢑㬨⹦㻄㎑䍽䁈㬒㈎⧄ㅌ㯶ⷒ㎎⭸䔘㸋䄜⷗⳷⷏⮄᱄㡅䐏

㣑⭥⤠⳷Ⰹ䅆㸋㣑㯶ⷒ㎎⭸㬒㠻⭥䍽䁈 76᱄䎃䐷⿏⳷᷍㶚㶚㬨〚䇻䊻⹦㻄㎑㯶ⷒ

 
76䊻⭻㒚䍣᷍㸳㗨。㳂⭞㋖⭣䄓㈎⧄⡜䔘㸋䄜⷗⳷㯏㒌᱄䅓⪬᷍䊻䍽䁈Ⳟ㘇⭥Ⱒ㹐䐱᷍⫔コ㈎⧄
。㋕⭞ pre-Socratic᱃post-Socratic᱃pre-Kantian᱃post-Kantian᱄ 
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㎎⭸᷉Socrates᷍⹌䊋㣑 470ÿ399 㛋᷊㬨䄜⷗᱑ㅌ䍽䁈⪴㳍㩰㎎⿹㦬ヅ᱒⭥㦬㹐⭥

㋝㔨᱄㵍㬒᷍䊻㰜⭥⫙㒍㻣᷍㰜⭥䁈㪛➹㎎㵝᱃䄵ゑ➹㎎㵝⭥䁈㪛䁨㏐㬠ⱁ⭣ⷝ

㬨䊻䁦⮅➲⹦㻄㎑䍽䁈㵧⭞㑬䔏ⷀⴆ᱄⭌䊻⡟㭊⭥㲷㔼䐱 䇪᷍䇻㸳㗨⹹䓃⭥䐹⮄

㬨䓵㦜䍽䁈䐱⭥㹐㏎䁈 ⱙ᷍䁨㏐㬠ⱁ⭣䊻䓵㦜䍽䁈Ⳟ㘇ⰵ⽔㬡⭥䇑㼍ⷝ⫔᱄䅓⪬᷍

䊻䔊䐐䍣ㅻ⭥㬒⽓᷍㸳㗨㬨䄵䁨㏐㬠ⱁ⭣䔘㸋䔏⹹ポ⭥⳷⷏⮄㎕䍚㋋㲷㔼⭥᱄ 

㵍㬒 㸳᷍㗨⿚㿉䄋㯖㘘 㸳ᷛ㗨䊻➕㏛㬘㯔㿓ㅓ㭗䁨㏐㬠ⱁ⭣䐏㣑⭥䓵㦜䍽䁈

⭥㬒⽓᷍ⳃ㻷ⷛ㰇䍵ⰹ⿐㎰㬇⭥᱗㹘Ⳟ䍽䁈ビ㬘᱘㣑゙䍣⭥㯔㿓᷍䇤䐨䎀䊬Ⱀ㎕

ㅌ䓵㦜䍽䁈⭥ⳃ䍚㆙㾱⳷⷏䎌ⰵ䁈㪛ㅓ䎃⤠⳷㚻㦾㬨⡩ㅰ㯔⭥ᱟ䍵ⰹ⿋ 2᷍012ᱠ᱄

䅓⪬᷍䊻䔏䐶ㅓ䅆䐱᷍㣑㧞ㅻ㈮➕㣑㯶ⷒ㎎⭸㬒㠻⭥䓵㦜䍽䁈᱃䐨䎀䊬Ⱀ䄵ゑ㯶

ⷒ㎎⭸&➹㎎㵝᷉Plato᷍⹌䊋㣑 420s ⭞ 340s᷊ⰵ㡅⭥ⴒⰉ᱃䁨㏐㬠ⱁ⭣⭥䓵㦜䍽

䁈䍚㋋᱄ 

䁨㏐㬠ⱁ⭣䐏⽔᷍⟝㎉㝘゙㏐⭤᷉Euclid᷍㪛』䊻⹌䊋㣑 300 㛋䔔䇳 ᱃᷊➃〚

㗸⭣᷉ Archemides 䊝᷍⹌䊋㣑 287ÿ212 㛋 ᱃᷊㵱㎶㗽᷉ Ptolemy ⹌᷍䊋⽔ 100ÿ170 㛋᷊

⭩㦬䊻㚻⭥䄜㻖㑱㦬㹐䊻䓵㦜䍽䁈䈌㭞䁈⭥ⳃ䍚䇷⟈䁾㑬れ㡅䐹䄋⭥ㅨ㩌ᱟ⧐䇡

䎒䄜㎪ 2᷍017ᱠᱟLloyd 2᷍021ᱠ᱄䅓⪬᷍⭻㯥᱃㹆᱃㒚ㅻ䇷⳷⢑➕㝘゙㏐⭤䈌᱗゙

⼯䊎⡟᱘᱃➃〚㗸⭣&➄㎎㵱㩌㛂᷉Eratosthenes᷍⹌䊋㣑 276ÿ194 㛋 &᷊➃⤉㔿㛂

➣㯚᷉ Apollonius of Perga ⹌᷍䊋㣑 262ÿ190 㛋 ᱃᷊⹦㻄㎑䈌⹦㔿㕎⭥㳍㸥䁈䍚㋋᱄

䎃㾊䓽ㆂⰝ㬨㔿㑱㬞⭥᱄㔿㕎⭼⺛㯆㶗䐏⽔᷍➃㎎⤏㬡ㆈ㾬㡑᱄㒎㶃᷍䊻㦬㏁㸥

㘘㬘䐱 䇂᷍Ⱙ㸥㘘䈌㸳㗨⿋㻥㸥㘘䄓ⰵ䓵㦜䍽䁈䈌㭞䁈䔗⨗㑬䐹䄋⭥⹒㻸ᱟⴌ䇲

㎝ 2᷍013ᱠᱟ䍦⽍ 2᷍007ᱠ᱄䅓⪬᷍䔏⽔㑞ㅻ⳷⢑䄵㔿㕎⭼⺛䐏⽔⭥㝘䐿&➃㎎⤏

㬡ㆈ䈌䇂Ⱙ᱃䐱⺛䋈㠻⭥㋧䁈䈌㭞䁈㸋㳃㚠㎕䍚㋋᱄ 

⨞㑬䎃㾊᷍⪴䔑䐹⨗⪇⭥ㅨⰩ㋝㔨᷍㸳㗨⿚㿉䄋㯖㘘⡟㭊⭥㣑㧞ㅻ᷉䁨㏐㬠



  

ⱁ⭣ゑ䐏㣑 ⫔᷊㑠⤯㋝㑬䍵ⰹ⿐㎰㬇⭥᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱⭥㚻㦾ᱟ䍵ⰹ⿋ 2᷍012ᱠ᷍

⭻➬ㅻ᷉䐱⺛䋈㠻⭥㋧䁈䈌㭞䁈᷊ㆉ䇤㑬⼽ⱁⴌ䇲㎝㻩㪛䊻᱗䐱⺛䍽䁈ビ㬘᱘䐱

⭥⹼⮄ᱟⴌ䇲㎝ 2᷍013ᱠ᱄䇪䇻⡫䎀⭥䓉䄖⤃⤜㬨㏛㬘䈌䍽䁈 ⡫᷍䎀㆗㻄㶜㵉⺞䎃

䄜䍣㦤ⶶⶶ㆙㧌⫔䁈⭥㵍䁈㗨㳆。䄜㻣㸳㗨㹐㏎䁈䎃⷗䁈㋧⭥᱑ⷚⱚ᱒᱄ⷝ㸋㪏

㧌⭥㏎ㆃ᷍㤌⫔コ䄜Ⰹ㵉⺞㎊䍚䊥Ⱒ㎕〒⭤᷂ 

2.1 㣑㯶ⷒ㎎⭸㬒㠻⭥䓵㦜䍽䁈 

㸳㗨⪴䍵ⰹ⿋㎰㬇䊻㡅㈎⮅ㅭ⤥᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱⭥䄜Ⱟ⿑⨗ⳃ㎕㋋㬝䎃

⤠⳷⭥㲷㔼 ᱑ᷛ㦬㏁䔏⨖⭥㸥⿐㾯㲍㬨䓻ㅭ⼮㪒⿑᷍䍽䁈㵲㲆䇻䓻ㅭ⼮㪒⿑⭥㬡

ㆈ⹼᱄㬡ㆈⷘ㘒䔆Ⱍ䇱䓻ㅭ⼮㪒⿑᷍⭌⤜㬨㗠䄜⷗㘒䔆Ⱍ䇱䍽䁈᱄䊻䑏ⱁ⹦⫛㸥

㘘䐱᷍䐜䇱䐱⺛᱃䇂Ⱙ⼮㻄㎑⥛㪛⨗䄜⟄䅃䅆㩰⭥䍽䁈᷍⤃㣳᷍䎃㧞⷗㘒䔆⭥䍽

䁈㬨䊻⫔䐣㼁㵍⭥㏛㬘㬒㠻⭏㪛⭥᱒ᱟ䍵ⰹ⿋᷍2012ᱠ᱄ 

䊻䎃㏐᷍䍵㎰㬇䅞䇤㑬ⱟ㬏㬡ギ⭣⺛䑙㘜䍽䁈コ㋉ⱜÄ䁦㬠㞁᷉Karl Jaspers᷍

1883ÿ1969 㛋᷊㳂⨗⭥䑂㾥㬒⫛᷉axial age᷊⭥ⶦ㛏᷍ㅌ㦬㏁䋈㠻㸥㘘⭥㈌⿋㈼ㅚ

䊻㧞⷗⭹Ⳟ᱄㡅䐱᷍⹦䇂Ⱙ䍽䁈䅓㸋㡅⹹㾥⭥㚻㦾䇷ⱁ㸋㦬䈌㪒⭥⹹㻖᷍㸳㗨䊾

㣳⳦⭞䄜⢀⤜㯖᱄䐱⺛䈌⹦㻄㎑⭥䍽䁈᷍➕䍵㎰㬇⭥㯖ⳉⰝ㉀䇱㧈㻣㲹䎘 ᱑ᷛ㬡

ㆈ⹼䥮㦂⭥⺞⧭䐱 䄜᷍Ⰹ䇱⷗㯝⢇⭥⺞⧭ 䇱᷍⷗㬖ペ⭥⺞⧭᱄㯝⢇⭥㚠⭥㬨㬖ペ᱄

䎃⷗䊻㻄㎑䍽䁈⼮䐱⺛䍽䁈䐱㳆㻷⭹Ⱍ⡩ㅰ㦌㘇᱒᱄㑞䎀⭥㤙⢑᷍㳆㻷䊻ゼ䐖㝱

ⰰ㩰᱄㼁⡩䐏㻣᷍⹦㻄㎑䓵㦜䍽䁈⭥⧪⺜䄓⡩ㅰⱁ 77᱄ⱙ䐱⺛䍽䁈ㅌ㬖ペ㋕⭤⡩

 
77䎃㏐䊻ㅌ䍽䁈⤜㵍⳷䐈⳷㏁㬒᷍ㅌ䓵㦜䍽䁈᱃㯝⢇䍽䁈᱃㬖ペ䍽䁈㧞䎀⤃㑱᱄䓵㦜䍽䁈⼍
Physics᷉⭒㬒⭥ Physics 䁰ⷒ䅃䅆㩰㬨 Aritotelian Physics᷍䁨㏐㬠ⱁ⭣⭥㹐㏎䁈᷊᱃㳍㸥䁈
᷉Astronomy᷊᱃⭹䁈᷉Geology᷊᱃㪛㹐䁈᷉Biology᷊᱃㾥㏎䁈䈌㒊》㯖᷉Psychology᷊⭩ᷜ
㯝⢇䍽䁈⼍㕀ゎ䁈᷉logics᷊᱃㾯ⱙ㩰䁈᷉metaphysics᷊᱃㦰㬗㔼᷉Epistemology᷊ᷜ㬖ペ䍽䁈
⼍㔸㏎䁈᷉Ethics᷊᱃䎟䐯䁈᷉Politics᷊᱃㈎イ䁈᷉Economics᷊᱃㾿⪨䁈᷉Rhetoric᷊⭩᱄⪬
㻑⺀䔏䋈㋪䓘㯾䐢䁨㏐㬠ⱁ⭣᱄⭒㦜 ⤜᷍㵍䍽䁈コⰵ䍽䁈⭥⳷㏁㬨⼽⤜㼁㵍⭥᱄䎃㏐⤪䇤⭥
䐜㬨䄜䐷㯖ⳉ᱄ 



   

64 
 

ㅰ䐹᷍㬖ペ䍽䁈⭥⧪⺜⡩ㅰⱁ 78᱄䎃䄓㸋䓵㦜䍽䁈䊻㻄㎑䄵䁈㝪⭥Ⳟ㬞⡍ⳃ⮍Ⰹ

㑬〚⪂᱄ 

㈮⭹㏎⿘㈔ⱙ䁵 ⹦᷍㻄㎑㞟㑻⭹䐱⼄᱄⭹䐱⼄㡙⽓䎜㳆㩰㎕ㅓ㬨⡩ㅰ㸣㝐⭥᷍

ゴ㩰⭹䐱⼄⭥ⴈ㎬⤜⫔᱃⼄䂔㘇〞䄓⡩ㅰ㑪㎌᱄䎃㈮⳨⧄㏜䇻⼞㾱᷍䄓㬚⭤䊻⼽

䋈⭥㬒⽓⭹䐱⼄⶞㆝⭥⺛コ㈮䇱㑬⼞⼄⭥⪌㵔᱄⡩㧈㻄㎑᱃佩㲌〚 79᷍Ⱍ㬨䎃䂚

⭥⹦⺛᱄㈮⟇㵝㈮㘇〞ⱙ䁵᷍⹦㻄㎑䄋⡩㻷䊻⭥㻄㎑⹓⼮⺛⫔⼽ⱁ᷍⟝㎉㑬㻄㎑

⟌⭛᱃➏㣺⼄䑏⭛᱃➏➣㛂䁨㦛⭛⼮㾂䁨㻙䁨⟌⭛㹘⤠䁹⼄⭹⫙᷉㵝 2.1 ᱄᷊⹦㻄

㎑㸥㘘䈌㸳㗨⭥⿋㻥㸥㘘㼁⡩㉀䇱㻫㘘⭥⼄䂔㸥㘘⭥㲹䎘 䎃᷍䈌㡅⭹㏎⿘㈔㬨㗽

㣱㼁⹹⭥ 80᱄䈌㸳㗨⿋㻥㸥㘘⭥㻩㘒ⰵ㬡ㆈ⤪㦂㳍䊓⭹Ⳟ⭥㘉㭗⤜㵍᷍䇪䇻⼞⼄

䐱䊗⪇⭥⪍㬸㻩⧫㻷⨗㎕⭥㬨Ⳍ 81 ⼽᷍䋈⭥㬒⽓㰜㗨㈮䇱㑬⫔⭹㬨㤓㾯⭥⤣㼌 82᱄

䄓㬨⼞⼄᷍㸋㡅⫙㎕㑬⹦➮⡩㔸㸥㘘᱃⹦➄ゑ㸥㘘᱃㋬㏐㲹㸥㘘⭥㭅㧌 83᷍ゴ㩰

 
 
78䎃㆗㆗㬨䄜䐷㯖ⳉ᷍㸳㗨⭥⪌㵔䍽䁈䐱䄓䇱⼽ⱁ㯝⢇⭥Ⰼ㹘᱄䊻᱑➶崎➺コ᱃Ⱑ䔑㧆㭖᱒
䐏⽔᷍㬖ペ⧚⭸䍝㈾㑬䑘㳆᱄ 
 
79㻷䊻⡒⳨⭥㵜㛂㯚䄜⫙⭥⧨⟏⺛コ᱄ 

 
80⨞㑬㩰㘇㳂⭞⭥㡙⽓䈌⼄䂔᷍㻄㎑⟌⭛⭥㔞⭹⤠⳷䄓ⱁ㩞⭹᱄㩞⭹ⰵ䇻㝊䄖㎕ㅓ㋰Ⰹ⤜㬨䇱㏜
䅓㯹᷍䎃⪺⧪㑬㰜㗨ⰵ⼞⼄䈌㩭䄖⭥䐹㬴᱄ 
 
81䎃㬨䄜⷗㯖ⳉ᱄㒎㶃⿚䇱㑞䐷㯖ⳉ᷍⳷⢑㬨㵉⺞⭹㤓䊻䊣㑢㩰⭥㵗䇑㎕㝱ⰰ᷍䄵ゑ⹦㻄㎑
㦬䊻㔤㾱⭥㬒⽓ ⳃ᷍㻷䊻㚰Ⳟ⭹㤙⹼⥃⭞⭥⡒れ㾨⭥㸜䐤⡩㡑䊻⡒Ⳟ⭹㤙⹼⥃⭞⭥㸜䐤䄋⭮
䄜㾊᱄⤜⹽㬨㚨䐷㯖ⳉ᷍㉚ⳕ䇔⨗゙⼯䁈᷉䇩㡅㬨㤓㾯᷊䊻⹦㻄㎑䍽䁈䁱㈠䐱⭥䐹䄋⭹㸜᱄ 
 
82䊻⹦㻄㎑⭥䓵㦜䍽䁈䐱᷍䊓䈌゙⼯䍝㈾㑬䐹䄋⭥㸜䐤᱄䄵➹㎎㵝㸋㏞᷍㰜ⰵ䇻゙⼯䁈⭥⨈
㩱㋪䄵㯖⭞㑬䇱⮄れⰬ⭥⧭Ⱙ᱄㰜䊻⹦㻄㎑⭥㸥⿐䄂㎛᷉ ➹㎎㵝䁈䊛 ⭥᷊㗦㣑䓎㋭䄜㳖ㆅ㔪ᷛ
⤜Ⰿ゙⼯䎀⤜㿎㧌㚻᱄ⱙ䊻⹦㻄㎑⭥゙⼯䐱᷍䊓㾯䈌㤓㾯䇷䍝㈾㑬⼬㾥⭥㸜䐤᱄ 
 
83➕䍵㑷㎰㬇㶙㩰㋯⧭᱗⹦㻄㎑㸥㘘⭥㾬㯆᱘䐱⭥⹼⮄᷍➮⡩㔸᱃➄ゑ᱃➏㣺⼄㧞⷗⹦㸥㘘䐏ヅ
⭥⫔䁎⿘䄵ゑ➏㣺⼄㚻⤠㋬㏐㲹⭛᱃㻄㎑⡟㵢᱃㾂䁨㻙䁨䐏ヅ⭥㾂䁎⿘ⰵ䇻䇪⪬䓭㪛⭥⹦㻄㎑㸥
㘘⫐⭞䔏⽔⭥ⷀⰩⰝ㬨䐢⹹䐹䄋⭥᱄⪬⭹㏎䅓㯹䄓䅃㸗䓦㡅㸥㘘䄜䐒㉀䇱㋋⳦⭥㲹䐫᱄ 
 



  

㡅ⰵ⡟㵢⭥㕖㹞㛂㸥㘘⭥⪌⧱ ⹦᷍㻄㎑㸥㘘⪴⹌䊋㣑㡀㬡ギ㋋㬝䊻㾂䁨㻙䁨⟌⭛

䇎㎕䍡⳦᷍㆙ⱙ䇑㼍⭞㻄㎑⡟㵢᱄䎃Ⱟ㏛㬘䊻㬒ヅㅻ⮄㩰᷍䈌㸳㗨⭥⪛㤐䍞⺛㬨

⼽ㅴ㆝⭥᱄ 

䎃⷗⺞⧭䐱᷍䄜⷗⼽䐹䄋⭥⭹㤙㬨㾂䁨㻙䁨⭥䄢➣㛂䁨᷉Ionia᷊᷍ 㰝⪇䊻Ⰼ

㹘Ⳟ㸥㘘⭥ㅜ〄⭹᷉㵝 2.1 ᱄᷊䊻⹌䊋㣑㡀㬡ギ᷍䎃⷗⭹㤙⭥㗸㏜Ⱍ᷉Miletus᷊䈌

➏⳧㯚᷉ Ephesus Ⱍ᷊䄲㈎ⳃ䍚⧪䐹䄋⭥㩭䄖䈌䎟䐯䐱㾥᱄䈌䐏㼁䇇 䎃᷍㏐⭥㦬⭥

㯝㼌䄓㬨⳨⧄』䊟⭥᱄➕㬒ヅ㯔㿓᷍䊻䍽䁈㩰᷍䄢➣㛂䁨⭹㤙㻩⽔䇠㻷㎕䓵㗸㏜

Ⱍ⭥㲊㎶㯚᷉Thales of Miletus᷍䊝⹌䊋㣑 620 㛋⫛⭞ 540 㛋⫛ ᱃᷊➃㚨㋬㹘㕝⭣

᷉Anaximander of Miletus᷍䊝⹌䊋㣑 610ÿ546 㛋 ᱃᷊➃㚨㋬㹘㗡㛂᷉Anaximenes of 

Miletus 䊝᷍⹌䊋㣑 586ÿ526㛋᷊᷍⼮㎕䓵➏⳧㯚⭥⼶㎎㋬㏜㲹᷉ Heraclitus of Ephesus᷍

㪛』䊻⹌䊋㣑 500 㛋䔔䇳 ᱄᷊㰜㗨㵔⧧䄢➣㛂䁨㝪᱄ 

㡅䐱᷍㲊㎶㯚㬨⹌㦰⭥㹘Ⳟ䍽䁈⭻䄜㦬᱄㸳㗨㰚䐋⭡⭥᱑䂗㶜㾨㋶᱒⭥⮅⹫

㈮㎕䓵䈌㰜 84᱄㲊㎶㯚䎌ⰵ㬡ㆈ㬨䇪㬓㗕䔊⧪⭥䎃⷗〚⡟㸫㳃 㳂᷍⨗㑬㯏⡟䊎㯖᷍

⤃㋋㬝ㆉ䑛㈎䂊⹼⥃䈌㏎㾵㯝㸍᷍➻㵲㪒⿑᷍㎕ㆃ㬮㬡ㆈ 85᱄㡅⫔䐣㯝㼌᷍㈮㬨

〚䇻㰜ⰵ㶓㹐Ⱍ㬨䄵㬋⭥Ⰼ㹘㸋䂙㑰䎃䂚䄜⷗⹼⥃ 䄵᷍ゑ㦩⡟㪎䇪㬋㡙⥛㪛⤃䇪

㬋㡙㸍⧷䎃䂚䄜⷗㯝㋝ 㳂᷍⨗㑬㶓㹐⭥䐷䓴Ⱍ㉀䇱⧒㬋⭥⡟㾵 ⱙ᷍㯏㬨⧒㬋⡟㾵

⭥㎕䊕䎃䂚䄜⷗䁈㯖᱄䊻㰜䐏⽔᷍䔘㸋䄜Ⰹ⧭Ⱙ㩰⭥⪌⧱᷍➃㚨㋬㹘㕝⭣䈌➃㚨

 
84㼁⪌㲊㎶㯚㶎㩰䔀㔘㬒䓽㬨㵉⺞㵘㶜㾨㋶㎕㝱ⰰ⭻ⱟ㳍㬨ⴒ䇱䈋᱄⭌⤜㾂㾥䄜ㅦ㲅㋶᷍⮕
㆙㛁㋴᷍⽔⡜㦬㈩㡑᱄㦬㗨ㆉ⪬ゆ㾇䍽䁈コ䐋⭡㳍㩰⭥㬣㤊᷍㦕㋕⤜ボㅦ㻣⭥Ⰼ㹘᱄ 
 
85䄵⭹䎑㻷㼔⭥ㆃ㬮㸋㏞᱄䊻㻄㎑㪒⿑䐱᷍⭹䎑㬨䇪⼄㶖⤉㧜Ⰽ᷉Poseidon᷊䋍⧪⭥᱄ⱙ㲊㎶
㯚㦰㸋⫔⭹㬨䇪㯏㵱ⶂ⭥ ⭒᷍㯏⤉⭥⥝Ⱀ㬚⫔⭹䄂⿯㬒 ⭹᷍䎑㈮ⳃ㪛㑬᱄䎃⷗㏎㔼㰅㦜ビ⭆᷍
⭌㰝㬨䄜⷗䓵㦜䑘䅆⭥ㆃ㬮 㗜᷍䇱ㆉ䑛䇻㪒⿑᱄⪬⤠⳷㚻㦾⤪䓵㤆⿋⫔䁈䍦⤘㳍ㅭ㬻Ⳏ䅌⭥
䇪ㅄ㣦⫔䁈㎮➄⭣᷉ Lloyd 㾕᷊⭥᱗㻄㎑㋧䁈᱘᷉ <Greek Science> ⭻᷊䄜䍣᱄䊻㸳㗨⭥⪌㵔䐱᷍
䓵㦜㻷㼔䄓。⡜⺊ㆂ㸋㉀䇱㦬ⷒ㲹䎘⭥㪒᱄ 
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㋪㹘㗡㛂䇷⳷⢑㳂⨗㑬㸿Ⰹ㾯㯖䈌㡙⡟䊎㯖㎕ㆃ㬮㬡ㆈ⭥⹚⧪᱄㸿Ⰹ㾯⭥⨖䐵㬨

㯏⡟䊎⤜㚽ㆃ㬮㏁㯧䇻⪦㾵⭩㘘㻵䈌㯏㸿⹹⭥㻷㼔 䇻᷍㬨➃㚨㋬㹘㕝⭣䈌➃㚨㋪

㹘㗡㛂ㅌ㡅㆙㾱⨊㼔⿐䄵㠻㘉㭗ⷝⱁ⭥㬣㤊᱄ⱙ㡙⡟䊎䋓㬨ㄐ䎃⷗⨊㼔⿑⭥Ⰼ㹘

䄜⷗㉀㳆⭥㘜⧧᱄ 

⡩㰜㗨䊺㶎䄜㾊 ㎕᷍䓵➏⳧㯚⭥⼶㎎㋬㏜㲹㳂⨗㑬】⡟䊎㯖᱄㰜㦰㸋㬡ㆈ⭥

⺊㯿㬨】 ⱙ᷍】䈌㶓㹐䐏ヅ⭥䁎⿘㬨】⭥䊬Ⱀ᱄㵉⺞】 ⼶᷍㎎㋬㏜㲹㣠⮘㑬䊬Ⱀ᱄

㵍㬒᷍㵍䄜᱃㼁ⰵ᱃⼮㾔䈌䓋⿐䎃㾊㲹㾵Ⱍ䊻㰜⭥䁈㯖䐱⭤⭞㑬⼽⼤⭥㳆㻷᷍䎃

䄓㸋⽔㎕䁨㏐㬠ⱁ⭣⭥䓵㦜䍽䁈⭥㳂⨗⮍Ⰹ㑬〚⪂᱄ 

⨞㑬䊬Ⱀ䈌⢅⿐ ⼶᷍㎎㋬㏜㲹ⰵ䍽䁈⭥㒎䄜⷗䐹䄋⭥⹒㻸㬨㰜㳂⨗㑬㕀ⷘ㯚

᷉logos᷊䎃䂚䄜⷗ⶦ㛏᱄㰝⭥⡟䅃㬨⿑䈐᷍䅟⼍䅃䅆㬨㯖⨗⭥⭡㏎᷍䇱⮄㼒㸳㗨

⭥᱗⭡⭣㈎᱘䐱㰚㯖⭥⭡ 86᱄〚䇻䎃㾊⭡㏎᷍䇱䇤⭥䐋㬗㈮⹚⧪㑬⤜㵍⭥䁈㋧᷍

⡩㧈 biology᷉㪛㹐䁈 ᱃᷊geology᷉⭹䐫䁈᷊᷍ 㰝㗨⭥⪫ⷚ logy Ⱍ⼮ logos 䇱⹹᱄䎞

㦘⭥⭡㏎㘉㭗⭥㬨䎇㬖⭥䊎䋓 ⳕ᷍䇔㸳㗨㵙⺞⢎㼔㋕⭞⭥㬣㹐⭥⡟䐫᱄⼶㎎㋬㏜

㲹䇱䄜㉅㘜䁵 ᱑᷍䓵㦜㻓⿗䅟⤹䓵゛᷉Nature loves to hide ᱒᷊᷍ 㯖⭥㈮㬨㬣㹐䊬Ⱀ

⭥ logos 㬨㋕⤜ボ⭥᷍䐜䇱㯝㼌⤦㚽ⳃ㻷㰝᱄䎃⷗㕀ⷘ㯚⭥Ⳟⳉ⽔㎕㈎⺞㯶ⷒ㎎

⭸᷉Socrates᷍⹌䊋㣑 470 㛋ÿ⹌䊋㣑 399 㛋 ᱃᷊➹㎎㵝᷉Plato᷍⹌䊋㣑 428 〓 423

㛋ÿ⹌䊋㣑 348 㛋 ᱃᷊䁨㏐㬠ⱁ⭣᷉Aristotle᷍⹌䊋㣑 384 㛋ÿ⹌䊋㣑 332 㛋᷊⭥ⳃ

䍚᷍⧪㸋㻖㵔⿐⭥⢈䐅㔼䐅᷉dialectical argument᷊⭥Ⳟⳉ᱄ⱙ㚠㣑㳂⭞⭥䎃㾊㎕

䓵䄢➣㛂䁨⭥䁈㯖᷍ⳕ䇔⭥Ⱍ㬨䓵㦜䍽䁈⭥⡟䐫᱄㡅⼬㾥᷍㈮㬨ᷛ㏜䇤㯝㼌᱃〚

䇻⢈䐅᱃ⳃ㻷䐨⿼᱃㯖⨗䎇㏎᷍䐏⽔➕䓵㦜㾱㬣᱄䎃䄓㬨㹐㏎䁈䔏⼬㾥⭥㈌㪒᷍

⭞㻷䊻䄓㗜䇱⢅᱄ 

 
86䎃⷗⹼⮄㎕䓵䇻㻓㕎㎎䁦㠞㲉㩰䍦㛟᱃䁵㑢㑞㸜㎰㬇⭥᱗㦬㸥㵉㬗-䍽䁈᱘㋯⧭᱄ 



  

 

㵝 2.1 ⹦㻄㎑⭹㵝᷍㾂䁨㻙䁨⭥䄢➣㛂䁨⭹㤙䊻䇳⢀⡜㦇⨗᱄ 

 

⡩䄢➣㛂䁨䁈㝪㩵㸃㶎䄜㾊⭥㬨⡰⭤ⷒ㎎㯚䁈㝪᷍㰜㗨㎕䓵䇻䁨㠞㛟⟌⭛᷍

ⱙ⳨㾂䁨㻙䁨᱄⡰⭤ⷒ㎎㯚䁈㝪㬨䁱㈠㭞䁈䈌䓻ㅭ⭥㦛㳆᱄䈌䄢➣㛂䁨䁈㝪㦰㸋

㬡ㆈ⭥⡟䊎㬨⭆䄜⭥᱃㋪⢅⭥⤜㵍᷍㰜㗨㦰㸋㭞㬨㶓㹐⭥⡟䊎᱄䄜㣱㬣㹐⭥㾯䓕

Ⱍ䇱゙⼯ㆂ⹚᷍ⱙ゙⼯ㆂ⹚䋓䈌㭞ⰵ䇇᱄㭞㬨䐻ⱁ⭥᱃⤜㋪⢅⭥᱄䅓⪬᷍㰜㗨ⴒ

㦰⢅⿐᷍㦰㸋㬡ㆈ⭥⡟䊎㬨䐻ⱁ⭥᱃⤜⢅⭥᱄䇪䇻⭒㬒㦬㗨䐋⭡⭥㭞㆗㻿䇻䇱㏎

㭞᷉Rational Number ᷊᷍ 䎃䄓㈮䅃㸗䓦⹚⧪゙⼯㵝㾯⭥㼀Ⱟ㬨䇱⹌Ⱙ⭥

᷉commensurate ᱄᷊⭌⤜⭤⤜㯖᷍⡰⭤ⷒ㎎㯚Ⰹ㏎⡟㪎㈮䊭⼍䓦㸿㏎㭞᷉Irrational 

Number᷊⭥⫇䊻᱄䎃⷗㗍ⰽ䄓㎈㦦䓦⡰⭤ⷒ㎎㯚䁈㝪᱄ 

䊻㚠㣑㳂⭞⭥㑞⷗䁈㝪䐱 䄢᷍➣㛂䁨䁈㝪㦰㸋㬡ㆈ⭥⡟䊎㬨⭆䄜㣳䊬Ⱀ䈌⢅

⿐⭥㚔䐷㹐䐫 ⡰᷍⭤ⷒ㎎㯚䁈㝪㦰㸋㬡ㆈ⭥⡟䊎㬨䐻ⱁ㣳⤜⢅⭥㭞᱄䈌䎃㑞䐷㯝

㸍Ⳟ㬞ⰵ䇇 ⿚᷍䇱⷗➏㏜䁨䁈㝪 㣠᷍⮘㬡ㆈ⭥⡟䊎㬨⤜⢅⭥䄜 ⤃᷍ㆉ⪬ⴒ㦰䊬Ⱀ᱄

➏㏜䁨䁈㝪⭥⫛⢎㦬㹐㬨➮㗦㛂⭣䄵ゑ㰜⭥䁈㪛䐆㝖᷉ Zenon ᱄᷊㡅䁈㯖䐱㒘⪌䔏

⺄⭥Ⱟ䓴㈮㬨䐆㝖䷄㔼᷉Zenon Paradox᷊87᱄䎃㏐᷍䐆㝖䎌ⰵ䄢➣㛂䁨䁈㝪⭥⢅

⿐⡟䊎⹼᷍㳂⨗ⴒ㦰䊬Ⱀ㋪㚽㾵⭥㯥⷗㔼䐅᱄㸳㗨䄵䔏⧄⡜䇤⭞⭥㑞⷗㸋㏞᷍㎕

 
87Paradox᷍䎃⷗⪫䄓䇱䂑㘞⭥䅃㯝ᷜ䂑㘞㬨㋕㡑㎕⤜⼰㏎⭌㕀ゎ㩰㬨ⰵ⭥᷍ⱙ䷄㔼㈮㬨㕀ゎ㩰㈮
⤜ⰵ᱃䇱㗍ⰽ᱄䎃㏐᷍䎃⷗⪫ⰵ䇇⭥㬨䷄㔼᱄ 
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㯖㘘㹐㏎䁈⧄䇤⭥䄜㾊䁱㈠Ⳟⳉⰵ䇻㸳㗨⤖⨃䎃㾊䷄㔼䇱㬓㗕⟐䑛ᷠ䎃䄓㋪䄵

䊻䄜Ⰹ⧭Ⱙ㩰㯖㘘䁈㻑㹐㏎䁈ⰵ䇻㸳㗨㏎ㆃ䎃⷗㬡ㆈ㬨䇪⼽⫔⭥⟐䑛⭥᱄䎃㑞⷗

㏞䓴㉀㳆㧈㻣ᷛ 

1. ⱟ⳷ⳉ 䊬ᷛⰐ⭥㹐㳆䊻⫐⭞㡅㚠⭥⭹䐏㣑 䓽᷍㬨䄋㻩㶋⧪㦌⧭⭥ 1/2 䊺᷍

㶋⧪⽔⟌⧭⭥ 1/2᷍䊺㶋⧪䈁㻣⤠⳷⭥ 1/2᷍䄵⪬䁎⿘㻣㦆᷍䅓⪬䇡䊗⫐

⤜⭞䐶⮄ᷜ 

2. ➣㑷㠆㋬⹻㉝➃〚㏐䈌㸻⺋㧝㝽 㻩ᷛ㦤㸻⺋㝽䄜Ⱟ᱄㚨㗕 㧝᷍㝽㋋㬝⽔᷍

➃〚㏐㻩㝽㶋䎃Ⱟ᱄䊻䎃⷗⺞⧭䐱᷍㸻⺋䄲㈎㼓㣑㝓㑬䄜Ⱟ᱄䐏⽔᷍➃

〚㏐䇷⡹㿌㝽㶋䎃䄜Ⱟ᱄䊻䎃⷗⺞⧭䐱᷍㸻⺋䇷㼓㣑㝓㑬䄜Ⱟ᱄䄵⪬㏁

㵧᷍➃〚㏐䇡䊗ⶰ⤜㩰㸻⺋ᷜ 

䎃㏐᷍䐆㝖䄵㯝⢇⭥Ⳟ㬞᷍㬸⪯⤪䇤䷄㔼⭥Ⳟⳉ㎕䁱㈠䄜⷗䓵㦜䍽䁈⭥㸫㳃᱄㼁

䇇⭥㯝㼌㬖䂊᷍⽔㎕䊻㹐㏎䁈䁱㈠䐱䄓⧪㸋㑬䄜⷗〚⡟⭥㬷Ⱟ᱄ 

㸳㗨㻩㏜䇤䐆㝖⭥䷄㔼㎕㣠⮘㧞⮄᱄⭻䄜⮄ ䷄᷍㔼㬨䄜⷗䐹䄋⭥䁱㈠㹐㏎㸫

㳃⭥Ⳟⳉᷜ⭻ⱟ⮄᷍䐆㝖㦘㬖㉀䇱⼽㣠⭥㯝⢇⭥㚽㑇᷉䁨㏐㬠ⱁ⭣㦰㸋㰜㬨⢈䐅

㔼⭥⪕㬝䎀᷊ᷜ ⭻㧞⮄᷍䄓㬨䔏䐹䄋⭥᷍㏎ㆃ㡅⫎㹔⭥ⷚ䊕䄓㣂㣂㚽ⳕ䇔⨗䊻㹐

㏎䁈䁱㈠㒎㶃㑞⷗㬷Ⱟ᷉〚䇻㭞䁈⭥㏎㔼䈌〚䇻㬖ペ㈎䂊⭥㬖䂊᷊⭥䐹䄋㾵᱄ 

䎌ⰵ⭻㧞⮄᷍㸳㗨㔵䔘㯖㘘᱄䎃㑞⷗㬷Ⱟ䐱᷍⭻䄜⷗㬷Ⱟ㬨㬖䂊᱄䄵➃〚㏐

䈌㸻⺋⭥㧝㝽㸋㏞ 㦤᷍➃〚㏐䈌㸻⺋㝽䄜⪯ 〓᷍䎀㦤㒎䄜⷗㏁㯧⭥㝽䓦䈌㸻⺋㝽

䄜⪯᷍ㆂ⺜䓵㦜㤆⨟᱄⭒㦜᷍㏁㯧㵉⺞㬖䂊㎕㝱ⰰ䄜⷗㏎㔼䎞㦘㾵⭥䁱㈠Ⳟⳉ⭥

㦘㑃䄋⭩⭞ㅌ㆝㑞㣈㛋䐏⽔⭥䙅㏜㔵᱄⭻ⱟ⷗㬷Ⱟ᷍㬨㭞䁈᱄㧈⺜㸳㗨⿎䄜⷗㹐

㳆䊬Ⱀ㉁㏌䈌㬒ヅ⭥䄡㎖⹹㻖⭥㵝᷉㵝 2.2᷊᷍ 㸳㗨⼽㦾䄸䐋⭡䐆㝖⹹䓃⭥䐜⤜⺞

㬨㵝䐱⢋エ⨗⭥㬣ミ⮄᷉䔔㵝䐱⭥䐶⮄᱃䇳㵝䐱⭥㼁䈗⮄᷊䐏㣑⭥㬣㤊᱄㰜➲㬒



  

ヅ㆙㾱㑬㸿㻿⳷⷏᷍㣳ⴒ㦰㑬㬒ヅ⭥㉚䊩㾵᱄ⰵ㬒ヅ㒘Ⱀ㉚䊩㾵⭥ⴒⰉ᷉䄓㈮㬨

㯖㰜⤜䊫㿎㬒ヅ㒘⺞㬣ミ⮄᷊᷍㬨䎃⷗䷄㔼䔏ⷚ⡟⭥⫎㹔᱄㲸䇤㋸䓴⭥䄜㉅㘜䁵᷍

᱑㬦䎀㧈㯚ⴓ ⤜㪂䑈䄚᱒᱄ⱙ䊻➃〚㏐䈌㸻⺋⭥㏞䓴䐱 䐆᷍㝖⤜㪂⭤㦤㬒ヅ㒘䔀᱄

䅓⪬ ➏᷍㏜䁨䁈㝪㬖カ㩰㋪䄵䔘㸋䄜⷗⼽⼤⭥ⳕ㏞ 㦤᷍㸳㗨㳆。㹐㏎䁈䁱㈠䐱䎃

㾊㬷Ⱟ⭥䐹䄋㾵᱄ 

 

㵝 2.2 ⱟ⳷ⳉ᷉a ᱃᷊➃〚㏐䈌㸻⺋㧝㝽᷉b᷊⭥㭞䁈⢎㭗᱄⪴㵝䐱᷍㸳㗨⼽㦾䄸㋕⭞䷄㔼⥛

㪛⭥ⷚ䊕㬨ⰵ㬒ヅ㉚䊩㾵⭥ⴒⰉ᱄ 

 

⪴ⴒ㦰䊬Ⱀ⭥➏㏜䁨䁈㝪⿹㎕ 㸳᷍㗨䄋㳂⭞⭥㻣䄜⷗䁈㝪㬨䊻䄢➣㛂䁨䁈㝪

⭥〚⪂㩰㆙⿐⨗㎕⭥䄜⷗䈌㸳㗨㻷䊻㹐㏎䁈᱃⿐䁈䁱㈠㈎⧄䇤⭞⭥㘜⪫㼁⹹⭥䁈

㝪ᷛ䊋㯹㝪᱄䎃⷗㘜⪫䊋㯹⭥䊎䅃㬨䓷㚙᱄䊻䓵㦜䍽䁈⭥㳆㻖䐱᷍䊋㯹⫛⢎䓦㚔

䐷⤜㋪⳷㾵᱄䎃䄜㝪⭥䍽䁈コㅌ㬡ㆈ⡟䊎⺊ㆂ㸋䔊⧪㬣㹐⭥⤜㋪⳷⷏⭥㹐㏎⭆䊋᱄

䄵ⱘ㞁ⱁ㋬㎶᷉Empedocles᷍䊝㪛』䊻⹌䊋㣑 490 㛋⭞ 440 㛋䔔䇳᷊㸋㏞᷍㰜㦰

㸋】᱃㵢᱃㡙᱃㯏➕㸃㑄᷍䄵䊬Ⱀ⭥䓕㲍⫇䊻᱄㰝㗨䐏ヅ㋪⼰㋪⳷᷍⭌䊬Ⱀ䐱㯥

ⷚ⤜㪛⤜㘑᱄䈌㰜㵍㠻⭥➃㚨㋬㧙ⷋ㎎᷉Anaxagoras᷍䊝⹌䊋㣑 500 ⭞ 428 㛋᷊

䋓㦰㸋⹚⧪㶓㹐⭥㻙㾂㸃㑄㬨䐷䓴 䄜᷍⷗㬣㹐䇱ⱁ㩺䐷㋪ⶱ㾵䐫 ⹚᷍⧪㰝⭥䐷䓴

㈮䇱ⱁ㩺⷗㏁᱄ 
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䊻䊋㯹㯖⭥〚⪂㩰 ⹦᷍㻄㎑ⷝ㬨⭏㪛㑬䔏䋈㠻⭥䊎䓴㔼᱄⪬䁈㯖⫛⢎㦬㹐㬨

㒕〚⤉᷉Leucippus᷍㪛』䊻⹌䊋㣑 5 㬡ギ᷊⼮⭣䜴㋬㏐㲹᷉Democritus᷍䊝⹌䊋

㣑 460ÿ370 㛋᷍㰜⳷⢑ⷛ㰇㒕〚⤉䈌➃㚨㋬㧙ⷋ㎎䁈㻑 ᱄᷊䊎䓴㔼䎀㦰㸋㬡ㆈ㬨

⤜㋪⳷⷏⭥⫛⢎⨅㬖⭥㸃㾂㋦㑄᷉ 䄓㈮㬨䊎䓴 䔊᷊⧪⭥᱄䈌⫛⢎⨅㬖⭥䊎䓴ⰵ䇇᷍

䇱⷗ⶦ㛏ㅱ᱑䎇㋶᱒᷍ 㬡ㆈ⭥⡟䊎㈮㬨䊎䓴䈌䎇㋶᱄㧈⺜㗜䇱䎇㋶᷍䋓⨅㬖⭥Ⰼ

㹘䐏ヅ㗜䇱ヅ㻗᱄㧈⺜㗜䇱ヅ㻗 䋓᷍⨅㬖⭥Ⰼ㹘㈮⤜。⡜⡬⪬⳷㋋ⱙ⧪㸋ⱁ䂚⭥

Ⰼ㹘᱄㵍㬒᷍㧈⺜㗜䇱ヅ㻗᷍䋓⨅㬖⭥Ⰼ㹘䄓⤜。䄧Ⱀ᱄䅓⪬᷍㋪䄵㯖㿊㋶㬨㸋

㑬⳷⷏⫛⢎⨅㬖⭥䊎䓴⤃ㆃ㬮㡅䊬Ⱀⱙ⫇䊻⭥ 䊻᷍㘉㭗㹐䐫⭥⫇䊻㾯㬞ゑ䊬Ⱀ㾵

䐫㬒Ⱍ䇱㻷㬖⭥䅃䅆᱄⽔㘇 㸳᷍㗨。ㅓ⭞䊻䁨㏐㬠ⱁ⭣⭥䍽䁈㳆㻖䐱䎇㋶㬨⡜ⴒ

Ⰹ⭥᷍䎃䈌⭣䜴㋬㏐㲹⭥䊎䓴㔼㬨⤜䄜䐣⭥᱄㻷䊻᷍㸳㗨⭒㦜䐋⭡䁨㏐㬠ⱁ⭣⭥

⹼⮄㬨⫎㹔⭥᱄㰜⭥䎃⷗⫎㹔 ⷝ᷍ゴⳕ⧥⨗⡩㰜⭥䁈㯖䋈䄜㾊⭥䊎䓴㔼⭥㻩㆙㾵᱄ 

䔏⽔ 㸳᷍㗨➕䍶㬡ㆈ⭥⡟䊎㬨⭆䄜⿚㬨ⱁ䂚᱃㬨䊬Ⱀ⿚㬨⤜⢅䎃㑞⷗⢋䓝ㅌ

㣑㘇㳂⭞⭥䁈㝪⭥䁈㭖⹼⮄㆙㾱䄜⷗䓽ㆂ⭥⿑᷉㵝 2.3 ᱄᷊⪴䎃⷗䓽ㆂ㵝᷍㸳㗨ⷝ

㬨㚽⹜䐒⹼⭹㳆。⭞䊎䓴㔼㬨⳨⧄ㅴ㆝㸳㗨㻷⫛㹐㏎䁈ⰵ㬡ㆈ⭥㦰㬗⭥᱄ 

 

㵝 2.3 ⹦㻄㎑ⷘ䓵㦜䍽䁈䁈㝪ⰵ㬡ㆈ⡟䊎⭥㦰㬗᱄ⰵㅨ⭥㑞⷗㲹䐫㬨㼁⿆ⰵ㑃⭥㚔㲹䐫⭥

㑞⷗䐖᷍㸳㗨䇤㪏㎝⭥㯌マ㵘⫛⢎㡅ⰵ㑃᱄㗠⷗㲹䐫䇱㑞⷗㦂䐖᷍䅓⪬㡅㦂䐖⭥䔊⼰㋪䄵

㾯⧪㯥⷗⢀᱄䊻䎞Ⳟ㾯⭥㗠⷗⢀᷍㸳㗨㑱㑬䁈㝪᱄⡟㵝䊻䍵ⰹ⿋㎰㬇᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱

⥆㵝 x.x ⭥〚⪂㩰ゴ㧌㑬䄜㾊㆝⫛㹐㏎䁈⭥㚻㦾ᱟᱠ᷍ 㚠⭥㬨䊻ⰵ⹦㻄㎑ⷘ䓵㦜䍽䁈䁈㝪⭥



  

䁈㯖㆙㾱䓽ㆂ⭥㵍㬒䄓䍚㬟䊎䓴㔼⭥㣑䍑㾵᱄ 

 

2.2 䐨䎀䊬Ⱀ䄵ゑ㯶ⷒ㎎⭸᱃➹㎎㵝ⰵ㡅⭥ⴒⰉ 

㣑㘇㣠⮘⺞᷍⡫䎀⤜㬨䍽䁈䓉䄖᱄䅓⪬᷍䊻䍽䁈㩰。㈂㑠⡽㘃㣄⧗⭞⺞䇻䓉

䄖⭥㚻㦾᱄⡟䍣䈌⭻㒚䍣㬨⡟㭊䐱⡩ㅰ㠌䍽䁈⭥㚻㦾᱄⡟ㅻ䊻⡟䍣᷍䇷㬨⡩ㅰ㠌

䍽䁈⭥᱄䊻䔏⨖⭥゙ⷆ䐱᷍⡟ㅻ⤃⤜⫇䊻᱄⽔㎕᷍㈎⺞ⳕⶕ㯝㋝᷍⡫䎀㉖⭤ォ㦜

㬨㚠⢋㬨䄜⡟㵉㬗ㅭ⤥ 㚻᷍㦾⿚㬨䄋ⷝⱁ⭹㳙⨗⪠⫃㹐㏎䁈⭥㯝㸍㻑⺀ ㅓ᷍䄜㾊

䍽䁈⥄㘇⭥Ⰼ㹘᷍➲ 2.1 ㅻ䈌 2.3 ㅻ⭥⹫㬣㻯ㅴ㡑㎕᱄ 

㣑㘇㳂⭞ 䋈᷍㠻䓵㦜䍽䁈⭥⧪㈮ⶓⶨ⭥㬒ヅㅸⰯ⫔ⶦ㬨⪴⹌䊋㣑 580 㛋⭞⹌

䊋㣑 430 㛋᱄䎃⷗㬒㠻ㆂ㭙⭥㬒⽓᷍㻄⤉䍞䎚᷉⹌䊋㣑 499 ⭞⹌䊋㣑 449 㛋᷊䄓

䄲ㆂ㭙᱄㈎⺞㼒⤏㏐㋬㏜᷉Pericles᷍⹌䊋㣑 495ÿ429 㛋᷍䁦⮅䑙㘜⭥䐕䎟⹺᷊䎃

䂚⭥㦬㹐⭥䐯㏎᷍㻄㎑⭥⧨⟏㸥㘘㆙㧌Ⳓ㦺㬒㠻᱄䎃⷗⿘㈔㻣᷍㦬㗨㋋㬝㵧⨈㕀

ⷘ㯚᷉ Logos ⭥᷊䄶㭖᱄䈌䐏ⰵ䇇 䐨᷍䎀䔘㸋⪌㬻䐨⿼⭥䐑䄖⨗㻷᱄䐨䎀䑘䄋⪌㬻

㚻㦾㬨㾿⪨䁈䈌㔼⢈䁈᷍⭌㉙⳨㯝㋝䐨⿼⭥㾱㸋᱄ 

䄜Ⰹ⧭Ⱙ㩰 㸳᷍㗨㋪䄵㯖䋈㠻⭥䍽䁈コ㬨➏䐨⿼⭥㦬 ⱙ᷍䐨䎀䋓㬨䓵㸳⢋⟒

⭥᱑䇱䐨⿼⭥㦬᱒᷍ 䐨⿼䐜㬨㰜㗨䇤䄵⫐⭞㬖䇤㚠⭥⭥㬷Ⱟ᱄㰜㗨⪌⤆⭥᷍䈌㡅

㯖㬨䁈᷍⤜㧈㯖㬨㭖᱄ⷝ⹹ポ⭥㬨㰜㗨㵧⨈⿔䄪䑘䅆᱃㼁ⰵ䑘䅆᷍䎃㾊㯝㼌㰅㦜

⪴㞛㝱⭥ㅨⰩ㬨䇱䅃䅆⭥᷍⭌䈌䍽䁈⡟㪎➏䐨⿼᱃㤔䎇㏎⭥⪌㵔㦕ⷒⷒ⤜㧌 88᷍

䎃䄓䊻⼽⫔⧭Ⱙ㩰䔉➎㑬䍽䁈⭥ⳃ䍚᱄䅓⪬᷍㸳㗨㻷䊻⧄㯖⭥䁦⮅㧞㻮᷉㯶ⷒ㎎

⭸᱃➹㎎㵝᱃䁨㏐㬠ⱁ⭣᷍㰜㗨⿆㸋㬇㵞᱃⪌⧱㧞⫛᷊䈌䐨䎀⭥⿔䄪䑘䅆⼮㼁ⰵ

 
88Truth᷍䊻䍽䁈䈌㸳㗨㹐㏎䁈䐱᷍⭹㸜Ⱍ㬨⨈ⷀ⭥᷂䎇㾥㻓⿗㹐㏎䁈⭥㦬᷍ⰵ䄜㾊㬣㤊⤜㲌㚽ㅴ
㬽᷍㻵⭤䇹ⶐ᷍〓㿎䄓䈌⪬䇱⹹᱄ 
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䑘䅆㆙㾱㑬⤜㾙⭥Ⱈ䎚᷍㬚⭤㻄㎑䍽䁈⫐⭞㑬㾣⭥ⷀⰩ᱄⪴㰜㗨㋋㬝᷍⹦㻄㎑䍽

䁈⭥䐱㾥䄓䓋䄧⭞㑬䁦⮅᱄䊻䁨㏐㬠ⱁ⭣䐏⽔᷍⿔䄪䑘䅆䈌㼁ⰵ䑘䅆䇷䇱ⶕ㯶᱄

⭌㰜㗨ㅌ㻄㎑䍽䁈㵧⭞⭥䎃⷗ⷀⰩ ⰵ᷍䇻㸳㗨⡟㭊䐹⮄⹹䓃⭥䓵㦜䍽䁈᱃㹐㏎䁈

⭥ⳃ䍚᷍㬨䐢⹹䐹䄋⭥᱄ 

㯶ⷒ㎎⭸⭥㘜䁵㬨᱑㦰㬗㛄䓵゛᱒᱄䎃䄓㬨⭣ⱜ咔㪒㘎⭥㘛㉅ 89᱄〚䇻⪬᷍

㰜㦰㸋㦬䄋㬸㻩䁱㈠䓵㪎 㣠᷍⮘㗡⭣ 㵉᷍⺞㪔㬴㦬䓵㪎⭥㾥㒊⭥㵟㈗㆙ⱙ䁱㈠䓵

㦜 90᱄㯶ⷒ㎎⭸⭥䁱㈠㼁ⰵㅰⱁ⭹ゐ䐱䊻㯝⢇䍽䁈䈌㬖ペ䍽䁈᷉ⱙ⳨䓵㦜䍽䁈᷊

⭥ⳗ⨌ 㦬᷍㗨䄓⧄㯖䊻⹦㻄㎑㯶ⷒ㎎⭸㬨➲䍽䁈⪴㳍㩰㎎⿹⭞㦬ヅ⭥㦬᱄➹㎎㵝

䔘㸋㯶ⷒ㎎⭸⭥䁈㪛䈌㾦㵞 䁱᷍㈠ⳗ㸈䄋ⷝ⺄ ⤃᷍㒕㻣㑬⼽ⱁ䑙䔘᱄㰜㦩➏゙⼯᷍

ⰵ㯝⢇䍽䁈䈌㬖ペ䍽䁈⭥⹹䓃䄓㬨⡩ㅰⱁ⭥᱄㰜䊻㧞㻮䐱㡑⭞㑬⧱㩰㡕㻣⭥䔘䇤᱄

䊻➹㎎㵝⭥䍽䁈㳆㻖䐱᷍㬡ㆈ⡜⳷㸋㏎㛏㬡ㆈ⼮㻷㼔㬡ㆈ᷍㑞䎀㵉⺞㵗䇑㑋㻖᱄

㏎㛏⭥㬡ㆈ㬨䎇㬖⭥⫇䊻᷍䇡⽄⤜⢅᱄ⱙ㦬㏁ⶱ⹺㰚ㅴ⪆⭞⭥䎃⷗㻷㬖㬡ㆈ᷍䐜

⤜⺞㬨㏎㛏㬡ㆈ⭥䇑䓴᱄ 

㼁⡩䇻⽔㘇䄋ㅓ⭞⭥䁨㏐㬠ⱁ⭣ ➹᷍㎎㵝䎃䐷⢎㭗ⷝゴ㭞䁈 ㉀᷍䇱⼽㣠⭥㾯

ⱙ㩰⭥㲹䎘᱄䐱㬡ギ⭥㈎䊛䍽䁈᷍㲹⢑㬨⹹䇻䓵㦜⭥㯝㋝᷍⨅㕛㑬ⰵ䁨㏐㬠ⱁ⭣

㋰Ⰹ᱄䅓⪬ ㋪᷍䄵㯖䊻䐱㬡ギ⭥䐱⽔㠻䁨㏐㬠ⱁ⭣䊻⼽⫔⧭Ⱙ㩰㵔䐯䓦㹘Ⳟ䍽䁈᱄

ⱙ㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝䐏⽔ 㹘᷍Ⳟ䍽䁈䎜㳆㩰䇷ㅰ㸋⺄ⳛ⭹⫇䊻㶚➹㎎㵝⭥⿹⺊᱄

䊻⭻㒚䍣᷍㸳㗨䊻㲷㔼⭲㋉ⱜ᱃㋖⭣᷉㲹⢑㬨㋖⭣᷊⭥㬒⽓᷍Ⱒ䎀䇇ⶤ。䇱⡩ㅰ

 
89⭣ⱜ咔㬨䄜⷗㾦ⴏ➃⤉㔿᷉㲌䂕㪒᷊⭥㪒㘎᱄➃⤉㔿䊻⹦㻄㎑⭥䑘㪒䐱᷍㬨⷗⼽䎞㘇⭥㪒᷉㰜
㗨⭥㪒⳨⧄㦬ⷒ⿐᷍䇱⼽ⱁ㡅㬖⤜㲌䎞㘇᷍⭌㼒➃⤉㔿᱃䁦⮅㚩᷍䄜⟄Ⱍ㬨䎞㘇⭥᷊᱄㦬㗨䄓㈎
⧄㎕䎃㏐㤔㪒䜮᱄ 
 
90⡩㧈᷍㰜㳂⨗⭣㾱㈮㬨䐋㬗᷍㣠⮘䐋㾱⼰䄜᱃䎇㩧䄜㳆᱄䎃⷗⼮㸳㗨㘘⧐㬒㠻㶖䂕㘘㰚⧌⭝⭥
䍽䁈⹼㋕㡑㎕㈮⼽㼒᱄ 
 



  

㪏⭥㳆。᱄ 

䊻⼽ⱁ䍽䁈䓉䄖⭥䑙䔘䐱 㦬᷍㗨䄲㈎ⰵ䎃㑞㸜⹦㻄㎑䍽䁈コ䁈㭖⹼⮄Ⱍ。㆙

㾱䐹⮄ㅓㆃ᱄⡟ㅭ⤥䐱 㸳᷍㗨㆗⮄⭞䐨䎀䊬Ⱀⰵ⹦㻄㎑䍽䁈ⳃ䍚⭥㩬⼇䄵ゑ⪴㯶

ⷒ㎎⭸㋋㬝䁦⮅㧞㻮䈌䐏⭥Ⱈ䎚᱄䓵㦜䍽䁈Ⳟ㘇 䊻᷍㋧䁈ⷐ㘝䎃䂚䄜⷗⹹ポ⭥ㅸ

Ⱟ᷍㳂⭞⭥䔏ⱁ⭥⹦㻄㎑⭥㦬㹐㬨䁨㏐㬠ⱁ⭣᱄䅓⪬᷍㸳㗨⿚㬨➲㰜䔘㸋䐹⮄㎕

㆙㾱ㅓㆃ᱄ 

2.3 䁨㏐㬠ⱁ⭣⭥㹐㏎䁈 

䁨㏐㬠ⱁ⭣ 17 㰋㆙㧌䁦⮅䁈䊛 91 㬇᷍⪴➹㎎㵝ⱟ㬏㛋 䐒᷍䐢㡅㬦㬡 92᱄㰜⭥

㘜䁵㬨᱑㹂➏㹂㬇᷍㸳ⷝ➏䎇㏎᱒᱄⪴䎃㉅⿑᷍㸳㗨䇇ⶤ㋪䄵㋕⨗㑞⷗䅃㯝᱄䄜

㬨㰜ⰵ㡅ⱘ㬇⭥ⶱゅ䐏㤊 ⱟᷜ㬨㰜䊻䁈㭖㩰⤃⤜㬨㦰㸋㎰㬇⭥Ⱍ㬨ⰵ⭥ 㰜᷍䇱㰜

䓵゛⭥ヂ⧷᱄䇇ⶤ㯖᷍㰜ⰵ➹㎎㵝⭥㏎㛏㔼㆙㾱㑬㘘㦘⭹㞛㠡᱄ 

䈌➏㏜䁨䁈㝪ⴒ㦰䊬Ⱀ⤜㵍᷍㣠⮘ⶱ㉖㈎䂊᱃䓃䐹䊬Ⱀ᷍㬨䁨㏐㬠ⱁ⭣䍽䁈

⭥㻵䑙㲹䎘᱄〚䇻⪬㦰㬗᷍㰜ⰵ䊬Ⱀ㆙㾱㑬㼋㻙⭥㋭⿎᱄⡩㧈᷍㰜䐙⨗㬣㹐䊬Ⱀ

⭥⡟䊎ォ⤜㬨䄜⷗᷍䄓⤜㬨㸿㻿ⱁ᷍ⱙ㬨㧞⷗ᷛ㾯㬞᱃㦒ⳇ᱃䐫㑰᱄㡅䐱᷍䐫㑰

㬨䊬Ⱀ⭥䊹㳆᷍㰝䊻䊬Ⱀ䐱⡄⧷⤜⢅ᷜ㾯㬞㬨䊬Ⱀ⭥㬣㹐㰚⪇⭥䓕㲍ᷜ㦒ⳇ᷍㬨

䊬Ⱀ㰚⧐㼓⭥䓕㲍᱄⡩㧈᷍㡙⭥㾯㬞㬨㦩᷍㦒ⳇ㬨㏅᱄⭒㰝⭥㾵䐫⢅㸋㏅㬒᷍㡙

㈮⢅⧪㑬㯏᱄䊻㡙䈌㯏⭥⢅⿐⺞⧭䐱᷍䐫㑰⤜⢅᱄䎃〓㿎㬨㸳㗨㹐㏎䁈㻷䊻㯖⭥

㼁⢅⭥䔏䋈⭥⢎㭗᱄⭒㦜᷍⢎㭗Ⳟ㬞⼽⨖゗᱄〚䇻⪬᷍䁨㏐㬠ⱁ⭣➲䊬ⰐⰉ䅆㸋

᱑㣒䊻⭥㻷㬖⿐᱒᱄㣒䊻㾵㼁⭒䇻㦒ⳇ᷍㬨䇇ⶤ䇱⭌㚠㣑⿚㗜䇱㬖㻷⭥㾯㬞᱄㣒

 
91䇱㬒䄓Ⳏ䅌㸋䁈䊑᱄䎃⷗⤜䐹䄋 ⰵ᷍䇇⭥䇃㸥㈮䄜⷗⪫ Aᷛcademy᱄䁦⮅䁈䊛㬨Academy of Athens᱄ 

 
92䁨㏐㬠ⱁ⭣㎕䓵㕎㡅ⰺ᷍ⰵ㻄㎑⧨⟏᷉䇩㡅㬨䁦⮅᷊ⱙ䁵᷍㭕䇻㎕䓵㠌䊗⡒⤠⭥㶃㼈㦬᱄䎃䄜
⮄ⰵ䇻Ⱒ䎀㼋㻙㑬ㆃ㡅㪛㠞㬨⡩ㅰ䐹䄋⭥᱄⭌ⰵ䇻⡟㭊䐱㪇ゑ⭥㚻㦾᷍㗜䇱㬓㗕䇑㼍᱄䎃㏐䐜㬨
㳂䄜㻣᱄ 
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䊻䈌㻷㬖㬨䊬Ⱀ⭥㑞䐹⡟䐫᱄⿜㉅⿑㯖 䊬᷍Ⱀ㉀䇱᱑㑞⡟䐫᱒᱃᱑㧞⡟䊎᱒⭥㭕㾵᱄

㈓䐚䈌䊬Ⱀ᱃㣒䊻䈌㻷㬖䐏ヅ⭥⹹㻖᷍㬨㵧Ⱀ䎀䈌⡜㵧Ⱀ䎀䐏ヅ⭥⹹㻖᱄ 

㩰㭗⹹䇻䊬Ⱀ⭥㾵䐫⭥㘉㭗᷍㼁ⰵ䇻㰜⭥㣑㦬᷍㬨䄜⷗䐫⭥㆙⤞᱄〚䇻䎃㾊

㑇䈌䊬Ⱀ⭥⨖⤞ⶦ㛏 㦬᷍㗨㶚㶚㋪䄵䊻䄜⷗㕀ゎ㩰䓵㣃⭥ⳗ㸈㚻㘉㭗⭒㬒䈗⭞⭥

㻷㼔᱄⭒㦜᷍⽔㘇䙅㏜㔵。⷇㰀㸳㗨䎃䐷᱑㑇㬨㹐䐫䊬Ⱀ⭥䊎䅓᱒⭥⢎㭗㬨⫎㹔

⭥᷍㑇㬨ⶥ⢅㹐䐫䊬Ⱀ䓕㲍⭥䊎䅓᱄ⱙ䙅㏜㔵⭤⭞䎃㾊ㆂ㔼᷍㬨㿉䄋⼽㣠⭥㵉⺞

⢎㘇㋕㬖䐫⭥㚽㑇⭥᱄㲸䇤㣑㘇㳂⭞⭥⼶㎎㋬㏜㲹⭥㘜䁵᱑䓵㦜㻓⿗䅟⤹䓵゛᱒᷍

㸳㗨䄓㚽⹜㳆。䎃䐷㵗⺞⢎㼔㋕⡟䐫⭥⨊㼔㯝㸍㚽㑇䊻㹐㏎䁈ⳃ䍚䐱⭥䔘䇤᱄ 

䊻䈏䑇⭥ㆂ⹚Ⳟ㘇 䁨᷍㏐㬠ⱁ⭣㬚䇤㑬䄜⷗㵍㾥㤓㚄㾮 ⤃᷍➲⭹㤓⳦䊻䐱㾥᷍

㡅㰝㾨㳆䊻㵍㾥⭥ⷝ⫔⭥㤓㘇㩰᷉2.6 ㅻ㸳㗨ㅓ⭞㵱㎶㗽⭥䈏䑇㚄㾮㬒᷍⫔コ㋪

䄵ⰵ䎃䄜⮄䊺㆙㾱㳆。 ᱄᷊㰜㦰㸋䊻⭹ㆈ᷍䄓㈮㬨⭹㤓㩰⭞䊣㑢㻣⭥㤓㳆㚻᷍⨅

⨃䓦㯏᱃】᱃㵢᱃㡙㯥䐷䊋㯹᱄ⱙ㳍ㆈ᷍䋓⨅㕛㑬䄵㲌᱄㹐䐫⭥䊬Ⱀ᷍㩰㪞〓䎀

㻣ㅖ᷍㬨䇪㡅䐱ⷘ䐷䊋㯹⭥⡩㏞㉗Ⰹ⭥᱄⭒㡙᱃】⭥⡩㏞⫔⭥㬒⽓᷍㹐䐫㤄㼓䇻

㩰㪞᱄ⱙ㯏⼮㵢᷍䇪䇻⡩ㅰ䐹᷍㤄㼓䇻㬚㹐㳆㻣ㅖ᱄䅓⪬᷍㋶㡙䊻㩰㘇᷍ⱙ⼄䂔

䈌㔞⭹䊻⭹㘇㾯⧪᱄䎃䄓㬨㰝㗨⭥䓵㦜㸜䐤᱄⭒䄜⷗㹐䐫⪇䊻㡅䓵㦜㸜䐤⭥㬒⽓᷍

㰝⤜。䊬Ⱀ᷍䅓㸋䎃⷗㬒⽓㗜䇱㤞Ⱀ㑇⭥᱄⭒㰝㠌㏌㡅䓵㦜㸜䐤⭥㬒⽓᷍㰝㈮䇱

㑬⿹⭞㡅䓵㦜㸜䐤⭥Ⱀ㑇᱄ 

㳍ㆈ䐱᷍䄵㲌䄵ゑ䇪㰝⹚⧪⭥㳍㳆᷍㆙㾱䓦䊩㯺䊓䐽䊬Ⱀ᱄䇪䇻䎃㏐゙⼯㻿

䐧㬨〚䇻㵍㾥䊓⭥ 䊓᷍䐽䊬Ⱀ䊻㸿㻿⭥㬒ヅ㏐⺄ⳛ⫇䊻 㼁᷍䇇⭥䊩㯺䊓䐽䊬Ⱀ䄓

㬨㶋㗡⭥᱄ⱙ䐒㼀䊬Ⱀ᷍㧈⺜㑍㿙⭥⿑᷍䋓䊻䇡⽄⭥㬒ヅ䐱㸿㻿䁴䍚᱄䎃㈮⫙㎕

㑬䈏䑇⭥㳆〞㬧⡹㸿㻿䋗⫔䎃䂚䄜⷗⤜⼰㏎ㆂ⺜᱄䅓⪬ 㑍᷍㿙⭥䐒㼀䊬Ⱀ㬨䄋⡽

㘃⭥᱄㳍ㆈ⭥䊓䐽䊬Ⱀ㿉䄋䇱䄜⷗⭻䄜㵧Ⱀ䎀᱄⭻䄜㵧Ⱀ䎀⡟㪎⤜㿉䄋䊬Ⱀ᱄ⴒ



  

䋓᷍䇷㿉䄋㪉㑃㡅㰜⭥㵧Ⱀ䎀ⰵ㡅㆙㾱㵧Ⱀ᷍㆙ⱙ㻾㧌䄜⷗㸿㻿䁎⿘᱄䎃⷗⤜Ⱀ

⭥㵧Ⱀ䎀䈌᱑㪒᱒ⰵ䇇᱄䎃䄓㬨㸳㗨䊻㋧㠶Ⳟ㘇⭥Ⱒ㹐䐱㈎⧄㋕⭞᱑⭻䄜㵧Ⱀ᱒

⭥䄜⷗䊎䅓᱄ 

㵍㬒᷍䊻䁨㏐㬠ⱁ⭣⭥㹐䐫⹚⧪ⶦ㛏㻣᷍㗜䇱䎇㋶ᷜ䄵㲌䊻㘉㭗䊣㩰㬡ㆈ⭥

㹐䐫䔊⧪ゑ㡅䊬Ⱀ⺇㔪⭥㬒⽓ 䄓᷍㡑⭞㑬⹹ポ⭥䔘䇤᱄䎃㏐ 䎇᷍㋶⭥ⶦ㛏䊻 1643

㛋䙅㏜㔵᷉ Galileo Galilei 1᷍564ÿ1642 㛋 ⭥᷊䁈㪛㵱㏐㣱㏜᷉ Evangelista Torricelli᷍

1608ÿ1647 ㏜᷊䇤㯏䅙⥃㑠⫔㡙䁚⭥㬖䂊䄵ゑ 1654 㛋ⴌ᱅ⷒ㏐㋬᷉ Otto von Guericke᷍

1602ÿ1686᷊㆙㾱⭥㕎⭣⡅⟌㤓㬖䂊䐱⭤⭞㑬⨅⳷⭥㳆㻷᱄䎃㾊㬖䂊䊻⭒㬒⭥䄜

⷗䐹䄋䔘䇤᷍㈮㬨ⰵ䁨㏐㬠ⱁ⭣⭥㬡ㆈ⹼⭥⨆〘 93᱄⨞⪬䐏㶃᷍⪴⿾ⷝ㯚

᷉Christiaan Huygens᷍1629ÿ1695 㛋᷊⭥⺃⤉Ⱀ㯖᷍⭞ 19 㬡ギ㚊᱃20 㬡ギ⨖⭥㕖

㋬ⱜ䁘ÿ㚋㎸㬖䂊᷉㕖㋬ⱜ䁘᷍Albert Abraham Michelson᷍1852ÿ1931 㛋ᷜ㚋㎸᷍

Edward Williams Morley᷍1838ÿ1923 㛋᷊᷍ 䄵㲌Ⱍ⿚⟈䁾䓦䐹䄋⭥ㅨ㩌᱄䎃㾊㏛㬘

㩰䎇㬖ⳃ㪛⭥㬣㤊䈌㻷⫛㸳㗨⭥䄜㾊⢎㭗㻑⺀ 䈌᷍㹘Ⳟ䓵㦜䍽䁈⭥⪌㵔Ⱍ㬨㗽㣱

㼁⹹⭥᱄ 

䐢䇻䁨㏐㬠ⱁ⭣⭥㹐㏎䁈⭥㈷㻿᷍㸳㗨䄓䄋㳂䄜㻣᱄㬸㻩᷍䎃㲸㹐㏎䁈⿚㬨

䄜Ⰹ⭥㪒䁈⭥㲹䎘⭥᱄㼒⭹㾥᱃⭻䄜㵧Ⱀ䎃㾊ⶦ㛏᷍Ⱍ㸋⽔㎕䓻ㅭ㵔䐯㹘Ⳟ㬡ㆈ

㳂⹊㑬䍽䁈⥄㘇⭥〚⪂᱄⭒㦜᷍䐒⭞㻷䊻᷍㼒⭻䄜㵧Ⱀ䄓㸿ⳉ⡜䐅㬖〓䐅㸒᱄㦬

㗨䎌ⰵ㡅㬨ⴒ㸋䎇㏎⭥㲷㔼 䄓᷍㬨㚄⽞⭥᱄⭌㻷⫛㏎㔼䐱㸿䄪㪒䁈⭥䊋㯹㬨。⡜

㈂㑠⡽㘃⭥᱄㡅⪯᷍䊻䎃㲸㏎㔼㳆㻖᷍⹼⥍䈌㯝⢇䍝㈾㑬⼽䐹䄋⭥㸜䐤᷍⭌䂊䐅

 
93㋧䁈ⷐ㘝㬨䇪㸥䄶ⶕ㾬䇶ⳃ⭥᱄㑞䎀䎜㳆㞛㝱⭥Ⱍ㬨䐱㬡ギ㵧⨈⭥Ⰼ㹘᱄䁨㏐㬠ⱁ⭣⭥䍽䁈䊻
䐱㬡ギ㬨㬶⭞れ㑇㵧⨈⭥᱄䅓⪬ 䁨᷍㏐㬠ⱁ⭣⭥⼽ⱁ㏎㔼䊻䎃㏐。⡜䔘㸋ⳕ㘇ㅭ⤥㎕㞛㝱᱄䎃䄓
㬨㸳㗨䊻䁈㻑⺞⧭䐱㳂⭞䁨㏐㬠ⱁ⭣ⱁ㳂⭞㡅⫎㹔㏎㔼⭥䊎䅓᱄⭌⢈䐅⭹㋕ 䁨᷍㏐㬠ⱁ⭣䊻㰜㰚
⪇⭥㬒㠻㸿䄪㬨⳨⧄㆙⤞⭥᱄ 



   

76 
 

㗜䇱⨗㻷⺞᱄䈌䐏㼁ⰵ⭥ 㬨᷍䙅㏜㔵㳂⨗⭥㬖䂊䂊䐅⭥䁱㈠Ⳟⳉ⽔㎕㈮䊻㋧䁈ⷐ

㘝䐱㡑⭞䐢⹹䐹䄋⭥䔘䇤᷍䄓⪺⧪㑬㆝⫛㹐㏎䁈⭥⭏㪛᱄⭻㧞⮄᷍㈮㬨䁨㏐㬠ⱁ

⭣⭥㹐㏎䁈䇤⭞⭥㭞䁈⤃⤜ⱁ᷉⨞㑬㳍㳆⭥䊓䐽䊬Ⱀ᷊᷍ 㰝⡟㪎ⷝ㼒㬨䄜䐷䎌ⰵ

㬡ㆈ⹼⭥䍽䁈㳆㻖᱄䎃⷗㪖䐢ⷛ㰜⭥㎰㬇➹㎎㵝㼁⡩᷍Ⱍ㬨䄜䐷⽔㵬᱄ 

䔏⽔ ㋝᷍㔨⭞⽔㘇㳂⭞⭥㦬㹐⭥䓉䓃⮄⤃⤜㼒䁨㏐㬠ⱁ⭣䎃䂚㬨⽋⹼⭥䍽䁈

⡟㪎 ⱙ᷍㬨㉀㳆⭥䓵㦜䍽䁈〓㭞䁈䐱⭥㚔⷗㉀㳆㒍䈓 㸳᷍㗨䇤⹹䇻㻄㎑䍽䁈䐱⭥

㯝⢇㈌㪒⭥䄜⮄㲷㔼㎕ㆂ㭙⡟㾂ㅻ᷍䔘㸋ⰵ䁨㏐㬠ⱁ⭣⭥䐣㈕᱄ 

ⷚ㈾䍵ⰹ⿋㎰㬇᱗㹘Ⳟ䍽䁈ビ㬘᱘⭻䄜䍣⭥⭻ⱟㅻㆂ㸓㬒㳂⭞⭥⹼⮄᷍㻄㎑

䍽䁈⭥㯝⢇㈌㪒㋪䄵䇤㹆⮄㎕ⶦ㎉ᷛ㈓⹼᱃⢈䐅᱃䁾䅐᱃㏎䐨⼮㬖ペ᱄㈓⹼㸋⽔

㘇⭥㰚䇱⭥Ⰼ㹘㳂⹊㑬䄡㈾᷍㬖ペ㸋⢈䐅᱃䁾䅐᱃㏎䐨⭥⧪⺜㳂⹊㑬⨗㋻᱄⢈䐅

䎃⷗⪫ 䔏᷍䋈⭥䅃㯝㬨ⰵ⿑ ⽔᷍㎕䁾⿐㸋䎌ⰵ㑞䐷㼁ⳕ⭥䅃ボ㰚䔗⭥⳷㹗䈌䓼⼰᷍

㆙ⱙ⥛㪛ㆂ㔼᱄䎃㬨䄜㲸⳨⧄㻖㵔᱃㘘㦘⭥㦰䐋⧭㿓᱄㵍㬒᷍䁾䅐㵧㏎⽔㠻ⷝ㬨

䊻㋧䁈ⷐ㘝䐱ⳃ⿴㑬れ㡅䐹䄋⭥䔘䇤 94᱄㧈⺜㯖㦒⮄⭥⿑᷍〓㿎⢈䐅䈌㬖ペⰵ㈓

⹼⭥ⳕ㎂ 㵉᷍㯸⭥㯖㈮㬨〚䇻䄲䇱䐋㬗㪉ェ㬖䂊 䊻᷍䎌ⰵ㬖䂊㋋䍚㈓⹼〓㿎㬨䎃

⷗㬒⽓⭥䍽䁈コ䊻㦰㬗㬡ㆈ㬒㦒㬈⭥䄜䐷㬷Ⱟ᱄䎃䄓㬨㸳㗨㯖䙅㏜㔵ㅉ㑃㑬㋧䁈

⭥Ⳟⳉ⭥䄜⷗䊎䅓᱄ 

䓼⼰䄜㻣᷍㻄㎑⭥䍽䁈᷉㲹⢑㬨㹐㏎䁈᷊ⳃ䍚⭞䁨㏐㬠ⱁ⭣⭥㬒⽓⼢㸿䄪㸫

㬨䄜⷗ⷀⴆ᷍⤜⹽㬨⪴䁱㈠Ⳟⳉ᱃⿚㬨⪴䁱㈠⧪⺜㩰㎕ㅓⰝ㬨᱄䎃㾊⧪⺜⼮⽔㎕

 
94㰚㸞䁾䅐㵧㏎᷍䐙⭥㬨᱑ㆂ㔼㋪⪴㣑㳂⡹㦜⭹㵧⨗᷍㣑㳂㋪㋠᷍䋓ㆂ㔼㋪㋠᱒䎃䐷䍽䁈䐱⭥〚
⡟⭥Ⳟⳉ㔼⭥Ⰼ㹘᱄䄓㈮㬨㸳㗨⧄㯖⭥⫔㣑㳂᱃㾂㣑㳂᱃ㆂ㔼᷍䎃䐷㧞Ⱟ㔼㬞⭥Ⳟⳉ᱄䎃㬨䇪䁨
㏐㬠ⱁ⭣㦘㑃⭥ 䊻᷍⽔㘇⭥㋧䁈ⷐ㘝䐱䄓㬨㡑⭞㑬⳨⧄〞れ⭥䔘䇤᱄㋧䁈ⷐ㘝䐱᷍㦬㗨㳎ゴ⭥Ⰼ
㹘㬨ⰵ㣑㳂⭥⿔䄪᷉ 䄓㈮㬨⭲㋉ⱜ㰚㳂⧌⭥㏎㾵䑘䅆䄵ゑ⽔㠻㋖⭣㳂⧌⭥㞛㝱᷊᷍ 䄵ゑ㵉⺞㬖䂊
⭥Ⳟⳉ㎕䂊䐅ㆂ㔼⭥㋪㋠㾵᷉䙅㏜㔵᷊䎃䂚䄜⷗㋧䁈⭥䁱㈠Ⳟ㬞᷍⪴ⱙ䅞㡑㑬㋧䁈⭥ⷐ㘝᱄ 
 



  

㹐㏎䁈ⳃ䍚⺞⧭䐱⭥䑏ⱁ⧪⺜䄜䂚 Ⱍ᷍⤜㋪⡽㘃⭹㉀䇱㈷㻿㾵᱄䊻⭒㬒㪛⥛㑇⤃

⤜㬨⼽ⳃ⫐⭥㤊㌗㻣 䁨᷍㏐㬠ⱁ⭣⭥㹐㏎䁈ⰵ㦬㗨㦰㬗㬡ㆈ㦘㬖㡑⭞㑬䐢⹹䐹䄋

⭥᱃〞れ⭥㵧Ⱀ䔘䇤⭥᱄ 

2.4 㝘゙㏐⭤䈌᱗゙⼯䊎⡟᱘ 

㝘゙㏐⭤㬨㻄㎑⿐㬒㠻⭥㭞䁈コ᷍㰜䔏⫔⭥⹒㻸㬨䓽ㆂ㑬⭒㬒⭥㭞䁈⧪㈮᷍

䊻⹌䊋㣑 300 㛋䔔䇳㾕⨗㑬᱗゙⼯䊎⡟᱘䎃⡟䑙䔘 95᱄䓵 1482 㛋⭻䄜⷗䇂㯃⟇⨗

㻷⽔᷍᱗゙⼯䊎⡟᱘䊻㹘Ⳟ䄲ⳃ㾱⺞䄜㣈ⱁ⷗⟇⡟᷍ⳃ㾱㑠㆗⪯䇻᱗㬆㈎᱘96᱄

㰝䇪 13 ㉎䔊⧪᷍⪬㭊䐱᷍䔘䎀⪴㧈㻣㹆㳖⹌㪉᷉postulates᷊⨗ⳃᷛ 

1. ⪴䄜⮄㼓㒎䄜⮄㋪䄵䅞䄜㳖䐒㼀ᷜ 

2. 㦯䅃㼀Ⱟ㚽㸿㻿䁴㪍⧪䄜㳖䐒㼀ᷜ 

3. ⷙⰉ㦯䅃㼀Ⱟ ㋪᷍䄵䄵㡅䄜⷗Ⱜ⮄䔘㸋䊓㾥 ⶤ᷍㼀Ⱟ䔘㸋⟌㈗䔘䄜⷗䊓ᷜ 

4. 㰚䇱䐒ㅨⰝ㼁⭩ᷜ 

5. 㧕㑞㳖䐒㼀Ⱍ䈌⭻㧞㳖䐒㼀㼁ㅜ᷍⤃㣳䊻㵍䄜⢀⭥㚻ㅨ䐏⼮㾂䇻㑞⷗䐒

ㅨ᷍䋓䎃㑞㳖䐒㼀䊻䎃䄜⢀⡹Ⰹ㼁ㅜᷜ 

 
95㸳㗨䊻⨖䐱䁈⭥㝘㬰゙⼯᷍〚⡟㈮㬨䎃㾊㚻㦾᱄1607 㛋᷍㘘⧐⫔䁈㬠㿍⺃㡕䈌⪌ㅭ㬠㏜㕋
塝᷉Matteo Ricci᷍1552ÿ1610 㛋᷊⼰㑇ㅌ᱗゙⼯䊎⡟᱘Ⳏ䅌㸋䐱㸥᱄⡫䎀㋋㬝䄜䐒䄵㸋䎃⷗
Ⳏ䅌㬨㶋䎜⭥⟇⡟᷍䐒䐢㳞⭞䂏䎒㛟㻩㪛ㅓ⭥䄜⷗㘜㸋᱗㆝⫛㋧䁈ᷛ㋧䁈㕀ゎ⭥䎇䜱᱘⭥⡉
⷇᱄䎃㏐᷍䂏㻩㪛㳂⭞㑞⮄᷍⡫䎀㦰㸋㋪䄵ゴ⭞䎃㏐᷍⹊Ⱒ䎀⤯㋝᱄⭻䄜㬨㿍⺃㡕䊻㰜⭥䅌
⡟⭥㿓䐱⭥䊎⿑゙ᷛ᷉⼯䊎⡟᷊㯧䐢⿿ 㬖䐢㘘 㯧䐢Ⳓ 㬖䐢ビ 㯧䐢㚲 㬖䐢ビ᱄䂏㻩㪛㼌
㣠⮘䎃㳆㻷⭥㬨㿍⺃㡕ⰵ⪴᱗゙⼯䊎⡟᱘㋋㬝⭥㋧䁈㕀ゎ⭥㈌㪒⭥䎇䜱⭥㏎ㆃ᱄㋧䁈㈮㬨➲
ⶕ䊴⭥㬣㤊᷍㵉⺞㕀ゎ᷍ビ⭆⿐᱄㋕㡑㎕㕊Ⳕ᷍⭌㧈⺜䔀㕀ゎ᷍㬨⳨⧄ビ⭆䈌⹭Ⰹ⭥᱄䎃䄓
㬨㋧䁈⭥㗡᱄⭻ⱟ᷍㬨㿍⺃㡕䐜㶋⧪㑬᱗゙⼯䊎⡟᱘㣑㒚䍣⭥Ⳏ䅌᱄⽔㘇⭥㶋䎜⭥Ⳏ䅌㬨⭞
㑬 1857 㛋 ⤦᷍䇪㤆⧐⭥䄜㸜ㅽ⨗⭥㭞䁈コ㏏㩧㎝᷉ 1811ÿ1882 㛋 䈌᷊㒎䄜㸜⪌ㅭ㬠㸑㑳䁨㑇
᷉Alexandra Wylie᷍1815ÿ1887 㛋᷊⼰㑇㶋⧪⭥᱄ 
 
96㹘Ⳟ⭥』䓷䇂㯃㬝䇻⹩⭨⡅᷉Johannes Gensfleisch zur Laden zum Gutenberg᷍1397ÿ1468 㛋᷊᱄
䊻 1450ÿ1455 㛋᷍㰜⭻䄜⪯䇤䎃⷗ゝ㭖䇂㯃㑬䄜⟄㬆㈎᱄䐏⽔᷍䎃⷗ゝ㭖㋋㬝⡜㵧⺄᷍⤃㪏㪏⭹
䇑㼍㑬㰜㗨⭥㪈。᱄⼢㸿䄪㸫᷍᱗゙⼯䊎⡟᱘䄓㬨䎃⷗ゝ㭖⡜䇤⭞⭥䔏䋈⭥゙⷗䑙䔘䐏䄜᱄ 
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ㆂ⼰㹆㳖⹌㏎᷉common notions᷊ᷛ 

1. 䈌㵍䄜㬣㹐㼁⭩⭥㬣㹐㼁⭩ᷜ 

2. 㼁⭩⭥㬣㹐ゴ㩰㼁⭩⭥㬣㹐㦵㦜㼁⭩ᷜ 

3. 㼁⭩⭥㬣㹐ブ㦆㼁⭩⭥㬣㹐㦵㦜㼁⭩ᷜ 

4. 䄜⷗㬣㹐䈌㒎䄜㬣㹐䐹⼰᷍䋓㰝㗨㼁⭩ᷜ 

5. 䎜㳆⫔䇻㈷⤠ᷜ 

ㅉ㑃㑬⟝⼍䊝 131 ⷗Ⰹ䅆᱃465 ⷗㘝㳃䊻㚻⭥䄜⷗䁰ⷒ⭥㝘㬰゙⼯㏎㔼㳆㻖᱄䊻

⪬〚⪂㩰᷍ㆂ⼰㬒ヅ㒘Ⱀ⭥㑍㿙㾵᱃㉚䊩㾵᷍䄜⷗䔏䐒⹼⭥㬒㋶ⶦ㛏㳆㻖䓵㦜⭏

㪛᱄㻣㘇䄋ㆊ㩽⭞⭥➃〚㗸⭣᷉ Archemides 䊝᷍⹌䊋㣑 287ÿ212㛋 ᱃᷊㵱㎶㗽᷉ Ptolemy᷍

⹌䊋⽔ 100ÿ170 㛋᷊᷍䄵ゑ㻄㎑⿐᱃㔿㕎⭼⺛᱃㝘䐿䐱㬡ギ㬒㠻㦬㗨ⰵ⼽ⱁ㳍㸥

⹼⥃᱃㹐㏎㻷㼔⭥㏎ㆃ᷍㻵㦜Ⱍ㬽䅇䇻⪬㭞䁈⧪㈮᱄ 

㸳㗨䎃㏐ⰵ᱗゙⼯䊎⡟᱘⭥ㆊ㩽⪴㑞⷗Ⳟ㘇㎕䍚㋋᱄䄜㬨᱗゙⼯䊎⡟᱘⭥䁱

㈠Ⳟ㬞᷉⹌㪉䈌⹌㏎⭥㤙⢑᷊ᷜⱟ㬨᱗゙⼯䊎⡟᱘䊻⽔㘇⭥⪌⤆䈌㆙䄜⤞⭥ⳃ䍚

᷉䈌⫛㭞⭥ㆂ⼰᱃㼓⳨㝘゙⼯⭥⺞Ⱚ᷊᱄ 

㻩⪴⭻䄜Ⳟ㘇㯖㡑᱄㣑㘇㳂⭞ ᱗゙᷍⼯䊎⡟᱘㬨⪴㹆㳖⹌㪉᱃㹆㳖⹌㏎⨗ⳃ

⭤⭞⭥䄜⷗㏎㔼㳆㻖᱄㸳㗨⼽ⱁㅓ䅆。➲㩰㘇 postulate ⭻㹆㳖᷉ ⭩㵍䇻㠞㾱㼀⤜

㼁ㅜ᷊㯖⧪㬨⹌㏎᷍䎃⷗㬨⤜ⰵ⭥᷍㚨⷗㬨⹌㪉᱄Postulate ⭥⪫ⷚ㬨 postul᷍䇱

䄋㤔⭥䅃㯝᱄䄓㈮㬨㸳㻩䄋㤔䎃⷗⧪㑃᷍䊻㵧ㆂ㔼᱄䎃⷗䄋㤔᷍⤜䄜Ⰹ⡜ㅴ㬽᱄

⡩㧈᷍䊻⳨㝘゙⼯䐱᷍䎃⷗䄋㤔㈮⤜⧪㑃᱄〚䇻㣑㯥㳖⹌㪉᷍㦬㗨䄓㚽㵧⨗䄜⷗

⼰㏎⭥゙⼯㻖㵔᱄ⱙ common notion᷉⹌㏎᷊᷍⹹䓃⭥㬨㕀ゎ⥄㘇⭥⭩ゼ㾵᱄䎃

⷗㬨㸳㗨Ⱍ㦰㵍⭥᷍⤜。㦆⿔䄪᱄㏎ㆃ䎃㑞⷗⪫⭥⥏⢑᷍ⰵ䇻㸳㗨㏎ㆃ㝘㬰゙⼯

㸋㬓㗕䄋㼓⳨㝘゙⼯㦆⺞Ⱚ᷍⼽䇱⟐䑛᱄ 



  

䐏⽔㬨⭻ⱟⳞ㘇 ᱗゙᷍⼯䊎⡟᱘⭥⪌⤆䈌㆙䄜⤞⭥ⳃ䍚᱄䊻㝘䐿䐱㬡ギ⨖㠻᷍

➃㎎⤏㬡ㆈ䑑ㅆ䱩㡑᱄᱗゙⼯䊎⡟᱘㋋㬝䊻➃㎎⤏㬡ㆈ⪌⤆᱄⹌䊋㈦㬡ギ⨖᷍⫛

㭞䇷䊻䎃㏐⫛㭞᱄㬏ⱟ㬡ギ᷍㑞⷗㵍㬒⪌⿹㝘䐿᱄㰝㗨䄜㡑㸋㸥䄶ⶕ㾬᱃㋧䁈ⷐ

㘝䐱㹐㏎䁈᱃㳍㸥᱃⹅⧭䇇䇤⭩䑏ⱁ䁈㋧⭥ⳃ䍚㳂⹊㑬䔏㣠䇱㑇⭥㭞䁈⹅㉀᱄䇪

⭲㋉ⱜ᷉Rene Descartes᷍1596ÿ1650 㛋᷊㳂⨗⭥ㅌ゙⼯䈌⫛㭞ㆂ⼰⥛㪛⭥ㆃ㹗゙

⼯᷍ⷝ㬨䊻㝄ⰺ᷉Isaac Newton 1᷍642ÿ1727 㛋᷊㳂⨗㸃〞⳷㆙ⱙㅉ㑃㝄ⰺ㑇䁈⭥

⺞⧭䐱ⳃ⿴㑬䐢⹹䐹䄋⭥䔘䇤᱄ 

⨞㑬䈌⫛㭞ㆂ⼰㾯⧪ㆃ㹗゙⼯ 㝘᷍㬰゙⼯䊻㋧䁈ⷐ㘝ㆂ㸓⭥㬒⽓⿚䇎㎕㑬䄜

⷗䐹䄋⭥ⳃ䍚 ㈮᷍㬨㼓⳨㝘゙⼯⭥⺞Ⱚ᱄㋝㔨⭞㸳㗨⭥〚⪂ㅭ䈞ⰵ㝘㬰゙⼯䄲㈎

ㆊ㩽⭹⡩ㅰ㤆⨟ ⱙ᷍⡫䎀㾕⭥䎃⷗ㅓ䅆⭥⨖䐵㬨ⰵⰢ䎀䊻⧄⺇㋯⧭ㅭ䈞䐱⤜㭍㻅

⭥㚻㦾㈂㑠ⶓⶨ᱄䅓⪬᷍ⰵ㝘㬰゙⼯⭥㚻㦾㸳㗨䎃㏐㋪䄵⤜䔗㲌ⱁ䍚㋋᱄䐹⮄᷍

㬨⳨㝘゙⼯⭥䄜㾊〚⡟ⶦ㛏᱄ 

䇪䇻㸳㗨⭥〚⪂ㅭ䈞᷉㪖䐢⟝⼍ⱁ㭞ⷀ⭩ㅭ䈞᷊⤃⤜⟝⼍⳨㝘゙⼯⭥㚻㦾᷍

㦬㗨㶚㶚。㉖⭤㰝⼽ⷀⰬ᱃⼽⨊㼔᱄㬖カ㩰᷍㏁㯧ⶦ㛏䈌㼁⹹䁈㭖⧪㈮⭥⭏㪛Ⱍ

㬨ⴜ⼰䔏䐒ㅴ᱃䔏ビ⭆⭥㕀ゎ⭥᱄㣑㘇㳂⭞᷍㝘㬰゙⼯⷇㰀㸳㗨⭥㬨㉚䊩⭥᱃㋪

䄵㸿㻿㎊䍚⭥㧞㸍㋶ヅ᱄ⱙ䁨㏐㬠ⱁ⭣⷇㰀㸳㗨⭥ 㬨᷍⭹㤓⪇䊻䐱㾥䈏䑇䎃⷗㵍

㾥㤓㳆⭥䐱㾥᷍㑍㿙⭥᱃㸿㻿⭥䐒㼀䊬Ⱀ㬨⤜⡜䊫㿎⭥᱄䎃䂚᷍㈮⤜㋪⡽㘃⭹。

⫙㎕䄜⷗㕀ゎ㩰⭥㗍ⰽ᱄⭒㸳㗨䍟⭞⭹㘇㩰⭥䄜⮄᷍㸳㗨㋕⭞⭥㬨㝘㬰㋶ヅ᱄⭌

⭒㸳㗨➲䓵゛⳦䊻㩰⭼㬴ㅨ 㦆᷍㋕䎃⷗㵍㾥㤓䐱⭥⭹㤓 㚨᷍㗕㸳㗨㈮。䅃㬗⭞⭹

㤓㩰⭥㚔⷗㦬㋕⭞⭥㝘㬰㋶ヅ 㬨᷍㸿ⳉ㸿㻿䁴䍚 ㆙᷍ⱙⶓⶨ䎜⷗⭹㤓⭥㤓㘇⭥ 97᱄

 
97䎃㏐᷍㿉䄋㯖㘘䄜㻣㰅㦜⭹㤓㬨⷗㤓㾯⭥㬖䂊䂊䐅䄜䐒䄋⭩⭞⫔⼞⼄㬒⫛᷍⭌㋝㔨⭞㣑㘇
㳂⭞⭥⼞⼄㬒㦬㗨㬸㻩㋕⭞⪍Ⳍ䎃⷗㪛』㈎䂊䄵ゑ㤓㾯䊻⹦㻄㎑䍽䁈䐱䍝㈾⭥䐹䄋㸜䐤 䄵᷍
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㋝㔨⭞䎃䄜⮄᷍㦬㗨ⰵ㝘㬰゙⼯㳂⨗䐫䄪㈮⤜䔄㸋㡇㑬᱄ 

1826 㛋᷍ⱎ㔿㯚㭞䁈コ㔿➮㣱ⴓ㯚〚᷉Nikolai Lobachevsky᷍1792ÿ1856 㛋᷊

䊻㋇㩞⭥䄜⷗㭞䁈コ。䅊䐱㿜Ⱒ㑬㰜⭥⹹䇻⳨㝘゙⼯⭥㔼㸥᱗゙⼯䁈䊎㏎ゑ㠞㾱

㼀Ⰹ㏎䁰ⷒ䐅㘘⭥䍋䄋᱘᷍㳂⨗㝘㬰゙⼯䐱⭥⭻㹆㳖⹌㪉㦆⨞⽔᷍〚䇻㣑㘇⭥゙

㳖⹌㪉⿚㬨㋪䄵⹚ㅉ䄜⷗゙⼯㳆㻖⭥᱄⭌䄦⼗⭥㬨 ⪬᷍㏎㔼䊻⭒㬒⤃㗜䇱⡜㦬㗨

ㅴ㬽᱄ 

⡩㔿➮㣱ⴓ㯚〚䎃⷗⹅䔘㶎䄜㾊᷍㎕䓵ⷈ㵃ⷚ⫔䁈⭥ⷀ㯚᷉Carl Friedrich 

Gauss᷍1777ÿ1855 㛋᷊ㅴ⭞㑬㩱㸕㵔䄜⭥⭣⺛⭥䄜⷗䎟㦉⭥⹹䇻⿎⭹㵝⭥㦯㹒᱄

ⷀ㯚㘕㧒⭹䅃㬗⭞䎃⷗⡔⽔⭥㸫㳃㬨⳨㝘゙⼯⭥㸫㳃 98᱄1853 㛋 㰜᷍ㅉ䅊䓵゛⭥

䁈㪛㏉㕝᷉Bernhard Riemann᷍1826ÿ1866 㛋᷊䊻ㅭ㬻䓫ⷒ㋝㬵᷉Habilitation᷊䐱

䄵⳨㝘゙⼯㸋㳃㚠᷍㶋⧪䓫ⷒ㋝㬵㔼㸥᷉㔼㸥㳃㚠㬨 On the hypotheses which 

underlie geometry᷊᱄䎃⢋䐟䓦⳨㝘゙⼯⭥䎞㬞⭏㪛᱄䊻ⶤ㔼䑙䐱᷍㏉㕝䅞㧌㑬㒘

㾯᷉manifold᷍䊎䅃ⱁ塿䑆᷍ㅎ䋔⼎㻩㪛᷉㸳⺛㭞䁈コ 1᷍902ÿ1994 㛋᷊➕᱑㳍⭹

䇱䎞㡙 䊴᷍㦜ⶕ㒘㾯᱒㆙㾱Ⳏ䅌 㾦᷍⫐䁦デ⹬ ⭥᷊ⶦ㛏 ㎕᷍㘉㭗〚䇻㤛㘇⭥゙⼯᱄

㈮㼒㵝 2.4 䐱⭥⭹㤓᷍㧈⺜㸳㗨⿎䄜⷗⼽⫔⭥㧞ㅨ㾯᷍䋓䊻㈷䈓⭥㬴ㅨ㸳㗨㦰㸋

㠞㾱⭥㑞㳖㈎㼀 䊻᷍㦌㈷㋕㎕㬖カ㩰㬨⤜㠞㾱⭥ 㵝᷍䐱䎃⷗㧞ㅨ㾯⭥㚻ㅨ⼮䄓⤜

㬨 180 Ⱙ᱄䎃䄓㈮䅃㸗䓦㠞㾱㼀⹌㪉䊻䎃㏐䐜㬨㈷䈓⭥⧪㑃᱄㋶ヅ⭥㝅㤛。⫙㎕

䈌㝘㬰゙⼯㶋㦌⤜䄜䂚⭥Ⰼ㹘᱄ⱙ㘉㭗㰝᷍㸳㗨㿉䄋ㆉ䑛䇻㵝㋉᷉Atlas᷍䇱㬒䄓

 
ゑ⼽ⱁ䋈㠻⭥㚄㾮䐱⭹㤓㈮䄲㈎㬨䄜⷗㤓㳆㑬 㸳᷍㗨䇱㏎䇪㼁㾦䊻⼽䋈⭥㬒⽓ 㰜᷍㗨ⰵ⭹㤓
㈮䇱㑬䎃䐷㾯㼔⭥㦰㬗᱄䎃䈌㸳㗨䋈㠻㳍䊓⭹Ⳟ⭥㏎㛏㬨⳨⧄⤜㵍⭥᱄ 
98䊻㬏㈦㬡ギ⨖ ⿎᷍⭹㵝⿚㬨㬡ㆈ㾵⭥㚲㳃᱄⽔㘇 㸳᷍㗨。㳂⭞⫐ⱜ㸥䊻㡅㆙㾱⿘㤓㔤㾱⭥㬒⽓᷍
⧬䔙⭥㑵㦏⼦⭥㦯㹒㈮㬨ⷝ䎞㏐䊝㦩㚻㔍⶞㆝⭥⭹㵝᱄䊻㏛㬘㩰 䐜᷍䇱⳨㝘゙⼯⭥㭞䁈Ⳟⳉ⧪㭍
⽔᷍㦬㏁⤦⧚⭸ㆃ㉗㑬⿎⭹㵝⭥㸫㳃᱄䎃㏐᷍㸳㗨䇇ⶤ㋪䄵㋕⭞ⷀ㯚᱑㭞䁈㶖䓴᱒⭥⭹㸜᱄ 

 



  

Ⳏ䅌㸋䔙⢋㵝㋉᱃㵝ゐ᷊99᷍㵉⺞䇱ㅜ⮟⭥㋋ゐ㎕㆙㾱㠕ㅴ᱄㈷䈓㩰㋕᷍㋶ヅ㈮

㬨㝘㬰⭥᱄㦌㈷㎕㋕᷍⳨㝘㲹㾵㘘㻵᱄ 

〚䇻䎃㾊䈐䁵᷍㋪䄵Ⰹ䅆⨗⼽ⱁ䐱㤛㘇᷍䄓㋪䄵Ⰹ䅆㼁䇇⭥㵹㠬ㆂ⹚᱄䇱㦅

⭥㬨 䎃᷍㲸㎕䓵䇻㭞䁈コⰵ㋶ヅ⭥㲞㰘䈐䁵 䊻᷍⭏㪛㒚㬏ⱁ㛋䄵⽔➏䅓㯚㲚㳂⨗

⺄䅆㼁ⰵ㔼⭥㬒⽓ 㡑᷍⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄⺄䅆㼁ⰵ㔼䐱⭥⹹ポ⮄㈮㬨㬒㋶㝅

㤛᱄䎃䄓㈮⤜㚲㏎ㆃ㸋㬓㗕㸳㗨㯖㰜㦆ⷈ㵃ⷚ⫔䁈ㅓ䁈⽔ ⭒᷍㋕⭞㻄ⱜ⤏㲹ⰵ㰜

⹅䔘㾣㆙䍚ⶱ㾬㦅⭥㬒⽓㸋⼯㚨㗕⭹㆕䍦㑬᱄㻷䊻 㸳᷍㗨㘉㭗䈏䑇⭥ㆂ⹚㬨䇱㻿

㸿⢀᷍䄓㬨〚䇻㏁㯧⭥䐒⹼㵝㼒᱄䅓⪬᷍⤜㌅䍦⭹㯖᷍㝘゙㏐⭤䊻᱗゙⼯䊎⡟᱘

䐱䓽ㆂ⨗㎕⭥゙⼯㵝㼒᷍⫛⢎㑬⹦㻄㎑㬒㠻䓵㦜䍽䁈⧪㈮⭥䄜⷗䱼ⴆ᱄㵍㬒᷍㰝

䄓㬨㭞䁈㬘㩰䔏㸑⫔⭥䄜⤠䑙䔘 〚᷍䇻㡅ⳃ䍚⨗㎕⭥ⷘ䐷㻷⫛㭞䁈⳷䐈䄓㸋㆝⫛

㹐㏎䁈᷉ ㈎⮅㏎㔼᷊᱃㻷⫛㹐㏎䁈᷉㈎⮅㏎㔼+㑠䓴㑇䁈+㼁ⰵ㔼᷊⭥ⳃ䍚㳂⹊㑬

⹹ポ⭥䐈⧦᱄ 
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䅌᱄ 
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㵝 2.4 ⳨㝘゙⼯ⶦ㛏⭥ビ⭆ㆊ㩽᱄䔔㩰ㅨ㬨⭹㤓᷍⼽㻵㦜᷍㡅⢎㘇㬨䄜⷗㤓㘇᱄䊻⭹㤓⢎

㘇⿎䄜⷗㸿㻿⫔⭥㧞ㅨ㾯᷍㚻ㅨ⼮㻵㦜⤃⤜㸋㒄᱄㸋㑬㘉㭗㡅⢎㘇᷍㿉䄋㵉⺞㼁⿆ㅜ⮟⭥

㋋ゐ᷉䎞䐱ヅ᷊䅞㧌㵝㋉᷉䔔㻣ㅨ᷊⭥ⶦ㛏᱄䎃㾊Ⱍ㬨⳨㝘゙⼯䐱⭥〚⡟䈐䁵᱄㰝㬨㘉㭗

䇳⢀㻵㬟⭥㤛㘇⭥㏎㼌⹅㉀᱄䔏⽔᷍⪴䇳㘇⭥㵝䄓㋪䄵㋕⨗᷍㵹㠬⭥ⶦ㛏䈌⳨㝘゙⼯䄓㗽

㣱㼁⹹᱄ 

 

2.5 ➃〚㗸⭣᱃➄㎎㵱㩌㛂᱃➃⤉㔿㛂➣㯚 

⡩㝘゙㏐⭤㩵㸃㶎䄜㾊᷍㻄㎑⿐㬒㠻⭥㒎䄜⷗⼽䐹䄋⭥㦬㹐㬨➃〚㗸⭣

᷉Archemides 䊝᷍⹌䊋㣑 287ÿ212 㛋 ᱄᷊⼮➃〚㗸⭣゙⽖㵍㬒⫛ ⭌᷍㩵㸃㶎䄜㾊᷍

䇱⷗➄㎎㵱㩌㛂᷉Eratosthenes᷍⹌䊋㣑 276ÿ194 㛋᷊᱄⡩➄㎎㵱㩌㛂䊺㶎䄜㾊᷍

䇷䇱⷗➃⤉㔿㛂➣㯚᷉Apollonius of Perga᷍⹌䊋㣑 262ÿ190 㛋᷊᱄㸳㗨➲㰜㗨⳦

䊻䄜㡑ㆊ㩽 㬨᷍䅓㸋㰜㗨Ⱍ㬨ⳃ䍚䈌㏜䇤⹦㻄㎑䓵㦜䍽䁈⭥⧪㈮㸋㸳㗨ⷝゴ㤆㹛

⭹㦰㬗㬡ㆈ䔗⨗㑬䐹䄋⭥⹒㻸⭥㦬㹐᱄⪴㏛㬘⭹㸜㎕㯖᷍➃〚㗸⭣䔏ⷀ᷍㰜㪛』

⭥㬒⫛䄓ⷝ䋈᷍㸳㗨⪴㰜㯖㡑᱄ 



  

䈌㝘゙㏐⭤䄜䂚 ➃᷍〚㗸⭣⭥䁈㻑㈎㏛䈌➄ゑ㵱㎶㗽㶖⧐⭥䁨㏛㩞⫔⧨䄓㗽

㣱㼁⹹᱄⭒㬒⭥䁨㏛㩞⫔⧨㈮㼒㬏㈦㬡ギ⭞ⱟ㬏㬡ギ㩰⟌䄗⭥ⷈ㵃ⷚ⫔䁈 ㈼᷍ゐ

㑬䄜⫔㞛㭞䁈コ᱄䈌㝘゙㏐⭤⤜㲌䄜䂚⭥⭹Ⳟ㬨➃〚㗸⭣⭥㾬㦅ⷝゴ⺄ⳛ ⼎᷍ⶨ

㑬㰄㭖᱃゙⼯᱃⺃䁈᱃㑇䁈᱃㳍㸥䁈᱃⹅⧭䁈⭩ⱁ⷗㒍䈓᱄㵍㬒᷍㚠㣑㸳㗨䄓㠶

⢊㦰㸋㰜⭥⹅䔘⭥䊎⪕㾵ⷝ㣠᱄ⱙ㝘゙㏐⭤⭥⹅䔘 ⷝ᷍ⱁ⭥㬨䎜㏎⤃ㅌ㏎㔼㻖㵔

⿐᱄䅓㸋䎃⷗䊎䅓᷍䈌ㆊ㩽㝘゙㏐⭤㬒㸈㦧᱗゙⼯䊎⡟᱘䍚㋋⭥Ⳟ㬞⤜㵍᷍䊻ㆊ

㩽➃〚㗸⭣㬒᷍㸳㗨⤜⭤⤜㈺゙⷗㏞䓴㎕㦤Ⱒ䎀ⶱ㬽㡅䁈㭖⹒㻸᱄ 

㰄㭖Ⳟ㘇 㰜᷍䄵ェ㰄䈏䑇䐱⭥㩔⭥㭞㑠㸋㏞ 㲷᷍㔼㑬⪇㏎⳨⧄⫔⭥㭞㬒㿉䄋

㪇ゑ⭥䄜㾊⹹ポ㸫㳃᱄⡩㧈 㰜᷍ⳃ㘘㑬䇤䄵㘉㭗れ⫔㭞⭥ⴜ⼦⤃䊻ェ㰄䐱䍚㬟㑬

㡅㬚䇤Ⳟⳉ᱄゙⼯Ⳟ㘇᷍㰜㏜䇤⡧㆝ⳉ㰄⨗㑬㤓⭥⢎㘇〞䈌㳆〞᱃㵷䊓㘇〞᱄䎃

䄓㬨㆝⫛㸃〞⳷㯝㼌⭥䄜⷗䊕㵘 100᱄䄵䊓䐽㔪⭥ェ㰄㸋㏞ 㰜᷍〚䇻䊓㚻ㅴⱁ⢀㾯

⼮㼁㯧䊓㶃㣱ⱁ⢀㾯ェ㰄䊓䐽㔫 Ⳟ᷍ⳉ㬨⭒⢀㭞䔄⹜⫔㬒 㑞᷍ⱁ⢀㾯⭥䐽⧅⢄䄜

⷗䇪㩰᱃䄜⷗䇪㻣⭥㤘㆝䇻䊓䐽⧅᱄㰜㻩䇤㒚⢀㾯᷍䄵⽔䑑⪯ゴ⡗⢀㭞᷍⭞㑬㈦

㬏㒚⢀㾯᷍➃〚㗸⭣ェ㰄⨗㡅㘇〞᷍⤃⭤⭞䊓䐽㔫⪇䊻 223/71 䈌 22/7 䐏ヅ᱄䊺

⡩㧈 㰜᷍䐅㘘䄜⷗㝸㹐㼀䈌䐒㼀㼁ㅜ㬒 㝸᷍㹐㼀䈌䐒㼀䐏ヅ⭥㘇〞㬨㡅㚻㣱㧞ㅨ

㾯⭥㘇〞⭥ 4/3 ⡗᱄ㆉ⪬㰜㋪䄵㰄⨗䄜⷗㝸㹐㼀䈌㡅㼁ㅜ⭥䐒㼀䐏ヅ⭥㘇〞᱄⿚

䇱 ㈮᷍㬨⭒䄜⷗㤓㾯㚻ㅴ䄜⷗䊓䑚㳆⭥㬒⽓ 䎃᷍⷗㤓㾯⭥㳆〞㬨䎃⷗䊓䑚㳆⭥ 2/3᷍

⢎㘇〞㬨䎃⷗䊓䑚㳆⭥ 2/3᱄ 

䊻 1.5 ㅻ㸳㗨㳂⭞⺞᷍㦬㗨⪌㵔㩰㻓⿗➕䍶㑇᱃㦩᱃⺃᱃㪚᱃⮈䎃㾊㻷㼔➲

㹐㏎䁈⭥䁱㈠㆙㾱⿏⳷᱄䇇ⶤ㯖᷍➃〚㗸⭣ⰵ㡅䐱㑇᱃⺃⭥䋈㠻㏎㔼䁱㈠Ⱍ䇱䔄

 
100㸃〞⳷⭥㯥⷗⼬㾥ⶦ㛏㬨ᷛれ㻿᱃⭝㭞᱃〞⳷᱃゗㭞ᱟ⤝㎸㯶᷍2022ᱠ᱄䎃㏐᷍㸳㗨㋪䄵㋕⭞
れ㻿᱃〞⳷⭥䇑䓴᱄ 
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䄵㆙㧌ㅭ㋧㭊⭥⹒㻸᱄䊻䎃㾊䁱㈠䐱᷍㰜ⰵ゙⼯䊎㏎⭥䇇䇤㬨れ㉀⪕䋍㾵⭥᱄㑇

䁈Ⳟ㘇᷍➃〚㗸⭣⭥⧪㈮䑘䄋ゐ䐱䊻㈓㑇䁈᷉㲹⢑㬨ⶽⶬ䊎㏎᷊䈌㯏㈓㑇䁈᷉ⶂ

㑇䊎㏎᷊᱄䊻ⶽⶬⰉ㔪䐱᷍㰜㘘㦘䐙⨗ⶽⶬ㑞Ⱜ㑞⷗䐹㹐䊻䈌䐹㑠⧪ⳕ⡩⭥㉁㏌

㩰⡄⧷㠞⽃᱄䊻ⶂ㑇Ⳟ㘇᷍➃〚㗸⭣䊎㏎㘘㦘䐙⨗ᷛ⡩䄛㳆䐹⭥⹭㳆㧕⡜䐤䇻䄛

㳆䐱 ㅌ᷍。⧢⭞䄛㳆⭸⤠ 㰝᷍䊻䄛㳆䐱ブ㩺⭥䐹㑠ㅌ⭩䇻䈌⹭㳆㳆〞㼁㵍⭥䄛㳆

⭥䐹㑠᱄䎃㾊Ⱍ㬨㹐㏎䊎㏎⭥⳨⧄䁰ⷒ⭥㭞䁈⢎⫐ 䈌᷍㆝㻷⫛㵉⺞㬖䂊⹼⥃〒⭤

⭥䑏ⱁ㹐㏎䁈Ⰹ㔪⭥⢎㭗⳨⧄㼁㯧᱄ 

䅓㸋㩰㭗䊎䅓 䈌᷍㸳㗨䐱䁈㋯⡟䐱㳂⭞䁨㏐㬠ⱁ⭣㬒ⱁ⤪㦂㞛㠡⭥㲍Ⱙ⤜㵍᷍

㳂⭞➃〚㗸⭣㬒᷍㔼⮘㶚㶚㬨⳨⧄䎞㘇⭥᱄⭒㦜᷍ⰵ䁨㏐㬠ⱁ⭣⭥㞛㠡㶚㶚㬨㸋

㑬⧥㵱㼒ⷈ➸㛂᱃䙅㏜㔵䎃䂚⭥㦬⭥㯝㼌⭥㆙⤞᱄䁨㏐㬠ⱁ⭣䊻㰜䓵゛⭥㬒⫛᷍

ⰵ䍽䁈⭥⹒㻸㬨㹄䇚䐤䄪⭥᱄䎃⷗䇱⮄㼒䋈㠻⭥㋧㠶Ⱒ㹐㈎⧄䄜㯖⭞➏䅓㯚㲚㈮

㯖㰜⤜㻓⿗㑠䓴㑇䁈᷍㈮。ⷙ㦬䋍⧪᱑➏䅓㯚㲚㬨䔉➎㑠䓴㑇䁈⭥ⳃ䍚⭥㦬᱒䎃

䂚䄜⷗⫎㹔㦰㬗᱄㬖カ㩰᷍➏䅓㯚㲚㬨㑠䓴㑇䁈ⳃ䍚⺞⧭䐱䔏⫔⭥㵧Ⱀ㑇䐏䄜᷂

㰜⤜㻓⿗⭥᷍䐜㬨㦬㗨〚䇻㵔ェⰵ㑠䓴㑇䁈⭥ㆃ㬮᱄䊻Ⱒ㏁㯧㭊わ㬒᷍㸳㗨㿉䄋

⢈䐅⭹㦆㋕䎃⤠⳷㚻㦾᱄⡟㗦㋯⧭䁈㻑㶋䐏⽔ ⡫᷍䎀䄓㻄㶜㵍䁈㗨䊻㋕㦯⼯䄜㼏

㸑⫔㆙䍚⭥㬒⽓ Ⱍ᷍➲䓵゛⳦⭞㚨⷗㬒⫛ 䊻᷍⨅⳷㏎ㆃ䎜⷗⡔㈑䈌䎜⷗⹫㬣⭹〚

⪂㩰㦆㳆。㚨⷗⹅䔘⭥䐹䄋㾵᱄䎃ⰵ䇻㸳㗨㏎ㆃ㹐㏎䁈⳨⧄䐹䄋᷂ 

➄㎎㵱㩌㛂䈌➃〚㗸⭣䄜䂚 䁱᷍㈠䄓㪇㑵㑬䑏ⱁ㒍䈓᱄㸳㗨㈺䄜⷗㰜ㅌ゙⼯

䁈䊬䇤⭞⭹㤓⟌㈗⥃㑠⭥⹅䔘㸋㏞ ㎕᷍ㆊ㩽㰜ⰵ㸳㗨㦰㬗䎃⷗㬡ㆈ⭥⹒㻸᱄➄㎎

㵱㩌㛂⭻䄜⪯ⷚ㈾㈎㸔㼀㻖㵔〇䐧㑬㬡ㆈ⭹㵝᱄䊻䎃⷗⺞⧭䐱 㰜᷍ⷚ㈾⥃㑠䄜ⷚ

䐒㑃⭥㦶㘂䊻➃㯚㶛䈌䁨㏛㩞⫔⭥㵗䇑ㅨⰩ 101 ㆂ᷍⼰㠞㾱㼀Ⰹ㏎ 㰜᷍⹡㰄⨗㑬⭹

 
101䄓䇱㦬㯖㲌䂕⺃㬨㶚㈏⭸㦆㪅᱄ 



  

㤓⟌㈗᱄㰜㦰㸋➃㯚㶛䈌䁨㏛㩞⫔䊻㵍䄜㈎㼀㩰᱄㵍㬒 ➃᷍㯚㶛䊻⡒⿹⺊㼀䄵㚻᷍

㋪䄵㲌䂕䐒㪅᱄㬖カ㩰䎃㑞⮄㻷䊻㈌㦘⭹㎕㋕Ⱍ䇱㠌⥏᱄⭌䊻䄜⷗㲹Ⰹ⭥㈌Ⱙⳗ

㸈㚻 䎃᷍㬨⼽⼤⭥㆝㯧᱄㰜⥃㑠⨗㑬⭥⭹㤓⟌㈗䊝㸋 39,690 ⹌㏐ 䈌᷍㻷⫛䐖 40,009

⹌㏐㼁⥏㸿゙᱄⪬⹅䔘⭥㉀㳆䊎㏎㧈㵝 2.5 㰚㬟᱄㡅䐱᷍㣑㘇㳂⭞⭥㑞⮄㆝㯧㡑

⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄㏁㯧㆝㯧⭥㯝㼌 䄓᷍⤜⭤⤜㯖㬨㹐㏎䁈䁱㈠䐱⡹⤜㋪㩺⭥

⼬㾥㯝㼌᱄ 

 

㵝 2.5 ➄㎎㵱㩌㛂⥃㑠⭹㤓⟌㈗⭥䊎㏎㬟䅃㵝᱄N 䈌 S ⫛⢎⡒れ䈌㚰れ᷍⿧㩌⭹㪅㼀⫛⢎

㲌䂕⺃᱄ズ㪉➃㯚㶛䈌䁨㏛㩞⫔⪇䊻㵍䄜㈎㼀㩰᷍➃㯚㶛䊻⡒⿹⺊㼀䄵㚻᱄䎃䂚㈮⫇䊻㲌

䂕䐒㪅➃㯚㶛⭥㈏⭸᷍〓䎀㦶㘂ㅨⰩ㸋㒄⭥㤊㌗᱄⪴➃㯚㶛㼓⡒᷍䔀⭞䁨㏛㩞⫔᷍㵉⺞㲌

䂕⺃㧌㪅ㅨⰩ⭥⢅⿐᷍㋪䄵⥃⨗䄜⷗ㅨⰩ᱄䊺ⷚ㈾㠞㾱㼀Ⰹ㏎᷍㋪䐋⪬ㅨⰩ㈮㬨㑞⷗⭹Ⳟ

䊻㡙㤓䇪㈎㼀㦘Ⰹ⭥⫔䊓⿂㼀ケㅨ᱄䇪⪬᷍㋪㵉⺞㑞⭹㉁㏌᷍㦘Ⰹ⭹㤓⟌㈗᱄ 

     

⡟ㅻ䔏⽔㳂⭞⭥㦬㹐㬨➃⤉㔿㛂➣㯚᷉ Apollonius of Perga 䊝᷍⹌䊋㣑 262ÿ190

㛋᷊᷍ 㰝⭥䑘䄋䔘㠘㬨᱗䊓䓗㤛㼀㔼᱘᷉ <On Conic> ᱄᷊㸳㗨䎃㏐㲹⢑㳂䄜㻣㬨䅓

㸋䇪䊓䓗㦘Ⰹ⭥㵷䊓᷉⟝⼍䊓䎃䐷㲹㭃㤊㌗ ᱃᷊㝸㹐㼀᱃㯌㤛㼀䊻⽔㠻㳍㸥䁈䁱

㈠᱃㆝⫛㹐㏎䁈⥛㪛⺞⧭䐱㡑⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄㵍㬒᷍ⰵ䎃㾊㤛㼀⭥䁱㈠䄓
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㬨゙⼯㼓ㆃ㹗゙⼯⺞Ⱚ⭥䄜⷗䔏⫔⭥㵧Ⱀ㑇 102᱄䎃㾊㤛㼀䈌䊓䓗⭥⹹㻖ボ㵝 2.6᱄

⭌䄦⼗⭥㬨᷍㦬㗨䊻⭒㬒⭥㳍㸥䁈䁱㈠䐱᷍㯝㔘⿚㈷㻿䇻䊓㬨㶋㗡⭥㤛㼀᷍䅓⪬

⤃㗜䇱⳨⧄㻖㵔⭹ㅌ䎃㾊㤛㼀䊬䇤㡑㎕᷉䇩㡅㬨㵷䊓 ᱄᷊䔘㸋㳇⫛᷍㰜㗨㬨㵉⺞

䊓䈌䊓⭥㚔䐷㲹㭃⭥䔊⼰⥛㪛㵷䊓䎃䐷㤛㼀᷉㻣䄜ㅻ。ㅓ⭞ ᱄᷊䎃⷗㈷㻿᷍䄜䐒

⭞㋋㠶㎶᷉ Johannes Kepler 1᷍571ÿ1630 㛋᷊㳂⨗㾱㾨䊬Ⱀ㧞⫔Ⰹ㔪㚨⷗㬒⽓⤦⡜

⧚⭸㵜㠧᱄ 

 
㵝 2.6 〚䇻䊓䓗㎕〒㦂⭥ⷘ䐷㤛㼀⭥㬟䅃㵝᱄ 

 

2.6 ⹦㻄㎑䈌⹦㔿㕎⭥㳍㸥䁈 

䇱㑬㣑㘇⭥〞⮎᷍㸳㗨䊻⡟ㅻㅓ⹦㻄㎑䈌⹦㔿㕎⭥㳍㸥䁈᱄㬸㻩᷍㸳㗨㿉䄋

㯖㘘⡟Ⱒ㹐⤜㬨䓉㗦⭥㳍㸥䁈Ⱒ㹐 ⡟᷍ㅻ⭥䅞㧌⪠⫃㸋㑬㲷㔼㹐㏎䁈⭥䋈㠻ⳃ䍚᷍

䅓⪬㸳㗨䄓䐜ⰵ⭒㬒㦬㗨䍧㸶⭥㳍㸥㻷㼔䈌㏎㔼䔗ビ⭆ㆊ㩽᱄㡅⪯ 㧞᷍⷗䑘ㅨ᷉ ➃

 
102䊻ㆃ㹗゙⼯⨗㻷䐏㣑᷍㦬㗨䁱㈠゙⼯㸫㳃⭥Ⳟⳉ㬨㈮㬣㔼㬣᷉䎌ⰵ䄜⷗㉀㳆⭥゙⼯㵝㾯᷍㆙㾱
㤔ㆃ᷊᱄䈌゙⼯㼁⡩᷍⫛㭞⭥㲹䎘㬨⨊㼔᱃㻖㵔᱄⫛㭞Ⳟⳉ㶚㶚㚽ㆃ㉗䄜㻖㑱㸫㳃᱄䅓⪬᷍䊻⫛
㭞䈌゙⼯ㆂ⼰㾯⧪ㆃ㹗゙⼯䐏⽔ 㦬᷍㗨㈮㋪䄵➲゙⼯㸫㳃㆙㾱⳷㏁ ⤃᷍㳂⹊㻖㵔㾵⭥ㆃ㉗Ⳟ➙㑬᱄ 
 



  

⤉㔿㛂➣㯚᱃㻄㝢㋬㯚 103᱃㵱㎶㗽᷊Ⱍ㬨⭹㾥㯖⭥⫛⢎㦬㹐᱄䇪䇻㸥㻸㦒㬈᷍㉀

㳆㯎䔗㑬㚥⷗⹒㻸㻷䊻⼽㚲⧚⭸㦘Ⰹ᱄䅓⪬᷍䈌㣑㘇゙ㅻ⤜㵍᷍㸳㗨㆗㆙㾱䎜㳆

⭥ㆊ㩽ⱙ⤜⺞ⱁ㤙⳷⷗㦬᱄㵍㬒 㸳᷍㗨䄓㿉䄋㯖㘘⹦㻄㎑㬒㠻⤃⤜㬨㗜䇱㦶㾥㯖᷍

䍽䁈㩰㯝⢇⭥㲹㾵㉗Ⰹ㑬㰜㗨䄜Ⰹ。䇱㏁㯧䁈㯖䊻㵍㠻䄓⤯䈌㈛䎚 104᱄⭌⼢㸿

䄪㸫᷍⭹㾥㯖䍝㈾㑬㵔䐯㾵⭹㸜᱄ㆃ㬮䎃䄜⮄᷍㸳㗨㋪䄵㲸䇤䍦⤘㳍㎰㬇Ⳏ䅌⭥

㎮➄⭣⭥᱗㻄㎑㋧䁈᱘䐱⭻㹆䍣⭥䄜㉅⿑ᷛⰵ⫔ⱁ㭞㻄㎑㦬㎕㯖᷍⭹㤓㸜䇻䈏䑇

䐱㾥⭥㼌ⳉ⤜㆗㬨⧄㬗 ⱙ᷍㣳㬨䄜䐷䓻ㅭ㾦㛏 䎃᷍䐷㾦㛏ⳕ䇔㑬㰝㗨ⰵ⭹㤓⡟㪎

㪒㬆㾵⭥⹚㼌ᱟLloyd᷍2021ᱠ᱄ 

䊻⭹㾥㯖⼬㾥⭹㸜㦘㑃⭥⺞⧭䐱᷍⼰㏎ㆃ㬮㳍㸥⹼⥃⭥ⷘ䐷㻷㼔㬨⡹㿌⭥᱄

䊻䎃⷗⺞⧭䐱 ⡟᷍㔷䈌㠌㾥䊓㚄㾮㡑⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄㿉䄋㯖㘘⭥㬨⭒㬒㦬

㗨䊻ㆃ㬮㳍㸥㻷㼔⭥㬒⽓ ⤃᷍⤜㿉䄋ㆃ㬮㾨㳆㸋㬓㗕➕㚔䐷Ⳟ㬞䊬Ⱀᷠ䐜㿉䄋〚

䇻䊓 ⿎᷍⨗⼰㏎⭥㔘㼀 ㆙᷍ⱙㆃ㬮㳍㸥⹼⥃⭥㻷㼔㈮㋪䄵㑬᱄ⰵ⡩䎃䐷㯝㸍Ⳟ㬞᷍

㸳㗨䄓㚽䄜Ⰹ⧭Ⱙ㩰㏎ㆃ㝄ⰺ⭥㸑⫔䐏⪇᱄⪴㰜㋋㬝 㦬᷍㗨⤦㼁㾦㳍㩰⭥㹐㳆䈌

㸳㗨㪎⢀⭥㹐㳆⭥䊬Ⱀ㬨ⴜ⼰㵍䂚⭥⺇㔪⭥ ㆙᷍ⱙ〚䇻㑇䁈➲㹐㏎䁈⪴⪌㵔䓵㦜

䍽䁈䐱⟟㏌᷍⧚⭸⫓㋋㑬㆝⫛㹐㏎䁈䁱㈠⭥⫔㗦᱄ 

㸋Ⳟ⢄䊥Ⱒ 㸳᷍㗨㻩ㆃ㬮㬓㗕㬨⡟㔷䊬Ⱀ᷉ 䎃㏐㘇䓵㦜䄓⟝⼍㑬㉚㔷⭥ⶦ㛏᷊

䈌㠌㾥䊓䊬Ⱀ᱄䈌䐏㼁⹹⭥㑞⷗㋪䄵⡜⼽⼤ㆃ㬮⭥㳍㸥㻷㼔 㬨᷍㾱㾨㛇㾱䈌ゟㅻ

⭥⤜㉚⭩᱄㦜⽔᷍㸳㗨䊺䍚㬟㧞⮄ᷛ1)⡟㔷㚄㾮䈌㠌㾥䊓㚄㾮㋪䄵⭩ゼᷜ2)㵷䊓

㬨㋪䄵䔘㸋⡟㔷䊬Ⱀ⭥㲹㏞⨗㻷⭥ 3ᷜ)㵱㎶㗽⭥⭹㾥㯖㚄㾮⫔䐣㬨㬓㗕䂚䓴ᷠ䍚

㬟㣑㑞⮄㬨㼌㯖㘘䎃㲸Ⳟⳉ䊻㭞䁈㩰⭥㒊』㾵᱄䍚㬟⭻㧞⮄㬨㼌㦤Ⱒ䎀ⰵ⭒㬒㦬

 
103Hipparkhos᷍⫔䊝㪛』䊻⹌䊋㣑 190 ⭞ 120 㛋᱄⡩➃⤉㔿㛂➣㯚㶎᷍⡩㵱㎶㗽䋈⼽ⱁ᱄ 
 
104⡩㧈➃㏐㯚㰟㋬㯚᷉Aristarkhos᷍䊝⹌䊋㣑 310-230 㛋᷊⭥㦶㾥ズ㯖᱄ 
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㗨⭥䈏䑇⹼䇱⷗䐒⹼⭥㦰㬗᷍㆙ⱙ㳆。ⷈ➸㛂〚䇻䊓᷉ⱙ⤜㬨㵷䊓᷊ㅉ㑃⭥㦶㾥

㯖㸋㬓㗕䊻⼽⧅㬒ヅ㚻⤜㚽⡜㉙⫔ⱁ㭞㦬ㅴ㬽 䐒᷍⭞㋋㠶㎶〚䇻㵷䊓䓽ㆂ⨗㧞⫔

Ⰹ㔪᱃䙅㏜㔵᱗㑞⷗㬡ㆈ⭥ⰵ⿑᱘(㦌⧧㬨᱗⹹䇻㵱㎶㗽⼮ⷈ➸㛂㑞⫔㬡ㆈ㳆㻖⭥

ⰵ⿑᱘᷍ <Dialogue Concerning the Two Chief World Systems> 䇱᷍㬒䄓ビ⧧᱗ⰵ⿑᱘᷊

⥛㪛䇑㼍᱃䄵ゑ㝄ⰺ㑇䁈⭥⨗㻷᱄ 

㻩⪴⡟㔷䊬Ⱀ䈌㠌㾥䊓㯖㡑᱄⡟㔷䊬Ⱀ⢎㭗ボ㵝 2.7 䔔᱄㾱㾨 P 㦧㡅⡟㔷⭥

䊓㾥 C ㆙㾱䊩㯺䊓䐽䊬Ⱀ᷍ⱙ㡅䊓㾥 C 䇷㼁ⰵ䇻㒎䄜⷗䊓㾥 E᷉䄓㈮㬨⭹㤓᷊

䔘㉚㔷䊬Ⱀ᱄䎃䂚⭥⿑᷍䔏䐶⭥㾱㾨⺍や㈮㬨㧈 2.7 䇳㵝⽍㼀㰚㬟㼁ⰵⶕ䊴⭥㾯

䓕᱄⭒㦜᷍⪴⭹㤓㩰⭥⹼⥃䎀⭥ㅨⰩ᷍⤜。㬨䎃䂚䄜⷗ⶕ䊴⭥᱃㑃㳆⭥⺍や᱄⭌

⭹㤓㩰⹼⥃䎀㋕⭞⭥㾱㾨⭥㛇㾱㻷㼔㋪䄵⡜⼽⼤⭹ㆃ㬮᱄㠌㾥䊓䊬Ⱀ䋓㧈 2.8 䔔

㵝㰚㬟᱄㾱㾨 P 䁹䄜⷗䊓㆙㾱䊩㯺䊓䐽䊬Ⱀ᷍㡅䊓㾥 O 䈌⭹㤓 E ⤜䐹⼰᱄䈌䐏

㼁䇇᷍2.8 㵝䇳⢀㰚㬟᷍⭹㤓㩰⭥㯥ゟ㈮。⤜㉚⭩᱄ 

 

㵝 2.7 䔔⢀㬨⡟㔷䊬Ⱀ⭥㵝㬟᱄P ⫛⢎㚔㾱㾨᷉⟝㎉㲌䂕᷊᷍ 㰝㦧䊓㾥 C 䔘䊩㯺䊓䐽䊬Ⱀ᱄

ⱙ C᷍㦧 E 䔘䊩㯺䊓䐽䊬Ⱀ᱄䔏䐶᷍⧫㻷⨗⭥⺍や䊻㼁ⰵㅰ⪷⭥㬒ヅ⳷⢇㔫⭥㤊㌗㻣㧈䇳

⢀⽍㼀㰚㬟᱄⪴䇳⢀㵝᷍㸳㗨䄓㋪䄵㏎ㆃᷛ䊻⭹㤓㩰⹼⥃䎀⭥ㅨⰩ᷍㾱㾨㬨㋪䄵㛇㾱⭥᱄ 

 



  

 
㵝 2.8 㠌㾥䊓䊬Ⱀ㚄㾮᱄䔔㵝䐱᷍䄜⷗㾱㾨 P 㦧㚔䊓㾥 O 䊬Ⱀ᷍⭹㤓 E ⤃⤜⪇䊻⪬䊓㾥᱄

䇳㵝䐱᷍〚䇻⪬㚄㾮㘉㭗㲌䂕 S ⭥䊬Ⱀ᷍㈮㋪䄵ⷚ㈾⿂⧅⭥⤜㵍᷍ㆃ㬮ゟㅻ⭥⤜㉚⭩㾵᱄ 

 

〚䇻䎃㾊ビ⭆⭥㵝㾯 㦬᷍㗨㋪䄵䎌ⰵⶕ䊴⭥㳍㸥㻷㼔ⷙ⨗䔄⹜ビ⭆᱃㈌㦘⭥

㘉㭗᱄㗠⷗㲹Ⰹ㤊㌗㻣᷍䁂㦂㚥䐷㚄㾮㶚㶚㦂㉗䇻㚥⷗ⷝビ⭆᱄⡩㧈᷍ⰵ䇻㲌䂕

⭥䊬Ⱀ᷍㠌㾥䊓㚄㾮㬨㬸䁂᷍ⱙⰵ䇻㾱㾨䈌䊣㑢⭥䊬Ⱀ᷍⡟㔷㚄㾮㈮ⷝ⼰㬫᱄䊻

䄜㾊㲹㭃㤊㌗㻣᷍㑞䎀䄓㋪䄵⭩ゼ᷉㵝 2.9 䔔 ᱄᷊㵍㬒᷍㣑㘇㸳㗨㳂⭞⭥㵷䊓᷍䄓

㋪䄵䔘㸋⡟㔷㚄㾮⭥㲹㏞⨗㻷᷉㵝 2.9 䇳 ᱄᷊㰝㗨㒊』⭥䔊⼰᷍⹚⧪㑬㵱㎶㗽᱗䐢

⫔㔼᱘⭥〚⪂ 105᱄䊻䎃⤠䑙䔘Ⰹ䅆⭥⭹㾥㯖䐱᷍㰜䑘䄋㘉㭗⭥㬨⭹㤓᱃䊣㑢᱃㯏

㾨᱃㆑㾨᱃㲌䂕᱃】㾨᱃㚟㾨᱃㵢㾨⭥㼁ⰵ㸜䐤䈌䊬Ⱀ⺍や᷉㳍㶖㾨⭥ⳃ㻷䄋⭩

⭞ 18 㬡ギ㚊᷍⼄㶖㾨᱃䜅㶖㾨ⷝ㶎 ᱄᷊㦬㗨㋪䄵⹼⥃⭞⭥㡅㰝㾨㳆᷍⪇䇻䎃㾊㾨

㤓Ⰹ䅆⭥㤓㳆䐏㶃᷍⡜⧧㸋⽄㾨㳍᷉⽄㾨⭥䅃㯝㬨⤜Ⱀ᷍㰝㗨㾯⧪䎃㾊䐹䄋⭥㾱

㾨᱃㸡㾨᱃䄵ゑ㲌䂕䔊⧪⭥䈏䑇㚄㾮⭥⡔㈑ ᱄᷊㸋㑬ⴜ⼰㳍㸥䁈⹼⥃᷉⼽ⱁ㭞㈾

㪖䐢㎕䓵䇻⹦➮⡩㔸᷊᷍ ⤜㵍㾱㾨⺍⭡⭥㉚㔷䐱㾥⿚⤜㵍᱄䎃㏐᷍㵱㎶㗽㵉⺞⡟

㔷䊬Ⱀ㚄㾮䈌㠌㾥䊓㚄㾮⭥ⷘ䐷㒊』⭥゙⼯䔊⼰ ⿎᷍⨗䎃㾊䑘䄋㾨㳆⭥⺍や᷉ 㵝

2.10 ᱄᷊ 

 
105 ➕᱗㻄㎑㋧䁈᱘䐱⭻➬䍣㋋㬝⭥㯖ⳉ ᱗᷍䐢⫔㔼᱘㬨㡅➃㎎⤏䈐<Almagest>⭥Ⳏ䅌᱄⡟䑙
䔘䄓㋪䄵ⷚ㈾㡅䇃䈐<Mathematical Composition>Ⳏ䅌㸋᱗㳍㸥䁈⫔⧪᱘᱄㵱㎶㗽㪛』⭥㛋⫛
⡩㣑㘇ㅓ⭥䎃㾊㦬⿚㬨䄋㶎⤜㩺᷍⫔ⶦ䊻⹌䊋⽔ 100 䐢 168 㛋᱄ 
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䎃㗕䔗᷍⪴ㆂ⺜㩰㋕㬨⼽䇱㾈⭥᱄⭌㦒⮄᷍㬨㚄㾮䔏⽔。⢅⭤䊞㎕䊞ⶕ䊴᱄

㬖カ㩰᷍⡟㔷㉚㔷㚄㾮⭥㭞䁈〚⪂㬨ⶖ㏐䄗⢅⿜᱄㧈⺜䅞㧌㸿㭞ⱁ⷗⡟㔷᷍㋶ヅ

䐱㦯䅃ⶕ䊴⭥㤛㼀ⰵ䇇⭥䊬Ⱀ䁈㚻㦾Ⱍ㬨㋪䄵⡜㘉㭗⭥᷉㵝 2.11 ᱄᷊㹐㏎䁈䁱㈠

䐱 ビ᷍⭆⭥㚄㾮㶚㶚Ⱍ㬨ⷝ㹝䅞㦬⭥ 䅓᷍㸋㦬㗨㶚㶚。㼁㾦ビ⭆⭥㚄㾮。ⳕ䇔ⷝ

⡟䐫⭥Ⰼ㹘᱄䎃䄓㬨㦶㾥㯖䊻䅞㧌㑬㵷䊓⺍⭡㆙ⱙㆃ㬮㑬䄜㾊⹹ポ⭥㳍㸥⹼⥃⽔᷍

㚽㚨㗕㹝䅞㹐㏎䁈コ⭥䄜⷗⹹ポ䅓㯹᱄ 

 
㵝 2.9 䔔㵝㸋㠌㾥䊓䊬Ⱀ䈌⡟㔷䊬Ⱀ⭩ゼ⭥㬟䅃㵝᱄⭒㉚㔷⟌㈗ CE ⭩䇻㠌㾥䊓⟌㈗ OP᷍

㣳⡟㔷⟌㈗ CP 䈌㠌㾥㉁ OE 㼁⭩㬒᱄䊻㲹Ⰹ⭥ㅨ㯺Ⱙ⭥㤊㌗㻣᷍⡄䐅 CEOP 㬝䐶㸋㠞㾱

㯥⢀㾯᷍䋓㑞⷗㚄㾮ⷙ⨗⭥ⱏ㾱㾨䊬Ⱀ⺍や㶋㦌䄜䂚᱄䇳㵝㸋⡟㔷䊬Ⱀⷙ⨗㵷䊓⭥㾱㾨⺍

や⭥㤊㌗᱄㾱㾨䊻⡟㔷㩰䊬Ⱀ䄜䐽᷍⡟㔷⭥䐱㾥㸈㦧㉚㔷⭥䐱㾥➕㼁ⳕⳞ㼓䊬Ⱀ䄜䐽᱄ 

 



  

 

㵝 2.10 㵱㎶㗽⭥⭹㾥㯖㚄㾮᱄䎃㏐䑘䄋㋝㔨⭥㬨⭹㤓᱃䊣㑢᱃㯏㾨᱃㆑㾨᱃㲌䂕᱃】㾨᱃

㚟㾨᱃㵢㾨᱄㡅㰝㾨㳆᷍⪇䇻䎃㾊㾨㤓Ⰹ䅆⭥㤓㳆䐏㶃᷍⧧㸋⽄㾨㳍᱄㸋㑬ⴜ⼰㳍㸥䁈⹼

⥃᷍⤜㵍㾱㾨⺍⭡⭥㉚㔷䐱㾥⿚⤜㵍᱄㋪䄵㯖䎃㏐㵱㎶㗽㵉⺞⡟㔷䊬Ⱀ㚄㾮䈌㠌㾥䊓㚄㾮

⭥ⷘ䐷㒊』⭥゙⼯䔊⼰᷍㦬㗨㋪䄵⿎⨗䎃㾊䑘䄋㾨㳆⭥⺍や᱄䎃㗕䔗⼽䇱㾈᷍⭌㦒⮄㬨㚄

㾮。䊞㎕䊞ⶕ䊴᱄䎃䄓㬨㦶㾥㯖䊻䅞㧌㑬㵷䊓⺍⭡᷍㆙ⱙㆃ㬮㑬䄜㾊⹹ポ⭥㳍㸥⹼⥃⽔᷍

㚽㚨㗕㹝䅞㹐㏎䁈コ⭥䄜⷗⹹ポ䅓㯹᱄䊻㹐㏎䁈䁱㈠䐱᷍ビ⭆⭥㚄㾮㶚㶚Ⱍ㬨ⷝ㹝䅞㦬

⭥᱄䅓㸋㦬㗨㶚㶚。㼁㾦ビ⭆⭥㚄㾮。ⳕ䇔ⷝ⡟䐫⭥Ⰼ㹘᱄ 

 

 
㵝 2.11 ㏜䇤䄜⷗㉚㔷䈌 249 ⷗⡟㔷⿎⨗⭥ⶖ㏐䄗⭥㾅㼒᱄⭒㦜᷍⹦㻄㎑㳍㸥䁈䐱㦬㗨䐜㬨
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㏜䇤䄜⷗⡟㔷䈌䄜⷗㉚㔷᷍䇱㬒。⮘ㅻ㔷㾥㸜䐤᱄䎃㏐᷍䐜㬨㸋㑬㳂䄜㉅䎃⷗⤺䔘⡔⽔⭥

㬖カ㩰䇱䎃㗕䄜⷗㭞䁈〚⪂᱄⭒㦜᷍㦬㗨㦰㬗⭞䎃⷗㭞䁈〚⪂㬨ㅌ㆝ 2000 㛋䄵⽔᱄ 

 

2.7 䐱㬡ギ㝘䐿᱃➃㎎⤏㬡ㆈ䈌⹦⫛䇂Ⱙ 

⹌䊋 455 㛋 Ⰼ᷍㦶ⱛ㕝⤠䔆㶕⫐ⱜ㦬⹒㻸㔿㕎᷍㹘㔿㕎⭼⺛㆙㧌㑬䎞㬞㘑㶗

⭥⭚ェ㬒 106᱄䊻⪬䐏㣑 䇪᷍䇻㔿㕎⭼⺛⭥㯆㶗䈌㦶ⱛ㕝ⷘ⤠䔆ⰵ㡅⧅㠻㩈㦦 〚᷍

Ⱎㅭ䄲㵉⺞⹌䊋 313 㛋㉞㬠㲚Ⰲ⭥㗸㎝㪃㒏〒⭤䔄⹜⭥ⳃ䍚㋶ヅ᷍⤃䇻⹌䊋 380

㛋⡜⭳➣ⱁ㹘㦘㑃㸋⺛ㅭ᱄䄜㪒ㅭ䊻䎜㳆㩰㋰Ⰹ㬨䄋㝦⨃⨈㩱ⱁ㪒ㅭ⭥⹦㻄㎑㸥

⿐⭥᱄㹘㔿㕎⭼⺛㘑㶗䐏⽔᷍㹘㝘㏛㬘䎞㬞㆙㧌⼻➖㬒⫛᱄➕䍵ⰹ⿋㎰㬇᱗㹘Ⳟ

䍽䁈ビ㬘᱘⭥㯖ⳉ ᱑᷍⼻➖㬒⫛᱒䓉䐙䎃Ⱟ㬒ヅ㸥⿐⭥㗪㗢⼮⭚㵬᱄䎃䐷㤊㌗䊻

䐱㬡ギ⭥⨖㠻᷉6 㬡ギ⭞ 10 㬡ギ᷊䇩㸋㻵䑙᱄㡅䐱䄜⷗㘘㻵⭥⢋㬗᷍㈮㬨⹦⫛䍽

䁈⭥㻄㎑㸥/㎎Ⰲ㸥⮅わ㩆㬈⫚㈂᱄ 

䊻䎃Ⱟ㬒ヅ㏐᷍➃㎎⤏⭼⺛㾬㡑᷍⤃㵉⺞䈌Ⰼ㔿㕎⭼⺛⭥䍞䎚/ㅜ㶚᷍⭤⭞

㑬⼽ⱁ⹦⮅㸥㻸᱄䊻⭼⺛㹅㑇㾬㡑⭥㵍㬒᷍㈎イ᱃㸥⿐䄓㵍㬒⫐⭞Ⳓ㦺᱄⡩㧈᷍

㸜䇻➮ⷒ⫐⭥䐨⿼䐏コ㈮㈼ゐ㑬⫔㑠⭥㦬㸥᱃㋧䁈䁈䎀䈌⫔㑠㎕䓵⤉㯚᱃㻄㎑᱃

䇂Ⱙ⭥⹦わ 㦂᷍⫛ⳛ㻄㎑⿐㬒㠻⭥䁨㏛㩞⫔㵝㭊⹾⧪㸋⿘⭹䐱⼄⭹㤙䈌➃㎎⤏㬡

ㆈ⭥䁈㭖䐱㾥᱄㎕䓵⤉㯚⭥㭞䁈コ᱃㳍㸥䁈コ᱃⭹㏎䁈コ⿉㎎䓴㗸᷉Muhammad 

ibn Musa alÿKhwarizmi᷍䊝⹌䊋 780 ⭞ 850 㛋᷊㬨㡅䐱⭥⮅㾮⫛⢎᱄㻣㘇᷍㸳㗨

ㅌ⳷㝘䐿䐱㬡ギ⭥㈎䊛䍽䁈᱃➃㎎⤏㬡ㆈ⭥㋧䁈᱃䇂Ⱙ㋧䁈㧞㳖䑘㼀㎕ㆊ㩽䎃㾊

⧪㈮᱄ 

㻩⪴㝘䐿㈎䊛䍽䁈᷉scholasticism 〓 scholastic philosophy᷊㯖㡑᱄㈎䊛䄜⪫㎕

 
106㦬㗨䄜⟄。➲⹌䊋 476 㛋㦶ⱛ㕝㦬㋹䐧䅃⫔㏜㦌㈔䔘㸋㹘㔿㕎⭼⺛㘑㶗⭥⢋䐟᱄ 



  

䓵㎎Ⰲ䈐 scholasticus᷍䅃㯝㬨䁈䊛䐱㦬⭥㯝㼌᷍〓㬠㑷䍽䁈᱄㰝䇱㑞⷗㲹䎘᷍䄜

⷗㬨䄵㈎䊛᷉ㅭ。〓㾿⭡䊛⟍⭥䁈㾄᷊㸋㪛⫇⿘㈔᷍ⱟ㬨䄵䁨㏐㬠ⱁ⭣㳂⧌⭥㔼

⢈㵧㏎㸋䁱㈠㬷Ⱟ᱄⹌䊋 9 㬡ギ䇱⷗Ⱝ䊾⭥㋉㕆㑷㶖⧐㸥⿐ⶕ㾬᱄䐏⽔㬨㾣䄜㔷

⭥㕚䔆㧌㣷 ⭌᷍㡅ㅉ㑃⭥䁈㾄ㅭ䈞䐧Ⱙ⭤䄵⡄⫇᱄䎃㾊䁈㾄⭥ㅭ䁈㚻㦾㸋᱑㡀䄶᱒᷍

⟝⼍᱑㯥䄶᱒᷉ ⫛㭞᱃゙⼯᱃㳍㸥᱃䅕㎷᷊䈌᱑㧞㋧᱒᷉ 䈐ⳉ᱃㾿⪨᱃㕀ゎ᷊107᱄

䎃㾊㚻㦾ⰵ䇻㻄㎑䍽䁈⪌㵔⭥⡄⫇㸿䄪㬨䇱䅇⭥᱄ 

⭞㑬㬏ⱟ㬡ギ⽔㠻᷍㝘䐿⭥⧨㬱䐱㋋㬝⨗㻷⫔䁈᷍㡅䊎䅃㸋᱑㵔䄜㳆᱒

᷉University ⭥⪫䊕㈮㬨 Universe᷊᷍ ⫛⢎ㅭ㬇䈌䁈㪛⭥㾱䄖⹌。᱄ㅭ㬇➕㬻㋯䓉

䄖⳷㸋⤜㵍䁈䊛᷍⧄ボ⭥䇱䄶䁈䊛᱃㪒䁈䊛᱃ⳉ䁈䊛᱃䄞䁈䊛᱄㡅䐱᷍䄶䁈䊛䈌

㪒䁈䊛⧪㸋キ䁦⮅䁈䊑䐏⽔⪌⤆䍽䁈⭥䄂㎛᱄䎃㏐ 䁨᷍㏐㬠ⱁ⭣䑘䅆⭤⭞㑬れ⫔

⧭Ⱙ⭥⪌⤆᱄1203 㛋 㬏᷍䓷㉝Ⰼ䎘⹆㻾㉞㬠㲚Ⰲ⡅䄓⟊㰇䓦䋈㠻㒘㕅⭞➃㎎⤏㬡

ㆈ⭥㻄㎑⮅わ⿹㒘㹘Ⳟ᱄⨞㑬㝘䐿⫔㔞᷍䇃⺛㝄㆓⫔䁈⭥㔿るⱜ᱅㞁ⷚ᷉Roger 

Bacon 1᷍214ÿ1292 㛋᷊㋋㬝䊻䁈㾄㦌㘇ㅓ㬻᱗physics᱘䈌᱗metaphysics᱘᷍ ⧪㸋䁨

㏐㬠ⱁ⭣⭥䑙㘜䅌䓃䎀᱄㰜⡩㰜㵍㬒⫛⭥㦬ⷝ䋈⭹㦰㬗⭞㈎䂊䈌㬖䂊⭥䐹䄋㾵䄵

ゑ㋧䁈䇇䇱⭹㬖䇤ゼ䐖᱄䅓⪬᷍㰅㯖䐱㬡ギ䎜㳆㬨㆝㣈㛋⭥⼻➖᷍⭌䎃㾊】䐷⭥

⡄⫇䈌⪌⤆⿚㬨㸋⽔㠻⭥㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝㆙㾱㑬〞れ⭥䓝⡙ᱟ⼛㚰 2᷍022ᱠ᱄ 

䊻➃㎎⤏㬡ㆈ䎃⢀ 㸋᷍㑬䁈㻑㻩㆙⭥㋧䁈㸥⿐⼮ゝ㭖 ➃᷍㎎⤏㦬㋋䍚㑬䄜⧂

㪚㬧⼧⫔⭥Ⳏ䅌䊬Ⱀ ㅌ᷍㻄㎑㸥㘘᱃⤉㯚㸥㘘⼮䇂Ⱙ㸥㘘⭥ⱁ㭞⮅わ䅌㸋➃㎎⤏

㸥᱄㵉⺞䎃⧂㬝䇻➬㬡ギ䐱䄗⭥Ⳏ䅌䊬Ⱀ ➃᷍㎎⤏䊻㹝㬶ㆉベⰌ㹘Ⳟ㸥㘘⧪⺜⭥

〚⪂㩰᷍⪕䋍㑬Ⳓ㦺⭥➃㎎⤏䄢㯚㎝㸥㘘᱄⭞㑬㈦㬡ギ䐱䄗᷍㬸Ⱍ➮ⷒ⫐⧪㸋㑬

 
107䎃㏐䅞䇤⭥㬨䍵ⰹ⿋㎰㬇᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱⭥㯖ⳉ᱄⫛㭞㬖カ㩰㬨⷗㾣㻫㬣㹐᷍䊻➃㎎⤏㬡
ㆈ⭏㪛⤜㈤᱄㝘䐿䐱㬡ギ䁈㾄⭥ㅭ䁈㚻㦾⟝⼍䎃㾊㩵㸃㦤⡫䎀䅃㶃 ⭌᷍⡫䎀⤜䐋⭡ⷝ䓝㦘⭥㯖ⳉ᷍
䎃㏐㦉㣳䅞䇤᱄ 
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㋧䁈㆙⤞⭥䐱㾥᷍㦂⭤㑬㭞䁈᱃䄞䁈᱃㳍㸥䁈⼮⿐䁈䄵ゑ㡅㰜㋧䁈㒍䈓⭥㆙䍚᱄

㡅䐱 ⿉᷍㎎䓴㗸㬨䄜⷗⫛⢎㦬㹐᱄㰜㬨䄜㸜⨗㪛䇻➃㎎⤏⭼⺛⫔⽕㔿㩛⭹㤙⭥⤉

㯚㭞䁈コ᱃㳍㸥䁈コ᱃⭹㏎䁈コ᱄⿉㎎䓴㗸㬨䑙㘜⭥⫛㭞䈌㰄㭖⭥䎜㏎䎀᷍⡜䈟

㸋᱑⫛㭞䐏⶙᱒᷉ algebra 䄜⪫ゕ⨗䓵➃㎎⤏㸥㎎Ⰲ䓋㾕 alÿjabr᷍alÿjabr 㬨㡅㤔ㆃ

䄜䊋ⱟ⪯Ⳟ⧭⭥㑞⷗⟍ⳉ䐏䄜ᷜⱙ algorithm ⷝ㬨⡜㦰㸋䐒ㅴ㎕䓵䇻⿉䖾䓴㚄⭥

㎎Ⰲ㸥䅌㘜 ᱄᷊⨞㑬⫛㭞Ⳟ㘇⭥⧪㈮᷍㰜⿚㾿Ⰺ㑬㵱㎶㗽⭥᱗⭹㏎᱘᷍ 䊻㳍㸥䁈᱃

䍝㾨䁈Ⳟ㘇䄓䇱䑏ⱁ䑙䔘᱄ 

⨞㑬䐱㬡ギ⭥㝘䐿䈌➃㎎⤏㬡ㆈ᷍⹦⫛⭥䇂Ⱙ᷉⤜㻿䇻㔿㕎⭼⺛㘑㶗䐏⽔᷊

ⰵ䓵㦜䍽䁈䈌㭞䁈㵍䂚䔗⨗㑬䐹䄋⭥⹒㻸᱄䎃䑘䄋㳆㻷䊻㭞䁈㩰ᱟ䍦⽍ 2᷍007ᱠ᱄

䐻㰚䐽䐋᷍㒄⭥ⶦ㛏ⰵ䇻㭞䁈⳨⧄䐹䄋᷍䔏䋈䔗⨗䎃⷗⹒㻸⭥㈮㬨⹦⫛⭥䇂Ⱙ᱄

䊻䇃⺛㔸ⰹ㝄㆓⫔䁈㵝㭊⹾䎅⤹⭥➮⼶㩔㏐㬷ⷆ䐱 ㈮᷍䇱㒄⭥エ䊹᱄⳦㪅㾵㲝㛋

⫛⥃Ⰹ㻵㬟䎃⳾㬷ⷆ䐱⭥㒄㋪䓘㯾⭞⹌䊋 3 〓 4 㬡ギ᱄⨞㑬㒄 ⶛᷍㭞⭥ⳃ㘘⼮䊬

䇤ⰵ䇻㭞䁈㵍䂚㬨䐢⹹䐹䄋⭥᱄⹦⫛䇂Ⱙ䄓⡩㿎ⱁ㡅㰝⺛コ㻩䅃㬗⭞䎃䄜⮄᱄⹌

䊋 628 㛋᷍䇂Ⱙ㳍㸥䁈コ⼮㭞䁈コ㠦㔿㚇姦ⱁ䊻㰜⭥䑙䔘᱗㠦㔿㚇㏛㰄㭊᱘䐱ㆊ

㩽㑬⶛㭞⭥䊬䇤⺇䋓᱄䎃㏐ 䎞᷍㭞⡜㬴㸋䇖䇱⭥⤧⶜ⱙ⶛㭞䋓⡜㬴㸋䍏㹒᱄㵍㬒᷍

㰜⿚㳂⨗㑬᱑⶛㭞ゴ⶛㭞㸋⶛㭞᷍䎞㭞ゴ䎞㭞㸋䎞㭞᱒᱃᱑䎞䎞㸋䎞᱃⶛⶛㸋䎞᱃

䎞⶛㸋⶛᱃䎞㭞⧬㒄᱃⶛㭞⧬㒄Ⱍ㸋㒄᱒⭩䊬㰄⺇䋓᱄䊺䇱᷍㈮㬨㸳㗨⧄㯖⭥➃

㎎⤏㭞䓷䄓㎕䓵䇻䇂Ⱙ᱄䊻䐱㬡ギ᷍⡜➃㎎⤏㦬⪌⤆㋋㎕᷍㪏㋭䇑㼍㑬⽔㠻㭞䁈

⭥ⳃ䍚᱄ 

㩰㭗㚻㦾᷍ゴ㩰䐏㣑ㆊ㩽⭥⹦㻄㎑᱃⹦㔿㕎⭥䓵㦜䍽䁈䈌㭞䁈⧪㈮᷍〚⡟㩰

⹚⧪㑬㹘Ⳟ㬡ㆈⰵ䓵㦜䍽䁈䈌㭞䁈⭥㦰㬗᱄䎃㾊㦰㬗㬨㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝⭥䐹

䄋⭥〚⪂᱄㉀㳆㳆㻷᷍㸳㗨ㅌ。䊻⭻㧞䍣䍚㋋᱄ 



  

2.8 䐱⺛䋈㠻⭥䓵㦜㋧䁈䈌㭞䁈 

䔏⽔᷍㸳㗨⿹⭞䓵゛㪛⧅⭥䎃㠍㵢⭹᷍㎕㲙㲙㸳㗨⿋㻥㸥㘘䊻㹐㏎䁈᱃䓵㦜

㋧䁈᱃㭞䁈ⳃ䍚㬘䐱䍝㈾⭥㸜䐤᱄䋈㠻᷍䔘㸋䄜㘜⪴㬣㹐㏎䁈䓉䄖䁱㈠⭥䓉䄖㦬

䊒᷍⡫䎀䊻㼌⭞䎃䄜⮄⭥㬒⽓䎜㳆⭥ⶱ㉖㬨䨰䨯⭥᱄㡅䑘䄋䊎䅓᷍㬨䇪䇻㹐㏎䁈

㬨䓵㦜㋧䁈⭥䄜⷗⳷䐈᷍䓵㦜㋧䁈䊕䇻䓵㦜䍽䁈᷍ⱙ䓵㦜䍽䁈᷍䎜㳆㬨䊻㹘Ⳟⳃ

䍚㡑㎕⭥᱄㸳㗨䊻㯖⭞⭥㻩㻮⭥㬒⽓ ⷝ᷍ⱁ⭥㬒⽓䇤⭞⭥⹹ポ⪫㬨㯝㼌コ᱃㬌㦬᱃

ㅭ䈞コ᱃⪫㦬⭩᱄䊻䓝⡙䎃⷗ㅓ䅆⭥⺞⧭䐱᷍⡫䎀䇱㾳䊥Ⱒ㑬ⴌ䇲㎝㻩㪛⭥᱗䐱

⺛䍽䁈ビ㬘᱘ᱟⴌ䇲㎝᷍2013ᱠ᱄䎃⡟㭊䄲㈎⧊㼛㑬⼽ⱁ㛋㑬᷍⭌⡫䎀䐏㣑㦘㬖

㗜䇱㋕⺞᱄Ⱒ㶋䐏⽔ ⶱ᷍㉖䓵゛䊻ㅭ䈞⺞⧭䐱䄜䐒⿴䐏⤜㦆⭥䄜㾊㎈〔⭥ㆃ⫑ⰺ

㬒⭤⭞㑬㤆㹛⭥ㆃ⫑᱄䅓㸋䎃⷗䊙䅃 ⡫᷍䎀Ⱈ⭉㾈ⳣⴌ㻩㪛㵉⺞ⳃ䍚㹘Ⳟ䍽䁈䐱

⭥䄜㾊⹹ポ⭥ⶱ㛏 ㆙᷍ⱙ㎕䓽ㆂ㸳㗨㸥⿐䐱⭥⼽ⱁ䇦㿄⭥⧪⺜䈌⪌⧱⭥Ⳟ㬞 ㋋᷍

䍚⡟ㅻ⭥㲷㔼᱄ 

㲷㔼⭥㡑⮄㬨ⴌ㻩㪛ㅓ⭥᱑䍽䁈㬨㯝㼌㦬㪛䐏㯝㼌᱒䎃㉅⿑᱄䊻㋕⭞ⴌ㻩㪛

⭥䎃㉅⿑䐏㣑 ⡫᷍䎀䄓⧃㬵䎌ⰵ䍽䁈㆙㾱⺞䄜㾊䁈㻑᱄䎜㳆㾈⺜ 㬨᷍⳨⧄⤜⼤⭥᱄

⭌㬨⪴㯝㼌㦬㪛䐏㯝㼌䎃⷗ㅨⰩ⨗ⳃ ⡫᷍䎀⼤㼒㯓ヅ㋪䄵➲䄵㣑䁈㻑⺞⭥䄜㾊ⶦ

㛏㆙㾱㭂㏎᱄⡩㧈 㦬᷍㬨䄋㘇ⰵ㋮⹼⭥㹐䐫㬡ㆈ⭥ 䅓᷍⪬㈮䓵㦜⭹。䇱䓵㦜䍽䁈᱄

㡅䐱᷍➕䁨㏐㯚ⱁ⭣⭥㔼㭗᷍㬨䇪᱗physics᱘㋋㬝䍚㋋⭥᱄䊻⪬〚⪂㩰᷍䇱㸳㗨

㸿ⳉⶱ䐋⭥㚻㦾 ⭌᷍㰝㋪㚽㈮㬨䄜㾊⺇㔪᱄䇻㬨 䇱᷍᱗metaphysics᱘᷉ 㾯ⱙ㩰䁈 ᱄᷊

䊻㘉㭗䎃㾊⺇㔪⭥㬒⽓᷍㸳㗨䄜Ⰹ㬨䄋䇤⭞䄜㾊㕀ゎⳞⳉ⭥᷍䇻㬨䇱᱗logics᱘᱄

⨞㑬䎃㾊⡩ㅰ䁰㰁⭥⿑㳃᷍㦬㪛䄓㿉䄋㗡᷍䇻㬨䇱㑬᱗Aesthetics᱘᷉ 㗡䁈 ᱄᷊㦬⼮

㦬䐏ヅ䓽㬨䄋䇱㼁⿆⹹㻖⭥᷍䇻㬨㈮䇱᱗Ethics᱘᷉ 㔸㏎䁈 ᱄᷊㸳㗨䊻䈌㦬ㅜ㒘䄵

ゑ㾕䔘⭥㬒⽓᷍䓽㬨䄋䓃䅃㾿⪨⭥᱄䇻㬨㈮䇱㑬᱗Rhetoric᱘᷉ 㾿⪨䁈 ᱄᷊ 
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⭒㸳㗨䊻᱑㯝㼌㦬㪛䐏㯝㼌᱒⭥㌓ソ㻣㦆㏎ㆃ䎃㾊䁈㸫⭥㬒⽓᷍⼽䓵㦜⭹䍽

䁈⭥䑏ⱁ⳷䐈㈮⭏㪛㑬᱄⭒㦜᷍䍽䁈䁱㈠⭥㬨䎃㾊䁈㸫⭥䔏〚⡟⭥⺇㔪᱄⭒䎃㾊

䐋㬗䄲㈎⡩ㅰ㶋㩧 ⧪᷍㸋䄜⷗䊻䄜Ⰹ⧭Ⱙ㩰㉀䇱㬖䇤ゼ䐖⭥䁈㋧⭥㬒⽓ 㰝᷍䄓㈮

。㵲㏌䍽䁈⧪㸋䎃⷗Ⱑ㑃䁈㋧᱄➕䍶䎃⷗⢋䓝 ⴌ᷍㻩㪛ㅌ㸳㗨⭥⪌㵔㸥⿐㆙㾱㑬

䄜⷗⳨⧄㻖㵔⭥㭂㏎᷍䊻㬡ㆈⳗ㸈㚻㦆㋕᷍⼽⫔⧭Ⱙ㩰ⴂ⶜㑬䍽䁈⭥㚻㦾᱄䔘㸋

䄜⷗㳆㻷 ⱟ᷍㬏㬡ギ⭥㹘Ⳟ䍽䁈コ䄓䎜㳆⤜。㼒㬏➬᱃㬏㈦㬡ギ⭥㹘Ⳟ䍽䁈コ㚨

䂚㦆㤂㬴ⰌⳞ䍽䁈 108᱄⪴䎃⷗ㅨⰩ㦆㯝㋝㸫㳃⭥⿑ 㸳᷍㗨㋪䄵㯖䐱⺛䍽䁈㰅㦜䊻

䓵㦜䍽䁈䎃Ⳟ㘇䍝⭥⹒㻸ㅰ㩺᷍⭌䐱⺛⪌㵔㸥⿐ⰵ䍽䁈⭥⹒㻸㬨⤜㋪⽗㬴⭥᱄ 

⿹⭞䓵㦜㋧䁈䈌㭞䁈⡟㪎᷍➕䍶ⴌ㻩㪛⭥㯖ⳉ ᱑᷍㩰㝊᱒⭥㈎イ㲹䐫㉗Ⰹ㑬

㔸㏎䁈䊻㸳㗨⭥䍽䁈䐱㬝䐶䍝㈾䓦⼬㾥⭥⭹㸜᱄䇪䇻䍽䁈䎜㳆㬨㸋⪬㈎イㆂ⹚ⴟ

㹒⭥ 㸳᷍㗨㈮⤜㚲㏎ㆃ㸋㬓㗕㸳㗨䊻䓵㦜䍽䁈䈌㭞䁈Ⳟ㘇⭥⧪㈮㬨㼁ⰵ㒄㩃㣳㉀

⡙⼽㣠⭥䇇䇤㲹䐫⭥᱄㡅䐱᷍䇇䇤㭞䁈䈌䄞䁈䍝㈾㑬⼽⫔⭥⡩䐹᱄䄵㭞䁈⭥ⳃ䍚

㸋㏞ ᱗᷍䐽峣㰄㈎᱘䈌᱗㰄㭞㭊᱘⭥⧪㭊㬒ヅ⿚䇱䄜㾊䎚㔼᷍⭌䎜㳆㬨䊻㹘⼛㬒

㠻᷍⤃⤜⡩᱗゙⼯䊎⡟᱘㶎㲌ⱁ᱄㡅⹹䓃⮄᷍ⱁ㸋䈌㝊䄖㪛⥛䐒ㅴ㼁⹹⭥㳍㸥㏛

ⳉ䄵ゑ䊬㰄⺇䋓Ⳟ㘇⭥㚻㦾᷍⪠㯝⢇⭥䊋㯹⿚㬨㩺䄜㾊᱄䐏⽔ ᱗᷍㈦䍣㰄㭖᱘᷉ ⧪

㭊䇻Ⰼ⼛䐏⨖᷍ㅰ㸋㒘㾱⭥⟇⡟㬨⤽㸛㬒㠻⭥㒖⿶⭥䓃⡟ 109 ᱃᷊᱗㰐䓴㰄㈎᱘᷉ ⫔

 
108⡩㧈⼻ⷒⱜ᷉1770-1831᷊᷍㰜䔏㉀⫛⢎㾵⭥⧪㈮㬨⢈䐅ⳉ᱄㹘Ⳟ䍽䁈䊻㰜䐏㣑Ⱍ⤜㬨⢈䐅⭹㋕
㸫㳃⭥ ⱙ᷍㬨⳨⼻ゕ➸᱄⪴㰜䎃㏐ 䍽᷍䁈コ㋋㬝㣠⮘㑞㘇㾵᱄➕䐱⺛㦬㘒⫔䁈䍦䐟㸑㎰㬇⭥㯖ⳉ᷍
㹘Ⳟ䍽䁈䊻㰜䐏㣑⭥ⳃ䍚㚠⢋䄜䐒㬨➲䓵゛䔗⨗㋧䁈᱄⭌⭞㰜䐏⽔ 㦬᷍㗨㦰㬗⭞䇤㋧䁈⭥Ⳟⳉ䔗
㋧䁈 䋓᷍䔗⨗⭥Ⰼ㹘䄜Ⰹ㈮㩆㬈㑬䍽䁈⭥⡟䐫᱄䈌䎃䐷㼁ⰵⱙ䁵⭥⽔䐋⽔㉖㾯⧪㻫㘘ⰵ⡩⭥㬨䐱
⺛䍽䁈⪴ⷚⱚ㩰㬨⢈䐅⭥᱄⡩㧈᷍ⴌ㻩㪛㳂⭞⭥᱑㧌㬡䈌⨗㬡㬨ⰵ㑃⭥᷍䎞㧈㻷㬖䑘䅆䈌㏎㼌䑘
䅆䄓㬨ⰵ㑃⭥䄜䂚᱄䐱⺛䍽䁈⭥㦯㹒᷍㈮㬨➲䎃㾊ⳕ㘝㳃㵔䄜㸋䄜⷗⼰㘝㳃᱒᷉㸥㻸ᱟⴌ䇲㎝᷍
2013ᱠ⭻ 8 䄔 ᱄᷊⿚䇱 ㈮᷍㬨㸳㗨⧄⧄㳞⭞⭥㧜㸭㬈㕎䁪䐋⳨ⶄ⭥⹫㬣 㯖᷍⭥Ⱍ㬨㬣㹐⭥㑞㘇㾵᱄
⭌⼤㶇⭥㬨᷍㳂⨗⢈䐅ⳉ⭥⼻ⷒⱜ㦕㬨㹘Ⳟ䍽䁈コ䐱㤂㬴䐱⺛⪌㵔㸥⿐⭥⫛⢎᱄ 
 
109➕ⴌ㻩㪛⭥㯖ⳉ᷍⪴㋸䓴㋋㬝᷍㸳㗨⭥㭊わ㈮㻓⿗➕䓃⭥㾯㬞⨗㻷᱄ 
 



  

䐣㸋㚰⡒⧐㣑⟌Ⱟ ᱃᷊᱗䍦㤒ㅉ㰄㈎᱘᷉ ⫔䐣㸋㚰⡒⧐㣑⟌Ⱟ ᱃᷊᱗㹆⤽㰄㈎᱘᷉ 㚰⡒

⧐ㅰ㶎⭥⡒䐽 ᱃᷊᱗り⹦㰄㈎᱘᷉ 㲧 ᱃᷊᱗㭞㭊㈦䍣᱘᷉ 㚰㯯᷍㣹㈦㩹᷊Ⱍ㬨⼽㈎⮅⭥

䑙䔘᷍⭌㵍㬒䄓㉀⡙㬖䇤㾵㘘㻵⭥㲹䎘᱄⪴䎃⷗䅃䅆㩰㎕㯖᷍䔇⨆䐏᷉㚰⡒⧐᷍

㉀㳆ⱙ䁵㬨⹌䊋 429 㛋䐢 500 㛋᷊䇇ⶤ㬨⧍⨗㑬䇇䇤㯝㸍⭥⪠㭞䁈コ⭥⫛⢎᱄ 

䈌㹐㏎䁈㼁⹹⭥䋈㠻⭥䁱㈠⫔コ⡩ㅰ⹌㦰⭥䄜⮄㬨㚌コ䍝㈾㑬⼽⫔⡩䐹᱄䊻

᱗䐱⺛䍽䁈ビ㬘᱘䐱᷍ⴌ㻩㪛䊻㹘⼛⭥㯟㕎㲙᷉䔅䇻⹌䊋㣑 110 㛋᷍㯟㕎㣉⭥⶙

㣸 ᱃᷊㹘⼛㚊⭞㶖㗈⭥㾣⧐㬒㠻⭥㒖咈᷉䊝⹌䊋㣑 46ÿ⹌䊋 23 㛋᷊⭥ㅌ➺コ㆙㾱

⳷㏁䈌㯾䊕⭥䁈㯖⭥〚⪂㩰᷍䐙⨗⤜㵍⭥᱑コ᱒ⰵ䇇⭥㬨䊻⹌䊋㣑 7 㬡ギ䐢 3 㬡

ギ䎃⷗㪈。᱃䎟䐯⫔䓋㾮⭥ㅸⰯ᷍䊎㎕⭥⺔䔆䈌⹺㏕㒘㕅㘒ヅ᷍䄵㯞㦬㪎⳾㋠㰜

㗨⭥䓉㗦⤦㚽⼮ゝ䄶㸋㪛 ⧪᷍㸋䐑䄖ㅭ㬇䎃䂚䄜⷗㪈。㻷㬖 110᱄䎃⷗㏐㘇 ㅭ᷍㬻

㈎⮅䈌䐙⭝㏒㎷⭥䓉コ᷍ⰵ䇇⭥㬨᱑㧆᱒᱄ⱙ䍞䎚㹅䄶䓉コ᷍䋓㸋᱑㻡᱒᱄㰜㗨⳷

⢑ⳃ䍚㸋⽔㠻⭥㧆コ䈌㚌コ᱄ 

㚌コ㬖カ㩰䄓㬨䔏䋈ⰵ㧆コ⥛㪛䐫䄪⭥㦛㳆 䅓᷍㸋㰜㗨⭥ⷚ〚㬨㶋㦌⤜㵍⭥

㪈。ㅸ⥄᱄⪴䎃⷗ㅨⰩ㎕ㅓ 㸳᷍㗨䄓⤜㚲㋕⨗㸋㬓㗕㸳㗨⭥䔇㻩䔏䋈ⰵ㑇䈌⺃㻷

㼔⭥㦰㬗㎕䓵䇻㚌コ᷉䎃㾊㻷㼔䊻㪛⥛䈌䍞䎚䐱䔏䇱䇤 ᱄᷊䎃⷗⼮➃〚㗸⭣ⳃ㘘

㵗㬐〛䈌㏜䇤⺃䁈ⳕ㪅⮄㦝㔿㕎䍞⪍㎕⡄㸡㰜⭥⺛コ㿑㎎⹦㬨䄜⷗⭡㏎᱄䄵㚌コ

⭥䑙䔘᱗㚌㈎᱘㸋㏞᷍㑇䁈Ⳟ㘇᷍㈮䇱㪇ゑⶽⶬ᱃⿍㔷᱃㾒㘇⭩䓑䐤᷍㉀䇱㬂㑇

⭥㾈⺜ ⺃ᷜ䁈Ⳟ㘇 䐒᷍㼀⪌⤆ゑⳕ㪅⺇㔪䄵ゑ㾂㋸⧪㼒⭩㻷㼔䄓䇱⡜㪇ゑ᱄䈌᱗㚌

㈎᱘⫔䐣㵍㬒㠻᷍⿚䇱䄜⷗᱗㋝⹅エ᱘᱄䎃⷗㋪䄵㯖㬨㸳⺛䔏䋈⭥㬷⹅䄖ゝ㭖⭥

 
110ⴌ㻩㪛䅞䇤㑬㋸䓴㯖⭥᱑㏒㬈ⱙ㤔䑏䄑᱒䎃㉅⿑㎕㘉㭗䎃⷗㤊㌗᱄䎃㉅⿑䔏䋈⨗䓵㒖咈⭥᱗㡀
㔵᱘᱄⽔㎕Ⰼ⼛⭥⟁⹭᷉ ⹌䊋 32-92 㛋 ➲᷊㰝䔘㸋᱗⼛㭊Ä䄶㸥䐟᱘⭥〚⪂᱄䎃㉅⿑⨗䓵᱗䄶㸥䐟᱘᱄ 
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⺛コ⺇ⳗ 111᷍➕⹆㚟䐏⹅᱃⹆㆑䐏⹅᱃⹆㠅䐏⹅᱃㪉㩌䐏⹅᱃⹯㚇䐏⹅᱃⤌䠛䐏

⹅᷍エ䊹㑬⺗Ⱀ㚇⤢᱃㾒㘇䊬Ⱀ᱃⺀㾵㻷㼔᱃㝸㹐⺍⭡᱃㯏⭥ⶂ㑇᱃⤥㑰㣠Ⱙ᷍

䄵ゑ䐴᱃⹥᱃喁⭥ⳃ䅕᱃㠖㔫᱃䅕㩌᱃㼍Ⱙゑ㎷㡘㾯䓕⭥⹹㻖⭩䑏ⱁ㻷㼔᱄㵍䂚

䊻䎃⷗㬒㠻 ᱗᷍⹽䓴᱅⭹㭞㠋᱘᱃᱗⺎⹩䓴᱘᱃᱗㔡㬰⪛㤐᱘⭩㭊䐱⿚エ䊹㑬㳍㦜⪦

㬐⭥㹝㳛㻷㼔䄵ゑ䔏䋈⭥䐙㚰䎌᱑㯟㚰᱒᱄䎃㾊䈌⭒㬒⭥㈎イ㪛』᱃䎟䐯⿘㈔Ⱍ

䇱㗽㣱⭥㑋㻖᱄ 

䊺㶚⽔᷍㗠ⷕ䄜Ⱟ㬒ヅⰝ䇱䄜㾊⧪㈮᷍㡅䐱䔏⫛⢎㾵⭥䇇ⶤ㬨㯯⫛㪓㎉(⹌

䊋 1031ÿ1095 㛋)⭥᱗㗯㻋⡫㲙᱘᱄䎃⡟㭊㉀䇱⼽ⷀ⭥㋧䁈ゼ䐖᷍⡜⧧㸋䐱⺛㋧䁈

㬘㩰⭥䔙⢋᱄㭊䐱エ䊹⭥䑘䄋⧪㈮ゐ䐱䇻㪚䁈᱃⺃䁈᱃⪦䁈Ⳟ㘇᱄䎃㏐᷍䔘䎀㼋

㻙㲷㔼㑬㪚䅕⭥⹓䎒㻷㼔᱃䎌㋸⧪㼒䈌➝㵚㈖⧪㼒⺇㔪᷍㾯㼔⭹㯖㘘㑬ㅚ⮄᱃ㅚ

㉁᱃䎞⭚㼒⭩㸫㳃 112ᷜ㵍㬒᷍䄓㲷㔼㑬㦬⹅⪦⿐Ⳟⳉ᷍⤃ㆊ㩽㑬䐙㚰䎌⭥䓑䐤Ⳟ

ⳉ᱄䎃㾊᷍㸋⽔㠻⼞⼄㬚䇤⭥䐙㚰䎌⭥䐧䋍⮍Ⰹ㑬〚⪂᱄ 

䎃㾊⧪㈮䄜Ⳟ㘇㬨㸳㗨⤴㎤⭥㸥㘘㬘⭥䄜⤠⳷ 㒎᷍䄜Ⳟ㘇 䈌᷍㹘Ⳟ䓵㦜䍽䁈

㼁⡩ 䊻᷍㻖㵔㾵Ⳟ㘇䄓㦘㬖⫇䊻䄜Ⰹ⥏㉁᱄䐱⺛㋧䁈䊛ⷀ㚽㹐㏎䁱㈠㰚䍦㯌㚰㎰

㬇㈎⧄䇤⭞⭥䄜⷗⮅⹫〓㿎㋪䄵㦤㸳㗨㳆。㸳㗨㦒⭥䄜⷗⼽⹹ポ⭥㯝㸍Ⳟ㬞᱄䎃

⷗⮅⹫㬨㸳㗨Ⱍ䁈⺞⭥䄜⷗⹫㬣 ᱗᷍㑞㾂ⱚ⢈㦶᱘᷍ ㉀㳆㧈㻣ᷛ 

㋸䓴Ⰼ䇯᷍ボ㑞㾂ⱚ⢈Ⱈ᷍㸫㡅⹫᱄ 

䄜ⱚ䊜 ᱑ᷛ㸳䄵㦶㬝⨗㬒㦆㦬㆝᷍ⱙ㦶䐱㬒䊗䄓᱄᱒䄜ⱚ䄵㦶⨖⨗䊗᷍ⱙ㦶䐱

㬒㆝䄓᱄ 

䄜ⱚ䊜 ᱑ᷛ㦶⨖⨗⫔㧈⧖ⶨ ゑ᷍㦶䐱䋓㧈㝭䇼 ⪬᷍⤜㸋䊗䎀㾂ⱙ㆝䎀⫔⽖ᷠ᱒
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䄜ⱚ䊜 ᱑ᷛ㦶⨖⨗⤸⤸㑚㑚 ゑ᷍㡅㦶䐱㧈㲞㲡 ⪬᷍⤜㸋㆝䎀㦩ⱙ䊗䎀㑚⽖ᷠ᱒ 

㋸䓴⤜㚽㉗䄓᱄㑞㾂ⱚ㾇䊜 ᱑ᷛ㭌㸋㧋ⱁ䐋⽖ᷠ᱒ 

䊻䎃⷗⹫㬣䐱᷍㸳㗨⭥㲍Ⱙ⼤㼒㬨⤜䐋⭡㈮⤜䐋⭡㑬᱄⭌⪴㋧䁈䁱㈠ⱙ䁵᷍䎃㾊

㻷㼔⡔⽔㬨ⴂ⶜⭥⺃䁈᱃㦩䁈᱃㪖䐢㬨㸃⹼⥄㘇⭥⺃䈌㹐䐫㼁⿆䔘䇤⭥䐋㬗⭥㲞

㰘᱄㧈⺜㸳㗨䊻䁈㻑䎃⷗⹫㬣⭥㬒⽓᷍ⱁ䄜㾊䎃⷗Ⳟ㘇⭥㯝㋝᷍〓㿎㤊㌗䄓。䇱

㰚⤜㵍᱄⭒㦜᷍㏛㬘㗜䇱ズ㪉᱄⭌㆒㳍⭥㸳㗨䊻㘇㑺㏁㯧⭥㻷㼔⭥㬒⽓᷍㬨ⴒ䇇

ⶤ⤜㆗㆗㕛䔄䇻䁼㣑⭥㸣⡆ⱁ䄜㾊㏁㯧⭥㯝㋝ᷠ⭒㦜 ⪴᷍⷗㦬㪛』⭥ㅨⰩ 㗠᷍⷗

㦬⿚㬨㬸㻩䄋➲䓵゛⭥㪛』⺞⼤᱄䊻⪬〚⪂㩰 㧈᷍⺜㸳㗨⭥㻣䄜⫛ⰵ⪠㋧䁈⭥Ⰼ

㹘ⶱ㾬㦅 㸳᷍㗨㬨ⴒ䇇ⶤⰵ⼃䓴⪴㬣㏁㯧䓉䄖⭥䁱㈠㳂⹊ⷝⱁ⹥㏙ 㬨᷍䎜⷗㪈。

㿉䄋䐹㬴⭥㸫㳃᱄ 

䔏⽔᷍㸳㗨䇤〚䇻㗡⺛㹐㏎䁈。⪕㬝㦬⽁㏜Ä㔿㎝⭥ㅓ䁾ⷆⳃ⢎䊻 1883 㛋

Nature 䊴䐟㩰⭥䄜㠋㸥䍣㎕㲷㔼⪠㋧䁈䁱㈠〓䎀⪠㹐㏎䁈䁱㈠ⰵ㸳㗨䎃⷗㘒䔆

⭥䅃䅆ᱟRowland 1᷍883ᱠ᱄⭒㬒㰜㰚㘇㑺⭥⿘㈔㬨㗡⺛䄲㈎㬖㻷㑬⹅䄖⿐᷍⤃⥛

㪛㑬㼒➏⭰㪛䎃䂚㸑⫔⭥ⳃ㘘コ 113᷍⭌䎜㳆ⱙ䁵〚⪂㋧䁈⭥䁱㈠㬨䊗䊗㕅⽔䇻

㝘䐿⭥᱄㼒㸳㗨䊻㵔ェ㹐㏎䐱㈎⧄ㅴ⪆⭥る⤝㯚᷉ Josiah Williad Gibbs 1᷍839ÿ1903

㛋 䎃᷊⷗㬒⽓䊻㝘䐿⤦ⶶⶶ⥛㪛䇑㼍 䎃᷍⿚䄋⭤䅇䇻㕔㋬㯚㸅᷉ James Clerk Maxwell᷍

1831ÿ1879 㛋᷊ⰵ㡅⭥㩮㬗᱄䎜㳆ⱙ䁵᷍䊻㝘䐿㦬䁼㏐᷍㗡⺛㦬⼽⶜᷍⭌㋧䁈⪌

㵔⿚㬨㗜䇱⭥᱄ 

䇻㬨᷍䊻 1883 㛋᷍⽁㏜Ä㔿㎝䄵᱑⹹䇻⪠㋧䁈䁱㈠⭥㋳㤔᷉A Plea for Pure 
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㪛㬵㵝➲⮈⭧㵧⺄⭞䇃⺛᷍㑃㋭䋃⭞㑬㯚㶛⭥㣷㦉⹺㯟㋹⷇᱄➏⭰㪛㭅⮕㑬⹺㯟᷍⡜㠩㦤㯚㶛ゴ
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Science ᱒᷊㸋㳃᷍㆙㾱㑬䎃⷗ㅓ䁾᱄㸳㗨䍋⨗㡅䐱⹹ポ⭥゙㉅ ᱑ᷛI am required to 

address the soÿcalled Physical Section of this Association. Fain would I speak pleasant 

words to you on this subject; fain would I recount to you the progress made in this subject 

by my countrymen, and their nobel efforts to understand the order of the universe. But I 

go out to gather ripe to the harvest, and I find only tares.………. To have the applicttion 

of a science, the science itself must exist. Should we stop its progress and attend only to 

its applications, we should soon degenerate into a people like the Chinese, who have made 

no progress for generations, because they have been satisfied with the applications of 

science, and have never sought for reasons in what they have done. The reasons constitute 

pure science. They have known the application of gunpowder for centuries; and yet the 

reasons for its peculiar action, if sought in the proper manner, would have developed the 

science of chemistry, and even of physics, with all their numerous applications. By 

contenting themselves with the fact that gunpowder would explode, and seeking no further, 

they have fallen behind in the progress of the world; and we now regard this oldest and 

most numerous of nations a only barbarians.᱒㸳㼌䇇ⶤ㗜䇱䎃Ⱟ⿑ⷝ㚽㦤㸳㗨䊻⿹

⹬㏛㬘⿵⿮⭥㵍㬒⿞㾲㸳㗨ⰵ䓵㪎⤜䔄⭥㦰㬗㑬᱄㸳㗨䄓➲䎃⷗䔘㸋⡟ㅻ⭥ㆂ㭙

䈐᷍䄵㠻㳂㾲㸳㗨⭥Ⱒ䎀㬒㋭⹹䓃⪬㸫㳃᱄ 

 

 

 

 

 



  

⭻㧞䍣 㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝 

➕䍶㏛㬘㯔㿓᷍⡟䍣ㅓㆃ㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝᱄㰝㗨⹓㵍⭥⽔⺜᷍➕䍶㔿㯹

䊻᱗㹘Ⳟ䍽䁈㬘᱘㉎㧞㆝⫛䍽䁈㋋㠋㰚㭗᷍㬨᱑ㅭ。⭥㶟㾦㯆㕅㻣㦆᷍㋧䁈⭥㶟

㾦䑑⤞㩰㪞᱒ᱟ㔿㯹᷍2022ᱠ᱄㡅䐱᷍㸥䄶ⶕ㾬䊻㣑᷍㰝ⰵ䇇⭥㬨㦬㸥㈌㪒⭥㾬㡑

䄵ゑⰵㅭ。㶟㾦⭥㳕䍞᱄㋧䁈ⷐ㘝䊻⽔᷍㰝ⰵ䇇⭥㬨㋧䁈㶟䁰⭥ㅉ㑃᱄㣑䎀㬨⽔

䎀⭥〚⪂᱄䎃㑞⷗㬣ミⰵ䇻㬡ㆈ㆝⫛㬘㉀䇱㉗Ⰹ㾵⭥䇑㼍᱄〚䇻䎃⷗⹹㻖᷍㸳㗨

⭥㲷㔼ㅌ⳷ᷛ㸥䄶ⶕ㾬⭥㏛㬘⡔㈑᱃㸥䄶ⶕ㾬᱃㋧䁈ⷐ㘝᱃㋧䁈ⷐ㘝⭥䇑㼍⹓㯥

ㅻ㎕䍚㋋᱄ 

3.1 㸥䄶ⶕ㾬⭥㏛㬘⡔㈑ 

㸥䄶ⶕ㾬⭥䇃㸥㘜䓷ㅱ renaissance᱄㡅䐱 n᷍aissance ⫛⢎⭏㪛 r᷍e ⫛⢎䐹㾣᱄

䅓⪬᷍renaissance ⭥⼬㾥䅃㯝㬨䐹㪛᷍〓䎀㯖䐹㾣䍡⳦᱄䎃⷗䍡⳦㬨䄜⷗Ⱀ⪫᷍

䐹㾣㬨ⶒ⪫᷍㰝㗨⼰䊻䄜㡑᷍㿉䄋䇱䄜⷗䑘䈐᱄䎃⷗䑘䈐㈮㬨ᷛ⹦㻄㎑᱃⹦㔿㕎

⭥⪌㵔㸥⿐᱄ 

㸥䄶ⶕ㾬⥛㪛⭥㏛㬘⡔㈑ 㬨᷍㦬㗨ⰵㅭ㵃䊻䐱㬡ギ⧅㠻㵔䐯䑑ㅆ⥛㪛㑬䂂ⱒ

㤊㿘᱄㰅㯖〚Ⱎㅭ⭥㾬㡑㬨䈌䄏尶⭥⭏㪛⟊㰇⭥᷍䄓㈮㬨⪴⹌䊋䊋㛋㋋㬝᷍⭌〚

Ⱎㅭⰵ㝘䐿⥛㪛䐹䄋䇑㼍䇇ⶤ㯖㬨䈌㔿㕎⭼⺛⭥㯆㶗⟊㰇⭥᱄䄓㈮㬨㯖 䊻᷍䐱㬡

ギ᷍㝘䐿㬨⷗㔳㬡᷍⭌〚Ⱎㅭ㦕〒⭤㑬㋶㣑⭥Ⳓ㦺᱄䎃⷗᷍⼮㸳㗨⭥㏛㬘㩰᷍䊻

㚰⡒⧐䎃䂚⭥㔳㬡ⴑㅭ㦕〒⭤㑬㋶㣑⭥Ⳓ㦺㬨⡩ㅰ㏁㯧⭥᱄ 

䊻 2.6 ㅻ᷍㸳㗨䋙㳂⭞⺞⹦㔿㕎⭼⺛⭥㯆㕅᱄䎃㏐᷍㸳㗨㻩ビ⭆䓽ㆂ䄜㻣䎃

⷗⺞⧭᷍䊺䎌ⰵ㸥䄶ⶕ㾬䍚㋋㯖㘘᱄㸋㑬⼮⹦㻄㎑⭥㸥㘘⥛㪛㑋㻖᷍㸳㗨⪴䁨㏐

㬠ⱁ⭣㬒㠻㯖㡑᱄䊻䁨㏐㬠ⱁ⭣⭥㬒㠻᷍㰅㯖⹦㻄㎑⭥㸥⿐⭞⫐㑬ⷀⴆ᷍⭌⹦㻄
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㎑⭥⧨⟏㸥㘘㦕〚⡟㩰䄲㈎⭞㑬㸓㪚᱄⟊㰇䓦䁨㏛㩞⫔⭼⭥䎘ⴟ䄵ゑ㰜⭥㯡㶗

᷉⹌䊋㣑 323 㛋᷊᷍ 㻄㎑㏛㬘㆙㧌ⳛ㻄㎑⿐㬒㠻᱄䎃⷗㬒㠻䄜䐒⧷㿙⭞㔿㕎⹓⼮

⺛䊻⹌䊋㣑 146 㛋䎘ⴟ㻄㎑᱄㰝⭥䄜⷗〚⡟㲹䎘㬨㰅㦜⹦㻄㎑⧨⟏䐧䄲⤜⫇䊻᷍

⭌⹦㻄㎑㸥㘘䔘㸋䄜䐷㻩㆙㸥㘘䄡㦜䊻㸥⿐㩰㵔䐯䓦⭹䐱⼄Ⰼ⤠䁹➗᱄㔿㕎⹓⼮

⺛䈌⹌䊋㣑 27 㛋䓋⢅㸋㔿㕎⭼⺛᱄䐏⽔ ⼽᷍㌍㈮㬨⹌䊋䊋㛋 〚᷍Ⱎㅭ㋋㬝㾬㡑᷍

⤃䇻⹌䊋 313 㛋㵉⺞㔿㕎⭼⺛⿫⭼㉞㬠㲚Ⰲ䄜㬡⭥㗸㎝㪃㒏〒⭤⼰ⳉ⿐᱄ 

⹌䊋 380 㛋 㔿᷍㕎⭼⺛⭥⭳➣ⱁ㹘䄜㬡䄋㤔㔿㕎⭼⺛㈔㚻⭥㰚䇱⧝㘒䔒㬹㪒

㬆㬚㵞⡬⭤ⷙ㔿㕎㦬⭥㾦䂗᱄⪴⪬᷍〚Ⱎㅭ⧪㸋㔿㕎⭼⺛⭥⺛ㅭ᱄⹌䊋 395 㛋᷍

⭳➣ⱁ㹘䄜㬡㦆㬡᱄㰜⭥㑞⷗ⱚ䓴䄓ㅌ㔿㕎⭼⺛⳷㸋Ⰼ㔿㕎⭼⺛䈌㹘㔿㕎⭼⺛㑞

⤠⳷᱄⹌䊋 476 㛋᷍㦶ⱛ㕝㦬㋹䐧䅃⫔㏜㦌㈔᷍㹘㔿㕎⭼⺛㘑㶗᱄Ⰼ㔿㕎⭼⺛䄜

䐒䁴㿙䐢⹌䊋 1453 㛋᷍⡜➣㯚㕝㵢ⱛ㡅⭼⺛㰚㘑᱄䈌㹘㔿㕎⭼⺛㘑㶗⟊㰇⭥㬨

㝘䐿⭥㯥⳷㹆㑲 䄵᷍ゑㅭ㵃⧅㠻⭥㵔䐯᱄㠻ヅ 䄜᷍䐒⫇䊻㬡㯸㦉㑇䈌ㅭ。⭥Ⱈ䎚᱄ 

⹌䊋 1095 㛋᷍㹘㔿㕎ㅭ䓻㸻ⱜ➮㝖ⱟ㬡䇇Ⰼ㔿㕎⭼⺛᷉➾䍝㵆᷊⿫⭼➃㏛

㋬㧜䄜㬡⭥㤔䊏᷍⼦䍺㹘Ⳟ䐟䊙㉝㣑㶚➾䍝㵆⭼⺛⟐䑛㡅⭷䈚㧜ⱜ䑚㦬⭥㧌㣷᱄

䇪⪬䅞㡑⭥Ⰼ䎘 ⽔᷍㎕䑑ㅆ䁾⢅㸋䓻ㅭ䍞䎚 䄵᷍ⱂ⿹䄏㔘㧗㏅⧨⤃ㅌⰌⳞ〚Ⱎㅭ

⪴䄢㯚㎝⭥㵔䐯䐱ㆃ⳦⨗㎕㸋㚠⭥᱄䎃⧂䊬Ⱀ⧷㿙㑬ㅌ㆝㑞➺㛋᱄䔘㸋䎃⧂䊬Ⱀ

⭥䄜⷗⶞⫙⭥䔘䇤᷍Ⰼ㹘Ⳟ䐏ヅ⭥㗔䄸⡜⫔ⴚⰩ⫙Ⱀ᷍⤜㩺㩭㦬᷉䇩㡅㬨㻷䊻⭥

䅃⫔㏜⭹㤙⭥㩭㦬᷍䄵㶟㛂㯚㸋䔏㻵䑙⫛⢎᷊⢅⭤⶜䇱᱄㵍㬒᷍Ⰼ㔿㕎⭼⺛᷉➾

䍝㵃᷊⭥㿎ⱁ䁈䎀䄓⫙䓦⫔㞛⭥⹦㻄㎑⼮㔿㕎⭥䄶㭖䎅㠘⼮㸥䁈᱃㏛㬘᱃䍽䁈⭩

㭊わ㲴㶚㹘㝘⡽㚲᱄ⰵ䇻⪌㵔㸥⿐㩆㬈⫚㈂⭥㹘㝘 114 䎃᷍㬨⼽䐹䄋⭥㸥⿐㭅㧌᷍

 
114➕䍶䍵㑷㎰㬇䊻㡅㶙㩰㋯⧭᱗⹦㻄㎑㸥㘘⭥㾬㯆᱘䐱⭥⹼⮄᷍䎃㏐㘇㬖カ㩰䇱⷗㸥⿐䓵㾦⭥㸫
㳃᱄⹦㔿㕎䊻㸥⿐㩰⪌⧱㑬⹦㻄㎑ ⤃᷍㾯⧪㑬⿘⭹䐱⼄⭹㤙⭥㵔䐯᱄㔿㕎⭼⺛ⰵ䇻⭏㪛䇻ⰌⳞ᷉ 㼁
ⰵ䇻㰜㗨⭥ⰌⳞ᷍㬖カ㩰㬨㝘䁨ㅜㆈ⪇᷊〚Ⱎㅭ㋋㬝䄜䐒㬨䁚㠩⭥᷍䐒䐢⹌䊋㯥㬡ギ᱄䊻〚Ⱎㅭ



  

䋗㆙㑬㹘㝘㦬ⰵ䓵゛⪌㵔㸥⿐⭥㦰㬗᱄ 

䐏⽔ 㰇᷍䓦⪌㵔㹘㔿㕎⭼⺛⭥㒍⭹㩰㈎イ⭥ⶕ㯶䈌ⳃ䍚᱃⧨㬱⭥㾬㡑䈌㪛』

㯏㠞⭥㳂ⷀ 㦬᷍㗨䄓䑑ㅆⶥ⢅㑬䄵㶚ⰵ㻷㬡㪛』⭥⡐⹼㉙㶜㲍Ⱙ ㋋᷍㬝䓘㤔㬡㯸

㦬㪛⭥㎷㦅᱄䎃㾊㤄㼓᷍䈌㳍䑘ㅭ⭥䑘䍦㬨䁰䐹㸆⡔⭥᱄䇻㬨᷍䊻㬱㘒ㅸ⥄᷍㈮

⨗㻷㑬ⰵ㳍䑘ㅭ㸥⿐⭥ⳕ㋚᱄⭒㬒䅃⫔㏜⭥㬱㘒⼮㬡㯸䐋㬗⳷䓴 䄜᷍Ⳟ㘇れⰩ䂂

ⱒ㳍䑘ㅭ⭥㪒㦉⭹㸜ゑ㡅㿊㸒⭥㆜䈜䑘䅆 㒎᷍䄜Ⳟ㘇 䇪᷍䇻㗜䇱⧪㭍⭥㸥⿐㳆㻖

㦂⫛㳍䑘ㅭ㸥⿐ ⢄᷍㋋㬝ㆉ䑛ⶕ㾬⹦㻄㎑᱃㔿㕎㸥⿐⭥㾯㬞㎕⢎⫐䓵゛⭥㸥⿐䑘

䍦᱄䎃䄓㈮⫙㎕㑬 renaissance 䎃⧂㸥⿐䊬Ⱀ᱄ 

㸋㑬㏎ㆃ䎃䐷㾥㲍᷍㸳㗨㋪䄵⪴㸳㗨㻷䊻㈎⧄㋕⭞⭥䄜⷗⪫᱑ⷈ㲹᱒⨗ⳃ᷍

㎕㳆。⭒㬒㦬㗨⭥㾥㤊᱄㸳㗨㬸㻩㿉䄋㘘㦘䎃⷗⪫䊻⭒㬒㉙ⰵ㬨䄜⷗⢂䅆⪫᱄ⷈ

㲹㦬⡟㪎㬨㦶ⱛ㕝㦬⭥䄜⷗⳷䐈 䄓᷍㬨㘑㶗㹘㔿㕎⭼⺛⭥䑘㑇᱄䎃⷗⪬䔏䋈⨗㻷᷍

㬨㦬㗨䇤㎕㘉㭗䄜㾊ㅭ㵃⭥ㅉ䑟⭥⨔㔋⭥ 㯖᷍⭥㬨䎃㾊ㅉ䑟㼒㕚䔆㦬ㅉ⭥᱄䊻㬏

➬㬡ギ⭥䇃⺛ 㰝᷍䇷䔘㸋䄜䐷㸥䁈ⴈⷒ⨗㻷᱄㡅㲹㩌䊋㯹 㬨᷍⿥䊎᱃れⰬ⭥㳍㡙᱃

⤱㠧⭥⹦⡅᱃㸸㬇⭩᱄㻷䊻 㰝᷍ⷝ㼒㬨㵔䄜⭥㸥⿐ⴜ⼦ 㪖᷍䐢⟝⼍㑬䓦䓑ⴈⷒ᷉ 㵝

3.1᷊᷍ 㲹⮄㈮㬨➖᱃⼻᱄䎃⷗⪫᷍⼮䂕⺃㻣⭥㗡㋰Ⰹ㬨㸿䊖⭥᷍㰅㦜⽔㠻⧪㸋㑬

䄜䐷⷗㾵᱄䇪⪬᷍㸳㗨䄓㚽䊻䄜Ⰹ⧭Ⱙ㩰㳆。⭒㬒⭥㹘㝘㦬᷉䄵䅃⫔㏜⭹㤙㪛』

⭥㦬㸋䑘᷊ⰵ㰜㗨⭥⪌㵔㸥⿐⭥㼓㶚᱄ 

 
㈎㏛㑬⹌䊋 313 㛋㗸㎝㪃㒏䄵ゑ⹌䊋 380 㛋⡜㿜⤝㸋㔿㕎⭼⺛⺛ㅭ䐏⽔᷍䇎㎕㑬⧚⭸Ⳏ㪎᱄䐏
⽔ 〚᷍Ⱎㅭⰵ䇻⨈㩱ⱁ㪒⭥⹦㻄㎑㸥⿐䎜㳆㬨㝦⨃⭥᱄䐱㬡ギ㋋㬝⭥䄜⷗⢋䐟㈮㬨㔿㕎ㅭ。⹹⡶
䔏⽔䄜㰚⹦㻄㎑䁈㾄᱄䊻䐱㬡ギ 䈌᷍㝘䐿㾯⧪㻫㘘ⰵ⡩⭥㬨㾣㾬⭥䄢㯚㎝㸥㘘ⰵ⹦㻄㎑⭥㸥⿐䋓
⤪㦂㑬䄜䐷ⷝ㸋⟝㦾⭥㲍Ⱙ᱄䎃䄓㬨䄜䐷㸥⿐䓵㾦⭥⢎㻷᱄㰇䓦㏁㯧䇻㬏䓷㉝Ⰼ䎘䎃䐷Ⰼ㹘Ⳟ㸥
⿐⭥ㅜ㒘 㸥᷍䄶ⶕ㾬㣑 ⡟᷍䄲䂂㉌ㅭ㵃⭥㹘Ⳟ㸥⿐ㆈ䊻ㅴ⪆⭞䓵゛⭥⪌㵔㸥⿐⽔᷍䄓⼽䓵㦜⭹⢎
㻷⨗ⰵ㡅⭥㼓㶚᱄ 
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㵝 3.1 ⷈ㲹ⴈⷒ᷍䔔⢀䈌䐱ヅ㬨ㅭ㲤᷉ⳉ⺛㎝㯚䑘ㅭ䔚㲤᱃㋧㔂⫔ㅭ㲤᷊᷍ 䇳⢀㬨⪊䄣ⴈ

ⷒ᱄ 

 

3.2 㸥䄶ⶕ㾬 

䊻㸥䁈⼮䄶㭖㩰᷍㦬㗨䄜⟄㦰㸋㸥䄶ⶕ㾬㋋㬝⭥⢋䐟㬨㬏㧞㬡ギ㶎㠻⭌Ⰲ

᷉Dante Alighieri 1᷍265ÿ1321 㛋 ᱃᷊⡬㲹㎎㋬᷉Francesco Petrarca 1᷍304ÿ1374 㛋᷊

⭥㸥䁈䑙䔘䈌㣨㵱᷉Giotto di Bondone 1᷍267ÿ1337 㛋᷊⭥〇⿎䔘㠘⭥⭏㪛᱄䈌䐏

⟊㰇⭥㯝㼌㬨㦬㸥䑘䅆 䎃᷍䊕䇻㔿㕎㦬㸥䑘䅆⭥ⶦ㛏⼮ⰵ㠶㔿㰟ⷈ㎎㯚⭩⹦㻄㎑

䍽䁈⭥䐹㾣ⳃ㻷᷍⽔䎀䇱䎃䂚⭥㘜䁵ᷛ㦬㬨㶓㹐⭥⨀Ⱙ 115᱄㵍㬒᷍㉞㬠㲚Ⰲ⡅⭥

䍞㔳䄓㬚⭤⫔㞛㻄㎑䈐䁈䎀ゑ㭊わ㒘㧌䅃⫔㏜ 116 㲹᷍⢑㬨ⴑ㔿㔸㧙᱄䎃⷗㬒⽓᷍

 
115➕䍶䍵ⰹ⿋㎰㬇䊻᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱⭥ㆊ㩽 㦬᷍㸥䑘䅆䎃⷗⪫䔏⨖⭥䅃㬗㬨㦬㸥䁈㋧᷉ Studia 
Humaniatatis᷊᷍⟝㎉䈐ⳉ᱃㾿⪨᱃㬌䁈᱃㏛㬘䈌⭡⭣䍽䁈᱄㰝䐹㬴᱑㸥᱒䈌᱑㦬᱒⭥㑋㻖᷍㳂⧌
⹦㔿㕎䇦䁦⭥㎎Ⰲ㸥᷍㚠⭥㬨㸋㑬⪌⤆㾣⭥㪛』Ⳟ㬞᱄䈌䐏㼁䇇 㸥᷍䄶ⶕ㾬⭥䋈㠻⧪㈮䄓㬨䊻㸥
䁈㒍䈓᱄䇪䎃㾊㸥䁈㒍䈓⭥⧪㈮⫙㒍᷍㦬㗨㋋㬝㯝㋝䓻ㅭⶥⷐ᷍㋋㬝㳂⧌䓵㦜㋧䁈⭥㈌㪒᷍㆙ⱙ
㆙㾱䓻ㅭⶥⷐ䈌㋧䁈ⷐ㘝᱄㦬䊻䎃㏐᷍⟈䁾㑬䐹䄋⭥ㅨ㩌᱄➕䍶ⴌ䇲㎝㻩㪛᱑䍽䁈㬨㯝㼌㦬㪛䐏
㯝㼌᱒⭥⹼⮄᷍㸳㗨䄓㚽⹜㏎ㆃ䎃䐷㦬㸥䑘䅆⡔⽔⭥䍽䁈᱄ 
 
116㬖カ㩰䎃⷗⧨㬱⭥㘜䓷䄓㚽ⳕ䇔⨗㡅㸥⿐⭥⢅㣉᱄䋈㠻㬨➾䍝㵆᷍㻄㎑⧨㬱᱄䐏⽔㬨㉞㬠㲚Ⰲ
⡅᷍䄵㿜⤝㗸㎝㪃㒏䎝㈩〚Ⱎㅭ⭥㉞㬠㲚Ⰲ㘝㘜᱄䔏⽔㬨䄢㯚㲚⤝ⱜ᷍䄢㯚㎝㸥㘘⭥㳆㻷᱄ 



  

ⴑ㔿㔸㧙㬨䄜⷗䓵䐯⧨㬱᱄䎃⼮⹦㻄㎑䄵䁦⮅㸋⫛⢎⭥⧨⟏㸥⿐㣂㣂䇷㬨れ㡅㼁

㯧⭥᱄⭌Ⰲ᱃⡬㲹㎎㋬᱃㣨㵱Ⱍ⨗㪛䊻䎃㏐᱄ 

䊻⭌Ⰲ㪛』⭥㛋⫛ ⴑ᷍㔿㔸㧙⭥䎟䐯㬧㑇⳷㸋㑞㝪 ⳷᷍⢑䐈⧷ㅭ䓻䈌㪒㬆㔿

㕎⭼⺛⭥⿫⭼᱄ㅭ䓻䈌⿫⭼᷍⫛⢎⭥㈮㬨ㅭ㦉䈌㬡㯸㦉㑇᱄⭌Ⰲ䅓㸋䐈⧷㪒㬆㔿

㕎⭼⺛⭥⿫⭼᷉ ⼽䓵㦜䊻䎃⷗⡔㈑㻣㰜。ⳕⰵㅭ㵃᷊᷍⡜⳦䑑⨗ⴑ㔿㔸㧙᱄䐏⽔᷍

㰜䊻䅃⫔㏜⭥゙⷗㡅㰝⧨㬱㈴䓂 䄵᷍䅃⫔㏜㵱㯚㋉㚪Ⳟ䁵㾕䔘㑬ⱁ⤠䔘㠘 䎃᷍䄓

㸋㻷⫛䅃⫔㏜䈐䁵䄵㵱㯚㋉㚪Ⳟ䁵䔘㸋〚⪂㡑㑬㻩㾱䎀⭥䔘䇤 117᱄㡅䐱᱗᷍㪒㤛᱘

㘉㭗㑬⭌Ⰲ䊻⭹䈝᱃㑗䈝᱃㳍㲤䇯㏛⭥㈎⺞᱄䊻᱗㪒㤛᱘䐱᷍㰜ㅌ䓵゛㣶㞆⼮䂂

ⱒ⭥㦬㹐⳷⢑㚪㧌ⷘ⷗⤠㸜 㪖᷍䐢ㅌ㰜㵕⼿⭥ㅭ⿫ゑ䄜㾊ⴑ㔿㔸㧙㦬㦌⫓㧌⭹䈝᱄

䎃ⳕ䇔㑬㰜ⰵ㪒䁈㸫㳃䄜㾊㾣⭥ボㆃ᷍䄵ゑⰵ㬡ㆈ⭥㋕ⳉ᱄䎃䊻⭒㬒᷍㬨⳨⧄ⳕ

⪌㵔⭥᱄䊻⭌Ⰲ䐏⽔᷍⡬㲹㎎㋬᱃⡂䙅㤑᷉Giovanni Boccaccio᷍1313ÿ1375 㛋᷊

⭥䔘㠘᷉⡩㧈᱗ⷉゐ᱘᱃᱗㬏㦶㲙᱘᷊ 䄓㉀䇱㵍䂚⭥㦬㸥䑘䅆⭥㲹䎘᷍䄵㻘䜫⭥Ⳟ

㬞ⰵㅭ㵃䍚㋋⧑ⴎ᱄㵍㬒᷍䎃㾊䔘㠘䄓㋋⪕㑬䄜㾊㾣⭥㸥䁈㾯㬞᷉⡩㧈⡬㲹㎎㋬

⭥㬏㯥㾱㬌᱃⡂䙅㤑⭥㾕㬖ⴈⷒ ᱄᷊䅓⪬᷍㦬㗨䄜⟄➲⭌Ⰲ᱃⡬㲹㎎㋬᱃⡂䙅㤑

⭒䔘䋈㠻⭥㸥䄶ⶕ㾬㧞ㅽ᱄ 

䊻䋈㠻㧞ㅽ⭥㸥䁈䔘㠘㒘㾱⭥㵍㬒 1᷍348 㛋㋋㬝⭥⼻㯡⤂⭥㒘㾱᷉ ㈾㯖䋍⧪

㑬ⴑ㔿㔸㧙䄜⟌㈴㘒⭥㩆㪛᷊䄓㬚⭤㦬㗨ⰵ䇻㩰⭼᷉㪒㾵᷊⭥㾦䂗⥛㪛㑬Ⱀ䄂᱄

䊻䄶㭖㒍䈓 ⤜᷍㵍䄶㭖コ㸋㑬〒⭤䄶㭖㠘⭥㸐㵱䍚㋋㑬ゅ㑳⭥㈛䎚 䎃᷍䄓⫙㎕㑬

䄶㭖㾯㬞⭥⪕㾣᱄⪴㣨㵱㋋㬝᷍㦬㗨⧃㬵㵜㠧㑬ㅊ⿐⭥䐱㬡ギ䄶㭖㾯㬞᷍㲞㰘㾣

 
117㝘䐿㆝⫛㘒䔆⺛コ㾬㡑⭥⺞⧭䐱᷍䇤⡟⺛䈐䁵㾕⨗⭥㸥䄶䔘㠘᱃䍽䁈䔘㠘᱃㪖䐢㋧䁈䔘㠘᷍㬖
カ㩰㬨⳨⧄䐹䄋⭥᱄⡩㧈㩐㬠⡩䁨᷉William Shakespeare᷍1564ÿ1616 㛋᷊᱃㧜㶓㳂㯚᷉Miguel de 
Cervantes Saavedra 1᷍547ÿ1616 㛋 ᱃᷊ⷉ⭣᷉ Johann Wolfgang von Goethe 1᷍749ÿ1832 㛋 ᱃᷊᷉ Immanuel 
Kant᷍����ÿ���� 㛋᷊᷍䊻䎃⷗Ⳟ㘇Ⱍ䇱⼽䐹䄋⭥⹒㻸⭥᱄䎃⷗㸳㗨䄜Ⰹ⤜㚽⽗㬴᱄ 
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⭥㬷ⳉ᷍㬚⭤䄶㭖䔘㠘ⷝゴ㪛Ⱀ㑃㳆᱄㬏㹆㬡ギ⨖᷍㗡⭻㡇コ䔆䄵䅙㾱㡑コ᷍㦂

⭤ⰵⴑ㔿㔸㧙⭥㬖カ㵔䐯㦉᱄1419 㛋 㣨᷍ⳓ㛂᱅㗡⭻㡇᷉ Giovanni di Bicci de' Medici᷍

1360ÿ1429 㛋᷊㸐㵱㈌㵉㔿㕎⹦ㅉ䑟⭥⹅ㅔ⤝㔔㚻㑱㯚〚᷉Filippo Brunelleschi᷍

1377ÿ1446 㛋 ⶛᷊䋑㬝ㅉ䇻 1296 㛋㬆㚙➺⿉⫔ㅭ㲤⭥⫔䊓Ⰶ⭥ㅉ䑟᱄㵉⺞ⳃ㘘䄜

䐷㾣㾮⭥㡑䐹〛᷍ⶤ⹅⧭䇻 1436 㛋㶋⹅᱄䐏⽔᷍㗡⭻㡇コ䔆䊻ⴑ㔿㔸㧙⭥䎟䐯

Ⱈ䎚䐱㈎㏛㑬䄜㾊㡑ⴝ᱄ 

1469 㛋 㣨᷍ⳓ㛂⭥ 21 㰋⭥䐹㰐㕆㔸䔕䄜㬡᱅⭣᱅㗡⭻㡇᷉ Lorenzo di Piero de' 

Medici᷍1449ÿ1492 㛋᷊〒⭤コ䔆䈌ⴑ㔿㔸㧙㬖カ㵔䐯㦉᷍㸥䄶ⶕ㾬㆙㧌⿧㆑㬒

⫛᱄㕆㔸䔕᱅㗡⭻㡇䓫䑛㑬⟝㎉㸐㔿〚➣᷉ Andrea del Verrocchio 1᷍435ÿ1488 㛋 ᱃᷊

⤉㳂㣱㏜᷉Sandro Botticelli᷍1445ÿ1510 㛋 ᱃᷊⫐᱅ⳳ㡇᷉Leonardo da Vinci᷍1452

ÿ1519 㛋 ᱃᷊㗸㋋㎫〚㔿᷉Michelangelo di Lodovico Buonarroti Simoni᷍1475ÿ1564

㛋᷊䊻㚻⭥䄜㞛䄶㭖コ᱄㡅䐱᷍⫐᱅ⳳ㡇᱃㗸㋋㎫〚㔿䈌ⷝ㛋㤂⭥䊻ⴑ㔿㔸㧙䁈

㻑⽔䊻㔿㕎Ⱙ⺞㑬⫔⤠⳷䄶㭖㪛㘝⭥㎎咔ⱜ᷉Raffaello Sanzio da Urbino᷍1482ÿ

1520 㛋᷊⤃⧧㧞ㅽ᷍䊻⼽⫔⧭Ⱙ㩰⫛⢎㑬㸥䄶ⶕ㾬䊻䄶㭖㩰⭥⿵⿮᱄ 

䐏⽔ 㸥᷍䁈䈌䄶㭖⭥ⳃ䍚㬚⭤㦬㗨⭥㯝㼌⭤⭞㑬れ⫔⧭Ⱙ⭥ㆃ⳦᱄㦬㗨䄓㋋

㬝⧃㬵䄵㦬㸋䐱㾥 㪏᷍㧌㯝㋝㦬䈌㪒⭥⹹㻖䄵ゑ㦬㏁㪈。⭥⹚⧪᱄䔘㸋㸥䄶ⶕ㾬

䎃⷗㬒⫛⭥㿜䁵᷍㣨㶀㛂᱅㠅㋧᱅⭣㎎᱅㗸㎝ⱁ㎎᷉Giovanni Pico dei conti della 

Mirandola e della Concordia᷍1463ÿ1494 㛋᷊䊻㡅 23 㰋㬒㾕㈮⭥䄜㠋⧅㠋ㅓ䁾ⷆ

᱗㔼㦬⭥䔑䁰᱘᷉ <Oratio de hominis dignitate>᷊118᱄㰜⡟㎕⭥䊙㶜㬨䊻䓻ㅭ᱃䍽

䁈᱃䓵㦜䍽䁈⭩Ⳟ㘇㳂⨗㑬䄜㻖㑱㔼㳃᷍㻄㶜䊻㔿㕎㆙㾱⭥䄜⷗㩰䈌㦬㲷㔼᱄䔏

䐶 䎃᷍⷗⫔。䅓㸋ㅭ⿫⭥ⳕⰵⱙⷊ㣔᱄⭌䎃㠋㸋㋋㚜㬞䓝⡙⭥䁾ㅓⷆ㦕㪚㘜䊗䂐᷍

 
118⡟Ⱟ䐱ⰵ᱗㔼㦬⭥䔑䁰᱘⭥ㆊ㩽〚⡟㎕䓵䁨㕎䁘㶙䍟㩰ⰵ⡟㭊⭥ビㆊ᱄ 



  

⡜䈟㸋᱑㸥䄶ⶕ㾬⭥㿜䁵᱒᱄䎃㏐᷍㰜䊿㯭㦬㬨䓵䇪⭥䋍㹐᷍㚽㦰㬗⤃㚽⹽㏎䄜

㣱⫇䊻㹐᱄㰜㳂⨗᷍㦬⭥䔑䁰㎕䓵䇻㦬⭥㾯㼔᷍㰝⤃㸕⡜㻩㳍⭹⺇Ⰹ㻣㎕᷍ⱙ㬨

㋪䄵㵉⺞⭡⭣䓵㔪᱃⤜ⰰ㆙㦂ⱙ㬖㻷䓵゛⭥㶋㩧᱄䎃㾊㔼㭗㸿⡩㪏㋭⭹㳆㻷㑬㸥

䄶ⶕ㾬⭥㈌㪒⭸㩌ᷛ㦬㸥䑘䅆᷍ⰵ㦬⭥䓵㦜⭥㦘㾦᷍䄵ゑⰵ⤜㵍䁈㋧᱃㸥⿐᱃䍽

䁈⼮䓻ㅭ⭥㋋⳦㲍Ⱙ᱄ 

䎃㾊㸥䁈䈌䄶㭖⭥ⳃ䍚䄵ゑ㯝㼌⭥ㆃ⳦⼽䓵㦜⭥。䇑㼍⭞㪛』䊻䅃⫔㏜⭥

ⷘ䐷㦬㦛 ⟝᷍㎉㤁㛋䁈㪛ⷈ➸㛂᷉ Nicolaus Copernicus 1᷍473ÿ1543 㛋 ᱄᷊1506 㛋᷍

㶋⧪䁈䄖⽔᷍ⷈ➸㛂⿹⭞⤉㎝᷍⭄㦯㰜㈬⶙⭥䄞㪛⼮㗹㭊᱄㵍㬒᷍㰜䄓㬨ㅭ㬠᱄

㰜⿚ㅉ㑬䄜⷗㾂㳍㸥㲉᱄⭌㬨⪴⭒㬒㦬⭥エ䊹⼮ⷈ➸㛂⡟㦬⭥䑙䔘㎕㋕ 㰜᷍⼽㩺

㆙㾱㳍㸥⹼⥃᷍䑘䄋㬨㵉⺞㣑㦬⭥⹼⥃ㆂ⺜᷍㆙㾱䍽䁈㯝㋝䈌㭞䁈ェ㰄᱄䎃㾊㯝

㼌䔏䐶〄ゐ㸋䄜⷗㦌㾣⭥㳍㸥䁈㏎㔼᱄⪴䐋㬗ㆂ⹚⭥ㅨⰩ⨗ⳃ ⡫᷍䎀㦰㸋ⷈ➸㛂

䊻䅃⫔㏜⭥㤔䁈㈎㏛ⰵ㰜㚽⹜⥛㪛䎃䐷㯝㼌㬨䐢⹹䐹䄋⭥᱄䅓⪬ 㸳᷍㗨䄓➲䎃Ⱟ

㲷㔼䔘㸋⡟ㅻ⭥㕅ㅦ⮄䄵ゑ㻣䄜ㅻ᷉㋧䁈ⷐ㘝᷊⭥㡑⮄᱄ 

3.3 ㋧䁈ⷐ㘝 

䊻⡟ㅻ᷍㸳㗨䁂㦂㑞⷗㬒ヅㅻ⮄᷍ゕ 1543 㛋ⷈ➸㛂ⳃ⢎᱗㳍㳆䊬㾱㔼᱘䈌

1859 㛋⫐ⱜ㸥᷉Charles Darwin 1᷍809ÿ1882᷊ⳃ⢎᱗㹐䐷㡑䊕᱘᷍ ㎕⢋エ㋧䁈ⷐ㘝

119᱄㰝⭥䍚㋋᷍⟊㰇⭥㬨⧌⭝㏎㾵⭥䍽䁈㯝㼌䊻㝘䐿䍽䁈ㆈ㵔䐯⭹㸜⭥ㅉ㑃᱄⭒

㦜᷍㹘Ⳟ䍽䁈⪴㎕⤜㦒㏎㾵䑘䅆᷍⭌⹦㻄㎑⭥㏎㾵㬨〚䇻ⶱ⹺⭥㯝⢇᷍䐱㬡ギ⭥

㏎㾵㬨㪒䁈⭥䑛㬷᱄䐜䇱䊻㋧䁈ⷐ㘝䎃⷗ㅸⰯ᷍㏎㾵⤦⨆㠧䎃㾊㭙ⶠ᷍⧪㸋ⷝゴ

 
119⿚䇱㡅㰝⭥㯖ⳉ᷍⡩㧈⪴᱗㳍㳆䊬㾱㔼᱘⭞ 1687 㛋㝄ⰺ⭥᱗䊎㏎᱘⭥⨗⟇᷍⪴᱗㳍㳆䊬㾱
㔼᱘⭞ 1789 㛋㎎㶀㹞⭥᱗⿐䁈〚⪂㔼᱘⭥⨗⟇᱄㸳㗨䁂᱗㹐䐷㡑䊕᱘᷍㬨䅓㸋㰝㚽⹜⼎ⶨ
⭩ⱁ⭥䓵㦜㋧䁈⭥⳷䐈⭥⹹ポ⭥ⳃ䍚᱄ 
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䓵䇪⭥㲞㰘᱄ 

䈌㋧䁈ⷐ㘝⟊㰇⭥ 㬨᷍㋧䁈⭥䁱㈠Ⳟⳉ⭥ㅉ㑃᱃䓵㦜㋧䁈⭥⧪㭍ゑ㡅㼓㡅㰝

䍽䁈㒍䈓⭥㵧⺄᱄〓䎀ⷝ䓝㦘⭹㯖 㬨᷍䄵㋧䁈Ⳟⳉ䔘㸋㬷Ⱟ㎕⥛㪛㋧䁈䐋㬗䎃䂚

䄜䐷㚄㬞㰚Ⰹ䅆⭥㋧䁈⭥⧪㭍ゑ㡅ⳃ䍚᱄䈌䐏⟊㰇᷍㋧䁈⧪㸋䄜⷗䈌䍽䁈᱃㪒䁈

⤃㑱᷍㣳䍝㈾㑬ⷝ⫔⡩䐹⭥㦰㬗㬡ㆈ⭥⹅㉀᱄㻷䊻᷍㦬㗨㪖䐢ㅌ㋧䁈⭩㵍䇻䎞㦘

120᱄㻣㘇᷍㸳㗨ㅌ➕㬒ヅ㯔㿓᷍䁂㦂䄜㾊⫛⢎㦬㹐㎕㬸㻩ㆊ㩽㋧䁈ⷐ㘝᱄ 

3.3.1 ⷈ➸㛂 

⭻䄜⷗⫛⢎㦬㹐᷍⭒㦜㬨ⷈ➸㛂᱄2.6 ㅻ䐱᷍㸳㗨䄓㳂⭞⺞⹦㻄㎑㳍㸥䁈コ

➃㏐㯚㰟㋬㯚᷉Aristarkhos᷍䊝⹌䊋㣑 310ÿ230 㛋᷊䋙㳂⨗⺞䄵㲌䂕㸋䐱㾥⭥⹹

䇻䈏䑇ㆂ⹚⭥䁈㯖 ⭌᷍䎃⷗䁈㯖䊻⭒㬒䇑㼍⤜⫔᱄ⷈ➸㛂⭥㦶㾥㯖㋪䄵㯖㬨⪖㼍

㑬㋧䁈ⷐ㘝⭥⼦ㅨ᱄ⷈ➸㛂㦰㸋 㵱᷍㎶㗽㳆㻖䐱⭥ⷘ⤠⳷䐏ヅ⭥⹹㻖⳨⧄⭹⤜㾎

⮘᱃⤜㵔䄜᱄㬖カ㩰 㦬᷍㗨⭒㬒⭥䈏䑇㚄㾮䐜㿉䄋㦘Ⰹ㦶᱃䊣᱃⭹ 䄵᷍ゑ㯏᱃㆑᱃

】᱃㚟᱃㵢 䄜᷍⹓➬⷗㳍㳆⭥䊬Ⱀ⺍や᱄㳍᱃⼄᱃䜅䎃㧞⷗㾱㾨⿚㗜䇱⡜ⳃ㻷 121᱄

ⱙ⽄㾨᷍䋓㬨➕ⷚ⡟⤜Ⱀ⭥Ⳟ㬞᷍⡜⭒䔘᱑⽄㾨㳍᱒㎕⪇㏎᱄ 

䊻㵱㎶㗽⭥㳆㻖䐱 㸋᷍㑬㦤䎃゙⷗㳍㳆⭥䊬Ⱀⴜ⼰㳍㸥⹼⥃ ⡹᷍㿌䅞㧌⤜㵍

⭥䊎㏎᱃ズ㪉᷍䄵ゑⰵ㬴㉖㾈⺜⭥ㆃ㬮᱄㣑㘇㳂⭞᷍䊻ⷈ➸㛂㪛』⭥㛋⫛᷍㦬㗨

ⰵ㳍䑘ㅭ。㳂⧌⭥䁨㏐㬠ⱁ⭣⭥㯝㼌⭥⿔䄪⼮㞛㠡䄲ㅆ⧪ⴈ㡙᱄㰜⡟㦬䔘㸋䄜⷗

䊻㸥䄶ⶕ㾬㠻ヅ⭥䅃⫔㏜㤔䁈⺞⭥㛋㤂㦬 䇷᷍䓉䓃䎃⷗㸫㳃゙㬏㛋 ⰵ᷍㳍㳆䊬㾱

㳂⨗㾣⭥㋕ⳉ᷉ 㦰㸋㲌䂕㬨䈏䑇⭥䐱㾥 ⱙ᷍⤜㬨⭹㤓 㬨᷊⼽㦾䄸⡜㏎ㆃ⭥᱄⭒㦜᷍

䎃㬨ⰵ㬡㯸⹼⮄⭥㣠㑳⭥㳕䍞᱄⭌䎜㳆ⱙ䁵᷍䈌⽔㠻⭥⤝㔔㝖⤜㵍᷍ⷈ➸㛂䈌ㅭ

 
120䎃㉅⿑⭒㦜⼽⤜䎞㦘᱄䍽䁈䈌㪒䁈⭥⼽ⱁ㚻㦾䐢㩺䊻㚠㣑㋕᷍⤜㚽⡜㋧䁈㰚㳇⫛᱄ 
 
121⭒㦜᷍䜅㶖㾨⭥㲌䂕㻖⭻㈦⫔㾱㾨⭥⭹㸜䄓⿚䇱䎚䅊᱄ 



  

。⭥⹹㻖㬝䐶㬨㦻㣃⭥᱄ 

1543 㛋 ᱗᷍㳍㳆䊬㾱㔼᱘᷉ ㎎Ⰲ䈐ᷛ< De revolutionibus orbium coelestium >᷍

䇃䈐ᷛ< On the Revolutions of Heavenly Spheres >᷊⨗⟇᱄㵍㛋᷍ⷈ➸㛂㦆㬡᱄䊻

䐏⽔⭥㡀㬏ⱁ㛋ヅ᷍㦶㾥㯖⭥㚻㦾⤃㗜䇱⡟⼽⺄ⳛ⭥ㅴ㬽᱄䅓⪬᷍䄓㗜䇱䅞㡑㔿

㕎ㅭ㵃⭥䐹㬴᱄䊻⪬㠻ヅ᷍⭻⹩᱅⤝㎎⼶᷉Tycho Brahe᷍1546ÿ1601 㛋᷊䔗㑬⼽

ⱁ㾣⭥㳍㸥⹼⥃᱄䊻ⷈ➸㛂⭥㳍㳆㚄㾮䐱᷍㰚䇱⭥⺍⭡Ⱍ㬨䊓᱄䎃㈮⭝䐣⪬㚄㾮

䊻ㆃ㬮㳍㸥⹼⥃⭥ㆂ⺜⭥㬒⽓⢎㻷⭹⤃⤜⼤᱄㈮㑍⭻⹩⡟㦬᷍䄓䊻㬚䇤䄜⷗᱑⭻

⹩㻖㵔᱒᷉ ㆊ䇻⭹㾥㯖㚄㾮䈌㦶㾥㯖㚄㾮䐏ヅ⭥㚄㾮᷍ボ㵝 3.2᷊㎕ㆃ㬮㡅㳍㸥⹼

⥃⭥᱄ 

㦶㾥㯖⡜⫔䐻ㅴ㬽᷍⼽⫔⧭Ⱙ㩰⭤䅇䇻⤝㔔㝖䈌䙅㏜㔵ⰵ㡅⭥㿜⪌᱄㡅䐱᷍

⤝㔔㝖⳨⧄䇣ⶳ᷍⭌䙅㏜㔵⼽㻵㦜ⷝ㉀⡙᱑㋧䁈⭥䐨⿼᱒᷍ 䐋⭡㏜䇤㬣㬖ⱙ⳨⹼

⮄㎕㯖ⴟ䓵゛䈌㯖ⴟ⢑㦬᱄㰜〚䇻䓵゛㪉ェ⭥㳍㸥㶜䊗㈖⭤⭞㑬ⷝⱁⷝ䇱㏜⭥䐅

㈾ 䎃᷍㬚⭤㰜ⷝゴヂ㾦㦶㾥㯖㬨䎞㦘⭥᱄䐏⽔ 㵉᷍⺞㰜⭥䑙䔘᱗㑞⷗㬡ㆈ⭥ⰵ⿑᱘

(<Dialogue Concerning the Two Chief World Systems>᷍䇱㬒䄓ビ⧧᱗ⰵ⿑᱘᷊᷍㦶㾥

㯖㚄㾮⭤⭞㑬れ⫔⭥⪌⤆᱄⭒㦜 䊻᷍⪴ⷈ➸㛂⭥᱗㦶㾥㯖᱘⭥⨗⟇⭞䙅㏜㔵⭥᱗㑞

⷗㬡ㆈ⭥ⰵ⿑᱘⭥⨗⟇䎃䂚䄜⷗䊝㡀㬏㛋⭥㏛㬘㆙⧭䐱 㦶᷍㾥㯖㚄㾮⡟㪎⭥㆙⤞

䄓㬨⹹ポ䅓㯹᱄䎃䑘䄋㎕䓵䇻㈌㵉㭞䁈⭥㋋㠶㎶➲㵷䊓⺍⭡⺄ⳛ⭥䅞㧌⪬㚄㾮䐱᷍

㆙ⱙ㶋㗡⭹ㆃ㬮㑬⭒㬒⭥㳍㸥⹼⥃᱄ 

䈌㩰㭗㦶㾥㯖⡜䊞㎕䊞ⱁ⭥䐋㬗㈌䇃㰚ㅴ㬽⤃㋋㬝㆙㾱㵧⺄⭥㬣㬖㼁ⰵ䇇᷍

㔿㕎ㅭ㵃䊻 1616 㛋ㅌ᱗㳍㳆䊬㾱㔼᱘㑱㸋㆜㭊 122᱄ 

 
122⽔㘇㸳㗨。㳂⭞᷍᱗ⰵ⿑᱘⭥⨗⟇㬨㶎䇻᱗㳍㳆䊬㾱㔼᱘⡜㆜⭥᱄䎃㏐᷍㸳㗨䑘䄋㣠⮘⭥㬨䊻
㬏㒚᱃㬏㡀㬡ギ䐏ㅜ㦶㾥㯖⡜䊞㎕䊞ⱁ⭥㦬ㅴ㬽⤃㋋㬝⪌⤆䎃䂚䄜⷗㬣㬖᱄ 
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3.3.2 ⭻⹩᱅⤝㎎⼶᱃㋋㠶㎶᱃⤝㔔㝖 

⭻⹩᱅⤝㎎⼶᷉Tycho Brahe᷍1546ÿ1601 㛋᷊㬨㸋㭞⤜ⱁ⭥㸳㗨ⷝ㈎⧄䇤㘜

ⱙ⳨㾶㎕⧧⽕⭥㹘Ⳟ㏛㬘㦬㹐᷉㡅㰜⿚⟝㎉⭌Ⰲ᱃䙅㏜㔵 ᱄᷊㰜䄵ⷀ㈌Ⱙ⭥⹼⥃

㭞㈾⧪㸋㑬㵧Ⱀ㆝⫛㳍㸥䁈ⳃ䍚⭥⮍〚㦬䐏䄜᱄⭻⹩⨗㪎䇻⭅㕔⭥⺔䔆コ㵆 㡅᷍

䁱㈠䄓⭤⭞㑬⭅㕔⿫㬳⭥Ⰷ㑃䐈⧷᱄㡅䐱᷍⡩ㅰ䇱⫛⢎㾵⭥㬨 1576 㛋⭅㕔⺛㶖

吉㲹㑳ⱟ㬡ㅌ丌⭛᷉island of Hven᷍㸜䇻⭅㕔䈌㧑⮅ヅ᷍㻷䊻㭕䇻㧑⮅᷊⪮䈉⭻

⹩㎕ㅉ㳍㸥㲉⭥㲉䐘᷍䇻㬨㈮䇱㑬᱑㳍⡅᱒᷉ Uraniborg᷊䎃䂚䄜⷗㝘䐿䔏䋈⭥⫔

㾮㳍㸥㲉᱄ 

䐏⽔᷍䅓㸋㳍⡅⭥⹼⥃⤜㸩Ⰹ᷉䎑Ⱀ䎃⷗ゝ㭖㸫㳃᷊᷍ ⭻⹩䊻㰝㝵⢀䇷ㅉ㑃

㑬᱑㾨⡅᱒᷉ Stjerneborg ᱄᷊䊻丌⭛ 20 ⱁ㛋⭥⹼⥃㠻ヅ᷍⭻⹩㣸䓵㪉ェ㑬⫔㞛⭒㬒

㻩㆙⭥㳍㸥䄨㡘᷍㧈⫔㾮㣞㼔㻿䄨᷉㬖カ㩰㈮㬨⷗㯥⳷䄨 ᱃᷊⨁⭡「䄨᷍㦂⭤㑬

䄜㻖㑱䐹䄋⭥⹼⥃⧪⺜᱄⭻⹩㦆㬡䇻㦬㗨㋋㬝㬚䇤㶜䊗㈖㆙㾱㳍㸥⹼⥃䐏㣑᷉ 䊝

1609 㛋᷍㬝䓵䙅㏜㔵᷊᷍ 㰜䊻丌⭛㸋㑬㆙㾱㳍㸥⹼⥃㰚㪉ェ⭥ⷘ䐷䄨㡘᷍䊻⭒㬒

䄓Ⱍ⫛⢎䓦䔏㣑䁹⭥⹼⥃ゝ㭖᱄䔘㸋䄜⷗ㆂ⺜᷍䎃㾊⹼⥃〞㎼㑬⫔㑠⭥㭞㈾᷍䄓

㸋㡅䑛㬷㋋㠶㎶㳂⨗䑙㘜⭥㧞⫔Ⰹ㔪⮍Ⰹ㑬ヂ㬖⭥〚⪂᱄ 



  

 
㵝 3.2 ⭻⹩⭥㚄㾮䈌ⷈ➸㛂⭥㚄㾮᷍㣑䎀ⷝ㼒㬨⽔䎀䈌⭹㾥㯖⭥」⼰㳆᱄ 

 

㋋㠶㎶᷉Johannes Kepler 1᷍571ÿ1630 㛋᷊㎕䓵⭣⺛᱄䈌⭻⹩᱅⤝㎎⼶㼁⡩᷍

㰜⭥㭞䁈䄋⼤⼽ⱁ 䎃᷍䊻㰜ㅌ㳍㸥⹼⥃ㆂ⺜䓽ㆂ㸋゙⼯⺇㔪⭥⺞⧭䐱㡑⭞㑬䐢⹹

䐹䄋⭥䔘䇤᱄䊻㰜㪛』⭥㛋⫛᷍㳍㸥䁈᷉astronomy᷊䈌䍝㾨㭖᷉astrology᷊䐏ヅ

⭥⢀ㆈ⤃⤜㤆㹛 ⭌᷍㳍㸥䁈䈌㹐㏎䁈⭥⢀ㆈ㬨⳨⧄㤆㹛⭥᱄㋋㠶㎶➲㰜⭥䁱㈠㘉

㭗㸋㳍㳆㹐㏎᷉celestial physics᷊᷍ 䎃⷗㉀䇱㈿⫔⭥㆙⤞䅃䅆᱄1600 㛋᷍〚䇻䄜㾊

㣑㠻⭥㵉㾦㑋㻖᷍㋋㠶㎶㋋㬝㑬䈌⭻⹩⭥⼰䔘᱄⼰䔘䄢㬝᷍⭻⹩ⰵ㭞㈾⿚㬨䇱㰚

⡄㒕᱄⽔㎕᷍㈋䅍䇻㋋㠶㎶⭥㭞䁈ゝ㣪᷍㰜⳷㼎㑬⼽ⱁ⹹ポ⭥⹼⥃㭞㈾᱄㗜䇱䎃

㾊⹼⥃㭞㈾᷍㋋㠶㎶⤜㋪㚽䓽ㆂ⨗⽔㎕⭥㧞⫔Ⰹ㔪 123᱄ 

1601 㛋 10 䊣᷍⭻⹩䊻 55 㰋⭥㛋ギ䅃㶃㦆㬡᱄䐏⽔᷍㋋㠶㎶⡜㠙㸋⿫コ㭞䁈

コ㎕㶋⧪⭻⹩㸕㶋⧪⭥⹅䔘᱄1602 㛋᷍㋋㠶㎶䅃㬗⭞㑬㸳㗨㻷䊻䐋⭡⭥⭻ⱟⰉ

㔪ᷛ㘇〞㯺ⰩⰉ㔪᷉㾱㾨㸈㦧㲌䂕䊬Ⱀ㬒᷍㗠䄜㾱㾨⼮㲌䂕䐱㾥⭥㑍㼀䊻㼁⭩⭥

 
123 㡅䐱⭻⹩⭥㭞㈾ⰵ㣑㑞⷗Ⰹ㔪䐢⹹䐹䄋᱄⭻㧞⷗Ⰹ㔪㳂⨗⭥㬒⽓᷍㳍㸥㶜䊗㈖䄲㈎⡜⫔㑠㬚
䇤㑬᱄ 
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㬒ヅ㩉⺞㼁⭩⭥㘇〞 ᱄᷊1604 㛋᷍㰜䇷ⳃ㻷㑬㸳㗨㻷䊻㯖⭥⭻䄜Ⰹ㔪ᷛ⺍⭡Ⰹ㔪

᷉㲌䂕㻖䐱㰚䇱⭥㾱㾨⳷⢑䊻⫔㾂⤜㵍⭥㵷䊓⺍⭡㩰㸈㦧㲌䂕䊬Ⱀ 㲌᷍䂕㸜䇻䎃

㾊⺍⭡⭥䄜⷗ㅚ⮄㩰 ᱄᷊䎃㑞⷗Ⰹ㔪᷍䊻 1609 㛋⡜䓽ㆂ䊻㰜ⳃ⢎⭥䑙䔘᱗㾣㳍㸥

䁈᱘᷉ ㎎Ⰲ䈐ᷛAstronomia nova᷍䇃䈐ᷛA New Astronomy᷊䐱᱄1619 㛋᷍㰜䇷䊻

䓵゛⭥㾣䔘᱗㬡ㆈ⭥⼮㾔᱘᷉ ㎎Ⰲ䈐ᷛHarmonices Mundi᷍䇃䈐ᷛThe Harmony of 

the World᷊䐱⡉⭡㑬⭻㧞Ⰹ㔪ᷛ䐽㠻Ⰹ㔪᷉㲌䂕㻖ⷘ㾱㾨㦧㲌䂕䊬Ⱀ㬒᷍䐽㠻⭥

ⱟ⪯Ⳟ⼮㾱㾨⺍⭡⟌⧅䑂⭥㧞⪯Ⳟ⧪䎞⡩ ᱄᷊ 

䐢⪬ 㝄᷍ⰺ㑇䁈䐱㸋㑬㶓䇱䅞㑇Ⰹ㔪⭥䅞⨗㰚㿉䄋⭥䔏⹹ポ⭥㳍㳆㑇䁈〚⪂

䓝⡙㶋⡰᱄㸳㗨䎃㏐㣠⮘䄜㻣ᷛ䎃㾊〚⪂㬨ⰵ㳍㸥⹼⥃⭥㭞䁈㘉㭗᷍ⱙ⳨㑇䁈ㆃ

㬮᱄䄜Ⰹ⧭Ⱙ㩰᷍㰝㗨㘉㭗⭥㬨䊬Ⱀ䁈᷉kinematics᷊ⱙ⳨㑇䁈᷉mechanics᷊⭥㚻

㦾᱄⭌䊬Ⱀ䁈䄜⟄Ⱍ㬨㑇䁈⭥〚⪂ ⭒᷍㦜䄓Ⱍ㬨㹐㏎䁈⭥⼬㾥㚻㦾᱄⹹䇻䎃䄜⮄᷍

䊻⭻➬䍣㸳㗨ㅓ㑠䓴㑇䁈⭥㬒⽓Ⱒ䎀䇇ⶤ。䇱ⷝ㪏⭥㳆。᱄䐢䇻㋋㠶㎶Ⰹ㔪ⰵ㝄

ⰺ㑇䁈⭥䅃䅆᷍㝄ⰺ䊻㡅᱗䓵㦜䍽䁈⭥㭞䁈䊎㏎᱘䄜㭊⭥㿓䐱䄓䓉㗦㳂⭞⺞᱄㬖

カ㩰᷍㝄ⰺ㏜䇤᱗䊎㏎᱘䐱䇪㧞⫔Ⰹ㔪Ⰹ䅆⭥㝄ⰺ㑇䁈㰚㆙㾱⭥䄜⷗䔘䄖᷍㈮㬨

䎌ⰵ㋋㠶㎶㰚㘉㭗⭥䊬Ⱀ䁈㚻㦾ⷙ⨗㑬㑇䁈ㆃ㬮᱄⹹䇻䎃䄜⮄ Ⱒ᷍䓦䊻㶋⧪ 3.3.6

㾂ㅻ⼮ 4.1 ㅻ⭥䊥Ⱒ䐏⽔᷍䇇ⶤ䇱ⷝ㶋䎜⭥㳆。᱄ 

䊻⡟ㅻ⭥䔏⽔᷍㸳㗨ㅓ䄜㻣⤝㔔㝖᷉Giordano Bruno᷍1548ÿ1600 㛋 ᱄᷊㰜䈌

⭻⹩㬨㵍⫛㦬᱄䔘㸋ⰵ⡩᷍䙅㏜㔵᷉Galileo Galilei 1᷍564ÿ1642 㛋᷊䈌㋋㠶㎶㬨㵍

⫛㦬᷍⡩㰜㗨Ⱍ㩵㸃㶎䄜㾊᱄⪴䑘䄋䁈㭖㯝㼌Ⳟ㘇᷍⭻⹩⼮㋋㠶㎶⳦䊻䄜㡑㲷㔼

ⱙ⤝㔔㝖⭆Ⱑ㲷㔼㬨⼰㬫⭥᱄⤝㔔㝖䈌㰜㗨⭥⤜㵍⮄㬨㰜⤃⤜㬨䄵㳍㸥⹼⥃ボ⧅᷍

ⱙ㬨䄵䍽䁈䈌䈏䑇䁈ボ⧅᱄䅓⪬ 㰜᷍⭥㔼㭗䊻⼽⫔⧭Ⱙ㩰㬨〚䇻⹼⮄ⱙ⳨㬣㬖㎕

㆙㾱᱄㰜⭥䄜㪛᷍⫛⢎⭥㬨ⰵ㳍䑘ㅭ㾦䂗㸩⹭⪠⫃䐏㦉㶟⭥㘘㻵ⰵ㋚᱄㵍㬒᷍㰜



  

⿚㬨䄜㘜㘘⭡。㾿㬠 124᱃㭞䁈コ᱃㬌㦬᱄㰜䔏ㅽ⨗⭥⧪㈮᷍㬨䊻㦶㾥㯖〚⪂㩰㳂

⨗㑬䈏䑇㸿㻿⭥㏎㔼᱄䊻䎃⷗㛋⫛᷍䐈⧷㦶㾥㯖⭥㳍㸥䁈コ⤃⤜ⱁ᱄⨞㑬㰜᷍⡩

ㅰ䑙㘜⭥⿚⟝㎉㎕䓵⭣⺛⭥㗘㯚㲹㑷᷉Michael Maestlin᷍1550ÿ1617 㛋)᱃㔿㯚㕝

᷉Christoph Rothmann᷍1550 䐢 1560 㛋⨗㪛᷍䊝 1600 㛋㦆㬡)᱃㋋㠶㎶᷍㎕䓵䇃

⺛⭥⭰ⷒ㯚᷉Thomas Digges᷍1546ÿ1595 㛋᷊᷍ 䄵ゑ㎕䓵䅃⫔㏜⭥䙅㏜㔵 125᱄㡅

䐱᷍⤝㔔㝖⭥⹼⮄㬨䔏ゅ㆙⭥᱄䅓⪬᷍㰜㬶⭞⭥㔿㕎ㅭ㵃⭥㠩⼇䄓䔏⤱㌂᱄1593

㛋 㰜᷍䅓㸋䅍Ⱜ䔐㘜㬶⭞㑬㔿㕎䓻ㅭⳉ㵆㪔㝱 ⡜᷍䐙㋹⟝㎉ⴒ㦰㭞㼏㳍䑘ㅭ⼬㾥

㾦㳖⭩ⱁ㼏䔐㘜᱄1600 㛋᷍⡜ⰵ㡅㾦䂗⭥ヂ⧷᷍䊻㔿㕎㻫⿉⺃⧂⡜⪇䄵】㾭᱄ 

3.3.3 䙅㏜㔵 

㼁ⰵ䇻⤝㔔㝖᷍䙅㏜㔵䊻⪇㏎䈌ㅭ㵃⭥⹹㻖⭥㬒⽓䄋⿛⼮⼽ⱁ᱄㬖カ㩰᷍㰜

䇻⭒㬒⭥ㅭ䓻⭥㯞㦬⹹㻖䄜䐒⼽⼤ 䐒᷍䐢㡅㳍㸥䁈䑙䔘᱗㑞⷗㬡ㆈ⭥ⰵ⿑᱘(㦌⧧

㬨᱗⹹䇻㵱㎶㗽⼮ⷈ➸㛂㑞⫔㬡ㆈ㳆㻖⭥ⰵ⿑᱘᷍ <Dialogue Concerning the Two 

Chief World Systems> 䇱᷍㬒䄓ビ⧧᱗ⰵ⿑᱘᷊ ⭥⨗⟇᱄䎃⡟㭊㰚⫛⢎⭥ⷚ⡟㾵⭥⨆

㵜䄓㬚⭤㡅䊻㶎㛋⤜⭤⤜ㅴ㬽㎕䓵㔿㕎䓻ㅭⳉ㵆ㅰ㸋䁰㋢⭥⧮Ⳅ᱄ 

䙅㏜㔵ⰵ㋧䁈⭥ⳃ䍚䔗⨗㑬ⱁ㼏⤜㋪㚆㘑⭥⹒㻸᱄㡅䐱 㰜᷍⭥㳂⨗㑬㋧䁈Ⳟ

ⳉ䐒ㅴ⭝䐣㑬㆝⫛㋧䁈⭥⭏㪛᱄⪬Ⳟⳉ㣠⮘ⰵ㻷㼔⭥䄜⟄㾵⹼⥍᱄〚䇻⪬⹼⥃᷍

㦬㗨㿉㳂⨗ズ㪉⤃䊬䇤㭞䁈⼮㕀ゎ㆙㾱㵧㏎᱄⪬㵧㏎⭥ㆂ⺜䋓㆙䄜⤞㿉䄋㈎⺞㬖

䂊ネ䂊 䔏᷍䐶㾯⧪䄜⟄㾵㏎㔼 䄓᷍㈮㬨䋈㠻䍽䁈䐱㈎⧄㳂⭞⭥䎇㏎ 126᱄〚䇻⪬Ⳟ

ⳉ᷍㋧䁈䐋㬗㈮㋪䄵⧪㸋㦘Ⰹ㾵⭥䐋㬗᱄䊻⪬Ⳟⳉ㳆㻖䐱᷍䙅㏜㔵ォ䐹㬴㬖䂊⭥

 
124Dominican Friar᷍㻷䊻⿚䇱᱄ 

 
125⭌⭒㬒⭥⭣⺛⼮䅃⫔㏜㬖カ㩰Ⱍ⿚⤜㬨㻷䊻⭥⭣⺛⼮䅃⫔㏜᷍䇃⺛䄲㈎㬨㑬᱄ 

 
126䊻㋧䁈⼮䍽䁈䐱᷍䎇㏎᷉Truth᷊㬨䄜⷗れ㡅᱑⨈ⷀ᱒⭥⪫᱄㰝㬨㸳㗨䇇ⶤ䓘㤔⭥㚠⢋᷂ 
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䅃䅆 䇷᷍㣠⮘㏎䐨⭥㑇㑠᱄䈌⹦㻄㎑䍽䁈コ〚䇻⹼⥍䈌㯝⢇⭤⨗ㆂ㔼⭥䁱㈠Ⳟ㬞

⤜㵍᷍㰜䅞㧌㑬㬖䂊᱄䈌㬏㧞㬡ギ⭥䇃⺛㈎䊛䍽䁈コ᷉䄓㬨㬖䂊㋧䁈䔏䋈⭥⧌⭝

㦬᷊㔿るⱜ᱅㞁ⷚ㼁⡩᷍㰜䇷㣠⮘䓵㦜㏌⤜㋋㭞䁈᷍䐜䇱㭞䁈䐅㘘⭥Ⰼ㹘⤦㬨㋧

䁈⭥᱃㋪㋠⭥ㆂ㔼᷍ⱙ㬖䂊䇷㬨ㆃ㋋᱑䓵㦜䐏㭊᱒䐏㗶⭥䊠⧸ 127᱄ 

㏜䇤⪬䁱㈠Ⳟⳉ 䙅᷍㏜㔵㬸㻩㲷㔼㑬㹐㳆㻣㕅⭥㸫㳃 ⤃᷍〚䇻⪬ⰵ䁨㏐㬠ⱁ

⭣䍽䁈䐱᱑㑇㬨㬚㹐㳆䊬Ⱀ⭥䊎䅓᱒䎃䄜㔼ⰰ㳂⨗㑬䐫䄪᱄⪬䐫䄪䊻⭒㬒㉀䇱䐹

䄋⭥㆙⤞䅃䅆᱄⪌㯖䐱᷍䎃⷗㬖䂊㬨䊻⡩㧙㾒㰟㩰䔗⭥᷍㬒ヅ⫔ⶦ䊻 1590 㛋䔔

䇳᱄䄓䇱㯖ⳉ㯖㗜䇱⪬㬖䂊⭥䁰ⷒエ䊹 ⪴᷍ギ㔝⭥ㅨⰩ⡩ㅰ㘘㦘⭥㬨䙅㏜㔵⹹䇻

㑇䈌䊬Ⱀ⭥⹹㻖䄵ゑ⺀㾵ⶦ㛏⭥㳂⨗䑘䄋䄡㎖䇻㾒㘇㻣⿍⭥㬖䂊᱄⭌⤜⹽䋖䂚᷍

䎃㾊ㆂ㔼⽔㠻⡜䎜㏎㸋㝄ⰺ⭻䄜Ⰹ㔪 ㆙᷍ⱙ䔘㸋㈎⮅㑇䁈⭥〚⪂⨗㻷䊻㸳㗨⭥䐱

䁈㹐㏎㋯⡟䐱㬨⷗⤜䎚⭥㬣㬖᱄⟝㎉㝄ⰺ᷍䄓⧱㦰㰜⭥⭻䄜Ⰹ㔪㎕䓵䇻䙅㏜㔵᱄ 

⨞㑬㑇䁈䊎㏎Ⳟ㘇⭥⧪㈮᷍䙅㏜㔵⿚䇻 1609 㛋ⳃ㘘㑬㳍㸥㶜䊗㈖᱄⪬⹅䔘

⭥䄜⷗䐹䄋〚⪂㬨⼪㎝⭥䁼㈖䐧䋍㏜⤏㻄᷉ Hans Lipperhey 1᷍570ÿ1619 㛋 䊻᷊ 1608

㛋㼓⼪㎝䎟ⶏ㳂ㅜ䓉㏜⭥䍼㪅㶜䊗㈖᱄䎃⷗㼜㻃⼽㌍㈮⪌⢊㝘䐿᱄䙅㏜㔵䊻 1609

㛋 6 䊣㳞⭞㑬⪬㼜㻃 ㈮᷍䊻䄜⷗䊣㚻䔗⨗䓵゛⭥㶜䊗㈖䇤㎕⹼⥃㳍㳆᱄䅓㸋⪬䄨

㡘⭥⨗㻷᷍㦬㏁㚽⹜⪆ゑ⭥㳍㸥⹼⥃⭥㈌Ⱙ⭤⭞㑬れ⫔⭥㳂㪞᱄⡩㧈᷍Ⱝ㠻㚻᷍

㰜㈮ⳃ㻷㑬䑏㧈㆑㾨䊻䊬㾱⺞⧭䐱。⧫㻷㼁㸜᱃㚟㾨䇱㯥⷗⫔⭥㸡㾨᷉ ⽔㘇ⳃ㻷

㑬㡅㰝⭥᷍䎃㯥⷗㼁ⰵⱙ䁵䔏⫔ ᱃᷊㵢㾨䇱⿘᷍䄵ゑ㲌䂕⼻䓴⭩ⱁ㼏れ㡅䐹䄋⭥

㳍㸥㻷㼔᱄䊻ㆃ㬮䎃㾊㳍㸥㻷㼔⭥⺞⧭䐱 ㈎᷍⺞㋋㠶㎶ⶥ㆙⽔⭥㦶㾥㯖㈮㉀䇱㑬

 
127㬖カ㩰᷍㰜㗨⭥㯝㼌䇷㣂㣂⹚⧪㑬⽔㠻䍽䁈䐱㏎㾵䑘䅆䈌㈎䂊䑘䅆⭥〚⪂᱄䊻䄵⡩䙅㏜㔵㩵㸃
㶎䄜㾊⭥⭲㋉ⱜ㸋⫛⢎⭥㎕䓵㝘䐿⫔㔞⭥㏎㾵䑘䅆⭥䍽䁈㳆㻖䐱᷍㦬㗨㣠⮘䐒㉖䈌㕀ゎ㵧㏎⭥
䐹䄋㾵᱄ⱙ䊻䄵㑞⷗㞁ⷚ᷉㔿るⱜ᱅㞁ⷚ᷍ⶆ㎫㹘㯚᱅㞁ⷚ᷊᱃〕⤝㯚᱃㕆㋬᱃㾾䜴㸋⫛⢎⭥㎕
䓵䇃㔸㧞⭛㈎䂊䑘䅆⭥䍽䁈㳆㻖䐱᷍㦬㗨㣠⮘㈎䂊⭥䐹䄋㾵᱄䎃㾊㲹䎘 䊻᷍㸳㗨䎃㏐ⰵ⡩䙅㏜㔵
䈌㔿るⱜ᱅㞁ⷚ㬒㈮䄲㈎䇱㰚㳆㻷᱄ 



  

⭹㾥㯖㸿ⳉ⡩㛃⭥䇦㬧᱄㬖カ㩰᷍㆑㾨㼁㸜㈮㬨㦶㾥㯖⭥䄜⷗䊅⥃᱄䎃㬚⭤䙅㏜

㔵䊻䎃⷗㬒㠻᷉ 1610s ⧪᷊㸋ベⰉ⭥㦶㾥㯖䐈⧷䎀 ⤃᷍㸋㡅㳂⹊㑬㣑㦬㰚㸿ⳉ㳂⹊

⭥䐈⧷᱄ 

1632 㛋 ᱗᷍ⰵ⿑᱘䊻䅃⫔㏜⨗⟇᱄䎃⡟㭊⤪䇤ⰵ⿑⭥㾯㬞㎕䍚㋋᱄⤯䈌ⰵ⿑

⭥㬨䐈⧷㦶㾥㯖⭥㑞⷗㞔䇲 㩔᷍ⷒ㑱㵴⼮㧙ⱜ㸍➃⭺ 128 䈌᷍䁨㏐㬠ⱁ⭣⭥⹼⮄⭥

䐈⧷䎀㾢㠶㏜㤒 129᱄䙅㏜㔵䇤䎃䐷ⰵ⿑㾯㬞㬚㰜⭥䑙䔘㚽䇖䇱㑬⫔㑠⭥Ⱒ䎀 ⪴᷍

ⱙ㚽䇱㾈⭹ⴒⰉ⮕㑬䁨㏐㬠ⱁ⭣⭥㑇䁈⼮䈏䑇㔼᱄⪬䑙䔘⨗⟇⭥䄜⷗ㆂ⺜㈮㬨䙅

㏜㔵䈌㡅㞔䇲䄓㬨䔏䐹䄋⭥䐈⧷䎀᷉ㅭ䓻᷊⹹㻖⭥㠧㑲᷍㰜䄓䇻 1633 ⡜㔿㕎䓻

ㅭⳉ㵆㣠㠩⳦㡛᱑㲌䂕㬨䈏䑇䐱㾥ⱙ⳨⭹㤓᱒⭥㶂㏎㾑㯖⤃⡜㝱⪇䐶㪎チ㆜᱄ 

⨞㑬㋧䁈Ⳟⳉ᱃㑇䁈᱃㳍㸥䁈Ⳟ㘇⭥⹒㻸᷍䙅㏜㔵䊻 1593 㛋⿚㏜䇤㋶㡙㞓

䍮ⳃ㘘㑬㸣Ⱙェ᷍䎃ⰵ䇻㦩䁈⭥ⳃ䍚㉀䇱䐹䄋⭥䅃䅆᱄㒎㶃᷍㰜⿚㔫㻩㲞㲷㑬䐴

➻⭩䐹䄋⭥㑇䁈㸫㳃᱄䎃㾊⿵⿮⭥⧪㈮᷍㬚⭤㰜䈌㝄ⰺ䄜⭡᷍⧪㸋㆝⫛㹐㏎䁈㪖

䐢㬨㋧䁈⭥⮍〚㦬᱄ 

3.3.4 ⭲㋉ⱜ 

⭲㋉ⱜ᷉Rene Descartes 1᷍596ÿ1650 㛋᷊⡩䙅㏜㔵㶎⨗㪛 30 ⱁ㛋᷍㰜ⰵ㹘Ⳟ

⭥䍽䁈䈌㋧䁈⭥ⳃ䍚Ⱍ䐢⹹䐹䄋᱄㦬㗨䄜⟄㦰㸋㹘Ⳟ⭥㆝⫛䍽䁈䄓⪴㰜㋋㬝᱄⭲

㋉ⱜ㣠⮘㦬⭥㏎㾵 㦰᷍㸋㋪㋠⭥㈮㬨⷗㦬䓵゛䄵ゑ䎃⷗㦬⭥㯝㼌⭥⫇䊻 㶃᷍䊻⭥

㬡ㆈ㬨䇪⪬㵧⨗㎕⭥ 130᱄䎃⷗⨈㩱㏎㾵⭥㏎㔼⡜⧧㸋㸉㏎㔼 ⽔᷍㎕䇑㼍㑬䄵㎔⤝

 
128䎃⷗㧙ⱜ㸍➃⭺᷉Salviati᷊㈮㬨㰜䓵゛᱄ 

 
129Simplicio᷍䅟䈘㵘㚵ビ⭆⭥㦬᱄ 

 
130⭲㋉ⱜ⭥䄜㉅㘜䁵㬨ᷛ㸳㯝⹫㸳䊻᷉Cogito, ergo sum/I think, therefore I am᷊᷍⼽㚽⳦䇔㰜ⰵ㏎
㾵⭥㣠⮘᷍䄵ゑ⪬㯝㼌⭥㸉㾥䑘䅆㲹䐫᱄ 
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㛂⪥᷉Gottfried Wilhelm Leibniz᷍1646ÿ1716 㛋 ᱃᷊⡕㋬㎔᷉George Berkeley᷍1685

ÿ1753 㛋 ᱃᷊㋖⭣᷉ Immanuel Kant 1᷍724ÿ1804 㛋 ᱃᷊Ⳳ㻄㲹᷉ Johann Gottlieb Fichte᷍

1762ÿ1814 㛋 ᱃᷊⼻ⷒⱜ᷉Georg Wilhelm Friedrich Hegel 1᷍770ÿ1831 㛋᷊㸋⫛⢎⭥

䄜㞛䍽䁈コ᱄㵍㬒᷍㰜䄓ㅌ⫛㭞Ⳟⳉ䅞㧌゙⼯㸫㳃⭥䁱㈠䐱᷍⧪㸋ㆃ㹗゙⼯⭥⮍

〚㦬 131᱄  

䊻䈌㋧䁈㼁⹹⭥䍽䁈㯝㼌Ⳟ㘇 ⭲᷍㋉ⱜ⭥㯝㼌䐱䇱㣠㑳⭥㏎㾵䑘䅆᷉ 䎇㏎㿉

䄡㎖㏎䐨⼮䁾䅐㵧㏎⭥Ⳟⳉ㔼 ⭥᷊䇂エ ⭌᷍㵍㬒䄓䇱䙅㏜㔵⭥㋧䁈㬖䂊䂊䐅㏎㔼

⭥䇑䓴᱄〚䇻⽔䎀᷉㋧䁈㬖䂊Ⳟⳉ᷊᷍ 㦻㧌㣑䎀᷉⪠㏎㾵䑘䅆᷍ㅌㆃ㹗゙⼯㬷Ⱟ

䇇䇤䇻㑇䁈㸫㳃䁱㈠ ⭥᷊䅓㯹 ⪬᷍㯝㼌ⰵ㸳㗨⽔㘇䄋ㅓ⭥䄜㞛㋧䁈コ㵍䂚⥛㪛㑬

㪏㋭⭥䇑㼍᱄䎃䐷䇑㼍㵉⺞㰜⭥䁈㪛⿾ⷝ㯚᷉ Christiaan Huygens 1᷍629ÿ1695 㛋᷊᷍

䇑㼍⭞㑬㎔⤝㛂⪥᷉Gottfried Wilhelm Leibniz 1᷍646ÿ1716᷍⿾ⷝ㯚⭥䁈㪛 ᱃᷊⽛㋬

᷉Robert Hooke᷍1635ÿ1703 㛋 ᱃᷊㝄ⰺ᷉Isaac Newton᷍1642ÿ1727 㛋᷊⭩㦬 132᱄

㸳㗨䎃⷗㵉㬗ㅭ⤥㶚㶚。䁂䋒㋧䁈ⷐ㘝䐱䔏⿵⿮⭥⧪⺜ 䄓᷍㈮㬨᱗䓵㦜䍽䁈⭥㭞

䁈䊎㏎᱘᷍ 䔘㸋⹹䓃⮄᱄⭌㸳㗨䄓㿉䄋㘘㦘㰜⭥⭏㪛䈌㝄ⰺ⭥䎃㾊㣑⡓⭥⹒㻸䄓

㬨㗽㣱㼁⹹⭥᱄ 

⭲㋉ⱜ㚽⹜ⰵ䍽䁈⥛㪛䎃㗕㪏㋭⭥㦰㬗 䇇᷍ⶤ㯖䈌㰜⭥⭥⷗㦬㈎㏛㬨㗽㣱㼁

 
131䄜䐷ㆉ䑛䇻ㆃ㹗㬞㆙㾱㵝㾯䁱㈠⭥゙⼯䁈⳷䐈᱄䊻⪬䐏㣑゙᷍⼯䈌⫛㭞䎜㳆㬨⳷㋋⭥᱄⫛㭞㠶
㬫᷍⭌⤜㉀㳆᱄゙⼯⿎⭥Ⱍ㬨㉀㳆⭥㵝㾯᷍⭌Ⳟⳉ⤜㠶㬫᱄⪴ㆃ㹗゙⼯⭥䁱㈠Ⳟⳉ⪕㑃㋋㬝᷍⫛
㭞䈌゙⼯㋋㬝㦻⼰᱄㻷䊻᷍䇱㦬。㯖᱑゙⼯㬨⫛㭞⭥゙⼯᷍⫛㭞㬨゙⼯⭥⫛㭞᱒䎃䂚⭥⿑᱄⡔⽔
㼌⪌⫐⭥ ㋪᷍㚽㈮㬨㰝㗨䇱㬒。ⳕ䇇㼁㵍⭥Ⰼ㹘᷍ゕゐ⼰⭥ㆂ⹚㲹䎘᱄䐜⤜⺞⪌㵔㩰゙⼯㵉⺞㵝
㾯㎕㘉㭗 ⫛᷍㭞㵉⺞⫛㭞䈐䁵㎕⢎㭗᱄䎃䐜㬨⡫䎀䔘㸋䄜⷗㭞䁈⭥㶃㾱䊻㋕⭞䄜㾊㏁㯧⭥䈐䁵㬒
㰇⢄⥛㪛⭥㼌ⳉ᷍㭞䁈⭥㚻⼎⭒㦜⡩䎃⷗⫔⼽ⱁ᷍䎃㉅⿑㾕䊻䎃㏐᷍⿚㬨⨗䇻᱑㼌㯖ⷙ⭒㛋⭥䓵
゛᱒䎃䐷㋝㔨᱄ 
 
132㰅㦜᱗䊎㏎᱘⭥䈏䑇㚄㾮㞛㝱⭥ⰵ㼔㈮⟝㎉⭲㋉ⱜ⭥仗㸱㯖䈏䑇㚄㾮᱄ 
 



  

⹹⭥᱄㰜⨗㪛䇻ⳉ⺛⺔䔆コ㵆 㩺᷍㛋㬒⫛䇯㏛㝘䐿 3᷍2 㰋㬒䄧㈴⼪㎝⤃⧅㠻㈴䓂

㑬ⱟ㬏㛋᱄⪬㬒⭥⼪㎝᷍䎞⪇䊻䈌㹘⟁䁡⼄㩰➵㦉ㅜ㳇⭥㩰㪞㬒㠻᷍㾣ㅭ䈌㳍䑘

ㅭ⭥⨆㵜⡩ㅰ㉈㑳᱄䊻䐋㬗ㆈ 䎜᷍⷗㝘䐿䄓⪇䊻㾣㈪䐋㬗ㅜ㳇⭹⡩ㅰ㉈㑳⭹㛋⫛᱄

㸉㏎㔼⭥⼬㾥㬨⧱㦰㦬⭥㏎㾵㋪䄵䔘㸋䐋㬗㎕䊕⭥㏎㔼〚⪂㩰⭥䄜䐷䍽䁈Ⳟⳉ᷍

㦰㸋㏎㾵ⷀ䇻ⶱ⹺䐋㉖ 133᱄ⶱ⹺䐋㉖㬨㦬⭥㾥㒊䈌㋮⹼㬡ㆈ䐏ヅ⭥⪑⿈ ⭌᷍㏎㾵

㬨㕅ㅦ⮄ 134᱄⭞㑬⭲㋉ⱜ䎃㏐ 㰜᷍⨞㑬ㅴ㬽ⶱ⹺ ⷝ᷍㣠⮘㞛㝱⿔䄪䈌㏎㾵Ⳟⳉ᷍

㲹⢑㬨㠶⢊㭞䁈ⰵ䇻䓵㦜䍽䁈⭥䐹䄋㾵 135᱄䎃䐷ⰵ㭞䁈⭥㣠⮘㬨ㅉ㑃䊻㬖䂊⹼

⥃᱃㞛㝱⿔䄪⭥〚⪂㩰⭥᱄䅓⪬᷍㸳㗨㋪䄵㯖㰜⤚㡌㑬䙅㏜㔵㳂⧌⭥㋧䁈Ⳟⳉ⭥

Ⱝ⟆᷍㸋⽔㠻㝄ⰺ᱃㎔⤝㛂⪥䎃㾊㦬⭥⧪⺜⮍Ⰹ㑬ヂ㬖⭥䍽䁈䈌㭞䁈〚⪂᱄ 

䔏⽔ 㸳᷍㗨㿉䄋㣠⮘䄜㻣⭥㬨䊻㏎ㆃ⭲㋉ⱜ⭥㬒⽓ 㸳᷍㗨䄜Ⰹ䄋ㅌ㰜⭥㯝㼌

㩰㪞⭞䍽䁈⭥ⷀⰩ ⱙ᷍⤜㬨㆗㆗㏎ㆃ㰜㉀㳆⹒㻸㑬㬓㗕䐋㬗᱄䎃⪴㰜㏎㾵䑘䅆⭥

㋋㩞䐏䔘᱗㲙㲙Ⳟⳉ᱘᷉ <Discourse on Method>᷍1639 㛋⨗⟇᷊䐱䇇ⶤ㋪䄵㋕⨗

Ⱜ㛀᱄㰜⭥䎃⡟㭊⭥䐹⮄᷍㬨㲷㔼㧈⼯䊻䍽䁈㩰〒⭤䐋㬗⭥Ⳟⳉ᱄⡩㧈᷍䊻㸕㝋

㤆䄜⷗㬣㤊⭥㬒⽓ ⤜᷍䄋㈮㾦䄵㸋䎇 ⡩ᷜ㧈 ⨞᷍㑬ⰵ䇻㤆㹛㋪⢇⼮⼢㸿䄪㸫䐏㹐᷍

ⰵ㡅㰜㸫㳃Ⱍ⤜䄋䔗㝱ⰰᷜ⡩㧈᷍㘇㑺䄜⷗ⶕ䊴⭥㸫㳃᷍䄜Ⰹ䄋➲㰝⳷ㆃ㸋ⱁ⷗

㾂㸫㳃᷍䑑䄜ㆃ㉗ᷜ䊺⡩㧈᷍ㅌ㰚䇱㸫㳃ㆃ㉗⽔᷍䄜Ⰹ䄋ネ䂊᷍㦘⡄㸿䄦㔊᱄㼒

㸳㗨㭍㻅⭥ㆃ㹗゙⼯᷍䊻㰜⭥䎃⡟㭊㏐᷍䄓㬨䔘㸋⶞㔝⨗㻷⭥᱄〓㿎㰜⭥㋝㔨䄓

 
133䎃⷗㋪䄵㯖㬨䔏䋈⭥⪴䁨㏐㬠ⱁ⭣㼓➹㎎㵝⿹⺊⭥㏞䓴᱄㼒➹㎎㵝 ㈮᷍㦰㸋ⶱ䐋㬨㏎㼌㬡ㆈ⭞
㻷㬖㬡ㆈ⭥㵗䇑᱄ 
 
134㬖カ㩰᷍䋈㠻䓵㦜䍽䁈⭥⧪⺜᷍䄓㋪⺊ㆂ㸋㦬㗨ⰵⶱ⹺䈌㏎㾵⭥䓼⼰䊬Ⱀ᱄䊻䇂Ⱙ䍽䁈䐱᷍㦬
㗨⽗㔵ⶱ⹺᷍䓵㦜䍽䁈䄓⼽䓵㦜⭹㗜䇱⭤⭞ⳃ䍚᱄ 
 
135㠶⢊㭞䁈᷉mathesis universalis᷊䄜䐷㣠⮘㭞䁈⭥ズ㪉⭥᱃㠶⢊⭥㋧䁈Ⳟⳉ᷍⭲㋉ⱜ⼮⽔㘇䄋㳂
⭞⭥㎔⤝㛂⪥㬨䑘䄋⧌⭝䎀᱄ 
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㬨➲ㅌ⫛㭞䈌゙⼯ㆂ⼰⭥ㆃ㹗゙⼯⭒䔘㬨⪇㏎゙⼯㸫㳃᱃⫛㭞㸫㳃⭥䄜⷗Ⳟⳉ᷍

㳂⨗⹊⽔㦬⤯㋝᱄ 

䇇ⶤ㯖᷍䎃䊻䍽䁈㩰㬨䔏〚⪂⭥᷍⪇䇻㦰㬗㔼⭥ⳗ⨌᱄ⰵ䇻㋧䁈⭥ⳃ䍚᷍㸳

㗨䊻ⷘ䐷ㅭ⤥㩰㋕⭞⭥⼽ⱁ㏛㬘㦬㹐⭥⹒㻸Ⱍ㬨れ㡅䐹䄋⭥ ⭌᷍䊻Ⳟⳉ㔼⭥⥄㘇᷍

䁨㏐㬠ⱁ⭣᱃䙅㏜㔵᱃⭲㋉ⱜ㬨䄜⷗⥄゗᷍⹒㻸⭥㬨䔏䔏〚⡟⭥䁱㈠Ⳟⳉ᷍䐖⭤

⫔㭊㲹㭊᱄䊻⭻㒚䍣᷍㸳㗨䊻䓽ㆂ㹐㏎䁈ⷐ㘝㣑䍽䁈㯝㼌ⳃ䍚⭥㬒⽓᷍⿚。ⰵ⭲

㋉ⱜ䊻䍽䁈㩰⭥⹒㻸᷉⡩㧈㰜㸉㏎㔼⭥㯝㼌᱃⭻䄜㾵䊎㏎Ⳟⳉ⭩᷊䍚㋋ⷝⱁ⭥ㆊ

㩽᱄䎃㏐᷍㸳㗨䊾㣳ㅌ㲷㔼㈷㻿䊻᱑㋧䁈ⷐ㘝᱒䎃䂚䄜⷗⹹ポ⪫㩰᷍䄵᱑㸋㝄ⰺ

㑇䁈⭥㳂⨗㆙㾱䓝⡙᱒㸋⥁䐹⮄᷍ㆂ㭙⡟㾂ㅻ⭥㲷㔼᱄ 

3.3.5 ⿾ⷝ㯚᱃⽛㋬᱃㎔⤝㛂⪥ 

⪴⭲㋉ⱜ⭞㝄ⰺ᷍⿚䇱⿾ⷝ㯚᱃⽛㋬᱃㎔⤝㛂⪥㿉䄋㆙㾱ㆊ㩽᱄㡅䐱᷍⿾ⷝ

㯚㬨⭲㋉ⱜ⭥䁈㪛 ⡩᷍⭲㋉ⱜ㾂㧞㬏ⱁ㰋 ⡩᷍㝄ⰺ᷉ Isaac Newton 1᷍642ÿ1727 㛋᷊

䈌㎔⤝㛂⪥᷉ Gottfried Wilhelm Leibniz 1᷍646ÿ1716 㛋 ⫔᷊㬏ⱁ㰋 136 ⽛᷍㋬᷉ Robert 

Hooke 1᷍635ÿ1703 㛋 ㆊ᷊䇻㰜㗨䐱ヅ᱄䄜Ⰹ⧭Ⱙ㩰 ⿾᷍ⷝ㯚㰄㬨㰜㗨㧞⷗⭥㒍㔘

㦬᱄䎃㏐᷍㸳㗨➲⿾ⷝ㯚᱃㎔⤝㛂⪥⳦䊻䄜ㅻ᷍䊎䅓㬨㰜㗨ォ㬨㬇㵞᷍䇷䊻䍽䁈

㩰᷉䇩㡅㬨䓵㦜䍽䁈᷊Ⱍ䇱䓵゛⭥㲹㩌㯝㼌᷍䄜㡑㑍ㅴ㡑㑬䙅㏜㔵䈌㝄ⰺ᱄➲⽛

㋬䄓⳦䊻䎃㏐ 㬨᷍䅓㸋㰜䊻㝄ⰺ䐏㣑㬨䇃⺛㤁㛋⤦㋂⭥⫛⢎ 䊻᷍㝄ⰺ㑇䁈⭥㳂⨗

⺞⧭䐱᷍䈌㝄ⰺ䄓⫇䊻䄜㾊䎚Ⱜ䈌䎚䅊᱄䎃㬨㋧䁈㬘⭥䄜⤠⳷ 137᱄ 

⿾ⷝ㯚㎕䓵䇻⼪㎝⭥䄜⷗⶜㭝⭥コ㵆᱄㰜⭥⶙㣸㬨䄜㘜㶃ㅜ⹺ 䄓᷍㬨⭲㋉ⱜ

 
136䊻㋧䁈䁱㈠㩰᷍㬏㎕㛋〚⡟㬨䄜⫛㦬᱄ 
 
137㋧䁈䐋㬗㬨㋮⹼⭥᷍⭌㋧䁈コ㈮㬨㦬᷍㬨䄵㋧䁈㸋䐑䄖⭥㦬᱄䅓⪬᷍㋧䁈䔘㸋䄜⷗䐋㬗㳆㻖᱃
䄜䐷㸥⿐᷍㬨䇱㦬㸥㲹䐫⭥᱄㸳㗨䊻㏎ㆃ㋧䁈⭥㬒⽓᷍䄜Ⰹ䄋㦰㬗⭞䎃䄜⮄᱄ 



  

⭥㞔䇲᱄䅓⪬᷍䊻㰜 16 㰋⭥㬒⽓᷍㰜㈮ㅴ㬽㑬⭲㋉ⱜ⭥ㅉ䅊᷍⭞ Leiden ⫔䁈ⷛ

㰇ⳗ㯚㌃㲻᷉Frans van Schooten᷍1615ÿ1660 㛋᷊䁈㻑㭞䁈᱄䊻䎃㏐᷍㰜㻖㵔⭹

㑬ㆃ⭞㸅⫐᷉Franciscus Vieta᷍1540ÿ1603 㛋᷊138᱃⭲㋉ⱜ᷉Rene Descartes᷍1596

ÿ1650 㛋 ᱃᷊Ⳳ㕎᷉Pierre de Fermat᷍1607ÿ1665 㛋᷊⭥⹅䔘᷍䎃㬚⭤㰜㚽⹜⼽⼤

⭹䊻䁱㈠䐱㬚䇤ㆃ㹗⹅㉀ 䄓᷍㸋㰜⽔㠻⭥⧪⹇⫓㻣㑬⼽⼤⭥〚⪂᱄⿾ⷝ㯚㬨⭻䄜

⷗䎌ⰵ㹐㏎㸫㳃ㅉ㑃㚄㾮 㦜᷍⽔㪉Ⰹ䄜㻖㑱⤯㭞䇤ㆃ㹗⭥Ⳟ㬞㆙㾱㤔ㆃ⭥㦬 䄓᷍

㬨⭻䄜⷗㏜䇤䐴➻䊎㏎ⳃ㘘㬒䐴㎕ェ㬒⭥㦬᱄㵍㬒᷍㰜ㅉ㑃⺃䁈⭥⤉Ⱀ㏎㔼᷍⫔

ⴚⶥ㆙㑬㳍㸥㶜䊗㈖⭥㾵㚽 ⤃᷍〚䇻⪬ⰵ䙅㏜㔵ⳃ㻷⭥㵢㾨⿘㆙㾱㑬ⷝ㸋㼋㻙⭥

㘉㭗᱄䊻ⶦ㔫㔼Ⳟ㘇᷍㰜⪴Ⳳ㕎㚨㏐䁈⭞㑬⼽ⱁ㾣㡇⭥㯝㼌᷍䅞㧌㠻⫞䐖᱄䎃㾊

ⰵ䇻⽔㠻㹐㏎䁈᱃㳍㸥䁈⭥ⳃ䍚Ⱍ㬨䐢⹹䐹䄋⭥᱄ 

⽛㋬᷉ Robert Hooke 1᷍635ÿ1703 㛋 ⨗᷊㪛䇻䇃⺛㚰⤠䇃る㏜⼄㻠䐱⭥⿔㲹⭛

᷉Robert Hooke᷍1635ÿ1703 㛋 ᱄᷊1648 㛋᷍㡅⶙㣸㦆㬡⽔᷍㰜⿔⪈゙㬏⟘⭥䄦⥛

ⶑ㔸ⰹ㤔䁈᱄䊻䎃㏐᷍㰜䑘䄋䁈㻑㑬㎎Ⰲ䈐᱃㻄㎑䈐᱃䄵ゑ᱗゙⼯䊎⡟᱘᷍ ⤃ⰵ

㑇䁈⥛㪛㑬㾬㦅᱄1653 㛋᷍⽛㋬ⶑ㝄㆓キ㿙㪏䋍᱄䐏⽔᷍㰜䔘㸋⤉䅆ⱛ᷉Robert 

Boyle 1᷍627ÿ1691 㛋᷊⭥䑛㬷ㆃ㉗㑬⨊䎇㋶⭥㸫㳃 139᷍䊻⤉䅆ⱛⰉ㔪⭥ⳃ㻷䐱⹒

㻸㑬㑇㑠᱄1660 㛋᷍⿫コ䁈。⧪㑃᷍⽛㋬䔘㸋㛋㤂⭥䁈䎀㋋㬝䊻㏐㘇㦯䐑᱄㬏㡀

㬡ギ㡀㬏㛋⫛㚊᷍⺟㎸᷉Edmond Halley᷍1656ÿ1672 㛋᷊⭥㳍㸥⹼⥃㋋㬝㸋㑇䁈

⭥ⳃ䍚㳂⹊㾣㝱㈾᱄1687 㛋᷍⺟㎸䊿䑛㑬᱗䓵㦜䍽䁈⭥㭞䁈䊎㏎᱘䄜㭊⭥⨗⟇᱄

 
138㰜㬨⭻䄜⷗㻖㵔㾵⭹䊻㭞䁈䐱㬚䇤䓷㚙ⴜ⼦⫛⢎⢅㑠⭥㦬᱄ 

 
139⤉䅆ⱛ䊻ㅌ⿐䁈⪴㑗㆑㭖䐱⟟㏌㆙ⱙㅌ㡅㦻㧌䓵㦜䍽䁈⭥⺞⧭䐱ⳃ⿴㑬䐹䄋䔘䇤᱄㸳㗨㻷䊻㶚
㶚。➲㰜⭥䑙䔘᱗⿔䄪⭥⿐䁈コ᱘䈌䄜➺ⱁ㛋⽔㎎㶀㹞᷉Antoine-Laurent de Lavoisier᷍1743ÿ1794
㛋᷊⭥䑙䔘᱗⿐䁈〚⪂㔼᱘⳦䊻䄜㡑᷍⭒䔘㆝⫛⿐䁈⭏㪛⭥⢋䐟᱄⤉䅆ⱛ⿚㬨䇃⺛⿫コ䁈。⭥䄜
⷗䐹䄋⭥ⳃ㡑㦬᱄䎃⷗䁈。ⰵ䇻⽔㠻䇃⺛⭥㋧䁈ⳃ䍚᷍㬨䐢⹹䐹䄋⭥᱄ 
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䊻䎃⷗⺞⧭䐱 ⽛᷍㋬䈌㝄ⰺ⹹䇻䅞㑇䈌㉁㏌㠞Ⳟⳕ⡩Ⰹ㔪䇦㻩㦉⭥䎚䅊⽔㎕䄓⧪

㸋㑬㋧䁈㬘㩰䐢㆒㚲䇱Ⰹ㔼⭥⿑㳃᱄⪬䎚䅊⭥䑘䄋䄪⮄ゐ䐱䊻 17 㬡ギ 70 㛋⫛㝄

ⰺ㬨ⴒ⪴⽛㋬䎃㏐㬽䅇ᷠ⭌㗜䇱䎚䅊⭥㬨⪴㬏㡀㬡ギ㡀㬏㛋⫛⭞ 1687 㛋䐏ヅ᷍

⽛㋬㦘㬖㗜䇱ㅌ䎃㾊㚻㦾䎇䎞ⳃ⢎᱄㋧䁈㬘㩰 㲹᷍⢑㬨⡩ㅰ⧪㭍⭥㆝⫛㋧䁈㬘㩰᷍

䄜⷗㦬㬨㸿ⳉ⪴㸕ⳃ⢎⭥⹅䔘䐱⭤⭞⹹䇻⪬⹅䔘⭥㦰㋪⭥᱄ 

⨞㑬⽛㋬ 㒎᷍㶃䄜⷗䈌㝄ⰺ㈮䁈㭖⧪⺜䇦㻩㦉䇱䎚Ⱜ⭥㬨㎔⤝㛂⪥᱄䎃⷗䇱

䎚Ⱜ⭥䁈㭖⧪㈮㬨㸃〞⳷Ⳟⳉ᷍⤜㬨㑇䁈᱄㎔⤝㛂⪥⨗㪛䇻㎔⡩㹞᷍䁈㻑⺞⧭䐱

䇱⷗䐹䄋⭥⭝㬇㬨⿾ⷝ㯚᱄㵉⺞⿾ⷝ㯚᷍㰜⪌⧱㑬⭲㋉ⱜ⭥㸉㏎䑘䅆䍽䁈᷍䄓⧪

㸋㡅⫛⢎㦬㹐᱄⨞㑬䍽䁈 㰜᷍䔏䐹䄋⭥䁈㭖⧪㈮㬨Ⱑ㑃䇻㝄ⰺⳃ䍚㑬㸃〞⳷Ⳟⳉ᱄

䎃䊻⭒㬒 䇇᷍ⶤ㯖䄓㬨⡹㦜᱄㏁㯧㯝㼌䋈㠻䊻➃〚㗸⭣䎌ⰵ㝸㹐㼀㻣㘇〞⭥㤔〞

㬒㈮䇱㬚䇤᷉Quadrature of the Parabola ᱄᷊㋧䁈ⷐ㘝⭥⺞⧭䐱᷍㋋㠶㎶᱃Ⳳ㕎ⰵ㡅

Ⱍ䇱ⳃ䍚᱄ 

㋝㔨⭞㝄ⰺ䈌⿾ⷝ㯚䄜䐒䇱㵉㾦ㅜ㒘 ㎔᷍⤝㛂⪥㬨⿾ⷝ㯚⭥䁈㪛 ゴ᷍㩰㹘㝘

䅓㸋㡅⭹䈓⤜㬨㲌㋋㎌᷍䁈㭖ㅜ㒘䄜䐒⡩ㅰ㵉⧊᷉㼒㎔⤝㛂⪥㈮ⳤ㸫⺞䇃⺛᷍⤃

䈌⽛㋬᱃㝄ⰺ䇱ㅜ㒘᷊᷍ 䅓⪬㝄ⰺ᱃㎔⤝㛂⪥⹹䓃⭞䎃⷗㸫㳃⪴㕀ゎ㩰Ⱍ⡩ㅰ䓵

㦜᱄㎔⤝㛂⪥䈌㝄ⰺ⹓㵍⭥⭹Ⳟ㬨㰜㗨䅃㬗⭞㤔〞⳷䈌㤔⭝㬖カ㩰㬨⿆㛇⭥⺞⧭᱄

⭌䈌㝄ⰺ⤜㵍 ㎔᷍⤝㛂⪥⤃㗜䇱䇤⪬Ⳟⳉ⥛㪛㻖㵔⭥㑇䁈㏎㔼᱄㈮㸃〞⳷Ⳟⳉ⭥

ⳃ䍚ⱙ䁵᷍㰜⭥⹒㻸㬨⡜⽔㬡⨅⳷㦰㋪⭥᱄㵍㬒᷍㵉⺞㡅䁈㪛䁦㋪⡩ I᱅⤏㝍㏜

᷉Jacob Bernoulli᷍1655ÿ1705 㛋᷊䄵ゑ䇩㡅䅞㒍⭥⤏㝍㏜コ䔆᷍㎔⤝㛂⪥⭥㸃〞

⳷⹅㉀㼁ⰵ䇻㝄ⰺ⭥㸃〞⳷⹅㉀䊻⽔㬡⭤⭞㑬ⷝ⼤⭥ⳃ䍚䈌ⷝ㸋⺄ⳛ⭥䇇䇤 140᱄ 

 
140㸳㗨⭥ⱁ㭞㻑⺀㎕䊕䇻㎔⤝㛂⪥䎃䄜䐈᱄㝄ⰺ⭥㻑⺀⡩ㅰⶕ䊴᷍㻷䊻㸳㗨⿚䊻䇤⭥⼤㼒㈮䓷㚙
㩰㘇ゴ⮄⫛⢎㸃⳷䎃䂚䄜⷗㑬᱄㵍㬒 ㈾᷍㯖䇪䇻㝄ⰺ⭥㣠㬧 䇃᷍⺛㋧䁈ㆈ⼽⧅㬒ヅ⡜䄋㤔⤜㚽㬚
䇤㝘䐿⫔㔞㒘㾱⭥䎃㲸㸃〞⳷㏎㔼᱄ⱙ⽔㘇㳂⭞᷍㝘䐿⫔㔞⭥䎃㲸Ⳟⳉォ⼤䇤᷍䇷⢄䇻ⳃ䍚᱄䅓



  

3.3.6 㝄ⰺ 

㣑㠻䓝⡙ㆂ㭙⽔᷍㸳㗨㻷䊻ㆊ㩽㋧䁈ⷐ㘝䔏⫔⭥䑘ㅨᷛ㝄ⰺ᱄㝄ⰺ⭥㋧䁈⹒

㻸䐱᷍䔏䇱⫛⢎㾵⭥㋪䓽ㆂ㸋㧞⷗Ⳟ㘇᱄⭻䄜⷗᷍䄓㬨䔏䐹䄋⭥䄜⷗᷍㬨ㅉ㑃㑬

㈎⮅㑇䁈㏎㔼㳆㻖᱄㰝㬚㦬㗨㦰㬗⭞㬡ヅ㶓㹐㋪䄵䔒䁎㵔䄜⭥᱃䇪㭞䁈⹌㬞㋪䄵

ビ⭆⢎⫐⭥⺇㔪᱄㈮㼒㰜⭥㚚⡏㩰㋭⭥ 䇃᷍⺛㬌㦬⤉㠶᷉ Alexander Pope 1᷍688ÿ1744

㛋᷊㸋㡅㾕⭥㚚䐟㘛㯖⭥ᷛNature and Nature's laws lay hid in night. God said, Let 

Newton be! and all was light᱄䅓㸋䎃⷗⹒㻸᷍㦬㗨㶚㶚。➲ 1687 㛋㝄ⰺ⨗⟇᱗䓵

㦜䍽䁈⭥㭞䁈䊎㏎᱘䄜㭊⭒䔘㋧䁈ⷐ㘝⭥ⷀⴆ᱄ 

㝄ⰺ⭻ⱟⳞ㘇⭥⹒㻸㬨㭞䁈㩰⭥㸃〞⳷⭥ㅉ㑃 䎃᷍⷗㬨䈌㎔⤝㛂⪥⳷⢑Ⱑ㑃

㶋⧪⭥᱄ⰵ㝄ⰺⱙ䁵 㬖᷍カ㩰㬨䓵゛䊻䁱㈠㵔䄜⭥㑇䁈㏎㔼⺞⧭䐱ⳃ䍚⭥㭞䁈⹅

㉀᱄㻷䊻᷍㸃〞⳷䄓㬨㸳㗨㏎⹅㋧ⷀ⭩ㅭ䈞⡹⤜㋪㩺⭥〚⪂㋯⧭᷍䊻㋧䁈䁱㈠᱃

⹅⧭䇇䇤᱃㪖䐢㪈。䁈㭞㈾⳷㹗⭩ⷘ⷗Ⳟ㘇ⳃ⿴䓦䐹䄋⭥䔘䇤᱄⭻㧞⷗Ⳟ㘇᷍㬨

㡅⹹䇻⺃䁈⭥⼽ⱁ䐹䄋㬖䂊᷍䄵ゑ⺃㸃㑄㯖⭥㳂⨗᱄⭒㦜᷍⭞㑬㬏㈦㬡ギ⨖᷍䊻

㵱㕎㯚᱅䂏᷉Thomas Young᷍1773ÿ1829 㛋 ᱃᷊⳧㛚ⱜ᷉AugustinÿJean Fresnel᷍

1788ÿ1827 㛋᷊⭩㦬⭥㝍㑇㻣᷍㰝⡜⤉Ⱀ㯖㦂⫛᱄䊻ⱟ㬏㬡ギ㑠䓴㏎㔼ㅉ㑃⽔᷍

䇷䄵㒎㶃䄜䐷㾯㬞㆙㾱㑬䄜Ⰹ⧭Ⱙ㩰⭥⿹⺊᱄䎃㾊⹅䔘⭒㦜Ⱍ㬨㋋⪕㾵⭥ ⭌᷍⤜

⭤⤜㯖㼁⿆ⰵ⡩㡑㎕᷍䐹䄋㾵⿚㬨䇱⥏䅍᱄㻣㘇᷍㸳㗨䄵㈎⮅㑇䁈㏎㔼⭥ㅉ㑃㸋

䐹⮄᷍㎕䍚㋋ⰵ㝄ⰺ⭥ㆊ㩽᱄ 

㻷䊻⭥Ⱒ㹐䐱᷍㦬㗨Ⱍ。➲㝄ⰺ⭥㯥⫔Ⰹ㔪᷉㧞⫔Ⰹ㔪+㶓䇱䅞㑇Ⰹ㔪᷊⳦

 
⪬᷍䎃⷗⺇Ⰹ䄓䊻䄜Ⰹ⧭Ⱙ㩰䔉➎㑬䇃⺛㋧䁈⭥ⳃ䍚᱄䎜⷗ 18 㬡ギ᷍㼁ⰵ䇻㑇䁈䊻ⳉ⺛䄵ゑ㝘
䐿⫔㔞㞏⤋⭥ⳃ䍚 䇃᷍⺛㬨⧢ウ⭥᱄⭒㦜 㬖᷍䂊㩰䇱㼒㋉㸥⭰㿎᷉ Henry Cavendish 1᷍731ÿ1810 㛋᷊
䎃䂚䇦㿄⭥㬖䂊㹐㏎䁈コ᷍⭌㏎㔼㩰Ⰶッ⭥㋧䁈コ㼁ⰵ䇻ⳉ⺛㬨㩺⼽ⱁ⭥᷍䐒⭞㵱㕎㯚᱅䂏
᷉Thomas Young᷍1733ÿ1829 㛋᷊⭥⨗㻷᱄ 
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䊻䄜㡑㎕㆙㾱ㆊ㩽᷍㉀㳆㧈㻣 141ᷛ 

1. 㝄ⰺ⭻䄜䊬ⰐⰉ㔪᷉ ⺀㾵Ⰹ㔪᷊ᷛ 㗠⷗㹐㳆Ⱍ⡄⧷㡅㈓䐚〓䊩㯺䐒㼀䊬Ⱀ⭥䓕

㲍᷍⨞⳨䇱㶃㑇䔘䇤䇻㰝㠩㬚㰝ⶥ⢅㚨⷗䓕㲍ᷜ 

2. 㝄ⰺ⭻ⱟ䊬ⰐⰉ㔪᷉䊬ⰐⳞ⧭᷊ᷛ 䊬Ⱀ⭥⢅⿐䎞⡩䇻㶃㑇᷍⢅⿐⭥Ⳟ㼓䁹㶃㑇

䔘䇤⭥䐒㼀Ⳟ㼓 142ᷜ 

3. 㝄ⰺ⭻㧞䊬ⰐⰉ㔪᷉ 䔘䇤㑇䈌ⳕ䔘䇤㑇Ⰹ㔪᷊ᷛ 㗠䄜䐷䔘䇤Ⱍ䇱䄜⷗㼁⭩⭥ⳕ

䔘䇤ᷜ〓䎀㯖᷍㑞⷗㹐㳆ヅ⭥㼁⿆䔘䇤䓽㬨㼁⭩⭥᷍ⱙ㣳䐙㼓㼁ⳕᷜ 

4. 㶓䇱䅞㑇Ⰹ㔪ᷛ㹐䐫㼁⿆䔘䇤⭥㠶⢊⺇㔪᷍䓵㦜ㆈ䐱㦯⼯㑞⷗㹐㳆Ⱍ䄵䄜Ⰹ

⭥㑇㼁⿆㹝䅞᷍䎃⷗㹝䅞㑇⭥⫔㾂䈌㰝㗨䐫㑠⭥⧬〞⧪䎞⡩᷍䈌㉁㏌㠞Ⳟ⧪

ⳕ⡩᱄ 

㸳㗨䐱䁈⭥㬒⽓。〚䇻䎃㾊Ⰹ㔪䔗⼽ⱁ㻑㳃 㦤᷍⫔コ䍧㸶䐋㬗⮄᱄䎃㏐㸳㗨⿜⷗

 
141䎃㏐㯥⷗Ⰹ㔪䐱⭥㣑㧞⷗᷉⭻䄜᱃⭻ⱟ᱃⭻㧞᷊䇤⭥Ⱍ㬨⡒㈊⫔䁈㋧䁈䊋⮅㻖㑱㝄ⰺ᱗䓵㦜䍽
䁈㭞䁈䊎㏎᱘᷉ 㶖㋬⭰ 䅌᷍䊍ㅎ䂔 㾄᷊⭥⢎㭗᱄䎃㬨䇪㡅䇃㸥⢎㭗䐱䐒ㅴⳎ䅌⺞㎕⭥᱄㶓䇱䅞
㑇Ⰹ㔪⭥⢎㭗⼮㰝㗨䇱㤙⢑᷍䇤⭥㬨⡫䎀䓵゛䓽ㆂ⭥㉅䓴᱄䎃䂚䔗⭥䊎䅓⼽ビ⭆᷍䊻᱗䊎㏎᱘䎃
⡟㭊䐱᷍㣑㧞⷗Ⰹ㔪⭥⭹㸜䈌㶓䇱䅞㑇Ⰹ㔪㬨㶋㦌⤜䄜䂚⭥᱄㣑㧞⷗Ⰹ㔪㬨㝄ⰺ㑇䁈⭥〚⪂ 䔘᷍
䎀〚䇻㡅㵧⨗㑬䄜⷗㑇䁈㳆㻖᱄ⱙ㶓䇱䅞㑇Ⰹ㔪᷍㬨䊻᱗䊎㏎᱘⭥⭻㧞⢁᷉᱗䈏䑇㳆㻖᱘᷊䐱䔘
䎀䊻㣑㑞⢁᷉ ᱗㹐㳆⭥䊬Ⱀ᱘᱃᱗㹐㳆䊻䔉䐮ㆊ䐫䐱⭥䊬Ⱀ᱘᷍ 㲹⢑㬨⭻䄜⢁䐱㵧⨗⭥䑏ⱁㆂ㔼᷊
⭥〚⪂㩰 ㅌ᷍䎃㾊Ⰹ㏎䇇䇤䇻㲌䂕㻖䐱⭥㾨㳆䊬Ⱀ㸫㳃 ⳃ᷍㻷䐜䇱䊻㾨㳆ヅ⭥㼁⿆䔘䇤㑇ⴜ⼰㶓
䇱䅞㑇Ⰹ㔪⭥㘉㭗⭥㬒⽓᷍㋋㠶㎶㧞⫔Ⰹ㔪⤦㚽⡜⼽⼤⭥ㆃ㬮᱄⿜㉅⿑㯖᷍⪴㏎㔼㳆㻖⭥ㅨⰩ᷍
⭻䄜᱃⭻ⱟ᱃⭻㧞Ⰹ㔪㬨䎃⷗㑇䁈㏎㔼㳆㻖⭥〚⡟ズ㪉᷍㬨㻩䂊⭥᱄ⱙ㶓䇱䅞㑇Ⰹ㔪㬨㝄ⰺ〚䇻
⺊㚪㵧㏎⭥㕀ゎ᷍ㆂ⼰㬖䂊⹼⥃⭥㬣㬖᷉㋋㠶㎶㧞⫔Ⰹ㔪᷊᷍㵧⨗⭥Ⰹ㔪᷍㬨〚䇻㈎䂊⭥᱄䊻⡟
ㅻ᷍㸋㑬㦤Ⱒ䎀䊥Ⱒ㡑㎕⤜㬨⼽㎼᷍㸳㗨䐜㬨ㅌ䎃⷗㤙⢑⮄⭞᱄䊻 4.1 ㅻ㈎⮅㑇䁈㏎㔼䐱᷍㸳㗨
。䇤㻷⫛㦬⭥䈐䁵➲䎃⷗㵧㏎⺞⧭㆙㾱䄜⷗ビ⭆⭥䐹ⶕ᱄䊻㝄ⰺ⭥᱗䊎㏎᱘䐱᷍䎃⷗㵧⭝㬨れ㡅
⿿㩍⭥᷍⫔コ㋪䄵⤜䇤⺞ⱁ㋝㔨᷍䐜㿉㏎ㆃ䎃⮄⤜㵍㈮㋪䄵᱄ 
 
142䊎㬝⭥⢎㭗㈾㯖㬨ᷛThe alteration of motion is ever proportional to the motive force impressed; and is 
made in the direction of the right line in which that force is impressed᱄䎃㏐⭥motion㻷䊻ㅱmomentum᷍
motive force impressed 䐙⭥㬨⨆㑠᱄䎃㏐㸳㗨ⰵ䎃゙⷗Ⰹ㔪 䇤᷍⭥Ⱍ㬨䊎㬝⢎㭗⭥䐱㸥⟇᱄㻷䊻᷍
⭻ⱟⰉ㔪ⷝⱁ⭥⡜㘉㭗㸋Ⱀ㑠ⰵ㬒ヅ⭥㸃⳷䈌㡅㬽㑇䔘㸋㬙㑠㼁⭩᱄⭒䐫㑠⤜⢅⭥㬒⽓ 䄓᷍㋪⢎
㭗㸋㡅㬽㑇⭩䇻䐫㑠⧬㩰ゴ㯺Ⱙ᱄ 
 



  

⥁䐹⮄᷍⪴㋧䁈ⳃ䍚⺇㔪⭥ㅨⰩ᷍㎕㏎ㆃ䎃㾊Ⰹ㔪⭥⥛㪛⺞⧭᷍⤃㣠⮘㧞⫔Ⰹ㔪

䈌㶓䇱䅞㑇Ⰹ㔪䊻㕀ゎ㩰⤜㬨䄜⷗⥄㘇⭥᷂ 

㸳㗨㬸㻩㼌䐙⨗⭥㬨㝄ⰺ⨗㪛䇻 1642 㛋᷍ⱙ᱗䓵㦜䍽䁈⭥㭞䁈䊎㏎᱘⨗⟇

䇻 1687 㛋᷍⪴ 1661 㛋㝄ⰺ㆙㧌ㅄ㣦⫔䁈㧞䄜䁈䊛䁈㻑㋋㬝㰄㡑⭞䎃⡟䓉䑙⭥⨗

⟇㈎㏛㑬 26 㛋᱄䄜⷗㏎㔼⭥ㅉ㑃᷍㶚㶚㬨ⱁ㛋〞㎼⭥⧢⮎᷍ⷝ⼯㌗㬨䄜⷗㧈⪬

㸑⫔⭥㏎㔼᱄䅓⪬ 㼒᷍㸳㗨㈎⧄㯖⭞⭥ 1665ÿ1666 㛋㝄ⰺ㸋㑬ⱄ⡽㸢䅀⿹⭞㎰コ᷍

㬶㠜⺜㕅⭹⭥䇑㼍㼌⭞㶓䇱䅞㑇㆙ⱙㅉ㑃㑇䁈㏎㔼⭥⹫㬣᷍⪴㋧䁈⺇㔪⭥ㅨⰩ᷍

〓㿎㿉䄋⿜䄜䐷㏎ㆃ᱄ 

㸳㗨䄋䐋⭡䎃⷗⹫㬣㬨䊻㝄ⰺ㦆㬡䐏⽔ 㰜᷍⭥㗵⭽ 䄓᷍㬨ⳉ⺛㡕㗪䊬Ⱀ⭥㧞

⷗⫛⢎㦬㹐䐏䄜⭥ⴝⱜ㲊㒘㶗䇃⺛㠻ヅ䊻ⳤ㸫㰜⭥䐗㝏㬒 143 㳞᷍㰜⭥䐗㝏ㅓ⭥᱄

䄜⷗⧅䎀ⰵ⼃䓴ㅓ⹫㬣⭥㬒⽓᷉⡩㧈㝄ⰺⷙ㰜⭥䐗㝏᷊᷍ 。䇱㦦㔳㬒㋶䈌㌅⫔⭥

㋪㚽⭥ 144᱄㵍㬒 1᷍665ÿ1666 㛋䎃⷗㬒ヅㅻ⮄㏌ 1687 㛋㲌䊗㑬᱄䄜⷗㏎㔼⧪㾮᷍

⼽㚲⭩ⱟ㬏ⱁ㛋⤦㾕㻣㎕᱄⡫䎀ⷝ㤄㼓䇻㼁㾦⭥㬨㝄ⰺ䊻㚨⷗㬒⽓㬽⭞㑬㚔䐷㡕

ⳃ 䎃᷍⷗㡕ⳃⰵ⽔㠻㰜ㅉ㑃䄜⷗㶋䎜⭥㏎㔼䇱䐹䄋⟐䑛᱄䄋㏎ㆃ䎃⷗㏎㔼⭥ㅉ㑃

 
143㝄ⰺ㑇䁈ⰵ䇻 18 㬡ギ⭥ⳉ⺛⥛㪛㑬䐹䄋⭥䇑㼍᱄㏁㯧㏎㾵⭥㯝㼌᷍⨞㑬㳕䍞䓻ㅭ㦉㶟᷍⿚㳕
䍞⪌㵔⭥ⴃㅉ㬧㑇᱄㡕㗪䊬Ⱀ䐱 䄵᷍ⴝⱜ㲊㸋⫛⢎⭥⼽ⱁ⹹ポ㦬㹐Ⱍ㬽⭞㑬㎕䓵㑻⺛⭥䎃䐷㻩㆙
㯝㼌⭥䇑㼍᱄⡫䎀コ㏐䇱䄜⡟⪴㶙㩰㲵⭞⭥⫘㛏䔇㻩㪛䋚䈉䇲㦬⭥䇪㩭㹒䇂㭊⹾䊻 1978 㛋⨗⟇
⭥㎮ⱓ᷉Max von Laue᷍1879-1960 㛋᷊⭥᱗㹐㏎䁈㬘᱘᷉ⳗ䱘㛋᱃⫘㛏䔇䅌᷊᱄㡅䐱᷍⭻ⱟ䍣䇱
䎃䂚䄜Ⱟ⿑⳦䊻䎃㏐⡩ㅰ⼰㬫ᷛ㬣㬖㩰᷍㝄ⰺ⭥㯝㼌㬸㻩䊻ⳉ⺛⪌⤆᷍⤜㆗䊻䓉䄖㦬䊒䐱⪌⤆᷍
ⱙ㣳᱑㡕㗪䊬Ⱀ᱒➲㰝⪌⤆⭞⺄ⳛ⼽ⱁ⭥ⷘ⷗ㅸ⥄᱄䊻䓉䄖㒍䈓᷍㝄ⰺ㑇䁈⭥㆙䄜⤞ⳃ䍚䄓ⱁ䄵
ⳉ⺛㸋䐱㾥㋋䍚 ⡩᷍㧈 ⭅ᷛ㛂ⱜ᱅⤏㝍㏜᷉ Daniel Bernoulli 1᷍700-1782 㛋 䈌᷊㝘㎎᷉ Leonhard Euler᷍
1707-1782 㛋᷊ⰵⱁ䐫⮄㳆㻖᱃ⶶ㳆᱃㒘㳆㸫㳃⭥䁱㈠᷍⫐㎫⡕ⱜ᷉Jean le Rond d'Alembert᷍1717-
1783 㛋᷊ⰵ㝄ⰺ⭻ⱟⰉ㔪⭥䐹㾣⢎㭗᷍㎎ⷒ㎫㦶᷉Joseph-Louis Lagrange᷍1736-1813 㛋᷊〚䇻⢅
⳷ⳉ⪕㑃⭥⳷㹗㑇䁈᷍㎎㠶㎎㯚᷉Pierre-Simon Laplace᷍1749-1827 㛋᷊ㅉ㑃⭥㈎⮅㳍㳆㑇䁈⭩᱄
䎃㾊᷍䇇ⶤ㯖Ⱍ㬨㝄ⰺ⭥Ⳟⳉ䈌㏎㔼⭥㆙䄜⤞ⳃ䍚᱄ 
 
144⡫䎀⭥䄜⷗䁈ⳉ䁈⭥㞔䇲㈎⧄ⷛ⡫䎀㳂⹫㬣⭥㋪㾦Ⱙ⭥㸫㳃᱄⡫䎀㦰㸋ⰵ䇻㋧䁈㬘䐱⭥⹫㬣᷍
㸳㗨䇇ⶤ⧷㵍䂚㲍Ⱙ᱄ 
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⺞⧭ 㸳᷍㗨䄜Ⰹ䄋⪴㰜㬽⭞䓵㦜䍽䁈⭥㻖㵔䁖㑘䐏⽔ 㧈᷍⼯䓽ㆂ㣑㦬ⰵ㑇䁈㸫㳃

⭥㏎ㆃ㋋㬝ㅓ㡑᱄ 

⪇䊻㬏㡀㬡ギ㒚㬏㛋⫛䎃⷗㬒ヅㅻ⮄㩰 㝄᷍ⰺ㘇㑺⭥㚽⹜ⰵ㰜㏎ㆃ䎃⷗㬡ㆈ

⥛㪛䐹⫔䇑㼍⭥㣑⡓⟝㎉ᷛ㋋㠶㎶᱃䙅㏜㔵᱃⭲㋉ⱜ᱃⿾ⷝ㯚᱄㰜⭥⹹䓃⮄㬨ㅉ

㑃䄜⷗㑇䁈㳆㻖᷍㎕ㆃ㬮㋋㠶㎶⭥㳍㸥⹼⥃᱄䎃㏐⭥㑇䁈䐙⭥㬨Ⱀ㑇䁈᱄㑇䁈㰅

㦜㬨䄜㗦㉀䇱㑞㣈ⱁ㛋㏛㬘⭥䁈㋧ ⭌᷍䐏㣑ⷝⱁ⭥㬨㈓㑇䁈䈌䊬Ⱀ䁈 Ⱀ᷍㑇䁈⭥

⪕ㅉ䇇ⶤ㯖㬨⪴䙅㏜㔵᱃⿾ⷝ㯚⤦㋋㬝⭥ 145᱄㣑㘇㳂⭞ 䙅᷍㏜㔵ⰵ㑇䈌䊬Ⱀ⭥㏎

ㆃ㬨㑇㬨ⶥ⢅㹐㳆䊬Ⱀ䓕㲍⭥䊎䅓᱄㝄ⰺ⭻䄜䊬ⰐⰉ㔪᷉ 㹐㳆⤜㬽㶃㑇䊬Ⱀ㬒⡄

⧷⺀㾵᷍䔘䊩㯺䐒㼀䊬Ⱀ᷊᷍ ㈮㬨䎃⷗䔏䋈䇪䙅㏜㔵㳂⨗⭥⺀㾵Ⰹ㔪⭥㒎䄜䐷⢎

㭗᱄㝄ⰺ⡟㦬䄓㬨➲䎃⷗⹒㻸⺊ㆂ⭞䙅㏜㔵䎃㏐⭥᱄ 

䇱㑬䎃⷗Ⰹ㔪᷍㦬㗨䄋⹹㾥⭥㻣䄜⷗㸫㳃䓵㦜㬨ᷛ㧈⺜㸳㬽㑇㑬᷍㚨㸳⭥䊬

Ⱀ䓕㲍㧈⼯ⶥ⢅ᷠ䎃㏐ ㈮᷍㣄⧗⭞䄜⷗㭞䁈㩰⭥㯝㸍ⳗ㬞⭥㳙䊟 146᱄䎃⷗㳙䊟㈮

㬨㰚㸞⭥㸃〞⳷Ⳟⳉ⭥⥛㪛ゑ䇇䇤᱄㝄ⰺ㋝㔨⭥㸫㳃⪴㠞㉚㯺Ⱙ䎃䐷䈌㦬㗨⭥䐒

⹼ⶱ㉖㗽㣱㼁⹹⭥ⶦ㛏㼓㯓㬒㯺Ⱙ䎃䐷⨊㼔⭥᱃⡹㿌㵉⺞㻩㆙⭥㭞䁈Ⳟⳉ㘉㭗⭥

ⶦ㛏⭥㳙䊟 147᱄䎃䄓㬨㸳㗨⧄㯖⭥㹐㏎䁈⭥㆙⤞㶚㶚䄋䈌㭞䁈⭥ⳃ䍚㗽㣱㑋㻖

⭥䄜⷗㳆㻷᱄㋮⹼㬡ㆈ⭥〚⡟⺇㔪㶚㶚㿉䄋䎌ⰵ䄜㾊㋪⹼⥃⭥㹐㏎㑠䅞㧌⨊㼔⭥

ⶦ㛏᷍㦜⽔〚䇻㭞䁈䈐䁵㎕㆙㾱㘉㭗᱄ 

䊻⤯㋝㻖⭥䁂䋒Ⳟ㘇 㝄᷍ⰺ㕛䔄䇻䙅㏜㔵⭥⺀㾵⤯㋝㻖⤃䔑䐹䙅㏜㔵⤜⢅㾵᱄

 
145䎃㏐㣄⧗⭞㑇䁈䎃⷗⪫⭥ⱁ䐹⼎䅆᷍䊻 4.1 ㅻ㸳㗨。㼋㻙ㆊ㩽᱄ 

 
146㌃ⱘ㰚㯖⭥㋧䁈ⷐ㘝ゕ㯝㸍ⳗ㬞⭥⢅ⷐ᱄䎃㏐᷍䊻㭞䁈㩰㳆㻷㸋㝄ⰺ᱃㎔⤝㛂⪥䅞㧌⭥㸃〞⳷
⭥Ⳟⳉ᱄ 
 
147䎃㏐䅞䇤⭥㬨㸥㻸ᱟ䍦㳍㦹᱃ⷑ㸊㎆ 2᷍021ᱠ䐱⭥⹼⮄᱄䊻㰞/㰜㗨㲷㔼㝄ⰺ⭥㬒⽓᷍⿚㲹⢑㯖
⭞㑬㋋㠶㎶⭥㾱㾨䊬Ⱀ⭻ⱟⰉ㔪⭥⢎㭗㬖カ㩰㈮㬨䄜⷗〞⳷⢎㭗᷍㗜䇱㯓㬒⭥ⶦ㛏䊻㏐㘇᱄ 



  

㵍㬒 〚᷍䇻䙅㏜㔵䋈㠻ⰵ䐹㑇㻣㹐㳆䊬Ⱀ⭥䁱㈠ 㝄᷍ⰺ䊻㹐㳆⭥㬽㑇䈌Ⱀ㑠⭆㸜

㬒ヅ㚻⭥⢅⿐䐏ヅㅉ㑃㑬⹹㻖᱄䊻㝄ⰺ㰚⹹㾥⭥㋋㠶㎶㧞⫔Ⰹ㔪⭥ㆃ㬮㸫㳃䐱᷍

㳍㳆䐫㑠⤃⤜。㰇㬒ヅ⢅⿐᱄䅓⪬᷍⭻ⱟⰉ㔪䄓㋪㾕⧪䐫㑠䈌ゴ㯺Ⱙ⭥⧬〞᱄〚

䇻⪬᷍㦬㗨䄓㋪Ⰹ䅆䐫㑠᱄ 

䇱㑬⭻䄜᱃⭻ⱟⰉ㔪᷍㦬㗨䐋⭡㑬⤜㬽㑇⭥㬒⽓㹐㳆䇇ⶤ䊩㯺䐒㼀䊬Ⱀ᱃㬽

㑇⭥㤊㌗㻣㹐㳆䇇ⶤ䋖㗕㆙㾱䊬Ⱀ䓕㲍⭥䓋⢅ᷠ⪴㕀ゎ⥄㘇 䄋᷍ㅉ㑃䄜⷗㑇䁈㏎

㔼㳆㻖 㻩᷍⤜㋝㔨㋋㠶㎶Ⰹ㔪㘉㭗⭥㏁㯧㾨㳆䊬Ⱀ㸫㳃 䄓᷍⤜㋝㔨㑇㬨⪴㚥㏐㎕

⭥ 㚨᷍㗕ⰵ䇻⟝⼍ⱁ⷗㹐㳆⭥㻖㵔 㻣᷍䄜⷗㸫㳃㈮㬨㹐㳆㼁⿆䔘䇤⭥㬒⽓⭥㼁⿆

䔘䇤㑇㿉䄋㕛䔄㬓㗕䂚⭥⺇㔪ᷠ䎃⷗㬨㝄ⰺ⭻㧞Ⰹ㔪䔗⭥㬣㤊᱄ 

䎌ⰵ䎃⷗㸫㳃 㝄᷍ⰺⷙ⨗⭥⢎㭗㬨 㼁ᷛ⿆䔘䇤⭥㹐㳆⭥㼁⿆䔘䇤㑇㬨⫔㾂㼁

⭩᱃Ⳟ㼓㼁ⳕ⭥᱄䎃⷗䄓㬨ⷀⰩⳕ䐒㉖᱃ⷀⰩ㏎㾵⭥᷂䊻䁨㏐㬠ⱁ⭣⭥䍽䁈㳆㻖

䐱 㼁᷍⿆䔘䇤⭥㑞⷗㹐㳆䇱⭩゗ ⷀ᷍⭩゗⭥㹐㳆ⰵ⭮⭩゗⭥㹐㳆⭥䔘䇤㬨⫔䇻⽔

䎀ⰵ㣑䎀⭥᱄㵍㬒᷍䊻㘉㭗䊬Ⱀ⭥㬒⽓᷍㦬㗨䄓。㦰㸋䔘䇤㑇⫔䇻ⳕ䔘䇤㑇⤦㚽

㬖㻷䊬Ⱀ᱄㬏㡀㬡ギ⨖᷍⭲㋉ⱜ᱃⿾ⷝ㯚䎃㾊㦬䄓䁱㈠⺞㹐㳆㞗䓓᷍⤃ⳃ㻷㑬Ⱀ

㑠㬹⽄Ⰹ㔪᱄䎃⷗Ⰹ㔪䅃㸗䓦䔘䇤㑇䈌ⳕ䔘䇤⫔㾂㼁⭩Ⳟ㼓㼁ⳕ 148 ⭌᷍⭲㋉ⱜ⭥

⹹䓃⮄⤃⤜䊻㑇䎃⷗㬙㑠㩰᷍ⱙ䊻Ⱀ㑠⡟㪎᷍⤃㣳㰜䄓➲Ⱀ㑠ビ⿐㸋䄜⷗⢋㑠᱄

㝄ⰺ㋕⨗㑬䎃⷗⡟䐫 ⤃᷍ㅌ㡅䊬Ⱀ⭞⤜⥛㪛㬖カㅴ⪆⭥㳍㳆 ㆙᷍ⱙ⧚⭸ㅉ㑃㑬䓵

゛⭥㑇䁈㳆㻖᱄ 

〚䇻㧞⫔Ⰹ㔪᷍䄵ゑⰵ䐫㑠᱃Ⱀ㑠᱃㑇᱃㶃㑇᱃㼓㾥㑇᱃ゴ㯺Ⱙ䎃㾊㑠⭥Ⰹ

䅆 㝄᷍ⰺㅉ㑃䄜⷗㑇䁈㏎㔼㳆㻖᱄䎃⷗㏎㔼㳆㻖㋪䄵㘉㭗㹐㳆䊻㑇⭥䔘䇤㻣㬨䋖

 
148〚䇻㞗䓓⺞⧭䐱Ⱀ㑠㬹⽄᷍ㆂ⼰㝄ⰺ⭻ⱟ䊬ⰐⰉ㔪 ㋪᷍㵧⨗㞗䓓⺞⧭䐱䔘䇤㑇䈌ⳕ䔘䇤㑇⫔㾂
㼁⭩᱃Ⳟ㼓㼁ⳕ᱄ 
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㗕䊬Ⱀ⭥ᷠ䎃㾊㚻㦾⹚⧪㑬᱗䓵㦜㋧䁈⭥㭞䁈䊎㏎᱘⭥㣑㯥⤠⳷ 149᱄䊻䎃⡟㭊⭥

⭻㹆⤠⳷᷍䄓㈮㬨㡅⭻㧞⢁᱗䈏䑇㳆㻖᷉㬚䇤㭞䁈⭥㔼㭗 ᱘᷊䐱᷍㝄ⰺㅌ㣑㘇⭥

㚻㦾䇤䇻㾨㳆⭥䊬Ⱀ㘉㭗᱄䎃㏐᷍㰜ⳃ㻷䄵㋋㠶㎶㧞⫔Ⰹ㔪㸋䄡㈾⭥⿑᷍㋪䄵㵧

⨗㾨㳆ヅ⭥㼁⿆䔘䇤㕛䔄䈌㉁㏌⭥㠞Ⳟ⧪ⳕ⡩䈌㹐㳆⭥䐫㑠⧪䎞⡩䎃䂚䄜⷗⺇

㔪᱄䎃㈮㬨㰚㸞⭥㶓䇱䅞㑇Ⰹ㔪᱄ 

䅓⪬ ⪴᷍㕀ゎ㩰㎕㯖 㰅᷍㦜㸳㗨䊻ㅭ䁈䐱㈎⧄➲㝄ⰺ㧞⫔Ⰹ㔪䈌㶓䇱䅞㑇Ⰹ

㔪⳦䊻䄜㡑㎕⹚䋍㝄ⰺ㑇䁈⭥㏎㔼㳆㻖 ⭌᷍䊻㡅㬖カ⹚䋍⺞⧭䐱 䎃᷍㯥⷗Ⰹ㔪㰚

㡑⭥䔘䇤㬨⤜䄜䂚⭥᱄㣑㧞⷗㬨㬣㻩㦰Ⰹ⭥⺇䋓᷍㈮㼒᱗゙⼯䊎⡟᱘䐱⭥㹆㳖⹌

㪉᱄ⱙ㶓䇱䅞㑇Ⰹ㔪᷍㬨䄵㋋㠶㎶㧞⫔Ⰹ㔪㸋㝱㈾᷍䇪〚䇻㧞⫔Ⰹ㔪ㅉ㑃⭥㑇䁈

㏎㔼㵧⨗㎕⭥Ⰹ㔪᱄䊻䇱㑬㶓䇱䅞㑇Ⰹ㔪䐏⽔ 㝄᷍ⰺ䄓䄜Ⰹ⧭Ⱙ㩰ㆃ㉗㑬㑇㬨⪴

㚥㏐㎕⭥㸫㳃᱄⭒㦜᷍㼒㏁㯧䇻㦩〛䎃䐷㑇䁈㻖㵔䐱㑇⭥㎕䊕᷍㦬㗨䄋⭩⭞㦩䁈

㏎㔼ⳃ䍚⧪㭍⽔⤦䑑ㅆ㤆⨟᱄ 

㝄ⰺ㑇䁈⭥⭏㪛 㬨᷍㋧䁈㬘㩰䔏㉀䇑㼍㑇⭥䄜⪯㯝㸍ⳗ㬞⭥⢅ⷐ᱄㰝㬨䄜⷗

㘉㭗䓵㦜ㆈ䊬Ⱀ⭥䔏〚⡟⭥⺇㔪᱄〚䇻⪬ 㦬᷍㗨㋋㬝⺄ⳛ⭹㬚䇤⳷㹗䈌ㆃ㹗⭥Ⳟ

ⳉ᷍㦆㲞㰘ⷝⱁ䓵㦜ㆈ⭥⺇㔪᷍㋧䁈ⷐ㘝䄓䇎㎕㑬ⷀ⧒᱄䊻㝄ⰺ㑇䁈⭏㪛⽔⭥䄜

⷗ⱁ㬡ギ䐱᷍㦬㗨ㅌ㡅䊬䇤⭞㬡ヅ㶓㹐⭥䊬Ⱀ㘉㭗䐱᱄⪴䐫⮄㋋㬝᷍⭞ⶶ㳆᷍⭞

㒘㳆᷍⭞㳍㳆᱄⫛⢎㦬㹐⟝㎉㑬⤏㝍㏜コ䔆⭥䑏ⱁ⧪䊒᱃㝘㎎᱃⫐㎫⡕ⱜ᱃㎎ⷒ

㎫㦶᱃㎎㠶㎎㯚⭩᱄⭒㎎㠶㎎㯚㶋⧪᱗㳍㳆㑇䁈᱘䎃䂚⭥㈿䑙᷍㚤㠧㔹㸫㰜㸋⼯

䄜㉅䄓⤜㳂㩰⭼⭥㬒⽓᷍㰜ビビ⭆⭆⭹⿹⫑ᷛ㸳⤜㿉䄋䎃⷗ズ㪉᱄䎃㾊᷍䇇ⶤ㯖

Ⱍ㬨㝄ⰺ㑇䁈㈿⫔⧪⹇⭥㳆㻷᱄ 

 
149㉀㳆ⱙ䁵᷍㰝䇪᱗Ⰹ䅆᱘᷉㩰㘇㳂⭞⭥䎃㾊㑠⭥Ⰹ䅆᷊᱃᱗䊬Ⱀ⭥⹌㏎䈌Ⰹ㔪᱘᷉㧞⫔Ⰹ㔪ゑ
㡅㵧㔼᷊᱃⭻䄜⢁᱗㹐㳆⭥䊬Ⱀ᱘᱃⭻ⱟ⢁᱗㹐㳆᷉䊻䔉䐮ㆊ䐫䐱᷊⭥䊬Ⱀ᱘᱃⭻㧞⢁᱗䈏䑇㳆
㻖᷉㬚䇤㭞䁈⭥㔼㭗᷊᱘㹆⤠⳷䔊⧪᱄ 



  

㳍㸥⹼⥃Ⳟ㘇 1᷍781 㛋 ⼶᷍㾋ⱜ᷉ Friedrich Wilhelm Herschel 1᷍738ÿ1822 㛋᷊

ⳃ㻷㑬㳍㶖㾨 䎃᷍れ⫔⭹ⴂ⶜㑬㦬㗨ⰵ㲌䂕㻖⭥㦰㬗᱄⭌㳍㶖㾨⭥䊬Ⱀ⺍や⭥㏎

㔼ェ㰄䈌㳍㸥⹼⥃㬝䐶⤜ⴜ᱄1843 㛋 䇃᷍⺛㭞䁈コ᱃㳍㸥䁈コ䁨⭒㯚᷉ John Couch 

Adams᷍1819ÿ1892 㛋᷊㵉⺞䎃䐷㠌⥏᷍ェ㰄⨗䇑㼍㡅䊬Ⱀ⭥㲌䂕㻖➬㋦㾱㾨⭥

⺍や᱄1845 㛋᷍ⳉ⺛㭞䁈コ᱃㳍㸥䁈コ㎶㶟䄏᷉Urbain Jean Joseph Le Verrier᷍

1811ÿ1877 㛋᷊ⰵ䎃㋦㾱㾨⭥⺍や㆙㾱㑬ⷝ㸋㼋㻙⭥ェ㰄᱄1846 㛋᷍⭣⺛ゴ㎶

᷉Johann Gottfried Galle᷍1812ÿ1910᷊〚䇻㎶㶟䄏⭥ェ㰄᷍䐒ㅴ⹼⥃⭞㑬⼄㶖㾨

⭥⫇䊻᱄㝄ⰺ㑇䁈⭥䊅⥃㚽㑇䄓⭤⭞㑬㶋㗡⭥䍚㬟᱄䇱㦅⭥㬨᷍䐏⽔㦬㗨䄓㡔㵝

〚䇻㏁㯧⭥Ⳟⳉⰵ㯏㾨㪄Ⱀ㆙㾱ㆃ㬮 ⭌᷍㗜䇱⧪⹇᱄䔏䐶⭥ㆃ㉗Ⳟ➙㬨⺄䅆㼁ⰵ

㔼ⰵ㝄ⰺ㑇䁈⭥⢅ⷐ᱄䜅䜅䐱᷍㝄ⰺ䐏⽔⭥㹐㏎䁈⭥㶖䎀᷉➏䅓㯚㲚᷊䄓㣥㦜⭨

〚᱄ 

3.3.7 ⤉䅆ⱛ᱃㎎㶀㹞 

䊻㣑㘇㳂⭞⭥㹐㏎䁈㦂⭤⹹ポ㾵㆙䍚⭥㵍㬒 㸳᷍㗨⭥㾷⭽䁈㋧⿐䁈䄓㈎㏛㑬

䔏㸋⹹ポ⭥䄜⪯㵪⢅᱄⿐䁈䁈㋧⭥㣑㪎㬨㑗㆑㭖᷉Alchemy ᱄᷊䎃⷗䈌㳍㸥䁈㋧

᷉Astronomy᷊⭥㣑㪎㬨䍝㾨㭖᷉Astrology᷊䇱⮄㏁㯧᱄⿐䁈䈌㑗㆑㭖⭥䁱㈠ⰵ㼔

㬨㏁㯧⭥ ⭌᷍⽔㪎㉀䇱⼽㣠⭥㪒㗹䑘䅆㩌⤫᱄䊻䎃⷗⪴㑗㆑㭖⭞㆝⫛⿐䁈⭥㵪⢅

⺞⧭䐱᷍㸳㗨㿉䄋㳂㑞⷗⹹ポ㦬㹐ᷛ⤉䅆ⱛ᷉Robert Boyle 1᷍���ÿ���� 㛋 ᱃᷊㎎㶀

㹞᷉AntoineÿLaurent de Lavoisier᷍1���ÿ���� 㛋 ᱄᷊ 

⤉䅆ⱛ㬨䄜⷗➏ⱜ㎝㦬᱄㸳㗨㣑㘇㳂⭞⭥⽛㋬䊻㛋㤂㬒䋙㈎䔘㸋㰜⭥⶛䋑⨊

䎇㋶⭥䑛㬷 ⤯᷍䈌⭞㡅⹹䇻㡙㳆㾵䐫⭥䁱㈠䐱᱄䎃Ⳟ㘇䁱㈠⭥䄜⷗䐹䄋⧪⺜㬨䄜
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Ⰹ㸣Ⱙ㻣㡙㳆⭥䁚㣠䈌㳆〞⧪ⳕ⡩䎃䄜Ⰹ㔪⭥ⳃ㻷 150᷍⭻㯥䍣㸳㗨ㅓ㦩䁈⭥㬒

⽓。㼋㻙㲷㔼᱄⨞㑬䎃⷗Ⰹ㔪 ⤉᷍䅆ⱛ⿚䇱䄜⷗䐹䄋⹒㻸㬨㡅㶋⧪㑬䄜⡟䅃䅆⳨

ⳓ⭥䑙䔘 ᱗ᷛ⿔䄪⭥⿐䁈コ᱘᷉ The Sceptical Chymist ᱄᷊䊻䎃⤠䑙䔘䐱᷍㰜ㅌ㋧䁈⭥

㈌㪒᷉䎃䄲㈎䊻䙅㏜㔵䐏⽔㑬᷊㦻㧌⭞⿐䁈⭥䁾ゝ䐱᷍㣠⮘〚䇻㬖䂊⭥㞛㝱᱄䄓

㬨䅓㸋䎃⷗䊎䅓 㦬᷍㗨㻷䊻㠶⢊㦰㸋䎃⡟㭊⭥⨗⟇㬨㑗㆑㭖㼓㆝⫛⿐䁈䓋⢅⭥⢋

䐟㾵㬣ミ᱄䐏⽔ 㰅᷍㦜㏁㯧䇻㦝㯹㯖䎃䂚⭥⫎㹔⭥㏎㔼⿚㵔䐯㑬⿐䁈䁱㈠䄜➺ⱁ

㛋 ⭌᷍⿐䁈䁱㈠⭥〚⡟Ⳟⳉ䄲㈎㦘㑃㑬 151᱄䐒⭞㆒㳍 㬖᷍䂊䊻⿐䁈䁈㋧䐱⟈䁾⭥

ㅨ㩌䄡㦜㬨れ㡅䐹䄋⭥᷉ 㪖䐢⫔⺞㬖䂊䊻㹐㏎䁈䐱⭥⡩䐹 䎃᷍⷗〓㿎䄓䈌㹐㏎䁈

⡟㪎ⷝ䓃䐹㯝⢇䇱⹹ ᱄᷊ 

䈌⤉䅆ⱛ㏁㯧 ㎎᷍㶀㹞ⰵ⿐䁈⭥⹒㻸䄓⤜䊻䇻㰜ⳃ㻷㬓㗕䐹䄋⭥⿐䁈㹐䐫⼮

⿐䁈ⳕ䇇᷍ⱙ㬨Ⳟⳉ㔼⥄㘇⭥᱄⤉䅆ⱛ㬨䅞㧌㑬䄜⷗〚䇻㬖䂊⭥㞛㝱Ⳟⳉ᷍ⱙ㎎

㶀㹞⭥⹒㻸㬨㰜ㅉ㑃㑬䄜⷗㦌㾣⭥㏎㔼㌓ソ㎕ⰵ⿐䁈ⳕ䇇㆙㾱ㆃ㬮᱄㎎㶀㹞⭥⫛

⢎䔘㬨㡅 1789 㛋⨗⟇⭥᱗⿐䁈〚⪂㔼᱘᷉ <Elementary Treatise on Chemistry> ᱄᷊䊻

㏐㘇 㰜᷍㻖㵔⭹⥜㭗㑬䓵゛〚䇻㈌㦘⭥㬖䂊䁱㈠䈌㏎㾵㯝㸍䓽ㆂ⨗⭥⿐䁈ⳕ䇇䐫

㑠㬹⽄Ⰹ㔪䈌䂖⿐㯖᱄䐢⪬ ㏛᷍㬘㩰㦝㯹㯖ⳃ⿴⭥䔘䇤䊻㎎㶀㹞⭥㏎㔼㳆㻖䐱⡜

䂖⿐㯖㦂⫛᱄䊻䎃⤠㭊䐱 ㎎᷍㶀㹞⿚ⰵ⪌㵔㻄㎑䍽䁈㣠⮘⭥䊋㯹⭥ⶦ㛏㆙㾱㑬䐹

㾣Ⰹ䅆᷍ⰵ⭒㬒㦬㗨⧄ボ⭥䄜㾊⿐䁈㹐䐫㆙㾱㑬⳷㏁᱄䊻䎃⷗⳷㏁䐱᷍㰜㑱⨗䓽

ㆂ⨗㧞㬏㧞䐷䊋㯹᷉㈂⹽䄜㾊㬖カ㩰㬨⿐⼰㹐᷊⼮䄜㾊⧄ボ⭥⿐⼰㹐᱄䎃⳨⧄䇱

 
150䎃䄜Ⰹ㔪⽔㎕⡜ⳉ⺛㹐㏎䁈コ㕎㔵㲹᷉Edme Mariotte᷍1620-1684᷊Ⱑ㑃ⳃ㻷᷍䅓⪬㸳㗨㶚㶚⧧
㡅㸋⤉䅆ⱛÿ㕎㔵㲹Ⰹ㔪᱄ 
 
151䎃㏐᷍䄓㋪䄵䔗䄜⷗㏁⡩᷍㦩䐫㯖䄓㵔䐯㑬㦩䁈䁱㈠⼽ⱁ㛋᷍⭌䎃Ⱟ㬒ヅ㘘㻵䄲㈎㬨䊻㆝⫛㹐
㏎䁈ㅉ㑃䐏⽔᱄㦬㏁ⰵ㋮⹼㬡ㆈ⭥㦰䐋䓽㬨䇱⢀ㆈ⭥᱄䅓⪬ 䁈᷍㋧⪕㑃⭥⢋䓝㶚㶚⿚㬨。䄵㋧䁈
Ⳟⳉ⭥䅞㧌㸋㡑⮄⭥᱄ 
 



  

㾈⭹㬚⭤⿐䁈䎃㗦䐋㬗㔵㻵㒄㰊⭥䁈㋧ㅉ㑃㡑㑬䄜⷗㼁ⰵ㻖㵔⭥㏎㔼᱄ 

䄦⼗⭥㬨 䊻᷍䁦ⷘ⢗㝪䓉䎟㬒㠻 ㎎᷍㶀㹞䄵㸋⭄㦯⺞㣑⧐⭥㯑㹒⹺⡜㵧㩰㑬

ⰰ㵘㲉᱄㎎㶀㹞㯡⽔᷍㰜⭥⼤䇲㎎ⷒ㎫㦶ⶱ㲟⭡ᷛ㰜㗨䐜䇤䄜㯓ヅ㈮㋔㻣㑬䄜㋦

㵘㔎 ⭌᷍䊺⺞䄜➺㛋䄓䍳⤜⭞㼒㰜㚨䂚ㅽ⨗⭥㚵⫝㑬 152᱄㤍㾳⭥㬨 ㏛᷍㬘䔏⽔ⷙ

㑬㎎㶀㹞䔏⹌㠞⭥㋰Ⰹ᱄⪴᱗⿐䁈〚⪂㔼᱘㋋㬝᷍㦬㗨ⰵ⿐䁈ⳕ䇇⭥㘉㭗㋋㬝䁹

䓦䎞㦘⭥Ⳟ㼓㆙㾱᱄⿐䁈᷍䄓⤜㵄⭹㸋㋧䁈⭥ⳃ䍚᷍⟝㎉㹐㏎᷉䇩㡅㬨䊻㦬㗨ⰵ

䊎䓴ㆂ⹚⭥㦰㬗⭥⺞⧭䐱᷍䅃㬗⭞⿐䁈⡟䐫㩰㈮㬨䊎䓴ㆂ⹚⭥䐹㾣㝦⤝ ᱃᷊㪛㘝

㋧䁈᷉ ⡩㧈⽕㹝䊬Ⱀ䊻㎎㶀㹞⭥㬒⫛㈮⡜ㆃ㬮㸋⿛㕞䂖⿐᱃⡟㬡ギ⳷䓴㪛㹐䁈㋧

⭥ㅉ㑃᷊⭥ⳃ䍚᷍⹒㻸䓦⤜㋪⽗㬴⭥㑇㑠᱄ 

3.3.8 ⫐ⱜ㸥 

⫐ⱜ㸥᷉Charles Robert Darwin᷍1809ÿ1882 㛋᷊⭥⶙㣸㬨䄜㘜䄞㪛᷍㰜⭥䔇

⶙ㅱ䄢㎎㯚䜴㯚᱅⫐ⱜ㸥᷉Erasmus Darwin᷍1731ÿ1803 㛋᷊᷍ 㬨䇃⺛䄞䁈ㆈ⭥㦉

㶟᷍䊻⹹䇻㪛㘝᱃䐓㹐⭥㏎ㆃ㩰㠥䇱ㅉ㭘᱄䎃⷗コ㵆ⰵ㪛㘝᱃ⰵ䄞䁈⭥㦰㬗᷍ⰵ

㦶⽔⭥⫐ⱜ㸥⥛㪛㑬䐹䄋䇑㼍᱄㰜 1825 㛋䐢 1827 㛋䊻➏Ⰲ⡅⫔䁈䁈㻑䄞䁈 153᷍

⭌䊻䎃⷗㠻ヅ ⫐᷍ⱜ㸥ⰵ䄞䁈㋯⧭⤃㗜䇱㲌⫔㾬㦅 ⱙ᷍㬨䊻䐓㹐⳷㏁㩰⿉Ⳳ㑬⡩

ㅰⱁ⭥㈌㑇᱄㸋⪬᷍㰜⭥⶙㣸㋋㬝㸋㰜⺇⿏⤜㵍⭥㦬㪛᷍➲㰜㯮⭞ㅄ㣦⫔䁈䁈㻑

䄜㾊㸥㋧䐋㬗᷍⤃㻄㶜㰜䔏䐶㚽⹜⧪㸋䄜⷗㪒䐑㦬䊒᱄ 

1828 㛋᷍⫐ⱜ㸥⤃㗜䇱㵉⺞䄜䐷㘜ㅱ Tripos ⭥䁈㸜䓫ⷒ㋝㬵᷍⤜⭤⤜䓋ⱙ

⹆Ⱒ䄜䐷ㅱ䔗 ordinary degree ⭥䁈㸜᷉䎞⧄⭥Ⳏ䅌㈮㬨㠶㵉䁈㸜 ᱄᷊⭌㾳䊬⭥㬨᷍

 
152㎎ⷒ㎫㦶᱃㎎㠶㎎㯚᱃㎎㶀㹞⭥㛋㒅⥏㉁⤜㬨⼽⫔ 㰜᷍㗨䇱⼽ⱁㅜゐ᱄㵍㸋ⳉ㎝㹘㋧䁈䊛䊛㬠᷍
㰜㗨䄓㸋ⳉ⺛㋧䁈䊻㬏➬㬡ギ㚊᱃㬏㈦㬡ギ⨖㦂⭤㈺㬡䑖㚠⭥⧪ら⹒㻸㑬⹹ポ⭥㑇㑠᱄ 
 
153⭒㬒➏Ⰲ⡅⫔䁈⭥䄞䁈䊛㬨䇃⺛䔏⼤⭥᷍⼤⺞ㅄ㣦䈌㝄㆓䎃㾊ⷝゴ䇱㘜⭥⫔䁈᱄ 
 



   

130 
 

䐏⽔㰜䊻ㅄ㣦⫔䁈䍳⭞㑬䓵゛⭥㾬㦅 ⤃᷍⧪㸋䑙㘜䐓㹐䁈コ᱃⭹䐫䁈コ⽁㯚㕆ㅭ

㬻᷉John Stevens Henslow᷍1796ÿ1861 㛋᷊⭥⼤㞔䇲᱄䎃Ⱟ䇲䅋㪏㪏⭹䇑㼍㑬⫐

ⱜ㸥⭥㦬㪛Ⳟ㼓᱄1831 㛋 1 䊣᷍⫐ⱜ㸥䊻㡅⤯ゴ⭥ ordinary degree ⭥䁈㸜㋝㬵䐱

⢎㻷⨗㩌᷍䔏䐶㸜㑱 178 㘜⽓䁂㦬⭥⭻ 10 㸜㶋⧪㑬䎃Ⱟ䁈㻑᱄ 

㵍䂚䊻 1831 㛋᷍㑆㭕䇻䇃⺛䎟ⶏ⭥㑵㦏⼦㉝ㅃ䄋㆙㾱⭻ⱟ⪯⿘⼄㔤㾱

᷉Second voyage of HMS Beagle᷍ボ㵝 3.3᷊᷍ 㚠⭥㬨㸋㑬㾿䎞⭒㬒⭥⼞⼄㵝᷉⡩㧈

⭒㬒㦬㗨ⰵ㏐䊝㦩㚻㔍⭥㈎Ⱙ㬨䇱䎚䅊⭥ ⱙ᷍䎃⷗㸫㳃䊻㑵㦏⼦⭥⭻䄜⪯⼞㾱䐱

⤃㗜䇱ㆃ㉗᷊154᱄⪍⧅⳧⪥㔿䄢᷉Robert FitzRoy 1᷍805ÿ1865᷊㻄㶜⫙䄜㘜ォⰏ⭹

䐫䄓Ⰿ⤊㹐⭥㪑㬠㵍㾱᱄⽁㯚㕆ㅭ㬻㼓㰜㵧プ㑬⫐ⱜ㸥᱄䊻㩰⪍䐏㣑᷍⫐ⱜ㸥䊥

Ⱒ㑬䊝⼓᱅⼶㾋ⱜ᷉John Frederick William Herschel, 1st Baronet155᷍1792ÿ1872᷍㰜

䄓㬨ⳃ㻷㳍㶖㾨⭥㶟㑏᱅⼶㾋ⱜ⭥ⱚ䓴᷊⭥᱗䓵㦜䍽䁈䁱㈠㔵㔼᱘᷉ A Preliminary 

Discourse on the Study of Natural Philosophy᷊᷍ ⤃⡜㡅䐱᱑䓵㦜䍽䁈䓘㤔⭥䔏ⷀ㚠

⢋㬨〚䇻⹼⥃㵉⺞⺊㚪㵧㏎㎕㏎ㆃ䔏〚⡟⭥⺇㔪᱒⭥⹼⮄㰚䍼ⴟ᱄㵍㬒᷍㰜䄓㋕

㑬䁨㏛㩞⫔᱅ⴌ᱅⽊⡅᷉ Alexander von Humboldt 1᷍769ÿ1859 ⹹᷊䇻㡅 1799 ⭞ 1804

㛋㚰㗡䐿㔤㾱㲞㻶⭥᱗⷗㦬㿑㭗᱘᷉ <Personal Narrative>᷊156᱄䎃㾊᷍Ⱍ㸋㰜䊻⡟

⪯⼞㾱䐱㦂⭤㬶〒⮍Ⰹ㑬䐋㬗⪃⡙㩰⭥〚⪂᱄ 

 
154㣑㘇㸳㗨䊻 2.3 ㅻㅓ⭞ⷀ㯚⭥㬒⽓㳂⭞⺞᷍⭹㵝〇䐧䊻⭒㬒᷍㬨䄜⷗㬡ㆈ㾵⭥㚲㳃᱄䐜䇱䊻ⷀ
㯚䅞㧌䇔㪅᷉mapping᷍⪫ⷚ㬨 map᷊䎃⷗㭞䁈ⶦ㛏᷍⤃ㅉ䅊㰜⭥䁈㪛㏉㕝㋋䍚⹹䇻㤛㘇⭥䁱㈠
䐏⽔᷍䎃⷗㸫㳃⤦⪴㭞䁈㩰⡜ⷚ⡟㾵⭥ㆃ㉗᱄䐏⽔᷍⹅⧭䇇䇤㈮⢅⭤⼽䐒ㅴ᱄ 

 
155Ⳏ䅌㸋⭻䄜⫛⪴㚱㉕᱄䊻䇃⺛᷍䇱㋧䁈コ〒⭤㉕㸜⭥⪌㵔᱄㰜⭥㉕㸜⳷゗᷍䈌㸳㗨䐽⧐᱃⪛㤐
㬒⭥㉕㸜⳷゗⼽㼌᷍䄜䄜ⰵ䇇㸋⹌᷉Duke᷊᱃⽏᷉Marquis᷊᱃⤏᷉Earl᷊᱃䓴᷉Viscount᷊᱃㚱
᷉Baron᷊᱄⡫䎀⤜䐋⭡䎃⷗㬨㣪⼰⿚㬨䇱㬓㗕䊎䅓ᷠ 
 
156䊻⭻㡀䍣 㸳᷍㗨。ㅓ⭞㠶㔔㬠⭥ㅭ䈞ⶥⷐ᱄⽊⡅㈮㬨䎃⪯ㅭ䈞ⶥⷐ⭥䑘䄋⶛䋑㦬᱄⪴䐋㬗ㆂ⹚
⭥ㅨⰩ㎕㋕᷍㰜䊻㛋㤂㬒ⰵ㬡ㆈ⭥䇯㏛䇇ⶤ。ⰵ㰜㶋⧪㚨䂚⭥㏛㬘㦯㹒㡑⭞〞れ⭥䔘䇤᱄ 



  

 

㵝 3.3 㑵㦏⼦⭻ⱟ⪯⼞㾱㵝᱄ 

 

᱗㹐䐷㡑䊕᱘⭥⼬㾥㯝㼌㬨䁾⿐㔼ゑ㡅䊬㾱〛䐧᷍䎃⷗〛䐧㬨䓵㦜䁂䋒

᷉Natural Selection ᱄᷊䊻⪬䐏㣑᷍㬽〚Ⱎㅭ⭥䇑㼍᷍䊻䑘㒘⭥⤊㹐䁈䁱㈠䐱᷍㦬㗨

㼁㾦㹐䐷㬨⡜㩰⭼⪕䋍⨗㎕㣳⤜⢅⭥᱄㬖カ㩰 ㋧᷍䁈ⷐ㘝⭥䎜⷗㆙⧭㈮㬨䊻䓵㦜

䍽䁈⭥ⷘ⷗㒍䈓㦬㗨〚䇻㋧䁈⭥Ⳟⳉ㦆⫓㠧㎕䓵䓻ㅭ⭥㯝㼌㆜囡⭥⺞⧭᱄⭒㦜᷍

䎃䐷Ⳟⳉ䄓⡜䇤⭞㑬⟝㎉㪈。㋧䁈䊻㚻⭥㡅㰝㒍䈓 㻣᷍䄜㾂ㅻ㸳㗨䄓。ㆊ㩽᱄䊻

䁾⿐䎃⷗㸫㳃㩰 ⫐᷍ⱜ㸥⤜㬨⭻䄜⷗㳂⨗㏁㯧㯝㼌⭥ ⭌᷍㦕㬨㳂⨗⭹䔏㸋⧚⭸⤃

㣳㚽㦤䎃⷗㏎㔼䇱㾈䐢㆒⭥᱄㰜䊻⿘㤓㔤㾱䐱〞㎼⭥⼽ⱁボ㬗ⰵ䇻㰜㆙㾱䎃⷗Ⳟ

㘇⭥㪏㧌㯝㋝㬨䐢⹹䐹䄋⭥᱄⡩㧈᷍䊻Ⰼ㲌㠞䂔⭥ゴ㎎㝢ⷋ㯚㦛⭛᷍㰜㈮ⳃ㻷㆝

䊖⭥ⱁ䐷㦙㛒㈮䅓㸋㪛⫇⿘㈔⭥⤜㵍᷍䔍⭥㾯䓕⫇䊻㈿⫔⥏䅍᱄䊺⡩㧈᷍〚䇻㰜

ⰵ㚰㗡㩞㕗䈌㩛⽘⭛⭥⹼⥃ 㰜᷍㶋⧪㑬䄜㻖㑱⹹䇻⭹㋨㪞ㅖ䁾⿐⭥䑙䔘᱄䊻⭹䁈

㒍䈓 䁾᷍⿐㯝㼌䊻㬏㈦㬡ギ㩰⟌䄗䄲㈎⼽㒘㾱㑬᱄䎃ⰵ䇻⫐ⱜ㸥〚䇻䁾⿐㦆㏎ㆃ

㪛㹐㻷㼔᷍㸿䄪㬨䇱䎞㼓⭥⟐䑛⭥᱄ 

䊻䁾⿐⭥䎜㳆㯝㼌㦘㑃䐏⽔ 㡅᷍⡔⽔⭥〚⡟䊬㾱〛䐧㈮㬨䔏䐹䄋⭥㸫㳃᱄䎃

㏐᷍⫐ⱜ㸥䇻 1838 㛋䊻㻱㻟㬒ヅ䊥Ⱒ⭥㕎ⱜ㧙㯚᷉Thomas Robert Malthus᷍

1766ÿ1834 㛋᷊⭥᱗㦬㋻㔼᱘᷉ <An Essay on the Principle of Population>᷊㡑⭞㑬⹹
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ポ⭥䔘䇤᱄䊻᱗㦬㋻㔼᱘䐱᷍㪛⫇㈛䎚⡜⺄ⳛ䇤㎕㘉㭗㦬㋻⭥⢅⿐᱄⫐ⱜ㸥ㅌ䎃

䐷㯝㼌㎊䍚䐢䎜⷗㪛㹐ㆈ 㳂᷍⨗㑬᱑㪛㹐䊻㪛⫇Ⱈ䎚䐱㬫䎀㪛⫇᱃⤜㬫䎀⡜㲵㲎᱒

⭥䓵㦜䁂䋒⭥〛䐧㎕㘉㭗㪛㹐⭥䁾⿐᱄䐢⪬ 䎃᷍⷗れⰩ㪏㋭⭥㏎㔼⡔⽔ビ⭆⭥㕀

ゎ䇇ⶤ㬨㤆⨟㑬᱄ 

3.4 ㋧䁈ⷐ㘝⭥䇑㼍 

㸥䄶ⶕ㾬䈌㋧䁈ⷐ㘝䋍⧪⭥䄜⷗䔏䐒ㅴ⭥ㆂ⺜㬨㦬⭥㏎㾵⤜䊺㬽⭞⪌㵔⭥

䓻ㅭ㯝㼌⭥㭙ⶠ᷍⭤⭞㑬⧚⭸⭥㬮⳦᱄䈌䐏⟊㰇⭥᷍㬨㋧䁈㯝㼌⭥⪌⤆᱄㋧䁈⭥

ⷚ〚⤜䊺㬨㦉㑇⭥㵔䐯᷍ⱙ㬨㏎㾵᱄⟊㰇䓦㏎㾵㑇㑠⭥㬮⳦᷍㦬㏁㪈。⭥ⳃ䍚䄓

㆙㧌㑬䄜⷗㘘㻵⭥ゴ㯺㠻᱄䎃䐷䇑㼍⤜㻿䇻㹘Ⳟ㪈。 䊻᷍㬡ㆈⷘ⭹Ⱍ䇱㏁㯧㾈䇇᱄

䄵㸳⺛㸋㏞᷍䊻㸳㗨⭥㹆㯥䊬Ⱀ䐱᷍㸳㗨⭥㻩㻮⧌⭝⭥⭣㻩㪛᱃㧝㻩㪛䄓㬨⨅⳷

ㆉベ㑬㹘Ⳟ㪈。䊻䎃⷗ㅸⰯ⭥ⳃ䍚⧪⺜ⷙ⨗⭥㸳㗨⭥㈩⺛䑘䍦᱄䅓⪬ ⤜᷍㌅䍦⭹

㯖᷍㋧䁈ⷐ㘝⭥䎃⷗䇑㼍㬨㬡ㆈⳗ㸈⭥᱄ 

⨅⳷ⳃ⿴㏎㾵㯝㸍⭥䔘䇤 㵙᷍⺞㻷㼔㋕⡟䐫㆙ⱙㅉ㑃㏎㔼 ⤃᷍㏜䇤䄜㾊㚽⹜

⡜⹼⥃⭥㋮⹼㻷㼔㦆䂊䐅⪬㏎㔼⭥䇱㾈㾵 ⧪᷍㸋㑬㵉䇤⭥㋧䁈䁱㈠Ⳟⳉ᱄㰅㦜䊻

㩰䄜ㅻ㸳㗨ⰵ㋧䁈ⷐ㘝⭥ㆊ㩽ゐ䐱䊻㹐㏎᱃⿐䁈᱃㪛㘝㋧䁈㧞⷗㒍䈓᷍⭌㋧䁈ⷐ

㘝ⰵ㻷⫛㪈。⭥䇑㼍㬨㦌Ⳟ㸜⭥᱄䊻䓵㦜㋧䁈⭥㡅㰝㒍䈓᷍⡩㧈⭹䁈᱃䄞䁈᷍䎃

䐷䇑㼍䄓㰇⪇㋪ボ᱄⨞⪬䐏㶃 ㋧᷍䁈⭥䁱㈠Ⳟⳉ䄓㪏㧌⭞⟝⼍㈎イ䁈䊻㚻⭥㪈。

㋧䁈䑏ⱁ㒍䈓᱄⡩㧈᷍䊻㪛㏎㋧䁈Ⳟ㘇᷍⺟㸍᷉William Harvey᷍1578ÿ1657 㛋᷊

⹹䇻㾥䋁䔘䇤䈌䁋䄛䁎⿘⭥䁈㯖㦂⫛㑬⹦㔿㕎⭥䄞䁈コⶨ㔸᷉Claudius Galenus᷍

129ÿ216 㛋᷊⭥㳆䄛㯖⡜㸿㭞⭥㬖ペ』Ⱀ㰚䐅㬖᷍⧪㸋㪛㏎㋧䁈䈌䄞䁈㒍䈓〚⪂

㏎㔼ᷜ䊻㈎イ䁈㒍䈓᷍䁨⭒᱅㯚㗽᷉Adam Smith᷍1723ÿ1790᷊⭥᱗⺛⶜㔼᱘᷉ 㦌

⧭㸋᱗⺛㘒⤧⶜⭥㾵䐫⼮䊎䅓⭥䁱㈠᱘᷍ <An Inquiry into the Nature and Causes of 



  

the Wealth of Nations>᷊䄓㋋⪕㑬⹦⮅㈎イ䁈᷍ⰵ⼽ⱁ⺛コ⭥㈎イⳃ䍚䄓㡑⭞㑬

䐹䄋⭥㵧Ⱀ䔘䇤᱄ 

䎃㾊⮅㾮⭥㉀䇱䍽䁈㾵䐫⭥㏎㔼᷉ⳕ䇔⭥㬨㪏⥄⪯⭥䐨⿼᷊㬨㧈⪬⧪⹇᷍䄵

䐢䇻㈮㼒㸳㗨䊻 1.2 ㅻ䐱㏜䇤㵝 1.2 ㆊ㩽⭥㚨䂚᷍⼽ⱁ㬒⽓㦬㗨㪖䐢ㅌ㋧䁈䈌䎇

㏎䐏ヅ⿏㩰⭩⼦᱄㦬㗨䄓䊻⼽⧅㬒ヅ㚻㡔㵝䇤㋧䁈⭥Ⳟⳉ㦆㵔䄜䍽䁈⭥䁱㈠᱄䔏

⽔᷍㦬㗨⭒㦜㦰㬗⭞䍽䁈⤜㚽⡜㋧䁈㦂⫛ 157᱄⭌㋧䁈᷍⿚㬨䈌䍽䁈᱃㪒䁈䄜㡑᷍

㾯⧪㑬㸳㗨㦰㬗㬡ㆈ⭥㧞⫔⹅㉀᱄ⱙ㋧䁈⭥㈌㪒 䄓᷍⼢㸿䄪㸫⭹㪙㵙⭞㸳㗨㻷⫛

㪛』⭥ⷘ⷗㒍䈓᷍⧪㸋㸳㗨ⶥ㩧㦬㏁㪛』⭥䔏䐹䄋⭥⹅㉀᱄䊻䎃⷗⺞⧭䐱᷍㹐㏎

䁈⤜⹽㬨⪴䍽䁈㯝㼌⭥䐙⭝᱃⿚㬨⪴㬖カ⧪⺜ⰵ㦬㏁㪛』⭥䇑㼍⭥Ⳟ㘇㎕ㅓ Ⱍ᷍

㡑⭞㑬䅞㒍⭥䔘䇤᱄⡫䎀䅓㸋䁼ㆈ⭥㈷㻿 ⤜᷍㋪㚽ⰵ䎃䂚䄜⷗⽋⫔⭥⿑㳃䍚㋋ⷝ

ⱁ㪏㧌⭥㲷㔼᱄⭌㬨䔘㸋䄜⷗⪴㬣㹐㏎䁈䁱㈠⭥䁈䎀 ⡫᷍䎀䊻ㆊ㩽㹐㏎䁈⭥㵉㬗

ㅭ⤥䐱㾕㻣䎃Ⱟ⿑㬒᷍㬨⨅㕛㑬ⰵ⡟䓉䄖⭥䓵⼡ⶱ⭥᱄㵍㬒᷍⡫䎀䄓㻄㶜䎃⳾䓵

⼡ⶱ㚽⹜䅞㡑Ⱒ䎀ⰵ㹐㏎䁈᱃ⰵ㋧䁈⭥㾬㦅᱄ 

 

 

 

 

 
157䎃⷗䄓㬨㈎㏛㑬䄜⷗⺞⧭⭥᱄㣑㘇㳂⭞⺞ ㆝᷍⫛䍽䁈⫔䐣㋪⳷㸋䄵⭲㋉ⱜ㸋⫛⢎⭥㏎㾵䑘䅆᷉ 㸉
㏎㔼᷊⼮䄵䇃⺛⭥㑞⷗㞁ⷚ᱃㕆㋬᱃㾾䜴㸋⫛⢎⭥㈎䂊䑘䅆᷉㈎䂊㔼᷊᱄㋧䁈⥛㪛⽔᷍㦬㗨⼽⧅
㬒ヅ㼌➲䍽䁈䔗⧪㋧䁈᷍䎃⫔⫔⭥゘䁚㑬㾯ⱙ㩰䁈᷉Metaphysics᷍⤜㚽⡜䐅㬖〓䐅㸒᷊⭥㋶ヅ᱄
⭞㑬㾾䜴㚨⷗㬒⽓ 㰜᷍㣠⮘㦬㗨㵉⺞㈎䂊〒⭤⭥䐋㬗䐜㚽㘉㭗⺞㦆 㸿᷍ⳉ㘉㭗㸕㎕᱄䎃䄓㬨㸳㗨
⧄㯖⭥㾾䜴➲㈎䂊䑘䅆⫙㧌㑬㯡⽛㵍᱄⪴㋖⭣㋋㬝 㦬᷍㗨䇷㋋㬝㸋㾯ⱙ㩰䁈䁑㤔㪛⫇㋶ヅ᷍䎃䐷
㝍㑇䊻⼻ⷒⱜ⭥㬒⫛᷉ 19 㬡ギ㩰⟌䄗 ⫐᷊⭞㑬䱼ⴆ᱄⪴䎃⷗䅃䅆㩰㎕㏎ㆃ ㋧᷍䁈ⷐ㘝㪖䐢⥏⮄ⷐ
㑬㰝⭥㚙㳆᷉ 䍽䁈 ⭥᷊㘝᱄䔏⽔ 㦬᷍㗨㦰㬗⭞㑬䍽䁈㸿ⳉ⡜㋧䁈㦂⫛᱄䊻㸳㗨㦰㬗㬡ㆈ⭥⺞⧭䐱᷍
䇇ⶤⷙ䍽䁈䔄⹜⭥Ⱑ㑃㋶ヅ᷂ 



   

134 
 

⭻㯥䍣 ㈎⮅㹐㏎䁈 

䊻㋧䁈ⷐ㘝ㆂ㭙䐏⽔ 㸳᷍㗨⭥㬒ヅㅻ⮄㈮㎕⭞㑬㬏㈦㬡ギ㚊᱄㧈㣑䄜䍣⭥䓽

ㆂ㰚㭗 䎃᷍㬨䄜⷗㹐㏎䁈㦂⭤㋶㣑㬅㏜⭥㬒⫛ 䄓᷍㬨䄜⷗㋧䁈㦂⭤㋶㣑㬅㏜⭥㬒

⫛᱄䊻㑇䁈᱃㦩䁈᱃⺃䁈᱃㪚䁈᱃⮈⪦䁈⭩㹐㏎䁈䑘䄋㒍䈓᷍㈎⮅㏎㔼㦂⭤㑬㧈

⪬⫔⭥⧪⺜ 䄵᷍䐢䇻 1900 㛋 4 䊣 27 㦶 ㋋᷍ⱜ㸥㉕㬠᷉ William Thomson 1᷍st Baron 

Kelvin᷍1824ÿ1907 㛋᷊䊻䇃⺛⿫コ䁈。㆙㾱䄜⷗ㅓ䁾⭥㬒⽓᷉㳃㚠㸋ᷛ

NineteenthÿCentury Clouds over the Dynamical Theory of Heat and Light᷊᷍ 㰜ㅌ⭒㬒

㹐㏎䁈⭥㳍㋶㾯㦾㸋㤈㋶㶓㏐᱄⭒㦜᷍⨞㑬䄵㲌䈌⡩㦩㑞ⱅ㸻䊧᱄䎃㑞ⱅ㸻䊧䔏

⽔⭝䐣㑬㼁ⰵ㔼䈌㑠䓴㑇䁈⭥⭏㪛᷍䄓䇶ⳃ㑬ⱟ㬏㬡ギ⨖⭥㹐㏎䁈ⷐ㘝᱄ 

䊻⡟䍣 㸳᷍㗨㻩ㅌ㲷㔼⭥㬒ヅㅻ⮄⹭Ⰹ䊻䎃⷗㬡ギㅜ㳇⭥ゟㅻ䐏㣑 㻖᷍㵔⿹

⹬䄜㻣⪴㬏㒚㬡ギ⨖㋋㬝 ⭞᷍㬏㈦㬡ギ㚊㹐㏎䁈㦂⭤⭥⧪㈮᱄㋝㔨⭞䎃㾊㏎㔼⭥

ⳃ䍚䎜㳆ⱙ䁵㬨䇱䄜⷗㬒ヅ㯔㿓⭥᷉ ⫔䐣㧈㵝 4.1 㰚㬟᷊᷍ ⤯㋝䎃⷗㯔㿓 㸳᷍㗨⭥

㲷㔼ㅌ⳷ᷛ㈎⮅⭥㑇䁈㏎㔼᱃㈎⮅⭥㦩䁈&㦩㑇䁈&㵔ェ㑇䁈㏎㔼᱃㈎⮅⭥⺃䁈

㏎㔼᱃㈎⮅⭥㪚䁈㏎㔼᱃㈎⮅⭥⮈⪦䁈䈌⮈Ⱀ㑇䁈㏎㔼᷍⹓㹆ㅻ㎕䍚㋋᱄⭒㦜᷍

㹐㏎䁈㬨䄜㗦〚䇻㬖䂊⭥䁈㋧ 㰅᷍㦜㗠ㅻⰝ。䄵㏎㔼䓽ㆂ㸋䑘 ㏎᷍㔼ⳃ䍚⺞⧭䐱

⹹ポ⭥㬖䂊㆙䍚㸳㗨䄓㈂㑠⤜⳦⺞᱄ 



  

 
㵝 4.1 㹐㏎䁈䐱ⷘ䑘䄋㏎㔼⳷䐈ⳃ䍚⭥㬒ヅ㯔㿓㬟䅃㵝᷍⡟㵝䍋䓵䍦⼉㎰㬇䊻⡒㈊⫔䁈⨗

⟇㪈⨗⟇⭥᱗㕟⤞㹐㏎㬡ㆈ᱘ᱟ䍦⼉᷍2021ᱠ᱄ 

 

4.1 ㈎⮅⭥㑇䁈㏎㔼 

㸳㗨㻩⪴㑇䁈᷉mechanics᷊ㅓ㡑᷍㰝㬨㹐㏎䁈䐱㏛㬘䔏㸋䇧㈤⭥䄜⷗⳷䐈᷍

䑘䄋䁱㈠㚻㦾⟝㎉㑇᱃㚽㑠᷍䄵ゑ㰝㗨䈌㹐㳆⭥㠞⽃᱃⢅㾯〓䊬Ⱀ⭥⹹㻖᱄

Mechanics ⭥⪫ⷚ㬨㻄㎑䈐⭥ P̦FKDQ̦᷍ⰵ䇇㻷⫛䇃䈐⭥ machine᷍⡟䅃㬨〛㾖᱄

㸳㗨㋪䄵㼌㼔䊻⹦㻄㎑᱃⹦㔿㕎㬒㠻 㦬᷍㗨䔏䋈ⰵ䎃㏁㻷㼔⭥䁱㈠䄜Ⰹ⹹䇻〛㾖

㼁⹹ 158᱄ 

⽔㎕ 㰇᷍䓦㹐㏎䁈⭥ⳃ䍚 䊻᷍㑇䁈䁱㈠䐱 㦬᷍㗨⭥㯝㋝。⥁䐹䇻⤜㵍⭥Ⳟ㘇᱄

䎃㾊Ⳟ㘇。ⰵ䇇⤜㵍⭥⭆⪫ ⡩᷍㧈 statics᷉ ㈓㑇䁈 ᱃᷊kinetics᷉ Ⱀ㑇䁈 ᱃᷊kinematics

᷉䊬Ⱀ䁈 ᱄᷊㰜㗨⭥㤙⢑⫔䐣㋪⺊㚪㸋ᷛ㈓㑇䁈䁱㈠㹐㳆䊻㑇⭥䔘䇤㻣⭥㠞⽃⹹

 
158䎃⷗ⷛ㸳㗨⭥㚌コ⼽㼒᱄ 
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㻖 Ⱀᷜ㑇䁈䁱㈠㹐㳆䊻㑇⭥䔘䇤㻣䊬Ⱀ䓕㲍⭥ⶥ⢅ 䊬ᷜⰐ䁈䐜㘉㭗⭥䊬Ⱀ䓕㲍ゑ

㡅ⶥ⢅᷍⤜㪇ゑ㡅䊎䅓᱄䎃⷗㬨㏛㬘㩰䔏䋈⭥⿏⳷᱄⽔㎕᷍㦬㗨䄓。➲ statics 䈌

kinetic ⼰㾕㸋 dynamics᷍㸳㗨䄓Ⳏ䅌㸋Ⱀ㑇䁈᷍㡅⡔⽔᷍䇱䄜⮄䊬Ⱀ㬨㉙ⰵ⭥䅃

㯝᷉㈓䐚㬨㼁ⰵ⭥᷍㬖カ㩰䄓䊻䊬Ⱀ ᱄᷊⿜㉅⿑㯖᷍dynamics 㘉㭗⭥㈮㬨㹐㳆䊻

㑇䊻䔘䇤㻣⭥䊬Ⱀ᷍ⱙ⤜㆗㆗㬨䊬Ⱀ䓕㲍⭥ⶥ⢅᱄㒎㶃᷍䊻⿐䁈㩰㦬㗨⿚⧄䇤

kinetics᷉⡩㧈 chemical kinetics᷊᷍ 䎃⷗ⱁゐ䐱䊻⿐䁈ⳕ䇇Ⱀ㑇䁈㒍䈓᷍㦬㗨䇤

reaction kinetics 䎃⷗⪫㎕㲹䐙䎌ⰵⳕ䇇㯺㔫⭥䁱㈠ 159᱄ 

⨞㑬䎃㾊 mechanics 䎃⷗⪫⭥⿏⳷᷍䎌ⰵ㉀㳆⭥㑇䁈㸫㳃᷍⿚䇱㳍㳆㑇䁈

᷉celestial mechanics ᱃᷊䇇䇤㑇䁈᷉applied mechanics ᱃᷊㑍㿙㑇䁈᷉continuum 

mechanics ᱃᷊㵔ェ㑇䁈᷉statistical mechanics᷊᷍ 㰝㗨Ⱍ㲹䐙䄜Ⰹ⭥䁈㋧㒍䈓᷍䇤⭥

㬨㑇䁈⭥䓽⧧᷉ mechanics ᱄᷊⪬㶃 ⳷᷍㹗㑇䁈᷉ analytical mechanics ᱃᷊㒘㳆㑇䁈᷉ fluid 

mechanics᷊᷍ 䎃⷗ⷝ㼒㬨㑇䁈䐱㉀㳆⭥〚⪂㋯⧭᱄䓽ㆂ㡑㎕᷍㑇䁈䎃⷗⪫㬨䇱ⱁ

⷗⤜㵍⭥⼍䅆᷍㸳㗨䊻㬚䇤㬒䄜Ⰹ䄋㘘㦘㡅㉀㳆䐙⫛᱄⹹䇻䎃䄜⮄᷍㸳㗨䊻⭻➬

䍣ㅓ⭞㑠䓴㑇䁈⭥㬒⽓᷍⿚。䊺⪯㣠⮘᱄ 

䊻⡟ㅻ㲷㔼䐱 㸳᷍㗨㯖⭥㬨㑇䁈㬨㈎⮅㑇䁈᷉ classical mechanics ᱄᷊㉀㳆㲷㔼᷍

。➕ᷛ㝄ⰺ㑇䁈⭥㬒㋶⹼᱃㝄ⰺ㧞⫔Ⰹ㔪ゑ㡅ⷘ䐷㵧㔼᱃㶓䇱䅞㑇Ⰹ㔪᱃㝄ⰺ䐏

⽔㈎⮅㑇䁈⭥㆙䄜⤞ⳃ䍚ゑ㡅ⰵ䓵㦜䍽䁈⭥䇑㼍⹓㯥㾂ㅻ㎕䍚㋋᱄ 

4.1.1 㝄ⰺ㑇䁈⭥㬒㋶⹼ 

䊻㹐㏎䁈䁱㈠䐱᷍㋶ヅ᷉⺛カ⭆㸜䐧䐱〚⡟⭆㸜㸋㗸᷍㻣㘇㎉⼦䐱䄓㬚䇤⺛

カ⭆㸜䐧 ᱃᷊㬒ヅ᷉ 㘌 Ⱍ᷊㬨䔏〚⡟⭥㹐㏎㑠᱄⪬㶃 ⿚᷍䇱䐫㑠᷉ 㣈㋬ ᱃᷊⮈㒘᷉ ➓

 
159⡫䎀䊻䁱㈠䐱䇱䄜⷗㳆。㬨⿐䁈⭥㧈⺜䇤䄜⷗䊕䓵㹐㏎⭥㏎㔼㦆㘉㭗⿐䁈㻷㼔〓⺞⧭ 㰜᷍㗨㶚
㶚。⡩㹐㏎䁈コⷝ䔑䐹⪌㵔᷍ⷝ䊎ㅭ䅆᱄ 



  

㞁᷍ビ⧧➓ ᱃᷊㦩㑇䁈㸣Ⱙ᷉㋋ⱜ㸥᷍ビ⧧㋋ ᱃᷊㹐䐫⭥㑠᷉㚇ⱜ᷍ビ⧧㚇 ᱃᷊ⳃ

⺃㣠Ⱙ᷉㋓⭣㎎᷍ビ⧧㋓᷊᷍ 䄜⹓㡀⷗᱄㎉⼦䐱㬨䎃㡀⷗㑠⭥〚⡟⭆㸜᷍㡅㰝㦯

⼯㹐㏎㑠Ⱍ㋪㵉⺞䎃㡀⷗㑠䔊⼰⭤⭞ 㼁᷍䇇⭥⭆㸜䄓㈮⤜㬨〚⡟⭆㸜㑬᱄䊻䎃㾊

㑠䐱᷍䈌䋈㠻㑇䁈䁱㈠㼁⹹⭥㬨㋶ヅ᱃㬒ヅ᱃䐫㑠᱄⽔㘇⭥䄜㾊㑠䊻㈎⮅㹐㏎䁈

⭥㌓ソ䐱᷍䄓。㵉⺞㚔䐷䔊⼰⥛㪛㑇᱄⡩㧈᷍⮈㒘⧬㩰㬒ヅ᷍ⷙ⨗⮈⼪᷍⮈⼪䇷

㵉⺞㌃㔹䔘䇤ⷙ⨗㑇᱄⭌䎃䐷㑇㰚⥛㪛⭥䇑㼍㦵㦜㋪䄵⡜㈎⮅㑇䁈⭥㏎㔼㌓ソ㘉

㭗᱄⡟ㅻ᷍㸳㗨䎌ⰵ㈎⮅㑇䁈⭥㲷㔼㆗⪴㋶ヅ᱃㬒ヅ᱃䐫㑠㧞⷗㑠㋋㬝㯖㡑᱄ 

䇇ⶤ㯖᷍䎃㧞⷗㑠䈌㸳㗨⭥ⶱ⹺ⶱ䐋Ⱍ㉀䇱⡩ㅰ㣠⭥㑋㻖᷍⡩㧈㋶ヅ⫔㾂᱃

㬒ヅ⧅Ⱝ᱃䄵ゑ䄜⷗㹐㳆⭥䐫㑠⫔㾂᱄䊻㹐㏎䁈ㅉ㑃⭥⺞⧭䐱᷍ㅌ䎃㾊㚽⹜⡜ⶱ

⹺䐒ㅴⶱ䐋⭥Ⰼ㹘㆙㾱⨊㼔⿐ ㆙᷍ⱙ䄵㏎㾵㸋㹅㡘ⰵ㡅㆙㾱㘉㭗 㬖᷍カ㩰㬨䔏⹹

ポ⭥䄜⤞᱄⿜㉅⿑㯖᷍㈮㬨ⳃ㻷⫇䊻䈌⡜ⶱ䐋䐏ヅ⭥⹹㻖᷍⤃ㅌ㡅Ⰹ㑠⿐᱄㈎⮅

㑇䁈㬨㆝⫛㹐㏎䁈䔏䋈⭏㪛⭥⳷䐈᷍〓㿎䄓䈌䎃㾊㑠㼁ⰵ⡩ㅰ㦾䄸⡜ⶱ䐋䇱⹹᱄ 

㻩㯖㋶ヅ 㰝᷍ⳕ䇔⭥㬨㹐䐫䊬Ⱀ⭥⺄䁴㾵⼮㪍䍦㾵᱄㭞䁈㩰䔏ビ⭆⭥㋶ヅ㬨

䄜㸍᱃ⱟ㸍᱃㧞㸍⭥㝘㬰㋶ヅ᷍䎃㾊ⶦ㛏䋈䊻᱗゙⼯䊎⡟᱘䐱㈮䇱᱄⽔㎕᷍㦬㗨

㋪䄵➲㰝㵧⺄⭞䇱㻿㸍⭥㤊㌗ ⤃᷍䇤㬖㚻〞㋶ヅ⭥䈐䁵㎕ⰵ㡅㆙㾱㼋㻙⭥㘉㭗 160᱄

⭞㑬㬏㈦㬡ギ䐱⽔㠻 㦬᷍㗨㋋㬝䅃㬗⭞㤛㘇⭥䐹䄋㾵 䄓᷍ㅌ㝘㬰゙⼯㵧⺄䐢⳨㝘

゙⼯⭥㤊㌗᱄䎃䂚᷍㋶ヅ⭥Ⰹ䅆㈮䇱㆙䄜⤞⭥㎊䍚᱄㑠䓴㑇䁈ⳃ䍚㡑㎕⽔᷍㦬㗨

䊻㘉㭗㑠䓴㲍⭥㬒⽓᷍䇷㋋㬝㬚䇤㻄ⱜ⤏㲹㋶ヅ䎃䂚䄜⷗ⶦ㛏᱄⤜⹽㚥⷗᷍㋶ヅ

⭥⺄䁴㾵Ⱍ㬨㚻䊻⭥᱄䊻㈎⮅㑇䁈⭥㏎㔼㳆㻖䐱 ㋶᷍ヅ㈮㬨ビ⭆⭥㧞㸍㝘㬰㋶ヅ᱄

 
160䎃㏐㋪䄵㳆㻷⨗㹐㏎䈌㭞䁈⭥䄜㾊㯝㸍㻑⺀⭥㤙⢑䈌㋮⹼㩰⫇䊻⭥䄜⮄㑋㻖᱄㹐㏎㻑⺀䇻➲㦬
㗨㚽⹜ⶱ䐋⭥㋮⹼⫇䊻⨊㼔⿐ ㆉ᷍䑛㭞䁈⭥㬷Ⱟ㘉㭗᱄ⱙ㭞䁈㻑⺀䇻䊻⪬〚⪂㩰➲䎃䐷⨊㼔⨗㎕
⭥Ⰼ㹘䊻㏎㾵⭥⥄㘇䔗⭤ⷝゴ㠶㬫᱄䇱㦅⭥㬨 䇱᷍㬒䎃㾊⡜㠶㬫⿐⭥Ⰼ㹘㰅㦜䋈㠻⤃⤜ⰵ䇇㦬㗨
㚽ⶱ䐋⭥㋮⹼⫇䊻᷍⭌㰇䓦㹐㏎䁈⭥ⳃ䍚᷍。⡜㦬㗨䑑ㅆⶱ䐋᱄ 
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㰝䈌㬒ヅ䐏ヅ㸿墏⼰᱄㚠㣑᷍㦬㗨㬚䇤⭥⢋䓝⧅Ⱙ⭆㸜᷉1 㗸᷊᷍ 㬨 1983 㛋⭻ 17

ㆍ⺛カェ㑠⫔。Ⰹ䅆⭥⺃䊻䎇㋶䐱䊬Ⱀ 1/299792458 㘌㰚㈎㏛⭥㔘⧭᱄ 

䐏⽔㬨㬒ヅ 㰝᷍㘉㭗⭥㬨㹐㳆䊬Ⱀ⭥⧷㿙㾵䄵ゑ㯔㿓᱄㰝㋪䄵⤪䇤䐽㠻㾵⭥

䊬Ⱀ㎕㆙㾱ェ㑠᱄䔏⪌㵔⭥䐴⢎ㆉ䑛⭥㬨㏁㯧䐴➻䎃䐷〛㾖䊬Ⱀ 䎜᷍㳆㈌Ⱙㅰ⥏᱄

䊻䄜㾊ⷀ㈌Ⱙェ㬒⡜㿉䄋⭥⧂⼰᷍⡩㧈 GPS᷉㦌㤓Ⰹ㸜㻖ㄚ᷍Global Positioning 

System᷊⭥㸡㾨㩰᷍䇪䇻㡅㼁ⰵⷀ㯺⭥䊬Ⱀ᷍㿉䄋ⰵ㡅㬒ヅ䎌ⰵ䄜⷗㉙ⰵ㬒ヅ㆙

㾱㾄䓝᷍㦬㗨㶚㶚。ㆉ䑛䇻䊎䓴䐴ゝ㭖㎕㶋⧪䎃㼏⹅䔘᱄㚠㣑᷍㦬㗨㬚䇤⭥⢋䓝

㬒ヅ⭆㸜᷉ 1 㘌 㬨᷊囅ÿ133 䊎䓴〚㲍⭥㑞⷗⧍㈌㻙㚽゗䐏ヅ䊟㣉㰚ⰵ䇇⭥ⴙ㪅䐽

㠻㬒⧅⭥ 9192631770 ⡗᱄ 

㋶ヅ䈌㬒ヅ䐏⽔㬨䐫㑠᷍㰝䊻᱗䓵㦜䍽䁈⭥㭞䁈䊎㏎᱘䄜㭊䐱㰝⡜Ⰹ䅆㸋㹐

䐫⭥㑠᷍㉀㳆䅃䅆㬨ᷛ㹐䐫⭥㑠Ⱙ᷍㋪䄵䇪㡅㗽Ⱙ⼮㳆〞⹓㵍㤔⨗᱄䊻㬏㈦㬡ギ

⨖᷍䊎䓴㔼ⳃ䍚⺞⧭䐱㹐䐫⭥㑠䇷⡜Ⰹ䅆㸋㒎㶃䄜⷗㹐㏎㑠᷉⭆㸜㬨㚇ⱜ᷊᷍ ⭌

㬨䊻᱗䊎㏎᱘⥛㪛⭥㛋⫛᷍䎃⷗⢎㭗㬨⤜。⥛㪛㡈䅆⭥᱄㻷䊻᷍㦬㗨䄜⟄。㵉⺞

䎃䂚⭥Ⰹ䅆㎕㘉㭗㰝 㹐ᷛ㳆㰚㉀䇱⭥䄜䐷㹐㏎㭕㾵 㬨᷍㹐䐫⭥⺀㾵⫔㾂⭥㑠Ⱙ᷉ 䄓

㈮㬨䊻䄜⷗㲹Ⰹ⭥䓽㳆㑇⭥䔘䇤㻣㹐䐫㯺Ⱙⶥ⢅⭥㚲䄸⧭Ⱙ⭥㑠Ⱙ᷊᷍ 㰝㬨䄜⷗

䎞⭥⢋㑠᱄䎃⷗Ⰹ䅆᷍㈮䈌㰝䊻㝄ⰺ㑇䁈䐱⭥䅃䅆䇱㑬ⷝ⭥䁰ⷒⰵ䇇 161᱄ 

䐫㑠⭥⭆㸜㬨㣈㋬᱄䋈㛋 ⱁ᷍ㆉ䑛㚔㹐䐫㎕Ⰹ䅆᱄⡩㧈 ⳉ᷍⺛䊻 1795 㛋 4 䊣

7 㦶⟅⤝㑬⹹䇻Ⱙ㑠⽃⭥ⳉ㔪᷍㡅䐱⺇Ⰹ㣈㋬㸋᱑䊻⢚㦻⿐㬒⭥㸣Ⱙ㻣᷍㳆〞⭩

䇻⢀⧅㸋䄜⳷㗸⭥㑃Ⳟ㳆⭥㯏⭥㉙ⰵ䐹㑠᱒᱄䐏⽔᷍ⷚ㈾䎃⷗⢋䓝ⰵ䇇⭥㸣Ⱙ䇷

⡜⮘䎜㸋 4 㪄㬰Ⱙ᱄⢚⭥㣱⷏⹅䄶⼽㚲㵔䄜᷍䇻㬨⪴ 1889 㛋㡑᷍⺛カ⭆㸜䐧䇷

 
161⭒㦜᷍⽔㎕䐫㚽Ⳟ⧭⷇㰀㸳㗨䐫㑠䈌㚽㑠䐏ヅ㋪䄵㼁⿆䓋⿜᷍⭌㈮䐫㑠⡟㪎⭥Ⰹ䅆᷍㦬㗨⿚㬨
䇇ⶤ⪴⺀㑠⭥㑠Ⱙ䎃⷗ㅨⰩ㎕㏎ㆃ᱄ 
 



  

ㅌ㣈㋬⭥⫔㾂Ⰹ䅆㸋ⷛ⺛カ㣈㋬䊎㡘᷉International Prototype of the Kilogram᷍ビ

⧧ IPK᷊⭥䐫㑠᱄IPK 䇪䄜䐷⤍⼰㆑䐧⧪᷍䎃䐷⼰㆑䇪 90%⭥⤍⼮ 10%⭥䄠➕䐫

㑠⡩䐧⧪᷍㦜⽔䇤〛㡘䋍⧪ 39.17mm ⭥䐒㑃䊓䑚㳆᷉㰝⭥ⷀⰩ⭩䇻䐒㈗᷊᷍ 䎃䂚

䔗⭥㚠⭥㬨➲⢎㘇〞ブ䐢䔏⭮ ㆙᷍ⱙ㦤䂖⿐ⰵ䎃⷗⭆㸜⢋Ⱙ⭥䇑㼍䔏㾂⿐᱄⭌㰇

䓦㬒ヅ⭥㵧䄧 ゕ᷍㬚䎃㑞䐷㆑㭕⭥ⱉ㾵Ⱍ⼽㣠 ⭌᷍⪬㬖㹐䊎㡘⭥䐫㑠䄓。ⳃ㪛⢅

⿐᱄ 

㸋㑬㋬ⴟ䎃⷗㸫㳃 2᷍011 㛋 ⺛᷍カェ㑠⫔。䄵㦌㳆⫛⢎䄜䐣䊿⧪⭥㠒㭞 㵍᷍

䅃ⷚ㈾䄜⷗㹐㏎⧄㭞㎕䐹㾣Ⰹ䅆㣈㋬㆙ⱙ䈌㬖㹐⟟㏌᱄2018 㛋 11 䊣 16 㦶⺛カェ

㑠⫔。㦌㳆。䅊㵉⺞㉗䅊᷍ⶥ䇤䄵㠶㎫㋬⧄㭞㸋〚⪂⭥⹌㬞䔘㸋᱑㣈㋬᱒⭥㾣Ⰹ

䅆ᷛㅌ㠶㎫㋬⧄㭞Ⰹ㸋 6.626070 15×10ÿ34 kg•m2•sÿ1᷍⪬Ⰹ䅆䇻 2019 㛋 5 䊣 20 㦶

㪛㾈᱄ⷚ㈾⪬Ⰹ䅆᷍ㆂ⼰䄜䐷ㅱ䔗〚⤝ⱜ⧴᷉䄓⧧㶀㲹⧴᷊⭥㋧䁈䄨㡘 162᷍㦬㗨

㈮㋪䄵ⰵ㣈㋬ⷙ⨗䄜⷗㈌㦘⭥⢋Ⱙ㑬᱄⭒㦜 ⡟᷍Ⱟ⽔⤠⳷㲷㔼䐱⭥㋝㔨䊻᱗䊎㏎᱘

䓌㾕⭥㬒⽓Ⱍ㬨⤜䐹䄋⭥᱄䎃㏐䐜㬨㸋㑬ⷙⰢ䎀㈂㑠㦌㘇⭥ㆊ㩽㹐㏎䁈 ⷙ᷍⨗⭥

䄜㾊㎊⨅⭥㲷㔼᱄ 

䇱㑬䎃㾊〚⡟⭆㸜 㸳᷍㗨㈮㋪䄵㋋㬝㘉㭗䄜⷗㹐㳆䊻㬒㋶䐱⭥䊬Ⱀ㑬᱄䊻㈎

⮅㑇䁈⭥㬒㋶⹼䐱᷍㋶ヅ㬨㧞㸍⭥㝘㬰㋶ヅ᷍㬒ヅ㬨䈌㡅⪚䐒⭥䄜⷗䑂᷍㬒ヅ䈌

㋶ヅ䐏ヅ㬨㼁⿆Ⱑ㑃⭥᱄㹐㳆⭥㋶ヅ䔙⢋䇪㚔⤯㋝㻖㦘Ⰹ 㧈᷍⪬⤯㋝㻖㆙㾱⭥㬨

䊩㯺䐒㼀䊬Ⱀ᷍䋓㡅㸋⺀㾵㻖᱄㧈⺜㰝㆙㾱⭥㬨ゴ㯺䊬Ⱀ᷍䋓⧧䐏㸋⳨⺀㾵㻖᱄

 
162䊻䇪⪬䄨㡘㆙㾱⤺䔘㎕Ⰹ䅆䐫㑠⭥⺞⧭䐱 ⥃᷍㑠ㆂ⺜㆗㆗䄡㎖䇻㠶㎫㋬⧄㭞䈌䊋⮈⼪⮈㑠䎃㑞
⷗䓵㦜⧄㭞᱄䊻⥃㑠⺞⧭䐱᷍㦬㗨㋪䄵䔏⽔䄜⪯㬚䇤⺛カ㣈㋬䊎㡘᷉IPK᷊㎕⥃㑠㠶㎫㋬⧄㭞᱄
㦜⽔➲䎃⷗㠶㎫㋬⧄㭞⹭Ⰹ㻣㎕᱄䎃䂚 䄵᷍⽔ⰵ䐫㑠⭥Ⰹ䅆㈮⤜。㬽⭞⺛カ㣈㋬䊎㡘⡟㪎䐫㑠㰇
㬒ヅ⢅⿐⭥䇑㼍㑬᱄⪬Ⰹ䅆Ⳟⳉ⤯㋝㑬㦬㗨㏜䇤㑠䓴〕ⱜ㾈䇇ⰵ⮈䔉᷉ 㝘㚘᷊㆙㾱Ⰹ䅆䄵ゑ㏜䇤
䊝㩋ⴓ㩎㾈䇇ⰵ⮈䁚᷉ⴝ㲹᷊㆙㾱Ⰹ䅆⭥㼌ⳉ᷍ゕ㵲㏌㬖㹐᱄䇇ⶤ㯖᷍㚽⹜ⰵ䄜㾊〚⡟⭥㹐㏎㑠
㆙㾱Ⰹ䅆 䄓᷍㬨䎃㑞⷗㾈䇇⭥ⳃ㻷䎀ⴌ᱅㋬㏐㣶᷉ Klaus von Klitzing 1᷍943ÿnow ⼮᷊䊝㩋ⴓ㩎᷉ Brian 
D. Josephson᷍1940ÿnow᷊⳷⢑⡜㬻䈉㝖⡕ⱜ㹐㏎ㅒ⭥䐹䄋䊎䅓᱄ 
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䅓㸋䙅㏜㔵䋙㈎䊻䄜⷗䊩㯺㾱㬜⭥⪍⤶䐱⹼⥍⺞㑇䁈㻷㼔 ⤃᷍ⳃ㻷䎃⷗㻷㼔䈌㰜

䊻᱑㈓䐚᱒⭥㔞⭹㩰⹼⥍⭞⭥㻷㼔㶋㦌䄜䐣᷍㦬㗨➲䎃䐷⤜⢅㾵⧧㸋䙅㏜㔵㼁ⰵ

㾵䊎㏎᱄䓝㦘⭥㯖᷍㈮㬨ᷛ䄜㣱⡬⪬䔗䊩㯺䐒㼀䊬Ⱀ⭥⺀㾵㻖ⰵ䇻㘉㭗〛㾖䊬Ⱀ

⭥㑇䁈⺇㔪ⱙ䁵᷍Ⱍ㬨㶋㦌⭩ゼ⭥᱄㝄ⰺ㑇䁈䔑䐹䎃䐷⤜⢅㾵᱄䈌䐏⟊㰇⭥䄜⷗

㕀ゎ㩰⭥㚲㳃᷍㈮㬨䄋䇱䄜⷗㉙ⰵ㬒㋶⭥⫇䊻 163᱄ 

䊻㈎⮅㑇䁈㦂⭤⧪⹇⭥㛋⫛᷍䎃⤃⤜⫙㎕⡟䐫⭥㸫㳃᷍䐒⭞㕖㋬ⱜ䁘ÿ㚋㎸

㬖䂊⭥⨗㻷᱄䇪⪬㬖䂊⹼⥃䔘㸋〚⪂᷍㕆㔹䓩᱃➏䅓㯚㲚᱃㝴ゴ㎔᱃䷪㋪ⴓ㯚〚

⭩㦬ⰵ㉙ⰵ㬒㋶⭥ⶦ㛏㆙㾱㑬㾿䎞 ㆙᷍ⱙ⫙㎕㑬㼁ⰵ㔼㑇䁈⭥⭏㪛᱄䎃Ⱍ㬨⽔⿑᷍

䊻⡟䍣ⳗ㸈㚻᷍䙅㏜㔵⭥㼁ⰵ㾵䊎㏎᱃㝄ⰺ䊬Ⱀ⺇㔪᱃㈎⮅㬒㋶⹼㬨㋪䄵⼮㾔᱃

㵔䄜⭹⫇䊻⭹᱄ 

4.1.2 㝄ⰺ㧞⫔Ⰹ㔪ゑ㡅ⷘ䐷㵧㔼 

䊻 3.3.6 ㅻ᷍㸳㗨ㆊ㩽⺞᷍䊻㩰㘇㲷㔼⭥㬒㋶䐱Ⰹ䅆㶋㑬䐫㑠᱃Ⱀ㑠⭩⹹ポ

㑠䐏⽔᷍㝄ⰺ䅞㧌㑬㧞⫔Ⰹ㔪ᷛ 

1. 㝄ⰺ⭻䄜䊬ⰐⰉ㔪᷉⺀㾵Ⰹ㔪᷊ᷛ 㗠⷗㹐㳆Ⱍ⡄⧷㡅㈓䐚〓䊩㯺䐒㼀䊬Ⱀ

⭥䓕㲍᷍⨞⳨䇱㶃㑇䔘䇤䇻㰝㠩㬚㰝ⶥ⢅㚨⷗䓕㲍ᷜ 

2. 㝄ⰺ⭻ⱟ䊬ⰐⰉ㔪᷉䊬ⰐⳞ⧭᷊ᷛ 䊬Ⱀ⭥⢅⿐䎞⡩䇻㶃㑇᷍⢅⿐⭥Ⳟ㼓䁹

㶃㑇䔘䇤⭥䐒㼀Ⳟ㼓ᷜ 

3. 㝄ⰺ⭻㧞䊬ⰐⰉ㔪᷉䔘䇤㑇䈌ⳕ䔘䇤㑇Ⰹ㔪᷊ᷛ 㗠䄜䐷䔘䇤Ⱍ䇱䄜⷗㼁⭩

⭥ⳕ䔘䇤ᷜ〓䎀㯖᷍㑞⷗㹐㳆ヅ⭥㼁⿆䔘䇤䓽㬨㼁⭩⭥᷍ⱙ㣳䐙㼓㼁ⳕ᱄ 

䐏⽔ 㰜᷍〚䇻䎃㧞Ⰹ㔪㵧⨗㑬䄜⷗㶋䎜⭥㑇䁈㏎㔼㳆㻖᱄䊻䎃⷗㑇䁈㏎㔼㳆㻖䐱᷍

ㆃ㹗ㆂ⼰᱃㸃〞⳷⭩㭞䁈⹅㉀⭤⭞㑬⨅⳷⭥䇇䇤᱄⼽ⱁ⤜㵍㬽㑇㳖ミ㻣䄜⷗㹐㳆

 
163䎃⷗䊻 8.5 ㅻ㸳㗨。㼋㻙ㆊ㩽᱄ 



  

。➕㬓㗕䂚⭥⺍や䊬Ⱀ䎃䂚䄜⷗㸫㳃⭤⭞㑬㻖㵔⭥㲷㔼᱄䈌䐏⟊㰇 䄓᷍⥛㪛㑬⼽

ⱁⰉ㏎᱄䎃㾊Ⰹ㏎䊻⭒㬒㉀䇱䐹䄋⭥㋧䁈ゼ䐖 䅓᷍㸋㰝㗨㋪䄵➲㦤㝄ⰺ㑇䁈⭥ㆂ

⺜㵉⺞゙⼯⭥Ⳟ㬞䊻㬖カ㳆㻖䐱⭤⭞ⷝ⨅⳷⭥䂊䐅᱄ 

4.1.3 㶓䇱䅞㑇Ⰹ㔪 

䊻䇪㧞⫔Ⰹ㔪㵧⨗⭥䄜㻖㑱ㆂ⺜䐱 㶓᷍䇱䅞㑇Ⰹ㔪⭥⭹㸜⼽㲹㭃᱄㰝㬨㵉⺞

ⰵ⡩㋋㠶㎶⭥㳍㸥⹼⥃㦘Ⰹ⭥Ⰹ㔪 ⤜᷍㬨䎃⷗㏎㔼㳆㻖⭥ズ㪉᱄䊻⼽ⱁㆊ㩽㈎⮅

㑇䁈⭥⤥㑰䐱᷍㦬㗨➲㰝䈌㧞⫔Ⰹ㔪⳦䊻䄜㡑ㅓ᷍㆙ⱙ㵧⨗㝄ⰺ⭥㑇䁈㏎㔼᱄⪴

㡅㋧䁈㭕㾵ゑ㡅㕀ゎ⭹㸜⭥ㅨⰩ㎕㯖 䎃᷍㬨⤜ⰵ⭥᱄㰝㘘㻵ォ䈌㝄ⰺ㑇䁈䐱⭥㡅

㰝Ⰹ㏎⤜㵍᷍䄓䈌㧞⫔Ⰹ㔪⤜㵍᱄㸋㑬ⷝ㸋㼋㻙⭹㘉㭗䎃⷗㕀ゎ⺞⧭᷍㸳㗨⤯㋝

䐋⽖㩰᱑ㅋ㾂➸ 71᱒䈌᱑㚰⤠᱒㑞㸜㶙䇲㳂⹊⭥⤥㑰᷍ⷙ⨗㻣㘇⭥㘉㭗᱄ 

㻩⿹⹬䄜㻣㋋㠶㎶㧞Ⰹ㔪ᷛ 

1. ⺍⭡Ⰹ㔪 㲌ᷛ䂕㻖䐱㰚䇱⭥㾱㾨⳷⢑䊻⫔㾂⤜㵍⭥㵷䊓⺍⭡㩰㸈㦧㲌䂕䊬Ⱀ᷍

㲌䂕㸜䇻䎃㾊⺍⭡⭥䄜⷗ㅚ⮄㩰ᷜ 

2. 㘇〞㯺ⰩⰉ㔪ᷛ㾱㾨㸈㦧㲌䂕䊬Ⱀ㬒᷍㗠䄜㾱㾨⼮㲌䂕䐱㾥⭥㑍㼀䊻㼁⭩⭥

㬒ヅ㩉⺞㼁⭩⭥㘇〞ᷜ 

3. 䐽㠻Ⰹ㔪ᷛ㲌䂕㻖ⷘ㾱㾨㦧㲌䂕䊬Ⱀ㬒᷍䐽㠻⭥ⱟ⪯Ⳟ⼮㾱㾨⺍⭡⟌⧅䑂⭥

㧞⪯Ⳟ⧪䎞⡩᱄ 

䐏⽔᷍㸳㗨㦂䄜⷗䇪㾱㾨⺍⭡䈌㲌䂕⹚⧪⭥㠞㘇᱄㋋㠶㎶⭻䄜Ⰹ㔪᷉⺍⭡Ⰹ㔪᷊

⷇㰀㸳㗨㲌䂕⪇䊻㾱㾨⺍⭡⭥ㅚ⮄㩰᱄䎃䂚᷍㦬㗨㈮㚽䄵㲌䂕㸋䐱㾥᷉䎃⷗䇱䔄

⹜⭥㏎䇪᷍䅓㸋㲌䂕⭥䐫㑠䊗䊗⫔䇻㾱㾨⭥䐫㑠᷊᷍ 䇤れ䔙⢋㎕㘉㭗㾱㾨⭥䊬Ⱀ

᷉㵝 4.2 ᱄᷊ 
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㵝 4.2 れ䔙⢋㻣㾱㾨⭥䊬Ⱀ᱄䎃㏐᷍㾱㾨⡜⭒䔘䄜⷗䐫⮄㎕⪇㏎᱄ݐ㬒㋭⪇䊻 A ݐ᷍⮄ + ݐ݀

㬒㋭⪇䊻 B ⮄᱄ⷚ㈾㝄ⰺ㧞⫔䊬ⰐⰉ㔪⭥䄋㤔᷍㦬㗨㈮㋪䄵㤔⨗䎃⷗㾱㾨䊻㚔䐷㑇 F 㻣䊬

Ⱀ⺍や᱄㸋㑬㬚䎃⷗⺍やⴜ⼰㋋㠶㎶㧞⫔Ⰹ㔪⭥䄋㤔᷍㦬㗨㋪䄵㵧⨗䎃⷗㑇㬨㼓㾥㑇᷉⺍

⭡Ⰹ㔪᱃㘇〞㯺ⰩⰉ㔪᷊᷍ 㵍㬒㑇⭥⫔㾂ⳕ⡩䇻㉁㏌㠞Ⳟ᷉䐽㠻Ⰹ㔪 ᱄᷊䎃䂚᷍㝄ⰺ㈮⧪⹇

⭹ㅌ㧞⫔Ⰹ㔪+㶓䇱䅞㑇Ⰹ㔪䇤⭞㑬㾱㾨⺍⭡⭥㘉㭗䐱᱄ⱙ㶓䇱䅞㑇Ⰹ㔪䄓㬫䇤䇻㡅㰝䇱

䐫㑠⭥㹐㳆᷍㋪䄵⡜䇤㎕㘉㭗㠜⺜㸋㬓㗕㕅⭹᱃⭹㤓㩰㹐㳆⭥㝸㹐㼀⭩㸫㳃᱄䄓㈮㬨㯖᷍

䄜⷗㝄ⰺ㑇䁈᷍ㆃ㬮㑬㳍㩰䈌⭹㩰⭥㹐㳆㋪䄵➕㵔䄜⺇㔪㆙㾱䊬Ⱀ᷍⨅⳷⭹䍚㬟㑬㋧䁈⭥

㑇㑠᱄ 

 

䊻䎃⷗れ䔙⢋㻣᷍㸳㗨㋪䄵䁂䋒䄜䔊䎞ㅜ⺊䄜⭥〚൫ࢋఘ, ఏ൯㎕㘉㭗䐫⮄⭥䊬ࢋ

Ⱀ᱄㡅䐱 ఘ䁹㈗㼓ࢋ᷍ ⿑⭥ఏ䁹䊬ⰐⳞ㼓䈌䐏⪚䐒᱄䎃䂚ࢋ᷍ 䊻᷍dݐ⭥㬒ヅヅⷕ䄵㚻᷍

㾱㾨䊬Ⱀ⭥㬙㑠㬨ᷛ 

d࢘ = dࢋߩఘ +  ఏࢋߠdߩ

⹌㬞 4.1 

䈌䐏㼁䇇᷍㯺Ⱙ㋪⢎㭗㸋ᷛ 

ሶ࢘ = ఘࢋሶߩ +  ఏࢋሶߠߩ

⹌㬞 4.2 

㧈⺜䊺ㅌ㯺Ⱙ䔗䄜⪯ⰵ㬒ヅ⭥㸃⳷᷍㋝㔨⭞䎃䔊〚䄓。㰇㬒ヅ㧈㵝 4.3 㰚㬟➕㻣

㬞⢅⿐ᷛ 



  

ሶఘࢋ =  ఏࢋሶߠ

ሶࢋ ఏ = െߠሶࢋఘ 

⹌㬞 4.3 

㚨㗕ゴ㯺Ⱙ⼽䓵㦜⭹㈮⭩䇻ᷛ 

ࢇ = ሷ࢘ = ఘࢋሷߩ + ሶࢋሶߩ ఘ + ఏࢋሶߠሶߩ + ఏࢋሷߠߩ + ሶࢋሶߠߩ ఏ

= ఘࢋሷߩ + ఏࢋሶߠሶߩ + ఏࢋሶߠሶߩ + ఏࢋሷߠߩ + ఘ൯ࢋሶߠሶ൫െߠߩ

= ൫ߩሷ െ ሶߠߩ ଶ൯ࢋఘ + ൫2ߩሶߠሶ +  ఏࢋሷ൯ߠߩ

⹌㬞 4.4 

⿜㉅⿑㯖᷍ゴ㯺Ⱙ䇱㑞⷗Ⳟ㼓᱄䄜⷗㬨䁹䓦ࢋఘⳞ㼓᷍⳷㑠⫔㾂㸋ߩሷ െ ሶߠߩ ଶᷜ㒎䄜

⷗㸋䁹䓦ࢋఏⳞ㼓᷍⳷㑠⫔㾂㸋2ߩሶߠሶ +  ሷ᷍㰝㕛䔄ᷛߠߩ

ሶߠሶߩ2 + ሷߠߩ =
1
ߩ

d൫ߩଶߠሶ൯
dݐ

 

⹌㬞 4.5 

㡅䐱 ሶ㣂㣂㬨㵝ߠଶߩ᷍ 4.2 㰚㬟⭥㧞ㅨ㾯 OAC ⭥㘇〞⭥㑞⡗᱄㾱㾨䊻⭆㸜㬒ヅ㚻㩉

⺞⭥㘇〞 OAB 䊻㸃⳷⭥䄜ㅸ㆝㯧㻣 㬨᷍⭩䇻㧞ㅨ㾯 OAC ⭥㘇〞⭥᱄䎃䂚⭥⿑᷍

㏜䇤㋋㠶㎶⭻ⱟⰉ㔪᷉㘇〞Ⰹ㔪᷍ⰵ㚔⷗㾱㾨 ሶ㬨⷗⧄㭞᷊᷍ߠଶߩ᷍ 㸳㗨㈮䐋⭡䎃⷗

㾱㾨䊬Ⱀ⭥ゴ㯺Ⱙ䊻ࢋఏⳞ㼓⭥⳷㑠㸋㒄᱄ⱙ䊬Ⱀ⭥㾱㾨䐫㑠㬨䄜Ⰹ⭥ 㚨᷍㗕㰝䊻

 ఏⳞ㼓⭥㬽㑇䄓㸋㒄᱄⿜㉅⿑㯖᷍㲌䂕䈌㾱㾨䐏ヅ⭥㑇⡹㸋䇱㾥㑇᷂ࢋ
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㵝 4.3 れ䔙⢋⭥〚㰇㬒ヅ⭥⢅⿐㬟䅃㵝᱄ 

 

䐏⽔᷍㸳㗨㈮㿉䄋㏜䇤ゴ㯺Ⱙ⭥㈗㼓⳷㑠ߩሷ െ ሶߠߩ ଶ㎕㏎ㆃ䎃⷗㈗㼓㑇⭞⭸㬨

⷗㬓㗕䂚䓴ᷠ㡅ⰵ䇇⭥㝄ⰺⳞ⧭㸋ᷛ 

ܨ = ݉൫ߩሷ െ ሶߠߩ ଶ൯ 

⹌㬞 4.6 

䎃⷗⹌㬞䐱 㣄᷍⧗⭞㑞⷗䓵䇪Ⱙߩ䈌ߠ᱄㰝㘉㭗⭥㬨䊻䄜⷗㲹Ⰹ⭥(ݐ)ܨ㻣 䈌ߠ᱃ߩ᷍

䐏ヅ⭥⹹㻖᱄㬖カ㩰᷍ߠ䈌ߩ⹹㻖᱄ⱙ㋋㠶㎶Ⰹ㔪㘉㭗⭥㬨⺍⭡㾯䓕᷍䄓㈮㬨⭥ݐ

ⱁ㭞㳍㸥⹼⥃ⷙ⨗⭥䄓㬨䎃⷗㾦㻃᱄㸋㑬㦤㵧⭝㶓䇱䅞㑇Ⰹ㔪⭥⺞⧭㋕㡑㎕ⷝ䐒

ㅴ 164᷍㸳㗨䎃㏐⭥ㆊ㩽ㆉ䑛 19 㬡ギ⨖䇪ⳉ⺛㭞䁈コ᱃㳍㸥䁈コ⡩㚯᷉Jacques 

Philippe Marie Binet᷍1786ÿ1856 㛋᷊㳂⨗⭥ Binet Ⳟ⧭㎕㆙㾱᱄ㆉ䑛 Binet Ⳟ⧭᷍

ㆂ⼰㋋㠶㎶Ⰹ㔪 㸳᷍㗨ㅌ䍚㬟㶓䇱䅞㑇Ⰹ㔪䐱䔏⹹ポ⭥䅞㑇⭥㉁㏌㠞Ⳟⳕ⡩⹹㻖᱄ 

䎃㏐᷍㦬㗨㋪䄵Ⰹ䅆䄜⷗ݑ㎕㳇⿜ߩ䎃⷗䓵䇪Ⱙ᷍㰝㗨㑞䎀⹹㻖㬨ᷛ 

ݑ =  ߩ/1

⹌㬞 4.7 

 
164᱗䊎㏎᱘䄜㭊⭥㵧⭝⺞䇻⿿㩍᷍㸳㗨⤜⤪䇤᱄ 



  

㵉⺞⹌㬞 4.5᷍㸳㗨䐋⭡㻣㘇䎃⷗㑠ᷛ 

݄ = ሶߠଶߩ  

⹌㬞 4.8 

䊻㾱㾨䊬Ⱀ⺞⧭䐱㬨⷗㬹⽄㑠᱄䇪⹌㬞 4.7᱃4.8᷍㋪䐋ᷛ 

ሶߠ =  ଶݑ݄

⹌㬞 4.9 

䎃㬒 㸳᷍㗨㋪䄵〚䇻㵝 4.2 䐱⪴ A 㶚 B 䊬Ⱀ⭥䎃⷗Ⱝ䊾⭥⺞⧭㎕⳷㹗ⷘ⢅㑠䐏ヅ

⭥⹹㻖᷍㆙ⱙ➲⹌㬞 4.6 䐱⭥゙⷗⹹ポ㑠䇤ߠ⼮ݑ㎕⢎⫐᱄㉀㳆㧈㻣ᷛ 

ሶߩ =
dߩ
dݐ

=
dߩ
dߠ

dߠ
dݐ

= ሶߠ
dߩ
dߠ

= ሶߠ
d(1/ݑ)

dߠ
= െߠሶ

1
ଶݑ

dݑ
dߠ

= െ݄
dݑ
dߠ

 

⹌㬞 4.10 

㆙ⱙᷛ 

ሷߩ =
dߩሶ
dߠ

dߠ
dݐ

= െ݄
dଶݑ
dߠଶ

ሶߠ = െ݄ଶݑଶ
dଶݑ
dߠଶ

 

⹌㬞 4.11 

➲⹌㬞 4.10 䈌⹌㬞 4.11 ⫛㧌⹌㬞 4.6᷍㸳㗨㈮㋪䄵⭤⭞ᷛ 

ܨ = െ݄݉ଶݑଶ ቆ
dଶݑ
dߠଶ

+  ቇݑ

⹌㬞 4.12 

䎃㈮㬨䑙㘜⭥ Binet Ⳟ⧭᱄㰝䇤䄜䐷䐒ㅴ⭥Ⳟ㬞᷍ⷙ⨗㑬㾱㾨⺍⭡㾯䓕䈌㡅㰚㬽

㼓㾥㑇䐏ヅ⭥⹹㻖᱄ 

䎃⷗㬒⽓᷍㸳㗨㿉䄋䔗⭥㈮㬨ㅌ㋋㠶㎶⭻䄜᱃⭻㧞Ⰹ㔪㏜䇤㡑㎕᷉⭻ⱟⰉ㔪

䊻㵧⨗㼁⿆䔘䇤㬨䇱㾥㑇㬒䄲㈎䇤⭞ ᱄᷊㡅䐱᷍⭻䄜Ⰹ㔪⷇㰀⭥㬨㾱㾨⭥⺍⭡㬨

⷗㵷䊓᷍㲌䂕䊻䄜⷗ㅚ⮄㩰᱄䎃䅃㸗䓦䊻れ䔙⢋㻣᷍⺍⭡㋪⢎㭗㸋ᷛ 

ߩ =
ܾଶ

ܽ + ܿ ή cosߠ
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⹌㬞 4.13 

㡅䐱ܽ᷍᱃ܾ᱃ܿ⳷⢑㸋㵷䊓⭥⟌⧅䑂᱃⟌Ⱝ䑂᱃⟌ㅚ㉁⧅Ⱙ᱄䇪㰝᷍㸳㗨⼽䓵㦜

⭹㵉⺞⹌㬞 4.7 ⭤⭞ᷛ 

ݑ =
ܽ
ܾଶ

+
ܿ
ܾଶ

cosߠ 

⹌㬞 4.14 

䎃⷗㬞䓴⫛㧌⹌㬞 4.12᷍㸳㗨㈮䇱ᷛ 

ܨ = െ݄݉ଶݑଶ ቆ
dଶݑ
dߠଶ

+ ቇݑ = െ݄݉ଶݑଶ ቂ
ܽ
ܾଶ

+
ܿ
ܾଶ

(cosߠ െ cosߠ)ቃ = െ݄݉ଶ
ܽ
ܾଶ
ଶݑ

= െ݄݉ଶ
ܽ
ܾଶ

1
ଶߩ

 

⹌㬞 4.15 

䅓⪬᷍䎃㬨䄜⷗⫔㾂䈌㉁㏌⧪ⳕ⡩⭥㼓㾥㑇᱄ 

ⱙⰵ䎃⷗㵷䊓㎕㯖 㘇᷍〞㯺Ⱙଵ
ଶ
᷍⪭᱄䅓⭥ܾܽߨ〞ሶ⧬㩰䐽㠻ܶ㬨⭩䇻㵷䊓㘇ߠଶߩ

キ㿙䇱ᷛ 

1
2
ሶܶߠଶߩ =

1
2
݄ܶ =  ܾܽߨ

⹌㬞 4.16 

㆙ⱙ⹌㬞 4.15 キ㿙⭩䇻ᷛ 

ܨ = െ݄݉ଶ
ܽ
ܾଶ

1
ଶߩ

= െ݉൬
ܾܽߨ2
ܶ

൰
ଶ ܽ
ܾଶ

1
ଶߩ

= െ
ଶ݉ܽଷߨ4

ܶଶ
1
ଶߩ

 

⹌㬞 4.17 

㧈⺜㸳㗨ズ㪉㲌䂕㻖⭥㰚䇱㾱㾨䈌㲌䂕㼁⿆䔘䇤⭥㑇⭥㾵䐫㬨䄜䂚⭥⿑ 㚨᷍㗕㠞

Ⳟⳕ⡩㣑㘇㚨⷗㻖㭞䇇ⶤ䄜䂚 䎃᷍䄓㈮ㆃ㬮㑬㋋㠶㎶⭻㧞Ⰹ㔪⭥⹼⥃ 䄓᷍㈮㬨㾱

㾨⭥䐽㠻⭥ⱟ⪯Ⳟ⼮㾱㾨⺍⭡⟌⧅䑂⭥㧞⪯Ⳟ⧪䎞⡩᱄ 

䐢⪬ 㝄᷍ⰺ㑇䁈⭥䎜㳆㏎㔼㌓ソ〚⡟ㅉ㑃᱄㩱㦒㬈⭥䄜⮄㬨⹌㬞 4.17 㠞Ⳟⳕ



  

⡩㣑㘇㚨⷗㻖㭞⼮㲌䂕䐫㑠⿚䇱⹹᱄㵍㬒 㧈᷍⺜ズ㪉䎃⷗䅞㑇㬫䇤䇻㰚䇱⫙䐫㑠

⭥㹐㳆᷍⡩㧈⭹㤓ⰵ⭹㤓㩰㬖㹐⭥㹝䅞᷉⡩㧈⪌㯖䐱⭥㠜⺜㕅⭹᷊᷍ 䎃⷗㻖㭞⿚

㋪䄵㾕⧪㑞⷗㹐㳆䐫㑠⧬〞䊺⧬㩰䄜⷗㠶㬫㻖㭞⭥㾯㬞᱄䎃⷗㠶㬫㻖㭞䊻㝄ⰺ㑇

䁈㳂⨗⫔䊝 100 㛋⽔᷉1798 㛋 5 䊣᷊䇪㋉㸥⭰㿎᷉Henry Cavendish᷍1731ÿ1810

㛋᷊⥃Ⰹ᱄㸳㗨䊻䎃㏐⳷㼎䎃㾊㚻㦾᷍⟝⼍㑬䄜Ⰹ⭥㭞䁈㵧⭝᷍⤜⟝⼍⼽ⱁ㋪䄵

䇤㋝㬵⭥㾯㬞㎕䂊䐅䁈㪛㏎ㆃ⭥㻙ㅻ 䑘᷍䄋㚠⭥㬨㸋㑬㦤Ⱒ䎀⪴䈌䇇㬵ㅭ䈞⤜㵍

⭥ㅨⰩ᷍㦆㏎ㆃ䎃⷗㏛㬘㆙⤞⡔⽔⭥㭞㏎㕀ゎ᱄ 

 

4.1.4 㝄ⰺ䐏⽔㈎⮅㑇䁈⭥㆙䄜⤞ⳃ䍚ゑ㡅ⰵ䓵㦜䍽䁈⭥䇑㼍 

㝄ⰺ㑇䁈⭥⭏㪛᷍㦤㦬㗨ⰵ㋮⹼⭥䓵㦜㬡ㆈ⭥㦰㬗⥛㪛㑬Ⳏ㳍ⶓ⭹⭥⢅⿐᱄

㦬㗨㦰㬗⭞㩰⭞㳍㳆㻣⭞⭹㘇㩰⭥㹐䐫⭥䊬Ⱀ㋪䄵䇤䄜⷗㵔䄜⭥᱃㋪㬚䇤Ⰹ㑠⭥

⺇㔪㎕䂊䐅⭥㋧䁈㏎㔼㎕㘉㭗᱄䓵㦜䍽䁈 䄓᷍㶋⧪㑬㼓䓵㦜㋧䁈䓋⿐⭥䔏㸋⹹ポ

⭥䄜⤞᱄ 

䎃䐷䇑㼍㬨⧍⨗㹐㏎䁈ㆈ᱃㋧䁈ㆈ⭥᱄⼽ⱁ㦬㦰㸋㦬㗨㋪䄵〚䇻㝄ⰺ㑇䁈㦆

㏎ㆃ㬡ヅ㶓㹐⭥ 䈌᷍䐏㼁䇇⭥㯝㼌㬨〛㾖㔼᱄䎃䐷㯝㼌⭥䍽䁈ⷚ〚㎕䓵ⷝ䋈䄜㾊

⭥〕⤝㯚᷉ Thomas Hobbes 1᷍588ÿ1679 㛋᷊᷍㰝䊻㝄ⰺ㑇䁈䐱⭤⭞㑬⼽⼤⭥㳆㻷᱄

㡕㗪䊬Ⱀ䐱 䄵᷍ⴝⱜ㲊㸋⫛⢎⭥⼽ⱁ⹹ポ㦬㹐Ⱍ㬽⭞㑬㎕䓵㑻⺛⭥䎃䐷㻩㆙㯝㼌

⭥䇑㼍᱄⭒㦜᷍⡟⤠⳷⭥㲷㔼㆗㆗㻿䇻㈎⮅㑇䁈㏎㔼ⳃ䍚⭥ⳗ⨌᱄㸳㗨ㅌ➕㬒ヅ

㯔㿓 㳕᷍⨗⭅㛂ⱜ᱅⤏㝍㏜᷉ Daniel Bernoulli 1᷍700ÿ1782 ᱃᷊㝘㎎᷉ Leonhard Euler᷍

1707ÿ1783 ᱃᷊㎎ⷒ㎫㦶᷉JosephÿLouis Lagrange 1᷍736ÿ1813 ᱃᷊㎎㠶㎎㯚᷉Pierreÿ

Simon Laplace᷍1749ÿ1827 ᱃᷊⺟㗽ⰺ᷉William Rowan Hamilton᷍1805ÿ1865゙᷊⷗

⫛⢎㦬㹐᷍ビ䄋ⶦ㎉゙⷗⹹ポ㆙䍚᱄䔏⽔᷍ㅌ㕅ㅦ⮄⳦䊻㑇䁈㏎㔼䊻㦩䁈㼁⹹㻷
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㼔⭥䁱㈠䐱᷍㸋㻣䄜ㅻ⭥㲷㔼⮍Ⰹ〚⪂᱄ 

㸳㗨㻩㋕⭅㛂ⱜ᱅⤏㝍㏜᱄㰜㬨⤏㝍㏜コ䔆⥛㪛⭥⭻㧞㸜ㅽ⨗⭥㭞䁈コ᷍㣑

㘇㬨㰜⭥⶙㣸䊝⼓ I᱅⤏㝍㏜䄵ゑ⤏⶙䁦㋪⡩ I᱅⤏㝍㏜᱄㣑㘇㳂⭞⺞᷍䁦㋪⡩

I᱅⤏㝍㏜㬨㎔⤝㛂⪥⭥䁈㪛᷍䄓㬨㰜䐳㬖⭥㾦㵞᱄㰜䇷⫙⨗㑬䓵゛⭥⭽⭽䊝⼓

䄜㬡᱅⤏㝍㏜᱄㑞㦬㬨㧈⪬⭥䇦㿄䄵䐢䇻㰜㗨⽔㎕⧅㠻⪇䊻䄜䐷㆕䍦⭥㈛䎚⹹㻖

䐱᱄䊻䁦㋪⡩ I᱅⤏㝍㏜㦆㬡⽔᷍䊝⼓ I᱅⤏㝍㏜⭥㈛䎚ⰵ㬷䇷⢅⧪㑬㸳㗨䎃㏐䄋

㳂⭞⭥㰜⭥ⱚ䓴⭅㛂ⱜ᱅⤏㝍㏜᱄ 

⭅㛂ⱜ䔏⫔⭥䄜⷗⹒㻸㈮㬨ㅌ㝄ⰺ㑇䁈⭥〚⡟䊎㏎䇇䇤䇻㒘㳆㻖㵔᷍䊻 38

㰋㬒㾕⨗㑬᱗㒘㳆Ⱀ㑇䁈᱘᷉ <Hydrodynamics> ᱄᷊㡅䐱⭥⤏㝍㏜䊎㏎᷍㻷䊻䇤Ⳟ

⧭⭥㾯㬞⢎㭗㧈㻣 165ᷛ 

1
2
ଶݒߩ + ܲ + ݄݃ߩ = constant 

⹌㬞 4.18 

䎃㏐᷍ߩ㬨㒘㳆㈷䈓㗽Ⱙ᱃ݒ㬨㈷䈓㯺Ⱙ᱃ܲ㬨㈷䈓䁚㣠᱄㰝䇤䔏㗡㘏⭥Ⳟ㬞㸋䈌

䑏ⱁ䈌㻷⫛㪛』㻃㻃㼁⹹⭥㑇䁈㻷㼔㳂⹊㑬ビㆁ⭥ㆃ㬮 ⧪᷍㸋㼁⹹䇇䇤᷉ ⡩㧈ⱁ

䐷⳪㾱㡘᷍㧈㵝 4.4 㰚㬟᷊⭥〚⪂᱄ 

 
㵝 4.4 〛䅎䊎㏎㬟䅃㵝᱄㩰⤠㋶㡙㒘㯺⫔᷍㼁䇇⭥䁚㣠㾂䄜㾊ᷜ㻣⤠㋶㡙㒘㯺㾂᷍㼁䇇⭥

 
165⤏㝍㏜㯖㘘㑬㒘㯺⫔⭥㬒⽓䁚㣠。㼁ⰵブ㾂᱄ⱙ㸳㗨㭍䐋⭥䎃⷗Ⳟ⧭᷍䋓㈾㯖㬨䇪⭅㛂ⱜ⭥⼤
㞔䇲㝘㎎䇻 1752 㛋㵧⨗᱄ 



  

䁚㣠⫔䄜㾊᱄䎃䂚᷍㈮㋪䄵⥛㪛䄜⷗㧈㔭㩌マ㵘㰚㬟⭥䇱㾈㳂㪞㑇᱄ 

 

⭅㛂ⱜ⡩㝘㎎㔵⫔゙㰋᷍䄓㬨㝘㎎䊻㡅 20 㰋䔔䇳㈮㚽䊻㬆⡬⭤⡅⭥ⱎ㔿㯚

⿫コ㋧䁈䊛〒⭤䐹䄋䐑㸜⭥䑘䄋㵧プ㦬᱄䊻㬆⡬⭤⡅ 㝘᷍㎎⧪⧅㸋䄜⫛㭞䁈⫔㬇

166᱄䐏⽔᷍㰜䇷䊻㠶㔔㬠⺛㶖吉㲹㑳⭥䂜㤌㻣㎕⭞➹㑷㋧䁈䊛⹅䔘᱄㰜䄜㪛ⰵ㭞

䁈᱃㑇䁈⭥ⳃ䍚䔗⨗㑬れ㡅䐹䄋⭥⹒㻸᱄㈮㭞䁈䐱⭥㸃〞⳷ⱙ䁵᷍㰜㗨䎃゙⫛㦬

⭥ゐ㳆⹒㻸㬨㦤㡅⧪㭍᷍ⱙ㝘㎎㸿䄪㬨㡅䐱⹒㻸䔏㸋㵜⨗⭥䄜⷗᱄㰜㬚䇤⳷㹗᱃

゙⼯᱃⢅⳷⭥ⶦ㛏᷍⫔⫔㎊䍚㑬㸃〞⳷Ⳟⳉ⭥䇇䇤ⳗ㸈᱄ 

㑇䁈䐱 㰜᷍ㅌ䎌ⰵ䐫⮄⭥䁱㈠㎊䍚䐢䐫⮄䔊䄵ゑⶶ㳆㻖㵔 䅞᷍㧌⭥㝘㎎ㅨ䐢

㆒㦵㬨㸳㗨㘉㭗䓋Ⱀ⭥䐹䄋⹅㉀᱄⢅⳷Ⳟⳉ⭥䅞㧌ⷝ㬨㸋㈎⮅㑇䁈㼓⳷㹗㑇䁈⭥

⺞Ⱚ㳂⹊㑬䔏〚⪂⭥㭞䁈⹅㉀᱄㝘㎎䊻㭞㔼⭥⧪㈮⡫䎀䅓㸋䓉䄖㰚㻿㸿⪴ⶱ㬽᷍

ⶶ㳆䓋Ⱀ⫔コ䊻⧄⺇㑇䁈ㅭ⤥䐱Ⱍ㚽ㅴ⪆⭞ ⳷᷍㹗䈌⢅⳷Ⳟⳉ⭥䔏䐶⭥㬽䅇䎀㬨

㡅䁈㪛㎎ⷒ㎫㦶᷉㻣䄜Ⱟ㸳㗨。䓉㗦ㆊ㩽᷊᷍ 㝘㎎䎃㏐㸳㗨㈮➲㕅ㅦ⮄⳦䊻䄜⷗

⫔コⰝ⼽㭍㻅⭥ⶦ㛏᷉㿊㭞᷊㩰᷍⪴䐱ⶱ㬽㰜䔘㸋㭞䁈⫔㬇⭥⹒㻸᱄ 

㬖カ㩰᷍䋈䊻㆝⫛⭥㑇䁈ⳃ䍚䐏㣑᷉䄓㈮㬨䙅㏜㔵᱃⭲㋉ⱜ䐏㣑᷊᷍ 㦬㗨䊻

䁱㈠䄜䊋㧞⪯᱃㯥⪯Ⳟ⧭⭥ⷚ㬞ㆃ⭥㬒⽓᷍㈮䅞㧌㑬ⷚ⼦㻣⶛䄜䎃䂚䄜⷗㑠᱄䄜

⟄㦛㔼㋯⧭䐱᷍ㅓ㋯⭥㎰㬇Ⱍ。㳂䎃Ⱟ㏛㬘᷍⫛⢎䑙䔘㬨 1545 㛋䅃⫔㏜㭞䁈コ

㋉⭅᷉Girolamo Cardano᷍1501ÿ1576 㛋᷊⭥᱗⫔㭖᱘᷉ <Ars Magna> ᱄᷊⭌䎃⷗㭞

⼮㦬㗨䐏㣑ㅴ⪆⭥㭞㶋㦌⤜䄜䂚᷍㲌ⳕ⧄㬗㑬᱄䅓⪬᷍㦬㗨㚽⡽㘃㈮⡽㘃᱄1637

 
166ⱎ㔿㯚⭥㭞䁈⪌㵔⼮㝘㎎䄵ゑ⤏㝍㏜コ䔆Ⱍ䇱⼽⫔⭥⹹㻖᱄䊻ⱎ㔿㯚᷍䇱⷗㬆⡬⭤⡅䁈㝪᷍䎃
⷗㈮㬨㰜㗨⫙⨗㎕⭥᱄⭤䅇䇻䎃䐷⪌⧱⭥䊻⽔㬡⭥⫛⢎㦬㹐⟝㎉ 㸳ᷛ㗨ㅓ⳨㝘゙⼯㬒䓽。㳂⭞⭥
㔿➮㣱ⴓ㯚〚᷉ Nikolai Lobachevsky 1᷍792-1856 ᱃᷊⽔㎕⡜⧪㸋ⱎ㔿㯚㻷⫛㭞䁈⮍〚㦬⭥㣱⡩䁊ⴓ
᷉Pafnuty Chebyshev᷍1821-1894᷊᱃䄵ゑ䊻㸃⳷Ⳟ⧭㸩Ⰹ㏎㔼Ⳟ㘇䇱䐹䄋⹒㻸⭥㏏䁨㠶㕆ⴓ
᷉Aleksandr Lyapunov᷍1857-1918᷊᱄ 



   

150 
 

㛋᷍⭲㋉ⱜ㪖䐢䐒ㅴ➲ξെ1㘝㘜㸋᱑㿊㭞᱒᷉ imaginary number ᱄᷊䈌䐏ⰵ䇇⭥㘜⪫

㬨᱑㬖㭞᱒᷉ real number ᱄᷊⭲㋉ⱜ䎌ⰵ㡅⭥ⴒⰉ㤊㿘᷍䇇ⶤ㯖㬨䄜㚠㑬㦜⭥᱄䐏

⽔᷍㝘㎎ㅴ㬽㑬䎃⷗㭞⭥⫇䊻᷍⤃䅞㧌᱑i᱒㎕⢋㬗䎃⷗㭞᱄ⷀ㯚᷉Carl Friedrich 

Gauss᷍1777ÿ1855᷊ⷝ㬨䅞㧌㑬ⶕ㭞⭥ⶦ㛏᷍⤃㬚䇤⢋㬗㬖㭞䈌㿊㭞⭥㑞⷗䑂㎕

⢎㬟䎃⷗ⶕ㭞᱄䐢⪬᷍㿊㭞䈌ⶕ㭞⤦⡜㬡㦬⺄ⳛㅴ㬽᱄㸳㗨⪴䎃⷗⹫㬣䐱䎃㾊⫔

㬇⭥⹒㻸᷍䄓㋪䄵㳆。㡅䁈㭖⭹㸜䈌䁼ㆈ᱄ 

㝘㎎䐏⽔㬨㰜⭥䁈㪛㎎ⷒ㎫㦶᷉ JosephÿLouis Lagrange 1᷍736ÿ1813᷊᷍ 㰜㬨⧚

⭸ㅉ㑃⳷㹗㑇䁈⭥㦬 167᱄䊻⳷㹗㑇䁈䐱 㦬᷍㗨⤜䊺㼒㝄ⰺ㑇䁈㚨䂚㏜䇤㸜䐤᱃㯺

Ⱙ䎃䂚⭥㬙㑠㎕㘉㭗㹐㳆⭥䊬Ⱀ ⱙ᷍㬨ㆉ䑛䇻䔘䇤㑠䎃䂚䄜⷗⢋㑠㎕㘉㭗䎃䐷⺇

㔪᷍䎃⷗䔘䇤㑠㬨㹐㳆⭥䊬Ⱀ⺍や䎃⷗⼐㭞⭥ⳛ⼐᷉㭅㧌㬨䄜⷗⼐㭞᷍㭅⨗㬨䄜

⷗㭞 ᱄᷊䎃䂚᷍㦬㗨㈮㋪䄵㵉⺞⢅⳷᷍〚䇻᱑㹐㳆⭥䊬Ⱀ⺍や㬨䔘䇤㑠㦂䔏㾂䐖

㬒⭥⺍や᱒䎃⷗㰚㸞⭥䔏㾂䔘䇤㑠䊎㏎᷍㎕⭤⭞䎃㳖⺍や᷍㆙ⱙ〒㦂㹐㳆⭥䊬Ⱀ

⺇㔪㑬᱄〚䇻䔘䇤㑠〒⭤⭥⺍や䈌㝄ⰺⳞ⧭ⷙ⨗⭥㬨⭩ゼ⭥᱄⭌⢅⳷᱃䔏㾂䔘䇤

㑠䊎㏎᱃㎎ⷒ㎫㦶㑠䎃㾊ⶦ㛏⭥䅞㧌 ⶔ᷍䈉㑬⳷㹗㑇䁈ⷝ㪏㋭⭥㹐㏎㚻⼎᱄䅓⪬᷍

⪬Ⳟⳉ⽔㎕䇷㪙㵙⭞㑬㑇䁈⭥ⷘ⷗㒍䈓᷍⟝㎉⽔㠻⭥㑠䓴㑇䁈᱃⧂㔼Ⳟⳉ᱄ 

⡩㎎ⷒ㎫㦶㩵㸃㾂㬏ⱁ㰋᷍⿚䇱䄜⷗れ㉀䇑㼍㑇⭥ⳉ⺛㭞䁈コ᱃㹐㏎䁈コ᱃

㳍㸥䁈コ᷍ㅱ㎎㠶㎎㯚᷉PierreÿSimon Laplace᷍1749ÿ1827 㛋 ᱄᷊㰜㬨㒎㶃䄜㸜㭞

䁈䈌㑇䁈⫔コ⫐㎫⡕ⱜ᷉ JeanÿBaptiste le Rond d'Alembert 1᷍717ÿ1783 㛋 ⭥᷊䁈㪛᱄

㎎㠶㎎㯚⭥䄜⷗䐹䄋⭥⹒㻸㬨ㅌ㝄ⰺ䐏⽔ⳃ䍚㑬ㅌ㆝ 100 㛋⭥⳷㹗⭥㭞䁈⹅㉀

㻖㵔㾵⭥䅞㧌㑬㳍㸥䁈⭥䁱㈠⭒䔘᷍㶋⧪㑬䄜⤞㈿䑙᱗㳍㳆㑇䁈᱘᷉ < Celestial 

 
167 䁰ⷒ䅃䅆㩰⳷㹗㑇䁈䇱㎎ⷒ㎫㦶㑇䁈᱃⺟㗽ⰺ㑇䁈᷍㎎ⷒ㎫㦶ㅉ㑃⭥㬨㎎ⷒ㎫㦶㑇䁈᱄ 
 



  

Mechanics)> ᱄᷊䊻㳍㳆㑇䁈䎃⤠㈿䑙䐱᷍㰜㏜䇤⳷㹗⭥㬷Ⱟ᷍ㅌ⹹䓃⮄⪴㑇䄧䐢

㚽㑠 㻖᷍㵔⭹䁱㈠㑬㲌䂕㻖⭥㸩Ⰹ㾵㸫㳃᱄㰜䄓㻖㵔㾵⭥䁱㈠㑬㾨㳆䊬Ⱀ䐱⭥㧞

⷗㾨㳆ヅ⭥㼁⿆䔘䇤㸫㳃 㳂᷍⨗㑬㪄Ⱀ㏎㔼 168 䎃᷍ⰵ䇻⽔㠻㦬㗨ⳃ㻷⼄㶖㾨⭥ⳃ

㻷⺞⧭䐱㡑⭞㑬㉗Ⰹ㾵⭥䔘䇤 169᱄䎃⷗᱗㳍㳆㑇䁈᱘㬨㧈⪬㶋㗡⭹㏜䇤㑬㋧䁈⭥

㬷Ⱟㆃ㬮㑬⭒㬒㦬㗨䄲䐋⭥䈏䑇 䄵᷍䐢䇻⭒㬒䄲㈎⧧⭼⭥㚤㠧㔹㸫㎎㠶㎎㯚䊻䎃

⷗㏎㔼䐱㩰⭼⪇䊻㬓㗕䂚⭥㸜䐤⭥㬒⽓ 170 ㎎᷍㠶㎎㯚ビ⭆⭥⫑⭡ 㸳ᷛ⤜㿉䄋䎃䂚

⭥ズ㪉᱄ 

㣑㘇㳂⭞⭥䎃㾊䁈䎀Ⱍ㎕䓵䇻㝘䐿⫔㔞᷍㲹⢑㬨ⳉ⺛᱄⡔⽔⭥䊎䅓᷍䇱㦬㦰

㸋㬨㝄ⰺ⭥㣠㬧 㬚᷍⭤㰜⡟㦬⤃㗜䇱㲹⢑䍧㸶⭥㸃〞⳷Ⳟⳉ⭥㒎㶃䄜䐷⢎㭗᷉ ㎔

⤝㛂⪥⭥⢎㭗 䊻᷊䇃㔸㧞⭛㗜㚽㠶ゑ᱄ⱙ〚䇻䎃䐷⢎㭗㦆ⳃ䍚⪬Ⳟⳉ㬨ⷝ䇱㣑㵟

⭥᱄䈌䐏㼁䇇 ㎔᷍⤝㛂⪥䐏⽔⤏㝍㏜コ䔆⭥⪌⟐⫙䔘䇤⫀㪛⨗䄜㻖㑱ⳉ⺛⭥㭞䁈

 
168䎃⷗㪄Ⱀ㏎㔼䁱㈠⭥㸫㳃㰅㦜䄓䇱㧞⷗㾨㳆 ⭌᷍⤃⤜㬨㸳㗨㻷䊻㯖⭥㧞㳆㸫㳃᱄㰝⪇㏎⭥㸫㳃
㬨䄜⷗⽄㾨᱃㑞⷗㾱㾨᱄㸳㗨㋪䄵➲⽄㾨䈌䄜⷗㾱㾨ヅ⭥㼁⿆䔘䇤⭒䔘䑘䄋㼁⿆䔘䇤᱄䊺➲㒎䄜
⷗㾱㾨⭒䔘㸃㦦᱄䅓⪬᷍䎃⷗㏎㔼ㅱ㪄Ⱀ㏎㔼᱄㻷䊻㦬㗨㯖⭥㧞㳆㸫㳃᷍㶚㶚㬨㑞⷗⽄㾨᷍䄜⷗
㾱㾨᱄䎃⷗㸫㳃䈌㣑䄜⷗⭥㤙⢑㬨䎃㏐㗜ⳉ➲㚥⷗㼁⿆䔘䇤⭒䔘㸃㦦᱄䅓㸋㾱㾨䈌㑞⷗⽄㾨⭥㼁
⿆䔘䇤䊻⫔㾂㩰㬨㋪䄵⡩㛃⭥᱄㏁㯧㸫㳃⭥䁱㈠䄋⭩⭞ 19 㬡ギ㚊⭥㝴ゴ㎔᷉ Henri Poincaré 1᷍854-
1912 㛋᷊᷍䈌䐏㼁⹹⭥䄜⷗㻷㼔ㅱ」丈᱄䄓㈮㬨䄜⷗㹐㏎㸫㳃䅓㸋ⱁ㳆㲹䎘᷍㗜ⳉ䇤㸃㦦䍚㋋⭥
Ⳟ㬞㎕⪇㏎㬒᷍ェ㰄ㆂ⺜ⰵ⨖㬝㳖ミ。⳨⧄㘕ⶱ⭹⫇䊻䄡㎖⹹㻖᱄䎃⷗㻷㼔䔏䋈㬨㝴ゴ㎔䊻 19
㬡ギ㚊䓃䅃⭞⭥᱄⭞㑬 20 㬡ギ䐱㠻᷍⭒ェ㰄䔘㸋䄜⷗䐹䄋㬷Ⱟ㆙㧌㹐㏎䁈䁱㈠䐏⽔᷍㦬㗨ⳃ㻷
㵍䂚⭥㪉䐤⭒䊬㾱䊻⤜㵍⭥㬒㋭䐱ⰰ㬒 䐹᷍㾣㋋㬝⽔ェ㰄〛。ⷙ⨗⤜㵍⭥㚄㛃ㆂ⺜᱄⽔㎕᷍㦬㗨
ⳃ㻷䊎䅓㬨㗠⪯㵄〛。㰑㬈䄜㾊㾂㭞⮄⽔⼽ⱁ㸜⭥㈌Ⱙ᱄ⱙ䔏䐶㚄㛃ㆂ⺜ⰵ⨖㬝㳖ミ䇱ⷀ㈌Ⱙ
⭥䄡㎖᱄20 㬡ギ㚊᷍」丈䇷䄜Ⱙ⧪㸋㹐㏎䁈䁱㈠⭥㦩⮄᱄䎃㾊㸫㳃᷍㰅㦜㳞㡑㎕⤜䄜䂚᷍⭌䇇ⶤ
㯖⡟䐫㩰Ⱍ㬨⫇䊻䄜Ⰹ㑋㻖⭥᱄ 
 
169㉀㳆ⱙ䁵᷍㈮㬨䊻 1844 ⼮ 1846 㛋᷍䇃⺛㳍㸥䁈コ䁨⭒㯚᷉John Couch Adams᷍1819-1892᷊⼮
ⳉ⺛㳍㸥䁈コ㎶㶟䄏᷉Urbain Jean Joseph Le Verrier᷍1811-1877᷊⳷⢑Ⱑ㑃⭹㬚䇤㳍㳆㑇䁈㏎㔼䊅
⥃⨗䄜⷗㩱㸕ⳃ㻷⭥㾱㾨᷉ ゕ⼄㶖㾨 ᱄᷊1846 㛋 9 䊣 ⭣᷍⺛㳍㸥䁈コゴ㎶᷉ Johann Gottfried Galle᷍
1812-1910᷊䊻㎶㶟䄏㏎㔼䊅⥃⭥㸜䐤⶞㆝ⳃ㻷㑬䎃㋦㾱㾨᱄ 
 
170䊻㚤㠧㔹⿚㬨䄜⷗䁈㪛⭥㬒⽓᷍⤯ゴ䄜⷗㋝㬵᷍㎎㠶㎎㯚㬨㋝⹺᱄⽔㎕㰜㗨䐏ヅ䄓⫇䊻䄜Ⰹ⭥
㯞㦬䇲䅋᱄ 
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⫔㬇᱄㬖カ㩰᷍㝄ⰺ䐏⽔᷍⪴㏎㔼㹐㏎⭥ㅨⰩ᷍䇃㔸㧞⭛㻣䄜⷗⫔㬇⭥⭏㪛〓㿎

㈮⭤⭩⭞㵱㕎㯚᱅䂏᷉Thomas Young᷍1773ÿ1829 㛋᷊㑬᷍ⱙ䂏䊻㛋㤂⭥㬒⽓䄓

㬨䋙⭞㝘䐿⫔㔞㆙㾱䁈㻑⭥ 171᱄⪴㵱㕎㯚᱅䂏㋋㬝 䇃᷍㔸㧞⭛䇷⿹⭞㑬䐱㾥㹉㲉᷍

䊻㏎㔼㑇䁈㒍䈓 䄜᷍⷗⫛⢎㦬㹐㈮㬨⺟㗽ⰺ᷉ William Rowan Hamilton 1᷍805ÿ1865

㛋 ᱄᷊㰜䅞㧌㑬㼁㋶ヅ⭥ⶦ㛏᷍ㅉ㑃㑬⺟㗽ⰺ㑇䁈᱄䎃⷗ⶦ㛏ⰵ䇻㑇䁈⪴㏎㔼㑇

䁈㼓㵔ェ㑇䁈᱃㑠䓴㑇䁈⭥ⳃ䍚᷍㬨䐢⹹䐹䄋⭥᱄⽔㘇䊻ㅓ㑠䓴㑇䁈⭥㬒⽓᷍㸳

㗨。ⳕⶕ㳂⭞⺟㗽ⰺ㑠᱄㈮㬨䎃䐷䇑㼍⭥䄜⷗䐒ㅴ㳆㻷᱄ 

Ⱒ⭞䎃㏐ 㧈᷍⺜㸳㗨⭥Ⱒ䎀㒕䅃⭥⿑ 䇇᷍ⶤ㋪䄵䓃䅃⭞⪴㝘㎎㋋㬝㸳㗨㈮䅞

㧌㑬䄜⷗⼽䐹䄋⭥Ⰼ㹘᷍ㅱ⢅⳷᱄⢅⳷⭥ⰵ㼔㶚㶚㬨㚽㑠〓䎀䔘䇤㑠䎃㾊⢋㑠᱄

〚䇻⢅⳷䊎㏎ 㦬᷍㗨㋪䄵㵧⨗㎎ⷒ㎫㦶㑇䁈 䄓᷍㋪䄵⪴㚽㑠ㅨⰩ㦆䁱㈠㲌䂕㻖䐱

ⷘ㾱㾨⺍⭡⭥㸩Ⰹ㾵᱄㡅䐱᷍㎎ⷒ㎫㦶㑇䁈㬨⳷㹗㑇䁈⭥䄜䐷㾯㬞᱄䊻㎎ⷒ㎫㦶

䐏⽔᷍⺟㗽ⰺ䇷⪕䋍㑬䄜䐷⳷㹗㑇䁈⭥㒎㶃䄜䐷㾯㬞ÿ⺟㗽ⰺ㑇䁈᱄㰜㗨⭥⹓㵍

⮄᷍Ⱍ㬨⪴㑇䎃⷗ⶦ㛏㳙⨗㎕᷍⪴㚽㑠〓䔘䇤㑠⭥ㅨⰩ㦆㏎ㆃ㋮⹼㬡ㆈ᷍㆙ⱙ㬚

⭤㹐㏎䁈㚽⹜䇤ⷝ㸋㗡㘏⭥㭞䁈䈐䁵㎕㘉㭗᱄䈌䐏㼁䇇 ⭒᷍㹐㏎䁈㼓㻣䄜⤞ⳃ䍚

⭥㬒⽓᷍䎃㾊㏎㔼⭥䇦㬧䄓㈮。⭤⭞ⷝゴ⨅⳷⭥㳆㻷᱄㡅䐱᷍㦩䁈᱃㦩㑇䁈䈌㵔

ェ㑇䁈䇇ⶤ㯖㬨䊻㈎⮅㑇䁈⭞㑠䓴㑇䁈㏎㔼⭥ⳃ䍚⺞⧭䐱㡑⭞㑬㣦㑛⭥䔘䇤 䅓᷍

⪬㸳㗨ㅴ㻣㎕䎌ⰵ㰝㗨㆙㾱ㅓㆃ᱄ 

 

4.2 ㈎⮅⭥㦩䁈᱃㦩㑇䁈䈌㵔ェ㑇䁈㏎㔼 

⹹䇻㦩 㸳᷍㗨㬸㻩㿉䄋䓃䅃⭥㬨㦬㗨ⰵ㦩䁈㻷㼔⭥⹹䓃㪖䐢䄋䋈䇻㑇䁈㻷㼔᱄

 
171㰅㦜⭒㬒䁈⭥㬨䄞䁈᷍䊻⭣⺛⭥ⷈ㵃ⷚ⫔䁈᷍㬒ヅ㬨 18 㬡ギ㚊᱄ⷈ㵃ⷚ⫔䁈㆙㧌Ⰷ㬃᷍㬨⪴
19 㬡ギ㋋㬝⭥᱄㵱㕎㯚᱅䂏㬨䄜⷗⮅㾮⭥ polymath᷉ 〓㿎䇇ⶤⳎ䅌㸋⤊䁈䎀᷊᷍㰜⭥䁱㈠ⶓⶨ㑬
䓵㦜䍽䁈⭥䑏ⱁ㒍䈓᱄ 



  

䄜⷗䐹䄋䊎䅓᷍㬨䎃㏁㻷㼔䈌㦬㏁⭥㪛』㗽㣱㼁⹹᱄⡰㈚᷍】⭥㬚䇤㈮㼒䐒㑃㾱

䔀䈌䐧䋍⹅㉀㚨䂚㬨㤙⳷㦬㏁䈌㡅㰜㪛㹐⭥䐹䄋⢋䐟᱄⡩㧈 䊻᷍㪒⿑⹫㬣䎃⷗ㅸ

Ⱟ 㸳᷍㗨䐱⺛㈮䇱咾㦬㬰䔋㚟㦂】⭥⪌㯖 䊻᷍⹦㻄㎑䄓䇱㠶㔿㗸㾿㯚⭢】⭥㪒⿑᱄ 

㸳㗨㦬㏁⭥䔇㻩䊻⤜ⰰ⭹ㅴ⪆䈌】㼁⹹⭥㦩㻷㼔⭥⺞⧭䐱 䄓᷍㦰㬗⭞㑬䄜㾊

㈎䂊⼮⺇㔪᱄䊻㻩㣹⭥⹦㭊᱗㋝⹅エ᱘䐱 ㈮᷍䇱㏜䇤】䂇⭥䁶㩌᷉ ➖⽍㩌᱃⧩㩌᱃

⿧㩌⭩᷊㎕㝱ⰰ】䂇⭥㸣Ⱙ⭥エ㔝 172᱄䊻㹘Ⳟ᷍䁨㏛㩞⫔㵝㭊⹾⭥㻄㔿᷉Heron 

of Alexandria᷍䇱㬒䄓⡜ㅱ䔗 Hero of Alexandria᷍~10ÿ70AD᷊䄓㼓㦬㗨䁾㬟⺞㋶

㡙⭥㦩䍮㏅㰖⭥㻷㼔 ⤃᷍㏜䇤䎃䐷㻷㼔ⳃ㘘㑬㡜䓋㤓᷉ 䇇ⶤ㬨䎕㡜〛䔏䋈⭥⨜㾯 ᱄᷊

⭌䎃㾊エ䊹 䎜᷍㳆⿚㬨㵄㒕䊻㻷㼔䈌⺇㔪⭥ビ⭆㦰㬗⥄㘇 ㏌᷍㻷⫛㹐㏎䁈⼽䊗 173᱄ 

4.2.1 ⪴䙅㏜㔵⭞㋬㎎㝢㔂 

⼮㣑㘇ㆊ㩽⭥⹹䇻㑇䁈⭥䁱㈠䄜䂚 ⭻᷍䄜⷗➲䎃㾊⹹䇻㦩⭥㻷㼔䈌⺇㔪⭥䁱

㈠㩰㪞⭞㆝⫛㹐㏎䁈᷉〓䎀㯖㋧䁈᷊⭥ⷀⰩ⭥㦬᷍䄓㬨䙅㏜㔵᱄㰜㬨⡜㝄ⰺ䈌➏

䅓㯚㲚⹌㦰⭥㋧䁈⭻䄜㦬᱄䙅㏜㔵ⳃ㘘㑬㦩䁈䁱㈠䐱䔏䐹䄋⭥䄜⷗䄨㡘 㸣᷍Ⱙェ᱄

㏜䇤㰝᷍㦬㗨㋪䄵ⰵ䄜⷗㹐㳆⭥㏅㦩⧭Ⱙ㎕㆙㾱⥃㑠᱄ 

㻷䊻 㸳᷍㗨➲㸣Ⱙ⭒⧪㦩䁈䐱⭻䄜⷗㲍⼐㭞㎕ⰵ⫞ ⤃᷍㏜䇤㦩㠞⽃Ⰹ㔪䎃䐷

䓽ㆂ⨗㎕⭥㈎䂊Ⰹ㔪㎕⺇Ⰹ㑞⷗⪇䇻㦩㠞⽃㲍⭥㹐䐫㉀䇱㼁㵍⭥㸣Ⱙ 174᷍㆙ⱙ

〚䇻㡅㘉㭗㡅㰝㦩䁈㾵䐫⭥᱄䎃⷗㦩㠞⽃Ⰹ㔪⡜⧧㸋㦩㑇䁈⭻㒄Ⰹ㔪᱄⪴㕀ゎ㩰

 
172㏎ㆃ䎃⷗⺇㔪᷍㿉䄋䇤⭞㸳㗨⽔㘇䄋ㅓ⭥⼻㳆ⴙ㪅᷍䎃㬨㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖⭥㬣㤊᱄⭌
䔏䋈㏁㯧㻷㼔⭥エ㔝䎃㬨㈮䄲⫇䊻᱄ 
 
173⡟ㅻ㋋㵘⭥䄜㾊㚻㦾᷍ㆉベ㑬䐱⺛㋧䁈䊛㹐㏎䁱㈠㰚⭥䂏䅆ⴆ䁱㈠䊒䊻㶙㩰⭥䄜㠋㸥䍣᱗㧈㲡
㲞㏅㦩——㦩⭥㏛㬘䈌㦩㑇䁈⭻㒄Ⰹ㔪᱘᱄ 
 
174㦩㠞⽃Ⰹ㔪⭥ビ⭆⢎㭗㈮㬨㧈⺜㹐㳆 A ⳷⢑䈌㹐㳆 B ⼮㹐㳆 C ⪇䇻㦩㠞⽃᷍㚨㗕㦤 B ⼮ C ㅴ
⪆᷍㰝㗨䄓⡹ㅌ⪇䇻㦩㠞⽃᱄⪇䇻㦩㠞⽃⭥㹐㳆㉀䇱㼁㵍⭥㸣Ⱙ᱄ 
 



   

154 
 

㰝㬨㦩䁈㏎㔼⭥〚⪂ 䅃᷍㸗䓦⿆㸋㦩㠞⽃⭥㹐㳆⡹㦜⫇䊻䄜⷗㭕䇻㹐㳆⡟㪎⭥㚻

䊻㾵䐫⭥㹐㏎㑠᷍䎃⷗㹐㏎㑠㬨㸣Ⱙ᷍㰝㬨㘉㭗䄜㣱㦩㻷㼔⭥〚⪂᱄⭌⪴㬒ヅ㯔

㿓㩰 㰝᷍䎞㬞⭹䵚Ⰹ㔪⭥㾯㬞㳂⨗⭥㬒ヅㅻ⮄ ⳕ᷍ⱙ㶎䇻㦩㑇䁈⭥㡅㰝㧞⫔Ⰹ㔪

175᱄㻣㘇᷍㸳㗨ㅌ➕㏛㬘⭥㯔㿓᷉䄜᱃ⱟ᱃㧞᱃㒄᷊㎕ㆊ㩽䎃㾊⹹ポ⭥㆙䍚᱄ 

㸳㗨⪴䙅㏜㔵ㅓ㡑᱄㈾㯖᷍㰜䊻 1603 㛋〓䐏㣑ⳃ㘘㑬⭻䄜⷗㸣Ⱙェ᱄䎃⷗

㸣Ⱙェ⭥⹹ポ䔊ミ㬨䄜⷗䐱㋶⭥⤄㑈㤓⼮䄜⷗⧅⭥⹽䓴᷉ 㧈㵝 4.5 㰚㬟 ᱄᷊⤄㑈㤓

㋪䄵㻩䇤㬷㹇㦩᱄㦜⽔ ➲᷍⹽䓴⳦䊻䄜⷗㯏⡎㏐㘇᱄䅓㸋䊻䄜⷗㲹Ⰹ⭥䁚㣠㻣᷉ ⫔

㡙䁚᷊᷍ ⰵ䇻㏎㼌㡙㳆᷍㸣Ⱙ䈌㳆〞⧪ⳕ⡩᷉䎃⷗㬖カ㩰㬨䊻䙅㏜㔵䐏⽔ⳃ㻷⭥

⥊㏎Ⰹ㔪 ᱄᷊䅓⪬᷍⭒⤄㑈㤓⭥㸣Ⱙㅖ㻣㎕⭥㬒⽓᷍㗽⡶⤠⳷㡙㳆⭥㳆〞ブ㾂᷍

㯏㠞㘇㈮。㩰㪞᱄䎃䂚⭥⿑᷍㰇䓦㶃ㆈ㸣Ⱙ⭥⢅⿐᷍㸳㗨㈮。㋕⭞䄜⷗㯏㠞㘇。

㰇䐏⢅⿐⭥Ⰹ㑠⭥⺇㔪᱄⹽䓴㩰㘇䇱㋭Ⱙ᷍ⳕ䇔㶃ㆈ㸣Ⱙ⭥⢅⿐᱄䎃ⰵ䇻㦩䁈䁱

㈠᷍㬨䄜⷗⪴Ⰹ㾵⭞Ⰹ㑠⭥⳪䊟᱄ 

 
㵝 4.5 䙅㏜㔵⭥㸣Ⱙェ㬟䅃㵝 

 
175⭻㒄Ⰹ㔪⡩㡑㡅㰜㦯⼯Ⰹ㔪ⷝ㸋〚⡟ ⭌᷍䐒⭞ⱟ㬏㬡ギ㧞㬏㛋⫛㣑䄜䐒㦬㗨Ⱍ㸕䇱⥍㉖⭞㿉䄋
➲䎃䐷㻷㼔䄵Ⰹ㔪⭥㾯㬞⢎⫐᱄㏛㬘㩰 ⭻᷍㒄Ⰹ㔪㬨䇪䇃⺛㹐㏎䁈コⶄ㎶᷉ Ralph Howard Fowler᷍
1889-1944᷍㰜䄓㬨⭳㎎㋬⼮㶖䑒㻋㻩㪛⭥⤊㬠⭝㬇᷊䇻 1939 㛋䎞㬞㳂⨗᷍⡩㦩㑇䁈⭻䄜Ⰹ㔪⼮
㦩㑇䁈⭻ⱟⰉ㔪㶎㑬➬㬏䈁㛋 ⡩᷍⭻㧞Ⰹ㔪䄓㶎㑬ⱟ㬏ⱁ㛋᱄⭌㬨㕀ゎ㩰 ⭻᷍㒄Ⰹ㔪㬨⽔㘇゙⷗
Ⰹ㔪⭥〚⪂᷉䅓㸋㰝〚䇻㦩㠞⽃Ⰹ䅆㑬㸣Ⱙ᷊᷍㰚䄵ㅱ䔗㦩㑇䁈⭻㒄Ⰹ㔪᱄ 
 



  

 

䋈㠻⭥㸣ⰩェⰝ⼍䇱㋶㡙᷍⤪䇤䄛㳆䔘㸋⥃㑠㹐䐫᷍⭌⤜㗽ⴃ᱄⽔㎕᷍㦬㗨

䇪䍧㸶㑬➲⹽㋻㆙㾱㗽ⴃ⭥ゝ㭖᱄䊻䎃⷗㬒ヅㅻ⮄㩰 㦬᷍㗨ⰵ㹐㳆⭥㏅㦩⥄Ⱙ䇱

⷗⪷㔵⭥㘉㭗᷍⭌⤃⤜㚽⳨⧄㻖㵔⭹᱃㈌䓝⭹㆙㾱Ⰹ㑠⭥⢋Ⰹ᱄䊻䎃⷗䓕㲍㻣᷍

㬖䂊㩰䔏⫔⭥䄜⷗⹹䇻㦩䁈㻷㼔⭥㋧䁈䐋㬗㈮㬨㸳㗨䊻㋯⡟㩰䁈⭞⭥⤉䅆ⱛÿ

㕎㔵㲹Ⰹ㔪᷉BoyleÿMariotte Law ᱄᷊㰝㬨䇪㸳㗨䊻㩰䄜䍣㳂⭞㑬➏ⱜ㎝⿐䁈コ⤉

䅆ⱛ᷉Robert Boyle 1᷍627ÿ1691 㛋᷊䊻 1662 㛋ⳃ㻷⭥᱄㉀㳆㚻㦾㬨᱑ⰵ䇻㗽⡶㦾

㡘䐱⭥Ⰹ㑠㡙㳆᷍⽄㸣㻣᷍㡙㳆⭥䁚㣠 P ⼮㳆〞 V ⧪ⳕ⡩᱒᱄㵍䂚⭥㚻㦾䊻 1679

㛋䄓䇪ⳉ⺛㹐㏎䁈コ㕎㔵㲹᷉Edme Mariotte᷍1620ÿ1684 㛋)Ⱑ㑃ⳃ㻷᱄䊻䎃⷗ⳃ

㻷䐱᷍㸣Ⱙ䐜䄋⡄⧷⤜⢅ゕ㋪᷍⤜㿉䄋㆙㾱⳨⧄㈌㦘⭥⥃㑠᱄ 

䊻ⰵ㸣Ⱙ㆙㾱㻖㵔⭹᱃ⷀ㈌Ⱙ⭹⢋Ⰹ⭹⺞⧭䐱 ⤉᷍㎝⨗㪛⭥⼪㎝㹐㏎䁈コ⿋

㔸⼄㲹᷉Daniel Gabriel Fahrenheit᷍1686ÿ1736 㛋᷊ⳃ⿴㑬䐹䄋⭥䔘䇤᱄1714 㛋᷍

㰜ⳃ㘘㑬㯏䅙㸣Ⱙェ᱄〚䇻䎃⷗ⳃ㘘᷍㰜䅞㧌㑬⿋㬰㸣⢋᷉Fahrenheit Scale᷊᷍ 㬚

⭤㦬㗨ⰵ㸣Ⱙ⭥Ⰹ㑠⢋Ⰹ䐫㑠䈌⥃㑠㈌Ⱙ⭤⭞㑬れ⫔⭥㳂㪞᱄䄓㬨〚䇻䎃⷗⹹ポ

⭥ゝ㭖㆙⤞᷍㦬㗨ⰵ㦩䁈⺇㔪⭥㦰㬗⭤⭞㑬れ⫔ⴂ⶜᱄⡩㧈᷍⫔䊝䊻㬏➬㬡ギ➬

㬏㛋⫛᷍ⳉ⺛䁈䎀⥊㏎᷉Jacques Alexandre César Charles᷍1746ÿ1823 㛋᷊ⳃ㻷䊻

䄜⷗㲹Ⰹ⭥䁚㣠㻣 ⶥ᷍⢅㸣Ⱙ 㳆᷍〞䔘㸋㸣Ⱙ⭥⼐㭞㬨䄜㳖䐒㼀 176᱄㬏㈦㬡ギ⨖

㠻᷉䊝 1801᱃1802 㛋᷊᷍ 䇃⺛⿐䁈コ⭡ⱜⰺ᷉1766ÿ1844 㛋 ᱃᷊ⳉ⺛㋧䁈コⶨÿ㔡

㧙㋬᷉Joseph Louis GayÿLussac᷍1778ÿ1850 㛋᷊㆙䄜⤞䐙⨗䊻㏎㼌㳖ミ㻣᷍䎃⷗

㤛㼀⭥㾒㔫䈌㉀㳆⭥㡙㳆㸿⹹᱄䊻ⶨÿ㔡㧙㋬⭥⹅䔘䐱᷍㰜䅞䇤㑬䐏㣑㗜䇱ⳃ⢎

⭥⥊㏎⭥⹅䔘᱄䅓⪬᷍䎃⷗Ⰹ㔪⡜⽔㦬⧧㸋⥊㏎Ⰹ㔪᱄ 

 
176䎃⷗㬒⽓᷍⢅㑠㈮㋪䄵㬨㸣Ⱙ㑬᱄ 
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〚䇻ⶨÿ㔡㧙㋬⭥⹅䔘 1᷍812 㛋 䅃᷍⫔㏜㋧䁈コ➃ⴝ䙅⭣㔿᷉ Lorenzo Romano 

Amedeo Carlo Avogadro᷍1776ÿ1856 㛋᷊⿚䐙⨗䊻䄜⷗䁚㣠㻣᷍䄜⷗㦾㡘㚻㡙㳆

⭥㑠䄓䈌㳆〞⧪䎞⡩᱄㳆〞䈌㡙㳆㑠⭥⡩䐖䐜䈌㸣Ⱙ⼮䁚㣠䇱⹹ 䈌᷍㡙㳆㬨㬓㗕

㸿⹹᱄䎃⷗Ⰹ㔪⡜⧧㸋➃ⴝ䙅⭣㔿Ⰹ㔪᱄㵍㬒᷍➃ⴝ䙅⭣㔿⿚〚䇻䎃⷗Ⰹ㔪ㆃ㬮

㑬 1808 㛋ⶨÿ㔡㧙㋬ⳃ㻷⭥㑞⷗㳆〞⭆㸜⭥㤃㡙䈌䄜⷗㳆〞⭆㸜⭥䂖㡙ⳕ䇇⽔᷍

ⷙ⨗㑞⷗ⱙ⤜㬨㧞⷗㳆〞⭆㸜⭥㡙㳆 177᱄䎃㏐ ➃᷍ⴝ䙅⭣㔿⭥ズ㪉㬨㑞⷗㤃䊎䓴

䈌䄜⷗䂖䊎䓴ⳕ䇇㪛⧪䄜⷗㯏⳷䓴᱄䎃⷗ズ㪉㬨ⰵ⭡ⱜⰺ⭥䊎䓴㔼⭥㣠㑇䐈⧷ 178᱄

㵍㬒᷍䊻㕀ゎ㩰᷍〚䇻⤉䅆ⱛÿ㕎㔵㲹Ⰹ㔪⼮⥊㏎Ⰹ㔪᷍㦬㗨㬨㋪䄵㵧⨗䊻䄜⷗

㲹Ⰹ㳆〞㻣䁚㣠䈌㸣Ⱙ㼀㾵㼁⹹⭥⹹㻖⭥ 179᱄ 

〚䇻䎃㾊Ⰹ㔪 1᷍834㛋 ⳉ᷍⺛㹐㏎䁈コ㋉㎎㝢㔂᷉ Benoît Paul Émile Clapeyron᷍

1799ÿ1864 㛋᷊㳂⨗㑬㏎㼌㡙㳆⭥䓕㲍Ⳟ⧭᷍ㅌ㸣Ⱙ᱃䁚㣠᱃㳆〞᱃㡙㳆㹐䐫⭥

㑠㵉⺞䄜⷗⧄㭞ܴ㵉⺞ᷛ 

ܸܲ = ܴ݊ܶ 

⹌㬞 4.19 

 
177 ⡜ㆃ㬮⭥䎃⷗⺇㔪 ⡜᷍⧧㸋ⶨÿ㔡㧙㋬Ⰹ㔪᱄㰝⭥㶋䎜㘉㭗㬨 㵍ᷛ㸣㵍䁚㻣 㡙᷍㳆㼁⿆䐏ヅ➕
䍶㳆〞⡩㏞ⳕ䇇᷍㪛⧪⭥㦯䄜㡙㳆⥛㹐䄓䈌ⳕ䇇㡙㳆⭥㳆〞⧪䎜㭞⡩᱄ 

 
178㬖カ㩰㦩䁈⭥ⳃ䍚䈌䊎䓴㔼⭥ⳃ䍚䄜䐒㬨㗽⤜㋪⳷⭥᱄⽔㎕⤄ⱜ䓩㕝䄓㬨ヂⰉ⭥䊎䓴㔼㾦㵞᷍
⤃䅓⪬䈌㕎⼶⥛㪛㑬䎚Ⱜ᱄㡅⡔⽔䊎䅓 䊻᷍䇻㦬㗨ⰵ㦩䁈㻷㼔⭥ㆃ㬮⺞⧭䐱᷍㿉䄋䅞㧌㦬㗨⭒㬒
㋕⤜ボ⭥䊎䓴᱃⳷䓴᱄䎃䊻⭒㬒㉀䇱䄜Ⰹ⭥㾯ⱙ㩰䁈⭥㲹䐫 ⭌᷍㬨㰇䓦㋧䁈⭥ⳃ䍚 ⽔᷍㎕⡜䐅㬖᱄
䎃䄓⧪㑬㹐㏎䁈ⳃ䍚⺞⧭䐱 㦬᷍㗨䄋⼰㏎⭹⪇㏎㏎㾵䈌ⶱ䐋䐏ヅ⭥⹹㻖⭥㏞䓴 ⧪᷍㸋㒍㻩㬒⫛⭥
㏎㔼⭥⟒䂚᱄ 
 
179䎃䄜⮄⡹㿌㣠⮘᷍㸳㗨⭥⼽ⱁㅭ⤥䐱。㯖㦬㗨㋪䄵〚䇻 P-V Ⰹ㔪᱃V-T Ⰹ㔪᱃P-T Ⰹ㔪㵧⨗㏎
㼌㡙㳆⭥䓕㲍Ⳟ⧭᱄㬖カ㩰 䎃᷍㧞⷗Ⰹ㔪䊻㕀ゎ㩰⤃⤜㼁⿆Ⱑ㑃 䐋᷍⭡㑬㑞⷗䓵㦜㋪䄵㵧⨗⭻㧞
⷗᱄ⱙ㏎㼌㡙㳆⭥䓕㲍Ⳟ⧭䐱㹐䐫⭥㑠㚨⷗䓵䇪Ⱙ㬨⤜㚽⡜䎃㧞⷗Ⰹ㔪㘉㭗᱄䅓⪬ ➃᷍ⴝ䙅⭣㔿
Ⰹ㔪䊻㵧⨗㋉㎎㝢㔂Ⳟ⧭⭥⺞⧭䐱㬨⡹㿌⭥᱄㏛㬘㩰᷍㦬㗨䄓㬨㵉⺞⤉䅆ⱛ-㕎㔵㲹᱃⥊㏎᱃➃
ⴝ䙅⭣㔿䎃㧞⷗Ⰹ㔪㵧⨗㏎㼌㡙㳆䓕㲍Ⳟ⧭⭥᱄㩰㘇㳂⭞⭥ⶨ-㔡㧙㋬Ⰹ㔪ⷝⱁ⭥㬨ⰵ䊎䓴㔼⭥
䐈⧷᷍䈌䎃⷗㏎㼌㡙㳆䓕㲍Ⳟ⧭⹹㻖⤜⫔᱄ 
 



  

㑋㻖㡑㎕ 180᱄⽔㎕ 㦬᷍㗨ⳃ㻷䎃⷗⧄㭞䊭⤹䓦ⷝ㸋ⴂ⶜⭥㹐㏎㚻㦾 㰝᷍⭩䇻⤄ⱜ

䓩㕝⧄㭞䈌➃ⴝ䙅⭣㔿⧄㭞⭥⧬〞᱄ 

㵍㬒᷍㧈⺜ㅌ⥊㏎⭥䐒㼀㼓⭮㸣Ⳟ㼓㎊䍚᷍。䈌⽂䑂㼁ㅜ䊻ÿ273 㪄㬰Ⱙ䔔

䇳⭥䂚䓴᷉⿋㬰㸣Ⱙ䊝ÿ459 Ⱙ᷊᷍ 䎃⷗㬖䂊⹼⥃ㆂ⺜䄓㸋㦬㗨䔏䋈㦰㬗㉙ⰵ㒄Ⱙ

㳂⹊㑬㳖ミ᷉㵝 4.6 ᱄᷊㬖カ㩰᷍䎃䄜⮄䐒⭞ 1848 㛋⤦䇪㋋ⱜ㸥㉕㬠᷉William 

Thomson᷍1st Baron Kelvin᷍1824ÿ1907 㛋᷍⭒㋰Ⰹ⿚㗜䇱㬻䁌᷊䐙⨗᱄䄓㬨〚䇻

䎃⷗㦰㬗᷍㋋ⱜ㸥䅞㧌㑬㉙ⰵ㸣⢋᷍⧪㸋㋧䁈䁱㈠䐱㸣Ⱙ⭥⢋䓝ェ㑠⭆㸜᱄ 

 

㵝 4.6 ㋬㎎㝢㔂Ⳟ⧭䊅㬟⭥㉙ⰵ㒄Ⱙ᱄ 

 

4.2.2 㦩㑇䁈⭻䄜Ⰹ㔪 

㩰㭗ⳃ䍚㸋㦬㗨㏎ㆃ㦩䁈㻷㼔㆙ⱙ㳂⨗㦩㑇䁈㏎㔼⮍Ⰹ㑬ヂ㬖⭥〚⪂᱄䊻㦩

㑇䁈㏎㔼⭥㳂⨗⺞⧭䐱᷍䄜㾊ⷝ㸋⨊㼔⭥ⶦ㛏᷍⡩㧈㦩㑠᱃㚽㑠᱃咹㡑⭞㑬䐹䄋

⭥䔘䇤᱄㏁㯧ⶦ㛏⭥㾯⧪䈌㩰㭗㬖䂊⺇㔪㼁⡩᷍㉀䇱ⷝ㸋㻫㘘⭥䍽䁈㭕㾵᱄⼮䊎

䓴㔼䄜䂚 㰝᷍㗨䊻㳂⨗⭥㬒⽓ Ⱍ᷍㉀䇱䄜Ⰹ⭥㾯ⱙ㩰⭥㲹䐫᱄⭌㰇䓦䁱㈠⭥㪏㧌᷍

㦬㗨䊞㎕䊞㦰㬗⭞㡅㋮⹼㾵᷍⤃ㅉ㑃㑬㼁䇇⭥㸃⹼㏎㔼᱄㆙㧌㩰⷗㬡ギ᷍㑠䓴㑇

䁈䈌㵔ェ㹐㏎⭥ⳃ䍚ⷝ㬨ⷙ䎃㾊㸃⹼㏎㔼ㅉ㑃㑬ヂ㬖⭥㏎㔼〚⪂᱄⡟䓦㕀ゎ䈌㏛

 
180⭒㦜䊻㋉㎎㝢㔂⭥㬒⽓᷍䎃⷗㸣Ⱙ⤜㬨㉙ⰵ㸣⢋᷍㬨䄋ブ䄜⷗⧄㭞⭥᷍䎃⷗㸳㗨㕎㩰。㯖⭞᱄ 
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㬘㼁㵔䄜⭥䊎䋓᷍㸳㗨䎜㳆➕㬒ヅ㯔㿓㎕䍚㋋ㅓㆃ᱄ 

㵍㬒᷍㸳㗨䄓㿉䄋䐙⨗᷍⪴㕀ゎ⹹㻖㩰㎕㯖᷍㦩㑇䁈⭻㒄Ⰹ㔪㬨〚⪂᷍㰅㦜

㰝⭥㳂⨗㶎䇻㣑㧞⷗Ⰹ㔪᷉䎃㧞⷗Ⰹ㔪⭥㳂⨗㬨➕㬒ヅ㯔㿓⥛㪛⭥ ᱄᷊⿚䇱㈮㬨

䎃㯥㳖〚⡟Ⰹ㔪Ⱍ㬨〚⡟Ⰹ㔪 ⤜᷍㚽䇪㡅㰝㦯⼯㹐㏎䁈Ⰹ㔪㵧⭝⨗㎕᱄㰝㗨Ⱍ㬨

〚䇻ⴂ⶜⭥㬖䂊䓽ㆂ⨗㎕⭥᱄㦜⽔ 〚᷍䇻䎃㯥㳖Ⰹ㔪 㦬᷍㗨㋪䄵ㅉ㑃㦩㑇䁈㏎㔼᷍

⤃䊻㡅ㅉ㑃⽔䈌㈎⮅㑇䁈᱃㑠䓴㑇䁈〚⡟㏎㔼ㆂ⼰᷍ⷙ⨗㑬㵔ェ㑇䁈᱄ 

㻩⪴㦩㑇䁈⭻䄜Ⰹ㔪㯖㡑 㰝᷍⭥㉀㳆㚻㦾㬨 㹐ᷛ㳆㚻㚽⭥䋗ゴ⭩䇻㹝㬶㦩㑠

ブ㦆ⰵ㶃䔗⹇᱄䎃㏐᷍䇱㑞⷗⡩ㅰ⨊㼔⭥ⶦ㛏ᷛ㚻㚽᱃㦩㑠᱄ⰵ㶃䔗⹇㼁ⰵ㰝㗨

㑞⷗⡩ㅰ⼤㏎ㆃ᱄㸳㗨㻩⪴㦩㑠㯖㡑᱄䊻㬏➬㬡ギ䋈㠻᷍⼪㎝㋧䁈コ⤝ⱜ⺟ⴓ

᷉Herman Boerhaave 1᷍668ÿ1736 㛋 ⳃ᷊㻷⭒㦬㗨➲⭩㳆〞⭥⤜㵍㸣Ⱙ⭥㯏」⼰䊻

䄜㌊⭥㬒⽓ 㰝᷍䔏䐶㸣㯏⭥㸣Ⱙ。㕅䊻䐱ヅ⮄᱄⤝ⱜ⺟ⴓ䇪⪬㈮⭤⭞㑬䄜⷗ㆂ㔼ᷛ

㹐㳆䊻」⼰⭥㬒⽓᷍㰝⭥㦩㑠㬨㬹⽄⭥᷍㰝ォ⤜㚽⡜⪕䋍䄓⤜㚽⡜㼜㘑᷍㰝㋪䄵

⪴䄜⷗㹐㳆㒘Ⱀ⭞㒎㶃䄜⷗㹐㳆 ⭌᷍㬨䊻䎃⷗⺞⧭䐱㰝⭥䓽㑠㬹⽄᷉ 㦩㑠㬨㬹⽄

⭥᷍ォ⤜㚽⡜⪕䋍䄓⤜㚽⡜㼜㘑 ᱄᷊ 

⭤⭞㑬䎃⷗Ⰹ㔪䐏⽔ 㦬᷍㗨䓵㦜。㼌䎃⷗Ⰹ㔪㬨ⴒ㬫䇤䇻⨞㑬㯏䐏㶃㡅㰝⭥

㹐䐫᱄⤝ⱜ⺟ⴓ䋙㈎⧃㬵➲㯏⼮㯏䅙」⼰᱄⭌㬨⤜㾳ㆂ⺜⤃⤜ⴜ⼰䎃⷗᱑Ⰹ㔪᱒᱄

⭒㦜㛄㋪䄵㯖㯏䈌㯏䅙⭥⡩䐹⤜㵍᷍䅓㸋⭒㬒㦬㗨䄲㈎ⰵ䐫㑠䇱㑬⼽⼤⭥㦰㬗᱄

⭌ゝ㭖⥄㘇㑞䎀⤃⤜⿆㦽 㹐᷍㏎⥄㘇㸳㗨䐋⭡㑞䎀⭥㦩㦾⤜㵍 䅓᷍⪬ㆂ㔼⤜䇇ⴜ

⼰㩰㭗䊅㠻᱄⭌⤜⹽䋖䂚 ⤝᷍ⱜ⺟ⴓ⭥䎃⷗㬖䂊䐢㩺㦤㦬㗨㦰㬗⭞㹐䐫䐱⨞㑬䐫

㑠᷍⿚䇱㚔䐷㬹⽄⭥㑠᷍䈌㦩䇱⹹᱄ 

⨞㑬㦩㦾᷍㩰㭗⹼⥃䐱⿚䇱䄜⷗⼽䐹䄋⭥䈌᱑㦩⭥㑠⭥ⱁ㩺᱒㼁⹹⭥㑠㗜䇱

⡜ⳃ㻷᷍㈮㬨㣒㦩᱄䎃⷗㬨䊻 1755 㛋䇪䄜⷗ㅱ⤝㎔㋬᷉Joseph Black᷍1728ÿ1799



  

㛋᷊⭥㯶ⷒ㎝㋧䁈コ㰚ⳃ㻷⭥᱄⤝㎔㋬䁱㈠㑬⢚⼮㯏䐏ヅ⭥」⼰᷍㰜㈮ⳃ㻷䄜⷗

⼽䇱䅃㯝⭥㻷㼔㈮㬨ㅌ 0ᲇ⭥⢚⼮⭩䐫㑠⥏⤜ⱁㅴ㆝ 80ᲇ⭥㯏」⼰㡑㎕ 㰜᷍㗨䇷

。ⳃ㻷⢚。㦌⤠䓋⿐㸋㯏᷍⭌㬨」⼰⭥㯏⭥㸣Ⱙ㦵㦜㬨 0ᲇ᱄䎃⷗㻷㼔⷇㰀㸳㗨

⢚䊻㦼⿐⭥⺞⧭䐱㰅㦜㰝⭥㸣Ⱙ⡄⧷⤜⢅ ⭌᷍㦵㦜。㹝㬶㦩㑠 䎃᷍⷗㦩㑠⡜ㅱ䔗

㣒㦩᱄㵍㬒᷍㰝䄓⷇㰀㸳㗨㸣Ⱙ⤃⤜㚽⹜䇤㎕⽃㑠䄜⷗㹐㳆㰚⼍䇱⭥㦩⭥ⱁ㩺᷍

㵍䂚㬨 0ᲇ᷍㯏㰚⼍䇱⭥㦩㑠㈮⡩⢚䄋ⱁ᱄ 

㧈⺜⤜㚽⭆⪠⭥䇤㸣Ⱙ㎕䔘㸋㦩㻷㼔⭥䄜⷗⭆䄜⽃㑠⢋䓝 㚨᷍䇇ⶤ⿚⫇䊻䓦

䄜⷗〓゙⷗㑠᷍䈌㹐㳆⭥㹝㦩᱃⳦㦩䇱⹹᱄㬖カ㩰᷍㦬㗨⽔㎕䅃㬗⭞䇱⼽ⱁ㘉㭗

㠞⽃㻖㵔⭥㦩㑇䁈䓕㲍⭥㲍⼐㭞᷍⡩㧈㚻㚽᱃咫᱃咹᱃䓵䇪㚽⭩᱄〚䇻⢚䓋⿐㸋

㯏⭥㣒㦩᷍⤝㎔㋬㳂⨗㑬㰜⭥㑠㦩㭖᷍ⳃ㘘㑬㬡ㆈ㩰䔏䋈⭥⢚㑠㦩㡘᷉㵝 4.7 ᱄᷊

䊻⥃㑠䄜⷗㹐㳆⭥㦩㑠⭥㬒⽓ ➲᷍䎃⷗㹐㳆⳦䊻⢚⭥㑠㦩㡘䐱᱄⭒䎃⷗㹐㳆㰝⭥

㸣Ⱙ⼮⢚⫐⭞㑬䄜䐣0ᲇ 㚨᷍㗕䇱䄜⤠⳷⭥⢚㈮。䓋⿐㸋㯏 䎃᷍⷗㯏㈮。㒘㻣㎕᱄

䎃䂚 㸳᷍㗨㈮㋪䄵ⰵ䎃㾊㯏⭥䐫㑠㆙㾱⥃㑠 ⤃᷍㵉⺞䎃㾊⢚䓋⿐㸋㯏⭥䐫㑠㎕⹡

ェ㸳㗨䄋⥃㑠⭥㹐㳆㰝㰚⼍䇱⭥㦩㑠㑬᱄䐢⪬ ⤝᷍㎔㋬⧯㤆㑬⹹䇻㦩㻷㼔⭥㑞⷗

〚⡟⭥ⶦ㛏᱄䄜⷗㬨㸣Ⱙ 䇤᷍㎕⥃㑠䄜⷗㹐㳆㰝⭥㏅㦩⧭Ⱙ᷉ 䎃⷗㦬㗨䋈㈮䐋⭡ ᱄᷊

㒎䄜⷗᷍㬨㦩㑠᷍䇤㎕⥃㑠䄜⷗㹐㳆㰝㰚⼍䇱⭥㦩⭥㑠⭥ⱁ㩺᱄ⰵ㸣Ⱙ⼮㦩㑠᷍

㸳㗨⳷⢑㋪䄵䇤㸣Ⱙェ⼮㑠㦩㡘㎕㆙㾱⥃㑠᱄䎃䂚䄜㎕㈮㸋䎜⷗㦩㻷㼔⭥䁱㈠㈮

⮍Ⰹ㑬䄜⷗㋧䁈⭥〚⪂᷉㬖䂊⥃㑠 ᱄᷊ 
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㵝 4.7 ⤝㎔㋬㑠㦩㡘⭥㬟䅃㵝᱄ 

 

⪴ 1755 㛋⤝㎔㋬⭥⹅䔘䐏⽔᷍⭞㬏➬㬡ギ㚊䐢ⱟ㬏㬡ギ⨖᷍㦬㗨㈮㬨䊻ⰵ

㦩㻷㼔⭥Ⰹ㑠⭥䁱㈠⭥〚⪂㩰 ㅉ᷍㑃㑬㦩㑇䁈⭥㧞⫔Ⰹ㔪 䔏᷍䐶ㅉ㑃㡑㎕㑬㦩㑇

䁈⭥䎜⷗㌓ソ᱄㡅䐱⭻䄜⷗Ⰹ㔪㬨⹹䇻㦩⼮⹇㋪䄵㼁⿆䓋⿜㣳䓽㑠⤜⢅⭥᱄㏎ㆃ

䎃䄜Ⰹ㔪᷍㋪䄵⪴㑞⷗㵟㈗᱄䄜㬨㋉㎎㝢㔂⭥㏎㼌㡙㳆䓕㲍Ⳟ⧭᷍䅓㸋㹝㦩㋪䄵

㦤㸣Ⱙ㪞ⷀ᷍ⱙ㸣Ⱙ㪞ⷀ䇷㼓㶃䔘䇤᱄䎃䂚㈮⼽㦾䄸㏎ㆃ㦩䈌⹇⭥⿆⿜᱄⭻ⱟ᷍

㈮㬨ㅚⱛ᷉ James Prescott Joule 1᷍818ÿ1889 㛋 㬖᷊䂊᱄㵉⺞䔗⹇㦤㯏㪞㸣᷉ 㵝 4.8᷊᷍

ㅚⱛ䊻 1843 㛋ⳃ⢎㑬㰜⹹䇻㦩⹇⭒㑠⭥䁱㈠᷍㦤㦬㗨㦰㬗⭞㦩䈌⹇㉀䇱䄜䂚⭥

⡟䐫 181᱄㵍㬒 ㅚ᷍ⱛ⿚ⳃ㻷䄜⷗㻖㵔⪴㚔⨖㲍㈎⺞⤜㵍⭥㉙㦩⺞⧭⭞㚔䐶㲍 㶃᷍

ㆈⰵ㻖㵔㰚䔗⭥㦩⹇Ⱍ㼁⭩᱄䎃䁱㈠䅃㸗䓦ⰵ⨖㲍᱃䐶㲍Ⱍ㬨㠞⽃㲍⭥㦩㑇䁈⺞

⧭᷍㶃ㆈⰵ㰝㰚䔘⭥㦩⹇䐜䈌⨖㲍䈌䐶㲍䇱⹹᷍䈌⺞⧭㸿⹹᱄⿑㉅⿑㯖᷍㋪䄵〚

䇻㉙㦩⺞⧭⭥䔗⹇㎕Ⰹ䅆䄜⷗㲍⼐㭞᷉㚻㚽᷊᷍ ㉙㦩⺞⧭⭥䔗⹇⭩䇻㦩㑇䁈㻖㵔

 
181 䊻ㅚⱛ䐏㣑 1᷍841 㛋᷍⭣⺛㋧䁈コ㕖ⱜ᷉Julius Robert von Mayer 1᷍814᷎1879 㛋᷊䋙䇱⺞㚽㑠
㬹⽄Ⰹ㔪⭥⢎⫐᱄⭌ㅚⱛ⭥⹅䔘〚䇻⭥㬖䂊ⷝゴ㎯㋠ 䅓᷍⪬㻷䊻㦬㗨ㅓ⭞㦩㑇䁈⭻䄜Ⰹ㔪⭥㬒⽓᷍
ⰵㅚⱛ㳂⭥䄓ⷝⱁ䄜㾊᱄ 



  

⭥㚻㚽⥏᱄ 

䐏⽔ ➲᷍䎃⷗㬹⽄Ⰹ㔪㵧⺄䐢⳨㉙㦩⺞⧭ 䊻᷍ 1850 㛋䔔䇳 ㋬᷍㎮㾿㯚᷉ Rudolf 

Clausius᷍1822ÿ1888᷊䎞㬞䓽ㆂ⨗㦩㑇䁈⭻䄜Ⰹ㔪ᷛ㦩㚽㋪䄵⪴䄜⷗㹐㳆⪌⭾ⷙ

㒎䄜⷗㹐㳆᷍䄓㋪䄵䈌〛㾖㚽〓㡅㰜㚽㑠㼁⿆䓋⿜᷍䊻⪌⭾⼮䓋⿜⺞⧭䐱᷍㚽㑠

⭥䓽䐖⤜⢅᱄㰝㋪䄵䇪⹌㬞⢎⫐㸋ᷛ 

οܷ = ܳ െܹ 

⹌㬞 4.20 

㡅䐱οܷ⫛⢎㻖㵔㚻㚽⭥⢅⿐ܳ᷍ ⫛⢎㹐㳆⪴㶃ㆈ㹝㬶⭥㦩㑠ܹ᷍ ⫛⢎㹐㳆ⰵ㶃䔘

䇤᱄〚䇻㦩㑇䁈⭻䄜Ⰹ㔪᷍㦬㗨䄓㦰㬗⭞䇱㚽㑠㬹⽄䎃䂚䄜⷗ⷝ㸋㠶㬫⭥Ⰹ㔪᱄

䎃䄓㸋⭻䄜㏁䇡Ⱀ〛㝱㑬㯡㾭᱄ 

 

㵝 4.8 ㅚⱛ㬖䂊㬟䅃㵝᷉⪬㵝ㅹ䓵㸍〚➺㋧ ᱄᷊ 

 

䎃㏐᷍㸳㗨⿚㿉䄋㯖䄜㻣⭥㬨㦩䁈⭥ⳃ䍚䈌⭻䄜⪯⹅䄖ⷐ㘝㬨㗽㣱㼁⹹⭥᱄

䎕㡜〛㬨㏜䇤㦩䁈䊎㏎⹅䔘⭥᱄䊻㶀㲹᷉James Watt᷍1736ÿ1819᷊ⶥ㑝䎕㡜〛䎃

⷗㬒ヅㅻ⮄᷉䊝 1776 㛋᷊᷍ 㦬㗨㪖䐢㑍㦩㑇䁈⭻䄜Ⰹ㔪Ⱍ㗜䇱䅃㬗⭞᱄䅓⪬᷍䎃
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㬨䄜⷗⮅㾮⭥䇇䇤㻩㾱᱃〛㏎䁱㈠ⷛ㩰⭥䁈㋧᱄⭒㦜᷍䊻〛㏎⭹䁱㈠ⷛ㩰䐏⽔᷍

㦬㗨㈮㋪䄵ⷝゴ㻖㵔⭹ⶥ㆙〛㾖㾈㔫㑬᱄ 

 

4.2.3 㦩㑇䁈⭻ⱟⰉ㔪 

⨞㑬㦩㹐䐫⭥㚽㑠㬹⽄ 㦬᷍㗨䊻㦩䁈䁱㈠䐱ⳃ㻷⭥⭻ⱟ⷗Ⰹ㔪㬨⹹䇻咹䋗ゴ

⭥᱄⭌咹㬨䄜⷗れ㡅⨊㼔⭥ⶦ㛏 㰝᷍⭥㸃⹼Ⰹ䅆䐒⭞㬏㈦㬡ギ㚊⤄ⱜ䓩㕝⭥㬒⽓

⤦㤆⨟ 182᱄䅓⪬ 䎃᷍䄓㬨䄜⷗㦬㗨㻩ⳃ㻷㬖䂊㩰⭥㋮⹼⺇㔪 㦜᷍⽔䊺䅃㬗⭞䎃⷗

㋮⹼⺇㔪⡔⽔䇱㪏⥄⪯⭥㹐㏎⭥Ⰹ㔪᱄ 

䎃㏐᷍㬖䂊㩰⭥㋮⹼⺇㔪㬨㋉㝖Ⰹ㏎᱄㋉㝖᷉Nicolas Léonard Sadi Carnot᷍

1796ÿ1832 㛋᷊㬨⷗ⳉ⺛㦬᷍⨗㪎䄜⷗䊻䎟䐯⼮㋧䁈Ⳟ㘇Ⱍ䇱䄜Ⰹ〚⪂⭥コ㵆᱄

㰜⡰䄖䇻➮㏉ⷀ⹅᷍⭒㬒➮㏉ⷀ⹅⭥ㅭ㬇ⰴ㹊⟝⼍ⶖ㏐䄗᷉Jean Baptiste Joseph 

Fourier᷍1768ÿ1830 㛋 ᱃᷊➓㞁᷉AndréÿMarie Ampère᷍1775ÿ1836 㛋 ᱃᷊ⶨÿ㔡㧙

㋬᷉Joseph Louis GayÿLussac᷍1778ÿ1850 㛋 ᱃᷊⤕㯪᷉Siméon Denis Poisson᷍

1781ÿ1840 㛋᷊䎃䂚⭥㦬㹐᱄䅓⪬᷍㸳㗨㋪䄵㼌㼔㰜䊻䎃㏐㬽⭞⭥㋧䁈䁖㑘㬨れ

㡅ⷀ㯏㠞⭥᱄㋉㝖⡟㦬㬨⷗⹅⧭㬇᷍䇷㬨㚤㠧㔹⭥㳛ⶬ⳼㯠᷍ⰵⶥ㆙㦩〛⭥㾈㔫

㉀䇱⼽⫔⭥㦩㤊 㻄᷍㶜㋪䄵㵉⺞䎃⷗⟐䑛ⳉ⺛䇏⭤䍞䎚᱄⭌㏛㬘㩰㚤㠧㔹䔏䐶㬈

➽㑬᱄䎃㾊⧃㬵⭥䇑㼍䔏䐶㳆㻷䊻㑬㋧䁈㩰᷍㈮㬨㋉㝖Ⰹ㏎᱄ 

䊻ㅓ㋉㝖Ⰹ㏎䐏㣑 㸳᷍㗨㻩㑬ㆃ䄜㻣㋪㛇㦩〛᱄㰝㬨〚䇻㋪㛇⺞⧭㆙㾱㦩䈌

⹇⭥䓋⿜⭥㦩〛᱄䎃⷗⹅䔘⺞⧭㬨㏎㼌㚄㬞᷍䄓㈮㬨㗠䄜⤞⹅䔘㹐䐫᷉⡩㧈㡙ⶸ

㚻⭥㡙㳆᷊Ⱍ䇱䔄⹜⭥㬒ヅ⧻䊆᷍㗜䇱⼥㩃᱄ⰵ㏎㼌㡙㳆ⱙ䁵᷍』㧜䊬Ⱀ⭥⽋⹼

 
182 ⡟ㅻ㚻㦾⫔㑠⤯㋝㑬㑷䓻⼎㎰㬇⭥᱗㦩㑇䁈䈌㵔ェ㹐㏎䁈᱘᷉⡒㈊⫔䁈⨗⟇㪈᷍2018 㛋⭻ⱟ
⟇᷊᱄ 



  

㬒ヅ⨀Ⱙ㬨䊗䊗⫔䇻㡙㳆㵉⺞⳷䓴㞗䓓㆙ⱙ⧻䊆⭥㬒ヅ⨀Ⱙ⭥᱄㵍㬒 』᷍㧜⭥䔉

㑇㋪㵉⺞㧔⿍䇮ブ⭞䔏㾂᱄䅓⪬᷍䎃⷗㏎㼌㚄㬞㋪䄵䊻㬖䂊㩰㸿㻿⡧㆝᱄㈎⺞䄜

㻖㑱⭥㬖䂊᷍㋉㝖ⳃ㻷㧈㻣㑞⮄⺇㔪ᷛ 

1. 䊻㼁㵍⭥ⷀ㸣㦩䊕䈌㼁㵍⭥⭮㸣㦩䊕䐏ヅ⹅䔘⭥䄜㣱㋪㛇㦩〛᷍㡅㾈㔫Ⱍ㼁

⭩᷍㣳䈌⹅䔘㹐䐫㸿⹹ᷜ 

2. 䊻㼁㵍⭥ⷀ㸣㦩䊕⼮㼁㵍⭥⭮㸣㦩䊕䐏ヅ⹅䔘⭥䄜㣱⤜㋪㛇㦩〛᷍㡅㾈㔫⤜

㋪㚽⫔䇻㋪㛇㦩〛⭥㾈㔫᱄ 

⪴㕀ゎ㩰㎕ㅓ ⭻᷍䄜㳖⺇㔪㋪䄵⭒䔘⭻ⱟ㳖⺇㔪⭥㵧㔼᱄䅓㸋⭒⹅䔘䊻㑞⷗⹭Ⰹ

㸣Ⱙ⭥㦩䊕ヅ⭥⤜㋪㛇㦩〛⭥㾈㔫Ⱍ䄋⭮䇻㋪㛇㦩〛⭥㾈㔫⭥㬒⽓ ㋪᷍㛇㦩〛⭥

㾈㔫㈮䐜㚽㬨䄜⷗⹭Ⰹ⭥㭞 㣳᷍䈌⹅䔘㹐䐫㸿⹹᱄⤜㦜 ⭒᷍㏜䇤⹅䔘㹐䐫 A ㆙㾱

⹅䔘㬒 ㋪᷍㛇㦩〛⭥㾈㔫ⷀ䇻䇤⹅䔘㹐䐫 B 䔗⧪⭥㋪㛇㦩〛᱄㚨㗕㦤㏜䇤⹅䔘㹐

䐫 A ㆙㾱⹅䔘⭥㦩〛㩵㸃⤜㋪㛇䄜㾊᷍㈮。⥛㪛䄜⷗⤜㋪㛇㦩〛᷍⡩㏜䇤 B 䔘

㸋⹅䔘㹐䐫⭥㋪㛇㦩〛⭥㾈㔫ⷀ᱄䎃䂚⭥⿑᷍㋉㝖Ⰹ㏎⭥⼬㾥㡅㬖㈮㬨⭻ⱟ⮄᱄ 

㋉㝖⭒㛋䊻䐅㘘䎃䄜⮄⭥㬒⽓䇤㑬䄜⷗ㅱ䔗᱑㦩䐫㯖᱒⭥㏎㔼᱄㰝䇱⮄㼒㎎

㶀㹞㰚㞛㝱⭥㦝㯹㯖 ➲᷍㦝㩶⭒⧪㹐䐫⭥㼜⼥ ㎎᷍㶀㹞ⷝ䎞㯖䎃⷗㈮㬨䂖⿐ⳕ䇇᱄

㦩䐫㯖㬨➲㦩⭒⧪㹐䐫㎕㋕⫞᱄㻷䊻㸳㗨䐋⭡㦩䐫㯖㬨⫎㹔⭥ 㦩᷍㡅㬖ⰵ䇇⭥㬨

㸃⹼㑄䓴⭥䊬Ⱀ 183᱄䅓⪬᷍㋉㝖⭒㬒⭥䐅㘘㬨⤜㋪㋠⭥᱄㻷䊻᷍㦬㗨䐋⭡䊻㕀ゎ

㩰㸋㑬⭤⭞㋉㝖Ⰹ㏎ 㦬᷍㗨㿉䄋䅞㧌䄜⷗ⷝ㸋〚⡟⭥Ⰹ㔪᱄䎃⷗Ⰹ㔪㈮㬨㦩㑇䁈

⭻ⱟⰉ㔪᷍㰝䇱㑞䐷⢎㭗ᷛ 

 
183㦩䐫㯖⭥䐅㸒⺞⧭䐱⡟ㅽ㘘᱅㲡㠶㩎᷉ Benjamin Thompson 䄓᷍ㅱ㔸ⶄ㲹⤏㉕ C᷍ount Rumford᷍
1753-1814᷊ⳃ⿴㑬⳨⧄䐹䄋⭥䔘䇤᱄㰜䑘䄋㬨〚䇻㚽㑠⭥㈌㦘⥃㑠᷍㯖㘘㵍䂚䄜䐷㹐䐫᷍㵉⺞䔘
⹇᷍㸣Ⱙ。㪞ⷀ᷍䄓㈮㬨⥛㪛㑬㦩㑠᷍⭌䐫㑠䄜⮄Ⱍ㗜䇱⢅᱄⹹䇻䎃⤠⳷ⷝ㼋㻙⭥㲷㔼⫔コ㋪䄵
㋕⤯㋝㸥㻸ᱟ10ᱠ⭥ 2.3.1 ㅻ᱄ 
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1. ㋋ⱜ㸥᷉William Thomson᷍1st Baron Kelvin᷍1824ÿ1907᷊⢎㭗ᷛ⤜㋪㚽⪴⭆

䄜㦩䊕㹝㬶㚽㑠᷍㬚䐏㶋㦌⢅㸋䇱䇤⹇ⱙ⤜⥛㪛㡅㰜䇑㼍ᷜ 

2. ㋬㎮㾿㯚᷉Rudolf Julius Emanuel Clausius᷍1822ÿ1888 㛋᷊⢎㭗ᷛ⤜㋪㚽➲㦩

㑠⪴⭮㸣㹐㳆⪌⭾⭞ⷀ㸣㹐㳆ⱙ⤜⥛㪛㡅㰜䇑㼍᱄ 

㡅⡔⽔䅟⤹⭥⺇㔪᷍㬨㦩㑇䁈⺞⧭⭥⤜㋪㛇㾵᷉㰅㯖㦩〛㋪㛇᷍⭌➲㦩䊕⟝⼍㆙

㦆᷍⫔⭥⹣㑃⭥㦩㑇䁈㻖㵔⭥⺞⧭䄓㬨⤜㋪㛇⭥ ᱄᷊⿜㉅⿑㯖᷍⹣㑃⭥㦩㑇䁈㻖

㵔。䓵ⳃ⭹⧐䓦㦩㑇䁈㠞⽃Ⳟ㼓᷉䔏⫔咹䓕㲍᷊䁾⿐᱄䎃⷗⺞⧭᷍㬨⤜㋪㛇⭥᱄ 

㸳㗨㻩㯖㘘䄜㻣㦩㑇䁈⭻ⱟⰉ㔪⭥㑞⷗⢎㭗䊻㕀ゎ㩰㬨⭩ゼ⭥᱄㦜⽔ 䊺᷍㯖

㘘㋉㝖Ⰹ㏎㧈⺜㼌⧪㑃᷍⡹㿌㻩䄋⧱㦰㦩㑇䁈⭻ⱟⰉ㔪᱄䄵⪬᷍㎕㯖㘘㦬㗨㦰㬗

㦩㑇䁈⭻ⱟⰉ㔪⭥⺞⧭᷉㻩䇱㋉㝖Ⰹ㏎᷍䊺䇱㑞⷗⭩ゼ⭥⢎㭗 ᱄᷊⭒㦜᷍㦩㑇䁈

⭻ⱟⰉ㔪⡔⽔䅟⤹⭥㹐㏎㑠᷉ 咹 䊻᷊㬏㈦㬡ギ⽔㠻㦬㗨䊻㸋㦩㑇䁈⺇㔪䁑㤔㑇䁈

ㆃ㬮⭥⺞⧭䐱䄓〒⭤⭞㑬㸃⹼ⰵ䇇᷍㸳㗨⽔㘇䊺ㆃ㬮᱄䎃㏐᷍㻩⪴㦩㑇䁈⭻ⱟⰉ

㔪㑞䐷⢎㭗⭥⭩ゼ㾵㋋㬝᱄ 

㻩㯖㧈⺜᱑㋋ⱜ㸥⢎㭗⤜䎇᱒䋓᱑㋬㎮㾿㯚⢎㭗⤜䎇᱒᱄ズ㪉⫇䊻䄜⷗㸆ⳕ

㋋ⱜ㸥⢎㭗⭥㦩〛 A᷍㧈⺜ 4.9 㰚㬟᱄㰝㋪䄵⪴⭮㸣㦩䊕㹝㬶㦩㑠 Q ㅌ㡅㦌⤠䓋

⿐㸋䇱䇤⹇ W᱄䎃⷗㬒⽓᷍㸳㗨㋪䄵➲䎃⷗ A 㑍ㅴ䄜⷗㦩〛 B B᷍ ⭥䔘䇤㬨➲⹇
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ܹ
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=
ܳଵ െ ܳଶ
ܳଵ

 

୆ߟ =
ܹᇱ

ܳଵᇱ
=
ܳଵᇱ െ ܳଶᇱ

ܳଵᇱ
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୅ߟ ൒  ୆ߟ
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ⱟ㬏㬡ギ⨖䎃⷗㬒ヅㅻ⮄㑬᱄㻣䄜⷗㦯㹒᷍㈮㬨⭻㧞Ⰹ㔪᱄1901 㛋᷍䊻㋧䁈ㆈ㏛

㬘䇧㈤㣳㼎䇱㬃䈟⭥㋧㠶㏜ㅒ᷉Copley Medal᷊⡜㬻䈉る⤝㯚 185᷍䄓䊻䄜Ⰹ⧭Ⱙ

㩰⫛⢎㑬㦬㗨ⰵ㦩㑇䁈䊻㬏㈦㬡ギⳃ䍚⭥㦰㋪ 䄵᷍ゑ㵔ェ㑇䁈䊻ⱟ㬏㬡ギ⭥ⳃ䍚

⭥㠻⫞᱄ 

 
185⡫䎀㬨䄜⪯㹈Ⳛ⭥㬒⽓⪴㵍㬣㦌⼄㲯ㅭ㬻㚨㏐⭻䄜⪯㳞㯖䎃⷗ㅒ㼏⭥᷍䐏⽔㼋㻙⥊㑬䄜㻣᷍㬶
〒㑝ⱁ᱄䎃⷗ㅒ⪴㏛㬘⧢⮎㩰㎕㋕᷍䇇ⶤ㯖⡩㝖ㅒ⽒䐹⼽ⱁ᱄㰝䇪䇃⺛⿫コ䁈。⟅ⳃ⭥᷍ⱁ㭞㤊
㌗㻣㗠㛋䄜⷗〓゙⷗㦬㼁⹹⭥⹅䔘᷉ 䄵䄜⷗㦬⭥㤊㌗㸋䑘 ᱄᷊ⰵ㼓⼎ⶨ䓵㦜㋧䁈〓㭞䁈⭥ⷘ⷗⳷
䐈᱄㧈⺜㚔㛋㗜䇱䁂⨗⼰㬫⭥㦬᷍䄓㋪䄵㋶㦒᱄䐏㣑⭥〒ㅒ㦬⟝㎉㋉㸥⭰㿎᷉Henry Cavendish᷍
1731ÿ1810 㛋 ᱃᷊㶟㑏Ä⼶㾋ⱜ᷉ Frederick William Herschel l 1᷍738ÿ1822 㛋 ᱃᷊ⳉ㎎⭻᷉ Michael Faraday᷍
1791ÿ1869 㛋᷊᱃⤕㯪᷉Siméon Denis Poisson᷍1781ÿ1840 㛋᷊᱃ⷀ㯚᷉Carl Friedrich Gauss᷍1777
ÿ1855 㛋 ᱃᷊⫐ⱜ㸥᷉ Charles Darwin 1᷍809ÿ1882 㛋 ᱃᷊ㅚⱛ᷉ James Prescott Joule 1᷍818ÿ1889 㛋 ᱃᷊
⼆㚘〕䓩᷉ Hermann von Helmholtz 1᷍821ÿ1894 㛋 ᱃᷊㋬㎮㾿㯚᷉ Rudolf Clausius 1᷍822ÿ1888 㛋 ᱃᷊
㶟㑏Ä㲡㚘㰐᷉William Thomson᷍1st Baron Kelvin᷍1824ÿ1907 㛋᷊᱃㸛ⱜ㬊㲹㎎㯚᷉Karl Theodor 
Wilhelm Weierstrass᷍1815ÿ1897 㛋᷊䎃䂚⭥㦬㹐᱄⪴㘜⭆㎕㋕᷍䇇ⶤ㯖䎃⷗ㅒ⼎ⶨ㑬ⷝⱁ⭥㸳㗨
ㅭ㋧㭊䐱㈎⮅䐋㬗⭥⹒㻸䎀᱄⭒㦜᷍䎃䄓䇱䎃⷗ㅒ㼏㏛㬘ⷝ䇧㈤⭥䅓㯹᱄ 
 



   

170 
 

4.2.4 㦩㑇䁈⭻㧞Ⰹ㔪 

㦩㑇䁈⭻㧞Ⰹ㔪㬨㦩㑇䁈ⳃ䍚㬘㩰➕㬒ヅ㯔㿓⨗㻷⭥⭻㧞⷗Ⰹ㔪᱄㰝䊻㬏㈦

⼮ⱟ㬏㬡ギ⭥㹐㏎䈌⿐䁈䁈㋧ⳃ䍚䐱⟈䁾㑬䐹䄋ㅨ㩌 䈌᷍㹐㏎⿐䁈䎃⷗㑆㭕䇻⿐

䁈⭥ⱟ゗䁈㋧⭥⭏㪛䄓㬨㗽㣱㼁⹹⭥ 186᱄㡅䐱⭥㝇⫙ 㬨᷍㦬㗨㏜䇤㦩㑇䁈㏎㔼ⰵ

⿐䁈ⳕ䇇⭥䁱㈠᱄⽔㘇 㸳᷍㗨。㼋㻙ㆃ㬮㦬㗨䎌ⰵ⿐䁈ⳕ䇇⭥䁱㈠䊻㦩㑇䁈⭻㧞

Ⰹ㔪⭥ⳃ㻷⺞⧭䐱ⳃ⿴⭥䐹䄋䔘䇤᱄ 

㏛㬘㩰᷍㦩㑇䁈⭻㧞Ⰹ㔪㬨䇪⿐䁈コ㶀ⱜ㲹᱅⼶ⱜ㕝᱅㚽㯚㲹᷉Walther 

Hermann Nernst᷍1864-1941᷊㳂⨗⭥᱄䋈㠻᷍⡜⧧㸋㚽㯚㲹㦩Ⰹ㏎᷉Nernst Heat 

Theorem᷊187᱄㚽㯚㲹᷉Walther Hermann Nernst᷍1864-1941 㛋᷊䄓䅓⪬〒⭤ 1920 

㛋⭥㝖⡕ⱜ⿐䁈ㅒ᱄⽔㎕᷍㚽㯚㲹㦩Ⰹ㏎⡜㘝㘜㸋㦩㑇䁈⭻㧞Ⰹ㔪᱄㼁ㅰ䇻㦩㑇

䁈⭻䄜᱃⭻ⱟⰉ㔪ゑ䐏⽔⡜䓽ㆂ⨗⭥⭻㒄Ⰹ㔪 㦩᷍㑇䁈⭻㧞Ⰹ㔪㉀䇱㘘㦘⭥㑠䓴

㑇䁈⭥㚻⼎ 188᱄㬖カ㩰 㚽᷍㯚㲹㈮㬨䈌㑠䓴㑇䁈⭥ⳃ䍚㗽㣱㼁⹹⭥㰘ⱜ㸍。䅊⭥

⹹ポⳃ㡑㦬᱄䊻㦩㑇䁈⭻㧞Ⰹ㔪⭥⥛㪛⺞⧭䐱᷍㗡⺛⿐䁈コ㹘➣ⱁ᱅㶟㑏᱅㏎⥊

䓩᷉Theodore William Richards᷍1868-1928 㛋᷊ 㵍䂚ⳃ⿴㑬䐹䄋䔘䇤᱄㏎⥊䓩㬨

⭒㬒⼽㈌㦘⭥䄜䐷㉙㦩㑠㦩ェ᷉ calorimeter ⭥᷊ⳃ㘘㦬 䄓᷍㬨⿐䁈ⳕ䇇㦩䁱㈠䐱れ

 
186 㹐㏎⿐䁈㋪䄵ビ⭆⭥㏎ㆃ㸋᱑䊻⳷䓴⥄㘇㏎ㆃ⿐䁈᱒᱄⪬ㆃ㬮㎕䓵⡫䎀⭥䄜⷗㞔䇲᷍䐱⺛㋧
ゝ⫔䁈⭥䐄㼟ㅭ㬻᷉⽔㎕䓋⭞ⶕ⭊⫔䁈⿐䁈㻖⹅䔘᷊᱄ 

 
187 䊻㏎㔼㳆㻖䐱᷍Theorem 䈌 Law ⭥㕀ゎ⭹㸜㶋㦌⤜㵍᱄Theorem 㬨䊻䄜⷗㏎㔼㳆㻖䐱⭥㚔䐷
㾵䐫 ⳨᷍䄜䁼㋪ボ 㦕᷍㋪䄵䇪㚔㾊⨗ⳃ⮄㵧⨗᱄䊻㚽㯚㲹 1906 㛋⭥㸥䍣䐱 ⿐᷍䁈ⳕ䇇⭥咹⢅᷉ ©S᷊
䊻㉙ⰵ㒄Ⱙ㬒㤘䇻㒄⭥ㆂ㔼㬨䇪⿐䁈ⳕ䇇㬒⭥䓵䇪㚽⢅⿐᷉©G᷊ⰵ㸣Ⱙ⭥㠌㸃⳷䊻㤘㆝㉙ⰵ㒄
Ⱙ㬒㸋㒄㰚㵧⨗⭥᱄䅓⪬᷍䊻㚽㯚㲹䔏䋈⭥㸥䍣䐱᷍㰝㬨䄜⷗ Theorem᱄Law 䋓㬨ⰵ㈎䂊⭥㏎㾵
䓽ㆂ᷍⪬⽔䔘㸋㚔㏎㔼㳆㻖⭥⨗ⳃ⮄᱄䇱㾊 Law ⽔㠻㋪䄵⡜ⷝ㸋〚⡟⭥㏎㔼⭝⨗᷍䇱㾊 Law ⿚
㗜䇱᱄Nernst Theorem 㳂⨗⽔᷍㰇䓦㦩㑇䁈㏎㔼⭥ⳃ䍚᷍㦬㗨㦰㬗⭞䊻㦩㑇䁈㏎㔼㳆㻖䐱᷍㰝㡅
㬖䇇ⶤ⡜ⶔ䈉 Law ⭥⭹㸜᱄䅓⪬᷍㚽㯚㲹㦩Ⰹ㏎䄓䎞㬞⡜㘝㘜㸋㦩㑇䁈⭻㧞Ⰹ㔪᱄ 

 
188 㦩㑇䁈⭻㧞Ⰹ㔪㋪䄵䇪㑠䓴㵔ェ㑇䁈⭝⨗ ⭌᷍䊻㦩㑇䁈㏎㔼⭥㌓ソ㻣 㰝᷍⡟㪎㬨㶋㦌Ⱑ㑃⭥᱄ 

 



  

㡅䐹䄋⭥㑠㦩ⳉ᷉ calorimetry᷊ゝ 㭖⢅ⷐ⭥䅞㒍䎀᱄䎃㾊㈌㦘⥃㑠⿐䁈ⳕ䇇䐱⹹ポ

㹐㏎㑠⭥㬖䂊ゝ㭖⭥ⳃ䍚ゑ⮈⿐䁈㬖䂊㭅⨗⹇⭥⥃㑠㬨㦩㑇䁈⭻㧞Ⰹ㔪㚽⹜⡜

㳂⨗⭥〚⪂ 189᱄ 

〓㿎䎞㬨䇪䇻㦩㑇䁈⭻㧞Ⰹ㔪⭥ⳃ㻷䈌㦘㦰㬨䇪㹐㏎䈌⿐䁈⭥䁈㋧ㅜ⥇㰚

⪺㆙ 㬒᷍䐢㆒㦶 䊻᷍㹐㏎䁈ㅭ䁈䐱⹹䇻㡅⥛㪛⭥㏛㬘⺞⧭䈌㹐㏎㚻⼎⭥㔼㭗䈌⭻

䄜⼮⭻ⱟⰉ㔪㼁⡩ㅰ㸋㦒ⳇ᱄ⱁ㭞ㅭ⤥䊻ㅓ㭗䎃⤠⳷㚻㦾㬒㬨䐒ㅴㅜ⫛㹐㏎ㆂ㔼᱄

䎃⤜㆗⭎⿐㑬ⶤⰉ㔪⭏㪛⡔⽔⺞⧭䐱ⴂ⶜⭥㋧䁈㬘⭥㚻㦾 㵍᷍㬒䄓㈎⧄。⭝䐣Ⱒ

䎀⽗㬴㦩㑇䁈⭻㧞Ⰹ㔪⡔⽔⭥䄜㾊⹹ポ㹐㏎㚻⼎᷍㧈㰝㰚䊭⼍⭥᱑㑠䓴㾵᱒᱄䊻

㆗䇱⭥れ㩺⤠⳷⹹䇻㦩㑇䁈⭻㧞Ⰹ㔪⭥㋧䁈㬘䁱㈠䐱 㰅᷍㦜䇱⤜㩺⹹䇻㚽㯚㲹Ⰹ

㏎⥛㪛⺞⧭⭥㭂㏎䈌䓽ㆂ 㦕᷍䑘䄋㸈㦧䓦㚽㯚㲹⭥⡟㦬㈎㏛䍚㋋䈌Ⰹ㏎ⳃ㻷⺞⧭

㆙㾱㘉〇᱄㻵㦜᷍㦩㑇䁈⭻㧞Ⰹ㔪䔘㸋⡜➏䅓㯚㲚⧧㸋䇱᱑䇡⽄᱒峩㑇⭥㏎㔼Ⰹ

㔪 190᷍㡅⥛㪛⺞⧭⡔⽔⭥䓵㦜㋧䁈䁈㋧ⳃ䍚⭥⺇㔪ⷝ䐖⭤㵧㣤㬨ⷝ㸋㪏䊗⭥᱄ 

〚䇻䎃⷗㋝㔨 䊻᷍⡟㾂ㅻ 㸳᷍㗨ⰵ㦩㑇䁈⭻㧞Ⰹ㔪⭥⥛㪛⺞⧭㆙㾱㼁ⰵ㦌㘇

⭥ㆊ㩽 䐹᷍⮄ㅓ㭗⪴㬏㈦㬡ギ㻣⟌䄗㋋㬝㦬㗨㏜䇤㦩㑇䁈㏎㔼ⰵ⿐䁈ⳕ䇇⭥䁱㈠᷍

䄵ゑ㦩㑇䁈⭻㧞Ⰹ㔪⭥㚻⼎᱄䇪䇻㦩㑇䁈⭻㧞Ⰹ㔪㲷㔼⭥㬨䄜⷗㻖㵔䊻⭮㸣㻣⭥

㾵䐫᷍⭮㸣㬖䂊ゝ㭖⭥ⳃ䍚᷍➕㕀ゎ㬨䈌䐏㗽㣱㼁⹹⭥᱄⭌㬖カ㩰᷍䊻㦩㑇䁈⭻

㧞Ⰹ㔪➕㚽㯚㲹Ⰹ㏎⭥㾯㬞⡜㳂⨗⭥⺞⧭䐱᷉㑞⷗⹹ポ⤞䑉᷍䄜⷗㬨 1902 㛋㏎

 
189 㰅㦜㏎⥊䓩䊻 1902 㛋㳂⨗⿐䁈ⳕ䇇⭥咫⢅䈌䓵䇪㚽⢅⿐䊻㉙ⰵ㒄Ⱙ㬒䇱㼁⭩⭥㤘㬧㬒 㡅᷍〚
䇻⭥㬖䂊㭞㈾⤃⤜㶋㦌㬨䓵゛⭥ ⱙ᷍ⱁ㭞㎕䓵㸥㻸 ⭌᷍⤜㋪ⴒ㦰⭥㬨䎞㬨䅓㸋䇱㑬㏁㯧㈌㦘⥃㑠
ゝ㭖᷍⤦䇱㑬䎃㾊㬖䂊㭞㈾᱄㉀㳆⭞ 1902 㛋㏎⥊䓩⭥㸥䍣䅞䇤⭥㭞㈾᷍䈌咫⢅㼁⹹⭥㎕䓵㑠㦩
ⳉ᷍䈌䓵䇪㚽⢅⿐㼁⹹⭥㎕䓵⮈⿐䁈㬖䂊⭥㭅⨗⹇᱄ 

 
190 ➏䅓㯚㲚⭥䊎⿑㬨ᷛA theory is the more impressive the greater the simplicity of its premises, the more 
different kinds of things it relates, and the more extended its area of applicability. Therefore, the deep 
impression that classical thermodynamics made upon me. It is the only physical theory of universal content 
which I am convinced will never be overthrown, within the framework of applicability of its basic concepts. 
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⥊䓩⭥㸥䍣᷍䄜⷗㬨 1906 㛋㚽㯚㲹⭥㸥䍣᷊᷍ 1902 䈌 1906 㛋⭥㸥䍣Ⱍ㗜䇱䄡㎖

⭮㸣⿐䁈ⳕ䇇⭥㭞㈾㵧⨗ㆂ㔼᱄⿜㉅⿑㯖᷍㏎⥊䓩䈌㚽㯚㲹㬨〚䇻㸣⼮㸣Ⱙ

᷉Moderate temperatures᷊㻣⭥㭞㈾㆙㾱⭥㶃㵧〓㏎㔼⳷㹗⽔⭥⤣⥃㋋䍚⭥⹅䔘᱄

⭌䊻㦩㑇䁈⭻㧞Ⰹ㔪⡜㦘㦰⭥⺞⧭䐱 ⭮᷍㸣⿐䁈㬖䂊⭥㭞㈾㈮⤜㋪〓㦒㑬᱄䅓㸋

䎃⷗䊎䅓᷍䊻⧯㤆䎃⷗㬣㬖⭥〚⪂㩰᷍㸳㗨ㅌ⡟ㅻ⭥㲷㔼➕ᷛ㬏㈦㬡ギ㻣⟌䄗⭮

㸣㬖䂊ゝ㭖⭥ⳃ䍚᱃㬏㈦㬡ギ㚊⭥㦩㑇䁈㏎㔼᱃㦩㑇䁈䊻⿐䁈ⳕ䇇䁱㈠䐱⭥䇇䇤

ゑ㦩㑇䁈⭻㧞Ⰹ㔪⭥ⳃ㻷᷍㧞⤠⳷䍚㋋᱄⡟ㅻ⭥ⱁ㭞㚻㦾᷍䍋䓵⡫䎀䈌⭬㘏䵚⤊

㬠䊻᱗㹐㏎᱘䊴䐟ⳃ⢎⭥䄜㠋㕟㲙⭥㸥䍣ᱟ⭬㘏䵚᱃㏏㾣䎘 2᷍024ᱠ᱄㋝㔨⭞⡟㭊

ㅓ⭞䎃⷗⭹Ⳟ᷍⿚㬨㈎⮅㏎㔼᱄䅓⪬᷍㦩㑇䁈⭻㧞Ⰹ㔪⭥㑠䓴㑇䁈㚻⼎㸳㗨㈮⤜

䊻䎃䄜㾂ㅻ㆙㾱⼎ⶨ㑬᱄ⶱ㾬㦅⭥㵍䁈㋪䄵⤯㋝㸥㻸ᱟ⭬㘏䵚᱃㏏㾣䎘᷍2024ᱠ

㎕㆙㾱㏎ㆃ᱄ 

4.2.4.1 㬏㈦㬡ギ㻣⟌䄗⭮㸣㬖䂊ゝ㭖⭥ⳃ䍚 

㸳㗨㻩⪴⭮㸣ゝ㭖⭥ⳃ䍚㋋ㅓ 㼁᷍⹹⭥㬖䂊㬨䊻㬏㈦㬡ギ㻣⟌䄗⳨⧄㬃㾱⭥

㡙㳆䄛⿐᱄䈌䐏⟊㰇 㦬᷍㗨䄓䅃㬗⭞㋪䄵㵉⺞䄛㳆㡜⿐䈌ㅻ㒘㞓䍮⭥Ⳟ㬞〒⭤⭮

㸣᱄⭌㬖カ㩰᷍㦬㗨㏜䇤䎃⷗㻷㼔〒⭤⭮㸣⭥⧃㬵᷍㬨䋈䇻㬏㈦㬡ギ㻣⟌䄗⭥᱄

䋈䊻㬏➬㬡ギ㚊᷍⼪㎝㦬㕎㔸᷉Martin van Marum᷍1750ÿ1837 㛋᷊㈮㵉⺞䎃⷗Ⳟ

ⳉ᷍㏜䇤ⷀ䁚᷍〒⭤㑬䄛㲍➒᱄㬏㈦㬡ギ⨖᷍㦬㗨䇷〚䇻㏁㯧Ⳟⳉ᷍㬖㻷㑬ⱟ䂖

⿐㒓᱃㔩⿐㤃᱃㒓⿐㤃⭩㡙㳆⭥䄛⿐᱄⭌ⰵ䇻䂖㡙᱃㤃㡙᱃⭋㡙᷍㏁㯧Ⳟⳉ㦕㬝

䐶⤜䔁㾈᱄⭒㬒᷍㦬㗨䄲㈎㦰㬗⭞㑬⤜㵍⭥⿐䁈㹐䐫㬨䇪⤜㵍⭥⳷䓴䔊⧪⭥᷍ⱙ



  

⤜㵍⭥⳷䓴䇷㬨䇪⤜㵍⭥䊎䓴㵉⺞䄜Ⰹ⭥⿐䁈㞅⡩⹚⧪⭥ 191᱄⭌㦬㗨㗜䇱㦰㬗

⭞㸋㬓㗕䇱㾊⳷䓴᷍⡩㧈 H2O᷍㾯⧪⭥㹐䐫䊻⧄㸣᱃⧄䁚㻣㈮㬨䄛㳆ᷜⱙ㒎䄜㾊

⳷䓴᷍⡩㧈 H2᱃O2᷍䊻⧄㸣᱃⧄䁚㻣㬨㡙㳆᱄ 

䊻㦰㬗⭞䎃⷗㻷㼔⡔⽔⭥⺇㔪⭥⺞⧭䐱᷍ⳉ⺛㦬⭣㎎㵱ⱜ᷉Charles Cagniard 

de la Tour᷍1777ÿ1859 㛋᷊⭥䄜⷗⹹ポⳃ㻷ⳃ⿴㑬䐹䄋⭥䔘䇤᱄1822 㛋᷍㰜➲㈧

㈌㗽ⴃ䊻䄜⷗㬐䇃㤓㣚⹽䐱᷍㦜⽔ゴ㦩᱄ㆂ⺜᷍㰜ⳃ㻷䊻⭞⫐䄜Ⰹ㸣Ⱙ⽔᷍⨗㻷

㑬䄜䐷㻷䊻㸳㗨⧧䐏㸋⧍㑺ㆈ⭥㹐䐫᱄ビ䁵䐏᷍㈮㬨㡙㳆䈌䄛㳆⢅⭤⤜㋪⳷⢇᱄

䄓㈮㬨㯖㰜ⳃ㻷㑬⧍㑺ㆈ㻷㼔᱄䎃⷗㻷㼔⡔⽔䊭⤹⭥⭡㏎ 㬖᷍カ㩰㬨⳷䓴㛞㈼㬒᷍

。䇱䄜⷗㑺ㆈ⮄᱄䊻䎃⷗㑺ㆈ⮄䄵㩰᷍⪬⳷䓴㶋㦌㡜⿐᱄䄵㻣᷍⤦。䇱㰚㸞⭥㡙

ÿ䄛㼁⢅᱄䎃⷗㑺ㆈ⮄⭥⫇䊻᷍㬨䊻 1869 㛋䇪➏ⱜ㎝㋧䁈コ➓⭣㔔㯚᷉Thomas 

Andrews᷍1813ÿ1885᷊㦘Ⰹ⭥᱄⤜㵍⳷䓴⭥㑺ㆈ㸣Ⱙ⤜㵍᱄㼒⭒㬒䄲㈎㬖㻷䄛⿐

⭥⳷䓴᷍㠶⢊㑺ㆈ㸣Ⱙ⡩ㅰⷀ᱄䎃䂚᷍㰝㗨䊻⧄㸣᱃⧄䁚㻣䄲㈎䄛⿐᷉⡩㧈㯏᷍

㑺ㆈ⮄㸋 647.3 K᱃22.1MPa 㸣᷍Ⱙⷀ䇻㬳㸣᷊᷍ 〓䎀⡩ㅰ㦾䄸㵉⺞㚔㾊⤺䔘⭞⫐㑺

ㆈ⮄䄜㻣⭥㸣Ⱙ᷍㬖㻷㡙㳆⭥䄛⿐᷉⡩㧈 CO2᷍㑺ㆈ⮄㸋 304.1 K᱃7.4 MPa ᱄᷊㰝

㗨⭥㼁㵝⭥㬟䅃㧈㵝 4.12᱄ⱙ㼒 H2᱃O2᷍䅓㸋㑺ㆈ㸣Ⱙ⡩ㅰ⭮᷍㬖㻷䄛⿐㈮⡩ㅰ

㚲᱄⭒㬒᷍㦬㗨㪖䐢㦰㸋㰝㗨㬨䇡㈤㡙㳆᱄ 
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9.1 ㅻ。䇱ⷝ㼋㻙⭥ㆊ㩽᱄ 
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䄓⡩ㅰ㦾䄸㬖㻷䄛⿐᱄ 

 

⭒㦜᷍㬖䂊Ⳟ㘇⭥㝍㑇䄜䐒㗜䇱㵄㾋᷍⧷㿙⭞ⱟ㬏㬡ギ⨖᱄1908 㛋᷍㎕䓵⼪

㎝㎔ⰺ⫔䁈⭥➛㚪㯚᷉Heike Kamerlingh Onnes᷍1853ÿ1926 㛋᷊ⰵ䔏㉀㳕䍞㾵⭥

⼅㡙㬖㻷㑬䄛⿐᱄䎃䄓㸋㰜゙㛋⽔ⳃ㻷⧍⭝㻷㼔⮍Ⰹ㑬㬖䂊ゝ㭖⭥〚⪂᱄㏎㔼⥄

㘇᷍㸳㗨㿉䄋䐙⨗⭥㬨䊻⧍㑺ㆈ㻷㼔ⳃ㻷⭥㬒⽓᷉1822 㛋᷊᷍ 㦬㗨㪖䐢⿚㗜䇱㵧

⨗㏎㼌㡙㳆⭥䓕㲍Ⳟ⧭᷉ ㋬㎎㝢㔂Ⳟ⧭ 1᷍834 㛋 ᱄᷊ゕ㬚⽔㎕㋬㎎㝢㔂Ⳟ⧭⨗㻷᷍

㏎㼌㡙㳆㚄㾮⿚㬨㸿ⳉⷙ⨗㡙㳆⳷䓴㛞㈼㆙ⱙ㾯⧪䄛㳆〓⹭㳆⭥㏎㔼ㆂ⺜᱄㏎㔼
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䓋⢅᱄䎃⷗Ⳟ㘇䊭⼍⭥㑞⷗䐹䄋⭥㹐㏎ⶦ㛏㬨㹐䐫⭥㲍䈌㹐 ⶱ᷍㾬㦅⭥㎰㬇⼮㵍

䁈㋪䄵⤯㋝㸥㻸ᱟ㝘䂕㼗䈏᷍2023ᱠ㆙㾱㎊䍚䊥Ⱒ᱄ 
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䎃㏐ 㸳᷍㗨㻩ㅌ㲷㔼⭥㕅ㅦ⮄⳦䊻䄜⷗㬣㬖 ㈮᷍㬨㬏㈦㬡ギ㚊㦬㗨䊻㬖䂊㬳㵉⺞

㡙㳆䄛⿐䈌㼁⹹ゝ㭖㬖㻷㑬⭮㸣᱄〚䇻䎃⷗ゝ㭖㦬㗨㋪䄵䁱㈠⭮㸣㻣⭥㹐㾵〓⿐

䁈⺞⧭᱄䎃㾊⭮㸣ゝ㭖᷍⽔㎕䊻㦘㦰㚽㯚㲹Ⰹ㏎㸋䎇᷉䐏⽔ㅌ㡅㕀ゎ⭹㸜㆙㾱㑬

㳂㪞⤃㘝㘜㸋㦩㑇䁈⭻㧞Ⰹ㔪᷊⭥⺞⧭䐱㬨⡹㿌ⳃ⿴䔘䇤⭥᱄ 



  

4.2.4.2 㬏㈦㬡ギ㚊⭥㦩㑇䁈㏎㔼 

㦩㑇䁈⭻㧞Ⰹ㔪⭥㶋䎜⢎㭗㸋 ⭒ᷛ㦩㑇䁈㸣Ⱙ㤘㆝䇻㉙ⰵ㒄Ⱙ᷉ T=0 K 㬒᷊᷍

㦩㑇䁈㻖㵔⭥咹㤘䇻Ⰹ䐖᱄ⰵ᱑咹᱒⭥㦰㬗䔘㸋㦩㑇䁈⭻ⱟⰉ㔪⭥⼬㾥㚻㦾᷍㬨
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⭥㤙⢑㬨⭻ⱟⰉ㔪⹹䓃⭥㬨㠞⽃㲍㦩㑇䁈⺞⧭䐱⭥᱑咹⢅᱒᷍ ⱙ⳨㚔㦩㑇䁈㠞⽃

㲍㻣⭥᱑咹᱒䐖᱄㦩㑇䁈⭻㧞Ⰹ㔪⹹䓃⭥㬨㚔㻖㵔䊻᱑㉙ⰵ㒄Ⱙ᱒㻣⭥᱑咹᱒䐖᱄ 

䊻 4.2.3 ㅻ᷍㸳㗨ⰵ㦬㗨㦰㬗⭞㦩㑇䁈⭻ⱟⰉ㔪⭥⺞⧭㆙㾱㑬ビ⭆⭥⿹⹬᷍

㕅ㅦ⮄㬨⹌㬞 4.26᱄䎃⷗㬒ヅㅻ⮄㬨㬏㈦㬡ギ㒚㬏㛋᱄⪴⪬㬒ヅㅻ⮄䐏⽔⭞㬏㈦

㬡ギ㚊 㦬᷍㗨㏜䇤㦩㑇䁈⭻ⱟⰉ㔪ⰵ㦩㑇䁈㠞⽃㲍㘉㭗⭥〚⡟㏎㔼䊻⪬〚⪂㩰⿚

㬨㦂⭤㑬⳨⧄⫔⭥㆙⤞⭥᱄㸋㑬ㅓㆃ㦩㑇䁈⭻㧞Ⰹ㔪 㸳᷍㗨㻩ㅌ䎃㾊㏎㔼㆙㾱䄜

㾊⿹⹬᱄㰝㗨䑘䄋㎕䓵る⤝㯚᷉Josiah Willard Gibbs᷍1839ÿ1903 㛋᷊䈌⼆㚘〕䓩

᷉Hermann von Helmholtz 1᷍821ÿ1894 㛋 ᱄᷊㡅䐱᷍る⤝㯚⭥⡔㈑㬨㏎㔼㹐㏎䈌㏎

㔼⿐䁈 㰜᷍⭥㏎㔼䇪㧞⷗⹅䔘⹓ェ㯥㠋㸥䍣䔊⧪ᱟGibbs 1᷍873aᱠᱟGibbs 1᷍873bᱠ

ᱟGibbs᷍1875ᱠᱟGibbs᷍1877ᱠ᱄⼆㚘〕䓩䋓㬨䄞䁈⡔㈑᷉⽔㠻䓋⭞㑬⮈⿐䁈

䈌㦩㑇䁈⭥䁱㈠ ᱄᷊ⱟ㦬㰚㳂⨗⭥㏎㔼⼽㏁㯧᷍㈂⹽⼆㚘〕䓩⭥㏎㔼㳂⨗㬒ヅ⡩

る⤝㯚㶎㬏㛋䔔䇳᷍⭌㑞䎀㉀⡙Ⱑ㑃㾵᱄䑘䄋㤙⢑䊻䇻᷍⼆㚘〕䓩⭥㏎㔼䎌ⰵ⭩

㸣⭩㦾⭥㳆㻖᷍ⱙる⤝㯚䋓䎌ⰵ⭩㸣⭩䁚㳆㻖᱄䎃䄓䋍⧪㑬㑞䎀⭥䓵䇪㚽⥏䅍᷍

⳷⢑㬨ܷ െ ܶܵ䈌ܷ + ܸܲ െ ܶܵ᱄ 

1873 㛋᷍る⤝㯚⭻䄜㠋㈎⮅䐏䔘ⳃ⢎᱄㰜䊻㋬㎮㾿㯚᷉Rudolf Julius Emanuel 

Clausius 1᷍822ÿ1888 㛋᷊⭥⹅䔘〚⪂㩰᷍ⰵビ⭆䄛㳆⭥㠞⽃㲍㦩㑇䁈㾵䐫䍚㋋㲷

㔼᱄㸥䍣㳃㚠㬨᱑Graphical Methods in the Thermodynamics of Fluids᱒ᱟGibbs᷍

1873aᱠ᱄䎃㏐⭥⹹ポ⪫㬨 Graphical Methods᷍㰜ㅌᷛ 
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dܷ = dܳ + dܹ 

⹌㬞 4.27 

ⶥ㾕㸋ᷛ 

dܷ = ܶdܵ െ ܲdܸ 

⹌㬞 4.28 

⪬ⶥⰐ⡔⽔⭥㹐㏎㯝㼌㬨㪏㋭⭥᱄䎞㧈㗡⺛㭞䁈㬘䓉コ0᱅㋬㎔䅓᷉ Morris Kline᷍

1908ÿ1992 㛋 㰚᷊㯖 る᷍⤝㯚⪴㦩㑇䁈〚⪂䐱㲿⨞㑬㦩⼮⹇ 䇤᷍㲍⼐㭞㦂ⱙ⫛䐏᷍

⪴ⱙ㬚㦩㑇䁈⧪㸋㠞⽃㲍㹐䐫㲹㾵⭥㏎㔼᱄〚䇻⪬ る᷍⤝㯚㳂⨗䇤゙⼯Ⳟⳉ㎕㘉

㭗㒘㳆㦩㑇䁈⭥㲹㾵 ゕ᷍〚䇻ܵ᱃ܸ ⭩㦩㑇䁈䓕㲍⼐㭞 䇤᷍㵝⭥㾯㬞㎕㘉㭗䄜⷗㦩

㑇䁈㻖㵔⭥㦩㑇䁈䓕㲍⭥⢅⿐ 192᱄ 

䊻䎃㠋㸥䍣〚⪂㩰᷍る⤝㯚䊻㵍㛋ⳃ⢎⭥⭻ⱟ㠋㸥䍣᷉㳃㸋᱑A Method of 

Geometrical Representation of the Thermodynamic Properties of Substances by Means of 

Surfaces᱒᷊ 䐱䅞㧌ܷ䔘㸋⭻㧞⷗㸍ⰩᱟGibbs᷍1873bᱠ᱄䄵ܷ㸋ݖ䑂ܵ᷍᱃ܸ⭩㦩㑇

䁈䓕㲍⼐㭞㸋ݕ-ݔ㠞㘇᷍䎃㬒㻖㵔⭥㦩㑇䁈䓕㲍⢄㋪䄵㘉㭗㸋㤛㘇᱄䎃㠋㸥䍣㳂

⨗㑬䇪㤛㘇゙⼯㘉㭗㹐䐫㦩㑇䁈㾵䐫⭥㯝㼌 193᱄䊻䎃⷗㧞㸍㋶ヅ᱃ⱟ㸍㤛㘇㾯⧪

⭥㵝㼒䐱᷍⹌㬞 4.28 䐱⭥㸣Ⱙܶ᱃䁚㣠ܲ⭩䇻ᷛ 

ܶ = ൬
߲ܷ
߲ܵ
൰
௏

 

⹌㬞 4.29 

ܲ = െ൬
߲ܷ
߲ܸ

൰
ௌ
 

⹌㬞 4.30 

 
192 ⰵ䇇⭥㈮㬨㻷䊻⭥㼁㵝᷍㰅㦜᱑㼁᱒⭥ⶦ㛏㬨る⤝㯚䊻㲞㲷」⼰䄛㳆⭥㠞⽃㬒⤦䅞㧌᱄⹹䇻
㼁⭥㼋㻙㲷㔼㋪䄵⤯㋝㸥㻸ᱟGibbs᷍1875ᱠᱟGibbs᷍1876ᱠ᱄ 

 
193 㸥䍣㳃㚠᱑A Method of Geometrical Representation of the Thermodynamic Properties of Substances 
by Means of Surfaces᱒䎞㳆㻷㑬䎃䄜㯝㼌᱄䎃㏐᷍⹹ポ⪫㸋 Geometrical Representation᱄ 



  

㵍㬒᷍㰜ㅌ 

ܩ = ܷ + ܸܲ െ ܶܵ 

⹌㬞 4.31 

Ⰹ䅆㸋䓵䇪㚽᷉Free Energy ᱄᷊⤃䐙⨗㰝㘉㭗⭥㬨䄜⷗⭩㸣⭩䁚㦩㑇䁈㻖㵔ⰵ㶃

䔗⳨㳆〞⹇⭥㚽㑇᱄㋪䄵㋕⭞ 㦩᷍㑇䁈⭻ⱟⰉ㔪䐱⭥咹䊻䓵䇪㚽Ⰹ䅆㬞䐱䄲䇱㳆

㻷᱄ 

⪴㋧䁈㬘⭥㬴ㅨ⿹㯾 䓵᷍䇪㚽ⶦ㛏⭥䅞㧌䅃䅆⳨ⳓ 㰝᷍㬨㦩㑇䁈⭻㧞Ⰹ㔪ⳃ

㻷⺞⧭䐱⭥⹹ポ㹐㏎㑠᱄⭻㧞Ⰹ㔪ⳃ㻷⭥㬖䂊〚⪂᷉㏎⥊䓩⭥⹅䔘᷊᷍ 䎞㬨㸈㦧

䓵䇪㚽䎃䄜⼬㾥㹐㏎㑠䍚㋋᱄䔏⽔㿉䄋㯖㘘⭥㬨᷍⨞㑬㩰㭗(ܷ, ܵ,ܸ)᷍ゕ䇤ܵ᱃ܸ 

䎃䂚⭥㦩㑇䁈䓕㲍⼐㭞㘉㭗㦩㑇䁈㬧ܷ㾯⧪㧞㸍㵝㼒⭥䔊⼰᷍㵉⺞㎶㦤⭣⢅⿜᷍

㦬㗨⿚㋪䄵⭤⭞(ܪ, ܵ,ܲ)䈌(ܩ,ܶ,ܲ)᱄㧕ㅌ⹌㬞 4.31 ⭥る⤝㯚䓵䇪㚽ⶥ㸋⼆㚘〕

䓩䓵䇪㚽᷉ܨ = ܷ െ ᷊ܶܵ᷍ 䄓㋪䄵⭤⭞(ܨ,ܶ,ܸ)᱄㡅㸃⳷⹹㻖㸋ᷛ 

dܨ = െܵdܶ െ ܲdܸ 

⹌㬞 4.32 

dܩ = െܵdܶ + ܸdܲ 

⹌㬞 4.33 

䋓䇱ᷛ 

ܵ = െ൬
ܨ߲
߲ܶ
൰
௏

= െ൬
ܩ߲
߲ܶ
൰
௉

 

⹌㬞 4.34 

ܲ = െ൬
ܨ߲
߲ܸ
൰
்

 

⹌㬞 4.35 

ܸ = ൬
ܩ߲
߲ܲ
൰
்
 

⹌㬞 4.36 
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䎃㸋㻖㵔㦩㑇䁈䓕㲍⭥⢎䎘㳂⹊㑬⢄㏜᷉ 㵉⺞㋪⹼⥃㑠⭥㸃⳷㘉㭗⤜㋪⹼⥃㑠 ᱄᷊ 

〚䇻㩰㭗㑞㼏⹅䔘 㘉᷍㭗䄜⷗㦩㑇䁈㻖㵔⭥㵝㾯⿐⹅㉀⢄䄲㉀⡙᱄1875ÿ1878

㛋᷍る⤝㯚䇷䎌ⰵ」⼰䄛㳆᷍㶋⧪㑬⡜⧧㸋᱑る⤝㯚㦩㑇䁈㧞⤠㤛᱒⭻㧞㠋⹅䔘

᱗㔼ⶕ㼁㹐䐫㠞⽃᱘᷉ On the Equilibrium of Heterogeneous Substances᷊ᱟGibbs᷍

1875ᱠᱟGibbs 1᷍877ᱠ᱄㔼㸥⭥䑘㳆㬨⹹䇻ⶕ㼁㳆㻖᷉ ⟝㎉⭆䊋ⶕ㼁䈌ⱁ䊋ⶕ㼁᷊

㦩㠞⽃⭥㲷㔼᱄㸥䍣⭥⹹ポ⪫㬨 Equilibrium ⼮ Heterogeneous Substances᱄⿐䁈㬧

䊻㘉㭗㡅㠞⽃⺞⧭䐱⟈䁾㑬䐹䄋⭥ㅨ㩌᱄᱑㼁᱒⭥ⶦ㛏䄓䊻䎃⷗⹅䔘䐱⡜䎞㬞㳂

⨗᷉⹹䇻㼁⭥㼋㻙㲷㔼㋪⤯㋝㸥㻸ᱟ㒖⪉᷍2022ᱠ]⭻ⱟ䐢⭻㯥䍣᷊194᱄䎃㠋㔼㸥

⳷㑞⪯ⳃ⢎⨗㎕ ⡜᷍㦰㸋㬨⿐䁈㬘㩰䔏䐹䄋⭥㔼㸥䐏䄜 ⮍᷍Ⰹ㑬⿐䁈㦩㑇䁈⭥〚

⪂᱄ 

㩰㭗る⤝㯚⭥㧕ⶪ⹅䔘 䐙᷍⨗㑬䓵䇪㚽㋪䄵䇤㎕㘉㭗䄜⷗㦩㑇䁈㻖㵔ⰵ㶃䔗

⳨㳆〞⹇⭥㚽㑇᷍⿐䁈ⳕ䇇䄓Ⱍ。㼓䓦䓵䇪㚽ㅖ⭮⭥Ⳟ㼓㆙㾱᱄㦜ⱙ᷍㬽㏛㬘䅓

㯹䇑㼍 る᷍⤝㯚⭥⹼⮄䎇䎞㸋㝘䐿䑘㒘䁈ㆈ㰚ㅴ㬽㦕㬨䊻㬏㛋⽔ ゕ᷍⼆㚘〕䓩⭥

㻖㑱⹅䔘ⳃ⢎䐏⽔᱄㸋㑬㘘㦘䓵䇪㚽㬨㋪䄵䔗⹇⭥㚽㑠᷍⼆㚘〕䓩⿚䅞㧌㑬

Bound Energy ⭥ⶦ㛏 195 ⰵ᷍䇇ܩ〓䎀ܨ䐱⭥ܶܵ㼏 㰝᷍㬨⤜㚽⡜䓋⿜㸋⹇⭥᱄䐢⪬᷍

㦬㗨㋪䄵ㅌ䄜⷗㦩㑇䁈㻖㵔ⰵ㶃䔗⹇䈌㡅䓵䇪㚽⢅⿐㑋㻖㡑㎕ ㅌ᷍㡅㹝㬶〓⳦⨗

 
194 䐏㣑㦬㗨䇤᱑㲍᱒㎕㘉㭗㹐䐫⫇䊻㾯㬞᷍⡩㧈䄛㲍᱃㡙㲍᱃⹭㲍᱄䊻」⼰䄛㳆⭥䁱㈠䐱᷍る
⤝㯚䅃㬗⭞㵍䂚㬨䄛㲍᷍㚻⤠㹐䐫⭥⫇䊻㾯㬞䄓⤜㵍᱄䅓⪬䄋䅞㧌᱑㼁᱒⭥ⶦ㛏㎕ゴ䄵㤙⢑᱄⤜
㵍⭥䄛㳆㼁」⼰ 䎜᷍㳆Ⱍ㬨䄛㲍 ⭌᷍䊻䎃⷗䄛㲍㚻⤠ 䇱᷍᱑㼁᱒䐏ヅ⭥㠞⽃᱄ⷝⱁ㲷㔼ボ㸥㻸ᱟ㝘
䂕㼗䈏᷍2023ᱠ᱄ 

 
195 䎃⷗ Bound Energy ⡜Ⳏ䅌㸋㭙ⶠ㚽〓㿎⤃⤜⼰㬫 䅓᷍㸋㭙ⶠ㚽㈎⧄⡜䐙⫛ Binding Energy᷉ 䇱
㬒䄓ㅱㆂ⼰㚽᷊᷍䄓㈮㬨㑞⷗㑄䓴㾯⧪㭙ⶠ㲍⭥㬒⽓㻖㵔㚽㑠⭥ㅖ⭮᱄䇱㬒᷍㭙ⶠ㚽䇷⡜㏎ㆃ㸋
⪴䊎䓴䐱⟟㏌䄜⷗⮈䓴㰚㿉㚽㑠᱄䎃㏐ ⼆᷍㚘〕䓩⭥䅃㯝㬨䎃⷗㚽㑠⤜㚽⡜᱑䓵䇪᱒⭹䓋⿐㸋⹇᷍
㰝㬨㼁ⰵ䇻䓵䇪㚽᷉Free Energy᷊㎕㯖⭥᱄ 

 



  

㦩㑠䈌㡅咫⢅㑋㻖㡑㎕ 196᱄䎃䄓㸋㻣䄜⤞㦬㗨〚䇻ⰵ⿐䁈ⳕ䇇⭥㦩㑇䁈䁱㈠ⳃ

㻷㦩㑇䁈⭻㧞Ⰹ㔪⮍Ⰹ㑬ヂ㬖⭥㏎㔼〚⪂ 197᱄ 

4.2.4.3 ⿐䁈ⳕ䇇䐱⭥㦩㑇䁈䁱㈠ゑ⭻㧞Ⰹ㔪⭥ⳃ㻷 

㧈㣑㰚㭗 㦩᷍㑇䁈⭻㧞Ⰹ㔪⭥㚻㦾㬨⭒㦩㑇䁈㸣Ⱙ㤘㆝䇻㉙ⰵ㒄Ⱙ᷉ ܶ = 0 K᷊

㬒᷍㦩㑇䁈㻖㵔⭥咹㤘䇻Ⰹ䐖᱄䁵㻣䐏䅃᷍㬨䐙䄜⷗㻖㵔䊻䇱㻿㸣Ⱙ㻣᷍㰝㋪䄵

䇱㑞⷗㠞⽃㦩㑇䁈䓕㲍 A ⼮ B A᷍ 䈌 B ⭥咹。⤜㵍᱄⭌䊻㉙ⰵ㒄Ⱙ㬒 A᷍ 䈌 B ⭥

咹䄜Ⰹ㼁⭩᱄䇤⹌㬞⭥㾯㬞⢎⫐᷍㈮㬨ᷛ 

lim
்՜଴

[ȟܵ] = 0 

⹌㬞 4.37 

ȟ㬨䄜⷗㸣Ⱙܶ㻣䎃⷗㻖㵔⭥㑞⷗㦩㑇䁈㠞⽃㲍⭥咹⭥⥏᱄㉀㳆Ⰹ䅆㸋ᷛ 

ȟܵ = ܵ୆ െ ܵ୅ 

⹌㬞 4.38 

㼁䇇䇱ᷛ 

ȟܩ = ୆ܩ െ  ୅ܩ

⹌㬞 4.39 

ȟܪ = ୆ܪ െ  ୅ܪ

⹌㬞 4.40 

 
196 㬏㈦㬡ギ㚊㦬㗨䄲㈎⼽㤆⨟⭹㦰㬗⭞㑬咫䈌㦩⭥⹹㻖᱄㸳㗨㻷䊻㬚䇤⭥ Enthalpy 䎃⷗⪫᷍㬨
1909 㛋䇪⼪㎝㹐㏎䁈コ➛㚻㯚᷉Heike Kamerlingh Onnes᷍1853-1926 㛋᷊ⷙ⨗⭥᱄㰝㎕䊕䇻㻄㎑
䈐᷍䅃㯝㬨 warm within᱄ 

 
197 ㏛㬘㩰᷍㰅㦜㦬㗨䊻㏜䇤㦩㑇䁈㘉㭗⿐䁈ⳕ䇇⭥㬒⽓ⱁ㭞㦬䇤⭥⤃⤜㬨る⤝㯚⭥䈐䁵᷍⭌㰜
㗨⭥䈐䁵䈌る⤝㯚⭥䈐䁵䇱⭩ゼ⹹㻖᱄⡩㧈ⳗ㲹〕ⴓ᷉ 䇷䅌䔘ⳗ㵱ⴓ J᷍acobus Henricus van 't Hoff᷍
1852-1911 㛋᷍⭻䄜ㆍ㝖⡕ⱜ⿐䁈ㅒ⭤䑘᷊᷍㰜⤜䇤咹᷍⭌咹䈌ⳗ㲹〕ⴓ䇤⭥⶛⭥䓵䇪㚽ⰵ㸣Ⱙ
⭥㠌㸃⳷᷍㬨⭩ゼ⭥᱄ 
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㧈⪬᷍㸋㑬⭤⭞⹌㬞 4.37᷍ⰵ㵍䄜⷗㻖㵔䊻㸣Ⱙܶ㻣⭥㑞⷗㦩㑇䁈㠞⽃㲍⭥⢎䎘

㈮㬨⹹ポ᱄⿐䁈ⳕ䇇㣂㣂㳂⹊㑬䎃䂚䄜⷗㠞㲉᱄䊻⽄Ⰹ㸣Ⱙܶ㻣᷍㧈⺜㋪䄵ⰵ䄜

⷗㦩㑇䁈㻖㵔䊻⿐䁈ⳕ䇇⭥ⳕ䇇㲍᷉䓕㲍 A᷊䈌㪛⧪㲍᷉䓕㲍 B᷊⭥㦩㑇䁈㑠⭥

⥏䐖᷉㧈ȟܩ᱃ȟ᷊ܪ㆙㾱Ⰹ㑠⥃㑠᷍⭤⭞⹌㬞 4.37 ⭥ㆂ㔼⢄⤜㚲㏎ㆃ㑬᱄ 

䄓㬨䅓㸋㩰㘇⭥䊎䅓 㸳᷍㗨㋪䄵㯖㬏㈦㬡ギ㚊䐢ⱟ㬏㬡ギ⨖䁈ㆈ㵉⺞㦩㑇䁈

ⰵ⿐䁈ⳕ䇇⭥䁱㈠㬨㦩㑇䁈⭻㧞Ⰹ㔪⭏㪛⭥䐹䄋〚⪂᱄ȟܩ䈌⿐䁈ⳕ䇇䔗⹇䇱⹹᷍

ȟܪ䈌㦩䇱⹹ 198᱄䎞㬨〚䇻㬖䂊㩰ⰵȟܩ᱃ȟܪ⭩⹹ポ㦩㑇䁈㑠⭥⥃㑠 ㏎᷍⥊䓩⼮㚽

㯚㲹㻩⽔ⳃ㻷㑬㰝㗨䊻⭮㸣㻣⭥䄜㾊㲹㭃㾵䐫 199᱄1902 㛋᷍㏎⥊䓩㵉⺞㬶ゐ㸥

㻸䐱⹹䇻⿐䁈ⳕ䇇⭥䓵䇪㚽⢅⿐䄵ゑ咫⢅⭥㭞㈾᷍ㅌ㡅⿎⧪㸣Ⱙ⭥⼐㭞᷍㧈㵝

4.13 㰚㬟ᱟRichards᷍1902ᱠ᱄㿉䄋㯖㘘⭥㬨᷍䎃㾊ⳕ䇇Ⱍ㬨⮈⿐䁈ⳕ䇇᷍䄲䇱㬖

䂊㭞㈾Ⱍ䊻 0ᲇ䄵㩰᱄⭮㸣㻣⭥㵝㼒㶋㦌㬨㵉⺞㶃㵧⭤⭞⭥᱄䇪㵝㋪⭤ᷛ 

lim
்՜଴

[ȟܩ െ ȟܪ] = 0  

⹌㬞 4.41 

䎃㬨㦩㑇䁈⭻㧞Ⰹ㔪ⳃ㻷⺞⧭䐱⹹ポ⭥⭻䄜⤞᱄䐏⽔ 䇪᷍䇻⽄㸣⿐䁈ⳕ䇇⭥ȟܩ᱃

 
198⭒㬒㦬㗨⥃㑠ȟܩ䇱㑞䐷Ⳟ㬞᱄䄜䐷㬨㏜䇤⿐䁈ⳕ䇇㠞⽃⧄㭞 䎃᷍㏁㬖䂊⳨⧄㋾䋐㣳㚲Ⱙれⷀ᱄
㒎䄜䐷㬨ⰵ⮈⿐䁈ⳕ䇇 䐒᷍ㅴ⥃㑠⮈䁚⪴㭅⨗⹇㤔⭤᷍䎃㏁㬖䂊䄋Ⳟ⢄⼽ⱁ᱄〓㿎㬨䅓㸋䎃⷗䊎
䅓᷍1902 㛋㏎⥊䓩⭥㸥䍣䑘䄋⤪䇤⭥⮈⿐䁈㬖䂊㭞㈾᱄ȟܪ⭥⥃㑠䑘䄋㵉⺞ⳕ䇇㦩᷍㏎⥊䓩䄓㬨
㣑㘇㳂⭞⭥⿐䁈ⳕ䇇⭥㑠㦩ⳉⳞ㘇⭥䓉コ᱄ 

 
199䎃㏐㿉䄋㳂䄜㉅⭥㬨䇱㾊㸥㻸。㣠⮘⭅㕔⿐䁈コ㲡㚘㩎᷉Julius Thomsen᷍1826ÿ1909 㛋᷊⼮ⳉ
⺛⿐䁈コ⡕㲹㕆᷉ Marcellin Berthelot 1᷍827ÿ1907 㛋 㦰᷊㸋⭥⿐䁈ⳕ䇇㼓䓦⳦㦩Ⳟ㼓㆙㾱⭥㈎䂊䓽
ㆂ᷍䄓㈮㬨 Thomsen-Berthelot Principle ⰵ㦩㑇䁈⭻㧞Ⰹ㔪ⳃ㻷⭥⹒㻸᱄㸳㗨㋪䄵㣠⮘䄜㻣䎞㬨䇪
䇻㦬㗨ⳃ㻷䎃⷗ principle ⤃⤜㬨ⰵ㰚䇱⭥⿐䁈ⳕ䇇Ⱍ⧪㑃᷉䇱㹝㦩ⳕ䇇᷊᷍⤦㦤㦬㗨㦰㬗⭞㑬咹
⭥⹒㻸᷍㆙ⱙ䓽ㆂ⨗⿐䁈ⳕ䇇䇇ⶤ㬨㼓䓦䓵䇪㚽ㅖ⭮⭥Ⳟ㼓㆙㾱 䎃᷍䂚䄜⷗⺇㔪᱄䓵䇪㚽ㅖ⭮㼁
⡩䇻⳦㦩 䅞᷍㧌⭥䅓㯹㣂㣂㬨咹᱄ⱙ㏎⥊䓩⼮㚽㯚㲹⹹䓃⭥咫⢅䈌䓵䇪㚽⢅⿐⭥⥏ 䄓᷍㬨㸣Ⱙ⧬
䄵咹⢅᱄⪴䎃⷗䅃䅆㩰㎕㯖᷍Thomsen-Berthelot Principle 㬨⷗⡜䐅㸒⭥㈎䂊䓽ㆂ᱄䎞㬨䅓㸋㡅⡜
䐅㸒 㬚᷍⭤㦬㗨䅃㬗⭞咹⢅䊻㘉㭗⿐䁈ⳕ䇇Ⳟ㼓㬒⭥䐹䄋㾵 ㆙᷍ⱙⰵ㡅㆙㾱Ⰹ㑠䁱㈠ ⤦᷍⭝䐣㑬
㦩㑇䁈⭻㧞Ⰹ㔪⡜ⳃ㻷᱄ 



  

ȟܪ᱃ȟܵ㕛䔄ᷛ 

ȟܩ = ȟܪ െ ܶȟܵ   

⹌㬞 4.42 

ㆂ⼰⹌㬞 4.41᷍㋪⭤ᷛ 

lim
்՜଴

[െܶȟܵ] = 0 

⹌㬞 4.43 

⹌㬞 4.41-4.43 ⭥㬟䅃㵝㧈㵝 4.14 㰚㬟᱄䊻㤘㆝㉙ⰵ㒄Ⱙ㬒᷍ȟܩ᱃ȟܪ⭥㤘㆝㾱㸋

㋪㚽⤜㵍᱄ⰵ䎃⷗㤘㆝㾱㸋⭥㘉㭗⪺⧪㑬㦩㑇䁈⭻㧞Ⰹ㔪ⳃ㻷⺞⧭䐱䔏⹹ポ⭥⭻

ⱟ⤞᱄ 
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㵝 4.13 㸥㻸ᱟRichards᷍1902ᱠ䐱㏎⥊䓩⭥㭞㈾䊎㵝᱄㵝䐱 heat of reaction᷉㵝䐱㬨

U᷊䈌 electrical energy᷉㵝䐱㬨 A᷊⳷⢑ⰵ䇇⿐䁈ⳕ䇇咫⢅ȟܪ䈌䓵䇪㚽⢅⿐ȟܩ᱄㣑䎀ⰵ䇇

ȟܪ㬨䅓㸋咫⭥䅃䅆㈮㬨㦩ᷜ⽔䎀ⰵ䇇ȟܩ㬨䅓㸋⮈⿐䁈ⳕ䇇⭥䇱䇤⹇㉚䄵⮈㚽⭥㾯㬞㭅

⨗᱄㬖㼀㸋䇪㬖䂊㭞㈾㰚䐈⧷⭥⤠⳷᷍㿊㼀㸋㏎⥊䓩㆙㾱⭥㶃㵧᱄᷉ 㭞㈾ⰵ䇇⭥㬖䂊㸣ⰩⰝ

䊻 0ᲇ䄵㩰᷊ 

 



  

 

㵝 4.14 䊻㤘㆝㉙ⰵ㒄Ⱙ㬒᷍ȟܩ᱃ȟܪ⭥㤘㆝㾱㸋㋪㚽⤜㵍⭥゙⷗㏞䓴᱄ 

 

䊻㚽㯚㲹䐏㣑 ⺟᷍⤏᷉ Fritz Haber 1᷍968ÿ1934 㛋 ᱃᷊ⳗ⭣〕㲹᷉ Jacobus Henricus 

van 't Hoff᷍1852ÿ1911 㛋᷊䊻 1904 䈌 1905 㛋䄓⹹䓃⺞䎃⷗㸫㳃᱄䄦⼗⭥㬨᷍㰜

㗨ⰵ䎃⷗㤘㆝㾱㸋⭥㏎ㆃ㬨Ⰹ㾵⫎㹔⭥ ⪴᷍ⱙ⫎⺞㑬ⳃ㻷㦩㑇䁈⭻㧞Ⰹ㔪⭥〛。᱄

䄵ⳗ⭣〕㲹㸋㏞ 㰜᷍㦰㸋⿐䁈ⳕ䇇⭥咫⢅䊻㸣Ⱙ㤘㆝䇻㉙ⰵ㒄Ⱙ㬨⧫㼀㾵䄡㎖㸣

Ⱙ⭥⢅⿐ᱟCoffey 2᷍006ᱠ᱄䈌㰜㗨⤜㵍 1᷍906 㛋᷍㚽㯚㲹㳂⨗ȟܪ䈌ȟܩⰵ㸣Ⱙ⭥

㾒㔫䊻㤘㆝㉙ⰵ㒄Ⱙ㬒㸋 0ᱟNernst᷍1906ᱠ᷍ゕᷛ 

lim
்՜଴

൬
߲ȟܪ
߲ܶ

൰
௉

= lim
்՜଴

൬
߲ȟܩ
߲ܶ

൰
௉

= 0 

⹌㬞 4.44 

ⶤ㬞䓴䇱㑞⷗⼎䅆᱄⭻䄜⷗⼎䅆㎕䓵(߲ȟܪ/߲ܶ)௉ = 0᱄㡅䐱ȟܪ = ୆ܪ െ ୅᷍ⱙܪ

௉⫇䊻㧈㻣⹹㻖ܥ௉䈌⭩䁚㦩㦾(߲ܶ/ܪ߲) 200ᷛ 

௉୅ܥ = ൬
୅ܪ߲
߲ܶ

൰
௉

 

⹌㬞 4.45 

௉୆ܥ = ൬
୆ܪ߲
߲ܶ

൰
௉

 

 
200 ボ⤯㋝㸥㻸ᱟ㒖⪉᷍2022ᱠ⭥⭻ 29 䄔᱄ 
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⹌㬞 4.46 

䅓⪬ 

lim
்՜଴

൬
߲ȟܪ
߲ܶ

൰
௉

= lim
்՜଴

௉୆ܥൣ െ ௉୅൧ܥ = 0 

⹌㬞 4.47 

䎃䅃㸗䓦⿐䁈ⳕ䇇㳆㻖⪇䊻㪛⧪㹐䓕㲍㬒㼁ⰵ䇻⪇䊻ⳕ䇇㹐䓕㲍㬒 ⡩᷍㦩⤜ⳃ㪛

⢅⿐᱄ 

⭻ⱟ⷗⼎䅆᷍㎕䓵(߲ȟܩ/߲ܶ)௉ = 0᱄㡅䐱ȟܩ = ୆ܩ െ ௉䈌ܵ(߲ܶ/ܩ߲)⼰୅᷍ㆂܩ

⭥⹹㻖 201᷍ゕᷛ 

ܵ୅ = ൬
୅ܩ߲
߲ܶ

൰
௉

 

⹌㬞 4.48 

ܵ୆ = ൬
୆ܩ߲
߲ܶ

൰
௉

 

⹌㬞 4.49 

䇱ᷛ 

lim
்՜଴

൬
߲ȟܩ
߲ܶ

൰
௉

= lim
்՜଴

[ܵ୆ െ ܵ୅] = lim
்՜଴

[ȟܵ] = 0 

⹌㬞 4.50 

䎃䅃㸗䓦⿐䁈ⳕ䇇㳆㻖⪇䊻㪛⧪㹐䓕㲍㬒㼁ⰵ䇻⪇䊻ⳕ䇇㹐䓕㲍㬒 咹᷍䄓⤜ⳃ㪛

⢅⿐᱄ 

㧈⺜㆙䄜⤞➲⹌㬞 4.50᷉䄓㬨⹌㬞 4.37᷊⭥ㆂ㔼㎊䍚⭞䎃⷗㻖㵔⭥㦯⼯㑞⷗

㦩㑇䁈㠞⽃㲍䐏ヅ⭥咹⥏䊻㸣Ⱙ㤘㆝䇻㉙ⰵ㒄Ⱙ㬒㸋㒄 202᷍㈮㬨㦩㑇䁈⭻㧞Ⰹ

㔪⭥⢎㭗㑬᱄㰝⭩ゼ䇻 ⭒ᷛ㦩㑇䁈㻖㵔㤘䇻㉙ⰵ㒄Ⱙ㬒 咹᷍㤘䇻Ⰹ䐖᱄䎃䂚⭥⿑᷍

 
201 㸥㻸[6]⭻ 28 䄔᱄ 

 
202 ⹌㬞 18 ⭞⹌㬞 24 㲷㔼⭥㬨⿐䁈ⳕ䇇⭥㪛⧪㹐䓕㲍䈌ⳕ䇇㹐䓕㲍䐏ヅ⭥⥏⢑᱄ 



  

㰝䄓㋪䄵䇤᱑䄜⷗㦩㑇䁈㻖㵔⭥㸣Ⱙ㸿ⳉ㵉⺞䇱㻿⪯⤺䔘ㅖ䐢㉙ⰵ㒄Ⱙ᱒㎕㆙㾱

⢎㭗᷉㵝 4.15 ᱄᷊㿉䄋㯖㘘⭥㬨᷍⹌㬞 4.37 㬨䄵⹌㬞 4.44 㸋⨗ⳃ⮄⭝⨗⭥᷍⭌⪬

⨗ⳃ⮄䊻㦩㑇䁈㏎㔼㌓ソ㻣㬨䄜⷗⤜㚽⡜䐅㘘⭥ズ㪉᷉㈂⹽㚽㯚㲹䔗⺞⼽ⱁ㝍

㑇 ᱄᷊䅓⪬᷍⹌㬞 4.37 䋈㠻⡜⧧㸋㚽㯚㲹㦩Ⰹ㏎᱄⽔㠻᷍㦬㗨䅃㬗⭞㰝䇇ⶤ⡜ⶔ

䈉Ⱑ㑃⭥᱃〚⪂⭥㕀ゎ⭹㸜᷍ゕⰉ㔪᷉Law᷊⭥⭹㸜᷍⤦䐶⡜⧧㸋㦩㑇䁈⭻㧞Ⰹ

㔪᱄1905 㛋 12 䊣᱃1906 㛋 12 䊣 㚽᷍㯚㲹⳷⢑䊻ⷈ㵃ⷚ⼮➹㑷⭥㑞⷗。䅊㩰㳂ㅜ

㑬㸥䍣㎕⡉⭡䎃㾊⹅䔘 203᷍㦬㗨ㅌ㦩㑇䁈⭻㧞Ⰹ㔪⭥ⳃ㻷䑘䄋⺊⹇䐢㚽㯚㲹᱄ 

 
㵝 4.15 㧈⺜㉙ⰵ㒄Ⱙ㬒㦩㑇䁈㻖㵔⭥咹㤘䇻䄜⷗Ⰹ䐖᷉⹌㬞 4.37᷍〓䎀⹌㬞 4.50 䔏䇳⢀

⭥⭩⼦᷊᷍ 䋓㑞䐷⤜㵍⭥㦩㑇䁈㠞⽃㲍᷉ⰵ䇇⿐䁈ⳕ䇇᷍㈮㬨ⳕ䇇㹐䓕㲍᱃㪛⧪㹐䓕㲍᷍䊻

㦩㑇䁈⭻㧞Ⰹ㔪䐱᷍䎃⷗ㆂ㔼㵧⺄䐢㦯䅃㑞⷗㦩㑇䁈㠞⽃㲍᷊⭥咹㧈䇳㵝㰚㬟᱄䎃㬨᷍䇱

㻿⪯⭥⽄㸣䈌⽄咹⤺䔘᷉⽍㼀᷊㸿ⳉ㦤䄜⷗㦩㑇䁈㻖㵔⭞⫐㉙ⰵ㒄Ⱙ᱄ⳕ䐏᷍㧈⺜⹌㬞

4.37 ⤜⧪㑃᷍䋓㑞⷗㦩㑇䁈㠞⽃㲍⭥咹䋓㧈䔔㵝㰚㬟᱄䎃㬒᷍㋪䄵㵉⺞䇱㻿⪯⽄㸣䈌⽄咹

⤺䔘㦤䄜⷗㦩㑇䁈㻖㵔⭞⫐㉙ⰵ㒄Ⱙ᱄ 

 

4.2.5 㦩㑇䁈⭻㒄Ⰹ㔪 

䊻㦩㑇䁈㧞⫔Ⰹ㔪㦘Ⰹ⽔ ㈎᷍⮅⭥㦩㑇䁈㏎㔼⭥㌓ソ䄲㈎㾯⧪᱄⭌㕀ゎ㩰᷍᷍

㰚䇱䎃㾊㲷㔼⭥䄜⷗〚⪂⿚㗜䇱⡜⧯㤆 ㈮᷍㬨㦩㠞⽃䄵ゑ㸣Ⱙ⭥Ⰹ䅆᱄㸋㑬㗷⤚

 
203 䊻䎃⷗㬒ヅㅻ⮄㰜䄓䎞⪇䊻⪴ⷈ㵃ⷚ⫔䁈䓋㠙䐢➹㑷⫔䁈⹅䔘⭥⺞⧭䐱᱄ 
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䎃⷗㦒㻾᷍䇃⺛㹐㏎䁈コ㎎ⱜⴓ᱅ⶄ㎶᷉Ralph Howard Fowler 1᷍889ÿ1944 㛋᷊䇻

1939 㛋㳂⨗㦩㑇䁈⭻㒄Ⰹ㔪᱄䎃⷗㬒ヅ⮄⡩㦩㑇䁈⭻䄜Ⰹ㔪⼮㦩㑇䁈⭻ⱟⰉ㔪

⭥㳂⨗㶎㑬➬㬏䈁㛋᱄㦩㑇䁈⭻㒄Ⰹ㔪⭥㉀㳆㚻㦾㋪⢎㭗㸋 㧕ᷛ㑞⷗㦩㑇䁈㻖㵔

㉚䈌⭻㧞⷗㻖㵔⪇䇻㦩㠞⽃䓕㲍᷍⪬㑞⷗㻖㵔䄓⡹⿆㼁⪇䇻㦩㠞⽃᱄ 

〚䇻⪬⢎㭗᷍㸣Ⱙ᷍䎃⷗㘉㭗㦩㑇䁈㠞⽃䓕㲍⭥䔏〚⡟⭥㹐㏎㑠᷍⧪㸋㑬䄜

⷗㑝Ⰹ䅆⭥㦩㑇䁈䓕㲍⼐㭞᱄䊻㸣Ⱙ⡜㑝Ⰹ䅆⭥〚⪂㩰 䇪᷍㦩㑇䁈⭻䄜⭞⭻㧞Ⰹ

㔪⹚⧪⭥㦩㑇䁈㈎⮅㏎㔼䄓⧚⭸⧪㾮᱄ 

 

4.2.6 㵔ェ㑇䁈⭥ⳃ䍚䄵ゑ㦩䁈㼁⹹㋯⧭⭥㪉䐤 

㦩䁈㈎⮅㏎㔼䎃⤠⳷⭥䔏⽔᷍㸳㗨ㅓ䄜㻣㦩䁈᱃㦩㑇䁈᱃㵔ェ㑇䁈䐏ヅ⭥⹹

㻖᱄㬸㻩᷍㸳㗨㿉䄋䐙⨗㦩㑇䁈㰚⟝⼍⭥㸃⹼⭥㑇䁈㏎㔼⭥㚻㦾゙⽖㗜䇱᷍㰅㦜

㰝ㅱ㦩㑇䁈᱄䊻㦩㑇䁈㏎㔼⭥㳂⨗⺞⧭䐱᷍䄜㾊⨊㼔⭥ⶦ㛏᷍⡩㧈㦩㑠᱃㚽㑠᱃

咹㡑⭞㑬䐹䄋⭥䔘䇤᱄㏁㯧ⶦ㛏⭥㾯⧪䈌㧞⫔䇪㬖䂊⭤⭞⭥Ⰹ㔪㼁⡩ 䋈᷍㠻㉀䇱

䄜Ⰹ⭥㾯ⱙ㩰⭥㲹䎘᱄䎃⼮䊎䓴㔼䊻⭒㬒㰚㘇㑺⭥㤊㌗⼽㼁㯧᱄⽔㎕᷍㰇䓦㦩㑇

䁈䁱㈠⭥㪏㧌᷍㦬㗨䊞㎕䊞㦰㬗⭞㡅㋮⹼㾵᷍⤃ㅉ㑃㑬㼁䇇⭥㸃⹼㏎㔼᱄䄵㕔㋬

㯚㸅᱃る⤝㯚᱃⤄ⱜ䓩㕝㸋⫛⢎⭥䄜㞛㹐㏎䁈コ〚䇻㵔ェ䁈Ⳟⳉ᱃ⶦ㔫㔼᷍ⳃ䍚

㑬䄜㲸㸃⹼㹐㏎㏎㔼᱄㸳㗨➲䎃㲸㏎㔼⧧㸋㵔ェ㑇䁈᱄ 

㵔ェ㑇䁈⭥㚻㦾⟝㎉㣳䊗䊗⫔䇻㸳㗨䊻㿓䁵䐱㳂⭞⭥⳷䓴Ⱀ㑇䁈᱄䋈㠻⭥㵔

ェ㑇䁈㏎㔼⹹㾥⭥Ⱍ㬨㠞⽃㳆㻖⭥㦩㑇䁈㸫㳃᱄㆙㧌ⱟ㬏㬡ギ⽔ 䄜᷍Ⳟ㘇㵔ェ㑇

䁈⭥ⳃ䍚䈌㑠䓴㑇䁈⭥ⳃ䍚⥛㪛㑬⫎䓼ⶕ䊴⭥ㅜ⮟᱄㒎䄜Ⳟ㘇 㦬᷍㗨䄓㋋㬝⹹䓃

㸃㦦㻣⭥⳨㠞⽃㵔ェ㹐㏎᷍⤃ⳃ䍚㑬㼁䇇⭥㼀㾵㼍䇇㏎㔼᱄ⱟ㬏㬡ギ䐱⽔㠻᷍㦬

㗨⭥䁱㈠㾬㦅ⷝ㬨䓋䄧⭞ⷝ䄜⟄⭥⳨㠞⽃㳆㻖᱄䎃㬨䄜⷗䁎㿓ㅆ㆙⭥⺞⧭᱄䁱㈠



  

⭥㸫㳃᷍䄓䊞㎕䊞䎇㬖᱄㻷䊻᷍㵔ェ㹐㏎䄓㬨㹐㏎䁈⭥〚⪂㋯⧭䐱㩺䇱⭥䊻㸳㗨

㋪䄵䊅ボ⭥㬒ヅ⨀Ⱙ㚻᷍⿚䇱⼽⫔ⳃ䍚㋶ヅ⭥䄜㗦㋯⧭᷂ 

䊻⺛㚻᷍䈌㦩㼁⹹⭥㹐㏎㏁ㅭ㋧㭊⟝㎉᱗㦩䁈᱘᷉ thermophysics ᱃᷊᱗㦩㑇䁈᱘

᷉thermodynamics ᱃᷊᱗㵔ェ㑇䁈᱘᷉ statistical mechanics᷍〓᱗㵔ェ㹐㏎᱘statistical 

physics᷊㧞⫔㏁᱄䇱㬒᷍㰝㗨䄓。⡜⼰⤃㸋᱗㦩䁈䈌㦩㑇䁈᱘᱃᱗㦩㑇䁈䈌㵔ェ㹐

㏎᱘᱄⭌⤜⹽䋖䂚᷍㗜䇱᱗㦩䁈䈌㵔ェ㹐㏎᱘䎃䂚⭥㋯⧭᱄㧞䎀⭥⹹䓃⮄䇪㻷㼔

㼓㸃⹼〛㏎⺞Ⱚ 㦩᷍㑇䁈㸜㈴㡅䐱 㑋᷍㻖䓦䔏㶃⥄⭥㦩䁈䈌䔏䓃䐹㸃⹼〛䐧⭥㵔

ェ㹐㏎᱄ 

 

4.3 ㈎⮅⭥⺃䁈㏎㔼 

䈌㑇䁈᱃㦩䁈㏁㯧 㦬᷍㏁ⰵ⺃䁈㻷㼔⭥㦰㬗䈌㏜䇤䄓㋪䄵䓘㯾⭞㦬㏁㸥㘘⭥

䋈㠻᱄➕㻷䊻ⱁ㭞㸥㻸䐱㦬㗨〚⡟㾯⧪⭥⹓㬗᷍䊻⹌䊋㣑㡀➺㛋䐏㣑᷍䊻䔏䋈⭥

㑞⷗㸥㘘䐱᷉㗡㰘⤜⫐㗸䁨᱃⹦➄ゑ᷊᷍ 㦬㗨䄲㈎㋋㬝䁱㚆䈌㬚䇤㏃㈖㑬᱄⫔䐣

㼁㵍⭥㬒㠻᷍䊻ⰌⳞ᷍㸳㗨⺛コ⭥䂕咾䄓㬨䄜⷗㉀䇱䎃䐷⹇㚽⭥㡘ミ᱄㰝⡟䐫㩰

㈮㬨䄜⷗㈼⺃㪛】⭥➝㘇㈖᱄➕ 1995 㛋 4 䊣㩣㹘㬂ⴗⴈ㻹⿧㵧⫆⨗㵢⭥㡘ミ㎕

㵧ⰰ᷍㉁㆒䄓䇱䊝 3000 㛋⭥㏛㬘᱄ 

〚䇻ⰵ⺃䁈㻷㼔⭥⨖⤞⭥㦰㬗㆙ⱙ䐧䔘㬖䇤㡘ミ⭥⺞⧭䐱䄵ゑ䐏⽔ 䓵᷍㦜㬨

㿉䄋㏎㔼⭥᱄䎃⷗⤜⹽㬨䊻㹘Ⳟ᷍⿚㬨䊻㸳㗨䐱⺛᷍Ⱍ㬨㏁㯧⭥᱄⭒㦜᷍㵍䂚㏁

㯧⭥⿚䇱䄜⷗㲹䎘 ㈮᷍㬨䎃㾊䋈㠻⭥⺃䁈㏎㔼㆗㆗䈌⺃㔘⭥䔏ビ⭆⭥゙⼯㾵䐫䇱

⹹᱄⡩㧈᷍㸳㗨䐱䁈㋯⡟ㅴ⪆⭥㚌䓴䊻᱗㚌㈎᱘䐱㏜䇤㾂㋸⧪㼒㬖䂊㘉㭗⭥㻷㼔

⡔⽔䊭⤹⭥⺃⭥䐒㼀⪌⤆䊎㏎᷍䄵ゑ⹦㻄㎑㝘゙㏐⭤䊻᱗⺃䁈᱘䐱㘉㭗⭥㧌㪅ㅨ

⭩䇻ⳕ㪅ㅨ䎃䂚䄜⷗⺇㔪᱄䊻⹦㻄㎑᷍⿚⫇䊻䄜㾊⺃⭥⡟䐫䊻䍽䁈⥄㘇⭥㯝㋝᷍
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⡩㧈䊻㘉㭗㬴㉖⥛㪛䎃⷗㻷㼔㬒᷍䇱㆙㧌㯖䈌ⳃ㪅㯖⭥䎚㔼᱄䐱㬡ギ⽔᷍䊻➃㎎

⤏㬡ㆈ ⟊᷍㰇䓦䎟䐯⭥㸩Ⰹ䈌㈎イ⭥Ⳓ㦺 ㏁᷍㯧⭥⺃䁈㏎㔼⭤⭞㑬㆙䄜⤞⭥ⳃ䍚᱄

⡩㧈᷍㬏㬡ギ⽔㠻᷍㸋➮ⷒ⫐⹍㵃㾈㎮⭥⤉㯚䁈䎀䄢⡟᱅㩔ⱜ᷉Ibn Sahl᷍䊝⹌䊋

940–1000 㛋᷊䊻䓉䑙᱗㔼⮄】㈖䓴䈌㵙㈖᱘᷉ <On Burning Mirrors and Lenses>᷊

㏐䔏㻩䎞㦘⭹⢎㭗⨗䍼㪅Ⰹ㔪᱄䊺㶚⽔᷍⭞㑬䐱㬡ギ⭥⽔㠻᷍⤄㑈䐧䋍⹅䄶䊻㶟

㛂㯚⭤⭞㑬れ⫔⧭Ⱙ⭥ⶥ㑝 204᱄㰝㵙㘘᱃㉀䇱䄜Ⰹ䍼㪅㔫᱃㣳㋪䄵⡜䐧䋍㸋㦯⼯

㾯䓕᷍䎃䊻れ⫔⧭Ⱙ㩰ゴ㯺㑬⺃䁈⭥ⳃ䍚᱄ 

⭒㸥䄶ⶕ㾬⭥䇑㼍⪴䅃⫔㏜⪌⭞⼪㎝䈌䇃⺛ 䎃᷍㾊⹅䄶㩰⭥㆙䍚ⷝ㬨㆙⿐㸋

ⷝ㸋㈌㻙⭥㬖䂊ゝ㭖Ⳟ㘇⭥ⳃ㘘䈌⪕㾣᷍⡩㧈ⶕ⼰㻵㸃㈖᱃ⳕ㪅㶜䊗㈖⭥ⳃ㘘᱄

㏎㔼⥄㘇᷍䄓䇠㻷⨗㼒⭲㋉ⱜ᷉Rene Descartes᷍1596ÿ1650 㛋 ᱃᷊Ⳳ㕎᷉Pierre de 

Fermat 1᷍607ÿ1665 㛋 ᱃᷊⿾ⷝ㯚᷉ Christiaan Huygens 1᷍629ÿ1695 㛋 ᱃᷊㝄ⰺ᷉ Isaac 

Newton 1᷍642ÿ1727 㛋᷊䎃䂚⭥ⳃ䍚⨗㑬ⷝ㸋㻖㵔⭥㏎㔼⭥⫔㋧䁈コ᱄䔘㸋䄜⷗

䐹⮄⹹䓃㋧㠶㾵Ⱒ㹐᷍㻣㘇᷍㸳㗨ㅌ⪴䎃⷗㬒ヅㅻ⮄⨗ⳃ᷍⳷゙⼯⺃䁈᱃⤉Ⱀ⺃

䁈㑞⷗⤠⳷㎕ㆊ㩽⺃䁈⭥㈎⮅㏎㔼᱄䎃䄓㬨㸳⺛⫔䁈⭥㹐㏎ㅭ䈞㏐ ᱗᷍⺃䁈᱘㋯

⧭⭥⼬㾥㚻㦾᱄㬏㈦㬡ギ䐱⽔㠻 㰇᷍䓦⮈Ⱀ㑇䁈⭥ⳃ䍚 ⺃᷍⭥⮈⪦⤉⡟䐫⡜ㅳ㬟᱄

ⱟ㬏㬡ギ⨖ 㑠᷍䓴㑇䁈᱃㑠䓴⮈Ⱀ㑇䁈⭥ⳃ䍚ⷝ㬨ㅌ⺃䁈䁱㈠㵧㼓㑬㑠䓴㏎㔼⭥

⥄㘇᱄䎃㾊㬏㈦㬡ギ䐱㠻䐏⽔⭥㆙䍚㸳㗨Ⱍ⤜㑱㧌⡟ㅻ᷉㈎⮅⺃䁈㏎㔼᷊㲷㔼⭥

ⳗ⨌᱄ⶱ㾬㦅⭥Ⱒ䎀㋪䊻⡟㭊⭥⭻ 4.5.3 㾂ㅻ᱃⭻➬䍣᱃⭻㈦䍣䁑㤔㵹䍚᱄ 

4.3.1 ゙⼯⺃䁈 

⹹䇻゙⼯⺃䁈⭥㲷㔼㸳㗨⪴㬏㒚㬡ギ㚊᱃㬏㡀㬡ギ⨖⭥⼪㎝㋋㬝᱄⭒㬒᷍⼽

ⱁ䍽䁈コ᱃㭞䁈コ᱃㯝㼌コ䇱㾊㬨㸋㑬㲴⡽⺛㚻㎕䓵㳍䑘ㅭ〓㡅㰝⪌㵔㬧㑇⭥㠩
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⼇᷍㼒〕⤝㯚᷉Thomas Hobbes᷍1588ÿ1679 㛋 ᱃᷊㕆㋬᷉John Locke᷍1632ÿ1704

㛋᷊᷍䇱㾊㬨㸋㑬⭆⪠䓘㤔ⷝ㸋䓵䇪⭥⿘㈔ 㼒᷍⭲㋉ⱜ᷉ Rene Descartes 1᷍596ÿ1650

㛋᷊᷍ Ⱍ。䁂䋒㎕⼪㎝䎃⷗㾣ㅭ⺛コ⧅㠻Ⰹ㈴᱄䈌䎃⷗䎟䐯⿘㈔ⰵ䇇᷍㹐㏎䁈䔏

㾣⭥䄜㾊㆙䍚䊻䎃⷗⺛コ䄓㬨䔏』䊟⭥ ⟝᷍㎉㑇䁈⤠⳷㸳㗨㳂⭞⭥⭲㋉ⱜ᱃Ⳳ㕎᱃

⿾ⷝ㯚䎃㾊㦬᱄㰜㗨䊻䋈㠻゙⼯⺃䁈⭥䁱㈠䐱㵍䂚ⳃ⿴㑬䐹䄋⭥䔘䇤᱄⪺⧪䎃䄜

㣱⭥〚⪂ 㬨᷍㣑㘇㳂⭞⭥㻵㸃㈖䈌㶜䊗㈖⭥ⳃ㘘᱄㬖䇤㾵⭥㡘ミ。⪺㬚㦬㗨㪏㧌

㏎ㆃ㡅䊎㏎ 䎃᷍⭝䐣㑬䍼㪅Ⰹ㔪⭥ⳃ㻷᱄ゴ㩰䐏㣑㦬㗨䄲㈎㦰㬗⭞⭥䐒㼀⪌⤆Ⰹ

㔪䈌ⳕ㪅Ⰹ㔪゙᷍⼯⺃䁈⭤䄵ㅉ㑃᱄㻣㘇᷍㸳㗨ビ⭆⿹⹬䎃⷗⺞⧭᱄ 

㬏㒚㬡ギ㚊᱃㬏㡀㬡ギ⨖ ⼪᷍㎝㦬䁴㩎᷉ Zacharias Janssen 1᷍580 〓 1585ÿ1632

〓 1638 㛋 ⳃ᷊㘘㑬㻵㸃㈖᱄1608 㛋 㰜᷍䋙㈎⭥㑻㈴ 㵍᷍䂚㬨⼪㎝㦬⭥㏜⤏㻄᷉ Hans 

Lipperhey᷍1570ÿ1619 㛋᷊㼓䎟ⶏ㳂ㅜ㑬䍼㪅㶜䊗㈖⭥㪋㤌䓉㏜᱄㶜䊗㈖⭥ⳃ㘘

䐒ㅴ⪭ゅ㑬䙅㏜㔵᱄1609 㛋 㰜᷍ⳃ㘘䓵゛⭥㳍㸥㶜䊗㈖᱄㵉⺞⹼⥃㲌䂕㻖⭒㬒䄲

䐋⭥㹆⫔㾱㾨䊬Ⱀ᷉㯏᱃㆑᱃】᱃㚟᱃㵢᷊䄵ゑ䊣㑢䈌㲌䂕⭥䊬Ⱀ᷍䙅㏜㔵⧪㸋

ⷈ➸㛂⭥㦶㾥㯖䔏䐳㬖⭥䇖孜᱄䐏⽔᷍䊝 1611 㛋᷍㋋㠶㎶ⳃ⢎㑬᱗䍼㪅⺃䁈᱘

᷉< Dioptrice> 䄜᷊㭊 䔏᷍䋈㳂⨗㑬⺃㼀⼮⺃㭙⭥⢎㬟ⳉ ⤃᷍⥜㭗㑬㆝⫛㶜䊗㈖㏎

㔼᱄㰜➲䙅㏜㔵㶜䊗㈖⭥➝㵙㈖㚠㈖ⶥ⧪㾂㵚㵙㈖ 䎃᷍䐷㶜䊗㈖⡜⧧㸋㋋㠶㎶㶜

䊗㈖᱄䎃䐷㪉ェ⫔ⴚ㳂ⷀ㑬㋋㠶㎶㬖䂊⭥㈌Ⱙ 䄓᷍㸋㡅⭻㧞Ⰹ㔪⭥㳂⨗⮍Ⰹ㑬䐹

䄋⭥〚⪂᱄ 

1621 㛋᷍〚䇻䄜㻖㑱㬖䂊᷍㯚㛚ⱜ᷉Willebrord Snellius, 1580ÿ1626 㛋᷊㳂⨗

㑬䍼㪅Ⰹ㔪⭥㭞䁈⢎⫐᱄⭌䎃⷗ㆂ⺜䊻㡅䇱㪛䐏㛋⤃㗜䇱ⳃ⢎᱄1637 㛋 ⭲᷍㋉ⱜ

䊻㡅㔼㸥᱗⺃䁈᱘᷉ <La dioptrique >᷊ⷙ⨗㑬䄜㭙⺃⪴㋶㡙㪅㧌ㆊ䐫䐱᷍㧌㪅ㅨ䈌

䍼㪅ㅨ⹹㻖⭥⢎⫐ᷛ 
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sin ݅ = ݊ sin  ݎ

⹌㬞 4.51 

㡅䐱ݎ⫛⢎䍼㪅ㅨ⫔㾂 ݅᷍⫛⢎㧌㪅ㅨ⫔㾂᱄ⰵ䇻㦯䅃㑞䐷ㆊ䐫᷍㸳㗨䐜㿉䄋➲㩰

㬞䔔⢀㦒㬂⭥ 1 䇤㧌㪅ㆊ䐫⭥㬖カ䍼㪅㔫݊ଵ㳇⫛᷍ㅌ㡅䇳⢀⭥݊䇤ⳃ㪅䍼㪅⭥ㆊ

䐫⭥䍼㪅㔫݊ଶ㳇⫛᷍⮘䎜㸋ᷛ 

݊ଵ sin ݅ = ݊ଶ sin  ݎ

⹌㬞 4.52 

ゕ㋪᱄䎃⷗Ⰹ㔪䇱㬒㦬㗨⧧㸋㯚㛚ⱜⰉ㔪᷉the Snell law᷊᷍ 䇱㬒⧧㸋㯚㛚ⱜÿ⭲㋉

ⱜ᷉the SnellÿDescartes law᷊Ⰹ㔪᷍䇱㬒㸋㑬ギ㛏䐱㬡ギ䊻䁱㈠㏁㯧䍼㪅㻷㼔⺞

⧭䐱䔗⨗⺞ㅽ⨗⹒㻸⭥⤉㯚䁈䎀䄓⧧㸋䄢⡟᱅㩔ⱜⰉ㔪᷉the ibnÿSahl law ᱄᷊ 

䐏⽔ 㸋᷍㑬ⷙ䎃⷗Ⰹ㔪䄜⷗㏎㔼ㆃ㬮 1᷍662 㛋 㛋᷍㕖⭥Ⳳ㕎㳂⨗㑬䄜⷗䊻㹐

㏎䁈䁱㈠䐱㉀䇱㏐⧭⡏䅃䅆⭥䊎㏎ᷛⳲ㕎䊎㏎᱄㰝⭥〚⪂᷍㬨Ⳳ㕎⭥䄜⷗ⳃ㻷ᷛ

⺃䊻㑞⷗⮄䐏ヅ⭥⪌⤆。䁂㦂⺃⧭䔏Ⱝ⭥㚨㳖᱄䎃㏐᷍⺃⧭⤃⤜⭩䇻㔘⧭᷍ⱙ⭩

䇻㡅㔤㾱㰚㿉㬒ヅ⧬㩰䎇㋶䐱⭥⺃㯺᱄⿜㉅⿑㯖 ㈮᷍㬨䊻㑞⮄⪌⤆㰚㿉㬒ヅ䔏Ⱝ

⭥㚨㳖᱄⭌㬨⭒㬒᷍㦬㗨⤃⤜䐋⭡⺃⭥⪌⤆䇱ⱁ⫔᱄〓㿎䎃䄓㬨Ⳳ㕎䊻㡅⢎㭗䐱

㬚䇤⺃⧭⭥䄜⷗䊎䅓᱄㰜➲䎃⷗ⳃ㻷⭒䔘䄜⷗䊎㏎㳂⨗᱄⼽㻵㦜᷍㰝㉀䇱れ䐖⭥

㲹䐫᱄㏜䇤䎃㳖䊎㏎᷍Ⳳ㕎⼽㤆㹛⭹ㆃ㬮㑬⺃⭹䐒㼀⪌⤆Ⰹ㔪᱃ⳕ㪅Ⰹ㔪᱃䍼㪅

Ⰹ㔪᷉㵝 4.16 ᱄᷊1788 㛋᷍㎎ⷒ㎫㦶㎊䍚㑬䎃⷗㼌ⳉ᷍㳂⨗㑄䓴⪌⤆⭥䔏㾂䔘䇤

㑠䊎㏎᱄䎃⷗㪞゗⽔⭥⟇⡟㪏Ⱙ䇑㼍㑬䐏⽔㹐㏎䁈⭥ⳃ䍚᷍䐒⭞㆒㳍᱄⡩㧈᷍㬏

㈦㬡ギ㦬㗨䁱㈠⭥⮈㔘䐱⮈㒘㧈⼯⳷㞅⭥㸫㳃᷉䇩㡅㬨⫇䊻⤃㑋⭥㬒⽓᷊᷍ 䔏䐶

Ⳟ➙㈮㉀⡙㦤⮈㒘⹇㔫䔏㾂䎃䂚䄜⷗㲹䐫᱄⭞㑬ⱟ㬏㬡ギ䐱㠻 䊻᷍⥜㭗㑠䓴㑇䁈

〚⡟䊎㏎⭥⺞⧭䐱᷍Ⳳ㕝᷉Richard Phillips Feynman᷍1918ÿ1988 㛋᷊㳂⨗㑬㔘㈗

〞⳷⭥Ⳟⳉ᷍䄓㬨䎃⷗㯝㔘㻣⭥㹐㏎䁈䁱㈠⭥㆙䄜⤞䁾⿐᱄ 



  

 
㵝 4.16 Ⳳ㕎䊎㏎㋪䄵ⷚ㈾䔏㾂⺃⧭䎃⷗㝱㈾᷍⪴䔔䐢䇳᷍ㆃ㬮⺃⭥䐒㼀⪌⤆᱃ⳕ㪅᱃䍼㪅

㧞⷗Ⰹ㔪᱄ 

 

䇱㑬䐒㼀⪌⤆Ⰹ㔪᱃ⳕ㪅Ⰹ㔪᱃䍼㪅Ⰹ㔪゙᷍⼯⺃䁈⭥〚⡟䊎䋓㈮㦘㑃㑬᱄

〚䇻䎃㑞⷗䊎䋓᷍㦬㗨㋪䄵⹚䋍ⷘ䐷⺃䁈㡘ミ᷍⡩㧈ⳕ㪅㶜䊗㈖᱃䍼㪅㶜䊗㈖᱄

⺃㔘㪉ェ䐱⭥ⱁ㭞㸫㳃㈮Ⱍ㋪䄵⡜ㆃ㉗㑬᱄㧈⺜ㆊ䐫⤜㬨㉚䊩ㆊ䐫᷉ 㚔䐷ㆊ䐫㚻

⤠⭥䍼㪅㔫䊻⤜㵍㸜䐤䇱⢅⿐᷊᷍ 㦬㗨䄓㋪䄵ⷚ㈾Ⳳ㕎䊎㏎᷍㏜䇤⢅⳷㤔れ䐖⭥

Ⳟⳉ᷍䍳⭞㉀㳆⭥⺃㔘᱄ 

㈮⺃⭥⡟䐫ⱙ䁵 䊻᷍䎃⷗㬒㠻 䄵᷍㝄ⰺ㸋⫛⢎⭥㸃㑄㯖⼮䄵⿾ⷝ㯚㸋⫛⢎⭥

⤉Ⱀ㯖⪇䊻䄜䐷㼁⿆㈛䎚⭥䓕㲍᱄㸃㑄㯖䊻ㆃ㬮⺃⭥䐒㼀⪌⤆᱃ⳕ㪅Ⰹ㔪⭥㬒⽓

㬨⡩ㅰ䐒ㅴ⭥᱄⭌ⰵ䍼㪅Ⰹ㔪᷍㝄ⰺ䇤㑬䄜㾊⡩ㅰ䨷㋻⭥Ⳟ㬞᷍⤃⤜㚽⼽㦤㦬㾦

ⴟ᱄㵍㬒᷍㝄ⰺ⿚䊻䄜⷗㵚㵙㈖䈌㠞㘇⭥⢀ㆈⳃ㻷㑬㝄ⰺ⿘᱄䎃㬨⺃⭥⤉Ⱀ㾵⭥

⼽⼤⭥䐅㘘᱄⭌㬨䇪䇻㝄ⰺ䊻᱗䊎㏎᱘⨗⟇⽔䊗䊗⧍⨗㡅㰜㦬⭥䁈㭖⭹㸜䄵ゑ㰜

⭥㣠㬧᷍㸃㑄㯖䊻䁈ㆈ⭥䇑㼍⿚㬨䍝㈾㩰ⴈ⭥᱄㻷䊻⿹⹬䎃Ⱟ㏛㬘᷍⨞㑬䎃㑞㳖

䊎䅓 㒎᷍㶃䄜㳖⤜㚽⡜⽗㬴⭥䊎䅓⿚㬨㦬㗨⭒㬒㪉ェ⭥⺃㔘Ⱍ⡩ㅰ⫔ ⱙ᷍⺃⭥⤉

⧅⼽㾂᷍䊻➺㚪㗸⭥㑠゗᱄䎃㈮⭝䐣䎃㾊⺃㔘䊻➺㚪㗸⭥㋶ヅ⨀Ⱙ⤜。䇱⢅⿐᷍

䅓⪬⺃⤉⭥⤉Ⱀ㲹㾵䄓⤜㦾䄸⡜㻵㬟⨗㎕᱄䎃㈮䋍⧪㑬ⰵ㸃㑄㯖㳂⨗㳕䍞⭥㬖䂊

ㆂ⺜⭥⤜䔄䎃䂚䄜⷗㬣㬖᱄㏁㯧㻷㼔䊻㬏➬㬡ギ㚊᱃㬏㈦㬡ギ⨖᷉㝄ⰺ㦆㬡⫔ⶦ

䄜➺㛋⭥㬒⽓᷊⭤⭞㑬れ⫔ⶥ⢅᷍䎃䄓⭝䐣㑬⤉Ⱀ⺃䁈㏎㔼䊻㬏㈦㬡ギ⭥㾬㡑᱄ 
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4.3.2 ⤉Ⱀ⺃䁈 

䊻⺃⭥⤉Ⱀ㏎㔼⭥ⳃ䍚⺞⧭䐱⟈䁾㑬䐹䄋ㅨ㩌⭥䄜⷗㦬㹐㬨㎕䓵䇃⺛⭥㵱

㕎㯚᱅䂏᷉Thomas Young᷍1773ÿ1829 㛋 ᱄᷊䊻 4.1.4 ㅻ᷍㸳㗨䋙㈎㳂⭞⺞㰜᱄⭒

㬒⭥㯖ⳉ㬨㝄ⰺ⭥㣠㬧䐣㬚䇃㔸㧞⭛䊻㬏➬㬡ギ䊻Ⰶッ⭥㏎㔼㹐㏎䈌㭞䁈Ⳟ㘇

⭥㦬⤦⥛⨗㩰㼁ㅰ䇻ⳉ⺛⢎㻷⨗㘘㻵⭥㵨㬧᱄䄜Ⰹ⧭Ⱙ㩰᷍㪖䐢⨗㻷㑬ⰰ⭖᷍䐒

⭞㵱㕎㯚᱅䂏⭥⨗㻷᱄ 

㵱㕎㯚᱅䂏㛋㤂⭥㬒⽓䇱㒕䁈㝘䐿⫔㔞⭥㈎㏛ 䊻᷍ⷈ㵃ⷚ⫔䁈〒⭤㑬䄞䁈⤊

㬠᷍䐏⽔⿹⭞䇃⺛᱄䊻ㅄ㣦⫔䁈⫕⺞䄜Ⱟ㬒ヅ䐏⽔᷍㰜⧪㸋㑬㔸ⰹ⭥䄜㘜䄞㪛᱄

1799 㛋 ㋉᷍㸥⭰㿎⭩㦬ㅉ㑃㑬䄜⷗ㅱ䔗⿫コ䁱㈠㰚⭥〛⹚᷉ Royal Institution᷊205᷍

䂏䇻 1801 㛋ゴ㧌᱄䊻䎃㏐᷍䂏⪴㬣⭥䁱㈠ⱁ䇻㹐㏎㼁⹹᷍⟝㎉䑙㘜⭥㯌ⴍⶪ㪇

㬖䂊᱄⡫䎀エ⭤ⷀ䐱㬒⭥㎰㬇䊻䔗䎃⷗㬖䂊⭥㬒⽓ ㈮᷍㬨䇤䄜⷗ⴇ㏜⭥㳋㿌⭗㠍

䊻䄜䍦䐞㩰ⰵ䓦䄜⷗⭹Ⳟ㑍⿏㑞⭡᱄䎃䂚䔗⭥㚠⭥㬨㸋㑬㦤㑞⷗ⴍ㻗㈂㑠㆝᱄⭒

䎃⷗㉁㏌⫐⭞䈌㋪ボ⺃⭥⤉⧅㋪⡩㛃⭥㬒⽓ 䐞᷍㠍⽔㘇㈮。⨗㻷ⶪ㪇㳖㸧᱄㻷䊻

⭥ⷀ䐱〓㿎㬖䂊㳖ミ⡩ㅰ⼤ ⡫᷍䎀䊻㩰㋯㬒㸫⺞䄜㾊㵍䁈 㰜᷍㗨ⱁ㯖䇤⭥㬨㻷⧪

⭥䄨㡘᱄䎃㦤⡫䎀⤜䇪ⶱ㋏䊻䇱㾊㬒⽓䊎㬝⭥᱃⪷⤻⭥㪉䐤。㦤㦬ⷝゴ㪏㋭⭥㏎

ㆃ㡅䐱⭥㹐㏎᱄䐢㩺䐒⭞㻷䊻 ⡫᷍䎀Ⱍⰵⷀ䐱⭥䎃⷗⧂㈑᷉ 㧞㬏㛋㣑 エ᷊䅅䇭㾣᱄ 

〚䇻⤉Ⱀ㏎㔼᷍䂏㸋㡅㯌ⴆⶪ㪇㬖䂊㳂⹊㑬㒏㦬㾦ⴟ⭥ㆃ㬮᱄⭒㦜᷍䎃⷗䁈

㯖䄓。㬽⭞㸃㑄㯖⭥䐈⧷䎀⭥ⳕⰵ᱄㬏ⱁ㛋⽔᷍㎕䓵ⳉ⺛⳧㛚ⱛ᷉AugustinÿJean 

Fresnel᷍1788ÿ1827 㛋᷊䐹ⶕ㑬䂏⭥㯌ⴍⶪ㪇㬖䂊᷍⤃〚䇻⿾ⷝ㯚⭥⤉Ⱀ㏎㔼㋋

 
205䎃⷗⤜㬨㸳㗨⧄㯖⭥䇃⺛⿫コ䁈。᷉Royal Society᷊᱄⿫コ䁈。㬨 17 㬡ギ䐱㠻᷍䇪⤉䅆ⱛ⭩㦬
ㅉ⭥᱄㻷䊻㸳㗨⧄㯖⭥⿫コ䁈。。㬠᷉Fellow of Royal Society᷍FRS᷊᷍ⰵ䇇⭥㬨⿫コ䁈。᷉Royal 
Society᷊᱄䎃㏐⭥ Royal Institution 㬨㒎㶃䄜⷗〛⹚᷍⡩ Royal Society 㶎䄜⷗⟌㬡ギ᱄⭒㦜᷍䅓㸋
䂏⭥䁈㭖⭹㸜᷍㰜㵍䂚䊻⼽㛋㤂⭥㬒⽓㈮⡜䁂㸋 FRS᱄ 



  

㬝䁱㈠䁽㪅㸫㳃᱄1817 㛋᷍ⳉ㎝㹘㋧䁈䊛⹌⤝᱑䁽㪅㏎㔼᱒㸋 1819 㛋㭞㏎㋧䁈

⭥㿝ㅒ㋯㳃䇇ⶤ㯖㬨䄜⷗⼽⼤⭥㵧㆙㡘᱄⳧㛚ⱛ〞れ⭹⿹䇇㑬䎃⷗㋯㳃 ⤃᷍䊻⪯

㛋䊻⿾ⷝ㯚䊎㏎᷉ ⤉⭥㗠⷗⤉⮄⭥⮄Ⱍ㋪䄵⡜⭒䔘䄜⷗㾣⭥⤉䊕㎕㘉㭗⤉⭥⪌⤆᷊

⭥〚⪂㩰䇤ⷝゴ㗡㘏⭥㭞䁈Ⳟⳉ⪇㏎㑬ⶪ㪇㸫㳃᷍㳂⨗㑬⺃⭥䁽㪅⭥䓴⤉ㆃ㬮᱄

ⶥ㆙⽔⭥⿾ⷝ㯚䊎㏎⡜⧧㸋⿾ⷝ㯚ÿ⳧㛚ⱛ䊎㏎᱄〚䇻⪬᷍㰜㋪䄵⼽⼤⭥ㆃ㬮⺃

⭥䐒㼀⪌⤆᱃ⶪ㪇᱃䄵ゑ䁽㪅㸫㳃᱄ 

⪬㔼㸥㵗⨗⽔᷍㰅㦜㠡㸐䐱ⱁ㸋⺃⭥㸃㑄㯖⭥䐈⧷䎀᷍⡩㧈⤕㯪᷉Siméon 

Denis Poisson 1᷍781ÿ1840 㛋 ᱃᷊⡰➣᷉JeanÿBaptiste Biot 1᷍774ÿ1862 㛋 ᱃᷊㎎㠶㎎

㯚᷉PierreÿSimon Laplace᷍1749ÿ1827 㛋᷊᷍ ⭌⪬㏎㔼⿚㬨㦤㠡㸐。㸿ⳉ⷏㪂᱄䊻

䔏䐶⥛㪛䐏㣑᷍⤕㯪㳂⨗㑬䄜⷗䅍䅊᷍䅓㸋㰜ⷚ㈾䎃⷗㏎㔼᷍㋪䄵䊅䁵⭒㠞㾱⺃

䍶㪅䄜⷗䊓⟆⭥㬒⽓᷍䊻䎃⷗䊓⟆⽔㘇䅓㸋䁽㪅㾈䇇᷍。⨗㻷䄜⷗㑢⟀᱄䎃㬨⳨

⧄ⳕ⧄㬗⭥䄜⷗ㆂ⺜ 䐏᷍㣑䄓㗜䇱⡜㬖䂊⡉⭡⺞᱄㰜㳂⨗䎃⷗䅍䅊⭥⨖䐵〓㿎㬨

㸋㑬㸋㚲⳧㛚ⱛ ⭌᷍䇱㦅⭥㬨⳧㛚ⱛ䈌㰜䔏䇱㑇⭥䐈⧷䎀➃㎎ⷋ᷉ François Arago᷍

1786ÿ1853 㛋᷊⹓㵍㪉ェ㑬䄜⷗㬖䂊᱄䎃⷗㬖䂊䇪➃㎎ⷋ㶋⧪᷍ㆂ⺜⧪⹇⭹㻵㬟

⨗⤕㯪⭥㏎㔼䊅⥃᷉㵝 4.17 ᱄᷊⽔㎕᷍㦬㗨➲䎃⷗㑢⟀⧧㸋⤕㯪⟀᱄䎃⷗㸫㳃ㆃ

㉗⽔᷍⳧㛚ⱛ㯔㏜⭹〒⭤ⳉ㎝㹘㋧䁈䊛 1819 㛋⭹㭞㏎㋧䁈ㅒ᱄⺃⭥⤉Ⱀ㏎㔼䄓

䇎㎕㑬䄜⷗㾣⭥㠋䍣᱄ 
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㵝 4.17 ⤕㯪⟀⭥㬖䂊㬟䅃㵝᱄ 

 

ォ㦜㬨⤉᷍㚨㗕㈮䄋㘘㦘㰝㬨⽂⤉⿚㬨䓾⤉᱄䎃䄜⮄᷍㬖カ㩰䋈䊻⳧㛚ⱛ⭥

㏎㔼㳂⨗䐏㣑 ㈮᷍䇪㵱㕎㯚᱅䂏ⷙ⨗㑬⿹⫑᱄1808 㛋 ⳉ᷍⺛㋧䁈コ㕎㔡㯚᷉ Etienne 

Louis Malus᷍1786ÿ1853 㛋᷊ⳃ㻷㑬⺃⭥㠌䎒㻷㼔᱄⭌㰜䄓⤜㬨⤉Ⱀ㏎㔼⭥䐈⧷

䎀᱄㵱㕎㯚᱅䂏䅃㬗⭞㿉䄋䇤⽂⤉㦂⫛䓾⤉㎕ㆃ㬮䎃⷗㻷㼔᱄ 

䐢⪬ ⺃᷍䔘㸋䄜⷗㈎⮅⤉㰚㿉㘘㦘⭥ⱁ㭞㾵䐫〚⡟Ⱍ⭤⭞㑬㕅㬖 㬄᷍㻣䄜⮄

㈮㬨㡅⪌⤆㯺Ⱙ⭥⥃㑠㑬᱄䅓㸋⺃㯺㼁ⰵ䇻㦬㏁⭥ⶱ䐋㯺Ⱙⱙ䁵㬖䊻㲌㌍㑬 䇇᷍

䇤⺃㎕䁱㈠ⷘ䐷㻷㼔⭥⺞⧭䐱 㸳᷍㗨㿉䄋㝋㤆⭥⭻䄜⷗⹹ポ㸫㳃㈮㬨⺃㯺⭞⭸㬨

䇱㻿⫔⿚㬨㸿㻿⫔ᷠ䎃⷗㸫㳃⭥⫑➙䊻㏛㬘㩰䔏䋈㬨䇪⭅㕔㳍㸥䁈コ㔿㚍᷉Ole 

Rømer᷍1644ÿ1710 㛋᷊ⷙ⨗⭥᱄1676 㛋᷍㰜䊻㚟㾨㸡㾨⭥䊬Ⱀ⹼⥃䐱ⳃ㻷䇪䇻

㚟㾨⭥䁻ⶨⱛ㾯⧪⭥㡅㸡㾨㬕⭥㬒ヅヅⷕ㉀䇱⤜⺇㔪㾵᱄㡅㸉䄜ㆃ㬮㈮㬨⭹㤓䈌

㚟㾨⭥㼁ⰵ㸜䐤。㬣㬖⢅⿐ ⱙ᷍⺃㯺䇱㻿 ㆙᷍ⱙ⫙㎕㡅㸡㾨㬕㬒ヅヅⷕ⭥⤜⺇㔪᱄

〚䇻㔿㚍⭥㬖䂊⹼⥃ㆂ⺜᷍⿾ⷝ㯚䊅⥃⺃㯺㸋2 × 10଼㗸/㘌᷍䎃䊻㭞㑠゗㩰㬨䎞

㦘⭥᷍㈌Ⱙ䊻⭒㬒⭥㳖ミ㻣䄓㬨㋪䄵ㅴ㬽⭥᱄㸋㑬㦤Ⱒ䎀䇱⷗䐒⹼⭥㦰㬗᷍㻣㘇

㸳㗨ㆉ䑛㵝 4.19 ㆙㾱䄜⷗㯖㘘᱄ 

㚟㸡䄜㬨䙅㏜㔵䊻 1610 㛋ⳃ㻷⭥㚟㾨⭥㯥㋦㸡㾨䐱䔏ㅴ㆝㚟㾨⭥䄜⷗᱄㰝

⫔䊝㗠 42.5 㾂㬒㦧㚟㾨㿞䓋䄜䐽᱄䇪䇻㰝⭥⺍⭡㠞㘇⼬⭹㤓㦧㲌䂕⭥⺍⭡⳨⧄

ㅴ㆝᷍䊻䎃䄜䐽㚻᷍䓽䇱䄜Ⱟ㬒ヅ㰝㬨⪇䊻㚟㾨⭥䅖䇑㏐㘇⭥᱄䎃䐷㻷㼔⧧㸋㚟

㸡䄜㬕᱄䇪䇻⭹㤓㉁㚟㾨⭥㉁㏌䊗䊗⫔䇻㚟㸡䄜⭥⺍⭡⟌㈗ 㚟᷍㸡䄜㆙㧌㚟㾨⭥

䅖䇑㬒ヅ 䓽᷍㬨䄜䂚⭥᱄䎃䊻㵝 4.19 䐱 ⰵ᷍䇇⭥㈮㬨䇳㩰ㅨ䍚㬟⭥㚟㸡䄜䔀㧌䅖

䇑䈌䔀⨗䅖䇑⭥㬒ヅ⥏᱄ⰵ䇻⭹㤓⪇䊻 C᱃D 䎃⷗㤙䈓㏐㶋⧪⭥⭻䄜⪯⹼⥃᷍䈌

⪇䊻 E᱃F 䎃⷗㤙䈓㏐㶋⧪⭥⭻ⱟ⪯⹼⥃᷍䎃⷗䔀㧌᱃䔀⨗䅖䇑⭥㬒ヅ⥏㬨䄜䂚



  

⭥᱄䎃䊻㵝 4.18 㻣㘇ⰵ䇇㑞⪯⹼⥃⭥㑞⷗Ⳟ㌓䐱᷍ⰵ䇇⭥Ⱍ㬨 A᱃B 㑞⷗㬣ミ⭥

㬒ヅ⥏㬨㼁⭩⭥᱄䎃㬨᷍㸳㗨㋪䄵㼌㼔㧈⺜⺃㯺㬨㸿㻿⫔᷍㚨㗕䊻㚟㸡䄜㆙㧌⼮

䔀⨗䅖䇑⭥㚨䄜㋭㸳㗨⭹㤓㩰⭥㦬㈮䐋⭡᱄䎃㬒᷍ⰵ䇻⭹㤓㩰⭥⹼⥃䎀᷍㚟㸡䄜

㬕⭥䐽㠻㈮䄜Ⰹ。㬨⤜⢅⭥᷍⤜⹽䊻㚥⷗㬒㋭⹼⥃᱄ 

 

㵝 4.18 ㏜䇤㚟㸡䄜㬕⭥⹼⥃㎕⥃㑠⺃㯺⭥䊎㏎㬟䅃㵝᱄ 

 

⭌㔿㚍ⳃ㻷⭥㬨㑞⪯⹼⥃⭥㚟㸡䄜㬕⭥䐽㠻㬨。䇪⢅⿐⭥᱄㸋㑬ㆃ㬮䎃⷗㗍

ⰽ᷍㰜䐜㚽ズ㪉⺃⭥䊬Ⱀ㯺Ⱙ㬨䇱㻿⭥᱄䎃㬒᷍䊻㚟㸡䄜㆙㧌䅖䇑⽔᷍䎃⷗㾦㻃

䄋⪌⿹⭹㤓᷍㿉䄋㈎㏛⭥㬒ヅ㈮㬨 C᱃A 㑞⷗㬣ミ⭥㉁㏌⨞㩰⺃㯺᱄⭒⭹㤓㩰⭥

⹼⥃䎀ㅴ⭞㆙㧌䅖䇑⭥㾦㻃䐏⽔᷍㰜⤦㚽㦘㦰㚟㸡䄜㬕䎃⷗㬣ミ㋋㬝㑬᱄䊻㵝

4.19 ⭥⭻䄜⪯⹼⥃䐱 㸳᷍㗨ㅌ㡅⢋エ㸋㼜䓺 CÿA᱄ⰵ䇻㚟㸡䄜䔀⨗䅖䇑 。᷍䇱⹼

⥃䎀ㅴ㬽⭞㾦⼦䎃⷗㬣ミ᷍㸳㗨ㅌ㡅⢋エ㸋㻷䓺 DÿB᱄㬖カ⹼⥃⭞⭥㚟㸡䄜㬕

⭥䐽㠻᷍㈮㬨 CÿA 䈌 DÿB ⭥㬒ヅ⥏᱄ⰵ䇻⭻ⱟ⪯⹼⥃᷍䎃⷗䐽㠻㈮㬨㻣㘇䎃⷗

䑂㩰 EÿA 䈌 FÿB 䐏ヅ⭥㬒ヅ⥏᱄䇪䇻⭻䄜⪯⹼⥃䐱 C 䈌 A ⭥㉁㏌䈌 D 䈌 B ⭥

㉁㏌⭥⥏᷍䈌⭻ⱟ⪯⹼⥃䐱 E 䈌 A ⭥㉁㏌䈌 F 䈌 B ⭥㉁㏌⥏㬨⤜䄜䂚⭥᷍䎃㈮
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䋍⧪㑬㬖カ⹼⥃⨗⭥㚟㸡䄜㬕⭥䐽㠻⤜㵍᷍䎃䂚䄜⷗ㆂ⺜᱄ⷚ㈾䎃䂚䄜⷗㵝㼒᷍

䅓㸋⭹㤓᱃㚟㾨᱃㚟㸡䄜䊬㾱⺍⭡㭞㈾䊻⭒㬒䄲㈎㉀⡙᷍㦬㗨㈮㋪䄵ⷚ㈾⹼⥃㬖

カ㸜䐤⭥⥏⢑㎕ェ㰄⺃㯺㑬᱄ 

䊻㔿㚍⭥䁱㈠䐏⽔᷍⥃㑠⺃㯺⭥ゝ㭖䇷㆙㾱㑬ⱁ⪯ⶥ㆙᱄⡩㧈᷍䇃⺛㳍㸥䁈

コ⤝㎎⭣㎸᷉James Bradley᷍1693ÿ1762 㛋᷊䊻 1725 ⭞ 1728 㛋䐏ヅ㏜䇤⽄㾨䊻䄜

㛋䐱⤜㵍㬒ヅ⪌⭞⭹㤓㿉䄋⭥㬒ヅ⭥⢅⿐㰚⫙㎕⭥⽄㾨㸜䐤⭥⢅⿐ ⥃᷍⨗⺃㯺䊝

㸋3.1 × 10଼㗸/㘌᱄䎃䈌 1973 㛋⭥⺛カ⢋䓝䐖299792458 㗸/㘌㼁⡩䄲㈎⳨⧄ㅴ

㆝᱄1748 㛋᷍㰜⡜㬻䈉㋧㠶㏜ㅒ᷉Copley Medal᷊206᷍〒ㅒ㏎䇪㬨ᷛOn account of 

his very curious and wonderful discoveries in the apparent motion of the Fixed Stars, and 

the causes of such apparent motion᷉䅓㸋㰜⹹䇻⽄㾨㋕㡑㎕⢅⿐⭥㸜䐤⭥ⳃ㻷᷍䄵

ゑⰵ䎃䐷㸜䐤⢅⿐⭥⳷㹗᷊207᱄㬏㈦㬡ギ䐱㠻᷍ⳉ⺛㬖䂊㹐㏎䁈コ㰘⳧᷉Armand 

Hippolyte Louis Fizeau᷍1819ÿ1896 㛋᷊䈌ⶖ㋧᷉Jean Bernard Léon Foucault᷍1819

ÿ1868 㛋᷊➻㵲㳍㳆᷍䊻⭹㤓㩰㬖㻷㑬⺃㯺⭥⥃㑠᱄㰜㗨⳷⢑㏜䇤⧾㔷᱃ㆂ⼰⺃

㔘㋋䍚䁱㈠᷍䔏䐶ㅌ⺃㯺ⷝ䎞㸋2.98 × 10଼㗸/㘌᱄ 

㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖᷍㕖㋬ⱜ䁘᷉Albert Abraham Michelson᷍1852ÿ1931

㛋᷊䊻 40 㛋ヅ䇷㻩⽔゙⪯ⶥ㆙ⶖ㋧⭥㬖䂊Ⳟ➙᷍䔏䐶ㅌ⺃㯺Ⰹ䊻2.99796 ±

0.00004 × 10଼㗸/㘌᱄1907 㛋᷍㕖㋬ⱜ䁘䅓㸋㈌㗽⥃㑠Ⳟ㘇⭥⹅䔘᷍㵍㬒〒⭤㋧

㠶㏜ㅒ䈌㝖⡕ⱜ㹐㏎ㅒ᱄㡅㝖ㅒ⭥〒ㅒ㏎䇪㬨 fᷛor his optical precision instruments 

 
206㣑㘇䊻ㆊ㩽る⤝㯚⭥㬒⽓㸳㗨㳂⭞⺞ ㋧᷍㠶㏜ㅒ䄓㬨㝖ㅒ㪉㑃䐏㣑㋧ゝㆈ⭥䔏䐹䄋ㅒ㼏 〒᷍ㅒ
㘜⭆⭥⳷㑠㬨䄋ⷀ䇻㝖ㅒ⭥᱄ 
 
207㬖カ㩰䎞㬨䅓㸋⺃⭥⪌⤆㯺Ⱙ䇱㻿᷍⤦㬚⭤ⰵ䇻⭹㤓㩰⭥⹼⥃䎀㎕㯖᷍⽄㾨⭥㸜䐤。⨗㻷䄜㾊
⤜䄸⥍㉖⭌㋪䄵⹼⥃⭞⭥⢅⿐᱄⤝㎎⭣㎸䎞㬨䅓㸋ⳃ㻷㑬䎃䐷⤜䄸⹼⥃⭞⭥⢅⿐ ㏎᷍ㆃ㑬䎃䐷㻷
㼔⡔⽔⭥䊎䅓᷍⤦〚䇻⪬㻷㼔⥃㑠㑬⺃㯺᱄ 



  

and the spectroscopic and metrological investigations carried out with their aid᷉䅓㸋㰜

⭥⺃䁈㪉⡙᷍䄵ゑ〚䇻䎃㾊㪉⡙㆙㾱⭥⺃㠸䈌ェ㑠䁱㈠ ᱄᷊ 

⨞㑬⺃⭥⤉Ⱀ㾵⭥㦘Ⰹ᱃⺃㯺⭥⥃㑠 㬏᷍㈦㬡ギ䊻⤉Ⱀ⺃䁈Ⳟ㘇䐹䄋⭥㆙䍚

⿚⟝㎉⪦⺃㾈䇇⭥ⳃ㻷䄵ゑ⹹䇻⺃㠸⭥䁱㈠᱄䔏䋈⭥⪦⺃㾈䇇㬨䇪ⳉ㎎⭻䊻 1845

㛋ⳃ㻷⭥᱄㡅㉀㳆㚻㦾䐙⭥㬨㼀㠌䎒⺃䊻㵙⺞⳦䐤⪦⧂䐱⭥㵙㘘ㆊ䐫⤃䁹䓦⪦⧂

Ⳟ㼓⪌⤆㬒᷍⺃⭥㠌䎒㘇ⳃ㪛㿞䓋᱄1847 㛋᷍ⳉ㎎⭻〚䇻䎃⷗ⳃ㻷᷍㳂⨗⺃㬨㚔

䐷ⷀ㠖⭥⮈⪦⤉䎃䂚䄜⷗⹼⮄᱄䎃⷗⹼⮄㪏㪏⭹㡕ⳃ㑬㕔㋬㯚㸅 䄓᷍䊻⼽⫔⧭Ⱙ

㩰⪺⧪㑬㬏ⱁ㛋⽔㵔䄜⭥⮈Ⱀ㑇䁈㏎㔼⭥⭏㪛᱄ⱙ⹹䇻⺃㠸⭥䁱㈠䐱 䐖᷍⭤䄜㳂

⭥㬨⭣⺛㹐㏎䁈コⴓ㎦⼮Ⳳ᷉ Joseph von Fraunhofer 1᷍787ÿ1826 㛋 䊻᷊ 1814ÿ1815

㛋䐏ヅ䍚㬟⭥㲌䂕⺃㠸䐱⭥⼻㼀᱄㬏㈦㬡ギ䐱㠻᷍〚ⱜ〕ⴓ᷉Gustav Robert 

Kirchhoff᷍1824ÿ1877 㛋᷊⼮⡟㪛᷉Robert Wilhelm Eberhard Bunsen᷍1811ÿ1899

㛋᷊㋋㬝䅞㒍⺃㠸⳷㹗䎃⷗㒍䈓᷍⤃〚䇻䎃㾊⼻㼀䈌⿐䁈䊋㯹⭥ⰵ䇇᷍ㅌ㏜䇤⺃

㠸⳷㹗ベⰉ⿐䁈䊋㯹ⳃ䍚⧪㸋䄜䐷㦬㗨⺄ⳛ㬚䇤⭥㋧䁈㬷Ⱟ᱄䎃㾊ⳃ㻷䄓。⽔㠻

㑠䓴㑇䁈⭥ⳃ䍚⮍Ⰹ㑬〚⪂᱄⡟ㅻ᷍㸳㗨ㅌ㈎⮅゙⼯⺃䁈⭥㲷㔼䐚⤞䇻⪬᱄⹹䇻

䎃㾊㚻㦾⭥ⷝⱁ㻙ㅻ᷍⽔㿙㚻㦾䐱㸳㗨。㬫⭒䍚㋋᱄ 

 

4.4 ㈎⮅⭥㪚䁈㏎㔼 

㪚䁈㬨⹹䇻㪚䅕⭥㋧䁈᱄䇃䈐䐱 acoustic䎃⷗⪫㎕䓵䇻㻄㎑䈐⭥ ȽҮ ƷƻǁƿǀƶƷǈƾ᷍

䅃㯝㬨䈌᱑㳞᱒㼁⹹⭥Ⰼ㹘᱄⪴䎃⷗⪫ⷚ㩰㋋㎕᷍㪚䁈䈌⺃䁈㬨⼽㼒⭥᷍⽔䎀䊻

䋈㠻㈮㬨䈌᱑㋕᱒㼁⹹⭥Ⰼ㹘᱄㬖カ㩰 㸳᷍㗨䊻⡟䍣ㅌ㈎⮅㹐㏎䁈➕㑇᱃㦩᱃⺃᱃

㪚᱃⮈⪦㎕䓽ㆂ᷍䄓㬨〚䇻䎃㾊㻷㼔䈌㸳㗨⭥ⶱ䐋䔏㼁⹹䎃䂚䄜⷗䊎䅓᱄➕㣑㘇

㳂⭞⭥㎕䓵ⴌ䇲㎝㻩㪛⭥᱑㯝㼌㦬㪛䐏㯝㼌᱒䎃䂚䄜⷗⹹䇻䍽䁈⭥㯖ⳉ᷍䄵㦬㸋
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䑘㳆䁱㈠䓵㦜⭥㬒⽓᷍䄜Ⰹ㬨⪴䎃㾊㻷㼔㋋㬝⭥᱄ 

⽔㎕ 㦬᷍㗨㦰㬗⭞㦬ⱛ㚽ⶱ䐋⭥㪚䅕㆗㆗㬨㪚⭥䄜⤠⳷ ㈮᷍㼒㋪ボ⺃䐜㬨⮈

⪦⤉⭥䄜⤠⳷䄜䂚᱄㵍㬒᷍㑞䎀Ⱍ㉀䇱⤉⭥㭕㾵᱄䎃㾊Ⱍ㬨㪚䁈䈌⺃䁈㏁㯧⭥⭹

Ⳟ᱄⭌㤙⢑᷍䄓㬨⼽⫔⭥᱄㣑䎀㬨〛㾖⤉᷍⪌⤆㯺Ⱙ⡩ㅰ㾂᷍䊻䄜⷗⫔㡙䁚㻣䊝

㸋 340 㗸/㘌ᷜⱙ⽔䎀㬨⮈⪦⤉᷍⪌⤆㯺Ⱙ㬨⺃㯺᷍⡩㰝⫔㒚⷗㭞㑠゗᱄㵍㬒᷍

㣑䎀㿉䄋ㆊ䐫 ⱙ᷍⽔䎀䊻䎇㋶䐱ゕ㋪⪌⤆᱄䅓⪬ 㑞᷍䎀ⰵ䇇⭥㹐㏎ 䇱᷍⼽⫔⥏⢑᱄

䊻㏎ㆃ㪚䁈㻷㼔㬒᷍⤜㲌㿉䄋㼁ⰵ㔼⭥䐋㬗᱄㵍㬒᷍⺃䓴䈌⮈䓴䄵ゑ㡅㰝㑄䓴䐏

ヅ⭥墏⼰ⷝ㠶⢊᱄䎃㈮䋍⧪㑬⪴㆝䄜➺ⱁ㛋⭥ⳃ䍚㎕㋕ ⺃᷍䁈⭥䁱㈠䐱⭥㾣㹐㏎

㼁ⰵⷝⴂ⶜䄜㾊᱄⭒㦜᷍㆝゙㬏㛋᷍㼒㪚䓴㈈㳆᱃㵹㠬㪚䁈⭩㒍䈓䄓Ⱍ㸋㸳㗨⫙

㎕㑬⼽ⱁ㾣⭥㹐㏎䐋㬗᱄䎃㏐᷍㸳㗨㆗⪴㋧㠶⭥ㅨⰩ᷍㼁ⰵ䇻⺃䁈⭥㚻㦾㻩㆙㾱

䄜⷗㏁⡩䈌ⰵ⡩᱄ 

䐱㸥㏐䈌᱑㳞᱒㼁⹹⭥⪫⿚㬨⡩ㅰⱁ⭥᷍⡩㧈㪚᱃䅕᱃㎷᱃㼍᱄㰝㗨⥁䐹⮄

⤜㵍᷍⭌Ⱍ䈌㳞㉖䇱⹹᷍䅓⪬䄓Ⱍ䈌㪚䁈䇱⹹᱄㡅䐱᷍䇱㦅⭥㬨᷍⤜㔼㬨ⰌⳞ⿚

㬨㹘Ⳟ 䔏᷍䋈䈌㪚䁈䁱㈠㼁⹹⭥⹅䔘Ⱍ䑘䄋ゐ䐱䊻᱑䅕㎷᱒〓䎀ㅱ᱑㎷㔪᱒Ⳟ㘇᱄

䎃〓㿎䈌㗡䁈䄓㬨䍽䁈䔏䋈⭥䄜⷗⳷䐈㼁⹹᷍⡰㈚᱑㎷㔪᱒⼮᱑㗡᱒Ⱍ㬨㦬㏁⡩

ㅰ㦾䄸䅃㬗⭞⭥䈌㸳㗨⭥㪛』㗽㣱㼁⹹⭥䐹䄋Ⰼ㹘᱄䊻⹦㻄㎑ ⡰᷍⭣ⷒ㎎㯚䊻⹌

䊋㣑㒚㬡ギ㈮㡔㵝䇤䎞䎜㭞⭥⡩䐖᷉䎞䇱㏎㭞᷊㎕㏎ㆃ㎷㔪᱄ⱙ䊻䐱⺛᷍⹌䊋㣑

㧞㬡ギ⭥᱗㔡㬰⪛㤐᱘䐱䄓䇱᱑⿧⭼㒏㒇㔸㦂䑒䔘㔪᷍䋗㰑⧅Ⱝ⧪㬏ⱟ㔪ᷜⴝ媬

䔘㣺᷍㧞⳷㰑䅇⧪㬏㧞䅕᱒⭥エ䊹᱄䎃㑞䎀⤜⹽㬨㬒ヅ⿚㬨㚻㦾㩰᷍Ⱍ䇱⼽㣠⭥

㼁㯧㾵᱄⨞㑬䅕㔪᷍䊻⹹䇻㪚䅕⭥⡟䐫㸫㳃㩰᷍⹌䊋㣑㧞㬡ギ᷍䁨㏐㬠ⱁ⭣䐙⨗

㰝㬨䇪゘䁚㡙㳆⭥゘䁚䈌㎊䍦䅞㡑⭥᱄䊻㸳⺛᷍⹹䇻⹓䎒㻷㼔᷍䊻᱗䓐䓴᱅㿍㸿

⺎᱘䐱᷍䄓䇱᱑⹥⹍⹍Ⱀ᷍⹥ㅨㅨⰐ᷍䅕㔪㵍䄴᱒⭥エ䊹᱄ 



  

㻩㣹䈌⹦㻄㎑䐏⽔᷍⹹䇻㪚䁈⭥䁱㈠⧷㿙㆙䍚᷍⭌㔵㻵⿛㕞᱄䊻⹌䊋㣑 25

㛋᷍䊻⹦㔿㕎ㅉ䑟㬇㸍㲹㔔㶟᷉Marcus Vitruvius Pollio᷍䊝 80 B. C.ÿ䊝 25 B. C.᷊

⨗⟇⭥᱗ㅉ䑟㬏㭊᱘᷉ <De Architectura>᷊䐱᷍䇱ㅉ䑟㪚䁈⭥㚻㦾᱄⹌䊋㒚㬡ギ᷍

㸳⺛㚰⧐㬒㠻⭥㑛⧐ 䐽᷍㾬㯤ㅌ䓵゛㬶ゐ⭞⭥㣑⧐㶖媬䐏㭊㾕⭥䄜㣈ⱁ⷗⭆䓷⢁

䔗᱗㣈䓷㸥᱘᱄㡅䐱᷍䄓䇱᱑㋶⹩⪌㪚᷍㿊㲤㻑㳞᱒⭥㉅䓴᷍ⰵ䇇⭥㬨⿹㪚⼮」

㼍⭥㻷㼔᱄㬏䄜㬡ギ 㯯᷍⧐⭥㪓㎉䊻䁱㈠㪚䊕㾯䓕䈌㪚䅕⭥⹹㻖㬒ⳃ㻷⢃㾯⭥䐴

᱑㪚Ⱝ䋓ㅻ᱒᷍ 䊓㾯⭥䐴᱑㪚⧅䋓㤛᱒᷍ 㑞䎀ⳃ㪚䐏⽔䎒ⴚ㯆ブ⧭Ⱙ⫇䊻⥏䅍᱄㵍

㬒᷍䊻᱗㗯㻋⡫㲙᱘䐱᷍㰜䄓䇱㏜䇤⹓䎒㻷㼔䐧䋍㚔䐷䄨㡘⭥エ㔝᷍ボ᱑㻩⮘䑏

㻳㒏㪚⼮ 㚬᷍フ䐞㦬ゴ㻳㩰 ⹥᷍㡅䇇㻳 䋓᷍䐞㦬䊟 㰜᷍㻳ゕ⤜Ⱀ᱄㪚㔪ⷀ㻣⹗㵍᷍

㰅䊻㰜㣺⹥䐏᷍䇇㻳䅁䎑᷍⪬䐏㸞䎞㪚᱒᱄⭌䎜㳆ⱙ䁵᷍䊻䎃䄜㣈ⱁ㛋ヅ᷍䇪䇻

㋧䁈䎜㳆ⳃ䍚⿛㕞 㪚᷍䁈⭥㆙䍚㼁ⰵ䇻⹦㻄㎑䈌㻩㣹 䄵᷍ゑ㋧䁈ⷐ㘝⼮㋧䁈ⷐ㘝

䐏⽔⭥㬒ヅ᷍㬨⿛㕞⭥᱄ 

㉀䇱㼁ⰵ䁰ⷒ⭥㋧䁈㭕㾵⭥㪚䁈䁱㈠ 䈌᷍㣑㘇㳂⭞⭥㑇䁈⼮㦩䁈䄜䂚 䄓᷍㬨

⪴䙅㏜㔵㋋㬝⭥᱄䊻᱗㑞⷗㬡ㆈ⭥ⰵ⿑᱘䐱(㦌⧧㬨᱗⹹䇻㵱㎶㗽⼮ⷈ➸㛂㑞⫔㬡

ㆈ㳆㻖⭥ⰵ⿑᱘᷍ <Dialogue Concerning the Two Chief World Systems>᷍䇱㬒䄓ビ⧧

᱗ⰵ⿑᱘᷊ 㰜᷍䊻䁱㈠⭆➻⼮㻳⭥䊬Ⱀ㬒㲹⢑㣠⮘㑬㠖㔫⭥䐹䄋㾵᱄䈌㪚䅕㼁⹹⭥

䎒Ⱀ㼁ⰵ㎕⺃⤉⭥䎒Ⱀ㎕㯖᷍⼽㦾䄸⡜ⶱ䐋᱄䅓⪬᷍㪚䅕䈌䎒Ⱀ㼁⹹䎃䂚䄜⷗ⶦ

㛏 䊻᷍⭒㬒㈮䄲㈎⼽㒘㾱㑬᱄䈌᱗ⰵ⿑᱘⨗⟇⥏⤜ⱁ㵍㬒 ㎕᷍䓵ⳉ⺛⭥䙅㩄⭳᷉ Pierre 

Gassendi᷍1592–1655 㛋᷊㈮㏜䇤㣚㪚⥃㑠㑬㪚䅕⭥⪌⤆㯺Ⱙ᱄㰜⭥ズ㪉㬨ⳃ㣚

㬨⥛㪛⭥】⿉㦬㋪䄵㯓㬒㋕⭞ ⭌᷍㪚䅕㿉䄋䄜Ⰹ㬒ヅ⤦㚽⪌⭞䊗⪇⭥㦬⭥ⱛⱅ㏐᱄

䎃⼮㸳㗨㻩㋕⭞㩢⮈䊺㳞⭞㎸㪚 䄵᷍ゑ㝽 200 㗸⭥㬒⽓㻩㋕⭞ⳃ㒏㣚⭥䁭䊺㳞⭞

㣚㪚㬨䄜⷗⭡㏎᱄㵍㬒㠻᷍㎕䓵ⳉ⺛⭥㗘㩎᷉MarinMersenne 1᷍588–1648 㛋᷊䄓
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䇤㏁㯧㬖䂊⥃㑠㑬㪚㯺᱄㵍㬒 㗘᷍㩎䊻 1636 㛋⿚⨗⟇㑬䄜⡟㪚䁈Ⳟ㘇⭥䓉䑙᱗⼮

㪚㭊᱘᷉ <Harmonicorum Libri >)᷍㻖㵔㲷㔼㑬䎒Ⱀ䈌㪚䅕䐏ヅ⭥⹹㻖᱄䅓⪬᷍㰜

䄓⡜⧧㸋㪚䁈䐏⶙᱄⭒㬒㪚㯺⭥⥃㑠䐖Ⱍ㸋㯥➺ⱁ㗸㗠㘌᱄䐏⽔᷍㈎⺞゙➺㛋⥃

㑠ゝ㭖⭥ⶥ㆙᷍㦬㗨䐋⭡⭥䄜⷗⢋䓝⫔㡙䁚㻣⭥㪚㯺䊝㸋331.45 ± 0.05 㗸/㘌᱄ 

䙅㏜㔵䈌㗘㩎䐏⽔᷍㝄ⰺ䄓ⰵ㪚䁈㆙㾱㑬㻖㵔⭥䁱㈠᱄䊻᱗䊎㏎᱘䐱᷍㰜㈮

ㆉ䑛䇻䓵゛ⳃ䍚⭥㑇䁈 㵧᷍⭝⨗㪚㯺⭩䇻䁚㑇䈌㗽Ⱙ䐏⡩⭥㠞Ⳟⷚ᱄〚䇻䎃⷗⹌

㬞᷍㋪䄵⭤⨗㪚㯺䊝㸋298 㗸/㘌᱄䎃⡩㻷䊻㸳㗨䐋⭡⭥䓝㦘䐖䄋㾂᷍⡩⭒㬒㦬

㗨⭥⥃㑠䐖㾂⭤ⷝⱁ᱄㸋㑬ㆃ㉗䎃⷗㸫㳃 1᷍816 㛋 ㎎᷍㠶㎎㯚➲㪚䅕䊻㏎㼌㡙㳆

䐱⭥⪌⤆⭒䔘䄜⷗㦩㑇䁈㉙㦩⺞⧭᷉ 㣑㘇㳂⭞⺞ 䄓᷍㈮㬨㳆㻖䈌㶃ㆈ㗜䇱㦩㑠⪌

⭾᷊᷍ ⱙ⤜㬨㝄ⰺ㦰㸋⭥⭩㸣⺞⧭᷉䄓㈮㬨㳆㻖⭥㸣Ⱙ⡄⧷⽄Ⰹ ᱄᷊䎃䂚᷍㈮。䇱

䄜⷗Ⰹ䁚⡩㦩䈌Ⰹ㦾⡩㦩⭥⡩䐖㰚⹒㻸⭥㾿䎞㼏᱄㾿䎞⽔⭥ㆂ⺜㈮䈌㬖䂊⹼⥃⡩

ㅰㅴ㆝㑬᱄ 

⨞㑬㪚㯺 ⡩᷍㝄ⰺ㩵㸃㶎䄜㾊 ⳉ᷍⺛㹐㏎䁈コ㰘㸷ⱜ᷉ Joseph Sauveur 1᷍653–

1716 㛋 ⰵ᷊㠖㔫⼮䅕ⷀ䐏ヅ⭥⹹㻖䄵ゑ㎎㪍㻳䐱⭥⤉䄓㆙㾱㑬㼋㻙䁱㈠᱄㸳㗨㿉

䄋䐙⨗⭥㬨⪴㝄ⰺ⼮㰘㸷ⱜ⭥䁱㈠᷉㬏㡀᱃㬏➬㬡ギ䐏ㅜ᷊⭞㎎㠶㎎㯚㳂⨗⭥㾿

䎞᷉ 1816 㛋 䎃᷊䄜➺ⱁ㛋ヅ 䄵᷍ⳉ⺛㸋䐱㾥䊻䎜⷗㬏➬㬡ギ㞏⤋ⳃ䍚⭥㑍㿙ㆊ䐫

㑇䁈᱃㒘㳆㑇䁈㸋㪚䁈⭥ⳃ䍚㳂⹊㑬㣠㑇䐈⧷᱄㡅䐱᷍㝘㎎᱃⫐㎫⡕ⱜ᱃㎎ⷒ㎫

㦶᱃㎎㠶㎎㯚Ⱍⳃ⿴㑬䐹䄋⭥䔘䇤᱄⡩㧈᷍㪚⤉⭥⤉ⰐⳞ⧭䊻䄜㸍㤊㌗㻣㬨䇱㵉

ㆃ⭥᷍䎃⷗㵉ㆃ䊻 1747 㛋䇪⫐㎫⡕ⱜⷙ⨗᱄㰝㸋㦬㗨䁱㈠䄜㸍㳆㻖䐱ⷘ䐷⤉⭥

⪌⤆㳂⹊㑬⢄㏜᱄㪚䅕䊻㑍㿙ㆊ䐫㚄㾮䈌䄛㳆䈌㡙㳆䐱⭥⪌⤆ ⷝ᷍㬨㏌⤜㋋㑍㿙

ㆊ䐫㑇䁈䈌㒘㳆㑇䁈᱄ⱙ⫐㎫⡕ⱜ㳂⨗⭥䄜㸍㻖㵔䐱㻳䎒Ⱀ䈌⤉⪌⤆㸫㳃 䄓᷍㋪

䄵㵧⺄䐢ⱟ㸍㻖㵔᷉ ⡩㧈㚅䎒Ⱀ ᱃᷊㧞㸍㻖㵔᷉ ⡩㧈⮈⪦⤉᱃㪚⤉䊻㳆⤥⭥⪌⤆ ᱄᷊



  

䊻ⷙⰉ⨖㬝㳖ミ䈌⢀ㆈ㳖ミ⭥㤊㌗㻣 㦬᷍㗨㏜䇤㸃⳷Ⳟⳉ ⰵ᷍㪚䁈㸫㳃㆙㾱㑬㻖

㵔⭥䁱㈠᱄⭌䎜㳆ⱙ䁵 㬏᷍➬㬡ギ⭥㪚䁈䁱㈠⿚㬨ゐ䐱䊻㦬ⱛ㋪䄵ⶱ䐋⭥㠖㔫ⳗ

㸈㚻᱄ 

㆙㧌㬏㈦㬡ギ᷍㎕䓵ⳉ⺛⭥㧙Ⳇⱜ᷉Félix Savart᷍1791–1841 㛋᷊㏜䇤ⴈ〛

⼮㿞䓋⧾㔷䊻 1830 㛋䔗㑬䄜㻖㑱䁱㈠ 㦘᷍Ⰹ㦬ⱛⰵ㪚䅕⭥ⶱ䐋㠖㔫㸋 8 ⭞ 24000

⼶䓩 208᱄㦬㗨⥛㪛䎃㾊㦰㬗⭥䄜⷗㏎㔼〚⪂᷉ 䄓㋪䄵㯖㬨㏎㾵㯝㋝Ⳟ㘇⭥〚⪂᷊

㬨ⶖ㏐䄗᷉JeanÿBaptiste Joseph Fourier᷍1768–1830 㛋᷊ⳃ䍚⭥㠖㠸⳷㹗Ⳟⳉ᱄

䐏⽔ 㪚᷍䁈䁱㈠㆙㧌⧪㭍㠻᱄㬏㈦㬡ギ㹆㬏㛋⫛ 㗡᷍⺛㋧䁈コ㎶㋸㲹᷉ John LeConte᷍

1818–1891 㛋᷊ⳃ㡑㑬⹹䇻⧍㪚⤉⭥䁱㈠᱄⭒㬒᷍㰜㬚䇤⭥㬨㡙㳆】䂇㎕㲞⥃⧍

㪚⤉⭥⫇䊻᱄1863 㛋᷍⼆㚘〕䓩᷉Hermann von Helmholtz᷍1821–1894 㛋᷊ⳃ⢎

㑬㡅䊻㪚䁈䁱㈠䐱⭥⫛⢎䔘᱗㔼䅕⮘ⶱ㉖䔘㸋䅕㎷㏎㔼⭥㪛㏎〚⪂᱘᷉ <On the 

Sensations of Tone as a Physiological Basis for the Theory of Music >᷊᷍⤜⺃㏜䇤㹐㏎᷍

⿚㏜䇤㾥㏎䈌ㆃ㝺䁈ⰵ㪚⭥⡟䐫㆙㾱㑬㻖㵔⭥䁱㈠᱄1877 㛋᷍㧑㏜㉕㬠᷉John 

William Strutt᷍3rd Baron Rayleigh᷍1842 –1919 㛋᷊ㅌ䐏㣑 300 㛋㦬㗨⹹䇻㪚䁈⭥

䁱㈠㆙㾱㑬㻖㵔⭥䓽ㆂ᷍㶋⧪㑬㑞㉎᱗㪚䁈䊎㏎᱘᷉ <The Theory of Sound> ᱄᷊䎃

㑞⤠䑙䔘䊻㚠㣑⭥㪚䁈䊎㏎䁱㈠䐱᷍䄡㦜⟈䁾䓦䐹䄋⭥ㅨ㩌᱄ 

㪚⤉㲞⥃Ⳟ㘇 1᷍880 㛋 ⳉ᷍⺛⭥㠅➄ⱜ᱅㈴㏐᷉ Pierre Curie 1᷍859ÿ1906 㛋᷊

⼮㰜⭥ⷈⷈ䁦㋬᱅㈴㏐᷉Jacques Curie᷍1856ÿ1941 㛋᷊ⳃ㻷䁚⮈㾈䇇᷉ⰵ㚔㏁㈈

㳆㬊ゴ〛㾖䁚㑇᷍㋪䄵䊻㡅⢎㘇㩰⭤⭞⮈⼪ ᱄᷊䎃㼏ゝ㭖⼽㌍⡜䇇䇤⭞㪚⤉⭥㲞

⥃䐱᱄ⱟ㬏㬡ギ⨖᷍⮈䓴䎒⭕㡘䈌⳦⫔㡘⭥⨗㻷᷍䇷㬚⭤㪚⤉ゝ㭖⭤⭞㑬䁙㗮⭥

 
208⭒㬒䇤⭥⭆㸜㬨䎒Ⱀ㗠㘌 ⭩᷍㵍䇻㸳㗨㻷䊻䇤⭥⼶䓩 ⭌᷍⭒㬒⼶䓩᷉ Heinrich Rudolf Hertz 1᷍857
ÿ1894 㛋᷊⿚㗜䇱⨗㪛᱄ 
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ⳃ䍚᱄䐏⽔᷍㪚䁈䁱㈠䐱⼮㹐㏎㼁⹹⭥䊎㏎㾵⭥Ⰼ㹘㼁ⰵ⧪㭍᷍䁱㈠䐹⮄䄓䑑⤞

䓋㼓䇇䇤᷍㲹⢑㬨䈌㉝㬣᱃䄞䁈᱃䅕㎷᱃㯏㸥䈌⭹䁈䁱㈠㼁⹹⭥䇇䇤᷍㼁⹹㒍䈓

⟝㎉ᷛ㯏㪚䁈᱃⹭㳆㪚䁈᱃⿘㈔㪚䁈᱃ネ⥃㪚䁈᱃⹇㔫⧍㪚᱃⧍㪚⮈䓴䁈᱃䅕㠖

⹅⧭᱃㪛㹐䄞䁈⧍㪚⹅⧭᱃䈐䁵㳞㉖⼮䅕㎷㪚䁈⭩᱄㈮㹐㏎䁈⭥〚⪂㏎㔼䁱㈠ⱙ

䁵᷍䈌㑇᱃㦩᱃⺃᱃⮈⪦⭩㻷㼔㔵䇱⤜㵍⭥㬨䈌㪚䅕㼁⹹⭥㹐㏎䊻ⱟ㬏㬡ギ⨖⭥

㹐㏎䁈ⷐ㘝䎀㗜䇱⟈䁾㵍䂚䐹䄋⭥䔘䇤᱄⭌㹐㏎䁈ⷐ㘝䐏⽔⭥㹐㏎䁈䁱㈠䐱 䈌᷍

㪚䁈㼁⹹⭥㾣㹐㏎䄡㦜⫇䊻⤃⡄⧷』䊟 ⡩᷍㧈㪚䓴㈈㳆᱃㪚䓴㵹㠬䁈⭩᱄㆝㛋㎕᷍

㰇䓦㹐㏎䁈䁱㈠䐱㼒㛞㈼㲍㹐㏎䎃䐷䁈㋧㰚㚽㘉㭗⭥㳆㻖㼓䓦ⷝゴ䎇㬖⭥Ⳟ㼓

⭥ⳃ䍚᷍㸳㗨䄓㠻⫞㪚䁈䁱㈠㸋㸳㗨⫙㎕ⷝⱁ㹐㏎㩰⭥㈋㻓᱄ 

 

4.5 ㈎⮅⭥⮈⪦䁈㏎㔼᱃⮈Ⱀ㑇䁈 

㑇᱃㦩᱃⺃᱃㪚䐏⽔᷍䈌㸳㗨㦬㏁ⰵ㪎⢀⭥㹐㏎㻷㼔⭥ⶱ䐋䐒ㅴ㼁⹹⭥㈮㬄

㻣⮈⼮⪦㑬᱄䊻㬒ヅ䑂㩰 㰅᷍㯖⹦㻄㎑⭥㬒⽓㈮䇱㲊㎶㯚⹹䇻䇤儛儋㚇⤢⤝。㹝

䅞䈑㗌䎃䂚⭥㻷㼔⭥エ㔝᷍㸳⺛⭥㯥⫔ⳃ㘘䄓⟝⼍㯟㚰᷉䐙㚰䎌᷍䈌⪦䁈㗽㣱㼁

⹹᷊᷍ ⭌⮈䁈䈌⪦䁈⭥㻖㵔䁱㈠㋋䍚⭹䎜㳆⿚㬨⡩ㅰ㶎⭥᷉⡩㑇䁈⼮⺃䁈䄋㶎᷍

⼮㦩䁈⥏⤜ⱁ㵍㬒 ᱄᷊㬏➬㬡ギ㚊᷍㼁ⰵ㻖㵔⭥䁈㯖㋋㬝⨗㻷᷍䐏㣑ⷝⱁ⭥㬨Ⰹ

㾵⭥⹼⥍䈌㰗㰊⭥䐋㬗᱄⭌䎃㾊㏎㔼㋋㬝ⳃ䍚⽔᷍䁙㯺⧪㭍᷍⤃䊻㬏㈦㬡ギ㒚㬏

㛋⫛䄵㕔㋬㯚㸅Ⳟ⧭䔊䎃䐷㵔䄜⭥᱃㑇䁈⭥㏎㔼㾯㬞⧫㻷᱄䊻⡟ㅻ᷍㸳㗨ⰵ㬏㈦

㬡ギ㚊᱃ⱟ㬏㬡ギ⨖䐏㣑⭥⮈⪦㈎⮅㏎㔼⭥⿹⹬䎜㳆ㅌ➕ ⮈ᷛ䈌⪦⭥ⷘ䐷㻷㼔䈌

䁈㯖᱃⮈⪦䓋⿜᱃⮈Ⱀ㑇䁈㧞㾂ㅻ㎕䍚㋋᱄ 



  

4.5.1 ⮈䈌⪦⭥ⷘ䐷㻷㼔䈌䁈㯖 

䊻㦬㗨ⰵ⮈䁈㻷㼔⭥㦰㬗⺞⧭䐱 㚇᷍⤢㡑⮈〛ⳃ⿴㑬䐹䄋⭥䔘䇤᱄㬏㡀㬡ギ

㒚㬏㛋⫛᷍䊻㑇䁈䁱㈠䐱㪉ェ⤃㆙㾱㑬䐹䄋⭥㕎⭣⡅⟌㤓㬖䂊⭥⭣⺛㋧䁈コ

ⴌ᱅ⷒ㏐㋬᷉Otto von Guericke 1᷍602ÿ1686 㛋᷊〚䇻䄜⷗㋪䄵㦧㚔⹭Ⰹ䑂㿞䓋⭥

㒓⿨㤓᷍䐧䋍㑬⭻䄜㲉㚇⤢㡑⮈〛᱄㏜䇤䎃䐷㚇⤢㡑⮈〛᷍㦬㗨㋪䄵⥛㪛㸩Ⰹ⭥

㈓⮈᷍⤃㏜䇤㰝㆙㾱㻖㵔⭥㬖䂊᱄䎃⫔⫔ゴ㯺㑬⮈䁈䁱㈠⭥ⳃ䍚᱄1720 㛋᷍㎕䓵

䇃⺛⭥ⷒ㎸᷉ Stephen Gray 1᷍666–1736 㛋 䊻᷊䁱㈠⮈⭥⪌⭝㻷㼔⭥㬒⽓ ⳃ᷍㻷䊻

⪌⭝⮈⼪㬒 䇱᷍㑞䐷㹐䐫⭥⢎㻷㶋㦌⤜㵍᱄㰝㗨⳷⢑ⰵ䇇㸳㗨㻷䊻䐋⭡⭥⭝㳆䈌

㉙䊖㳆᱄䐏⽔᷍㰜䇷㻖㵔⭹䁱㈠㑬⫙⮄㳆㋠㆝䄜⷗㹐㳆㬒䎃⷗㹐㳆⭥㼍䇇᷍ⳃ㻷

㑬⮈ⶱ䇇㻷㼔᷉㵝 4.19 ᱄᷊ 

1733 㛋᷍ⳉ⺛⿐䁈コⰦ⳧᷉Charles François de Cisternay du Fay᷍1698–1739

㛋᷊㈎⺞㬖䂊㤙⳷⨗㑞䐷⮈⼪᱄㰜ㅌ㡅⧧㸋㯪䐍⮈⼮⤄㑈⮈᱄䎃㬨㸳㗨㻷䊻㯖⭥

⶛⮈䈌䎞⮈᱄㵍㬒 㰜᷍⿚䓽ㆂ⨗㵍㾵㼁⨃᱃䅍㾵㼁㹝⭥⺇㔪᱄䎃㑞⷗ⳃ㻷䊺㶚⽔᷍

⫔䊝䊻 1745ÿ1746 㛋᷍㎕䓵⭣⺛⭥㚢㬇㋬㎔㯚㲹᷉Ewald Georg von Kleist᷍1700ÿ

1748 㛋᷊䈌㎕䓵⼪㎝㎔ⰺ⫔䁈⭥㋧䁈コ㚣㩎⤝㔿㋬᷉Pieter van Musschenbroek᷍

1692–1761 㛋 ⳷᷊⢑⭹ⳃ㘘㑬䄜䐷⪃⫇㈓⮈⼬⭥㠠䓴᱄䎃⷗㠠䓴⽔㎕⡜㦬㗨⧧㸋

㎔ⰺ㠠᱄㎔ⰺ㠠䈌㚇⤢㡑⮈〛䄜䂚䅃䅆䐹⫔᷍䄓㸋⮈⭥㬖䂊䁱㈠㳂⹊㑬⢄㏜᱄䊺

㶚⽔゙㛋 1᷍752 㛋 ㎕᷍䓵㗡⺛⭥⶜㎝㋬㑷᷉ Benjamin Franklin 1᷍705 〓 1706–1790

㛋᷊ⰵ⳦⮈㻷㼔㆙㾱㑬䁱㈠᱄㰜㗑䓦㪛㘝㸄㻶䔗㑬䑙㘜⭥ⴈ姾㬖䂊᷍ⳃ㘘㑬⡽㎸

䎌᱄䐢⪬ 㦬᷍㗨ⰵ⮈⼪᱃⮈⼪䓋䄧䄵ゑ䈌䐏㼁⹹⭥䓵㦜㻷㼔⭥⨖⤞䁱㈠⷇䄜Ⱟ㕅᱄

㻣䄜⤞⼽䓵㦜᷍㈮㬨ⷝ㸋Ⰹ㑠⭥㘉㭗⮈䁈㻷㼔⭥㻖㵔㾵⭥㏎㔼⭥ⳃ䍚᱄ 
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㵝 4.19 a) Flying boy ⭥䁾㬟㬖䂊㬟䅃㵝᷍b) 䎃⷗䁾㬟㬖䂊ⰵ䇇⭥㹐㏎〛䐧᷍⭒⫙⮈㹐㳆⫙

⶛⮈⭥㬒⽓ᷜc)䎃⷗䁾㬟㬖䂊ⰵ䇇⭥㹐㏎〛䐧᷍⭒⫙⮈㹐㳆⫙䎞⮈⭥㬒⽓᱄䊻 a)䐱᷍䄜⷗

㾂㚱⼃⡜䇤㯠㼀㿝⹳䇻㋶䐱᷍㯠㼀⭥㚠⭥㬨㸋㑬㉙䊖᱄㰜⭥ㅦ㑍ㅴ䓦㚇⤢ⳃ⮈〛᱄䅓⪬᷍

⭒㚇⤢ⳃ⮈〛⹅䔘⭥㬒⽓᷍㾂㚱⼃⡜⨅⮈᱄㸋㑬䋗ゴㅻ㚠㾈⺜᷍䎃⷗㾂⼃⿚。䇤㬷㎎䓦㒎

䄜⷗䍟䊻㚟㵑㩰⭥㾂⼃᱄䎃⷗㾂⼃䍟䊻㚟㵑㩰䄓㬨㸋㑬ⳡ䐚⮈⼪⡜⭝⭞⭹㻣᱄⭻䄜⷗㾂⼃

⡜⨅⭥⮈⼪䊻㰜㗨㎎㬷㬒᷍。⡜⪌⭞⭻ⱟ⷗㾂⼃᱄⭻ⱟ⷗㾂⼃䎃㬒。➲㬷㋠㆝䄜⷗䈑㗌᱃

䐞㾝⭩㹐᱄䊻㰜⤜ㅴ⪆䎃㾊Ⰼ㹘⭥㬒⽓᷍䎃㾊Ⰼ㹘䄓。䅓㸋㈓⮈䔘䇤㑇⥛㪛䊬Ⱀ᱄b)⼮ c)

ⰵ䇇⭥㬨㡅㹐㏎〛䐧᱄ 

 

䊻㘉㭗⮈⼪䐏ヅ㼁⿆䔘䇤⭥䁈㯖䐱 ⳉ᷍⺛㹐㏎䁈コ㌃㔹᷉ CharlesÿAugustin de 

Coulomb᷍1736ÿ1805 㛋᷊㳂⨗⭥㌃㔹Ⰹ㔪㬨䔏㸋⧪⹇⭥䄜⷗᱄㬏➬㬡ギ㡀㬏㛋

⫛᷍㰜䊻䁱㈠㗌ⳃ䈌㆑㭕㯠⭥㝅䓋⭐㾵⭥⺞⧭䐱ⳃ㘘㑬㝅⧧᱄〚䇻䎃⷗ⳃ㘘᷍䊻

1785 ⭞ 1786 㛋ヅ᷍㰜⥃㑠㑬⮈⼪䐏ヅ⭥㼁⿆䔘䇤᷍⤃㣳⪴㝄ⰺ⭥㶓䇱䅞㑇Ⰹ㔪

⭤⭞㡕ⳃ 䇤᷍㏁⡩⭥Ⳟⳉ⭤⭞⮈⼪䐏ヅ㼁⿆䔘䇤㑇䈌㉁㏌⭥㠞Ⳟ⧪ⳕ⡩᱃䈌⮈⼪

⫔㾂⧪䎞⡩⭥⺇㔪᱄䎃⷗⺇㔪⽔㎕⡜⧧㸋㌃㔹Ⰹ㔪᷍㾯㬞㧈㻣ᷛ 

ࡲ = ݇
ଶݍଵݍ
ଶݎ

 ௥ࢋ

⹌㬞 4.53 



  

㡅䐱ࢋ௥㸋㑞⷗⮈⼪䐏ヅ㑍㼀⭥㬽㑇Ⳟ㼓㶃⭥⭆㸜㼓㑠᱄䊻⪬䐏㣑 䇱᷍㯖ⳉ㬨⭅㛂

ⱜ᱅⤏㝍㏜᷉Daniel Bernoulli 1᷍700ÿ1782 㛋᷊㳂⨗⺞㈓⮈䔘䇤㑇䈌㉁㏌⧪ⳕ⡩⭥

㯝㼌᱃㋉㸥⭰㿎᷉Henry Cavendish᷍1731ÿ1810 㛋᷊䄓ⰵ㈓⮈㑇⭥⺇㔪䔗⺞㏁㯧

⥃㑠᱄㧈⺜⫔コⰵ㑇䁈⤠⳷⭥ㆊ㩽䇱䇂㼔᷍㋉㸥⭰㿎᷉Henry Cavendish᷍1731ÿ

1810 㛋᷊䐏⽔䄓䇱⺞㏁㯧⹅䔘᷍䄓㈮㬨ⰵ㶓䇱䅞㑇⧄㭞⭥⥃㑠᱄㚨⷗㬖䂊㬨䊻

1798 㛋 䄓᷍㬨〚䇻䎃⷗㝅⧧㶋⧪⭥᱄䅓㸋㶓䇱䅞㑇㼁ⰵⷝ㧖 ⰵ᷍㈌Ⱙ⭥䄋㤔䄋ⷝ

ⷀ䄜㾊᱃㬖䂊䊻ゝ㭖⥄㘇⭥㳕䍞䄓ⷝ⫔䄜㾊᱃㶋⧪⭥㬒ヅㅻ⮄䄓㶎䄜㾊᱄ 

䇱㑬㈓⮈⭥⥛㪛䈌⫇⪃᱃䇱㑬㈓⮈ヅ㼁⿆䔘䇤㑇 㻣᷍䄜⤞⮈䁈䁱㈠⭥㆙䍚㬨

⪴㈓⮈⭞⮈㒘᱄䎃Ⳟ㘇䔏䐹䄋⭥⫛⢎㦬㹐㈮㬨ⴝ㲹᷉Alessandro Giuseppe Antonio 

Anastasio Volta᷍1745ÿ1827 㛋 ᱄᷊䊻㰜䐏㣑᷍㪛㹐䁈コ䙅Ⳇ㛂᷉Aloysius Galvani᷍

1737ÿ1798 㛋 䊻᷊䄜⪯㝝㦜⭥ㆃ㠫㤁㵽⭥㬖䂊䐱᷉䊝 1780 㛋᷊ⳃ㻷⮈】⿉㋪䄵䇶

ⳃ䄲㈎㯡㦆⭥㤁㵽㵩⭥㈘㔯᱄〚䇻⪬᷍㰜䔗㑬䄜㻖㑱⭥㬖䂊᷍⤃ㆉベ 1772 㛋䇃

⺛㋧䁈コ⿋ⱜ㬠᷉John Walsh᷍1726–1795 㛋᷊䊻䁱㈠⮈峊⭥㬒⽓ⳃ㻷⭥㡅ⳃ⭥

⮈㬨㎕䓵䇻㳆㚻⭥ⳃ㻷 209 䅞᷍㧌Ⱀ㹐⮈᷉ 㵍䂚㎕䓵㳆㚻 ⭥᷊ⶦ㛏㎕ㆃ㬮Ⱀ㹐⭥も

㧃䊬Ⱀ᱄䎃㾊㬖䂊㪏Ⱙ䇑㼍㑬⡩㰜㔵㸃㛋㤂⭥ⴝ㲹᱄㰜㦰䎇䐹ⶕ㑬䙅Ⳇ㛂⭥㬖䂊᱄

⭌䈌䙅Ⳇ㛂⤜㵍 ⴝ᷍㲹ㅌ㎔ⰺ㠠⫇⪃㈎㤁㵽⭥㪎㳆㆙㾱㬮⳦ ⳃ᷍㻷㤁㵽䄓ⳃ㪛㑬

㈘㔯᱄䄓㈮㬨㯖㎕䓵㶃⤠⭥⮈㒘䄓㋪䄵䇶ⳃも㧃⭥䊬Ⱀ᱄㸋⪬᷍ⴝ㲹䈌䙅Ⳇ㛂㆙

㾱㑬⧅㠻⭥㔼䍞᱄䊻䎃⷗㔼䍞⺞⧭䐱᷍ⴝ㲹ⳃ㘘㑬ⴝ㲹⮈ⰲ᱃ⴝ㲹⮈⧹᱄䎃㾊ⳃ

㘘㸋㦬㏁䁱㈠⮈䁈㻷㼔㳂⹊㑬㸩Ⰹ⭥⮈㒘 㸋᷍㦬㏁㑬ㆃ⮈㒘⭥⺇㔪⼮⮈㒘㋪䄵⥛

㪛⭥ⷘ䐷㾈䇇㑬〚⪂᱄⮈䁈䁱㈠䄓㆙㧌㑬䄜⷗⳪㯺ⳃ䍚㠻᱄1794 㛋 ⴝ᷍㲹㵍䂚〒

⭤㋧㠶㏜ㅒ⭥ㅒ㏙᱄ 

 
209⿋ⱜ㬠䄓䅓⪬〒⭤ 1773 㛋⭥㋧㠶㏜ㅒ᷉Copley Medal᷊᷍䎃⷗ㅒ⭥⳷㑠㸳㗨㣑㘇㳂⭞⺞᱄ 
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4.5.2 ⮈⪦䓋⿜ 

䊻䁱㈠⮈㒘⭥⺞⧭䐱 ⮈᷍㒘⡟㪎⭥⺇㔪䈌⮈㒘㰚䇶ⳃ⭥ⷘ䐷㾈䇇⭥ⳃ㻷䇇ⶤ

㯖㬨ㅜ⮟⥛㪛⭥᱄䎃⷗㬒ヅㅻ⮄ゐ䐱䊻㬏㈦㬡ギ⨖᱄⡩㧈᷍㎕䓵⭣⺛⭥㹐㏎䁈コ

㝘㚘᷉Georg Simon Ohm᷍1789ÿ1854 㛋᷊䊻 1827 㛋ⳃ⢎⭥᱗䐒㒘⮈㔘⭥㭞䁈䁱

㈠᱘᷉ < Die galvanische Kette, mathematisch bearbeitet> 䐱᷊⡉⭡㑬䑙㘜⭥㝘㚘Ⰹ㔪᷍

ⷙ⨗㑬⮈㒘᱃⮈䁚ゑ⮈䔉䐏ヅ⭥〚⡟⹹㻖 210᱄ⱙ䊻⪬䐏㣑 1᷍820 㛋 ㎕᷍䓵㝓㶟⭥

㹐㏎䁈コ➣㯚㲹᷉Hans Christian Ørsted᷍1777ÿ1851 㛋᷊㈮䅃㶃⭹ⳃ㻷䊹㒘⭝㼀

⭥⮈㒘。䔘䇤䇻㝵⢀⭥⪦䎌 㬚᷍⪦䎌ⶥ⢅Ⳟ㼓᱄䎃⷗ⳃ㻷⭥䅃䅆㬨㧈⪬⭥㈿⫔䄵

䐢䇻⭒㛋㰜㈮⡜㬻䈉㋧㠶㏜ㅒ 〒᷍ㅒ㏎䇪㬨᱑For his Electroÿmagnetic Discoveries᱒᱄ 

➣㯚㲹⭥䎃⷗ⳃ㻷⪌⭞➮㏉᷍㑃㋭䅞㡑㑬ⳉ⺛㹐㏎䁈コ➓㞁᷉AndréÿMarie 

Ampère᷍1775ÿ1836 㛋᷊⭥䓃䅃᱄➓㞁⪴㑇⭥ㅨⰩ㯝㋝㑬䎃⷗㸫㳃᷍㳂⨗㑬䑙㘜

⭥➓㞁䇳㬷Ⰹ䋓᱄㵍㬒᷍㰜㏜䇤䎃⷗Ⰹ䋓䈌㬖䂊᷍䁱㈠㑬㑞⷗㠞㾱⭥⭝㼀䐏ヅ⭥

㬽㑇㤊㌗䄵ゑ㔾㯠⹽⭝㼀⥛㪛⭥⪦㾵᱄〚䇻䎃㾊㻖㵔⭥㬖䂊䁱㈠ 1᷍822 㛋 ➓᷍㞁

䄵䁰㆘⭥㭞䁈⢅㭞㑬⮈㒘⥛㪛⪦㑇⭥〚⡟Ⰹ㔪᷍ゕ➓㞁Ⰹ㔪᱄㵍㬒᷍㰜⿚㳂⨗㑬

れ㡅⧍㣑⭥⿘䓕⳷䓴⮈㒘ズ㯖᷉㵝 4.20 ᱄᷊ⶤズ㯖㦰㸋⪦㳛⭥⪦㑇⪴⡟䐫㩰ㅓ⼮

⮈㒘⥛㪛⭥⪦㑇㬨䄜䂚⭥᱄ⰵ䇻⽋⹼㹐㳆᷍㚻⤠㬖カ㩰㬨䇪㸃㑄䔊⧪⭥᱄㗠⷗㸃

㑄Ⱍ䇱䄜⷗⿘䓕⮈㒘 㰝᷍㗨⭥䔘䇤㈮㬨䄜⷗㾂⪦䎌᱄⭒䎃㾊㾂⪦䎌㸿㿓㝦㑱⭥㬒

⽓᷍㻖㵔㗜䇱⽋⹼⪦㾵᱄⭒㰝㗨䇱㿓㝦㑱⭥㬒⽓᷍㻖㵔㳆㻷⨗⽋⹼⪦㾵᱄㧈⺜㸳

㗨㋝㔨⮈䓴㬨䊻䎃⷗ズ㯖㳂⨗㡀㬏ⱁ㛋䐏⽔⤦⡜ⳃ㻷 䄵᷍ゑ䎃⷗ズ㯖㳂⨗䄜➺㛋

䐏⽔㏄⪯᷉Wilhelm Lenz᷍1888ÿ1957 㛋᷊⼮䄢㾢᷉Ernst Ising᷍1900ÿ1998 㛋᷊⤦

 
210䎃⷗⹅䔘㬽⭞㑬ⳉ⺛㹐㏎䁈コⶖ㑃䄗᷉ Joseph Fourier 1᷍768-1830 ⹹᷊䇻㦩㒘䁱㈠⭥㈿⫔㡕ⳃ᷉ ⭝
㦩ⶬ⭥㦩㒘䎞⡩䇻㑞Ⱜ⭥㸣Ⱙ⥏᷍ㅌ㸣Ⱙ⥏㏁⡩䇻⮈䁚᷊᱄1841 㛋᷍㝘㚘䄓䅓㸋䎃㾊⹅䔘〒⭤㑬
㋧㠶㏜ㅒ᱄ 



  

㳂⨗㑬㸳㗨㻷䊻㯖⭥ LenzÿIsing 㚄㾮㎕ㆃ㬮⪦㾵䈌㼁⢅ 㸳᷍㗨䎇⭥⤜⭤⤜ⶱ㋏䎃

⷗ズ㯖⭥㣑䍑㾵᷂ 

 

 

㵝 4.20 ➓㞁⭥⿘䓕⳷䓴⮈㒘ズ㯖⭥㬟䅃㵝᱄㸃⹼⮈㒘⥛㪛⪦⧂᷉䔔᷊᷍ ⭒㸃⹼⪦⧂㸿㿓㝦

⤝㬒㻖㵔⤜㳆㻷⨗⽋⹼⪦㾵᷉䐱᷊᷍ 㸃⹼⪦⧂䇱㿓㝦⤝㬒㻖㵔㳆㻷⨗⽋⹼⪦㾵᷉䇳 ᱄᷊ 

 

㵍㬒᷍ォ㦜⮈㒘㋪䄵⥛㪛⪦⧂᷍⪦⧂㬨ⴒ䄓㋪䄵⥛㪛⮈㒘ᷠ㆕ⷛ䓦➣㯚㲹᷍

䎌ⰵ䎃⷗㸫㳃᷍⤜㩺㦬䄓䔗㑬⼽ⱁ㬖䂊᱄㡅䐱䇃⺛㹐㏎䁈コⳉ㎎⭻᷉Michael 

Faraday᷍1791ÿ1867 㛋᷊䈌㗡⺛㹐㏎䁈コ⽁㏜᷉Joseph Henry᷍1797ÿ1878 㛋᷊⭥

⹒㻸䇩㸋㵜⨗᷍㲹⢑㬨ⳉ㎎⭻᱄ⳉ㎎⭻㬨䄜㸜㸑⫔⭥㬖䂊㹐㏎䁈コ᷍㰜㳂⨗㑬䑙

㘜⭥ⳉ㎎⭻⮈⪦ⶱ䇇Ⰹ㔪 䇤᷍⪦㵉⭥⢅⿐ㆃ㬮㑬ⶱ䇇⮈Ⱀ㬧᱄䎃㸋⽔㎕㦬㏁⫔⺇

㚄㏜䇤⮈㑇㳂⹊㑬〚⪂᱄㦬㗨䄓㏜䇤䎃⷗㏎㔼ⳃ㘘⨗ⶱ䇇ⳃ⮈〛᱄㼁䇇⭹᷍㹘Ⳟ

⭥⹅䄖㪈。䄓⪴䎕㡜㬒⫛㆙㧌㑬⮈㡙㬒⫛᱄㵍㬒᷍㰜⿚㏜䇤㳛⳼㬖䂊᷍㾯㼔⭹䐅

㘘㑬⪦㑇㼀⭹⫇䊻᱄㰜䐙⨗䎃㾊⪦㑇㼀⤜㆗㆗㬨゙⼯⭥ ⱙ᷍㣳㬨䄜䐷㹐㏎㾵䐫⭥

㋮⹼⫇䊻᱄⮈⼪〓䎀⪦れ䐽㸈⤃⤜㬨㼌㦬㗨䐏㣑㼌㼔⭥㚨䂚䄜㸿㰚䇱⭥ 〓᷍䎀㿊

㋶᷍ⱙ㬨⫇䊻䓦㑇㼀䈌⧂⭥᱄䎃䐷㏎ㆃ䄓㸋⽔㎕㕔㋬㯚㸅᷉James Clerk Maxwell᷍

1831ÿ1879᷊㳂⨗㕔㋬㯚㸅Ⳟ⧭䔊⫓㻣㑬ヂ㬖⭥〚⪂᱄ 

4.5.3 ⮈Ⱀ㑇䁈 

䊻㣑㘇㳂⭞⭥䎃㾊㬖䂊㻷㼔䈌㏎㔼⭥〚⪂㩰 ⭞᷍㑬㬏㈦㬡ギ䐱㠻 㦬᷍㗨㈮㋋

㬝㼒⭒㛋㝄ⰺ䁑㤔㑇䁈⭥㵔䄜㏎㔼㚨䂚䁑㤔䄜⷗⮈᱃⪦䁈⭥㵔䄜㏎㔼㑬᱄䎃⷗⺞
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⧭䐱᷍㣑㘇㳂⭞⭥➓㞁᱃ⳉ㎎⭻᱃ⷀ㯚᷉Carl Friedrich Gauss 1᷍777ÿ1855 㛋᷊211᱃

㶟㑏Ä㲡㚘㰐᷉⽔㎕⭥㋋ⱜ㸥㉕㬠᷍William Thomson 1᷍st Baron Kelvin 1᷍824ÿ1907

㛋 ᱃᷊㕔㋬㯚㸅Ⱍⳃ⿴㑬䐹䄋⭥䔘䇤᱄㸳㗨䎃㏐ビ⭆ㅓ䄜㻣ⳉ㎎⭻᱃㶟㑏Ä㲡㚘㰐᱃

㕔㋬㯚㸅⭥⹒㻸᱄ 

㬸㻩㬨ⳉ㎎⭻᱄⨞㑬㣑㘇㳂⭞⭥⮈⪦ⶱ䇇Ⰹ㔪 1᷍845 㛋 㰜᷍⿚ⳃ㻷㑬䄜䐷⪦

⺃㾈䇇᱄㉀㳆ⱙ䁵 ㈮᷍㬨䊻ㆊ䐫㚻ⰵ䇻㼀㠌䎒⺃ⱙ䁵䇪䇻⺃⤉䈌㶃⪦⧂⭥㼁⿆䔘

䇤⺃⭥㠌䎒㠞㘇。㿞䓋 㡅᷍㿞䓋ㅨ䈌⪦⧂䁹⺃⤉⪌⤆Ⳟ㼓⭥⳷㑠⧫㼀㾵䎞⡩⹹㻖

䎃䂚䄜⷗㬖䂊ⳃ㻷᱄䎃⷗ⳃ㻷䅃㸗䓦⨞㑬䐏㣑㦬㗨䐋⭡⭥⮈㒘᱃⪦⧂䐏ヅ⭥㼁⿆

⹹㻖᷍⺃䄓㉀⡙⮈⪦⧂⭥⡟䐫᱄㰝⭥䄜⷗䊃䅃㬨⺃䁈䁱㈠㋪䄵䈌⮈⪦䁱㈠ㆂ⼰᷍

䎃䄓㬨⮈Ⱀ㑇䁈䎃⷗㵔䄜㏎㔼⭥⥛㪛⭥䄜⷗䍽䁈⥄㘇⭥〚⪂᱄ 

⨞⪬䐏㶃᷍⪴ 1839 㛋㋋㬝⭞ 1855 㛋᷍ⳉ㎎⭻ㅌ䓵゛㆙㾱⭥⮈⪦䁈㬖䂊㆙㾱

〄䓽᷍⨗⟇㑬㧞㉎᱗⮈䁈㬖䂊䁱㈠᱘᱄䇪䇻㰜⨗㪎㼁ⰵ㠗⼏᷍䇸㛋⤃㗜䇱ㅴ㬽⳨

⧄㻖㵔⭥㭞䁈䁖㑘 䊻᷍㰜⭥䑙䔘䐱 㰜᷍䓽。㼌㈂⟍ⳉㆉ䑛㵝㾯䈌ビ⭆⭥䈐䁵㎕⢎

⫐ⷀ㪏⭥㹐㏎⺇㔪᱄䎃䄓㬚⭤㰜⭥㬖䂊⡉⷇⳨⧄䄸Ⱒ ⤃᷍㣳㚽⹜㸋㦬㗨⫙㎕⼽ⱁ

㪏㯝᱄⡩㧈᷍㰜。⳨⧄㾯㼔⭹䇤㑇㼀㎕㘉㭗⮈⪦䔘䇤᷍㦰㸋⮈⼪⼮⪦れ㝵⢀⨅㕛

㑬⮈㑇㼀䈌⪦㑇㼀᱄㵉⺞⮈㑇㼀䈌⪦㑇㼀 㦬᷍㗨㋪䄵⼽䐒⹼⭤㏎ㆃ⮈䈌⪦䐏ヅ⭥

墏⼰䄵ゑ⧂⭥⫇䊻᱄䊻䁱㈠⮈ㆊ䐫ⰵ⮈㑇⭥䇑㼍㬒 㰜᷍䐙⨗⮈㑇⤜㋪㚽㬨⧍㉁䔘

䇤᷍ⱙ㬨㵉⺞㚔䐷⧂⭥䓕㲍⭥⢅⿐⪌⤆⭥᱄ 

䊻䎃㾊⢎㭗䐱 㵝᷍㼒⿐⭥⤠⳷㚽⹜ㆃ㬮䄜㾊㦬㗨䄲㈎䐋⭡⭥〚⡟Ⳟ⧭ ⡩᷍㧈

ⷀ㯚Ⰹ㔪᷉⮈㑇㼀⭥㩃Ⱙ⭩䇻⮈⼪㭞᷊᷍ 㰝⽔㎕䄓䁾⿐㸋㕔㋬㯚㸅Ⳟ⧭䔊䔏䐶⢎

⫐⭥㯥⷗Ⳟ⧭䐱ヅ⭥䄜⷗᱄ⷀ㯚Ⰹ㔪䊭⼍㑬⮈㬧⭥ⶦ㛏 㡅᷍㲾Ⱙ䐒ㅴⰵ䇇⮈⧂㣠

 
211 ⷀ㯚Ⰹ㏎㬖カ㩰䄲㈎ⰵ䇇㑬㻷⫛㾯㬞⭥㕔㋬㯚㸅Ⳟ⧭䔊䐱㯥⷗Ⳟ⧭⭥䄜⷗᱄ 



  

Ⱙ᱄䎃⷗㬧䄵⧂⭥㾯㬞㗷㕟䈌䎜⷗㋶ヅ᷍ォ㪏㋭᷍䇷䐒⹼᱄⭌㵍㬒᷍ⳉ㎎⭻䄓䅃

㬗⭞⿚䇱䄜⷗⼽䐹䄋⭥㑠 㰜᷍➲㰝㸋⮈㆕䍦㲍 䎃᷍⷗㑠。䊻⮈⪦䓋⿜䐱⟈䁾䐹䄋

ㅨ㩌᷍㦕䄜䐒㦒ⳇ㘘㦘Ⰹ䅆᱄䊻᱗⮈䁈㬖䂊䁱㈠᱘䐱᷍ⳉ㎎⭻㪖䐢㣑⽔㬚䇤㑬ⱁ

⷗㘜⪫㎕㘉㭗䎃䄜㾵䐫 ⟝᷍㎉ 㡇ᷛ㲹㲍᷉ peculiar state ᱃᷊䍦㑇㲍᷉ state of tension ᱃᷊

㡇䅍䓕㲍᷉ peculiar condition ⭩᷊᱄䎞㧈䂏䎒㛟㻩㪛䊻᱗⧠匹㔝᱘䐱㰚䁵 䐒ᷛ⭞ 1854

㛋㬒ⳉ㎎⭻ 63 㰋᷍⪬⽔㰜⤜䊻⢁㾕᱗⮈䁈㬖䂊䁱㈠᱘᷍ ⭌㬨䐒⭞㚨㬒᷍㰜⭥゙⼯

䐒㉖ÿÿ㰚㸞⮈㆕䍦㲍 ⿚᷍㦒ⳇ㘘㦘Ⰹ䅆 㻵᷍⭤㚲䄵䓞㘟ᱟ䂏䎒㛟᱃㸭Ⳍ 2᷍018ᱠ᱄ 

䊻㦬㗨ⰵ䎃⷗㑠⭥㦰㬗⺞⧭䐱᷍㶟㑏Ä㲡㚘㰐䈌㕔㋬㯚㸅㉚⟈䁾㑬䐹䄋⭥ㅨ

㩌᱄㬸㻩㬨㶟㑏Ä㲡㚘㰐᷍㰜䇻 1851 㛋㳂⨗㑬㬙㑠㬧⭥ⶦ㛏᷍⤃ㅌ⪦⧂⢎⫐㸋㰝

⭥㿞Ⱙ᱄㕔㋬㯚㸅㪏㬽㡕ⳃ 㵉᷍⺞㧞㠋㸥䍣ㅉ㑃㑬⮈Ⱀ㑇䁈᱄⭻䄜㠋㸥䍣㘜㸋᱗ⳉ

㎎⭻⭥⮈㆕䍦㲍᱘᷍ ⳃ⢎䇻 1856 㛋᱄䎃㏐ 㰜᷍䐙⨗㶟㑏Ä㲡㚘㰐㳂⨗⭥㬙㑠㬧㈮㬨

ⳉ㎎⭻䐏ㅓ⭥⮈㆕䍦㲍᱄㵍㬒᷍㰜ㅌ⮈⧂㣠Ⱙ䈌㬙㑠㬧⭥㯓㬒⢅⿐㑋㻖㑬㡑㎕᱄

䎃䂚᷍〚䇻䐏㣑㶟㑏Ä㲡㚘㰐㳂⨗⭥ᷛ 

ሬሬԦܪ = ׏ ×  Ԧܣ

⹌㬞 4.54 

䄵ゑ㕔㋬㯚㸅䊻䎃㠋㸥䍣䐱㳂⨗⭥ᷛ 

ሬԦܧ = െ
Ԧܣ߲
ݐ߲

 

⹌㬞 4.55 

㦬㗨⼽㦾䄸⭤⭞ᷛ 

׏ × ሬԦܧ = െ
ሬሬԦܪ߲
ݐ߲

 

⹌㬞 4.56 

䎃ⰵ䇇⭥㈮㬨ⳉ㎎⭻Ⰹ㔪᱄䇱㑬㬙㑠㬧᱃⢋㑠㬧᷍⮈⪦㻷㼔㏜䇤⧂㎕㆙㾱㵔䄜⭥
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㘉㭗㈮䇱㑬〚⪂᱄ 

䐏⽔᷍1861ÿ1862 㛋䐏ヅ᷍㰜䇷ⳃ⢎㑬㘜㸋᱗⳷䓴㸱㒘㏎㔼䇇䇤䇻㈓⮈䁈᱘

⭥㸥䍣᱄䎃㠋㸥䍣ⷙ⨗㑬䄜㻖㑱䐹䄋⭥ㆂ㔼᷍⟝㎉➓㞁Ⰹ㔪⭥⧂⭥⢎㭗᷍䄵ゑ⺃

㬨㚔䐷㗞䐫⭥⽂㼓⤉Ⱀⱙ䎃䐷㗞䐫䎞㬨⥛㪛⮈⪦㻷㼔⭥㵍䄜㗞䐫᱄⭻㧞㠋㸥䍣ⳃ

⢎䇻 1865 㛋᷍ⷙ⨗㑬䔏䋈⭥㕔㋬㯚㸅Ⳟ⧭䔊᷍㉀㳆㧈㵝 4.21 㰚㬟᱄㡅䐱᷍㣑㒚

⷗㧈⺜㾕⧪⳷㑠⭥㾯㬞ㅌ䇱 18 ⷗Ⳟ⧭᷍䔏⽔㑞⷗㬨⭆Ⱑ⭥᱄䅓⪬᷍⭒㬒⭥Ⳟ⧭

䇱 20 ⷗᱄㬏㈦㬡ギ㚊㠻 ⼆᷍㸍㧝᷉ Oliver Heaviside 1᷍850ÿ1925 㛋 ᱃᷊る⤝㯚᷉ Josiah 

Willard Gibbs᷍1839ÿ1903 㛋 ᱃᷊⼶䓩᷉Heinrich Rudolf Hertz᷍1857ÿ1894 㛋᷊ⰵ㡅

㆙㾱㑬䎜㏎᱄䎜㏎⽔⭥Ⳟ⧭䔊䐱㬙㬧ܣԦ㋪䄵⡜㼜㦆᱄䎜⷗Ⳟ⧭䄓ビ⿐㸋㯥⷗᷍⤃

䍚㬟⨗ⷀⰩ⭥ⰵ⧧㾵 ㉀᷍㳆㧈㵝 4.22 㰚㬟᱄䅓⪬䎃⷗㏛㬘䊎䅓 䎃᷍㯥⷗Ⳟ⧭㾯⧪

⭥Ⳟ⧭䔊䇱㬒䄓⡜⧧㸋 Hertz–Heaviside Ⳟ⧭䔊〓 Maxwell–Hertz Ⳟ⧭䔊᱄⭌ⷝ

ⱁ⭥㬒⽓᷍㦬㗨⿚㬨䐒ㅴㅓ㡅⧧㸋㕔㋬㯚㸅Ⳟ⧭䔊᱄ 

 

 
㵝 4.21 㕔㋬㯚㸅Ⳟ⧭䔊䔏⨖⭥㾯㬞᱄䎃㾊Ⳟ⧭䐱᷍㣑㒚⷗㧈⺜㾕⧪⳷㑠⭥㾯㬞᷍ㅌ䇱 18

⷗Ⳟ⧭᱄䔏⽔㑞⷗㬨⭆Ⱑ⭥᱄䅓⪬᷍⭒㬒䇱 20 ⷗᱄ 

 



  

 
㵝 4.22 㻷⫛⭥㕔㋬㯚㸅Ⳟ⧭䔊᱄ 

 

⨞㑬㵔䄜㑬⭒㬒⭥⮈⪦㏎㔼䈌⺃㏎㔼 㕔᷍㋬㯚㸅Ⳟ⧭䔊㒎䄜⷗れ㡅䐹䄋⭥䅃

䅆䊻䇻㰝⭻䄜⪯㤆㹛⭥⥜㘘㑬⧂㔼⭥ⶦ㛏〚⪂ 㚽ᷛ㑠⪃⤹䊻⧂䐱᱄1886 㛋 ⼶᷍䓩

⪴㬖䂊㩰䐅㬖㑬㕔㋬㯚㸅Ⳟ⧭䔊⭥䄜⷗䐹䄋ㆂ㔼 ⮈ᷛ⪦⤉㋪䄵⡜䄜⷗⮈㒘⿹㔘ゅ

ⳃ⤃⡜㒎䄜⷗⮈㒘⿹㔘ネ⥃⭞᱄䄓䎞㬨䅓㸋䎃㾊㪏㋭⭥㹐㏎㚻⼎᷉ ⰵ㹐䐫㬡ㆈ⭥

⡟䐫⭥㦰㬗⭥ゴ㪏᷊᷍ 㕔㋬㯚㸅⧪㸋キ㝄ⰺ䐏⽔䔏㸑⫔⭥㹐㏎䁈コ᱄⭒㦜᷍⽔㠻

。⡜➏䅓㯚㲚⧍⺞᱄䊻㹐㏎䁈ⷐ㘝㚨䄜䍣᷍㸳㗨。ⷝゴ㼋㻙⭥ㆊ㩽᱄ 
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⭻㹆䍣 䄜㾊⹹ポ⭥㭞䁈㆙䍚 

⿹⹬㶋㈎⮅㹐㏎䁈㏎㔼⭥ⳃ䍚 ➕᷍䍶㹐㏎䁈㏎㔼ⳃ䍚⭥㬒ヅ㯔㿓 㸳᷍㗨㻣䄜

⤞㸳㗨㈮䇇ⶤㅓ㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖⭥㹐㏎䁈ⷐ㘝㑬᱄⭌㋝㔨⭞ㆊ㩽㹐㏎䁈

ⷐ㘝⭥ㅭ⤥䄲㈎⼽ⱁ᷍⤃㣳⼽ⱁㅭ⤥ㅓ⭤䄓⳨⧄䓉䄖᱃⳨⧄㻙᷍⨗䇻⪕㾣㾵⭥㋝

㔨᷍㸳㗨㼌⧃㬵⪴㒎䄜⷗ㅨⰩ㎕㪔㬴㹐㏎䁈⭥䎃⷗⹹ポ㆙䍚᱄ 

㸳㗨⤪㦂⭥ㅨⰩ㬨䊻ㅓ䎃Ⱟ⹹ポ⭥㏛㬘䐏㣑 㻩᷍䓽ㆂ䄜㻣㦬㗨䊻㭞䁈䈌䍽䁈

㩰㦂⭤⭥⧪㈮ 䅓᷍㸋䎃㬨㰜㗨㿉䄋⭥䐋㬗⪃⡙ 212᱄㵍㬒 㸳᷍㗨䄓。㲷㔼䄜㻣㬏㈦

㬡ギ⭥㝘䐿⫔䁈 䅓᷍㸋䎃㬨䊻㹐㏎䁈ⷐ㘝䐱䔗⨗⹒㻸⭥㋧䁈コ㗨⹅䔘⭥⧂㰚᱄䎃

㾊 䇇᷍ⶤ㯖Ⱍ㬨㹐㏎䁈㶋⧪䇪㈎⮅㏎㔼㼓㑠䓴㑇䁈᱃㼁ⰵ㔼䓋⢅᷉ ゕ㹐㏎䁈ⷐ㘝᷊

⭥⹹ポ⭥䓝⡙᱄䊻㣑䁵⤠⳷᷍㸳㗨㳂⭞⺞⡫䎀ⰵ᱗㆒㦶㹐㏎᱘㋯⧭㧞䄋㯹⭥䓽ㆂ

㬨ᷛ㹐㏎䁈㬘᱃㹐㏎䁈⭥䍽䁈㭕㾵᷍䄵ゑ㆒㦶⭥㣑䁹㹐㏎䁈䁱㈠⭥ㆊ㩽᷍㸳㗨䄓

㣠⮘㹐㏎䁈㬨䇱䄜Ⰹ⭥㦬㸥㲹䐫⭥᱄䎃㏐ 㸳᷍㗨䊻ㅓ㹐㏎䁈ⷐ㘝㣑㆙㾱䎃㾊䓝⡙᷍

䇇ⶤ㯖䄓㬨䔑䐹㹐㏎䁈㬘᱃㹐㏎䁈⭥䍽䁈㭕㾵᱃㹐㏎䁈⭥㦬㸥㲹䐫䎃䂚䄜⷗䎜㳆

㯝㔘⭥䄜⷗㳆㻷᱄䊻⡟䍣᷍㸳㗨㬸㻩⪴㭞䁈㯖㡑᱄⽔㘇㑞䍣᷍䊺ㅓ䍽䁈䈌⫔䁈䎃

䂚⭥䁈㭖⿘㈔⭥䇋䋍᱄ 

䓵㦜⭥䈐䁵㬨㭞䁈᱄䅓⪬᷍䊻㝄ⰺㅉ㑃㈎⮅㑇䁈⭥⺞⧭䐱᷍㰜䁑㤔⭥䄓㬨䓵

㦜䍽䁈⭥㭞䁈䊎㏎᱄䊻㝄ⰺ䐏㣑᷍㭞䁈䄲㈎㶋⧪㑬䄜㾊⹹ポ⭥ⳃ䍚䈌䓋⢅᷍⡩㧈

 
212㈮㼒 8.4.2 㾂ㅻ㸳㗨。ㆊ㩽⭞⭥᷍⼄㩎⡅➲㰜㚨⢀⹹ポ⭥㸥䍣㯮ⷙ㰜⭒㬒⭥⭝㬇⤄ⱘ᱄⤄ⱘ䊻
➲㰝ゥ⨗䐏⽔⭥ 1925 㛋 7 䊣 10 㦶⭥䋈㩰᷍⽗㦜䅃㬗⭞⼄㩎⡅䊻㘉㭗㰜㰚㳂⧌⭥㾣⭥᱑䊬Ⱀ䁈᱒
⭥㬒⽓㬚䇤⭥䊬㰄⺇䋓᷍㣂㣂㈮㬨䓵゛䊻⤝㎸㯚㎮Ⱒ⫔䁈⭥〚⪂㋯⭥㬒⽓䓵゛⭥㭞䁈㎰㬇㔿㧙
㚻㯚ⷙ㰜ㅓ⭥㈹䎔᱄䎃㏐᷍㔿㧙㚻㯚㉙ⰵ⤜㬨䄜⷗䊻㭞䁈㬘㩰⼽䐹䄋⭥㦬㹐᷍⭌㰜㰚䍧㸶⭥㬏㈦
㬡ギ⭥㾣㭞䁈᷉㼀㾵⫛㭞᷊⼽⼰㬫⭹䇑㼍㑬㈹䎔㑇䁈⭥ㅉ㑃᱄ 

 



  

㰄㭖᱃゙⼯᱃⫛㭞᱃ㆃ㹗゙⼯Ⱍ䄲ㅉ㑃 213᱄㝄ⰺ䈌㎔⤝㛂⪥⭥⹒㻸㬨㵍㬒㳂⨗㑬

㸃〞⳷⭥㯝㼌᱄䊻㝄ⰺ䐏⽔⭥㬏➬㬡ギ᷍㸃〞⳷㏎㔼䑑⤞㶋㩧᱃㠌㸃⳷Ⳟ⧭䈌⢅

⳷䊎㏎᱃ⳛ⼐Ⳟⳉ䄓⭤⭞㑬⹹ポ⭥ⳃ䍚 ⱙ᷍⳷㹗㬷Ⱟ䄓㋋㬝ⳃ䍚⤃䊻㬏㈦㬡ギ㻣

⟌䄗⧚⭸⧪㭍᱄⡩䎃㾊㭞䁈㏎㔼䊺⨊㼔䄜㾊᷍㼀㾵⫛㭞᱃㦛㔼᷉䑘䄋㬨䇱㻿㦛㏎

㔼 ᱃᷊⳨㝘゙⼯䊻㬏㈦㬡ギ⭤⭞㑬䁙㗮⭥ⳃ䍚᱄䊻㬏㈦㬡ギ㻣⟌䄗᷍㸃⳷゙⼯᱃

㏏㦛㏏⫛㭞᱃㵹㠬䁈Ⳟⳉ䄓䑑ㅆ㡑⤞᱄㆙㧌ⱟ㬏㬡ギ᷍䎃㾊㏎㔼㼁⿆䐏ヅ䇪㋋㬝

㦻⼰᷍㏏㦛㏏⫛㭞ㅉ㑃䊻゙㬏㛋⽔ⷝ㬨⧪㸋㹐㏎䁈㏎㔼䁱㈠䐱⤜㋪〓㦒⭥Ⳟⳉ᱄ 

䎃㾊㚻㦾᷍㸳㗨䊻⼽ⱁㅭ⤥㩰Ⱍㅴ⪆⺞᱄⭌㿉䄋䐙⨗⭥㬨᷍㭞䁈⭥ⳃ䍚㬘䎜

㳆䔒䁎⭥㬨㏎㔼Ⳟⳉ⪴ビ⭆⭞⨊㼔⭥⺇㔪᱄ⱙ㸳㗨⭥㋯⧭䁈㻑 䇪᷍䇻ⱁ㭞㬒ヅ⹹

䓃⭥㬨䐋㬗⮄⭥⪌㬻᷍㈎⧄。⽗㔵䎃䄜⮄᱄䊻⡫䎀㋕㎕᷍䎃㬨䄋ⳕⶕ㼓䁈㪛㣠⮘

⭥᱄䄵㸃〞⳷䈌㼀㾵⫛㭞㸋㏞ 㰝᷍㗨Ⱍ㬨㸳㗨㆙㧌⫔䄜⭥㬒⽓㈮⡹㿌䁈㻑⭥㋯⧭᷍

⽔㘇⭥⼽ⱁ㋯⧭⭥䁈㻑Ⱍ㿉䄋䇤⭞᱄⭌㸳㗨⡹㿌䐋⭡䎃㑞㗦㋯䔏⼬㾥⭥㯝㼌㬨䊻

㶋㦌⤜㵍⭥㬒ヅㅻ⮄⧪㭍⭥ 㸃᷂〞⳷䔏⼬㾥⭥㯝㼌㬨㸃⳷䈌〞⳷㭕⿆㛇⤺䔘 䎃᷍

⷗㬨㝄ⰺ䈌㎔⤝㛂⪥䊻 1680 㛋䔔䇳㳂⨗⭥᱄㰅㦜㸳㗨䓽㯖㸃〞⳷䁰ⷒ⿐㿉䄋⭩

⭞㬏㈦㬡ギ㚊㭞䁈⳷㹗䎃⷗䁈㋧⧚⭸⧪㭍⭥㬒⽓ ⭌᷍㸃〞⳷⼬㾥㯝㼌⭥㳂⨗⭥㬒

ヅㅻ⮄㈮㬨㬏㡀㬡ギ㚊᱄⭒㬒᷍〚䇻⭲㋉ⱜ䊻ⷝ䋈䄜㾊᷉㬏㡀㬡ギ㩰⟌䄗᷊ㅉ㑃

⭥ㆃ㹗゙⼯ 䊺᷍䅞㧌㸃⳷Ⳟⳉ㎕⳷㹗㲌䂕㻖⭥㾱㾨㦧㲌䂕䊬Ⱀ㬒㣱㼀䈌㈗㼓⭥㯺

Ⱙ䈌ゴ㯺Ⱙ᷍㝄ⰺⳞ⧭ㅉ㑃㰚㿉䄋⭥㭞䁈〚⪂㈮䄲㈎㶋⡙㑬᱄ 

㼁⡩䇻㸃〞⳷ 㼀᷍㾵⫛㭞䋓䄋⨊㼔⼽ⱁ 㰅᷍㦜⪴㎔⤝㛂⪥㋋㬝㦬㗨㈮䇱ㆃ㼀

㾵Ⳟ⧭䔊⭥⧃㬵᱄䊻㬏➬㬡ギ᷍⡕䔇᷉Étienne Bézout᷍1730–1783 㛋 ᱃᷊ⳗ⭣㗪

⭣᷉Alexandre-Théophile Vandermonde᷍1735–1796 㛋 ᱃᷊㎎㠶㎎㯚᷉PierreÿSimon 

 
213䎃㾊䎜㳆ⰵ䇇⭥㬨㸳㗨㆙㧌⫔䁈䐏㣑䁈㻑⭥㭞䁈᱄ 
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Laplace᷍1749ÿ1827 㛋᷊㻖㵔⭹ⳃ䍚㑬㾱㑱㬞㏎㔼᷍⭌㼀㾵⫛㭞⭥⼬㾥㯝㼌᱑㈹

䎔᱒䋓㬨䐒⭞㬏㈦㬡ギ䐱䄗⤦䇪㹘ⱜ㸅㯚㲹᷉James Joseph Sylvester᷍1814–1897

㛋᷊㳂⨗⭥᱄䐏⽔᷍㰜⭥㞔䇲㋎㎔᷉Arthur Cayley 1᷍821–1895 㛋᷊Ⰹ䅆㑬㾱㑱㬞

⢎㬟ⳉ᱃㈹䎔ゴⳉ᱃㭞⧬᱃⧬ⳉ᱃⪯Ⳟ᱃⭆㸜㈹䎔᱃㒄㈹䎔⼮㛇㈹䎔᱄㈹䎔㏎㔼

䎃⷗㼀㾵⫛㭞⭥⼬㾥⤦⭤䄵㶋⧪ 㰝᷍㬨ⱟ㬏㬡ギⳃ䍚㡑㎕⭥㑠䓴㑇䁈⭥㭞䁈〚⪂᱄

⪴㭞䁈Ⳟⳉ⭥⨊㼔㾵㎕ㅓ 㼀᷍㾵⫛㭞⼮䇱㻿㦛㏎㔼㬨䄜⷗⥄゗⭥ ⡩᷍㸃〞⳷䄋⨊

㼔⼽ⱁ᱄ 

䐏⽔ ⪴᷍㬏㈦㬡ギ䐱䄗㋋㬝 ㈹᷍䎔㏎㔼᱃⳨㝘゙⼯᱃㸃⳷ゐ⼰᱃㏏㦛㏏⫛㭞᱃

㵹㠬䁈䎃㾊㭞䁈Ⳟⳉ⭥ㅉ㑃 ⭞᷍ⱟ㬏㬡ギ⨖㹐㏎䁈ⷐ㘝⭥㶋⧪ ⫔᷍コ䇇ⶤ䄜Ⳟ㘇

㚽㳆。㭞䁈Ⳟⳉ⭥ⳃ䍚ⰵ㹐㏎䁈ⳃ䍚⭥䐹䄋㾵 㒎᷍䄜Ⳟ㘇䄓㚽㳆。㭞䁈㏎㔼㈮⨊

㼔㾵ⱙ䁵⭥⥄゗⭥㆙䄜⤞㳂ⷀ᱄䎃㾊 Ⱍ᷍㬨⡫䎀䊻䔘㸋䄜⷗䁈㪛䊻㆙㾱㹐㏎䁈䓉

䄖⭥䁈㻑⭥㬒⽓㗜䇱䅃㬗⭞᱄䔘㸋䄜⷗ㆂ⺜ 䊻᷍㘇㑺䄜㾊㭞䁈㋯⧭⭥䁈㻑⭥㬒⽓᷍

䄋㗕㶋㦌⤜䐋⭡䎃㗦㋯㬨䋖㗕㎕⭥᷍㋪䄵䔗㬓㗕ᷠ䄋㗕㈮⡜㻦⭤㶋㦌⤜ⶳ䁈㑬᱄

⡫䎀⭞㑬㻷䊻䎃⷗㛋ギ᷍㼌㡑䎃㾊᷍Ⱍ。㉖⭤⳨⧄⭥䄦⼗᱄䅓⪬᷍㸳㗨䄓。䊻⡟

䍣㲹⢑㣠⮘䎃㾊᱑⳨䐋㬗⮄⭥⹼⮄㾵᱒⭥㚻㦾᱄ 

〚䇻㩰㭗㋝㔨᷍⡫䎀ㅌ⪴ᷛ1゙᷊⼯䁈᱃⫛㭞䁈⭥ⳃ䍚ゑㆃ㹗゙⼯⭥ㅉ㑃ᷜ

2᷊㸃〞⳷᱃⧄㸃⳷Ⳟ⧭᱃㠌㸃⳷Ⳟ⧭᱃ⳛ⼐᷉⢅⳷᷊Ⳟⳉ᱃ⶕ⢅⼐㭞㏎㔼⭥ⳃ䍚

ゑ㡅䊻㹐㏎䁈䁱㈠䐱⭥䇇䇤ᷜ3᷊㼀㾵⫛㭞᱃㦛㔼⭥ⳃ䍚ゑ㡅ⰵ⽔㠻㹐㏎䁈⭥䇑

㼍ᷜ4᷊⳨㝘゙⼯᱃㸃⳷゙⼯᱃㏏㦛㏏⫛㭞᱃㵹㠬䁈⭥ⳃ䍚ゑ㡅ⰵ⽔㠻㹐㏎䁈⭥

䇑㼍᷍㯥⷗⤠⳷䍚㋋⡟䍣⭥㲷㔼᱄䔏⽔᷍䊻⭻㹆ㅻ᷍㸳㗨。㣠⮘䄜㻣⪌⧱䊻㭞䁈

⭥ⳃ䍚⺞⧭䐱ⳃ⿴⭥䐹䄋䔘䇤᱄㬖カ㩰᷍⟝㎉㸳㗨㹐㏎䁈᱃㸳㗨⭥㾷⭽䁈㋧⿐䁈

䊻㚻⭥⼽ⱁ䓵㦜㋧䁈⭥⳷䐈䁈㋧䄓Ⱍ䇱䎃⷗⭥㾵䐫᱄䇪䇻㭞䁈⭥〚⪂㾵 ⡟᷍䍣㪇



  

ゑ⭥⼽ⱁ㦬㹐⫔コ䊻〚⪂ㅭ䈞ㅸⰯ䇇ⶤⰝ㳞㯖⺞᱄䎃㬨䇪㭞䁈⭥〚⪂㾵㉗Ⰹ⭥᱄

ㆉ䑛䎃⷗䇦㬧 ⡫᷍䎀䄓㻄㶜㸳㗨㶋⧪㑬ⷀ䐱䁈㻑ゕㅌ㆙㧌⫔䁈⭥㚨⤠⳷Ⱒ䎀㚽⹜

⨖⤞㳆。䄜㻣㦬㏁㸥㘘㬘⭥⿎㉎ ⤜᷍䄋㋝㶋㬵㈮➲䐏㣑⿉㑬⼽⫔㈎㏛䁈⭞⭥Ⰼ㹘

Ⰻ⮕᱄䊻㆒⽔⭥䁈㻑᱃⹅䔘᱃㪛』䐱᷍㚵䓴㏐㘇䇱䎃䂚䄜⷗⿎㉎䓽㬨䄜ミ䇱䇤㣳

㗡⼤⭥㬣㤊᱄ 

 

5.1 㰄㭖᱃゙⼯᱃㧞ㅨ᱃⫛㭞⭥ⳃ䍚䄵ゑㆃ㹗゙⼯⭥ㅉ㑃 

5.1.1 㰄㭖᱃゙⼯᱃㧞ㅨ 

⪴䄜㋋㬝᷍㭞䁈㈮㬨㦬㏁㘉㭗䓵㦜⭥䈐䁵᱄㰝⭥ⳃ䍚᷍䄜䐒㬨䄓㬨䔒䁎䇪ビ

⭆⭞ⶕ䊴᱃䇪䐒⹼⭞⨊㼔᱃䇪㠍㘇⭞㻖㵔⭥⺇㔪㎕㆙㾱⭥᱄䔏䋈᷍㦬㗨㦰㬗⭞⭥

㈮㬨ビ⭆⭥㭞᱄㼒㑞⼴㒘䈓᱃⹦➄ゑ᱃⹦㻄㎑ ⿚᷍䇱㸳㗨⭥㻩㘒 Ⱍ᷍䇱ㆂ㪟ェ㭞᱃

㰄⨐䎃䂚⭥ⳃ㘘᱄䇱㏎㭞᷍䄓䊻⼽䋈⭥㬒⽓㈮⨗㻷㑬᷍㰝䈌⳷㞅㼁⹹᱄䎃㾊㭞䁈

㚻㦾ⰵ䇇⭥㭞䁈㾯㬞㬨㰄㭖᷉Arithmetic ᱄᷊㰝㗨䁱㈠⭥᷍㬨㭞⭥㾵䐫ゑ㡅䊬㰄⺇

䋓᱄➲㭞⼮㭞⭥㾵䐫᱃㭞⼮㭞䐏ヅ⭥㯥䋓䊬㰄䊻䇇䇤⺞⧭䐱⭥㈎䂊㎼ェ㡑㎕᷍⤃

ゴ䄵䎜㏎᷍㭞䁈䐱䔏⹦㎰⭥䄜㗦⳷䐈㈮⼽䓵㦜⭹ㅉ㑃㑬᱄ 

䅓㸋ビ⭆䈌〚⪂ 㰄᷍㭖䎃⷗⳷䐈䄓䐈⧦㑬䓵㦜䍽䁈䐱㦬㏁ⰵ䓵㦜⭥䔏䋈⭥㦰

㬗᱄㭞䁈㩰㰚䇱䐏⽔⭥㏎㔼Ⱍ㬨䄵㰄㭖㸋〚⪂⭥᱄䊻㾂䁈㬒⫛᷍㸳㗨⭥㭞䁈㋯䄓

ㅱ㰄㭖㋯ 䎃᷍⷗⼮㸳㗨㦬㏁ⰵ㭞䁈⭥㦰㬗⺞⧭Ⱍ㬨ⰵ䇇⭥ 214᱄1946 㛋 ⭒᷍⭻䄜㲉

⮈䓴ェ㰄〛 ENIAC ⭏㪛⽔᷍㼒ⴌ᱅㝖䄢㕝᷉John von Neumann᷍1903ÿ1957 㛋᷊

䎃䐷㸑⫔⭥㕀ゎ䁈コ㯓ヅ㦰㬗⭞⭥䄓㬨⮈䓴ェ㰄〛䊻㰄㭖ェ㰄䐱䊗⧍㦬㏁⭥㚽

 
214䐏⽔᷍⤦㬨゙⼯᱃⫛㭞᱃ㆃ㹗゙⼯᱃㸃〞⳷᱃ⶦ㔫㔼⭩⭩᱄㼁㾦⼽ⱁⰢ䎀䊻⼃㳂㬒⫛᷍Ⱍ䇱➷
㕉ⶉ⭝䓵゛㏎ㆃゴ᱃ブ᱃⧬᱃⨞䎃㾊㰄㭖䊬㰄⭥㗡⼤エ䅅᱄ 
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㑇᱄㆙ⱙ᷍㋋㬝〞れ㳂⧌㏜䇤㡅ㆃ㉗㭞䁈㸫㳃᱄㸳㗨䊻㋧䁈䁱㈠䐱㏜䇤ェ㰄〛᷍

䄜⟄䄓。㈎㏛䄜⷗ㅉ㑃⫛㭞Ⳟ⧭᷉Algebra ᱃᷊㾕⨗㰄ⳉ᷉Algorithm ᱃᷊㬖㻷⧭㿓

᷉Programming ⭥᷊⺞⧭᱄㡅䐱⭥⽔㑞⤠ ㈮᷍㬨ㅓ䄜⷗⫛㭞㸫㳃ビ⿐㸋㰄㭖㸫㳃᷍

䊺ㅜⷙェ㰄〛᱄㰚䇱䎃㾊 㸿᷍⤜䍤㻵䓦㰄㭖䎃⷗㭞䁈㩰䔏⹦㎕⭥⳷䐈䊻㡅䐱⭥〚

⪂⭹㸜᱄ 

⽔㎕᷍㰇䓦㸥㘘⭥ⳃ䍚᷍㦬㏁㆙㧌㝊䄖㪈。᱄䊻㝊䄖㸥㘘䐱᷍䇪䇻㑙㬔⭥⥛

㑠䎞⡩䇻㵢⭹⭥㘇〞᷍㵢⭹䍪㑠䄓⧪㸋㑬⳨⧄㬖カ⭥㿉㤔᱄㼁䇇⭥᷍䊻㭞䁈㩰᷍

⨞㑬㼁ⰵビ⭆⭥㰄㭖゙᷍⼯䄓⭤⭞ⳃ䍚᱄㿉䄋䐙⨗⭥㬨᷍⹹䇻㵝⭥䁱㈠䈌⹹䇻㭞

⭥䁱㈠⪴㋋㬝㈮㬨㼁⿆⪺㆙⭥᱄⡩㧈᷍䎞Ⳟ㾯ⰵㅨ㼀⧅Ⱙ⭥⥃㑠⫙㎕㑬㸿㏎㭞᱄

⨞㑬䍪㑠㵢⭹᷍㳍㸥᱃⼞⼄᱃䄵ゑ䎃㾊䇇䇤䐱㼁⹹㏎㔼⭥㳂⨗䄓れ⫔⭹⪺㆙㑬゙

⼯⭥ⳃ䍚᱄䔏⨖⭥゙⼯᷍㈮㬨ㅌ⺇䋓⭥⮄᱃㼀᱃㘇᱃㳆⭥⹹㻖⺇Ⰹ䓂᱄䎃㾊㸳㗨

䊻⭻ⱟ䍣Ⱍ䇱ㆊ㩽᱄䊓᱃㵷䊓᱃㝸㹐㼀᱃ⷘ䐷ⱁ⢀㾯᷍䊻⭒㬒Ⱍ㬨⼽㚲⪇㏎⭥゙

⼯㸫㳃᱄䎌ⰵ䎃㾊㸫㳃᷍㦬㗨ⳃ䍚⨗㤏ㆀⳉ᷍䎃㬨䔏䋈⭥れ㻿⭥ⶦ㛏ᱟ⤝㎸㯶᷍

2022ᱠ᱄㻄㎑⭥⧨⟏㸥㘘⽔㠻᷍㻯ㅴⳛ㻄㎑⿐㬒㠻᷍䊻⭹䐱⼄㤙䈓᷍䄜㞛㭞䁈コ

䄵➄ゑ⭥䁨㏛㩞⫔⧨㸋䐱㾥』Ⱀ᷍㻖㵔㾵⭥゙⼯㏎㔼⡜㝘゙㏐⭤᷉Euclid᷍㪛』

䊻⹌䊋㣑 300 㛋䔔䇳᷊䓽ㆂ㸋᱗゙⼯䊎⡟᱘᱄䎃㬨㦬㏁㏛㬘㩰⭻䄜⪯⪴゙㳖⹌㪉

⨗ⳃ㶋⧪⭥䄜⷗㻖㵔⭥㏎㔼᱄㰝⭥䇑㼍㬨㧈⪬⭥㈿⫔ 䄵᷍䐢䇻㋧䁈ⷐ㘝䐱㼒㝄ⰺ

䎃䂚⭥㦬䊻㾕䔘᱗䓵㦜㋧䁈⭥㭞䁈䊎㏎᱘⭥㬒⽓᷍䄓㬨䄵᱗゙⼯䊎⡟᱘㸋⟒䂚㎕

㆙㾱⹚㯝⭥᱄⨞㑬᱗゙⼯䊎⡟᱘᷍➃⤉㔿㛂➣㯚᷉ Apollonius of Perga 䊝᷍⹌䊋㣑 262

ÿ190 㛋᷊⭥᱗䊓䓗㤛㼀㔼᱘䄓㬨れ㉀䇑㼍㑇⭥䑙䔘ᱟLloyd᷍2021ᱠ᱄ 

ⳛ㻄㎑⿐㬒⫛䐏⽔᷍㔿㕎⭼⺛㵔䐯㑬⭹䐱⼄㤙䈓᷍⹦㻄㎑㸥㘘䑑ㅆ㯆㵬᷍㝘

䐿㏛㬘㆙㧌㔿㕎⭼⺛㬒㠻᱄⹌䊋㯥㬡ギ᷍〚Ⱎㅭ䊻㔿㕎⭼⺛⡜Ⰹ㸋⺛ㅭ᷍⹦㻄㎑



  

㬞⭥䁈㾄㋋㬝䑑ㅆ⿥⳰ 㭞᷍䁈䄓㋋㬝㯆㕅᱄㼒㝢㠶㯚᷉ Pappus 䊝᷍ 300ÿ350 㛋 ᱃᷊

㧜㸭᷉ Theon of Alexandia 3᷍35ÿ405 㛋 ᱃᷊㻄㝢⭺倌᷉ Hypatia 䊝᷍ 350ÿ370 㛋⨗㪛᷍

415 㛋㦆㬡᷊〚⡟㩰㈮㬨䔏⽔゙⷗㉀䇱⺄ⳛ䇑㼍㑇⭥㭞䁈コ᱄㧈⺜㦬㗨䓽ㆂ⹦㻄

㎑᱃⹦㔿㕎㬒㠻㰄㭖᱃゙⼯⭥ⳃ䍚⭥⿑᷍㻣㘇㯥⷗㲹⮄䇇ⶤ㯖㬨⡩ㅰ㘘㻵⭥ᷛ 

1. 㭞䁈䊻䎃⷗㬒㠻䄲㈎⧪㸋㑬䄜㗦⨊㼔⭥᱃Ⱑ㑃⭥䁈㋧ᷜ 

2. 䄜䐷㻩㆙⭥㔼䐅㚄㬞᷍ゕ䁾䅐䐅㘘᷍⡜ㅉ㑃ᷜ 

3. 㰄㭖⺇䋓〚⡟ⷄ㤆゙᷍⼯䁈᱃㧞ㅨ䁈〚⡟⧪㾮ᷜ 

4. 䄜㾊㗩䁠䐱⭥ⷀ⭩㭞䁈⭥ⶦ㛏᷍⡩㧈れ㻿᷍䄓䄲㈎⨗㻷᱄ 

㹘㔿㕎⭼⺛㘑㶗⽔᷍㝘䐿㆙㧌㑬䐱㬡ギ᱄䊻䐱㬡ギ㝘䐿⭥䁈㾄㏐ㅓ⭥㭞䁈᷍〚⡟

䄓㈮㬨䎃㾊㚻㦾᱄ 

 

5.1.2 ⫛㭞⭥ⳃ䍚᱃ㆃ㹗ㆂ⼰⭥ㅉ㑃 

䐱㬡ギ㝘䐿⭥㯆㕅⟊㰇⭥㬨㰜㗨⭥㑻㈴䐱Ⰼ⭥➃㎎⤏㬡ㆈ⭥㾬㡑᱄⪴➬㬡ギ

㋋㬝 ➃᷍㎎⤏㬡ㆈ㵉⺞Ⳏ䅌ⷘ㸥㘘⭥⹦⮅䔘㠘 䊻᷍➮ⷒ⫐ㅉ㑃㑬䄜⷗㋪䄵㦂⫛➄

ゑ⭥䁨㏛㩞⫔㵝㭊⹾⭥㬡ㆈ㭞䁈䐱㾥᱄⤉㯚㦬⿉䖾䓴㗸᷉AlÿKhowarizmi᷍780ÿ

850 㛋᷊㈮㬨䊻䎃⷗⡔㈑㻣⥛㪛⭥ㅽ⨗㭞䁈コ᱄㰜䑘䄋䇱㑞⤠䑙䔘᱄䄜⤠㬨᱗䇂

Ⱙ⭥ェ㰄㭖᱘᷍ 䑘䄋ㆊ㩽䇂Ⱙ⭥㭞䈌ェ㰄ⳉ᱄㒎䄜⤠㬨᱗⫛㭞䁈᱘᷍ 㻖㵔㾵⭹ㆃ㉗

㑬䄜䊋䄜⪯᱃䄜䊋ⱟ⪯Ⳟ⧭⭥㤔ㆃ㸫㳃᱄䎃㏐᷍⿉䖾䓴㗸㬚䇤᱑⿚䊎᱒᷉ alÿjabr᷊

⼮᱑㠞⽃᷉䇱㬒䄓⧧㸋ⰵ㼜 ᱒᷊᷉ alÿmuq̢bala᷊⭥Ⳟⳉ➲㠞Ⳟ⭥㻖㭞㤙⳷᷍㆙ⱙ㬚

㦯䅃Ⳟ⧭㋪⿚䊎㸋㒚䐷⢋䓝ⷒ㬞䐱⭥䄜䐷᱄䎃㾊Ⳟⳉ ⽔᷍㎕䄓⧪㑬㸳㗨䊻㤔ㆃⳞ

⧭⭥㬒⽓㬚䇤⭥〚⡟Ⳟⳉ᱄㡅䐱᷍alÿjabr 䎃⷗⪫⽔㎕䁾⿐㸋⫛㭞᷉algebra᷊䎃⷗

⪫᱄ⱙ⿉䖾䓴㗸⭥㘜䓷⭥㎎Ⰲ㸥᷉algorithm᷊᷍ 䄓䁾⿐㸋㰄ⳉ䎃⷗⭆⪫᱄ 



   

218 
 

⿉䖾䓴㗸䐏⽔᷍㝘䐿᱃䄢㯚㎝㬡ㆈ⭥㭞䁈㆙䍚䎜㳆⤜⫔᱄⭞㑬⹌䊋㬏㒚㬡ギ

䐱䄗᷉1540 㛋䔔䇳᷊᷍ 㸥䄶ⶕ㾬⽔㠻᷍㎕䓵䅃⫔㏜⭥㋉⭅᷉Girolamo Cardano᷍

1501ÿ1576 ᱃᷊ⴌ㰟㚪᷉Niccolo Fontana᷍1499ÿ1557 ᱃᷊Ⳳ㎎㏐᷉Lodovico Ferrari᷍

1522ÿ1565᷊ㆃ㉗㑬䄜䊋㧞⪯᱃䄜䊋㯥⪯Ⳟ⧭⭥ⷚ㬞ㆃ㸫㳃᱄䊺䐏⽔᷍㦬㗨䊻䁑

㤔㹆⪯Ⳟ⧭⭥ⷚ㬞ㆃ⭥⺞⧭䐱ⳃ㘘㑬㦛㔼᷍䎃㬨⽔⿑᱄䎃㏐᷍㸳㗨㋪䄵ㅌ䎃㾊㭞

䁈㩰⭥㆙⤞䓽ㆂ㸋ᷛ㵉⺞⫛㭞᷍㦬㗨㈮㋪䄵⤜䊺䓘㤔ㆃ㉗䄜㾊㉀㳆㸫㳃᷍ⱙ㬨〚

䇻䊎㬝㼏⭥䔊⼰㵉⺞Ⳟ⧭㎕㘉㭗㭞䁈㸫㳃 㡅᷍⼬㾥㬨ㅌ㉀㳆⭥㸫㳃⨊㼔⿐㆙ⱙ䁑

㤔㠶㬫ㆃ᱄䎃㬨㭞䁈㩰⭥䄜⪯㈿⫔⭥㆙⤞᱄ 

⨞㑬⫛㭞᷍⹦㻄㎑㋋㬝᷍䅓㸋㳍㸥⹼⥃⭥ㆂ⺜⳷㹗䄵ゑ⼞⼄⭥㿉䄋᷍㧞ㅨ䁈

䄓⭤⭞㑬⼽⫔⭥ⳃ䍚᱄㧞ㅨ⼐㭞ゑ㡅⢅⿜⺇䋓䇻㸥䄶ⶕ㾬⽔㠻䇪ⳉ⺛㭞䁈コ㸅⫐

᷉Franciscus Vieta 1᷍540ÿ1603 㛋᷊㻖㵔⿐᱄䊻㰜⭥䑙䔘᱗䇇䇤䇻㧞ㅨ㾯⭥㭞䁈Ⰹ

㔪᱘᷉ <Mathematical Laws Applied to Triangles>᷍1579 㛋⨗⟇᷊䐱᷍䇱ㆃ䐒ㅨ㧞ㅨ

㾯᱃㾒㧞ㅨ㾯⭥㼋㭗᷍⿚䇱䎞㣱Ⰹ㏎᱃䈁㻳Ⰹ㏎⭩᱄㰜⿚ⳃ䍚㑬㏜䇤㦌⤠㒚䐷㧞

ㅨ⼐㭞㤔ㆃⷘ䐷㠞㘇䈌㤓㘇㧞ㅨ㾯⭥Ⳟⳉ᱄㵍㬒᷍䊻㰜⭥㒎䄜⤠䑙䔘᱗㾣⫛㭞᱘

᷉<New Algebra>᷊䐱᷍㰜⿚䅞㧌㑬㬚䇤䓷㚙㸋ⴜ⼦⭥⫛㭞Ⳟⳉ᷍⤃㋋㬝㬚䇤⫛

㭞㎕䁱㈠ゐ⼰᱄䎃Ⱍ㸋㭞䁈㩰⭥㻣䄜⷗⳪䊟᷉ㆃ㹗゙⼯⭥⭏㪛᷊⮍Ⰹ㑬〚⪂᱄ 

ㆃ㹗゙⼯⭥㲹⮄㈮㬨㬚䇤⫛㭞⭥⹅㉀ 䄓᷍㈮㬨⨊㼔⿐⭥Ⳟ⧭ ㎕᷍ㆃ㉗゙⼯㸫

㳃᱄㰝㉀䇱㻖㵔㾵⭥䇦⮄᱄䊻ㆃ㹗゙⼯⥛㪛䐏㣑᷍㦬㗨⹹䇻゙⼯⭥䁱㈠Ⱍ㬨䎌ⰵ

㉀㳆⭥㵝㾯㎕⿎㉀㳆⭥㵝᷍㆙ⱙㆃ㉗㸫㳃᱄ⱙ䊻ㆃ㹗゙⼯ㅉ㑃䐏⽔᷍㦬㗨㋪䄵㬚

䇤䄜䐷㾯㬞⭥Ⳟ⧭᷍㵍㵉⺞⢅⿜⤯㭞᷍㎕㘉㭗䄜㏁㤛㼀᱄㏛㬘㩰᷍䎃㬨゙⼯䈌⫛

㭞⭥⭻䄜⪯ㆂ⼰᱄䊻ㆃ㹗゙⼯⭥⥛㪛⺞⧭䐱᷍䔏䐹䄋⭥㑞⷗⫛⢎㦬㹐㬨⭲㋉ⱜ

᷉Rene Descartes 1᷍596ÿ1650 㛋᷊⼮Ⳳ㕎᷉Pierre de Fermat 1᷍607ÿ1665 㛋 ᱄᷊㸳㗨



  

➕㬒ヅ㯔㿓ㆊ㩽᱄ 

⭲㋉ⱜ㬸㻩㬨䄜㘜䍽䁈コ 㰜᷍㬨㸉㏎㔼⭥⮍〚㦬 㹘᷍Ⳟ㆝⫛䍽䁈䄓⪴㰜㋋㬝

ᱟ䍵ⰹ⿋᷍2012ᱠᱟ⭬㼟㗃᱃䍵㑷᷍2014ᱠ᱄㭞䁈ⰵ㰜ⱙ䁵᷍〓㿎䄓㬨㰜㏎㾵⭥

⹅㉀᱄䊻⭲㋉ⱜ』䊟⭥㛋⫛᷍㸅⫐䄲㈎㦆㬡᷍⭌㸅⫐⭥㯝㼌㦕㪏㪏⭹䇑㼍㑬㰜⭥

䎃㸜㶎⡓᱄㸥䄶ⶕ㾬⭥䄜⷗ㆂ⺜㬨㝘䐿㦬䊻䍽䁈㩰㋋㬝㦌㘇㻖㵔⭹ⳃ䍚⹦㻄㎑⭥

㭞䁈䈌㹐㏎䁈 ⤃᷍㋋㬝㻖㵔⭹㬚䇤㭞䁈㎕㘉㭗㹐㳆䊬Ⱀ ㆙᷍ⱙ䁑㤔䈏䑇䊬Ⱀ⭥㭞

䁈㘉㭗᱄⨞㑬䊓⼮䐒㼀᷍䊻䈌䊓䓗㼁⹹⭥㡅㰝㤛㼀᷉㵷䊓᱃㝸㹐㼀᱃㯌㤛㼀᷊⭥

㘉㭗㩰 䋈᷍㠻⭥㻄㎑㸥㘘㰅㦜䇱㑬㼒➃⤉㔿㛂➣㯚䎃䐷㦬⭥〞⮎ᱟLloyd 2᷍021ᱠ᷍

⭌䎃㾊Ⳟⳉ䊻㭞䁈㩰⭥⢎⫐⿚⺞䇻Ⳓ㰗᱄䎃Ⱍ㸋㭞䁈⪴䁱㈠⧄㑠⭥᱑⨖⭩㭞䁈᱒

㼓᱑䁱㈠⢅㑠⭥㼁ⰵⷀ⭩⭥㭞䁈᱒⭥ⳃ䍚㳂⹊㑬㳖ミ 215᱄ 

1637 㛋᷍⭲㋉ⱜⳃ⢎㑬㰜㏎㾵䑘䅆⭥⮍〚䔘᱗㲙㲙Ⳟⳉ᱘᱄᱗゙⼯䁈᱘㬨䔘㸋

䄜⷗⶞㔝᷉ ㆃ㉗゙⼯㸫㳃⭥Ⳟⳉ ⳷᷊㧞㉎䊻᱗㲙㲙Ⳟⳉ᱘䐱⨗㻷⭥᱄䊻⭻䄜㉎㏐᷍

⭲㋉ⱜ䅞㧌⨀⺇䔘㵝 䊬᷍䇤⫛㭞Ⳟ⧭䁱㈠゙⼯ⰵ㼔⭥㾵䐫 ➲᷍⫛㭞䈌゙⼯ㅉ㑃㑬

⨖⤞㑋㻖᱄䊻⭻ⱟ㉎䐱᷍㰜ㅌㆃ㹗゙⼯⭥㑞⷗〚⡟㯝㼌㶋㦌⢎㻷㑬⨗㎕ᷛㅌ㠞㘇

㩰⭥⮄䈌䄜⷗㭞ⰵ (x, y) 㑋㻖㡑㎕ ⤃᷍䐙⨗㤛㼀㬨㦯⼯㉀㳆⫛㭞Ⳟ⧭⭥⺍や᱄㆙

ⱙ᷍〚䇻㡅䐹⮄ㅓ㭗䄜㾊㤛㼀⭥㾵䐫᱄䊻⭻㧞㉎㏐᷍㰜㲷㔼㑬⹹䇻⫛㭞Ⳟ⧭⭥䄜

㾊㏎㔼᱄䇱㑬⢅㭞᷉⢅㑠᷊᷍ 䊬Ⱀ㈮㋪䄵⡜⼽Ⳟ⢄⭹㆙㾱ㆃ㹗⢎⫐᱄㵍㬒᷍⫛㭞

䈌゙⼯ㆂ⼰᷍䄓⫔⫔㎊䍚㑬㭞䁈⡟㪎᱄⪴⭲㋉ⱜ㋋㬝᷍㦬㗨㋋㬝䇤䄜ⰵ㬖㭞㎕㘉

㭗㠞㘇㩰⭥⮄ ⤃᷍䇤Ⳟ⧭⢎㬟㤛㼀᱄䇤Ⳟ⧭㘉㭗⨗⭥㤛㼀㼁⡩䇻㦬㗨䐏㣑㵉⺞゙

⼯Ⳟⳉ⭤⭞⭥㤛㼀᷍䅓㸋⫛㭞Ⳟⳉ⭥㠶㬫㾵᷍䄋ⴂ⶜⼽ⱁ᱄㵍㬒᷍㦬㗨䄓䅃㬗⭞

㑬㋪䄵㵉⺞⫛㭞Ⳟ⧭ㅌ㤛㼀⳷㏁᱄䎃䂚 㦬᷍㏁ⰵ゙⼯⭥䁱㈠䈌㦰㬗䄓㼓㣑㕖㑬䄜
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⫔⤞᱄ 

㼒㸃〞⳷⭏㪛⺞⧭䐱䇱㝄ⰺ䈌㎔⤝㛂⪥⹹䇻䇦㻩㦉⭥䎚䅊䄜䂚 䊻᷍ㆃ㹗゙⼯

⭥⭏㪛⺞⧭䐱 ⭲᷍㋉ⱜ䈌Ⳳ㕎⭥⹒㻸㵍䂚⫇䊻䄜Ⰹ䎚䅊᱄䎃䄓㬨㋧䁈ⳃ䍚⭞䄜⷗

㲹ⰉㅸⰯ㆙㧌⹆⧨➯䍐⹹ポ㠻㬒⧄ボ⭥㤊㌗᱄Ⳳ㕎⭥䑘䄖㬨䄜㘜㔪㬇 ⭌᷍㰜ⰵ㭞

䁈䊻ⱁⳞ㘇Ⱍ䇱⹒㻸᷍㧈ㆃ㹗゙⼯᱃㸃〞⳷᱃ⶦ㔫㔼᱄㰜ⰵㆃ㹗゙⼯⭥㾬㦅㬨⪴

㑇㵝⿷ⶕ➃⤉㔿㛂➣㯚⹹䇻㠞㘇㩰⺍や⭥䁱㈠㋋㬝⭥᱄㸋⪬᷍㰜䊻 1629 㛋⨗⟇

㑬䄜⡟ㅱ䔗᱗㔼㠞㘇⼮㑃㳆⭥⺍や䅞㔼᱘⭥䑙䔘᱄1636 㛋᷍䊻䈌⭒㬒䑙㘜⭥㭞䁈

コ㔿⡕㶀ⱜ᷉G. P. Roberval᷍1602ÿ1675 㛋᷊⭥㵉㾦䐱᷍㰜㳂ゑ㑬ㆃ㹗゙⼯⭥㯝

㼌᱄䎃㏐ Ⳳ᷍㕎ⳃ㻷㑬䄜⷗㋪䄵䇤⫛㭞Ⳟ⧭⢎㬟㤛㼀⭥Ⳟⳉ᱄㉀㳆⤞䑉 㧈᷍㵝 5.1

㰚㬟᱄㸳㗨㋪䄵㦂䄜㳖㯏㠞⭥䐒㼀䔘㸋䑂᷍⤃䊻⪬䑂㩰⹭Ⰹ䄜⷗⮄ O 㸋䊎⮄᱄

䎃䂚᷍ⰵ䇻㦯䅃㤛㼀⼮㰝㩰㘇⭥䄜⷗⮄ M᷍㰝⭥㸜䐤Ⱍ㋪䄵䇤㑞⷗䓷㚙 A ⼮ E

㎕㦘Ⰹ᷉ ズ㪉 A 䈌 E ⫛⢎⭥㼀Ⱟケㅨ⹭Ⰹ 㸋᷍ߙ ᱄᷊㡅䐱 A᷍ ⫛⢎ O 䈌 Z ⭥㉁㏌᷍

E ⫛⢎ Z ⭞ M ⭥㉁㏌᱄䎃䐷⢎㭗Ⳟ㬞⭩ゼ䇻䐒ㅨ䔙⢋㻖䐱⭥ x᱃y᱄〚䇻⪬᷍㰜

㯖⨗㑬䐜䄋Ⳟ⧭㏐䇱㑞⷗㸕䐋㑠᷍㸳㗨㈮㋪䄵⭤⭞䄜⷗⺍や䎃䐷㠶㬫⭥Ⰹ㔪᱄ 

㋕㯧⼰㏎᷍⭌⡩㡑⭲㋉ⱜ᷍Ⳳ㕎㰚㯖⭥㚻㦾ⷝ㼒㬨䄜㾊⼬㾥㯝㼌⭥⢎㭗᱄䊻

㻖㵔㾵㩰᷍㰜⭥㏎㔼䈌⭲㋉ⱜ⭥㏎㔼⿚䇱䄜Ⰹ⭥⥏㉁᱄䄓䎞㬨䅓㸋䎃⷗䊎䅓᷍㲙

ゑㆃ㹗゙⼯ 㦬᷍㗨䄜⟄⿚㬨。➲⭲㋉ⱜ⭒䔘䔏䐹䄋⭥⮍〚㦬᱄䇤⢅㑠㎕㘉㭗㤛㼀᷍

㦬㗨䊻䎃⷗㬒㠻᷍䊻㭞䁈㩰㸋㸃〞⳷⭥⭏㪛⮍Ⰹ㑬〚⪂᱄䊻㹐㏎㩰᷍䎃⭒㦜䄓㸋

㝄ⰺ㑇䁈⭥⭏㪛㳂⹊㑬㳖ミ᱄ 



  

 
㵝 5.1 Ⳳ㕎ⰵ㤛㼀⭥ㆃ㹗㘉㭗㬟䅃㵝᱄ 

 

5.2 㸃〞⳷᱃⧄㸃⳷Ⳟ⧭᱃㠌㸃⳷Ⳟ⧭᱃ⳛ⼐᷉⢅⳷᷊Ⳟⳉ᱃ⶕ⢅⼐

㭞㏎㔼⭥ⳃ䍚ゑ㡅䊻㹐㏎䁈䁱㈠䐱⭥䇇䇤 

5.2.1 㸃〞⳷ 

ㆃ㹗゙⼯⭥㻣䄜⤞㬨㸃〞⳷᱄㣑㘇㳂⭞⺞᷍㰝䇱㯥⷗⼬㾥㏎㛏᷍⳷⢑㬨ᷛれ

㻿᱃⭝㭞᱃〞⳷᱃゗㭞᱄㻷䊻᷍㦬㗨䄜⟄Ⱍ。䐋⭡㸃〞⳷⭏㪛⭥㬒ヅㅻ⮄㬨䊻㬏

㡀㬡ギ㶎㠻᱄⭌㵍㬒᷍㦬㗨䄓㶚㶚。⽗㬴㰝⭥Ⰹ㾮䄋⭩⭞㬏㈦㬡ギ㻣⟌䄗᱄䊻䎞

⧄⭥⫔䁈䄜㛋゗᱗ⷀ⭩㭞䁈᱘㋯⧭⭥ㅭ䁈䐱᷍㦬㗨䄜⟄。➕䍶㩰㘇⭥㯔㿓㎕ㅓㆃ

䄲㈎Ⰹ㾮⽔⭥㸃〞⳷⭥㚻㦾᱄䎃䂚⭥⼤⪇㬨㰝㋪䄵ⷙ䁈㪛䄜⷗㉀䇱⼽⼤⭥㬖䇤㾵

⭥㸃〞⳷㬚䇤㬷⥂ 䄓᷍Ⳟ⢄㏎ㆃ⧪㭍⽔⭥㸃〞⳷⭥⼬㾥㯝㼌᱄⭌㧈⺜⿹⭞䐋㬗⥛

㪛⭥㕀ゎ㎕ㅓ⭥⿑᷍➕㏛㬘㆙⧭᷍䎃㯥⷗ⶦ㛏⨗㻷⭥㯔㿓䋓㬨ᷛ〞⳷᱃⭝㭞᱃゗

㭞᱃れ㻿᱄⡟䓦䎃⡟㭊䄜䐒䄵㎕⭥㾕䔘㻑⺀᷍㸳㗨➕䎃⷗㏛㬘㯔㿓㎕ㅓㆃ䎃⷗㸫

㳃᷍䄵㠻⿚䊎䐋㬗⥛㪛⭥㏛㬘㕀ゎ᱄ 

⭻䄜⷗⨗㻷⭥㬨〞⳷᱄䋈䊻⹦㻄㎑ ➃᷍〚㗸⭣䊻㤔䊓⭥㘇〞䈌㤓⭥㳆〞⭥㬒

⽓㈮ⱁ⪯㬚䇤䎃⷗㯝㼌᱄㬏㡀㬡ギ⨖᷍㋋㠶㎶ⳃ㻷㾱㾨䊬Ⱀ⭥㘇〞Ⰹ㔪᷉⭻ⱟⰉ

㔪᷊⭥㬒⽓᷍䄓㬨㏜䇤㾂㑠㤔⼮⭥㯝㼌㎕㤔ㆃ㤛⢀㾯⭥㘇〞⭥᱄⭻ⱟ⷗ⶦ㛏㬨⭝

㭞᱄⹹ポ⮄ ㈮᷍㬨㝄ⰺ䈌㎔⤝㛂⪥㼁⿆Ⱑ㑃⭹䅃㬗⭞㎼ェ㸫㳃⼮⢅⿐㔫㸫㳃㬨⿆
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㛇⭥᷍㤛㼀⭥⢅⿐㔫㚽䇤㣱㼀⭥Ⳟ㬞㎕⪇㏎᱄䊺㶚⽔᷍㬨゗㭞᱄䔏㉀⫛⢎㾵⭥㈮

㬨㲊㎶᷉Brook Taylor᷍1685ÿ1731 㛋 ᱄᷊䎃⷗⭥㬒ヅ⮄㬨㬏➬㬡ギ⨖᷍䄲㈎㬨䊻

㝄ⰺ䈌㎔⤝㛂⪥⭥』䊟㠻䐏⽔㑬᱄䔏⽔᷍㬨れ㻿᱄䎃⷗䄋⭩⭞㬏㈦㬡ギ᱄㸳㗨㿉

㤔㣠⮘⭥㬨⪴㕀ゎ㩰㎕ㅓ 〞᷍⳷䈌⭝㭞䎃㑞⷗ⶦ㛏Ⱍ㬨ㅉ㑃䊻れ㻿⭥〚⪂䐏㩰⭥᱄

⭝㭞⭥Ⰹ䅆㼁ⰵビ⭆᷍⭌〞⳷⭥Ⰹ䅆㬨⡩ㅰⶕ䊴⭥᷍㰝㣄⧗⭞゗㭞⭥㎼ェ᱄⭌㏛

㬘㩰᷍㦬㏁㬨➕䍶䄜⷗䇪㣔㧌㪏⭥Ⳟ㬞᷍䄜⤞䄜⤞䅃㬗⭞⤃ㆃ㉗䎃㾊㸫㳃⭥᱄ⱙ

⤜㬨䄜⤞㈮㸜⭥⥛㪛䔏⼰㏎⭥㕀ゎ⭥᱄ 

㏛㬘㩰 㩰᷍㭗㯥⷗㏎㛏⭥⥛㪛㯔㿓䈌⭒㭞䁈㸫㳃⧚⭸㤆⨟⽔⭥㕀ゎ㯔㿓⭥⤜

䄜䐣䄓⫙㎕⺞䄜㾊㬖カ㸫㳃᱄⡩㧈᷍䊻㬏㡀㬡ギ㚊᱃㬏➬㬡ギ⨖᷍㸃〞⳷⭥⤜䁰

㆘㾵㰚⫙㎕⭥㕀ゎ㔊Ⱅ䄓。⧪㸋㦬㗨⹆〘㸃〞⳷⭥㏎䇪᷍䔏䑙㘜⭥㈮㬨⡕㋬㎔

᷉George Berkeley 1᷍685ÿ1753 㛋᷊䷄㔼 216᱄㰝㋪䄵⢎㭗㸋ᷛ㬖カ䇇䇤䐱᷍㸿㤏㾂

㑠䄜。ⱚ㸋㒄䄜。ⱚ⤜㸋㒄 䊻᷍㝘䐿⪌㵔⭥㾯㬞㕀ゎ䐱䎃⷗㸿䄪㬨䄜⷗㗍ⰽ᱄⹹

䇻䎃㾊ⶦ㛏⭥㈌㦘⥜㭗 䄜᷍䐒䄋⭩⭞㬏㈦㬡ギ㻣⟌䄗⳷㹗䁈⭥ㅉ㑃⤦⭤䄵⧚⭸ㆃ

㉗᱄䐱ヅ᷍䇱㑞⷗㦬㹐⭥⹒㻸⼽䐹䄋᱄㬸㻩㬨㋣㹘᷉AugustinÿLouis Cauchy 1᷍789

ÿ1857 㛋᷊᷍ 㰜➲㸿㤏㾂㑠Ⰹ䅆㸋⢅㑠᷍䅞㧌㑬れ㻿⭥ⶦ㛏᱄䐏⽔㬨㸍ⱜ㯚㲹㎎

㯚᷉Karl Theodor Wilhelm Weierstraß᷍1815ÿ1897 㛋᷊᷍ 㰜ㅌれ㻿⭥ⶦ㛏䁰ⷒ⿐᷍

㆙ⱙ⧚⭸ㆃ㉗㑬㼒⡕㋬㎔䷄㔼䎃䐷㸫㳃᱄䐢⪬᷍㻷⫛䅃䅆㩰⭥㸃〞⳷⧚⭸ㅉ㑃᱄ 

 

5.2.2 ⧄㸃⳷Ⳟ⧭᱃㠌㸃⳷Ⳟ⧭ 

䈌㸃〞⳷㏎㔼⭥䁰ⷒ⿐㵍㬒 㬏᷍➬㬡ギ⭥㭞䁈コ㗨䄓䊻䐣㑇䇻ㅌ㝄ⰺ㑇䁈䇇

 
216䎃⷗⡕㋬㎔᷍䈌㕆㋬᷉John Locke᷍1632—1704 㛋᷊⼮㾾䜴᷉David Hume᷍1711ÿ1776 㛋᷊
䄜㡑᷍㬨㆝⫛䇃⺛㈎䂊䑘䅆䍽䁈⭥⫛⢎㦬㹐᱄㰜⭥㘜䁵㬨ᷛ⫇䊻㈮㬨⡜ⶱ䐋᱄㰜⭥䍽䁈䄜䐒
⼽䇱䇑㼍᱄1868 ㅉ㑃⭥ゴ䐾⫔䁈⤏㋬㏜⳷㾄᷉UC Berkeley᷊᷍㈮㬨ベ䇻㰜⭥䇑㼍᷍䄵㰜⭥㘜
䓷㘝㘜⭥᱄ 



  

䇤䇻ⷘ䐷㬖カ㸫㳃᱄䎃䄓⫀㪛⨗㧞⷗䁈㋧Ⳟ㼓ᷛ⧄㸃⳷Ⳟ⧭᱃㠌㸃⳷Ⳟ⧭᱃⢅⳷

ⳉ᱄㣑㑞䎀㵔⧧㸃⳷Ⳟ⧭᷍㰝䐙⭥㬨⼍䇱㸕䐋⼐㭞ゑ㡅⭝㭞⭥Ⳟ⧭᱄㡅䐱᷍⧄㸃

⳷Ⳟ⧭㏎㔼ⳃ䍚⭹䋈䄜㾊᷍㗩䁠䇻㬏㡀㬡ギ᷍ㅉ㑃䇻㬏➬㬡ギ᱄㰝䎌ⰵ⭥᷍㬨䐜

⟝⼍⭆⢅㑠㸃⳷᷉〓⭝㭞᷊⭥㸃⳷Ⳟ⧭᱄䎃㏁Ⳟ⧭⭥䄜⟄㾯㬞㧈㻣ᷛ 

ܨ ቆݕ,ݔ,
dݕ
dݔ

,
dଶݕ
dݔଶ

ڮڮ, ,
d௡ݕ
dݔ௡

ቇ = 0 

⹌㬞 5.1 

䎃㏐݊᷍⧧㸋⧄㸃⳷Ⳟ⧭⭥ㅸ᱄ 

䊻㬏➬㬡ギ㝄ⰺ㑇䁈⭥䇇䇤䐱᷍⭏㪛㑬㧈⭆➻᱃⭐㾵㏎㔼᱃䄵ゑ䄜㾊㳍㳆⭥

䊬Ⱀ⭩䄜㻖㑱㈎⮅⭥㑇䁈㸫㳃᱄䎃㾊㸫㳃⭥䊬ⰐⳞ⧭ ⼽᷍ⱁ㋪䄵⿐㸋㏁㯧⧄㸃⳷

Ⳟ⧭᱄䊻䎜⷗㬏➬㬡ギ 䄵᷍㝘㎎᷉ Leonhard Euler 1᷍707ÿ1782 㛋 ᱃᷊㋬㎔㔿᷉ Alexis 

Claude Clairaut᷍1713–1765 㛋 ᱃᷊⫐㎫⡕ⱜ᷉Jean le Rond d'Alembert᷍1717ÿ1783

㛋 ᱃᷊㎎ⷒ㎫㦶᷉ JosephÿLouis Lagrange 1᷍736ÿ1813 㛋 ᱃᷊㎎㠶㎎㯚᷉PierreÿSimon 

Laplace᷍1749ÿ1827 㛋᷊㸋⫛⢎⭥䄜㞛ⳉ⺛㭞䁈コ䎌ⰵ⤜㵍㤊㌗㻣⭥⪬㏁㸫㳃᷍

ⳃ䍚㑬ⱁ䐷⭥㏎㔼᱄䔘㸋䄜⷗ㆂ⺜᷍䊻㬏➬㬡ギ㻣⟌䄗᷍⧄㸃⳷Ⳟ⧭䄓ⳃ䍚⧪㸋

䄜⷗Ⱑ㑃⭥㭞䁈⳷䐈᱄ 

⨞㑬⧄㸃⳷Ⳟ⧭᷍䊻ⷝⱁ⭥㑇䁈㸫㳃᷉⡩㧈⤉Ⱀ᱃㦩⪌⭝᷊㏎㔼䁱㈠䐱᷍㦬

㗨㿉䄋㤔ㆃ⭥㬨ⱁ䊋⼐㭞᱄䎃㾊㸫㳃䐱⭥㈎⮅㑇䁈Ⳟ⧭䄓䁾⿐㸋㠌㸃⳷Ⳟ⧭᱄䄵

⭆㻳⭥䎒Ⱀ㸋㏞ 㧈᷍⺜ㅌ㸜䄧⭒䔘㬒ヅ䄵ゑ㻳㩰⮄⭥㸜䐤⭥⼐㭞 㼁᷍䇇⭥㑇䁈Ⳟ

⧭㈮䄲㈎㬨䄜⷗㠌㸃⳷Ⳟ⧭㑬᱄1747 㛋᷍⫐㎫⡕ⱜ䎌ⰵ⪬㸫㳃᷍䄵᱗䍦㆕⭥㻳䎒

Ⱀ㬒㾯⧪⭥㤛㼀䁱㈠᱘㸋㳃㚠᷍㳂⨗㑬㻣㘇䎃⷗Ⳟ⧭ᷛ 

dଶݑ
dݐଶ

= ܿ
dଶݑ
dݔଶ

 

⹌㬞 5.2 
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⤃ⷙ⨗㑬㵉ㆃ᱄䎃⷗⹅䔘䄓⡜㦰㸋㬨㠌㸃⳷Ⳟ⧭䎃⷗䁈㋧⭥㋋Ⱜ᱄⽔㘇᷍㸳㗨䊻

8.4.3 㾂ㅻㅓ⭞ 1926 㛋䁇Ⰹ䜭㬨㧈⼯㳂⨗䁇Ⰹ䜭Ⳟ⧭⭥㬒⽓᷍䄓。㣠⮘䎃⷗Ⳟ⧭

㬨⟈䁾㑬䄜⷗䐹䄋ㅨ㩌⭥᱄⪴ 1747 ⭞ 1926᷍ㅌ㆝ 200 㛋⭥㬒ヅ᷍㹐㏎䁈䈌㭞䁈

䐱⹹ポ㸫㳃⭥ㆂ⼰䈌⪌⧱㬝䐶⺂⪊䊻㸳㗨䁈㋧⭥ⳃ䍚䐏䐱᱄ 

⹌㬞 5.2 㬨ビ⭆⭥䄜㸍㤊㌗᱄⫐㎫⡕ⱜ䐏⽔᷍㝘㎎᱃⭅㛂ⱜ᱅⤏㝍㏜䇷➲㰝

㵧⺄䐢ⱟ㸍䈌㧞㸍⭥㤊㌗᷍⤃ㅌ⪬Ⳟⳉ㵧⺄䐢⭐㾵㑇䁈᱃㒘㳆⭩㸫㳃䐱᱄⡩㰜㗨

䊺㶎䄜㾊᷍ⶖ㏐䄗᷉Jean Baptiste Joseph Fourier᷍1768ÿ1830 㛋᷊䊻㦩㒘⭥䁱㈠䐱

䄓㻖㵔⭹㬚䇤㑬㠌㸃⳷Ⳟ⧭⭥Ⳟⳉ᱄䊻㰜⭥᱗㦩⭥ㆃ㹗㏎㔼᱘䐱᷍ⶖ㏐䄗㳂⨗⭥

㧞㸍㋶ヅ⭥㦩Ⳟ⧭᷉⨞㑬㧞⷗㋶ヅ䔙⢋᷍⿚䇱㸣Ⱙ᱃䁚㣠᱃㬒ヅ᷊䄓㬨⮅㾮⭥㠌

㸃⳷Ⳟ⧭᱄䇇ⶤ㯖㦩䁈㸫㳃⭥䁱㈠ⰵ⭒㬒㠌㸃⳷Ⳟ⧭⭥ⳃ䍚㬨䄜⷗⪺㆙ ⱙ᷍㠌㸃

⳷Ⳟ⧭⭥ⳃ䍚䇷ⳕ⺞㎕⟐䑛㦬㗨ㆃ㉗㑬㦩䁈䈌⮈Ⱀ㑇䁈䐱⭥⹹ポ㸫㳃᱄ 

㈮㭞䁈㏎㔼ⱙ䁵 㸳᷍㗨䎃㏐㿉䄋㯖㘘⭥㬨 ⤜ᷛ⹽㬨⧄㸃⳷Ⳟ⧭⿚㬨㠌㸃⳷Ⳟ

⧭ 䋈᷍㠻㦬㗨⭥⹹䓃⮄㶚㶚Ⱍ㬨ⷘ䐷㏁㾮⭥㸫㳃ゑ㡅⹣㑃ゝ㣪⭥〄䓽᱄㆙㧌㬏㈦

㬡ギ᷍㼁⹹㭞䁈㏎㔼⭥䁱㈠㆙㧌㑬㻖㵔⿐⭥ㅸⰯ᱄㭞䁈䁱㈠⭥⹹䓃⮄᷍䄓䓋㼓⨖

䐖㸫㳃᱃ㆃ⭥㸩Ⰹ㾵㸫㳃᱃䄵ゑㆃ㹗㏎㔼⼮Ⰹ㾵㏎㔼⭥ⳃ䍚᱄㡅䐱᷍⫛⢎㦬㹐⟝

㎉㋣㹘᱃㒖㸍ⱜ᷉Joseph Liouville 1᷍809ÿ1882 㛋)᱃㸛ⱜ㯚㲹㎎㯚᱃㝴ゴ㎔᷉Henri 

Poincaŗ 1᷍854ÿ1912 㛋 ᱃᷊㏏䁨㠶㝖ⴓ᷉ Aleksandr Mikhailovich Lyapunov 1᷍857ÿ1918

㛋 ᱄᷊㆙㧌ⱟ㬏㬡ギ᷍㸃⳷Ⳟ⧭䊻ⷝⱁ⭥㹐㏎䁈᱃⿐䁈᱃㑇䁈⭥㬖カ㸫㳃䐱⡜⺄

ⳛ㪏㧌䁱㈠᱄⡩㧈᷍㰝䊻㸿㼀⮈᱃⳪〛⳪㾱᱃⭝⭐⳪㾱᱃⿐䁈ⳕ䇇㯺㔫⭥㘉㭗⭩

Ⳟ㘇Ⱍⳃ⿴䓦れ㡅䐹䄋⭥䔘䇤᱄䎃㾊䇇䇤㆙䄜⤞䄓。⪺㆙㸃⳷Ⳟ⧭㏎㔼⭥ⳃ䍚᱄

㼒Ⱀ㑇㻖㵔᱃ⳛ⼐㸃⳷Ⳟ⧭᱃㡇䅍㪄ⰐⳞ⧭᱃ⶕ㭞䈓㩰⭥Ⰹ㾵㏎㔼᷍䄓Ⱍ⧪㸋㑬

䊻⪌㵔㸃⳷Ⳟ⧭⭥〚⪂㩰ⳃ䍚㡑㎕⭥㾣⭥䁈㋧Ⳟ㼓᱄ 



  

5.2.3 ⢅⳷ⳉ 
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㰝⭥⡔⽔᷍䅟⤹䓦䄜⷗⳨⧄䐹䄋⭥㹐㏎䁈䐱⭥䊎㏎ᷛ䔏㾂䔘䇤㑠䊎㏎᱄䎃㏐䔏䐹

䄋⭥㭞䁈⹅㉀䈌⼐㭞⤜㵍᷍㬨ⳛ⼐᱄䊻㸳㗨䄲㈎⡩ㅰ㭍㻅⭥⼐㭞䐱᷍㭅㧌㶚㶚㬨

䄜⷗〓ⱁ⷗⢅㑠⭥䐖᷍㬨䄜⷗〓ⱁ⷗㭞᱄㭅⨗᷍㬨⼐㭞䊻䎃㾊⢅㑠⭥䎃㾊㉀㳆㦂

䐖㻣⭥䐖᷍㬨䄜⷗㭞᱄㰝⡩ㅰ㬫⼰⡜䇤㎕㘉㭗゙⼯⺍⭡᱄ⱙⳛ⼐⭥㭅㧌㬨䄜⷗⼐

㭞᷍㭅⨗㬨䄜⷗㭞᷍㰝⡩ㅰ㬫⼰㎕㘉㭗㹐㏎䁈䐱⭥᱑⧂᱒᱄ 

⪴㭞䁈⢎⫐㩰᷍ⳛ⼐㋪䄵⡜㾕⧪ᷛ 

[(ݔ)ݕ]ܫ = න ܨ
௫మ

௫భ
dݔ 

⹌㬞 5.3 

㡅䐱᷍ܨ㬨⡜〞⼐㭞᷍䄓㸋⧧㸋㎎ⷒ㎫㦶⼐㭞᱄䋈㠻᷍㦬㗨㶚㶚。➲⡜〞⼐㭞ⰵ

䇇㸋䄜⷗⺍⭡᷍㦜⽔㵉⺞䔏⫔⿐〓䎀䔏㾂⿐ⳛ⼐ܫ⭥䐖㎕䎌ⰵ㡅㆙㾱䇦⿐᱄㹐㏎

䁈ⷐ㘝䐏⽔᷍⭒㑠䓴㑇䁈᱃㵔ェ㹐㏎⧪㸋㸳㗨㋧䁱䐱⭥⡹⡙⹅㉀㬒᷍㦬㗨䇷䅃㬗

⭞⭒⡜〞⼐㭞䇪㈎⮅㑇䁈䐱⭥⺍⭡䓋⢅㸋㑠䓴㑇䁈䐱⭥゙㔫⳷⤝⼐㭞⭥㬒⽓ 䎃᷍

⷗⹌㬞䊻㑠䓴㑇䁈䐱⭥䇇䇤㵍䂚䓵㦜᱄䅓⪬ 㸳᷍㗨䄓㋪䄵㯖ⳛ⼐⪴ⷚ㩰㈮㬨䄜⷗

㬫⼰㑠䓴㏎㔼⭥㭞䁈⹅㉀᱄ 

䔘㸋䄜⷗ビ⭆⭥㏞䓴᷍㸳㗨㋪䄵ズ㪉⹌㬞 5.3 䐱⭥㎎ⷒ㎫㦶㑠㆗㆗䄡㎖䇻

ݔ䎃⷗⼐㭞⼮㰝⭥䄜ㅸ⭝㭞⼐㭞䄵ゑ(ݔ)ݕ ᱃➲㰝⭥䄜ㅸ⭝㭞㾕ݕ⧪䐒ㅴ㾕(ݔ)ݕ᷍➲

㸋ݕᇱ᱄䎃䂚᷍䎃⷗ⳛ⼐㈮㋪䄵㾕㸋ᷛ 

[ݕ]ܫ = න ,ᇱݕ,ݕ)ܨ (ݔ
௫మ

௫భ
dݔ 
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⹌㬞 5.4 

㸳㗨〚䇻䎃⷗ビ⭆⭥㤊㌗㎕㲷㔼䄜⷗䇇䇤᱄㏛㬘㩰᷍ⳛ⼐᷉⢅⳷᷊Ⳟⳉ⭥ⳃ䍚㬨

⼮れ䐖㸫㳃⭥㤔ㆃ㗽㣱㼁⹹⭥᱄ⰵ䇇⭥㸫㳃᷍㬨䔏㯺ㅖ㼀㸫㳃᷍㰝㬨 1696 㛋䊝

⼓ I᱅⤏㝍㏜᷉⭅㛂ⱜ᱅⤏㝍㏜⭥⶙㣸᷊䊻㾕ⷙ㰜ⷈⷈ䁦㋪⡩ I᱅⤏㝍㏜⭥䄜ⴃ⹌

㋋㾦䐱㳂⨗⭥᱄㰝㋪⢎㭗㸋ᷛ㪉 A ⼮ B 㬨㭛䐒㠞㘇㩰⤜䊻㵍䄜⪚㼀㩰⭥㑞⮄᷍

䊻㰚䇱㑍ㅴ A ⼮ B ⭥㠞㘇㤛㼀䐱᷍㤔⨗䄜㳖㤛㼀᷍㬚㆗㬽䐹㑇䔘䇤㣳⨖㯺Ⱙ㸋

㒄⭥䐫⮄⪴ A ⮄⭞ B ⮄䁹䎃㳖㤛㼀䊬Ⱀ㬒㰚㿉㬒ヅ䔏Ⱝ᷉㧈㵝 5.2 ᱄᷊ 

ⰵ䎃⷗㸫㳃᷍㸳㗨㬚䇤⹌㬞 5.4 ⭥㭞䁈⢎⫐㬨䔄⹜⭥᱄㸳㗨䄋䔗⭥㬣㤊㈮㬨

䊻⹌㬞 5.4 䐱ⰵ(ݔ)ݕ䎃⷗⼐㭞䔗⷗⼽㾂⭥⢅⿐(ݔ)ݕߜ᷍㋕㼁䇇⭥ܫ⭥⢅⿐ܫߜ᱄㰝⭩

䇻ᷛ 

ܫߜ = න ൤
ܨ߲
ݕ߲

ݕߜ +
ܨ߲
ᇱݕ߲

ᇱ൨ݕߜ
௫మ

௫భ
dݔ 

⹌㬞 5.5 

㡅䐱᷍䇳⢀⭻ⱟ㼏䇷⭩䇻ᷛ 

න
ܨ߲
ᇱݕ߲

ᇱݕߜ
௫మ

௫భ
dݔ = න

ܨ߲
ᇱݕ߲

dݕߜ
dݔ

௫మ

௫భ
dݔ = න

ܨ߲
ᇱݕ߲

௫మ

௫భ
dݕߜ 

=
ܨ߲
ᇱݕ߲

ฬݕߜ
௫భ

௫మ
െ න ݕߜ

d
dݔ

௫మ

௫భ
൬
ܨ߲
ᇱݕ߲

൰dݔ 

⹌㬞 5.6 

䎃䂚᷍⹌㬞 5.5 ㈮㋪⿐㸋ᷛ 

ܫߜ =
ܨ߲
ᇱݕ߲

ฬݕߜ
௫భ

௫మ
+ න ൤

ܨ߲
ݕ߲

െ
d

dݔ
൬
ܨ߲
ᇱݕ߲

൰൨ ݕߜ
௫మ

௫భ
dݔ 

⹌㬞 5.7 

䎃䂚䄜⷗㾯㬞᱄ 



  

ⰵ⹌㬞 5.7 䊻᷍㤛㼀⢅⿐⺞⧭䐱A⼮ B㑞⮄㬨⹭Ⰹ⭥ 䅓᷍⪬ݕߜ(ݔଵ) = (ଶݔ)ݕߜ =

0᱄䎃䂚᷍⹌㬞 5.7 䇳⢀⭻䄜㼏㸋㒄᱄ⱙܫ㦂れ䐖᷍㈮䅃㸗䓦ⰵ䎃⷗⺍⭡⶞㆝⭥㦯

䅃⭥(ݔ)ݕߜ⭥⼐㭞㾯㬞⭥⢅⿐᷍ܫߜⰝ㸋㒄᱄䎃㈮䅃㸗䓦ⰵ䇻㦂れ䐖⭥⺍⭡᷍䇱ᷛ 

ܨ߲
ݕ߲

െ
d

dݔ
൬
ܨ߲
ᇱݕ߲

൰ = 0 

⹌㬞 5.8 

ⰵ㦯䅃⭥ݔଵ ൑ ݔ ൑ ଶⰝ⧪㑃䎃䂚䄜⷗䄋㤔᱄⹌㬞ݔ 5.8 ㈮㬨㦬㗨⧄㯖⭥㝘㎎ÿ㎎ⷒ

㎫㦶Ⳟ⧭᱄㦬㗨㋪䄵〚䇻㝘㎎ÿ㎎ⷒ㎫㦶Ⳟ⧭ⰵ⼽ⱁ㤛㼀⭥れ䐖㸫㳃㆙㾱㤔ㆃ᷍

⡩㧈㑞⮄䐏ヅ䐒㼀䔏Ⱝ䎃⷗゙⼯㸫㳃᷍䄵ゑ䊝⼓ I᱅⤏㝍㏜㳂⨗⭥䎃⷗䔏㯺ㅖ㼀

㸫㳃㸋㏞᱄ 

 
㵝 5.2 䔏㯺㻣ㅖ㸫㳃⭥㵝㬟᱄ 

 

㻩㋕ビ⭆⭥゙⼯㸫㳃᷍㑞⮄䐏ヅ䐒㼀䔏Ⱝ᱄䊻㩰㘇㳂⹊⭥㏎㔼㌓ソ㻣᷍㸳㗨

㋪䄵➲㰝㏎ㆃ㸋㵝 5.3 㰚㬟⭥㔘㈗⧅Ⱙ⭥〞⳷᱄㗠䄜㾂Ⱟ᷍䇱ᷛ 

dݏ = ඥdݔଶ + dݕଶ = ඥ1 +  ݔଶd(ᇱݕ)

⹌㬞 5.9 

䎃䂚⭥⿑䓽⭥㔘㈗⧅Ⱙ㈮㬨ᷛ 

ܫ = න ඥ1 + ଶ(ᇱݕ)
௫మ

௫భ
dݔ 

⹌㬞 5.10 
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ⰵ䍶⹌㬞 5.4᷍䎃䅃㸗䓦ܨ = ඥ1 + ⹌᷉⧭㧌㝘㎎ÿ㎎ⷒ㎫㦶Ⳟ⫛ܨଶ᱄ㅌ䎃⷗(ᇱݕ)

㬞 5.8᷊᷍ ㈮䇱ᷛ 

ᇱݕ2

ඥ1 + ଶ(ᇱݕ)
= Constant 

⹌㬞 5.11 

ⰵ㦯䅃⭥ݔଵ ൑ ݔ ൑ ᇱ⡹㿌㬨䄜⷗Ⰹ䐖ݕଶ⧪㑃䎃䂚䄜⷗ㆃ᱄䎃㈮䅃㸗䓦ݔ ⼽᷍㻵㦜ⰵ

䇇⭥㈮㬨㑍ㅴ㑞⮄⭥䐒㼀㑬᱄ 

 

㵝 5.3 ⱟ㸍㠞㘇㩰㤛㼀㔘㈗⧅Ⱙ〞⳷㬟䅃㵝᱄䔏Ⱝ⭥㔘㼀㬨䐒㼀᱄ 

 

㡅⪯᷍㸳㗨㋕䔏㯺㻣ㅖ㸫㳃᱄㸳㗨䎃㏐〞⳷⭥㬨㬒ヅ᷍䅓㸋䄋㤔㬨䎜㳆䊬Ⱀ

⭥㬒ヅ䔏Ⱝ᱄䇪䇻〛㾖㚽㬹⽄ 䊻᷍㤛㼀㩰㦯⼯䄜⮄ 㦂᷍ A ⮄㸋䊎⮄  ᷍ 䑂㼓㻣᷍ݕ

䎃⮄⭥㯓㬒䁹㤛㼀㣱㼀Ⳟ㼓⭥㯺㔫㈮⭩䇻ඥ2݃ݕ᱄㆙ⱙ᷍䄋〞⳷⭥㬒ヅ㈮⭩䇻ᷛ 

dݐ =
dݏ
ݒ

=
ඥ1 + ݔଶd(ᇱݕ)

ඥ2݃ݕ
 

⹌㬞 5.12 

䎃䂚᷍䓽⭥㬒ヅ㈮⭩䇻ᷛ 

ܶ = න
ඥ1 + ଶ(ᇱݕ)

ඥ2݃ݕ

௫మ

௫భ
dݔ 



  

⹌㬞 5.13 

ⰵ䍶⹌㬞 5.4᷍䎃䅃㸗䓦ᷛ 

ܨ =
ඥ1 + ଶ(ᇱݕ)

ඥ2݃ݕ
 

⹌㬞 5.14 

䎃⷗ܨ㧈⺜䐒ㅴ⫛㧌⹌㬞 5.8᷉ 㝘㎎ÿ㎎ⷒ㎫㦶Ⳟ⧭᷊᷍ 㗓㯧⿚⤜㲌⼤⪇㏎᱄䎃⷗㬒

⽓᷍㸳㗨㋪䄵➲⹌㬞 5.8 䔗⷗⢅㾯᷍㾯㬧㈮。㘘㎫᱄ 

䎃⷗⢅㾯㿉䄋㋝㔨㻣㘇䎃⷗㾵䐫ᷛ 

dܨ
dݔ

=
μܨ
μݔ

dݔ
dݔ

+
μܨ
μݕ

dݕ
dݔ

+
μܨ
μݕᇱ

dݕᇱ

dݔ
=
μܨ
μݔ

+
μܨ
μݕ

ᇱݕ +
μܨ
μݕᇱ

dݕᇱ

dݔ
 

⹌㬞 5.15 

䎃䂚⭥⿑ⰵ䇻 ୢ
ୢ௫
ቀݕᇱ డி

డ௬ᇲ
ቁ᷍㈮䇱ᷛ 

d
dݔ

൬ݕᇱ
ܨ߲
ᇱݕ߲

൰ = ᇱݕ
d

dݔ
൬
ܨ߲
ᇱݕ߲

൰ +
ܨ߲
ᇱݕ߲

dݕᇱ

dݔ
 

= ᇱݕ
d

dݔ
൬
ܨ߲
ᇱݕ߲

൰ +
dܨ
dݔ

െ
μܨ
μݔ

െ
μܨ
μݕ

 ᇱݕ

= ᇱݕ ൤
d

dݔ
൬
ܨ߲
ᇱݕ߲

൰ െ
μܨ
μݕ
൨ +

dܨ
dݔ

െ
μܨ
μݔ

 

⹌㬞 5.16 

䎃㬒᷍㏜䇤⹌㬞 5.8᷍〚䇻㩰㬞㈮㋪キ㿙㵧⨗ᷛ 

d
dݔ

൬ݕᇱ
ܨ߲
ᇱݕ߲

൰ =
dܨ
dݔ

െ
μܨ
μݔ

 

⹌㬞 5.17 

㆙ⱙ䇱ᷛ 

μܨ
μݔ

െ
d

dݔ
൬ܨ െ ᇱݕ

ܨ߲
ᇱݕ߲

൰ = 0 

⹌㬞 5.18 

䎃⷗㬞䓴䄓⧧㸋㝘㎎ÿ㎎ⷒ㎫㦶Ⳟ⧭⭥⭻ⱟ䐷⢎⫐᱄ 

䇪䇻䔏㯺㻣ㅖ㸫㳃䐱⭥ܨ⤜㻵⼍᷍ݔ䎃⷗㸫㳃ⰵ䇇⭥ㆃ㈮㬨ᷛ 
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ܨ െ ᇱݕ
ܨ߲
ᇱݕ߲

= constant 

⹌㬞 5.19 

䎃㬒᷍➲⹌㬞 5.14 㧌⹌㬞⫛ܨ⭥ 5.19᷍㈮䇱ᷛ 

ඥ1 + ଶ(ᇱݕ)

ඥ2݃ݕ
െ ᇱݕ

ᇱݕ

ඥ2݃ݕඥ1 + ଶ(ᇱݕ)
= constant 

⹌㬞 5.20 

㆙ⱙᷛ 

1

ඥ2݃ݕඥ1 + ଶ(ᇱݕ)
= constant 

⹌㬞 5.21 

㦂䎃⷗ඥ2݃⧬㩰⹌㬞 5.21 䐱⭥constant䎃⷗⧄㭞㸋1/ξ݇᷍㈮䇱ᷛ 

1]ݕ + [ଶ(ᇱݕ) = ݇ 

⹌㬞 5.22 

㆙ⱙᷛ 

ᇱݕ =
dݕ
dݔ

= ඨ
݇
ݕ
െ 1 = ඨ

݇ െ ݕ
ݕ

 

⹌㬞 5.23 

䎃㬨䄜⷗⮅㾮⭥⧄㸃⳷Ⳟ⧭᷍㰝⭥ㆃ㋪䄵㵉⺞⿜䊋〞⳷ⳉ⭤⭞᱄ 

⹌㬞 5.23 䐱᷍ݕ⭥㦂䐖ⳗ㸈㬨[0,݇]᷍䎃䂚㋪䄵㦂㡅㸋ᷛ 

ݕ =
݇
2

(1 െ cos  (ߠ

⹌㬞 5.24 

䎃䂚㈮䇱ᷛ 

dݕ =
݇
2

sinߠ dߠ 

⹌㬞 5.25 



  

䄵ゑᷛ 

ඨ
݇ െ ݕ
ݕ

= ඩ
௞
ଶ

(1 + cosߠ)
௞
ଶ

(1 െ cosߠ)
= ඨ

(1 + cos (ߠ
(1 െ cos (ߠ

 

⹌㬞 5.26 

ⱙ㵍㬒᷍⹌㬞 5.23 䔔⢀⭩䇻ᷛ 

௞
ଶ

sin ߠ dߠ
dݔ

=
௞
ଶ ඥ(1 + cos 1)(ߠ െ cos ߠd(ߠ

dݔ
 

⹌㬞 5.27 

䎃䂚㈮䇱ᷛ 

௞
ଶ ඥ(1 + cos 1)(ߠ െ cos ߠd(ߠ

dݔ
= ඨ

(1 + cos (ߠ
(1 െ cos (ߠ

 

⹌㬞 5.28 

㆙ⱙᷛ 

dݔ =
݇
2

(1 െ cos  ߠd (ߠ

⹌㬞 5.29 

䎃⷗Ⳟ⧭㑞⤠〞⳷㋪䄵⭤⭞ᷛ 

ݔ =
݇
2

ߠ) + sin (ߠ + constant 

⹌㬞 5.30 

䎃⷗㬒⽓䊺㏜䇤⢀ㆈ㳖ミݔଵ = 0᱃ݕଵ = 0᷍㈮䇱⹹䇻⺍⭡⭥ㆃᷛ 

ݔ =
݇
2

ߠ) + sinߠ) 

ݕ =
݇
2

(1 െ cos  (ߠ

⹌㬞 5.31 

䐢⪬᷍䔏㯺㻣ㅖ㤛㼀⭤䄵㦘㦰᱄ 
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⪴䎃⷗㏞䓴 Ⱒ᷍䎀䇇ⶤ䄓㋪䄵ⶱ㬽⭞䊻㬏➬㬡ギ㼒㝘㎎᱃㎎ⷒ㎫㦶䎃䂚⭥㭞

䁈コ᱃㹐㏎䁈コ䊻ㅌ㝄ⰺ⭥㈎⮅㑇䁈䇤⭞㬖カ㸫㳃⭥䁱㈠䐱⭥㬒⽓᷍⢅⳷ⳉ᱃㸃

⳷Ⳟ⧭Ⳟⳉ⭥ⳃ䍚⭤⭞㑬れ⫔⭥䔘䇤᱄ 

⭒㦜 ⢅᷍⳷Ⳟⳉ⭥㚻⼎㉙⤜㬨䄜⷗ビ⭆⭥䔏㯺㻣ㅖ㸫㳃㋪䄵⟝⼍⭥᱄㡅⡔⽔

⭥䔏㾂䔘䇤㑠䊎㏎䊻㹐㏎䁈⭥䁱㈠䐱⟈䁾䓦ⷝ䐹䄋⭥䔘䇤᱄㡅䐱䊭⼍⭥᱑⧂᱒㯝

㼌 䊻᷍㻷⫛㹐㏎䁈ⷝ㬨ⳃ⿴㑬⼬㾥⭥䔘䇤ᱟ⤽㳍䈉 2᷍024ᱠ᱄㬖カ㩰 㼒᷍㝄ⰺ⭻ⱟ

Ⰹ㔪䎃䂚⭥〚⡟⭥㑇䁈Ⳟ⧭Ⱍ㋪䄵⪴䔏㾂䔘䇤㑠䊎㏎䐱⭤⭞᱄㣑㘇㸳㗨䊻⺃䁈⤠

⳷ㅓ⭞⭥Ⳳ㕎䊎㏎᷉ 䔏㾂⪌⤆㬒ヅ䊎㏎ 䄓᷊㬨䔏㾂䔘䇤㑠䊎㏎䊻⺃䁈㒍䈓⭥䄜⷗

䇇䇤 㰝᷍㋪䄵⡜䇤㎕ㆃ㬮䍼㪅㻷㼔᱄㬏㈦㬡ギ䐏⽔ 䔏᷍㾂䔘䇤㑠䊎㏎䊻⮈Ⱀ㑇䁈᱃

㑠䓴㑇䁈㒍䈓䄓⡜⺄ⳛ㬚䇤᱄㻷䊻 㸳᷍㗨。㦰㸋㰝㬨㹐㏎䁈䐱䔏〚⡟⭥䊎㏎䐏䄜᷍

⤃㏜䇤㰝㸋㹐㏎Ⰹ㔪䁑㤔㠶㬫⢎⫐᱄䎃⷗⡔⽔᷍䇤⭞⭥㭞䁈ⳞⳉⰝ㬨⢅⳷ⳉ᱄䎃

⷗Ⳟⳉ䇇ⶤ㯖䄓㬨㝘㎎䈌㎎ⷒ㎫㦶䎃ⰵ㬇㵞䊻㹐㏎䁈㬘䐱䍝㈾㚨㗕䐹䄋⭥⭹㸜

⭥䄜⷗䐹䄋䊎䅓᱄ 

 

5.2.4 ⶕ⢅⼐㭞 

⡟ㅻ䔏⽔䄋㲷㔼⭥䄜⷗㭞䁈Ⳟⳉ㬨ⶕ⢅⼐㭞᱄㰝㬨䄜⷗䓵⢅㑠㬨ⶕ㭞㣳䊻䄜

⷗䇔㪅⹹㻖㻣ⰵ䇇⭥䅓⢅㑠䄓㬨ⶕ㭞⭥⼐㭞᱄䈌㣑㘇㳂⭞⭥㸃⳷Ⳟ⧭Ⳟⳉ᱃⢅⳷

ⳉ䄜䂚᷍䊻㦬㗨㦰㬗⭞ⶕ㭞⭥䐹䄋㾵⭥⺞⧭䐱᷍㝘㎎䄓㡑⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄

䊻㰜䐏㣑 㰅᷍㦜㋉⭅䊻 1543 㛋ⷙ⨗䄜䊋㧞⪯Ⳟ⧭ⷚ㬞ㆃ⭥⺞⧭䐱㈮䇤⭞㑬㿊㭞᷍

⭌䐒⭞䄜➺ⱁ㛋⽔᷍⭲㋉ⱜ⭥㬒⫛᷍㿊㭞⿚㬨⡜ⱁ㭞㭞䁈コ㝦⨃᱄ 

㬖カ㩰᷍㿊㭞᷉Imaginary number᷊䎃⷗㘜䓷䄓㬨⭲㋉ⱜ㡑⭥᷍㰜⭥䅃㯝㈮㬨

䎃㾊㭞⤜㬨䎇㬖⭥㭞᷉Real number᷍ゕ㬖㭞 ᱄᷊ⱙ㬏➬㬡ギ⭥㝘㎎᷍䋓㬨䄵 1 ⼮ i



  

㸋㪛⧪䊋᷍⹚⧪㑬ⶕ㭞⭥ゐ⼰᱄㝘㎎䐏㣑᷍䇱㲊㎶᷍㰜⭥㲊㎶䍚㋋㋪䄵ⷙ㦬㗨㧈

㻣䐋㬗ᷛ 

݁௫ = 1 + ݔ +
1
2!
ଶݔ +

1
3!
ଷݔ +

1
4!
ସݔ +

1
5!
ହݔ െ  ڮ

⹌㬞 5.32 

䄵ゑᷛ 

sin ݔ = ݔ  െ
1
3!
ଷݔ +

1
5!
ହݔ െ  ڮ

cos ݔ = 1 െ
1
2!
ଶݔ +

1
4!
ସݔ െ  ڮ

⹌㬞 5.33 

䎃䂚⭥⿑᷍㧈⺜㦂ݔ = i᷍ߠ㚨㗕⼽㻵㦜ⰵ݁୧ఏ㈮䇱ᷛ 

݁୧ఏ = 1 + iߠ +
1
2!

(iߠ)ଶ +
1
3!

(iߠ)ଷ +
1
4!

(iߠ)ସ +
1
5!

(iߠ)ହ +  ڮ

= ൬1 െ
1
2!
ଶߠ +

1
4!
ସߠ െ ൰ڮ + i ൬ ߠ െ

1
3!
ଷߠ +

1
5!
ହߠ െ  ൰ڮ

= cosߠ + i sinߠ 

⹌㬞 5.34 

䊻ビ㾔䎒Ⱀ䐱᷍䊬Ⱀ㬨䇪㧞ㅨ⼐㭞⢎⫐⭥᱄䅓⪬᷍䅞㧌㿊⤠᷍㦬㗨㋪䄵ⷀ㾈⭹㘉

㭗ビ㾔䎒Ⱀ᱄䎃䂚᷍䎃⷗㋕㯧᱑ⱁ䈁᱒⭥㭞䁈⹅㉀䄓㈮䇱㑬䐒ㅴ⭥㹐㏎ⰵ䇇᱄ 

〚䇻䎃㾊㦰㬗᷍ⷀ㯚䇻 1811 㛋㦘Ⰹ㾵⭹䅞㧌㑬ⶕ⢅⼐㭞⭥ⶦ㛏᱄㵍㬒᷍㰜

䄓⹥㏙䓵゛⭥䁈㪛㏉㕝䇤ⶕ⢅⼐㭞㸋㳃㚠㶋⧪䓵゛⭥⤊㬠㔼㸥᱄䊻㣑䁵䐱 㸳᷍㗨

㳂⭞⺞⭥㰜⽔㎕⿚⹥㏙㏉㕝䄵⳨㝘゙⼯䔘㸋ㅭ㬻䓫ⷒ㋝㬵㔼㸥⭥㳃㚠 ㆙᷍ⱙ⧚⭸

⫓㋋㑬㦬㏁㻖㵔㾵䁱㈠⳨㝘゙⼯⭥⫔㗦᱄䅓⪬ 䇇᷍ⶤ㯖㏉㕝⼽䈗⭞ⷀ㯚䎃䂚⭥⭝

㬇㬨⼽㤍㾳⭥᷍㰜䄓⼽⨗㩌⭥㶋⧪㑬䎃㑞㼏㋋⪕㾵⭥⹅䔘᱄ 

⿹⭞ⶕ⢅⼐㭞 䊻᷍㏉㕝䐏㣑 ㋣᷍㹘䈌㎎㠶㎎㯚䇱⺞㏜䇤⳷㹗⭥Ⳟⳉ㋋䍚⭥䁱

㈠᱄㏉㕝䐏⽔᷍㸍ⱜ㯚㲹㎎㯚ⷝ㬨䅞㧌㑬ㆃ㹗䁴㵹⭥ⶦ㛏᷍ㅌⶕ⢅⼐㭞ⳃ䍚㸋䄜

⷗⧪㭍⭥㭞䁈㏎㔼᱄㆒㳍᷍ⶕ⢅⼐㭞䊻㹐㏎䁈⭥ⷘ⷗ㅨ㕅᷍⡩㧈⮈㔘㏎㔼᱃㑠䓴
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㑇䁈᱃⧂㔼᱃㵔ェ㑇䁈⭩ⱁ⷗㒍䈓Ⱍⳃ⿴䓦⤜㋪㳇⫛⭥䔘䇤ᱟ㹃⨈㬵᱃ⷀ⪛倣᷍

2024ᱠᱟYang᷍1952ᱠᱟLee᷍1952ᱠ᱄ 

5.3 㼀㾵⫛㭞᱃䇱㻿㦛㏎㔼⭥ⳃ䍚ゑ㡅ⰵ⽔㠻㹐㏎䁈ⳃ䍚⭥䇑㼍 

㣑㘇㲙⭞⭥ㆃ㹗゙⼯᱃㸃〞⳷᱃㸃⳷Ⳟ⧭᱃ⳛ⼐᱃ⶕ⢅⼐㭞䎃㾊㭞䁈⹅㉀䊻

㈎⮅⭥㹐㏎䁈㏎㔼⭥ⳃ䍚⺞⧭䐱ⳃ⿴㑬䐹䄋⭥䔘䇤 㼁᷍⹹䇇䇤⼎ⶨ㑬㑇䁈᱃㦩䁈

䈌㦩㑇䁈᱃⮈Ⱀ㑇䁈⭩ⱁ⷗㒍䈓᱄䊻䎃㾊㭞䁈Ⳟⳉ⭥ⳃ䍚⺞⧭䐱᷍䄓。⟊㰇䓦䄜

㾊㡅㰝⭥㭞䁈⳷䐈⭥⥛㪛᱄䎃㾊㾣⥛㪛⭥㭞䁈⳷䐈䊻䋈㠻⭥㹐㏎䁈䁱㈠䐱䇱㾊㚽

⹜⡜䐒ㅴ䇇䇤 䇱᷍㾊䋓㿉䄋⭩⫞⼽⧅㬒ヅ⤦㚽㳆㻷⨗ゼ䐖᱄⭌㸳㗨⡹㿌㦆⧱㦰⭥

䄜⷗㬣㬖㬨㏛㬘⤜㵄⭹⷇㰀㸳㗨㭞䁈䔏㪒㡇⭥⭹Ⳟ㈮䊻䇻㰝䔘㸋㦬㏁㘉㭗䓵㦜

⭥䈐䁵㰝⭥㬖䇤㾵᱄䊻⨗㻷⭥㬒⽓᷍⼽ⱁ⤃⤜ⰵ䇇䎇㬖⭥㬡ㆈ᷍⭌㰇䓦㹐㏎䁈⭥

ⳃ䍚 㦕᷍䓽。䊻䄜⷗㬒㋭ⳃ⿴⨗䔘䇤᱄⡟䍣㻣㘇㑞ㅻ䄋ㅓ⭥㚻㦾㈮Ⱍ㉀⡙䎃䂚⭥

㲹䎘᱄㸳㗨⪴⫔䁈⭥㏎⹅㋧ㅭ䈞䐱⫔䁈䄜㛋゗⢄㋋㬝䁈㻑⭥㼀㾵⫛㭞ㅓ㡑᱄ 

 

5.3.1 㼀㾵⫛㭞 

㼀㾵⫛㭞㡑䊕䇻㦬㗨ⰵ㼀㾵Ⳟ⧭䔊⭥㤔ㆃ᱄⡩㧈᷍㎔⤝㛂⪥᷉Gottfried 

Wilhelm Leibniz᷍1646ÿ1716 㛋᷊㈮㋋⪕⺞䇤䐙⢋㳆㻖㎕⢎㬟㼀㾵Ⳟ⧭䔊⭥Ⳟⳉ᷍

⤃㳂⨗㑬㾱㑱㬞⭥ⶦ㛏᱄ⷛ㰜⫔䐣㵍䄜⷗㬒㠻 㦶᷍⡟㭞䁈コ⹹㾃⼮᷉ Seki Takakazu᷍

1642ÿ1708㛋 䄓᷊㳂⨗㑬㾱㑱㬞⭥ⶦ㛏᱄1750㛋 㧑᷍㬠㭞䁈コ㋬㎔㚍᷉ Gabriel Cramer᷍

1704ÿ1752 㛋᷊㳂⨗㑬〚䇻㾱㑱㬞⭥㤔ㆃ㼀㾵Ⳟ⧭䔊⭥㉀㳆Ⳟⳉ᷍⧧㸋㋬㎔㚍ⳉ

䋓 218᱄䐏⽔ ⳉ᷍⺛㭞䁈コ⡕䔇᷉ Étienne Bézout 1᷍730–1783 㛋 ビ᷊⿐㑬㰜⭥ⳉ䋓᷍

⤃䐅㘘㑬㾱㑱㬞⭩䇻㒄㬨 n 䊋㡌⪯㼀㾵Ⳟ⧭䔊䇱⳨㒄ㆃ⭥⨅䄋㳖ミ 䎃᷍㈮㦤㸫㳃

 
218 ⭌䎃⷗ⳉ䋓䅓㸋㲌㕊Ⳕ᷍㦬㗨⽔㎕〚⡟⤜䇤᱄ 



  

ビ⿐㑬⼽ⱁ᱄ 

䊺㶚⽔ ⳉ᷍⺛㭞䁈コⳗ⭣㗪⭣᷉ Alexandre-Théophile Vandermonde 1᷍735–1796

㛋᷊䄵㾱㑱㬞㸋Ⱑ㑃⭥䁱㈠ⰵ㼔᷍ⰵ㾱㑱㬞㏎㔼㆙㾱㑬㻖㵔⭥⥜㭗᱄䅓⪬᷍㰜䄓

⡜⧧㸋㾱㑱㬞㏎㔼⭥⮍〚㦬᱄㬽⭞ⳗ⭣㗪⭣⭥䇑㼍᷍㎎㠶㎎㯚㳂⨗㑬䇤 r 㾱䐱㰚

⼍⭥䓴㬞⼮㰝㗨⭥䈁䓴㬞⭥ゐ⼰㎕䍚㋋㾱㑱㬞⭥Ⳟⳉ 䎃᷍⷗Ⳟⳉ⡜⧧㸋㎎㠶㎎㯚

䍚㋋᱄䐏⽔ ⭣᷍⺛㭞䁈コⷀ㯚᷉ Carl Friedrich Gauss 1᷍777ÿ1855 㛋 ᱃᷊㾜㋬᷉ Heinrich 

Ferdinand Scherk᷍1798–1885 㛋 ᱃᷊䁦㋪⡩᷉Carl Gustav Jacob Jacobi᷍1798–1885

㛋 ᱃᷊ⳉ⺛㭞䁈コ㋣㹘᷉Augustin-Louis Cauchy᷍1789–1857 㛋᷊䇷ⰵ㏜䇤㾱㑱㬞

㤔ㆃ㼀㾵Ⳟ⧭䔊⭥Ⳟⳉ㆙㾱㑬ⷘ䐷㎊䍚䈌㻖㵔⿐᱄⭌䎜㳆ⱙ䁵 ⹹᷍䓃⮄Ⱍ䊻㾱㑱

㬞⡟㪎᱄ 

ㅌ㾱㑱㬞⡔⽔⭥㈹䎔䔘㸋䄜⷗Ⱑ㑃⭥㭞䁈ⶦ㛏㳂⨗ ⳃ᷍㉓⨗㡅㼀㾵⢅⿜⭥⡟

䐫ゑ㡅⡔⽔⭥㼀㾵㋶ヅ⭥䅃䅆 㬨᷍㼀㾵⫛㭞ⳃ䍚⺞⧭䐱䔏䐹䄋⭥䄜⪯㆙⤞᱄䎃⷗

㆙⤞⭥㬒ヅㅻ⮄䊻㬏㈦㬡ギ䐱䄗᱄䇃⺛㭞䁈コ㹘ⱜ㸅㯚㲹᷉ James Joseph Sylvester᷍᷍

1814–1897 㛋 㬸᷊㻩㳂⨗㑬㈹䎔᷉ matrix ⭥᷊ⶦ㛏᱄Matr 䊻䇃䈐䐱⫛⢎㚙㾵 m᷍atrix

⭥⡟䅃㬨㚙㳆᱃䓴⹍᱄䅟⼍⭥䄜⷗䅃㯝㈮㬨㰝㬨䐏㣑㦬㗨䄲㈎⺄ⳛ䁱㈠⭥㾱㑱㬞

⭥㚙㳆᷍㵍㬒㰝䄓㋪䄵⟝⼍ⷝ㸋ⶕ䊴⭥㭞䁈ㆂ⹚᱄゙㛋䐏⽔᷍㰜⭥䐠䇲䇃⺛㭞䁈

コ㋎㎔᷉Arthur Cayley᷍1821–1895 㛋᷊㬸⪯䄵㈹䎔⭥㾯㬞㎕⢎⫐㼀㾵Ⳟ⧭䔊᷍

䄜⷗㣠⫔⭥㭞䁈䈐䁵䇪⪬⭏㪛᱄㋎㎔Ⰹ䅆㑬㆒㳍⭥㾱㑱㬞⢎㬟ⳉ᱃㈹䎔ゴⳉ᱃㭞

⧬᱃⧬ⳉ᱃⪯Ⳟ᱃⭆㸜㈹䎔᱃㒄㈹䎔⼮㛇㈹䎔᱄㰜䄓䅓⪬⡜⧧㸋㈹䎔㏎㔼⭥⪕㑃

䎀᱄ 

䊺㶚⽔ ㋣᷍㹘䊻䁱㈠㾱㑱㬞⭥㬒⽓㳂⨗⭥㲹䎘䐖䈌㲹䎘⳷ㆃ䎃㾊ⶦ㛏⡜➏ⱜ

㎝㭞䁈コ䈌㹐㏎䁈コ⺟㗽ⰺ᷉William Rowan Hamilton᷍1805–1865 㛋 ᱃᷊⭣⺛㭞
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䁈コⶆ㔿⡕㛂㸻㯚᷉Ferdinand Georg Frobenius᷍1849–1917 㛋᷊㵧⺄᱄ⶆ㔿⡕㛂

㸻㯚⿚㳂⨗㑬㈹䎔⭥䐩⭥ⶦ㛏᷍⹹䇻㈹䎔⭥㏎㔼⭤䄵㻖㵔⿐᱄㬏㈦㬡ギ㚊᷍䅃⫔

㏜㭞䁈コ㠅䁨㝖᷉Giuseppe Peano᷍1858–1932 㛋᷊䇷ⷙ⨗㑬㼓㑠㋶ヅ⭥⹌㏎⿐

Ⰹ䅆᱄⭣⺛㭞䁈コ㵱㠶㏜⪥᷉Otto Toeplitz᷍1881–1940 㛋᷊ㅌ㼀㾵⫛㭞⭥䑘䄋

Ⰹ㏎㵧⺄⭞㦯䅃㳆㩰⭥䔏䄜⟄⭥㼓㑠㋶ヅ䐱᱄䐢⪬ ㈹᷍䎔䊭⤹⭥㼀㾵⢅⿜⭥ⶦ㛏

ゑ㡅⡔⽔⭥㼀㾵㋶ヅ⭥ⶦ㛏䑑ㅆ㤆㹛᱄䎃㾊㏎㔼䊻⽔㠻⭥㑠䓴㑇䁈ⳃ䍚⺞⧭䐱㡑

⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄ 

 

5.3.2 䇱㻿㦛㏎㔼 

⼮㼀㾵⫛㭞㏁㯧᷍㦛㔼᷉⡟ㅻ㻩⹹䓃䇱㻿㦛㏎㔼᷍㻣䄜ㅻ㬨㏏㦛㸋㏞⹹䓃㑍

㿙㦛᷊䄓㬨䄜⷗⥛㪛䇻ㆃ⫛㭞Ⳟ⧭⭥㏎㔼᱄䊻⡫䎀䐏㣑⨗⟇⭥᱗㦛㔼ゑ㡅䊻㛞㈼

㲍㹐㏎䐱⭥䇇䇤᱘⭥㣑䁵䐱 ⡫᷍䎀䋙ㅌ䎃⷗⺞⧭䔗㑬䄜⷗ㆃ㬮ᱟ㏏㾣䎘 2᷍024ᱠ᱄

䎃㏐᷍㸳㗨➲㚨⷗ㆃ㬮⟂⺞㎕᷍⹊⫔コ㑬ㆃ〚⡟㤊㌗᱄ 

⫛㭞Ⳟ⧭ ⫔᷍コⰝ䐋⭡ 䄜᷍䊋䄜⪯⭥㬨 ax + b=0 䄜᷍䊋ⱟ⪯⭥㬨 ax2+bx+c=0᱄

㰝㗨⭥ㆃ㹗ⷚ㬞ㆃ㸳㗨䊻䐱䁈⭥㬒⽓㈮䁈⺞᱄䄜䊋㧞⪯Ⳟ⧭⼮䄜䊋㯥⪯Ⳟ⧭䇱㗜

䇱⼮㰝㗨㏁㯧⭥ⷚ㬞ㆃᷠ 

⫑➙ᷛ䇱᱄ 

ⰵ䄜䊋㧞⪯⼮㯥⪯Ⳟ⧭ 䋈᷍㠻㦬㗨㬨㋪䄵㏜䇤㞅Ⳟ⼮⿜䊋⭥Ⳟⳉ➲㰝㗨⢅⧪

⭮⪯Ⳟ⧭㎕㤔ㆃ⭥᱄⡩Ⳟ㯖 ax3+bx2+cx+d=0 䎃䂚䄜⷗㬞䓴 D᷍��᱄㦬㗨䋖㗕䔗㚹ᷠ 

㻩⿜䊋᷍㦂ݕ = ݔ + ୠ
ଷୟ
᷍➲㰝⫛㧌㩰㬞᷍㡔㵝➲ݔ⭥䄜⟄⭥䄜䊋㧞⪯Ⳟ⧭⢅⧪

⧭䄜䊋㧞⪯Ⳟ⭥ݕ䄜䊋㧞⪯Ⳟ⧭᱄ⱙ䎃⷗⭥ݕ ⤜᷍䊺㬨䄜⷗䄜⟄⭥䄜䊋㧞⪯Ⳟ⧭᷍

ⱙ㬨㉀䇱㲹㭃㾯㬞⭥䄜䊋㧞⪯Ⳟ⧭᱄⺞⧭㧈㻣ᷛ 



  

a ൬ݕ െ
b

3a
൰
ଷ

+ b ൬ݕ െ
b

3a
൰
ଶ

+ c ൬ݕ െ
b

3a
൰ + d = 0 

aቆݕଷ െ
b
a
ଶݕ +

bଶ

3aଶ
ݕ െ

bଷ

27aଷ
ቇ + bቆݕଶ െ

2b
3a
ݕ +

bଶ

9aଶ
ቇ + c ൬ݕ െ

b
3a
൰ + d = 0 

aݕଷ + ቆc െ
bଶ

3a
ቇݕ + ቆd +

2bଶ

27aଶ
െ

bc
3a
ቇ = 0 

⹌㬞 5.35 

䎃䂚᷍ⱟ⪯㼏㈮⤜ボ㑬᷍䄜䊋㧞⪯Ⳟ⧭⢅⧪㑬 y3+py+q=0᷍䎃㏐ p᱃q Ⱍ㬨䇪 a᱃

b᱃c᱃d 㦘Ⰹ⭥⧄㭞᱄ⱙ䎃⷗㲹㭃㾯㬞⭥䄜䊋㧞⪯Ⳟ⧭᷍㬨䇱ⷚ㬞ㆃ⭥᱄ 

㏛㬘㩰᷍䇱⷗⹫㬣䈌㡅㼁⹹᷍㬒ヅ㬨㬏㒚㬡ギ᷍⭹⮄㬨䅃⫔㏜᱄⭒㬒䊻㝘䐿

⭥㭞䁈ㆈ 㦆᷍䁑㤔䄜䊋㧞⪯Ⳟ⧭⭥ㆃ䊻㭞䁈ㆈ㬨䄜䐷㬒㩱 ㈮᷍㼒㸳㗨㻷䊻㹐㏎䁈

ㆈⰵⷀ㸣⧍⭝〛䐧⭥䁱㈠䄜䂚 219᱄䅓㸋⭒㬒⭥㏛㬘⡔㈑㬨㸥䄶ⶕ㾬᷉ Renaissance᷊᷍

㰚䄵䊻䁈㭖㩰䔏』䊟⭥⭹㤙⼽䓵㦜⭥㈮㬨䅃⫔㏜ 220᱄⫛⢎㦬㹐䇱㑞⷗ ⳷᷍⢑㬨ⴌ

㰟㚪᷉Niccolo Fontana 1᷍499–1557 㛋᷊⼮㋉⭅᷉Girolamo Cardano᷍䄓⧧㋉ⱜ⫐

㝖᷍1501–1576 㛋 ᱄᷊ 

⪌㯖⭻䄜⷗㼌⨗䎃⷗㲹㭃Ⳟ⧭ⷚ㬞ㆃ㬨ⴌ㰟㚪 ⭌᷍㰜⡩ㅰ㻓⿗㵉⺞⹫㝋㿟㿊

㎕㻵㬟䓵゛⭥⪰㘘 ⤜᷍➲⿑㯖㘘᱄䅓⪬ 㰅᷍㦜⭒㬒䇱⼽ⱁ㦬㼁㾦㰜。ㆃ䎃⷗Ⳟ⧭᷍

⭌㗜䇱㦯⼯㸥㻸エ㔝᱄ⱙ㋉⭅㚹᷍䋓⭮⮘㹒㬖᱄⪌㯖䐱㰜ⷛⴌ㰟㚪㲷ㅭ⺞᷍ⴌ㰟

㚪䇤⼽䅟⿿⭥䈐䁵㆙㾱㑬㳂㬟 㰜᷍㦰㸋䄵㋉⭅㏎ㆃ⤜㑬᱄⭌㬣㬖㦕㬨㋉⭅䊻㰜⭥

䑙䔘᱗⫔㭖᱘᷉ <Ars Magna>᷍1545 ⨗⟇᷊䐱ⷙ㑬䄜㾊㼋㻙⭥ㆃ㬮᱄䅓㸋䎃⷗䊎

䅓 㻷᷍䊻㸳㗨䊻㲷㔼䄜䊋㧞⪯Ⳟ⧭⭥ⷚ㬞ㆃ⭥㬒⽓ 㳂᷍⭞⭥⭻䄜⷗㦬㹐㶚㶚㬨㋉

 
219⭒㬒㦬㗨㈎⧄䎌ⰵ㏁㯧㸫㳃㆙㾱㭞䁈⡩㹅᱄ 
 
220䄵ⷈ➸㛂᱃⤝㔔㝖᱃䙅㏜㔵䎃㧞⷗㋧䁈ⷐ㘝䐱⭥㻩ⴇ㦬㹐㸋㏞᷍㑞⷗䅃⫔㏜㦬᷉⤝㔔㝖᱃䙅
㏜㔵᷊᱄ⷈ➸㛂㬨⤉㎝㦬᷍⭌䋈㛋䊻䅃⫔㏜ㅴ㬽⭥⫔䁈ㅭ䈞᱄ 
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⭅᱄㩰㘇㚨⷗㲹㭃⭥䄜䊋㧞⪯Ⳟ⧭⭥ㆃ᷍㦬㗨䄓⧧㸋㋉⭅⹌㬞ᷛ 
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3
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ଶݕ = ߱ ή ඩെ
ݍ
2

+ ඨቀ
ݍ
2
ቁ
ଶ

+ ቀ
݌
3
ቁ
ଷయ

+ ߱ଶ ή ඩെ
ݍ
2
െඨቀ

ݍ
2
ቁ
ଶ

+ ቀ
݌
3
ቁ
ଷయ

 

ଷݕ = ߱ଶ ή ඩെ
ݍ
2

+ ඨቀ
ݍ
2
ቁ
ଶ

+ ቀ
݌
3
ቁ
ଷయ

+ ߱ ή ඩെ
ݍ
2
െඨቀ

ݍ
2
ቁ
ଶ

+ ቀ
݌
3
ቁ
ଷయ

 

䎃⷗㏐㘇߱ = െ1 + ξ3i᱄㰜䄲㈎䇤㑬㿊㭞᱄㣑㘇䄓㳂⭞⺞᷍100 㛋䐏⽔᷍⭲㋉ⱜ

䄡㦜⤜㦰㋪㿊㭞⭥䅃䅆᱄ 

䎃⷗㬨⹹䇻䄜䊋㧞⪯Ⳟ⧭ⷚ㬞ㆃ⭥⹫㬣᱄䄜䊋㯥⪯Ⳟ⧭ 㦬᷍㗨䇷䇤㼁㯧Ⳟⳉ

䔗㑬㝍㑇᷍䇪㋉⭅⭥䁈㪛Ⳳ㎎㏐᷉Lodovico Ferrari 1᷍522–1565 㛋᷊ⷙ⨗㑬ⷚ㬞

ㆃ 䎃᷍⷗ㆂ⺜䄓㬨䊻㋉⭅⭥㚨⡟ 1545 㛋⭥᱗Ars Magna᱘㏐㘇䍚㬟᱄䐏⽔ 㹆᷍⪯᱃

㒚⪯ゑ㡅䄵㩰䇷㬨㬓㗕㤊㌗㚹ᷠ㵍䂚᷍䊻 1545 㛋䄵⽔䄓キ㿙⧪㸋㝘䐿㭞䁈ㆈ⭥

㬒㩱᱄⭌㑞➺㛋⺞㦆㑬᷍㦕㬝䐶㗜䇱㦯⼯㆙䍚᷉㵝 5.4 ᱄᷊ 

 

㵝 5.4 䄜䊋ⷀ⪯Ⳟ⧭ⷚ㬞ㆃ 

 

⭒䎃⷗㸫㳃䇱㻣䄜⤞㆙䍚⭥㬒⽓᷍䄓㈮⭞㑬㸳㗨᱗㦛㔼᱘䔘㸋䄜㗦䁈㋧⨗㻷

⭥㬒⽓㑬᱄䎃⷗㣑⽔ⳃ䍚⭥㬒ヅ䇱䄜➺ⱁ㛋᷍⪴ 1770 㛋⫛㋋㬝᷍⭞㬏㈦㬡ギ㚊



  

ㆂ㭙᱄㡅䐱⭥⫛⢎㦬㹐⟝㎉㎎ⷒ㎫㦶᱃㔔⳧㛂᷉Paolo Ruffini᷍1765-1822 㛋 ᱃᷊

佩㔿㶀᷉ Évariste Galois 1᷍811–1832 㛋 ᱃᷊➃⡕ⱜ᷉ Niels Henrik Abel 1᷍802–1829

㛋 ᱃᷊㋎㎔᱃ⶆ㔿⡕㛂㸻㯚᱃⤋ⱘ㧝⭣᷉William Burnside 1᷍852–1927 㛋 ᱃᷊㭇ⱜ

᷉Friedrich Heinrich Schur 1᷍856–1932 㛋 ᱃᷊㏏᷉Marius Sophus Lie 1᷍842–1899

㛋 ⭩᷊᱄㡅䐱㣑㘇䎃㾊㦬᷉ ⭞➃⡕ⱜ᷊᷍ 㰜㗨⹅䔘⭥⨖䐵㬨㤔䄜䊋㹆⪯Ⳟ⧭⭥ㆃ᷍

⭌ㆂ⺜㬨ㅉ㑃㑬㦛㔼᱄ⱙ⽔㘇䎃㾊㦬᷍⪴㋎㎔㋋㬝᷍㰜㗨⭥䑘䄋⹅䔘᷍㈮㬨㶋㩧

䎃⷗䇪㣑㦬㳂⨗⭥㏎㔼㑬᱄䎃㾊㘜䓷䄵ゑ䈌㰜㗨㼁⹹⭥Ⰹ㏎᷍䊻᱗㦛㔼᱘⭥䁈㻑

䐱㸳㗨䄜⟄Ⱍ。ㅴ⪆⭞ᱟ㏏㾣䎘᷍2024ᱠ᱄ 

䋖㗕➲ㆃ䄜䊋㹆⪯Ⳟ⧭⼮᱗㦛㔼᱘䎃㗦䁈㋧㑋㻖㡑㎕᷍⡔⽔⭥⭡㏎㡅㬖⼽ビ

⭆᱄㣑㘇㸳㗨㳂⭞㑬᷍䊻Ⳳ㎎㏐䐏⽔᷍㑞➺ⱁ㛋᷍㝘䐿ⷘ㸜Ⰶ゗⭥㭞䁈コⰝ⧃㬵

䓦㏜䇤㞅Ⳟ᱃⿜䊋䎃㾊㭞䁈㬷Ⱟ㦆㤔㯥⪯䄵㩰Ⳟ⧭⭥ⷚ㬞ㆃ᷍⭌Ⱍ㗜⧪⹇᱄䎃䐷

㤊㌗㻣᷍➕㋧䁈⺇㔪ⱙ䁵᷍⪌㵔㯝㸍㋰Ⰹ㈮⤜㾱㑬᱄䎃⷗㈮㼒㸳㗨➲䓵゛⹹䊻䄜

⷗㸾䓴㏐䍳Ⰼ㹘᷍㛄⭥㣑⡓㋧䁈コ᷍ⷘ⷗⪰㘘㉙Ⰶ᷍㰜㗨➲䎃⷗㸾䓴⭥㗠⷗ㅨ㕅

Ⱍ㆙㾱㑬䓱㻙⭥㯲䁑 Ⱍ᷍㗜䇱䍳⭞᱄䎃⷗㬒⽓㛄䇇ⶤ㦆䅃㬗⭞㬨⤜㬨䎃⷗㸾䓴䇱

㒎㶃䄜⷗㸍Ⱙ㛄⤃⤜䐋⭡ᷠ㛄㿉䄋⫓㠧⪌㵔㯝㸍㦆䍳⭞䎃⷗㸍Ⱙ᱄ 

䊻㹆⪯ゑ㡅䄵㩰䄜䊋Ⳟ⧭ⷚ㬞ㆃ⭥㸫㳃㩰 㦰᷍㬗⭞䎃䄜⮄⭥䔏䋈⭥㦬㹐㬨㎎

ⷒ㎫㦶᱄㰜㬖カ㩰㬨㋕⭞㑬䄜䐷㾣⭥㭞䁈ㆂ⹚᱄⪴㰜㋋㬝᷍⭞㔔⳧㛂᷍⭞佩㔿㶀

䈌➃⡕ⱜ 㰜᷍㗨䔗⭥㬣㤊㬨㋋㬝⪴㦛⭥ㆂ⹚ 䄓᷍㈮㬨⧄㯖⭥㦛㔼⭥ㅨⰩ㦆㋝㔨䎃

㾊㸫㳃㑬᱄㉀㳆ⱙ䁵᷍㧈⺜➲䄜⷗䄜䊋 n ⪯Ⳟ⧭⭥ⷚ㬞ㆃ䔘㸋⢅⿜ⰵ㼔᷍㚨㗕㰝

㈮。ⰵ䇇䄜⷗ n ⪯䐤⿜㦛᱄㡅䐱㎎ⷒ㎫㦶᱃㔔⳧㛂ⶪ⭥㬣㤊㬨㏜䇤䐤⿜⭥ⶦ㛏᷍

㦆㏎ㆃ㑬㧞⪯⼮㯥⪯Ⳟ⧭㸋㬓㗕䇱ㆃ᱄䐏⽔㈮㬨佩㔿㶀⼮➃⡕ⱜ㑬 㰜᷍㗨ⶪ⭥㬣

㤊㬨⧚⭸⭹䊻⫛㭞Ⳟ⧭⭥㋪ㆃ㾵䈌㡅ⰵ䇇⭥䐤⿜㦛䐏ヅㅉ㑃㑬㑋㻖 䐙᷍⨗㑬 n ⪯
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Ⳟ⧭䇱ㆃ⭥⨅䄋㳖ミ᷍䄵ゑ㯖㘘䄜⟄⭥㹆⪯Ⳟ⧭㗜䇱ⷚ㬞ㆃ᱄ 

䄜⷗ n ㅸ䐤⿜㦛㬨㋪ㆃ㦛⭥㳖ミ 㬨᷍㰝⭥⤜⢅䓴㦛㾯⧪⭥⤜⢅䓴㦛㑱㉀䇱䄜

⷗㲹㭃⭥㾵䐫᱄㈮㬨㣑䄜⷗⤜⢅䓴㦛ⰵ⽔䄜⷗⤜⢅䓴㦛⭥㩭㦛᷍Ⱍ㬨➃⡕ⱜ㦛᱄

ⰵ䇻䐤⿜㦛ⱙ䁵᷍㣑㯥⷗Ⱍ䇱䎃⷗㾵䐫᱄⭻㹆⷗ゑ㡅䄵㩰᷍㗜䇱᱄䅓⪬᷍䄜䊋㹆

⪯ゑ㡅䄵㩰Ⳟ⧭㗜䇱ⷚ㬞ㆃ᱄䎃⤠⳷⫔コ⤜䇤㏎ㆃ㻙ㅻ 䐜᷍㿉䄋䐋⭡⫔䐣㕀ゎゕ

㋪᱄ 

䎃㈮㬨㭞䁈⭥峩㑇᷂㰝䈌䍽䁈䄜䂚᷍ⰵ䇇⭥Ⱍ㬨䄜㾊䔏〚⡟⭥䐨⿼᱄䇪䍽䁈

䐱⭥䓵㦜䍽䁈ⳃ䍚⨗⭥䑏ⱁ䓵㦜㋧䁈⭥⳷䐈䐱 㹐᷍㏎䁈䄓㉀⡙䎃䂚⭥㲹䐫᱄䎃䄓

㬨㸳㗨⧄㯖⭥㹐㏎䁈䔏㚽⫛⢎䓵㦜䍽䁈⭥ⷚ⡟䊎䅓᱄䊻㎎ⷒ㎫㦶᱃㔔⳧㛂᱃佩㔿

㶀᱃➃⡕ⱜ䎃㯥⷗㦬㏐㘇᷍㣑㘇㑞⷗㬨⮍Ⰹ〚⪂⭥᷍佩㔿㶀䈌➃⡕ⱜ㬨䎇䎞㏜䇤

㦛䎃⷗ⶦ㛏㦆ㆃ㉗䎃⷗㸫㳃⭥᱄㸳㗨㻷䊻。➲⽔㑞⷗⭒䔘㬨᱗㦛㔼᱘䎃㗦䁈㋧⭥

⮍〚㦬 221᱄䈌㼀㾵⫛㭞㏁㯧⭌㔵䇱㤙⢑⭥㬨 㦛᷍㔼䊻ⱟ㬏㬡ギ㑠䓴㑇䁈⧪㾮⽔᷍

㸋㑠䓴㑇䁈㏎㔼⭥⧪㭍䄓⹒㻸㑬䐹䄋⭥㑇㑠᷉ 㼀㾵⫛㭞㬨䊻㡅ㅉ㑃⺞⧭䐱㳂⹊㑬

 
221ㅉ䅊⫔コ⥊䄜㻣䎃㑞⷗㩺㛋㳍⤦⭥㪛㠞᱄⡫䎀䊻㋯㩰㈂㑠ㆊ㩽㗠⷗㋧䁈コ⭥㪛㠞 ㈮᷍㬨㻄

㶜㸳㗨䊻䁈㻑㋧䁈⭥㵍㬒᷍⤜䄋㵲㏌㋧䁈コ⡟㪎㰚⪇⭥㬒⫛⡔㈑᱄㋧䁈㩰䐹⫔㆙⤞⭥⥛㪛᷍

Ⱍ㬨䄵䇪㋧䁈コ⡟㪎⭥㬒⫛⡔㈑᱃䁈㋧⡔㈑䓼⼰㡑㎕䇶ⳃ⭥᱄䁈㪛㬒⫛䇇㈂㑠㑬ㆃ䎃㾊 䎃᷍

䂚㛄⤦。ⰵ㛄⭥䁈㋧ⳃ䍚⭥⺇㔪⥛㪛䄜Ⰹ⭥㏎ㆃ᱄䐜䇱㏎ㆃ㑬㗠⷗ⳃ㻷⡔⽔㚨㾊㦤㦬㦩䁋⳱

㲻⭥⹫㬣䈌㕀ゎ 㛄᷍⤦㚽䎇䎞㏎ㆃㅭ㋧㭊㩰㚨㾊㏅⢚⢚⭥㸥䓷⡔⽔⭥㚻⼎᱄佩㔿㶀⡜㦰㸋㬨

㎬㕟䑘䅆㳍⤦⭥⫛⢎᱄⪌㯖㰜䊻 1830 㛋䔔䇳䋙㈎㵗ⷆ㧞⪯᷍⭻䄜⪯⭥㪔ⷆ㦬㬨㋣㹘᷍㋣㹘

㦤㰜➲㔼㸥㾕⭥⼤Ⰿ䄜㾊᱄㰜ㅌ㔼㸥㆙㾱㑬㾿ⶥ䐏⽔䊺㵗 䎃᷍⪯⭥㪔ⷆ㦬㬨ⶖ㑃䄗 ⭌᷍㋪㻈

⭥㬨ⶖ㏐䄗⿚㗜䇱㎕ゑ㪔䊥㰜⭥㸥䍣㈮㦆㬡㑬᱄⭻㧞⪯㵗ⷆ᷉ ㈾㯖㪔ⷆ㦬䇱⤕㯪䈌㒎㶃䄜㘜

㭞䁈コ᷊᷍ 㪔ⷆ㦬䄡㦜㗜䇱㏎ㆃ䎃㠋㔼㸥᱄䐏⽔᷍䙅㔿㶀䊻㉗Ⱈ䐱㦆㬡᱄䎃⷗㸥䍣㰇䐏⧢㯐

ⱁ㛋᱄1846 㛋᷍䊻㡅㞔䇲⭥⟐䑛㻣᷍⭤⭞㑬㒖㸍ⱜ⭥㋰Ⰹ⽔䔏䐶ⳃ⢎᱄⪴䎃㾊㪔ⷆ㦬᷍㸳㗨

䇇ⶤ㋪䄵ⶱ㬽⭞㬏㈦㬡ギⳉ⺛㭞䁈⭥㣠⫔᱄➃⡕ⱜ㪛㠞䔏⫔⭥⢋㣊᷍⨞㑬㳍⤦᷍㈮㬨㠗㤏᱄

㰜㬨㝓㶟㦬 㝓᷍㶟䊻⭒㬒㝘䐿㋧䁈⭥⟇㵝䐱㋪䄵㯖㬨⧚⭸⭥⢀䊖᱄㰜䓵゛⡟㪎⼽䇦㿄᷍⭌䍳

ㅭ䐑䄜䐒⤜㯔᱄27 㰋㯡䇻㠗㎈䈌ん⤂᷍㯡⽔㬶⭞㑬➹㑷⫔䁈⭥㠙㭊᷍㒏㦬䬒㿋᱄ 

 



  

㭞䁈〚⪂ ᱄᷊㻷䊻᷍㦬㗨。㦰㸋ⰵ⧧㾵㬨㹐䐫㬡ㆈ⭥䄜⷗〚⡟㭕㾵᷍䊻㹐㏎䁈⭥

䁱㈠䐱⺄ⳛ㬚䇤㦛㔼᱄ 

 

5.4 ⳨㝘゙⼯᱃㸃⳷゙⼯᱃㏏㦛㏏⫛㭞᱃㵹㠬䁈㏎㔼⭥ⳃ䍚ゑ㡅ⰵ⽔

㠻㹐㏎䁈⭥䇑㼍 

㣑䄜ㅻ㯖⭥䑘䄋㬨⫛㭞Ⳟ㘇⭥㆙䍚᱄㡅䐱 㼒᷍㼀㾵㋶ヅ䎃㾊ⶦ㛏䄲㈎⟝⼍㑬

゙⼯⭥㚻㦾㑬᱄㰝㬨ⰵ⪌㵔⭥㝘㬞゙⼯㰚㘉㭗⭥㋶ヅ⭥䐹䄋⭥㎊䍚᱄㬖カ㩰᷍⪴

ㆃ㹗゙⼯㋋㬝᷍⫛㭞䈌゙⼯㈮⤜㋪⳷⷏᱄⭒㦜᷍ⷘ䓵⿚㬨ⷘ䓵⭥㲹䎘᱄⡟ㅻ⹹㾥

⭥㬨㹐㏎䁈ⷐ㘝㣑゙⼯䁈⭥㾣㆙䍚᱄⼮㼀㾵⫛㭞᱃䇱㻿㦛㏎㔼䄜䂚᷍㰝㗨䄓㸋ⱟ

㬏㬡ギ㹐㏎䁈⢅ⷐ㾮⭥㾣㏎㔼⭥㳂⨗㳂⹊㑬㭞䁈〚⪂᱄㰝㗨⭥㲹⮄䄓㬨⨊㼔 ⭌᷍

⨊㼔⡔⽔᷍䄡㦜㬨㏎㾵᱄䄜Ⰹ⧭Ⱙ㩰᷍㸳㗨䄓㋪䄵➲㬏㈦㬡ギ䄵⳨㝘゙⼯⭥⭏㪛

㸋㡑⮄⭥㾣゙⼯᱃䄵㦛㔼⭥⭏㪛㸋⢋䐟⭥㾣⫛㭞⭥ⳃ䍚䄵ゑ㰝㗨⭥ㆂ⼰⭒䔘㬨゙

⼯䈌⫛㭞䊻㏛㬘㩰⭥⭻ⱟ⪯ㆂ⼰᱄㧈⺜㯖㰝㗨⭥⭻䄜⪯ㆂ⼰⭝䐣⭥ㆃ㹗゙⼯⭥⭏

㪛⫀㪛⨗㑬䄵㝄ⰺ㑇䁈㸋⫛⢎⭥㈎⮅㹐㏎⭥⿑ 㚨᷍㗕㰝㗨䊻㬏㈦㬡ギ⭥⭻ⱟ⪯ㆂ

⼰㸿䄪䇷⫀㪛⨗㑠䓴㑇䁈䈌㼁ⰵ㔼᷍⭝䐣㑬㹐㏎䁈ⷐ㘝⭥ⳃ㪛᱄ 

⡟䓦䄸Ⱒ⭥䊎䋓 㸳᷍㗨⿚㬨㻩⪴⳨㝘゙⼯㯖㡑᱄⳨㝘゙⼯䐙⭥㈮㬨㤛㘇㩰⭥

゙⼯᱄䇪䇻⡫䎀䐏㣑⨗⟇⭥᱗㦛㔼ゑ㡅䊻㛞㈼㲍㹐㏎䐱⭥䇇䇤᱘⭻ⱟ⟇⭥⭻㡀䍣

䋙㈎ⶓⶨ⺞䎃⤠⳷㚻㦾ᱟ㏏㾣䎘᷍2024ᱠ᷍⼮㩰ㅻㅌ㦛㔼⭥㬒⽓䄜䂚᷍㸳㗨䇷⪴

㚨㏐㚤㑬䄜⤠⳷㚻㦾⺞㎕ゴ䄵㾿ⶥ᷍⹊Ⱒ䎀⤯㋝᱄䇪䇻㸳㗨⭥〚⪂ㅭ䈞᷉㪖䐢⟝

⼍ⱁ㭞ⷀ⭩ㅭ䈞 ⤃᷊⤜⟝⼍⳨㝘゙⼯⭥㚻㦾 㸳᷍㗨㶚㶚。㉖⭤䈌䐏㼁⹹⭥䄜㾊㘜

⪫᷉⡩㧈⡟ㅻ⽔㘇䄋㳂⭞⭥㵹㠬㋶ヅ䈌㸃⳷㒘㾯᷊⳨⧄⭥ⷀ㪏䈌⨊㼔᱄㸋㑬ㅌⰢ

䎀⫙㧌᷍㸳㗨⪴䄜㾊ビ⭆⭥⹹䇻㋶ヅ⭥ⶦ㛏⨗ⳃ㎕䍚㋋ㆊ㩽᱄ 
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㸳㗨㬸㻩㼌䊺⪯㣠⮘⭥㈮㬨㏁㯧㋕㡑㎕ⶕ䊴䈌ⷀ㪏⭥䁈㭖⧪㈮⭥⭏㪛Ⱍ㬨

ⴜ⼰䔏䐒⹼᱃䔏ビ⭆⭥㕀ゎ⭥᱄⡩㧈 㸳᷍㗨Ⱍ䐋⭡䋈㠻㝘㬰゙⼯㘉㭗⭥㬨㉚䊩⭥᱃

㋪䄵㸿㻿㎊䍚⭥㧞㸍㋶ヅ⭥㾵䐫᱄ⱙ䊻⹦㻄㎑⭥ⱁ㭞䓵㦜䍽䁈㳆㻖䐱 㦬᷍㗨㦰㸋

⭹㤓㬨⪇䊻䐱㾥䈏䑇䎃⷗㵍㾥㤓㳆⭥䐱㾥⭥᱄⡩㧈 䊻᷍䁨㏐㬠ⱁ⭣⭥䈏䑇㚄㾮䐱᷍

㑍㿙⭥᱃㸿㻿⭥䐒㼀䊬Ⱀ㬨⤜⡜䊫㿎⭥ 䊩᷍㯺䊓䐽䊬Ⱀ⤦㬨㶋㗡⭥ᱟ䍵ⰹ⿋ 2᷍012ᱠ᱄

䎃䂚 ㈮᷍⤜㋪⡽㘃⭹。⫙㎕䄜⷗㕀ゎ㩰⡩ㅰビ⭆⭌⳨⧄䐖⭤㯝㋝⭥㸫㳃 ⭒ᷛ㸳㗨

䍟⭞⭹㘇㩰⭥䄜⮄㸳㗨㋕⭞⭥㬨㝘㬰㋶ヅ ⭌᷍⭒㸳㗨➲䓵゛⳦䊻㩰⭼㬴ㅨ㦆㋕䎃

⷗㵍㾥㤓㚄㾮䐱⭥⭹㤓㸳㗨㈮。䅃㬗⭞⭹㤓㩰⭥㚔⷗㦬㋕⭞⭥㝘㬰㋶ヅ㬨㸿ⳉ

㵉⺞㸿㻿䁴䍚ⶓⶨ䎜⷗⭹㤓⭥㤓㘇⭥ 222᱄㋝㔨⭞䎃䄜⮄ ⽔᷍㎕㦬㗨ⰵ㝘㬰゙⼯㳂

⨗䐫䄪㈮⤜䔄㸋㡇㑬᱄ 

⪬䐫䄪⺞⧭䐱⡩ㅰ䇱⫛⢎㾵⭥㬨 1826 㛋ⱎ㔿㯚㭞䁈コ Nikolai Ivanovich 

Lobachevsky᷉ 㔿➮㣱ⴓ㯚〚 1᷍792-1856᷊᷍㰜䊻㋇㩞⭥䄜⷗㭞䁈コ。䅊䐱㿜Ⱒ⭥

䓵゛⹹䇻⳨㝘゙⼯⭥㔼㸥᱗゙⼯䁈䊎㏎ゑ㠞㾱㼀Ⰹ㏎䁰ⷒ䐅㘘⭥䍋䄋᱘᱄䎃㏐᷍

㰜㳂⨗㧈⺜ㅌ㝘㬰゙⼯䐱⭥⭻㹆㳖⹌㪉㦆⨞ 223᷍〚䇻㣑㘇⭥゙㳖⹌㪉⿚㬨㋪䄵

⹚ㅉ䄜⷗゙⼯㳆㻖᱄⭌䄦⼗⭥㬨⪬㏎㔼䊻⭒㬒⤃㗜䇱⡜㦬㗨ㅴ㬽᱄1853 㛋 ⷈ᷍㵃

ⷚ⫔䁈㭞䁈㻖ㅭ㬻ⷀ㯚ㅉ䅊㰜⭥䁈㪛㏉㕝䊻㡅ㅭ㬻䓫ⷒ㋝㬵᷉Habilitation᷊䐱䄵

⳨㝘゙⼯㸋㳃㚠㶋⧪䓫ⷒ㋝㬵㔼㸥᱄〚䇻⪬ㅉ䅊᷍㏉㕝ㅌ⪬㔼㸥㳃㚠Ⰹ㸋᱗On 

 
222㰅㦜⭹㤓㬨⷗㤓㾯⭥䐒ㅴ䂊䐅䄜䐒䄋⭩⭞ 16 㬡ギ⨖㕔䍽㔸⭥⿘㤓⼞㾱᷍⭌㋝㔨⭞䋈㠻㦬
㗨⼞⼄㬒㬸㻩㋕⭞⪍Ⳍ䎃⷗㪛』㈎䂊᱃䊣㤓㬨䊓⭥䎃⷗⹼⥃᱃䄵ゑ㤓㾯䊻⹦㻄㎑䍽䁈䐱䍝㈾
⭥䐹䄋㸜䐤 㸳᷍㗨㋪䄵㼌㼔䊻⼽䋈⭥㬒⽓㦬㗨㈮䇱㑬⭹㤓㬨⷗㤓㾯䎃䂚䄜䐷㦰㬗᱄䊻⼽ⱁ⹦
㻄㎑⭥䈏䑇㚄㾮䐱᷍䎃⮄䄓Ⱍ㋪䄵⭤⭞㳆㻷᱄ 
 
223㝘㬰゙⼯㬨䄜⷗䇪㹆㳖⹌㪉᷉postulates᷊᱃㹆㳖⹌㏎᷉ common notions᷊⨗ⳃㅉ㑃⭥゙⼯㏎
㔼㳆㻖᱄ 
 



  

the hypotheses which underlie geometry᱘224᱄⪬⽔᷍⳨㝘゙⼯䎞㬞䊻䑘㒘䁈ㆈ⡜⺄

ⳛㅴ㬽᱄ 

㏉㕝⭥䑘䄋䁱㈠ⰵ㼔㬨㵷㤓㤓㘇᷍䊻䎃⷗⺞⧭䐱᷍㰜䅞㧌㑬㒘㾯᷉䇃㸥㬨

manifold 䅃᷍㯝㬨ⱁ塿䑆 ㅎ᷍䋔⼎㻩㪛➕᱑㳍⭹䇱䎞㡙 䊴᷍㦜ⶔ㒘㾯᱒㆙㾱Ⳏ䅌᷍

㾦⫐䁦デ⹬᷊⭥ⶦ㛏᷍㎕㘉㭗㏁㯧〚䇻㤛㘇⭥゙⼯᱄䊻㘉㭗䎃⷗㤛㘇⭥゙⼯㬒᷍

㠞㾱㼀⹌㪉㬨⤜㿉䄋⭥᱄㈮㼒㵝 5.5 䐱⭥⭹㤓᷍㧈⺜㸳㗨⿎䄜⷗⼽⫔⭥㧞ㅨ㾯᷍

䋓䊻㈷䈓⭥㬴ㅨ㸳㗨㦰㸋㼁⿆㠞㾱⭥㑞㳖㈎㼀᷍䊻㦌㈷㬴ㅨ㋕㎕㬨㋪䄵㼁ㅜ⭥᱄

㵝䐱䎃⷗㧞ㅨ㾯⭥㚻ㅨ⼮䄓⤜㬨 180 Ⱙ᱄㏉㕝゙⼯⼽⼤⭹㏜䇤㑬㝘㬰㋶ヅ⭥㾵

䐫 ➲᷍ⶕ䊴⭥㤛㘇⳷⧪⼽ⱁⴃ⡶⭥㤙䈓⭥ゐ⼰᱄㏁㯧ⴃ⡶⭥㤙䈓⭥ゐ⼰⧧㸋㵝㋉

᷉Atlas 䇱᷍㬒䄓Ⳏ䅌㸋䔙⢋㵝㋉᱃㵝ゐ᱃㵝〄᷊225᱄㗠⷗㤙䈓ⰵ䇇⭥㈷⤠㋶ヅ᷉ ㋋

ゐ᷊᷍䈌㝘㬰㋶ヅ䎃䐷㶋㦌㗜䇱㝅㤛⭥㋶ヅ⭥㋋ゐ䊻ㆂ⹚㩰ⰵ䇇 226᱄䅓⪬᷍㋪䄵

䇤㝘㬰㋶ヅ䐱⭥㸃⳷⹅㉀㎕㘉㭗㡅ㆂ⹚᱄ⱙ㼁㑻⭥㤙䈓᷍䇱䐹⮟⤠⳷᱄䊻䎃㾊䐹

⮟⭥⤠⳷᷍䇷㋪䄵㵉⺞㸃⳷㾵䐫⭥㑍㿙㾵᷍⡄䐅㶋㗡⭹㠕ㅴ㡑㎕᱄䎃䐷㠕ㅴ䊫㿎

㋶ヅ㝅㤛᷍ⱙ㏁㯧㋶ヅ⭥㝅㤛。⫙㎕䈌㝘㬰゙⼯㶋㦌⤜䄜䂚⭥㾵䐫᱄ 

⽔㎕ ⫔᷍コⰝ䐋⭡䎃㲸〚䇻㭞䁈コⰵ㋶ヅⶦ㛏⭥㲞㰘ⱙ䅞㧌⭥㭞䁈䈐䁵⭏㪛

 
224ⰵ⭣⺛䁈䎀᷍䊻㡅䁈㭖㪛䁥䐱䎞⧄㤊㌗㻣㬨䄋㶋⧪㑞⷗㔼㸥⭥᱄䄜⷗㬨㡅⤊㬠䁈㸜㔼㸥᷍䄜⷗
㬨㡅ㅭ㬻䓫ⷒ㋝㬵㔼㸥᱄ 
 
225䎃㏐䄋ⶱ㾜⡒㈊⫔䁈㭞䁈䁈䊛⭥䐽䎅剋ㅭ㬻᱄䐏㣑⡫䎀䄜䐒䍳⤜⭞⼰㬫⭥Ⳏ䅌᷍㰜ⷙ㑬䄜
⷗⼽㦌㘇⭥⿹⫑᱄ 
 
226䎃䐷ⰵ䇇⡜⧧㸋 mapping᱄㡅⪫ⷚ᷍䈌⫔⭹⥃㑠䐱⭥ map 㬨㼁⹹⭥᱄➕䐽⢓㎰㬇㼀㩰㋯⧭
⭥ㅓ㭗 䊻᷍㬏㈦㬡ギ㩰⟌䄗 ⷀ᷍㯚䅓㸋ㅴ⭞䄜⷗⿎⭹㵝⭥㦯㹒 ⢄᷍㋋㬝ⰵ䎃Ⳟ㘇⭥㸫㳃㆙㾱
㯝㋝㑬᱄⡫䎀㦰㵍⪬㯖ⳉ᷍䅓⪬䎃㏐㾕㻣㎕⹊Ⱒ䎀⤯㋝᱄ 
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⟌⷗㬡ギ⽔ 䊻᷍➏䅓㯚㲚ⳃ䍚⭥⺄䅆㼁ⰵ㔼䐱ⳃ⿴㑬䐢⹹䐹䄋⭥䔘䇤 227᱄䎃⷗⡔

⽔᷍㬖カ㩰㈮㬨㩰䄜Ⱟ㳂⭞⭥⡟䐫㩰⼽ビ⭆⭥㵝㼒᱄㵍㬒᷍㸳㗨䄓䄋䐙⨗⡟䍣䄋

ㅓ⭥⼽ⱁ㋕㯧ⷀ㪏᱃㋕㯧ⶕ䊴⭥ⶦ㛏᷍Ⱍ䈌䎃⷗ビ⭆⭥㵝㼒㼁⹹᱄ 

⭒㸳㗨䄵㤛㘇㸋ⰵ㼔㎕䁱㈠゙⼯⭥㬒⽓ 㤛᷍㘇⭥⽋⹼ㆂ⹚㈮㾯⧪㑬㵹㠬 㧈᷍

5.5 䇳㻣ㅨ⭥㋬㎔䅓㠠㰚㬟᱄㭞䁈㩰᷍㸋㑬㏎ㆃ䎃㾊ⶦ㛏᷍㸳㗨㿉䄋㻩⪴㵹㠬㋶

ヅ⨗ⳃ䅞㧌䄜㲸〚⡟䈐䁵㎕㘉㭗㋶ヅ⭥㵹㠬㾵᱄䐏⽔ 䔘᷍㸋㵹㠬㋶ヅ䐱䄜⷗㏞䓴᷍

㸳㗨㦂㋪䄵㏜䇤㸃⳷Ⳟ⧭㎕⳷㹗⭥⼡㯚⭡ⴓ㋶ヅ㻣㬷᷍䅞㧌㸃⳷㒘㾯᱄䐏⽔᷍䎃

⤠⳷㚻㦾䈌㦛㔼ㆂ⼰᷍㋪䄵⥛㪛㏏㦛᱃㏏⫛㭞᱄㰝㗨㘉㭗⭥㬨⤜㵍㤛㘇䐏ヅ㋪䄵

㵉⺞⢅⿜㑋㻖㡑㎕⭥㾵䐫᱄䄋㼌㏎ㆃ䎃㾊᷍⿚㬨㿉䄋⿉⼽⫔㈌㑇⭥᱄䎃㏐㸳㗨䐜

㬨⪴㏛㬘⭥ㅨⰩㅓㆃ㡅ビ⭆㕀ゎ᱄ 

䎃⷗㏛㬘㕀ゎ㋪䄵㳆㻷䊻㋬㎔䅓᷉ Felix Klein 1᷍849–1925 㛋 㬨᷊㏉㕝䐏⽔ゴ

㧌ⷈ㵃ⷚ⫔䁈㭞䁈㻖⭥᱄䐏㣑 ⷀ᷍㯚䈌㏉㕝ⰵ䎃㾊㶎⡓⭥⭣⺛㭞䁈コ㋰Ⰹ。⥛㪛

䇑㼍᱄㵍㬒᷍䊻ゴ㧌ⷈ㵃ⷚ⫔䁈䐏㣑᷍㋬㎔䅓䋙㬨➏ⱜ㎝ⷚ⫔䁈⭥ㅭ㬻᷍㩰㭗㯝

㼌䄓㬨㰜䊻ゴ㧌➏ⱜ㎝ⷚ⫔䁈㬒⭥㧌䐑䁾ㅓ᷉ 㬘⧧➏ⱜ㎝ⷚⶺ㒍 䐱᷊⭥䑘䄋㯝㼌᱄

⪬ⶺ㒍⭥䔘䇤 㬨᷍➲⭒㬒㦬㗨䁱㈠⭥⤜㵍゙⼯䁈䓼⼰⭞䄜㡑⧪㸋⹹䇻㋶ヅ䐏䊻⢅

⿜㦛㻣⤜⢅㾵⭥䁱㈠᱄㡅゙⼯ⷚ⡟᷍㬨䇪⡄㡅Ⱙ⺇⭥⢅⿜㦛㰚⢎㬟⭥᱄䊻䎃⷗ⶺ

㒍䐱᷍㋬㎔䅓䄓㲹⢑㳂⭞㑬㏏᷉Sophus Lie, 1842–1899 㛋᷊⭥⹒㻸᱄ 

䊻ⷈ㵃ⷚ㠻ヅ᷍⨞㑬⭄㦯᱗㭞䁈㛋㋐᱘228᷍㰜⿚Ⱑ㉀⿼䁼⭹ㅌ㻄ⱜ⤏㲹㤌⭞

 
227⺄䅆㼁ⰵ㔼䐱⭥⹹ポ⮄㈮㬨㬒㋶㝅㤛᱄䎃䄓㈮⤜㚲㏎ㆃ㸋㬓㗕㸳㗨㯖㰜㦆ⷈ㵃ⷚ⫔䁈ㅓ㶋
⡉⷇⽔ ㋕᷍⭞㻄ⱜ⤏㲹㰚㳂⭥㸫㳃㸋⼯㚨㗕⭹㆕䍦㑬᱄㻷䊻᷍㸳㗨㘉㭗䈏䑇⭥ㆂ⹚㬨䇱㻿㸿
⢀᷍䄓㬨〚䇻㏁㯧⭥゙⼯㵝㼒᱄ 
 
228 <Annals of Mathematics>᷍⭌⤃⤜㬨㻷䊻䇪㠶㑷㯚ⰺ⶛䋑⭥㚨⷗᷍ⱙ㬨 1868 㛋䊻⭣⺛䇪
Rudolf Friedrich Alfred Clebsch᷉1833–1872 㛋᷊⼮ Carl Gottfried Neumann᷉1832–1925 㛋᷊
⪕㋐⭥㚨⷗⭣⺛㭞䁈䊴䐟᱄䎃⷗䊴䐟ⰵ⭒㬒⭥㭞䁈ⳃ䍚㡑⭞㑬⳨⧄䐹䄋⭥㵧㆙䔘䇤᱄ 



  

ⷈ㵃ⷚ᷍䎃㬚⭤ⷈ㵃ⷚ⭥㭞䁈㻖䐒䐢ⱟ䍞ㆂ㭙㣑Ⱍ㚽⹜䄜䐒䅞㒍㬡ㆈ᱄㵍㬒᷍㡅

㭞䁈⭹㸜䄓㬚⭤䎃㰚䁈㾄䊻㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖⭥㹐㏎䁈ⷐ㘝䐱⟈䁾㑬⤜㋪

㳇⫛⭥ㅨ㩌᱄ⱟ㬏㬡ギⱟ㬏㛋⫛㚊᷍㑠䓴㑇䁈ㅉ㑃䐏⽔᷍㶃ⱜ᷉Hermann Klaus 

Hugo Weyl᷍1885ÿ1955᷊ㅴ㳇㑬㻄ⱜ⤏㲹䊻ⷈ㵃ⷚ⫔䁈㭞䁈㻖⭥㸜䐤᷍㋋㬝㻖㵔

⭹䁱㈠⺇ⳗ䊻㹐㏎䁈䐱⭥䔘䇤᱄䎃㾊 䄜᷍Ⰹ⧭Ⱙ㩰䄓㬨⡟ㅻ㰚䓽ㆂ⭥⪌⧱⭥ⳕ䇔᱄

䈌䐏㼁䇇⭥ⷝ㸋⨊㼔䈌ⷀⰬ⭥㭞䁈⹅㉀ ゕ᷍㏏㦛㏏⫛㭞 䊻᷍ⱟ㬏㬡ギ䐱⽔㠻䑑ㅆ

⧧㸋䁈㻑㏎㔼㹐㏎⭥⡹㿉᱄ 

 

 
㵝 5.5 ⳨㝘゙⼯䐱⭥䄜㾊ⶦ㛏᱄䔔㩰ㅨ㬨⭹㤓᷍⼽㻵㦜᷍㡅⢎㘇㬨䄜⷗㤓㘇᱄䊻⭹㤓⢎㘇

⿎䄜⷗㸿㻿⫔⭥㧞ㅨ㾯᷍㚻ㅨ⼮㻵㦜⤃⤜㸋㒄᱄㸋㑬㘉㭗㡅⢎㘇᷍㿉䄋㵉⺞㼁⿆ㅜ⮟⭥㋋

ゐ᷉䇳㩰᷊䅞㧌㵝㋉᷉䔔㻣᷊⭥ⶦ㛏᱄䎃㾊Ⱍ㬨⳨㝘゙⼯䐱⭥〚⡟䈐䁵᱄㰝㬨㘉㭗䇳㻣㤛

㘇⭥㏎㼌⹅㉀᱄⪴䎃㾊㵝䄓㋪䄵㋕⨗᷍㵹㠬⭥ⶦ㛏䈌⳨㝘゙⼯䄓㗽㣱㼁⹹᱄䇳㻣ㅨ⭥㠠䓴

⡜⧧㸋㋬㎔䅓㠠᱄ 

 

5.5 ⪌⧱䊻㭞䁈ⳃ䍚䐱⭥䔘䇤 

䔏⽔᷍㸳㗨ㅓ䄜㻣⪌⧱䊻㭞䁈ⳃ䍚䐱⭥䔘䇤᱄㣑㘇㳂⭞⺞᷍䎃䄜⮄䊻⼽ⱁ䁈
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㋧䐱Ⱍ㬨㏁㯧⭥᱄䊻㘇㼓⫔䐻䎌ⰵ䎃䄜⮄㆙㾱ㅓㆃ⭥㬒⽓ 㭞᷍䁈䈌㹐㏎䈌㋧䁈⭥

㡅㰝⳷䐈㔵䇱⤜㵍᱄㰝㗨᷉䎃㑞⷗䁈㋧᷊㬨㧈⪬⭥〚⪂᷉㲹⢑㬨㭞䁈᷊᷍ 䄵䐢䇻

㋪䄵㈺⭤㏞䓴䐱㣄⧗⭞⭥㦬㹐㸳㗨ⱁ㭞Ⱍⱛ㭍㚽㼋᱄䅓⪬ 㸳᷍㗨➲䎃ㅻ⭒⧪㬨䄜

⷗ⰵ㋧䁈⭥䎃⷗㭕㾵㆙㾱㼋㻙㯖㘘⭥〛。᱄㸳㗨。䄵㭞䁈⭥ⳃ䍚㸋㏞ ➲᷍䎃⷗⺇

㔪⧫㻷⨗㎕᷍⹊Ⱒ䎀㳆。᱄䎃⷗⺇㔪㬨㬫䇤䇻㋧䁈⭥㡅㰝⳷䐈⭥᱄ 

䊻㣑㘇㸳㗨ㅓ⿾ⷝ㯚⭥㬒⽓㸳㗨䄲㈎㳂⭞⺞ 㰜᷍㪏㬽㸅⫐᷉ Franciscus Vieta᷍

1540ÿ1603 㛋 ᱃᷊⭲㋉ⱜ᷉ Rene Descartes 1᷍596ÿ1650 㛋 ᱃᷊Ⳳ㕎᷉ Pierre de Fermat᷍

1607ÿ1665 㛋᷊⭥䇑㼍᷍㲹⢑㬨⭲㋉ⱜ᱄㰜㰅㦜⤃⤜䄵㭞䁈⧪㈮䑙⧧᷍⭌㎔⤝㛂

⪥㚽⹜㦂⭤㚨㗕⫔⭥䁈㭖⧪㈮᷉⟝㎉㭞䁈⧪㈮᷊᷍ ⼽⫔⧭Ⱙ㩰⭤䅇䇻㵉⺞㰜⪇䊻

⭲㋉ⱜ䎃䄜㕗㩰᷍⤃ⰵ䎃䄜㕗⭥㏎㾵⪌㵔㆙㾱㑬⨅⳷⭥キ⧱᱄㎔⤝㛂⪥㶚⽔᷍㰜

䄜⷗䐹䄋⭥䁈㪛㬨䁦㋪⡩ I᱅⤏㝍㏜᷉ Jacob Bernoulli 1᷍655ÿ1705 㛋 ᱄᷊䁦㋪⡩ I᱅⤏

㝍㏜⫙⨗㑬䓵゛⭥⭽⭽䊝⼓ I᱅⤏㝍㏜᷉Johann Bernoulli᷍1667ÿ1748 㛋 ᱄᷊䊝⼓

I᱅⤏㝍㏜䇱㯥⷗ⱚ䓴᷍㡅䐱⭅㛂ⱜ I᱅⤏㝍㏜᷉Daniel Bernoulli᷍1700ÿ1782 㛋᷊

䁈㭖⧪㈮䔏⫔᱄㰜㬨㒘㳆㑇䁈䐱⤏㝍㏜Ⳟ⧭⭥㳂⨗䎀᱄㵍㬒᷍㰜⿚䇱䄜⷗⼤㞔䇲

㝘㎎᷉Leonhard Euler᷍1707ÿ1782 㛋 ᱄᷊㰜㗨䄜㡑᷍䅞㒍㑬㝄ⰺ㑇䁈䊻 18 㬡ギ⭥

ⳃ䍚᱄䄓ㅌⳉ⺛᱃ⱎ㔿㯚ㅉ⧪㑬㬡ㆈ㭞䁈⭥䐱㾥᱄ 

㝘㎎䊺㶚⽔᷍䇱⷗⼽䇱䇑㼍㑇⭥䁈㪛㎎ⷒ㎫㦶᷉Joseph-Louis Lagrange᷍

1736ÿ1813 㛋 ᱄᷊㵍㬒᷍㰅㦜䊻䐒ㅴ⪌⧱㩰⤜㚽㳆㻷᷍⭌㼒⭲㋉ⱜ᱃㎔⤝㛂⪥᱃⤏

㝍㏜コ䔆᱃㝘㎎䎃䐷㦬ⰵⳉ⺛㭞䁈⭥䇑㼍 䄓᷍㬚⭤ⳉ⺛㚽⹜Ⱑ㑃⭹䇠㻷⨗⫐㎫⡕

ⱜ᷉Jean le Rond d'Alembert 1᷍717ÿ1783 㛋᷊䎃䂚⭥㭞䁈⫔㬇᱄⫐㎫⡕ⱜ⭥䄜⷗䁈

㪛ㅱ㎎㠶㎎㯚᷉Pierre-Simon Laplace᷍1749-1827 ᱄᷊⭒ⳉ⺛㭞䁈᱃㹐㏎䁈⭥㡍䐥⪌

⧱⭞㎎ⷒ㎫㦶᱃㎎㠶㎎㯚⭥㬷䐱⭥㬒⽓᷍㬒ヅ䄲㈎⭞㑬㬏➬㬡ギ㚊᱄ⳉ⺛⭥㡕㗪



  

䊬Ⱀ䄓䄲ㆂ㭙᱄䐏⽔᷍㎎ⷒ㎫㦶䈌㎎㠶㎎㯚䄵➮㏉ⷀ⹅᱃➮㏉ⷀ㬇㸋〚⭹᷍㞁䂙

⨗䄜㞛ⳉ⺛㭞䁈コ᷍⟝㎉ⶖ㑃䄗᷉Joseph Fourier᷍1768ÿ1830 㛋᷍㎎ⷒ㎫㦶⭥䁈

㪛 ᱃᷊⤕㯪᷉Siméon Denis Poisson᷍1781ÿ1840 㛋᷍㎎ⷒ㎫㦶䈌㎎㠶㎎㯚⹓㵍⭥䁈

㪛 ᱃᷊➃㎎⹒᷉François Arago᷍1786ÿ1853 㛋᷍㬽䅇䇻㎎㠶㎎㯚䈌⤕㯪 ᱃᷊➓㞁

᷉AndréÿMarie Ampère 1᷍775ÿ1836 㛋᷍➃㎎⹒⭥⼰䔘䎀 ᱃᷊㋉㝖᷉Nicolas Léonard 

Sadi Carnot᷍1796–1832 㛋 ᱃᷊㋣㹘᷉AugustinÿLouis Cauchy᷍1789ÿ1857 ᱃᷊䙅㔿

㶀᷉Évariste Galois 1᷍811–1832 㛋᷊⭩䄜㞛䇷䄜㞛㸳㗨㸿ⳉ䄜䄜㑱㈺⭥ㅽ⨗⭥㭞

䁈コ᱄㻷䊻᷍㭞䁈ㅭ䈞䄓㬨ⳉ⺛ⷀ㾄⭥㲹㩌᱄ 

㵍䂚⭥⹫㬣䄓ⳃ㪛䊻⭣⺛᱃䇃⺛᱃ⱎ㔿㯚᷍㸳㗨㆗䄵⭣⺛㸋㏞䍚㋋㯖㘘᱄䊻

⡟㭊⭥㣑䁵⤠⳷᷍㸳㗨䄲㈎㳂⭞㰜㗨⭥㋧䁈ⳃ䍚㬨㈎㏛㑬䄜⷗⪴䍽䁈᱃㭞䁈᷉䎃

㑞⷗ⶶ⼤䄓㬨䔏〚⪂⭥䁈㋧᷊᷍ ⭞㬖䂊㹐㏎䁈᷍⭞㏎㔼㹐㏎䁈᷍䊺⭞ⷘ⷗䁈㋧⭥

㻖㵔ㅆ㆙⭥䑑⤞䍡⳦⺞⧭⭥᱄䎃㏐㸳㗨㋪䄵㔵㸃䓋⿜⹹䓃⮄ ⪴᷍㭞䁈ⳃ䍚⭥ㅨⰩ

㎕㆙㾱䄜⷗䐹㾣㪔㬴᱄䎃䄜㣱⿚㬨䄋⪴㎔⤝㛂⪥㯖㡑᱄䊻㎔⤝㛂⪥㪛』⭥㛋⫛᷍

⭣⺛⿚㗜䇱㵔䄜᷍ⷘ⷗Ⱑ㑃⭥㶖⺛㼁ⰵ䇻ⳉ⺛⿚⼽㕅⽔᷍ⷝ⢑㯖⼮䇃⺛ⰵ⡩㑬᱄

⭌㬨䐏⽔⭥㬏➬㬡ギ᷍⭣⺛㈎㏛㑬⹦⮅䍽䁈ⳃ䍚⭥⿧㆑㠻᱄ 

㣑㘇㳂⭞⺞᷍⼻ⷒⱜ᷉Georg Wilhelm Friedrich Hegel᷍1770ÿ1831 㛋᷊⡩ⷀ㯚

᷉Carl Friedrich Gauss᷍1777ÿ1855 㛋᷊䐜⫔㡀㰋᱄ⷀ㯚㬨⤜㬡⨗⭥㳍⤦᱄⭣⺛⭥

㭞䁈䊻㰜䐏⽔䱩㡑᷍㡅䐱⪌⧱䄓㡑⭞㑬れ㡅䐹䄋⭥䔘䇤᱄䊻䎃⷗⪌⧱⺞⧭䐱᷍ⷈ

㵃ⷚ⫔䁈᱃➹㑷⫔䁈䄓⟈䁾㑬れ㡅䐹䄋⭥ㅨ㩌᱄ⷀ㯚⭥䁈㪛⡓䐱⡩ㅰ⨗㩌⭥㬨㏉

㕝᷉Bernhard Riemann᷍1826ÿ1866 㛋᷊⼮㚋⡩㸻㯚᷉August Ferdinand Möbius᷍

1790–1868 㛋)᷍㏉㕝㋋⪕㑬⳨㝘゙⼯Ⳟ㘇⭥㻖㵔䁱㈠᷍㚋⡩㸻㯚⭥⹅䔘䄲㈎⟝

⼍㑬㵹㠬⭥㚻㦾᱄䊻ⷀ㯚⭥䁈㪛䐱᷍⤃⤜㼒㏉㕝᱃㚋⡩㸻㯚䎃㗕䑙㘜᷍⭌䄓⳨⧄
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⨗㩌⭥䇱⹦⭣㕝᷉Christoph Gudermann᷍1798–1852 㛋 ᱃᷊ⷒ㛟᷉Christian Ludwig 

Gerling 1᷍788–1864 㛋 ᱄᷊㡅䐱᷍⹦⭣㕝䇱⷗れ㡅䑙㘜⭥䁈㪛㸛ⱜ㬊㲹㎎㯚᷉Karl 

Theodor Wilhelm Weierstrass 1815–1897 㛋᷊᷍ 㬨㻷⫛⳷㹗䁈⭥⮍〚㦬᱄ⷒ㛟⭥䁈

㪛㠶㔡㋬᷉ Julius Plücker 1᷍801–1868 㛋 䇷᷊⫙⨗㑬㋬㎔䅓᷉ Felix Klein 1᷍849ÿ1925

㛋 ᱄᷊㋬㎔䅓㵉⺞㡅䁈㪛㑷⭣㕝᷉Carl Louis Ferdinand von Lindemann᷍1852–1939

㛋᷊᷍ 䇷䇑㼍㑬㻄ⱜ⤏㲹᷉David Hilbert 1᷍862–1943 㛋 ᱃᷊䷪㋪ⴓ㯚〚᷉Hermann 

Minkowski 1᷍864ÿ1909 㛋 ᱃᷊㰘㚊⳧᷉Arnold Johannes Wilhelm Sommerfeld 1᷍868–

1951 㛋 䎃᷊䂚⭥㦬㹐᱄㰜㗨䊻㤁㛋㬒⫛㉚䊻ⷈ㵃ⷚ⫔䁈䁈㻑 䐏᷍⽔䇱㾊䄓⿹⭞㑬

ⷈ㵃ⷚ᱄䅓⪬᷍䇤㸳㗨䓽㬨㣠⮘⭥᱑⫔䁈䁈㋧ㅉ㪉᱒⭥䈐䁵᷍䊻䎃㏐㸳㗨㋪䄵㯖

㋬㎔䅓⪌⧱㑬ⷀ㯚᱃㏉㕝᷍ㅌⷈ㵃ⷚ⫔䁈ⳃ䍚㸋㭞䁈䐱㾥᱄ 

⨞㑬ⷈ㵃ⷚ⫔䁈᷍⿚䇱➹㑷⫔䁈᱄㸛ⱜ㬊㲹㎎㯚᷍ⰵ㰝⭥䇑㼍㬨㈿⫔⭥᱄㰜

⫙⨗㑬〚㒊᷉ Wilhelm Killing 1᷍847–1923 㛋 ᱃᷊㋖㵱ⱜ᷉ Georg Cantor 1᷍845–1918

㛋 ᱃᷊ⶆ㔿⡕㛂㸻㯚᷉ Ferdinand Georg Frobenius 1᷍849–1917 㛋 ᱃᷊㾽ⴓ㏜᷉ Arthur 

Moritz Schoenflies 1᷍853–1928 㛋᷊⭩㦬᱄䊻㬏㈦㬡ギ㚊᷍䄵ⷈ㵃ⷚ⫔䁈᱃➹㑷⫔

䁈㸋〚⭹᷍䊺ゴ㩰⼄⭣⡅⫔䁈᱃㚞㛂⼻⫔䁈᱃㋣㛂㯚⡅⫔䁈⭩㡅㰝ⷀ㾄⭥⹒㻸᷍

⭣⺛⭥㭞䁈䄓䇎㎕⭥䱼ⴆ᱄ 

䔏⽔᷍⡫䎀㣠⮘䄜㻣䓵゛⭥䓉䄖㬨㹐㏎䁈䐱⭥㛞㈼㲍㹐㏎᷍ⱙ⳨㭞䁈᱄⡟䍣

⭥䎃㾊ⶱ㋏䄓㆗㆗㬨䓵゛䊻ㅓ㬻᱗㆒㦶㹐㏎᱘㋯⧭⭥⺞⧭䐱᷍㳆。⭞⭥㸳㗨㿉䄋

䁈㻑⭥㭞䁈䈌㸳㗨䊻㋯⡟㩰〓䎀ⷘ䐷Ⱒ㹐䐱ㅴ⪆⭞⭥㏛㬘㦬㹐䐏ヅ⭥㑋㻖 ㆙᷍ⱙ

㵻㉓䎃㾊㦬㹐䐏ヅ⭥㑋㻖㰚䓽ㆂ⨗⭥䄜㾊⷗㦬ⶱ⪆᱄䎃㏐䓽ㆂ⨗㎕᷍㆗⹊⤯㋝᱄  

 



  

⭻㒚䍣 䈌㹐㏎䁈㼁⹹⭥䍽䁈㯝㼌⭥ⳃ䍚 

⭻㹆䍣⭥䑘㳃㬨㭞䁈㩰⭥䄜㾊⹹ポ㆙⤞᱄㰝⭥䔘䇤 㬨᷍㸋ⱟ㬏㬡ギ⨖⭥㹐㏎

䁈ⷐ㘝㳂⹊㭞䁈⹅㉀Ⳟ㘇⭥䐈⧷᱄⹹䇻㭞䁈䈌㹐㏎䐏ヅ⭥⹹㻖᷍㸳㗨䊻 1.3 ㅻ㆙

㾱⺞ㆊ㩽 ⫔᷍コ䊻ⷀ䐱䈌⫔䁈⭥䁈㻑⺞⧭䐱䄓Ⱍ。䇱⡩ㅰ㪏㋭⭥㦰㬗᱄⨞㑬㭞䁈᷍

䍽䁈⭥㆙⤞ⰵ䇻㹐㏎䁈⭥ⳃ䍚㵍䂚䐹䄋᱄㰝⭥䔘䇤 㬨᷍㸋㹐㏎䁈⭥ⳃ䍚㳂⹊䍽䁈

㩰⭥䐙⭝⭥᷉䑘䄋㳆㻷㸋㾯ⱙ㩰䁈᱃㕀ゎ䁈Ⳟ㘇⭥䐙⭝ ᱄᷊ 

䍽䁈䈌㭞䁈䄜䂚㬨㹐㏎䎃⷗䁈㋧㚽⹜ㅂ㋖ⳃ䍚⭥〚㬐᱄⪴㸳⺛㚠㣑⫔䁈㹐㏎

ㅭ䈞⭥㻷䊻㎕㋕᷍ⰵ㭞䁈⭥⹹䓃㬨⡩ㅰ⨅⳷⭥᷍⭌ⰵ䍽䁈⭥⹹䓃᷍㦕㩺䐏䇷㩺᱄

⥛㪛䎃䐷㻷㼔⭥䄜⷗䊎䅓㬨㋧䁈ⷐ㘝䐏⽔᷍㼒㹐㏎䁈᱃⿐䁈᱃㪛㹐䄞䁈᱃⭹䁈㻩

⽔Ⱑ㑃᱄⭒䎃㾊䁈㋧Ⱑ㑃⽔᷍㾯⧪㑬䓵㪎⭥䄜㾊㲹⮄᱄ㅆㅆ⭥᷍㦬㗨。ㅌ䓃䅃㑇

ゐ䐱䊻➲䓉䄖䔗᱑㈌᱒᱄䔘㸋䎃⷗㤘㬧⶞⫙⭥㾈⺜᷍䎃㾊䁈㋧䈌䍽䁈⭥⹹㻖㬨。

⡜⽗㬴⭥᱄㸳⺛⭥㻷⫛⫔䁈ㅭ䈞㋋㬝䇻㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖᱄䎃⷗㬒⽓᷍㋧

䁈ⷐ㘝䋈䄲ㆂ㭙᱄䁈㋧⿏⳷䄓䄲㶋⧪᱄䅓⪬᷍ビ⭆⪷⡊⭹⤯㋝⭒㬒㹘Ⳟⷀ㾄⭥䁈

㋧㪉䐤⺇⿏㸳㗨⭥䁈㋧ 。᷍㦤㸳㗨ⷘ⷗䁈㋧⽗㔵㡅䊻䍽䁈㩰㘇⭥ⷚ 229᱄䊻㼓㹘Ⳟ

⭥⼤⭥ⷀ㾄䁈㻑⭥㬒⽓᷍〓㿎㸳㗨㿉䄋➲⪆ㅨ㲞⭤ⷝ㪏䄜㾊᱄㵍㬒᷍㋝㔨⭞㸳㗨

䊻ⷀ㋝䍱㪛䈌䁈㋧㪉䐤䐱㻑⺀㾵⭹➲䍽䁈⿏䊻㸥㋧䎃䄜⫔㏁ 䎃᷍⷗㤊㌗㈮。ⷝゴ

䁰䐹᱄ 

ⰵ䇻䓵㦜㋧䁈⭥㰚䇱⳷䐈㎕㯖 ⽗᷍㔵㡅䍽䁈⭥ⷚⱚⰝ㬨⤜ⰵ⭥᱄ⰵ䇻㹐㏎䁈᷍

䎃䂚䔗。䇩㡅䐣㘝᱄㬖カ㩰᷍䊻㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖㹐㏎䁈ⳃ䍚䈗⭞㠠㈒⭥

㬒⽓ 䊻᷍㹐㏎䁈ⷐ㘝⭥㆙㾱⺞⧭䐱 㚨᷍䄜㞛ㅽ⨗⭥㹐㏎䁈コ㗨䊻䍽䁈⥄㘇ⰵ㹐㏎

 
229ⰵ䇻㰜㗨⭥ⷀ㾄 䎃᷍䐷㤊㌗䄓䇱᱄䎃⭒㦜䄓㬨⤜ⰵ⭥᱄⭌⡰㈚㰜㗨䇱⡩ㅰ⼤⭥䓵㦜䍽䁈Ⳟ㘇⭥
〞㎼᷍䎜㳆㤊㌗⼤䄜㾊᱄ 
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䁈⭥䁈㋧㭕㾵⭥㪏Ⱙ㯝㋝㬨䊻➲㹐㏎䁈⫙⨗㛁㲗⭥⺞⧭䐱ⳃ⿴㑬⳨⧄⹹ポ⭥䔘

䇤⭥᱄⭌⤜⭤⤜㯖᷍㚠㣑⤜⹽㬨䍽䁈䓉䄖⭥ㅭ⤥⿚㬨㹐㏎䁈䓉䄖⭥ㅭ⤥᷍䊻㲷㔼

㹐㏎䁈ⷐ㘝⭥㬒⽓᷍㈮䍽䁈㯝㼌ⰵ㹐㏎䁈ⷐ㘝䇑㼍⭥㲷㔼Ⱍ⼽㚲㋕⭞᱄ 

⡟䍣㡔㵝䊻䄜Ⰹ⧭Ⱙ㩰ⰵ䎃⷗㤊㌗㆙㾱ⶥ㩧᱄⡫䎀Ⰹ⭥䑘㳃㬨᱑䈌㹐㏎䁈㼁

⹹⭥䍽䁈㹘㯝㼌⭥ⳃ䍚᱒᱄㿉䄋㯖㘘⭥㬨䍽䁈䇱㲌ⱁ⭥⳷䐈㑬᷍⡩㧈䓵㦜䍽䁈᱃

㾯ⱙ㩰䁈᱃㕀ゎ䁈᱃䎟䐯䁈᱃㔸㏎䁈᱃㗡䁈᱄㡅䐱᷍䓵㦜䍽䁈䁾⿐⨗㻷⫛㋧䁈㲹

⢑㬨㹐㏎䁈䎃䄜㕗䎃⷗㏛㬘㸳㗨䊻㣑㘇⭥䍣ㅻ䄲㈎㆙㾱㑬䔄⹜ⱁ⭥ㆊ㩽᱄⡟䍣䑘

㳃 㬨᷍⪴㋧䁈ⷐ㘝⭥㬒⽓㋋㬝⭥䈌㹐㏎䁈㼁⹹⭥䍽䁈㯝㼌⭥ⳃ䍚᱄䎃䑘䄋㳆㻷䊻

㋧䁈⭥㾯ⱙ㩰䁈⭥〚⪂⭥ㅉ㑃㩰᱄䎞㬨䅓㸋䇱㑬䎃⷗〚⪂᷍⽔㠻⭥㋧䁈᷉⭒㦜⟝

㎉㹐㏎䁈᷊⭥ⳃ䍚⤦䇱㑬⧍䊞㋧䁈⡟㪎⭥Ⳟⳉ㔼⥄㘇⭥䐙⭝ 230᱄ 

䇪䇻⡫䎀⤃⤜㬨䍽䁈䓉䄖 㰅᷍㦜䔏㆝㯥㛋㸋㑬ㅓ㋯㆙㾱㑬⫔㑠䊥Ⱒ ⭌᷍䎜㳆

㦰㬗⿚㵄㒕䊻⳨䓉䄖⭥⥄㘇᱄䔘㸋㹐㏎䁈䓉䄖⭥㎰㬇 䊻᷍ㅓ䅆䐱ㅓ㲌ⱁ䈌䍽䁈㼁

⹹⭥㚻㦾 䊻᷍㘇㼓ⰵ䎃䐷ㅓⳉ⤜ⶱ㾬㦅⭥䁈㪛⼮ⰵ䎃䐷䔗ⳉ⤜㦰㵍⭥㵍㬣⭥㬒⽓᷍

䄓㬨。䅞㡑䄜Ⰹ⧭Ⱙ⭥䎚䅊⭥᱄⡫䎀䎃㑞㛋⪴䁈㪛⭤⭞⭥ⳕ㎂䐱 䄓᷍䇱䎃䂚⭥㚻

㦾᱄ゕ⢄䎃䂚᷍䊻䎜㏎䎃⷗ㅓ䅆⭥⺞⧭䐱᷍⡫䎀⿚㬨⳨⧄ヂ⧷⡄㒕䎃䄜⤠⳷᷂⡫

䎀㆗㆗㻄㶜➲䎃⷗⭒䔘䄜䐷⳨⧄㏎㼌⿐⭥ㅭ䁈⧃㬵᱄㈮䍽䁈Ⳟ㘇⭥䓉䄖Ⱙⱙ䁵᷍
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3᷊䎃㾊䍽䁈㯝㼌ⰵ㋧䁈ⳃ䍚䄵ゑⰵ᷉ゕㅌ㋋㬝⭥᷊㹐㏎䁈ⷐ㘝⭥䇑㼍᷍㧞⤠⳷

䍚㋋᱄䔏⽔᷍㈮㼒⭻㹆䍣㋋㵘⤠⳷㰚㯖᷍⭒㭞䁈㩰⭥䓝⡙᷉⭻㹆䍣 ᱃᷊䍽䁈㩰⭥

㠭⮇᷉⡟䍣᷊Ⱍ䄲㶋⧪᷍㬏㈦㬡ギ⭥㝘䐿⫔䁈䇷㳂⹊㑬⼽⼤⭥㋧䁈⪕㾣⭥㠞㲉䐏

⽔᷉ ⭻㡀䍣᷊᷍ 㹐㏎䁈ⷐ㘝᷉ ⭻➬䍣 䐱᷊㾣㹐㏎㯝㼌⭥㳂⨗ ㈮᷍。㻵⭤⡩ㅰ䓵㦜᱄ 

6.1 ㈎䂊㔼䈌㸉㏎㔼 

➕㬒ヅ㯔㿓 㸳᷍㗨㻩⪴㈎䂊㔼Ⳟ㘇⭥䁈㯖㋋㬝ㅓ㡑᱄䎃䄓㬨䈌㆝⫛䓵㦜㋧䁈

⥛㪛䔏㸋㼁⹹⭥䍽䁈㯝㼌᱄䊻⪬䐏㣑᷍䐱㬡ギ⭥䍽䁈᷉䄓⧧㸋㈎䊛䍽䁈᷊㸋㪒䁈

ⴟ㹒⭥㲹䎘⺞䇻㘘㻵᷍䄵䐢䇻᱑㦘Ⰹ㾵⭥䐋㬗⥛㪛᱒䊻䍽䁈㩰⤃⤜㬨䐹⮄᱄ 

䊻㈎䂊㔼⭥⭡㔘㩰᷍㰅㯖㬏㧞㬡ギ㎕䓵䇃⺛⭥㔿るⱜ᱅㞁ⷚ᷉Roger Bacon᷍
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〚䇻᱑㸳㯝⹫㸳䊻᱒䎃䄜⮄ ⭲᷍㋉ⱜ⭥䍽䁈㈮㋪䄵㑃䓂㑬᱄⭌㬖カ⤺䔘⥄㘇᷍

䎌ⰵ⭲㋉ⱜ䊻㆙㾱㩰㘇㚨㯥⮄㝱ⰰ⭥⭻䄜⮄᷍㰜⿚㬨㿉䄋⤪㦂㋪䐕㾱⭥䊎䋓⭥᱄

㸋⪬᷍㰜⭥䁂䋒㬨᱑ⳓ㸳㗨㚽⹜㪉㼌⭤⼽㤆㹛᱃⼽㝱㦜⭥䄜㣱㬣㹐Ⱍ㬨䎇⭥᱒᱄

㰜⭥㝱㈾㬨㯝㋝䐱⭥䎇㬖⭥᱃㋪䄵㾦㎖⭥㸳᱄䅓⪬᷍㰜㋪䄵Ⱖ㉙䋈㠻⭥㈎䊛䍽䁈

ⰵ㰜⭥䇑㼍᱄⭌㵍㬒 㰜᷍䄓⧱㦰䔗⭞䎃䄜⮄⼽㚲᱄㸋⪬ 㰜᷍㿉䄋䅞㧌᱑㳍ⶔ⹼㛏᱒

⭥ⶦ㛏᱄䎃⷗㸳㗨㕎㩰ㆊ㩽᱄䎃䄜Ⱟ᷍㸳㗨㋪䄵䇤䎃䂚䄜㉅⿑䔘㸋㕅ㅦ⮄ᷛ㰚䇱

䎃㾊⼰䊻䄜㡑᷍⭲㋉ⱜ㶋⧪㑬᱑⭿䋍㑬䄜⷗㶋䎜⭥䍽䁈㳆㻖᷉⭥㦯㹒 ᱄᷊䎃㬨⪴

䁨㏐㬠ⱁ⭣䄵㎕㸕䋙䇱⭤㬣᷍㬨㋧䁈⭥㆙䍚⫙㎕⭥㾣䓵㾦㾥⭥⢋䐟᱒239᱄ 

⨞㑬㩰㘇䎃㾊㸳㗨㻷䊻㋕㎕Ⱍ⳨⧄㆙⤞⭥Ⰼ㹘 㸳᷍㗨䄓㿉䄋䓃䅃⭲㋉ⱜ㬨㪛

』䊻〚Ⱎㅭ㪈。⭥⪌㵔䐱⭥᱄㸳㗨䊻䁈㻑㰜⭥㯝㼌⭥㬒⽓⤜㚽⧍䊞⭒㬒⭥⿘㈔䇤

㻷⫛㦬⭥㦰㬗㦆㏎ㆃ⼮㝱ⰰ⭥䄜㾊⹼⮄᱄⡩㧈 䊻᷍㝄ⰺ䐏㣑 ⭲᷍㋉ⱜ㾕⺞䄜⡟᱗䈏

䑇㔼᱘᱄⭌㬨䅓㸋㡅䐱⟝⼍⭥⭹㤓䓵䓋⼮䈏䑇㸿㻿䎃㑞⷗䅍Ⱜ䁈㯖⼽㦾䄸⪆ゑ⭞

ㅭ。㘕ⶱ⭥㪒㈎ ゴ᷍㩰⭲㋉ⱜ⡟㪎䄓㬨⷗㝔㧖⭉㾂⭥㦬 䎌᷍ⰵ䙅㏜㔵⭥䓻ㅭ㪔㝱

 
239䎃㉅⿑䄓㎕䓵㔿㯹⭥᱗㹘Ⳟ䍽䁈㬘᱘᱄ 

 



  

ⰵ㰜⥛㪛㑬䇑㼍᷍䎃⡟㈿䑙㬝䐶㗜䇱㶋䎜ⳃ⢎᱄䊻䎃⷗㾵ⷒ㲹⮄㻣᷍㸳㗨㋪䄵䊻

䄜Ⰹ⧭Ⱙ㩰➲㰜⭥᱑㏎㾵᱒㏎ㆃ㸋㸳㼁㾦㩰⭼᷍⭌㸳⤜㼁㾦㬡㯸㪒䁈⭥㯖ㅭ᱄䎃

䊻⭒㬒 䄲᷍㈎㉀䇱㑬れ⫔⭥㆙⤞㾵㑬᱄〚䇻䎃⷗ 㸳᷍㗨㈮㋪䄵㏎ㆃ㣑㘇㳂⭞⭥᱑㳍

ⶔ⹼㛏᱒㑬᱄ 

䊻ㅉ㑃㸉㏎㔼⭥䁈㭖⪌㵔Ⳟ㘇 ⭲᷍㋉ⱜ㦰㸋㦬⭥⹼㛏㋪䄵⳷㸋㧞㏁ 㳍ᷛⶔ⭥᱃

㶃㎕⭥᱃㿊⹚⭥᱄㡅䐱 䐜᷍䇱㳍ⶔ⭥⹼㛏㬨䎇㬖⭥᱄䅓㸋䓻ㅭ⭥䊎䅓 240 㰜᷍⭥᱑㳍

ⶔ⹼㛏᱒䄓㉀⡙㧞⷗㲹䎘ᷛ㎕䓵㩰⭼᷉㳍ⶔ⭥ ᱃᷊㘘➸㤆⨟⭥᱃䈌㬖䊻㼁ⴜ⭥᱄

䎃㾊㳍ⶔ⹼㛏㬨䎇㏎⭥㎕䊕 ⱙ᷍㶃⤠⪭ゅ䋍⧪⭥ⶱ㉖䋓㬨⤜㋪㋠⭥᱄䎃䈌㈎䂊㔼

⭥㯝㼌㾯⧪㑬㘘㻵⭥⨆㵜᱄〚䇻㳍ⶔ⹼㛏᷍㦬㗨㋪䄵㵉⺞㏎㾵⭥㬷Ⱟ᷍〒㦂㋪㋠

⭥䐋㬗᱄䊻㰜䐏⽔㸉㏎㔼⭥䍽䁈コ㗨䄓Ⱍ㼁㾦㳍ⶔ⹼㛏᱄㯚⢗㝖㩐᱃㎔⤝㛂⪥Ⱍ

➲㳍ⶔ⹼㛏⭒䔘㦬㏁䐋㬗⭥〚⪂᱄⭒㦜᷍䊻㯚⢗㝖㩐㚨㏐᷍㸳㗨。ㆃ㬮㰜➲䎃⷗

㩰⭼⭩ゼ䇻䓵㦜ㆈ᷍ⱙ⳨⪌㵔䓻ㅭ䐱⭥㪒᱄⭌䎜㳆ⱙ䁵᷍⹓㵍㲹䎘㈮㬨䎃⤠⳷⹼

㛏⤜㎕䓵䇻㦬⭥㈎䂊᱄䎃䄜⮄᷍䄓䑑ㅆ䁾⿐㸋㸉㏎㔼䈌㈎䂊㔼⳷㡈⭥䄜⷗ㅚ⮄᱄

㈎䂊㔼⭥䁈䎀㶚㶚ⴒ㦰㳍ⶔ⹼㛏 ⱙ᷍㦰㸋㈎䂊㬨䐋㬗⭥㸉䄜㎕䊕᱄䎃䐷⳷㡈䐒⭞

㋖⭣㚨⷗㬒⽓⤦⭤䄵ⶥ㩧᱄ 

 

6.1.2 〕⤝㯚᱃㯚⢗㝖㩐᱃㎔⤝㛂⪥䈌㾾䜴 

䊻ⶆ㎫㹘㯚᱅㞁ⷚ䈌⭲㋉ⱜ䐏⽔᷍⭣⺛⭥⹦⮅䑘䅆䍽䁈⧪㭍䐏㣑᷍㈎䂊㔼䈌

㸉㏎㔼䊻ⷘ䓵⭥⭡㔘㩰⳷⢑〒⭤㑬⼽⫔⭥ⳃ䍚᱄䎃⷗⺞⧭䐱 䇱᷍⼽ⱁ䍽䁈コ⟈䁾

 
240㸳㗨䊻㏎ㆃ㹘Ⳟ䍽䁈コ⭥㬒⽓ 䄜᷍Ⰹ⤜㚽⽗㔵䎃䄜⮄᷉ 䊻㚨⷗㬒㠻䓻ㅭⰵ㦬⭥䇑㼍 ᱄᷊⡟ㅻ᷉ 6.1
ㅻ᷊㳂⭞⭥䍽䁈コ䐱᷍⨞㑬㯚⢗㝖㩐᷍㡅㰜㦬ⰵㅭ㵃⭥㲍Ⱙ᷉〓䎀㯖ㅭ㵃ⰵ㰜㗨⭥㲍Ⱙ᷊Ⱍ㬨⡩
ㅰ㸣⼮⭥᱄⡟㭊䐱᷍㸳㗨㣠⮘⺞⼤ⱁ⪯᷍䊻㏎ㆃ㦯⼯䄜⷗㋧䁈コ᱃䍽䁈コ⭥㬒⽓᷍㸳㗨䄜Ⰹ䄋➲
䓵゛⳦⭞㰜/㰞⭒㬒⭥⿘㈔䐱㦆㏎ㆃ᱄ 



   

260 
 

㑬䐹䄋⭥ㅨ㩌᱄䎃㏐᷍㸳㗨㆗㆗䁂⨗〕⤝㯚᷉Thomas Hobbes᷍1588ÿ1679 㛋 ᱃᷊

㯚⢗㝖㩐᷉ Baruch/Benedict Spinoza 1᷍632ÿ1677 㛋 ᱃᷊㎔⤝㛂⪥᷉Gottfried Wilhelm 

Leibniz᷍1646ÿ1716 㛋 ᱃᷊㾾䜴᷉David Hume᷍1711ÿ1776 㛋᷊䔗ビ⭆㯖㘘᱄㡅㚠

⭥ ⤜᷍㬨㸋㑬㶋䎜⭥䐹㻷⭒㬒⭥䍽䁈ⳃ䍚㬘 ⱙ᷍㬨㸋㑬ⷙ⼽㩺⹹䓃䍽䁈⭥㹐㏎䁈

䓉䄖⭥㵍䁈〓䎀㬨ⰵ㹐㏎䁈ⶱ㾬㦅⭥㡅㰝䓉䄖⭥㵍䁈ビ⭆⭹ㆊ㩽䄜㻣㆝⫛䍽䁈

⭥ⳃ䍚㬨䋖㗕⪺⧪㆝⫛㋧䁈⭥⭏㪛⭥ᷠ㣑㘇㳂⭞⺞ ⡫᷍䎀㦰㸋䎃ⰵ㸳㗨㏎ㆃ㹐㏎

䁈᱃⿐䁈᱃㪛㹐䁈䎃㾊〚⪂䓵㦜㋧䁈⭥䁈㋧㬨⳨⧄䐹䄋⭥᱄⭒㦜᷍䎃⤠⳷㲷㔼⿚

䇱㒎䄜⷗㚠⭥ ㈮᷍㬨㸋㻣䄜ㅻ䅞㧌⹹䇻⭣⺛⹦⮅䑘䅆䍽䁈⭥㲷㔼䔗䄜㾊䓝⡙᱄䐢

䇻㼌ⰵ㹘Ⳟ㆝⫛䍽䁈䇱ⷝゴ㪏㧌㑬ㆃ⭥㵍䁈 ⿚᷍㬨㤌⤯㋝㹘Ⳟ䍽䁈Ⳟ㘇⭥䓉䑙 241᱄ 

㻩⪴〕⤝㯚㋋㬝᱄㰜㬨㈎䂊㔼䎃䄜㝪⭥䍽䁈コ ⭌᷍㰜⭥䍽䁈㯝㼌㉀䇱䄜Ⰹ⭥

㸉㏎㔼⭥䅓㯹᱄〕⤝㯚䋈㛋䔗⺞ⶆ㎫㹘㯚᱅㞁ⷚ⭥㗹㭊᱄䊻䇃⺛ⷐ㘝㣑㻇᷉1640

㛋䔔䇳᷊᷍㰜⭞➮㏉㈴䓂᱄䊻䎃㏐ 㰜᷍ㆂ㬗㑬⭲㋉ⱜ 䎃᷍䄓㦤㰜㦰㬗⭞ⶆ㎫㹘㯚᱅㞁

ⷚ䍽䁈⭥⤜䔄᱄䅓㸋⭲㋉ⱜ⭥⹹㻖 〕᷍⤝㯚㭍㻅㑬⭒㬒䙅㏜㔵ⶶⶶ⪕㑃⭥㹐㏎䁈᱄

㵍㬒᷍㰜䄓㈌㵉㭞䁈᱄䎃㬚⭤㰜䎃䂚䄜⷗㎕䓵䇃⺛⭥䍽䁈コ㋪䄵ㅌⶆ㎫㹘㯚᱅㞁

ⷚ⭥䁈㯖䊻䄜Ⰹ⧭Ⱙ㩰䅞㧌㸉㏎㔼⭥䅓㯹᷍㆙ⱙⷝゴ㻖㵔⿐᱄⡩㧈᷍㰜⧱㦰⳷㹗

⭥Ⳟⳉ㬨䄜䐷ⳃ㘘⭥Ⳟⳉ᷍䓼⼰⭥Ⳟⳉ㬨䄜䐷䐅㘘⭥Ⳟⳉ᱄䎃㑞⷗Ⳟⳉ᷍ⰵ䇻⥛

㪛㦘Ⰹ㾵⭥䐋㬗Ⱍ⼽䐹䄋᱄㬖カ㩰 㰝᷍㗨䄓㬨㸳㗨㻷䊻⪴㬣㋧䁈䁱㈠㈎⧄ㆂ⼰㡑

㎕㬚䇤⭥㑞䐷Ⳟⳉ᱄㼁ⰵ䇻ⶆ㎫㹘㯚᱅㞁ⷚ᱃⭲㋉ⱜ䎃㑞㸜㣑⡓᷍䎃㸿䄪㬨Ⳟⳉ

㔼⥄㘇⭥䄜⷗㆙⤞᱄〚䇻⪬ 㻖᷍㵔㾵⭥᱑㦘Ⰹ㾵᱒⭥䐋㬗䄓ⷝ㦾䄸⥛㪛᱄⭌㵍㬒᷍

䎃⷗㻖㵔⿐䄓⫙㎕㑬〛㾖㔼᱄ 

 
241䎃㏐⡫䎀䊺㣠⮘䄜㻣᷍䎃㾊ㅭ⤥䔏⼤䄓㬨䄋⫔ⳗ㸈⭹᱃㦌㘇⭹㎕Ⱒ᷍ㆂ⼰䍽䁈㬘㎕Ⱒ᷍㆗㆗㋕
䄜⡟〓䎀䄜⷗㦬᷍㬨⼽㚲䇱ⶱ㉖⭥᱄ 



  

⡩㧈 〕᷍⤝㯚㦰㸋㬡ㆈ㈮㬨䄜⷗䇪䅓⺜㑕䔊⧪⭥⫔〛㡘 㹐᷍㳆䇪䅓⺜⹹㻖㑍

㸋䄜⷗䎜㳆᱄䎃⷗〛㡘㋪䄵㬨᱗㏜㸍㲚᱘᷉ <Leviathan>᷊䐱⭥⺛コ䎃䂚⭥䎟䐯〛

⹚ 䄓᷍㋪䄵㬨㸳㗨㰚㘇ⰵ⭥㋮⹼㹐䐫㬡ㆈ᱄䎃⷗㯝㼌⼽⫔⧭Ⱙ㩰䇑㼍㑬⽔㠻⭥㹐

㏎䁈ⳃ䍚᱄㸳㗨㣑㘇㳂⭞⺞⭥㎎㠶㎎㯚⭥䂞 242᷉㡅⥛㪛⭥㬒ヅㅻ⮄㬨㬏➬㬡ギ

㚊᱃㬏㈦㬡ギ⨖᷊᷍ ㈮㬨䎃䐷䍽䁈㯝㼌⭥䄜䐷れ䐣㳆㻷᱄⭒㦜᷍㎎㠶㎎㯚䐏⽔᷍

㦬㗨㦰㬗⭞䎃⷗㬡ㆈ⤃⤜㬨⪌㵔䅃䅆㩰⭥䁰ⷒ䅓⺜ ⼽᷍ⱁ㬣ミ䐏ヅ⫇䊻⭥⹹㻖䐜

㬨⹹㑋᱄㵍㬒᷍䔘㸋䑘㳆⭥㦬䊻㦰㬗䎃㾊㋮⹼⺇㔪㬒䄓。ⳃ⿴䔘䇤᱄䎃㾊⧍䊞〛

㾖㔼⭥䍽䁈䇑㼍㑬⽔㠻㹐㏎䁈⭥ⳃ䍚 ⡩᷍㧈㬏㈦㬡ギ⭥㦩㑇䁈䈌㵔ェ㹐㏎᱃ⱟ㬏

㬡ギ⭥㑠䓴㑇䁈᱄⭌䎃㾊᷍䇇ⶤ㯖Ⱍ㬨⽔⿑᱄䊻〕⤝㯚⭥㛋⫛᷍䎃䐷〛㾖㔼⭥㯝

㼌ⰵ䇻㹐㏎䁈⭥ⳃ䍚㸿䄪㬨⿚䇱⼽⫔⭥⪺㆙䔘䇤⭥᱄⡩㰜㶎⟌⷗㬡ギ⭥㝄ⰺ㰚⪕

㑃⭥㝄ⰺ㑇䁈㈮⼽⫔⧭Ⱙ㩰㳆㻷㑬䎃䐷䍽䁈㯝㼌᱄⽔㎕ 㝄᷍ⰺ⭥㯝㼌㪏㪏⭹䇑㼍

㑬㬏➬㬡ギ⭥ⳉ⺛᱄ⳉ⺛⭥㸥㦬㗨䄓Ⱍ⡩ㅰ㵧⨈䎃䐷㯝㼌 ㎎᷍㠶㎎㯚㈮㬨䄜⷗㏞

䓴᱄ 

㯖㶋㈎䂊㔼Ⳟ㘇⭥〕⤝㯚᷍㸳㗨⿹⭞㸉㏎㔼᱄䎃⷗Ⳟ㘇᷍㯚⢗㝖㩐⼮㎔⤝㛂

⪥Ⱍ⪌⧱⤃キ㿙ⳃ䂐㑬⭲㋉ⱜ⭥㯝㼌᱄㸳㗨㋪䄵㻩⪴㯚⢗㝖㩐㯖㡑᱄㯚⢗㝖㩐䊻

䍽䁈㩰れ㡅㉀䇱䇑㼍⭥᷍㰜㾕⨗㑬䄜㻖㑱⳨⧄㻖㵔⭥䍽䁈䑙䔘᷍⟝㎉᱗⭲㋉ⱜ䍽

䁈䊎㏎᱘᱃᱗㪒᱃㦬ゑ㡅㾳ⶄビ㔼᱘᱃᱗㪒䁈䎟䐯㔼᱘᱃᱗㔸㏎䁈᱘᱃᱗䐋㾵ⶥ㆙㔼᱘ᱟ䍵

ⰹ⿋᷍2012ᱠ᱄㰜㗨䎃㾊㸉㏎㔼䎀⭥⹓㵍㲹䎘㬨㣠⮘㦬⤜㚽㆗㆗㵉⺞㾦䂗䈌㈎䂊

㎕㦰㬗㬡ㆈ᷍ⱙ䇇ⶤ䄡㎖㏎㾵᱄䎃䊻㯚⢗㝖㩐㪎㩰⭤⭞㑬れ䐣⭥㳆㻷᱄⡩㧈᷍㰜

 
242ⳉ⺛㳍㸥䁈コ᱃㭞䁈コ㎎㠶㎎㯚䇻 1814 㛋㳂⨗⭥䄜䐷ズ㼔⭥䐨⿼㪛㹐᱄〚䇻㝄ⰺ㑇䁈᷍ズ㧈
⫇䊻䄜⷗䐨䎀᷍㰜䐋⭡䈏䑇䐱㗠⷗䊎䓴㦘㣱⭥㸜䐤⼮Ⱀ㑠᱄䎃䂚⭥⿑᷍ⷚ㈾㝄ⰺⰉ㔪᷍㰜㈮㋪䄵
䍚㻷䈏䑇㬣ミ⭥䎜⷗⺞⧭ ⟝᷍㎉⺞㦆䄵ゑ㸕㎕᱄䎃䐷㼌ⳉ⭥⥛㪛䄜Ⰹ⧭Ⱙ㩰㬨㬽㝄ⰺ㑇䁈䊻㘉㭗
㾱㾨䊬Ⱀ㬒⧪⹇⭥㈎䂊⭥䇑㼍᱄䎃䐷⧪⹇䊻㎎㠶㎎㯚䑙䔘᱗㳍㳆㑇䁈᱘䐱䄓䇱㳆㻷᱄ 
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㡔㵝䄵゙⼯⭥Ⳟ㬞㎕䁱㈠㰚䇱⭥䍽䁈 243᱄䎃䐷䔗ⳉ⼽れⰬ᱄䄵㰜⭥᱗㔸㏎䁈᱘㸋

㏞᷍䎃⡟㭊⭥㦌⧧㈮ㅱ᱗➕゙⼯㯔㿓䐅㘘⭥㔸㏎䁈᱘᱄䊻䎃⡟㭊䐱᷍㯚⢗㝖㩐゙

⽖㬨㶋㦌㲸䇤᱗゙⼯䊎⡟᱘⭥Ⳟ㬞㎕䍚㋋㲷㔼⭥᱄䎃䐷ⰵ㏎㾵⭥㵧⨈䄓㪏㪏⭹䇑

㼍㑬䐏⽔⭥㡕㗪䊬Ⱀ᱄䊻䈌㹐㏎䁈㼁⹹⭥䓵㦜䍽䁈⭥㯝㼌Ⳟ㘇 㯚᷍⢗㝖㩐㦰㸋㬡

ㆈ㩰䐜䇱䄜䐷㬖㳆 䄓᷍㈮㬨䔘㸋䎜㳆⭥䈏䑇〓䓵㦜⡟㪎᱄㰝㬨䄜⷗䊻䓵㪎㚻⤃㵉

⺞䓵㪎⡜㦰㬗⭥Ⰼ㹘᱄⿜㉅⿑㯖᷍㬖㳆᱃䓵㦜᱃㪒㬨⭩㵍⭥᷍㋪䄵㼁⿆㳇⿜⭥᱄ 

㼁ⰵ䇻⪌㵔䓻ㅭ᱃㪒⿑⭥䄜㪒㔼᱃ⱁ㪒㔼᷍䎃䐷⹼⮄⡜⧧㸋ⳛ㪒㔼᱄㸳㗨㋪

䄵㼌㼔䊻㯚⢗㝖㩐⭥㬒⫛ 䎃᷍䐷㯝㼌ⰵ㪒䁈㬨ⱁ㗕⫔⭥⨆〘᱄ゕ㬚䊻⭒㬒䓻ㅭ⿘

㈔䔏㋋⳦⭥⼪㎝ 㰜᷍䄓⤜⡜ㅴ㚪᱄⟝㎉䇭㲌ㅭ᱃〚Ⱎㅭ⭥ㅭ。Ⱍⰵ㰜㆙㾱㑬㤞䑑᱄

⭌㋮⹼⭥ㅓ 䎃᷍⷗㯝㼌䊻䄜Ⰹ⧭Ⱙ㩰䄓㋪䄵㬚㋧䁈䈌䓻ㅭ㈂㑠⼮㾔⭹㼁⪇᷉ 䊻䎃

⷗㯝㼌䐱㸳⤃㗜䇱ⴒ㦰㪒⭥⫇䊻 ᱄᷊䅓⪬᷍ⰵ䇻⡩㯚⢗㝖㩐㶎䄜㾊⭥䍽䁈コ㗨᷍

㯚⢗㝖㩐㈮䄲㈎㳂⨗㑬㏁㯧㯝㼌⪴ⱙ䋍⧪㑬⡜ⷘ䐷ㅭ。㠩⼇䄵ゑ⽔㎕㪈。⭥ⳕ

㯝䎃䂚䄜⷗㬣㬖᷍㬨。䊻㰜㗨䈌ㅭ。⭥㼁⪇䐱㡑⭞䄜Ⰹ⭥⡄⿅䔘䇤⭥᷉⭒㦜᷍ㅭ

。⡟㪎䄓㰇䓦㬒ヅ⭥㵧䄧ⱙ⢅⿐ ᱄᷊䊻⽔㘇⭥㋖⭣⭥㹐䓵㳆᱃㭆⡟⿋⭥䅃䐟⭥ⶦ

㛏㏐㘇 㸳᷍㗨Ⱍ㚽㋕⭞䎃⷗㯝㼌⭥䇑䓴᱄㰝⫔㳆䄓㬨㻷⫛㸳㗨⭥㹐㏎䁈䐱ㅓ⭥䈏

䑇᱄ 

⡩㯚⢗㝖㩐䊺㶎䄜㾊 㸉᷍㏎㔼⭥㒎䄜⷗⫛⢎㦬㹐㬨㎔⤝㛂⪥᱄㰜⡰䄖䇻㎔⡩

㹞⫔䁈 䐏᷍⽔䊻⭒㬒⭥⭣䅃䐟⺔䔆⭥⹍㵃㚻㦯䐑 244᱄䊻ⷛ㰇䎃㾊⭣䅃䐟⺔䔆⨗ⳤ

➮㏉⭥⺞⧭䐱᷍㰜ㆂ㬗㑬⿾ⷝ㯚᱄㵍㬒᷍㰜䄓䊻㶚Ⳗ⭣⺛䈌➮㏉⭥㔘㩰➾ⳤ㑬㯚
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244⭒㬒⭥⭣⺛⿚㗜䇱䇪㠶㔔㬠㶋⧪㵔䄜᱄㎔⤝㛂⪥⭥䑙䔘䄓Ⱍ㬨䇤㎎Ⰲ䈐㾕⭥᱄ゕ⢄⭞㑬㬏➬
㬡ギ⭥㋖⭣᷍䄓㬨⽔㠻⤦㋋㬝䇤⭣䈐㾕䔘⭥᱄䇤⭣䈐⥛㪛ⷀ䐫㑠⭥㭊わ᷍ⰵ䇻⽔㎕⭣䅃䐟㘒䔆
⭥䎜㳆㦰㵍䄵ゑ㠶㔔㬠㶋⧪⭥㵔䄜᷍䄓㬨㡑㑬⼽⫔䔘䇤⭥᱄ 



  

⢗㝖㩐᱄䎃ォ䇑㼍㑬㰜⭥㭞䁈䈌㹐㏎䁈᷍䄓䇑㼍㑬㰜⭥䍽䁈 245᱄䊻䍽䁈Ⳟ㘇᷍㎔

⤝㛂⪥⭥䑘䄋䑙䔘䇱᱗㾯ⱙ㩰䁈㔼᱘᱃᱗⭆䓴㔼᱘᱃᱗㪒䎞㔼᱘᱃᱗㦬㏁㏎䐨㾣㔼᱘ᱟ䍵

ⰹ⿋᷍2012ᱠ᱄䊻䎃⷗㬒⫛᷍㸉㏎㔼䈌㈎䂊㔼⭥䄜⷗⳷㡈䊻䇻㈎䂊㔼㦰㸋㕀ゎ䈌

㬣㬖⳷㭕㑞⷗㒍䈓᷍ⷘ䇱ⷘ⭥Ⳟⳉ᷍⤜䇇」㼞᱄ⱙ㸉㏎㔼䋓㬵㵝䇤㕀ゎ⭥Ⳟⳉ㎕

ㆃ㉗⹹䇻㬣㬖⭥㸫㳃᱄ 

㸋⪬᷍㎔⤝㛂⪥㳂⨗㑬᱑⨅䔄㏎䇪㔪᱒䎃䂚䄜⷗㕀ゎ䊎䋓ᱟ⭬㼟㗃᱃䍵㑷᷍

2014ᱠ᱄䊻㰜䐏㣑᷍⪴⹦㻄㎑㋋㬝᷍㕀ゎ䁈⭥〚⡟䊎䋓䐜䇱㧞⷗ᷛ㵍䄜㔪᱃㗍ⰽ

㔪᱃㝦䐱㔪᱄㵍䄜㔪⭥䅃㯝㬨㸳䊻㘉㭗䄜⷗㬣㤊⭥㬒⽓᷍䄜Ⰹ䄋⡄䐅㘉㭗⭥㬨䄜

⷗㬣㤊 ⤜᷍㚽⿜ⶦ㛏 㗍ᷜⰽ㔪⭥䅃㯝㬨㸳⭥㘉㭗⤜㚽⥛㪛㕀ゎ㩰㼁⿆㗍ⰽ⭥ㆂ⺜ᷜ

㝦䐱㔪⭥䅃㯝㬨㸳⭥㕀ゎㆂ⺜䄋㗕㬨ⰵ䄋㗕㬨⫎᷍⤜㚽ォⰵ䇷⫎᷍㚄㏃㑞㋪᱄䎃

⷗㬨䁨㏐㬠ⱁ⭣⭥㬒⽓㦬㗨㈮㘘㦘⭥㕀ゎ䊎䋓᱄⭞㑬㎔⤝㛂⪥䎃㏐᷍㰜㳂⨗᱑㦯

⼯㝱ⰰ⡹㿌䇱⨅䔄㏎䇪᱒䎃䂚䄜⷗⨅䔄㏎䇪㔪᱄⨅䔄㏎䇪㔪䈌㵍䄜㔪᱃㗍ⰽ㔪᱃

㝦䐱㔪䄜㡑᷍䎃䄓㾯⧪㑬㸳㗨㻷䊻㰚㯖⭥㭞㏎㕀ゎ᱄ 

䇇ⶤ㯖 ⨅᷍䔄㏎䇪㔪㰅㦜䅃㵝ㆃ㉗㸉㏎㔼䈌㈎䂊㔼⭥䎚Ⱜ ⭌᷍⤃㗜䇱㯖ⴟ⭒

㬒⭥㈎䂊㔼䎀᱄⡩㎔⤝㛂⪥㩵㸃⫔䄜㾊⭌〚⡟⪇䊻㵍䄜㬒⫛⭥㈎䂊㔼⫛⢎㦬㹐㕆

㋬᷉John Locke 1᷍632ÿ1704 㛋᷊㈮⼮㎔⤝㛂⪥䐏ヅ䄜䐒⫇䊻䎚㔼᱄⭌䎃⷗㕀ゎ䊎

䋓⭥㳂⨗ⰵ䇻⽔㬡⭥䍽䁈ⳃ䍚⭥䇑㼍᷍㬨⤜䁵ⱙ䈘⭥᱄㸳㗨㻷䊻⭥㭞㏎㕀ゎ᷍〚

⡟㈮➕䓦㯥䊎䋓䍚㋋᱄㡅䐱᷍㣑㧞⷗㎕䓵䁨㏐㬠ⱁ⭣᷍⭻㯥⷗㈮㎕䓵㎔⤝㛂⪥᱄ 

⨞㑬㭞㏎㕀ゎ᷍䈌⭲㋉ⱜ䄜䂚᷍㎔⤝㛂⪥䄓䊿㵍㳍ⶔ⹼㛏⭥䁈㯖᱄㔵䇱⤜㵍

⭥㬨㰜㪂㡛㑬⭲㋉ⱜ⭥᱑㳍ⶔ⹼㛏䐒ㅴ⧫㻷᱒⭥⹼⮄ 䐙᷍⨗㳍ⶔ⹼㛏⤜㬨㻷㬖⭥᷍
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ⱙ㬨㣒䊻⭥᱄䊻䈌㕆㋬⭥⢈㔼䐱 ㎔᷍⤝㛂⪥䐙⨗㈎䂊⭥䔘䇤㬨㳂⹊㑬ⳃ㻷㳍ⶔ⹼

㛏㰚㿉䄋⭥䓃䅃㑇᱄㧈⺜㗜䇱㈎䂊᷍㳍ⶔ⹼㛏ㅌ䄜䐒㣒ⴝ䊻㾥㒊䐏䐱᱄䐜㬨䇪䇻

㈎䂊᷍㦬㗨⤦㚽䓃䅃⭞㰝㗨᷍⤃䇤㬖䂊ネ䂊㰝㗨᱄䎃㈮㬚⭤㰜⭥㸉㏎㔼㋪䄵䊻䄜

Ⰹ⧭Ⱙ㩰㹝㦂㈎䂊㔼⭥㯝㼌⧪⳷᷉㏎㾵㬨ⷚⱚ᷍䇱㈎䂊⭥ⶉ䔕 ᱄᷊䎃䄓㸋⽔㠻㋖

⭣⭥ⷝ㸋㦌㘇⭥㾯ⱙ㩰䁈⭥㏎㔼⭥㳂⨗⮍Ⰹ㑬䄜Ⰹ⭥〚⪂᱄ 

⡟ㅻ䔏⽔䄜⤠⳷㲷㔼㸳㗨㸈㦧㾾䜴᷉David Hume᷍1711ÿ1776 㛋᷊⭥㈎䂊㔼

䁈㯖䍚㋋᱄㾾䜴⡩⡟ㅻ㣑㘇㳂⭞⭥䍽䁈コ㗨Ⱍ㶎⼽ⱁ ⼮᷍ⳉ⺛㡕㗪䊬Ⱀ䐱⭥䍽䁈

コ᷉⡩㧈㔍㰔᷍Jean-Jacques Rousseau᷍1712ÿ1778 㛋᷊〚⡟㵍㠻᱄㾾䜴⼮㔍㰔䐜

⡩㋖⭣䋈㬏ⱁ㛋᱄㾾䜴䔏⫔⭥⢋㣊㈮㬨᱑㰜㬨䄜⷗⧚⭸⭥⿔䄪㔼䎀᱒᱄㰜㦰㸋㾯

⧪䐋㬗㿉䄋⭥㝱ⰰ㋪䄵⳷㸋⳷㹗㝱ⰰ⼮䓼⼰㝱ⰰ㑞㏁᱄㡅䐱 ⳷᷍㹗㝱ⰰ⭥䅃㯝㬨

〚䇻ⰵ⪫㉅䅃䅆⭥⳷㹗㆙㾱⭥㝱ⰰ᱄〚䇻⳷㹗㝱ⰰ⭤⭞⭥䐋㬗㉀䇱⡹㦜㾵 㬨᷍⡹

㦜⭥䎇㏎᱄ⱙ䓼⼰㝱ⰰ 䋓᷍㿉䄋㵉⺞㾣⭥䐋㉖➲䄜⷗⹼㛏㵍㒎䄜⷗⹼㛏ㆂ⼰㡑㎕᱄

䅓⪬᷍䇪䓼⼰㝱ⰰ⭤⭞⭥䐋㬗㈮䐜㉀䇱〓㦜㾵᷍㬨㝝㦜䎇㏎᱄ 

㈺⷗㏞䓴 ⭒᷍㸳㗨㵉⺞㈎䂊䐙⨗㑞⷗㬣㤊⫇䊻䅓⺜⹹㻖⭥㬒⽓ 䊻᷍㾾䜴㋕㎕

䎃⷗㈮⤜㬨⳷㹗㝱ⰰⱙ㬨䓼⼰㝱ⰰ㑬᱄䎃㬨䅓㸋䎃⷗㝱ⰰ⤜㬨〚䇻ⰵ⪫㉅䅃㯝⭥

⳷㹗⭤⭞⭥᷍ⱙ㬨㵉⺞㾣⭥䐒㉖➲㑞⷗㬣ミ㑋㻖㑬㡑㎕᷍㆙ⱙ⭤⨗⭥ㆂ㔼᱄䓼⼰

㝱ⰰ⭥䄜⷗㸫㳃㬨㰝䄋➲㑞⷗㬣㤊㑋㻖㡑㎕ ⱙ᷍䎃㑞⷗㬣㤊䐏ヅ⭥㑋㻖⤜㬨⡹㦜

⭥᱄⺞㦆ⳃ㪛⭥㬣㤊䐜⫛⢎⺞㦆ⳃ㪛㑬 ⤃᷍⤜㚽⡹㦜⭥⭝䐣ㅌ㎕㚔⷗㬣㤊⭥ⳃ㪛᱄

⿜㉅⿑㯖᷍㻩⽔ⳃ㪛⭥㑞⷗㬣㤊䐏ヅゕ㬚⫇䊻㑋㻖᷍㛄㋪䄵㯖㰝㬨⹹㑋᷍⭌㰝㉙

⳨䅓⺜᱄䄜Ⳟ㘇᷍㸳㗨㋪䄵㯖㾾䜴㤙⳷㑬⹹㑋䈌䅓⺜᷍䎃ⰵ⽔㬡⭥䍽䁈⭥ⳃ䍚䐢

⹹䐹䄋᱄㒎䄜Ⳟ㘇᷍㸳㗨䄓㋪䄵㯖䊻㾾䜴䎃㏐㰜〚䇻㝱ⰰ⭥⳷㏁᷍ⴒ㦰䅓⺜⹹㻖

⫇䊻⭥〚⪂᱄䊻㰜䐏㣑᷍⪴ⶆ㎫㹘㯚᱅㞁ⷚ㋋㬝᷍㈎䂊㔼䍽䁈⭥㚠⭥㬝䐶Ⱍ㬨㵉



  

⺞㈎䂊⺊㚪⭥Ⳟⳉ᷉䄡㎖䅓⺜᷊⥛㪛㋧䁈䐋㬗᱄㦜ⱙ⭞㑬㾾䜴䎃㏐᷍㰜㦕⪴㕀ゎ

⥄㘇䐙⨗ⶱ㉖㈎䂊㬨⷗⢑㝝㦜⭥᷍ゕ㬚䐹ⶕ䄜㶓⪯᷍㈎䂊䄓㬨㈎䂊᷍⤜㋪㚽⥛㪛

㠶⢊⡹㦜㾵᱄䎃⧚⭸Ⱀ䄂㑬⭒㬒㞏⤋ⳃ䍚⭥䓵㦜㋧䁈⭥䍽䁈〚⪂᱄䅓⪬᷍㸳㗨䄓

㋪䄵㯖㾾䜴䊻ㅌ㈎䂊㔼䁈㯖㆙㾱ⳃ䍚᱃㪞⿋⭥㵍㬒 䄓᷍➲㈎䂊㔼䔏⨖⭥㏎㼌ⷙ㸿

㤊⭹㠬㘑㑬᱄ 

䔏⽔᷍㸳㗨㸋⡟⤠⳷䔗䄜⷗ビ⭆⭥䓽ㆂ᱄䊻⪴ⶆ㎫㹘㯚᱅㞁ⷚ⭞㾾䜴䎃䂚䄜

⷗㬒⫛䐱 㦬᷍㗨䊻㳂⨗㋧䁈Ⳟⳉ⭥㵍㬒 䊻᷍䍽䁈⥄㘇䄓ⰵ㋧䁈⭥Ⳟⳉ㆙㾱㑬㪏㧌

⭥㯝㋝᱄䎃㾊㯝㋝㾯⧪㑬㈎䂊㔼䈌㸉㏎㔼㑞⫔㳆㻖 㰝᷍㗨Ⱍ㬨䊻㪒䁈⿚䄡㦜䍝㈾

䓦⳨⧄䐹䄋⭥⭹㸜⭥㤊㌗㻣⥛㪛⭥᱄䎃㾊㯝㋝⭥䄜⷗䔘䇤㬨㸋㋧䁈䔘㸋䄜⷗㦘Ⰹ

㾵⭥䐋㬗㳆㻖⭥⭏㪛⮍Ⰹ㑬䍽䁈⥄㘇⭥〚⪂᱄⭌䎃㾊䍽䁈⥄㘇⭥〚⪂㬨㼁ⰵ㒄㩃

⭥᱃㦒ⳇ㵔䄜㾵⭥᱄⡩㧈᷍㸳㗨㻷䊻。㯖㈎䂊㔼⼮㸉㏎㔼㬨⥛㪛㋧䁈䐋㬗⭥㑞㳖

⭡㔘᱄㡅䐱᷍㈎䂊㔼䑘䍦㈎䂊㬨䐋㬗⭥㸉䄜㎕䊕᱄ⱙ㸉㏎㔼᷍䋓䑘䍦㈎䂊⤜㬨䐋

㬗⭥㸉䄜㎕䊕᷍⨞㑬㈎䂊⭥䐋㬗᷍⿚䇱㵧㏎⭤⭞⭥䐋㬗᷍䄵ゑ㻩䂊⭥䐋㬗᱄⭌䊻

㾾䜴䎃⷗㛋⫛᷍㦬㗨⿚㗜䇱㾯⧪䎃䐷㦰㬗᱄㲸䇤㋖⭣⭥⹼⮄ᷛ㦬㗨⿚⤜⭤⤜㦭㬽

㸉㏎㔼㰚⫙㎕⭥Ⱑⰰ㔼⭥⡸Ⱜ䄵ゑ㈎䂊㔼㰚⫙㎕⭥⿔䄪㔼⭥⡸Ⱜ᱄ 

6.2 ⭣⺛⹦⮅䑘䅆䍽䁈 

䊻㸉㏎㔼⭥㌓ソ㻣䅞㧌㻩䂊⭥䐋㬗 ㆙᷍ⱙ㋬ⴟ䎃㾊㸫㳃 246 㬨᷍㾾䜴䐏⽔㼒㋖

⭣᷉Immanuel Kant᷍1724ÿ1804 㛋᷊䎃䂚⭥䍽䁈コ⭥⹒㻸᱄㏛㬘㩰᷍㋖⭣䄓䎞㬨

䊻㾾䜴⭥〚⪂㩰㋋㬝㑬ⰵ㏎㾵㆙㾱䍽䁈㞛㝱 ㆙᷍ⱙ㸋㋧䁈䊻㾯ⱙ㩰䁈⥄㘇䍳⭞䄜

㳖⨗㔘᱄䎃䄓㈮⼽䓵㦜⭹➲㸳㗨⹹䇻㋧䁈᱃⹹䇻䍽䁈⭥㲷㔼⫙⭞㑬⭣⺛⹦⮅䑘䅆

 
246㻩䂊⭥䇃㸥㬨 Transcendental ⱁ᷍㭞⧂㈑㻣㸳㗨Ⳏ䅌㸋㻩䂊 䇱᷍㬒䄓Ⳏ䅌㸋⧍䂊᱄⡫䎀㦰㸋䎃⷗
⪫〓㿎Ⳏ䅌㸋᱑⧍䂊᱒ⷝ⼰㬫᷍䅓㸋 Transcend 䇱⧍㦜᱃⧍⨗⭥䅃㯝᱄ 
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䍽䁈⭥⤠⳷᱄䊻䎃⷗㬒⽓᷍䍽䁈䄲㈎䊻⼽⫔⧭Ⱙ㩰➻㵲㑬㪒䁈⭥㭙ⶠ᱄㵉⺞ゔ㦂

㈎䂊㔼᱃㸉㏎㔼⭥䇋䂙 ⭣᷍⺛⭥⹦⮅䑘䅆䍽䁈㸋㸳㗨㻷⫛㋧䁈ㅉ㑃㑬ヂ㬖⭥㾯ⱙ

㩰䁈⭥〚⪂᱄ 

㵍㬒᷍㸳㗨⿚㿉䄋㯖㘘ᷛ㰇䓦㬒ヅ⭥㵧䄧᷍㼁ⰵ䇻㸋㝄ⰺ⭥㑇䁈㏎㔼㳂⹊䍽

䁈⥄㘇⭥䐙⭝䄵ゑ䍽䁈⥄㘇⭥㗡⿐⭥⭻䄜⷗ㅸⰯ⭥㝘䐿䍽䁈᷉6.1 ㅻ㰚ⰵ䇇⭥㚨

⷗ㅸⰯ᷊᷍ 䊻㹐㏎䁈䁱㈠䐱᷍㦬㗨䄓㋋㬝⹹䓃᱑ビ⭆⭥〛㾖䊬Ⱀ᱒䐏㶃⭥㚻㦾᱄

䊻⭻㯥䍣 㸳᷍㗨㳂⭞⺞㬏➬㬡ギ㹐㏎䁈䁱㈠䐱㦬㗨䊻⮈䁈᱃㦩䁈Ⳟ㘇⭥䁱㈠⭥㆙

䍚᱄⿐䁈䁱㈠᷍䄓䊻㈎㏛⪴䔏⨖⭥᱑㦝㯹㯖᱒㼓㎎㶀㹞⭥᱑䂖⿐⿚䊎㏎㔼᱒䎃䐷

⹹䓃⢅⿐⭥㏎㔼⭥⢅ⷐ᱄㰇䓦㋧䁈ⷐ㘝⭥㪏㧌᷍㼒㚽㑠᱃㦩㑠᱃⢅⿐䎃䐷れ㡅⨊

㼔⭥ⶦ㛏㆙㧌⤃㋋㬝䑘⭝㾣㾬⭥㋧䁈䁱㈠⧪㸋ⷘ⷗䁈㋧⭥䄜⷗⹓㾵᱄䈌䐏㼁䇇᷍

䍽䁈⭥⹹䓃⮄䄓⪴䋈㠻⭥㼁ⰵ⤜㬨㚨㗕⨊㼔⭥㚻㦾᷍⡩㧈᱑㹐䐫᱒䈌᱑㈌㪒᱒᷍

㋋㬝䓋⿐㸋䄜⷗㾣⭥⥄⪯⭥㯝㋝᷍⡩㧈᱑䑘㳆᱒⼮᱑㋮㳆᱒᱄䎃⷗㬒㠻⭥⭣⺛⹦

⮅䑘䅆䍽䁈⫔㬇᷍㼒㋖⭣᱃㾜㑷᱃⼻ⷒⱜ᷍⨞㑬㬨䍽䁈ㅭ㬻䐏㶃᷍⡟㪎䄓Ⱍ⪴㬣

㹐㏎䁈⭥䁱㈠᱄䇇ⶤ㯖᷍䎞㬨䍽䁈䈌᱑㣑䁹⭥㋧䁈䁱㈠᱒⭥⿆Ⱀ᷍㦤⭣⺛⹦⮅䑘

䅆䍽䁈⪴ⷀⰩ㩰⧪㸋㑬䍽䁈䁱㈠䐱⭥䄜⷗⳷㯏㒌 䄓᷍⧪㸋㑬㸳㗨⪴㬣㻷⫛⭥㹐㏎

䁈䁱㈠⡹㿌㑬ㆃ⭥㚻㦾᱄ 

⡟ㅻ᷍㸳㗨➕㯔㿓䍚㋋ㆊ㩽㯥㸜䔏㆝⫛⢎㾵⭥䍽䁈コ᱄ 

6.2.1 ㋖⭣ 

㋖⭣⨗㪛䇻Ⰼ㠶㔔㬠⭥㋣㛂㯚⡅᱄㰜䄜㪛㗜䇱㏌㋋⺞䎃⷗⧨㬱 247᱄㋖⭣⭥㪛

 
247㋣㛂㯚⡅᷉Königsberg᷊㻷䊻ㅱゴ㏐㛟ⷒ㎶᷉Kaliningrad᷊᱄㏛㬘㩰᷍㰝䋙㈎㬨㠶㔔㬠⹌⺛⭥㬸
Ⱍ᱄㬏㒚㬡ギ㚊 ㋣᷍㛂㯚⡅⭥㠶㔔㬠⹌㉕ㅌ㝏ⱚ㿎㞅ⷙ㎕䓵⤋㎝⭨⡅⭥䁂⭼⽏ ⽔᷍䎀キ⧱㑬㰜⭥
㉕㸜᱄䐏⽔᷍⤋㎝⭨⡅䈌㠶㔔㬠⹌⺛㾯⧪⹓䑘⭥㈷㘇᷍⹓⧧㠶㔔㬠⹌⺛᱄㠶㔔㬠⹌⺛⽔㎕䑑ㅆ䓔
⫔ ⳃ᷍䍚㸋㠶㔔㬠㶖⺛ 㪖᷍䐢㬨⽔㎕⭥⭻ⱟ⭼⺛᱄䊻䎃⷗⺞⧭䐱 ㋣᷍㛂㯚⡅ⰵ䇻⭣䅃䐟㘒䔆ⱙ䁵᷍
䄜䐒㬨㸥⿐⭥⼬㾥㤙䈓᱄㋣㛂㯚⡅⫔䁈䄓⭏㪛㑬㧈㋖⭣᱃䁦㋪⡩᷉Carl Gustav Jacob Jacobi᷍1804



  

』れ䇱⺇㔪᱄㰜䊻⫔䁈⭥䐑㸜㬨㾯ⱙ㩰䁈䈌㕀ゎ䁈⭥ㅭ㬻᱄㵍㬒᷍㰜⡟㦬䄓䋙㈎

㬨㹐㏎䁈⭥㎰㬇 㰜᷍䄓㬨䔏䋈⭥㾨䊧ズ㯖⭥㳂⨗䎀 248᱄䊻㋖⭣⭥䍽䁈䐱 㕀᷍ゎ䁈

䈌㾯ⱙ㩰䁈㬝䐶㬨䐹⮄᱄ 

㋖⭣⭥㧞⷗䔏䑘䄋⭥⫛⢎䔘➕㬒ヅ㯔㿓᷍⳷⢑㬨᱗⪠⫃㏎㾵㞛㝱᱘᱃᱗㬖ペ㏎

㾵㞛㝱᱘᱃᱗㝱ⰰ㑇㞛㝱᱘᱄䎃㏐ ᱑᷍㞛㝱᱒⭥䅃㯝⤃⤜㬨㞛㠡᷍ⱙ㬨㲞㈠᱃㪏Ⱙ⳷

㹗᱃㏆Ⰹ⢀ㆈ᱄㡅䐱 ᱗᷍⪠⫃㏎㾵㞛㝱᱘⹹䓃⭥㬨⹹䇻㸳㗨㻷䊻㯖⭥᱑㋧䁈᱒䊻

㦰㬗㔼⥄㘇⭥㸫㳃᱄⿜㉅⿑㯖᷍㰝㬨䇤㎕ㆃ㉗ 6.1 ㅻ䔏⽔㸳㗨㳂⭞⭥㈎䂊㔼䈌㸉

㏎㔼䎚Ⱜ⭥㸫㳃⭥᱄䎃䄓㬨㾾䜴䊻䔏⽔㒕㻣⭥㚲㳃᱄䊻᱗⪠⫃㏎㾵㞛㝱᱘䐱᷍㋖

⭣㻖㵔⳷㹗㑬㏎㾵᷉ 䄓㈮㬨㦬㏁㦰㬗⼮㏎ㆃ㬡ㆈ⭥Ⳟ㬞 ⭥᷊⭸⥄㕀ゎ䈌㠶⢊⺇㔪᷍

ㅉ㑃㑬㏎㔼䍽䁈⭥㾯ⱙ㩰䁈᱄ 

᱗⪠⫃㏎㾵㞛㝱᱘䐏⽔᷍㋖⭣䇷䇤᱗㬖ペ㏎㾵㞛㝱᱘⳷㹗㑬㬖ペ䍽䁈⭥⡟䐫

䈌⢀ㆈ᷍ㅉ㑃㑬㼒䎟䐯㈎イ䁈᱃㔸㏎䁈䎃䂚⭥㬖ペ䍽䁈⳷䐈⭥㾯ⱙ㩰䁈᱄䔏⽔᷍

䊻㰜㦆㬡㣑᷍䇪䇻㰜ヂ㾦᱑㏎㾵᱒䈌᱑㬖ペ᱒⤃⤜㚽⹚⧪㶋䎜⭥䍽䁈 249᷍㰜⿚䇤

᱗㝱ⰰ㑇㞛㝱᱘⳷㹗㑬㗡䁈⭩㡅㰝䍽䁈⳷䐈⭥⡟䐫䈌⢀ㆈ ⤃᷍ㅉ㑃㑬㰝㗨⭥㾯ⱙ

㩰䁈᱄䅓⪬ 㸳᷍㗨㋪䄵㯖㋖⭣䊻㰜⭥㛋⫛㸋䍽䁈⭥ⷘ⷗䑘䄋⳷䐈㉚ㅉ㑃㑬㾯ⱙ㩰

䁈⭥〚⪂᱄䎃⷗〚⪂᷍䄓㈮㬨䇪䎃㾊䍽䁈䁽㪛⨗㑬⭥ⷘ⷗䁈㋧⡔⽔⭥㕀ゎソ⹚᷍

 
᷎1851㛋 ᱃᷊〚ⱜ〕ⴓ᷉ Gustav Robert Kirchhoff 1᷍824—1887㛋 ᱃᷊⼆㚘〕䓩᷉ Hermann von Helmholtz᷍
1821᷎1894 㛋᷊᱃㻄ⱜ⤏㲹᷉David Hilbert 1᷍862—1943 㛋᷊᱃᷉ Hermann Minkowski 1᷍864᷎1909
㛋᷊䎃䂚⭥䑙㘜䁈䎀᱄䊻㬏➬㬡ギ᷍䎃㰚䁈㾄⭥㈌㪒㒍㿅㸿䄪㬨㋖⭣᷍㰜䄓㬨䄜⷗⪴䍽䁈㩰⫙㒍
⭣⺛㆙㧌㻷⫛㪈。⭥㦬㹐᱄1945 㛋᷍䎃⷗⧨㬱⡜⿏⭞㑬㯶㑋᷍㻷䊻㭕䇻ⱎ㔿㯚᱄ 

 
248⡩㎎㠶㎎㯚䋈᱄ 
 
249㸳㗨⭥ㅭ䈞䎜㳆⡩ㅰ⹹䓃㏎㾵䈌㬖ペ䎃㑞⤠⳷䍽䁈⭥㚻㦾 㲹᷍⢑㬨㏎㾵䎃⤠⳷⭥㚻㦾᱄⭌㬖カ
㩰᷍㪔㗡䈌㝱ⰰ㑇㵍䂚䐹䄋᷍㰝㗨㵍䂚㬨䄜⷗㦬䔘㸋㦬⭥⼬㾥㈛䎚㑇⭥㳆㻷᱄ 
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䐒⭞㻷䊻⿚㪏㪏⭥䇑㼍䓦㸳㗨᱄䊻䎃㧞⷗⫛⢎䔘䐱᷍㸳㗨⭥⹹䓃⮄㬨㋧䁈᷍䈌⡟

ㅭ⤥䐒ㅴ㼁⹹⭥㈮㬨᱗⪠⫃㏎㾵㞛㝱᱘᱄〚䇻䎃⷗㋝㔨᷍㸳㗨䄓➲ㅓㆃ⭥䐹⮄⳦

䊻᱗⪠⫃㏎㾵㞛㝱᱘㧈⼯䎝㈩㋧䁈㩰᱄ 

㩰䄜ㅻㅓ⭞⺞ ㋖᷍⭣䁈㯖⥛㪛⭥㏛㬘⡔㈑㬨㈎䂊㔼䈌㸉㏎㔼⹹䇻㋧䁈䐋㬗⭥

㠶⢊⡹㦜㾵㸫㳃⭥䎚㔼㻾㧌㑬㎈㈔᱄䊻㾾䜴㚨㏐᷍⡟䓦㈎䂊㔼⭥⪌㵔⹼⮄᷍㰜ヂ

㾦᱑㸳㗨䐋⭡⭥䐜㻿䇻㸳㗨⭥䐋㉖⼮䇂㼔䐱⧫㻷⭥Ⰼ㹘 䐢᷍䇻䎃㾊Ⰼ㹘⽔㘇㬨ⴒ

䇱䄜⷗⤜⢅⭥㬖㳆䊻䐈⧦䓦㰝㗨᷍ⰵ⪬㸳㗨䄜㸿㰚䐋᱒250᱄䅓⪬᷍㏜䇤㏎㾵⭥Ⳟ

ⳉ᷍〚䇻㈎䂊⥛㪛⭥㦘Ⰹ㾵䐋㬗⭥䇱㻿㾵㸫㳃䄓ⶂ⨗㯏㘇᱄㸋㑬ㆃ㉗䎃㾊㸫㳃᷍

➕䍵ⰹ⿋㎰㬇䊻᱗㹘Ⳟ䍽䁈ビ㬘᱘䐱⭥ㆊ㩽ᷛ㋖⭣㬸㻩ㅴ㬽㑬㸉㏎㔼➲᱑㳍ⶔ㏎

㾵᱒䐤䇻㈎䂊䐏㻩䈌䐏㩰⭥〚⡟㑃⧂ 251᱄䊻⤜ⰰ⭥㯝㋝⼮㲞㰘⺞⧭䐱 㰜᷍䊻ㅴ㬽

㑬㝄ⰺ㹐㏎䁈⭥㵍㬒䄓㦰㬗⭞㈎䂊⭥䐹䄋㾵 ⤃᷍䇪⪬ㅴ㬽㑬㈎䂊㔼ⰵ⪌㵔㾯ⱙ㩰

䁈⼮ⰵ㸉㏎㔼⭥㞛㝱᱄㰜㯖᷍䎞㬨㾾䜴➲㰜⪴Ⱑⰰ㔼⭥㯐㗯䐱㈋㾲᷍⭌㰜䔏䐶㗜

䇱䁂䋒㈎䂊䑘䅆 ⱙ᷍㬨䊻㸉㏎㔼䈌㈎䂊㔼䐏ヅ㒎⡺安㈗ ㋋᷍⡺㑬㻩䂊䍽䁈⭥㾣㔘

㈗ 252᱄㵉⺞䄜⧂᱑ⷈ➸㛂㬞⭥ⷐ㘝᱒᷍ 㰜➲㾯ⱙ㩰䁈⪴⿔䄪㔼⭥㛁㲗䐱䎝㈩㑬⨗

㎕ 253᱄ 

 
250㸥㻸ᱟ⭬㼟㗃᱃䍵㑷᷍2014ᱠ⭥⭻ 204 䄔᱄ 

 
251䊻 6.1 ㅻ㸳㗨䄲㈎㳂⭞᷍⪴⭲㋉ⱜ㋋㬝㈮䇱㳍ⶔ⹼㛏⭥ⶦ㛏᱄ 

 
252㸥㻸ᱟ䍵ⰹ⿋᷍2012ᱠ⭻ 298 䄔᱄ 

 
253䊻㋖⭣䐏㣑᷍㦬㗨䊻䍽䁈䁱㈠䐱。➲㻷㬖㬡ㆈ⭒䔘䁱㈠䐱㾥᱄㋖⭣䔗⭥᷍㈮㬨➲䍽䁈⭥䁱㈠䐱
㾥⳦䊻㑬㦬⭥㏎㾵㚽㑇㩰᱄㏁⡩ⷈ➸㛂䐏㣑⭥㳍㸥䁈➲⭹㤓⳦䊻䐱㾥 ⱙ᷍ⷈ➸㛂㳂⧌➲㲌䂕⳦䊻
䐱㾥᷍㦬㗨㯖䎃㬨䍽䁈䁱㈠䐱⭥䄜⪯᱑ⷈ➸㛂㬞⭥ⷐ㘝᱒᱄Ⱒ䎀䄓㋪䄵⪴㋖⭣⭥㘜䁵᱑㦬㸋䓵㦜
ㆈ㑃ⳉ᱒㳆。䎃䄜⮄᱄䎃㏐᷍㋖⭣㣠⮘⭥㬨㦬⭥㏎㾵㦰䐋㚽㑇⭥⢀ㆈ᷍䄵ゑ㦬䊻㘉㭗䓵㦜ㆈ⭥⺞
⧭䐱᷍ⰵㆂ⺜⭥䇑㼍᱄䄓䅓㸋䎃⷗䊎䅓᷍㋧䁈⭥㦰㬗㔼䊻㋖⭣䎃㏐㆙㾱㑬䄜⧂ⷐ㘝᷍㪏㋭⭹䇑㼍
㑬⽔㬡᱄䊻⭻➬䍣㸳㗨㣠⮘䊻㹐㏎䁈ⷐ㘝䐱⭏㪛⭥㾣㹐㏎᷍䄓㉀⡙䎃䂚⭥㲹䎘᱄㧈⺜䇤䙅㏜㔵᱃



  

䊻㦻⼰㈎䂊㔼䈌㸉㏎㔼⭥⺞⧭䐱 ㋖᷍⭣䐙⨗䄜㣱䐋㬗᱑㬝䇻㈎䂊⭌⤜䐚䇻㈎
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䁈⭥ᷛ㻩㬨㻩䂊⭹᷍䊻㾯ⱙ㩰⭥⥄㘇⧱㦰䅓⺜⹹㻖⭥⫇䊻ᷜ㦜⽔᷍䇷㬨㻩䂊⭹᷍

ズⰉ䄜⷗ㅱ䔗᱑㬒㋶᱒⭥Ⰼ㹘⫇䊻᷍㆙ⱙ䊻㡅䐱㘉㭗㬣㹐᷍㲞䁑㋧䁈䐱⭥䅓⺜᱄
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䐱㸥䄓ⰝⳎ䅌㸋⢎㼔᱄䇇ⶤ㯖 Darstellung ⼮ Vorstellung Ⱍ䇱᱑⧫㻷⨗㎕⭥㚻㦾᱒⭥䅃㯝᷍㕅ㅦ⮄
Ⱍ㬨᱑⧫㻷᱒᷉㻷㼔ㆈ䐱⭥⤠⳷᷊᷍ⱙ⳨᱑⡟䐫᱒᷉㹐䓵㳆䐱⭥⤠⳷᷊᱄㋝㔨⭞㹐㏎䁈ⷐ㘝⽔䇃
䈐䄲㈎⧪㸋㑬㋧䁈⭥䑘䄋䈐䁵 ⱙ᷍㯝㼌㬨㵉⺞䈐䁵⢎⫐⭥ 㰝᷍㗨䐏ヅ⭥㤙⢑᷍䊻㹐㏎⼍䅆㩰䄓⢅
⭤䈛ⳃ⭥⤜㘘㻵᱄ 
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6.2.2 Ⳳ㻄㲹䈌㾜㑷 

㋖⭣⭥㬺㘝䊻㰜㗨㚨⫛㦬㏐㘇㬨⼽⧅⭥᷍』⭞㑬➬㬏㰋᱄㶎㛋᷍㰜⭥䁈㯖䄲

㈎⳨⧄䇱䇑㼍㑬᱄1787 㛋 䄏᷍㚤⫔䁈䓉㗦㪉㑃㑬ㅓ㬻㋖⭣䁈㯖⭥᱑㞛㝱䍽䁈ㅓ㻐᱒

⭥㸜䐤᱄⭻䄜㦯ㅭ㬻᷍㬨㎔䅑⼪⭣ⱜ᷉Karl Leonhard Reinhold᷍1757ÿ1823 㛋 ᱄᷊

㰜㸋㋖⭣䁈㯖⭥㠶ゑ⿐⼮㻖㵔⿐䔗⨗㑬䐹䄋⭥⹒㻸᱄䐏⽔᷍㈮㬨Ⳳ㻄㲹᷉Johann 

Gottlieb Fichte᷍1762ÿ1814 㛋 ᱄᷊㰜䇻 1794 㛋ㅴ㳇㎔䅑⼪⭣ⱜ⭄㦯䎃⷗ㅭ䐑᷍䁱

㈠䐹⮄㬨㋖⭣⭥㻩䂊䍽䁈᱄㰜䅞㧌䐋㬗䁈䎃䂚䄜⷗㘜⪫᷉ Wissenschaftslehre ㎕᷊㘉

㭗㋧䁈⭥㋧䁈᱃䐋㬗⭥䐋㬗᱄⽔㎕᷍䍽䁈䈌㋧䁈䁱㈠䐱⭥⼽ⱁ㘜⪫᷍㼒䓵㦜㋧䁈

᷉ㅱNature Wissenschaft ⭣᷍䈐Nature䄓㬨䓵㦜⭥䅃㯝 W᷍issenschaft䊎䅃㬨䐜㬨᷍

䈌䓵㦜⼰䊻䄜㡑㈮⧪㑬䓵㦜㋧䁈 ᱃᷊㦬㸥㋧䁈᷉ㅱ Geist Wissenschaft᷍㡅䐱 Geist

㬨㈌㪒⭥䅃㯝᷊᷍ Ⱍ䈌Ⳳ㻄㲹⭥䍽䁈䇱⹹ 255᱄ 

⡩Ⳳ㻄㲹䊺㶎䄜㾊 㾜᷍㑷᷉ Friedrich Wilhelm Joseph Schelling 1᷍775ÿ1854 㛋᷊

䇷䊻㰜⭥〚⪂㩰ㅌ⹹䇻䐋㬗⭥䁱㈠䓋䄧䐢⹹䇻䓵㦜⭥䍽䁈䐋㬗㩰ᱟ㾜㑷 2᷍022ᱠ᱄

㰜㦰㸋䓵㦜㬨䄜⷗㚽Ⱀ⭥᱑㈌㪒㬡ㆈ᱒᷍⢎㻷㸋䄵ⰵ㑃㘇⫇䊻⭥ⷘ䐷ⷘ䂚⭥㑇᷍

⡩㧈䅞㑇䈌⨃㑇᱃䔘䇤㑇䈌ⳕ䔘䇤㑇᱄䊻䔏⭮⭥⥄㘇 䓵᷍㦜⢎㻷㸋䊬Ⱀ䓦⭥㹐㳆ᷜ

䊻ㅰⷀ⭥⥄㘇᷍⢎㻷㸋㑇᱃㦩᱃⺃᱃㪚᱃⮈᱃⿐䁈⭩㻷㼔ᷜ䊻䔏ⷀ⭥⥄㘇᷍⢎㻷

㸋䄜⷗䇱〛㳆᱄㰜➲䓵゛⭥䎃㲸⹹䇻䓵㦜㋧䁈⭥㯝⢇⧧㸋㯝⢇㹐㏎䁈᱄䎃㾊㯝㼌

䄓䇑㼍㑬㬏㈦㬡ギ⨖⭥㦩䁈䈌⮈⪦䁈⭥ⳃ䍚᱄⭒㦜 㾜᷍㑷㳂⨗䎃㾊䁈㯖⭥㚠⭥㬨

 
255䎃㏐ 㸳᷍㗨䄓㋪䄵䊺⪯㏎ㆃ䄜㻣䍽䁈㬨㶓㋧䐏㚙䎃䄜⮄᱄〚䇻䍽䁈⭥㆙⤞ ⤜᷍㵍䁈㋧䑑ㅆ⧪㭍᱃
Ⱑ㑃᱄䊻䎃㾊䁈㋧⧪㭍᱃Ⱑ㑃⽔᷍㸳㗨㣈㶓⤜㚽㶝エ䍽䁈᱄䎃䄓㬨⡫䎀䓽ㆂ䎃⷗ㅓ䅆⭥㚠⭥᱄ 
 



  

䇤ⶦ㛏⭥᱃㏎㾵⭥Ⳟ㬞➲㸶⼮⹚ㅉ䓵㦜 ⤃᷍⤜㬨⥛㪛㉀㳆⭥㸳㗨䊻ㅭ㋧㭊㩰䁈⭞

⭥㦩䁈᱃⮈⪦䁈⭥䐋㬗᱄䅓㸋䎃㾊㲹⮄᷍䊻䍽䁈㬘㩰䄜㳂⭞㾜㑷᷍⹹ポ⪫㈮㬨䓵

㦜䍽䁈᱄㰝ⰵ䇇⭥᷍⼽⫔⧭Ⱙ㩰㬨㬏➬㬡ギ㚊᱃㬏㈦㬡ギ⨖⭥㦩䁈᱃⮈⪦䁈⭩㹐

㏎䁈㚻㦾⭥䍽䁈㘉㭗᱄ 

䔏⽔᷍㸳㗨㿉䄋䐙⨗⭥㬨䊻Ⳳ㻄㲹䈌㾜㑷䐏⽔᷉㬏㈦㬡ギ⨖᷊᷍ ㋧䁈䎃⷗⪫

㋋㬝⫔㑠⭹⨗㻷䊻㸥㻸䐏䐱 ㋧᷍䁈コ䄓⧪㸋䄜䐷䐑䄖㦂⫛䓵㦜䍽䁈コ 256᱄䎃䐷㤊

㌗᷍䇇ⶤ㯖䄓㬨䊻⭣⺛⹦⮅䑘䅆䍽䁈㸋㋧䁈ㅉ㑃㑬ヂ㬖⭥㾯ⱙ㩰䁈⭥〚⪂䐏⽔᷍

㋧䁈㵲㏌䍽䁈ⱙ⧪㸋䄜䐷⭆Ⱑ⭥䐋㬗㳆㻖⭥䄜⷗ㆂ⺜᱄㋧䁈㚽⹜䔘㸋䄜䐷Ⱑ㑃⭥

䅃㬗㾯㲍㆙㾱ⳃ䍚᷍ォ䇱㋖⭣⭥⹒㻸᷍䄓䇱Ⳳ㻄㲹䈌㾜㑷⭥⹒㻸᱄⭒㦜᷍䔘㸋㚨

⷗㬒⫛⭥䍽䁈コ 㰜᷍㗨⭥䍽䁈䐱㋰Ⰹ䇱⼽ⱁ⹹䇻䓻ㅭ⭥㯝㋝ 䎃᷍⤜䊻㸳㗨⭥㲷㔼

ⳗ㸈䐏㚻᱄ 

6.2.3 ⼻ⷒⱜ 

⡟ㅻ䔏⽔䄜⤠⳷⭥㲷㔼㬨⹹䇻⼻ⷒⱜ᷉Georg Wilhelm Friedrich Hegel᷍1770ÿ

1831 㛋᷊⭥᱄⼻ⷒⱜ⡩㾜㑷㪖䐢⿚䄋⫔㩰゙㰋᷍⭌⧪㘜㦕⡩㾜㑷㶎⼽ⱁ᱄䊻⹹䇻

⭣⺛⹦⮅䑘䅆䍽䁈コ⭥ㆊ㩽䐱᷍䄜⟄➲㰜⳦䊻䔏⽔᷍⨞㑬㰜䈌㋖⭣㬸㸓⽕䇇᷍〓

㿎䄓䇱⧪㘜㻩⽔⭥㋝㔨᱄ 

1808 䐢 1816 㛋᷍䊻㆙㧌⫔䁈⹅䔘䐏㣑᷍⼻ⷒⱜ䊻㝇㔸⡅⭒㑬➬㛋⭥䐱䁈㾄

⧅᱄䊻䎃Ⱟ㬒ヅ᷍㰜㶋⧪㑬⫛⢎䔘᱗㕀ゎ䁈᱘ᱟ䍵ⰹ⿋ 2᷍012ᱠᱟ⭬㼟㗃᱃䍵㑷᷍

2014ᱠ᱄䐏⽔᷍⼻ⷒⱜ⤦⡜⼄⭣⡅⫔䁈㠙㸋ㅭ㬻᷍⽔䓋䐢➹㑷⫔䁈᱄⼻ⷒⱜ㦰㸋

䍽䁈㈮㬨䍽䁈㬘᱄䅓⪬᷍㰜⭥䍽䁈㳆㻖㬨㝴⫔᱃㦌㘇᱃䇱ⴂ⶜⭥㏛㬘㚻㦾⭥᱄㰜

 
256㣑㘇㸳㗨䊻ㅓ㋧䁈ⷐ㘝⭥㬒⽓㳂⭞⺞ 䎃᷍⷗㯖ⳉ㎕䓵㶟⿾ⱜ᷉ William Whewell 1᷍794ÿ1866 㛋᷊
ᱟRoss᷍1962ᱠ᱄ 
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⭥䍽䁈⭥〚⪂㬨㰜⭥㕀ゎ䁈᷍䄓㈮㬨⢈䐅ⳉ᱄䐏㣑᷍㝘䐿䍽䁈䁱㈠䐱䑘㳆䇤⭞⭥

㕀ゎ䁈㬨㾯㬞㕀ゎ᱄䊻䎃⷗㳆㻖䐱᷍㗍ⰽ㬨䄋⡜㈂㑇⡽㘃⭥᱄㰅㦜䊻㋖⭣㬒⽓᷍

㰜㈮䄲㈎䅃㬗⭞㏎㾵䊻⼽ⱁ㬒⽓。⤜㋪⡽㘃⭹⫙㎕㗍ⰽ᱄ 

⭞㑬⼻ⷒⱜ䎃㏐ 㰜᷍㘘㦘䐙⨗⢈䐅ⳉ䔘㸋㸉䄜⭥᱃䎇䎞⭥㋧䁈Ⳟⳉ⤜㬨㶃䊻

⭥᷍ⱙ㬨䇪㬣㹐⹭䇱㗍ⰽ㉗Ⰹ⭥᱄䊻䁨㏐㬠ⱁ⭣⭥⫔㣑㳂᱃㾂㣑㳂᱃ㆂ㔼䎃䐷㕀

ゎ㝱ⰰ⭥〚⪂㩰᷍⼻ⷒⱜゴ㧌㑬䎞㳃᱃ⳕ㳃᱃⼰㳃⭥㕀ゎ㾯㬞᷍⤃〚䇻䎃䐷㕀ゎ

㾯㬞㏜䇤㗍ⰽ㎕㘉㭗㵧Ⱀ㬡ㆈ⭥䊎䋓᱄䎃䐷㕀ゎ㾯㬞䊻㋧䁈㲹⢑㬨㹐㏎䁈⭥ⳃ䍚

䐱⟈䁾㑬䐹䄋ㅨ㩌᱄䔏⮅㾮⭥䄜⷗㏞䓴㈮㬨㦬㗨ⰵ⺃⭥⡟䐫⭥㦰㬗᱄䋈㠻᷍䊻㝄

ⰺ㚨⷗㬒⽓㬨㸃㑄㯖᱄㬏㈦㬡ギ⨖᷍䊻㵱㕎㯚᱅䂏᷉Thomas Young᷍1773ÿ1829

㛋 ᱃᷊⳧㛚ⱜ᷉AugustinÿJean Fresnel 1᷍788ÿ1827 㛋᷊⭩㦬⭥㝍㑇㻣᷍㸃㑄㯖⡜⤉

Ⱀ㯖㦂⫛᱄⭌㬨⪴ⱟ㬏㬡ギ⨖㋋㬝᷍㦬㗨䇷㦰㬗⭞㡅㉀䇱⤉㑄ⱟ㼔㾵᱄䎃㻵㦜㬨

㣑㘇㑞䎀᷉䎞㳆ⰵ䇇㸃㑄㯖᱃ⳕ㳆ⰵ䇇⤉Ⱀ㯖᷊⭥⼰㳆᷉⤉㑄ⱟ㼔㾵 ᱄᷊䎃䐷⢈

䐅⭥㕀ゎ䊻⽔㎕⭥㹐㏎䁈ⷐ㘝䐱ⳃ⿴㑬䐹䄋⭥䔘䇤᱄ 

⨞㑬⺃⭥⤉㑄ⱟ㼔㾵 㑠᷍䓴㑇䁈䊻 1923ÿ1926 㛋䐏ヅ䐏㰚䄵㚽⹜㦂⭤㵜㠧ⳃ

䍚⭥䄜⷗⹹ポ⮄㈮㬨⭣⤝㔿䅃䅃㬗⭞䎃⷗ⱟ㼔㾵㵍䂚㬫䇤䇻⮈䓴᱄䐏⽔ 䎃᷍⷗㵝

㼒䄓⡜䇇䇤䐢㡅㰝㸃⹼㑄䓴᱄䄜Ⰹ⧭Ⱙ㩰᷍䎃䄓㬨⼻ⷒⱜ㰚㳂⧌⭥䎞᱃ⳕ᱃⼰⭥

⢈䐅㕀ゎ⭥䄜⷗䇇䇤᱄䇇ⶤ㯖㹐㏎䁈⭥䁱㈠ⷛ㭞䁈⿚㬨⫇䊻⼽⫔㤙⢑⭥᱄䊻㭞䁈

⭥䁱㈠䐱᷍㭞㏎㕀ゎ㶚㶚㬨䍝㈾䑘⭝⭹㸜⭥᱄ⱙ㹐㏎䁈⭥ⳃ䍚⺞⧭䐱᷍⢈䐅㕀ゎ

㗓㯧⤜㋪⡽㘃᱄䐢㩺䊻㚔⷗ㅸⰯ᷍㸳㗨㸿ⳉ㦧⺞᱄ 

〚䇻䎃⷗㋝㔨᷍⡟ㅻ㸳㗨䄵㋖⭣㋋㬝᱃䄵⼻ⷒⱜㆂ㭙᱄㸳㗨㼌㣠⮘⭥㬨⭣⺛

⹦⮅䑘䅆䍽䁈⭥⧪㭍㈎㏛㑬⪴㬏➬㬡ギ⽔⟌䄗⭞㬏㈦㬡ギ㯥㬏㛋⫛䎃䂚䄜⷗㕟

⧅⭥⺞⧭᷍㸋㋧䁈᷉㲹⢑㬨㹐㏎䁈᷊ㅉ㑃㑬ヂ㬖⭥㾯ⱙ㩰䁈⭥〚⪂᱄㸳㗨㻷䊻㆙



  

㾱㹐㏎䁈㯝㸍㬒䔒䁎⭥⼽ⱁ⺇䋓 Ⱍ᷍㬨䊻㚨⷗㬒⽓ㅉ㑃⭥᱄䔘㸋䎃䐷䍽䁈ⳃ䍚⭥

䄜⷗ㆂ⺜᷍⭞㑬㬏㈦㬡ギ㩰⟌䄗᷍⨅⨃䓦㏎㾵⭥㋧䁈䄲㈎䔘㸋䄜䐷䈌㪒䁈᱃䍽䁈

㠞㾱⭥㬡ㆈ⹼᷍㋪䄵Ⱑ㑃⫇䊻㑬᱄㸳㗨㏛㬘㩰㰚㸞⭥᱑㋧䁈ⷐ㘝᱒䊻䎃㏐⷇䄜Ⱟ

㕅᷍⭌㻣䄜⧂䊻㹐㏎䁈㒍䈓ⷝ㸋㗮㑳⭥᱑㹐㏎䁈ⷐ㘝᱒㬖カ㩰䄲㈎㋋㬝䊮㛑㑬᱄ 

6.3 䎃㾊䍽䁈㯝㼌ⰵ㋧䁈ⳃ䍚䄵ゑⰵ㹐㏎䁈ⷐ㘝⭥䇑㼍 

䔏⽔᷍㸳㗨ㅓ䄜㻣㩰㭗䍽䁈㯝㼌ⰵ㋧䁈ⳃ䍚䄵ゑⰵ᷉ゕㅌ㋋㬝⭥᷊㹐㏎䁈ⷐ

㘝⭥䇑㼍᱄㸳㗨㬸㻩㿉䄋㯖㘘⭥㬨⪴㹐㏎䁈ⳃ䍚⭥ㅨⰩ᷍⡫䎀ⰵ᱑㋧䁈ⷐ㘝᱒⼮

᱑㹐㏎䁈ⷐ㘝᱒⭥䄜⮄㋕ⳉ᱄䊻⡟㭊䐱 㸳᷍㗨䔑䐹㏛㬘䁈㩰⭥㘝㘜⺇䋓 㬚᷍䇤᱑㋧

䁈ⷐ㘝᱒䈌᱑㹐㏎䁈ⷐ㘝᱒㎕⳷⢑㘉㭗㝄ⰺ䅞㒍⭥㆝⫛㹐㏎䁈⭥⭏㪛䄵ゑ䇪㼁ⰵ

㔼⼮㑠䓴㑇䁈䅞㒍⭥㻷⫛㹐㏎䁈⭥⭏㪛᱄⭌⪴㹐㏎䁈ⳃ䍚⭥ㅨⰩ㎕㋕ 㸳᷍㗨㋪䄵

➲㰝㗨㋕䔘㑞⧂᱑㹐㏎䁈ⷐ㘝᱒᱄ 

⭻䄜⧂ ⭒᷍㦜㬨䔘㸋㏛㬘㩰⭥㋧䁈ⷐ㘝⭥䄜⤠⳷⫇䊻⭥᱄⪴㹐㏎䁈ⳃ䍚⭥䁈

㋧⺇㔪㎕㋕᷍㰝䇱㰝⭥㭞䁈〚⪂᷉ㆃ㹗゙⼯᱃㸃〞⳷ ᱃᷊䍽䁈〚⪂᷉ⶆ㎫㹘㯚Ä㞁

ⷚ᱃⭲㋉ⱜㅉ㑃⭥䍽䁈 ᱄᷊⧪⺜᷍㈮㬨㈎⮅㹐㏎䁈⭥ㅉ㑃᱄⭻ⱟ⧂᷍㈮ㅱ㹐㏎䁈

ⷐ㘝᱄㰝⭒㦜䄓䇱㰝⭥㭞䁈〚⪂᷉ 㼀㾵⫛㭞᱃⳨㝘゙⼯ ᱃᷊䍽䁈〚⪂᷉ ㋖⭣䍽䁈 ᱄᷊

㸳㗨㬨㋪䄵㵉⺞䎃䐷ⰵ䇇㎕㏎ㆃ㰝㗨⭥᱄⧪⺜ ㈮᷍㬨䄵㑠䓴㑇䁈⼮㼁ⰵ㔼㸋⫛⢎

⭥㻷⫛㹐㏎䁈⭥ㅉ㑃᱄ 

ⰵ䇻⭻ⱟ⧂ 䄓᷍㈮㬨㸳㗨⧄㯖⭥㹐㏎䁈ⷐ㘝 㸳᷍㗨䊻㣑㑞ㅻㆊ㩽㑬㰝⭥䍽䁈

〚⪂᱄⭒㦜᷍㋖⭣䐏⽔᷍ⰵ䇻㹐㏎䁈ⷐ㘝䐱⟈䁾䐹䄋ㅨ㩌㹐㏎䁈コ㗨᷉⡩㧈➏䅓

㯚㲚᱃⤄ⱜ᱃⤄ⱘ᱃⼄㩎⡅᱃䁇Ⰹ䜭⭩᷊᷍ 㬏㈦㬡ギ䐱⽔㠻᱃ⱟ㬏㬡ギ⨖⭥䄜㾊

䍽䁈コ䄓㬨。ⰵ㰜㗨⥛㪛䐹䄋䇑㼍⭥᷍⡩㧈 㭆ᷛ⡟⿋᷉Arthur Schopenhauer 1᷍788
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ÿ1860 㛋᷊䈌㕎⼶᷉Ernst Mach᷍1838ÿ1916 㛋᷊257᱄⭌䄜Ⰹ⧭Ⱙ㩰᷍㸳㗨㋪䄵➲

㭆⡟⿋⭥䍽䁈⭒䔘㬨㋖⭣䍽䁈⭥⪌⧱䈌ⳃ䂐᱄ⱙ㕎⼶⭥䇑㼍 䋓᷍⺞䇻㉀㳆 258 䇱᷍

㬒㪖䐢⡩ㅰ⶛㘇 259᱄䅓⪬ 㸳᷍㗨⿚㬨➲㈌㑇⳦䊻㣑㑞ㅻ⹹䓃⭥䎃㾊䍽䁈㚻㦾㩰᱄ 

䎃㾊䍽䁈ⳃ䍚⭥䎜㳆㾈⺜㬨㋧䁈⭥㾯ⱙ㩰䁈⭥〚⪂⭥ㅉ㑃᱄䎃⷗〚⪂ 㬨᷍⳨

⧄ヂ㬖⭥᱄㰝㬚⭤㸳㗨⪴㬣䓵㦜㋧䁈䁱㈠⭥㦬䊻⼽⫔⧭Ⱙ㩰Ⱍ㋪䄵㶝㦕㸳㗨⭥䁈

㋧⡔⽔⭥䍽䁈㸫㳃᷍䓉䓃䇻㉀㳆㸫㳃⭥ㆃ㉗᱄䎃䄓䋍⧪㑬䎜⷗㬏㈦㬡ギ᷍㋧䁈⭥

ⳃ䍚䊞㎕䊞䓉㗦⿐᱄㋧䁈コ㋋㬝⺄ⳛ⭥⧪㸋䄜㗦䐑䄖᷍⧪㸋㦬㗨㚒㪛⭥㬷Ⱟ᷉⭒

㦜⡔⽔㬨㾬㦅䑘⭝ ᱄᷊䎃䐷䓉㗦⿐⭒㦜㬨䇱⼤⪇⭥᷍䊻䁈㋧ⳃ䍚㗜䇱䈗⭞㠠㈒⭥

㬒⽓᷍䓉䄖㦬䊒㋪䄵⡩ㅰ䓉䑙⭹ㅌ䄜㾊㸫㳃㻙⿐㸋ゝ㭖㾵⭥㸫㳃᷍⤃䑑⤞ㆃ㉗᱄

㹐㏎䁈䄓䔘㸋䐹䄋⭥䑛㑇᷍⟐䑛㦬㏁㶋⧪㑬⭻䄜⪯䈌⭻ⱟ⪯⹅䄖ⷐ㘝᱄ 

⭌㬨 ⭒᷍䁈㋧⭥ⳃ䍚䈗⭞䄜㾊⡩ㅰ䁰䐹⭥㠠㈒⭥㬒⽓ ㆗᷍㆗䊻䁈㋧㚻⤠㦆㯝

㋝ゝ㭖㾵⭥㸫㳃㈮。⢎㻷⨗㚔䐷㈷㻿㾵᱄䎃⷗㬒⽓ ㈮᷍㿉䄋⪴㬣䎃Ⳟ㘇⭥〚⪂㾵

㏎㔼䁱㈠⭥㋧䁱㦬䊒㉀䇱㼁⭒⭥䍽䁈〚⪂㑬᱄⡫䎀䊻㬽ㅭ䈞ㅸⰯ䅖⥏䂕⫎䊻⭣⺛

 
257䄵➏䅓㯚㲚㸋㏞ 㕎᷍⼶ⰵ㰜⭥䇑㼍᷉㯏㵑㬖䂊⤜㵍䇻㝄ⰺ⭥ㆃ㬮㆙ⱙ㡕ⳃ㑬⭩㾈㾵䊎㏎᷊⼽ⱁ
㸥㻸䐱Ⱍ䇱エ䊹᱄㭆⡟⿋䎃㏐㸥㻸䐱ㅓ⭥⤜ⱁ᷍⭌㈾㰜⭥᷉キ᷊㝏㿗᱃㬘䁈コ㔔⭡ⴓ᱅㋎䋔ⱜ
᷉Rudolf Kayser᷍1889ÿ1964 㛋᷊㰚㭗᷍ⱟ㬏㬡ギ 20 㛋⫛᷍➏䅓㯚㲚䊻➹㑷㭊Ⳡ⭥㣞㩰⹳䓦㧞ⴚ
㘜㦬⭥㾅㼒᷍䎃㧞㸜㦬㬠⳷⢑㬨ᷛⳉ㎎⭻᱃㕔㋬㯚㸅᱃㭆⡟⿋᱄㣑㑞㸜⳷⢑㬨㈎⮅㹐㏎⫔㻤䐱⮈
Ⱀ㑇䁈⭥䐹䄋ㅉ㑃䎀 䄓᷍㬨䔏䋈㳂⨗᱑⧂᱒⭥ⶦ㛏⭥㦬᱄㰜㗨ⱟ㸜⭥⨗㻷⤃⤜㒏㦬㈋䁩᱄㭆⡟⿋᷍
䔘㸋㬖㬖䊻䊻⭥䍽䁈コ 䊻᷍䎃㏐⨗㻷㈮䇱䄜Ⰹ⭥⼎䅆㑬᱄➏䅓㯚㲚⭥⟍⹌㬳㋰Ⰹ⤜㋪㚽㰇⢄⨗㻷
䄜⷗㦬⭥⿎㼒 㧈᷍⺜⤜㬨⨗䇻ⰵ㭆⡟⿋㬏⳷⭥㈕䂗〓㬨ⰵ䓵゛䇱れ⫔⭥䇑㼍 ➏᷍䅓㯚㲚⭥䔗ⳉㅌ
⢅⭤⤜㋪ㆃ㬮᱄⭒㦜᷍䎃㾊Ⱍ㬨⽔㋖⭣㬒⫛⭥䍽䁈コ᷍㸳㗨䎃㏐⭥㲷㔼᷍⿚㬨ゐ䐱䊻䄵㋖⭣㸋⫛
⢎⭥⭣⺛⹦⮅䑘䅆䍽䁈⭥⧪㭍ゑ㡅ⰵ㋧䁈⭥䇑㼍㩰᱄ 

 
258䑘䄋㬨ⰵ➏䅓㯚㲚᷍㵉⺞⭩㾈㾵䊎㏎᱄䎃⷗㋪䄵⳦⭞㋖⭣䍽䁈㌓ソ㻣㎕㏎ㆃ᱄ 

 
259⡩㧈ⰵ⤄ⱜ䓩㕝 ㉀᷍㳆㳆㻷㬨㕎⼶⧅㠻ⳕⰵ䊎䓴㔼᱄䎃㏐⭥䑘䄋䊎䅓 㬨᷍䊻㕎⼶㪛』⭥⫔⤠⳷
㬒ヅ 䊎᷍䓴⤃⤜㚽⤜㋕⭞〓䐒ㅴⶱ㬽⭞ ⱙ᷍㕎⼶㬨㣠⮘㸳䐜㚽㼁㾦㸳㋕⭞⭥Ⰼ㹘⭥᱄〚䇻䎃䐷㋕
ⳉ᷍㰜⼮㰜⭥䁈㪛➣㯚㲹㶀ⱜ⭣᷉Friedrich Wilhelm Ostwald᷍����ÿ���� 㛋᷊䄜⭡᷍䈌⤄ⱜ䓩㕝
᷉Ludwig Eduard Boltzmann �᷍���ÿ���� 㛋᷊䍚㋋㑬ゅ㑳⭥㔼䍞᱄䔏䐶᷍⤄ⱜ䓩㕝䄓㻾㧌㑬䄷䈕᱄ 



  

㶋⧪㑬⤊㬠ㅸⰯ⭥䁈㻑᱄䅓⪬ ⡫᷍䎀。䇱䄜⷗⡩ㅰ㣠㑳⭥ⶱ㬽㈮㬨㹐㏎䁈ⷐ㘝䄵

⭣⺛䔘㸋䐱㾥ⳃ㪛⤃㶋⧪⤃⤜㬨㝝㦜᱄䎃䈌㰜㗨⭥䍽䁈〞㎼᷉⡟䍣 ᱃᷊㭞䁈〞㎼

᷉⭻㹆䍣 ᱃᷊㳆䐧㩰⭥䓝⡙᷉⭻㡀䍣᷊᷍ Ⱍ㬨㗽㣱㼁⹹⭥᱄䊻⭻➬䍣᷍㸳㗨。⪴〚

ⱜ〕ⴓ㋋㬝᷍⿹⹬䎃㏐㏛⧭᱄㼁㾦Ⱒ䎀䊻㶋⧪䎃゙䍣⭥䊥Ⱒ⽔᷍䇇ⶤ䇱䄜Ⰹ⧭Ⱙ

⭥ⶱ㬽᱄ 

⡟䍣ㆂ㭙⭥㬒⽓ 㸳᷍㗨㆗䄵䍽䁈Ⳟ㘇⭥〞㎼㸋㏞ ㆂ᷍⼰㹐㏎䁈ⷐ㘝䐱➏䅓㯚

㲚᱃⼄㩎⡅㰜㗨㘇㑺⭥䄜㾊㸫㳃᷍䔗⷗㰜㗨㋪㚽㆙㾱⭥䍽䁈㯝㋝⭥ㅓㆃ᱄ 

㸳㗨㬸㻩㣠⮘⤜⹽㬨㼁ⰵ㔼⿚㬨㑠䓴㑇䁈 䊻᷍㦂⭤㵜㠧㾵㆙䍚⭥㬒⽓ 㚨᷍⷗

㵜㠧䎀⭥⨗ⳃ⮄Ⱍ㬨㹐㏎䁈䁱㈠⭥㬨㻷㼔ㆈ᱄䅓⪬᷍㰜㗨⡹㿌䄵㦬㸋䑘㳆᷍⪴ⶱ

䐋⨗ⳃ㎕㲷㔼㸫㳃᱄䊻㻢䅆㼁ⰵ㔼㚨㏐ 䎃᷍㳆㻷㸋➏䅓㯚㲚ⰵ᱑㵍㬒㾵᱒⭥㋝㔨᱄

㰜⤃⤜㬨㯖㑞⷗㦬⤜㆙㾱ㅜ㒘㈮䊻㾥㏐㚍㦰㑬㵍㬒㾵 ⱙ᷍㬨㣠⮘㵉⺞㦬䈌㦬䐏ヅ

⡹㿌㈎⺞㾦㻃ㅜ⿜㎕㦘㦰᱑㵍㬒᱒᷉ 8.5.3 㾂ㅻ ᱄᷊䈌䐏㼍䇇᷍⺃㯺⤜⢅䊎㏎䄜Ⰹ䄋

⫇䊻᱄㵍㬒᷍⤜㵍⭥㦬㋕ⰵⳞ⭥䊬Ⱀ᷍䄓。䓽ㆂ⨗䄜䂚⭥⺇㔪᱄䎃⷗㈮㬨㼁ⰵ㾵

䊎㏎᱄䎃㑞⮄㰚㳆㻷⭥㋖⭣䍽䁈⭥䄵㦬㸋䑘㳆㎕〒㦂㦘Ⰹ㾵䐋㬗⭥㈌㪒 㬨᷍䄋⭤

䅇䇻㋖⭣䐏㣑㰚㏆㤆⭥㋧䁈⭥⢀ㆈ⭥᱄⨞㑬㻢䅆㼁ⰵ㔼᷍䊻⺄䅆㼁ⰵ㔼㚨㏐᷍䎃

⷗䊎䋓ⷝ㬨⭤⭞㑬㆙䄜⤞⭥㵧⺄᱄⺄䅆㼁ⰵ㾵䊎㏎᱃⭩㾈䊎㏎᷍㯖⭥䄓㬨㏁㯧⭥

㚻㦾᷉8.5.4 㾂ㅻ ᱄᷊䎃⷗㬒⽓᷍ズ㧈⡫䎀䔗䄜⷗➏䅓㯚㲚⤜㑬ㆃ㦯⼯㋖⭣䍽䁈⭥

㪉㼌᷍⡫䎀⼽㚲㼌㼔➏䅓㯚㲚。㆙㾱㚨䂚⭥㯝㋝᱄ 

⭞㑬㑠䓴㑇䁈ⳃ䍚⭥⹹ポ㠻᷍㵍䂚䇱㏁㯧㸫㳃᱄䎃㏐⨞㑬㋖⭣䍽䁈᷍⼻ⷒⱜ

⭥⢈䐅ⳉ䄓䇱〞れ⭥䇑㼍᱄⡩㧈⺃⭥ⷝ㾣⽔⭥㑄䓴㯖 ➏᷍䅓㯚㲚㈮㬨㳂⨗䎀᱄1923

ÿ1924 㛋᷍⭒⭣⤝㔿䅃⹹䇻⮈䓴⭥㹐䐫⤉㏎㔼䈗⭞㸫㳃⭥㬒⽓᷍➏䅓㯚㲚䄓㬨䄜

⷗ヂⰉ⭥䐈⧷䎀᱄䎃㏐᷍⢈䐅ⳉⰝ㬨㡑⭞䄜Ⰹ䔘䇤⭥᱄㵍㬒 1᷍925 㛋᷍⭒⼄㩎⡅
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㳂⨗ⷐ㘝㾵⭥㈹䎔㑇䁈㏎㔼⭥㬒⽓ 㰜᷍⭥⨗ⳃ⮄㬨㰜䄋䊻䓵゛⭥㹐㏎䁈䐱㦆⨞㼒

⮈䓴⺍⭡䎃䂚⤜㚽⡜⹼⥃⭥㹐㏎㑠 ⱙ᷍㬨䄡㋠㋪䄵⡜⹼⥃⭥䊎䓴⺃㠸䍚㋋᱄䎃㏐

㳆㻷⭥᷍䄓㬨㋖⭣䍽䁈䐱᱑㻷㼔ㆈ᱒⭥ⶦ㛏ᱟ㋖⭣ 2᷍022ᱠᱟ㭆⡟⿋ 2᷍018ᱠᱟ㭆

⡟⿋᷍2022ᱠ᱄ 

䐢䇻䊻 1926ÿ1927 㛋䐏ヅⳃ䍚㡑㎕⭥⢎㼔⭥ⶦ㛏᷍㸳㗨㣑㘇䄓㆙㾱⺞㣠⮘᱄

⼄㩎⡅⭒㬒䇤⭥⪫㬨 darstellung᷍㰜⭥⡟䅃㠌䐹䇻᱑㹐㏎㵝㼒᱒᱄ⱙ䊻㋖⭣⼮㭆⡟

⿋⭥䍽䁈䑙䔘䐱 ⢎᷍㼔ⰵ䇇⭥⪬㬨 vorstellung᱄㰝⭥⡟䅃㠌䐹䇻㈌㪒⥄㘇⭥㘉㭗᱄

㑞䎀⭥䇃㸥Ⱍ㬨 representation 䐱᷍㸥䄓ⰝⳎ䅌㸋⢎㼔᱄darstellung ⼮ vorstellung Ⱍ

䇱᱑⧫㻷⨗㎕⭥㼌㼔⭥㚻㦾᱒⭥䅃㯝᱄㋝㔨⭞㹐㏎䁈ⷐ㘝⽔䇃䈐䄲㈎⧪㸋㑬㋧䁈

⭥䑘䄋䈐䁵᷍㯝㼌㬨㵉⺞䈐䁵⢎⫐⭥᷍㰝㗨䐏ヅ⭥㤙⢑᷍䊻㹐㏎⼍䅆㩰䄓⢅⭤䈛

ⳃ⭥⤜㘘㻵᱄ⰵ䇻䎃Ⱟ᷍⡫䎀⧱㦰㬨⳨⧄⷗㦬⭥⹼⮄᷍⤃㗜䇱䊻㡅㰝㸥㻸䐱㋕⭞

⺞᱄䎃㏐᷍䄓㬨㾕⨗㎕㆗⹊Ⱒ䎀⤯㋝䈌䐙䎞᷂ 

 

 

 

 

 

 

 

 

 

 



  

 

⭻㡀䍣 㬏㈦㬡ギ⭥㝘䐿⫔䁈 

䈌⭻㹆᱃⭻㒚䍣ㅓ㭗⭥㭞䁈⭥ⳃ䍚᱃䍽䁈⭥㆙䍚㵍⤞᷍㬏㈦㬡ギ㠶㔔㬠䔘㸋

㝘䐿⭥㾣㾬㘒䔆⺛コ䎞㬞䱩㡑᱄㻷䊻⭣⺛⭥㌓ソ 〚᷍⡟㩰㬨䇪⭒㬒⭥㠶㔔㬠㶖⧐

Ⰹ䅆⭥᱄⪴㋧䁈䁱㈠㦬⤦㞁䂙⭥ㅨⰩ᷍⭣⺛⫔䁈⭥䱩㡑㬨ⰵ⪌㵔⭥䇃⺛᱃ⳉ⺛⭥

㋧䁈㦬⤦㞁䂙⭥䄜⪯䐹䄋⭥⤚⨅᱄⭒㦜 㝘᷍䐿⭥㡅㰝⺛コ 㲹᷍⢑㬨㼒⼪㎝᱃⭅㕔᱃

㧑⮅᱃➣⭹㏜䎃䂚㹘㝘⺛コ 䄓᷍䇱䓵゛⭥⼤⫔䁈⼮⼤⭥䁈䎀᱄䊻䎜⷗㝘䐿ⳗ㸈㚻᷍

Ⰶッ⭥䁈䎀䔘㸋䓉䄖⪴㬣㋧䁈䁱㈠⭥㦬䊒䊻ⷘ⷗⫔䁈㈼ゐ 㾯᷍⧪㑬㋧䁈ⷐ㘝⽔⭥

䄜⷗㬃㌗᱄ 

㿉䄋㯖㘘⭥㬨䎃⷗㬒⽓⭥⫔䁈⼮䐏㣑⭥⫔䁈㬨䇱䄜Ⰹ㤙⢑⭥᱄䊻 2.7 ㅻㅓㆃ

䐱㬡ギ㝘䐿⭥䓵㦜䍽䁈ⳃ䍚⭥㬒⽓ 㸳᷍㗨㳂⭞⺞䊻㬏ⱟ㬡ギ⽔㠻㝘䐿⭥⧨㬱䐱䄲

㈎㋋㬝⨗㻷㑬䄜㾊⫔䁈᷍㼒䅃⫔㏜⭥⤊㕆㛂䁨⫔䁈᱃ⳉ⺛⭥➮㏉⫔䁈᱃䇃⺛⭥㝄

㆓䈌ㅄ㣦⫔䁈᱄᱑⫔䁈᱒䎃⷗⪫⭥䊎䅃㬨᱑㵔䄜㳆᱒᷍⫛⢎ㅭ㬇䈌䁈㪛⭥㾱䄖⹌。᱄

䎃㾊〛⹚⽔㎕䊻㋧䁈ⷐ㘝⭥㆙⧭䐱䄓ⳃ⿴㑬䐹䄋⭥䔘䇤᱄㸳㗨㰚㳂⭞⭥⼽ⱁ㋧䁈

ⷐ㘝䐱⭥⹹ポ㦬㹐 Ⱍ᷍㬨䊻䎃䐷㏁㾮⭥⫔䁈䐱ㅴ㬽⭥ㅭ䈞 ㆙᷍ⱙ䔗⨗㚨㾊䐹䄋⭥

䁈㭖⧪㈮⭥᱄⭌䎜㳆ⱙ䁵᷍䊻⭒㬒ㅭ。ⰵ⫔䁈⭥䇑㼍䈌㋹䐧⿚⡩ㅰ䁰᷍㵍㬒䓵㦜

㋧䁈㻣㭕⭥ⷘ⷗⳷䐈⿚㗜䇱⧪㭍 䓉᷍䄖⪴㬣㋧䁈䁱㈠⭥㦬䊒㭞㑠䄓⡩ㅰ䇱㻿᱄⭒

㬒⭥⼽ⱁ㋧䁈コ᷍䓵゛䄓䇱䓵゛⭥䐑䄖᷍⤃⤜䄡㋠⫔䁈⭥ㅭ䐑㪛』᱄ 

㬏㈦㬡ギ⭥㝘䐿⫔䁈 ㈎᷍㏛㑬㋧䁈ⷐ㘝⭥㻕㏒ 㼁᷍ㅰ䐏㣑⭥⫔䁈ⳃ㪛㑬Ⳏ㳍

ⶓ⭹⭥⢅⿐᱄㵍䂚䊻䎃⷗㬒ヅㅻ⮄ 㠶᷍㔔㬠⭥ㅭ䈞ⶥⷐ䄲㈎㋋㬝⤃㆙㾱⭹㧈】㧈

䥒 ⫀᷍㪛⨗䄜㞛䄜㒘⭥⭣⺛⫔䁈䈌䄜㒘⭥䁈䎀᱄䎃㾊ⷀ㯏㠞⭥䁈䎀ゴ㩰㛋㤂⭥䁈
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㪛䄵⫔䁈㸋㠞㲉㋋䍚䁱㈠ 260 ㋝᷍㔨⭞䐱㹘㝘⭹䈓⡩ㅰゐ䐱 ⤜᷍㵍⫔䁈ヅ⭥䁈㭖ㅜ

㒘䄓⼽㗽㣱᷍䎃㈮㸋䐋㬗⭥㆙䄜⤞⪕㾣㳂⹊㑬㳆䐧⡄䍰᱄⡟ㅻ᷍㸳㗨ㅌ⹹䓃⮄⳦

⭞㬏㈦㬡ギ⭥㝘䐿⫔䁈᷍㲷㔼㹐㏎䁈ⷐ㘝⭥㒎䄜⷗㳖ミ᱄ 

㸳㗨⭥㲷㔼᷍ㅌ⳷ᷛ1᷊㋧䁈ⷐ㘝ⰵ㝘䐿⫔䁈⭥䇑㼍䈌㠶㔔㬠⭥ㅭ䈞ⶥⷐ᷍

2᷊䄵ⷈ㵃ⷚ⫔䁈᱃➹㑷⫔䁈㸋⫛⢎⭥⭣⺛⫔䁈᷍3᷊㡅㰝㝘䐿⺛コ⭥⫔䁈᷍㧞ㅻ

㎕䍚㋋᱄ 

7.1 ㋧䁈ⷐ㘝ⰵ㝘䐿⫔䁈⭥䇑㼍䈌㠶㔔㬠⭥ㅭ䈞ⶥⷐ 

㋧䁈ⷐ㘝䐏⽔䓵㦜䍽䁈䁾⿐㸋䓵㦜㋧䁈 ㋧᷍䁈ォ㬨䄜䐷㦬㗨⨈㩱⭥〒㦂㦘Ⰹ

㾵䐋㬗⭥Ⳟⳉ᷍䄓㬨䄜䐷䈌䍽䁈᱃㪒䁈⤃㑃⭥㬡ㆈ⹼᱄䈌䐏⟊㰇⭥᷍㬨㪒䁈䊻㝘

䐿⭥䇑㼍㼁ⰵ䇻㋧䁈ⷐ㘝㣑⡜㘘㻵㧖⿐᱄䊻㋧䁈㚻⤠᷍⤜㵍⳷䐈⭏㪛᷍⪴㬣㋧䁈

䁱㈠⭥㦬䊒䄓㋋㬝䓉䄖⿐᱄㈺⷗㏞䓴᷍䊻㋧䁈ⷐ㘝⨖㠻᷍⭲㋉ⱜ⭥䑘䄋㪎⳾⿚㬨

䍽䁈コ᷉䁱㈠㚻㦾⟝㔿㶓㼔᷊᷍ ⭌㬨⭞㑬㋧䁈ⷐ㘝⭥⽔㠻᷍ⷀ㯚⭥㪎⳾㈮㬨⪠⫃

⭥㭞䁈コ㑬᱄ 

䅓㸋㋧䁈⭥䁙㗮ⳃ䍚 ㋧᷍䁈⡟㪎䄓⤜䊺㆗㆗㬨㭊䍌㏐⭥䁈㸫 ⡜᷍㦬㗨㭙䐏ⷀ

ⷔ᱄㼁ⳕ᷍㰝䈌㦬㗨⭥㦶⧄㪛』⥛㪛㑬⳨⧄㗽㣱⭥㑋㻖᱄⡩㧈᷍䊻 5.4 ㅻ㸳㗨㈮

ㅓ⺞ⷀ㯚䅃㬗⭞⳨㝘゙⼯㬨れ㡅䐹䄋⭥㭞䁈㸫㳃䄜⷗⹹ポ䅓㯹㈮䊕䇻㰜ㅴ⭞㑬

⿎⭹㵝⭥䎃䂚䄜⷗㬖カ㦯㹒᱄䎃㋪䄵ⳕ䇔⨗⭒㬒⭥㝘䐿㪈。ⰵ㾣㾮⫔䁈⭥㿉㤔᱄

㬡㯸䎟ⶏ㼁ⰵ䇻ㅭ。 ⷝ᷍ゴ⿗䇎䓉䄖⿐⭥㋧䁈コ 䅓᷍㸋䎃ⰵ㾣㾬㘒䔆⺛コ⭥⧪⹇

䐢⹹䐹䄋᱄䎃㈮㬚⭤䊻㝘䐿⭥⫔䁈㏐㘇᷍㋧䁈コ⡙㬽㵧⨈᱄ⱙ䓉䄖⿐⭥㋧䁈コ᷍

䄓㋪䄵➓㾥⭹⪴㬣䓉㗦⿐⭹㋧䁈䁱㈠᱄ 

䔘㸋㬏㈦㬡ギ䔏⧪⹇⭥㝘䐿⺛コ ⭣᷍⺛⼮⭣⺛⭥⫔䁈䊻䎜⷗㬏㈦㬡ギ䄵ゑ㬡

 
260 䎃⷗㬒⽓⭥䁈䎀㈮䄲㈎䄡㋠⫔䁈⭥䐑㸜㪛』㑬᱄ 



  

ギ⨖Ⱍ⢎㻷䇦䅍᱄㰜㗨䄓㬨㹐㏎䁈ⷐ㘝⭥䑘㑇㉝᱄䊻㲷㔼㶋㬏㈦㬡ギ㝘䐿⫔䁈㘇

㑺⭥㬡㯸⿘㈔⽔᷍㸳㗨㋪䄵ビ⭆㲙䄜㻣⭣⺛䈌⭣⺛⭥⫔䁈᱄ 

䄜㣱ⶥ⢅⭥⪆ⳃ⮄㬨㬏㈦㬡ギ⨖㠶㔔㬠㭅⮕⭥⭻䄜⪯㠶ⳉ䍞䎚᱄䔘㸋䄜⷗㾣

㾬⭥䇱㆙㦂㾥⭥㘒䔆⺛コ᷍㠶㔔㬠㵕Ⰹ㯝㵕᷍㋋䍚㑬㦌㘇⭥ⶥⷐ᱄䎃䊻㬘㩰⡜⧧

㸋㠶㔔㬠ⶥⷐ䊬Ⱀ᷉Prussian Reform Movement ᱄᷊䎃⧂ⶥⷐ㪇ゑ㻽ⳉ᱃㾱䎟᱃㪈

。᱃㈎イ᱃ㅭ䈞⭩ⱁ⷗Ⳟ㘇᷍㬨ⰵ⭒㬒㠶㔔㬠㪈。⭥䄜⧂㦌㘇⭥ⶥⷐ᱄㡅䐱᷍ㅭ

䈞⤠⳷䇪㶟㑏᱅ⴌ᱅⽊⡅᷉ Friedrich Wilhelm Christian Carl Ferdinand von Humboldt᷍

1767ÿ1835 㛋᷊⶛䋑᱄㶟㑏᱅ⴌ᱅⽊⡅⤪㦂㑬䄜㻖㑱⫌㬊᷍⧚⭸ⶥ⢅㑬⭣⺛ㅭ䈞

㼁ⰵ䇻䇃⺛᱃ⳉ⺛䎃㾊䄲㈎䱩㡑⭥䓫⡟䑘䅆⺛コ㕅⽔⭥㈷㘇 261᱄ 

㉀㳆ⱙ䁵᷍㶟㑏᱅ⴌ᱅⽊⡅䊻 1809 㛋⡜㸐㦯㸋㠶㔔㬠⺛㶖㦯㘝⶛䋑ㅭ䈞ⶥ

ⷐ᱄㰜⹌⤝㑬䄜㻖㑱⫌㬊᷍⟝㎉䅞㧌ㅭ㬇㋝㬵᱃䅞㧌㵔䄜⭥䐱䁈⡰䄖㋝㬵᱃䅞㧌

㬏㛋䐧⭥䐱䁈ㅭ⧭᷉㡅䐱䔏⧪⹇⭥㈮㬨䄜㻖㑱ⷀ㯏㠞⭣㬞㸥㏎䐱䁈⭥ㅉ㑃 ᱄᷊⭒

㦜᷍⼮ⷀ⭩ㅭ䈞䔏㼁⹹⭥⿚㬨ⰵ⫔䁈⭥ⶥⷐ᱄㰜䇻 1810 㛋⪕ㅉ➹㑷⫔䁈᷍㳂⧌

㋧䁱䈌ㅭ䁈⭥㵔䄜᱃ⷀ㾄䓵䐯᱃㈽㉙ㅌ⫔䁈䁈䄖䔘㸋䐑䄖㞁䁖ㅸⰯ᱄䈌⫔䁈ⰵ䇇᷍

⭣⺛⿚㪉㑃㑬䓉㗦⭥䐑䄖ゝ㭖䁈㾄㎕㶋⧪䐑䄖ゝ㭖ㅭ䈞⭥⹇㚽᱄䎃㾊⫌㬊ⱁ㭞䁹

䇤䐢㆒᱄⨞㑬➹㑷⫔䁈䎃㰚䊻ㅭ䈞ⶥⷐ䐱⧪㑃⭥⫔䁈䊻㬏㈦㬡ギⳃ䍚㸋㝘䐿⭥䄜

㒘⫔䁈 ⷈ᷍㵃ⷚ⫔䁈ⷝ㬨䊻䎃⧂ㅭ䈞ⶥⷐ䐱䄜䊟⧪㸋⫔㬇⭥㈼ゐ⭹ 262 ⧚᷍⭸䅞㒍

 
261⡟㭊⨗䇻㵉㬗㾵⭥㋝㔨 。᷍➲䎃⧂ㅭ䈞ⶥⷐ䇤⽊⡅䔘㸋ⴜ⼦㎕㆙㾱ビ⿐㘉㭗᱄䊻䓉㗦⪴㬣ㅭ䈞
䁈䁱㈠⭥㵍㾱⭥䑙䔘䐱᷍䎃⷗㬨⤜ⰵ⭥ᱟ⧣⽊ㅾ 2᷍024ᱠ᷂⭣⺛ㅭ䈞ⶥⷐ⭥⧪⹇㬨㬏㈦㬡ギ䄜㞛
⭣⺛㈌䇃⼰㑇⫐⧪⭥ ⟝᷍㎉㋖⭣᱃Ⳳ㻄㲹᱃㾜㑷᱃㬊㎔ⱜ㕎⼶᷉ Fridrich Schleiermacher 1᷍768ÿ1834
㛋 ⭩᷊䄜㞛䍽䁈コ᱄⭒㦜䄓⟝㎉㚨㾊䊻䄜㼀⪴㬣䁈㋧ㅉ㪉⭥㋧䁈コ᱄ⶱ㾬㦅⭥Ⱒ䎀㤌⤯㋝ㅭ䈞䁈
Ⳟ㘇⭥䓉䑙㎕㼋㻙㑬ㆃ䎃Ⱟ㏛㬘᱄㸳㗨䎃㏐㆗㆗㬨㘇ⰵⷀ䐱⡰䄖⭥䁈㪛 㦤᷍⫔コ䐋⭡䇱䎃⷗㬣㤊᱄ 

 
262㡅㰜⿚䇱䄜㻖㑱⫔䁈᷍⡩㧈㋣㛂㯚⡅⫔䁈᱃⼄⭣⡅⫔䁈᷍䎃㾊䁈㾄䐏ヅ⭥䁈䎀㒘Ⱀ䄓⳨⧄㠖
Ⳓ᱄䎃Ⱍ㬨れ㡅ⴜ⼰㋧䁈⺇㔪⭥᱄㸳㗨㈮⤜䄜䄜䍚㋋ㆊ㩽㑬᱄ 
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㑬㬏㈦㬡ギ㻣⟌䄗᱃ⱟ㬏㬡ギ⨖⭥㭞䁈ⳃ䍚䈌㹐㏎䁈ⷐ㘝᱄ 

 

7.2 䄵ⷈ㵃ⷚ⫔䁈᱃➹㑷⫔䁈㸋⫛⢎⭥⭣⺛⫔䁈 

ⷈ㵃ⷚ⫔䁈⧪㑃䇻 1737 㛋᷍㰝㬨㦬㏁㏛㬘㩰⭻䄜㰚䇖䇱⺄ⳛㅭ䁈䈌㋧䁱䓵

䇪⤃㣳ㅌㅭ䁈䈌㋧䁱ㆂ⼰㡑㎕⭥㻷⫛⫔䁈᱄ㅉ㾄䄢㬝 ⷈ᷍㵃ⷚ⫔䁈㈮㲹⢑㣠⮘䍽

䁈䊛᷍⤃ㅌ㡅䈌㪒䁈䊛᱃ⳉ䁈䊛⼮䄞䁈䊛⤃㑱㸋㯥⫔䁈䊛䐏䄜᱄䎃䈌䎜⷗⭣⺛䊻

㬏➬㬡ギ㻄㶜㵉⺞䍽䁈㆙⤞㎕⪺㆙㘒䔆ⳃ䍚⭥㯝㔘㬨䄜䐣⭥ 263᱄⭒㦜 䍽᷍䁈䄵ゑ

䓭㪛䇻䍽䁈⭥䓵㦜㋧䁈䁈㋧⧪㭍⭹ㅰ㶎 䋈᷍㠻ⷈ㵃ⷚ⫔䁈⭥㣠㬧䁈㋧㬨⡩ㅰ⪌㵔

⭥ⳉ䁈 㡅᷍ⳉ䁈䊛䄓㞁䂙⨗㑬㼒䊝⼓᱅㯚⭺ⳳ᱅㠶㲹᷉ Johann Stephan Pütter 1᷍746

ÿ1822 㛋᷊䎃䂚䇑㼍⭣⺛⭥ㅽ⨗⭥ⳉ䁈コ䄵ゑ㼒㶟㑏᱅ⴌ᱅⽊⡅䎃䂚ㅽ⨗⭥㶃ㅜ

コ᱃ㅭ䈞コ 264᱄㬏㈦㬡ギ ⰵ᷍⭣⺛⥛㪛㑬㉗Ⰹ㾵䇑㼍⭥㳛䁋䊸㼁䙣㯚㕔᷉ Otto von 

Bismarck 1᷍815ÿ1898 㛋᷊᷍䄓㬨䊻㡅ⳉ䁈䊛㶋⧪⭥ⷀ⭩ㅭ䈞᱄䈌䍽䁈㼁⹹⭥䁈㋧᷍

㲹⢑㬨㋧䁈ⷐ㘝⽔⪴䐱Ⱑ㑃⭥㭞䁈᱃㹐㏎⭩䁈㋧ 㬨᷍䊻㬏㈦㬡ギ⽔⤦➕ㅆ㆙⭥Ⳟ

㬞䑑⤞䇎㎕㑬䁈㋧ㅉ㪉⭥ⷀⴆ⭥᱄ 

㡅䐱᷍㭞䁈䁈㋧⧪㭍⭥ㅰ䋈᱄䎃䊻⼽⫔⧭Ⱙ㩰⭤䅇䇻㭞䁈㶖䓴ⷀ㯚⭥⹒㻸᱄

㰜䇻 1807 㛋䊻ⷈ㵃ⷚ⫔䁈㋋㡕㑬䓵゛⭥䁈㭖㪛䁥 265᷍⹅䔘䐢 1855 㛋㦆㬡᱄⨞㑬

䓵㪎⼎ⶨ㭞䁈ⷘ⷗㒍䈓⭥ㅽ⨗䁈㭖⧪㈮᷍㰜䊻䎃㏐⿚㞁䂙⨗㼒㏉㕝䎃䂚⭥䁈㪛᱄

 
263 ⭒㬒⭥⭣⺛⿚㬨⤜㵍⭥㶖⺛ゐ⼰᷍㵍㭕⭣䅃䐟㘒䔆᱄⭒㬒㝘䐿㪈。ⳃ䍚⭥䄜⷗䑘㳃䄓㬨㘒䔆
⺛コ⭥㾬㡑᱄ 

 
264 ⽊⡅䄓㬨䔏䋈䇯㏛㬡ㆈ⭥⭣⺛㦬 㰜᷍䊻 1799 㛋⼮ 1804 㛋䐏ヅ⭞㚰㗡䐿㲞㻶 ⤃᷍㾕㑬䄜⷗᱗⷗
㦬㿑㭗᱘᷉<Personal Narrative>᷊᱄㸳㗨䊻 3.3.8 㾂ㅻ㳂⭞⫐ⱜ㸥⭨㩰㑵㦏⼦䐏㣑᷍⿚䓉㗦㋕㑬䎃
⡟㭊㆙㾱䐋㬗⪃⡙᱄䇇ⶤ㯖᷍⽊⡅⭥䎃䐷䇯㏛㬡ㆈ⭥㈎㏛ⰵ䇻㰜⭥㬴䄑㳂㪞䄜Ⰹ㬨⼽䇱⟐䑛⭥᱄ 

 
265 㰅㦜㰜⭥ㅭ䐑㬨䊻㳍㸥㲉᱄ 



  

ⷀ㯚㦆㬡䐏⽔ ⷈ᷍㵃ⷚ⫔䁈㭞䁈Ⳟ㼓⭥⶛䋑㦬゙㈎䄸䑘 ⭌᷍䓽㬨㚽䍳⭞⫔㬇゗⭥

ㅴ㳇䎀㎕⡄䍰㡅㭞䁈䁈㋧⭥㯏㠞᱄⡩㧈 1᷍855 㛋ⷀ㯚㦆㬡 ⭳᷍㏜㋬㎸᷉ Peter Gustav 

Lejeune Dirichlet᷍1805ÿ1859 㛋᷊⪴➹㑷⫔䁈䓋䐢ⷈ㵃ⷚ᱄⭌⤜㾳⭥㬨⭳㏜㋬㎸

1859 㛋㈮㦆㬡㑬᱄㰜⭥キ㦯䎀㬨㏉㕝᱄⭌㏉㕝䇻 1866 㛋䄓㦆㬡㑬᱄䐏⽔᷍㋬㎔

⤝㬓᷉Rudolf Friedrich Alfred Clebsch 1᷍833ÿ1872 㛋᷊䈌㋬㎔䅓᷉Felix Klein 1᷍849

ÿ1925 㛋 ⳷᷊⢑䇻 1868᱃1872 㛋ゴ㧌ⷈ㵃ⷚ⫔䁈᱄䎃ⰵ䇻ⷈ㵃ⷚ⫔䁈⭥㭞䁈䁈㋧

ㅉ㪉᷍㬨䐢⹹䐹䄋⭥᱄㋬㎔䅓㦯䐑㠻ヅ᷍⨞㑬キ㿙㡅䊻➏ⱜ㎝ⷚⶺ㒍䐱㳂⨗⭥㵔

䄜゙⼯䁈⭥⹅䔘 ⷝ᷍㬨ㅌ㻄ⱜ⤏㲹⪴㋣㛂㯚⡅⫔䁈㵻⭞ⷈ㵃ⷚ 䎃᷍䊻⧭Ⱙ㩰⡄䍰

㑬ⷈ㵃ⷚ⫔䁈䐒䐢ⱟ䍞ㆂ㭙䄜䐒⡄⧷㡅㭞䁈䐱㾥⭥⭹㸜᱄㵍㬒 㻄᷍ⱜ⤏㲹㰚⪕㑃

⭥㭞䁈䁈㝪䄓䊻⼽⫔⧭Ⱙ㩰⟐䑛㹐㏎䁈㶋⧪㑬㹐㏎䁈ⷐ㘝᱄ 

⨞㑬㭞䁈 ⷈ᷍㵃ⷚ⫔䁈㹐㏎⭥⧪⹇㵍䂚䈌ⷀ㯚䇱⹹᱄1831 㛋 䊻᷍ⷀ㯚⭥㈺プ

㻣 㸅᷍⤏᷉ Wilhelm Eduard Weber 1᷍804ÿ1891 㛋 ⡜᷊㠙㸋ⷈ㵃ⷚ⫔䁈㹐㏎㻖ㅭ㬻᱄

㸅⤏䊻⮈⪦⧂⭥䁱㈠Ⳟ㘇ⰵ㦬㏁⹒㻸㈿⫔ 䈌᷍ⷀ㯚䄓䄜䐒䊻䎃Ⳟ㘇⫇䊻㗽㣱⼰䔘᱄

⡩㧈 1᷍833 㛋 㰜᷍⼮ⷀ㯚䄜㡑㶋⧪⭥㦬㏁㏛㬘㩰⭻䄜⪯⮈⡉㵉䁗᱄1855 㛋 㰜᷍䇷

䈌㋧ⱜ㎮㬊᷉Rudolf Hermann Arndt Kohlrausch᷍1809ÿ1858 㛋᷊䄜㡑ⳃ㻷㈓⮈⭆

㸜䈌⮈⪦⭆㸜⭥⡩䐖ⶶ⼤⭩䇻⺃㯺᱄䎃ㅌ⺃䁈䈌⮈⪦䁈㑋㻖㑬㡑㎕ 䄓᷍㸋㕔㋬㯚

㸅⭥⺃⮈⪦㵔䄜㏎㔼㳂⹊㑬䐈⧷᱄䅓㸋䎃㾊⮈⪦䁈Ⳟ㘇⭥⹒㻸 㚠᷍㣑⺛カ⭆㸜䐧

䐱⭥⪦㵉⭆㸜㸅⤏㬨䄵㰜⭥㘜䓷㘝㘜⭥᱄㸅⤏䐏⽔᷍ⶄⷒ㲹᷉Woldemar Voigt᷍

1850ÿ1919 㛋᷊䈌㏐㋬᷉Eduard Riecke 1᷍845ÿ1915 㛋᷊㑞㸜ㅭ㬻䄓㸋ⷈ㵃ⷚ⭥㹐

㏎䁈䁈㋧ㅉ㪉䔗⨗㑬⼽⫔⹒㻸ᱟSchirrmacher᷍2019ᱠ266᱄1915 㛋᷍ⶄⷒ㲹㵬㾾᷍

 
266ⶄⷒ㲹䊻ㆃ㬮㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥⺞⧭䐱᷍䈌㝴ゴ㎔᱃㕆㔸䓩䄜㡑㬨䅞㒍㾵⭥䁈䎀᱄㰜⿚ⳃ
㻷⺃䊻㵉⺞㬽⽂㼓᷉䈌⺃⪌⤆Ⳟ㼓⪚䐒᷊⪦⧂䔘䇤⭥㡙㳆㬒᷍。ⳃ㪛㯌䍼㪅⭥㻷㼔᱄䎃⷗䄓⡜⧧
㸋ⶄⷒ㲹㾈䇇᱄ 
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ㅴ㳇㰜㸜䐤⭥㬨⭣➾᷉Peter Debye 1᷍884ÿ1966 㛋 ᱄᷊㯥㛋䐏⽔᷍⭣➾䓋㵗㯶㏉㬡

㏎⹅䁈䊛᷍⤄ⱘ䇷ㅴ㳇㑬㰜⭥ㅭ䐑᱄⤄ⱘ᷉1882ÿ1970 㛋᷊㩰㦯䐏⽔᷍ㅌ㰜⭥⼤

䇲㬖䂊㹐㏎䁈コⶆ㎝㋬᷉ James Franck 1᷍882ÿ1964 㛋 䂜᷊㤌䐢ⷈ㵃ⷚ⫔䁈㹐㏎㻖᱄

䐢⪬ 㶋᷍⧪㑠䓴㔼㼓㑠䓴㑇䁈䓋⢅⭥䁈㋧ソ⹚⧚⭸㾯⧪ 267᱄1924 䐢 1926 㛋㠻ヅ᷍

㑠䓴㔼㼓㑠䓴㑇䁈⭥⹹ポ䓋⢅䄓䄵ⷈ㵃ⷚ㸋䐱㾥⭤䄵㶋⧪᱄ⷝⱁ㻙ㅻ 㸳᷍㗨ㅌ䊻

8.3 ㅻ䍚㋋ㆊ㩽᱄ⱙ⿐䁈Ⳟ㘇 㼒᷍㚽㯚㲹᷉ Walther Hermann Nernst 1᷍864-1941 㛋᷊

䎃䂚⭥Ⰶッ⤃㸋㑠䓴㑇䁈ⳃ䍚䔗⨗㑬䐹䄋⹒㻸⭥䁈䎀䄓⧅㠻䊻ⷈ㵃ⷚ⹅䔘 ⽔᷍䓋

䐢➹㑷᷍䊻⪬㸳㗨⤜䔗㲌ⱁ䓙㭗᱄ 

⨞㑬ⷈ㵃ⷚ⫔䁈 ➹᷍㑷⫔䁈䈌㋣㛂㯚⡅⫔䁈䄓䊻䎃⷗ㅸⰯ䊻㭞䁈䈌㹐㏎䁈㋧

ㅉ㪉㩰⧪ら咔㦜᱄䊻㬏㈦㬡ギ 㰜᷍㗨⭥䁈㭖⧪㈮䈌㦬⤦㞁䂙⧪⺜䈌ⷈ㵃ⷚ㬨㋪䄵

⡩㛃⭥᱄䊻⹹ポ⭥ⱟ㬏㬡ギ⨖᷍ⷈ㵃ⷚ⫔䁈᱃➹㑷⫔䁈⭥⢎㻷㼁ⰵⷝ⨗㩌䄜㾊᱄

㡅䐱᷍➹㑷⫔䁈䊻 1809 㛋㋋ㅉ᷍1810 㛋䎞㬞⧪㑃᱄㰝㬨⽊⡅⭥ㅭ䈞ⶥⷐ⭥䄜⷗

⹹ポ⫌㬊᱄㼁ⰵ䇻ⷈ㵃ⷚ⫔䁈᷍➹㑷⫔䁈㬽⭞⭥䎟ⶏ䐈⧷㘘㻵䄋㣠⼽ⱁ᱄⡩㧈᷍

㰝⭥㾄㪂㈮㬨⭒㬒⭥㠶㔔㬠⺛㶖吉㲹㑳᱅㶟㑏㧞㬡᷉Friedrich Wilhelm III᷍1770ÿ

1840 㛋᷊⭥㭆㭆䄲⹫⭥㠶㔔㬠⭥⽁㏜㶖䓴᷉Prince Henry of Prussia᷍Friedrich 

Heinrich Ludwig᷍1726–1802 㛋᷊㸜䇻➹㑷䐱㾥⭥㠱㳂㭘㻣⫔ㅷ㩰⭥⹍⮏᱄ⳣ㾈

ⷈ㵃ⷚ⫔䁈᷍➹㑷⫔䁈䄓⧪㑃䍽䁈᱃㪒䁈᱃ⳉ䁈⼮䄞䁈㯥⷗䁈䊛᷍⤃䇱⢑䇻⪌㵔

⫔䁈᷍ㅌ䍽䁈䊛⳦䊻䄜⷗⼽䐹䄋⭥㸜䐤᱄Ⳳ㻄㲹᷉Johann Gottlieb Fichte᷍1762–

1814 㛋 ᱃᷊㾜㑷᷉ Friedrich Wilhelm Joseph Schelling 1᷍775–1854 㛋 ᱃᷊⼻ⷒⱜ᷉ Georg 

 
267㏎㔼㹐㏎⭥⶛䋑㦬㬨⤄ⱘ᷍㝵⢀⭥䑛㬷⟝㎉⼄㩎⡅᷉Werner Heisenberg᷍1901᷎1976 㛋᷊᱃㝾
㏜᷉Wolfgang Pauli᷍1900᷎1958 㛋᷊᱃䊝⭒᷉Pascual Jordan᷍1902᷎1980 㛋᷊᱄㬖䂊㹐㏎⭥⶛䋑
㦬㬨ⶆ㎝㋬᱄㭞䁈Ⳟ㼓 䇷᷍䇱㻄ⱜ⤏㲹᱃㝖㲹᷉ Emmy Noether 1᷍882᷎1935 㛋 ᱃᷊㸛ⷒ㚪᷉ Eugene 
Paul Wigner᷍1902᷎1995᷊᱃ⴌ᱅㝖䄢㕝᷉John von Neumann᷍1903᷎1957᷊⭩㦬᱄ 



  

Wilhelm Friedrich Hegel᷍1770–1831 㛋 ᱃᷊㭆⡟⿋᷉Arthur Schopenhauer᷍1788–

1860 㛋᷊⭩㦬㻩⽔䊻⪬㦯ㅭ᱄⭣⺛⹦⮅䑘䅆䍽䁈䎃㾊䄓䊻䎃㏐⫐⭞ⷀⴆ᱄ 

⨞㑬䍽䁈᷍➹㑷⭥㭞䁈䈌㹐㏎㵍䂚⧪⹇᱄㭞䁈Ⳟ㘇᷍㸳㗨㣑㘇㳂⭞⭥䊻ⷀ㯚

㦆㬡⽔ 㦆᷍ⷈ㵃ⷚⰆ㳇ⷀ㯚⭥⭳㏜㋬㎸᷉ Peter Gustav Lejeune Dirichlet 1᷍805ÿ1859

㛋᷊᷍ 䊻㦆ⷈ㵃ⷚ䐏㣑᷍㈮䊻➹㑷⫔䁈⹅䔘᱄㰜䊻 1855 㛋㏌㋋⽔᷍㌃㚍ⱜ᷉Ernst 

Eduard Kummer 1᷍810 㛋 1 䊣 29 㦶ÿ1893 㛋᷊㕎㩰ㅴ㳇㑬㰜⭥㸜䐤᱄1856 㛋᷍㸛

ⱜ㬊㲹㎎㯚᷉Karl Theodor Wilhelm Weierstraß᷍1815ÿ1897 㛋᷊ゴ㧌᱄㰜㗨㑞㦬㗽

㣱⼰䔘᷍⨞㑬ⷘ䓵⭥䁈㭖⧪㈮᷍䊻䎃㏐䄓㞁䂙㑬ⶆ㔿⡕㛂㸻㯚᷉Ferdinand Georg 

Frobenius᷍1849ÿ1917 㛋 ᱃᷊㬊㶀⪥᷉Karl Hermann Amandus Schwarz᷍1843ÿ1921

㛋 ᱃᷊㋖㵱ⱜ᷉ Georg Ferdinand Ludwig Philipp Cantor 1᷍845ÿ1918 㛋 ᱃᷊〚㒊᷉ Wilhelm 

Karl Joseph Killing᷍1847ÿ1923 㛋 ᱃᷊㾽ⴓ㏜᷉Arthur Moritz Schönflies᷍1853ÿ1928

㛋 ᱃᷊㒛ⷒ᷉Carl David Tolmé Runge᷍1856ÿ1927 㛋᷊⭩䄜㞛㭞䁈コ⼮㹐㏎䁈コ᷍

ㅌ➹㑷⫔䁈⭥㭞䁈⫙㧌㋪䄵䈌ⳉ⺛䎃䐷⪌㵔⭥㭞䁈䈌㹐㏎䁈䐱㾥㋪䄵㋚⽃⭥䓕

㲍᱄1883 㛋᷍㌃㚍ⱜ㵬㾾᷍㋬㔿㚻㋬᷉Leopold Kronecker 1᷍823ÿ1891 㛋᷊ㅴ㳇᱄ 

㹐㏎Ⳟ㘇᷍⫛⢎㦬㹐㬨⼆㚘〕䓩᷉Hermann von Helmholtz᷍1821ÿ1894 㛋᷊

䈌〚ⱜ〕ⴓ᷉ Gustav Kirchhoff 1᷍824ÿ1887 㛋 ᱄᷊㰜㗨Ⱍ㬨䊻㬏㈦㬡ギ㡀㬏㛋⫛ゴ

㧌⭥➹㑷⫔䁈 䐏᷍㣑䄓⳷⢑䊻㼒㋣㛂㯚⡅⫔䁈䎃䂚⭥⭹Ⳟ⹅䔘⺞ 268᱄⨞㑬䓵゛⳷

⢑ⳃ䍚㑬㦩㑇䁈㏎㔼᱃ⳃ㻷㑬⼻㳆ⴙ㪅䔏〚⡟⭥⺇㔪 㰜᷍㗨⫙⨗⭥䁈㪛䄓⟝㎉㼒

㗦ㅾ㑱ⴓ᷉ Dmitri Ivanovich Mendeleev 1᷍834ÿ1907 㛋 ᱃᷊➛㚪㯚᷉ Heike Kamerlingh 

Onnes᷍1853ÿ1926 ᱃᷊⼶䓩᷉Heinrich Rudolf Hertz᷍1857ÿ1894 㛋 ᱃᷊㠶㎫㋬᷉Max 

Planck᷍1858ÿ1947 㛋 ᱃᷊㸍ⱘ᷉Wilhelm Wien᷍1864ÿ1928 㛋᷊䎃䐷㪏㋭⭹䇑㼍㋧

 
268 䎃㰚⫔䁈⭥ⳃ䍚᷍⼽⫔⧭Ⱙ㩰⭤䅇䇻㋖⭣⭥䇑㼍᱄ 
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䁈ⳃ䍚⭥㦬㹐᱄〚ⱜ〕ⴓⳃ㻷⭥⼻㳆ⴙ㪅⤜䄡㎖䇻㹐䐫⭥㻷㼔 㸍᷍ⱘ⼮㠶㎫㋬ⰵ

㡅⭥㏎㔼ㆃ㬮 ⷝ᷍㬨䐒ㅴ⭝䐣㑬㑠䓴㏎㔼⭥⭏㪛᱄䅓⪬ ⤜᷍⹽⪴㚥⷗䅃䅆㩰㎕ㅓ᷍

䎃⷗㬒⽓䄵ⷈ㵃ⷚ⫔䁈᱃➹㑷⫔䁈㸋⫛⢎⭥⭣⺛⫔䁈᷍⪴䁈㋧ㅉ㪉᱃㦬⤦㞁䂙⭩

Ⳟ㘇㎕ㅓⰝ䔀䊻㑬㬡ㆈ⭥㣑㑱᱄ 

 

7.3 㡅㰝㝘䐿⺛コ⭥⫔䁈 

䊻㾣㾬㬧㑇⭣⺛⭥⫔䁈䱩㡑⭥㵍㬒 㸳᷍㗨㉙ⰵ⤜㚽⽗㔵⪌㵔㣠⺛䇃⺛䈌ⳉ⺛

䄵ゑ⟝㎉⼪㎝᱃⭅㕔᱃㧑⮅᱃➣⭹㏜䊻㚻䊻⭥䄲㈎㶋⧪⹅䄖ⷐ㘝⭥㝘䐿⺛コ䎃⷗

㬒⽓⭥㋧䁱㬖㑇᱄⡰㈚᷍䐏㣑᷍䊻㦩㑇䁈㏎㔼᱃⮈⪦㏎㔼ⳃ䍚⺞⧭䐱᷍䇃⺛䈌ⳉ

⺛㋧䁈コ⿚㬨䑘㑇᱄㼒㋋ⱜ㸥㉕㬠᷉ William Thomson 1᷍st Baron Kelvin 1᷍824ÿ1907

㛋 ᱃᷊㕔㋬㯚㸅᷉James Clerk Maxwell᷍1831ÿ1879 㛋 ᱃᷊⤄ⱜ䓩㕝᷉Ludwig Eduard 

Boltzmann᷍1844ÿ1906 ᱃᷊㧑㏜㉕㬠᷉John William Strutt᷍3rd Baron Rayleigh᷍

1842ÿ1919 㛋 ᱃᷊㕆㔸䓩᷉Hendrik Antoon Lorentz 1᷍853ÿ1928 㛋 ᱃᷊㝴ゴ㎔᷉Henri 

Poincaŗ᷍1854ÿ1912 㛋᷊䄡㦜㬨㝘䐿䔏Ⰶッ⭥㹐㏎䁈コ᱄ 

䄵䇃⺛㸋㏞᷍㕔㋬㯚㸅 1879 㛋㦆㬡᷍㰜䊻ㅄ㣦⫔䁈⭥㋉㸥⭰㿎㬖䂊㬳⭥ㅭ

䐑䇪㧑㏜㉕㬠ㅴ㳇᱄䊻䎃㏐᷍㧑㏜䇷㞁䂙⨗㑬㼒䊝㩋ⴓ᱅㲡㚘㰐᷉㸳㗨⧄㯖⭥ J. 

J. Thomson᷍⮈䓴⭥ⳃ㻷䎀 1᷍856ÿ1940 㛋᷊⭥䁈㪛᷍ⱙ䊝㩋ⴓ᱅㲡㚘㰐⽔㘇䇷㞁

䂙⨗㔍㩋ⶄ䎃䂚⭥䅞㒍㹐㏎䁈ⷐ㘝⭥㦬㹐᱄⿜㉅⿑㯖᷍䊻㹐㏎䁈ⷐ㘝⭥⺞⧭䐱᷍

䄵ㅄ㣦⫔䁈㸋䐱㾥⭥䇃⺛⫔䁈䄡㦜⡄⧷䓦⼽ⷀ⭥䁈㭖㯏㠞 ⪴᷍㸕㦒㻐 269᱄㵍䂚᷍

䊻ⳉ⺛ 㰅᷍㦜㬏㈦㬡ギ㚊㠻⭥㪈。⡩ㅰⰐ⭕ ⭌᷍䄡㦜䇖䇱㼒㝴ゴ㎔䎃䂚Ⰶッ⭥㏎

 
269 㔍㩋ⶄ㆙㾱㾱㾨㚄㾮㬵䂊⭥㬒⽓᷍䅓㸋ㅄ㣦⫔䁈⭥ㅭ䐑㗜䇱㋶⨗㎕᷍䊾㬒䊻㕝⧚㯚㲹⫔䁈⹅
䔘᷍䊝㩋ⴓ᱅㲡㚘㰐㵬㾾⽔㕎㩰ㅴ㳇㰜⿹⭞㑬ㅄ㣦⫔䁈᱄ 



  

㔼㹐㏎䁈コ䄵ゑ㼒⡕㋬㎶ⱜ᷉ Antoine Henri Becquerel 1᷍852ÿ1908 㛋 ᱃᷊㠅➄ⱜ᱅㈴

㏐᷉ Pierre Curie 1᷍859ÿ1906 㛋 ᱃᷊㕋㏗᱅㈴㏐᷉ 0DULD�6NçRGRZVND-Curie 1᷍867ÿ1934

㛋 䎃᷊䂚⭥Ⰶッ㬖䂊㹐㏎䁈コ᱄䄵➮㏉㸋䐱㾥⭥ⳉ⺛⫔䁈㵍䂚⡄⧷䓦⼽ⷀ⭥䁈㭖

㯏㠞᱄ 

䊻⡟䍣ㆂ㭙⭥㬒⽓ 㸳᷍㗨䇤䎃Ⱟ⿑㆙㾱䓽ㆂ ㋧ᷛ䁈ⷐ㘝⭥䄜⷗ㆂ⺜㬨㋧䁈⭥

䓉㗦⿐ ㋧᷍䁈コ㗨䓉䐑䊻⫔䁈⹅䔘 ⤃᷍䄵⫔䁈㸋〚⭹㋋䍚ⷝ㸋㪏㧌⭥㘇㼓䓵㦜⭥

㲞㰘᱄㬏㈦㬡ギ㚊᷍⭣⺛㬨䄜⷗䐹䄋⭥㾣㾬㑇㑠᷍⭌⪌㵔⺛コ⭥ⷀ㾄㵍䂚⡄⧷⼽

ⷀ⭥䁈㭖㯏㠞᱄䎃㾊㝘䐿⭥㋧䁈コ㗨䊻㏎ㆃ㑬ㅹ䐢㬏㈦㬡ギ㚊⭥㭞䁈Ⳟⳉ᱃䍽䁈

㯝㼌⽔᷍䇷䇱⫔䁈䎃⷗㠞㲉⭥⡄䍰䈌㠖Ⳓ⭥䁈㭖ㅜ㒘᱄〚䇻䎃㾊᷍㰜㗨䊻㹐㏎䁈

㒍䈓㳂⨗ⷐ㘝㾵⭥㾣㯝㼌㈮⡩ㅰ䓵㦜㑬᱄ 
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⭻➬䍣 ㈎⮅㹐㏎䁈⭥㸄〛䈌㹐㏎䁈ⷐ㘝 

⡟䍣ㆊ㩽㈎⮅㹐㏎䁈⭥㸄〛䈌㹐㏎䁈ⷐ㘝᷍䎃㬨䄜⷗㦤㦬䁋䄛⳱㲻⭥⿑㳃᱄

㣑㘇㳂⭞⺞ 䊻᷍㈎㏛㑬㋧䁈ⷐ㘝䈌㋧䁈ⷐ㘝ㆂ㭙⽔㬏㈦㬡ギ⭥ⳃ䍚䐏⽔ 270 䊻᷍㬏

㈦㬡ギ㚊䎃⷗㬒ヅㅻ⮄ 㹐᷍㏎䁈䄲㈎㾯⧪㑬䄜⷗㼁ⰵ䇻䓵㦜㋧䁈⭥㡅㰝⳷䐈᷉ ⡩

㧈⿐䁈᱃㪛㹐᷊ⱙ䁵㧈㵍⢋ⶬ䄜⟄䓵㣃᱃䇦㗡⭥䁈㋧㳆㻖⭥⫇䊻᱄⪬㳆㻖〚䇻㋖

⭣㳂⨗⭥㻩䂊⭥㬒㋶ㆂ⹚᷍㲞㰘㹐䐫㬡ㆈ⭥䊬Ⱀ䈌䅓⺜᱄㡅㏎㔼ㆂ⺜᷍㋪䄵⡜⟝

⼍㑇䁈᱃㦩䁈᱃⮈⪦䁈䊻㚻⭥䑏ⱁ㬖䂊䐅㬖᱄ 

⼽⫔⧭Ⱙ㩰䄓㬨⭤䅇䇻㹐㏎䁈⭥⧪⺜ ᱑᷍㋧䁈コ᱒䊻䎃⷗㬒ヅㅻ⮄䄓㋋㬝䔘

㸋䄜⷗䓉䇱㘜⪫⡜㦬㗨⺄ⳛ㬚䇤᱄㋧䁈䊻䈌㪒䁈᱃䍽䁈⭥㈛䎚䐱᷍〒⭤㑬㋶㣑⭥

㬅㏜᱄㰇䓦⭡ⱜⰺ⭥䊎䓴㔼᱃➃ⴝ䙅⭣㔿⭥⳷䓴䊬Ⱀ㔼⭥㳂⨗䄵ゑ㳍㸥⹼⥃⭥㆙

⤞᷍㦬㗨䄓㋋㬝㦰㸋䇪㝄ⰺ㑇䁈᱃㦩㑇䁈㑞⫔Ⰹ㔪᱃㕔㋬㯚㸅⭥⮈Ⱀ㑇䁈Ⳟ⧭䔊

㾯⧪⭥㈎⮅㹐㏎䁈㳆㻖㸿㰚⤜㚽᱄ 

⡩㧈᷍㣑㘇㳂⭞⺞⭥䇪㸷㲹㯚ⰺ᷉John James Waterston᷍1811ÿ1883 㛋 ᱃᷊㋬

㔿㛂ⷒ᷉August Karl Krönig᷍1822ÿ1879 㛋 ᱃᷊㕔㋬㯚㸅᷉James Clerk Maxwell᷍

1831ÿ1879 㛋 ᱃᷊⤄ⱜ䓩㕝᷉Ludwig Eduard Boltzmann᷍1844ÿ1906 㛋᷊⭩㦬䊻䁱

㈠㦩䁈㻷㼔⭥㸃⹼〛㏎㬒᷍㈮㳂⨗⭥㉀䇱㑇䁈〚⪂⭥㦩䁈㏎㔼ᷛkinetic theory of 

gases᷉㡙㳆Ⱀ㑇䁈㏎㔼 ᱄᷊㰝㋪䄵⼽⼤⭹ㆃ㬮㼒㋉㎎㝢㔂䓕㲍Ⳟ⧭᷉⹌㬞 4.19᷊

䎃䂚⭥㠶㬫⭥㹐㏎䁈⺇㔪 271᱄1872 㛋᷍ⳗ⭣⿋᷉Johannes Diderik van der Waals᷍
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1837ÿ1923 㛋᷊䎌ⰵ㋬㎎㝢㔂Ⳟ⧭䐱㏎㼌㡙㳆䎃⷗ズ㪉㆙㾱㾿䎞᷍㳂⨗㑬ⳗ⭣⿋

㚄㾮᱄㼁ⰵ䇻㏎㼌㡙㳆 ⳗ᷍⭣⿋㚄㾮㋝㔨㑬⳷䓴ヅ䇱㹝䅞㑇䄵ゑ⳷䓴。䍝㈾䄜⷗

䇱㻿⫔㾂⭥㳆〞䎃㑞⷗㾿䎞᱄〚䇻䎃⷗㚄㾮᷍㡙㳆䈌䄛㳆䐏ヅ㰇䓦㸣Ⱙ᱃䁚㣠㳖

ミ⭥⢅⿐㆙㾱⭥䓋⢅䄓㋪䄵⡜㘉㭗᱄ 

⨞㑬䊻㹐㏎䁈Ⳟ㘇⭥⧪⺜᷍䊻⿐䁈䁱㈠㒍䈓᷍䄵➣㯚㲹㶀ⱜ⭣᷉Friedrich 

Wilhelm Ostwald 1᷍853ÿ1932 㛋 ᱃᷊ⳗ⭣〕ⴓ᷉ 䇷䅌䔘ⳗ㵱ⴓ J᷍acobus Henricus van't 

Hoff᷍1852-1911 㛋᷊㸋⫛⢎⭥⿐䁈コㅌ㦩㑇䁈㏎㔼䇤⭞㑬⿐䁈ⳕ䇇⭥㏎㔼㘉㭗

䐱᷍ⰵ㋕㯧ⶕ䊴⭥⿐䁈ⳕ䇇䄓㆙㾱㑬㾱䐏䇱㾈⭥㘉㭗᱄䄋䐋⭡᷍㦬㗨䊻㚨⷗㬒⽓

㪖䐢㗜䇱䅃㬗⭞㑠䓴㑇䁈⭥⫇䊻᱄䅓⪬ ⿐᷍䁈ⳕ䇇䐱䔏⡟䐫⭥⿐䁈ポ⭥ⰰ㑲䈌䐹

䔊⺞⧭㦬㗨䊻⭒㬒㬖カ㩰㬨⤜㏎ㆃ⭥᱄⭌䎃㯧⽖䄓⤜Ⳣ➎㦬㗨〚䇻㠞⽃㲍⭥㦩㑇

䁈㏎㔼 ⰵ᷍⿐䁈ⳕ䇇⭥ⳕ䇇㹐䓕㲍䈌㪛⧪㹐䓕㲍᷉ ⿐䁈ポ䐹䔊㣑䈌䐹䔊⽔⭥䓕㲍᷊

㆙㾱㏎㔼Ⳟ㘇⭥㸃⹼㘉㭗᱄䎃㾊 䇇᷍ⶤ㯖Ⱍ㬨ㅌ㈎⮅⭥㹐㏎䁈㏎㔼䇇䇤⭞㸃⹼㬡

ㆈ⭥⧪⹇᱄ 

䈏⹼㬡ㆈⳞ㘇᷍㤊㌗㏁㯧᱄㳍㸥䁈䊻㝄ⰺ䐏⽔䄓⭤⭞㑬れ⫔⭥ⳃ䍚᱄⪴㎎㠶

㎎㯚㋋㬝᷍㳍㳆㑇䁈䔘㸋䄜⷗䁈㋧Ⱑ㑃᷍㪄Ⱀ㏎㔼䄓⧪㭍㑬᱄⼄㶖㾨⭥ⳃ㻷㈮㬨

㦬㗨〚䇻㪄Ⱀ㏎㔼㆙㾱䊅⥃㆙ⱙ䊻㬖䂊⹼⥃䐱⭤䄵䐅㬖⭥㏎㔼䐙⭝㬖䂊〒⭤⧪

⹇⭥⮅㾮➙㏞᱄㼒㸳㗨Ⱍ㭍㻅⭥ⷀ㯚᷍㰜⭥ㅭ䐑㪖䐢䄓㬨䊻㳍㸥㻖ⱙ⳨㭞䁈㻖᱄

⭞㑬㬏㈦㬡ギ㚊᷍㝴ゴ㎔㋋㬝䁱㈠㧞㳆㸫㳃᷉㑞⷗⽄㾨᱃䄜⷗㾱㾨⭥㸫㳃᷍䎃䈌

䐏㣑㎎㠶㎎㯚㳂⨗⭥㘉㭗䄜⷗⽄㾨᱃㑞⷗㾱㾨⭥㪄Ⱀ㏎㔼䇱⡟䐫㤙⢑ ᱄᷊䊻㘇ⰵ

ⶕ䊴⭥䓵㦜ㆈ⭥㬒⽓᷍㦬㗨䎜㳆㩰㬨㦰㸋〚⡟⭥㹐㏎㏎㔼㬨㋪䄵㾦㎖⭥᱄ 

⭒㦜᷍㸳㗨⽔㎕䐋⭡᷍䎞㬨㈎⮅㏎㔼䊻㸃⹼᱃䈏⹼㬡ㆈ⭥䇇䇤᷍㬚⭤㦬㗨ⳃ

㻷㑬⧍⨗㈎⮅㹐㏎䁈㏎㔼⭥㯝㸍ⳗ㬞⭥㾣㚻㦾᷍㆙ⱙ䇶ⳃ㑬㹐㏎䁈ⷐ㘝᱄⡟䍣᷍
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㸳㗨⿹⹬䎃⷗⺞⧭᱄㸳㗨⭥㲷㔼ㅌ➕䍶ᷛ〚ⱜ〕ⴓ䈌⼻㳆ⴙ㪅᱃㈎⮅㹐㏎䁈⭥㸄

〛᱃㠧㈷ 1᷉㑠䓴ⶦ㛏⭥㳂⨗ ᱃᷊⪴㑠䓴㔼⭞㑠䓴㑇䁈᱃㠧㈷ 2᷉㼁ⰵ㔼 ᱃᷊㹐㏎

䁈ⷐ㘝⭥䇑㼍᷍⹓㒚ㅻ䍚㋋᱄⡫䎀㻄㶜㵉⺞䎃⷗➓㝦᷍㸋⫔コ㏎ㆃ㹐㏎䁈ⷐ㘝㳂

⹊䄜⷗㾣⭥㬴ㅨ᱄ 

8.1 〚ⱜ〕ⴓ䈌⼻㳆ⴙ㪅 

8.1.1 〚ⱜ〕ⴓゑ㡅䎜㳆䁈㭖⹒㻸ビㆊ 

㸳㗨㻩⪴〚ⱜ〕ⴓㅓ㡑᷍㰜⭥㦌㘜ㅱ⹦㯚㰟ⴓ᱅㔿⤏㲹᱅〚ⱜ〕ⴓ᷉Gustav 

Robert Kirchhoff᷍1824ÿ1887 㛋 ᱄᷊䊻⡟㭊㣑䁵⤠⳷㸳㗨㳂⭞⺞᷍㰜⼮⼆㚘〕䓩

᷉Hermann von Helmholtz᷍1821ÿ1894 㛋᷊䊻⭣⺛㬨㭕䇻⧱㩰㡕㻣⭥䄜⫛㹐㏎䁈

コ᱄䊻㰜㗨䐏㣑 䇱᷍ⴓ㎦⼮Ⳳ᷉ Joseph von Fraunhofer 1᷍787ÿ1826 ᱃᷊㸅⤏᷉ Wilhelm 

Eduard Weber᷍1804ÿ1891 㛋 ᱃᷊㕖ⱜ᷉Julius Robert von Mayer᷍1814ÿ1879 㛋 ᱃᷊

㋬㎮㾿㯚᷉Rudolf Julius Emanuel Clausius᷍1822–1888 㛋᷊䎃㾊㦬᱄ 

㡅䐱 ⴓ᷍㎦⼮Ⳳ⭥㲹⧅㬨⺃䁈䄨㡘䐧䋍 㰜᷍㻖㵔䁱㈠㑬㲌䂕⺃䐱⭥➖㼀 272ᷜ

㸅⤏㎕䓵ⷈ㵃ⷚ᷍㰜⭥䑘䄋⼰䔘䎀㬨ⷀ㯚᷍䑘䄋⹒㻸䊻⮈⪦䁈㒍䈓᷍⪦㵉㑠⭥⭆

㸜㬨䄵㰜㘝㘜⭥ 㕖ᷜⱜ⼮㋬㎮㾿㯚⭥䁱㈠Ⳟ㼓㬨㦩㑇䁈 㰜᷍㗨ⰵ㦩㑇䁈⭻䄜Ⰹ㔪

Ⱍ䇱⹒㻸 ㋬᷍㎮㾿㯚䊻㦩㑇䁈⭻ⱟⰉ㔪⭥ⳃ㻷⺞⧭䐱ⷝ㬨㡑⭞㑬䐢⹹䐹䄋⭥䔘䇤᱄

⭤䅇䇻ⴓ㎦⼮Ⳳ᱃㸅⤏᱃㕖ⱜ᱃㋬㎮㾿㯚䎃㾊㣑⡓㹐㏎䁈コ⭥㠭⮇᷍䄵ゑ⪴㋖⭣

⭞⼻ⷒⱜ䎃䂚⭥㣑⡓䍽䁈コ᱃㼒ⷀ㯚⼮䁦㋪⡩䎃䂚⭥㣑⡓㭞䁈コ㗨⭥〞㎼ ⿚᷍䇱

⭻㡀䍣㳂⭞⭥⭣⺛ㅭ䈞ⶥⷐ ⭞᷍㑬〚ⱜ〕ⴓ⼮⼆㚘〕䓩䎃䄜㞛䁈䎀䊻⫔䁈⟈䁾䐹
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㩰䄓㬨㑠䓴㑇䁈䔏䋈⭥や㼔᷉ⰵ䇇⭥㬨䊎䓴㚻⮈䓴㚽゗⭥䊟㣉᷊᱄䐜⤜⺞㚨⷗㬒⽓㦬㗨⤜。䎃㗕
㼌᱄ 
 



  

䄋ㅨ㩌⭥㬒⽓ ⭣᷍⺛⫔䁈⼮⫔䁈䐱⭥㹐㏎䁈コ㗨㈮㋋㬝䅞㒍㹐㏎䁈䁱㈠⭥䔏㣑䁹

㑬᱄㼁⡩䇻㰜㗨⭥䎃㾊㣑⡓ 〚᷍ⱜ〕ⴓ䈌⼆㚘〕䓩䇱⷗䐹䄋㲹⮄㬨㰜㗨⭥ㅭ䁈䄓

㬨䄜㒘⭥᱄⡩㧈᷍〚ⱜ〕ⴓ䇱䄜㲸᱗㭞䁈㹐㏎ㅓ䅆᱘᷍ ⼆㚘〕䓩䄓䇱䄜㲸᱗㏎㔼

㹐㏎ㅓ䅆᱘᱄ⰵ䇻⭒㬒⭥⭣⺛⫔䁈㪛᷍䎃䐷⧪㲸⭥ㅭ⤥⥛㪛㑬䐹䄋䇑㼍⭥ 273᱄ 

䈌㹐㏎䁈⭥ⳃ䍚⟊㰇 ⭣᷍⺛⭥⿐䁈䁈㋧䊻〚ⱜ〕ⴓ䈌⼆㚘〕䓩⭥㬒⫛䄓䄲䱩

㡑᱄ⱙ㭞䁈Ⳟ㘇᷍ⷈ㵃ⷚ⫔䁈⪌⧱㑬ⷀ㯚䈌㏉㕝᷍䊻㋬㎔⤝㬓᷉Rudolf Friedrich 

Alfred Clebsch 1᷍833ÿ1872 㛋᷊䈌㋬㎔䅓᷉Felix Klein 1᷍849ÿ1925 㛋᷊⭥⫙㒍㻣᷍

➹㑷⫔䁈䊻㌃㚍ⱜ᷉ Ernst Eduard Kummer 1᷍810ÿ1893 㛋 䈌᷊㸛ⱜ㬊㲹㎎㯚᷉ Karl 

Theodor Wilhelm Weierstraß᷍1815ÿ1897 㛋᷊⭥⫙㒍㻣᷍䋈䄲⧪㸋㭞䁈䐱㾥᱄䊻➹

㑷⫔䁈 〚᷍ⱜ〕ⴓ᱃⼆㚘〕䓩⭥䁈㪛㗨 㧈᷍㠶㎫㋬᷉ Max Planck 1᷍858ÿ1947 㛋 ᱃᷊

⼶䓩᷉ Heinrich Rudolf Hertz 1᷍857ÿ1894 㛋 ᱃᷊㗦ㅾ㑱ⴓ᷉ Dmitri Ivanovich Mendeleev᷍

1834ÿ1907 㛋 ᱃᷊㸍ⱘ᷉Wilhelm Wien᷍1864ÿ1928 㛋 ᱃᷊➛㚪㯚᷉Heike Kamerlingh 

Onnes᷍1853ÿ1926 㛋᷊᷍ 䊻䎃⷗⿘㈔㻣⧅⫔᷍䓵㦜。ⷝゴ㵜⨗᱄〚䇻䎃㾊᷍⭣⺛

⭥㹐㏎䁈コ䈌㭞䁈コ᱃⿐䁈コ㦛㳆㦌㘇䅞㒍㬡ㆈ㋧䁈⭥ⳃ䍚᱃䅞㒍㹐㏎䁈ⷐ㘝᷍

䄓㈮⤜䔄㸋㡇㑬᱄ 

〚ⱜ〕ⴓ䊻䁈㭖㩰⨖㔗ⴇ㗃⭥㬒ヅ㬨䊻㰜⭥⫔䁈㠻ヅ ⭹᷍⮄㬨㋣㛂㯚⡅⫔䁈᱄

䎃㬨䄜㰚⡜㋖⭣㪏㋭䇑㼍⭥㸜䇻Ⰼ㠶㔔㬠⭥⫔䁈᱄1843 㛋⭞ 1846 㛋᷍〚ⱜ〕ⴓ

⤯ゴ㑬䇪㰜䊻⫔䁈㠻ヅ⭥䑘䄋⭝㬇㝖䄢㕝᷉ Franz Ernst Neumann 1᷍798ÿ1895 㛋᷊

⼮䁦㋪⡩᷉Carl Gustav Jacob Jacobi᷍1804ÿ1851 㛋᷊⹓㵍䑘⟍⭥䄜⷗䁱㲷⟁᱄⭒

 
273〚ⱜ〕ⴓ⭥ㅓ䅆ㅱ䔗<Vorlesungen uber mathematische Physik Mathematics>᷍ⰵ䇇⭥䇃㸥㬨
<Lectrures on Mathematical Physics>᷍ゕ᱗㭞䁈㹐㏎ㅓ䅆᱘᷍1883 㛋⨗⟇᷍⹓㯥㉎᷍㬨㰜⪴⼄⭣⡅
⫔䁈⭥㬖䂊㹐㏎⭥ㅓ㻐䓋⭞➹㑷⫔䁈⭄㦯㭞䁈㹐㏎⭥ㅓ㻐⽔䎜㏎⭥᱄⼆㚘〕䓩䊻 1873 㛋䄓⨗⟇
㑬䄜㲸ㅓ䅆ㅱ䔗<Popular Lectures on Scientific Subjects>᱄䎃㾊ㅓ䅆䅓㸋䇑㼍㑇㈿⫔᷍䊻㏛㬘㩰Ⱍ
⨗⟇㑬⼤ⱁ⪯᱄ 
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㬒᷍㝘㚘Ⰹ㔪䄲㈎䊻 1827 㛋⡜ⳃ㻷᷍㦬㗨䄓㋋㬝〚䇻㝘㚘Ⰹ㔪᱃⮈⼪㬹⽄Ⰹ㔪

㎕㪉ェ䊞㎕䊞ⶕ䊴⭥⮈㔘᱄⭒䐈㔘⭥㭞㚠⼽ⱁ⭥㬒⽓ 䐒᷍ㅴ䊬䇤䎃㾊ビ⭆⭥䊎䋓

㎕㪉ェⶕ䊴⭥㧈䐊䑌㶙䄜⟄⭥⮈㔘⭥㬒⽓㈮。㦤⮈㔘㪉ェ⢅⭤⳨⧄䇱㳕䍞㾵᱄⭌

䎃䇷㬨⮈㡙ゝ㭖ⳃ䍚⭥⡹㿉᱄ 

䊻䎃⷗⡔㈑㻣᷍㛋㤂⭥〚ⱜ〕ⴓ䇻 1845 㛋㳂⨗㑬〚ⱜ〕ⴓ⮈㔘Ⰹ㔪᷍ㆃ㉗

㑬䎃⷗⮈㔘㪉ェ䐱⭥㬖カ㸫㳃᱄〚ⱜ〕ⴓ⮈㔘Ⰹ㔪䇱㑞⷗㚻㦾 ⳷᷍⢑䎌ⰵ⮈㒘⼮

⮈䁚᱄⮈㒘Ⰹ㔪䐙⭥㬨ⰵ㚔⷗ㅻ⮄᷍㒘㧌⮈㒘ゴ㒘⨗⮈㒘᷉䇱䎞⶛᷊⭥⼮㸋㒄᱄

⮈䁚Ⰹ㔪䐙⭥㬨㧈⺜㸳㗨䁹㚔⷗⡶㔘䔀㻣㎕ ⮈᷍䁚⢅⿐㈮䇇ⶤ㸋㒄᱄〚䇻〚ⱜ〕

ⴓ⭥㑞⷗⮈㔘Ⰹ㔪 㦬᷍㗨㈮㋪䄵㵉⺞ㅉ㑃㼀㾵Ⳟ⧭䔊㎕⫔ⴚビ⿐⮈㒘㪉ェ 274᱄䎃

䊻⮈㡙⹅⧭㪖䐢㋪䄵㯖䊻⭻ⱟ⪯⹅䄖ⷐ㘝䐱㩰䇱れ㡅⧪⹇⭥䇇䇤᱄㸳㗨䊻ⷀ䐱㹐

㏎⭥⮈䁈⤠⳷ 䄓᷍Ⱍ䇇ⶤㅴ⪆⺞᱄⭌⫔䁈㹐㏎䈌ⷀ䐱㹐㏎⫇䊻ⷚ⡟㤙⢑ 275 㹐᷍㏎

䁈䓉䄖⭥䁈㪛䊻⫔䁈ㅴ⪆⭞⭥㹐㏎䁈㪇ゑ⭥ⷝⱁ⭥㬨䎃⷗䁈㋧⭥⡟䐫䈌㣑䁹 ⱙ᷍

ⷀ䐱⭥㹐㏎䋓⡩ㅰ䓃䐹ⰵ䐋㬗⮄⭥䍧㸶⼮䇇䇤᱄䅓⪬᷍⪴⫔䁈㹐㏎⭥ㅨⰩ᷍〚ⱜ

〕ⴓⰵ㹐㏎䁈䔏⫔⭥⹒㻸㋰Ⰹ⤜㬨㡅⹹䇻⮈㔘㳂⨗⭥㑞⷗Ⰹ㔪 ⱙ᷍㬨㡅⹹䇻⺃㠸

䈌㦩ⴙ㪅⭥䁱㈠᱄ 

1854 㛋 〚᷍ⱜ〕ⴓゴ㧌⼄⭣⡅⫔䁈᱄䊻䎃㏐ 㰜᷍⼮⡟㪛᷉ Robert Wilhelm Bunsen᷍

1811ÿ1899 㛋᷊䄜㡑㋋䍚㑬䄜㻖㑱⹹䇻⺃㠸䈌㦩ⴙ㪅⭥䁱㈠ 276᱄䎃㑞⤠⳷䁱㈠䐏
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276⡟㪛䐏㣑䊻⤝㎸㯚㎮᷉Breslau᷊㦰㬗⭥〚ⱜ〕ⴓ᱄⤝㎸㯚㎮㬨Ⰼ㠶㔔㬠⭥䄜⷗⧨㬱᷍ⱟ䍞䐏⽔
⿏⺇⤉㎝᷍ㅱⶆ㔿⪥㶀ⴓ:URFçDZ᱄䊻㬏㈦㬡ギ᷍⤝㎸㯚㎮䇱⷗⼽⼤⭥⫔䁈᷍㸳㗨㭍㻅⭥⤄ⱘ㈮
㎕䓵䎃⷗⧨㬱᱄〚ⱜ〕ⴓ䈌⡟㪛㦰㬗⽔ ⼽᷍㌍⧪㸋⼤䇲᱄䊻〚ⱜ〕ⴓ⭤⭞⼄⭣⡅⫔䁈ㅭ䐑⭥⺞⧭
䐱᷍⡟㪛䄓㳂⹊㑬れ⫔⭥⟐䑛᱄ 
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㏜䇤䎃⷗⳷⺃䄨 〚᷍ⱜ〕ⴓ⥃㑠㑬㲹Ⰹ㸣Ⱙ㻣⤜㵍㹐䐫⭥⺃㠸 ⳃ᷍㻷㑬㻷䊻㸳㗨

㯖⭥〚ⱜ〕ⴓ⺃㠸㧞Ⰹ㔪 277᱄㡅㚻㦾㧈㵝 8.1 㰚㬟᷍⳷⢑㸋 1᷊ᷛ⹭㳆᱃䄛㳆᱃⧄

䁚㡙㳆䊻䇱㻿㸣Ⱙ㻣⭥⺃㠸㸋㑍㿙㠸ᷜ2᷊㻂⡂㡙㳆䊻䇱㻿㸣Ⱙ㻣⭥⺃㠸㸋⳷㑃

㠸ᷜ3᷊⭒⹭㳆᱃䄛㳆᱃⧄䁚㡙㳆ⳃ⨗⭥㑍㿙㠧䊻⪊⺞㻂⡂㡙㳆⭥㬒⽓᷍䊻㻂⡂

㡙㳆⭥⳷㑃㠸⪇᷍䊎㎕⭥㑍㿙㠸⢅㧖᱄㏜䇤⳷㑃㠸⭥ⳃ㻷᷍〚ⱜ〕ⴓ⿚䅞㧌㑬䊋

㯹㦘Ⰹ⭥Ⳟⳉ᱄䎃㪏㋭⭹䇑㼍㑬䐏⽔⭥㳍㸥䁈䁱㈠᱄ 

㻷䊻᷍㸳㗨䐋⭡㰚䇱䎃㾊㚻㦾Ⱍ㋪䄵〚䇻㑠䓴㑇䁈䈌⮈Ⱀ㑇䁈㎕㆙㾱ㆃ㬮᱄

⭌䊻⭒㬒᷍䎃㾊ⳃ㻷Ⱍ㬨れ㉀㾣䅃㣳䊭⤹䑏ⱁ㸕䐋㚻㦾⭥㣑䁹䁱㈠᱄⡩㧈᷍⳷㑃

㠸᷉〚ⱜ〕ⴓ⺃㠸Ⰹ㔪⭥⭻ⱟ㳖᷊ⰵ䇇⭥㬨䊎䓴㚻⮈䓴㲍䐏ヅ⭥䊟㣉᷍䅓⪬䊻㻂

⡂㡙㳆䐱⨗㻷᱄䎃䊻⼽⫔⧭Ⱙ㩰䇑㼍㑬㬏㈦㬡➬㬏㛋⫛➮ⱛ㚊᷉Johann Jakob 

Balmer᷍1825ÿ1895 㛋᷊㆙㾱⭥⹹䇻➮ⱛ㚊㼀㻖⭥䁱㈠᱄䐏⽔᷍ⷝ㬨⭝䐣㑬⤄ⱜ

㚄㾮⭥ㅉ㑃᱃㑠䓴㑇䁈⭥⭏㪛᱄䊺⡩㧈 㑍᷍㿙㠸㼀᷉ 〚ⱜ〕ⴓ⺃㠸Ⰹ㔪⭥⭻䄜㳖᷊

ⰵ䇇⭥㈮㬨䇱⮄㸣Ⱙ㻣⫙⮈㑄䓴ヅ㼁⿆䊬Ⱀ⫙㎕⭥⮈⪦⤉ⴙ㪅 䄵᷍㑠䓴⭥㾯㬞㆙

㾱ⳃ㪅䈌㹝㬶᱄㬖カ㩰᷍䄓䎞㬨䅓㸋〚ⱜ〕ⴓ䎌ⰵ䎃⷗㑍㿙㠸⭥㆙䄜⤞䁱㈠᷍⫙

㎕㑬㰚㸞⭥〚ⱜ〕ⴓ㦩ⴙ㪅Ⰹ㔪᱄㡅⡔⽔⭥㹐㏎㸫㳃 ㈮᷍㬨㸳㗨㭍㻅⭥⼻㳆ⴙ㪅

 
 
277⭒㦜᷍㏁㯧⹹䇻ⴙ㪅㠸㼀⭥䁱㈠⤃⤜㬨⪴〚ⱜ〕ⴓ⤦㋋㬝⭥᷍⼽䋈㈮䇱᱄⡩㧈 1᷍800 㛋᷍㎕䓵
䇃⺛⭥⭣䅂㋧䁈コ㶟㑏Ä⼶㾋ⱜ᷉Frederick William Herschel l᷍1738-1822 㛋᷍ⳃ㻷㳍㶖㾨⭥㚨⷗᷍
㸳㗨㣑㘇㳂⭞⺞⫐ⱜ㸥䊻㩰㑵㦏⼦䐏㣑㋕⭥᱗䓵㦜䍽䁈䁱㈠㔵㔼᱘᷍䋓㎕䓵㰜⭥ⱚ䓴䊝⼓᱅⼶㾋
ⱜ᷉John Frederick William Herschel, 1st Baronet 1᷍792᷎1872 㛋᷊᷊䊻⪇㏎㲌䂕⺃⭥㔬⺃㠍㆙ⱙ⳷
㹗㲌䂕⟀⭥㬒⽓ ㈮᷍ⳃ㻷㑬㲌䂕⺃䐱⽍㶃㼀⭥⧪⳷᱄㰜㬚䇤⽍㩌㔬⺃㠍 ⳃ᷍㻷㦵䇱⫔㑠㦩㑠㵉⺞
ⴙ㪅㆙㾱⪌⭾᱄䊻㰜䐏⽔᷍ⴓ㎦⼮Ⳳⳃ㘘㑬⳷⺃䄨᷍⤃〚䇻㡅䄓ⰵ㲌䂕⺃㠸㆙㾱㑬Ⰹ㑠⭥⥃㑠᷍
ⳃ㻷㡅䐱䇱㹆➺ⱁ㳖⼻㼀᱄䎃㾊⼻㼀⽔㎕⡜⧪㸋ⴓ㎦⼮Ⳳ㼀 䈌᷍䊋㯹㼁⹹᱄䐒⭞㑠䓴㑇䁈ㅉ㑃䐏
⽔᷍䎃㾊⼻㼀⤦⡜㶋㗡ㆃ㬮᱄䎃㾊᷍Ⱍ㬨〚ⱜ〕ⴓ⭥䁱㈠⭥〚⪂᱄ 
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㸫㳃㑬᱄䊻ⱁ㭞㸥㻸䐱 〚᷍ⱜ〕ⴓ⭥㦩ⴙ㪅Ⰹ㔪䈌⺃㠸㧞Ⰹ㔪㬨⳷㑱⭥ 278᱄⭌㰝

㗨䐏ヅ⭥㕀ゎ⹹㻖䊻⡫䎀㋕㎕᷍㬨⡩ㅰ㤆㹛⭥᷍㈮㬨⡟Ⱟ㑱⨗⭥㚻㦾᱄ 

㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖᷍㸍ⱘ᷉Wilhelm Wien᷍1864ÿ1928 㛋 ᱃᷊㔔⡟㯚

᷉Heinrich Rubens᷍1865ÿ1922 㛋 ᱃᷊㠶㎫㋬᷉Max Planck᷍1858ÿ1947 㛋᷊䎃㾊㈎

㏛⺞〚ⱜ〕ⴓ䈌⼆㚘〕䓩䊻➹㑷⫔䁈䐙⭝⭥䁈㪛 䎞᷍㬨䅓㸋䎌ⰵ䎃⷗㸫㳃⭥䁱㈠

㻧㋋㑬㹐㏎䁈ⷐ㘝⭥㿓㚜᱄㡅䐱᷍㠶㎫㋬䅓㸋䅞㧌㑬㑠䓴᷉Quanta᷊䎃䂚䄜⷗ⶦ

㛏᷍⧪㸋㦬㗨⹌㦰⭥㑠䓴䐏⶙᱄㸋㑬ギ㛏䎃⷗䐹䄋⭥㵜㠧᷍㦬㗨䄓ㅌ 1900 㛋Ⰹ

䅆㸋㑠䓴㑇䁈⭥䊋㛋᱄䊻㻷䇱Ⱒ㹐䐱᷍⹹䇻㸍ⱘ᱃㠶㎫㋬᷉〚ⱜ〕ⴓ⭥䁈㪛᷊᷍

㎕䓵➣⭹㏜⭥㯚㲹ⳋ᷉ Josef Stefan 1᷍835–1893 㛋 ⼮᷊㰜⭥䁈㪛⤄ⱜ䓩㕝᷉ Ludwig 

Eduard Boltzmann 1᷍844ÿ1906 㛋᷊᷍ 䄵ゑ㎕䓵䇃⺛⭥㧑㏜᷉John William Strutt 3᷍rd 

Baron Rayleigh᷍1842ÿ1919 㛋᷊⭥⹅䔘⭥ㆊ㩽Ⱍ⡩ㅰⱁ᱄⡟㭊䐱᷍㸳㗨⭒㦜⤜。

⫎⺞䎃㾊㚻㦾᱄⭌䊻㋋㬝䎃㾊ㆊ㩽䐏㣑 ⡟᷍䓦⹹ポ㸫㳃⭥ⳃ㻷䈌Ⰹ㸜㬨䐹䄋㋧䁈

ⳃ㻷䐱䔏䐹䄋⭥䄜⤞䎃⷗䊎䋓 䄵᷍ゑ㈂㑠➲ㅓ䅆㾕⨗䄜⮄㾣䅃䎃䂚䄜⷗㋝㔨 㸳᷍

㗨⿚㬨䁂䋒➲〚ⱜ〕ⴓⳃ㻷㦩ⴙ㪅Ⰹ㔪⡔⽔䅟⤹⭥⼻㳆ⴙ㪅⭥㸫㳃䎃⷗㼁ⰵ㎕

㯖㦬㗨ㆊ㩽⭥⡩ㅰ㩺㚻㦾䔘㸋㡑⮄㎕ㅓㆃ䎃⧂㹐㏎䁈ⷐ㘝 279᱄ 
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㎰㬇䊻㸥㻸ᱟ⤽䋓㻮 2᷍021ᱠ䐱ㅓ⺞䎃Ⱟ㏛㬘᱄ⶱ㾬㦅⭥㵍䁈⼮㎰㬇㋪䄵⤯㋝⤽㎰㬇⭥㸥䍣㆙㾱
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㵝 8.1 〚ⱜ〕ⴓ⺃㠸㧞Ⰹ㔪㬟䅃㵝᷍䍋䓵㸍〚➺㋧᱄⪴㩰䐢㻣᷍⳷⢑ⰵ䇇〚ⱜ〕ⴓ⺃㠸Ⰹ

㔪⭥㧞⮄㚻㦾᱄ 

 

8.1.2 〚ⱜ〕ⴓ⭥㦩ⴙ㪅Ⰹ㔪䈌⼻㳆ⴙ㪅 

〚ⱜ〕ⴓ⭥㦩ⴙ㪅Ⰹ㔪⥛㪛⭥㬒ヅㅻ⮄㬨 1859 㛋᱄㣑㘇㳂⭞⺞᷍㰝⼮⺃㠸

Ⰹ㔪䄜䂚 㬨᷍〚䇻⳷⺃䄨㆙㾱⭥㬖䂊䁱㈠⭥⧪⺜ 280᱄䎌ⰵ⺃㠸Ⰹ㔪⭥⭻䄜㳖 〚᷍

ⱜ〕ⴓㅌ䁱㈠䐹⮄⳦䊻㦩⭥ⴙ㪅⪌⤆㩰 ⤃᷍ㅌ㡅ㆂ⺜㠶㬫⿐᷉ 䐙⨗㠸㼀⤜䄡㎖䇻

㉀㳆㹐䐫 ᱄᷊䎃㈮⫙㎕㑬㸳㗨㻷䊻⧧䐏㸋᱑〚ⱜ〕ⴓ㦩ⴙ㪅Ⰹ㔪᷉Kirchhoff's law 

of thermal radiation ᱒᷊⭥䐹䄋⧪⺜᱄ 

䊻䎃⷗ 1860 㛋䔔䇳㬒ヅㅻ⮄᷍⹹䇻㦩⭥䁱㈠䈌⹹䇻⮈⪦⭥䁱㈠䄜䂚᷍㬨㹐

㏎䁈䐱䔏㦩㗦⭥⿑㳃᱄〚ⱜ〕ⴓ⤃㗜䇱㼒㋬㎮㾿㯚㚨䂚⹹䓃㦩䈌㚽㑠䐏ヅ⭥䓋⿜᷍

 
280㬖カ㩰᷍〚ⱜ〕ⴓ䋈㠻⭥䁱㈠㬨䄵㬖䂊㸋䑘⭥᱄⽔㎕᷍䅓㸋㬴㑇⨗㻷㑬㸫㳃᷍㰜ㅌ䁱㈠䐹⮄䓋
㸋㏎㔼㹐㏎᱄ 
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ⱙ㬨ㅌ䁱㈠䐹⮄⳦䊻㑬⪇䇻㦩㠞⽃⭥㹐䐫䈌㶃ㆈ䊻㸿ㅴ⪆⭥㤊㌗㻣㧈⼯㆙㾱㦩

ㅜ⿜䎃䄜⮄㩰᱄䎃⷗㸫㳃ォ䇱㣑䍑㾵 䄓᷍䇱⳨⧄⫔⭥〚⪂䁱㈠䅃䅆䈌㬖カ䇇䇤ゼ

䐖᱄⡩㧈᷍㸳㗨㭍㬗⭥㲌䂕᷍㈮㬨㵉⺞ⴙ㪅㼓⭹㤓㭅㯮㦩㑠⭥᱄⭒㬒㧈】㧈䥒㆙

㾱⭥⹅䄖ⷐ㘝᷍䄓ⰵ㑗⶷䇱⼽⫔⭥㿉㤔᱄㑗⶷⺞⧭䐱᷍⶷㳛⭥㸣Ⱙ㋪䄵㵉⺞㡅䁶

㩌㎕㆙㾱㝱ⰰ᱄䎃䄓㬨〚ⱜ〕ⴓ⭥㦩ⴙ㪅Ⰹ㔪䄜⷗䐹䄋䇇䇤᱄㬏㈦㬡ギ㡀㬏㛋⫛

㚊᷍➏⭰㪛᷉Thomas Alva Edison᷍1847ÿ1931 㛋᷊ⳃ㘘⮈⭧᷍⡔⽔⭥䊎㏎䄓㬨〚

ⱜ〕ⴓ⭥㦩ⴙ㪅Ⰹ㔪⡔⽔⭥⼻㳆ⴙ㪅⭥䊎㏎ 281᱄ 

〚ⱜ〕ⴓ㦩ⴙ㪅Ⰹ㔪㳂⨗䇻 1860 㛋ᱟKirchhoff᷍1860ᱠ᷍ ㋪⫔䐣⺊ㆂ㧈㻣᱄

䊻㦩㠞⽃䓕㲍㻣 㹐᷍㳆。㵉⺞⮈⪦⤉ⴙ㪅⭥Ⳟ㬞䈌䐽㸈⿘㈔ㅜ⿜㚽㑠᱄㸳㗨➲㹐

㳆⭥㦩㠞⽃⭥㸣Ⱙエ㸋ܶ᷍䎃㬨䄜⷗㦩㑇䁈䓕㲍⼐㭞 282᱄ⰵ⹭㳆᱃䄛㳆䎃䂚⭥㹐

䐫 㰝᷍㗨。㼓㶃ⴙ㪅⮈⪦⤉᱄䎃⷗⮈⪦⤉。⧫㻷⨗䄜⷗㑍㿙㠸 283᱄䎃㬨〚ⱜ〕ⴓ

⺃㠸Ⰹ㔪⭥⭻䄜㳖᱄㣑㘇ㅓ⺞ 〚᷍ⱜ〕ⴓ㦩ⴙ㪅Ⰹ㔪㬨〚ⱜ〕ⴓⰵ㡅㆙㾱㆙䄜⤞

䁱㈠⭤⭞⭥ㆂ㔼᱄㵍㬒 ⨞᷍㑬ⳃ㪅㚽㑠 䎃᷍⷗㹐㳆䄓㹝㬶㶃ㆈⴙ㪅⺞㎕⭥⮈⪦⤉᱄

ⰵ䇻䍶㪅⭞㸳䎃⷗㹐㳆㩰⭥㚔⷗⤉⧅⭥⮈⪦⤉ Ⱍ᷍䇱䄜⤠⳷㋪䄵⡜㹐㳆㹝㬶 䇱᷍

䄜⤠⳷㿉䄋⡜ⳕ㪅⮕᷍〓䎀㵙㪅⺞㦆᱄䄜⷗㦩㠞⽃䓕㲍㻣⭥㹐㳆䇱䄜⷗㸣Ⱙܶ᷍

㸳㗨㋪䄵➲⹹䓃⮄⳦䊻⤉⧅㸋ߣ⭥㧌㪅/⨗㪅⮈⪦⤉⭥㚽㑠⭥⡩䐖᱄〚ⱜ〕ⴓ㦩ⴙ

㪅Ⰹ㔪⭥㚻㦾㬨㰜ⳃ㻷ⰵ䎃⷗㸣Ⱙ㸋ܶ⭥⪇䇻㦩㠞⽃䓕㲍㻣⭥㹐㳆᷍㰝⭥ⴙ㪅⨗

 
281䐜䇱㸣Ⱙ䔄⹜ⷀ ⳃ᷍㪅⨗㎕⭥⮈⪦⤉⤦。ゐ䐱䊻㋪ボ⺃⤉Ⱟ᱄➏⭰㪛䑘䄋⭥⹅䔘᷍㈮㬨䄋䍳⭞
㦼⮄ⷀ⭥㆑㭕㎕䔗⭧㯠᱄ 

 
282䊻㦩㑇䁈㏎㔼䐱᷍㦩㑇䁈䓕㲍⼐㭞㬨⷗⳨⧄䐹䄋⭥ⶦ㛏᱄㼒㸳㗨㭍㻅⭥㸣Ⱙ᱃䁚㣠᷍Ⱍ㬨㦩㑇
䁈䓕㲍⼐㭞᱄ 

 
283㰇䓦⤉⧅⭥⢅⿐᷍ⴙ㪅㚽㑠㑍㿙⢅⿐᱄ 

 



  

⤉⧅㸋ߣ⭥⮈⪦⤉⭥⡟㒍݁(ߣ,ܶ) ⨞᷍䄵㰝ⰵ⤉⧅㸋ߣ⭥⮈⪦⤉⭥㹝㬶㔫ܽ(ߣ,ܶ)⭤⭞

⭥⼐㭞(ܶ,ߣ)ܨ᷍㬨䄜⷗⤜䄡㎖䇻䎃⷗㹐䐫⭞⭸㬨㬓㗕ⱙ㆗㆗䄡㎖䇻ߣ⼮ܶ⭥⼐㭞

284᱄䇤⹌㬞⢎⫐⭥⿑᷍㈮㬨ᷛ 

(ܶ,ߣ)݁
(ܶ,ߣ)ܽ =  (ܶ,ߣ)ܨ

⹌㬞 8.1 

ⱙ㬨䎃⷗(ܶ,ߣ)ܨ᷍㬨⷗⤜䄡㎖䇻㉀㳆㹐䐫⭥㠶㬫⼐㭞ᱟKirchhoff᷍1860ᱠ᱄ 

㻷䊻᷍㸳㗨ㅴ㬽⹌㬞 8.1᷍㧈⺜䊺䅞㧌䄜⷗㉙ⰵ⼻㳆⭥ⶦ㛏᷍㈮㋪䄵➲䎃⷗

㠶㬫⭥⼐㭞ⷙ⥃⨗㎕᱄䎃⷗㉙ⰵ⼻㳆⭥䅃㯝㬨㹝㬶㔫㸋䄜⭥㹐㳆᱄⿜㉅⿑㯖᷍㦯

⼯⺃᷉⮈⪦⤉᷊⫓⭞䄜⷗㹐㳆㩰᷍Ⱍ。⡜㹝㬶᱄㬖カ⭥㹐㳆᷍Ⱍ㬨䄜Ⰹ⧭Ⱙ⭥⼻

㳆᱄㬖䂊㩰᷍㧈⺜㪉ェ䄜⷗㋋㋸⼽㾂⭥㋶㣜᷉㵝 8.2᷊᷍ 㬚⭤⫓㧌㋶㣜⭥⮈⪦⤉䊻

㈎⺞ⱁ⪯㣜㚻ⳕ㪅⽔⡜㶋㦌㹝㬶᷍䎃䂚㈮㋪䄵⡄䐅ܽ(ߣ,ܶ) = 1᱄䎃⷗㬒⽓᷍䊻㋸

㋻⳦䄜⷗⺃㠸䄨᷍䎃⷗⺃㠸䄨ギ㔝⭥㈮㬨݁(ߣ,ܶ)㈮⭩䇻(ܶ,ߣ)ܨ䎃⷗㠶㬫⼐㭞㑬᱄

䎃⷗᱑⼻㳆᱒⭥ⶦ㛏㬨㑞㛋䐏⽔᷍䄓㈮㬨 1862 㛋᷍䇪〚ⱜ〕ⴓ㘘㦘㳂⨗⭥᱄㰝

㉀䇱⳨ⳓ⭥㹐㏎䅃䅆᱄ 

㬖カ㩰᷍䊻㹐㏎䁈䁱㈠䐱᷍㦯⼯㠶㬫⭥᱃⤜䄡㎖䇻㉀㳆㹐䐫⭥Ⰹ㔪䊻䓽㉀䇱

㏁㯧⭥⳨㵍䁑⧄⭥䐹䄋⭹㸜⭥᱄⡩㧈 㣑᷍㘇㳂⭞⭥㋬㎎㝢㔂䓕㲍Ⳟ⧭᷉ ⹌㬞 4.19᷊᷍

㰝䊭⤹㑬㵔ェ㑇䁈⭥〚⡟䊎㏎᱄䎃⷗䊎㏎䊻㬏㈦㬡ギ㻣⟌䄗⡜㋬㔿㛂ⷒ᷉August 

Karl Krönig 1᷍822ÿ1879 㛋 ᱃᷊㕔㋬㯚㸅᷉James Clerk Maxwell 1᷍831ÿ1879 㛋 ᱃᷊⤄

ⱜ䓩㕝᷉Ludwig Eduard Boltzmann 1᷍844ÿ1906 㛋᷊⭩㦬ㅳ㬟᱄ⱙ〚ⱜ〕ⴓⳃ㻷⭥

㦩ⴙ㪅Ⰹ㔪᷍䊻⼻㳆䎃⷗ⶦ㛏䅞㧌⽔᷍䓋⿐㸋⼻㳆ⴙ㪅Ⰹ㔪᱄㰝䊭⤹㑬㑠䓴㑇䁈

 
284䎃㏐⭥㹝㬶㔫᷍䐙⭥㬨➲⤉⧅㸋Ƹ⭥⮈⪦⤉䍶⭞䎃⷗㹐㳆㩰⡜㹝㬶⭥㚽㑠⭥⡩㔫᱄ⱙⴙ㪅⡟
㒍᷍㬨⭆㸜㬒ヅ⪴⭆㸜㘇〞⭥䎃⷗㹐㳆㩰ⴙ㪅⨗⭥⤉⧅㸋Ƹ⭥⮈⪦⤉⭥㚽㑠᱄ 
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⭥〚⡟䊎㏎᱄䎃⷗䊎㏎䊻㬏㈦㬡ギ䈌ⱟ㬏㬡ギ⭥㬡ギ䐏ㅜ䇪㠶㎫㋬ㅳ㬟 ⤃᷍䔏䐶

⭝䐣㑬㑠䓴㑇䁈⭥⭏㪛ᱟPlanck᷍1900ᱠ᱄ 

 

㵝 8.2 ⼻㳆ⴙ㪅㤛㼀⥃㑠⭥㬟䅃㵝᱄䔔⢀㬨㚄㛃㏎㼌⼻㳆⭥⺃㣜᷍䇳⢀㬨⥃⨗㑬⼻㳆ⴙ㪅

⡟㒍䊻⤜㵍㸣Ⱙ㻣䔘㸋ⴙ㪅⮈⪦⤉⭥⤉⧅⭥⼐㭞᱄⽔㘇䄋ㅓ⭞⭥⹹䇻⼻㳆ⴙ㪅⭥⺇㔪᷍䊻

䇳⢀䎃䍦㵝㩰Ⱍ䇱㳆㻷᱄⤜㌅䍦⭥㯖᷍〚ⱜ〕ⴓ⼻㳆ⴙ㪅ⶦ㛏⭥㳂⨗᷍䅞⨗㑬 19 㬡ギ㚊䄜

㻖㑱⭥䐹䄋ⳃ㻷᷍䔏䐶䄓⭝䐣㑬㰜⭥䁈㪛㠶㎫㋬⭥㑠䓴ⶦ㛏⭥㳂⨗᱄䅓㸋䎃⷗䊎䅓᷍㸳㗨

䊻⡟㭊䐱㋭䅃⿉㑬㑞⷗㾂ㅻ᷉⡟㾂ㅻ䈌㩰䄜㾂ㅻ᷊᷍ ㎕㣠⮘〚ⱜ〕ⴓ⭥䎃⷗ⳃ㻷ⰵ䇻㹐㏎䁈

ⷐ㘝⭥䅃䅆᱄ 

 

8.1.3 ⼻㳆ⴙ㪅⭥䁱㈠ゑ㎈㈔ 

〚ⱜ〕ⴓ⭥ⳃ㻷⼽㌍䅞㡑㑬㦬㗨⭥⹹䓃᱄1865 㛋 ㎕᷍䓵➏ⱜ㎝⭥㹐㏎䁈コ⼮

⿐䁈コⰂ⫐ⱜ᷉John Tyndall 1᷍820–1893 㛋᷊䊻㰜⡜䂜㤌㆙㾱⭥᱑Rede Lecture᱒

䐱 ⡉᷍⭡㑬㡅⹹䇻➸⨄㳆⭥ⳃ⺃㰇㸣Ⱙ⭥㬖䂊䁱㈠ㆂ⺜ 285᱄㡅㉀㳆㚻㦾 ㋪᷍⫔䐣

㘉㭗㧈㻣ᷛ䄵⤍㯠㸋➸⨄㳆᷍㪞ⷀ㸣Ⱙ᷉⭒㬒䎃⷗㸣Ⱙ⤃㗜䇱⡜㈌㦘⥃㑠᷊᷍ 䎃

 
285䎃㏐䇱㑞⮄㸳㗨㼌㆙㾱䄜⷗㯖㘘᱄⭻䄜⮄㬨⹹䇻Ⰲ⫐ⱜ᱄䎃⷗Ⰲ⫐ⱜ᷍㈮㬨㸳㗨㰚㭍㻅⭥᱑Ⰲ
⫐ⱜ㻷㼔᱒⭥Ⰲ⫐ⱜ᱄㰝ㅓ⭥㬨⺃䊻㈎⺞ㅛ㳆㬒᷍䅓㸋ㅛ㳆㋦㑄ⰵ⺃⭥㩃㪅᷍㋪䄵㋕⭞⺃㔘᱄䎃
⷗㻷㼔䇇ⶤ㯖㬨⡩ㅰ䋈⭥⺃䈌㹐䐫㼁⿆䔘䇤⭥䁱㈠ 㬨᷍䇪Ⰲ⫐ⱜ䊻㬏㈦㬡ギ㒚㬏㛋⫛㳂⨗⭥᱄⭻
ⱟ᷍㬨䎃⷗ Rede Lecture 㦌⧭㬨 Sir Robert Rede's Lecture᷍⪴㬏㒚㬡ギ㋋㬝᷍㗠㛋䊻ㅄ㣦⫔䁈㈺㾱
䄜⪯᷍⧷㿙䐢㆒᱄⡉⷇⭥㳃㚠㋪ⶓⶨ㋧䁈᱃䍽䁈᱃㭞䁈᱃㪈。⭩ⷘ⷗㒍䈓᱄1865 㛋᷍Ⰲ⫐ⱜ䊻䎃
⷗ㅓ䔚䐱᷍⡉⭡㑬㰜㰚㆙㾱⭥㧈䎞㸥䐱㘉㭗⭥㬖䂊䁱㈠ㆂ⺜᱄ 

 



  

⷗➸⨄㳆⭥ⴙ㪅㚽㑠。⧫㻷⳨㼀㾵⭥䋗ゴᱟDavies᷍1946ᱠ᱄1877 㛋᷍➣⭹㏜㹐

㏎䁈コ㯚㲹ⳋ᷉Josef Stefan᷍1835–1893 㛋᷊ㅌ䎃⷗䄡㎖⹹㻖Ⰹ㑠㘉㭗㸋䄜⷗㹐

㳆⭆㸜㬒ヅ⭆㸜㘇〞ⴙ㪅⭥㚽㑠䎞⡩䇻㡅㸣Ⱙ⭥㯥⪯Ⳟ䎃䂚䄜⷗㈎䂊⹌㬞

ᱟStefan᷍1879ᱠ᱄1884 㛋᷍㰜⭥䁈㪛⤄ⱜ䓩㕝᷉Ludwig Eduard Boltzmann᷍1844ÿ

1906 㛋᷊⤯㋝䅃⫔㏜㹐㏎䁈コ➮㵱㏜᷉Adolfo Bartoli᷍1851–1896 㛋᷊㰚⤪䇤⭥

〚䇻㦩㑇䁈㎕䁱㈠⮈⪦⤉ⴙ㪅䁚㣠⭥Ⳟⳉ᷍ⰵ⪬㈎䂊⹌㬞㆙㾱㑬㏎㔼ㆃ㬮

ᱟBoltzmann᷍1884ᱠ᱄䐢⪬᷍⹹䇻⼻㳆ⴙ㪅⭥⭻䄜㳖Ⰹ㔪᷍㯚㲹ⳋ-⤄ⱜ䓩㕝Ⰹ

㔪᷉Stefan-Boltzmann Law᷊᷍ ⡜䎞㬞㦘㑃᱄䎃⷗Ⰹ㔪᷍㵍䂚⤜䄡㎖䇻⼻㳆㬨䇪㬓

㗕㹐䐫⹚⧪⭥᷍㉀䇱㠶㬫㾵᱄ 

⨞㑬〚ⱜ〕ⴓ㦩ⴙ㪅Ⰹ㔪᱃㯚㲹ⳋ-⤄ⱜ䓩㕝Ⰹ㔪᷍㦬㗨䎌ⰵ⼻㳆ⴙ㪅㸫㳃

㦰㬗⭞⭥⭻㧞⷗㠶㬫Ⰹ㔪㬨㸍ⱘ㸜䄧Ⰹ㔪᷉Wien's Displacement Law᷊ᱟWien᷍

1896ᱠ᱄㰝㬨䇪〚ⱜ〕ⴓ⭥䁈㪛㸍ⱘ䊻 1893 㛋⤯㋝⤄ⱜ䓩㕝⭥㦩㑇䁈Ⳟⳉ䊻㏎

㔼㩰㳂⨗⭥᷍Ⰹ㑠⢎⫐㧈㻣ᷛ 

୮ୣୟ୩ߣ =
ܾ
ܶ

 

⹌㬞 8.2 

㡅䐱ܾ᷍㬨䄜⷗⧄㭞᷍䊝⭩䇻2.8978 × 10ିଷ㗸 ή㋋ⱜ㸥᷍ߣ୮ୣୟ୩㬨㦩ⴙ㪅㤛㼀㚽㑠

ⴆ䐖ⰵ䇇⭥⮈⪦⤉⭥⤉⧅ܶ᷍㬨㸣Ⱙ᱄䊻⪬䐏㣑᷍䊻㬏㈦㬡ギ➬㬏㛋⫛᷍㗡⺛㳍

㸥䁈コ㎝㏜᷉Samuel Pierpont Langley᷍1834ÿ1906 㛋᷊⭥㬖䂊䁱㈠䋙㈎⢎㘘䄜⷗

➸⨄㳆⭥㦩ⴙ㪅㤛㼀ⴆ䐖⤉⧅。㰇䓦㸣Ⱙ⭥㪞ⷀ㼓Ⱝ⤉⧅Ⳟ㼓䄧Ⱀ 286᱄⭌㿉䄋

㯖㘘⭥㬨⶷㳛⹅䄖䊻⭒㬒⭥㝘䐿䈌㗡⺛Ⱍ䄲㈎㬨⳨⧄䐹䄋⭥⹅䄖㑬 㪛᷍⥛㈎䂊⳨

 
286⡫䎀⥊⭞⭥⤥㑰䇱㯖 1881 㛋᷍䇱㯖 1886 㛋᷍㉀㳆⨗⪇䄓⤜㲌㼋㬖᷍⭌㬨⹹䇻㬖䂊ㆂ⺜⭥Ⰹ㾵
㘉㭗Ⱍ㬨䄜䐣⭥᱄㋝㔨⭞䎃⷗㉀㳆⭥㛋⳾⤃⤜㬨㲌䐹䄋᷍㸳㗨䎃㏐⤪㦂䎃䐷㾕ⳉ᱄ 
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⧄ⴂ⶜᱄㸍ⱘ㸜䄧Ⰹ㔪䈌㦬㗨䎃㾊㪛』㈎䂊䐒ㅴ㼁⹹᷉ ⶷㳛⭥䁶㩌。㰇䓦㸣Ⱙ⢅

⿐᷍㧈㵝 8.3 㰚㬟᷊᷍ ⤃ㅌ㡅㆙㾱㑬Ⰹ㑠⿐᱄ⱙ㎝㏜⭥㆗㆗㬨䄜⷗Ⰹ㾵㘉㭗᷍㆗㆗

䈌㦬㗨⭥䎃㾊㪛』㪛⥛㈎㏛䄜䐣᱄䅓⪬᷍䊻㲷㔼䎃⷗Ⰹ㔪⭥㬒⽓᷍㦬㗨⤜㬨㲌⹹

䓃㎝㏜⭥䎃䐷䈌㦬⭥㪛⥛ⶱ㬽䐒ㅴ㸨⼰⭥Ⰹ㾵㘉㭗 ⱙ᷍㬨ㅌ㋧䁈⹒㻸᷉ credit ⺊᷊

ㆂ㸋㸍ⱘ⭥Ⰹ㑠㏎㔼㵧⭝᱄ 

 
㵝 8.3 䔔㩰㸋㸍ⱘ㸜䄧Ⰹ㔪⭥㬟䅃㵝᷍㰇䓦㸣Ⱙ㪞ⷀ᷍㦩ⴙ㪅㚽㑠ⴆ䐖ⰵ䇇⭥⤉⧅⢅Ⱝ᱄

䇳⢀㬨㩶⽍⭥⶷㳛⭥䁶㩌᷍㻣Ⳟ㬨⶷㳛⭥䁶㩌㰇㸣Ⱙ⭥⢅⿐᱄ 

 

⨞㑬㸜䄧Ⰹ㔪᷍㠶㎫㋬䐏㣑᷍㵍㸋〚ⱜ〕ⴓ⭥䁈㪛᷍㸍ⱘ䇇ⶤ㯖䊻⼽⧅㬒ヅ

Ⱍ㬨䊻⼻㳆ⴙ㪅䁱㈠䐱⭥䅞㒍䎀᱄㰜䄓䅓㸋䎃㾊⹒㻸〒⭤㑬 1911 㛋⭥㝖⡕ⱜ㹐

㏎ㅒ 287᱄1896 㛋᷍㰜⿚〚䇻㦩㑇䁈Ⳟⳉⷙ⨗㑬䄜⷗ⷝゴⰉ㑠⭥⼻㳆ⴙ㪅⹌㬞ᷛ 

(ߣ)ܧ = ܿଵ ή
1
ହߣ
ή ݁ି௖మ/(ఒ்) 

⹌㬞 8.3 

 
287〒ㅒ㏎䇪㸋ᷛfor his discoveries regarding the laws governing the radiation of heat᱄ 



  

䎃㏐⭥ܿଵ᱃ܿଶ㬨⧄㭞᷍㋪䄵㵉⺞䈌㬖䂊ㆂ⺜⡩ㅰ㆙㾱㛃⼰᱄䎃⷗⹌㬞⽔㎕⡜⧪㸋

㸍ⱘ⹌㬞᱄㰝⫛⢎⭥ 䄓᷍㬨⭒㬒㦬㗨䊻㏎㔼⥄㘇ⰵ䇻⼻㳆ⴙ㪅㸫㳃⭥䔏㸋㪏㋭⭥

㦰㬗᱄〚䇻㸍ⱘ⹌㬞 㦬᷍㗨ォ㚽㵧⨗䔏⫔ⴙ㪅ⴆⰵ䇇⭥⤉⧅⭥㸜䐤䈌⼻㳆㸣Ⱙ⧬

〞㸋䄜⷗Ⰹ䐖⭥㸍ⱘ㸜䄧⹌㬞᷉ ⹌㬞 8.2᷊᷍ 䊻㰝㘉㭗⭥ⴙ㪅㣠Ⱙ䔘㸋⮈⪦⤉⤉⧅

᷉〓䎀㠖㔫᷊⭥⼐㭞䈌㬖䂊⥃㑠⭥㭞㈾⭥Ⰹ㑠ⰵ⡩䐱᷍䎜㳆ⴜ⼰Ⱙ䄓⳨⧄ⷀ⭥᱄

䄵 1899 㛋㔞㚊᷉Otto Richard Lummer᷍1860ÿ1925 㛋᷊⼮㠶㑷㯚⼄㚘᷉Ernst 

Pringsheim᷍1859ÿ1917 㛋᷊⭥㬖䂊㭞㈾㸋㏞ᱟLummer᷍1899ᱠ᷍⪴㵝 8.4 ㈮㋪䄵

㋕⨗᷍㸍ⱘ⹌㬞䈌㬖䂊⭥ⴜ⼰䎜㳆㬨⳨⧄⨗㩌⭥᱄䊻⤉⧅⡩ㅰⰭ⭥㤙䈓᷍㡅⢎㻷

ビ䐒㶋㗡᱄䊻⧅⤉㤙䈓᷍。䇱䄜㾊⥏䅍⨗㻷᱄䎃䐷㾂⭥⥏䅍⡔⽔㬖カ㩰䊭⤹䓦⫔

⭥㸫㳃 䎃᷍⷗⥏⢑。㰇䓦㸣Ⱙ⭥䋗ゴ⢅⭤䈛ⳃ㘘㻵᱄㔞㚊᱃㠶㑷㯚⼄㚘䊻㰜㗨 1899

㛋⭥㸥䍣䐱᷍㬖カ㩰䄲㈎䐙⨗㑬䎃䄜⮄ᱟ⧣㚲㻩 2᷍023ᱠ᱄㵝 8.4 䐱䑏㤛㼀⭥䇳⢀

㬖䂊䈌⭒㬒⭥㏎㔼᷉㸍ⱘ⹌㬞᷊㬨⤜ⴜ⼰⭥᷍㵍㬒䎃䐷⥏⢑。㰇䓦㸣Ⱙ⭥㪞ⷀⱙ

⢅⭤ⷝ⫔᱄ 
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㵝 8.4 Lummer 䈌 Pringsheim ⭥㬖䂊ㆂ⺜⭥ㅹ㵝ᱟ26᱄䓾䑂㬨㼁ⰵⴙ㪅㣠Ⱙ᷍⽂䑂ߤ⫛⢎⭥

㬨㦩ⴙ㪅⨗⭥⮈⪦⤉⭥⤉⧅᷍䄵㸃㗸㸋⭆㸜⭥᱄⤜㵍⭥㤛㼀⫛⢎⭥㬨⤜㵍⭥㸣Ⱙ᱄x ⫛⢎

⭥㬨㬖䂊ㆂ⺜᷉beobachtet 㬨᱑⹼⥃⭞᱒⭥䅃㯝᷊᷍ 㬖㼀㬨ⰵ㡅㛃⼰᱄㬖㼀䊓⫛⢎⭥㬨㏎㔼

᷉berechnet 㬨᱑ェ㰄⨗᱒⭥䅃㯝᷍䎃㏐䐙⭥㬨䇤㸍ⱘ⹌㬞ェ㰄⨗⭥ㆂ⺜ ᱄᷊⪴䎃㾊㤛㼀᷍

㸳㗨㋪䄵㋕⨗ Lummer 䈌 Pringsheim ⭥㬖䂊᷉x᷊⤃⤜㚽⡜㸍ⱘ⹌㬞᷉㬖㼀䊓᷊⼽⼤⭥㛃

⼰᱄䊻⧅⤉⧅⭥⤉Ⱟ᷍ⴙ㪅㣠Ⱙ㰇⤉⧅⭥䋗ゴ➕ିߣସ⢅⿐᱄䎃㣂㣂㋪䄵⡜㧑㏜⭥⹌㬞㛃⼰᱄ 

 

䎌ⰵ㩰㭗⧅⤉䈌ⷀ㸣㳖ミ㻣㸍ⱘ⹌㬞䈌⥃㑠ㆂ⺜䐏ヅ㠌⥏⭥ⷝ㸋㈌㻙⭥㬖

䂊䁱㈠᷍➕䍶⧣㚲㻩㎰㬇䊻㡅㸥䍣᱗⼻㳆ⴙ㪅劔㬣佻㯝ÿÿ⪴㠶㎫㋬䄜➺㛋㣑⭥

䄜Ⱟ⿑㯖㡑᱘㰚㭗ᱟ⧣㚲㻩᷍2023ᱠ288᷍㋪⫔䐣㘉㭗㧈㻣᱄⭒㬒᷍㹐㏎䁈コ⫔䐣
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䇱㑞⷗ゝ㭖㔘㼀᱄㡅䄜᷍䄵㔞㚊⼮㠶㑷㯚⼄㚘㸋⫛⢎᷍㬨㵉⺞㳂ⷀ⼻㳆ⴙ㪅㸣Ⱙ

㎕䁱㈠䎃⷗⤜䄜䐣㾵ᷜ㡅ⱟ᷍䄵㔔⡟㯚᷉Heinrich Rubens 1᷍865ÿ1922 㛋᷊⼮㌃ⱜ

⡌㚘᷉Ferdinand Kurlbaum᷍1857ÿ1927 㛋᷊㸋⫛⢎᷍㬨㵉⺞䊬䇤㏌䓴㈈㳆⭥䁂䋒

㾵ⳕ㪅᷍㎕〒⭤ⷝゴ⧅⤉⧅᷉⽍㶃䈌䊗⽍㶃᷊⭥㭞㈾㎕䁱㈠䎃䐷⤜䄜䐣㾵᱄1900

㛋 10 䊣 7 㦶 ⭻᷍ⱟ㳖ゝ㭖㔘㼀⭥⫛⢎㦬㹐㔔⡟㯚㾐ⴓ㦬⭞㠶㎫㋬コ㾂㈼᱄㻐ヅ᷍

㔔⡟㯚㼓㠶㎫㋬㳂⭞㑬 1900 㛋 6 䊣䇃⺛㋧䁈コ㧑㏜ⳃ⢎⭥䄜㠋㻍㏜⭥Ⱝ㸥᱄䊻

䎃㠋㸥䍣䐱᷍㧑㏜〚䇻⪠㈎⮅㏎㔼㳂⨗㑬㒎䄜⷗⹌㬞ᱟReyleigh᷍1900ᱠᷛ 

(ߣ)ܧ = ܿଷ ή
ܶ
ସߣ

 

⹌㬞 8.4 

䎃⷗⹌㬞㣂㣂㋪䄵㛃⼰㸍ⱘ⹌㬞䊻㵝 8.4 ⤜㚽⼽⼤⭹㛃⼰⭥㚨Ⱟ㬖䂊ㆂ⺜᱄⭌㒏

㦬䄦⼗⭥᷍㬨䊻Ⱝ⤉㤙䈓᷍⹌㬞 8.4 。ⳃ㩃᱄㬏ⱁ㛋⽔᷍⤄ⱜ䓩㕝⭥䁈㪛➄㔸Ⳳ

㯚㲹᷉Paul Ehrenfest᷍1880–1933 㛋᷊ㅌ㧑㏜⹌㬞⭥䎃⷗㸫㳃⧧㸋㰝⭥䓰㶃䊷㚲

ᱟEhrenfest᷍1911ᱠ᱄⪴⪬᷍䎃⷗㘜⪫䄓⟊㰇䓦⼻㳆ⴙ㪅⭥㸫㳃䊻㸳㗨⭥ㅭ㋧㭊

䐱㒘⪌᱄䎃㏐᷍㸳㗨㿉䄋䐋⭡⭥㬨䊻䎃⷗㘜⪫㋋㬝㒘㾱⭥㬒⽓᷍⼻㳆ⴙ㪅⭥㸫㳃

㬖カ㩰䄲㈎⡜㠶㎫㋬㏜䇤㑠䓴⭥ⶦ㛏ㆃ㉗ 䐜᷍㬨⭒㬒㝘䐿⭥⼽ⱁ㹐㏎䁈コ⿚㗜䇱

ㅴ㬽䎃䐷㑠䓴⭥㯝㼌᱄⟝㎉㠶㎫㋬⡟㦬 䊻᷍㚨⷗㬒⽓䄓䊻⧃㬵⿹⺊㈎⮅㏎㔼⭥ㆃ

㬮᱄䅓⪬᷍䓰㶃䊷㚲䎃⷗⪫䊻⭒㬒⭥㹐㏎䁈ㆈ㬨⼽䇱㬱⧂⭥᱄ 

⿹⭞ 1900 㛋䎃⷗㬒ヅㅻ⮄᷍㧑㏜⭥㸥䍣⨗㎕䐏⽔ᱟReyleigh᷍1900ᱠ᱃㠶㎫㋬⭥

⹅䔘⨗㎕䐏㣑ᱟPlanck 1᷍900ᱠ᷍ 㦬㗨㦘㬖㘇㑺䄜⷗㸫㳃ᷛ⼻㳆ⴙ㪅⭥㑞⷗㏎㔼ㆃ

㬮᷉⳷⢑㎕䓵㸍ⱘ⼮㧑㏜᷊ⷘ䓵ㆃ㬮㑬㬖䂊ㆂ⺜⭥䄜Ⱜ᷍䄜⷗㋪䄵䊻㦌⤉Ⱟⶓⶨ

㬖䂊⹼⥃⭥㏎㔼㬨㦒㬈⭥᱄㠶㎫㋬䊻㏎㔼㩰ⰵ㦌⤉Ⱟⴙ㪅㠸⭥ⶥ㆙䇶ⳃ㑬㑠䓴ⶦ

㛏⭥㳂⨗ᱟPlanck᷍1900ᱠ᱄䐏⽔᷍䎃⷗ⶦ㛏䊻⺃⮈㾈䇇᱃䊎䓴⺃㠸᱃⹭㳆⡩㦩䁱
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㈠䐱⡜䇇䇤ᱟEinstein 1᷍905aᱠᱟEinstein 1᷍907ᱠᱟDebye 1᷍912ᱠᱟBohr 1᷍913aᱠ

ᱟBohr᷍1913bᱠᱟBohr᷍1913cᱠ᷍㆙ⱙ⭝䐣㑬㑠䓴㑇䁈⭥⭏㪛᱄䅓㸋䎃⷗㏛㬘

㯔㿓 䎃᷍㏐㸳㗨⿚㬨➕䍶ⱁ㭞㹐㏎ㅭ⤥⭥㻑⺀➲⼻㳆ⴙ㪅䎃⷗㸫㳃⭒䔘⡟䍣⭻䄜

ㅻ㎕䅞㧌㹐㏎䁈ⷐ㘝᱄䈌ⱁ㭞ㅭ⤥⭥㤙⢑㬨䊻 8.1.1 䈌 8.1.2 㑞⷗㾂ㅻ㸳㗨ⰵ〚ⱜ

〕ⴓ⭥⹒㻸⭥㣠⮘᱄8.1.3 㾂ㅻⷝⱁ⭥㈮㬨㻷䇱ㅭ⤥䐱⭥㚻㦾⭥䄜⷗㭂㏎᱄ 

 

8.2 ㈎⮅㹐㏎䁈⭥㸄〛 

⨞㑬㣑㘇㳂⭞⭥⼻㳆ⴙ㪅⭥㸫㳃 䊻᷍㬏㈦㬡ギ㚊䎃⷗㬒ヅㅻ⮄ 㹐᷍㏎䁈⿚㘇

㑺䓦䄜㾊㡅㰝⭥㸫㳃᱄䎃㾊㸫㳃Ⱍ⳨⧄⭥〚⪂᱄⿜㉅⿑㯖᷍䎃㾊㸫㳃⭥䐫㑠Ⱍ⳨

⧄ⷀ 289 㰝᷍㗨㋪⳷㸋㑞㏁᱄⭻䄜㏁㬨䈌㸳㗨㻷䊻ㅓ⭥㼁ⰵ㔼㼁⹹⭥⤠⳷ 䄓᷍㈮㬨

㈎⮅㏎㔼䐱䇤⭞⭥㉙ⰵ㬒㋶⹼㘇㑺⭥㎕䓵㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥㳕䍞᱄⭻ⱟ㏁᷍

䋓㬨䈌㸳㻷䊻ㅓ⭥㑠䓴㑇䁈㼁⹹⭥⤠⳷᱄ 

㡅䐱᷍⭻䄜㏁⫛⢎㾵⭥㬖䂊㈮䄜⷗᱄ⱙ⭻ⱟ㏁᷍㬖䂊䋓䇱⼽ⱁ᷍㸳㗨㋪䄵➲

㰝㗨⳷㸋゙⷗Ⳟ㘇᱄⭻䄜⷗Ⳟ㘇᷍㬨㩰䄜ㅻ㳂⭞⭥⼻㳆ⴙ㪅㸫㳃᱄⹹䇻䎃⷗㸫㳃

⭥䁱㈠䄓䐒ㅴ⭝䐣㑬㑠䓴䎃⷗ⶦ㛏⭥㳂⨗ ㆙᷍ⱙ㎎㋋㑬㹐㏎䁈ⷐ㘝⭥㿓㚜᱄⭻ⱟ

⷗Ⳟ㘇 㬨᷍⺃⮈㾈䇇᱄䎃㬨䇪⼶䓩᷉ Heinrich Rudolf Hertz 1᷍857ÿ1894 㛋 䊻᷊ 1887

㛋ⳃ㻷⭥᱄1905 㛋᷍➏䅓㯚㲚㵉⺞䅞㧌⺃㑠䓴⭥ⶦ㛏᷉⭣䈐㬨 Lichtquanten᷍䇃

䈐ⰵ䇇 quantum of light᷊᷍ ⷙ⨗㑬㏎㔼ㆃ㬮ᱟEinstein 1᷍905aᱠ᱄➏䅓㯚㲚䄓䅓⪬〒

⭤㑬 1921 㛋⭥㝖⡕ⱜ㹐㏎ㅒ 290᱄ 

 
289㹐㏎䁈䁱㈠䐱᷍䊞〚⪂⭥㸫㳃ゼ䐖䊞⫔᱄ 

 
290〒ㅒ㏎䇪㸋ᷛfor his services to Theoretical Physics, and especially for his discovery of the law of the 
photoelectric effect᱄䎃㏐⭥㣑⟌㉅⿑㬖カ㩰㬨㚄⽞⭥᱄㻪䓴᷍㦬㗨㋰Ⰹ。䇱⼽ⱁ⹹䇻㼁ⰵ㔼㸋㬓
㗕㗜䇱ⷙ➏䅓㯚㲚⫙㎕㝖ㅒ⭥㲷㔼᷍䄓䇱䄜䐷㯖ⳉ㈮㬨䎃㣑⟌㉅㬖カ㩰䄲㈎䊻䄜Ⰹ⧭Ⱙ㩰⟝⼍



  

⭻㧞⷗Ⳟ㘇᷍㬨䊎䓴⺃㠸ゑ㡅⺇㔪᱄䎃⷗㬖カ㩰䄓⼮〚ⱜ〕ⴓ⭥䁱㈠㼁⹹᷍

ⰵ䇇⭥㬨〚ⱜ〕ⴓ⺃㠸㧞Ⰹ㔪䐱⭥⭻ⱟ᱃⭻㧞⷗᷉⼻㳆ⴙ㪅ⰵ䇇⭥㬨⭻䄜⷗ ᱄᷊

䊺㶚㣑䓘㯾䄓㋪䄵䓘㯾⭞ⴓ㎦⼮Ⳳ᱄䈌⼻㳆ⴙ㪅䎃⷗㸫㳃⤜㵍 䊎᷍䓴⺃㠸⭥㸫㳃

䈌䊎䓴㚻⤠⮈䓴䊻㚔⡟䎘㲍䈌䎇㋶㲍䐏ヅ⭥䊟㣉䄵ゑ⤜㵍⡟䎘㲍䐏ヅ⭥䊟㣉㼁

⹹᱄㰝⭥⧚⭸ㆃ㉗᷍㿉䄋⭩⭞ⱟ㬏㬡ギⱟ㬏㛋⫛㚊⼄㩎⡅᷉Werner Heisenberg᷍

1901ÿ1976 㛋 ᱃᷊⤄ⱘ᷉ Max Born 1᷍882ÿ1970 㛋 ᱃᷊䊝⭒᷉ Pascual Jordan 1᷍902ÿ1980

㛋 ᱃᷊䁇Ⰹ䜭᷉Erwin Schrödinger᷍1887ÿ1961 㛋᷊㳂⨗㑠䓴㑇䁈〚⡟㏎㔼㌓ソ䐏

⽔᱄㬖䂊䐱⭥䊎䓴㠸㼀᷍㪖䐢⿚䊭⼍㑬䓵㿞䓵䇪Ⱙ⭥㸫㳃᱄䊻㸋䓵㿞䓵䇪Ⱙㅉ㑃

㑠䓴㑇䁈㏎㔼㌓ソ⭥⺞⧭䐱 㸻᷍㔸⡕㋬᷉ George Eugene Uhlenbeck 1᷍900ÿ1988 㛋 ᱃᷊

ⷀ⭣㬊㗽㲹᷉Samuel Abraham Goudsmit᷍1902ÿ1978 㛋 ᱃᷊㝾㏜᷉Wolfgang Pauli᷍

1900ÿ1958 㛋 ᱃᷊⭳㎎㋬᷉Paul Dirac᷍1902ÿ1984 㛋᷊⭩㦬䔗⨗㑬㋋⪕㾵⭥⹒㻸᱄

䎃㾊㏎㔼⼰䊻䄜㡑᷍䄓⹚⧪㑬⼽ⱁㅭ⤥䊻ㆊ㩽㑠䓴㑇䁈〚⡟㏎㔼⭥䑘㳆㚻㦾᱄ 

⭻㯥⷗Ⳟ㘇᷍㬨⹭㳆㻖㵔䊻⭮㸣㻣⭥⡩㦩㸫㳃᱄⭒㬒᷍㦬㗨㘇㑺⭥㸫㳃䄓㬨

㬖䂊⥃㑠⭥㦩㦾䈌㏎㔼䊅䁵⫇䊻㘘㻵⤜ⴜ᱄䎃⷗㸫㳃 㬖᷍カ㩰⤦㬨㸳㗨⧄㯖⭥㋋

ⱜ㸥㉕㬠䊻 1900 㛋⭥ 4 䊣 27 ⼦ 䇻᷍䇃⺛⿫コ䁈。㆙㾱⭥ㅓ䁾䐱㳂⭞⭥㑞ⱅ㸻䊧

䐱⭻ⱟⱅ 291᱄➏䅓㯚㲚᱃⭣➾᷉Peter Debye᷍1884ÿ1966 㛋᷊䊻ㆃ㉗䎃㾊㸫㳃⭥

 
㑬㼁ⰵ㔼⭥⹒㻸᱄⭌⤜⹽䋖䂚 ⰵ᷍䇻㸳㗨㻓⿗㹐㏎䁈⭥㦬㎕㯖᷍㼁ⰵ㔼⭆Ⱑ⭤㝖ㅒ㪖䐢⭆Ⱑ⭤㑞
⪯Ⱍ㬨⤜⺞⳷⭥᱄⿹⭞⺃⮈㾈䇇⭥⿑㳃᷍㸳㗨Ⱍ䐋⭡ 1905 㛋㬨➏䅓㯚㲚⭥ⷀ⥛㛋᷍㰜⹹䇻㻢䅆
㼁ⰵ㔼⭥㸥䍣⼮⤝㎫䊬Ⱀ⭥㸥䍣䄓䊻㵍㛋ⳃ⢎᱄➏䅓㯚㲚⡟㦬 㬨᷍⳨⧄㋕䐹⺃⮈㾈䇇⭥䎃⷗⹅䔘
⭥᱄8.4.1 㾂ㅻ 㸳᷍㗨ㅓ⭣⤝㔿䅃⭥㬒⽓。㳂⭞䇱䄜㛋⭥㰘ⱜ㸍。䅊 ⺃᷍㑠䓴㈮㬨⼬㾥㲷㔼⿑㳃᱄
⭣⤝㔿䅃⭥ⷈⷈ⤯䈌㑬㚨⪯。䅊㲷㔼㸥ⷆ⭥䎜㏎᷍䎃䄓䊻⽔㘇⟐⭞㑬⭣⤝㔿䅃᱄ 

 
291⹹䇻䎃ⱁ㸻䊧⭥⫎㹔㏎ㆃ㒘⪌㪖⺄ 䎃᷍㏐䔗⷗㲹⢑㯖㘘᱄䎃⷗ㅓ䁾⭥㳃㚠㬨᱑Nintheenth-Century 
Clouds over the Dynamical Theory of Heat and Light᱒᷍㡅䐱⹹ポ⭥䄜㉅㬨᱑The beauty and clearness 
of the dynamical theory, which asserts heat and light to be modes of motion, is at present obscured by two 
clouds: the Michelson-Morley experiment and heat capacity᱒᱄⼽㻵㦜᷍䎃Ⱟ⿑䐱䈌㑠䓴㑇䁈㼁⹹⭥㬨
䈌㦩㦾᱄䎃䄓㬨㸋㬓㗕➏䅓㯚㲚㚄㾮䊻㏛㬘㩰㚨㗕䐹䄋ᷠ䅓㸋㰝⭻䄜⪯ㆃ㬮㑬㸋㬓㗕䊻㸣Ⱙ㤘
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⺞⧭䐱ⳃ⿴㑬⹹ポ⭥䔘䇤ᱟEinstein᷍1907ᱠᱟDebye᷍1912ᱠ᱄ 

䎃㑞⷗⤠⳷⭥㸫㳃䐱᷉ゴ䊻䄜㡑㹆⷗Ⳟ㘇⭥㬖䂊᷊᷍ ⼻㳆ⴙ㪅㸳㗨䊻㩰䄜ㅻ

ㅓ⺞᱄⡟ㅻ᷍㸳㗨㈮➕㩰㘇㳂⭞⭥㯔㿓᷍䄡⪯ㆊ㩽㬄䈁⭥㯥⷗᷉⭻䄜⤠⳷䄜⷗᷍

ゕ㕖㋬ⱜ䁘-㚋㎸㬖䂊᷍⭻ⱟ⤠⳷⨞⼻㳆ⴙ㪅䐏㶃⭥㧞⷗᷊᷍ 䄵㠻㈂㑠㦌㘇⭹ⶕ䊎

ⱟ㬏㬡ギ⨖㈎⮅㹐㏎䁈㘇㑺⭥䑘䄋㳕䍞᱄ 

8.2.1 㕖㋬ⱜ䁘-㚋㎸㬖䂊 

㸳㗨㻩⪴㕖㋬ⱜ䁘-㚋㎸⭥㬖䂊᷉㕖㋬ⱜ䁘᷍Albert Abraham Michelson᷍1852

ÿ1931 㛋ᷜ㚋㎸᷍Edward Williams Morley᷍1838ÿ1923 㛋᷊㋋㬝ㅓ᱄䎃⷗㬖䂊⭥ㆂ

⺜ 㳕᷍䍞⭥㬨㹐㏎䁈䁱㈠䐱⪇䇻䔏〚⪂⭹㸜⭥㬒㋶⹼᱄㬒㋶䊻㹐㏎䁈䁱㈠䐱⭥〚

⪂⭹㸜㬨⪴䙅㏜㔵ㅉ㑃㆝⫛㹐㏎䁈⭥㬒⽓㈮㦘㑃᱄䐏⽔ 䇪᷍㋖⭣㏜䇤㾯ⱙ㩰䁈⭥

Ⳟⳉ᷍➲㰝㩰㪞⭞㑬㻩䂊⭥ⷀⰩ᱄㸳㗨㋪䄵㈎䂊⭥㬡ㆈ᷍Ⱍ㬨䊻䎃⷗㻩䂊⭥㬒㋶

㌓ソ㻣㆙㾱㘉㭗⭥᱄䎃⷗㬒㋶᷍䊻㬏㈦㬡ギ㚊䐏㣑᷍㦬㗨㦰㸋㈮㬨䙅㏜㔵㬒㋶᱄

䎃㏐᷍㼁ⰵ䊬Ⱀ⫙㎕㼁ⰵ㯺Ⱙ⭥⢅⿐᷍㬒ヅ㬨㉙ⰵ⭥᷍䄓⫇䊻䄜⷗㉙ⰵ䔙⢋㻖᱄

䎃⷗㬒㋶⹼䈌⭒㬒⭥㹐㏎䁈⹼⥃䄜䐣᷍䐒⭞㕖㋬ⱜ䁘-㚋㎸⭥㬖䂊⭥⨗㻷᱄䅓㸋

㕖㋬ⱜ䁘-㚋㎸㬖䂊᷍㦬㗨㋋㬝ⰵ䎃⷗㬒㋶⹼㆙㾱ⳕ㯝᷍㉀㳆⭥⢎㻷㬨㕔㋬㯚㸅

⭥⮈Ⱀ㑇䁈Ⳟ⧭䔊䊻䙅㏜㔵⢅⿜㻣⤃⤜㉀⡙⤜⢅㾵᱄㆙ⱙ 㦬᷍㗨㦰㬗⭞㿉䄋ㅌ㹐

㏎䁈㏎㔼⭥㬒㋶⢅⿜ⶥ㆙㸋㕆㔸䓩⢅⿜᱄䎃⷗㬒㋶⢅⿜㾯㬞᷍䈌㑠䓴㏎㔼䄜㡑᷍

⪺⧪㑬㆝⫛㹐㏎䁈㼓㻷⫛㹐㏎䁈⭥䓋⢅᱄ 

䊻⡟ㅻ 㸳᷍㗨ㅌ䄵㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥㪉䐤ゑ〚⡟ㆂ⺜㸋⨗ⳃ⮄䍚㋋㲷㔼᷍

㕅ㅦ⮄㬨䎃㾊㬖䂊ㆂ⺜ⰵ⭒㬒⭥㹐㏎䁈㌓ソ⭥㳕䍞᱄㧈⼯ㆃ㉗䎃⷗㸫㳃 㸳᷍㗨。

 
㆝䇻㉙ⰵ㒄Ⱙ⭥㬒⽓⹭㳆⭥㦩㦾。㤘㆝䇻㒄᱄⭒㦜 䇪᷍䇻➏䅓㯚㲚ⰵ䎒Ⱀ⭥㑠䓴㆙㾱㑬䄜⷗⧄㭞
⭥⪇㏎᷍⭝䐣㤘㆝㾱㸋⤃⤜䎞㦘᱄䎃⷗㸫㳃䊻㏛㬘㩰᷍㬨䇪⭣➾㚄㾮㵉⺞ㅌ䎒Ⱀ㠖㔫㘉㭗㸋㼀㾵
⭥䄡㎖䇻䎒Ⱀ㑠䓴᷉㪚䓴᷊⭥⤉⧅ㆃ㉗⭥᱄ 



  

䊻 8.5 ㅻ䔗㼋㻙⭥ㆃ㬮᱄ 

㬸㻩᷍㸳㗨㎕㋕㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥㪉䐤᱄㵝 8.5 㸋㡅䊎㏎㬟䅃㵝᱄䊻䙅㏜

㔵⭥㬒㋶䐱 㼁᷍ⰵ䊬Ⱀ⭥㑞⷗䔙⢋㻖䐏ヅ⭥䔙⢋㕛䔄䙅㏜㔵⢅⿜⹹㻖᱄䊻䎃⷗⢅

⿜䐱᷍㬒ヅ㬨⤜⢅⭥᷍䎃⷗䄓䈌㸳㗨䊻㦶⧄㪛』䐱⭥⧃㬵䄜䐣᱄㧈⺜〚䇻䎃䂚䄜

⷗ズ㪉 㸳᷍㗨㋪䄵㼌㼔⭹㤓㬨㸈㦧㲌䂕䔗㵷䊓䊬Ⱀ⭥᱄䊻㲌䂕㰚Ⰹ䅆⭥䔙⢋㻖䐱᷍

⭹㤓⭥⹌䓋㯺Ⱙ⫔ⶦ㬨 30 ⹌㏐/㘌᱄䎃䂚⭥⿑᷍㧈⺜䊻⭹㤓㚻䔗䄜⷗⺃䁈㠞㲉

᷉㬟䅃㵝㬨㵝 8.5 䐱䇳⢀⭥⤠⳷᷍㬖㵝㬨㵝 8.6᷊᷍ 㚨㗕㸳㗨㋪㼌㼔ⰵ䇻䄜⷗㋪䄵

ⳃ㪛ⶪ㪇㻷㼔⭥㼁ⶪ⺃᷉䎃⷗㬒⽓㦬㗨䄲㈎㦌㘇ㅴ㬽㑬⺃⭥⤉Ⱀ䁈㯖᷊᷍ 䊻䎃⷗

㪉䐤䐱 㰝᷍㶋㦌㋪䄵䔀㑞㳖㔘㼀⭞⫐䇳㻣ㅨ⿧㩌⢋⨗⭥㲞⥃㡘᱄䎃㑞㳖㔘㼀⭥⤜

㵍㳆㻷䊻㵝 8.5 䐱⭥剺㼀䈌㔭㼀⤠⳷᱄䎃㑞㳖㔘㼀⭥⺃⧭⥏᷍。䈌⭹㤓㦧㲌䂕⹌

䓋⭥㯺Ⱙ䇱⹹᱄䅓⪬᷍㵉⺞⥃㑠㲞⥃㡘㩰⭥⺃⤉ⶪ㪇㤊㌗᷍㸳㗨㬨㋪䄵㦘Ⰹ⭹㤓

㦧㲌䂕⭥⹌䓋㯺Ⱙ⭥᱄ 

 
㵝 8.5 㕖㋬ⱜ䁘-㚋㎸㬖䂊㬟䅃㵝᱄ 

 

㉀㳆ⱙ䁵᷍㸳㗨㋪䄵䎃䂚㏎ㆃ᱄䊻⭻䄜㳖㔘㼀䐱᷍䇪䇻䎃⷗䄨㡘㰇⭹㤓䄜䂚

䊬Ⱀ᷍⨞㦆⽍㼀᱃䓰㼀ⰵ䇇⭥㑞㳖㔘㼀䄜䂚⭥⤠⳷᷍䊻⤜䄜䂚⭥⤠⳷⺃⭥⪌⤆⼥

㬒㬨⤜㵍⭥᱄⭒⺃䔀剺㩌㔘㼀㬒 ⼥᷍㬒㸋ݐଵ + ଶ᱄⭒⺃䔀㔭㩌㔘㼀㬒ݐ ⼥᷍㬒㸋2ݐଷ᱄
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䊻⭻䄜㳖㔘㼀䐱᷍ⷚ㈾䙅㏜㔵⢅⿜᷍䇱ᷛ 

ଵݐ =
ܮ

ܿ െ ݒ
 

⹌㬞 8.5 

ଶݐ =
ܮ

ܿ + ݒ
 

⹌㬞 8.6 

䅓⪬ᷛ 

ଵݐ + ଶݐ =
ܮ2

ܿ ή (1 െ  (ଶ/ܿଶݒ

⹌㬞 8.7 

ⱙ䔀⭻ⱟ㳖㔘㼀⭥⿑ ⺃᷍䔀⺞⭥㔘㼀䊻䄧Ⱀ⭥䔙⢋㻖䐱ⰵ䇇⭥㬨䐒ㅨ㧞ㅨ㾯⭥㾒

⢀᷍䅓⪬䇱ᷛ 

ଶܮ = ଶ(ଷݐܿ) െ  ଶ(ଷݐݒ)

⹌㬞 8.8 

㆙ⱙᷛ 

ଷݐ2 =
ܮ2

ξܿଶ െ ଶݒ
=

ܮ2
ܿ ή ඥ1 െ ଶ/ܿଶݒ

 

⹌㬞 8.9 

⼽㻵㦜᷍䊻䇱㻿ݒ⭥㤊㌗㻣᷍⹌㬞 8.7 䈌⹌㬞 8.9 㬨⤜㼁⭩⭥᱄㰝㗨㆗㆗䊻ݒ = 0

㬒㼁⭩᱄ 

䎃䂚⭥⿑ 㦬᷍㗨㈮㋪䄵㏜䇤䎃⷗⺃⧭⥏㰚⫙㎕⭥ⶪ㪇㻷㼔 ㎕᷍⥃㑠⭹㤓㦧㲌

䂕⹌䓋⭥㯺Ⱙݒ㑬᱄⪴ 1881 㛋㋋㬝᷍⭞ⱟ㬏㬡ギ㧞㬏㛋⫛᷍䄵㕖㋬ⱜ䁘᱃㚋㎸㸋

⫛⢎⭥䄜㞛㬖䂊㹐㏎䁈コ㏜䇤䎃⷗䊎㏎㆙㾱㑬䄜㻖㑱⭥㬖䂊᱄⼤㶇⭥㬨 㬖᷍䂊ㆂ

⺜䄜䐣ⴒⰉ㑬⡟Ⱟ㲷㔼㰚䄡㎖⭥㕀ゎ᱄ 



  

 
㵝 8.6 䋈㠻⭥㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥䓑䐤᱄ 

 

䎃⷗⫔コ㋪䄵⪴㵝 8.7 ㋕⨗᱄㸳㗨㋪䄵➲䓃䅃㑇ゐ䐱䊻㡅䐱䅖䇑⢋⨗⭥㚨䄜

㑱᷍㰝ⰵ䇇⭥㬨㬖䂊⥃⨗⭥⭹㤓㦧㲌䂕⹌䓋㯺Ⱙ⭥㩰㻿᱄㧈⺜㩰㘇⹌㬞 8.5ÿ8.9

⭥㵧⭝㰚〚䇻⭥䙅㏜㔵㬒㋶⭥ⶦ㛏㬨䎞㦘⭥ 㚨᷍㗕䎃䄜㑱⥃⨗⭥⭹㤓㦧㲌䂕⭥⹌

䓋㯺Ⱙ㈮䇇ⶤ㬨 30 ⹌㏐/㘌᱄⭌⼽䄦⼗ 㰚᷍䇱㬖䂊㩰⥃⨗⭥䎃⷗㑠Ⱍ㘘㻵㾂䇻䎃

⷗㏎㔼䐖᱄䎃䄓㈮䅃㸗䓦㸳㗨䇤㈎⮅⭥㬒㋶⹼㦆㏎ㆃ⺃⭥⪌⤆㬨⤜ⰵ⭥᱄⽔㎕᷍

➏䅓㯚㲚᱃㝴ゴ㎔᷉Henri Poincaŗ᷍1854ÿ1912 㛋᷊⳷⢑㳂⨗㻢䅆㼁ⰵ㔼᷍㵉⺞

⺃㯺⤜⢅䄵ゑ㕆㔸䓩⢅⿜ⰵ䇇⭥㼁ⰵ㬒㋶ⰵ䎃⷗㬖䂊㻷㼔㆙㾱㑬ㆃ㬮᱄㡅㼋㻙㚻

㦾㸳㗨䊻 8.5 ㅻ。㼋㻙ㆃ㬮᱄䊻⡟㾂ㅻ᷍㸳㗨⭥㕅ㅦ⮄⼽ビ⭆ᷛ䊻㬏㈦㬡ギ㚊᷍

㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥ㆂ⺜⳨⧄㘘㦘⭹ⰵ⭒㬒㦬㗨㠶⢊ㅴ㬽⭥㈎⮅㹐㏎䁈㏎㔼㳂

⨗㑬㳕䍞᱄ 
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㵝 8.7 䄜㻖㑱㕖㋬ⱜ䁘-㚋㎸㬖䂊⭥ㆂ⺜⭥䓽ㆂ᷍㦂䓵㸍〚➺㋧᷉㸍〚➺㋧䐱㸥⟇䐱᷍㕖㋬

ⱜ䁘⡜㾕䔗㕖㋬ⱜ㰐᷍㸳㗨䇤⭥㬨ㅹ㵝᷍Ⱒ䎀⤜䇤䊻䅃䎃⷗㤙⢑ ᱄᷊䎃㏐᷍Ⱒ䎀䐜㿉䄋⹹䓃

䅖䇑⤠⳷㚨䄜㑱᱄㰝ⰵ䇇⭥㬨㬖䂊⥃⨗⭥⭹㤓⹌䓋㯺Ⱙ⭥㩰㻿᱄㰚䇱㬖䂊⥃㑠䐖Ⱍ⭮䇻 30

⹌㏐/㘌᷍䎃㈮ⰵ㸳㗨䎞㸥䐱⭥㕀ゎ㳂⨗㑬⮘䎜᱄ 

 

8.2.2 ⺃⮈㾈䇇 

⨞㑬⼻㳆ⴙ㪅䈌㕖㋬ⱜ䁘-㚋㎸㬖䂊᷍⭻㧞⷗㸳㗨㼌㑱⨗⭥ⰵ㈎⮅㏎㔼㳂⨗

䁰㉟㳕䍞⭥㬖䂊㻷㼔㬨⺃⮈㾈䇇᱄㸥㻸䐱 㸳᷍㗨㈎⧄㋕⭞⭥㘉㭗㬨㰝㬨䊻 1887 㛋

䇪⭣⺛㹐㏎䁈コ⼶䓩᷉Heinrich Rudolf Hertz᷍1857ÿ1894 㛋᷊ⳃ㻷⭥᱄1887 㛋᷍

䄓㣂㣂㬨⼶䓩䊻㬖䂊㩰䎇㬖⮈⪦⤉⫇䊻⭥㛋⳾᱄㑞䎀䐏ヅ䇇ⶤ。⫇䊻䄜㾊㑋㻖᷍

⭌䎜㳆ⱙ䁵᷍ㆊ㩽㡅㑋㻖⭥㸥㻸⤃⤜ⱁ 292᱄⡫䎀㪖䐢䋙㈎㦰㸋 1887 㛋⼶䓩ⳃ㻷

⭥⺃⮈㾈䇇㏜䇤⭥㈮㬨㵝 8.8 㰚㬟⭥㈎⮅⭥⺃⮈㾈䇇㬖䂊䓑䐤᱄⭌㬖カ㩰᷍1887

㛋⼶䓩ⳃ㻷⭥㆗㆗㬨᱑⮈㒘㋪䄵⡜⺃䇑㼍᱒᱄⪴㰜䅃㬗⭞䎃⷗㻷㼔᷍⭞⺃⮈㾈䇇

 
292⭒㦜⤜㬨㗜䇱᱄⡩㧈᷍䇪⺚䨩㒂᱃㪓⿼㉞䓌㾕᷍㤆⿋⫔䁈⨗⟇㪈⨗⟇⭥᱗㹐㏎䁈㬘᱘⭥ 7.3 ㅻ
䐱᷍䎃Ⱟ㏛㬘⡜ㆊ㩽⭥㬨⡩ㅰ㼋㻙⭥ᱟ⺚䨩㒂᱃㪓⿼㉞᷍2005ᱠ᱄ 

 



  

⡜㧈㵝 8.8 㚨䂚Ⰹ㑠㘉㭗㆙ⱙ㸋➏䅓㯚㲚䇻 1905 㛋㳂⨗㏎㔼ㆃ㬮䔗䔄㬖䂊㩰⭥

䓝⡙᷍㬖カ㩰䄓㬨㈎㏛㑬䄜⷗⺞⧭⭥᱄ 

䎃⷗⺞⧭⭥㡑⮄⭒㦜㬨 1887 㛋⭥⼶䓩㬖䂊᷍㈮㬨㰜ⳃ㻷⮈⪦⤉⭥㚨⷗㬖䂊

᷉㵝 8.8᷊293᱄⼶䓩㬨⼆㚘〕䓩⭥䁈㪛᱄䊻㰜』䊟⭥㛋⫛ ⭣᷍⺛㛋㤂⭥䄜㞛䁈䎀䊻

⼆㚘〕䓩᱃〚ⱜ〕ⴓ䎃䄜㞛ㅭ㬻⭥ㅭ⭝㻣 䄲᷍㈎⼽。䓆⹹ポ㸫㳃㆙㾱䁱㈠㑬᱄1879

㛋 ⭒᷍⼶䓩⿚㬨⼆㚘〕䓩⭥䁈㪛⭥㬒⽓ ⼆᷍㚘〕䓩㈮䋙ㅉ䅊㰜ㅌ䓵゛⭥⤊㬠㔼㸥

㳃㚠㪉Ⰹ㸋㕔㋬㯚㸅⮈⪦㏎㔼⭥䂊䐅᱄㵍䂚䊻 1879 㛋᷍⼆㚘〕䓩㼓䓽⤠㪉䊻➹

㑷⭥㠶㔔㬠㋧䁈䊛ㅉ䅊㑬䄜⷗䁈㭖ㅒ⭥㳃㚠 䄓᷍㬨⹹䇻䎃⷗㸫㳃⭥ 294᱄㋝㔨⭞䎃

⷗㳃㚠㲌㚲 ⼶᷍䓩⭥⤊㬠㔼㸥䁂䋒㑬㒎䄜⷗䈌⮈⪦ⶱ䇇㼁⹹⭥㳃㚠᱄⭌⼢㸿䄪㸫᷍

⼆㚘〕䓩ⰵ㰜⭥䇑㼍䊻䄜Ⰹ⧭Ⱙ㩰。⪺⧪➬㛋⽔⮈⪦⤉⭥㬖䂊䂊䐅᱄ 

 

 
㵝 8.8 ⼶䓩䊻 1887 㛋䐅㬖⮈⪦⤉⫇䊻⭥㬖䂊䓑䐤㬟䅃㵝᱄⼶䓩ⳃ㻷䔔⢀⭥⨅⳦⮈㋪䄵䅞㡑

䇳⢀㆑㭕⿘䐶⮄⭥㑞⷗㆑㭕㤓䐏ヅ⭥⮈⿂᱄䎃㑞⷗㪉⡙䐏ヅ䇱䄜Ⰹ㉁㏌᱄䅓⪬᷍䎃⷗㬖䂊

䐅㬖㑬⮈⪦⤉⭥⫇䊻᱄䈌⪬㵍㬒᷍⼶䓩⿚ⳃ㻷ㅌ㑞⷗㪉⡙䐏ヅ⳦⷗⤄㑈⟆⭥⿑᷍䇳⢀⭥⮈

 
293䓃䅃᷍䎃㏐㯖⭥㬨䎃㬨ⶤ㻖㑱䁱㈠⭥㡑⮄᷍⤜㬨㸳㗨ㅭ㋧㭊㩰⧫㻷⭥㚨⷗䔏䐶⟇⡟᱄ 

 
294䊻㬏㈦㬡ギ᷍㝘䐿⼽ⱁㅒⰝ㬨〚䇻㚔⷗㸫㳃㪉㑃⭥ ㆃ᷍㉗䎃⷗㸫㳃⭥㦬䐒ㅴ⭤ㅒ᱄㸳㗨㭍㻅⭥
⿚䇱㝴ゴ㎔㳂⨗㧞㳆ⶦ㛏⭥㚨⷗㸫㳃 ⰵ᷍䇇⭥㈮㬨䇪㧑⮅⿫㬳㪉㑃⭥䄜⷗㭞䁈Ⳟ㘇⭥ㅒ᱄➕䎃䐷
Ⳟ㬞㪉ㅒ᷍〓㿎ⷝⴜ⼰㋧䁈ⳃ䍚⺇㔪᱄ 



   

312 
 

⿂⢅Ⱝ㑬᱄ⱙ⳦㬐䇃⟆᷍㡅⧅Ⱙ⤜⢅᱄⤄㑈⟆䈌㬐䇃⟇⭥㤙⢑㬨⽔䎀⤜⺃ⰵ䎃⷗㬖䂊䐱㻄

㶜䍚㬟⭥⧅⤉⮈⪦⤉᷉⤉⧅䊗⧅䇻㋪ボ⺃⤉⧅᷊㵙㘘᷍⿚ⰵ䓰㶃㼀㵙㘘᱄䅓⪬᷍⨞㑬䐅㬖

⮈⪦⤉⭥⫇䊻᷍䎃⷗䐱ヅⳞ㬞⤜㵍㹐㳆䇑㼍⹼⥃ㆂ⺜⭥㬖䂊エ㔝⿚䊭⼎䓦䄜㾊㡅㰝⭥㹐

㏎᱄䎃䄓㬨㦬㗨ⰵ⺃⮈㾈䇇⭥䔏⨖エ䊹᱄ 

 

⮈⪦⤉⭥⥛㪛䊕䇻⮈⪦⧂⭥⢅⿐᱄㻷䊻᷍⥛㪛᱃ㅴ㬶᱃⤺㋹⮈⪦⧂⭥Ⳟ㬞⼽

ⱁ᷍䄓⼽⧪㭍᱄⭌㬨䊻⼶䓩⭥㛋⫛᷍㸳㗨㋪䄵〚䇻㰜⭥㦯㹒㈮㬨䐅㬖⮈⪦⤉⭥⫇

䊻䎃䂚䄜⷗㬣㬖᷍㎕㼌㼔᱑㦬㗨ⰵ⮈⪦⤉⭥㦰㬗㬨⳨⧄⤜⨅⳷⭥᱒䎃䂚䄜⷗⭒㬒

⭥㻷䓕᱄1853 㛋⭥㬒⽓ 㕔᷍㋬㯚㸅䊻ㅄ㣦⭥㬇㾷 䄓᷍㬨㰜⧪⧅⭡㔘㩰⭥䄜⷗㒍㔘

㦬㶟㑏Ä㲡㚘㰐᷉ ⽔㎕⭥㋋ⱜ㸥㉕㬠 W᷍illiam Thomson 1᷍st Baron Kelvin 1᷍824ÿ1907

㛋᷊᷍䋙䊅䁵⺞⭒㎔ⰺ㠠㵉⺞䄜⷗䇱㼀㦇⭥⿹㔘⳦⮈⭥㬒⽓⳦⮈⮈㒘。⨗㻷䎒⭕᱄

⼶䓩㬖䂊⤪䇤⭥㬷Ⱟ㬨㏁㯧⭥᷍䄓㬨㵉⺞⳦⮈⥛㪛⮈㒘䎒⭕᷍㆙ⱙ⥛㪛⮈⪦⤉᱄

1886 㛋 㰜᷍ㅴ㬽㑬㋉ⱜ㯚㔔ⱓ⫔䁈⭥ㅭ㬻䐑㸜⽔ ㏜᷍䇤㏐㯚㼀㦇㆙㾱㑬䄜⷗㬖䂊

295᱄䊻䎃⷗㬖䂊䐱᷍㰜㋕⭞㶃⥄㏐㯚㼀㦇㑍ㅴ⭥㆑㭕㤓䐱ヅ⥛㪛⮈】⿉᱄䎃⷗ⷙ

㑬㰜㒊ⶱ᷍㎕ㆃ㉗䓵゛⭥⭝㬇〚ⱜ〕ⴓ⭒㛋ⷙ䓵゛ㅉ䅊⭥㚨⷗㸫㳃᱄ 

〚䇻䎃⷗㒊ⶱ᷍㰜㪉ェ㑬㧈㵝 8.8 㰚㬟⭥⮈㔘᱄㏌㏐㯚㼀㦇䄜Ⰹ㉁㏌᷍㰜䇤

䄜⷗㆑㭕⿘㎕ㅴ㬶⮈⪦⤉᷍⤃㵉⺞㚨⢀⭥㆑㭕㤓㑞⢀⳦⮈⭥Ⳟ㬞ㅌ㡅㆙㾱䍚㬟᱄

䊻 1887 㛋㣑⽔゙㛋᷍⼶䓩㆙㾱㑬䄜㻖㑱⭥㬖䂊䂊䐅㑬㕔㋬㯚㸅⭥⮈⪦⧂㏎㔼᱄

䎃㾊㬖䂊᷍㸋㦬㗨㦌㘇ㅴ㬽㈎⮅⮈Ⱀ㑇䁈䔗⨗㑬㈿⫔⹒㻸᱄䈌⪬㵍㬒᷍㰜䊻䎃䄜

㻖㑱⭥㬖䂊䐱䄓ⳃ㻷⺃䈌⮈䐏ヅ⫇䊻㼁⿆䓋⿜⭥㾈䇇 䎃᷍䄓㸋㑠䓴㔼⭥⭏㪛㆙㾱

㑬䓝⡙᱄ 

 
295㏐㯚㼀㦇㬨䇪⭣⺛㋧䁈コ㏐㯚᷉ Peter Theophil Riess 1᷍804 –1883 㛋 ⼮᷊㋬㝖⽁⼡ⱜ᷉ Karl Wilhelm 
Knochenhauer 1᷍805 –1875 㛋᷊ⳃ㘘⭥䄜ⰵ⮈⪦ⶱ䇇㼀㦇᷍㡅䐱⭥䄜⷗㼀㦇㑞㵘㑍ㅴ㆑㭕㤓᷉㵝
8.8 䐱䔔⢀⭥㚨⷗ㆂ⹚᷊᱄ 



  

㉀㳆ⱙ䁵᷍㈮㬨⼶䓩ⳃ㻷⭒㰜➲㵝 8.8 ⭥䇳⢀ㅴ㬽⮈⪦⤉⭥䓑䐤⳦䊻䄜⷗⼻

⼱䓴㏐⭥㬒⽓᷍䇳⢀ㅴ㬽⮈⪦⤉䐏⽔䍚㬟⨗⭥⮈⿂⢅Ⱝ㑬᱄㵍䂚᷍䊻䔔⢀⼮䇳⢀

⭥䐱ヅ⳦㩰䄜⷗⤄㑈⟆⭥㬒⽓᷍䇳⢀⭥⮈⿂䄓⢅Ⱝ㑬᱄⭌㬨㧈⺜⳦䄜⷗㬐䇃⟆᷍

䇳⢀⭥⮈⿂⤜ⳃ㪛⢅⿐᱄⭒㬒⼶䓩㬚䇤⭥㬐䇃⟆䈌⤄㑈⟆⭥䄜⷗㤙⢑㬨㬐䇃⹽ⰵ

䓰㶃㼀㬨㶋㦌㵙㘘⭥᱄㰚䇱⭥䎃㾊᷍Ⱍ䐙㼓䄜⷗ㆂ㔼᷍㈮㬨䇳⢀㑍⷗㆑㭕㤓ヅ⭥

⮈㒘᷍䈌⺃䇱⹹᱄䅓⪬᷍䎃⷗㾈䇇䄓⡜⧧㸋⺃⮈㾈䇇᷉photoelectric effect ᱄᷊㰝䊻

⭒㬒㸿䄪㬨㦤㦬䎑⼔㣳㒏㦬䄪〔⭥ 㰝᷍䊭⤹䓦⳨⧄〚⡟⭥㹐㏎㸫㳃᱄䎃⷗㸫㳃⡜

⼶䓩⭥䁈㪛㎔㚪⭣᷉Philipp von Lenard 1᷍862ÿ1947 㛋᷊㪏Ⱙ㵻㉓᷍䔏䐶⧪㸋㸳㗨

䊻㋯⡟㩰䁈⭞⭥㚨⷗⹫㬣᷉㵝 8.9 ᱄᷊ 

㎔㚪⭣䊻㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖㬨䄜㸜䐹䄋⭥㬖䂊㹐㏎䁈コ᱄⭌㬨㰜㾵ⷒ

⡩ㅰ㉀䇱㣷㔵㾵 ⡩᷍ㅰ㻓⿗㌅⫔䓵゛⭥㬖䂊ㆂ⺜⭥䅃䅆᱄ゴ㩰ⱟ㬏㬡ギⱟ㬏㛋⫛᷍

䊻⭣⺛㚪⫃㾬㡑⭥㬒⽓㎔㚪⭣㉀䇱⳨⧄れⰬ⭥㚪⫃㤄㼓 296᷍ⱟ䍞ㆂ㭙⭥㬒⽓㹐

㏎䁈ㆈ㗓㯧䇱䄜⷗⹓㬗㈮㬨䈌㡅㪔㝱㰜᱃⤜㧈⭎㶝㰜᱄䅓⪬᷍㻷䊻㸳㗨Ⱒ⭞⭥㸥

㻸䐱㲷㔼㰜⭥⹒㻸⭥⤥㑰⤃⤜ⱁ᱄㬖カ㩰᷍䔘㸋⼶䓩⭥䁈㪛᷍㎔㚪⭣ⰵ䇻⺃⮈㾈

䇇⭥Ⰹ㑠⿐㘉㭗⿚㬨㡑⭞㑬⳨⧄䐹䄋⭥⹒㻸⭥᱄⡩㧈 㰜᷍⳷㹗㑬ⷀ䎇㋶⿘㈔㻣⺃

⮈㾈䇇⭥㲹㾵᱄㰜ⳃ㻷᷍⭒䓰㶃㼀䍶㪅䊻㆑㭕㩰⭥㬒⽓᷍。䇱⮈䓴⪴㆑㭕⢎㘇䄾

⨗᷍⤃䊻䎇㋶䐱⪌⤆᱄⭒㧌㪅⺃⭥⤉⧅⫔䇻䄜Ⰹ䐖⭥㬒⽓᷍⤜。䇱⮈䓴⭥䄾⨗᱄

㵍㬒᷍ⰵ䇻䓰㶃㼀䍶㪅㰚⫙㎕⭥⮈䓴䄾⨗᷍㬨㯓㬒ⳃ㪛⭥᷍⤜㿉䄋㬒ヅ㎼〞᱄䎃

㏐ 㠖᷍㔫㻿䐧䈌⤜㿉䄋㬒ヅ㎼〞䎃㑞⷗㲹䎘 䈌᷍㈎⮅⭥⮈⪦䁈㏎㔼Ⱍ⤜䄜䐣᱄1905

 
296⭒㬒⭥⭣⺛⿚㬨䇱䄜㞛ⰵ䇭㲌㋧䁈コ⳨⧄⤜䇲⼤⭥⭣⺛㋧䁈コ⭥᱄㎔㚪⭣㬨䄜⷗㲹⢑⮅㾮⭥
㏞䓴᷍㯚㰟㋬᷉Johannes Stark᷍1874–1957 㛋᷊䄓㬨᱄㰜㗨Ⱍ㬨㝖ㅒ⭤䑘᱄⭌㋮⹼⭥ㅓ᷍㰜㗨⭥
⹅䔘⭥䐹䄋㾵⼮㸳㗨䎃⡟㭊㏐䐹⮄ㆊ㩽⭥㹐㏎䁈ⷐ㘝䐱⭥⹹ポ⹅䔘᷍⿚㬨⥏⼽ⱁ⭥᱄ 
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㛋 ㎔᷍㚪⭣䅓㸋㡅䊻䅖れ㪅㼀Ⳟ㘇⭥⹅䔘⡜㬻䈉㝖⡕ⱜ㹐㏎ㅒ 297᱄䎃⷗㬒⽓ 㦬᷍

㗨㬖カ㩰㗜䇱⨅⳷㦰㬗⭞⺃⮈㾈䇇䎃⷗㸫㳃⭥䐹䄋㾵 298᱄ 

㎔㚪⭣䐏⽔᷍⪴ 1904 ⭞ 1914 㛋䐏ヅ᷍㎕䓵㗡⺛⭥㗽㑃ⷚ᷉Robert Andrews 

Millikan᷍1868ÿ1953 㛋᷊ⰵ⺃⮈㾈䇇䄓㆙㾱㑬⳨⧄㪏㧌⭥䁱㈠᱄䎃⷗㬒ヅㅻ⮄᷍

㬖カ㩰㬨㶎䇻➏䅓㯚㲚 1905 㛋⹹䇻⺃⮈㾈䇇⭥㏎㔼㸥䍣⭥᱄䊻➏䅓㯚㲚⭥㏎㔼

㸥䍣䐱 㰜᷍䊅䁵䄾⨗⮈䓴⭥䔏⫔Ⱀ㚽㰇㧌㪅⺃⭥㠖㔫⢅⿐。⧫㻷⨗㼀㾵䄡㎖⹹㻖᱄

⽔㎕ 㗽᷍㑃ⷚ⪴㬖䂊㩰䐅㬖㑬䎃⷗㼀㾵䄡㎖⹹㻖 ⤃᷍㏜䇤㡅㾒㔫⥃Ⰹ㑬㠶㎫㋬⧄

㭞᱄䅓㸋䎃⷗⹒㻸᷍ゴ㩰䐏㣑ⰵ⮈䓴⮈⼪⭥⥃㑠᷍㗽㑃ⷚ䊻 1923 㛋䄓Ⱑ䓵〒⭤

㑬㝖⡕ⱜ㹐㏎ㅒ⭥ㅒ㏙ 299᱄ 

㈮⺃⮈㾈䇇⭥㏎㔼ⱙ䁵᷍䊻 1905 㛋➏䅓㯚㲚ⳃ⢎㰜⭥㸥䍣㣑᷍䑘䄋䎌ⰵ⭥

㬖䂊㬨㎕䓵⼶䓩䈌㎔㚪⭣⭥᱄㬖カ㩰 ➏᷍䅓㯚㲚䊻㸥䍣ⳃ⢎㣑䈌㎔㚪⭣䄓㬨䇱㭊

㾦㎕㶚⭥᱄㰜㗨䋙㈮䎃⷗㸫㳃㆙㾱⺞㼁ⰵ䈅㌍⭥㲷㔼᱄1905 㛋⭥㏎㔼㸥䍣㸋➏䅓

㯚㲚⫙㎕㑬 1921 㛋⭥㝖⡕ⱜ㹐㏎ㅒ᱄㎔㚪⭣ⰵ䇻䎃⪯⟅ㅒ䇱䄜㾊䅃ボ᷍㦰㸋䓵

゛⡜⭂㕞㑬᱄㵍䂚䊻䎃⷗ㅸⰯ᷍㰜䈌➏䅓㯚㲚⭥⹹㻖㦌㘇ⱒ⿐᷍⤃㋋㬝㸼㘐➏䅓

㯚㲚⭥㼁ⰵ㔼㸋䇭㲌㦬⭥㹐㏎䁈᱄㏁㯧ㅌ䁈㭖㸫㳃䎟䐯⿐⭥㾱㸋⭒㦜㬨⳨⧄ⱒ㑴

⭥᱄⭒㦜᷍⽔㠻㶋㦌⤜㳂㎔㚪⭣䄓⤜ⰵ᱄䎃㏐᷍㸳㗨䊻ㅓ⭞⺃⮈㾈䇇⭥㬒⽓᷍⨗

䇻䔑䐹㏛㬘⭥㋝㔨᷍⿚㬨㯖㘘䄜㻣⼶䓩᱃㎔㚪⭣᱃㗽㑃ⷚ⭥⹒㻸᱄䎃㾊㬖䂊᷍䊻

㑠䓴⭥ⶦ㛏⡜䅞㧌㹐㏎䁈⤃㣳⡜⫔コㅴ㬽䐏㣑᷍䊻㏎㔼㩰㻵㦜䄓㬨㦤㦬㎈〔⭥᱄ 

 
297〒ㅒ⪫㬨ᷛfor his work on cathode rays᱄䎃㬨〚䇻㰜䊻 1893 㛋㶋⧪⭥㬖䂊㆙㾱⭥ㅒ㏙᱄㰜䐅㘘
㑬䅖れ㪅㼀⤜㬨⮈⪦⤉᱄䎃ⰵ⽔㠻⭥㹐㏎䁈ⳃ䍚㬖カ㩰䄓⼽䐹䄋᱄ 

 
298⪴䎃㾊⹅䔘᷉䅖れ㪅㼀᱃⺃⮈㾈䇇᷊᷍㸳㗨䄓㋪䄵㋕⨗⼶䓩ⰵ㰜⭥䇑㼍᱄ 

 
299〒ㅒ㏎䇪㈮㬨ᷛfor his work on the elementary charge of electricity and on the photoelectric effect᱄ 

 



  

 

㵝 8.9 ⺃⮈㾈䇇㬖䂊㪉䐤᷉䔔᷊䈌ㆂ⺜⢎㭗᷉䇳᷍䄾⨗⮈䓴⭥Ⱀ㚽䔘㸋㧌㪅⺃⭥㠖㔫⭥⼐

㭞 ᱄᷊䔔⢀᷍⺃㼀䍶㪅䎇㋶䐱⭥䅖れ㆑㭕᱄䄜Ⰹ⤉⧅ⳗ㸈䄵㻣᷉ⰵ䇇䇳㵝䐱⭥⽂䑂⭥䄜Ⰹ⺃

⭥㠖㔫䄵㩰᷊᷍ 。䇱⮈䓴䄾⨗᱄㵉⺞⮘ㅻ⿍Ⱀ⮈䔉᷍㋪䄵⥃㑠䄾⨗⮈䓴⭥㚽㑠᱄㬖䂊ⳃ㻷

᷉䇳㵝᷊᷍ 䊻䄜Ⰹ㠖㔫䄵㩰᷍䄾⨗⮈䓴⭥Ⱀ㚽䈌㧌㪅⺃⭥㠖㔫⧪䎞⡩᱄䊻䄜Ⰹ㠖㔫䄵㻣᷍㗜

䇱⮈䓴䄾⨗᱄ⶥ⢅⺃㣠⭥⿑᷍。ⶥ⢅⮈㒘⫔㾂᷍⭌㬨⤜。ⶥ⢅䇱㗜䇱⮈䓴䄾⨗⭥䓕㲍᱄䎃

䄓㈮䅃㸗䓦〚䇻㚽㑠㎼〞㎕㏎ㆃ䎃⷗㻷㼔㗓㯧⤜㋪㾱᱄ 

 

8.2.3 䊎䓴⺃㠸ゑ㡅⺇㔪 

⺃㠸ⰵ䇇⭥䇃㸥⭆⪫ㅱ spectrum᷍䔏䋈䇇ⶤ㬨㎕䓵䇻㝄ⰺ᷍㯖⭥㬨㲌䂕⺃㈎

⺞㏃㈖⭥䍼㪅⽔⧫㻷⨗⭥⤫⽈⭥㾈⺜᷉㵝 8.10 ᱄᷊䎃⷗䁱㈠⭥㬒ヅㅻ⮄㬨㬏㡀㬡

ギ㒚㬏㛋⫛᷍㰝䊅㬟䓦㲌䂕⺃䇱⤜㵍⭥⧪⳷᱄㝄ⰺ䐏⽔᷍䎜⷗㬏➬㬡ギ᷍㦬㗨ⰵ

⺃㠸䁱㈠⭥䐹⮄ゐ䐱䊻㡅㹝㬶⺇㔪㩰᱄⡩㧈᷍㧑㬠㋧䁈コ㎫⤏᷉Johann Heinrich 

Lambert 1᷍728ÿ1777 㦶᷊ⳃ㻷⭥㎫⤏Ⰹ㔪᷍㯖⭥㬨⺃䊻㈎⺞ㆊ䐫⭥㬒⽓᷍㣠Ⱙ㰇

ㆊ䐫⽒Ⱙ䐙㭞㯆ブ᱄䎃㬨㏜䇤㸃〞⳷⭥㭞䁈Ⳟⳉⰵ⺃㹝㬶⭥Ⰹ㑠䁱㈠ 䎜᷍㳆㋪䄵

䇤㈎⮅㏎㔼ㆃ㬮᱄ 
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㵝 8.10 䇪㏃㈖䁽㪅⥛㪛⭥㲌䂕⺃⺃㠸㬟䅃㵝᱄ 

 

䊻⺃㠸⭥䁱㈠䐱᷍⭻䄜⷗㳆㻷㑠䓴㑇䁈⺇㔪⭥⡉⭡㎕䓵 1802 㛋⭥䇃⺛⿐䁈

コ᱃㹐㏎䁈コ亸㎎㯚ⰺ᷉William Hyde Wollaston᷍1766ÿ1828 㛋 ᱄᷊㰜ⳃ㻷⺃⭥㠸

㼀䐱䇱䄜㾊⼻㼀᱄⭌㬨亸㎎㯚ⰺㅌ䎃㾊⼻㼀⭒⧪㬨⺃㠸䐱⤜㵍⧪⳷⭥⢀ㆈ 䎃᷍⷗

⫎㹔㦰㬗䊻1815㛋䇪⭣⺛㋧䁈コⴓ㎦⼮Ⳳ᷉ Joseph von Fraunhofer 1᷍787ÿ1826㛋᷊

㆙㾱㑬ⷝ䎞᱄䊻䎃⷗㬒⽓᷍㵱㕎㯚᱅䂏᷉Thomas Young 1᷍773ÿ1829᷊⭥⤉Ⱀ㯖䊻

㝘䐿䄲㈎㋋㬝⺄ⳛ⪌⤆᷍⳧㛚ⱜ᷉AugustinÿJean Fresnel᷍1788ÿ1827 㛋᷊䊻㡅䐱

⟈䁾㑬䐹䄋ㅨ㩌᱄㰅㦜䈌㰜㼁⹹⭥䑙㘜⭥⤕㯪⟀⭥⹅䔘⿚㗜䇱㆙㾱 300 ⺃᷍⭥⤉Ⱀ

㯖⿚㗜䇱䊻㡅䈌㸃㑄㯖⭥㈛䎚䐱㦂⭤䁚⭚㾵䇦㬧 ⭌᷍⤉Ⱀ㯖䊻㝘䐿䄲㈎㋋㬝⡜䄜

⤠⳷㦬ㅴ㬽㑬᱄䎃㾊㦬⭒䐱᷍㈮⟝㎉ⴓ㎦⼮Ⳳ᱄ 

㏜䇤⺃⭥⤉Ⱀ㏎㔼 ⴓ᷍㎦⼮Ⳳ㪉ェ㑬䁽㪅⺃䍅 ⤃᷍㏜䇤䁽㪅⺃䍅ⰵ⺃㠸䄨⭥

㠸㼀⳷㹗㈌Ⱙ㆙㾱㑬⫔ⴚⶥ㆙᱄〚䇻䎃⷗ゝ㭖⭥㆙⤞ 㰜᷍ⰵ㲌䂕⺃㠸㆙㾱㑬㻙䐣

⳷㹗᷍ⳃ㻷㲌䂕⺃㠸䐱䇱 570 㳖⼻㼀᷍⤃䇤䓷㚙 A ⭞ K ㆙㾱㑬⢋㬗᷉㵝 8.11 ᱄᷊

䎃㾊⼻㼀᷍⽔㎕⡜⧧㸋ⴓ㎦⼮Ⳳ㼀᱄㻷䊻᷍㸳㗨䐋⭡䎃㾊⼻㼀ⰵ䇇⭥㬨䊋㯹㚽゗

 
300⤕㯪⟀㬨⤕㯪᷉Siméon Denis Poisson᷍1781᷎1840 㛋᷊㸋㑬ⳕⰵ⤉Ⱀ㯖᷍⪴㏎㔼㩰〚䇻⤉Ⱀ㏎
㔼㳂⨗⭥䊅䁵᱄䔏䐶᷍⡜⳧㛚ⱜ⼮➃㎎ⷋ᷉François Arago᷍1786᷎1853 㛋᷊⭥㬖䂊⹼⥃䐅㬖᷉㵝
4.17᷊᷍㆙ⱙ⧪㸋㑬⤉Ⱀ㯖䔏䇱㑇⭥䐅㈾᷉㼋ボ 4.3.2 ㅻ᷊᱄ 



  

䐏ヅ⭥㳙䊟᷍㿉䄋䇤㑠䓴㑇䁈⭥䊎㏎㎕㆙㾱ㆃ㬮᱄䊻㑠䓴㑇䁈⨗㎕䐏㣑᷍䎃⷗㻷

㼔ⰵ䇻㈎⮅㹐㏎䁈᷍㸿䄪䄓㬨㳕䍞᱄ 

 
㵝 8.11 ⴓ㎦⼮Ⳳ㼀⭥㬟䅃㵝᱄ 

 

㸳㗨㿉䄋䓃䅃⭥㬨 1815 㛋䎃⷗㬒ヅㅻ⮄㏌㑠䓴㑇䁈ㅉ㑃⿚䇱䄜➺ⱁ㛋᷍䊻

䎃㠻ヅ 㦬᷍㗨㰅㦜㗜䇱䎇䎞㏎ㆃⴓ㎦⼮Ⳳ㼀 ⭌᷍㬨䄡㦜㋪䄵㏜䇤㰝㆙㾱㑬⫔㑠䓠

䇱⧪㾈⭥㋧䁈䁱㈠᱄㡅䐱᷍1859 㛋〚ⱜ〕ⴓ᷉Gustav Kirchhoff᷍1824ÿ1887 㛋᷊

䈌⡟㪛᷉Robert Bunsen᷍1811ÿ1899 㛋᷊ⳃ㻷⭥㡅䈌䊋㯹⭥ⰵ䇇⹹㻖ⰵ䎃㾊䁱㈠

⭥㆙䍚㡑⭞㑬⹹ポ⭥㵧Ⱀ䔘䇤᱄㏜䇤䎃䐷ⰵ䇇⹹㻖 㦬᷍㗨㋪䄵䊻㬖䂊㩰ㅉ㑃㚔㾊

⤉⧅⭥ⴓ㎦⼮Ⳳ㼀䈌䊋㯹䐏ヅ⭥㑋㻖᷍⤃㏜䇤㡅㆙㾱䊋㯹⳷㹗᱄㵍㬒᷍㏜䇤䎃⷗

ゝ㭖᷍㦬㗨ⷝ㬨ⳃ㻷㑬⼽ⱁ䐷㾣⭥䊋㯹᱄䎃ⰵ䇻㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖䊋㯹䐽

㠻⢎⭥㦘㑃䄓㡑⭞㑬⼽⫔⭥⟐䑛䔘䇤᷍䊻⭒㬒⭥㹐㏎᱃⿐䁈᱃㳍㸥䁈⭥㡅㰝㬖䂊

䁱㈠㵍䂚⭤⭞㑬れ⫔⭥䇇䇤᱄㬏㈦㬡ギ㒚㬏㛋⫛㚊㠻᷍㧑⮅㹐㏎䁈コ➄㯚㲹㎫

᷉Anders Jonas Ångström 1᷍814ÿ1874 㛋᷊ㆂ⼰⺃㠸䈌䍶㼁ゝ㭖 301᷍ⰵ㲌䂕⺃㠸䐱

ⴓ㎦⼮Ⳳ㼀㰚ⰵ䇇⭥⤉⧅㆙㾱㑬㈌Ⱙⷀ⫐10ିଵ଴㗸⭥⢎䎘᱄䎃⷗⧅Ⱙ⭆㸜⽔㎕䄓

⡜Ⰹ䅆㸋 Ångström᱄ 

〚䇻䎃㾊ⷀ㈌Ⱙ㬖䂊⥃㑠᷍1886 㛋᷍㎕䓵㧑㬠⭥㭞䁈コ᱃ⷀ䐱ㅭ㬇➮ⱛ㚊

 
301䍶㼁〛ⳃ㘘䈌 1839 㛋᷍䎃⷗ゝ㭖䊻⼽⫔⧭Ⱙ㩰䄓ⶥ⢅㸳㗨⭥㪛』᱄⨞㑬䊻㋧䁈䁱㈠䐱⥛㪛䇇
䇤᷍㵧㆙㋧䁈㆙⤞᷍䄓䇑㼍⭞䄶㭖⭩㒍䈓᱄ 
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᷉Johann Jakob Balmer 1᷍825ÿ1895 㛋᷊䊻㡅䐑䄖㪛䁥⭥㚛㛋ⳃ㻷㤃䊋㯹⺃㠸䐱⭥

䄜⷗㻖㑱㋪䄵䇤ᷛ 

ߣ = ݄ ×
݊ଶ

݊ଶ െ 2ଶ
 

⹌㬞 8.10 

㎕⢎㬟᱄䎃㏐⭥݄㬨䄜⷗⧄㭞᷍㰝⭩䇻364.56nm᷍䈌⽔㘇䄋ㅓ⭞⭥㠶㎫㋬⧄㭞㸿

⹹᱄⭒㬒᷍㰝⡜⧧㸋➮ⱛ㚊⧄㭞᷍⫛⢎⭥㬨㤃䊎䓴⭥ㆂ⹚㲹䎘᱄䎃⷗⹌㬞⭥䔘䇤

㬨⿏㬒⫛⭥᷍㰝䅃㸗䓦ⶕ䊴⭥䊎䓴⺃㠸⡔⽔⫇䊻ビ⭆⭥⺇㔪 302᱄ 

1888 㛋᷍㧑⮅㹐㏎䁈コ㏐⭣⡅᷉Johannes Robert Rydberg᷍1854ÿ1919 㛋᷊䇷

ㅌ➮ⱛ㚊⭥⹌㬞㆙㾱㑬䄜⷗ビ⿐䈌㵧⺄᱄㰜➲⹌㬞 8.10 ⭥㑞⢀㦂⭚㭞 䇤᷍㸳㗨㻷

䊻㯖⭥⤉㭞㦂⫛⤉⧅㎕⢎䎘⺃⤉᱄㚨㗕᷍⹌㬞 8.10 ㈮㋪䄵⢅㸋ᷛ 

1
ߣ

=
1
݄
൬1 െ

4
݊ଶ
൰ =

4
݄
൬

1
2ଶ
െ

1
݊ଶ
൰ 

⹌㬞 8.11 

䎃⷗㬒⽓᷍㦂ܴ = 4/݄᷍⤃ㅌ㡅㆙㾱䄜⷗㵧⺄ᷛ 

1
ߣ

= ܴܼଶ ൬
1
݉ଶ െ

1
݊ଶ
൰ 

⹌㬞 8.12 

➮ⱛ㚊㼀㻖ⰵ䇇⭥㈮㬨䎃㏐ܼ = 1᱃݉ = 2⭥㤊㌗᷍䎃⷗⹌㬞㈮㬨㏐⭣⡅⹌㬞

᷉Rydberg Formula ᱄᷊㰝㋪䄵㘉㭗㏁㤃䊎䓴⭥㠸㼀᱄䐏⽔ 1᷍906 㛋㎔㕝᷉Theodore 

Lyman 1᷍874ÿ1954 㛋᷊㼀㻖᱃1908 㛋㝢㾰᷉Louis Carl Heinrich Friedrich Paschen᷍

1865ÿ1947 㛋 㼀᷊㻖⡜㼁キ⡉⭡ 㰝᷍㗨⳷⢑ビ⭆⭹ⰵ䇇⹌㬞 8.12 䐱݉ = 1᱃݉ = 3

⭥㤊㌗᱄䅓⪬᷍㋪䄵㯖䊻㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖䎃⷗㬒ヅㅻ⮄᷍⹹䇻䊎䓴⭥⺃

 
302㧕ⶪ㛋⽔᷉1926 㛋᷊᷍䁇Ⰹ䜭Ⳟ⧭㚽⹜㌍㯺⡜㦬㗨ㅴ㬽᷍㈮⼮䁇Ⰹ䜭Ⳟ⧭䇇䇤⭞㤃䊎䓴㩰㣂㣂
⫇䊻ㆃ㹗ㆃ᷉ ⭒㬒⮈䓴ェ㰄〛⿚㗜䇱⨗㻷 㣳᷊䎃⷗ㆃ㹗ㆃ㣂㣂㚽ㆃ㬮㤃䊎䓴⺃㠸䇱䓦㗽㣱⭥㑋㻖᱄ 



  

㠸䊻㳂⧌㑍㿙㾵⭥㈎⮅㑇䁈⭥㏎㔼㌓ソ㻣 㵍᷍䂚⫇䊻㒏㦬㎈〔⭥㬖䂊㻷㼔䈌㈎䂊

⹌㬞᱄䎃㾊㎈〔䄓㿉䄋㑠䓴㏎㔼㎕㆙㾱ㆃ㬮᱄ 

 

8.2.4 ⹭㳆㻖㵔䊻⭮㸣㻣⭥⡩㦩㸫㳃 

⡟ㅻ䔏⽔䄋ㅓ⭥ⰵ㈎⮅㹐㏎䁈㳂⨗㑬⹹ポ㳕䍞⭥㬖䂊㻷㼔 㬨᷍⹭㳆㻖㵔䊻⭮

㸣㻣⭥⡩㦩㸫㳃᱄䎃㏐ 㬖᷍䂊⥃㑠䈌㈎⮅㏎㔼㵍䂚⫇䊻㘘㻵⤜ⴜ᱄㣑㘇䄓㳂⭞⺞᷍

㰝㬖カ㩰⤦㬨㋋ⱜ㸥㉕㬠䊻㡅㌈㬡ギ⭥䁾ㅓ䐱㳂⭞⭥㑞ⱅ㸻䊧䐱⭥⭻ⱟⱅ᱄ 

㦬㗨⹹䇻䎃⷗㸫㳃⭥䁱㈠䐢㩺㋪䄵䓘㯾⭞ 1819 㛋ⳉ⺛㹐㏎䁈コ᱃⿐䁈コⰦ

㔂᷉Pierre Louis Dulong᷍1785ÿ1838 㛋᷊⼮儋⭺᷉Alexis Thérèse Petit᷍1791ÿ1820

㛋 ⹹᷊䇻⹭㳆⡩㦩⭥⥃㑠᱄䊻䎃⷗㬒ヅ⮄䐏㣑 䇃᷍⺛⿐䁈コ⭡ⱜⰺ᷉ John Dalton᷍

1766ÿ1844 㛋᷊䈌㧑⮅⿐䁈コ⡕ⱜ㧜㒙㯚᷉Jöns Jacob Berzelius 1᷍779ÿ1848 㛋᷊㳂

⨗㑬䊎䓴㑠᷉atomic weight᷊⭥ⶦ㛏᷍ㅌ⤜㵍䊎䓴㾯⧪⭥⹭㳆⭥㹐䐫⭥㑠㆙㾱㑬

䐹䎞⿐᱄〚䇻䎃⷗䄜⷗⹹ポ⭥ⶦ㛏 Ⱖ᷍㔂⼮儋⭺ⳃ㻷⼽ⱁ㼁㵍䊎䓴㑠⭥⤜㵍⹭㳆᷍

㦩㦾〚⡟㼁㵍᱄㦂䄜⷗⭆㸜⭥᱑㹐䐫⭥㑠᱒⭥㹐䐫᷍䎃⷗㦩㦾⭩䇻3ܴ᷍䎃⷗ܴ䄓

㬨⹌㬞 4.19 䐱⭥㚨⷗⧄㭞᱄䎃⷗⺇㔪⡜㦬㗨⧧㸋Ⱖ㔂ÿ儋⭺Ⰹ㔪᷉DulongÿPetit 

Law ᱄᷊䎃㾊⹭㳆 ⽔᷍㎕㦬㗨䐋⭡Ⱍ䇇ⶤ㬨ビ⭆⭥⭆䐫⹭㳆 䅓᷍㸋⿐⼰㹐⹭㳆。䇱

ⷝゴⶕ䊴⭥㾱㸋᱄⭌⤜⹽䋖㗕㯖᷍䎃Ⱍ㬨䊎䓴㔼䊻㬏㈦㬡ギ⨖⭥㈿⫔㬅㏜᱄㰝⭥

䐹䄋㾵㋪䄵⼮ 1834 㛋㋉㎎㝢㔂㳂⨗⭥䓕㲍Ⳟ⧭᷉⹌㬞 4.19᷊⡩㛃᷍ㆃ㬮⭥Ⱍ㬨

㋕㯧Ⳓ䊴⭥㹐䐫㬡ㆈ㚻ビ⭆㵔䄜⭥⺇㔪᱄ 

Ⱖ㔂⼮儋⭺⭥㬖䂊㸣ⰩⰝ䊻㬳㸣⶞㆝ ⭌᷍ゕ㬚䊻䎃⷗㸣Ⱙ㻣 䄓᷍⤜㬨㰚䇱ビ

⭆⹭㳆⭥㦩㦾Ⱍⴜ⼰㰜㗨㳂⨗⭥䎃⷗⺇㔪᱄⡩㧈㆑ⶶ㬐 㰝᷍䊻㬳㸣㻣⭥⭆㸜㦩㦾

㈮䊗䊗㾂䇻3ܴ᱄1872 㛋 ⭣᷍⺛㹐㏎䁈コ H. F.㸅⤏᷉ Heinrich Friedrich Weber 1᷍843–



   

320 
 

1912 㛋᷊ⰵⷀ㸣㻣⭥㆑ⶶ㬐㦩㦾㆙㾱㑬⥃㑠 303᱄㰜ⳃ㻷⭒㸣Ⱙⷀ䇻䄜㣈㪄㬰Ⱙ

⭥㬒⽓᷍㆑ⶶ㬐⭥㦩㦾㤘㆝䇻3ܴ᱄㵍䂚䊻㬏㈦㬡ギ㻣⟌䄗᷍䊻 4.2.4 ㅻ㸳㗨㳂⭞

⺞᷍⭮㸣ゝ㭖⭤⭞㑬䁙㗮⭥ⳃ䍚᱄㏜䇤ⶤゝ㭖᷍㦬㗨䄓㋪䄵ⰵ⭮㸣㻣⭥⹭㳆㦩㦾

䍚㋋㻖㵔⭥⥃㑠᱄䎃㦤㦬㗨ⳃ㻷㬳㸣㻣⭥Ⱖ㔂ÿ儋⭺Ⰹ㔪䊻⭮㸣㻣䄓。㬈㾈᷍㦩

㦾䊻⭮㸣。㻣ㅖ⤃㤘㆝䈌㒄᱄䅓⪬᷍⭞㑬㬏㈦㬡ギ㚊᷍㬖䂊㩰⳨⧄㘘㦘⭥䄜⷗⺇

㔪㬨ⰵ䇻⤜㵍⭥⹭㳆 Ⱍ᷍⫇䊻䄜⷗㬳㸣〓ⷀ㸣㻣㦩㦾㤘䇻㚔Ⰹ䐖 ⭌᷍㬨㰇䓦㸣Ⱙ

⭥ㅖ⭮᷍㦩㦾㤘㆝䇻㒄⭥⺇㔪᷉㵝 8.12 ᱄᷊ 

 
㵝 8.12 ⤜㵍⭥⹭㳆᷍⭆㸜㦩㦾㰇㸣Ⱙ⭥⢅⿐᱄䎃㏐㬖カ㩰䇱⷗⼽ビ⭆⭥⺇㔪᷍㈮㬨䊎䓴ヅ

㼁⿆䔘䇤䊞㣠᱃䊎䓴⼬⭥䐫㑠䊞㾂᷍㪚䓴㠖㔫㈮䊞⫔᱄㪚䓴㠖㔫䊞⫔᷍㦩㦾㠌㏌3ܴ⭥㸣Ⱙ

㈮䊞ⷀ᱄䊻㑠䓴㑇䁈⨗㎕䐏⽔᷍㰚䇱⭥䎃㾊Ⱍ⼰㏎㑬᱄⭌䊻㹐㏎䁈ⷐ㘝䐏㣑᷍䎃⷗ⰵ㈎⮅

㹐㏎䁈㏎㔼㈮㬨㳕䍞᱄ 

 

㏎㔼㩰 㸋᷍㑬ㆃ㬮Ⱖ㔂ÿ儋⭺Ⰹ㔪 㬏᷍㈦㬡ギ䐱㠻 㦬᷍㗨㳂⨗㑬㚽㉚⳷Ⰹ㏎᱄

 
303䎃⷗㸅⤏⤃⤜㬨㸳㗨㭍㻅⭥㚨⷗ⷀ㯚⭥䑛㬷 ⪦᷍㵉㑠⭆㸜⭥㚨⷗㸅⤏᱄㚨⷗㸅⤏㬨㬏㈦㬡ギ㩰
⟌䄗⳨⧄』䊟⭥䄜⷗㋧䁈コ᷍ⷀ㯚⭥䑛㬷᷍䊻⮈⪦䁈㒍䈓䇱㵜⨗⹒㻸᱄䎃⷗㸅⤏㬨㬏㈦㬡ギ㚊᱃
ⱟ㬏㬡ギ⨖⭥㦬㹐᱄㰜㬨⼆㚘〕䓩⭥䁈㪛᷍㶎㛋䊻㯶㏉㬡㏎⹅⭒ㅭ㬻⭥㬒⽓᷍䋙Ⱝ䊾⭹⭒⺞➏䅓
㯚㲚⭥⭝㬇᱄⽔㎕᷍䅓㸋㑞⷗㦬⼰䔘⳨⧄⤜䈅㌍᷍➏䅓㯚㲚䓋㵗㋬㎔㚪᷉Alfred Kleiner᷍1849—
1916 㛋᷊㗦㻣⤃䊻㋬㎔㚪⭥䐙⭝㻣〒⭤⤊㬠䁈㸜᱄➏䅓㯚㲚ⰵ䎃⷗㸅⤏⭥㠡ゼ㬨㰜ㅭ⭥㹐㏎㬨
㹆㬏㛋㣑⭥㹐㏎᱄ 



  

⼮㸳㗨䎃⷗㋯⡟㩰㘉㭗⭥ⱁ㭞㋧䁈䐋㬗⭥⥛㪛⺞⧭䄜䂚 䎃᷍⷗Ⰹ㏎⭥⥛㪛䄓㈎㏛

㑬䄜⷗㕟⧅⭥⺞⧭ 䑑᷍ㅆ䁾⿐㸋㸳㗨㻷䊻ㅭ㋧㭊㩰䍚㬟⭥⟇⡟᱄䊻⡟㭊⭥䅞䁵⤠

⳷ 㸳᷍㗨㳂⭞⺞㚠㣑㦬㗨㆙㾱⤥㑰㚄㛃⭥㬒⽓㈎⧄䇤⭞⭥䄜⷗Ⳟⳉㅱ⳷䓴Ⱀ㑇䁈

᷉Molecular Dynamics᷊᷍ 䎃⷗Ⳟⳉ⭥⼬㾥㯝㼌㡑䊕䇻㸷㲹㯚ⰺ᷉ John James 

Waterston᷍1811ÿ1883 㛋 ᱃᷊㋬㔿㛂ⷒ᷉August Karl Krönig᷍1822ÿ1879 㛋 ᱃᷊㕔㋬

㯚㸅᷉ James Clerk Maxwell 1᷍831ÿ1879 㛋 ᱃᷊⤄ⱜ䓩㕝᷉ Ludwig Eduard Boltzmann᷍

1844ÿ1906 㛋 ⭩᷊㦬䊻㬏㈦㬡ギ㳂⨗⭥䄜⷗㏎㔼 ㅱ᷍䔘 Kinetic Theory of Gases᷉ 㡙

㳆Ⱀ㑇䁈㏎㔼 ᱄᷊㚽㉚⳷Ⰹ㏎⭥⥛㪛⺞⧭⼮䎃㾊㦬㈮㗽㣱㼁⹹᱄㡅㉀㳆㾯㬞᷍㻩

⽔㏛㈎㑬 1843ÿ1845 㛋㸷㲹㯚ⰺ⹹䇻䊎䓴䊬ⰐⰐ㚽㼏⤠⳷㘉㭗⭥⟇⡟᱃1859 㛋

㕔㋬㯚㸅⹹䇻⳷䓴䊬Ⱀ䓋Ⱀ㼏䈌䎒Ⱀ㼏⤠⳷㘉㭗⭥⟇⡟᷍䄵ゑ 1876 㛋⤄ⱜ䓩㕝

ⷙ⨗⭥䔏䐶⢎㭗᱄ 

㚠㣑⭥ㅭ㋧㭊䐱 㸳᷍㗨䄜⟄䐒ㅴㅌ⤄ⱜ䓩㕝⭥⟇⡟ ゕ᷍䄜⷗䓵䇪㑄䓴䊻䄜⷗

䓵䇪Ⱙ㩰㠞㉚㚽㑠䊻㸣Ⱙܶ㬒㬨݇୆ܶ/2᱄㧈⺜䊻䎃⷗䓵䇪Ⱙ㩰⿚䇱䄜⷗ビ㾔㬧᷍

㬧㚽㼏㵍䂚㬨݇୆ܶ/2᱄䎃䂚⭥⿑᷍ⰵ䇻ビ⭆⹭㳆᷍㰝䇱㧞⷗䓵䇪Ⱙ᷍㗠⷗䓵䇪Ⱙ

㩰䓽㚽㸋݇୆ܶ᱄䄜⷗㹐䐫⭥㑠⭥⹭㳆⭥䓽㚽㈮㬨3 × ୅ܰ × ݇୆ܶ 㦩᷍㦾㈮㬨3 ୅ܰ݇୆᱄

䎃㏐ ܰ᷍୅㬨➃ⴝ䙅⭣㔿⧄㭞 ܴ᷍ = ୅ܰ݇୆᱄䎃㈮ㆃ㬮㑬Ⱖ㔂ÿ儋⭺Ⰹ㔪᱄ⶕ䊴䄜㾊

⭥⹭㳆㚽㑠⳷⤝䊺ⶕ䊴䄜㾊᷍⧄㸣〓ⷀ㸣㻣。㬨㒎㶃䄜⷗⧄㭞᱄ 

⿜㉅⿑㯖 㵝᷍ 8.12 䐱ⷀ㸣㻣⭥㾱㸋䊻䎃⷗㏎㔼䐱㋪䄵⭤⭞㑬㶋㗡ㆃ㬮 ⭌᷍⭮

㸣㻣㦩㦾㤘㆝䇻㒄⭥㾱㸋㦕䊻⤄ⱜ䓩㕝⭥㈎⮅㵔ェ㏎㔼㏐㦤㦬㸿ⳉ㏎ㆃ᱄㧈⺜㚽

㑠㋪䄵㑍㿙㎼〞᷍⭮㸣⼮ⷀ㸣㻣⭥㦩㦾㾱㸋⤜䇇ⶤ䇱⡟䐫㤙⢑᱄䅓⪬᷍䈌㣑㘇㳂

⭞⭥⼻㳆ⴙ㪅᱃⺃⮈㾈䇇᱃䊎䓴⺃㠸䄜䂚᷍䎃䄜㻷㼔䄓㦤㦬Ⳳㆃ᱄䜅䜅䐏䐱᷍㰝

䄓䊻⽕⿞䓦㑠䓴㏎㔼⭥⭏㪛᱄ 
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8.3 㠧㈷ 1ᷛ㑠䓴ⶦ㛏⭥㳂⨗ 

㣑㘇䎃㾊㸫㳃᷍ⰵ㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖⭥⮈⪦㏎㔼᱃㈎⮅㑇䁈㏎㔼᱃㵔

ェ㏎㔼㳂⨗㑬䁰㉟⭥㳕䍞᱄⭌㤍㾳⭥㬨䊻䎃⷗㬒⽓ ⼽᷍ⱁ㋧䁈コⰝ㚽⹜⳨⧄㪏㋭

⭹㏎ㆃ⭒㬒㹐㏎䁈⭥㎈㈔᱄㸳㗨䎃㏐㻄㶜㣠⮘⭥䄜⮄㬨䎃䈌㰜㗨⭥ㅭ䈞㈎㏛㬨㗽

㣱㼁⹹⭥᱄ 

⡩㧈 䊻᷍⡟ㅻ䐱㸳㗨䄋㳂⭞⭥㑠䓴䐏⶙㠶㎫㋬᷉ Max Planck 1᷍858ÿ1947 㛋᷊᷍

㰜䊻➹㑷⫔䁈㤔䁈㠻ヅ⭥⭝㬇㈮㬨〚ⱜ〕ⴓ᱄䊻⼻㳆ⴙ㪅䁱㈠䐱㵍䂚䔗⨗㑬ㅽ⨗

⹒㻸⭥㸍ⱘ᷉Wilhelm Wien᷍1864ÿ1928 㛋᷊᷍ 䄵ゑⰵ㠶㎫㋬㳂⹊㑬㈿⫔⟐䑛⭥㔔

⡟㯚᷉ Heinrich Rubens 1᷍865ÿ1922 㛋᷊᷍䄓䊻➹㑷⫔䁈㤔䁈⺞ ⤃᷍㪏㬽〚ⱜ〕ⴓ᱃

⼆㚘〕䓩䎃㾊㦬⭥䇑㼍᱄䊺⡩㧈᷍➏䅓㯚㲚䊻㯶㏉㬡㏎⹅㩰䁈᷍㯶㏉㬡㏎⹅⭥ㅭ

㬇䐱䄓⟝⼍䷪㋪ⴓ㯚〚᷉Hermann Minkowski᷍1864ÿ1909 㛋᷊䎃䂚⭥㦬㹐᱄㰅㦜

⭒㬒⭥䷪㋪ⴓ㯚〚⤃⤜㾡㩮➏䅓㯚㲚᷍⭌䄜⷗㬨㎰㬇᱃䄜⷗㬨䁈㪛᷍⼽㚲㯖䁈㪛

⧚⭸㗜䇱㬽⭞㎰㬇⭥㦯⼯䇑㼍᱄ゕ⢄㬨⼮➏䅓㯚㲚䈌䐏⧚⭸㚷Ⳏ⭥⭻䄜⷗⭝㬇H. 

F.㸅⤏᷍䊻䎃㾊㦬䐱㗓㯧㘜⤜ボ㈎⪌᷍⭌䄓䇱㶋⧪⺞䊻ⷀ㸣㻣⥃㑠㆑ⶶ㬐㦩㦾᷍

⤃䐅㬖㡅ⴜ⼰Ⱖ㔂ÿ儋⭺Ⰹ㔪䎃䂚⭥れ㉀㪏Ⱙ⭥㬖䂊⹅䔘᱄⿜㉅⿑㯖᷍䊻⫔䁈⪴

㬣ㅭ䁈⭥䎃⤇ㅭ㬻㗨⭥䁈㭖㯏㠞㬨れⷀ⭥ 㰜᷍㗨ⰵ⭒㬒⭥㹐㏎䁈 Ⱍ᷍㬨㉀⡙㪏㋭

⭥㦰㬗⭥᱄ 

䊺⡩㧈᷍㔍㩋ⶄ᷉Ernest Rutherford᷍1871ÿ1937 㛋᷊᷍ 㰜⭥⤊㬠⭝㬇㬨䊝㩋

ⴓ᱅㲡㚘㰐᷉ J. J. Thomson 1᷍856ÿ1940 㛋 㰜᷍㬨⮈䓴⭥ⳃ㻷䎀 䄓᷍㬨㧑㏜⭥䁈㪛 ᱄᷊

ⱟ㬏㬡ギ⨖᷍⤄ⱜ䇷⪴㔍㩋ⶄ䎃㏐㬶䅇᱄➄㔸Ⳳ㯚㲹᷉Paul Ehrenfest 1᷍880ÿ1933

㛋᷊⭥⤊㬠⭝㬇㬨⤄ⱜ䓩㕝᷉Ludwig Eduard Boltzmann᷍1844ÿ1906 㛋᷊᷍ ⤄ⱜ䓩

㕝⭥⭝㬇䇷㬨㯚㲹ⳋ᷉ Josef Stefan 1᷍835–1893 㛋 ᱄᷊䊻㑠䓴㑇䁈ⳃ䍚⭥⹹ポㅸⰯ᷍



  

㚞㛂⼻⫔䁈䇱⷗㰘㚊⳧᱄㰜⭥⤊㬠⭝㬇㬨㎕䓵ⷈ㵃ⷚ⭥㭞䁈コⴌ᱅㑷⭣㕝᷉Carl 

Louis Ferdinand von Lindemann᷍1852ÿ1939 㛋 ᱄᷊ⷈ㵃ⷚ䎃⷗⡔㈑䈌㋬㎔䅓᷉Felix 

Klein᷍1849ÿ1925 㛋 ᱃᷊㻄ⱜ⤏㲹᷉David Hilbert᷍1862ÿ1943 㛋 ᱃᷊䷪㋪ⴓ㯚〚

᷉Hermann Minkowski 1᷍864ÿ1909 㛋᷊䎃㾊㦬䓵㦜。㼁⹹᱄ⱙ㻣䄜ㅻ㸳㗨䄋ㅓ⭞

⭥⤄ⱘ᷉ Max Born 1᷍882ÿ1970 㛋᷊᷍䈌㰘㚊⳧䄓䇱㏁㯧⭥㎕䓵ⷈ㵃ⷚ⭥ㅭ䈞⡔㈑᱄

䊻㑠䓴㔼㼓㑠䓴㑇䁈⺞Ⱚ⭥㚨⹹ポ゙㛋᷉1924 ⭞ 1926᷊᷍ 㰜㈮㬨ⷈ㵃ⷚ⭥ㅭ㬻᱄

䎞㬨䅓㸋䎃䐷㻖㵔⭥㹐㏎䁈ㅭ䈞⡔㈑ 㬚᷍⭤㰜㗨㋪䄵䊻㹐㏎䁈ⷐ㘝䐱⟈䁾⹹ポ⭥

ㅨ㩌᱄⡟㭊ⳕⶕ㳂⭞⭥䎃䐷䁈㭖⿘㈔⭥䇋䋍䄵ゑ䁈㭖㯝㼌⭥⪌⧱ 䊻᷍㹐㏎䁈ⳃ䍚

䐱᷍䄓㬨㸿⪇⤜䊻⭥᱄ 

䔏⽔᷍㸳㗨⿹⭞⡟ㅻ⭥䑘㳃ᷛ㠧㈷᱄㸳㗨⭥Ⱒ䎀㋪䄵ㆂ⼰㩰㘇㳂⭞⭥䎃㾊ㅭ

䈞⡔㈑⭥䅓㯹᷍䄵ゑ⭻㹆᱃⭻㒚᱃⭻㡀䍣㸳㗨㣠⮘⺞⭥㝘䐿䁈ㆈ䊻䍽䁈᱃㭞䁈᱃

䄵ゑ⫔䁈⭥䁈㋧ㅉ㪉Ⳟ㘇㰚䔗⭥ⷘ䐷䓝⡙᷍㎕㆙㾱㯝㋝᱄䎃䐷㤊㌗㻣 ᱑᷍㠧㈷᱒

䎃䐷㬣㤊⭥ⳃ㪛᷍㈮䊺⼰㏎⤜⺞㑬᷂ 

 

8.3.1 㠶㎫㋬⭥㑠䓴 

䊻᱑㠧㈷᱒⭥⺞⧭䐱 ⭻᷍䄜⷗⹹ポ㦬㹐㬨㠶㎫㋬᱄㰜⹹䓃⭥㸫㳃㬨⼻㳆ⴙ㪅᱄

䔘㸋〚ⱜ〕ⴓ⭥䁈㪛᷍㰜⹹䓃䎃⷗㸫㳃䄜⮄⤜㡇⹷᱄⪴ 1896 㛋㋋㬝᷍㠶㎫㋬㈮

䐣㑇䇻⪴㵔ェ㹐㏎᱃⮈⪦⧂㏎㔼㎕㏎ㆃ㸍ⱘ⹌㬞 304᱄⭌䊻 1900 㛋㠶㎫㋬䈌㔔⡟

㯚⭥㲙⿑⽔᷉8.1.3 ㅻ㸳㗨㳂⭞⺞᷊᷍ 㠶㎫㋬䅃㬗⭞⼻㳆ⴙ㪅㻷㼔䊻ܶߣ⼽⫔⭥㤊㌗

㻣 䄓᷍㈮㬨⧅⤉᱃ⷀ㸣⭥㤊㌗㻣 䇇᷍ⶤ䇱㒎㶃䄜⷗㾯㬞᱄⿜㉅⿑㯖 㸍᷍ⱘ⹌㬞᷉ ⹌

 
304⭒㬒㵔ェ㹐㏎᱃⮈⪦⧂㏎㔼㋪Ⱍ㬨㹐㏎䁈䐱⼽㣑䁹⭥㏎㔼᱄〚䇻䎃䐷㣑䁹㏎㔼㎕㏎ㆃ㏁㯧⼻㳆
ⴙ㪅䎃䐷〚⡟㸫㳃᷍䄓㬨䎃䐷Ⰶッ㏎㔼㹐㏎䁈コ⼽䓵㦜⭥䁂䋒᱄ 
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㬞 8.3 䊻᷊䎃⷗れ㻿㻣䇇ⶤ䓋⿜㸋㧑㏜⹌㬞᷉ ⹌㬞 8.4 䊺᷍ 8.1.3 㾂ㅻ㸳㗨㳂⭞⺞᷍

㔔⡟㯚㼓㠶㎫㋬ㆊ㩽㑬㧑㏜⭥⹅䔘 ᱄᷊ 

〚䇻䎃⷗㏎ㆃ᷍㈾㯖㠶㎫㋬⭒㳍㈮㵧⨗㑬䓵゛⼻㳆ⴙ㪅Ⰹ㔪⭥⹌㬞᷉⹌㬞

8.13 ᱄᷊ⶤ⹌㬞㋪䄵䊻⧅⤉䈌Ⱝ⤉㑞⷗れ㻿㻣Ⱍ⼽⼤⭥㛃⼰㬖䂊ㆂ⺜᱄1900 㛋 10

䊣 19㦶 㰜᷍⭥⿏㬒⫛⭥㸥䍣᱑Über eine Verbesserung der Wien'schen Spectralgleichung

᷉⹹䇻㸍ⱘ㠸⹌㬞⭥ⶥ㆙᷊᱒ⳃ⢎ᱟPlanck᷍1900ᱠ᱄䅓㸋䎃⷗䈌㔔⡟㯚⭥⹹㻖᷍

1922 㛋䊻㔔⡟㯚⭥䓘⭠。㩰᷍㠶㎫㋬䄓㯖㑬㻣㘇䎃Ⱟ⿑ᷛWithout the intervention 

of Rubens, the formulation of the radiation law and thereby the foundation of quantum 

theory would perhaps have arisen in quite a different manner, or perhaps not have 

developed in Germany at allᱟ⧣㚲㻩᷍2023ᱠ᱄ 

䎃㏐᷍㸳㗨䔒䁎ⱁ㭞ㅭ㋧㭊⭥㻑⺀䇤ߥ = ㅌ⹌㬞ߣ/ܿ 8.3 ⭥⤉⧅䓋⿜㸋㠖㔫᷍

⤃⪴䄜⷗㸉㼔⭥⮈⪦⧂㏎㔼⨗ⳃ ㎕᷍䍚㋋ㅓㆃ㠶㎫㋬⭥㑠䓴ⶦ㛏⭥䅞㧌᱄䊻ⰵ⡩

㧑㏜⭥⹌㬞䈌㸍ⱘ⭥⹌㬞⭥⺞⧭䐱 㠶᷍㎫㋬⭤⭞㡕ⳃ 䓃᷍䅃⭞㧈⺜⤜䇤㸍ⱘ⼮㧑

㏜⭥⹌㬞᷍ⱙ䇤ᷛ 

(ߥ)ܧ =
ܿଵߥଷ

݁௖మఔ/் െ 1
 

⹌㬞 8.13 

㚨㗕㸍ⱘ⹌㬞䊻⧅⤉⭥㦒㻾㋪䄵⡜㋬ⴟ᷉㵝 8.13᷊᷍ 㧑㏜⹌㬞䊻Ⱝ⤉⭥㸫㳃䄓㋪

䄵⡜⡽㘃 305᱄⿜㉅⿑㯖 ㏜᷍䇤⹌㬞 8.13 㬖᷍䂊㩰⧅⤉⧅᷉ ⭮㠖 ⼮᷊Ⱝ⤉⧅᷉ ⷀ㠖᷊

㑞Ⱜ⭥㭞㈾㬨Ⱍ㋪䄵⡜⼽⼤⭹㚄㛃᱄䐏⽔᷍㸋㑬㏎ㆃ䎃⷗⹌㬞᷍㠶㎫㋬㆙㾱㑬䄜

㻖㑱㏎㔼㩰⭥⧃㬵᷍䔏䐶䅞㧌㑬㑠䓴᷉quanta᷊⭥ⶦ㛏᱄ 

 
305㣑㘇㯖⺞᷍䎃⷗㸫㳃䊻 1911 㛋⡜➄㔸Ⳳ㯚㲹⧧㸋䓰㶃䊷㚲᷍㬖カ㩰䊻 1911 㛋䎃⷗㬒ヅㅻ⮄᷍
䎃⷗㸫㳃䇇ⶤ㯖䄲㈎⡜ㆃ㉗㑬᱄ 



  

 

㵝 8.13 䇤㠶㎫㋬⭥⹌㬞㛃⼰⨗㎕⭥㼁ⰵⴙ㪅㣠Ⱙ᷉䈌㵝 8.4 ⭆㸜⤜㵍᷊䔘㸋⮈⪦⤉⤉⧅⭥

⼐㭞᱄㋪䄵㋕⭞㠶㎫㋬⭥⹌㬞㋪䄵㾿䎞㸍ⱘ⹌㬞䊻⧅⤉ⳗ㸈㚻⭥㾱㸋᱄㵍㬒᷍䄓⤜㼒㧑㏜

⭥⹌㬞㚨䂚⤜㬫䇤䇻Ⱝ⤉㤙䈓᱄ 

 

㸋㑬ㅌ䎃⷗㏎㔼⭥㯝㔘ㅓ⭥ビ⭆䄸Ⰿ 㸳᷍㗨⪴㵝 8.2 䔔⢀㚨⷗⼻㳆⭥㣜⨗ⳃ᷍

ズ㪉㰝㬨䄜⷗⢀⧅㸋ܮ⭥㑃Ⳟ㳆᱄䊻䎃⷗㑃Ⳟ㳆㚻᷍⮈⪦⧂䄵䓅⤉⭥㾯㬞⫇䊻᷍

㡅䐱⮈⧂㣠Ⱙ⳷⤝㕛䔄ᷛ 

ሬԦܧ = ሬԦ଴ܧ sin ቀ
݊ଵݔߨ
ܮ

ቁ sin ቀ
݊ଶݕߨ
ܮ

ቁ sin ቀ
݊ଷݖߨ
ܮ

ቁ 

⹌㬞 8.14 

㡅䐱݊௜㸋䎜㭞᱄䎃䐷㤊㌗㻣 㡅᷍䐱㗠⷗䓅⤉㚄㬞䊻㼁㋶ヅ䐱䍝㈾⭥㳆〞㬨(ܮ/ߨ)ଷ᱄

ⱙ⮈⪦⤉㬨⭥㠖㔫䈌Ⱀ㑠䐏ヅ⭥⹹㻖㬨2ߥߨ = ܿ݇᱄䅓⪬ ㋶᷍㣜䐱⭥⮈⪦⤉㚄㬞㭞
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㋪㵉⺞㧈㻣⹌㬞⹡㰄ᷛ 

ଶ݇ߨ4

ଷ(ܮ/ߨ) d݇ =
ଶ(ܿ/ߥߨ2)ߨ4

ଷ(ܮ/ߨ) d(2ߥߨ/ܿ) =
ଶܮߨ32

ܿଷ
 ߥଶdߥ

⹌㬞 8.15 

䎃㏐ ଶd݇㬨㼁㋶ヅ䐱⟌㈗㸋݇᱃⽒Ⱙ㸋d݇⭥䇱䄜Ⰹ⽒Ⱙ⭥㤓㋨⭥㳆〞᱄䎃⷗݇ߨ4᷍

㳆〞⨞䄵㗠⷗㚄㬞䊻㼁㋶ヅ䐱⭥㳆〞᷍㈮㬨㚄㬞㭞᱄ 

〚䇻⹌㬞 8.15᷍⮈⪦⤉䊻㠖㔫䑂㩰⭥㲍㗽Ⱙ㈮㋪䄵Ⰹ䅆㸋ᷛ 

(ߥ)݃ =
ଶܮߨ32

ܿଷ
 ଶߥ

⹌㬞 8.16 

㸳㗨⽗㔵⮕㣑㘇⭥㻖㭞᷍㋪䐋㲍㗽Ⱙ䎞⡩䇻ߥଶ᱄䎃⷗㬒⽓᷍ズ㪉㣜㳆㚻⤠⮈⪦⤉

㈮㬨䄵䓅⤉⭥㾯㬞⫇䊻᷍㸳㗨㋪䄵➲⹌㬞 8.13 ㆙㾱䄜⷗⢅㾯ᷛ 

(ߥ)ܧ =
݇୆ܿଶߥ

݁௞ా௖మఔ/(௞ా்) െ 1
ή
ܿଵ
݇୆ܿଶ

 ଶߥ

⹌㬞 8.17 

⽗㔵 ௖భ
௞ా௖మ

䎃⷗⧄㭞᷍⤃㣳㦰㬗⭞ߥଶ㬨⷗㲍㗽Ⱙ᷍㸳㗨㋪䄵⭤⭞⭥⼬㾥㾦㻃㬨ᷛ⹌

㬞 8.17 ⷇㰀㸳㗨䊻㣜㳆䐱㚽㑠㸋ߥ⭥⮈⪦⤉⭥㠞㉚㚽㑠㋪⢎⫐㧈㻣ᷛ 

(ߥ)തܧ =
݇୆ܿଶߥ

݁௞ా௖మఔ/(௞ా்) െ 1
 

⹌㬞 8.18 

㚨㸳㗨㻣㘇⭥㦯㹒᷍㈮㬨㏎ㆃ⹌㬞 8.18᱄⿜㉅⿑㯖᷍㈮㬨㏎ㆃ㸋㬓㗕㚽㑠㸋ߥ⭥

⮈⪦⤉䊻㸣Ⱙܶ㻣᷍➕䍶㵔ェ㑇䁈⭥〚⡟䊎㏎᷍㠞㉚㚽㑠㋪䄵䇤⹌㬞 8.18 ⢎⫐ᷠ 

䎃⷗㬒⽓᷍㧈⺜㸳㗨ㅌ1/(݇୆ܶ)㳇⿜㸋䄜⷗⢅㑠᷍ߚ⹌㬞 8.18 ㈮⢅㸋ᷛ 

(ߥ)തܧ =
݇୆ܿଶߥ

݁ఉ௞ా௖మఔ െ 1
 

⹌㬞 8.19 

㦂݇୆ܿଶ⭩䇻⧄㭞݄᷉䎃⷗݄⽔㎕⡜㦬㗨⧪㸋㠶㎫㋬⧄㭞᷊᷍ 㚨㗕⹌㬞 8.19 ㋪䄵㆙䄜



  

⤞㾕㸋ᷛ 

(ߥ)തܧ =
ߥ݄

݁ఉ௛ఔ െ 1
 

⹌㬞 8.20 

㚨㗕᷍㸳㗨⭥㦯㹒䓵㦜䓋⿐㸋㏎ㆃ⹌㬞 8.20᱄ 

㸳㗨䓃䅃⭞⹌㬞 8.20 㬨㋪䄵⢎㬟㸋㻣㘇䎃⷗㸃⳷㾯㬞⭥ᷛ 

(ߥ)തܧ =
d

dߚ
lnൣ1 െ ݁ିఉ௛ఔ൧ 

⹌㬞 8.21 

ⱙ㵔ェ㑇䁈⭥〚⡟䊎㏎。⷇㰀㸳㗨ᷛ 

(ߥ)തܧ = െ
d

dߚ
ln[ܼ] 

⹌㬞 8.22 

㡅䐱ܼ㸋䎃⷗㻖㵔䊻㠞⽃㲍㻣⭥㞅⳷⼐㭞᱄䅓⪬᷍ⰵ⡩㩰㭗㑞㬞᷉⹌㬞 8.21 䈌⹌

㬞 8.22᷊᷍ ㋪⭤ᷛ 

ln[ܼ] = െlnൣ1 െ ݁ିఉ௛ఔ൧ 

⹌㬞 8.23 

㆙ⱙᷛ 

ܼ =
1

1 െ ݁ିఉ௛ఔ
 

⹌㬞 8.24 

䎃⷗㞅⳷⼐㭞⭥㾯㬞㋪䄵䔗㧈㻣㲊㎶䍚㋋ᷛ 

ܼ = 1 + ݁ିఉ௛ఔ + ݁ିଶఉ௛ఔ + ݁ିଷఉ௛ఔ + ڮ = ෍݁ି௡ఉ௛ఔ
ஶ

௡ୀ଴

 

⹌㬞 8.25 

㡅⡔⽔⭥㹐㏎䅃䅆 ㈮᷍㬨㣜㳆㚻⮈⪦⤉䓅⤉⭥㚽㑠䐜㚽⪇䊻ߝ = ߥ݄݊ 㡅᷍䐱݊㸋⳨

⶛䎜㭞䎃䂚⭥⳷㑃䓕㲍᱄⿜㉅⿑㯖 ⭒᷍㸳㗨㦰㸋㚽㑠⤜䊺㑍㿙ⱙ㬨䄵㑠䓴᷉ quanta᷊
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⭥㾯㬞䄵݄ߥ㸋䔏㾂⭆䊋⫇䊻᷍㚨㗕⹌㬞 8.13 ⭥⼰㏎㾵㈮㋪䄵⡜ㆃ㬮᱄ 

⭞䎃㏐᷍㠶㎫㋬䄲㈎䇤䄜⷗㏎㔼㚄㾮᷉㑠䓴㏎㔼᷊ㆃ㬮㑬㰜⭥㛃⼰⹌㬞᷉⹌

㬞 8.13 ᱄᷊㻣䄜⤞᷍㈮㬨㏎ㆃ㸋㬓㗕䊻⧅⤉᷉⭮㠖᷊䈌Ⱝ⤉᷉ⷀ㠖᷊れ㻿㻣᷍䐏㣑

㧑㏜⼮㸍ⱘ⭥⹌㬞㚽⹜⳷⢑⡜䇤㎕㛃⼰㬖䂊ᷠ 

㸳㗨㋪䄵〚䇻⹌㬞 8.17 ㎕⳷㹗㑞⷗れ㻿᱄㻩㋕㸍ⱘ⹌㬞⭥㬫䇤ⳗ㸈᱄ⰵⰭ

⤉᱃⭮㸣れ㻿⭥⮈⪦⤉݇᷍୆ܿଶߥ㼁⡩䇻݇୆ܶ㬨䄜⷗⫔⭥䎞㭞᱄䎃㬒᷍䇱ᷛ 

݁௞ా௖మఔ/(௞ా்) െ 1 ൎ ݁௞ా௖మఔ/(௞ా்) 

⹌㬞 8.26 

㆙ⱙᷛ 

(ߥ)ܧ =
݇୆ܿଶߥ

݁௞ా௖మఔ/(௞ా்) െ 1
ή
ܿଵ
݇୆ܿଶ

ଶߥ ൎ ܿଵߥଷ݁ି௞ా௖మఔ/(௞ా்) 

⹌㬞 8.27 

䄓㈮㬨㯖㠶㎫㋬⭥⹌㬞⿹⭞㑬㸍ⱘ⭥⹌㬞 306ᱟWien᷍1896ᱠ᱄ⱙⰵ⧅⤉᱃ⷀ㸣れ

㻿㻣⭥⮈⪦⤉᷉ 㧑㏜⹌㬞⭥㬫䇤ⳗ㸈᷊᷍ ݇୆ܿଶߥ㼁⡩䇻݇୆ܶ㬨䄜⷗㾂㑠᱄䎃㬒 䇱ᷛ᷍ 

݁௞ా௖మఔ/(௞ా்) െ 1 ൎ ݇୆ܿଶߥ/(݇୆ܶ) 

⹌㬞 8.28 

㆙ⱙᷛ 

(ߥ)ܧ =
݇୆ܿଶߥ

݁௞ా௖మఔ/(௞ా்) െ 1
ή
ܿଵ
݇୆ܿଶ

ଶߥ ൎ ܿଷߥଶܶ 

⹌㬞 8.29 

䎃㬒᷍㠶㎫㋬⭥⹌㬞䇷⿹⭞㑬㧑㏜⭥⹌㬞ᱟReyleigh᷍1900ᱠ᱄ 

䐢⪬᷍㸳㗨⡟㾂ㅻ⭥㚠⭥㈮⫐⭞㑬᱄䓽ㆂ䄜㻣᷍㈮㬨⪴㠶㎫㋬⭥⹌㬞⨗ⳃ᷍

 
306㧈⺜⫔コⰵ⡩⹌㬞 8.27 䈌⹌㬞 8.3 ⭥⿑᷍。䓃䅃⭞⹌㬞 8.3 㬨⤉⧅⭥⶛㹆⪯Ⳟ᷍ⱙ⹌㬞 8.27 㬨
㠖㔫⭥㧞⪯Ⳟ᱄㰝㗨㑞䎀㬖カ㩰㬨⭩ゼ⭥᱄䎃㬒䇪䇻㠖㔫䈌⤉⧅䇱⷗⭚㭞⹹㻖᱄䅓⪬ d᷍(1/ߣ) =
െ(1/ߣଶ)dߣ᱄䎃㈮㦤⹌㬞 8.25 ⿜⧪⤉⧅⳷⤝⭥㬒⽓᷍⢅㸋⤉⧅⭥⶛㹆⪯Ⳟ᱄㵍䂚⭥⹹㻖⿚。⫇䊻
䇻⽔㘇⭥⹌㬞 8.29 䈌㣑㘇⹌㬞 8.4 ⭥ⰵ⡩䐱᱄8.29 ⿜⧪⤉⧅⳷⤝᷍㈮㬨⤉⧅⭥⶛㯥⪯Ⳟ᱄ 



  

㸳㗨䄓⼽㦾䄸㏎ㆃ㸋㬓㗕䊻⧅⤉᱃ⷀ㸣᷉ 〓䎀Ⱝ⤉᱃⭮㸣 れ᷊㻿㻣 㧑᷍㏜᷉ 㸍ⱘ᷊

⭥⹌㬞㋪䄵㛃⼰㬖䂊ㆂ⺜᱄⭌㰜㗨Ⱍ⤜䊻ⰵⳞ㬫䇤⭥ⳗ㸈㬫䇤᱄ⱙ㠶㎫㋬⭥⹌㬞᷍

㵉⺞㑠䓴ⶦ㛏⭥䅞㧌 ㋪᷍䄵䊻㦌⤉Ⱟⶓⶨ㬖䂊⹼⥃᱄䄜⷗㎈㦦㦬㗨⼽㈤⭥〚⡟㸫

㳃᷉⼻㳆ⴙ㪅㸫㳃᷊⡜ㆃ㉗᷍䄜⷗ⷐ㘝㾵⭥ⶦ㛏᷉㑠䓴᷊⭏㪛᷍㹐㏎䁈ⷐ㘝䄓㎎

㋋㑬㿓㚜᱄ 

 

8.3.2 ➏䅓㯚㲚⭥⺃⮈㾈䇇䈌⹭㳆⡩㦩 

㳂⨗㑠䓴ⶦ㛏⭥㠶㎫㋬䊻ⱟ㬏㬡ギ⨖㬨⹣Ⱑ⭥᱄䎃䐷⹣Ⱑ〓㿎䐜䇱㰜䓵゛㚽

㳆。᱄䐒䐢 1905 㛋᷍㆑㯚⿚䊻㸋㧑㏜⹌㬞䁑㤔㵔ェ㹐㏎⭥ㆃ㬮᷍⤃ⳃ⢎㑬㚨㠋

䊻⭒㬒⼮䊻㸳㗨ㅭ㋧㭊䐱⳨⧄䇱䇑㼍㑇⭥㸥䍣ᱟJeans᷍1905ᱠ᱄䑘㒘䁈䎀䐱᷍㼁

㾦㠶㎫㋬⭥㏎㔼⭥㦬䇇ⶤ⤃⤜ⱁ᱄㠶㎫㋬㵍㬒䄓㬨㾳䊬⭥ 䅓᷍㸋㰜㕎㩰㈮ㅌ䇎㎕

䄜㸜ゕㅌ⧪㸋䁈㭖⧍㾣㾨⭥䐈⧷䎀᷍➏䅓㯚㲚᱄ 

1905 㛋᷍➏䅓㯚㲚㏜䇤⺃㑠䓴⭥ⶦ㛏ㆃ㬮㑬⺃⮈㾈䇇ᱟEinstein 1᷍905aᱠ᱄䎃

䊻㬏㒚㛋⽔㸋㰜䇏⭤㑬 1921 㛋⭥㝖⡕ⱜ㹐㏎ㅒ᱄1907 㛋᷍➏䅓㯚㲚㆙䄜⤞㏜䇤

㸳㗨䊻᱗⹭㳆㹐㏎᱘ㅭ⤥䐱㈎⧄䁈⭞⭥➏䅓㯚㲚㚄㾮ㆃ㬮㑬⹭㳆㦩㦾䊻⭮㸣㻣⭥

㾱㸋ᱟEinstein᷍1907ᱠ᱄䎃⷗㚄㾮⭒㦜䄓㬨䄜⷗㑠䓴㏎㔼᱄䅓⪬᷍⤜㌅䍦⭥㯖᷍

䊻ⱟ㬏㬡ギ⭥⭻䄜⷗㬏㛋 ➏᷍䅓㯚㲚ォ㬨㠶㎫㋬䔏ヂⰉ⭥䐈⧷䎀 䄓᷍㬨㰜⭥㏎㔼

⭥ⳃ䂐䎀 307᱄䊻 4.2.4 㾂ㅻ᷍㸳㗨ㅓ㦩㑇䁈⭻㧞Ⰹ㔪⭥㬒⽓㳂⭞⺞㚽㯚㲹䇇ⶤ䄓

㬨㰜㗨⭥㗬䇲᷍㬨㰘ⱜ㸍。䅊䔏䋈⭥ⳃ㡑䎀᱄㰜㗨䄜㡑᷍㋋㡕㑬㹐㏎䁈ⷐ㘝䐱⭥

㑠䓴㏎㔼ⷐ㘝᱄ 

 
3071914 㛋᷍䄓㬨䇇㠶㎫㋬⭥䂜㤌᷍➏䅓㯚㲚⪴㯶㏉㬡⟂⭞➹㑷㦯䐑➹㑷⫔䁈᱄䊻䎃㏐᷍㰜㶋⧪㑬
⺄䅆㼁ⰵ㔼᱄ 
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㸳㗨㻩㋕䄜㻣➏䅓㯚㲚䊻㰜 1905 㛋⭥㸥䍣䐱㯖㑬㬓㗕ᷠ䎃㏐᷍㰜⪕䋍㾵⭥

䅞㧌㑬⺃㑠䓴᷉⭣䈐㬨 Lichtquanten᷍䇃䈐ⰵ䇇 quantum of light᷊⭥ⶦ㛏 308᱄㰜㦰

㸋㠖㔫㸋ߥ⭥⺃䓴⭥㚽㑠㸋݄᷍ߥ㡅䐱݄㈮㬨㠶㎫㋬䊻ㆃ㬮⼻㳆ⴙ㪅Ⰹ㔪⭥㬒⽓䅞

㧌⭥㠶㎫㋬⧄㭞᱄⭒⺃㑠䓴䍶㪅⭞㵝 8.9 㰚㬟⭥㆑㭕⢎㘇⭥㬒⽓᷍䄜⷗⺃㑠䓴⭥

㚽㑠݄ߥ⡜䄜⷗⮈䓴㹝㬶᱄䎃⷗㚽㑠䐱⭥䄜⤠⳷䇤䄵㋬ⴟ㆑㭕⢎㘇⭥㭙ⶠ 㸳᷍㗨➲

䎃⷗⧪㸋䄾⨗⹇᷍㸳㗨エ䔘ܣ᱄䎃䂚᷍⭒⮈䓴⧪㸋䓵䇪⮈䓴⭥㬒⽓᷍㡅Ⱀ㚽㈮⭩

䇻ᷛ 

1
2
ଶݒ݉ = ݒ݄ െ  ܣ

⹌㬞 8.30 

䎃䄓㈮ㆃ㬮㑬㵝 8.9 ⭥䇳⢀㸋㬓㗕䐜䇱䊻㧌㪅⺃⭥㠖㔫ⷀ䇻䄜⷗㲹Ⰹ䐖䐏⽔᷍⤦

䇱⮈䓴䄾⨗᱄㵍㬒᷍䄾⨗⮈䓴⭥䔏⫔Ⱀ㚽。䈌㧌㪅⺃⭥㠖㔫⧫㼀㾵䄡㎖⹹㻖᱄䊻

䅞㧌㚽㑠㑠䓴⭥ⶦ㛏䐏⽔ 䄜᷍⷗㎈㦦䁈ㆈ⼽㈤⭥㹐㏎㸫㳃㈮㵉⺞䄜⷗れ㡅ビ⭆⭥

㵝㼒〒⭤㑬ㆃ㬮᱄ 

⨞㑬⺃㑠䓴⭥ⶦ㛏 ➏᷍䅓㯚㲚ㆃ㬮⹭㳆㦩㦾⭥㬒⽓ 㵍᷍䂚䅞㧌㑠䓴⭥ⶦ㛏㎕

㘉㭗⹭㳆䐱⭥䎒Ⱀ᱄䎃⷗⧃㬵䄓〒⭤㑬⧪⹇᱄䐢㩺᷍㰝ㆃ㬮㑬⹭㳆㦩㦾䊻⭮㸣㻣

㸋⼯㠌㏌㚽㉚⳷Ⰹ㏎ⷙ⨗⭥⧄㭞ⱙ㤘㆝䇻㒄᷉ 㵝 8.12 䐱㬖䂊ㆂ⺜㠌㏌Ⱖ㔂ÿ儋⭺

Ⰹ㔪⭥㚨⷗㾱㸋 ᱄᷊㵍㬒 㰝᷍䄓㚽ㆃ㬮㸋⼯ⷀ㸣㻣⹭㳆⭥㦩㦾。⿹⺊Ⱖ㔂ÿ儋⭺Ⰹ

㔪⭥䊅⥃᱄㵍㬒᷍㸳㗨䄓㿉䄋䐋⭡➏䅓㯚㲚⭥㦩㦾㚄㾮䇱䄜⷗㘘㻵⭥㦒㻾᷍㈮㬨

䊻⭮㸣㻣㦩㦾ⰵ㸣Ⱙ⭥䄡㎖⹹㻖⤃⤜䎞㦘᱄㡅䊎䅓 㬨᷍➏䅓㯚㲚㦰㸋⹭㳆䐱⭥䎒

Ⱀ䐜䇱䄜⷗㠖㔫᷍ⱙ⽗㔵㑬㩌㩃᱄㸋㑬ㆃ㉗䎃⷗㸫㳃᷍⭣➾䊻 1912 㛋䅞㧌㩌㩃

 
308䎃⷗⪫䊻ⱟ㬏㛋⽔䁾⿐㸋⺃䓴᷉Photon᷊᱄1926 㛋᷍㔘䄸㯚᷉Gilbert Newton Lewis 1᷍875ÿ1946
㛋᷊䊻 Nature 㩰ⳃ⢎㑬⭥䄜⷗䄵᱑7KH�FRQYHUVDWLRQ�RI�SKRWRQV᱒㸋㳃 letterᱟLewis᷍1926ᱠ᱄1928
㛋᷍㋖㠶ⰺ䊻ㆃ㬮㰜⭥㬖䂊⭥㬒⽓᷍⫔㑠㬚䇤㑬䎃⷗⪫᱄䐏⽔᷍䁾⿐㸋㸳㗨㻷⫛⭥䇤ⳉ᱄ 



  

ㅌ➏䅓㯚㲚⭥㚄㾮㆙㾱㑬ⶥ㆙᷉ 㵝 8.14᷊᷍䎃⷗㚄㾮⡜⧧㸋⭣➾㚄㾮ᱟDebye 1᷍912ᱠ᱄

䎃㾊㻙ㅻ ⡫᷍䎀㦰㸋ⰵ㸳㗨⡟䍣㻄㶜⪌⫐⭥⼬㾥㯝㼌㎕㯖⤃⤜䐹䄋 䅓᷍⪬㸳㗨䊻

䎃㏐⤃⤜䓙㭗᱄ⶱ㾬㦅⭥Ⱒ䎀㋪䄵⤯㋝㉀㳆⭥᱗⹭㳆㹐㏎᱘⭥ㅭ⤥ᱟKittel 2᷍005ᱠ

ᱟ⿧㎆᷍2014ᱠᱟ㸅⭅᷍2023ᱠ᱄䓽䐏᷍㰇䓦㑠䓴ⶦ㛏䊻㘉㭗⹭㳆㚻䊎䓴䎒Ⱀ⭥㬚

䇤᷍⹭㳆㦩㦾㸫㳃䊻㩰㬡ギ⭥⭻ⱟ⷗㬏㛋䄓㵍䂚⡜ㆃ㉗᱄ 

 

㵝 8.14 ➏䅓㯚㲚㚄㾮⼮⭣➾㚄㾮ⰵ㦩㦾⭥ⶥ㆙᷍䍋䓵㸥㻸ᱟ㾜㗯㼊᷍2022ᱠ᷉ 䊎㬝㭞㈾㎕

䓵㸥㻸ᱟDebye᷍2012ᱠ᷊᱄㡅䐱᷍a)⼮ b)㬨➏䅓㯚㲚䈌⭣➾⭥㵘㼒᱄c)㬨㸥㻸ᱟDebye᷍

2012ᱠ䐱⭥㭞㈾᱄ⰵ䇻㆑㭕㔢᷍⼻㬖㼀㬨⭣➾㚄㾮⭥ㆂ⺜᷍⽍㿊㼀㬨➏䅓㯚㲚㚄㾮⭥ㆂ

⺜᷍⽍㩌⭥⮄㸑㬖䂊ㆂ⺜᱄⭣➾㚄㾮㼁ⰵ䇻➏䅓㯚㲚㚄㾮᷍䅓㸋㋝㔨㑬㪚䓴㠖㔫⭥⳷⤝᷍

㬨䇱ⶥ㆙⭥᱄ 

 

8.3.3 㔍㩋ⶄ䈌⤄ⱜ⭥䊎䓴㚄㾮 

1897 㛋᷍㧑㏜᷉John William Strutt᷍3rd Baron Rayleigh᷍1842 –1919 㛋᷊⭥

䁈㪛䊝㩋ⴓ᱅㲡㚘㰐᷉J. J. Thomson 1᷍856ÿ1940 㛋᷊〚䇻㡅⥃⨗⭥䅖れ㪅㼀⭥⮈

⼪/䐫㑠⡩䊗ⷀ䇻㦬㗨⭒㬒䄲䐋⭥㰚䇱㑄䓴䎃䂚䄜⷗㬣㬖᷍䐙⨗䅖れ㪅㼀䐱⭥㑄

䓴䎃⷗㋪㚽㬨䄜䐷㦌㾣⭥㑄䓴᷍䎃⷗㑄䓴⭥⮈⼪/䐫㑠⡩⼽⫔⭥⼽㋪㚽㬨䅓㸋㰝
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⭥䐫㑠⳨⧄䐏㾂᱄1899 㛋᷍㰜䇷䎌ⰵ⺃⮈㾈䇇⥛㪛⭥⺃⮈㒘᷍㆙㾱㑬⮈⼪/䐫㑠

⡩⭥⥃㑠᷍ㆂ⺜䈌䐏㣑䐋⭡⭥䅖れ㪅㼀㼁㆝᱄㵍㛋᷍㰜䅞㧌㑬᱑⮈䓴᱒⭥ⶦ㛏㎕

㘉㭗䎃⷗⫙⮈⭥〚⡟⭆䊋᱄ 

1898 㛋᷍㔍㩋ⶄ⭥䁈㪛㔍㩋ⶄ᷉Ernest Rutherford᷍1871ÿ1937 㛋᷊䊻㯆⢅ⳕ

䇇䐱ⳃ㻷㑬䄜䐷⤜㘘㪅㼀 㰜᷍➲㰜㘝㘜㸋ߚ㪅㼀᱄䐏⽔᷍⡕㋬㎶ⱜ᷉Antoine Henri 

Becquerel 1᷍852ÿ1908 㛋᷊⥃Ⰹ㑬㰝⭥⮈⼪/䐫㑠⡩᷍ㆂ⺜䈌䐏㣑⭥䅖れ㪅㼀᱃⺃

⮈㒘䐱⭥㑄䓴㏁㯧᱄〚䇻䎃㾊㬖䂊᷍䊝㩋ⴓ᱅㲡㚘㰐⳨⧄㘘㦘⭹䐙⨗⤜㔼㬨䅖れ

㪅㼀᱃⺃⮈㒘᷍⿚㬨ߚ㪅㼀᷍㰝㗨Ⱍ㬨⮈䓴㒘᷍㰝⭥䐫㑠⡩䊎䓴㾂⼽ⱁ᷍㬨䊎䓴

⭥⹚⧪⤠⳷᱄䎃䂚 䊎᷍䓴⤜㋪⳷⭥⪌㵔⹼㛏⧚⭸㠧㘑 309᱄䊎䓴⼬⭥ⷘ⷗䔊⧪⤠⳷

䇇ⶤ䄵㬓㗕䂚⭥㾯㬞⫇䊻ᷠ䓵㦜⭹᷍䄓⧪㑬㹐㏎䁈䁱㈠䐱⭥䄜⷗ⷚ⡟㸫㳃 310᱄ 

䊻 8.2.3 ㅻ᷍㸳㗨⿹⹬㑬㹐㏎䁈ⷐ㘝㣑㦬㗨⹹䇻⺃㠸㻷㼔⭥㏎ㆃ᱄⮈䓴⡜ⳃ

㻷⽔ 〚᷍䇻㦬㗨⭒㬒䄲䐋⭥⮈䓴⼮㒎㶃䄜䐷⫙䎞⮈⭥㑄䓴㎕㏎ㆃ⮈䓴ㆂ⹚᷉ 䅓㸋

䊎䓴䎜㳆㬨⮈䐱㾵⭥᷊᷍ ⼽䓵㦜⭥㈮。⼮㦬㗨䐏㣑㈮䄲㈎㆙㾱㑬⭥䑏ⱁ䊎䓴⺃㠸

⭥⥃㑠㑋㻖㡑㎕᱄䎃㬖カ㩰㬨㑞⷗㸫㳃᷍⭻䄜᷍㬨ㅉ㑃䄜⷗䊎䓴㚄㾮᷍㎕㯖㘘䊎

䓴㚻⤠ⷘ⷗⤠⳷㬨䋖㗕⫇䊻᷍㆙ⱙ⹚⧪䊎䓴⭥ᷠ⭻ⱟ᷍㬨〚䇻䎃⷗䊎䓴㚄㾮᷍㎕

㏎ㆃ㬖䂊㩰䄲㈎㋪䄵⥃㑠⭥䊎䓴⺃㠸᱄䎃㏐ 㹐᷍㏎䁈㏎㔼⡹㿌㋪䄵⡜㬖䂊䐅㬖〓

 
309䊎䓴䎃⷗⪫䊻⭣䜴㋬㏜㲹䅞㧌⭥㬒⽓⭥䅃㯝㈮㬨䔏㾂⭥⤜㋪⳷⭥⭆䊋᱄⭡ⱜⰺㆉ䇤㑬䎃⷗ⶦ
㛏᷍㆙㾱㋧䁈㩰⭥⢎㭗᱄䐋⭡ 1897 㛋䐏㣑᷍㦬㗨㬨⤜。㶚䊎䓴㋪䄵㆙䄜⤞⳷⷏䎃⷗Ⳟ㼓㼌⭥᱄ 
310䎃⷗⺞⧭᷍㋪䄵㏁㯧㦬㗨㏛㬘㩰㲌䂕㻖⭥ㆂ⹚⭥㦰㬗᷍䊻㹐㏎㩰⳷㸋㑞⤞᱄䄜⤞᷍㬨⮈䓴᷉㾱
㾨᷊⭥䊬Ⱀ䁈᷍䄓㈮㬨 kinematicsᷜ䄜⤞᷍㬨⮈䓴᷉㾱㾨᷊⭥㑇䁈᷍䄓㈮㬨 mechanics᱄ⰵ䇻㾱㾨᷍
䊬Ⱀ䁈⭥㸫㳃䇪㵱㎶㗽᱃ⷈ➸㛂᱃㋋㠶㎶᱃䙅㏜㔵➕⭾㆙⭥Ⳟ㬞䑑⤞㶋⧪᱄㑇䁈⭥㸫㳃䋓㬨䇪㝄
ⰺㆃ㉗᱄㑞䎀⼰䊻䄜㡑᷍⹚⧪㑬㆝⫛㹐㏎䁈䐱䔏䋈⭥㈎⮅㑇䁈᱄ⱙ䊻ⰵ䊎䓴ㆂ⹚⭥㦰㬗⺞⧭䐱᷍
㦬㗨䄓䇱䄜⷗㏁㯧⭥⪴䊬Ⱀ䁈⭞㑇䁈⭥䑘㼀᱄1925 㛋᷍䊻⼄㩎⡅⭥ⷐ㘝㾵⭥㸥䍣䐱᷍kinematics
㈮㬨䄜⷗㸳㗨⤜㚽⽗㬴⭥⹹ポ⪫᱄䎞㬨⼄㩎⡅ⰵ⮈䓴䊬Ⱀ䁈⭥䐹㾣㘉㭗 ⭝᷍䐣㑬㾣⭥㑇䁈᷉ 㑠䓴
㑇䁈᷊⭥⭏㪛ᱟHeisenberg 1᷍925ᱠ᱄䎃⷗᷍Ⱒ䎀䊻䎌ⰵ㸳㗨䎃䍣⽔㘇⭥㚻㦾⭥䊥Ⱒ䐱᷍䇇ⶤ㋪䄵
㕞㕞㳆。⭞᱄ 

 



  

䎀䐅㸒䎃䂚䄜⷗㹐㏎䁈䔏〚⡟⭥㲹䐫䄓⭤⭞㑬⨅⳷⭥㳆㻷᱄㦬㗨ⰵ䎃㑞⷗㸫㳃⭥

⧚⭸ㆃ⫑᷍䄋⭩⭞㑠䓴㑇䁈ㅉ㑃䐏⽔᱄䊻 1900 㛋㠶㎫㋬㳂⨗㑠䓴⭥ⶦ㛏䐏⽔⭞

1926 㛋䁇Ⰹ䜭Ⳟ⧭㳂⨗䐏㣑䎃⷗㲹Ⰹ⭥㏛㬘㬒㠻 㔍᷍㩋ⶄ䈌⤄ⱜ᷉ 㲹⢑㬨⤄ⱜ᷊

ㆉ䑛㑠䓴⭥ⶦ㛏㰚ㅉ㑃⭥䊎䓴⭥㾱㾨㚄㾮ㅰ⼤⭹ㆃ㉗㑬䎃⷗㸫㳃 ⤃᷍䇶ⳃ⨗䄜㻖

㑱⪺㆙㑠䓴㑇䁈㆙⤞⭥㬖䂊䈌㏎㔼䁱㈠᱄䅓㸋䎃㾊⭥⹒㻸᷍㰜㗨䄓䈌㠶㎫㋬᱃➏

䅓㯚㲚䄜⭡᷍⧪㸋㑠䓴㏎㔼䋈㠻ⳃ䍚䐱⭥䐹䄋㵧Ⱀ㑇᱄ 

㔍㩋ⶄ䈌⤄ⱜ⭥⹅䔘㬨㻩⽔㶋⧪⭥᱄㸳㗨㻩⪴㔍㩋ⶄ㯖㡑᱄1898–1899 㛋᷍

㰜䊻䁱㈠⳦㪅㾵⭥㬒⽓㻩⽔ⳃ㻷㑬㑞䐷㦬㗨䐏㣑⤜䐋⭡⭥㪅㼀᱄䎃㑞䐷㪅㼀⡜㘝

㘜㸋ߙ㪅㼀᱃ߚ㪅㼀 311᱄㵉⺞⡕㋬㎶ⱜ⹹䇻㡅⮈⼪/䐫㑠⡩⭥㬖䂊᷍ߚ㪅㼀⼽㌍⡜

㦘㦰㸋⮈䓴㒘᱄ⱙ㦬㗨ⰵߙ㪅㼀⡟䐫⭥䁱㈠᷍䋓⧷㿙⭹ⷝ⧅㈤᱄1908–1909 㛋᷍

㔍㩋ⶄ⡟㦬㦘Ⰹ㑬㰝㬨䇪⼅䊎䓴⼬䔊⧪⭥᱄䐏⽔᷍㔍㩋ⶄ䈌㰜⭥䑛㬷ⶨⷐ᷉Hans 

Wilhelm Geiger᷍1882–1945 㛋 ᱃᷊䁈㪛㕎㯚⭨᷉Ernest Marsden᷍1889–1970 㛋᷊

䄜㡑㏜䇤ߙ㪅㼀㻖㵔䁱㈠㑬㆑㭕⤎ⰵ䎃䐷ߙ㪅㼀⭥㩃㪅᱄㰜㗨⭥㚠⭥ ㈮᷍㬨㏎ㆃ䊎

䓴⭥ㆂ⹚᱄ 

䐏㣑䊻㰜⭥⭝㬇䊝㩋ⴓ᱅㲡㚘㰐㰚ㅉ㑃⭥㚄㾮䐱 ⫙᷍⶛⮈⭥⮈䓴⼮⫙䎞⮈⭥

㑄䓴⭥⳷⤝㬨㉚䊩⭥᱄䅓⪬᷍⤜㋪㚽⨗㻷⫔ㅨⰩ㩃㪅⭥㤊㌗᱄⭌㎕䓵㕎㯚⭨⭥㬖

䂊⹼⥃㤆⨟⢎㘘⫇䊻⫔ㅨⰩ㩃㪅⭥㤊㌗᱄1910 㛋 㔍᷍㩋ⶄ䎌ⰵ䎃⷗⹼⥃㆙㾱㑬⫔

㑠⭥㯝㋝ 䔏᷍䐶⪴㏎㔼㩰㳂⨗㑬䄜⷗⫙䎞⮈⭥㑄䓴⡹㿌ゐ䐱䊻䊎䓴䐱㾥䄜⷗⼽㾂

 
311⭒㬒䄓㬨⳦㪅㾵䁱㈠䔏㦩⭥㬒⽓᷍⡕㋬㎶ⱜ᱃㈴㏐ⴓ⶟ⳃ㻷⼬㯆⢅䄓䊻㚨⷗㬒ヅ᱄䊻⤜㏎ㆃ䄜
⷗㪅㼀⭥⡟䐫⭥㬒⽓᷍㦬㗨㻑⺀䇻䇤䄜㾊䓷㚙㎕㘝㘜᷍⡩㧈䋈㠻㔸㣺᷉Wilhelm Conrad Röntgen᷍
1845–1923 㛋᷊䊻 1895 㛋ⳃ㻷⭥㪅㼀᷍⡜㘝㘜㸋 X 㪅㼀᱄㔍㩋ⶄ㬨䊝㩋ⴓ᱅㲡㚘㰐⭥䁈㪛᷍䓵
㦜䄓䊻䎃⷗䑘㒘⭥䁈㭖ㅜ㒘⭥㵦㳆᱄㰜➲㰜䊻 1898–1899 㛋ⳃ㻷⭥㑞⷗㪅㼀㘝㘜㸋ߙ㪅㼀᱃ߚ㪅
㼀᱄䎃⷗䄓⽔㘇䇑㼍㑬ⳉ⺛㋧䁈コ㸍㎎ⱜ᷉ Paul Ulrich Villard 1᷍860–1934 㛋 ⰵ᷊ߛ㪅㼀⭥㘝㘜᷉ 䎃
⷗㪅㼀⡕㋬㎶ⱜ䊻 1896 㛋䓃䅃⭞⺞᷍⡜㘉㭗㸋⳦㪅㾵⭥㪅㼀᷍⭌㗜䇱ⷙ䈉䎞㬞⭥㘝㘜᷊᱄ 
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⭥㤙䈓᱃⮈䓴㗷㩃䊻㡅䐽㸈⭥㚄㾮᱄㸳㗨➲䎃⷗㚄㾮⧧㸋䊎䓴⭥㾱㾨㚄㾮᷍㰝㋪

䄵Ⰹ㑠⭹ㆃ㬮ⶨⷐ䈌㕎㯚⭨⭥㬖䂊⹼⥃᱄䐏⽔᷍㸋㑬⡄㻶㡑ボ᷍ⶨⷐ⼮㕎㯚⭨⿚

㆙㾱㑬⫔㑠⭥ⶥ㆙㬖䂊᱄ㆂ⺜㆙䄜⤞䐅㬖㑬䎃⷗㏎㔼㚄㾮᱄䐢⪬᷍䄜⷗〚䇻㬖䂊

⹼⥃⭥㏎㔼㚄㾮䎞㬞ㅉ㑃 312᱄㸳㗨⭥ㅭ㋧㭊㩰 䄓᷍Ⱍ。䇱ⰵ䎃⷗⺞⧭⭥㼁ⰵ䓝㦘

⭥㘉㭗᱄䎃㏐㈮⤜䊺䓙㭗㡅㏎㔼㻙ㅻ᱄ 

⡜䎃⷗⹅䔘⪆Ⱀ 1᷍912 㛋 䊻᷍㕝⧚㯚㲹ⳤ㸫⭥⤄ⱜㅌ⹹䓃⮄⳦䊻㑬㧈⼯⪴㏎

㔼⥄㘇ⷝゴ㪏㧌⭹㏎ㆃ㔍㩋ⶄ⭹䊎䓴㚄㾮 313ᷠ䊻䎃㏐᷍⤄ⱜ㼁ⰵ㪏㋭⭹㏎ㆃ㑬

㔍㩋ⶄ⭥㾱㾨㚄㾮䈌㈎⮅㑇䁈⭥㗍ⰽ 314᷍㆙ⱙヂ㾦㸉䇱㑠䓴㏎㔼㋪䄵ㆃ㬮䎃䐷

㗍ⰽ᱄䊻䎃⷗⺞⧭䐱᷍➮ⱛ㚊⹌㬞ⷙ㑬㰜⼽⫔⭥㡕ⳃ᱄㵍㬒᷍㯚㰟㋬᷉Johannes 

Stark 1᷍874– 1957 㛋 ⭥᷊ゼ⮈䓴䊟㣉㉗Ⰹ䊎䓴⺃㠸⭥㯝㼌䄓㪏㪏⭹䇑㼍㑬㰜᱄〚

䇻䎃㧞⮄㦰㬗᷉㔍㩋ⶄ㾱㾨㚄㾮᱃➮ⱛ㚊⹌㬞᱃㯚㰟㋬⭥ゼ⮈䓴䊟㣉⭥㯝㼌᷊᷍

㰜䄵䔏ビ⭆⭥㤃䊎䓴㸋㧌㬷⮄᷍䇻 1913 㛋㑍㿙ⳃ⢎㑬㧞㠋㸥䍣ᱟBohr᷍1913aÿ

1913cᱠ᷍ⷙ⨗㑬㸳㗨㻷䊻㋕⭞⭥⤄ⱜ㤃䊎䓴㚄㾮᱄ 

⤄ⱜ㤃䊎䓴㚄㾮䇱㧞⮄⼬㾥㚻㦾ᷛ 

1᷊ Ⰹ㲍ズ㪉ᷛ⮈䓴㦧䊎䓴⼬䊬Ⱀ⭥⺍⭡⤜㬨㦯䅃⭥᷍ⱙ㬨⳷㑃⭥᱃㋪䄵䇤䎜

㭞݊⢋㬗⭥㲹Ⰹ⭥⺍⭡᱄䊻䎃㾊⺍⭡㩰᷍⮈䓴⤜。➕䍶㈎⮅⮈⪦䁈㏎㔼㘉

 
312㼁⡩䇻⡩㰝䋈䄜㾊⭥⧅ⶵ⟌㲌㎪᷉1DJDRND�+DQWDU̮᷍1865–1950 㛋᷊⭥㵢㾨㚄㾮᱃㞆㎝᷉Jean 
Baptiste Perrin᷍1870—1942᷊⭥㾱㾨㚄㾮᷍㔍㩋ⶄ⭥㾱㾨㚄㾮⤜䊺㬨㶋㦌⭥㏎㔼ズ㪉᷍ⱙ㬨〚䇻
㬖䂊⹼⥃㳂⨗⭥㏎㔼㚄㾮᷍㉀䇱⿏㬒⫛⭥䅃䅆᱄ 

 
313⤄ⱜ⭒㬒〒⭤ク㬠⤏〚㆑。᷉Carlsberg Foundation᷊⭥䓫䑛ⳤ㸫䇃⺛᷍㻩⽔䊻ㅄ㣦⫔䁈⭥䊝㩋
ⴓ᱅㲡㚘㰐㋯㳃䔊䄵ゑ㕝⧚㯚㲹⫔䁈⭥㔍㩋ⶄ㋯㳃䔊䁈㻑᱄㰜䈌㔍㩋ⶄ䐏ヅ⥛㪛㑬⳨⧄㗡㘏⭥⿐
䁈ⳕ䇇᱄ 

 
314㈎⮅⮈Ⱀ㑇䁈⷇㰀㸳㗨ゴ㯺䊬Ⱀ⭥⫙⮄㑄䓴。㼓㶃ⴙ㪅㚽㑠᱄䎃䂚 㦧᷍䊎䓴⼬㆙㾱䊩㯺䊓䐽䊬
Ⱀ⭥⮈䓴㈮。䇪䇻㼓㾥ゴ㯺Ⱙ⭥⫇䊻䁙㯺⳦⨗㚽㑠᷍⭝䐣䊎䓴⤜㸩Ⰹ᱄ 



  

㭗⭥㚨䂚ⴙ㪅㚽㑠᷍ⱙ㬨。⡄⧷䄜⷗⹭Ⰹ⭥㚽㑠ܧ௡ᷜ 

2᷊ 䊟㣉ズ㪉 ⮈ᷛ䓴䊻Ⰹ㲍㩰㰅㦜⤜ⴙ㪅㚽㑠 ⭒᷍⮈䓴⪴䄜⷗㚽㑠㸋ܧ௡⭥Ⰹ㲍

݊㼓㚽㑠㸋ܧ௠⭥Ⰹ㲍݉䊟㣉⭥㬒⽓᷍。ⴙ㪅⨗㲹Ⰹ㠖㔫⭥⮈⪦⤉᷍⮈⪦⤉

⭥㠖㔫ߥ௠௡㕛䔄ᷛ 

௠௡ߥ݄ = ௡ܧ െ  ௠ܧ

⹌㬞 8.31 

3᷊ ㅨⰐ㑠㑠䓴⿐ズ㪉 ⪇ᷛ䊻Ⰹ㲍݊㩰⭥⮈䓴⭥ㅨⰐ㑠ܬ䄓㬨㑠䓴⿐⭥ 㰝᷍㕛䔄  ᷛ

ܮ = ݌ݎ =  (ߨ2)/݄݊

⹌㬞 8.32 

䇇ⶤ㯖䎃㧞㳖Ⱍ㬨⹹䇻䊬Ⱀ䁈᷉ kinematics ⺇᷊㔪⭥᱄㰝㗨䈌㈎⮅㹐㳆⭥䊬Ⱀ㘉㭗

⳨⧄⤜䄜䂚᱄⭌⡩㡑 1925 㛋⼄㩎⡅㰚䅞㧌⭥ⷝゴ᱑㑠䓴᱒⭥䊬Ⱀ䁈᷍㰝䇷⡄㒕

㑬⺍⭡⭥㲹䎘᱄䎃䄓㬚⭤㰝㸿ⳉ㶋⧪㼓㑇䁈㏎㔼⭥㪞゗᱄䅓㸋䎃⷗䊎䅓᷍㏁㯧⤄

ⱜ䊎䓴㚄㾮⭥㏎㔼䄓⡜⧧㸋㑠䓴㔼᱄1924ÿ1926㛋㠻ヅ㦬㗨㶋⧪⭥ ㅱ᷍㑠䓴㑇䁈᱄ 

〚䇻㩰㘇⭥㧞㳖ズ㪉 ㆂ᷍⼰㈎⮅㑇䁈 ⤄᷍ⱜ㋪䄵ⷙ⨗ⷘ⷗Ⰹ㲍㚽㑠⭹㭞䁈⢎

⫐᱄䎃⷗⢎⫐㬞㋪䄵⼽⼤⭹ㆃ㬮 8.2.3 ㅻ㸳㗨ㅓ⭥㏐⭣⡅㠸㼀᷉⹌㬞 8.12᷊315᱄㉀

㳆ⱙ䁵 ㈮᷍㬨㻩⪴㸳㗨㈎⮅㑇䁈䐱䁈⭞⭥㏌㾥㑇⭩䇻䅞㑇⭥㳖ミ⨗ⳃ ㋪᷍䐋Ⰹ㲍

⭥⟌㈗䈌㯺Ⱙ㕛䔄㧈㻣⹹㻖ᷛ 

݉ୣ
ଶݒ

ݎ
=

݁ଶ

ଶݎ଴߳ߨ4
 

⹌㬞 8.33 

㆙ⱙᷛ 

ଶݒୣ݉ =
݁ଶ

ݎ଴߳ߨ4
 

⹌㬞 8.34 

 
315⭌㬨㆗㆗㬨㤃䊎䓴⭥㠸㼀᷍䅓㸋䎃⷗㬨㤃䊎䓴㚄㾮᷍㡅㰝䊎䓴ㆃ㬮⤜㑬᱄ 
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䎃㏐݉᷍ ୣ㬨⮈䓴䐫㑠߳᷍଴㸋䎇㋶䐱⭥ㆊ⮈⧄㭞᱄䇪ㅨⰐ㑠㑠䓴⿐㳖ミ᷉ ⹌㬞 8.32᷊᷍

䇷䐋ᷛ 

݌ݎ = ݒୣ݉ݎ =  (ߨ2)/݄݊

⹌㬞 8.35 

䎃䂚᷍㑋㑃⹌㬞 8.34 䈌 8.35᷍㸳㗨㈮㋪䄵⭤⭞ᷛ 

݉ୣ ൬
݄݊

ୣ݉ݎߨ2
൰
ଶ

=
݁ଶ

ݎ଴߳ߨ4
 

⹌㬞 8.36 

㆙ⱙ᷍䊺㵉⺞ᷛ 

݊ଶ݄ଶ

ଶ݉ୣݎଶߨ4
=

݁ଶ

ݎ଴߳ߨ4
 

⹌㬞 8.37 

〒⭤⮈䓴⺍⭡⟌㈗⭥⢎⫐㬞ᷛ 

ݎ = ݊ଶ
߳଴݄ଶ

ଶ݉ୣ݁ߨ
 

⹌㬞 8.38 

䎃⷗㬞䓴㯖㘘⮈䓴⺍⭡⟌㈗㬨㑠䓴⿐⭥᱄⭒݊ = 1㬒᷍㰝ⷙ⨗⭥⟌㈗䊝㸋

0.52917(7)➄᱄䎃⷗⧅Ⱙ䄓⡜㦬㗨⧧㸋⤄ⱜ⟌㈗᱄ 

䐏⽔᷍〚䇻⹌㬞 8.38᷍ㆂ⼰㈎⮅⭥െ1/ݎଶ⭥䐱㾥㑇⧂䐱㬧㚽㉙ⰵ䐖㸋Ⱀ㚽ⱟ

⡗䎃䂚䄜⷗⹹㻖 316᷍㸳㗨䇷㋪䄵㵧⨗⮈䓴⺍⭡⭥㚽㑠⭩䇻ᷛ 

௡ܧ =
ଵܧ
݊ଶ

 

⹌㬞 8.39 

㡅䐱ᷛ 

 
316䎃⷗㬨ⷀ䐱㹐㏎䐱⼽㘘㦘⭥䄜⷗ㆂ㔼᷍㸳㗨䎃㏐㈮⤜ㆃ㬮㑬᱄ 

 



  

ଵܧ = െ
݉ୣ݁ସ

8߳଴ଶ݄ଶ
 

⹌㬞 8.40 

㸋㤃䊎䓴䐱⮈䓴〚㲍⭥㚽㑠᷍㰝䊝㸋െ13.6⮈䓴ⴝ㲹᱄ㅌ⹌㬞 8.40 ⫙㧌Ⰹ㲍䊟㣉

ズ㪉⮈⪦⤉㠖㔫⭥⢎⫐㬞᷉⹌㬞 8.31᷊᷍ 䊻⤜㋝㔨⽔㎕㦬㗨⤦䐋⭡⭥䓵㿞䓵䇪Ⱙ

⭥⧂㈑㻣᷍㦬㗨㋪䄵⭤⨗㤃䊎䓴⺃㠸⭥⳨⧄㶋㗡⭥ㆃ㬮᱄ 

⤄ⱜ⭥㤃䊎䓴㚄㾮䇤㠐㑢⭥᱃ビ⭆⭥㭞䁈㶋㗡⭹ㆃ㬮㑬㤃䊎䓴⺃㠸 317᱄䐏

⽔᷍㦬㗨㋋㬝ㅌ㰝㶚㏁㤃䊎䓴⼮㡅㰝䊎䓴㆙㾱㑬㵧⺄᱄㰘㚊⳧᱃➄㔸Ⳳ㯚㲹䔗㑬

⼽ⱁ㻙ㅻ⭥⹅䔘ᱟSommerfeld 1᷍923ᱠ᱄⭌䎜㳆ⱙ䁵᷍⧪⹇㬨⡩ㅰ䇱㻿⭥᱄㈠㡅ⷚ

䊕 䇇᷍ⶤ㯖⤄ⱜ⭥㧞㳖ズ㪉䈌㈎⮅㑇䁈㆙㾱ㆂ⼰⭥⪇㏎㬨⳨⧄ビ⭆⪷⡊⭥ 㰝᷍㬨

䄜⷗⮅㾮⭥㑠䓴㏎㔼䈌㈎⮅㑇䁈⭥」⼰㳆 ⭌᷍⤃⤜㬨䄜⷗㎯⹭⭥㉀䇱㑇䁈〚⪂⭥

㏎㔼᱄䄓䎞㬨䅓㸋䎃⷗䊎䅓 1᷍924 㛋 ⤄᷍ⱘ䊻⭒㬒㹐㏎䁈䔏䑘䄋⭥㋐㹐 Zeitschrift 

für Physik 㩰䄵 Über Quantenmechanik᷉⹹䇻㑠䓴㑇䁈᷊㸋㳃㳂ㅜ㑬䄜㠋㲷㔼㑠䓴

㏎㔼⭥㔼㸥ᱟBorn 1᷍924ᱠ᷍ 㬸⪯㳂⨗㑬᱑㑠䓴㑇䁈᱒ⱙ⳨᱑㑠䓴㏎㔼᱒⭥ⶦ㛏᷍

⪖㼍㑬㦬㗨ㅌ㑠䓴㔼䓋⿐㸋㑠䓴㑇䁈⭥⼦ㅨ 318᱄䐏⽔ ⼄᷍㩎⡅⪴⤄ⱜ㤃䊎䓴㚄㾮

䐱⭥Ⰹ㲍ズ㪉᱃Ⰹ㲍䊟㣉ズ㪉⨗ⳃ 䊻᷍䎃㑞⷗⡟㪎䄵ゑ䊭⼍㑬䄜㾊䍽䁈㯝㼌⭥ⶦ

㛏⭥〚⪂㩰᷍㵉⺞㣠⮘᱑㋪⹼⥃㑠᱒䎃䂚䄜⷗ⷝ㉀䍽䁈㚻⼎⭥㹐㏎ⶦ㛏᷍㵉⺞ⰵ

⮈䓴⭥㦌㾣⭥䊬Ⱀ䁈㘉㭗᷉䎃䐷䊬Ⱀ䁈㘉㭗⭥㭞䁈〚⪂㬨㼀㾵⫛㭞᷊᷍ ㋋㡕㑬ㅉ

㑃㈹䎔㑇䁈⭥⧃㬵ᱟHeisenberg᷍1925ᱠ᱄䔏⽔᷍䊻⤄ⱘ᱃䊝⭒⭥⟐䑛㻣᷍ㅉ㑃㑬

 
317⭒㦜᷍䎃㏐⤜⟝⼍⮈䓴䓵㿞⭥䓵䇪Ⱙ᱄㰘㚊⳧᱃㝾㏜䊻㏎ㆃ䈌䎃⷗䓵䇪Ⱙ㼁⹹⭥㬖䂊⺃㠸㭞㈾
䐱䔗㑬⼽ⱁ䐹䄋⭥㣑㠻㏎㔼㲞㰘᱄䊻 1926 㛋䔔䇳᷍㡅⡔⽔⭥㹐㏎᷉䓵㿞䎃⷗㦌㾣⭥䓵䇪Ⱙ⭥㦘
㦰᷊䔏䐶⡜㸻㔸⡕㋬᷉George Eugene Uhlenbeck 1᷍900᷎1988 㛋᷊᱃ⷀ⭣㬊㗽㲹᷉Samuel Abraham 
Goudsmit᷍1902᷎1978 㛋᷊㶋⧪᱄䊻㚠㣑䎃⤠⳷㲷㔼䐱᷍㸳㗨⤃⤜㪇ゑ᱄ 

 
318䎃㬨᱑㑠䓴㑇䁈᱒䎃⷗㘜⪫㬸⪯⨗㻷᱄ 
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㈹䎔㑇䁈ᱟHeisenberg᷍1925ᱠᱟBorn᷍1925ᱠᱟBorn᷍1926aᱠ᱄ 

⹹䇻䎃䄜⮄᷍㸳㗨䊻⽔㘇 8.4.2 ㅻㆊ㩽㈹䎔㑇䁈⭥㬒⽓。㼋㻙ㆃ㬮᱄䊻⡟㾂

ㅻ 㸳᷍㗨㆗㆗㣠⮘⤄ⱜ⭥㤃䊎䓴㚄㾮㰅㦜⧪⹇ ⭌᷍㰝䄓䐜㬨䄜⷗㵄㒕䊻㚄㾮⥄㘇

⭥㏎㔼᷍㸿ⳉ⧧䐏㸋㑇䁈᱄᱑㑠䓴᱒䎃⷗⹹ポ㼌ⳉ⭥䅞㧌㦤㦬㗨〚䇻⳷㑃㚽゗᱃

Ⰹ㲍䊟㣉䎃㾊㾣⭥ⶦ㛏 ⼽᷍⼤⭹㏎ㆃ㑬㤃䊎䓴⺃㠸 ⤃᷍䊻䄜Ⰹ⧭Ⱙ㩰㏎ㆃ㏁㤃䊎

䓴⺃㠸䄵ゑ㡅㰝䊎䓴⭥ㆂ⹚᱄䎃㾊㆙⤞㸋㦬㗨䊻㻣䄜⤞ㅌ㑠䓴㔼ⶥ㆙㸋㑠䓴㑇䁈

⮍Ⰹ㑬ヂ㬖⭥〚⪂᱄ 

 

8.4 ⪴㑠䓴㔼⭞㑠䓴㑇䁈 

䊻㩰䄜ㅻㆊ㩽⭥䋈㠻㑠䓴㏎㔼⭥〞㎼⭥〚⪂㩰 㑠᷍䓴㑇䁈⭥⭏㪛㋕㡑㎕㈮㼒

㬨䄜䎔ⴈ⡊᷍⪴ 1924 㛋⹯㡑⭞ 1926 㛋ㆂ㭙᱄ⰭⰭ⭥㑞㛋⭥㬒ヅ᷍⢄㶋⧪㑬㏎㔼

⭥ソ⹚᱄ⰵ䇻䎃䂚䄜⷗㻷㼔⭥㾯⧪᷍⤜㵍㦬㋰Ⰹ䇱⤜㵍⭥㏎ㆃ᱄䊻⡫䎀㋕㎕᷍㋪

㚽㬨䅓㸋㦬㗨ⰵ㾣㬣㹐⭥㏎ㆃ㿉䄋䄜⷗⺞⧭᱄㡅䐱䔏⫔⭥嘠⟎ 㬨᷍㎕䓵䇻㹐㏎䁈

⡔⽔⭥䍽䁈㯝㼌䊻㹐㏎䁈䁱㈠⭥䇇䇤⺞⧭䐱䈌㹐㏎䁈㏎㔼⭥㚆⼰⭥᱄⡩㧈 ㋖᷍⭣

䍽䁈䐱⭥㻷㼔ㆈ䊻⡫䎀㋕㎕ 䊻᷍㹐㏎䁈ⷐ㘝䐱㈮⳨⧄䇱䅃䅆᱄䎃⷗䍽䁈㯝㼌ⰵ䇇

⭞㹐㏎䁈䐱᷍㈮㬨⧌⭝㦬㗨⳦㡛⤜㋪⹼⥍㑠᷍䄓㈮㬨㻷㼔ㆈ䄵㶃⭥Ⰼ㹘᷍ⱙ㬨〚

䇻㋪⹼⥃㑠⹚ㅉ㹐㏎䁈㏎㔼᱄䎃䊻⼄㩎⡅ 1925 㛋⭥㸥䍣䐱⭤⭞㑬⨅⳷⭥㳆㻷᷍

䊻➏䅓㯚㲚⭥㼁ⰵ㔼䐱䄓⭤⭞㑬⨅⳷⭥㳆㻷᱄㑞䎀⭥⤜㵍䐏⪇ 䊻᷍䇻㼁ⰵ㔼⭥㳂

⨗⭞㑬⽔㠻〚⡟㩰㈮㬨➏䅓㯚㲚⭥Ⱑㅨ㻘᷉㝴ゴ㎔䊻 1911 㛋㈮㦆㬡㑬 ᱄᷊⭒㰜➲

䑘㳆㯝㔘䨼㤆⽔ ㉀᷍㳆⭥㹐㏎䁈㏎㔼⭥ㅉ㑃㬨➕⤠㈮⟁⭹䇪㰜䄜⷗㦬㶋⧪⭥᱄ⱙ

㑠䓴㑇䁈᷍䋓㬨䇪䄜㻖㑱⭥䇃㾼⹓㵍㝍㑇⭥ㆂ⺜᱄䊻㋋㬝⭥ㅸⰯ᷍㦬㗨㿉䄋㦆ㅴ

㬽䎃⷗㯝㼌᷍㆙㾱⧢⮎᱄⭒䎃䐷㯝㼌⡟㪎䄲㈎⡜㦬㗨ㅴ㬽䐏⽔᷍㉀㳆⭥㹐㏎䁈㏎



  

㔼⭥ⳃ䍚㬨㋪䄵㌍㯺㶋⧪⭥᱄ 

㉀㳆ⱙ䁵᷍㈮㬨㩰䄜ㅻ㳂⭞⭥㧞⷗㉀㳆⭥⹅䔘᷉㠶㎫㋬⭥㑠䓴᱃➏䅓㯚㲚⭥

⺃⮈㾈䇇䈌⹭㳆⡩㦩᱃㔍㩋ⶄ䈌⤄ⱜ⭥䊎䓴㚄㾮᷊㰅㦜㬨㹐㏎䁈⭥䁱㈠᷍⭌㰝㗨

⼽⫔⭥䄜⷗䔘䇤㬨䊻䍽䁈㩰㦤㦬㗨ㅴ㬽㚽㑠㬨㋪䄵⤜㑍㿙⳷⤝⭥䄵ゑ㈎⮅㑇䁈

䐱㦬㗨᱑ⰵ䊬Ⱀ⭥㘉㭗᱒䊻㸃⹼㬡ㆈ⤃⤜⧪㑃᱄䎃㸋㸳㗨䎃䄜ㅻ䄋ㅓㆃ⭥㑠䓴㑇

䁈⭥ㅉ㑃㆙㾱㑬⨅䔄⭥䓝⡙᱄⭞㑬㩰㬡ギⱟ㬏㛋⫛⨖᷍㚽㑠⳷㑃᱃⺃㉀䇱㑄䓴㾵

䎃䂚䄜㾊䊻㈎⮅㑇䁈䐱ⳕ⧄㬗⭥㾣㹐㏎䊻⭒㬒⭥㹐㏎䁈コ㦛㳆䄲㈎⧪㸋㾣⭥⧄

㬗᱄䔘㸋䄜⷗ㆂ⺜ 㹐᷍䐫⤉⭥ⶦ㛏᷉ ⭣⤝㔿䅃 L᷍ouis Victor de Broglie 1᷍892–1987

㛋 ᱟ᷊de Broglie 1᷍923aÿ1923cᱠ᱃㹐㏎䁈㏎㔼㿉䄋㵉⺞㋪⹼⥃㑠ㅉ㑃᷉⼄㩎⡅᷍

Werner Heisenberg 1᷍901ÿ1976 㛋ᱟ᷊Heisenberg 1᷍925ᱠ䎃㾊ⷝ㾣⭥㹐㏎㯝㼌䊻 1923

ÿ1925 㛋䐏ヅ㻩⽔䇠㻷᷍㑠䓴㑇䁈⭥䎜㳆㯝㔘㈮⡜⧚⭸⫓㋋㑬 319᱄㡅䐱᷍㣑䎀䇶

ⳃ㑬⤉Ⱀ㑇䁈᷉䁇Ⰹ䜭᷍Erwin Schrödinger᷍1887ÿ1961 㛋᷊ᱟSchrödinger᷍1926a

ÿ1926fᱠ᷍㰝⭥㕅ㅦ⮄㬨⹭Ⰹ⢀ㆈ㳖ミ⭥㠌㸃⳷Ⳟ⧭ 320᱄ⱙ⽔䎀᷍㦤⼄㩎⡅⤜䊺

〚䇻⮈䓴⺍⭡᷍ⱙ㬨〚䇻㹐㏎䁈㋪⹼⥃㑠㎕⹚ㅉ䓵゛⭥㑇䁈㏎㔼᱄䔏䐶᷍㈹䎔㑇

䁈䊻⼄㩎⡅᱃⤄ⱘ᷉Max Born 1᷍882ÿ1970 㛋 ᱃᷊䊝⭒᷉Pascual Jordan 1᷍902ÿ1980

㛋᷊⭥⹓㵍㝍㑇㻣⭏㪛ᱟHeisenberg᷍1925ᱠᱟBorn᷍1925ᱠᱟBorn᷍1926aᱠ᱄㈹䎔

⭥⡟䎘䐖䓵㦜㬨⳷㑃⭥᷍䎃䈌㣑㠻⭥㹐㏎⹼⥃䇷㑬⡄⧷䄜䐣᱄䐏⽔᷍⤉⼐㭞⭥㵔

 
319㬖カ㩰᷍⪴㝖⡕ⱜ㹐㏎ㅒ⭥⟅ㅒ㯔㿓㎕㋕᷍䎃㾊⹅䔘⭥䐹䄋㾵䄓㬨㋪䄵⡜㳆㻷⭥᱄⡩㧈 1᷍929
㛋⭣⤝㔿䅃〒ㅒ᷍1932 㛋⼄㩎⡅〒ㅒ᱄䎃㑞⷗ㅒ⟅⭹Ⱍ⼽㌍᷍䄓䅞㒍㑬⽔㘇⭥䄜㞛⹅䔘᱄ 

 
320䁇Ⰹ䜭Ⳟ⧭㯖⭞⭸㈮㬨䄜⷗⹭Ⰹ⢀ㆈ㳖ミ⭥㠌㸃⳷Ⳟ⧭ 㰝᷍⭥ㆃ㬨⳷㑃⭥᱄䎃⷗᷍䈌㸳㗨⭥㪛
』㈎䂊㬨㗽㣱㼁⹹⭥᱄⡩㧈᷍㑞Ⱜ⹭Ⰹ⭥㣺㻳᷍䊫㿎⭥㈮㬨⳷㑃⭥䓅⤉᱄㭞䁈㩰᷍䊻㬏㈦㬡ギ⭥
㑇䁈㸫㳃䁱㈠䐱 㦬᷍㗨䄲㈎⳨⧄㤆⨟⹭Ⰹ⢀ㆈ㳖ミ⭥㠌㸃⳷Ⳟ⧭㬨䇱⳷㑃㚄㬞⭥ㆃ⭥㑬᱄⭞㑬䁇
Ⰹ䜭Ⳟ⧭䎃㏐᷍䇇ⶤ㯖㬨䎃⷗㭞䁈⺇㔪⭥䄜⷗䇇䇤᱄ 
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ェ㾵゙㔫䜚㬮᱃⥃⤜䓝⹹㻖᱃⿆⤚䊎㏎᱃⮈䓴䓵㿞⭩ⶦ㛏䄓⡜㻩⽔㳂⨗᱄㑠䓴㑇

䁈⭥〚⡟㏎㔼䄓㈮⧚⭸ㅉ㑃㑬᱄ 

㻣㘇᷍㸳㗨ㅌ➕䍶䎃⷗㏛㬘㯔㿓᷍㻩⽔ㆊ㩽㑠䓴㑇䁈⭥䎃㾊⼬㾥⭥㯝㼌᷍㉀

㳆⟝㎉ 1᷊ᷛ⭣⤝㔿䅃⭥⮈䓴⤉ 2᷊᷍⼄㩎⡅᱃⤄ⱘ᱃䊝⭒⭥㈹䎔㑇䁈 3᷊᷍䁇Ⰹ䜭

⭥⤉ⰐⳞ⧭᷍4᷊⤄ⱘⰵ⤉⼐㭞⭥㹐㏎䅃䅆⭥㵔ェ㾵゙㔫䜚㬮᷍5᷊⥃⤜䓝⹹㻖᱃

⿆⤚䊎㏎᷍6᷊⮈䓴䓵㿞᱄䊻䎃㾊ㆊ㩽䐏⽔᷍㸳㗨⿚㼌䎌ⰵ䎃㾊㑠䓴⭥㏎㔼䍚㋋

䄜㾊⹹䇻᱑⪌⧱᱒䈌᱑ⷐ㘝᱒⭥㲷㔼᱄㵉⺞䎃㾊᷍⡫䎀㻄㶜㚽⹜㶋⧪ⰵ㑠䓴㑇䁈

⭥⨖⤞ㆊ㩽᱄㧈⺜Ⱒ䎀㬨㹐㏎䁈䓉䄖⭥䁈㪛 ⡫᷍䎀䄓㻄㶜䎃㾊⨖⤞ㆊ㩽㚽⹜䊻䄜

Ⰹ⧭Ⱙ㩰ⶉ䑛Ⱒ䎀䊻⽔㿙⭥䓉䄖㾵䁈㻑᱄ 

8.4.1 ⭣⤝㔿䅃⭥⮈䓴⤉ 

⹹䇻䎃⧂⪴㑠䓴㔼⭞㑠䓴㑇䁈⭥䓋⢅ 㸳᷍㗨⪴⭣⤝㔿䅃㯖㡑᱄㧈⤜㲹⢑㯖㘘᷍

⡟㭊䐱⭥⭣⤝㔿䅃䐙⭥㬨㔘䄸㯚᱅⭣⤝㔿䅃᱄⡟㾂ㅻ᷍㸳㗨䇤㔘䄸㯚᱃㚋㏐㯚⳷

⢑䐙⫛㑞㾷⭽᱄㔘䄸㯚⨗㪛䇻䄜⷗ⳉ⺛⭥⺔䔆コ㵆᱄䊻㰜㬏㯥㰋⭥㬒⽓᷍㰜⭥⶙

㣸㦆㬡᱄⼤䊻⧅㾷㧈⶙ 㰜᷍⭥⧅㾷㚋㏐㯚᱅⭣⤝㔿䅃᷉ Maurice de Broglie 6᷍th Duke 

of Broglie᷍1875–1960 㛋᷊⡩㰜⫔ 17 㰋 321᷍䊻㔘䄸㯚⭥ㅭ䈞⺞⧭䐱ⳃ⿴㑬⼽䐹

䄋⭥䔘䇤᱄㚋㏐㯚䄓㬨䄜㘜㹐㏎䁈コ 䓉᷍䓃䇻 X 㪅㼀⭥䁱㈠ 㬨᷍䎃⷗Ⳟ㘇㉀䇱⳨

⧄ⷀ⭥䁈㭖⭹㸜⭥䄜⷗䁈䎀᱄㰜㬨㎫䐏㶓᷉Paul Langevin᷍1872–1946 㛋᷊⭥䁈

㪛 322᱄䊻㔘䄸㯚ㅴ⪆㑠䓴㏎㔼⭥⺞⧭䐱 㚋᷍㏐㯚⼮㰜⭥㞔䇲㗨㬨ⳃ⿴㑬⳨⧄䐹䄋

 
321⪴ 6th Duke of Broglie 䎃⷗⧧⽕㎕㋕᷍㰜㗨コ⭥㉕㸜⭩゗⼽ⷀ᷍㭕䇻⹌㉕᱄䊻ⴃㅉ㪈。᷉⟝㎉
䐱⺛䈌㝘䐿᷊᷍㉕㸜䄜⟄Ⱍ㬨⧅䓴キ⧱⭥᱄䊻⭣⤝㔿䅃⭥㬒⫛᷍ⳉ⺛䄲㈎㈎㏛㑬⫔ⷐ㘝᷍⭌㬨䄜
㾊ⴃ⼦⿚㬨⡄㒕⭥᱄ 

 
322㚋㏐㯚⨗㪛䇻 1875 㛋᷍㆗㆗⡩㎫䐏㶓㾂㧞㰋᷍㭕䇻㰜⡩ㅰ䋈⭥䁈㪛᱄⽔㘇㰜⭥⭽⭽㔘䄸㯚⭥
⤊㬠⭝㬇䄓㬨㎫䐏㶓᱄䊻䁈㭖ㆈ䄜⷗㋧䁱㦬䊒䋈㠻⭥䁈㪛⼮㶎㠻⭥䁈㪛㛋㒅㋪䄵㼁⥏⼽⫔᱄1944



  

⭥䔘䇤⭥᱄ 

㈮ㅭ䈞㈎㏛ⱙ䁵᷍㔘䄸㯚䐱䁈⡰䄖⽔㆙㧌㰘⟏⫔䁈䁈㻑᱄㋋㬝᷍㰜⤃⤜㦘㦰

䓵゛⭥㾬㦅᱄䇻㬨᷍䑘㾿⺞䄜Ⱟ㬒ヅ⭥㏛㬘᷍⽔䓋㸋ⳉ㔪᱄䊺⽔㎕᷍㰜⡜㝴ゴ㎔

⭥㑞⤠䑙䔘᱗㋧䁈⭥ズ㪉᱘䈌᱗㋧䁈⭥ゼ䐖᱘㰚㹝䅞ᱟ㝴ゴ㎔ 2᷍010ᱠᱟ㝴ゴ㎔᷍

2021ᱠ᷍㆙ⱙ䓉䓃䇻㏎㔼㹐㏎᷍⤃䇻 1913 㛋〒⭤䁈㬠䁈㸜 323᱄⡰䄖⽔᷍㔘䄸㯚

㣑㶚㔞㉝ⴟ䄼 䎃᷍䐷䓕㲍䄜䐒⧷㿙⭞䄜䍞ㆂ㭙᱄1919 㛋 㰜᷍䐹Ⳗ㰘⟏⫔䁈㋋㬝⤊

㬠ㅸⰯ⭥䁈㻑᱄䊻㰜Ⱒ⤊㬠㠻ヅ᷍䎞㬨⤄ⱜ᱃➏䅓㯚㲚䊻㝘䐿⫔⳦䅍⤫⭥㬒⽓᱄

䔘㸋䄜⷗㛋㤂⭥䁈㪛 䁂᷍䋒䄵㞏⤋ⳃ䍚⭥㑠䓴㏎㔼㸋㳃㚠㎕㪉ェ䓵゛⭥⤊㬠㔼㸥

䊺⼰㏎⤜⺞᱄1924 㛋 㰜᷍㶋⧪㑬䄜㠋㘜㸋᱗㑠䓴㏎㔼䁱㈠᱘᷉ Research on the Theory 

of the Quanta᷊⭥⤊㬠㔼㸥 324᱄䎃㠋䁈㸜㔼㸥⭥〚⪂᷍㬨㰜䇻 1923 㛋䊻᱗ⳉ⺛㋧

䁈䊛㵉䁗᱘䐱ⳃ⢎㑬㧞㠋⹹䇻⤉⼮㑠䓴⭥㔼㸥ᱟde Broglie �᷍���Dÿ����Fᱠ325᱄䊻

⭻䄜㠋㸥䍣䐱᷍㰜䄵᱗ⴙ㪅––⤉䈌㑠䓴᱘㸋㳃᷍㳂⨗㑬㬖㹐㑄䓴㉀䇱⤉Ⱀ㾵䎃

 
㛋᷍㔘䄸㯚⡜䁂㧌ⳉ㎝㹘䁈㭖䊛᷉Académie Française᷊⭥㬒⽓᷍㚋㏐㯚㸋㰜⟅ⳃ⭥䁌䍣᷉㚋㏐㯚
㬨 1934 㛋㧌䁂⭥᷊᱄ 

 
323䎃㏐㆙㾱㑞⮄㯖㘘᱄䄜㬨䎃㑞⡟㭊⭥ⳉ㸥㘜䓷⳷⢑㬨<La Science et l'Hypothèse>⼮<La Valeur de 
la Science>᷍㸳㗨⭥䅞㸥䅞䇤⭥㬨㩭㹒⨗⟇㪈⭥䐱䅌⡟᱄ⱟ㬨䎃Ⱟ⿑䎜㳆㎕䓵㸍〚➺㋧᱄ 

 
324㶙㩰䇱㯖ⳉ㬨䎃⷗⤊㬠㔼㸥⼽Ⱝ᱄㬖カ㩰᷍㰝⼽䎞㬞᱄⨞㑬㚻㦾㎕䓵䐏㣑ⳃ⢎⭥㧞㠋㸥䍣ᱟde 
Broglie᷍1923aÿ1923cᱠ᷍㠋ⴚ㬖カ㩰䄓⼽⧅᷍䇱ㅌ㆝ 80 䄔᷉⹹ポ㬨㚻㦾⨅㬖᷊᷍㬨䄜㠋⳨⧄㦰
䎇⭥⤊㬠㔼㸥᱄㔘䄸㯚⭥⤊㬠⭝㬇㬨㎫䐏㶓᱄䇱㦅⭥㬨 ㎫᷍䐏㶓⡟㦬⤃⤜㚽㦘㦰䎃㠋⤊㬠㔼㸥㬨
ⴒ⼰ⷒ᱄㰜䓪䁐㑬➏䅓㯚㲚⭥䅃ボ᱄➏䅓㯚㲚⭥⿹ⶕ⳨⧄䎞㘇᷍⭒㦜㰜䄓㳂㑬䄜㾊䅃ボ᱄䔏䐶᷍
㔘䄸㯚⭥⤊㬠⫑⢈㯔㏜㶋⧪᱄ 

 
325䎃㧞㠋Ⱝ㸥㵗ⷆ⭥㬒⽓᷍㵧プ㦬㬨㞆㎝᷉Jean Baptiste Perrin᷍1870 –1942 㛋᷊᱄㞆㎝⭒㬒⼽䇱
㪚㶜 1᷍926 㛋 䄓᷍㈮㬨䎃⷗㬣㤊ⳃ㪛⽔⤜㈤ 䅓᷍㸋㰜䊻⤝㎫䊬ⰐⳞ㘇⭥㬖䂊䁱㈠㦤㦬㗨ⰵ㹐䐫㬡
ㆈ⤜㑍㿙㾵㪏㧌⭥㦰㬗⡜㬻䈉㝖⡕ⱜ㹐㏎ㅒ᷉〒ㅒ⪫㬨ᷛfor his work on the discontinuous structure 
of matter, and especially for his discovery of sedimentation equilibrium᷊᱄㋝㔨⭞䎃㾊⹅䔘䈌㵔ェ⼮㰇
〛㾵㼁⹹᷍㸳㗨㔵㻵㗈䓓⭹ⶱ㋏䄜㉅ᷛ〓㿎⪴㬣䎃Ⳟ㘇䁱㈠⭥㦬ⷝ㦾䄸ㅴ㬽㑠䓴㏎㔼᱄ 
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䂚䄜⷗㯝㼌᷍⤃㲷㔼㑬㼁㸜䈌㑄䓴䊬Ⱀ⭥⹹㻖᱄䊻⭻ⱟ㠋㸥䍣䐱᷍㰜䄵᱗⺃䁈–

–⺃㑠䓴᱃䁽㪅䈌ⶪ㪇᱘㸋㳃᷍㲷㔼㑬㧈⼯㵉⺞㬖䂊㎕䂊䐅䎃䄜㯝㼌ᷠ䊻⭻㧞㠋

㸥䍣䐱᷍㰜䄵᱗㑠䓴㡙㳆䊬Ⱀ㏎㔼䄵ゑⳲ㕎䊎㏎᱘㸋㳃᷍㲷㔼㑬㼁㸜㾔䎒㳖ミ䈌

㸩Ⰹ⺍⭡䐏ヅ⭥⹹㻖᱄䎃䐷㹐䐫⤉⭥㯝㼌⼽㌍⡜䇇䇤⭞㦬㗨⹹䇻⮈䓴⭥䁱㈠䐱᷍

䔏䐶㸋㡅䇏⭤㑬 1929 㛋⭥㝖⡕ⱜ㹐㏎ㅒ 326᱄ 

䔘㸋䄜⷗デ⹬䓉䄖㾵䈌㋧㠶㾵⭥㵉㬗ㅭ⤥ 㸳᷍㗨䎃㏐㼌㣠Ⱙ㔘䄸㯚⭥⪕㾣㾵

㯝㼌⭥㳂⨗㬨㉀䇱䄜Ⰹ⭥⡹㦜㾵⭥᱄㸳㗨㋪䄵㲷㔼䄜㻣⭒㬒⭥㏛㬘⡔㈑᱄䇇ⶤ㯖᷍

ⱟ㼔㾵᷉duality᷊䊻 20 㬡ギ⨖㬨䄜⷗㦩⮄⿑㳃᱄䊻⺃䓴⭥㑄䓴㾵Ⳟ㘇 1᷍905 㛋᷍

➏䅓㯚㲚䊻⺃⮈㾈䇇⭥䁱㈠䐱㈮㏜䇤⺃⭥㑄䓴㾵ㆃ㬮㑬⼶䓩᱃㋖㚪⭣⭥㬖䂊⹼⥃᱄

䊻㸥㻸ᱟ⺚䨩㒂᱃㪓⿼㉞᷍2005ᱠ⭥ 8.3 ㅻ᷍⺚䨩㒂᱃㪓⿼㉞㑞㸜㎰㬇㳂⭞᱑㚋

㏐㯚᱅⭣⤝㔿䅃䋙⶛䋑䎜㏎ 1911 㛋⭥㰘ⱜ㸍。䅊㸥ミ᷍㔘䄸㯚᱅⭣⤝㔿䅃⪴䎃

⷗㸥ミ⫔㬽㡕ⳃ᱒᱄1911 㛋㬨⭻䄜ㆍ㰘ⱜ㸍。䅊᷍➏䅓㯚㲚⼮㚽㯚㲹㬨䑘䄋䍺ゐ

㦬᱄㬖カ㩰᷍㸳㗨㣑㘇㳂⭞➏䅓㯚㲚䊻 1905 㛋⹹䇻⺃⮈㾈䇇⭥㸥䍣䐱㳂⨗㑬⺃

㑠䓴⭥ⶦ㛏 1᷍911 㛋⭥㰘ⱜ㸍。䅊㠻ヅ 䎃᷍㬨䄜⷗䐹䄋⿑㳃᱄➏䅓㯚㲚ⷝ㬨㆙䄜

⤞ㅌ䎃⷗ㆃ㬮㸋⺃⭥⤉㑄ⱟ㼔㾵᷉ Duality ᱟ᷊Einstein 1᷍905aᱠ᱄䎃㬨䄜⷗れ㡅䐹⫔

⭥ⶦ㛏⥄㘇⭥㆙⤞᱄⪴䎃⮄㎕㋕᷍㔘䄸㯚⪴䎃㏐㬽⭞㡕ⳃ㈮⳨⧄⼰㏎㑬᱄ 

㵍㬒 ⺚᷍䨩㒂᱃㪓⿼㉞㑞㸜㎰㬇⿚㳂⭞㚋㏐㯚᱅⭣⤝㔿䅃⭥䁱㈠Ⳟ㼓㬨 X 㪅

㼀᱄㰜⼮㶟㑏᱅㎮㔸㯚᱅⤝㎎ⷒ᷉William Lawrence Bragg᷍1890–1971 㛋᷊⹹㻖

 
326〒ㅒ⪫㈮㬨ᷛfor his discovery of the wave nature of electrons᱄䈌䎃⷗㝖ㅒ㼁⹹᷍1937 㛋᷍㝖⡕ⱜ
㹐㏎ㅒ⟅ⷙ㑬⫘㸍㩎᷉Clinton Joseph Davisson᷍1881–1958 㛋᷊⼮ G. P. 㲡㚘㰐᷉George Paget 
Thomson᷍1892–1975 㛋᷍㰜䄓㬨 J. J. 㲡㚘㰐⭥ⱚ䓴᷊᷍䄵⢎䍤㰜㗨ⰵ㔘䄸㯚᱅⭣⤝㔿䅃⭥㏎㔼
⭥㬖䂊䂊䐅᱄㰜㗨⭥〒ㅒ⪫㬨 fᷛor their experimental discovery of the diffraction of electrons by crystals᱄ 
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⽔᷍1923 㛋᷍㗡⺛㹐㏎䁈コ㋖㠶ⰺ䊻᱗㹐㏎㠡㔼᱘᷉ <Phys. Rev.>᷊㩰ⳃ⢎㑬⹹䇻

X 㪅㼀㩃㪅⭥⹅䔘 䇤᷍⺃㑠䓴ズ㯖䄵ゑ⺃䓴⭥㑄䓴㾵㸋㡅⹼⥃⭞⭥㻷㼔㆙㾱㑬㏎

㔼ㆃ㬮 ㅌ᷍㦬㗨⹹䇻⤉㑄ⱟ㼔㾵⭥㲷㔼⫙⭞㑬䄜⷗㾣⭥ⷀ⧒ᱟCompton 1᷍923ᱠ᱄

䊻⮈䓴⭥⤉Ⱀ㾵Ⳟ㘇᷍㼁ⰵ䇻⺃⭥㑄䓴㾵᷍㦬㗨㯝㋝⭥㗓㯧㩺䄜㾊᱄⭌ⳉ⺛㹐㏎

䁈コ⤝㏐䊉᷉Louis Marcel Brillouin᷍1854 –1948 㛋᷊䐏㣑䋙ⰵ⤄ⱜ㚄㾮䐱⭥㑠䓴

⿐㳖ミ⭥㏎㔼〚⪂㆙㾱⺞䁱㈠ 㰜᷍➲⮈䓴⭒䔘䓅⤉⤃〚䇻䓅⤉㎕ㆃ㬮㑠䓴⿐㳖ミ᱄

䎃㸿䄪䄓㬨㔘䄸㯚⹅䔘⭥䄜⷗㯝㼌〚⪂᱄ 

䔘㸋䄵㩰㯝㋝⭥䄜⷗ㆂ⺜ 㔘᷍䄸㯚ㅌⱟ㼔㾵⭥ⶦ㛏⧚⭸䇇䇤䇻⮈䓴䊬Ⱀ䓕㲍

⭥㘉㭗䐱᱄⤯㋝➏䅓㯚㲚⺃㑠䓴⭥ⶦ㛏 㰜᷍㦰㸋㘉㭗⮈䓴㑄䓴㾵⭥㚽㑠䈌㘉㭗㡅

⤉Ⱀ㾵⭥㠖㔫䐏ヅ⫇䊻㧈㻣⹹㻖ᷛ 

ܧ =  ߥ݄

⹌㬞 8.41 

䊻䄜㸍㻖㵔䐱᷍⤯㋝㻢䅆㼁ⰵ㔼᷍䄜⷗㠞㘇⤉⭥㠖㔫ߥ䈌⤉⧅㾯⧪䄜⷗ⱟ㸍㬙㑠

,ߥ) (ߣ/1 䄜ᷜ⷗㑄䓴⭥㚽㑠ܧ䈌Ⱀ㑠݌㾯⧪䄜⷗ⱟ㸍㬙㑠(݌,ܧ)᱄䎃䂚⭥⿑ ⹌᷍㬞 8.41

ⷙ⨗⭥㬨㑄䓴⭥㲹䎘ܧ䈌⤉⭥㲹䎘㠖㔫ߥ䐏ヅ⭥⹹㻖᱄㏁㯧⭥ 㑄᷍䓴⭥㲹䎘Ⱀ㑠䈌

⤉⭥㲹䎘⤉⧅䐏ヅ䄓䇇ⶤ⫇䊻ᷛ 

݌ =  ߣ/݄

⹌㬞 8.42 

䎃㑞⷗⹌㬞᷉ゕ⹌㬞 8.41 䈌 8.42᷊⡜⧧㸋⭣⤝㔿䅃⹌㬞᷍⽔㘇䊻⹹䇻䁇Ⰹ䜭Ⳟ⧭

⭥㲷㔼䐱。ⳕⶕ䇤⭞᱄㰝㗨⭥⹓㵍⮄㬨 䔔ᷛ⢀䈌㑄䓴㾵䇱⹹ 䇳᷍⢀䈌⤉Ⱀ㾵䇱⹹᱄

 
327㶟㑏᱅㎮㔸㯚᱅⤝㎎ⷒ⼮㰜⭥⶙㣸㶟㑏᱅⽁㏜᱅⤝㎎ⷒ᷉William Henry Bragg 1᷍862–1942 㛋᷊
䈌 1915 㛋䅓㸋 X 㪅㼀䁽㪅䊻㈈㳆ㆂ⹚䐱⭥䁱㈠⹓㵍〒⭤㑬㝖⡕ⱜ㹐㏎ㅒ᱄㰜㗨⭥〒ㅒ⪫㬨 fᷛor 
their services in the analysis of crystal structure by means of X-rays᱄ 
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㬗⭞䎃⷗㾵䐫㬫䇤䇻㰚䇱⭥㸃⹼㑄䓴᷍〚䇻䎃䐷㦌㾣⭥᱑䊬Ⱀ䁈᱒ⰵ㸃⹼㑄䓴⭥

㘉㭗㰚ㅉ㑃㡑㎕⭥㑠䓴㑇䁈㵍䂚䄓㬫䇤䇻㰚䇤⭥㸃⹼㑄䓴᱄ 

⿹⭞㔘䄸㯚⭥⹅䔘᷍ⰵ䇻⹣㑃䊎䓴⼬㶃⮈䓴᷍⭣⤝㔿䅃⤉⧅䊻➄⭥㑠゗᷍䅓

⪬㸳㗨⼽㚲ⶱ㬽⭞᱄⭌ォ㬨䎃䂚᷍䐜䄋㸳㗨ズ㪉⼬㶃⮈䓴⺍⭡⭥䐽⧅㕛䔄ᷛ 

ݎߨ2 =  ߣ݊

⹌㬞 8.43 

䎃䂚⭥㑠䓴⿐㳖ミ᷍䊺➲⹌㬞 8.43 䇳⢀⭥ߣ䄧⭞⹌㬞⭥䔔⢀᷍⤃ㅌ1/ߣ㵉⺞⹌㬞

8.42 䇤݌㳇⿜᷍⹌㬞 8.43 ㈮㋪䄵⭩ゼ㸋ᷛ 

ܮ = ݌ݎ =  ߨ2/݄݊

⹌㬞 8.44 

䎃⷗⤄ⱜ㤃䊎䓴㚄㾮䐱⭥ㅨⰐ㑠㑠䓴⿐㳖ミ᷉⹌㬞 8.32 ᱄᷊䅓⪬᷍䎃⷗㯝㼌㬨㋪

䄵䇤㎕㸋⤄ⱜ⭥㤃䊎䓴㚄㾮㳂⹊ㆃ㬮⭥᱄䎃䄓㬨㔘䄸㯚᱅⭣⤝㔿䅃⭥⭻㧞㠋㸥䍣

⭥䄜⷗䑘䄋㚻㦾ᱟde Broglie᷍1923cᱠ᱄ 

⨞⪬䐏㶃 㔘᷍䄸㯚䄓㳂⹊㑬䄜㾊ネ䂊䎃⷗㯝㼌⭥㬖䂊⹚㼌 䑘᷍䄋㬨䁽㪅⼮ⶪ

㪇ᱟde Broglie᷍1923bᱠ᱄㬖カ㩰᷍⡩㰜㳂⨗⮈䓴⤉⭥ⶦ㛏⿚䄋䋈䄜㾊᷍1921 㛋᷍

㗡⺛㹐㏎䁈コ⫘㸍㩎᷉Clinton Joseph Davisson᷍1881–1958 㛋᷊⼮㰜⭥䑛㬷㋸㯚

㕝᷉Charles Henry Kunsman᷍1890–1970 㛋᷊䊻㏜䇤⮈䓴㭙⽅〘㛙嘺⭥㬒⽓᷍㈮

ⳃ㻷ⳕ㪅⿹㎕⭥⮈䓴䇱㡇⹷⭥ㅨⰩ⳷⤝ᱟDavisson 1᷍921ᱠ᱄䎃⷗㬖䂊ㆂ⺜㏐㘇䇱

⮈䓴䁽㪅⭥䇑䓴᷍⭌䊻⭒㬒᷍䎃⷗㬖䂊⡔⽔⭥㹐㏎㬨⳨⧄⤜㤆⨟⭥᱄ 

䊻ㅌ䎃⷗䔏⨖⭥㬖䂊⼮䔏䐶⭥㬖䂊㑋㻖㡑㎕⭥⺞⧭䐱 ㏎᷍㔼㹐㏎䁈コ㬨ⳃ⿴

㑬䐹䄋⭥䔘䇤⭥᱄㬸㻩᷍䎃⷗ㆂ⺜䅞㡑㑬⤄ⱘ⭥䓃䅃᱄⭒㬒⭥⭣⺛᷍䇱⷗ㅱ䔗
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㬨䅓㸋 Naturwissenschaften 䎃⷗䊴䐟㬨⭣䈐䊴䐟䅓⪬⽔㘇㦬㗨㋕⭥㩺᷍⿚㬨䅓㸋

➄ⱜ㧙㧜➲⫘㸍㩎䈌㋸㯚㕝⭥㸥䍣⭥䄔㕌䅞⫎㑬 ⽔᷍㘇㦬㗨䊻㲙ゑ⮈䓴䁽㪅㬖䂊

⭥㬒⽓᷍ⰵ⤄ⱘ䔊㏐⭥䎃⷗㏎㔼⹒㻸ㅓ⭥⤜㬨㲌ⱁ᱄ 

⭒㦜 䄓᷍䇱ⰵ䎃Ⱟ㏛㬘㘉㭗⡩ㅰ㤆⨟⭥㸥㻸 ⡩᷍㧈⺚䨩㒂᱃㪓⿼㉞䓌㾕⭥᱗㹐

㏎䁈㬘᱘ᱟ⺚䨩㒂᱃㪓⿼㉞ 2᷍005ᱠ᱄䊻䎃⡟㭊⭥⭻ 8.4 ㅻ ⨞᷍㑬➄ⱜ㧙㧜⭥㸥䍣᱄

㑞㸜㎰㬇⿚ㅓ⭞㑬⤄ⱘⰵ⮈䓴⭥⤉Ⱀ㾵⭥㬖䂊䂊䐅⭥ⷝ㸋䐒ㅴ⭥䇑㼍 ㉀᷍㳆㳆㻷

䊻 1926 㛋㻥㳍䊻㝄㆓㈺㾱⭥䄜⷗䇃⺛㋧䁈⪺㆙。⭥。䅊᱄⫘㸍㩎⪴㗡⺛䄓㎕⭞

䎃㏐⤯。᱄。㩰 ⤄᷍ⱘ⭥⡉⷇ㅓ⭞㑬⫘㸍㩎䈌㋸㯚㕝⹹䇻㆑㭕⢎㘇⮈䓴ⳕ㪅⭥㬖

䂊⼽㋪㚽㈮㬨⭣⤝㔿䅃⤉Ⱀ㏎㔼䐱䊅䁵⭥⮈䓴䁽㪅㬖䂊⭥䂊䐅᱄䐏⽔ ⫘᷍㸍㩎䍳

⭞⤄ⱘ㆙㾱㲷㔼᷍⤄ⱘ㼓㰜ㆊ㩽㑬䁇Ⰹ䜭⹹䇻⤉Ⱀ㑇䁈⭥㾣㸥䍣᱄䎃⷗㬒⽓᷍⤄

ⱘ䄲㈎㋋㬝〚䇻⤉Ⱀ㑇䁈䁱㈠㩃㪅㸫㳃㑬 㰜᷍⭥㚨㠋䑙㘜⭥㸥䍣㳂⨗⤉⼐㭞⭥゙

㔫䜚㬮䄵ゑ⹹䇻㩃㪅⭥⤄ⱘ㆝㯧᷉Born Approximation᷊⭥㸥䍣㬨⭒㛋 11 䊣ⳃ⢎

 
328Naturwissenschaften 㬨⭣䈐᷍㰝䇃㸥⭥䅃㯝㬨 The Science of Nature᷍䐱㸥㬨᱑䓵㦜⭥㋧䁈᱒᱄
䎃㬨 Springer 㻣㭕⭥䄜⷗䊴䐟᱄ 

 
329⭌㰜䅞䇤⭥⤃⤜㬨⫘㸍㩎⼮㋸㯚㕝 1921 㛋⭥㸥䍣᷍ⱙ㬨㰜㗨 1923 㛋ⳃ⢎䊻 Phys. Rev.㩰⭥㒎
䄜㠋㸥䍣ᱟDavisson᷍1923ᱠ᷍㵍㬒⿚➲䄔㕌㾕⫎㑬᷉㸥㻸ᱟDavisson᷍1923ᱠ䇇ⶤ㬨 242 䄔᷍䊻
㸥㻸ᱟElsasser᷍1925ᱠ䐱᷍⡜䔘㸋⭻㒚㠋㸥䍣䅞䇤᷍䄔㕌㾕⧪㑬 243᷊᱄ 
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⭥ᱟBorn᷍1926bᱠ᱄1926 㛋㻥㳍㋋。⭥㬒⽓᷍䁇Ⰹ䜭⭥⹅䔘〚⡟Ⱍ䄲ⳃ⢎ᱟ䁇

Ⰹ䜭᷍1926b-1926fᱠ330᱄䊻⭒㬒⭥㬡ㆈ㩰᷍〓㿎㗜䇱㦬⡩⤄ⱘⷝ㚽㏎ㆃ⤉⼐㭞⭥

㹐㏎䅃䅆䄵ゑ㧈⼯䊻㬖䂊㩰ⰵ⮈䓴⭥⤉Ⱀ㾵㆙㾱䂊䐅ᷠ〚䇻䎃⷗㲷㔼 ⿹᷍⭞㗡⺛

⭥⫘㸍㩎䐹㾣㪉ェ㑬㸳㗨㚠㣑䊻㋯⡟㩰㋕⭞⭥⫘㸍㩎–ⷐ㚊㬖䂊᷉Davidson–

Germer Experiment ᱟ᷊Davisson᷍1927aÿ1927bᱠᱟDavisson᷍1928ᱠ᱄ 

䇱㑬㑠䓴㏎㔼⭥䐙⭝ 1᷍927–1928 㛋 㰜᷍㗨⭥㬖䂊㒏㦬㾦ⴟ⭹䐅㬖㑬⭣⤝㔿

䅃⭥⮈䓴㹐䐫⤉㏎㔼ᱟde Broglie᷍1923aÿ1923cᱠ᱄䅓㸋䎃⷗⹒㻸᷍⫘㸍㩎䇻 1937

㛋䈌 G. P. 㲡㚘㰐᷉George Paget Thomson 1᷍892–1975 㛋᷊䄜㡑⳷㼎㑬㝖⡕ⱜ㹐

㏎ㅒ 331ᱟThomson 1᷍928ᱠ᱄㰜㗨㑞⷗⭥〒ㅒ⪫㬨䄜䂚⭥ Ⱍ᷍㬨 fᷛor their experimental 

discovery of the diffraction of electrons by crystals᱄䐢⪬᷍⡫䎀ⶱ㉖Ⱒ䎀ⰵ⭣⤝㔿䅃

⭥⮈䓴㹐䐫⤉⭥⹅䔘⭥⥛㪛⺞⧭ゑ㡅㹐㏎䅃䅆䇇ⶤ。䇱䄜⷗⡩ㅰ㤆⨟⭥㑬ㆃ㑬᱄

㸳㗨⭥ㅭ㋧㭊䐱᷍㳂⭞⫘㸍㩎⼮ G. P. 㲡㚘㰐⭥㬖䂊⭥㬒⽓᷍ⰵ䇻㰜㗨㸋㬓㗕㋋

䓦䎃⷗㬖䂊ㆃ㬮⭥⤜ⱁ᱄䎃㬨⤜ⰵ⭥᷂⡫䎀㬨〚䇻⺚䨩㒂᱃㪓⿼㉞⭥㭊⤦㑬ㆃ⭞

 
330㸳㗨㻷䊻䅞㸥䄜⟄䅞䇃㸥⟇⭥㸥䍣ᱟ䁇Ⰹ䜭 1᷍926aᱠ᷍㬨 1926 㛋 12 䊣ⳃ⢎⭥᱄䎃⷗⹅䔘⭥䑘
㳆㯝㼌䊻㡅䐏㣑⭥⭣㸥㸥䍣䐱Ⱍ䄲㳆㻷ᱟ䁇Ⰹ䜭᷍1926bÿ1926fᱠ᱄ 

 
331㣑㘇㳂⭞⺞᷍䎃⷗ G. P. Thomson 㬨 J. J. Thomson ⭥ⱚ䓴᱄䇇ⶤ㯖 1926 㛋䊻䇃⺛㈺㾱⭥䎃⷗。
䅊㩰⤄ⱘ⭥⡉⷇ⰵ G. P. Thomson ⭥䇑㼍⡩ⰵ⫘㸍㩎ⷝゴ䐒ㅴ᱄⫘㸍㩎䐏㣑㬨䔗⺞㏁㯧㬖䂊⭥᷍
㰅㦜㰜⤜㘘➸䓵゛⭥ㆂ⺜䊭⤹㑬⮈䓴䁽㪅⭥㾦㻃᱄G. P. Thomson 䐏㣑ⷚ⡟㈮㗜䇱䔗⺞䈌䎃⷗㳃
㚠㼁⹹⭥㬖䂊᱄⭌㰜⪴⤄ⱘ⭥⡉⷇䐱⭤⭞㑬㡕ⳃ᷍ゴ㩰㰜⭥⶙㣸⼮㰜⪴㬣⭥Ⱍ㬨㪅㼀䁱㈠᷍ⰵ⮈
䓴㣜᱃䎇㋶⹽⳨⧄㭍㻅᷍䅓⪬⼽㌍㪉ェ㬖䂊⤃㏜䇤㆑⤎㋕⭞㑬䁽㪅㸧ᱟThomson᷍1928ᱠ᱄⡫䎀
䊻⭒㛋䁈㻑㑠䓴㑇䁈⭥㬒⽓ ⤃᷍⤜㚽㳆。⤄ⱘ䊻㡅䐱ⳃ⿴⭥䎃㾊䐹䄋䔘䇤᱄⽔㎕᷍㰇䓦㋧䁱㈎䂊
⭥〞㎼᷍ⳃ㻷㸳㗨䔗⭥⼽ⱁⰌ㹘Ⱍ䈌㰜䇱⹹᱄⽔㎕᷍䊻䓽ㆂ⡟㭊⭥⺞⧭䐱᷍ⷝ㬨㪏㋭ⶱ㬽⭞㑬⤄
ⱘ䊻㑠䓴㔼⭞㑠䓴㑇䁈⭥䓋⢅⭥⺞⧭䐱⭥⹒㻸⡜㸳㗨ㅭ⤥⽗㬴⭥⧭Ⱙ䇱⮄⺞䇻䁰䐹㑬᱄㵍㬒 ⡫᷍
䎀䄓㾡㻓⭹㋕⭞㆝ⱟ㬏㛋 ⤜᷍⺞㬨⺛㚻⿚㬨⺛㶃 ㋋᷍㬝⨗㻷䊞㎕䊞ⱁ䎌ⰵ䎃䐷㻷㼔㆙㾱⧯㤆⭥㸥
䍣⼮䑙䔘ᱟ⽒䈏⭣ 2᷍012ᱠᱟ㰐⥞冒 2᷍013ᱠᱟ⽒䈏⭣ 2᷍017ᱠᱟ⤽䋓㻮 2᷍024ᱠ᱄䊻㸳㗨⺛㚻᷍
⽒䈏⭣㎰㬇᱃㰐⥞冒㎰㬇᱃⤽䋓㻮㎰㬇⭥⹒㻸䇩㡅㵜⨗᱄⡫䎀ⰵ㰜㗨⭥⼽ⱁ⹼⮄㬨㪏Ⱙ㦰㵍⭥᷂
ⶱ㾬㦅⭥Ⱒ䎀ㅉ䅊㋕㋕㰜㗨⭥㸥䍣ᱟ⽒䈏⭣᷍2012ᱠᱟ㰐⥞冒᷍2013ᱠᱟ⽒䈏⭣᷍2017ᱠᱟ⤽䋓
㻮᷍2024ᱠ᱄ 

 



  

䎃Ⱟ㏛㬘⤃㆙㾱㑬䄜㾊䊎㬝㸥㻸⭥㯲ゐ⭥ᱟ⺚䨩㒂᱃㪓⿼㉞ 2᷍005ᱠ᱄䐏⽔᷍䄓㚽

ⶱ㉖⭞䐏㣑㚵䓴㏐〞䊽⭥䄜㾊㸫㳃⽗㦜㋋㎫᷍⡩㧈 1926 㛋⤄ⱘ㸋㬓㗕䄋䇤䁇Ⰹ

䜭⭥Ⳟⳉ㦆䁱㈠㩃㪅㸫㳃ᷠ䊻⭒㬒⭥㏛㬘⿘㈔㻣 䎃᷍⷗⹅䔘㬖カ㩰㬨⹹⽖㑠䓴㑇

䁈⭥〚⪂᷍䄓㈮⮈䓴⭥⤉Ⱀ㾵⭥㬖䂊䂊䐅⭥᱄䎃䄜⮄᷍れ㡅䐹䄋᷂ 

 

8.4.2 ⼄㩎⡅᱃⤄ⱘ᱃䊝⭒⭥㈹䎔㑇䁈 

㏛㬘㩰 ⭣᷍⤝㔿䅃⹹䇻⮈䓴⭥㹐䐫⤉㏎㔼䐒ㅴ⭝䐣㑬䁇Ⰹ䜭⭥⤉Ⱀ㑇䁈⭥⭏

㪛᱄⭌㬨䊻⤉Ⱀ㑇䁈⭏㪛䐏㣑 ➕᷍䍶㬒ヅ㯔㿓 ㈹᷍䎔㑇䁈㈮䄲㈎⡜㳂⨗⭥᱄⭒㦜᷍

㦬㗨⼽㌍㦰㬗⭞䎃㑞䎀⭥⭩ゼ㾵 332᱄䇱㦅⭥㬨 䊻᷍㻷㾱㑠䓴㑇䁈ㅭ⤥䐱 ⹹᷍䇻㈹

䎔㑇䁈⭥ㆊ㩽⤜ⱁ᱄䎃㏐䇱㑞⷗䊎䅓᱄⭻䄜⷗䊎䅓㬨䊻㑠䓴㑇䁈⭏㪛⭥㩰㬡ギⱟ

㬏㛋⫛ ㈹᷍䎔䎃⷗ⶦ㛏䄵ゑ㡅⡔⽔⭥㼀㾵⫛㭞䎃⷗㏎㔼⤃⤜⡜ⱁ㭞㹐㏎䁈コ㰚䍧

㸶᱄⤉Ⱀ㑇䁈䐱⭥⼬㾥Ⳟ⧭᷍ゕ䁇Ⰹ䜭Ⳟ⧭᷍䋓㬨䄜⷗㠌㸃⳷Ⳟ⧭᱄䎃ⰵ⭒㬒⭥

㹐㏎䁈コ㬨れ㡅䇲㩧⭥᱄⪴㬏➬᱃㬏㈦㬡ギ㋋㬝᷍㠌㸃⳷Ⳟ⧭㈮䄲㈎㬨䊻㹐㏎䁈

䁱㈠䐱⡜⺄ⳛ䇇䇤⭥㭞䁈⹅㉀㑬᱄䅓⪬ ⤉᷍Ⱀ㑇䁈ⷝ㦾䄸⡜⭒㬒⭥㹐㏎䁈コㅴ㬽᱄

⭻ⱟ⷗䊎䅓 䄓᷍⼽䐹䄋㣳㋮⹼ ㈮᷍㬨䁇Ⰹ䜭Ⳟ⧭䇪䇻䊻䍚㋋⤉⼐㭞⭥㬒⽓〚䔊䁂

㦂⭥㒊』㾵 333 䊻᷍㬖䇤⥄㘇㦘㬖䇱ⷝ⼤⭥⢎㻷 ⹹᷂䇻䎃䄜⮄ 㸳᷍㗨⪴⤄ⱘ䁱㈠㩃

㪅㸫㳃。㬚䇤⤉Ⱀ㑇䁈䄓㋪䄵㋕⨗㎕ 334᱄ 

 
332ⰵ䇻䁇Ⰹ䜭Ⳟ⧭᷍㧈⺜䇤䄜䔊〚㎕䍚㋋⤉⼐㭞⭥⿑᷍㈮。⭤⭞䄜⷗㈹䎔Ⳟ⧭᱄㻷䊻᷍㦬㗨䄓Ⱍ
㬨㏜䇤⤉Ⱀ㑇䁈᷍㦂䄜䔊〚᷍ㅉ㑃䄜⷗㈹䎔Ⳟ⧭㎕ㆃ㑠䓴㑇䁈⭥㸫㳃⭥᱄ 

 
333㈹䎔㑇䁈䐒ㅴ㈮䄵Ⰹ㲍᷉⡟䎘㲍᷊㸋〚㎕䍚㋋㲷㔼㑬᷍ⱙ䎃⷗Ⰹ㲍᷉⡟䎘㲍᷊᷍㬨㦬㗨䔏⽔㿉
䄋㤔⭥Ⰼ㹘᱄䎃㈮䋍⧪㑬㈹䎔㑇䁈㰅㦜㚽⹜㯖㘘㑠䓴㑇䁈⭥⡟䐫᷍⭌㦘㬖㗜䇱⤉Ⱀ㑇䁈㬖䇤᱄ 

 
334䄋䐋⭡㰜㋪㬨㈹䎔㑇䁈⭥⪕㬝㦬➂᷍⼄㩎⡅㪖䐢⿚䅓㸋䎃⷗㬣㤊ⰵ㰜䇱⼽⫔䅃ボ᱄ 

 



   

348 
 

䅓㸋㩰㭗䊎䅓 㚠᷍㣑㸳㗨⭥㑠䓴㑇䁈ㅭ⤥Ⱍ。㻑⺀䇻ⰵ㈹䎔㑇䁈㆗㈮㡅㏛㬘

⳨⧄ビ⭆⭹ㆊ㩽䄜㻣᷍㦜⽔ㅌ䑘䄋㈌㑇⳦⭞䁇Ⰹ䜭Ⳟ⧭㩰᱄⡟㭊䐱᷍⡟䓦➲ㅭ⤥

㾕⭤㈂㑠䇱㲹㩌䄜⮄ 㵍᷍㬒䄓䔑䐹㏛㬘㩰㈹䎔㑇䁈㦘㬖ⰵ䇻㑠䓴㑇䁈⭥ⳃ䍚㬨䐢

⹹䐹䄋⭥䎃䂚䄜⷗㬣㬖 335 䊻᷍ㆊ㩽㶋⭣⤝㔿䅃⹹䇻⮈䓴⭥㹐䐫⤉㏎㔼䐏⽔ 㸳᷍㗨

⿚㬨㻩⪴㈹䎔㑇䁈ㅓ㡑 㯖᷍㯖㰝㬨䋖㗕⹚ㅉ⭥ 336ᷠ䇱䄜⮄⳨⧄㘘㦘 㸳᷍㗨㿉䄋㻩

⮄㘘 ㈹ᷛ䎔㑇䁈⭥ㅉ㑃㬨⡟䓦⹚䋍᱑㑠䓴㑇䁈᷉ Quantum Mechanics ᱒᷊ⱙ⤜㬨᱑㑠

䓴㏎㔼᷉Quantum Theory ᱒᷊⭥㚠⭥㆙㾱⭥ᱟBorn 2᷍024ᱠᱟHeisenberg 2᷍025ᱠ᱄㸋

㑬ㅓ䎃⷗㻩ㆃ㬮㤆⨟᷍㸳㗨⡹㿌㻩⪴᱑㑠䓴㑇䁈᱒⭏㪛⭥㬒⫛⡔㈑㯖㡑᱄ 

䎃⷗㬒⫛⡔㈑㋪⫔䐣䓽ㆂ㧈㻣ᷛ⪴ 1900 㛋㋋㬝⭞㩰㬡ギⱟ㬏㛋⫛⨖᷍㦬㗨

䄲㈎➲᱑㚽㑠⤜㑍㿙᱒䎃䐷䊻㈎⮅㹐㏎䁈䐱㋕㡑㎕⳨⧄ⳕ⧄㬗⭥㬣㤊⭒䔘㑠䓴㏎

㔼䐱⭥⧄㬗㋋㬝ㅴ㬽㑬᱄㦬㗨䄓䄜Ⰹ⧭Ⱙ㩰ㅴ㬽㑬⤉㑄ⱟ㼔㾵᷉Duality᷍⭒㦜䋈

㠻䑘䄋䎌ⰵ⭥⿚㬨⺃䓴᷍䐒⭞⭣⤝㔿䅃⭥⨗㻷 ᱄᷊ㆉ䑛䎃䂚⭥⪇㏎᷍㦬㗨㋪䄵㏎

ㆃ⼽ⱁ㬖䂊㻷㼔᷉⡩㧈⺃⮈㾈䇇᱃⹭㳆䈌⳷䓴⭥㦩㦾䊻⭮㸣㻣⭥㾱㸋᱃㤃䊎䓴⺃

㠸 ᱄᷊䊻㏎㔼⥄㘇᷍㏁㯧➏䅓㯚㲚㚄㾮᱃⭣➾㚄㾮᱃⤄ⱜ㚄㾮䄓㦂⭤㑬㈿⫔⭥⧪

⹇᱄⭌䎃䐷⧪⹇᷍㦕⫇䊻䓦れ⫔⭥㈷㻿㾵᷂ 

䄵䎌ⰵ䊎䓴⺃㠸ㅉ㑃⭥⤄ⱜ㚄㾮㸋㏞ 䁰᷍ⷒ䅃䅆㩰 㰝᷍㆗㆗㋪䄵ㆃ㬮㤃䊎䓴

⭥㚽゗䄵ゑ㤃䊎䓴䐱㦬㗨⹼⥃⭞⭥㯚㰟㋬㾈䇇᷉Stark Effect᷍䐙⭥㬨䊎䓴䐱⺃㠸

⭥㸜䐤。㰇䓦⮈⧂ⳃ㪛⢅⿐⭥㾈䇇 ᱄᷊䊻⨞㑬㤃䊎䓴䄵㶃⭥㡅㰝䄜㻖㑱㑠䓴㏎㔼

⡹㿌䍝㈾䑘⭝⭹㸜⭥㹐㏎㸫㳃䐱᷍⤄ⱜ㚄㾮⤃⤜㬫䇤᷂㵍㬒᷍㸳㗨䄓㿉䄋㦰㬗⭞

 
335⡰㈚㝖ㅒ㸐䊒。⭥㹐㏎ㅒ㬨㻩ㅒ㏙㑬⼄㩎⡅᷍䊺ㅒ㏙㑬䁇Ⰹ䜭䈌⭳㎎㋬⭥᱄䊻⼄㩎⡅ 1932 㛋
⭤ㅒ䄵㣑᷍➏䅓㯚㲚䊻 1928 㛋䄓㬨䋙㳂㘜㰜䈌⤄ⱘ᱃䊝⭒䄵㈹䎔㑇䁈㸋㏎䇪⭤ㅒ⭥᱄䎃Ⱍ䋈䇻
⤉Ⱀ㑇䁈㬽⭞㦰㋪᱄ 

 
336䐢㩺⡫䎀⭒㛋䊻䁈㻑㑠䓴㑇䁈⭥㬒⽓䄜䐒䇱䎃⷗㎈〔᱄ 



  

䊻䄵⤄ⱜ㚄㾮㸋⫛⢎⭥䄜㻖㑱䊎䓴㚄㾮䐱᷍㚽㑠⭥᱑㑠䓴⿐᱒Ⱍ㬨䔘㸋ズ㪉䐒ㅴ

⨗㻷⭥᱄䎃䐷㚽㑠⭥᱑㑠䓴⿐᱒⡜⭒䔘᱑䊎䅓᱒㦆ㆃ㬮㬖䂊ㆂ⺜᱄䊻㏎㔼㚻⤠᷍

㰝㗨㗜䇱〚䇻ⷝ〚⡟⭥㑇䁈䊎㏎㎕䐈⧦᱄⪴᱑⭻䄜㾵䊎㏎⭥᱒㹐㏎䁈㏎㔼⭥ㅨⰩ᷍

䎃㬨⤜㚽⡜ㅴ㬽⭥᷂⿜㉅⿑㯖᷍㸳㗨㋪䄵㦰㸋ᷛ⧪㭍⭥㹐㏎䁈䄋㤔㰝㗨⡜ⷝ〚⪂

⭥㏎㔼ㆃ㬮᱄䊻㹐㏎䁈⭥⪌㵔䐱᷍䎃䐷ⷝ〚⪂⭥㏎㔼㸿䄪㿉䄋䄵᱑㑇䁈᱒⭥㾯㬞

⫇䊻᱄䄓䎞㬨䅓㸋䎃⷗䊎䅓᷍⤄ⱘ䇻 1924 㛋䊻 Zeitschrift für Physik 㩰䄵 Über 

Quantenmechanik᷉⹹䇻㑠䓴㑇䁈᷊㸋㳃䓌㾕㑬䄜㠋㲷㔼㑠䓴㏎㔼⭥㔼㸥ᱟBorn᷍

1924ᱠ᷍ ⽕䈖㦬㗨㝸㡛⤄ⱜ㚄㾮 䁑᷍㤔㑠䓴㏎㔼⭥㑇䁈㾯㬞᱄䎃㬨⫔㬇゗⭥⽕䈖᷂

䎃䐷㝍㑇䄓䐒ㅴ⭝䐣㑬㑠䓴㑇䁈⭥⭏㪛᱄ 

㏛㬘㩰᷍㑠䓴㑇䁈⭥⭏㪛㬨㵉⺞㑞㳖㔘㈗㬖㻷⭥᱄㬸㻩㬨㈹䎔㑇䁈᷍㰝䇪⼄

㩎⡅᱃⤄ⱘ᱃䊝⭒䄜㡑㶋⧪ᱟHeisenberg᷍1925ᱠᱟBorn᷍1925ᱠᱟBorn᷍1926aᱠ᷍

㬒ヅㅻ⮄㬨 1925 㛋⭞ 1926 㛋᱄㡅䔏⨖⭥㋋⪕㾵㼌ⳉ᷍㬨䇪⼄㩎⡅䊻 1925 㛋㳂

⨗⭥ᱟHeisenberg᷍1925ᱠ᱄䐏⽔᷍1926 㛋⭥㑞㠋㸥䍣᷉䄜㠋㬨⤄ⱘ䈌䊝⭒⼰㾕᷍

㒎䄜㠋㬨⤄ⱘ᱃⼄㩎⡅᱃䊝⭒⼰㾕᷊㸋䎃⷗㼌ⳉ㳂⹊㑬㭞䁈ㆃ㬮㆙ⱙ㬚㡅⧪㸋⧪

㭍⭥㑇䁈㏎㔼ᱟBorn᷍1925ᱠᱟBorn᷍1926aᱠ᱄㡅⪯᷍㬨⤉Ⱀ㑇䁈᷍㰝䇪䁇Ⰹ䜭㳂

⨗⤃Ⱑ䓵㶋⧪⭥ᱟSchrödinger 1᷍926aÿ1926fᱠ᱄䇇ⶤ㯖 ⭣᷍⤝㔿䅃⹹䇻⮈䓴⭥㹐䐫

⤉⭥ⶦ㛏㬨䁇Ⰹ䜭⭥⤉Ⱀ㑇䁈⭤䄵⥛㪛⭥䐒ㅴ䇶䅓᱄䁇Ⰹ䜭⭥㰚䇱⹹ポ㸥䍣Ⱍ㬨

䊻 1926 㛋ⳃ⢎⭥ᱟSchrödinger᷍1926aÿ1926fᱠ᱄䎃⷗㬒⽓᷍䅓㸋㈹䎔㑇䁈䄲㈎⫇

䊻 㦬᷍㗨㿉䄋㏎ㆃ䎃㑞䎀䐏ヅ⭥⹹㻖᱄㸋⪬ 䁇᷍Ⰹ䜭᱃➄㋉㲹᷉ Carl Henry Eckart᷍

1902–1973 㛋᷊⳷⢑䐅㘘㑬㰝㗨⭥⭩ゼ㾵ᱟSchrödinger 1᷍926gᱠᱟEckart 1᷍926aÿ



   

350 
 

1926bᱠ337᱄1927 㛋᷍⭳㎎㋬⼮䊝⭒䇷⳷⢑ㅉ㑃㑬⢎㼔⢅⿜㏎㔼ᱟDirac᷍1927ᱠ

ᱟJordan 1᷍927ᱠ᱄䊻䎃䐷⢎㼔⢅⿜㏎㔼㻣᷍㈹䎔㑇䁈䈌⤉Ⱀ㑇䁈㋪䄵㬖㻷ビㆁ㘘

㑬⭥㵔䄜᱄ 

㈹䎔㑇䁈⭥㏎㔼㌓ソ㬨䇪㧞㠋㸥䍣⹚⧪⭥ ⼄ᷛ㩎⡅⭥䄜㦬㸥䍣ᱟHeisenberg᷍

1925ᱠ᱃⤄ⱘ䈌䊝⭒⭥㑞㦬㸥䍣ᱟBorn᷍1925ᱠ᱃⤄ⱘ᱃⼄㩎⡅᱃䊝⭒⭥㧞㦬㸥䍣

ᱟBorn᷍1926aᱠ᱄㡅䐱᷍䊻䄜㦬㸥䍣䐱᷍⼄㩎⡅㘘㦘䐙⨗㦬㗨䇇ⶤ〚䇻㹐㏎䁈㋪

⹼⥃㑠㎕⹚ㅉ㹐㏎䁈㏎㔼᱄䎃⷗㯝㼌㉀䇱㪏㋭⭥䍽䁈㚻⼎᷍㡅䐱䇱㋖⭣⭥᱑㻷㼔

ㆈ᱒䎃䂚⭥䍽䁈ⶦ㛏⭥䇑䓴᱄ 

㧈⺜㼌㼋㻙㑬ㆃ䎃㾊㹐㏎㚻㦾᷍Ⱒ䎀㋪䄵ㆂ⼰ⱁ⷗㸥㻸᷍⡩㧈ᱟVan der 

Waerden᷍1968ᱠᱟAitchison᷍2004ᱠᱟ㹃⪴㉝᷍2024ᱠᱟBernstein᷍2005ᱠ᷍㎕㆙

㾱䊥Ⱒ᱄㵍㬒᷍⡫䎀䄓⳨⧄㵧プ⧣㵐㎰㬇㾕⭥᱗⨖㬝㑠䓴㑇䁈᱘䈌᱗㑠䓴㑇䁈㾣

ㅓ᱘338᷂㈮䎃㭊⭥㾕䔘ⱙ䁵᷍⡫䎀䐋⭡㼌䄋䇤䄜⷗㾂ㅻ➲䎃⷗㸫㳃㯖㤆⨟⼽㚲᷍

⭌⿚㬨㻄㶜㳕䍞䄜㻣 339᱄䐢㩺 ⡫᷍䎀㻄㶜㚽⹜ⷙ䊙䅃䁈㻑㹐㏎⭥⡟㋧㪛㳂⹊䄜⷗

⭝Ⱒ᷍䊻㰜/㰞㋋㬝㑠䓴㑇䁈⭥䁈㻑䐏㣑᷍䐋⭡㡅㏛㬘㕗㕈䈌䑘䄋㹐㏎㯝㼌᱄ 

⡟䓦䎃䂚䄜⷗䊎䋓 ⡫᷍䎀。㻩ㅓ䄜㻣㈹䎔㑇䁈⭥゙㠋㸥䍣⭥⹹ポ㯝㼌᱄䎃⤠

 
337䎃㏐᷍㸳㗨ⱁㅓ䄜㉅᱄⪴䁇Ⰹ䜭䊻䐅㘘㑞䐷㑇䁈⭥⭩ゼ㾵⭥㸥䍣ᱟSchrödinger 1᷍926gᱠ⭥㳃㚠
᱑Über das Verhältnis der Heisenberg-Born-Jordanschen Quantenmechanik zu der meinem᷉⹹䇻⼄㩎⡅
-⤄ⱘ-䊝⭒⭥㑇䁈⼮㸳⭥㑇䁈⭥⹹㻖᷊᱒᷍㸳㗨䇇ⶤ䄓㋪䄵㋕⭞䁇Ⰹ䜭ㅌ䎃⷗㏎㔼㘝㘜㸋᱑㈹䎔
㑇䁈᱒ⱙ⳨᱑⼄㩎⡅㑇䁈᱒᷍ 䎃㬨⳨⧄䓝㦘⭥᱄㬖カ㩰 1᷍928 㛋➏䅓㯚㲚䄓䋙㳂㘜⼄㩎⡅᱃⤄ⱘ᱃
䊝⭒㧞㦬㸋㝖⡕ⱜ㹐㏎ㅒ⽓䁂㦬 㵧᷍プ㏎䇪䄓㬨㈹䎔㑇䁈᱄䅓⪬ ㈹᷍䎔㑇䁈⤜㚽⡜ビ⭆⪷⡊⭹⧧
㸋⼄㩎⡅⭥㈹䎔㑇䁈᱄⭒㦜᷍⼄㩎⡅㕖⨗㑬⹹ポ⭥䄜⤞᱄⭌㰝㚽⹜⧪㸋䄜⷗㶋䎜⭥㑇䁈㏎㔼᷍㒎
㶃㑞⷗㦬⭥⹒㻸㬨⤜䇇ⶤ⡜⽗㬴⭥᷂ 
338⧣㎰㬇⭥ㅭ⤥⿚䊻䓝⡙⨗⟇⭥⺞⧭䐱 䇇᷍ⶤ⼽㌍㋪䄵䇪⡒⫔⨗⟇㪈⨗⟇᱄⨗⟇㣑᷍ⶱ㾬㦅⭥Ⱒ
䎀䊾㬒㋪䄵⭞ https://newquanta.com/⥊㋕᱄䊻䎃㏐㑱⭥䎃㾊㸥㻸䐱 ⡫᷍䎀㦰㸋⧣㵐㎰㬇⭥ㅭ⤥㬨
䔏㼋㻙⭥᱄ 

 
339⟝㎉ 8.4.3 ㅻ᷍䊻ㅓ䁇Ⰹ䜭⭥⤉ⰐⳞ⧭⭥㬒⽓᷍⡫䎀䄓。㆙㾱㵍䂚⭥⤺䔘᱄ 

https://newquanta.com/


  

⳷㼁ⰵビ⭆᷉㗜㬓㗕⹌㬞 ᱄᷊䐏⽔᷍䊺䎌ⰵ⭻䄜㠋㸥䍣᷍䇤䔏ビ⭆⭥⹌㬞㎕ㆃ㬮

⼄㩎⡅㬨䋖㗕䇤㈹䎔㑇䁈㎕㘉㭗ビ㾔䎒䓴⭥㸫㳃⭥ᷠ䎃⷗㦯㹒㼁ⰵ㚲䄜㾊᷉ ⹌㬞

ⱁ䄜⮄ ᱄᷊㋮⹼㩰ㅓ᷍ビ㾔䎒䓴⭥㸫㳃㰅㦜ビ⭆᷍㦕㬨䄜⷗⮍Ⰹ㈹䎔㑇䁈㏛㬘⭹

㸜⭥㸫㳃 䊻᷂⼄㩎⡅➲䎃⷗㸫㳃ㆃ㉗䐏㣑 㚽᷍㑠⭥㑠䓴⿐⤜⺞㬨䄜⷗㑠䓴㏎㔼䐱

⭥ズ㪉᷉ ⡩㧈㠶㎫㋬⹹䇻⼻㳆ⴙ㪅⭥⹅䔘᱃➏䅓㯚㲚⹹䇻⺃㑠䓴⼮⹭㳆㦩㦾⭥⹅

䔘᱃⤄ⱜ䊎䓴㚄㾮᷍㑠䓴⿐Ⱍ㬨➕ズ㪉䅞㧌⭥ ᱄᷊䇱㑬⼄㩎⡅⭥䎃⷗⹅䔘᷍㚽㑠

⭥㑠䓴⿐㈮㋋㬝䇖䇱㑬㑇䁈⭥〚⪂᱄䐏⽔᷍㈎⺞⤄ⱘ᱃䊝⭒⼮⼄㩎⡅㧞㦬⭥⹓㵍

㝍㑇 䎃᷍⷗Ⳟⳉ⤦㚽⹜䄵䄜⷗㶋䎜⭥㑇䁈㏎㔼⭥㾯㬞⨗㻷᱄1926 㛋 㝾᷍㏜䇷ㅌ㈹

䎔㑇䁈䇇䇤䈌㤃䊎䓴㳆㻖 ⤃᷍ㆃ㬮㑬㤃䊎䓴⺃㠸ᱟPauli 1᷍926ᱠ᱄㈹䎔㑇䁈㿜⷇㶋

⧪᱄ 

㸳㗨㻩⪴⼄㩎⡅⭥䄜㦬㸥䍣㯖㡑᱄㰝⭥㳃㚠ㅱ䔗᱑Uber quantentheoretische 

Umdeutung kinematischer und mechaniseher Beziehungen᱒᷍  䇃㸥ⰵ䇇᱑On the 

quantum reinterpretation of kinematical and mechanical relationships᱒᱄䎃㠋㸥䍣⭥⼬

㾥䅃㯝 ㈮᷍㬨⪴᱑quantum᷉ 㑠䓴 ᱒᷊⭥ㅨⰩ ⰵ᷍㸃⹼㑄䓴⭥᱑kinematical and mechanical 

relationships᷉ 䊬Ⱀ䁈䈌㑇䁈⹹㻖 ᱒᷊㆙㾱᱑reinterpretation᷉ 䐹㾣ㆃⰢ ᱒᷊᱄䎃㏐᷍⼄

㩎⡅㳂⧌䇇ⶤ㝸㡛⤄ⱜ㚄㾮䐱⮈䓴㈎⮅⺍⭡⭥ⶦ㛏 ➲᷍䔙⢋᱃Ⱀ㑠䎃㾊㈎⮅㑇䁈

㏎㔼䐱⭥㹐㏎㑠〚䇻⤄ⱜ㳂⨗⭥᱑Ⰹ㲍᱒䈌᱑Ⰹ㲍䊟㣉᱒⭥ⶦ㛏㆙㾱䐹㾣㘉㭗᱄ 

⿜㉅⿑㎕ㅓ 㰜᷍⤜㦰㸋⮈䓴㦧䊎䓴⼬⭥䊬Ⱀ䇇ⶤ䇤⺍⭡㎕㆙㾱㘉㭗 ⱙ᷍㬨䇇

ⶤ〚䇻⤄ⱜ㰚ㅉ㑃⭥᱑Ⰹ㲍᱒䈌᱑Ⰹ㲍䊟㣉᱒⭥ⶦ㛏᷍䇤䄜䐷᱑ⶕ䊴䄜㾊⭥㭞䁈

㾯㬞᱒㎕㘉㭗᱄䎃㬨᱑kinematical᷉ 䊬Ⱀ䁈⭥ ᱒᷊䎃⷗⪫⨗㻷䊻䎃⷗㸥䍣㳃㚠䐱⭥

䊎䅓᱄⨞㑬᱑䊬Ⱀ䁈᱒䎃⷗⹹ポ⮄ ᱑᷍Ⰹ㲍᱒䈌᱑Ⰹ㲍䊟㣉᱒䎃㑞⷗ⶦ㛏㵍䂚䐹

䄋᱄䊻⼄㩎⡅㋕㎕᷍䐜䇱᱑Ⰹ㲍䊟㣉᱒㬨㋪⹼⥃⭥᷍㰝㗨㋪䄵䊻䊎䓴⺃㠸䐱⭤⭞



   

352 
 

㳆㻷᱄䅓⪬᷍㰜㿉䄋〚䇻᱑Ⰹ㲍䊟㣉᱒䐹㾣㘉㭗㸜䐤䈌Ⱀ㑠䎃㾊㑇䁈䐱⭥⹹ポ㑇

䁈㑠᱄䊻㆙㾱㶋㑬䎃䐷⹹䇻䊬Ⱀ᷉䊻㳃㚠䐱㳆㻷䊻 kinematical 䎃⷗⪫㩰᷊⭥㘉㭗

䐏⽔᷍㰜䇷㏜䇤 Correspondence Principle᷉ⰵ䇇㾵䊎㏎᷊᷍ ➲䎃䐷䊬Ⱀ⭥㾣⭥㘉㭗

㾯㬞⫛㧌㈎⮅⭥㑇䁈Ⳟ⧭᷉⡩㧈⫙⮄㑄䓴㆙㾱ビ㾔䎒Ⱀ㆙ⱙⴙ㪅㚽㑠⭥䊬ⰐⳞ

⧭ ᱄᷊䎃䂚 ㈎᷍⮅⭥㑇䁈Ⳟ⧭㈮䇱㑬㡅᱑㑠䓴᱒⭥⢎㭗㾯㬞᱄䎃㬨᱑mechanical᷉ 㑇

䁈⭥ ᱒᷊䎃⷗⪫⨗㻷䊻㡅㳃㚠䐱⭥䊎䅓᱄᱑kinematical᱒⼮᱑mechanical᱒㑞⷗䄋㯹

⼰䊻䄜㡑 㰜᷍㈮㸋㈎⮅㑇䁈ㅉ㑃㑬䄜⷗㑠䓴㑇䁈⭥⢎㭗᱄䎃⷗㘉㭗㬨㸈㦧㰜ⰵ⮈

䓴䊬Ⱀ⭥᱑kinematical and mechanical relationships᷉ 䊬Ⱀ䁈䈌㑇䁈⹹㻖 ᱒᷊⭥㏎ㆃ䍚

㋋⭥᷂ 

㏜䇤䎃䂚⭥䄜⷗᱑㑠䓴᱒⭥䊬ⰐⳞ⧭᷍⼄㩎⡅䁱㈠㑬ビ㾔䎒䓴䈌⳨ビ㾔⭥䊬

Ⱀ᱄䊻ビ㾔䎒䓴䎃⷗㸫㳃䐱᷍㰜⭤⭞㑬⭩ヅ㉁⭥㑠䓴⿐⭥㚽㑠᱄䎃䈌㠶㎫㋬䊻⼻

㳆ⴙ㪅⭥㏎㔼㚄㾮䐱㰚⤪㦂⭥㚨⷗ズ㪉㬨䄜䐣⭥ 㸉᷍䄜ⱁ⨗㎕⭥Ⰼ㹘㬨㸳㗨㻷䊻

䐋⭡⭥᱑㒄⮄㚽᱒᱄䎃⷗⭒㦜䄓㬨㾣⭥᱃䐹䄋⭥㹐㏎᱄䊻⹹䇻⳨ビ㾔䎒䓴⭥䁱㈠

䐱 䊻᷍㰚㸞⭥㈎⮅れ㻿㻣 ⼄᷍㩎⡅⭥ㆃⷙ⨗⭥ㆂ⺜䈌㈎⮅⭥䊬ⰐⳞ⧭⭥ㆃ䇷㬨䄜

䐣⭥᱄㰚䇱䎃㾊᷍Ⱍ䊅㬟䓦䎃⷗᱑㾣⭥᱃㑠䓴㑇䁈㏎㔼᱒⭥ゕㅌ⭏㪛᷂  

䊻䎃㠋㸥䍣ㆂ㭙⭥㬒⽓᷍⼄㩎⡅⧱㦰᱑whether this method after all represents 

far too rough an approach to the physical program of constructing a theoretical quantum 

mechanics, an obviously very involved problem at the moment, can be decided only by a 

more instensive mathematical investigation of the method which has been very 

superficially employed here᷉Ⳏ䅌᷊᱒᱄⿜㉅⿑㯖᷍⼄㩎⡅䓵゛䄓㦰㸋䎃㠋㸥䍣䐱

⭥䎃⷗㏎㔼㆗㆗㬨䄜⷗⨖⤞⧃㬵⭥᱄㰝㿉䄋䄜⷗䁰ⷒ⭥㭞䁈〚⪂ 䊻᷂ㅌ㡅ⳃ䍚㸋

䄜⷗䁰ⷒ⭥㭞䁈㏎㔼⭥⺞⧭䐱᷍⤄ⱘ⟈䁾㑬䄜⷗⳨⧄䐹䄋⭥ㅨ㩌᱄ 



  

ビ⭆㎕ㅓ⭥⿑ ⤄᷍ⱘ㬨⭻䄜⷗䅃㬗⭞᱑⼄㩎⡅㰚⤪䇤⭥ⶕ䊴⭥㭞䁈㾯㬞⢎㭗

⭥㑇䁈㑠㬖カ㩰㈮㬨䄜⷗㈹䎔⢎㭗᱒⭥㦬᱄㵍㬒᷍㰜䄓㦰㬗⭞᱑⼄㩎⡅䊻ⰵ䎃㾊

㑇䁈㑠㆙㾱⧬ⳉ䊬㰄⭥㬒⽓ ⤪᷍䇤⭥䄓㬨㈹䎔⧬ⳉ⭥⺇䋓᱒᱄䊻㸥㻸ᱟBorn 1᷍978ᱠ

⭥⭻ 217–218 䄔᷍⤄ⱘ䇱䎃䂚䄜Ⱟ㘉㭗 ᱑ᷛAfter having sent Heisenberg’s paper to 

the Zeitschrift für Physik for publication 340 , I began to ponder about his symbolic 

multiplication, and was soon so involved in it… For I felt there was something 

fundamental behind it… And one morning, about 10 July 1925, I suddenly saw the light: 

Heisenberg’s symbolic multiplication was nothing but the matrix calculus, well known 

WR�PH�VLQFH�P\�VWXGHQW�GD\V�IURP�WKH�OHFWXUHV�RI�5RVDQHV�LQ�%UHVODX᱒᱄䎃㏐⭥ Rosanes

㬨䁦㋪⡩᱅㔿㧙㚻㯚᷉Jakob Rosanes 1᷍842–1922 㛋 ᱄᷊㰜㬨⤄ⱘ䊻 Breslau᷉ ⤝㎸

㯚㎮ Ⱒ᷊⫔䁈㣑㑞㛋⭥㋯⧭⭥㬒⽓䈗⭞⭥㭞䁈ㅭ㬻 ⭒᷍㬒⤄ⱘ㈎⧄䁂㰜⭥㋯ 341᱄

⼽㻵㦜 䊻᷍⤄ⱘⶶ㋋㬝㩰⫔䁈⭥㬒⽓ 㰜᷍㈮⪴㔿㧙㚻㯚㚨㏐䁈⭞㑬⹹䇻㈹䎔⭥䐋

㬗᱄䊻⭻㹆䍣 㸳᷍㗨㣠⮘⺞㰅㦜㼀㾵⫛㭞⼮㈹䎔㬨㸳㗨㻷䊻⫔䁈⭥㏎⹅㋧ㅭ䈞䐱

䔏〚⪂⭥㋯⧭᷍⭌㬨䊻㩰㬡ギ⨖᷍㹐㏎䁈コ䐱䐋⭡䎃㾊ⶦ㛏⭥㦬㬨⼽㩺⭥᱄⼢㸿

 
340㸳㗨㿉䄋䓃䅃⭞⭥㬨㈹䎔㑇䁈⭥㦌⤠㧞㠋㸥䍣᷍䔘䎀⭥㭑㘜⭆㸜Ⱍ㬨ⷈ㵃ⷚ⫔䁈᱄⿜㉅⿑㯖᷍
䊻㑠䓴㑇䁈⭥⭻䄜⷗⢎㭗㾯㬞⭥⥛㪛⺞⧭䐱᷍㸳㗨䇇ⶤ㣠⮘⭥㬨᱑ⷈ㵃ⷚ᱒ⱙ⳨᱑ⷈ⡟⺟ⷚ᱒᱄
⭌⼽䄦⼗᷍䐒⭞㻷䊻㦬㗨䄜㯖⭞䎃㾊᷍䓽⿚㬨䊻㯖ⷈ⡟⺟ⷚ᱄⡫䎀⤜ⴒ㦰ⷈ⡟⺟ⷚ⭥⹒㻸᷍⭌ⳕ
ⰵ⼽ⱁ㗞㳆⧅㈤䄵㎕ⰵ䎃⷗㸫㳃⭥⫎㹔䅞⭝᷍⤃䎇㾥㻄㶜㸳㗨⭥⪴䄖㦬䊒㚽⹜ⷝⱁ⭹㦆㋕䊎㬝
㸥㻸㎕㏎ㆃ⼮㿜⪌㸳㗨⭥䁈㋧᷂ 

 
341㣑㘇㸳㗨䊻ㅓ〚ⱜ〕ⴓ⭥㬒⽓㳂⭞⺞᷍⤝㎸㯚㎮᷉Breslau᷊㬨Ⰼ㠶㔔㬠⭥䄜⷗⧨㬱᷍㻷䊻㭕䇻
⤉㎝᷍ㅱⶆ㔿⪥㶀ⴓ:URFçDZ᱄䊻㬏㈦㬡ギ᷍⤝㎸㯚㎮䇱⷗⼽⼤⭥⫔䁈᱄⤄ⱘ⭥⶙㣸㬨䎃㰚⫔䁈
⭥䄜⷗㪛㹐䁈ㅭ㬻᱄➕䍶⤄ⱘ⭥㯖ⳉ 㰜᷍⭥⶙㣸䊻䁈㭖㩰⤃㗜䇱⫐⭞䄜⷗⼽ⷀ⭥㯏㠞 ⭌᷍䄓㬨䎃
㰚䁈㾄⭥䄜⷗ㅭ㬻᱄⤄ⱘ⭥⫔䁈ㅭ䈞㬨⪴䎃㏐㋋㬝⭥᱄19 㬡ギ㚊᷍⭣⺛᷉ゕ㠶㔔㬠᷊⭥䄜㾊⫔䁈
⭥㋯⧭㬨㼁⿆⧱㦰⭥᱄䅓⪬᷍⤄ⱘ䊻⤝㎸㯚㎮㶋⧪㑬㣑㑞㛋⭥〚⪂㋯⽔᷍㎕⭞ⷈ㵃ⷚキ㿙䁈㻑᱄
ⷈ㵃ⷚ䄓⧪㸋㑬㰜㦬㪛䔏䐹䄋⭥㹉㲉᱄䊻⤝㎸㯚㎮ 㔿᷍㧙㚻㯚⭥㋯ⰵ⤄ⱘ⥛㪛㑬⳨⧄㪏㋭⭥䇑㼍᷍
㰜㗨䄓ㅉ㑃㑬⼽⼤⭥㯞㦬⹹㻖᱄䊻⤄ⱘ⭥㝖ㅒⳃ䁵ⷆ䐱᷍㰜䄓㲹⢑ⶱ㾜㑬㔿㧙㚻㯚᱄ 

 



   

354 
 

䄪㸫᷍⤄ⱘⰵ㈹䎔㑇䁈⭥⹒㻸⭤䅇䇻㰜䊻䎃⷗Ⳟ㘇⭥㭞䁈䐋㬗⭥⪃⡙ 342᱄ 

〚䇻㩰㭗㏎ㆃ ⤄᷍ⱘ⷇㰀⼄㩎⡅㰜ⰵ䔙⢋᱃Ⱀ㑠⭥㾣⭥㘉㭗Ⳟ㬞䄵ゑ㰜䊻㚨

㏐㰚䄡㎖⭥䊬㰄⺇䋓㈮㬨⭒㬒䊻㭞䁈㩰䄲㈎⧪㭍⭥㈹䎔㏎㔼᱄䐏⽔ ㋝᷍㔨⭞⼄㩎

⡅⡟㦬䊻⭒㬒⤃⤜Ⰿ㈹䎔 ⤄᷍ⱘ䂜㤌㝾㏜㎕⹓㵍㶋⧪䄜㠋㸥䍣 㸋᷍⼄㩎⡅⭥䄜㦬

㸥䍣ㅉ㑃䄜⷗䁰ⷒ⭥㭞䁈⢎㬟 343᱄⭌⼽䄦⼗⭥㬨㝾㏜⤃㗜䇱䅃㬗⭞䎃⷗⹅䔘⭥

䐹䄋㾵 䅓᷍⪬㈽㉙㑬䎃⷗䂜㤌 344᱄䔏䐶 ⤄᷍ⱘ䂜㤌䓵゛⭥䁈㪛䊝⭒䄜㡑㶋⧪㑬䎃

⷗⹅䔘᱄䊻⤄ⱘ䈌䊝⭒㑞㦬⼰䔘⭥㸥䍣䐱 㰜᷍㗨ㅌ䔙⢋ݔ᱃Ⱀ㑠݌㆙㾱㑬㰄ⴜ⭥⢎

⫐᷉㾕䔘ݔො᱃݌Ƹ᷊᷍ ⤃ⷙ⨗㑬䑙㘜⭥⤜ⰵ䄸⹹㻖ᷛ 

[Ƹ݌,ොݔ] = ݅
݄

ߨ2
= ݅԰ 

⹌㬞 8.45 

㸋㑬⽔㿙㲷㔼Ⳟ⢄᷍㸳㗨䊻䎃⷗⹌㬞䐱䐒ㅴ䅞㧌㑬᱑䊝⿐᱒㠶㎫㋬⧄㭞԰᷍㰝⼮

㠶㎫㋬⧄㭞݄⥏䄜⷗2ߨ᱄㏛㬘㩰᷍㰝㬨䇪⭳㎎㋬䊻㩵⽔䅞㧌⭥᱄ 

⹌㬞 8.45 ㅌ㑇䁈㑠⭥㈹䎔⢎⫐᱃㑠䓴㑇䁈㰚㲹䇱⭥㑇䁈㑠䐏ヅ⭥⤜ⰵ䄸㾵

 
342䎃㏐㸳㗨䊺㣠⮘䄜㻣⤄ⱘ⭥⤊㬠㬨㭞䁈⤊㬠 ⭝᷍㬇㬨㒛ⷒ᷉ Carl David Tolmé Runge 1᷍856᷎1927
㛋᷊᷍SO(4)ⰵ⧧㦛䐱 Laplace-Runge-Lenz 㬹⽄㑠䐱⭥㚨⷗ Runge᱄䎃⷗㭞䁈〚⪂᷍䄓㬨㰜㚽⹜䊻
㑠䓴㔼⭞㑠䓴㑇䁈⭥⢅ⷐ䐱⧪㸋䄜⷗㒍⭝䎀⭥䔏䑘䄋⭥䊎䅓᱄ 

 
343㝾㏜䅓㸋䐏㣑䄲㈎⪴㬣㑬⼽⧅㬒ヅ⹹䇻䓵㿞⭥䁱㈠ ⭒᷍㬒ⰵ㈹䎔㏎㔼䄲㈎⡩ㅰ㭍㻅㑬᱄ⱙ㝾㏜
䊻⪴㰘㚊⳧㚨㏐⡰䄖⽔ 䄓᷍⭒⺞⤄ⱘ⭥䑛㬷᷉ 㬖カ㩰⼄㩎⡅㈮㬨䊻㝾㏜㏌㋋⽔ㅴ㳇㝾㏜⧪㸋⤄ⱘ
⭥䑛㬷⭥᷊᱄䅓⪬᷍⤄ⱘ㬸㻩㼌⭞㑬㰜᱄䇪䇻㝾㏜⭥㈽㉙᷍⤄ⱘ⤜⭤䄲㦤䓵゛⭥䁈㪛䊝⭒㎕㶋⧪
䎃⷗㦯㹒᱄䎃⷗⼰䔘᷍㬖カ㩰㳆㻷㑬㏎㔼㹐㏎䁱㈠䐱⭥㑞⷗㚽㑇᱄䄜㬨ⰵ㭞䁈ゝ㣪⭥䍧㸶᱄䎃䄜
⮄䊻㸳㗨⭥ㅭ䈞㬖カ㩰㬨䔄⹜㣠⮘⭥ 㸳᷍㗨⭥⼽ⱁ䁈㪛䄓䇱⡩ㅰ⼤⭥㚽㑇᱄⭻ⱟ⮄ 㬨᷍ⰵ㭞䁈䁈
㋧ⷘ⷗㚄㌊⭥䅃䅆⭥䎜㳆㦰㬗䄵ゑ㧈⼯㦤㰝㗨䊻㹐㏎䁈䁱㈠䐱ⳃ⿴䔘䇤᱄䎃䄜⮄㬖カ㩰㸳㗨⭥
ㅭ䈞㣠⮘⭥⤜ⱁ᱄⡫䎀䊻⡟㭊䐱 ⱁ᷍⪇㣠⮘㑬䎃⷗㚽㑇᱄⤄ⱘ 䇇᷍ⶤ㯖䊻䎃䄜⮄㩰 㬨᷍⫔㬇゗⭥᱄
ⷈ㵃ⷚ⭥㹐㏎䁈㝪⭥ⳃ䍚 ⼽᷍⫔⧭Ⱙ㩰䄓⭤䅇䇻㰜⭥䎃䐷㚽㑇᱄㰜⭥䁈㪛䈌䑛㬷⽔㠻䄓Ⱍ䇱⼽⼤
⭥ⳃ䍚᷍䎃䈌⤄ⱘ⭥䎃⷗㚽㑇᷍㬨㗽㣱㼁⹹⭥᷂ 

 
344㬖カ㩰䎃⤃⤜㬨㝾㏜㸉䄜䄜⪯⫎⺞䐹⫔⭥㹐㏎䁈⧪⺜᱄䊻⽔㘇㸳㗨ㅓ⭞䓵㿞⭥㬒⽓ ⿚᷍䇱㒎䄜
⷗㏞䓴᱄㰜⡩ㅰ䓘㤔㶋㗡᷍⭌㬖カ㩰㹐㏎䁈⭥䊎⪕㾵⧪⺜⭻䄜⪯⨗㻷⭥㬒⽓᷍⼽㚲㶋㗡᱄ 

 



  

䈌㑠䓴㏎㔼䐱⭥⹹ポ㑠㠶㎫㋬⧄㭞ㅉ㑃㑬䔏䐒ㅴ⭥㑋㻖᱄⼮㑇䁈㑠⭥㈹䎔⢎⫐᱃

㑠䓴⭥䊬ⰐⳞ⧭䄜䂚 㰝᷍䊻㑠䓴㑇䁈⭥㏎㔼㳆㻖䐱䄓䍝㈾㑬⼬㾥⭥㸜䐤᱄䄦⼗⭥

㬨 㦬᷍㗨⼽ⱁ㬒⽓➲㰝⧧㸋⼄㩎⡅⤜ⰵ䄸⹹㻖 345᱄ⱙ䎃⷗㸥䍣⼄㩎⡅ⷚ⡟㈮㗜䇱

⤯䈌᱄ 

⤄ⱘ䈌䊝⭒⭥㑞㦬㸥䍣⭥㶋⧪㬒ヅ㬨 1925 㛋㻣⟌㛋᱄䎃⷗㬒⽓᷍䁇Ⰹ䜭⭥

⤉Ⱀ㑇䁈⭥⹅䔘⿚㗜䇱ⳃ⢎᱄㑞㦬㸥䍣⽔᷍⤄ⱘ᱃⼄㩎⡅᱃䊝⭒㧞㦬䇷䄜㡑䊻㣑

㑞㠋㸥䍣⭥〚⪂㩰᷍ⰵ㈹䎔㑇䁈㆙㾱㑬㆙䄜⤞⭥ⳃ䍚᱄䎃⷗㧞㦬㸥䍣⭥ⳃ⢎᷍㈮

㬨䊻䁇Ⰹ䜭⭥⤉Ⱀ㑇䁈⭻䄜㠋㸥䍣ⳃ⢎䐏⽔㑬᱄㸳㗨㋯⡟㩰⧫㻷⭥㑠䓴㑇䁈⭥䑏

ⱁ⹹ポ䐋㬗⮄ ⡩᷍㧈㑇䁈㑠㿉䄋䇤ⱓ㗽㈹䎔⢎⫐᱃㑇䁈㑠⭥ⰵ䄸䈌⤜ⰵ䄸⡔⽔⭥

㹐㏎᱃㸃㦦㔼᷍㵉⺞㈹䎔㑇䁈⭥㧞㠋㸥䍣᷍〚⡟㈮Ⰹ㾮㑬᱄1926 㛋᷍㝾㏜䇷㏜䇤

䎃⷗㏎㔼ェ㰄㑬㤃䊎䓴㻖㵔 ⭤᷍⭞㑬䈌㬖䂊ⴜ⼰⭥⺃㠸ㆂ⺜ᱟPauli 1᷍926ᱠ᱄㈹䎔

㑇䁈㶋⧪᱄ 

䅓㸋䎃㾊⹅䔘 1᷍932 㛋 ⼄᷍㩎⡅Ⱑ䓵〒⭤㑬㝖⡕ⱜ㹐㏎ㅒ᱄㰜⭥〒ㅒ⪫ fᷛor 

the creation of quantum mechanics, the application of which has, inter alia, led to the 

discovery of the allotropic forms of hydrogen᱄㬖カ㩰᷍1928 㛋᷍➏䅓㯚㲚㈮䋙㳂㘜

⼄㩎⡅᱃⤄ⱘ᱃䊝⭊㧞㦬㸋㝖⡕ⱜ㹐㏎ㅒ⭥⽓䁂㦬᱄⭌䊻⭒㬒᷍㑠䓴㑇䁈㏎㔼⭥

䇑㼍⿚㗜䇱⨗㎕᷉㰅㦜㑠䓴㏎㔼䄲㈎⡜㦬㗨ㅴ㬽᷍⭌䎃䐷㾣⭥᱑㑠䓴㑇䁈᱒㏎㔼

⭥䇑㼍⿚㗜䇱⧚⭸⨗㎕᷊᷍㝖ㅒ㸐䊒。⡟䓦㪘䐹⭥䊎䋓⤃㗜䇱ㅴ㬽䎃⷗㳂㘜᱄1928

㛋⭥㝖⡕ⱜ㹐㏎ㅒ⡟㪎㪖䐢Ⱍ㋶㦒᷍䐒⭞ 1929 㛋⤚ⷙ㑬㝘㸥᱅㧑⥊⭣㩎᷉Owen 

Willans Richardson 1᷍879–1959 㛋᷊᷍ 䄵⢎䍤㡅䊻㦩⮈䓴䁱㈠䐱⭥⹒㻸᷉䎃䈌㑠䓴

 
345⼄㩎⡅䊻㰜⭥䄜㦬㸥䍣䐱᷍䅃㬗⭞㑬݌⼮ݔ㆙㾱᱑㑠䓴⭥⢎⫐᱒᷍䄓㈮㬨⽔㘇㸳㗨㦰㬗⭞⭥᱑㈹
䎔⢎⫐᱒⽔᷍䇇ⶤ⤜ⰵ䄸᱄⭌䊻㰝㗨⭥⥏⭞⭸⭩䇻㬓㗕䎃⷗⹹ポ⭥㸫㳃㩰᷍⤃㗜䇱ⷙ⨗⫑➙᱄䎃
⷗⫑➙᷉⹌㬞 8.45᷊㬨⤄ⱘ᱃䊝⭒䊻㰜㗨⭥㑞㦬㸥䍣䐱ⷙ⨗⭥᱄ 



   

356 
 

㑇䁈㸿⹹᷊346᱄䇇ⶤ㯖䎃⷗ㅒ㼁ⰵ䇻㑠䓴㑇䁈䐱⭥㚨㾊⧪㈮᷍㈮㡅㹐㏎㚻⼎⭥〚

⪂㾵ⱙ䁵㋰Ⰹ㬨䁘㩌⭥᱄ 

䊻䎃㾊ⶦ㛏㾵⭥ㆃ㬮⭥䔏⽔ 㸳᷍㗨䇤䄜Ⱟ⿑㎕㣠⮘㈹䎔㑇䁈ⰵ䇻㹐㏎䁈⭥䅃

䅆᱄䎃㬨㦬㗨㬸⪯⤜䊺〚䇻䄜⷗ビ⭆⪷⡊⭥ズ㪉 ⱙ᷍㬨㏜䇤䄜⷗㑇䁈⭥䊬ⰐⳞ⧭᷍

⭤⭞㑠䓴⿐⭥㚽㑠᱄䄜Ⰹ⧭Ⱙ㩰 㸳᷍㗨㋪䄵➲㠶㎫㋬䊻䁱㈠⼻㳆ⴙ㪅㬒䅞㧌㚽㑠

⳷㑃䎃⷗ズ㪉⭒䔘㬨㑠䓴㔼⭥⢋䐟 ⱙ᷍ㅌ⼄㩎⡅䊻䎃㏐㬖㻷㾔䎒䓴⭥㚽㑠㑠䓴⿐

䄵ゑ㰜䈌⤄ⱘ᱃䊝⭒⹓㵍ㅉ㑃⭥㈹䎔㑇䁈⭒䔘㬨㑠䓴㑇䁈⭏㪛⭥⢋䐟᷍㎕㏎ㆃ

1900-1926 㛋䎜⷗㑠䓴㏎㔼᷉ ⟝㎉䋈㠻⭥㑠䓴㔼䈌⽔㠻⧪㭍⭥㑠䓴㑇䁈 ⭥᷊ⳃ䍚᱄

⪴㈹䎔㑇䁈⭥ㅉ㑃㋋㬝᷍㦬㏁⹹䇻㑠䓴㻷㼔⭥㏎ㆃ䈌㦰㬗㆙㧌㑬䄜⷗㾣⭥ギ䊋  ᷂

䊻㒏㦬㾬⳽⭥㘉㭗㾵⭥㚻㦾ㅓㆃ㶋⡰⽔ ⡫᷍䎀⨗䇻䄜⷗⪴㬣㹐㏎䁈䁱㈠⭥㎰

㬇⭥䐑䄖⡟㚽 ⿚᷍㬨㻄㶜䇤䄜㾊ビ⭆⭥㭞䁈⹌㬞㎕䍚㬟䄜㻣䎃㾊㹐㏎䁈⭥㯝㼌䊻

㭞䁈㩰⭥㗡᱄㸳㗨。ㆉ䑛㈹䎔㑇䁈䋈㠻⭥㧞㠋㸥䍣䐱⭥㚻㦾 ㅌ᷍㡅㆙㾱䄜Ⰹ⧭Ⱙ

⭥䇲㩧⿐ ⤃᷍ㅌ䓦㬷⮄㕅䊻 㸋ᷛ㬓㗕䊻䄜⷗ビ㾔㬧䐱䎒⭕⭥⫙⮄㑄䓴ⳃ⨗⭥㚽㑠

㬨⳷㑃⭥ᷠ䎃䄓㬨ⰵ㩰㘇⭥䄜Ⱟ䐱㸳㗨䊻ⰵ㈹䎔㑇䁈⭥䅃䅆㆙㾱䓽ㆂ㬒ㅓ⭥㚨

䄜㉅᱑䎃㬨㦬㗨㬸⪯⤜㬨〚䇻䄜⷗ビ⭆⪷⡊⭥ズ㪉 ⱙ᷍㬨〚䇻䄜⷗㑇䁈⭥䊬ⰐⳞ

⧭᷍⭤⭞㑠䓴⿐⭥㚽㑠᱒⭥䄜⷗⿹䇇᱄ 

㈮㹐㏎㯝㼌ⱙ䁵 㸳᷍㗨㼌㣠⮘㈹䎔㑇䁈⭥〚⪂㈮㬨㸳㗨䊻㣑㘇ㆊ㩽⭥⼄㩎⡅

ⰵ᱑䊬Ⱀ䁈᱒⭥㾣⭥㏎ㆃ᱄㰜㦰㸋⺍⭡⤃⤜㬨㹐㏎䁈㋪⹼⥃㑠 ᱑᷍Ⰹ㲍䊟㣉᱒⤦

㬨᷍㰝ⰵ䇇㬖カ⺃㠸᱄ⱙ᱑Ⰹ㲍䊟㣉᱒㬨〚䇻᱑Ⰹ㲍᱒䎃䂚䄜⷗ⶦ㛏⭥᱄䅓⪬᷍

⤜⹽㬨㸜䐤ݔ᱃⿚㬨Ⱀ㑠᷍݌Ⱍ䇇ⶤ〚䇻᱑Ⰹ㲍᱒⼮᱑Ⰹ㲍䊟㣉᱒㆙㾱䄜⷗䐹㾣⢎

 
346㰜⭥〒ㅒ⪫㬨ᷛfor his work on the thermionic phenomenon and especially for the discovery of the law 
named after him᱄ 

 



  

⫐ 347᱄㉀㳆ⱙ䁵 ⰵ᷍䇻䄜⷗䊻䄜㸍ビ㾔㬧䝆䐱䊬Ⱀ⭥⫙⮈㑄䓴 㰝᷍⭥㈎⮅㘉㭗䈌

㑠䓴㘉㭗⫇䊻䐫⭥⤜㵍᷉㵝 8.15 ᱄᷊䊻㈎⮅⭥㬡ㆈ䐱᷍㸳㗨㋪䄵㧈㵝 8.15a 㚨䂚➕

䍶㸜䐤᱃Ⱀ㑠㎕㘉㭗䊬Ⱀ䓕㲍᱄䎃㏐㸜䐤ݔ⼮Ⱀ㑠݌䊻㦯⼯䄜⷗㬒㋭Ⱍ㬨䄜䔊㬖㭞᷍

㰜㗨㋪䄵⡜⹼⥃᱄⭌㬨䊻㑠䓴⭥㬡ㆈ䐱᷍䅓㸋䎃㾊㑠ⷚ⡟㈮⤜㬨㋪⹼⥃㑠᷍㚨㗕

㹐㏎䁈䔘㸋㘉㭗᱑㻷㼔ㆈ᱒⭥㋧䁈᷍㈮⡹㿌〚䇻㵝 8.15b 䐱䇤䓰㩌マ㵘㘉㭗⭥⫙

⮈㑄䓴䊻㡅᱑Ⰹ㲍᱒䐏ヅ⭥䊟㣉㎕㆙㾱㘉㭗᱄䎃⷗᱑Ⰹ㲍䊟㣉᱒᷍ 㬨㋪⹼⥃⭥᱄

䅓⪬᷍㰝⤦㬨䄜⷗㹐㏎䁈㏎㔼䇇ⶤ㘉㭗⭥㚻㦾᱄ 

 

 

㵝 8.15 ビ㾔㬧䝆䐱⫙⮈㏞䓴䊬Ⱀ㬟䅃㵝᷍㸳㗨㣠⮘⭥㬨㈎⮅㬡ㆈ䈌㑠䓴㬡ㆈ⭥⤜㵍᱄ビ㾔

㬧⭥⭐⿪㬨㵍䄜⷗⭐⿪᷍䅓⪬㬧㚽⼐㭞ܸ(ݔ)㼁㵍᱄䊻㈎⮅⭥㬡ㆈ䐱᷉䔔⢀㵝 a᷊᷍ 㸳㋪䄵㦯

䅃⭥➲⭐⿪㎎⭞䄋ⷙ㲹Ⰹ⭥㸜䐤ݔ଴᱄䎃⷗㬒⽓Ⱀ㚽㸋㒄᷍㬧㚽㸋᷍ܧ㻖㵔䓽㚽㑠䄓㬨ܧ᱄㯪

㬷⽔᷍㑄䓴㋋㬝䔗ビ㾔䎒⭕᷍Ⱀ㚽㬧㚽⤜㵄䓋⿜᷍⽍㼀䄜㻣⭥䅖䇑㤙䈓Ⱍ㬨㑄䓴㋪䄵⪆ゑ

⭥㤙䈓᱄㑄䓴䊬Ⱀ᷉the kinematics of the particle᷊᷍ 㬨㋪䄵㵉⺞䎃⷗㵝㼒᷉䔔⢀㵝 a᷊㎕㘉㭗

⭥᱄䊻㑠䓴⭥㬡ㆈ䐱᷉䇳⢀㵝 b᷊᷍ ⭐⿪⭥⭐㾵㻖㭞䐜㉗Ⰹ㚽゗䈌ゅⳃ᱄㸉䄜⭥㋪⹼⥃㑠㬨

㻖㵔䊻⤜㵍Ⰹ㲍᷉⡟䎘㲍᷍⽍㩌㯏㠞㼀᷊䐏ヅ⭥䊟㣉᷍䎃䇷䓰㩌マ㵘⢋エ᱄⼄㩎⡅䎞㬨㦰

㬗⭞㑬㑠䓴㬡ㆈ䈌㈎⮅㬡ㆈ䎃⷗⤜㵍᷍⤦㋋㬝ㅌ㦯⼯㋪䄵⹼⥃⭥㑇䁈㑠᷉⟝㎉䔙⢋᱃Ⱀ

㑠᷊〚䇻䊟㣉㎕㘉㭗᷉䓰㩌マ㵘᷊᷍ ㆙ⱙ㶋⧪㑬 1925 㛋㚨㠋䔏䐹䄋⭥⹅䔘᱄ 

 
347䎃㏐᷍⼮⼽ⱁ⭹Ⳟ⭥㲷㔼䄜䂚᷍㸳㗨䁂㦂䄜㸍㻖㵔㸋㏞᱄⭒䎃⷗ビ⭆㻖㵔⭥⺇䋓㤆⨟⽔᷍㶚ⷀ
㸍㻖㵔⭥㵧⺄㬨䐒ㅴ⭥᱄ 
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䅓⪬᷍䊻䄜㦬㸥䍣䐱᷍⼄㩎⡅㳂⨗㸜䐤᱃Ⱀ㑠⤜䇇ⶤ〚䇻⺍⭡㘉㭗᷍ⱙ䇇ⶤ

〚䇻᱑㑞⷗Ⰹ㲍⭥⥏᱒㆙㾱㘉㭗᱄䎃㬨䅓㸋㑞⷗Ⰹ㲍䐏ヅ⭥㚽㑠⥏㬨㹐㏎䁈㩰⭥

㋪⹼⥃㑠᱄䄵㸜䐤㸋㏞᷍䊻䎃⷗⢎㭗㻣㡅㉀㳆㾯㬞᷉㈎⤄ⱘ᱃䊝⭒䎜㏎⽔᷊㋪㾕

㸋ᷛ 

௡௠[ොݔ] =  ௡௠݁ି௜ఠ೙೘௧[ො଴ݔ]

⹌㬞 8.46 

㡅䐱᷍[ݔො଴]௡௠㸋䎒Ⱀ⭥䎒ⴚ 348᱄䎃㏐᷍ ߱௡௠⧬㩰԰ⰵ䇇⭥㈮㬨㵝 8.15b 䐱㯏㠞⽍

㼀⭥㚽㑠⥏᱄䊻 1925 㛋⼄㩎⡅⭥䄜㦬㸥䍣ⳃ⢎⭥㬒ヅㅻ⮄᷍➏䅓㯚㲚⹹䇻Ⰹ㲍

䊟㣉䈌䓵ⳃⴙ㪅᱃㬽ゅⴙ㪅䐏ヅ⭥⹹㻖⭥㚨㠋⮍Ⰹゅ⺃䊎㏎⭥㸥䍣䄲㈎䊻 1917

㛋ⳃ⢎ᱟEinstein᷍1917ᱠ᱄䅓⪬᷍⼄㩎⡅䐋⭡⹌㬞 8.46 䐱⭥䊟㣉㬨㋪䄵⪴⭮㚽゗

⭞ⷀ㚽゗ 䄓᷍㋪䄵⪴ⷀ㚽゗⭞⭮㚽゗⭥᱄⿜㉅⿑㯖߱᷍ ௡௠⭥㑞⷗㻣⢋݊᱃݉ ⰵ䇇⭥

㈮㬨Ⰹ㲍᱄ 

㵍㬒᷍⼄㩎⡅⿚䓃䅃⭞݁ି௜ఠ೙೘௧ = ൣ݁ି௜ఠ೘೙௧൧
כ
᱄䅓⪬᷍㰜㆙䄜⤞⺇Ⰹᷛ 

௡௠[ො଴ݔ] = כ௠௡[ො଴ݔ]  

⹌㬞 8.47 

䎃䂚㈮䇱ᷛ 

௡௠[ොݔ] = כ௠௡[ොݔ]  

⹌㬞 8.48 

䈌㸜䐤㰄ⴜⰵ䇇᷍Ⱀ㑠䄓㋪䄵⢎㻷㸋䄜⷗㰄ⴜ᷍㾯㬞㸋ᷛ 

௡௠[Ƹ݌] =  ௡௠݁ି௜ఠ೙೘௧[Ƹ଴݌]

⹌㬞 8.49 

䎃㏐᷍㏁⡩⹌㬞 8.46 ௡௠㬨Ⱀ㑠㰄ⴜ⭥䎒ⴚ᱄ⱙ㣳[Ƹ଴݌᷍] ௡௠䄓㉀䇱㏁[Ƹ݌]௡௠᱃[Ƹ଴݌᷍]

 
348⭌䎃⷗䎒ⴚ⫔コ⤜䄋㦰㸋㬨㬖㭞᷍㑠䓴㑇䁈䐢㬝䐢䐶Ⱍ㬨䇤ⶕ㭞㎕⢎⫐⭥㑇䁈㏎㔼᱄ 



  

㯧⹌㬞 8.47᱃⹌㬞 8.48 ⭥㾵䐫᱄䎃䂚⭥㰄ⴜ⡜⧧㸋ⱓ㗸㰄ⴜ᱄䊻㑠䓴㑇䁈䐱᷍㰚

䇱⭥㑇䁈㑠Ⱍ㬨ⱓ㗸㰄ⴜ᱄⼽㻵㦜 䐜᷍䄋〚䇻㬚䇤⹌㬞 8.46-8.49 ⰵ䇇⭥䊬Ⱀ䁈㘉

㭗 䊺᷍〚䇻䄜⷗㈎⮅㑇䁈䐱⭥䊬ⰐⳞ⧭ⷚ㈾ⰵ䇇㾵䊎㏎㆙㾱㑠䓴ⰵ䇇ㆃ㉗䐏㣑⭥

㑠䓴㔼⫇䊻⭥䄜㾊㸫㳃᷍䎃㲸ㅌ᱑㑇䁈㑠᱒〚䇻᱑㋪⹼⥃㑠᷉⺃㠸 ᱒᷊㆙㾱䊬Ⱀ

䁈㘉㭗᷉Kinematical Description᷊⭥㑇䁈㏎㔼᷉Mechanical Theory᷊㈮⧪⹇㑬᱄ 

䇇ⶤ㯖᷍䊻㑠䓴㔼⫇䊻⭥⡜㈹䎔㑇䁈᷉㡅㧞㠋㸥䍣᷊ㆃ㉗⭥㸫㳃䇱⤜㩺᱄⪴

䊥Ⱒ䇲㩧⭥ㅨⰩ᷍㸳㗨䁂䋒⡩ㅰ䇱⫛⢎㾵⭥㑞⷗㆙㾱䑑䄜⹆㠧ᷛ1᷊Ⰹ㲍㸋㬓㗕

。㸩Ⰹ⤄ⱜ⤃㗜䇱ⷙ⨗ㆃ㬮᷉䊻⤄ⱜ⭥㏎㔼䐱᷍㚨㬨䄜⷗᱑ズ㪉᱒᷊ᷜ2᷊䄜⷗㑠

䓴⭥㻖㵔⭥㚽㑠㸋㬓㗕。⳷㑃㠶㎫㋬䄓㗜䇱ⷙ⨗ㆃ㬮᷉㰜㚨㏐䄓㬨㚽㑠⳷㑃ズ

㪉 ᱄᷊⼄㩎⡅䊻 1925 㛋⭥㸥䍣䐱᷍䎌ⰵ䎃㑞⷗㸫㳃᷍㉚ⷙ⨗㑬ㆃ㬮᱄䎃㏐᷍㸳㗨

䄵㵝 8.15 䐱ビ㾔䎒䓴㸋㏞᷍㎕㆙㾱㯖㘘᱄ 

㸳㗨㋪䄵㻩㋕᱑Ⰹ㲍㸩Ⰹ㸫㳃᱒᱄䎃⷗㸫㳃䐜㿉ㅌ⹌㬞 8.46 㵉⺞ⰵ䇇㾵䊎㏎

䇤䇻㈎⮅⮈Ⱀ㑇䁈⭥⮈⪦ⴙ㪅Ⳟ⧭ゕ㋪ㆃ㉗ 349᱄㈎⮅⮈Ⱀ㑇䁈⷇㰀㸳㗨䄜⷗ゴ

㯺䊬Ⱀ⭥⮈䓴。ⴙ㪅⮈⪦⤉ 䐣᷍㬚㸳㗨㸿ⳉ䊻⤄ⱜ⭥䊎䓴㚄㾮䐱ㅌ⮈䓴⺍⭡㏎ㆃ

㸋⮈䓴㦧䊎䓴⼬⭥䊓䐽䊬Ⱀ᱄⤄ⱜ㳂⨗㑬᱑Ⰹ㲍ズ㪉᱒䊻䄜Ⰹ⧭Ⱙ㩰ㆃ㉗㑬䎃⷗

㸫㳃᷍⭌㚨㈮㬨䄜⷗ズ㪉᱄䊻㈹䎔㑇䁈䐱 ᱑᷍Ⰹ㲍᱒。⧪㸋ㆂ⺜᱄䎃㬨䅓㸋⭒䄜

⷗⮈䓴ゴ㯺䊬Ⱀ㬒᷍㰝ⰵ㶃㆙㾱⮈⪦ⴙ㪅⭥⹇㔫ܲⰵ䇇⭥㰄ⴜ⭩䇻ᷛ 

෠ܲ =
݁ଶ

଴ܿଷ߳ߨ3
หݔොሷ ห

ଶ
 

⹌㬞 8.50 

䎃㏐㸳㗨⨗䇻ビ⭆⭥㋝㔨㬚䇤䄜㸍㻖㵔 ሷݔ᷍| |㸍⮈䓴⭥ゴ㯺Ⱙ 㣑᷍㘇⭥㻖㭞Ⱍ㬨㭞

䁈⧄㭞〓㹐㏎䁈⧄㭞᱄㧈⺜䇤⺍⭡᷍⪴⹌㬞 8.50 ㋪䄵㋕⨗䐜䄋䇱ゴ㯺Ⱙ㈮䇱ⴙ

 
349⭒㦜᷍䊻 1925 㛋᷍䎃䐷⪇㏎⿚㗜⡜⧧䔘ⰵ䇇㾵䊎㏎᱄ 
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㪅 ⺍᷍⭡㈮⤜。㸩Ⰹ᱄⭌㬨䊻⼄㩎⡅㰚ㅉ㑃⭥䊬Ⱀ䁈⢎㭗䐱 ㅌ᷍⹌㬞 8.46 ⫛㧌⹌

㬞 8.50᷍㸳㗨㦕㋪䄵⭤⭞㧈㻣㾵䐫ᷛ 

ൣ ෠ܲ൧
௡௠

=
݁ଶ߱௡௠ସ

଴ܿଷ߳ߨ3
 ௡௠|ଶ[ොݔ]|

⹌㬞 8.51 

䎃㏐᷍ 

௡௠[ොݔ] = ෍[ݔො]௡௟[ݔො]௟௠
௟

 

⹌㬞 8.52 

䅓㸋㑇䁈㑠䇪㈹䎔㘉㭗ⱙ㈹䎔⭥⧬ⳉ㕛䔄⪬⺇䋓᱄ⰵ䇻݊ ՜ ݊䎃䂚⭥䊟㣉᷍㡅ⴙ

㪅⹇㔫䇪䇻߱௡௡ = ௡ܧ) െ ௡)/԰ܧ = 0 䓵᷍㦜㸋㒄᱄䎃䂚 Ⰹ᷍㲍㸩Ⰹ㾵⭥㸫㳃㈮⭤⭞

㑬ㆃ㉗᷍䅓㸋⭒㻖㵔䐜⪇䊻݊᷉ 䄓㈮㬨䊟㣉Ⱍ㬨݊ ՜ ᷊݊⭥㬒⽓᷍ⴙ㪅⹇㔫。ⷚ㈾

⹌㬞 8.51 䐒ㅴ㸋㒄᱄ 

㻣䄜⤞ 㸳᷍㗨㿉䄋䔗⭥ 㬨᷍䄋㏎ㆃ⮈䓴㬨㧈⼯⪴䄜⷗Ⰹ㲍⭞㒎䄜⷗Ⰹ㲍㆙㾱

䊟㣉㆙ⱙ⥛㪛䊎䓴⺃㠸ᷠ㣑㘇㳂⭞⺞ ⰵ᷍䇻㤃䊎䓴䐱⭥㤊㌗ 㬨᷍䇪㝾㏜䊻 1926 㛋

㏜䇤㈹䎔㑇䁈ㆃ㉗⭥ᱟPauli 1᷍926ᱠ᱄䎃⷗⹅䔘㿜㬥㑬㈹䎔㑇䁈⭥⧪⹇᱄䊻⼄㩎⡅

⭥㸥䍣䐱 㰜᷍⪇㏎⭥㬨㧈㵝 8.15 㚨䂚⭥ビ⭆㑇䁈㻖㵔᱄㋝㔨⭞䊎䓴䐜㬨㭞䁈㾯㬞

ⷝⶕ䊴 㡅᷍㹐㏎㯝㼌䊻䎃⷗ビ㾔䎒䓴㳆㻖〚⡟Ⱍ䄲㈎⟝㎉ 㸳᷍㗨ㅌ䓃䅃㑇ゐ䐱䊻

㵝 8.15 䐱⭥㚽㑠㸋㬓㗕㋪䄵⳷㑃ᷠ㸋㑬⭤⭞䎃⷗ㆂ㔼 䊻᷍㕀ゎ㩰 㸳᷍㗨㿉䄋䔀㧞

⤞᱄䎃㧞⤞㬨⡫䎀⪴Ⰼ⿋㏎⹅⫔䁈⧣㵐㎰㬇䊻㶙㩰⳷㼎⭥ㅓ䅆᱗⨖㬗㑠䓴㑇䁈᱘

⭥⭻䄜䍣᱗㈹䎔ⷐ㘝᱘䐱㋕⭞⭥᱄䎃㏐᷍䊻䎖⭤⧣㎰㬇㵍䅃⽔᷍⳷㼎䄜㻣᱄ 

㸳㗨㿉䄋㻩⭤⭞㑇䁈㑠㈹䎔⭥䊬ⰐⳞ⧭᷍䊺ㅉ㑃㸜䐤᱃Ⱀ㑠⭥⤜ⰵ䄸⹹㻖᱄

䐏⽔ ㏜᷍䇤䎃⷗⤜ⰵ䄸⹹㻖⭤⭞㾔䎒䓴⭥⳷㑃⭥㚽㑠᱄㿉䄋䐙⨗⭥㬨㈹䎔䊬ⰐⳞ

⧭⼮⤜ⰵ䄸⹹㻖䊻⼄㩎⡅⭥䄜㦬㸥䍣䐱Ⱍ㗜䇱⨗㻷 㰝᷍㗨Ⱍ㬨䊻⤄ⱘ᱃䊝⭒⭥㑞



  

㦬㸥䍣䐱⡜⭻䄜⪯㳂⭞⭥᷉㵝 8.16᷍⤄ⱘ⭥㚚䐟㘛㪖䐢㈮㬨㸳㗨㯖⭥᱑⼄㩎⡅᱒

⤜ⰵ䄸⹹㻖 ᱄᷊㻣㘇᷍㸳㗨㈮➕䍶⧣㵐㎰㬇ㅓ䅆䐱⭥㕀ゎ᷍➕㈹䎔䊬ⰐⳞ⧭᱃⤜

ⰵ䄸⹹㻖᱃㾔䎒䓴㚽㑠㑠䓴⿐㧞⤞᷍㎕ㆃ㬮䎃⷗㑠䓴㑇䁈䐱⭥⹹ポ⧪㈮᱄ 

 
㵝 8.16 ⤄ⱘ⭥㚚᷍㩰㘇㋭䇱㸜䐤⼮Ⱀ㑠⭥⤜ⰵ䄸⹹㻖᱄ⶤ㵝㦂䓵㸍〚➺㋧᱄ 

 

㻩㋕䊬ⰐⳞ⧭᱄⼄㩎⡅䊻㰜⭥䄜㦬㸥䍣䐱䅞㧌㑬䄜⷗᱑䇤㑞⷗䐙⢋㎕㘉㭗㸜

䐤᱃Ⱀ㑠᷍㆙ⱙ㆙㾱⧬ⳉ䊬㰄᱒⭥ェ㰄⺇䋓᱄㚨㑞⷗䐙⢋᷍ⰵ䇇⭥Ⱍ㬨Ⰹ㲍᱄⼽

㌍ ⤄᷍ⱘ㈮䅃㬗⭞⼄㩎⡅㰚ㅉ㑃⭥⧬ⳉ⺇䋓䄓㬨㈹䎔⧬ⳉ⺇䋓 䎃᷍䊻㬏㈦㬡ギ䐱

䄗㈮䄲㈎⨗㻷㑬᱄䎃䂚⭥⿑᷍⤯㋝⹌㬞 8.46 䈌⹌㬞 8.49᷍⺟㗽ⰺ㑠㵍䂚㋪䄵㆙㾱

㻣㘇䎃䂚䄜⷗⢎⫐ᷛ 

෡൧ܪൣ
௡௠

= ෡଴൧௡௠݁ܪൣ
ି௜ఠ೙೘௧ 

⹌㬞 8.53 

㾕⧪㈹䎔⭥㾯㬞⭥⿑᷍㰝㈮⭩䇻ᷛ 

෡ܪ = ቎
෡଴൧ଵଵܪൣ ෡଴൧ଵଶ݁ܪൣ

ି௜ఠభమ௧ …

෡଴൧ଶଵ݁ܪൣ
ି௜ఠమభ௧ ෡଴൧ଶଶܪൣ ڮ
ڭ ڭ ڰ

቏ 

⹌㬞 8.54 

䎃㏐ⰵㅨ㼀㗜䇱݁䐙㭞㬨䅓㸋߱௡௡ = ௡ܧ) െ ௡)/԰ܧ = 0᷍⳨ⰵㅨ㼏➕䍶䈌⹌㬞 8.46

᷉㸜䐤 ᱃᷊⹌㬞 8.49᷉ Ⱀ㑠 ⰵ᷊⡩⭤⭞⭥⹌㬞 8.54᷉ ⺟㗽ⰺ㑠᷊᷍ 㬨䇱㬒ヅ䄡㎖⭥᱄ 
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㻣㘇 㸳᷍㗨䄋㬚䇤⭞䄜⷗⪴㈎⮅㑇䁈䐱⭥ⴃ⡶㑇䁈㻖㵔㎕⭥ズ㪉 㚽ᷛ㑠㬹⽄᱄

䎃⷗ズ㪉䊻㈎⮅㑇䁈䐱䄵䄜⷗Ⰹ㔪⭥㾯㬞⨗㻷 ㎕᷍䓵䇻㈎䂊⭥䓽ㆂ᱄➕䍶㋖⭣⭥

䈐䁵᷍㰝㭕䇻㻩㳍㈎䂊㝱ⰰ᷉㰅㦜㎕䓵䇻㈎䂊᷍⭌䊻㹐㏎䁈䄜⷗㏎㔼㳆㻖䐱᷍㋪

䄵⡜㦰㸋㬨㠶㬫⭥ ᱄᷊㵉⺞ⰵ䇇㾵䊎㏎᷍㸳㗨㋪䄵㏎ㆃ㸋䊻⹌㬞 8.54 䐱㰚䇱⳨ⰵ

ㅨ㼏⭥ൣܪ෡଴൧௡௠⡹㦜㸋㒄 䅓᷍㸋䐜䇱䎃䂚⤦㋪䄵⡄䐅㻖㵔⺟㗽ⰺ㑠⤜㰇㬒⢅⿐᱄➕

䍶㝖㲹⭥䈐䁵᷍㬒ヅ㠞䄧ⰵ⧧㾵ⰵ䇇㚽㑠㬹⽄᷍㯖⭥䄓㬨㵍䂚⭥⭡㏎᱄䎃䂚᷍⺟

㗽ⰺ㑠㈮㋪䄵ビ⿐㸋ⰵㅨ㈹䎔⭥㾯㬞᱄㵍㬒᷍䊻⼄㩎⡅⭥⺇䋓䐱݊᷍᱃݉ⰵ䇇⭥

Ⱍ㬨Ⰹ㲍᱄䎃䂚 ⰵ᷍ㅨ㼏ൣܪ෡଴൧௡௡䔏䓵㦜⭥㾯㬞㈮㬨Ⰹ㲍⭥㚽㑠ܧ௡᱄䅓⪬ ⹌᷍㬞 8.54

㋪ビ⿐㸋ᷛ 

෡ܪ = ൥
ଵܧ 0 …
0 ଶܧ ڮ
ڭ ڭ ڰ

൩ 

⹌㬞 8.55 

⭒㦜᷍㸳㗨㣠⮘䎃㏐㬨䇤Ⰹ㲍⭥݊᱃݉䔘㸋䐙⢋㎕ⰵ㾱㑱㬞⭥㾱᱃㑱㆙㾱⢋㬗᱄

㧈⺜⤜䇤Ⰹ㲍ⱙ䇤䄜⟄⭥䄜䔊〚⼐㭞 ⹌᷍㬞 8.55 ⤃⤜㬨ⰵㅨ㈹䎔᱄⭒㦜 Ⰹ᷍㲍䄓

㬨㈹䎔㑇䁈⭥㧞㠋㸥䍣⭥䁂䋒᱄㿉䄋㯖㘘⭥㬨ⰵ䇻䔏⽔⭤⭞⭥䊬ⰐⳞ⧭ 㰝᷍䊻〚

䔊⢅⿐㻣㬨⤜⢅⭥ 䅓᷍㸋〚䔊⭥⢅⿜ⰵ䇇䄜⷗㈹䎔⭥㼁㯧⢅⿜ ⱙ᷍䊬ⰐⳞ⧭ⰵ㼁

㯧⢅⿜⤜⢅᱄㸳㗨䎃㏐㻩〚䇻Ⰹ㲍᷍㏎ㆃ䊬ⰐⳞ⧭᱄ 

㻷䊻 〚᷍䇻⹌㬞 8.55 㸳᷍㗨㈮㋪䄵㎕㵧⭝㦯⼯䄜⷗㑇䁈㑠㰄ⴜ⭥㤔ⳉ᱄㵍䂚᷍

㏁⡩⹌㬞 8.46᷉㸜䐤 ᱃᷊⹌㬞 8.49᷉Ⱀ㑠᷊᷍ 䎃⷗㑇䁈㑠㋪㾕䔘ᷛ 

መ൧ܣൣ
௡௠

= መ଴൧௡௠݁ܣൣ
ି௜ఠ೙೘௧ 

⹌㬞 8.56 

〚䇻䎃⷗⹌㬞᷍㈮䇱ᷛ 



  

d
dݐ
መ൧ܣൣ

௡௠
= െ݅߱௡௠ൣܣመ൧௡௠ = െ݅

௠ܧ) െ (௡ܧ
԰

መ൧ܣൣ
௡௠

= െ
݅
԰
ቀൣܣመ൧

௡௠
௠ܧ െ  መ൧௡௠ቁܣ௡ൣܧ

⹌㬞 8.57 

䎃⷗⭩㬞㧈⺜䇤㈹䎔㾕⨗᷍㈮㬨ᷛ 

݅԰
d
dݐ
቎
መ൧ܣൣ

ଵଵ
መ൧ܣൣ

ଵଶ
…

መ൧ܣൣ
ଶଵ

መ൧ܣൣ
ଶଶ

ڮ
ڭ ڭ ڰ

቏ = ቎
መ൧ܣൣ

ଵଵ
ଵܧ መ൧ܣൣ

ଵଶ
ଶܧ …

መ൧ܣൣ
ଶଵ
ଵܧ መ൧ܣൣ

ଶଶ
ଶܧ ڮ

ڭ ڭ ڰ

቏ െ ቎
መ൧ଵଵܣଵൣܧ መ൧ଵଶܣଵൣܧ …

መ൧ଶଵܣଶൣܧ መ൧ଶଶܣଶൣܧ ڮ
ڭ ڭ ڰ

቏ 

= ቎
መ൧ܣൣ

ଵଵ
መ൧ܣൣ

ଵଶ
…

መ൧ܣൣ
ଶଵ

መ൧ܣൣ
ଶଶ

ڮ
ڭ ڭ ڰ

቏ ൥
ଵܧ 0 …
0 ଶܧ ڮ
ڭ ڭ ڰ

൩ െ ൥
ଵܧ 0 …
0 ଶܧ ڮ
ڭ ڭ ڰ

൩ ቎
መ൧ܣൣ

ଵଵ
መ൧ܣൣ

ଵଶ
…

መ൧ܣൣ
ଶଵ

መ൧ܣൣ
ଶଶ

ڮ
ڭ ڭ ڰ

቏ 

⹌㬞 8.58 

ゕ 

݅԰
dܣመ
dݐ

= ෡ܪመܣ െ  መܣ෡ܪ

⹌㬞 8.59 

䎃㬒᷍㧈⺜㸳㗨エ 

෡ܪመܣ െ መܣ෡ܪ =  ෡൧ܪ,መܣൣ

⹌㬞 8.60 

㈮。䇱ᷛ 

݅԰
dܣመ
dݐ

=  ෡൧ܪ,መܣൣ

⹌㬞 8.61 

䎃⷗Ⳟ⧭᷍㈮㬨㦬㗨㈎⧄㯖⭥⼄㩎⡅䊬ⰐⳞ⧭᱄㰝⭥㬸⪯⨗㻷᷍䄓㬨䊻⤄ⱘ᱃䊝

⭒⭥㑞㦬㸥䍣䐱ᱟBorn᷍1925ᱠ᱄ 

㻷䊻᷍⭻䄜⤞㶋⧪᱄㻣㘇㸳㗨䄋䔗⭥㈮㬨㑞⤞ᷛ1᷊䇱㑬䊬ⰐⳞ⧭᷍㸳㗨㎕

㵧⤜ⰵ䄸⹹㻖ᷜ2᷊䇱㑬⤜ⰵ䄸⹹㻖᷍㎕㵧㾔䎒䓴㚽㑠⭥㑠䓴⿐᱄㿉䄋㯖㘘⭥㬨

㸳㗨䄋㵧⭥⤜ⰵ䄸⹹㻖㬨㸜䐤䈌Ⱀ㑠⭥⤜ⰵ䄸⹹㻖᷍㰝⭥⢎⫐㬞㬨⹌㬞 8.45᱄⿜
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㉅⿑㯖 㸳᷍㗨䄋㵧⹌㬞 8.45᱄㡅㰝⭥㑇䁈㰄ⴜ䐏ヅ⭒㦜䄓。⤜ⰵ䄸 㸳᷍㗨㻩⤜⹽᱄

㸳㗨⭥㚠⭥㬨䄋䐋⭡⹌㬞 8.45 ⭥䇳⢀㸋㬓㗕㬨݅԰ᷠ 

⤜㬈䄜⟄㾵᷍㸳㗨㋪䄵㻩ズ㪉ᷛ 

[Ƹ݌,ොݔ] =  ܥ

⹌㬞 8.62 

㻣㘇᷍㸳㗨䄋㏎ㆃ㸋㬓㗕ܥ⭩䇻݅԰ᷠ䊻⭻㯥䍣㸳㗨ㅓ⭞⭥㈎⮅㑇䁈䐱᷍㸳㗨䐋⭡

㸜䐤䈌Ⱀ㑠⫇䊻㧈㻣⹹㻖ᷛ 

dݔ
dݐ

=
݌
݉௘

 

⹌㬞 8.63 

䎃⷗㬨䐱䁈⭥㹐㏎䐋㬗᱄ⱙ㵍㬒᷍ⷚ㈾㣑㘇㳂⭞⭥㈹䎔㑇䁈䊬ⰐⳞ⧭᷍㸳㗨䇱  ᷛ

dݔො
dݐ

=
1
݅԰
෡൧ܪ,ොݔൣ =

1
݅԰
ቈݔො,

Ƹଶ݌

2݉௘
+ ෠ܸ(ݔො)቉ 

⹌㬞 8.64 

䇪䇻ᷛ 

,ොݔ] [ොݔ = ොݔොݔ െ ොݔොݔ = 0 

⹌㬞 8.65 

ⱙ ෠ܸ(ݔො)㬨ݔො⭥⼐㭞᷍㰚䄵ᷛ 

,ොݔൣ ෠ܸ(ݔො)൧ = 0 

⹌㬞 8.66 

㆙ⱙ᷍⹌㬞 8.64 ㋪䄵䁾⿐㸋ᷛ 

dݔො
dݐ

=
1

݅԰݉௘
ቈݔො,

Ƹଶ݌

2
+ ෠ܸ(ݔො)቉ =

1
2݅԰݉௘

,ොݔ] [Ƹଶ݌ =
1

2݅԰݉௘
Ƹ݌[Ƹ݌,ොݔ]) + ,ොݔ]Ƹ݌  ([Ƹ݌

=
1

2݅԰݉௘
൫݌ܥƸ +  መ൯ܥ݌

⹌㬞 8.67 



  

䎃䂚᷍ㆂ⼰⹌㬞 8.63᷉dݔ/dݐ = ௘᷍䈌㈎⮅㑇䁈Ⳟ⧭ⰵ䇇᷊݉᷍/݌ ㈮䇱ᷛ 

1
2݅԰݉௘

Ƹ݌ܥ) + (ܥƸ݌ =
Ƹ݌
݉௘

 

⹌㬞 8.68 

㸋㑬⫐⭞䎃⷗㾈⺜᷍䔏ビ⭆⭥㦂ⳉ㈮㬨ܥ = ݅԰᱄䎃⷗ܥ = ݅԰䊺ㆂ⼰⹌㬞 8.62᷍㈮

㋪䄵⭤⭞⹌㬞 8.45 㚨⷗㰚㸞⭥᱑⼄㩎⡅᱒⤜ⰵ䄸⹹㻖ᱟBorn᷍1925ᱠ᱄ 

䔏⽔᷍㸳㗨㏜䇤㸜䐤䈌Ⱀ㑠⭥⤜ⰵ䄸⹹㻖᷍㎕㏎ㆃ㾔䎒䓴⭥㚽㑠㑠䓴⿐᱄ⰵ

䇻䄜㸍㾔䎒䓴᷍㰝⭥㈎⮅䎒ⰐⳞ⧭㬨ᷛ 

ሷݔ = െ߱ଶݔ 

⹌㬞 8.69 

➕䍶㈹䎔㑇䁈⟇⡟⭥㑠䓴㑇䁈⭥㻑⺀᷍㋪䄵➲⹌㬞 8.46᷉㸜䐤㰄ⴜ᷊⫛㧌᷍ㅌ䎃

⷗㬞䓴㑞⢀⭥䔙⢋Ⱍ⢎㬟㸋㈹䎔᱄䅓㸋㑞⷗㈹䎔㼁⭩䋓㰝㗨⭥㗠⷗㈹䎔䊋Ⱍ㼁⭩᷍

㈮䇱㧈㻣⭩㬞ᷛ 

(߱ଶ െ ߱௡௠ଶ ௡௠݁ି௜ఠ೙೘௧[ො଴ݔ]( = 0 

⹌㬞 8.70 

䊻䎃⷗⹌㬞䐱߱᷍௡௠ = ௠ܧ) െ ௡)/԰᱄㰝㬨䇪㑞⷗㑠䓴Ⰹ㲍⭥㚽㑠⥏⢑㉗Ⰹ⭥᱄ܧ

߱㬨䇪㬧㚽⭥㤛㔫㉗Ⰹ⭥᷍ⰵ䇻䄜⷗㲹Ⰹ⭥ビ㾔㬧 ෠ܸ(ݔො)᷍㰝㈮㬨䄜⷗䎞㬖㭞᱄䎃

䄓㈮䅃㸗䓦䊻䇪⹌㬞 8.69 㵉⺞ⰵ䇇㾵䊎㏎ㅉ㑃⭥㑠䓴㑇䁈䐱᷍䇪䔙⢋ݔ㵉⺞㑠䓴

䊟㣉㑋㻖㡑㎕⭥㑞⷗Ⰹ㲍⭥㚽㑠⥏⡹㿌㕛䔄ᷛ 

௠ܧ) െ ௡)/԰ܧ = ±߱ 

⹌㬞 8.71 

⤦㚽㬚⹌㬞 8.70 䐱⭥[ݔො଴]௡௠⤦㋪䄵⤜㸋㒄᱄ 

䎃䂚⭥⿑ 㸳᷍㗨㋪䄵➲㼁⿆䐏ヅ䇱䊟㣉⭥Ⰹ㲍➓㝦㸋㼁㑻⭥Ⰹ㲍᷉ 䎃䄓ゕ㬚

㑬㵝 8.15b䐱㸋⼯䊟㣉Ⱍ㬨㼁㑻㚽゗䐏㣑⭥䊟㣉᷊᷍㰝㗨⭥㚽㑠⥏㈮㬨԰߱᱄㵝 8.15b
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㰚㬟⭥㚨⷗Ⰹ㲍㚽㑠⭩ヅ㉁⳷⤝䎃䄜⮄㈮㘘㦘㑬᱄⿜㉅⿑㯖᷍㆗㆗㵉⺞ 8.69 ⭞

8.71 䎃゙⷗ビ⭆⭥⹌㬞 㠶᷍㎫㋬⭥⼻㳆ⴙ㪅䐱⭥䔏⹹ポ⭥ズ㪉㈮䇱㑬㑇䁈㏎㔼⭥

〚⪂᷂ 

䐢⪬ 㣑᷍㘇Ⳳ㑬⟌㳍㑇㡙㵧⭥⤜ⰵ䄸⹹㻖㪖䐢⿚㗜䇱䇤㩰᷉ ⭻䄜⤞㵧䊬ⰐⳞ

⧭㬨㸋㑬⭻ⱟ⤞㵧⤜ⰵ䄸⹹㻖 ᱄᷊㸳㗨⿉㑬⟌㳍⭥㈌㑇㦆㵧䎃⷗⤜ⰵ䄸⹹㻖᷍⨞

㑬㩰㘇䎃㳖᷍⿚䅓㸋㰝䈌䄜⷗䐹䄋⭥㑠䓴㻷㼔㼁⹹᱄䎃⷗㻷㼔㈮㬨㵝 8.15b 䊭⼍

⭥㒎䄜⷗䐹䄋㾦㻃ᷛゕ㬚䊻〚㲍᷍ⰵ䇻㑠䓴㳆㻖ⱙ䁵㚽㑠䄓⤜㸋㒄᱄䎃⷗㚽㑠ㅱ

㒄⮄㚽᱄䎃䊻㵝 8.15 䐱䄓䇱㳆㻷᱄㻣㘇᷍㸳㗨㈮ゐ䐱㈌㑇㯖㘘㒄⮄㚽⭥⫇䊻᷍⤃

ⷙ⨗ビ㾔䎒䓴⭥㑠䓴⿐⭥㚽㑠⭥㉙ⰵ䐖᱄ 

㸳㗨⭥⨗ⳃ⮄㬨⹌㬞 8.45᷍ㅌ݌ = ݉௘ݔሶ⫛㧌⹌㬞 8.45᷍䇱ᷛ 

݉௘ ቀൣݔොݔොሶ ൧௠௡ െ ො൧ݔොሶݔൣ
௠௡
ቁ = ݅԰ߜ௠௡ 

⹌㬞 8.72 

㦂ⰵㅨ㼏݉ = ݊⭥㤊㌗᷍䎃⷗㬞䓴㆙䄜⤞⭩䇻ᷛ 

݉௘෍൫െ߱௟௠[ݔො଴]௠௟݁ି௜ఠ೘೗௧[ݔො଴]௟௠݁ି௜ఠ೗೘௧ െ (െ߱௠௟)[ݔො଴]௠௟݁ି௜ఠ೘೗௧[ݔො଴]௟௠݁ି௜ఠ೗೘௧൯
௟

= ݅԰ 

⹌㬞 8.73 

㆙ⱙᷛ 

݉௘෍(െ݅߱௟௠[ݔො଴]௠௟[ݔො଴]௟௠ + ݅߱௠௟[ݔො଴]௠௟[ݔො଴]௟௠)
௟

= ݅԰ 

⹌㬞 8.74 

䎃䄓䅃㸗䓦ᷛ 

2݉௘෍(߱௠௟[ݔො଴]௠௟[ݔො଴]௟௠)
௟

= ԰ 



  

⹌㬞 8.75 

䊻ㅓ⹌㬞 8.47 ⼮⹌㬞 8.48 ⭥㬒⽓ 㸳᷍㗨㯖⺞ݔො଴᱃ݔොⰝ㬨ⱓ㗸㈹䎔᱄䅓⪬ ⹌᷍㬞 8.75

㋪㆙䄜⤞⢅㸋ᷛ 

2݉௘෍(߱௠௟|[ݔො଴]௠௟|ଶ)
௟

= ԰ 

⹌㬞 8.76 

⪴⹌㬞 8.71 ⼮㰝㻣㘇⭥㚨Ⱟ㲷㔼䐱 㸳᷍㗨䇷䐋⭡[ݔො଴]௠௟䐜䇱䊻݈ = ݉ ± 1⭥㬒⽓⤜

㸋㒄᷍㣳䎃㬒߱௠,௠±ଵ = ߱᱄䎃䂚᷍⹌㬞 8.76 ⭥ゴ⼮⿚㋪䄵㆙䄜⤞ビ⿐㸋ᷛ 

2݉௘߱ ቀห[ݔො଴]௠,௠ାଵห
ଶ
െ ห[ݔො଴]௠,௠ିଵห

ଶ
ቁ = ԰ 

⹌㬞 8.77 

㆙ⱙᷛ 

ห[ݔො଴]௠,௠ାଵห
ଶ

= ห[ݔො଴]௠,௠ିଵห
ଶ

+
԰

2݉௘߱
 

⹌㬞 8.78 

㻣㘇᷍㸳㗨㈮㋪䄵〚䇻䎃⷗⹌㬞᷍➲ݔො଴䎃⷗㈹䎔㾕⨗㎕᱄ 

ズ㪉➲㚽㑠䔏⭮⭥㚽゗⢁⼦㸋0 䇪᷍䇻െ1⭥㚽゗⤃⤜⫇䊻 䅓᷍⪬䇱[ݔො଴]଴,ିଵ =

0᱄㸳㗨㋪䄵⪴㰝⨗ⳃ᷍㵉⺞⹌㬞 8.78 ㎕㾕⨗ݔො଴䎃⷗㈹䎔᱄➕㩰㪞⭥㯔㿓᷍䄡⪯

䇱ᷛ 

ห[ݔො଴]଴,ଵห
ଶ

=
԰

2݉௘߱
 

⹌㬞 8.79 

 ଴⭥ⱓ㗸㾵。⭝䐣ᷛݔ

ห[ݔො଴]ଵ,଴ห
ଶ

= ห[ݔො଴]଴,ଵห
ଶ

=
԰

2݉௘߱
 

⹌㬞 8.80 

䐏⽔᷍䇱ᷛ 
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ห[ݔො଴]ଵ,ଶห
ଶ

= ห[ݔො଴]ଵ,଴ห
ଶ

+
԰

2݉௘߱
=

԰
݉௘߱

 

⹌㬞 8.81 

䄵ゑᷛ 

ห[ݔො଴]ଶ,ଵห
ଶ

= ห[ݔො଴]ଵ,ଶห
ଶ

=
԰

݉௘߱
 

⹌㬞 8.82 

䓽ㆂ㡑㎕㈮㬨ᷛ 

ห[ݔො଴]௠ାଵ,௠ห
ଶ

= ห[ݔො଴]௠,௠ାଵห
ଶ

=
(݉ + 1)԰

2݉௘߱
 

⹌㬞 8.83 

ⱙ[ݔො଴]௠ାଵ,௠᱃[ݔො଴]௠,௠ାଵ⭥⡟䅃㬨䎒ⴚ᱄䅓⪬᷍㈹䎔ݔො଴㋪㆙䄜⤞㾕㸋ᷛ 

[ො଴ݔ] = ඨ
԰

2݉௘߱

ۏ
ێ
ێ
ێ
ێ
ۍ 0 ξ1
ξ1 0

0 0 …
ξ2 0 …

0 ξ2
0 0
ڭ ڭ

0 ξ3 …
ξ3 0 …
ڭ ڭ ےڰ

ۑ
ۑ
ۑ
ۑ
ې

 

⹌㬞 8.84 

〚䇻䎃⷗⢎⫐㬞᷍㸳㗨㈮㋪䄵㎕㤔䓽㚽㑬᱄ 

䄋䔗⭥⼽ビ⭆᷍㈮㬨ㅌ⹌㬞 8.84 䄵ゑ䇩㡅㦘Ⰹ⭥㈹䎔ݔ⫛㧌㻣㘇䎃⷗ビ㾔䎒

䓴⺟㗽ⰺ㑠⭥⢎⫐㬞ᷛ 

෡ܪ =
Ƹଶ݌

2݉௘
+

1
2
݉௘߱ଶݔොଶ 

⹌㬞 8.85 

⤃㣳エ䓂݌Ƹ᱃ݔොⰝ㬨㈹䎔᷍݌Ƹଶ᱃ݔොଶ⭥䅃㯝㈮㬨݌Ƹ䎃⷗㈹䎔⧬㩰݌Ƹ䎃⷗㈹䎔᱃ݔො䎃⷗㈹

䎔⧬㩰ݔො䎃⷗㈹䎔᷍㈮㋪䄵᱄䎃䂚⤺䔘⭥⿑᷍⭤⭞⭥ܪ䎃⷗㈹䎔⭥ⰵㅨ㼏㈮㬨ᷛ 



  

෡൧ܪൣ
௡௡

=
1
2
݉௘ ቀൣݔොሶ ଶ൧௡௡ + ߱ଶ[ݔොଶ]௡௡ቁ =

1
2
݉௘෍ቀൣݔොሶ ൧

௡௟
ොሶݔൣ ൧

௟௡
+ ߱ଶ[ݔො]௡௟[ݔො]௟௡ቁ

௟

=
1
2
݉௘෍ቀ(െ݅߱௡௟)[ݔො଴]௡௟݁ି௜ఠ೙೗௧(െ݅߱௟௡)[ݔො଴]௟௡݁ି௜ఠ೗೙௧

௟

+ ߱ଶ[ݔො଴]௡௟݁ି௜ఠ೙೗௧[ݔො଴]௟௡݁ି௜ఠ೙೗௧ቁ

=
1
2
݉௘෍(߱௡௟

ଶ ௟௡[ො଴ݔ]௡௟[ො଴ݔ] + ߱ଶ[ݔො଴]௡௟[ݔො଴]௟௡)
௟

 

⹌㬞 8.86 

㡅䐱ݔ଴䎃⷗㈹䎔䇷㕛䔄⹌㬞 8.84᷍ㅌ㡑䐒ㅴ⫛㧌᷍㈮䇱ᷛ 

෡൧ܪൣ
௡௡

= ݉௘߱ଶ ቀห[ݔො଴]௡,௡ାଵห
ଶ

+ ห[ݔො଴]௡,௡ିଵห
ଶ
ቁ = ݉௘߱ଶ ԰

2݉௘߱
(2݊ + 2)

= ൬݊ +
1
2
൰ ԰߱ 

⹌㬞 8.87 

䎃䄓㈮䅃㸗䓦ⰵ䇻⭻݊ + 1⷗ビ㾔䎒䓴⭥Ⰹ㲍᷉䎃㏐㬨⪴݊ = 0㋋㬝㰄⭥᷊᷍ 㰝⭥

㚽㑠㬨ቀ݊ + ଵ
ଶ
ቁ ԰߱᱄䎃⷗㚽㑠㬸㻩㬨㑠䓴⿐⭥᱄㡅⪯᷍ⰵ䇻⭻䄜⷗Ⰹ㲍᷍䄓㈮㬨

䔏⭮㚽㑠㲍᷍㰝⭥㚽㑠㬨ଵ
ଶ
԰߱ⱙ⳨㒄᱄䎃⷗㚽㈮㬨㑠䓴㻖㵔⭥㒄⮄㚽᱄ 

⭞䎃㏐᷍㈹䎔㑇䁈⭥⼬㾥㚻㦾㸳㗨㈮ㆊ㩽㶋㑬᱄ビ⭆㎕㯖᷍㈮㬨⼄㩎⡅⪴㑇

䁈㑠䇇ⶤ〚䇻㋪⹼⥃㑠㎕㆙㾱㘉㭗䎃䂚䄜⷗㯝㼌⨗ⳃᱟHeisenberg᷍1925ᱠ᷍ ㅉ㑃

㑬䄜㲸䊬㰄⺇䋓㎕㘉㭗㑠䓴⭥㑄䓴⭥䊬Ⱀ᱄䎃⷗⺇䋓⽔㎕⡜⤄ⱘⳃ㻷㈮㬨㈹䎔䊬

㰄⺇䋓ᱟBorn 1᷍925ᱠᱟBorn 1᷍926aᱠ᱄〚䇻䎃䂚䄜⷗ⰵ㸃⹼㑄䓴⭥䊬Ⱀ䁈᷉ kinematics᷊

⭥㘉㭗⭥ⶥ㆙᷍㦬㗨㋪䄵㵉⺞ⰵ䇇㾵䊎㏎䐒ㅴㅌ㈎⮅⭥㑇䁈Ⳟ⧭᷉Mechanical 

Equation᷊䇤䇻㑠䓴㻖㵔⭥㘉㭗᷍㸉䄜㿉䄋䓃䅃⭥㈮㬨䊬Ⱀ䁈㿉䄋䔒䁎㑠䓴⭥⺇

䋓᱄䎃䂚᷍ォ㋪䄵㵧⨗㑠䓴㑇䁈⭥⤜ⰵ䄸⹹㻖᷍䇷㋪䄵䊻䄜㾊ビ⭆⭥㻖㵔᷉⡩㧈

㾔䎒䓴 䐱᷊⭤⭞㑠䓴⿐⭥㚽㑠᱄1926 㛋 㝾᷍㏜ㅌ㈹䎔㑇䁈䇇䇤䇻㤃䊎䓴⮈䓴㚽゗

⭥㘉㭗ᱟPauli 1᷍926ᱠ᱄䐢⪬ 㑠᷍䓴㑇䁈⭥⭻䄜䐷⢎㭗㾯㬞᷉ ㈹䎔㑇䁈 ⧚᷊⭸ㅉ㑃᱄ 
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8.4.3 䁇Ⰹ䜭⭥⤉Ⱀ㑇䁈 

䊻⭣⤝㔿䅃⭥⹹䇻⮈䓴⭥㹐䐫⤉㏎㔼䄵ゑ㎕䓵ⷈ㵃ⷚ䁈㝪⭥㈹䎔㑇䁈⭥䄜

㦬᱃㑞㦬㸥䍣䐏⽔ 350 㑠᷍䓴㑇䁈ⳃ䍚⺞⧭䐱⨗㻷⭥⭻㧞⷗㏐⧭⡏㬞⭥⹅䔘㬨䁇Ⰹ

䜭⭥⤉Ⱀ㑇䁈㏎㔼᷉㈹䎔㑇䁈⭥㧞㦬㸥䍣䊻䁇Ⰹ䜭⭥⤉Ⱀ㑇䁈㏎㔼䐏⽔᷊

ᱟSchrödinger᷍1926aÿ1926fᱠ᱄䇇ⶤ㯖᷍⤉Ⱀ㑇䁈㬨䐒ㅴ㬽⭞⭣⤝㔿䅃⭥⹅䔘⭥

䇑㼍⥛㪛⭥᷍䈌㈹䎔㑇䁈㗜䇱䐒ㅴ㑋㻖᱄䊻䓵゛⭥⤉Ⱀ㑇䁈⨗㎕⽔᷍䁇Ⰹ䜭䐅㘘

㑬㰝䈌㈹䎔㑇䁈⭩ゼᱟSchrödinger 1᷍926gᱠ᱄⡟㾂ㅻ᷍㸳㗨䎌ⰵ⤉Ⱀ㑇䁈⭥⥛㪛

䍚㋋ㆊ㩽᱄ 

⡫䎀㬸㻩㿉䄋㯖㘘⭥㬨⤉Ⱀ㑇䁈䈌㚽㑠㑠䓴⿐⭥㑋㻖㬨れ㡅䐒ㅴ⭥ 㰝᷍㳆㻷

䊻᱑⹭Ⰹ⢀ㆈ㳖ミ㻣⭥䄜⷗⤉ⰐⳞ⧭⭥⡟䎘䎒Ⱀ᱒㩰᱄䋈䊻㬏㈦㬡ギ᷍㦬㗨䊻㏜

䇤㠌㸃⳷Ⳟ⧭䁱㈠䎒Ⱀ㸫㳃⭥㬒⽓ ㈮᷍䄲㈎⳨⧄㤆⨟⭹㦰㬗⭞㑬䎃䐷䎒Ⱀ㚄㬞⭥

㚽㑠㬨⳷㑃⭥㑬᷉㪛』㈎㏛ⷝ䋈䄜㾊᷍⡩㧈㸳㗨⭐⭥㣺㻳 ᱄᷊⹹䇻䎃䄜⮄᷍Ⱒ䎀

㋪䄵⪴ 1926 㛋⨖䁇Ⰹ䜭ⳃ⢎⭥䄜㻖㑱⭣㸥㸥䍣⭥㳃㚠 Quantisierung als 

Eigenwertproblem᷉ 䔘㸋⡟䎘䐖㸫㳃⭥㑠䓴⿐ 䐱᷊㳆。᱄㸳㗨䊻㑠䓴㑇䁈䐱䁈⭞⭥

⡟䎘䐖᱃⡟䎘㲍䐱 ᱑᷍⡟䎘᱒ⰵ䇇⭥⭣䈐⭆⪫㬨 Eigen᱄䎃⷗⪫ⷚ䊻䁇Ⰹ䜭⭥㸥䍣

㳃㚠䐱⭤⭞㑬䔏䐒ㅴ⭥㳆㻷᱄䅓㸋䎃⷗㏛㬘⭥䊎䅓᷉ 㑇䁈䐱⡟䎘䎒Ⱀ⭥䁱㈠䄲㈎

䇱㑬⪌㵔᷊᷍ ゴ㩰⭒㬒⭥㹐㏎䁈コ䄲㈎⼽㻑⺀㠌㸃⳷Ⳟ⧭䎃⷗㭞䁈⹅㉀᷍䄵ゑ⤉

⼐㭞㤔ㆃ㼁⡩䇻㈹䎔㤔ㆃ䊻㭞䁈⪇㏎㩰㦘㬖ⷝゴ䐒ㅴ᷉ 㰅㦜㰝㗨⭥⡟䐫㬨䄜䂚⭥᷊

⭩䄜㻖㑱䊎䅓 ⤉᷍Ⱀ㑇䁈䊻㵧Ⱀ㑠䓴㑇䁈⡜䎜⷗㹐㏎䁈ㆈㅴ㬽⭥⺞⧭䐱㡑⭞㑬れ

㡅⹹ポ⭥䔘䇤᱄䐢㆒᷍㰝䄓㬨㑠䓴㑇䁈⭥䑏ⱁ⢎㭗䐱⡜䇇䇤⭹䔏㸋⺄ⳛ⭥䄜⷗᱄ 

 
350䎃㏐㸳㗨㣠⮘㬨ⷈ㵃ⷚ䁈㝪᷍⤜㬨ⷈ⡟⺟ⷚ䁈㝪᱄㚨㧞㠋㸥䍣⭥㭑㘜⭆㸜᷍Ⱍ㬨ⷈ㵃ⷚ⫔䁈᱄ 



  

㈮⡟㾂ㅻ⭥㾕䔘 ㋝᷍㔨⭞䄋䇱㵉㬗㾵⼮㋧㠶㾵 㸳᷍㗨。㻩➕ㅓ⹫㬣⭥Ⳟ㬞䅞

⨗䁇Ⰹ䜭㸋㬓㗕。㼌⭞䄋ㅉ㑃䁇Ⰹ䜭Ⳟ⧭䎃䂚䄜⷗㸫㳃᱄㦜⽔ 䊺᷍㵉⺞㑞䐷Ⳟ㬞

㏎ㆃ㎕䁇Ⰹ䜭Ⳟ⧭᱄⭻䄜䐷Ⳟ㬞 㬨᷍䎌ⰵ⮈䓴䊬Ⱀ䓕㲍⭥⤉⼐㭞⢎⫐䐒ㅴ䈌㈎⮅

㑇䁈㆙㾱㏁⡩᱄⭻ⱟ䐷Ⳟ㬞᷍㬨⪴⺟㗽ⰺ㑇䁈䊻⟌㈎⮅㆝㯧⨗ⳃ᷍㵧⨗䁇Ⰹ䜭Ⳟ

⧭᱄䎃㑞䐷Ⳟ㬞䐱᷍㣑䄜䐷⡩ㅰ䐒ㅴ᷉⡰㈚㬨㏁⡩᷊᷍ ⭌⤜䁰ⷒ᱄⭻ⱟ䐷䊻㭞䁈

㾯㬞㩰䄋䇦㗡⼽ⱁ᱄䐢㩺㰝㋪䄵㦤㸳㗨䊻㈎⮅㑇䁈⭥㌓ソ㻣㳆。⭞㡅ⷝ㪏⥄⪯⭥

㑇䁈⭥ⷚ᱄䎃㾊㚻㦾⼰䊻䄜㡑 㼁᷍㾦㋪䄵ⰵⱁ㭞㵍䁈㏎ㆃ⤉Ⱀ㑇䁈㳂⹊䄜Ⰹ⭥⟐

䑛᱄ 

㸳㗨㻩⪴᱑䁇Ⰹ䜭㸋㬓㗕。⹹䓃䎃⷗㸫㳃᱒ㅓ㡑᱄䁇Ⰹ䜭㬨➣⭹㏜㦬᷍㰜䊻

㛋㒅㩰⡩⼄㩎⡅᱃㝾㏜᱃䊝⭒᱃⭳㎎㋬䎃⤇䊻㑠䓴㑇䁈ⳃ䍚⭥⹹ポ゙㛋᷉ゐ䐱䊻

1924ÿ1926 㛋᷊䄵䁈㪛᱃⤊⽔㪎⳾⪴㬣䔏䄜㼀䁱㈠⭥㤁㛋⤦㋂䄋⫔⤜㩺᷍⡩㰜㗨

⭥⭝㬇⡓⭥⤄ⱘ㆗㆗㾂㹆㰋᱄䋈䊻 1914 㛋᷍䁇Ⰹ䜭㈮㶋⧪㑬䓵゛⭥ㅭ㬻䓫ⷒ㋝

㬵᱄䊻㈎⺞㑬゙⷗䐱ヅㅸⰯ⭥ㅭ䐑⮘䎜䐏⽔᷍㰜䇻 1921 㛋㎕⭞㯶㏉㬡⫔䁈⭄㦯

㏎㔼㹐㏎⭥ㅭ㬻᱄䇇ⶤ㯖᷍䊻 1925 㛋䎃⷗㬒ヅㅻ⮄䐏㣑᷍㰜⭥䁱㈠䈌㑠䓴㏎㔼

゙⽖㗜䇱⹹㻖᱄䊻 1920 㛋᷍㰜䊻䄏㚤䋙㈎⭒⺞䄜⷗ㅱ㸍ⱘ᷉Max Wien᷍1866–

1938 㛋᷊⭥ㅭ㬻⭥䑛㬷᱄⭌䎃⷗㸍ⱘ⤃⤜㬨㸳㗨䊻⼻㳆ⴙ㪅䐱ㅓ⭥㚨⷗㸍ⱘ

᷉Wilhelm Wien᷍1864ÿ1928 㛋᷊᷍ ⱙ㬨㚨⷗㸍ⱘ⭥㲤⭽᱄⡬㬒᷍䁇Ⰹ䜭⭥䁱㈠䈌

⮈⪦㻷㼔ⷝゴ㼁⹹᷍⭌⤜㪇ゑ㑠䓴⭥㏎㔼᱄ 

㵍㬒᷍㸳㗨㿉䄋㯖㘘⭥㬨䊻 1925 㛋䎃⷗㬒ヅㅻ⮄᷍㝘䐿䄲㈎䇱㑬゙⷗䊻㑠

䓴㏎㔼Ⳟ㘇㾯⧪㑬⼽⼤⭥䁈㭖⪌⧱⭥㵦㳆㑬᷍⡩㧈㸜䇻ⷈ㵃ⷚ⤄ⱘ㒍⭝⭥㵦ⰴ᱃

㚞㛂⼻㰘㚊⳧㒍⭝⭥㵦ⰴ᱃ⷈ⡟⺟ⷚ⤄ⱜ㒍⭝⭥㵦ⰴ 䄵᷍ゑ➹㑷⭥➏䅓㯚㲚䈌㠶
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㎫㋬⭩㦬᱄㪖䐢䊻㼁ⰵ䄄䊗䄜㾊⭥ㅄ㣦⫔䁈 ⭳᷍㎎㋬䄓䄲㈎㋋㬝』䊟㑬 351᱄䁇Ⰹ

䜭⼮㰜㗨⤃㗜䇱䐒ㅴ㑋㻖᱄➕䍶䁈㋧ⳃ䍚⭥㠶⢊⺇㔪᷍㰜䈌㑠䓴㏎㔼䐏ヅ᷍㬨㿉

䄋䄜⷗㣦㑛⭥ 352᱄䎃⷗㣦㑛㈮㬨⭣➾᱄ⱙ䎃⷗㣦㑛㚽⹜䊻㬒㋶㩰䈌䁇Ⰹ䜭䇱ㅜ

ゐ᷍䋓䇷⼮ 1920 㛋⭥䄜⷗㬣ミ䇱⹹᱄⡟䓦㵉㬗㾵Ⱒ㹐㈂㑠㣠⮘㦅㸗㾵⭥䊎䋓᷍

㸳㗨㻩⪴ 1925 㛋⭥䁇Ⰹ䜭㯖⭞ 1920 㛋⭥⭣➾᷍䊺㯖⿹ 1925 㛋⭥㰜㗨᱄ 

㯖㡑⭣➾᷍䇷㦧⤜㋋ⷈ㵃ⷚᱟSchirrmacher᷍2019ᱠ᱄䇻㬨᷍㸳㗨⤜㻴㕊Ⳕ᷍

䊺㪏㵻䄜⤞᷍㑥㑥ⷈ㵃ⷚ᱄䇇ⶤ㯖᷍ⷈ㵃ⷚ⫔䁈ⰵ㹐㏎䁈ⷐ㘝㬨䇱䓦れ㡅⹹ポ⭥

䇑㼍⭥᱄㈮㑠䓴㑇䁈ⱙ䁵᷍䐹䄋⹒㻸㸈㦧㧞⷗㦬㹐ᷛ㻄ⱜ⤏㲹᱃⭣➾᱃⤄ⱘ

ᱟSchirrmacher᷍2019ᱠ᱄㻄ⱜ⤏㲹㰅㦜㗜䇱䐒ㅴ⤯䈌㑠䓴㑇䁈ⳃ䍚⺞⧭䐱⭥㦯⼯

䄜⷗䐹䄋⹅䔘᷍⭌㬨㰜䈌㼀㾵⫛㭞㗽㣱㼁⹹᷍䎃㬨㑠䓴㑇䁈⭥㭞䁈〚⪂᱄㵍㬒᷍

㰜䊻ⷈ㵃ⷚ⫔䁈⹅䔘⭥㬒ヅ⳨⧄⧅᷍⪴ 1895 㛋㬽㋬㎔䅓⭥䂜㤌⭄㦯ㅭ䐑㋋㬝䄜

䐒⭞ 1943 㛋㦆㬡᱄ⷈ㵃ⷚ䊻㰜㬷㏐⧪㸋㑬㬡ㆈ㭞䁈⭥䐱㾥᱄㼒㰘㚊⳧᱃⤄ⱘ᱃

⭣➾᱃㸛ⷒ㚪᱃ⴌ᱅㝖䄢㕝᱃䊝⭒䎃㾊ⰵ㑠䓴㑇䁈⭥ⳃ䍚⥛㪛⺞㬖カ⹒㻸⭥㦬᷍

Ⱍ䊻㰜㰚⪕䋍⭥䎃⷗⿘㈔䐱㬽䅇᱄ 

⭣➾䊻ⷈ㵃ⷚ⹅䔘⭥㬒ヅ㼁ⰵⰭ䄜㾊᷍⪴ 1913 㛋⭞ 1920 㛋᱄㰜㬨䔏䋈ㅴ㬽

➏䅓㯚㲚⹹䇻⹭㳆㦩㦾⭥㑠䓴㚄㾮⭥㦬 ⤃᷍㣳ⰵ㡅㆙㾱㑬ⶥ㆙᷉ 1912 㛋⭥⹅䔘᷊

 
3511925 㛋⭥㻥㳍⼄㩎⡅ⳤ㸫ㅄ㣦⫔䁈 ⤯᷍ゴ㑬㋉㠅⥊᷉ Pyotr Leonidovich Kapitsa 〓 Peter Kapitza᷍
1894ÿ1984 㛋᷊䔊䐐⭥䄜⷗䁈㭖㉄㎷⤠⭥』Ⱀ᷉Kapitza Club᷊⤃ⷙ㑬⡉⷇᱄㋉㠅⥊㬨㔍㩋ⶄ⭥䁈
㪛 ⭒᷍㬒䊻ㅄ㣦⹅䔘 ⿚᷍㗜。㯶㑋᱄㰜⭥䎃⷗ club 䊻⭒㬒⭥ㅄ㣦⼽』䊟᱄⭳㎎㋬㬖カ㩰㗜䇱㦆㳞
⼄㩎⡅⭥⡉⷇᱄⭌㰜⭥⭝㬇ⶄ㎶㳞㑬䎃⷗⡉⷇ ⤃᷍ㅉ䅊⭳㎎㋬ⷛ㆙⼄㩎⡅⭥䁱㈠᱄䎃⤦䋍㈮㑬⭳
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䓵゛᱑䄋㼌㏎ㆃ䄜⷗⤉᷍䄜Ⰹ䄋㾕⨗䎃⷗⤉⭥⤉ⰐⳞ⧭᱒᱄䁇Ⰹ䜭䎞㬨⫙䓦䎃⷗

䄪㸫䊻⤯ゴ㑬⭣➾⭥䔊。⽔㦆Ⱙズ᷍⤃䊻Ⱙズ⭥㬒⽓㼌⭞䁇Ⰹ䜭Ⳟ⧭⭥᱄ 

䊻⭣⤝㔿䅃㚨㏐᷍㸳㗨㳂⭞⺞㰜䔏⫔⭥⹒㻸㈮㬨⭣⤝㔿䅃⹹㻖᷉⹌㬞 8.41ÿ

8.42 ᱄᷊⪬⹹㻖㬨⭣⤝㔿䅃ⰵ⮈䓴㆙㾱㹐䐫⤉⭥㘉㭗⭥㭞㏎〚⪂᱄⭞㑬䁇Ⰹ䜭䎃㏐᷍

㰜䅃㬗⭞㋪䄵〚䇻䎃㑞⷗⹹㻖ㅉ㑃䄜⷗㠌㸃⳷⭥⹹䇻⮈䓴⭥㹐䐫⤉⭥Ⳟ⧭᱄㸋㑬

㲷㔼Ⳟ⢄᷍㸳㗨ㅌ〚䇻䊝⿐㠶㎫㋬⧄㭞԰䐹㾣㲷㔼⤉㑄ⱟ㼔㾵᷍⤃䊻⪬〚⪂㩰䄵

⭻䄜䐷Ⳟ㬞䅞㧌䁇Ⰹ䜭Ⳟ⧭᱄ 

䎃䐷Ⳟ㬞⭥⹹ポ⮄㈮㬨㏁⡩᱄㬸㻩㸳㗨㿉䄋㘘㦘⭥㬨㏜䇤԰᷍⹌㬞 8.41 ⼮⹌

㬞 8.42 ㋪⳷⢑䐹㾣㾕㸋ᷛ 

ܧ = ԰߱ 

⹌㬞 8.88 

䈌 

࢖ = ԰࢑ 

⹌㬞 8.89 

㡅䐱᷍㬙㑠࢑䈌⹌㬞 8.42 䐱⭥1/ߣ⭥⹹㻖⫔コ㋪䄵䇤䄜㸍㻖㵔䔘㸋㏞䓴㎕㏎ㆃ᱄

䊻䄜㸍㻖㵔䐱᷍㰝⤜㬨㬙㑠᷍⢅⧪㑬݇ = ⿑⭥᱄䎃䂚ߣ/ߨ2 ᷍݌ = ݌㈮⢅⧪㑬ߣ/݄ =

԰݇᱄ⰵ䇻㧞㸍㳆㻖 ᷍݌ = ԰݇㑞⢀⭥݌䈌݇䐜㿉⳷⢑⢅㸋㝘㬰㋶ヅ⭥㬙㑠࢖䈌࢑ゕ㋪᱄

䎃⷗㬒⽓᷍ⰵ䇻䄜⷗Ⱀ㑠㸋࢖㠞㘇⤉᷍㰝⭥⤉⼐㭞㸋ᷛ 

,࢘)࢖ߖ (ݐ =  ԰/(ή࢘ିா௧࢖)ଷ/ଶ݁௜ି(԰ߨ2)

⹌㬞 8.90 

㧈⺜ㅌ㚽㑠ܧⰵ䇇㸋䄜⷗⺟㗽ⰺ㰄ⴜᷛ 

෡ܪ = ݅԰
߲
ݐ߲

 

⹌㬞 8.91 



  

ㅌⰐ㑠࢖ⰵ䇇㸋䄜⷗Ⱀ㑠㰄ⴜᷛ 

Ƹ݌ = െ݅԰સ 

⹌㬞 8.92 

㚨㗕᷍⹌㬞 8.90 ⭥㠞㘇⤉⼐㭞⼽㻵㦜。䅓㸋ܧ =  ଶ/2݉ⱙ㕛䔄ᷛ|࢖|

݅԰
߲
ݐ߲
,࢘)࢖ߖ (ݐ = െ

԰ଶ

2݉
,࢘)࢖ߖଶ׏  (ݐ

⹌㬞 8.93 

⪬⹌㬞㈮㬨䓵䇪⮈䓴⭥䁇Ⰹ䜭Ⳟ⧭᱄㰝㬨㵉⺞ㅌ䓵䇪⮈䓴㘉㭗㸋㠞㘇⤉⤃ㅌ⺟㗽

ⰺ㑠᱃Ⱀ㑠ⰵ䇇㸋㰄ⴜ⭤⭞⭥᱄ 

ⰵ䇻⳨㠞㘇⤉ 㸳᷍㗨㋪䄵ㅌ⹌㬞 8.93 䇳⢀⭥െ ԰మ

ଶ௠
સଶ⢅㸋െ ԰మ

ଶ௠
સଶ + ෠ܸ(࢘)᱄䎃

㬨䅓㸋㠞㘇⤉ⰵ䇇⭥㬨䓵䇪⮈䓴᷍㚽㑠ܧ㈮⭩䇻|࢖|ଶ/2݉᱄➲⹌㬞 8.92 ⫛㧌᷍㈮

ⰵ䇇െ ԰మ

ଶ௠
સଶ᱄ⱙ⳨䓵䇪⮈䓴㚽㑠ܧ⭩䇻|࢖|ଶ/2݉ + ܸ(࢘)᷍㧈⺜㆗㆗ⰵ⡩㾯㬞᷍㸳

㗨⼽䓵㦜。㼌⭞⺟㗽ⰺ㰄ⴜ䇇ⶤⰵ䇇െ ԰మ

ଶ௠
સଶ + ෠ܸ(ݎƸ)᱄䅓⪬᷍ⰵ䇻⳨䓵䇪⮈䓴᷍

⹌㬞 8.93 ㈮䁾⿐㸋ᷛ 

݅԰
߲
ݐ߲
,࢘)ߖ (ݐ = ቈെ

԰ଶ

2݉
સଶ + ෠ܸ(࢘)቉ߖ(࢘,  (ݐ

⹌㬞 8.94 
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,࢘)ߖ (ݐ = ݁௜(࢖ή࢘ିா௧)/԰߰(࢘) 

⹌㬞 8.95 

䎃䂚⭥⿑᷍⹌㬞 8.95 䐱⭥⤉⼐㭞ߖ(࢘)㵍䂚㕛䔄 355ᷛ 

ቈെ
԰ଶ

2݉
સଶ + ෠ܸ(࢘)቉ߖ(࢘) =  (࢘)ߖܧ

⹌㬞 8.96 
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䁈⹇⭸⭥㹐㏎䁈コ᷍䁇Ⰹ䜭䊻⭤⭞䁇Ⰹ䜭Ⳟ⧭⭥⺞⧭䐱᷍㬨⪴⺟㗽ⰺÿ䁦㋪⡩Ⳟ

⧭〒⭤㒊ⶱ⭥᱄䄋㼌㉀䇱䎃䂚⭥〒⭤㒊ⶱ⭥㚽㑇 ⰵ᷍㏎㔼㑇䁈⭥㪏㋭㦰㬗㬨⡹⤜

㋪㩺⭥᱄㸿䄪᷍䁇Ⰹ䜭㬨䎃䂚䄜⷗㏎㔼㹐㏎䁈コ᱄㸳㗨㻷䊻ⰵ䎃⷗㯝㔘㆙㾱䄜⷗

㼁ⰵビ⭆⭌⤜㶋䎜⭥ㆊ㩽᷍⹊ⶱ㾬㦅⭥㵍䁈⤯㋝᱄ⷝ㪏㧌⭥㲷㔼᷍㤌⤯㋝䁇Ⰹ䜭

⭥䊎㬝㸥䍣ᱟSchrödinger᷍1926aᱠ᱄ 
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,ݔ)߲ܵ (ݐ
ݐ߲

+
1

2݉
ቆ
,ݔ)߲ܵ (ݐ
ݔ߲

ቇ
ଶ

+ (ݔ)ܸ = 0 

⹌㬞 8.97 

,ݎ)ܵ ⡜⧧㸋㝘゙㏐⭤䔘䇤㑠᷉Euclidean Action᷍ビ⧧䔘䇤㑠᷍Action᷊᷍(ݐ 㰝㬨㎎

ⷒ㎫㦶㑠᷉Lagragian᷍エ㸋᷍ܮ㰝㬨Ⱀ㚽⼮㬧㚽⭥⥏᷊⭥〞⳷᷍㡅Ⰹ䅆㬨ᷛ 

,ݎ)ܵ (ݐ = න ݐ݀ܮ
௧

௧బ
= න (ܶ െ ݐ݀(ܸ

௧

௧బ
 

⹌㬞 8.98 

ⰵ䇻䄜⷗⪇䊻㲹Ⰹ㚽㑠ܧ⭥䓕㲍᷍㬒ヅ㠞䄧ⰵ⧧㾵㉗Ⰹ㑬㰝⭥䔘䇤㑠㋪䄵㾕⧪  ᷛ

,ݔ)ܵ (ݐ = (ݔ)ܹ െ  ݐܧ

⹌㬞 8.99 

➲⹌㬞 8.99 ⫛㧌⹌㬞 8.97᷍㈮䅃㸗䓦䊻㈎⮅㑇䁈⭥㌓ソ㻣᷍䇱ᷛ 

ቆ
,ݔ)߲ܵ (ݐ
ݔ߲

ቇ
ଶ

= ܧ]2݉ െ  [(ݔ)ܸ

⹌㬞 8.100 

䊻䄜⷗㲹Ⰹ⭥㬒㋭ݐ଴᷍䊻㈎⮅㑇䁈⭥㏎㔼㌓ソ㻣᷍⹌㬞 8.99 䐱⭥䔘䇤㑠㸋Ⰹ䐖ܵ଴

⭥㈮㬨䄜⷗㸜䐤ݔ଴᱄㰝㗨䐏ヅ⭥⹹㻖㬨ᷛ 

,଴ݔ)ܵ (଴ݐ = (଴ݔ)ܹ െ  ଴ݐܧ

⹌㬞 8.101 

䊻䁇Ⰹ䜭⭥㵧⭝䐱 㰜᷍⭥⹹䓃⮄㬨䎃⷗Ⰹ䐖⮄㰇䓦㬒ヅ⭥䄧Ⱀ᱄ⰵ䇻ⷀ㸍⭥㤊㌗᷍

䎃⷗⮄ⰵ䇇䄜⷗㤛㼀〓䎀㤛㘇᱄ 

㻷䊻᷍㋝㔨䔘䇤㑠㸋䎃⷗Ⰹ䐖⭥⮄䊻㻣䄜⷗㬒㋭⭥㸜䐤᷍䄜Ⰹ䇱ᷛ 

,଴ݔ)ܵ (଴ݐ = ଴ݔ)ܹ + dݔ) െ ଴ݐܧ െ ݐdܧ = (଴ݔ)ܹ +
dܹ(ݔ)

dݔ
ቤ
௫ୀ௫బ

dݔ െ ଴ݐܧ െ  ݐdܧ

⹌㬞 8.102 
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䎃䂚᷍䇤⹌㬞 8.102 ブ㦆⹌㬞 8.101᷍㈮䇱ᷛ 

dܹ(ݔ)
dݔ

ቤ
௫ୀ௫బ

dݔ െ ݐdܧ  = 0 

⹌㬞 8.103 

䎃⷗㬒⽓᷍㸳㗨㋕⹌㬞 8.99᱄㰝䔔⢀⭥ܵ(ݔ, 䇱䄜⷗⢅(ݔ)ܹ⭥䇱㑞⷗⢅㑠᷍䇳⢀(ݐ

㑠᱄䅓⪬᷍ 

,ݔ)߲ܵ (ݐ
ݔ߲

ቤ
௫ୀ௫బ

=
dܹ(ݔ)

dݔ
ቤ
௫ୀ௫బ

 

⹌㬞 8.104 

䎃䂚᷍⹌㬞 8.103 ㈮䇷㆙䄜⤞⿐㸋ᷛ 

,ݔ)߲ܵ (ݐ
ݔ߲

ቤ
௫ୀ௫బ

dݔ െ ݐdܧ  = 0 

⹌㬞 8.105 

䎃䂚⭥⿑᷍䎃⷗⮄䊻㬒ヅdݐ㚻䄧Ⱀ㸜䐤d᷍ݔ㑞䎀䐏ヅ⭥⹹㻖㈮㬨ᷛ 

dݔ
dݐ

= ൭/ܧ
,ݔ)߲ܵ (ݐ
ݔ߲

ቤ
௫ୀ௫బ

൱ 

⹌㬞 8.106 

ⱙ⹌㬞 8.100 ⷇㰀㸳㗨ᷛ 

,ݔ)߲ܵ (ݐ
ݔ߲

ቤ
௫ୀ௫బ

= ඥ2݉[ܧ െ  [(଴ݔ)ܸ

⹌㬞 8.107 

䅓⪬᷍⹌㬞 8.106 ㆙䄜⤞䁾⿐㸋ᷛ 

dݔ
dݐ

=
ܧ

ඥ2݉[ܧ െ [(଴ݔ)ܸ
 

⹌㬞 8.108 



  

䎃⷗dݔ/d᷍ݐ㸳㗨㋪䄵エ䔘ݑ᱄㰝⫛⢎⭥㬨䔘䇤㑠㸋ܵ଴⭥⮄䊻ݔ䑂㩰䄧Ⱀ⭥㯺Ⱙ᱄

㧈⺜㬨ⷀ㸍㤊㌗᷍䎃⷗⮄ⰵ䇇㤛㼀〓㤛㘇᱄ⱙ䎃⷗㯺Ⱙ᷍㈮㬨䎃⷗㤛㼀〓㤛㘇䊻

㡅ⳉ㼓Ⳟ㼓䄧Ⱀ⭥㯺Ⱙ᱄䎃䂚᷍䇪䎃⷗䔘䇤㑠Ⰹ䐖⮄Ⰹ䅆⭥㼁㯺Ⱙ㈮㬨ᷛ 

ݑ =
ܧ

ඥ2݉[ܧ െ [(଴ݔ)ܸ
 

⹌㬞 8.109 

䐢⪬᷍䁇Ⰹ䜭⭥㵧⭝䐱⭥㈎⮅㑇䁈⭥⤠⳷㈮ㆂ㭙㑬᱄㻣㘇᷍㰜。〚䇻䔘䇤㑠䊺Ⰹ

䅆䄜⷗⤉⼐㭞᱄䐏⽔᷍㈮㬨〚䇻䎃⷗⤉⼐㭞䐱⭥㼁㸜⭥䊬Ⱀ᷍ㆂ⼰⹌㬞 8.109 ⭤

⭞䁇Ⰹ䜭Ⳟ⧭㑬᱄⿜㉅⿑㯖᷍䊻䎃㳖㔘㻣᷍䁇Ⰹ䜭Ⳟ⧭䈌㈎⮅㑇䁈䐏ヅ⫇䊻䄜⷗

㳍㦜⭥᱃㆕㗽⭥㝇⫙᱄䁇Ⰹ䜭⭥⪕㾣⮄᷍䄡㦜㬨⮈䓴⭥䊬Ⱀ䁈⢎㭗᷍䄓㈮㬨㿉䄋

〚䇻⤉⼐㭞ⱙ⳨⺍⭡㎕㘉㭗⮈䓴䊬Ⱀ᱄䎃㬨⪴⭣⤝㔿䅃㚨㏐㎕⭥᱄ 

㉀㳆ⱙ䁵 䊻᷍䁇Ⰹ䜭 1926 㛋⭥䄜㻖㑱㸥䍣䐱ᱟSchrödinger 1᷍926aÿ1926fᱠ᷍

㰜ズ㪉䊻䄜⷗㚽㑠㬹⽄⭥㻖㵔䐱᷍⮈䓴㉀䇱㧈㻣㾯㬞⭥⤉⼐㭞ᷛ 

,ݔ)ߖ (ݐ = ௜ௌ(௫,௧)/௄݁(ݔ)ܣ =  ௜[ௐ(௫)ିா௧]/௄݁(ݔ)ܣ

⹌㬞 8.110 

㧈⺜ⰵ䇇⭣⤝㔿䅃⭥䓵䇪⮈䓴᷍䄓㈮㬨⹌㬞 8.90᷍⤉⼐㭞⭥⼍㬒㼏㸋݁ି
೔ಶ೟
԰ ᱄ⱙ䎃

㏐᷍⤉⼐㭞⭥⼍㬒㼏㸋݁ି௜ா௧/௄᱄䅓⪬᷍䁇Ⰹ䜭㯖ᷛOne cannot resist the temptation 

of supposing ܭ to be a universal constant, independent of ܧ and independent of the 

nature of the mechanical system, because if this be done and ܭ  be given the value 

ߥ then the frequance will be given by ,(ߨ2)/݄ = ㈮(ߨ2)/݄⭥᱄䎃㏐᷍䁇Ⰹ䜭㯖݄/ܧ

㬨⡟㾂ㅻ㋋㬝⭥㬒⽓㸳㗨Ⰹ䅆⭥䊝⿐㠶㎫㋬⧄㭞԰᱄⿜㉅⿑㯖᷍⹌㬞 8.108 䐱⭥ܭ

㈮㬨԰㑬᱄㼁䇇⭥᷍⹌㬞 8.110 ⢅㸋ᷛ 

,ݔ)ߖ (ݐ = ௜ௌ(௫,௧)/԰݁(ݔ)ܣ =  ௜[ௐ(௫)ିா௧]/԰݁(ݔ)ܣ



   

380 
 

⹌㬞 8.111 

䐏⽔᷍䁇Ⰹ䜭㼌⭞㑬㈎⮅⤉ⰐⳞ⧭⭥㠶⢊㾯㬞᷉⭻㹆䍣⭥⹌㬞 5.2᷍㸳㗨䊻ㆊ㩽

㠌㸃⳷Ⳟ⧭⭥㬒⽓㈮㳂⭞⺞᷍䋈䊻 18 㬡ギ㈮䇪⫐㎫⡕ⱜ㳂⨗᷊ᷛ  

߲ଶ

ଶݐ߲
,ݔ)ߖ (ݐ = ଶݑ

߲ଶ

ଶݔ߲
,ݔ)ߖ  (ݐ

⹌㬞 8.112 

䎃䂚᷍ⷚ㈾⹌㬞 8.110᷍㸳㗨㈮䐋⭡⹌㬞 8.111 ⭥䔔⢀᷍⭩䇻ᷛ 

߲ଶ

ଶݐ߲
,ݔ)ߖ (ݐ = െ

ଶܧ

԰ଶ
,ݔ)ߖ  (ݐ

⹌㬞 8.113 

ⱙ㡅䇳⢀ 䇷᷍䅓㸋⪴㈎⮅㑇䁈㵧⨗⭥㼁㯺Ⱙ᷉ ⹌㬞 8.109 ⫛㧌⹌㬞 8.112 ⭥䇳⢀᷊᷍

⭩䇻ᷛ 

ଶݑ
߲ଶ

ଶݔ߲
,ݔ)ߖ (ݐ =

ଶܧ

ܧ]2݉ െ [(ݔ)ܸ
߲ଶ

ଶݔ߲
,ݔ)ߖ   (ݐ

⹌㬞 8.114 

䎃䂚᷍ㅌ⹌㬞 8.112 䐢⹌㬞 8.114 㑋㑃᷍㸳㗨㈮䇱ᷛ 

ଶܧ

ܧ]2݉ െ [(ݔ)ܸ
߲ଶ

ଶݔ߲
,ݔ)ߖ  (ݐ = െ

ଶܧ

԰ଶ
,ݔ)ߖ  (ݐ

⹌㬞 8.115 

㰝㋪㆙䄜⤞⿐㸋ᷛ 

԰ଶ

2݉
߲ଶ

ଶݔ߲
,ݔ)ߖ  (ݐ = െ[ܧ െ ,ݔ)ߖ[(ݔ)ܸ  (ݐ

⹌㬞 8.116 

㆙ⱙᷛ 

ቈെ
԰ଶ

2݉
߲ଶ

ଶݔ߲
+ ෠ܸ(ݎƸ)቉ݔ)ߖ, (ݐ = ,ݔ)ߖܧ  (ݐ

⹌㬞 8.117 

䎃㬒᷍䊺ㆂ⼰⤉⼐㭞⭥Ⰹ䅆㬞᷉⹌㬞 8.111᷊᷍ 㸳㗨䄓㈮㋪䄵⭤⭞䁇Ⰹ䜭Ⳟ⧭ᷛ 



  

݅԰
߲
ݐ߲
,࢘)ߖ (ݐ = ቈെ

԰ଶ

2݉
߲ଶ

ଶݔ߲
+ ෠ܸ(ݎƸ)቉ 

⹌㬞 8.118 

䎃䄓㬨⹌㬞 8.94᱄䎃㏐᷍㸋㑬Ⱒ䎀Ⱒ㡑㎕Ⳟ⢄᷍㸳㗨䊺㾕䄜㻣᱄ 

⪴㩰㭗㵧⭝ 㸳᷍㗨䇇ⶤ㋪䄵ⶱ㬽⭞䁇Ⰹ䜭䎃⷗㦬ⰵ䇻㈎⮅㑇䁈⭥䍧㸶᱃ⰵ䇻

⤉ⰐⳞ⧭⭥㏎ㆃ ⰵ᷍䇻㰜㶋⧪㚨⷗⹅䔘㬨ⳃ⿴㑬れ㡅⹹ポ⭥䔘䇤⭥᱄䊻⡫䎀㋕㎕᷍

㯝㸍⭥㳙䊟⤃⤜⫔ 䄜᷍㣱Ⱍ㬨㑇䁈⼽⼰㏎⭥㵧⭝᱄㵜㠧⭥ ㈮᷍㬨ⰵ䊬Ⱀ᷉ kinematics᷊

⭥㘉㭗᱄㼁ⰵ䇻㈎⮅㑇䁈䐱⭥㸫㳃᷍㰜ㅌ㸃⹼⭥㑄䓴⪇㏎㸋䄜⷗⤉᱄䎃⷗䓽ㆂ㆗

⹊⤯㋝᱄ 

䔏⽔ 㸳᷍㗨䊺⪯㣠⮘䎃䂚⭥䄜⷗⤉ⰐⳞ⧭䇇䇤⭞㭙ⶠ⮈䓴㳆㻖 ⰵ᷍䇇⭥㈮㬨

⹭Ⰹ⢀ㆈ㳖ミ⭥㠌㸃⳷Ⳟ⧭᱄㰝⭥ㆃ㬨⳷㑃⭥᱄䁇Ⰹ䜭ㅌ㡅䇇䇤⭞㑬㤃䊎䓴㳆㻖

356᱃ビ㾔䎒䓴㳆㻖᷍⭤⭞⭥ㆂ⺜Ⱍ⼽㶋㗡᱄ⰵ䇻㤃䊎䓴㳆㻖᷍㰝⭥ㆃ㹗ㆃ㋪䄵䐒

ㅴㆃ㬮䈌䓵㿞㸿⹹⭥㰚䇱㬖䂊ㆂ⺜᷉䁇Ⰹ䜭Ⳟ⧭䐱䄓⤃㗜䇱䓵㿞䓵䇪Ⱙ ᱄᷊ⰵ䇻

ビ㾔䎒䓴 㡅᷍ㆃ䈌䐏㣑⼄㩎⡅㏜䇤㈹䎔㑇䁈⭥ㆃ䄓㬨䄜䐣⭥᱄㋝㔨⭞⤉ⰐⳞ⧭䊻

㭞䁈㩰ⷝ䄸䇻㤔ㆃ 㵍᷍㬒䎃㲸㏎㔼ⰵ䇻⭒㬒⭥㹐㏎䁈コ㎕㯖䄓ⷝ䇲㩧 ⤉᷍Ⱀ㑇䁈

⼽㌍㈮㬶⭞㑬⺄ⳛ⭥⿗䇎᱄㑍⤄ⱘ⡟㦬䄓䊻䁱㈠㩃㪅㸫㳃⭥㬒⽓㬚䇤㑬䁇Ⰹ䜭⭥

Ⳟⳉ᷍⤃䊻㚨㏐ⷙ⨗㑬⤉⼐㭞⭥㹐㏎䅃䅆⭥㵔ェ㾵゙㔫䜚㬮᱄ 

 

 
356䎃㏐⤜㼒㈹䎔㑇䁈 ⼄᷍㩎⡅᱃⤄ⱘ᱃䊝⭒Ⱍ㗜䇱➲㰝䇤⭞㤃䊎䓴㳆㻖 䐋᷍⭡㝾㏜⭥⹅䔘⭥⨗㻷᱄
㰚䄵㸳㗨㣑㘇䄓㯖㝾㏜⭥⹅䔘ⰵ䇻ⱁ㭞㦬ㅴ㬽㈹䎔㑇䁈㬨⳨⧄䐹䄋⭥᷂⤉Ⱀ㑇䁈䇤⭞㤃䊎䓴㳆
㻖⤃⤜㿉䄋⳨⧄Ⳓ㰗⭥㭞䁈 䁇᷍Ⰹ䜭䐒ㅴ㈮䔗㑬᱄䎃䊻䄜Ⰹ⧭Ⱙ㩰䄓㚽ⳕ䇔⨗㑠䓴㑇䁈⭥䎃㑞䐷
⢎⫐䊻䇇䇤⥄㘇⭥㚲䄸⧭Ⱙ⼮㬖䇤㾵⥏⢑᱄⤄ⱘ䊻 1926 㛋䁱㈠㩃㪅㸫㳃⭥㬒⽓䐒ㅴ㬚䇤⤉Ⱀ㑇
䁈᷍䄓㈮⼽⼤㏎ㆃ㑬᱄ 
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8.4.4 ⤄ⱘⰵ⤉⼐㭞⭥㹐㏎䅃䅆⭥㵔ェ㾵゙㔫䜚㬮 

㻷䊻㸳㗨➲㬒ヅㅻ⮄䄧⭞ 1926 㛋㚊᱄䎃⷗㬒⽓᷍㑠䓴㑇䁈⭥㑞䐷䔏䐹䄋⭥

⢎㭗᷉㈹䎔㑇䁈䈌⤉Ⱀ㑇䁈᷊Ⱍ䄲⥛㪛᱄㰝㗨䐏ヅ⭥⭩ゼ㾵䄓⡜䐅㘘᱄㻣䄜⷗䔏

䐹䄋⭥㸫㳃᷍䓵㦜㈮㬨䄋ⷄ㘘➸⤉Ⱀ㑇䁈䐱⭥⤉⼐㭞⭥㹐㏎䅃䅆⭞⭸㬨㬓㗕ᷠ 

䊻⿹⫑䎃⷗㸫㳃⭥⺞⧭䐱 ⼮᷍㈹䎔㑇䁈⭥ⳃ䍚䄜䂚 ⤄᷍ⱘ䄓㡑⭞㑬䐢⹹䐹䄋

⭥䔘䇤᱄㰜䐏㰚䄵㚽⹜㡑⭞䎃⷗䔘䇤 䈌᷍㰜⧅㠻㆟䅚䇻㑠䓴㏎㔼䈌㑠䓴㑇䁈⭥䁱

㈠㬨㗽㣱㼁⹹⭥᱄㰜⨞㑬㬨㑠䓴㑇䁈䎃⷗ⶦ㛏⭥㳂⨗䎀᱃㈹䎔㑇䁈⭥䄜⷗䐹䄋⹒

㻸㦬 ⿚᷍䊻⭣⤝㔿䅃⭥⮈䓴⤉㏎㔼〒⭤㬖䂊䂊䐅⭥⺞⧭䐱⟈䁾㑬れ㡅䐹䄋⭥䔘䇤

357᱄⭒㈹䎔㑇䁈䈌⤉Ⱀ㑇䁈⧪㾮⽔᷍㰜㕎㩰㬚䇤㰝㗨䁱㈠㑬㩃㪅㸫㳃᱄䊻䎃⷗⺞

⧭䐱᷍㰜ⳃ㻷㈹䎔㑇䁈⤃⤜⼤䇤᱄䎃㬨䇪䇻䊻⭒㬒⭥㈹䎔㑇䁈⭥㾯㬞䐱᷍Ⰹ㲍㬨

䔘㸋〚⡜䐒ㅴ㬚䇤⭥᱄ⱙ㰝⭥㉀㳆㾯㬞 㬨᷍䄋㤔ㆃ㶋䎃⷗㑠䓴㑇䁈⭥㸫㳃⤦䐋⭡

⭥᱄㩃㪅⺞⧭㬨。䋍⧪㩃㪅㣑᱃㩃㪅䐱᱃㩃㪅⽔Ⰹ㲍。⤜㵍᷍䎃。⫙㎕⼽ⱁ㬖カ

ェ㰄䐱⭥㕊Ⳕ᱄䎃⷗㬒⽓᷍䔘㸋䄜⷗㯝㼌㋋㘘⭥㹐㏎䁈コ᷍⤄ⱘ㬨。䓃䅃⭞䁇Ⰹ

䜭⭥Ⳟⳉ䊻⪇㏎㏁㯧㸫㳃䐱⭥䇦㬧⭥᱄ォ㦜㑞䎀⭩ゼ 㸋᷍㬓㗕⤜䇤⤉Ⱀ㑇䁈㎕䁱

㈠䎃⷗㸫㳃ᷠ 

㬖カ㩰 䄓᷍㈮㬨䊻䁱㈠䎃⷗㸫㳃⭥⺞⧭䐱 ⤄᷍ⱘ䅃㬗⭞㑬⤉⼐㭞⭥㹐㏎䅃䅆

ᱟBorn᷍1926bᱠ᱄㸳㗨䎃㏐䐒ㅴ䅞䇤㰐⥞冒㎰㬇䊻㡅᱗㑠䓴㑇䁈㻷⫛ㅭ⧭᱘1.2.3

㾂ㅻ䐱⭥䊎⿑㎕㘉㭗䎃䐷䅃䅆 ⤄ᷛⱘⳃ㻷㑠䓴㑇䁈ⰵ㸃⹼㻖㵔⭥㘉㭗⡟䐫㩰㬨ⶦ

㔫㾵⭥ ㋭᷍⿎㑠䓴㻖㵔⭥䊬Ⱀ䓕㲍⭥⤉⼐㭞⫛⢎䄜⷗⹼⥍䎀ⰵ䇻㑠䓴㻖㵔㰚㚽䐋

⭡⭥㦌⤠䐋㬗ᱟ㰐⥞冒 2᷍024ᱠ᱄⫔コ㋪䄵䓃䅃᱑䊬Ⱀ䓕㲍᱒䎃⷗⪫᱄⡫䎀䓽㬨ⶱ

 
357䊻 8.4.1 ㅻ 㸳᷍㗨㳂⭞⺞㰜㼓⫘㸍㩎㵧プ㑬⭣⤝㔿䅃⭥⹅䔘 ⤃᷍䐙⨗㰜㗨䐏㣑⭥㬖䂊䈌䐏䇱⹹᱄
G. P. Thomson 䄓㬨⪴㚨⪯。䅊䐱⭤⭞㒊ⶱ᷍㋋䍚䓵゛⭥㬖䂊⭥᱄䔏䐶᷍㰜㗨㑞⷗㦬䅓㸋䎃㼏⹅
䔘〒⭤㑬 1937 㛋⭥㝖⡕ⱜ㹐㏎ㅒ᱄ 



  

㉖㬨㑠䓴㑇䁈䊻䊬Ⱀ䁈Ⳟ㘇⭥㪒㗹㾵 ⭝᷍䐣㸳㗨⡹㿌ㆉ䑛㾣⭥㭞䁈⹅㉀᷉ 㼀㾵⫛

㭞᷊㎕ⰵ㰝㆙㾱⢎⫐᱄㑇䁈⥄㘇⭥⼽ⱁ㚻㦾᷉⭒㦜⤃⤜㬨㰚䇱㚻㦾᷊᷍ 㬨㋪䄵㵉

⺞ⰵ䇇㾵䊎㏎䍳⭞ⰵ䇇⭥᱄⭌䊬Ⱀ䁈⥄㘇⭥⢅ⷐ᷍䋓㬨ⷐ㘝㾵⭥᱄ 

㉀㳆⭞⤄ⱘ⭥䎃㠋⹹䇻㩃㪅⭥㸥䍣䐱⭥䊎㬝⢎㭗 ⤄᷍ⱘ㦰㸋|ݔ)ߖ, ⭥ଶ⫛⢎|(ݐ

㬨㦬㗨䊻䎃⷗㑠䓴㻖㵔䐱᷍䊻ݐ㬒㋭᱃䊻ݔ⮄⶞㆝ⳃ㻷䎃⷗㑄䓴⭥ⶦ㔫㗽Ⱙ᱄䊻䄜

⷗㑄䓴⧐㼓䄜⷗㩃㪅䐱㾥䊬Ⱀ䐏⽔⡜㩃㪅⭥⺞⧭䐱 㦬᷍㗨㋪䄵ㅌ㩃㪅㣑⭥㑄䓴㘉

㭗㸋䄜⷗⤉⟝᱄⭌㬨㩃㪅⽔᷍㧈㵝 8.17 㰚㬟᷍㑄䓴ㅌ⳷⤝䇻䎜⷗㋶ヅ᱄㧈⺜㬨䎃

䂚 㚨᷍䎃⷗㑄䓴㈮⡜⫓㰊㑬᱄㡅⡜⫓㰊䐏⽔⭥䊬Ⱀ䓕㲍㧈⼯䈌㑄䓴⭥⤉㑄ⱟ㼔㾵

㑋㻖㡑㎕㚹ᷠ 

䎌ⰵ䎃⷗㸫㳃᷍⤄ⱘ㼌⭞㑬᱑ⶦ㔫⤉᱒䎃䂚䄜⷗ⶦ㛏᱄㰜㦰㸋㵉⺞㩃㪅䐱㾥

⽔ 㧌᷍㪅㑄䓴。䁂䋒⤫㩌㤛㼀⢎㬟⭥㩃㪅㵉⭡䐱⭥䄜㳖㆙㾱㩃㪅᱄䎃㬨㡅㑄䓴㾵

⭥㳆㻷᱄ⱙ⤉Ⱀ㾵᷍䋓㵉⺞ⰵ䄜㻖㑱㩃㪅⺍や⭥㵔ェ㠞㉚〒⭤᱄㵉⺞䎃䐷⪇㏎᷍

䊻㘉㭗㩃㪅㑄䓴⭥䊬Ⱀ㬒 ⤉᷍Ⱀ㾵䈌㑄䓴㾵⭤⭞㑬㶋㗡⭥ㆂ⼰᱄㑠䓴㲍⭥㼁ⶪ㾵

䄓⭤䄵⡄⧷᷉䅓㸋⤉⭥㾵䐫⭤⭞㑬⡄⧷᷍⤉㬨㋪䄵㼁ⶪ⭥ ᱄᷊䎃䂚⭥⿑᷍⤉⼐㭞

⭥㹐㏎䅃䅆㈮⧚⭸㤆⨟㑬᱄ 

 
㵝 8.17 ⤄ⱘ〚䇻㩃㪅⺞⧭ⰵ⤉⼐㭞⭥ⶦ㔫䜚㬮᷍ⷚ㈾㰐⥞冒㎰㬇᱗㑠䓴㑇䁈㻷⫛ㅭ⧭᱘䐱
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㵝 1.1 〇䐧ᱟ㰐⥞冒᷍2024ᱠ᱄㵉⺞゙㔫⤉⭥ⶦ㛏᷍㋪䄵ㅌ㩃㪅㑄䓴⭥⤉㑄ⱟ㼔㾵㆙㾱㶋㗡

⭥⢎⫐᱄ 

 

䊻⼽ⱁ㋧㠶Ⱒ㹐䐱᷍䎃⷗䜚㬮⡜⧧㸋᱑ⷈ⡟⺟ⷚ䜚㬮᱒᱄⼮㣑㘇㸳㗨ㅓ⭞⭥

⼽ⱁ㹔ㆃ㏁㯧᷍䎃⷗⹅䔘䈌ⷈ⡟⺟ⷚⷚ⡟㈮㬨㸿⹹⭥᷍㰜㬨䇪⤄ⱘⰡ㑃㳂⨗⭥

ᱟBorn᷍1926bᱠ᷍ ⱙ⤄ⱘ䊻⭒㬒㬨ⷈ㵃ⷚ⫔䁈⭥ㅭ㬻᷉㝾㏜᱃⼄㩎⡅䄓㬨㰜䊻ⷈ

㵃ⷚ⫔䁈⭥䑛㬷 ᱄᷊⤜⺃䎃⷗䜚㬮⼮ⷈ⡟⺟ⷚ㗜䇱⹹㻖᷍⤄ⱜ⡟㦬㪖䐢㦰㸋䎃⷗

䜚㬮㋪䄵㵉⺞㑠䓴㑇䁈⭥㡅㰝ズ㪉⭤⭞᱄䎃⷗㦰㬗᷍⭒㦜㬨れ㡅⫎㹔⭥᱄㻷䊻᷍

㦬㗨㚽⹜⼽㤆⨟⭹㦰㬗⭞䎃⷗䜚㬮䊻㑠䓴㑇䁈⭥㏎㔼㳆㻖䐱㉀䇱Ⱑ㑃⭥᱃〚⪂⭥

㕀ゎ⭹㸜 ⤜᷍㚽⡜㡅㰝㦯⼯ズ㪉㰚㵧⨗᱄⭌㬨㏛㬘㩰㾯⧪⭥䎃⷗㹔ㆃ䄡㦜⺄ⳛ㒘

⪌᱄㤍㾳⭥㬨᷍㼁⡩䇻⫔䐻᷍䓉䄖㦬䊒⭥㠡ゼ⿚㬨䄋⹌㠞⼽ⱁ᱄1954 㛋᷍⤄ⱘ䅓

㸋䎃㼏⹒㻸䈌⤊㲹᷉Walther Bothe᷍1891ÿ1957 㛋᷊⳷㼎㑬㚨䄜㛋⭥㝖⡕ⱜ㹐㏎

ㅒ 358᷍㰜⭥⭤ㅒ㏎䇪㬨 fᷛor his fundamental research in quantum mechanics, especially 

for his statistical interpretation of the wavefunction᱄ 

 

8.4.5 ⥃⤜䓝⹹㻖᱃⿆⤚䊎㏎ 

䊻㈹䎔㑇䁈᱃⤉Ⱀ㑇䁈ㅉ㑃⽔᷍㲹⢑㬨㰝㗨䐏ヅ⭥⭩ゼ㾵⡜䐅㘘⽔᷍㦬㗨㋋

㬝㘘➸㑠䓴㑇䁈⡔⽔⭥㭞䁈⹅㉀㬨㼀㾵⫛㭞᱄䎃㏐ 㑇᷍䁈㑠㵉⺞㲹䎘䐖㸋㬖㭞⭥

ⱓ㗸㈹䎔㎕㆙㾱⢎⫐᱄ⱙ㈹䎔⧬ⳉ㼁ⰵ䇻㭞⭥⧬ⳉ 䔏᷍⫔⭥䄜⷗㲹Ⰹ㈮㬨㈹䎔䐏

ヅ⭥⧬ⳉ䈌㭞⭥⧬ⳉ⤜㵍 㶚᷍㶚㬨⤜㋪䄵⿆䄸⭥᱄䎃䄓㬨⤄ⱘ⼮䊝⭒㳂⨗⭥⤜ⰵ

 
358⤊㲹㬨䄜㘜㬖䂊㹐㏎䁈コ᷍㰜⭥〒ㅒ㏎䇪㬨ⳃ㘘㑬䁱㈠㩃㪅⺞⧭⭥㾣Ⳟⳉ᷍㉀㳆⢎㭗㸋ᷛfor 
the coincidence method and his discoveries made therewith᱄䎃⷗䓵㦜䄓㬨䈌⤄ⱘ⭥㚨㠋⹹䇻㩃㪅⭥
㸥䍣䐱⭥㹐㏎㼁⹹⭥ᱟBorn᷍1926bᱠ᱄ 



  

䄸⹹㻖᷉⹌㬞 8.45᷊䐏㰚䄵㚽⹜⫇䊻⭥ⷚ⡟䊎䅓᱄⪴⹌㬞 8.45 ⨗ⳃ᷍䄵㸜䐤᱃Ⱀ

㑠㰄ⴜ㸋㏞᷍⥃⤜䓝⹹㻖㈮⼽㦾䄸⡜㵧⨗㑬᱄㸳㗨䊻⡟㾂ㅻ㆙㾱䎃䂚䄜⷗㵧⭝᷍

⤃㔼㭗䈌䐏㼁⹹⭥䇪⤄ⱜ㳂⨗⭥⿆⤚䊎㏎᱄ 

㸳㗨㬸㻩㿉䄋㏎ㆃ⭥㬨䊻䎌ⰵ㸜䐤᱃Ⱀ㑠䎃㾊㹐㏎䁈㑠㆙㾱⥃㑠⭥㬒⽓ 䊻᷍

㑠䓴㑇䁈⭥䈐䁵䐱᷍㸳㗨㶋⧪⭥㬨㧈㻣Ⱀ䔘ᷛ 

ۧߙ|ොݔ ՜  ۧߙ|ݔ

⹌㬞 8.119 

䎃㏐ ො㬨䔙⢋㰄ⴜ᱄㰝䔘䇤⭞䎃⷗㑠䓴㲍㩰᷍㆙㾱ݔ㬨㸳㗨䄋⥃㑠⭥㑠䓴㲍᱄ۧߙ᷍|

㑬䄜⪯㸜䐤⥃㑠᱄ݔ㬨䄜⷗㬖㭞 㬨᷍䎃⪯⥃㑠⭥⥃㑠䐖᱄䊻⹌㬞 8.115 䐱㸳㗨㗜䇱

䇤⭩⼦᷍㬨䅓㸋⤜㵍⪯⭥⥃㑠㋪䄵ⷙ⨗⤜㵍⭥ㆂ⺜᱄㸳㗨䇤՜㎕㣠⮘䎃㬨䄜⪯⥃

㑠⭥ㆂ⺜᱄⽔㘇᷍㸳㗨⤜䊺䔗䎃䐷㣠⮘᱄⭒㸳㆙㾱㑬⼽ⱁ⪯⥃㑠䐏⽔᷍䎃㾊⥃㑠

䐖㋪䄵䇱䄜⷗㵔ェ㠞㉚䐖ݔҧ᷍㰝㬨䄜⷗㬖㭞᱄ 

䇪䇻㑠䓴㑇䁈⪴⡟䐫㩰㬨㵔ェ㾵⭥᷍䎃⷗ݔҧ䐜㚽㏎ㆃ㸋⼤ⱁ⪯⥃㑠⭥⥃㑠䐖

⭥㠞㉚᱄䎃⷗㬒⽓᷍㧈⺜㸳㗨㩵㸃䁈⺞䄜㾊㵔ェ᷍㸳㗨㈮䐋⭡㸳㗨㗠⪯⭥⥃㑠䐖

Ⱍ㬨䊻䎃⷗㠞㉚䐖⶞㆝⳷⤝⭥᱄䎃⷗⳷⤝䇱⷗⤜㦘ⰉⰩ᷉㉚Ⳟ⥏᷊᷍ 㰝㋪䄵䇤

ඥۃ(οݔ)ଶۄ㎕⢎㬟᱄㡅䐱᷍ 

οݔ = ݔ െ  ҧݔ

⹌㬞 8.120 

㰝⫛⢎⭥㬨㸳㗠⪯⥃㑠⭥䐖ݔⰵ㵔ェ㠞㉚䐖ݔҧ⭥㠌㏌᱄㸳㗨㗠㆙㾱䄜⪯⥃㑠 Ⱍ᷍䇱

⷗ο᷍ݔ㰝㋪䎞㋪⶛᱄㸳㗨ⰵ䎃⷗⥃㑠⨗㎕⭥οݔ㦂㠞Ⳟ᷍䊺ⰵ|ۧߙ䎃⷗㑠䓴㲍㆙㾱

㵔ェ㠞㉚䊺㤔ⷚ⼦ ⰵ᷍䇇⭥㈮㬨䊻䎌ⰵ䎃⷗㲍㆙㾱⥃㑠⭥㬒⽓⭥⥃㑠䐖⭥㉚Ⳟ⥏᱄

㰝䇇ⶤ䇤ඥۃ(οݔ)ଶۄ⢎㬟᷍㘉㭗⭥㈮㬨ⰵ䔙⢋㆙㾱⥃㑠⭥⤜㦘ⰉⰩ᱄ 

㵍䂚᷍ⰵ䎃⷗㑠䓴㲍᷍䄓㋪䄵⥃㑠Ⱀ㑠᷍㗠⪯䇱⷗㠌⥏ᷛ 
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ο݌ = ݌ െ  ҧ݌

⹌㬞 8.121 

㡅䐱݌㬨㗠⪯⭥⥃㑠䐖 ҧ㬨ⱁ⪯⥃㑠⭥㠞㉚䐖᱄➕㵔ェ⭥Ⳟⳉ㎕㘉㭗᷍݌ 㗠᷍⪯⭥⥃

㑠䐖Ⱍ䊻݌ҧ⶞㆝⳷⤝᷍㉚Ⳟ⥏㸋ඥۃ(ο݌)ଶۄ᱄䎃㾊᷍⼮㸜䐤⭥⥃㑠Ⱍ㬨ⰵ䇇⭥᱄ 

⥃⤜䓝⹹㻖᷍㯖⭥⤃⤜㬨㚔⪯⥃㑠⭥οݔ⼮ο݌䐏ヅ⭥⧬〞⭥⹹㻖᷍ⱙ㬨ⰵ㸜

䐤㆙㾱⥃㑠⭥㉚Ⳟ⥏ඥۃ(οݔ)ଶۄ⼮ⰵⰐ㑠㆙㾱⥃㑠⭥㉚Ⳟ⥏ඥۃ(ο݌)ଶۄ㑞䎀㼁⧬ 㕛᷍

䔄⭥⹹㻖᱄㰝㋪䄵⢎⫐㸋ᷛ 

ඥۃ(οݔ)ଶۄඥۃ(ο݌)ଶۄ ൒
԰
2

 

⹌㬞 8.122 

䎃䄜⮄㸳㗨⡹㿌㬸㻩㘘㦘᷂䊻㘘㦘䎃䄜⮄⽔᷍㸳㗨㈮㋪䄵㏜䇤⹌㬞 8.45᷍㎕㵧⹌

㬞 8.122 㑬᱄ 

㡑⮄ 䓵᷍㦜㬨䇪⹌㬞 8.119ÿ8.121 ⷙ⨗⭥ඥۃ(οݔ)ଶۄ䈌ඥۃ(ο݌)ଶۄ⭥Ⰹ䅆᱄䎃㑞⷗

㭞㬨〚䇻ۃ(οݔ)ଶۄ䈌ۃ(ο݌)ଶۄ⭥᷍㰝㗨⳷⢑㕛䔄ᷛ 

ۄଶ(ݔο)ۃ = ොݔ)|ߙۦ െ ۧߙ|ҧ)ଶݔ = ොݔ)|ߙۦ െ ොݔ)(ҧݔ െ  ۧߙ|(ҧݔ

⹌㬞 8.123 

䎃㏐᷍䇪䇻(ݔො െ  ᷛ⭡ҧ)㬨⷗ⱓ㗸㰄ⴜ᷍㸳㗨䐋ݔ

ۄଶ(ݔο)ۃ = ොݔ)ۦ െ ොݔ)|ߙ(ҧݔ െ  ۧߙ(ҧݔ

⹌㬞 8.124 

㰝⫛⢎⭥᷍㬨㻄ⱜ⤏㲹㋶ヅ䐱䄜⷗㼓㑠|(ݔො െ 㰝䓵㪎⭥㚻〞᷍㬨䄜⷗⫔䇻⼮ۧߙ(ҧݔ

⭩䇻㒄⭥㬖㭞᱄⼮⹌㬞 8.123ÿ124 ⰵ䇇᷍㸳㗨⿚䇱ᷛ 

ۄଶ(݌ο)ۃ = Ƹ݌)|ߙۦ െ ۧߙ|ҧ)ଶ݌ = Ƹ݌)|ߙۦ െ Ƹ݌)(ҧ݌ െ  ۧߙ|(ҧ݌

⹌㬞 8.125 

㵍䂚᷍䇪䇻(݌Ƹ െ  ҧ)㬨⷗ⱓ㗸㰄ⴜ᷍㰝キ㿙⭩䇻ᷛ݌

ۄଶ(݌ο)ۃ = Ƹ݌)ۦ െ Ƹ݌)|ߙ(ҧ݌ െ  ۧߙ(ҧ݌



  

⹌㬞 8.126 

㰝⫛⢎⭥᷍䄓㬨㻄ⱜ⤏㲹㋶ヅ䐱䄜⷗㼓㑠|(݌Ƹ െ 㰝䓵㪎⭥㚻〞᷍䄓㬨䄜⷗⼮ۧߙ(ҧ݌

⫔䇻⭩䇻㒄⭥㬖㭞᱄ 

䎃⷗㬒⽓᷍㧈⺜㸳㗨エᷛ 

|݂ۧ = ොݔ)| െ  ۧߙ(ҧݔ

⹌㬞 8.127 

䄵ゑ 

|݃ۧ = Ƹ݌)| െ  ۧߙ(ҧ݌

⹌㬞 8.128 

㚨㗕᷍⼽㻵㦜ᷛ 

ۄଶ(݌ο)ۃۄଶ(ݔο)ۃ =  ۧ݃|݃ۦ݂ۧ|݂ۦ

⹌㬞 8.129 

䎃䄜⤞㬨㸳㗨㏎ㆃ⥃⤜䓝⹹㻖⭥䄜⷗⳨⧄䐹䄋⭥䐱ヅ⤞䑉᱄ 

䐏⽔᷍㸳㗨㈮㋪䄵㏜䇤㻄ⱜ⤏㲹㋶ヅ䐱⹹䇻㼓㑠㚻〞⭥㋣㹘ÿ㬊㶀⪥⤜⭩㬞

᷉CauchyÿSchwarz Inequility᷊ᷛ  

ۧ݃|݃ۦ݂ۧ|݂ۦ ൒  ଶ|ۧ݃|݂ۦ|

⹌㬞 8.130 

⭤⭞ᷛ 

ۄଶ(݌ο)ۃۄଶ(ݔο)ۃ ൒  ଶ|ۧ݃|݂ۦ|

⹌㬞 8.131 

䎃㏐݂᷍ۦ|݃ۧ⫛⢎㼓㑠|݂ۧ᱃|݃ۧ䐏ヅ⭥㚻〞᷍㰝㬨䄜⷗ⶕ㭞᱄䎃⷗ⶕ㭞⭥㚄᷍㬨⫔

䇻㰝⭥㿊⤠⭥㠞Ⳟ⭥᷉ 㦯⼯ⶕ㭞⭥㚄Ⱍ⭩䇻㡅㬖⤠㠞Ⳟゴ㿊⤠㠞Ⳟ㆙ⱙ⫔䇻㡅㿊

⤠㠞Ⳟ ᱄᷊䅓⪬᷍キ㿙䇱ᷛ 

ۄଶ(݌ο)ۃۄଶ(ݔο)ۃ ൒ ଶ|ۧ݃|݂ۦ| ൒ ൤
1
2݅

ۧ݃|݂ۦ) െ ൨(݂ۧ|݃ۦ
ଶ
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⹌㬞 8.132 

䎃⷗㬒⽓᷍㸳㗨䊺➲|݂ۧ᱃|݃ۧ⡟㪎⭥Ⰹ䅆⫛㧌᷉⹌㬞 8.127᱃⹌㬞 8.128᷊᷍ 䄜㣱㈮

。⼽㘘㎫㑬᱄ 

㡅㻙ㅻ᷍㋪䄵㘉㭗㸋ᷛ 

ۧ݃|݂ۦ = ොݔ)ۦ െ Ƹ݌)|ߙ(ҧݔ െ ۧߙ(ҧ݌ = ۧߙƸ݌|ߙොݔۦ െ ۧߙ|ߙොݔۦҧ݌ െ ۧߙƸ݌|ߙۦҧݔ +  ۧߙ|ߙۦҧ݌ҧݔ

⹌㬞 8.133 

䇪䇻ݔො᱃݌Ƹ⭥ⱓ㗸㾵᷍䄵ゑ|ۧߙ⭥⺊䄜㾵᷍㰝㆙䄜⤞⭩䇻ᷛ 

ۧ݃|݂ۦ = ۧߙ|Ƹ݌ොݔ|ߙۦ െ  ҧ݌ҧݔ

⹌㬞 8.134 

䈌䎃⷗⭩㬞㼁䇇᷍䄓䇱ᷛ 

݂ۧ|݃ۦ = ۧߙ|ොݔƸ݌|ߙۦ െ  ҧ݌ҧݔ

⹌㬞 8.135 

䎃䂚᷍➲⹌㬞 8.134 ⼮ 8.135 ⫛㧌⹌㬞 8.132᷍㈮䇱ᷛ 

ۄଶ(݌ο)ۃۄଶ(ݔο)ۃ ൒ ቂർߙቚ ଵ
ଶ௜

Ƹ݌ොݔ] െ ඀ቃߙො]ቚݔƸ݌
ଶ
 

⹌㬞 8.136 

䎃⷗㬒⽓᷍➲⹌㬞 8.45 ⫛㧌㩰㬞᷍㈮䇱ᷛ 

ۄଶ(݌ο)ۃۄଶ(ݔο)ۃ ൒ ቂർߙቚ ଵ
ଶ௜
݅԰ቚߙ඀ቃ

ଶ
= ൤

԰
2
൨
ଶ

 

⹌㬞 8.137 

䎃䂚⭥⿑ ㈮᷍䇱⹌㬞 8.122 䄓᷍㈮㬨㸳㗨⧄㯖⭥⼄㩎⡅⤜㦘Ⰹ㾵⹹㻖㑬᱄1927 㛋᷍

⼄㩎⡅䊻㰜⭥㸥䍣 Über den anschaulichen Inhalt der quantentheoretischen Kinematik 

und Mechanik᷉䇃㸥ⰵ䇇㬨ᷛOn the Perceptual Content of Quantum Theoretical 

Kinematics and Mechanics 䐱᷊ㅌ䎃⷗⹹䇻⥃㑠⭥⤜㦘Ⰹ⹹㻖㘘㦘㳂⨗ᱟHeisenberg᷍

1927ᱠ᱄䐏⽔᷍㰝䄓⧪㑬㑠䓴㑇䁈䐱䄜⷗れ㡅⹹ポ⭥㚻㦾᱄㰝㬨㑠䓴㑇䁈㵔ェ㾵



  

⭥䄜⷗䐹䄋㳆㻷᱄ 

㏛㬘㩰᷍⼄㩎⡅⭥䎃⷗⹅䔘⨗㎕䄵⽔᷍㈮㬨䑙㘜⭥ 1927 㛋㰘ⱜ㸍。䅊㑬᱄

䊻䎃⷗。䅊㩰᷍㑠䓴㑇䁈⭥㵔ェ㾵ㆃ㬮⧪㸋㑬⼬㾥⿑㳃᱄㡅䐱᷍ォ䇱⤄ⱘ⭥⤉⼐

㭞㵔ェ㾵ㆃ㬮⭥⤠⳷᷍䄓䇱⼄㩎⡅⭥⥃⤜䓝⹹㻖⭥⤠⳷᱄⭒㦜᷍㸳㗨䐋⭡⤄ⱜ䊻

䎃⷗㲷㔼䐱⟈䁾㑬䄜⷗⳨⧄䐹䄋⭥ㅨ㩌᱄㰜➲䎃⷗⥃⤜䓝⹹㻖䊺⪯㩰㪞⭞㑬䄜⷗

䍽䁈⭥⥄㘇᷍ㅌ㡅㘉㭗㸋᱑⿆⤚䊎㏎᱒᱄⭌㋮⹼⭥ㅓ᷍⭒㸳㏜䇤㼀㾵⫛㭞⭥Ⳟⳉ

㎕㘉㭗㸃⹼㑄䓴⭥䊬Ⱀ᷉㉀㳆㾯㬞㋪䄵㬨㈹䎔㑇䁈᱃㋪䄵㬨⤉Ⱀ㑇䁈᷊᷍ ⭒㸳⧱

㦰䊻㑠䓴㑇䁈䐱⭥⹼⥃㿉䄋〚䇻㵔ェ㎕㆙㾱ㆃ㬮䐏⽔ ⥃᷍⤜䓝⹹㻖㬨䊻㭞䁈㩰㋪

䄵㵧⭝⨗㎕⭥㦘Ⰹ⭥ㆂ⺜᱄䎃㏐᷍㸳㗨㸿㿉䊺➲㸫㳃㿊⿐᷉〓䎀㯖ⶕ䊴⿐᷊᷍ 㩰

㭗⭞䍽䁈⭥ⷀⰩ᱄ 

 

8.4.6 ⮈䓴䓵㿞 

ㅹ䐢㚠㣑 㸳᷍㗨ⷙ⨗⭥㑠䓴㑇䁈㏎㔼䐱ⰵ䇻㸃⹼㑄䓴⭥㘉㭗䄡㦜㈷㻿䇻᱑㉀

䇱㋶ヅ䓵䇪Ⱙ⭥㸃⹼㑄䓴᱒䎃⷗⥄㘇᱄䎃㏐ 㑠᷍䓴㑇䁈⭥㾣㡇䐏⪇㳆㻷䊻⤉Ⱀ㾵᱄

⤉⼐㭞᷍㬨䄜⷗䄡㎖䇻㋶ヅ䔙⢋⭥⤉⼐㭞᱄㰝⭥ㆃ㬮㬨〚䇻㵔ェ⭥᱃゙㔫㾵⭥᱄

䎃䐷᱑㑠䓴⭥᱃ⰵ䇻㸃⹼㑄䓴⭥䊬Ⱀ䁈㘉㭗᱒⤜⺃㬫䇤䇻⮈䓴᷍䄓㬫䇤䇻㡅㰝⭥

㸃⹼㑄䓴᷍⡩㧈䊎䓴⼬᱃⺃䓴᱄䊻㑠䓴㑇䁈⭥䈐䁵䐱᷍㰝㗨䄓䇇ⶤ⡜㘉㭗㸋䄡㎖

㋶ヅ䔙⢋⭥⤉᱄1927 㛋᷍⤄ⱘ⼮➣⡟⼄㚍᷉Julius Robert Oppenheimer 1᷍904ÿ1967

㛋᷊㈮㬨➲䁇Ⰹ䜭Ⳟ⧭䇇䇤⭞⳷䓴㳆㻖᷍㦤㡅㘉㭗䄜⷗䇪⮈䓴᱃䊎䓴⼬㾯⧪⭥ⱁ

㳆㻖㵔䊻㑠䓴㑇䁈⥄㘇⭥䊬Ⱀ᷍㆙ⱙ㳂⨗㑬䑙㘜⭥⤄ⱘÿ➣⡟⼄㚍㆝㯧ᱟBorn᷍

1927ᱠ᱄䐏⽔᷍䎃⷗㆝㯧䄓⼽㌍⧪㸋㑬㸳㗨㏎ㆃ⳷䓴㹐㾵᱃㛞㈼㲍㳆㻖㹐㾵⭥〚

⪂᱄ 
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䎃⷗㤊㌗㧈⺜⿜䄜䐷Ⳟ㬞⢎⫐⭥⿑᷍㋪䓽ㆂ㸋ᷛ䊻 1927 㛋䎃⷗㬒ヅㅻ⮄᷍

䊻㈹䎔㑇䁈᱃⤉Ⱀ㑇䁈ㅉ㑃⽔ 䎌᷍ⰵ㸃⹼㑄䓴⭥㋶ヅ䊬Ⱀ㆙㾱㘉㭗⭥㑠䓴㑇䁈㈮

ㅉ㑃㑬 㰝᷍㬫䇤䇻⟝⼍⮈䓴䊻㚻⭥㰚䇱㸃⹼㑄䓴᱄䎃㏐ ⹹᷍ポ⮄㬨᱑⤉㑄ⱟ㼔㾵᱒᷍

㰝㬨ⰵ㸃⹼㑄䓴᱑䊬Ⱀ䁈᱒㾵䐫⭥䐹㾣⢎⫐᱄᱑⤉᱒䐙⭥㬨䎃㾊㑄䓴⭥㋶ヅ䊬Ⱀ

㉀䇱᱑⤉Ⱀ㾵᱒ᷜ᱑㑄᱒䐙⭥㬨⭒㸳㗨⹹䓃㑄䓴㾵⭥㬒⽓᷍㰝㋪䄵⡜㘉㭗㸋䄜⷗⮄

359᱄䎃㬨ⰵ㸃⹼㑄䓴᱑䊬Ⱀ᱒⭥䄜䐷㶋㦌⤜㵍䇻㈎⮅㑇䁈⭥⢎⫐ 䄜᷍䐷᱑㑠䓴⭥᱒

⢎⫐᱄䊻䎃䐷⢎⫐䐱᷍㸃⹼㑄䓴。⡜㘉㭗㸋㝘㬰㋶ヅ᷉〓䷪㋪ⴓ㯚〚㋶ヅ᷍㧈⺜

㋝㔨㼁ⰵ㔼㾈䇇᷊䐱⭥⤉᱄⭌⡹㿌䄋㯖㘘⭥㬨᷍㰝⭥㑠䓴⭥᱑䊬Ⱀ䁈᱒㾵䐫䐱⿚

䇱䄜⷗䐹䄋⭥㭕㾵㗜䇱⪆ゑ᷍䎃⷗㭕㾵㈮㬨㸃⹼㑄䓴⭥䓵㿞᱄ 

䊻㋧㠶Ⱒ㹐 㸳᷍㗨。㈎⧄㋕⭞㏁㯧䇻⮈䓴᱃䊎䓴⼬䎃䂚⭥㸃⹼㑄䓴⭥᱑䓵㿞᱒

㭕㾵⭥㲷㔼᱄㋝㔨⭞㑠䓴㑇䁈⹹ポ㏎㔼⭥ⳃ䍚᷉⤜⹽㬨⹹䇻⤉㑄ⱟ㼔㾵⭥㏎ㆃ᷍

⿚㬨ⰵ䓵㿞⭥㦰㬗᷊Ⱍ㬨㸈㦧⮈䓴䍚㋋⭥᷍㸳㗨䎃㏐。䁂䋒䄵᱑⮈䓴⭥䓵㿞᱒㸋

㳃㎕㦤Ⱒ䎀㳆。䄜㻣䎃⷗䊻㈎⮅㳆㻖䐱㶋㦌㗜䇱⡜⪆ゑ⭥㸃⹼㑄䓴䊻㑠䓴㑇䁈

⭥㏎㔼⥄㘇㩰⭥䓵䇪Ⱙᷛ䓵㿞᱄㡅㰝⭥㸃⹼㑄䓴᷉⤜䄋㤔㬨〚⡟㑄䓴᷊⭒㦜䄓䇱

䓵㿞᷍㰝⼮᱑᷉ ㋶ヅ⭥᷊⤉Ⱀ㾵᱒䄜䂚᷍㬨㸃⹼㑄䓴⭥䄜⷗㚻䊻㭕㾵᱄㸳㗨䊻䎃

㏐᷍㆗㆗㬨᱑㵉⺞᱒⮈䓴㎕䅞㧌᱑䓵㿞᱒䎃⷗ⶦ㛏᱄ 

䊻䎞㬞㋋㬝⹹䇻⮈䓴䓵㿞⭥㲷㔼䐏㣑᷍㸳㗨⿚䇱㑞⮄㿉䄋㯖㘘᱄⭻䄜⮄᷍㈮

㬨᱑䓵㿞᱒㬨䄜⷗䈌㋶ヅ䓵䇪Ⱙ㶋㦌⤜㵍⭥㦌㾣⭥᱑䊬Ⱀ䁈᱒䓵䇪Ⱙ᱄⹹䇻㰝⭥

䊬Ⱀ䁈⢎㭗⤜⹽㬨䊻㭞䁈㾯㬞㩰⿚㬨䊻㹐㏎㚻⼎㩰 Ⱍ᷍䈌㋶ヅ䓵䇪Ⱙ⭥㑠䓴㑇䁈

㘉㭗㶋㦌⤜㵍᱄䁰ⷒ䅃䅆㩰᷍䎃㭕䇻㼁ⰵ㔼㑠䓴㑇䁈⭥ⳗ⨌᱄䅓⪬᷍䄋㼌㏎ㆃ䓵

㿞᷍ⰵ᱗㑠䓴㑇䁈᱘᱃᱗㦛㔼᱘᱃᱗ⷀ⭩㑠䓴㑇䁈᱘᱃᱗㑠䓴⮈Ⱀ㑇䁈᱘䎃㾊㋯⧭⭥䁈

 
359䎃㬨㸳㗨䊻㋶ヅ㆙㾱⥃㑠䅞㡑⭥㰛㰖⭥ㆂ⺜᱄ 



  

㻑㬨㦧⤜⺞㦆⭥ 360᱄⭌⪴㵉㬗ㅭ⤥䓌㾕⭥ㅨⰩ 㸳᷍㗨䄓⤜㚽⺞䇻䁰ⷒ⭹㎕䓘㤔䎃

㾊Ⰼ㹘᱄ 

〚䇻䎃⷗㋝㔨᷍㸳㗨。⳷㑞⷗⤠⳷㎕䍚㋋⡟ㅻ᱄㬸㻩᷍㬨⹹䇻㦬㗨䊻㏛㬘㩰

㬨㧈⼯㦰㬗⭞䇱᱑⮈䓴䓵㿞᱒䎃⷗㬣㤊⭥ㆊ㩽᱄䎃。㦤Ⱒ䎀ⰵ㚨Ⱟ㏛㬘䇱Ⱟ䎜㳆

⭥㑬ㆃ᱄䐏⽔ 㸋᷍㑬ⷙⰢ䎀䁈㻑㩰㭗㋯⧭㆙㾱䄜Ⰹ⧭Ⱙ⭥㠭⮇⼮ⰵ䓵㿞㰚㳆㻷⨗

㎕⭥㾣⭥᱑䊬Ⱀ䁈᱒㚻㦾㆙㾱㣠⮘᷍㸳㗨䄓。ㅓ䄜㻣⹹䇻᱑䓵㿞᱒䊬Ⱀ㆙㾱㘉㭗

⭥㭞䁈䈐䁵᱄䎃⷗㭞䁈䈐䁵⼮㦬㗨㏜䇤᱑㆗⟝⼍㋶ヅ䔙⢋⭥㻄ⱜ⤏㲹㋶ヅ䐱⭥㬙

㑠᱒㎕㘉㭗㸃⹼㑄䓴䊻㬖㋶ヅ䐱⭥⤉⼐㭞㬨㶋㦌ⰵ䇇⭥᱄㦬㗨㋪䄵➲㰝㏎ㆃ㸋䊻

㬖㋶ヅ⭥〚⪂㩰᷍ゴ㧌䄜⷗⳷㑃⭥᱃ⱟ㸍⭥㼀㾵㋶ヅ㎕㆙䄜⤞㘉㭗䓵㿞䓵䇪Ⱙ᱄

䎃㏐᷍㑞⷗⹹ポ⪫᱄䄜⷗㬨㘉㭗⮈䓴䓵㿞㰄ⴜ⭥᱑ⱟㅸ᱃㒄や᱃ⱓ㗸㈹䎔᱒᷍ 䄜

⷗㬨㘉㭗㡅⢅⿐⭥᱑ⱟ㸍㲹㭃䇰㦛᷉ SU(2)㦛 ᱒᷊᱄㡅䐱 ⽔᷍䎀㼁ⰵⶕ䊴䄜㾊᱄㣑䎀᷍

⿚㬨㋪䄵䇤⡩ㅰビ⭆⭥䈐䁵⤜㣄⧗⺞ⱁ㭞䁈ㆃ㬮㤆⨟⭥᱄䅓⪬᷍⡟ㅻㅌ⳷ᷛ1᷊

⮈䓴䓵㿞䓵䇪Ⱙ⡜ⳃ㻷⭥㏛㬘⺞⧭᷍2᷊㝾㏜㈹䎔⭥䅞㧌䄵ゑ䓵㿞㰚䊭⼎⭥㾣⭥

䊬Ⱀ䁈㚻㦾᷍㑞⷗㾂ㅻ㎕䍚㋋᱄㵍㬒᷍㸳㗨⿚㿉䄋㣠⮘䊻㩰㬡ギⱟ㬏㛋⫛㚊᷍㦬

㗨㆗㆗㬨䊻゙⷗⭒㬒㦰㬗⭹㼁ⰵ⡩ㅰ⼤⭥㳆㻖䐱䅃㬗⭞㑬䓵㿞⭥⫇䊻᷉ ⡩㧈⮈䓴᱃

⺃䓴᱃㤃⳷䓴᷊᷍ ⤃ⰵ㰝㗨㆙㾱㑬䄜Ⰹ⧭Ⱙ⭥㋭⿎᱄ⰵⷝ㸋㠶⢊⭥㸃⹼㑄䓴⭥䓵

㿞䓵䇪Ⱙ⭥䁱㈠䄜䐒⧷㿙⭞㑬㩰㬡ギ䐱䄗ᱟMilner᷍2013ᱠ᱄ 

⭻ⱟ⮄㿉䄋㯖㘘⭥㬨⪴㬒ヅ㯔㿓㩰 㦬᷍㗨⹹䇻䓵㿞⭥㦰㬗䈌㣑㘇ㅓ⭥⤜⟝⼍

䓵㿞㚻㦾⭥㑠䓴㑇䁈⭥㦰㬗㬨㼁⿆⪊⥆⭥᱄⿜㉅⿑㯖 㦬᷍㗨⤃⤜㬨㻩㦰㬗㑬㋶ヅ

䓵䇪Ⱙ㩰⭥㑠䓴㑇䁈䊺㋋㬝㋝㔨䓵㿞䓵䇪Ⱙ㩰⭥㑠䓴㑇䁈⭥᱄⡩㧈 1᷍925 㛋⭥⪛

 
360䎃㾊㋯㬖カ㩰ⱁ㸋䁱㈠㪛㋯⧭᱄䊻⡫䎀Ⱒ㭊⭥㛋⫛᷍⼽㩺䇱㵍䁈䊻⡟㋧䁈㻑㰝㗨᱄⭌䊻㻷䊻䎃
䐷䎜㳆⡩ㅰ᱑㉎᱒⭥⿘㈔㻣᷍⼽ⱁ⡟㋧㪛䄓Ⱍ䄲㈎䁈㑬᱄䇻㬨᷍㸳䊻䎃㏐㳂䄜㾊᱄ 
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㳍᷍㋬㔿㛂ⷒ⼮⼄㩎⡅㵍㬒䊻ⷈ⡟⺟ⷚ⭥⤄ⱜ䁱㈠㰚ⳤ㸫᱄⭒㬒᷍㋬㔿㛂ⷒ䄲㈎

䇱㑬⳨⧄㒏㦬㾬⳽⭥⹹䇻⮈䓴䓵㿞⭥㾣㏎㔼᷉㰅㦜䎃⷗㏎㔼⿚䊗䊗⤜㶋㗡 ᱄᷊㵍

䂚䊻䎃⷗㬒ヅㅻ⮄᷍⼄㩎⡅䄓㳂⨗㑬㈹䎔㑇䁈⭥⼬㾥㯝㼌᱄䇱㦅⭥㬨᷍⤄ⱜ䊻⭒

㬒ⰵ䎃㑞⷗㾣㯝㼌⭥ⳕ䇇㬨㶋㦌⤜䄜䂚⭥᱄㰜㦰㸋⼄㩎⡅⭥㈹䎔㑇䁈⭥㹐㏎䅃䅆

㬨⳨ⳓ⭥ ⭌᷍ⰵ㋬㔿㛂ⷒ⭥䓵㿞㏎㔼㦕⧷䐫䄪㲍Ⱙ᱄䇪䇻㝾㏜䊻䐏㣑䄓ⰵ䓵゛⭥

㏎㔼㳂⨗㑬䐫䄪᷍㋬㔿㛂ⷒ㪖䐢⳦㡛㑬㰜⭥㼌ⳉ᱄㾳䊬⭥㬨᷍㸻㔸⡕㋬᷉George 

Eugene Uhlenbeck 1᷍900ÿ1988 㛋 ᱃᷊ⷀ⭣㬊㗽㲹᷉Samuel Abraham Goudsmit 1᷍902

ÿ1978 㛋 䊻᷊⫔⟌㛋䐏⽔㳂⨗㑬㵍䂚⭥㼌ⳉ ⤃᷍ㅌ㸥䍣䇻 1926 㛋⭸䎞㬞ⳃ⢎᱄䐏

⽔᷍䊻㆗㆗䄜㛋⭥㬒ヅ㚻᷍⮈䓴䓵㿞⭥ⶦ㛏㈮⡜㹐㏎䁈ㆈ⺄ⳛㅴ㬽᱄〚䇻⮈䓴䓵

㿞⭥ⶦ㛏᷍⭳㎎㋬ⷝ㬨䊻 1928 㛋㳂⨗㑬⭳㎎㋬Ⳟ⧭᱄䎃䄓⢋䐟䓦㑠䓴㔼⭞㑠䓴

㑇䁈⭥䓋⢅⭥㶋⧪᷍㹐㏎䁈ⷐ㘝䎞㬞ㆂ㭙᱄ 

8.4.6.1 ⮈䓴䓵㿞䓵䇪Ⱙ⡜ⳃ㻷⭥㏛㬘⺞⧭ 

㸋㑬㈂㑠䓝㦘⤃ビㆁ⭹㘉㭗㤆⨟䎃Ⱟ㏛㬘 㸳᷍㗨㻩⪴㦬㗨㬨㧈⼯⹹䓃䎃⷗䓵

䇪Ⱙ⭥㋋㬝ㆊ㩽᱄䎃⼮㦬㗨䊻㋶ヅ䓵䇪Ⱙ㩰㦰㬗⭞㑠䓴㑇䁈⭥㏛㬘㆙⧭㬨䇱⼽⫔

㼁㯧㾵⭥᷍䄓⼮䎌ⰵ䊎䓴⺃㠸⭥䁱㈠㼁⹹᱄⭌⤜㵍䐏⪇᷍㬨䊻䎃㏐㦬㗨⡹㿌⹹䓃

⪦⧂ⰵ䊎䓴⺃㠸⭥䇑㼍᱄䈌䐏㼁⹹⭥㾈䇇ㅱ㧜㕝㾈䇇᷍㰝㬨 1896 㛋䇪⼪㎝㹐㏎

䁈コ㧝㕝᷉Pieter Zeeman᷍1865ÿ1943 㛋᷊ⳃ㻷⭥᷍㉀㳆⢎㻷㈮㬨㧜㕝⹼⥃⭞⪦

⧂㻣㚧䊎䓴⭥ D 㠸㼀⤜䊺㬨䐏㣑⭥䄜㳖᷍ⱙ㬨㞝㑲㸋㧞㳖ᱟZeeman᷍1896ᱠ᱄

䊻⪬䐏㣑᷍㏁㯧㠸㼀⼮䊎䓴㬨䄜䄜ⰵ䇇⭥᱄⪴ 1860 㛋〚ⱜ〕ⴓ㦰㬗⭞䎃䄜⮄㋋

㬝 㦬᷍㗨㈮㦰㬗⭞㋪䄵〚䇻䎃䄜㻷㼔㆙㾱䊋㯹⳷㹗᱄〚ⱜ〕ⴓ⭥䁈㪛㗦ㅾ㑱ⴓ㪖

䐢⿚〚䇻䎃䐷䁱㈠ㅉ㑃㑬䊋㯹䐽㠻⢎㎕⟐㦬㗨㏎ㆃ⤜㵍䊋㯹⭥㹐㏎䈌⿐䁈㾵䐫᱄



  

䎃㧜㕝䎃㏐᷍㰜㦰㬗⭞ゕ㬚㬨㵍䂚⭥䊋㯹᷍䐜䄋ゴ⪦⧂᷍㠸㼀䄓。ⳃ㪛⢅⿐᱄䎃

㬨⧍⨗㑬⪌㵔⭥䊋㯹⳷㹗⭥㚻㦾᷍䓵㦜᷍䄓。䊭⼎㾣⭥㹐㏎᱄ 

䊻㧜㕝ⳃ㻷㧜㕝㾈䇇䐏⽔᷍㰜⭥㎰㬇㕆㔸䓩᷉Hendrik Antoon Lorentz᷍1853

ÿ1928 㛋 㕎᷊㩰〚䇻㑠䓴⿐⭥⮈䓴⺍⭡⪦㈹ⰵ㡅䊻㏎㔼㩰㆙㾱㑬䄜Ⰹ⧭Ⱙ⭥ㆃ㬮᱄

㰜㗨䄓䅓⪬䄜㡑〒⭤㑬 1902 㛋⭥㝖⡕ⱜ㹐㏎ㅒ 361᱄⭌㿉䄋㯖㘘⭥㬨䊻䎃⷗ㅒ⡜

⟅⤝䐏㣑᷍䊻 1897 㛋᷍➏ⱜ㎝㹐㏎䁈コ㠶㎸㯚ⰺ᷉Thomas Preston᷍1860–1900

㛋᷊㈮䄲㈎ⳃ㻷㧜㕝䔏䋈㋕⭞⭥㚧䊎䓴 D 㠸㼀⭥㞝㑲⤃⳨㧞㳖᷍ⱙ㬨⼽ⱁ㳖᷍

㠸㼀⭥ㆂ⹚䄓⡩㧜㕝䔏䋈⭥⡉⭡ⶕ䊴⼽ⱁᱟPreston᷍1898ᱠ᱄㕆㔸䓩⭥㏎㔼㋪䄵

ㆃ㬮㧜㕝⹼⥃⭞⭥⭥ㆂ⺜ 䅓᷍⪬㦬㗨➲㚨⷗㻷㼔ㅱ䔗䎞⧄㧜㕝㾈䇇᱄ⰵ䇻㕆㔸䓩

⭥㏎㔼ㆃ㬮⤜㑬⭥ⷝ㸋ⶕ䊴⭥䊎䓴⺃㠸㞝㑲㻷㼔᷍㦬㗨⧧䐏㸋ⳕ⧄㧜㕝㾈䇇᱄ 

䎃⷗䄪㸫㎈㦦㑬㦬㗨⼽㈤᷍䐒䐢⮈䓴䓵㿞䓵䇪Ⱙ⭥⨗㻷᷍⤦⭤䄵䔏䐶ㆃ㉗᱄

㠻ヅ 㦬᷍㗨⧃㬵㑬ⷘ䐷䊎䓴㚄㾮 㪖᷍䐢䄓。ㆉ䑛䊎䓴㬖ⱙ⳨ゼ⮈䓴⭥ㅨⰐ㑠㎕㆙

㾱ㆃ㬮᱄䊻䎃⷗⺞⧭䐱 ⤄᷍ⱜÿ㰘㚊⳧㚄㾮⟈䁾㑬⳨⧄䐹䄋⭥ㅨ㩌ᱟSommerfeld᷍

1916aÿ1916bᱠ᱄䊻 8.3.3 ㅻ᷍㸳㗨ㆊ㩽⺞⤄ⱜ⭥䊎䓴㚄㾮᱄䎃⷗⤄ⱜÿ㰘㚊⳧㚄㾮

㬨㰝⭥㪞゗⟇᱄⤄ⱜ㚄㾮ㆃ㬮㤃䊎䓴⳨⧄⧪⹇᷍⭌䊻ㆃ㬮㡅㰝䊎䓴⭥㬒⽓᷍㈮䈗

⭞㑬⤜㩺㎈㚲᱄㡅ⷚ⡟䊎䅓䈌ⰵ⧧㾵㼁⹹᱄䊻㤃䊎䓴㚄㾮䐱᷍⨞㑬䓋Ⱀⰵ⧧㾵᷍

䊎䓴⼬䈌⮈䓴⭥㼁⿆䔘䇤㬧㕛䔄െ1/ݎ䎃䂚䄜⷗㲹㭃⭥㭞䁈㾯㬞᷍䈌⮈䓴䊎䓴⼬

⭥㉁㏌⧪ⳕ⡩᱄䎃⷗㭞䁈㾯㬞。㦤⮈䓴⺍⭡⭥ⰵ⧧㾵⪴䓋Ⱀ㦛⭥ SO(3)⢅⧪䄜⷗

 
361㰜㗨⭥〒ㅒ⪫㬨ᷛin recognition of the extraordinary service they rendered by their researches into the 
influence of magnetism upon radiation phenomena᱄䇇ⶤ㯖᷍䊎䓴⺃㠸⭥㶃⧂⭥㼍䇇䎃䐷㻷㼔䄜Ⰹ㬨
䊭⤹㾣㹐㏎⭥᱄㒎䄜⷗㑄䓴㈮㬨㯚㰟㋬㾈䇇᷍㰝䇪⭣⺛㹐㏎䁈コ㯚㰟㋬᷉Johannes Stark᷍1874– 
1957 㛋᷊䊻 1913 㛋ⳃ㻷᷍㰜䄓䅓⪬〒⭤㑬 1919 㛋⭥㝖⡕ⱜ㹐㏎ㅒ᱄㯚㰟㋬⭥〒ㅒ⪫㬨ᷛfor his 
discovery of the Doppler effect in canal rays and the splitting of spectral lines in electric fields᱄⪴䎃㾊ㅒ
㼏⭥㦘Ⰹ᷍Ⱒ䎀䄓㋪䄵ⶱ㬽⭞᱑⧂䈌㹐䐫⭥㼁⿆䔘䇤᱒䊻㹐㏎䁈䐱⭥⭹㸜᱄ 
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ⰵ⧧㾵ⷝⷀ⭥ㅱ䔗 SO(4)⭥ⰵ⧧㦛᷉ 㵝 8.18 ᱄᷊䎃䄓㦤㼁ⰵビ⭆⭥⤄ⱜ㚄㾮䊻䎃⷗

㳆㻖䐱⳨⧄㬫䇤᱄⭌㡅㰝䊎䓴⭥㶃⥄⮈䓴⼮䊎䓴⼬⭥㼁⿆䔘䇤䅓㸋㬶⭞㑬㚻⥄⮈

䓴⭥㠢⡯ ⤜᷍䊺㕛䔄െ1/ݎ䎃䂚䄜⷗㉁㏌䄡㎖⹹㻖᱄䈌䐏㼁䇇 ⮈᷍䓴㚽゗⭥㚽㑠⤜

⺃䄡㎖䇻䑘㑠䓴㭞 n᷍⿚䄡㎖䇻ㅨ㑠䓴㭞 l᱄ 

 
㵝 8.18 䊻㬧㚽㕛䔄െ1/ݎ䎃䂚䄜⷗㲹㭃㾯㬞⭥䐱㾥㑇⧂㳆㻖᷍㻖㵔⭥ⰵ⧧㦛⤜㬨ビ⭆⭥䓋

Ⱀ㦛 SO(3)᱄䊻㉀䇱䓋Ⱀ㦛 SO(3)ⰵ⧧㾵⭥㳆㻖᷍㹐㏎㩰⭥㬹⽄㑠㆗㆗㬨㚽㑠᱃䓽ㅨⰐ㑠᱃

䄵ゑ䓽ㅨⰐ㑠䊻㚔⷗Ⳟ㼓⭥⳷㑠᱄䅓⪬᷍䊻⤄ⱜÿ㰘㚊⳧⭥䊎䓴㚄㾮䐱᷍䇱 n᱃l᱃m 㧞⷗

㑠䓴㭞᱄䊻㉀⡙െ1/ݎ䎃䂚䄜⷗㬧㚽㼏⭥䐱㾥㑇⧂㳆㻖᷍⨞㑬䎃㾊㬹⽄㑠᷍⡟㵝䐱⭥⽍㩌マ

㵘⢋⨗⭥㬙㑠ܣԦ䄓㬹⽄᱄㦬㗨㦰㬗⭞䎃⷗㬹⽄㑠⭥⫇䊻㈎㏛㑬䄜➺ⱁ㛋᷍⪴ 18 㬡ギ㚊᱃19

㬡ギ⨖⭥㎎㠶㎎㯚᷉Pierre-Simon Laplace᷍1749-1827 㛋᷊㋋㬝᷍⭞ 20 㬡ギ⨗⭥㒛ⷒ᷉Carl 

David Tolmé Runge᷍1856᷎1927 㛋᷊⼮㏄⪯᷉Wilhelm Lenz᷍1���ÿ���� 㛋 ᱄᷊䅓⪬᷍䎃⷗

㬹⽄㑠䄓ㅱ䔗 LaplaceÿRungeÿLenz 㬹⽄㑠᱄㉀䇱䎃⷗㬹⽄㑠⭥㳆㻖㈮㬨㤃䊎䓴᷍ⷝⷀ⭥ⰵ

⧧㾵䄓⡄䍰㑬ⷝⷀ⭥㚽㑠ビ⤃Ⱙ᷍䎃䄓㬨㸋㬓㗕⡩⤄ⱜÿ㰘㚊⳧⭥䊎䓴㚄㾮ⷝ㸋ビ⭆⭥⤄

ⱜ䊎䓴㚄㾮㋪䄵䊻㤃䊎䓴䐱〒⭤⧪⹇⭥䊎䅓᱄ 

 

䎃㬒᷍㧈⺜䊺ゴ㩰㶃⪦⧂᷍ㅨ㑠䓴㭞䊻㚔⷗Ⳟ㼓⭥⳷㑠 m 䄓。㡑䔘䇤᱄䅓

⪬᷍⪦⧂䐱ゕ㬚䐜㋝㔨⮈䓴⭥㋶ヅ䓵䇪Ⱙ᷍㡅㚽㑠Ⱍ。䄡㎖䇻 n᱃l᱃m 䎃㧞⷗㑠

䓴㭞᱄䎃㧞⷗㑠䓴㭞㣂㣂㎕䓵䇻㋶ヅ⭥㧞⷗䓵䇪Ⱙ᱄䊻⤄ⱜÿ㰘㚊⳧⭥䊎䓴㚄㾮

䐱 㰝᷍㗨㋪䄵⡜㋝㔨᱄䅓㸋䎃⷗䊎䅓 䊻᷍ⱟ㬏㬡ギ⭻ⱟ⷗㬏㛋⭥⽔⟌⤠⳷⼮ 20 㛋



  

⫛㋋㬝⭥㬒⽓ 䄵᷍㰘㚊⳧㋯㳃䔊㸋䐱㾥 㦬᷍㗨㆙㾱㑬⼽ⱁ⭥⹹䇻ⳕ⧄㧜㕝㾈䇇⭥

䁱㈠ᱟDebye᷍1916ᱠᱟLande᷍1921ᱠᱟLande᷍1923ᱠᱟSommerfeld᷍1923ᱠ᱄⡩

㧈᷍䇱⭣➾᱃㎫⭣᷉Alfred Landé᷍1888–1976 㛋 ᱃᷊㝾㏜᱃⼄㩎⡅᷍Ⱍ㬨㰜⭥䁈

㪛᱄ 

䊻㰚䇱䎃㾊⹅䔘䐱 㵜᷍㠧㾵⭥㦰㬗 㚠᷍㣑㦬㗨㦰㸋㬨㎕䓵䇻 1922ÿ1923 㛋㠻

ヅ㰘㚊⳧᱃㎫⭣᱃㝾㏜⭥⼰䔘 362᱄䎃㾊⼰䔘㦤㰜㗨㋋㬝㦰㬗⭞ⶉ䑛㑠䓴㭞ⰵ㏎ㆃ

ⳕ⧄㧜㕝⺃㠸⭥䐹䄋㾵᷍䄓㈮㬨䐏㣑⭥ n᱃l᱃m ⤜⹜㑬᱄⭌㋋㬝᷍㰜㗨㦰㸋䎃⷗

ⶉ䑛㑠䓴㭞䈌䊎䓴㬖䇱⹹᱄1924 㛋⭸ 㝾᷍㏜䅃㬗⭞䊎䓴⭥ㅨⰐ㑠䐜㚽㎕䊕䇻㶃⥄

⮈䓴᷍ⴒ䋓㧜㕝㾈䇇⳷⥇⭥㌎Ⱙ㈮ㅌ䄡㎖䇻䊎䓴㿓㭞᷍ⱙ䎃䈌㬣㬖⤜ⴜ᱄⭌㝾㏜

㗜䇱㶚䓵㿞䎃⷗Ⳟ㼓㆙㾱㯝㋝᱄1925 㛋᷍㎕䓵㗡⺛⭥㛋㤂䁈㪛㋬㔿㛂ⷒ᷉Ralph 

Kronig 1᷍904–1995 㛋᷊ⳤ㸫䄲㈎䊻㵝⢗ⷚ⫔䁈㦯䐑⭥㎫⭣ 363᱄㎫⭣㼓㰜䍚㬟㑬

㝾㏜ⷙ䓵゛⭥㾦ミ᷍㡅䐱㳂⭞䊻ㆃ㬮ⳕ⧄㧜㕝㾈䇇⭥㬒⽓᷍n᱃l᱃m 䐏㶃⭥⭻㯥

⷗㑠䓴㭞⤜㚽⺊䇻䊎䓴㬖䎃䂚䄜⷗⹼⮄᱄ォ㦜㎕䓵䇻ゼ⮈䓴 ㋬᷍㔿㛂ⷒ㕎㩰㼌⭞

 
362㝾㏜⭒㬒ⶶⶶ⪴㰘㚊⳧䔊㏐㚤⭞⤊㬠䁈㸜⡰䄖᷍⼄㩎⡅⿚㬨䁈㪛᱄㎫⭣⡰䄖⭥䄋䋈䄜㾊᱄⭣➾
⡩㰜㗨⫔⼽ⱁ᷍䎃⷗㬒⽓䄲㈎䊻ⷈ㵃ⷚ䔗⺞ㅭ㬻䓋⭞㯶㏉㬡㏎⹅䁈䊛⭥ㅭ㬻㑬᱄䅓⪬᷍䊻 1922ÿ
1923 䎃㑞㛋᷍䑘䄋㬨㎫⭣᱃㝾㏜᱃⼄㩎⡅䊻䔗᱄ 

 
363䎃㏐䇱㑞⮄㋪䄵㯖㘘᱄⭻䄜⮄᷍䊻㩰㬡ギ⭥ 20 㛋⫛᷍㗡⺛䔏⼤⭥⤊㬠㪛䊻⡰䄖䐏⽔⭞㝘䐿䇯
䁈㬨䄜⷗㬒㩱᱄㼒㣑㘇㳂⭞⭥⡌㑷᱃➣⡟⼄㚍᱃㎎⡩᷍䄵ゑ䎃㏐⭥㋬㔿㛂ⷒ᷍Ⱍ㬨㡅䐱⭥⫛⢎᱄
㰜㗨⪴㝘䐿䇯䁈⿹㦆䐏⽔᷍ㅌ䔏㻩㆙⭥㑠䓴㑇䁈᱃㵔ェ㹐㏎⫙⿹㗡⺛᱄ゴ䐏䄜㾊㝘䐿㋧䁈コ⭥ゴ
㗬᷉⡩㧈➏䅓㯚㲚᷍䄵ゑ⽔㘇䄋㳂⭞⭥㸻㔸⡕㋬᱃ⷀ⭣㬊㗽㲹᷊᱃ⱟ䍞ⰵ㝘䐿⭥⿺㘑㾵⫓〘᷍㗡
⺛䊻ⰭⰭ㬏゙㛋㬒ヅ㚻䄜䊟⧪㸋㦌㬡ㆈ⭥㋧䁈䐱㾥᱄⭻ⱟ⮄ ㎫᷍⭣䊻 1921 㛋䋙㈎⡜㝢㾭᷉ Friedrich 
Paschen 1᷍865ÿ1947 㛋᷊㦩㤊⭥䂜㤌⭞㵝⢗ⷚ⫔䁈⹅䔘᷍㎫⭣䄓ㅴ㬽㑬䂜㤌᷍⤃䊻㚨㏐⹅䔘㑬䄜
Ⱟ㬒ヅ᱄⭌㈾㎫⭣⡟㦬⭥⿹䅅᷍㚨Ⱟ㈎㏛⼽㵕㌁᱄㵝⢗ⷚ⫔䁈⭥ㅭ㬻㸐䊒。䐱᷍䇱䄜⟐⳨⧄ⳕⰵ
㠙䇤㰜⭥㦬᱄䎃㾊㦬㦰㸋㰜ォ㬨䇭㲌㦬᷉⭒㬒⭥⭣⺛㬨ⳕ䇭⭥᷊䇷㬨⹓⥛䑘䅆䎀᷉䎃⷗䄓㬨⭒㬒
⭥䄜⷗㪈。㻷㼔᷊᱄㎫⭣⧱㦰䓵゛⭥䇭㲌䁋㵔᷍⭌㰜䋈䄲⳦㡛㑬䇭㲌ㅭ᷉㏁㯧⭥㬣㤊䄓ⳃ㪛䊻⤄
ⱘ㪎㩰᷍䎃㬨⭒㬒䄜㞛⭣⺛⭥䇭㲌㋧䁈コ⭥㵔䄜㸫㳃᷍㰜㗨ⷝ㦰㵍䓵゛㬨⭣⺛㦬᷍⭌㦵䅓㸋䁋䊖
⡜㝦⨃᷊᷍㵍㬒㰜䄓ⴒ㦰䓵゛㬨⹓⥛䑘䅆䎀᱄㩰㬡ギ 20 㛋⫛㚊᷍㎫⭣ⳤ㸫㗡⺛⽔᷍䁙㯺䁂䋒䊻
㚨㏐㪛』᱄䅓⪬᷍⼽ⱁ㸥㻸ㆊ㩽㎫⭣⭥㬒⽓᷍㈮㬨 German-American Physicist᱄䎃⷗᷍⼮⤄ⱘ᱃⼄
㩎⡅᱃㝾㏜㰜㗨⭥ㆊ㩽Ⳟ㬞㬨⼽⤜䄜䂚⭥᱄ 
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㧈⺜⤜➲⮈䓴⭒䔘⮄⮈⼪ 㰝᷍䓵゛㬨㋪䄵䇱䄜⷗䓵㿞䓵䇪Ⱙ⭥᱄䐜䄋ㅌ䎃⷗䓵䇪

Ⱙ㑠䓴⿐ ⤃᷍㵉⺞䄵⮈䓴㸋䐱㾥⭥䔙⢋㻖䈌䄵䊎䓴⼬㸋䐱㾥⭥䔙⢋㻖㆙㾱䔙⢋⢅

⿜ ㈮᷍㋪䄵䅞㧌䄜⷗䓵㿞ÿ⺍⭡墏⼰㼏 ㎕᷍ⰵⳕ⧄㧜㕝㾈䇇㆙㾱䄜Ⰹ⧭Ⱙ⭥ㆃ㬮᱄

⭒㦜᷍䎃⷗ㆃ㬮⤃⤜㶋㗡᱄⡩㧈᷍㋬㔿㛂ⷒ㰄⨗㎕⭥㞝㑲䐖㬨㬖䂊䐖⭥䄜⟌᱄⤃

㣳䎃⷗⥏⢑㬨㻖㵔㾵⭥᷍⤜䄡㎖䇻⭞⭸㬨㚥⷗㉀㳆⭥㚽゗᱄ 

⭒㋬㔿㛂ⷒ㕛⿔㠻⫞䍳⭞㝾㏜㆙㾱㲷㔼⭥㬒⽓ 㝾᷍㏜ⰵ㰜䎃⷗㼌ⳉ䇷㳂⨗㑬

ⷝⱁ⭥䐫䄪᱄㝾㏜⭥㏎䇪⳨⧄ビ⭆᷍㋪䓽ㆂ㸋㑞⷗᱄䄜⷗㬨㣑㘇㳂⭞⭥㏎㔼䐖㬨

㬖䂊䐖⭥䄜⟌⭥㸫㳃᱄㒎䄜⷗᷍㬨⭒㬒㦬㗨䐋⭡⮈䓴⭥⟌㈗⫔ⶦ⭥⹡ェ㬨10ିଵହ

㗸᱄ⰵ䇻䎃䂚䄜⷗⨀⫈⭥⫙⮄㤓㳆 㧈᷍⺜㼌⥛㪛ㆃ㬮ⳕ⧄㧜㕝㾈䇇㰚㿉䄋⭥⪦㈹᷍

㚨㗕䎃⷗㤓⭥⢀䊖⭥䓋Ⱀ㯺㔫㿉䄋⡩⺃㯺⫔䄜⭞㑞⷗㭞㑠゗᱄䎃⷗㬨⤜ⴜ⼰㻢䅆

㼁ⰵ㔼⭥〚⡟ズ㪉⭥᱄⽔㎕ 䇱᷍㦬㯖㝾㏜䊻⭒㬒㈮䅓㸋䎃㑞⮄䅃㬗⭞㑬䎃⷗䓵䇪

Ⱙ䅃䅆⳨ⳓ ⤃᷍㣳㦰㸋㰝⡟䐫㩰䄜Ⰹ㬨㗜䇱㈎⮅ⰵ䇇⭥ 䐜᷍㬨㰜⭥䓘㤔㶋㗡⭥㾵

ⷒ㦤㰜⤜㚽䊿㵍㋬㔿㛂ⷒ⭒㬒ⰵ⮈䓴䓵㿞⭥㔵㻵㈎⮅⭥㘉㭗᱄⭌䔘㸋䄜⷗㏛㬘㬣

㬖᷍㈮㬨㋬㔿㛂ⷒ㪎㸋䄜⷗ 21 㰋⭥㾂【᷍䊻⭒㬒㦘㬖⼽㬽⫍᱄䐏⽔᷍㋬㔿㛂ⷒ

ㆂ㭙㑬ⰵ㵝⢗ⷚ⭥ⳤ㸫᷍㎕⭞ⷈ⡟⺟ⷚ᱄䊻䎃㏐᷍㋬㔿㛂ⷒ⭥⹼⮄㵍䂚䋃⭞㑬⤄

ⱜ᱃⼄㩎⡅᱃㋬㎎㚍㯚᷉Hans Kramers᷍1894–1952 㛋᷊⭩㦬⭥㏅䈗᱄㣑㘇㳂⭞

⺞ 䎃᷍⷗㬒ヅ⮄㣂㣂䄓㬨⼄㩎⡅㳂⨗㈹䎔㑇䁈⭥⹹ポ㼌ⳉ⭥㬒ヅ⮄᱄㋝㔨⭞㋬㔿

㛂ⷒ䐜㬨䄜⷗⪴㗡⺛⺞㎕ㅜ㒘䁈㻑⭥㾂【ⱚ 䐏᷍㣑⤃㗜䇱䊻䎃⷗㦛㳆䐱ㅉ㑃㰚㸞

⭥䁈㭖㾦䈟᷍⤄ⱜ᱃⼄㩎⡅᱃㝾㏜᱃㋬㎎㚍㯚⭩㦬〓㿎䊻㾥㏎㩰䇱㤂㬴㡅㼌ⳉ⭥

㤄㼓 364᱄㵍㬒᷍㋬㔿㛂ⷒ⡟㦬䄓⿚㬨㲌㛋㤂᷍䅓⪬㗜䇱ヂ⧷᷍䎃䄓⭝䐣㰜䔏䐶㗜

 
364⡰㈚⼽ⱁ㋧䁈⭥㯝㼌䊻㳂⨗⭥㚨䄜㋭Ⱍ⤜㬨㶋㗡⭥ 㦰᷍㋪㯝㼌䊗⡩㦰㋪ㆂ⺜䐹䄋 ㈮᷍㼒㰜㗨㦰
㋪⼄㩎⡅⭥㈹䎔㑇䁈㏎㔼᷍䊻㳂⨗⭥㬒⽓䄓⤜㬨㶋㗡⭥᷍⭌㰜㗨㦰㋪⼄㩎⡅⭥㯝㼌᱄ 

 



  

䇱ㅌ㰜⭥䎃⷗㼌ⳉ㾕⧪㸥䍣⤃ⳃ⢎᱄䎃㸿䄪᷍㬨䄜⷗⳨⧄㒏㦬䄦⼗⭥㉗Ⰹ᱄ 

㆗㆗゙⷗䊣䐏⽔ 1᷍925 㛋㻥 䊻᷍⼪㎝⭥㎔ⰺ⫔䁈 ➄᷍㔸Ⳳ㯚㲹⭥㑞⷗䁈㪛㸻

㔸⡕㋬᷉George Eugene Uhlenbeck 1᷍900ÿ1988 㛋 ᱃᷊ⷀ⭣㬊㗽㲹᷉Samuel Abraham 

Goudsmit᷍1902ÿ1978 㛋᷊⹹䓃㑬㵍䂚⭥㸫㳃᱄㰜㗨䄓䓃䅃⭞㑬㝾㏜⭥⹹䇻⭻㯥

⷗䓵䇪Ⱙ⭥㏎㔼᱄䐏㣑᷍㰜㗨ⰵ㑠䓴㏎㔼㈮䇱᱑㗠⷗㑠䓴㭞Ⱍⰵ䇇䄜⷗䓵䇪Ⱙ᱒

䎃䂚䄜⷗㏎ㆃ᱄䅓⪬᷍㰜㗨㦰㸋䎃⭻㯥⷗㑠䓴㭞ォ㦜⼮ゼ⮈䓴㼁⹹᷍㚨㗕ゼ⮈䓴

⡹㦜䇱⷗㦬㗨䐏㣑⽗㔵⮕⭥䓵䇪Ⱙ᱄ⰵ䇻⮄⮈⼪ 㝘᷍㬰㋶ヅ⭥㧞⷗䓵䇪Ⱙ㈮䄲㈎

ⰵ䇇㑬 n᱃l᱃m 䎃㧞⷗㑠䓴㭞᱄㚨㗕⭻㯥⷗㑠䓴㭞䄜Ⰹ㬨䄋⧍䊞᱑⮈䓴㬨⮄⮈⼪᱒

䎃䂚䄜⷗᱑䊬Ⱀ䁈㘉㭗᱒⭥᱄⼽䓵㦜᷍㰜㗨䄓㼌⭞㑬䓵㿞᱄䐜䄋ㅌ䓵㿞䓵䇪Ⱙ㑠

䓴⿐ ⳕ᷍⧄㧜㕝㾈䇇㈮䇱㋪㚽⡜ⷝ⼤⭹ㆃ㬮᱄〚䇻䎃䂚䄜⷗㏎ㆃ 㰜᷍㗨䊻 1925 㛋

㶋⧪㑬⹹䇻⮈䓴䓵㿞⭥㏎㔼⹅䔘᷍⤃䇻 11 䊣ⳃ⢎䊻䄜⷗⭣㸥䊴䐟< 

Naturwissenschaften >᷉㸳㗨Ⳏ䅌㸋᱗䓵㦜㋧䁈᱘᷊ 㩰 365ᱟUhlenbeck᷍1925ᱠ᱄ 

1925 㛋 12 䊣᷍㎔ⰺ⫔䁈㈺⟍㑬䄜⷗㤍䓄㕆㔸䓩〒⭤⤊㬠䁈㸜 50 䐽㛋⭥』

Ⱀ᱄䊻䎃⷗』Ⱀ䐱᷍➏䅓㯚㲚ⰵ㸻㔸⡕㋬᱃ⷀ⭣㬊㗽㲹⭥⹅䔘㆙㾱㑬⹥㏙ᱟⶖ⼄

⿵᷍2002ᱠ᱄䇱㦅⭥㬨᷍䊻⤄ⱜ᱃⼄㩎⡅䇷䄜⪯㳞⭞䈌㋬㔿㛂ⷒ㏁㯧⭥㼌ⳉ⭥㬒

⽓ 㰜᷍㗨Ⱍ䁂䋒㑬䄜Ⰹ⧭Ⱙ⭥ㅴ㬽 㰅᷍㦜䐏㣑㋬㔿㛂ⷒ⭥㏎㔼䐱⭥㑞⷗㸫㳃䄡㦜

⫇䊻᱄䅓⪬ ⤄᷍ⱜ䄓䈌㸻㔸⡕㋬᱃ⷀ⭣㬊㗽㲹㆙㾱㑬㆙䄜⤞⭥ㅜ㒘᱄⭌䄦⼗⭥㬨᷍

㝾㏜䄡㦜ヂ⧷䐏㣑⭥㼌ⳉ᱄1926 㛋 2 䊣 N᷍ature 䊴䐟㋐⭨㑬㸻㔸⡕㋬᱃ⷀ⭣㬊㗽

 
365䎃⷗⺞⧭䐱 ➄᷍㔸Ⳳ㯚㲹ⰵ䇻䎃㑞⷗㛋㤂㦬⭥㾣㼌ⳉ㬝䐶㬨䐈⧷⭥᱄㰜䄓⫙䓦䎃㑞⷗㛋㤂㦬䍳
㑬㕆㔸䓩᱄㕆㔸䓩䊻⼽㦰䎇⭹㳞㦂㑬㰜㗨⭥㼌ⳉ⽔ ⤃᷍㗜䇱㕎㩰ⷙ⫑ⶕ ⱙ᷍㬨ⷛ㰜㗨㯖䓵゛䄋㼌
䄜Ⱟ㬒ヅ᱄䊻䎃⷗⺞⧭䐱᷍㸻㔸⡕㋬⼮ⷀ⭣㬊㗽㲹㶋⧪㑬⭻䄜㠋㸥䍣⤃㆙㾱㑬㵗ⷆ᱄䐏⽔᷍㕆㔸
䓩ⰵ㰜㗨㆙㾱㑬⿹ⶕ᷍⪴㈎⮅⮈Ⱀ㑇䁈⭥ㅨⰩ㳂⨗㑬⤜㩺㸫㳃᱄䎃㑞⷗㦬⭒㬒䄓㼌⺞⧘ⷆ᱄⭌➄
㔸Ⳳ㯚㲹ⰵ㰜㗨㯖⭥㬨᱑㛄㗨㛋㤂᷍ⳙ㾊⫎㹔㗜㬓㗕᱒᱄㏁㯧䎃䐷⟝㦾㾵⭥㲍Ⱙ᷍䊻⡫䎀㋕㎕㬨
⼤⭝㬇⭥䄜⷗䐹䄋⢋䓝᱄ 
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㲹䈌⤄ⱜ㈮䓵㿞ⶦ㛏㆙㾱㲷㔼⭥䇫ミゑ㠡㔼ᱟUhlenBeck᷍1926ᱠ᱄ 

㵍䂚䊻䎃⷗㬒ヅ᷍㎕䓵䇃⺛⭥㵱㕎㯚᷉Llewellyn Hilleth Thomas᷍1903–1992

㛋᷊㵉⺞䅞㧌㼁ⰵ㔼㾈䇇᷍ㆃ㉗㑬㏎㔼䐖䈌㬖䂊䐖㼁⥏䄜⡗⭥㸫㳃ᱟThomas᷍

1926ᱠ᱄䐢䇻㈎⮅㵝㼒䐱⮈䓴㤓⢀ㆈ⭥㯺Ⱙ䄡㦜⧍⺞⺃㯺᷍㚨䈌㑠䓴㑇䁈⭒㬒⭥

㸫㳃䄜䂚᷍㭕䇻᱑䊬Ⱀ䁈᱒Ⳟ㘇⭥㾣㚻㦾᷍⤃⤜䇑㼍⹼⥃᱄䐢⪬᷍⮈䓴䓵㿞䎃⷗

ⶦ㛏⡜㹐㏎䁈ㆈㅴ㬽᱄㦬㗨䄓㋋㬝䎌ⰵ㰝㆙㾱ⷘ䐷㏎㔼䈌㬖䂊⭥㪏㧌䁱㈠ ⟝᷍㎉

1927 㛋㝾㏜㵉⺞㝾㏜㈹䎔ㅌ䁇Ⰹ䜭Ⳟ⧭⢅㸋㑞⳷㑠Ⳟ⧭㆙ⱙ㘉㭗䓵㿞-⺍⭡墏⼰

⭥⹅䔘ᱟPauli᷍1927aᱠ᱃㵍㠻⫐ⱜ㸥⭥㏁㯧⹅䔘ᱟDarwin᷍1927ᱠ᱃1928 㛋⭳㎎

㋬⭥㼁ⰵ㔼⤉ⰐⳞ⧭ᱟDirac 1᷍928ᱠ᱄䎃㾊㚻㦾 ゴ᷍㩰䐏㣑䄲㈎⫇䊻⭥ 1924 䈌 1926

㛋Ⳳ㗸⼮⭳㎎㋬㶋⧪⭥⹹䇻Ⳳ㗸ÿ⭳㎎㋬⳷⤝⭥⹅䔘ᱟFermi 1᷍924ᱠᱟDirac 1᷍926ᱠ᱃

1925 㛋㝾㏜㶋⧪⭥⤜㼁㦾䊎㏎⭥䁱㈠ᱟPauli᷍1925aÿ1925bᱠ᷍㸳㗨ㅭ㋧㭊䐱㈎

⧄⧫㻷⭥⹹䇻⮈䓴䓵㿞⭥〚⡟㚻㦾㈮〚⡟⧪㾮㑬᱄ 

䔏⽔᷍㿉䄋㯖㘘⭥㬨䊻⼽ⱁ⤥㑰㩰㦬㗨。㵉⺞ㆊ㩽 1921ÿ1922 㛋⭥㬊㲹ⱘÿ

ⷒ㎎⼶㬖䂊᷉ SternÿGerlach Experiment ㎕᷊䅞㧌⮈䓴䓵㿞ᱟStern 1᷍921ᱠᱟGerlach᷍

1922aÿ1922cᱠ᱄⭌㬖カ㩰 䊻᷍䎃⷗㬖䂊䔏⨖⭥㏎㔼ㆃ㬮䐱 ⤃᷍⤜㣄⧗⭞⮈䓴⭥䓵

㿞䓵䇪Ⱙ᷍ⱙ㬨〚䇻㑠䓴⿐⭥⺍⭡ㅨⰐ㑠㎕㆙㾱⭥᱄㻷䊻᷍㦬㗨㻑⺀䇻⪴䎃⷗㬖

䂊⨗ⳃ㋋㬝ㆃ㬮⮈䓴䓵㿞䓵䇪Ⱙ䈌㑠䓴㑇䁈〚⡟䊎㏎⭥ᱟSakurai᷍2017ᱠᱟ㰐⥞

冒᷍2024ᱠᱟ⤽㤍⽋᱃䂏㏏㑷᷍2025ᱠ᱄⪴䐋㬗⪌⤆⭥ㅨⰩ᷍䎃⭒㦜㬨⳨⧄ⷀ㾈

⭥᱄⭌㸋㑬㚽⹜㦤Ⱒ䎀ⷝゴ䓝㦘⭥㑬ㆃ䎃Ⱟ㏛㬘⤃䊻䄵⽔⭥㏁㯧⿘㈔䐱㆙㾱㼁㵍

⭥㯝㋝᷍㸳㗨䊻ㅴ㬽䎃䐷㏜䇻䐋㬗⪌⤆⭥䔗ⳉ㬒᷍䄓⡹㿌➲䎃㾊㻙ㅻㅜ⫛㤆⨟᱄ 

㵍㬒᷍㸳㗨䄓㿉䄋㯖㘘䎃⷗㬊㲹ⱘÿⷒ㎎⼶㬖䂊⡟㪎䄓㗜䇱〒⭤㝖ㅒ᱄㯚㲹

ⱘ᷉Otto Stern᷍1888–1969 㛋᷊䊻 1944 㛋〒⭤㑬 1943 㛋⭥㝖⡕ⱜ㹐㏎ㅒ᷍㰜⭥



  

〒ㅒ⪫㬨ᷛfor his contribution to the development of the molecular ray method and his 

discovery of the magnetic moment of the proton᱄ⱙⷒ㎎⼶᷍䋓㬝䐶㗜䇱〒⭤㝖ㅒ᱄

㩰㘇䎃㾊䊻⮈䓴䓵㿞ⳃ㻷⺞⧭䐱㡑⭞⹹ポ䔘䇤⭥㹐㏎䁈コ㗨 㰜᷍㗨䇱⤜㩺㬨〒⭤

⺞㝖ㅒ⭥᷍⭌⭤ㅒ㏎䇪Ⱍ⤜㬨䓵㿞᱄㸻㔸⡕㋬᱃ⷀ⭣㬊㗽㲹䄓䄜䐒Ⱍ㗜䇱〒⭤㎕

䓵㝖ㅒ㸐䊒。⭥㦰㋪᱄䔘㸋䄜⷗⪴㬣㹐㏎䁈䁱㈠㧕ⶪ㛋⭥䄜⷗㋧䁱㦬䊒 ⡫᷍䎀㚽

⹜ⶱ㬽⭞㸳㗨⭥㘒䐻ⰵ㝖ㅒ⭥㋫㶜᱄㧈⺜ㅌ䎃䐷㋫㶜㋕䔘㬨ⰵ㋧䁈㈌㪒⭥㋫㶜᷍

⡫䎀㋰Ⰹ㬨⳨⧄㦰㵍⭥᱄⭌⼽ⱁ㬒⽓ ⡫᷍䎀䄓㚽ⶱ㬽⭞⼽ⱁ㬒⽓㸳㗨⭥㬖カ㤊㌗

⤃⤜㬨䎃䂚 ⰵ᷍㬡㯸㦺䈟⭥㋫㶜〓㿎䍝㈾㑬ⷝ⫔⭥⡩䐹᱄䎃㈮㬚㸳㗨⭥㋧䁈䁱㈠

㶋㦌㠌㏌㑬⡟㭊㣠⮘⭥䓵㦜䍽䁈᱃㹐㏎䁈⭥⡟䐫᱄⮈䓴䓵㿞᷍䊻⡫䎀㋕㎕㬨䄜⷗

れ㡅㪏㋭⭥㹐㏎䁈㚻㦾᱄⡟㾂ㅻ㳂⭞⭥䎃㾊⹅䔘 䄓᷍Ⱍ㬨䅃䅆䊗⫔䇻㼁⹹㦺䈟⭥

⹅䔘᱄䐖⭤㸳㗨㕞㕞㠘㸗᱄ 

 

8.4.6.2 㝾㏜㈹䎔⭥䅞㧌䄵ゑ䓵㿞㰚䊭⼎⭥㾣⭥䊬Ⱀ䁈㚻㦾 

䊻ㅓ㶋㩰㭗⹫㬣䐏⽔ 䔘᷍㸋⪴㬣㹐㏎䁈䁱㈠⭥ㅭ䁱㦬䊒 ⡫᷍䎀⿚㬨㦭⤜䓂㼌

ビ⭆ㆃ㬮䄜㻣䓵㿞㸋㬓㗕㪒㡇ᷠ㰝㬨䋖䂚㎊䍚㑬㑠䓴㑇䁈⡔⽔⭥᱑䊬Ⱀ䁈᱒㚻㦾ᷠ

䄵ゑ㧈⼯䇤㭞䁈㎕㘉㭗䎃⷗㦌㾣⭥䓵䇪Ⱙ⭥ᷠ䎃㈮➲㸳㗨⫙⭞㑬⡟㾂ㅻ⭥⭻ⱟ

⤠⳷᱄ 

䎃㏐䇱㯥⷗⹹ポ⪫ᷛ㝾㏜㈹䎔᷉Pauli Matrix ᱃᷊ⱟㅸ㒄やⱓ㗸㈹䎔᱃ⱟ㸍㲹㭃

䇰㦛᷉SU(2)㦛 ᱃᷊㿞㑠⤉⼐㭞᷉spinor wave function ᱄᷊㰝㗨㳞㡑㎕Ⱍ⡩ㅰ⨊㼔᷍

䐢㩺⡫䎀⭒㛋䊻㘇ⰵ䎃㾊ⶦ㛏⭥㬒⽓ 䋙᷍㈎⿉㑬⼽ⱁ㬒ヅ㎕䁈㻑⭌䄡㦜㦾䄸ⷄ⫎᱄

䎃㾊㛋 㰇᷍䓦⡫䎀⧱⭄⭥䄜㾊㋯⧭⭥ㅭ䁈⹅䔘⭥㆙㾱䄵ゑ㋧䁱㩰ⰵ㼁⹹㚻㦾⭥⧃
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㬵᷍ㅆㅆ䇱㑬䄜㾊㾣⭥㏎ㆃ᱄〚䇻䎃㾊㏎ㆃ᷍⡫䎀㦰㸋㰝㗨⡔⽔⭥㕀ゎ㬖カ㩰㬨

⳨⧄ビ⭆⭥ 㸳᷂㗨䐜㿉➲䓵゛⳦⭞㩰㬡ギⱟ㬏㛋⫛ ➲᷍䓵゛㼌㼔⧪㝾㏜〓䎀⭳㎎

㋬䎃䂚⭥㦬㹐᷍䊻㏎ㆃ㑬䁇Ⰹ䜭⭥㑠䓴㑇䁈⭥〚⪂㩰㎕㏎ㆃ㧜㕝㾈䇇ゕ㋪᱄ 

㵉⺞䎃䐷Ⳟ㬞 ㉀᷍䇱䄜Ⰹ㹐㏎䁈〚⪂⭥Ⱒ䎀䇇ⶤⰝ㚽⡩ㅰ㦾䄸⭹㏎ㆃ䈌䓵㿞

㼁⹹⭥㹐㏎㚻㦾᱄〚䇻䎃⷗㋝㔨 ⡫᷍䎀䋙㈎⧃㬵䊻⡟㾂ㅻ⳷㧞⷗⤠⳷㎕㶋⧪䎃⷗

㦯㹒᱄⭌䊻㆙㾱㑬゙㳍⭥㝍㑇䐏⽔᷍⡫䎀⿚㬨⤜⭤⤜⳦㡛᱄䊎䅓᷍⼽ビ⭆᷍㈮㬨

䐱ヅ⿚㬨。㣄⧗⭞䄜㾊㦛㔼⭥㚻㦾 ㉀᷍㳆㳆㻷䊻㸥㻸ᱟ㏏㾣䎘 2᷍024ᱠ⭥⭻㹆䍣᱄

㧈⺜㼌䍚㋋⭥⿑᷍⿚㬨㿉䄋⿉⡩ㅰ⧅⭥㠋ⴚ᱄䔏⽔᷍⡫䎀⤜⭤⤜㆙㾱䄜⷗㵸㾎᷍

➲䐹⮄⳦⭞㝾㏜㈹䎔⭥䅞㧌䄵ゑ㰝ⰵⱟㅸ᱃㒄や᱃ⱓ㗸㈹䎔⭥⢊㏛㩰᱄䎃䂚䔗⭥

䄜⷗⼤⪇㬨㵉⺞㝾㏜㈹䎔 Ⱒ᷍䎀䇇ⶤ㚽⹜䊻䄜Ⰹ⧭Ⱙ㩰㏎ㆃ䓵㿞䓵䇪Ⱙ䊻᱑䊬Ⱀ

䁈᱒㩰㸋㸃⹼㑄䓴ⶔ䈉⭥㑠䓴㑇䁈⭥㾣⭥㚻㦾᱄㵍㬒᷍䄓⤜䐢䇻⺞ⱁ⭥㻾㧌䊻㘉

㭗㏁㯧㋶ヅ䓋Ⱀ䎃䂚⭥⤺䔘ⰵ⮈䓴䓵㿞䓵䇪Ⱙ⭥䇑㼍㬒⡹㿌䅞㧌⭥ⱟ㸍㲹㭃䇰

㦛䎃䂚⭥㠌㭞䁈⭥䈐䁵⭥㏎ㆃ䐱᱄⡫䎀㻄㶜㵉⺞䎃䄜⷗㾂ㅻ 㚽᷍㦤Ⱒ䎀㏎ㆃ㝾㏜

䊻 1924 㛋㸋㬓㗕䄋䅞㧌㝾㏜㈹䎔ᷠ䄵ゑ㝾㏜㈹䎔⫙ⷙ㑬㸳㗨㬓㗕䂚⭥⡩䁇Ⰹ䜭

Ⳟ⧭ⷝⱁ⭥㑠䓴㑇䁈⭥㾣㚻㦾ᷠ 

㸋㑬⫐⭞䎃⷗㚠⭥ 㸳᷍㗨䄋➲䓵゛⳦⭞㝾㏜⭥㸜䐤᱄㸳㗨㿉䄋㘘㦘⭥⭻䄜⮄᷍

㬨㰜㬨㰘㚊⳧⭥䁈㪛 䄜᷍䐒⹹䓃ⳕ⧄㧜㕝㾈䇇⭥䁱㈠᱄㸳㗨⿚㿉䄋䐋⭡㰜⭥㬇⭽

⼄㩎⡅䊻 1921 㛋⭥㬒⽓㈮䅞㧌㑬ㅨⰐ㑠⟌㑠䓴㭞⭥ⶦ㛏㎕㏎ㆃⳕ⧄㧜㕝㾈䇇

᷉⭒㬒䎃⷗ㅨⰐ㑠⿚㬨⺍⭡ㅨⰐ㑠 ᱄᷊䐏㣑᷍㼒⤄ⱜ᱃㰘㚊⳧⭩㦬㬚䇤⭥Ⱍ㬨䎜

㭞㑠䓴㭞ᱟBohr 1᷍913aÿ1913cᱠᱟSommerfeld 1᷍916ᱠ᱄⭒㦜᷍䊻 1921 㛋䎃⷗㬒ヅ

ㅻ⮄᷍㑠䓴㑇䁈䊗䊗㗜䇱ㅉ㑃᷍䓵㿞⭥ⶦ㛏䄓㗜䇱⡜㳂⨗᱄䅓⪬᷍⼄㩎⡅⭥⺍⭡

ㅨ㑠䓴㭞㸋⟌䎜㭞⭥ⶦ㛏㰅㦜〒⭤㑬⟝㎉㡅⭝㬇㰘㚊⳧䊻㚻⭥䄜㾊㦬⭥㦰㋪ ⭌᷍



  

䄓㵍䂚⡙㬽䎚䅊᱄䇱䄜䐷㯖ⳉ㬨䎃䐷䎚䅊䄓㬚⭤㰜⭥⤊㬠㔼㸥⤜⭤⤜䁂䋒㒎㶃䄜

⷗⹹䇻㵥㒘⭥㳃㚠㎕㶋⧪ 366᱄ 

䇱㦅⭥㬨᷍㝾㏜䊻⼄㩎⡅㳂⨗䎃⷗⟌㑠䓴㭞⭥ⶦ㛏⭥㬒⽓᷉1921 㛋᷊᷍ 㬨䎃

⷗ⶦ㛏⭥䄜⷗ⳕⰵ䎀᱄㰜⭥㏎䇪⼽ビ⭆ᷛォ㦜䇱 1/2᷍㸋㬓㗕㗜䇱㡅㰝⳷㭞ᷠ⭌

㬨⭞㑬 1924᱃1925 㛋䎃⷗㬒ヅㅻ⮄᷍⭒㝾㏜㦰㬗⭞⭻㯥⷗㑠䓴㭞⡹㿌㎕䓵䇻ゼ

⮈䓴 ⱙ᷍㬖䂊㩰䊻ゴ㧌㶃⪦⧂⽔ 䔏᷍ビ⭆⭥ⳕ⧄㧜㕝㾈䇇㈮㬨➲䊎㎕䄜⷗ⴆ⭥㠸

㼀㞝㑲⧪㑬㑞⷗ 1᷍/2 ⰵ䇇⭥ 2L+1 㣂㣂⭩䇻 2᱄㰜䄓㈮䊻䄜Ⰹ⧭Ⱙ㩰ㅴ㬽⼄㩎⡅

⹹䇻⫇䊻⟌㑠䓴㭞⭥䑘䍦᱄䎃㈮㸋㝾㏜㈹䎔⭥⭏㪛⮍Ⰹ㑬䔏䐹䄋⭥〚⪂᱄ 

㸳㗨㻷䊻㧈⺜㏎ㆃ㝾㏜㈹䎔⭥⿑᷍㸳㗨䐋⭡㰝ⰵ䇇㻣㘇㧞⷗ビ⭆⭥2 × 2⭥

㈹䎔ᷛ 

ɐ௫ = ቀ0 1
1 0ቁ᱃ɐ௬ = ቀ0 െ݅

݅ 0 ቁ᱃ɐ௭ = ቀ1 0
0 െ1ቁ 

⹌㬞 8.138 

㰝㗨Ⱍ㬨ⱟㅸ᱃㒄や᱃ⱓ㗸⭥᱄⮈䓴䓵㿞㰄ⴜ᷍䔏㸋䄜⷗㰄ⴜ᷍䇱㑞⷗㾵䐫᱄㬸

㻩㰝㬨䄜⷗㬙㑠 ⭻᷍ⱟ㰝㬨〚䇻㝾㏜㈹䎔䎃䂚䄜㾊2 × 2⭥㈹䎔⹚ㅉ⭥᱄㰝⭥㾯㬞

㸋ᷛ 

መܵ =
԰
2
Ԧߪ =

԰
2
ൣɐ௫ଓԦ+ +௬ଔԦߪ ɐ௭ ሬ݇Ԧ൧ =

԰
2
ቂቀ0 1

1 0ቁ ଓԦ+ ቀ0 െ݅
݅ 0 ቁ ଔԦ+ ቀ1 0

0 െ1ቁ
ሬ݇Ԧቃ 

⹌㬞 8.139 

䎃㏐ 䄲᷍㈎䇱㑬䄜⷗⳨⧄㾣㡇⭥䊬Ⱀ䁈㚻㦾 ㈮᷍㬨㸳䎃⷗㬙㑠䊻㝘㬰㋶ヅ㬨䇱㧞

⷗⳷㑠⭥᱄㵍㬒᷍㸳⭥㗠⷗⳷㑠⤜㬨㭞᷍ⱙ㬨䄜⷗2 × 2⭥㈹䎔᱄ 

䐏⽔᷍⭒⹌㬞 8.139 ⢎⫐⭥䓵㿞㰄ⴜ䈌㶃⪦⧂㼁⿆䔘䇤⭥㬒⽓᷍䎃⷗䔘䇤㼏

 
366ⷝ䋄ⷃ⭥㬨᷍㰜⭥⤊㬠㔼㸥⫑⢈⢎㻷䄓⤜⼤᱄㸍ⱘ㬨䑘㋝⹺᷍ⰵ㰜⼽⤜㕛䅃᱄䎃䄓ⷙ㛋㤂⭥⼄
㩎⡅䋍⧪㑬䄜Ⰹ⭥⫓〘᱄⼤䊻⭝㬇㰘㚊⳧ⰵ㰜⿚㬨䔄⹜㦰㋪⭥᷍㬚⭤㰜㋪䄵㯔㏜⡰䄖᱄ 
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ⰵ㻖㵔⺟㗽ⰺ㑠⭥⹒㻸㈮⭩䇻ᷛ 

െ
݁
݉௘

መܵ ή ሬԦܤ = െ
݁԰

2݉௘
௫ܤ௫ߪൣ + ௬ܤ௬ߪ + ௭൧ܤ௭ߪ = െ

݁԰
2݉௘

൬
௭ܤ ௫ܤ െ ௬ܤ݅

௫ܤ + ௬ܤ݅ െܤ௭
൰ 

⹌㬞 8.140 

⪴⹌㬞 8.138 㸳᷍㗨㋪䄵㋕⭞㝾㏜㈹䎔⟝⼍㑬ⱟㅸ㒄やⱓ㗸㈹䎔⭥㰚䇱㧞⷗㸍Ⱙ᱄

䎃㬨䅓㸋ォ㦜ⱓ㗸㒄や ㈮᷍㯖㘘ⰵㅨ㼏⡹㿌㸋㬖㭞㣳⼰㸋㒄 ⱙ᷍⳨ⰵㅨ䄋㈮⡹㿌

㬖⤠㼁⭩᱃㿊⤠㼁ⳕ᱄⭒䎃䂚䄜⷗䓵㿞㰄ⴜ㵉⺞㡅䓵㿞ㅨⰐ㑠䈌㶃⧂⭥墏⼰⭥㬒

⽓᷍㵉⺞㶃⧂⤯㭞ܤ௫᱃ܤ௬᱃ܤ௭⭥⢅⿐᷍㦬㗨㋪䄵⢊㏛㰚䇱⭥ⱟㅸ᱃㒄や᱃ⱓ㗸㈹

䎔᱄䎃䄓ⷙ㑬㬖䂊⹼⥃㰚䇱⭥⪦⧂⢅⿐⭥䓵䇪Ⱙ᱄㻣㘇㸳㗨㿉䄋ㆃ㬮⭥㬨᷍㈮㬨

㝾㏜㬨䋖㗕㼌⭞䄋䅞㧌䎃㧞⷗㈹䎔㎕⢊㏛㰚䇱⭥ⱟㅸ᱃㒄や᱃ⱓ㗸㈹䎔⭥ᷠ 

䎃⷗䊎䅓䄓⼽ビ⭆᷍⪴ 8.4.3 ㅻ⭥㲷㔼᷍㸳㗨䐋⭡⹭Ⰹ⢀ㆈ㳖ミ⭥⤉ⰐⳞ⧭

。ⷙ⨗⳷㑃⭥⡟䎘䎒Ⱀ㚄㬞᱄䎃㾊⳷㑃⭥⡟䎘䎒Ⱀ㚄㬞⭥⡟䎘䐖㈮㬨㑠䓴㑇䁈䐱

⭥⡟䎘㲍⭥㚽㑠 ⡟᷍䎘䎒Ⱀ㚄㬞㬨⡟䎘㲍᱄䎃㾊⡟䎘㲍㋪䄵䇱⳷㑃⭥⺍⭡ㅨⰐ㑠᱄

䎃㾊⳷㑃⭥⺍⭡ㅨⰐ㑠㋪䄵䇤㎕ㆃ㬮㧜㕝㾈䇇᱄䇪䇻⺍⭡㑠䓴㭞㬨䎜㭞 䅓᷍⪬㧜

㕝㾈䇇䐱⹼⥃⭞⭥㞝㑲⭥㚽゗㭞Ⱍ㋪䄵䇤㡇㭞᷉2L+1 㸋㡇㭞᷊㎕㘉㭗᱄ⱙⳕ⧄

㧜㕝㾈䇇ⰵ䇇⭥㞝㑲⭥㚽゗㭞㿉䄋䇤㝝㭞㎕㘉㭗 ⰵ᷍䇇⭥ㅨⰐ㑠㑠䓴㭞㬨⟌䎜㭞᱄

䎃㈮䅃㸗䓦㸋㑬㏎ㆃⳕ⧄㧜㕝㾈䇇᷍䊻⹌㬞 8.118᷉䁇Ⰹ䜭Ⳟ⧭᷊ⰵ䇇⭥㚽゗㞝

㑲⭥〚⪂㩰᷍㿉䄋䊺䅞㧌䄜⷗2 × 2⭥㈹䎔㦤㚽゗䊺㞝㑲䄜⪯᷉㵝 8.19 ᱄᷊⽔㎕᷍

㦬㗨䅃㬗⭞䎃⷗ⰵ䇇⭥㹐㏎㈮㬨⮈䓴䓵㿞᱄㏛㬘㩰 䎇᷍㬖⭥㬒ヅ㯔㿓㬨㝾㏜䊻䁱

㈠ⳕ⧄㧜㕝㾈䇇⭥㬒⽓ⷚ㈾⼄㩎⡅⺍⭡⟌㑠䓴㭞⭥ⶦ㛏㬸㻩㳂⨗㝾㏜㈹䎔 㦜᷍⽔

㦬㗨䅞㧌䓵㿞᷍䔏⽔㦬㗨䊺㦰㬗⭞㿉䄋ㆉ䑛䇻㝾㏜㈹䎔㎕㏎ㆃ⮈䓴䓵㿞᱄㡅䐱᷍

䎃⷗⹹ポ⭥䄜⳷㸋ⱟ⭥㞝㑲᷍㋪⤯㋝㵝 8.19 ㎕㏎ㆃ᱄ 



  

 

㵝 8.19 䓵㿞 1/2 䅞㧌⽔᷍㚽゗䊻㶃⪦⧂㻣⪴ 1 㞝㑲㸋 2 ⭥㬟䅃㵝᱄䎃㏐᷍㝾㏜㈹䎔ォビㆁ

䇷䓝㦘᱄㰝㶋㗡⭹㋭⿎⨗㑬䄜⷗㑇䁈㑠䊻䎃㏐䇇ⶤ䇱⭥㾵䐫᷉ⱟㅸ᱃㒄や᱃ⱓ㗸 ᱄᷊䈌㶃⧂

⭥墏⼰᷍㵉⺞㶃⧂⤯㭞⭥⢅⿐᷍㦬㗨䄓㋪䄵㵉⺞㝾㏜㈹䎔㎕⢊㏛㰚䇱⭥ⱟㅸ᱃㒄や᱃ⱓ㗸

㈹䎔᱄䎃䄓ⷙ㑬㬖䂊⹼⥃㰚䇱㿉䄋⭥䓵䇪Ⱙ᱄ 

 

䎃䂚⭥⿑ ⹹᷍䇻䓵㿞⭥䊬Ⱀ䁈䊻㕀ゎ㩰㈮⢅⭤⳨⧄ビ⭆㑬᱄ㆂ⼰㵝 8.19 ⭥㵝

㬟᷍㸳㗨⿚㋪䄵➲㰝䊺㆙㾱䄜⷗䍚㋋᱄㸋㑬㘉㭗䓵㿞䅞㧌⭥㞝㑲᷍㦬㗨㿉䄋䄜⷗

㑇䁈㑠㰄ⴜ᱄ォ㦜㬨㑇䁈㑠㰄ⴜ᷍㰝㈮⡹㿌㬨ⱓ㗸⭥᱄㵍㬒᷍䊻㶃⧂䅞㧌⽔᷍䎃

⷗㞝㑲㬨䊻䊎㎕⭥〚⪂㩰㼓㩰᱃㼓㻣⭩ヅ㉁䄧Ⱀ᷍㞝㑲㸋㑞⷗᷍䅓⪬㰝⡹㿌䄓㬨

ⱟㅸ⭥⼮㒄や⭥᱄⼰䊻䄜㡑᷍ⰵ䓵㿞㰄ⴜ㈮䇱㑬ⱟㅸ᱃㒄や᱃ⱓ㗸⭥䄋㤔᱄㼁䇇

⭥᷍㝾㏜㈮㳂⨗㑬⹌㬞 8.138 䐱⭥㧞⷗㝾㏜㈹䎔᷍㎕⢊㏛䎃㾊ⱟㅸ᱃㒄や᱃ⱓ㗸

㈹䎔㰚㘉㭗⭥㑇䁈㑠㰄ⴜ㑬᱄ 

䊻䎃⷗〚⪂㩰 㦬᷍㗨⿚㋪䄵㆙䄜⤞㋝㔨䓵㿞䈌⺍⭡䐏ヅ⭥墏⼰᱄㸳㗨䇤䔏ビ

⭆⭥⭆⮈䓴⭥㏞䓴㎕㆙㾱㯖㘘 㰝᷍⭥䓽⭥ㅨⰐ㑠Jመ㬨㡅⺍⭡ㅨⰐ㑠L෠䈌䓵㿞ㅨⰐ㑠

S෠⭥㬙㑠⼮ᷛ 

Jመ = L෠ + S෠ 

⹌㬞 8.141 

䇪䇻⮈䓴䓵㿞ㅨⰐ㑠䊻㦯⼯䄜⷗Ⳟ㼓⭥⳷㑠㈮㬨㑠䓴⿐⭥԰/2䈌െ԰/2 㡅᷍⤉⼐㭞

䄓。⢅⧪㻣㘇䎃䐷㰚㸞᱑㿞㑠᷉spinor᷊⤉⼐㭞᱒⭥㾯㬞ᷛ 
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Ȳ௝௠(rԦ, (ݐ = ቆ
Ȳ௝௠(rԦ,԰/2, (ݐ
Ȳ௝௠(rԦ,െ԰/2,  ቇ(ݐ

⹌㬞 8.142 

䎃㏐᷍㸳㗨➲䎃⷗Ⳟ㼓䁂㸋 z 䑂᱄⹌㬞 8.138 䐱⭥Ȳ௝௠(rԦ,԰/2, ㈮㬨ⶤ⡟䎘㲍䓵(ݐ

㿞䊻 z 䑂㵗䇑㸋԰/2⭥⭥㋶ヅ䄡㎖⤠⳷ Ȳ᷍௝௠(rԦ,െ԰/2, 㸋ⶤ⡟䎘㲍䓵㿞䊻(ݐ z 䑂㵗

䇑㸋െ԰/2⭥㋶ヅ䄡㎖⤠⳷᱄⫔コ㋪䄵㏎ㆃ㸋ᷛ㋝㔨㑬⮈䓴䓵㿞⭥⤉⼐㭞᷍㬨䊻

䊎㎕⭥⤜㋝㔨⮈䓴䓵㿞⭥⤉⼐㭞⭥〚⪂㩰᷍㸍Ⱙ䇷䋗ゴ㑬䄜⡗ゕ㋪᱄ 

䐢⪬ ⹹᷍䇻㹐㏎䁈ⷐ㘝䐱㦬㗨㈮⮈䓴䓵㿞䎃⷗䓵䇪Ⱙ⭥㲞㰘⺞⧭⼮⹹ポ⭥⹹

䇻᱑䊬Ⱀ䁈᱒⭥㑠䓴㑇䁈㾣㚻㦾㸳㗨䄓Ⱍㆊ㩽㶋⡰᱄䐢䇻㧈⼯䊻㹐㏎䁈䁱㈠䐱䊬

䇤䎃㾊㾣㚻㦾 ⶱ᷍㾬㦅⭥Ⱒ䎀㤌⤯㋝㼁⹹䓉䄖㸥㻸㎕㆙㾱㆙䄜⤞⭥䁈㻑ᱟSakurai᷍

2017ᱠ᱄ⰵ䇻ⷀ䓵㿞㸍Ⱙ⭥㳆㻖᷍㦬㗨䐜㿉➲⹌㬞 8.142 㘉㭗⭥㿞㑠⤉⼐㭞ⶥ㸋

䄜⷗2ܵ + 1㸍⭥㿞㑠⤉⼐㭞ゕ㋪ 367᱄㼁䇇⭥2ܵ + 1㸍Ⱙ⭥䓵㿞䈌㶃⧂⭥㼁⿆䔘䇤᷍

㦬㗨䄓㿉䄋ㅌ2 × 2⭥㝾㏜㈹䎔㳇⿜㸋䎃㾊2ܵ + 1㸍Ⱙ⭥䓵㿞㋶ヅ䐱⭥ㅨⰐ㑠㪛

⧪䊋㰚ⰵ䇇⭥㈹䎔㎕㆙㾱㼁㯧⪇㏎᱄㹐㏎䁈ⷐ㘝䐱㦬㗨䊻㑠䓴㑇䁈⥄㘇ⰵ㸃⹼㑄

䓴⭥㾣⭥᱑䊬Ⱀ䁈㘉㭗᱒᷍ 䊻㋝㔨㑬㬖㋶ヅ⭥㈹䎔䄵ゑ䓵㿞㋶ヅ⭥㏁㯧䇻㝾㏜㈹

䎔᷉䓵㿞 1/2 㑄䓴㳆㻖᷊⭥㾣㚻㦾䐏⽔᷍䄓〚⡟㶋䎜᱄㬄㻣⭥᷍㈮㬨ⰵ䎃㾊㹐㏎

䁈㾣㯝㼌⭥㻙⿐䈌㆙䄜⤞䇇䇤㑬᱄ 

 

8.4.7 㑇䁈㏎㔼⭥⪌⧱䈌ⷐ㘝 

⭞䎃㏐ 㑠᷍䓴㑇䁈⭥䑘䄋㚻㦾㸳㗨㈮〚⡟ㅓ㶋㑬᱄㸳㗨䔏⽔䇤䄜⷗㾂ㅻ㎕㲷

㔼䄜㻣㑠䓴㑇䁈㼁ⰵ䇻⪌㵔⭥㈎⮅㹐㏎䁈 ⭞᷍⭸ⷙ㑬㸳㗨㬓㗕䂚⭥ⰵ㹐㏎䁈⭥㾣

 
367ⰵ⭆⮈䓴ܵ᷍ = 1/2᷍䅓⪬2ܵ + 1 = 2᱄ⰵⷀ䓵㿞⭥㳆㻖᷍2ܵ + 1㈮㬨ⷝ⫔⭥䎜㭞᱄ 



  

⭥㦰㬗ᷠ䊻⡫䎀Ⱒ㭊㠻ヅ᷍㈎⧄㳞⭞⭥⹼⮄㈮㬨᱑⤜䄋㡔㵝㦆㏎ㆃ㑠䓴㑇䁈᷍。

䇤㈮㾱᱒᱄⡫䎀ⰵ䎃䐷⹼⮄れⰩ⤜㦰㵍᷂䅓⪬᷍䊻⡟ㅻㆂ㭙⭥㬒⽓᷍㻄㶜䇤䄜⷗

㾂ㅻ㎕䎌ⰵ䎃⷗㸫㳃㆙㾱䄜㾊㲷㔼᱄ 

㬸㻩⡫䎀㻄㶜㯖㘘⭥㬨㑠䓴㑇䁈䊻᱑㑇䁈᱒⥄㘇᷍䈌㵔ェ㹐㏎䈌㈎⮅㑇䁈䇱

䓦㣈㯠㶓㔧⭥㑋㻖᱄㼒㈎⮅㑇䁈᷍㑠䓴㑇䁈䐱⭥⼽ⱁ㸳㗨㋕㡑㎕⼽㡇⹷⭥Ⳟ⧭᷍

Ⱍ䇱㡅㈎⮅㑇䁈⭥ⰵ䇇᱄⡩㧈᷍䊻 8.4.2 㾂ㅻ᷍ㅓ㈹䎔㑇䁈⭥㬒⽓᷍䎌ⰵビ㾔䎒

䓴䎃⷗㏞䓴᷍䊬ⰐⳞ⧭䐒ㅴ㈮㬨⪴㈎⮅㑇䁈㎕⭥᱄䊺⡩㧈᷍䊻 8.4.3 㾂ㅻ᷍ㅓ⤉

Ⱀ㑇䁈⭥㬒⽓᷍䁇Ⰹ䜭Ⳟ⧭䄓㋪䄵㵉⺞䈌㈎⮅㑇䁈⭥ⰵ䇇⭤⭞᱄㬖カ㩰᷍䊻㑠䓴

㑇䁈䐱 㸳᷍㗨㈎⧄。ㅴ⪆⭞䄜⷗㘜⪫ ㅱ᷍ⰵ䇇㾵䊎㏎᷉ Correspondence Principle ᱄᷊

㰝㬨䇪⤄ⱜ䊻 1920 㛋㳂⨗㎕⭥ᱟBohr 1᷍920ᱠ᷍ 䊻㈹䎔㑇䁈䈌⤉Ⱀ㑇䁈⭥⥛㪛⺞

⧭䐱Ⱍ㡑⭞㑬⳨⧄䐹䄋⭥䔘䇤ᱟHeisenberg᷍1925ᱠᱟSchrödinger᷍1926aᱠ᱄㰝⭥

䅃㯝㈮㬨㑠䓴㑇䁈䊻㈎⮅れ㻿㻣 ⡹᷍㿌ⷙ⨗䈌㈎⮅㑇䁈㼁㵍⭥ㆂ⺜᱄䎃䄓㬨㑠䓴

㑇䁈䈌㈎⮅㑇䁈㚻䊻㑋㻖⭥䄜⷗㳆㻷᱄ 

⨞㑬㈎⮅㑇䁈 㵔᷍ェ㹐㏎䊻㑠䓴㑇䁈⨗㻷䐏㣑䄓䄲㈎㬨㹐㏎䁈㏐㘇⭥䄜⷗〚

⪂㏎㔼㑬᱄㸳㗨㈎⧄㯖㑠䓴㑇䁈⪴⡟䐫㩰㎕ㅓ㬨㵔ェ⭥ 䎃᷍䄓㬨ⰵ㡅䈌㵔ェ㑇䁈

⭥㚻䊻㑋㻖⭥䄜䐷㣠⮘᱄㈮㼒㵝 8.17᷍㸳㗨䊻ㅓㆃ⤉⼐㭞⭥㹐㏎䅃䅆⭥㬒⽓᷍⤪

䇤⭥㈮㬨㻖䓼䈌゙㔫⭥ㆃ㬮᱄㏛㬘㩰➏䅓㯚㲚䄜䐒ⰵ䎃⷗㯖ⳉ⧷ⴒⰉ㲍Ⱙ ⭌᷍⪴

㻷䊻㋕⭥⿑ 䎃᷍〓㿎䄓㬨➏䅓㯚㲚㸋㭞⤜ⱁ⭥⡜䐅㘘⫎㹔⭥⹼⮄᱄⡰㈚䊻㏛㬘㩰

㸳㗨䄜⪯䄜⪯⭥⡜➏䅓㯚㲚⭥䊅䁵〓䎀䇪➏䅓㯚㲚⭥㏎㔼㵧⨗⭥ㆂ㔼㰚䎑⼔ ⡩᷍

㧈㬒㋶㝅㤛ᱟDyson 1᷍920ᱠ᱃䅞㑇⤉ᱟAbbott 2᷍016ᱠ᱃⤄㩌ÿ➏䅓㯚㲚㛞㈼ᱟAnderson᷍

1995ᱠᱟDavis 1᷍995ᱠ᱃ゅ⺃ᱟMaiman 1᷍960ᱠ᱃⼻Ⱅᱟ⽏ク匜 2᷍020ᱠᱟGiacconi᷍

1962ᱠ᱄㼒㑠䓴㑇䁈㏐㘇⭥⤉⼐㭞⭥㵔ェ㾵䜚㬮䎃䐷䊻⽔㠻⡜㸿㭞㬖䂊䐅㘘⭌䇷
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⡜➏䅓㯚㲚ⰰ㦜㈽㉙ㅴ㬽⭥㉀䇱㧈⪬㪏侅⭥㯝㼌㚻㦾⭥㹐㏎䁈㏎㔼㦘㬖⤜㬨㲌

ⱁ᱄䅓⪬᷍⼢⤜㌅䍦⭹㯖᷍㑠䓴㑇䁈㰅㦜㾣䇒᷍⭌㰝䈌㈎⮅㑇䁈᱃㵔ェ㑇䁈Ⱍ⿚

㬨⫇䊻㣈㯠㶓㔧⭥㑋㻖⭥᱄ 

㵍㬒 㸳᷍㗨䄓㿉䄋㣠⮘㑠䓴㑇䁈㬨㈎⺞㹐㏎䁈ⷐ㘝⥛㪛⭥㑇䁈 ⷐ᷍㘝䎃⷗㲹

䐫䊻㑠䓴㑇䁈㏐㘇䇱㘘㦘⭥㳆㻷᱄䊻 8.4.1ÿ8.4.3 㾂ㅻ᷍㸳㗨㣠⮘㑬⤉㑄ⱟ㼔㾵᱃

㑄䓴䊬Ⱀ⭥㈹䎔㘉㭗᱄䊻䎃㏐ 㦬᷍㗨ⰵ䇻㸃⹼㑄䓴⭥䊬Ⱀ⭥㘉㭗䄜Ⰹ䄋㵲㏌⪌㵔

⭥㈎⮅㑇䁈䐱⭥᱑⺍⭡᱒ⶦ㛏⭥㏎㔼㌓ソ᱄⪌㵔⭥⺍⭡㋪䄵䇤ⶖ㏐䄗⢅⿜㎕㘉㭗᱄

ⱙ䄜⷗⼍㬒䁾⿐⭥⤉ 䋓᷍㬨䎃䐷ⶖ㏐䄗⢅⿜⭥㎊䍚 ⡹᷍㿌䄡㎖䇻㼀㾵⫛㭞⭥⹅㉀

㆙㾱⢎⫐᱄䎃㬨䈌㈎⮅㑄䓴⭥᱑䊬Ⱀ䁈᱒㶋㦌⤜䄜䂚⭥㸃⹼㑄䓴䊬Ⱀ⭥᱑䊬Ⱀ䁈᱒

⢎⫐᱄ 

䔘㸋䎃䐷⢎⫐⭥ㆂ⺜᷍䊻㑇䁈⥄㘇᷍㸳㗨䇷。⭤⭞⼽ⱁ㾣⭥㚻㦾᱄⡩㧈᷍㸳

㗨㸿ⳉ㵍㬒㦘Ⰹ㸜䐤䈌Ⱀ㑠᱄䊺⡩㧈 㸳᷍㗨ⰵ㸃⹼㑄䓴⭥㘉㭗⡹㿌〚䇻᱑゙㔫⤉᱒

䎃䂚⭥ⶦ㛏㎕㆙㾱᱄䊻⼄㩎⡅᱃䁇Ⰹ䜭⭥䊎㬝㸥䍣䐱᷍㸳㗨䇇ⶤⰝ㋪䄵㋕⭞䔘䎀

ⰵ䎃⷗⹹ポ⪫⭥㣠⮘᱄㤙⢑⭥⭹Ⳟ᷍㈮㬨䊻㈹䎔㑇䁈䐱᷍⳷㑃⭥㚽㑠㵉⺞㈹䎔⭥

⳷㑃⭥⡟䎘䐖〒⭤᱄ⱙ䊻⤉Ⱀ㑇䁈䐱 ⳷᷍㑃⭥㚽㑠㵉⺞⹭Ⰹ⢀ㆈ㳖ミ⭥㠌㸃⳷Ⳟ

⧭⭥⡟䎘䎒Ⱀ㚄㬞㎕⢎⫐᱄ 

䔏⽔᷍㸳㗨㋪䄵㋕䄜㻣䓵㿞᱄䊻㑠䓴㑇䁈䔏䐶⡜ㅉ㑃⭥䔏⽔䄜⷗ㅸⰯ᷍㦬㗨

ⰵ᱑䓵㿞᱒䎃⷗䓵䇪Ⱙ⭥㦰㬗䄓㸋㡅㳎ゴ㑬㦌㾣⭥᱃㑠䓴⭥㚻㦾᱄䎃⷗㚻㦾㳆㻷

䊻 8.4.6 㾂ㅻ䐱㸳㗨ⰵ㝾㏜㈹䎔⭥ㆊ㩽㩰 䄓᷍㳆㻷䊻⤜⟝⼍䓵㿞⭥᱑⢋㑠⤉⼐㭞᱒

䊻㋝㔨䓵㿞⽔⡹㿌⡜᱑㿞㑠⤉⼐㭞᱒㰚㳇⫛䎃䄜⮄㩰᱄䁇Ⰹ䜭Ⳟ⧭䎃䂚䄜⷗⤉Ⱀ

Ⳟ⧭⡟㪎⤃⤜㿉䄋䇤㈹䎔㎕㆙㾱⢎⫐᷉ 㰅㦜㤔ㆃ⭥㬒⽓㿉䄋ㆉ䑛㈹䎔㆙㾱㤔ㆃ᷊᷍

ⱙ⭳㎎㋬Ⳟ⧭䎃䂚䄜⷗Ⳟ⧭⡟㪎⡹㿌䇤㈹䎔㎕㆙㾱⢎⫐ 㡅᷍⡟䐫⭥⤜㵍 ㈮᷍㬨䓵



  

㿞䓵䇪Ⱙ⭥䅞㧌᱄䈌䐏㼁䇇᱑᷍⢋㑠⤉⼐㭞᱒䄓⡜᱑㿞㑠⤉⼐㭞᱒㰚㳇⫛ᱟSakurai᷍

2017ᱠ᱄ 

 

8.5 㠧㈷ 2ᷛ㼁ⰵ㔼 

㚠㣑᷍㸳㗨䊻 8.1 䈌 8.2 ㅻ㳂⭞⭥㬏㈦㬡ギ㚊᱃ⱟ㬏㬡ギ⨖䇠㻷⨗⭥ⰵ㈎⮅

㹐㏎䁈㳂⨗㑬䁰䐹㳕䍞⭥㹐㏎䁈㬖䂊䐱᷍⨞㑬㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊᷍〚⡟㩰Ⱍ㋪

䄵⡜㑠䓴㏎㔼䄵ゑ㑠䓴㑇䁈⭥ⳃ䍚㰚ㆃ㬮᱄㦬㗨㦂⭤䎃⷗⧪㈮⭥㬒ヅㅻ⮄㬨㩰㬡

ギⱟ㬏㛋⫛㚊᱄ 

㈮㏛㬘ⳃ䍚⭥㣑⽔㯔㿓ⱙ䁵᷍㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊〒⭤ㆃ㬮⭥㬒ヅㅻ⮄㬖カ

㩰䄋ⷝ䋈䄜㾊᱄㰝䊻 1905 㛋㈮⡜➏䅓㯚㲚⭥㻢䅆㼁ⰵ㔼㶋㦌ㆃ㬮㤆⨟᱄䊻⪬䐏

⽔᷍➏䅓㯚㲚ⷝ㬨ㅌ䅞㑇䅞㧌㡅㼁ⰵ㔼⭥㏎㔼㌓ソ᷍䇻 1915 㛋⭸㶋⧪㑬⺄䅆㼁
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1926ᱠ᱄䅓⪬᷍䊻㬏㈦㬡ギ㚊᷍➲䅙⼴㻖⭒䔘㉙ⰵ㈓䐚⭥⺀㾵㻖㈮㬨䄜⷗⼽⼰㏎

⭥䁂䋒᱄㲌䂕㻖㦧㡅䐱㾥䊬Ⱀ᷍䎜㳆⡜㦰㸋㬨䄜⷗㠞Ⱀ᱄ 

䎃⷗㬒⽓᷍➕䍶䁨㏐㬠ⱁ⭣⭥䍽䁈᷉㦰㸋䊣㩰㬡ㆈ⨅㕛㑬䄵㲌᷊᷍ ⭒㬒⭥㹐

㏎䁈㬨㶋㦌〚䇻䅙⼴㻖䎃⷗⨅㕛䄵㲌⭥㉙ⰵ⺀㾵㻖㵉⺞ⷘ䐷䔙⢋⢅⿜㎕⹚ㅉ⭥

᷉㵝 8.20 ᱄᷊⪴㲌䂕ⳃ⨗⭥⺃⭞⫐⭹㤓᷍➕䍶⪌㵔⭥⤉Ⱀ㏎㔼⭥⹼⮄᷍㬨㿉䄋ㆊ

䐫⭥᱄⭒㬒᷍㦬㗨㦰㸋䎃䐷ㆊ䐫㈮㬨䄵㲌᱄ォ㦜㬨ㆊ䐫᷍㲌䂕㻖䊻㡅䐱䊬Ⱀ⭥㬒

⽓᷍䊬Ⱀ⭥㼁ⰵ㾵䄜Ⰹ。⫙㎕ⴈ᷍㈮㼒㸳㝽Ⱀ㡑㎕。ⶱ㬽⭞ⴈ䄜䂚᱄⭌⼽䄦⼗᷍

㦬㗨⤃㗜䇱⹼⥃⭞䎃⷗᱑䄵㲌ⴈ᱒᱄㵍㬒᷍䇪䇻㸳㗨䊻⭹㤓㩰㋪䄵㋕⭞㲌䂕⺃䎃

䂚䄜⷗᱑⮈⪦⤉᱒᷍ 㼒᱑luminiferous aether theory᷉ ⪌⤆⺃⭥䄵㲌㏎㔼 ᱒᷊䎃䂚⭥⪫

䊻⭒㬒⭥㹐㏎䁈㔼㸥䐱㈮㈎⧄⨗㻷᱄㻷䊻㸳㗨ㅭ㋧㭊㩰 㦬᷍㗨䊻ㅓ⭞⭒㬒⭥⮈Ⱀ

㑇䁈㰚㘇㑺⭥㼁ⰵ䊬Ⱀ⭥㬒⽓᷍䄓。㈎⧄䇤⭞᱑䄵㲌᱒䎃䂚⭥㘜⪫᷍㰅㦜㰝⭥⫇

䊻㬝䐶㗜䇱⡜㬖䂊⹼⥃㰚䐅㬖᱄ 

 
376䎃⷗Ⰹ䅆䊻䍽䁈㩰䄲㈎䊭⤹㑬䄜⷗㸫㳃 㚨᷍㈮㬨䅙⼴㻖⭞⭸Ⱀ⤜Ⱀᷠ㰚䇱䎃㾊䄪⮄ 䊻᷍㼁ⰵ㔼
⨗㎕䐏⽔᷍Ⱍ⭤⭞㑬⼽⼤⭥ㆃ⫑᱄ 
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㵝 8.20 ズ㪉䈏䑇᷉㬏㈦㬡ギ㚊㦬㗨䄵㸋㈮㬨䅙⼴㻖᷊䐱⫇䊻㉙ⰵ⺀㾵㻖᷍㡅䐱䇷⨅㕛㑬䄵

㲌᱄㚨㗕᷍㈮。䊻㲌䂕㻖Ⱍ䇇ⶤ。ⶱ㬽⭞䄜⷗᱑䄵㲌ⴈ᱒᱄㦧㲌䂕䊬Ⱀ⭥⭹㤓᷍䊻䎃⷗〚⪂

㩰᷍⿚䇱䄜⷗⹌䓋䈌䓵䓋⫙㎕⭥⤠⳷᱄㰅㦜㦬㗨⭒㬒䎌ⰵ䄵㲌ⴈ㆙㾱⭥㰚䇱⥃㑠㗜䇱ネ⥃

⭞㰝⭥⫇䊻᷍⭌䊻⭒㬒㦬㗨㚵䓴䐱⭥㬒㋶⹼᷍⿚㬨㵝䐱⭥䎃⷗㉙ⰵ㬒㋶⹼᷍䐒⭞㻢䅆㼁ⰵ

㔼⭥⨗㻷᱄ 

 

㵍㬒 㸳᷍㗨⿚㿉䄋㯖㘘䊻㬏㈦㬡ギ㚊㦬㗨ⰵ㑇⭥㎕䊕䇱㑞⷗㦰㬗 䄜᷍㬨㶓䇱

䅞㑇 ⱟ᷍㬨⮈⪦㑇 377᱄㦬㗨㰅㦜⤜䐋⭡㶓䇱䅞㑇⭥㎕䊕 378 ⭌᷍䈌㶓䇱䅞㑇㼁⹹⭥

䑏ⱁ㻷㼔᷍㦬㗨㬨㋪䄵⼽⼤⭥㘉㭗⭥᱄⡩㧈᷍䊻㉙ⰵ㬒㋶⭥ⶦ㛏䐱᷍㋧㏐➣㏜㑇

㈮㋪䄵⡜⼽⼤⭹㘉㭗᱄⨞㑬㋧㏐➣㏜㑇᷍㡅㰝㸫㳃䄓Ⱍ㋪䄵⡜㘉㭗⭹⼽⼤᱄1846

㛋⼄㶖㾨⭥ⳃ㻷ⷝ㬨ㅌ䎃⷗〚䇻㉙ⰵ㬒㋶⹼䈌㝄ⰺ㑇䁈⭥㏎㔼㳆㻖⭥⧪⹇㵧⭞

㑬Ⰶⴆ᱄⭒㬒㸉䄜⭥䄜⷗㏁㯧㏎㔼㸿ⳉㆃ㬮⭥㻷㼔㬨㯏㾨㆝㦶⮄⭥㆙Ⱀ㸫㳃᷉ 㵝

8.21 ᱄᷊䎃⷗㸫㳃䊻⭒㬒⭥㳍㸥⹼⥃䐱䄲㈎⳨⧄㘘㻵㑬 ⭌᷍⤃㗜䇱䅞㡑⼽ⱁ㦬⭥⹹

 
377㣠㼁⿆䔘䇤䈌㧖㼁⿆䔘䇤Ⱍ㬨㹐㏎䁈ⷐ㘝䐏⽔㦬㗨⤦㦰㬗⭞⭥᱄ 

 
378䎃⷗㿉䄋⭩⭞⺄䅆㼁ⰵ㔼⨗㎕᱄ 



  

䓃᱄㯖䊎䅓⭥⿑ 䄜᷍⷗〓㿎㬨ⰵ䎃⷗⳨⧄䓉䄖⭥㳍㸥⹼⥃ⶱ㾬㦅⭥㦬䄓⤜㬨㚨㗕

ⱁ᱄㒎㶃 㦬᷍㗨䄓䊻⧃㬵䊻㈎⮅㑇䁈䈌㉙ⰵ㬒㋶⹼⭥㏎㔼㌓ソ㻣⭥㿉䄋䄜㾊㾣⭥

㋪㚽⭥ㆃ㬮〛䐧᱄䅓⪬ 㸳᷍㗨㋪䄵㯖䎇䎞㦤㦬㗨㦰㬗⭞㈎⮅㬒㋶⹼⡹㿌䔗⨗ⶥ⢅

⭥㬖䂊᷍㬨㎕䓵䇻⮈⪦䁈⭥᱄ 

 
㵝 8.21 㯏㾨㆝㦶⮄⭥㆙Ⱀ㸫㳃㬟䅃㵝᱄䊻㯏㾨㦧㲌䂕⭥㆙㾱⭥⺍⭡䊬Ⱀ⺞⧭䐱᷍㆝㦶⮄。

䊻㗠⷗䐽㠻ⳃ㪛䄜Ⰹ⭥㆙Ⱀ᷉㵝䐱䄵㌅䍦⭥㬷ⳉ䇤㎗㩌⮄⢋⨗㑬䎃⷗⭥⢅⿐ ᱄᷊䎃㬨䊻

1859 㛋᷍ⳉ⺛㳍㸥䁈コ㎶㶟䄏ⳃ㻷䎃⷗㆙Ⱀ䐖䈌㳍㸥⹼⥃⭥㭞㈾⫇䊻㘘㻵⳷㡈᷉⹼⥃䐖⡩

㏎㔼ェ㰄䐖䄋㌍⫔䊝 38 ㅨ㘌/㬡ギ᷍⽔㎕ⷝ㈌㻙⭥ェ㰄⢎㘘䎃⷗䐖䇇ⶤ㯖 43.11 ㅨ㘌/㬡

ギ ᱄᷊㸳㗨㣑㘇㳂⭞⺞᷍㎶㶟䄏䊻⼄㶖㾨⭥ⳃ㻷⺞⧭䐱ⳃ⿴㑬⹹ポ䔘䇤᱄➕䍶㏁㯧㯝㔨᷍㎶

㶟䄏㦰㸋⡩㯏㾨ⷝ㆝䇇ⶤ䇱⷗㯏㚻㾱㾨᱄䎃㈮㬨㸳㗨䊻䎞㸥䐱㳂⭞⭥᱑㦬㗨䄓䊻⧃㬵䊻㈎

⮅㑇䁈䈌㉙ⰵ㬒㋶⹼⭥㏎㔼㌓ソ㻣⭥㿉䄋䄜㾊㾣⭥㋪㚽⭥ㆃ㬮〛䐧᱒᱄⭌㈎⺞ⱁ㛋⹼⥃᷍㦬

㗨⤃㗜䇱ⳃ㻷䎃⷗㯏㚻㾱㾨᱄䇪䇻㗜䇱ⳃ㻷⤃⤜⫛⢎㗜䇱᷍䎃䈌㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊ⰵ㉙

ⰵ㬒㋶⹼⭥䐒ㅴ㳕䍞䊻㾵䐫㩰㬨⤜䄜䂚⭥᱄㦬㗨䄜䐒㗜䇱㦰㬗⭞䎃⷗䄜Ⰹ㈮㬨㉙ⰵ㬒㋶⹼

⭥㸫㳃᷍䐒⭞➏䅓㯚㲚㏎㔼⺄䅆㼁ⰵ㔼ⰵ㡅㆙㾱㑬ㆃ㬮᱄ 

 

1865 㛋᷍⭒⮈Ⱀ㑇䁈⭥㯥⷗〚⡟Ⳟ⧭䄵ㅰ㸋Ⳓ㰗⭥ⱟ㬏⷗⳷㑠Ⳟ⧭⭥㾯㬞
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⨗㻷⭥㬒⽓᷍䈌⮈᱃⪦᱃⺃㼁⹹⭥㻷㼔⭥㏎㔼㘉㭗㈮䄲㈎⭤⭞㑬㵔䄜 379᱄〚䇻䎃

⷗㏎㔼 1᷍883 㛋 䔘᷍㸋㕔㋬㯚㸅㏎㔼⭥䄜⷗ベⰉ⭥䐈⧷䎀 ㎕᷍䓵➏ⱜ㎝⭥㏎㔼㹐

㏎䁈コ咔⪥ㅽ㎎⭣᷉George Francis FitzGerald᷍1851–1901 㛋᷊䊅䁵䎒⭕⭥⮈㒘

㋪䄵⥛㪛⮈⪦⤉᱄1887 㛋 ⼶᷍䓩⭥㬖䂊䐅㬖㑬⮈⪦⤉⭥⫇䊻᱄䎃䄓㸋㕔㋬㯚㸅Ⳟ

⧭䔊䎃䂚䄜⷗〚䇻᱑⧂᱒㎕㘉㭗⮈᱃⪦᱃⺃㼁⹹㻷㼔⭥㵔䄜㏎㔼㳂⹊㑬䄜⷗䔏㣠

䇱㑇⭥䐈⧷᱄⭌㕔㋬㯚㸅Ⳟ⧭䔊⭥⧪⹇᷍⼽㌍㈮⡜㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊ⰵ㉙ⰵ㬒

㋶⹼⭥䐏䄜㗪㩰㑬䄜⥄㪏㪏⭥䅖䇑᷉⹹䇻䎃⷗㬖䂊᷍㸳㗨䊻 8.2.1 ㅻ䄲㈎㆙㾱㑬

㼁ⰵ㼋㻙⭥ㆊ㩽 ᱄᷊ 

䓼㩰 㧈᷍⺜䇤䄜㉅⿑㎕䓽ㆂ⭒㬒㹐㏎䁈䊻䎃⷗Ⳟ㘇䈗⭞⭥㎈㈔⭥⿑ 㸳᷍㗨㋪

䄵㆙㾱㧈㻣⢎⫐ᷛ䊻㬏㈦㬡ギ㚊䎃䂚䄜⷗㬒ヅㅻ⮄᷍㦬㗨䐋⭡㑇䇱㑞䐷㎕䊕᷍䄜

䐷㬨⮈⪦㑇 䄜᷍䐷㬨㶓䇱䅞㑇᱄㩰㭗㲷㔼⷇㰀㸳㗨䈌㶓䇱䅞㑇㼁⹹⭥㸫㳃䐱㯏㾨

㆝㦶⮄⭥㆙Ⱀ㬨䄜⷗㸫㳃 ⭌᷍⭒㬒㦬㗨⤃㗜䇱䅃㬗⭞ 380᱄㦤㦬㗨䅃㬗⭞㉙ⰵ㬒㋶

⹼⭥㸫㳃⭥᷍㬨䈌⮈⪦㻷㼔㼁⹹⭥㬖䂊䈌㯝㋝᱄㡅䐱᷍㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊䄵䔏

䐒ㅴ⭥Ⳟ㬞ⰵ㉙ⰵ㬒㋶⹼㳂⨗㑬㳕䍞᱄䄵➏䅓㯚㲚㸋⫛⢎⭥㹐㏎䁈コ㗨䎞㬨䊻ⰵ

䎃㏁㻷㼔䁑㤔㏎㔼ㆃ㬮⭥⺞⧭䐱᷍ⳃ䍚⨗㑬㼁ⰵ㔼⭥㼁ⰵ㬒㋶㏎㔼᱄ 

 

8.5.2 咔⪥ㅽ㎎⭣᱃㕆㔸䓩᱃㝴ゴ㎔ 

㚠㣑ⱁ㭞ㅭ⤥䊻ㅓ⭞㼁ⰵ㔼⭥㬒⽓᷍Ⱍ。➲ 1905 㛋➏䅓㯚㲚ⳃ⢎㔼㸥᱗㔼

䊬Ⱀ㹐㳆⭥⮈Ⱀ㑇䁈᱘䔘㸋䔏䐹䄋⭥⢋䐟㬣ミᱟEinstein 1᷍905bᱠ᷍ ⪴䎃⷗㬣ミ⨗

 
379䊻 4.5.3 ㅻ㸳㗨㳂⭞⺞᷍㸳㗨㻷䊻㭍㻅⭥㕔㋬㯚㸅Ⳟ⧭⭥㾯㬞㎕䓵㬏㈦㬡ギ㚊㠻⼆㸍㧝᷉Oliver 
Heaviside᷍����ÿ���� 㛋᷊᱃る⤝㯚᷉Josiah Willard Gibbs᷍����ÿ����᷊᱃⼶䓩᷉Heinrich Rudolf 
Hertz᷍����ÿ����᷊ⰵ㡑㆙㾱㑬䎜㏎᱄䎃⷗⤜䇑㼍 1865 㛋㕔㋬㯚㸅⭥䊎㬝Ⳟ⧭䔊⭥㹐㏎䅃䅆᱄ 
380䐒⭞➏䅓㯚㲚⭥⨗㻷᱄ 



  

ⳃ㆙㾱⥜㭗᱄⭌䊻 1905 㛋䐏㣑᷍⡩➏䅓㯚㲚ⷝ䓫㪏⭥䄜㾊㹐㏎䁈コ㗨᷍㬖カ㩰

䄲㈎㆙㾱㑬䄜㾊䓠䇱⧪㾈⭥㲞㰘᱄⡟䓦䔑䐹㏛㬘⭥䊎䋓 㸳᷍㗨䇱⡹䄋ⰵ䎃㾊㣑㠻

⭥㲞㰘㆙㾱䄜㾊ㆊ㩽᱄ 

㬏㈦㬡ギ⭥➬㬏㛋⫛ 㕔᷍㋬㯚㸅䄲㈎㦆㬡㑬 381᱄䊻⮈Ⱀ㑇䁈⭥䁱㈠䐱 咔᷍⪥

ㅽ㎎⭣䔘㸋㕔㋬㯚㸅㏎㔼䄜䐒䄵㎕⭥䄜⷗ヂⰉ䐈⧷䎀᷍㬨䇱⼽ⷀ⭥䁈㭖⭹㸜⭥᱄

㰜⭒㦜。䓃䅃⭞㕖㋬ⱜ䁘ÿ㚋㎸⭥㬖䂊᱄⭌㰜㸿㑇⪴ⷚ⡟㩰ㆃ㉗䎃⷗㸫㳃᱄䇻㬨᷍

㰜㳂⨗㑬䄜⷗䊬Ⱀ㹐㳆䊻䊬ⰐⳞ㼓。㰇䓦㯺Ⱙ⭥䋗ゴ⧅Ⱙ㬶㰖⭥ズ㪉㎕㡔㵝㦤

㕖㋬ⱜ䁘ÿ㚋㎸⭥㬖䂊ㆂ⺜⼰㏎⿐ᱟFitzgerald 1᷍889ᱠ᱄䎃⷗⹅䔘᷍䇇ⶤ㯖㬨㦬㗨

䊻ㆃ㬮㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊⭥⺞⧭䐱䔏⨖⭥䄜⷗㏎㔼⧃㬵᱄ 

〚䇻䎃⷗ズ㪉᷍1904 㛋᷍㕆㔸䓩㳂⨗㑬䑙㘜⭥㕆㔸䓩⢅⿜⹌㬞ᱟLorentz᷍

1904ᱠ᱄䎃⷗⹌㬞⭥〚⡟㯝㼌㬨ⰵ䇻䊬Ⱀ⭥㹐㳆᷉䄵䁹ݔⳞ㼓䊬Ⱀ⭥㸋㏞᷊᷍ 㧈⺜

䅞㧌㧈㻣䔔⢀⢅⿜ᷛ 

ᇱݔ =
ݔ െ ݐݒ

ට1 െ ቀ௩
௖
ቁ
ଶ
 

ᇱݕ =  ݕ
ᇱݖ =  ݖ

ᇱݐ =
ݐ െ ௩

௖మ
ݔ

ට1 െ ቀ௩
௖
ቁ
ଶ
 

⹌㬞 8.143 

㈮㋪䄵〚䇻㩰䄜ㅻ㏜䇤䄵㲌㰚Ⰹ䅆⭥㉙ⰵ㬒㋶ 㸋᷍㼁ⰵ䇻㉙ⰵ㬒㋶䊬Ⱀ⭥⺀㾵㻖

 
381㕔㋬㯚㸅⤃⤜㬨⼽⧅㬺᷍1879 㛋䊻㰜 48 㰋⭥㬒⽓㈮㦆㬡㑬᷍䎃㬨䄜⷗䄦⼗᷂⭌㤍㾳⭥㬨䊻㰜
⭥䇱㪛䐏㛋㰜㳂㾐㑬⤜㩺䇦㿄⭥㶎⡓ ⤃᷍䈌㵍⡓㦬⭥⹹㻖䄓Ⱍ⼽䇲㩧᱄䇱㾊⡜㳂㾐⭥㶎⡓䈌㰜㪖
䐢㯹⤜㼁㬗᱄䄜⷗⮅㾮⭥㏞䓴㈮㬨㎕䓵䄄䊗⭥㗡⺛⭥る⤝㯚᱄䎃⼮㝄ⰺ㬨㾯⧪㻫㘘ⰵ⡩⭥᱄㝄ⰺ
㦆㬡䐏⽔᷍㸳㗨㳂⭞⺞᷍䇃⺛⭥㹐㏎䁈䇱⺞㼁⭒⧅⭥㬒ヅ⭥⧢ウ᱄⭌㕔㋬㯚㸅㦆㬡⽔᷍䇃⺛⭥㹐
㏎䁈䄜䐒Ⱍ⡄⧷䊻䄜⷗⳨⧄ⷀ⭥㯏㠞᱄ 
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䐱咔⪥ㅽ㎎⭣㰚䅞㧌⭥᱑⧅Ⱙ㪍㰖ズ㪉᱒㳂⹊䄜⷗㏎㔼ㆃ㬮᱄〚䇻䎃⷗⢅⿜᷍㕖

㋬ⱜ䁘ÿ㚋㎸㬖䂊䄓㋪䄵⭤⭞㶋㗡⭹ㆃ㬮᱄㵍㬒᷍㦬㗨⿚㋪䄵ⰵ䊬Ⱀ㹐㳆⭥⮈Ⱀ

㑇䁈䍚㋋䄜㾊⳨⧄㬖䇤⭥㏎㔼㘉㭗᱄ 

䎃㠋㸥䍣䄜⨗᷍䁙㯺䅞㡑㑬㑞⷗㳍⤦⭥䓃䅃᱄䄜⷗᷍㬨㝴ゴ㎔᱄㒎䄜⷗᷍䋓

㬨➏䅓㯚㲚᱄㰜㗨〚䇻㕆㔸䓩⢅⿜᷍⳷⢑䊻 1905 㛋㶋⧪㑬䓵゛⭥⫛⢎䔘᱗⹹䇻

⮈䓴Ⱀ㑇䁈᱘᱃᱗㔼䊬Ⱀ㹐㳆⭥⮈Ⱀ㑇䁈᱘ᱟPoincare 1᷍905ᱠᱟEinstein 1᷍905bᱠ᱄

㋪䄵㯖㰜㗨㬨㼁⿆Ⱑ㑃⭹㶋⧪㑬䓵゛⭥㻢䅆㼁ⰵ㔼ᱟ㆑㼟ⴆ 2᷍022aÿ2022dᱠᱟ㆑

㼟ⴆ᷍2023ᱠ᱄ⴈⷒ᷍㦕⳨⧄佥䅍᱄㼁ⰵ䇻㕆㔸䓩᷍㰜㗨⭥㆙⤞㳆㻷䊻㰜㗨Ⱍⴒ

㦰㑬㵝 8.20 㰚㻵㬟⭥㚨⷗㆜囡䊻⭒㬒㉙⫔ⱁ㭞⭥㹐㏎䁈コ㚵䓴㏐⭥㉙ⰵ㬒㋶⭥

ⶦ㛏⭥⫇䊻᱄㡅䐱᷍㝴ゴ㎔⭥Ⳟⳉ⡩ㅰ㠌㭞䁈᱄㰜䐅㘘㑬䊻㕆㔸䓩⢅⿜㻣᷍㕔㋬

㯚㸅Ⳟ⧭䔊㉀䇱㾎⢅㾵᱄㿉䄋㯖㘘⭥㬨⼽ⱁ㦬㦰㸋䎃䄜⮄䊻㕆㔸䓩㚨㏐㈮䄲㈎㤆

⨟㑬᷍⭌㬖カ㩰⤜㬨㚨䂚᱄⹹䇻䎃䄜⮄⭥ⷝ㸋㼋㻙⭥㯖㘘᷍Ⱒ䎀㋪䄵⤯㋝ⶕ⭊⫔

䁈㹐㏎㻖㆑㼟ⴆ㎰㬇䊻᱗㹐㏎᱘䊴䐟㩰䓌㾕⭥᱗㝴ゴ㎔⭥㻢䅆㼁ⰵ㔼᱘㻖㑱㸥䍣

䐱⭥⭻䄜㠋㎕㆙㾱㑬ㆃᱟ㆑㼟ⴆ᷍2022aᱠ᱄〚䇻䎃䄜⮄᷍㝴ゴ㎔ⷝ㬨⭻䄜⪯䊻䄜

⷗㹐㏎䁈㏎㔼䐱䅞㧌㑬㦛㔼⭥Ⳟⳉ 〚᷍䇻㕆㔸䓩⢅⿜Ⰹ䅆㑬䄜⷗㕆㔸䓩㦛 ⤃᷍䐙

⨗䎃⷗㦛⭥⫇䊻㋪䄵⡄⧷㹐㏎⺇㔪᷉ 㕔㋬㯚㸅Ⳟ⧭䔊 䊻᷊⤜㵍⺀㾵㻖䐏ヅ㆙㾱⢅

⿜㬒⭥⤜⢅㾵᱄䎃⷗㭞䁈⪇㏎⭥㹐㏎䅃䅆㬨⳨ⳓ⭥᷂ 

㼁ⰵ䇻㝴ゴ㎔᷍➏䅓㯚㲚⭥㏎㔼䋓ⷝゴ㹐㏎䄜㾊᱄㰜⭥⨗ⳃ⮄᷍㬨⪴㸳㗨⭥

㪛』㈎㏛⨊㼔⨗㎕⭥㚻㦾᱄䄜⷗᷍㬨㼁ⰵ㾵䊎㏎᱄㒎䄜⷗᷍䋓㬨⺃㯺⤜⢅䊎㏎᱄

䎃㑞⮄ Ⱍ᷍㬨䄵䊎㏎᷉ principle ⭥᷊㾯㬞䊻㰜⭥㏎㔼䐱⧫㻷⭥᱄㝴ゴ㎔⭥㼁ⰵ㔼䇪

䇻㰜㦆㬡⭹⡩ㅰ䋈 382 ゴ᷍㩰Ⳟⳉ⺞䇻㭞䁈 ⤃᷍㗜䇱⥛㪛⳨⧄⫔⭥䇑㼍᱄䐜㬨⽔㎕

 
382㰜 1912 㛋㈮㦆㬡㑬᱄ 



  

⭒ⰵ⧧㾵䎃䂚⭥㯝㼌䊻㹐㏎䁈䐱⢅⭤䐹䄋⭥㬒⽓ 㦬᷍㗨⤦㋋㬝䅃㬗⭞㡅䐱⭥䄜㾊

⼬㾥㯝㼌⭥ゼ䐖᱄㒎㶃᷍䊻ⱟ㬏㬡ギ㡀㬏᱃➬㬏㛋⫛᷍⭒㦬㗨ⰵ䄜㾊㉀䇱㻫㘘⭥

᱑ⱁ㳆㲹䎘᱒⭥㸫㳃㆙㾱䁱㈠⭥㬒⽓᷍ⳃ㻷㑬」丈㻷㼔᱄䎃㬒᷍㦬㗨⿹⹬㏛㬘᷍

⤦ⳃ㻷㝴ゴ㎔䋈䊻㬏㈦㬡ギ➬㬏㛋⫛䁱㈠㳍㳆䐱⭥㧞㳆㸫㳃⭥㬒⽓㈮㳂⨗⺞㏁

㯧⭥ⶦ㛏ᱟChenciner᷍2015ᱠ᱄䎃㾊᷍Ⱍ㚽⹜ⳕ䇔⨗㎕㝴ゴ㎔㰚䁱㈠⭥㹐㏎䁈⭥

᱑㪏侅䐏⪇᱒᱄⭌㉀㳆⭞㼁ⰵ㔼㏎㔼⡟㭊᷍㋝㔨⭞➏䅓㯚㲚䊻㡅䐱⟈䁾㉙ⰵ䑘⭝

㾵⭥ㅨ㩌᷍㸳㗨⿚㬨䄵➏䅓㯚㲚⭥㏎㔼㸋䑘᷍䊻ㆊ㩽㶋㡅㰜㦬⭥⹒㻸⽔᷍㎕䍚㋋

⡟ㅻ⽔㿙⤠⳷⭥㲷㔼᱄ 

 

8.5.3 㻢䅆㼁ⰵ㔼 

䇇ⶤ㯖᷍㼁ⰵ㔼㏎㔼⭥㾕䔘䈌㝄ⰺ⭥᱗䊎㏎᱘⭥㾕䔘㬨➕䍶㵍䂚⭥ⴈⷒ㶋⧪

⭥᱄㉀㳆᷍㳆㻷䊻ᷛ〚䇻゙⷗⤜䈌㦯⼯㈎䂊⨆㵜⭥Ⰹ㔪〓䊎㏎㸋⨗ⳃ⮄᷍ㅉ㑃䄜

⷗㹐㏎⭥㏎㔼㳆㻖᷍㦜⽔〚䇻䎃⷗㏎㔼㳆㻖㎕㘉㭗㻷㼔ㆈ᱄⤜㵍䐏⪇᷍䊻䇻㝄ⰺ

㑇䁈⭥〚⪂᷉㧞⫔Ⰹ㔪᷊㬨䄵Ⰹ㔪᷉law᷊⭥㾯㬞㳂⨗⭥᱄䎃㧞⷗Ⰹ㔪⭥㚻㦾⼮㸳

㗨⭥㪛』㈎䂊㗽㣱㼁⹹᷍㝄ⰺ➲㰝㗨㆙㾱㑬⨊㼔⿐᱄ⱙ㼁ⰵ㔼㏎㔼᷍⟝㎉㻢䅆㼁

ⰵ㔼⭥䐱⺃㯺⤜⢅䊎㏎᱃㼁ⰵ㾵䊎㏎᷍䄵ゑ⺄䅆㼁ⰵ㔼䐱⭥⺄䅆㼁ⰵ㾵䊎㏎᱃⭩

㾈䊎㏎ Ⱍ᷍㬨䄵䊎㏎᷉ principle ⭥᷊㾯㬞ⷙ⨗⭥᱄䎃㾊䊎㏎⼮㸳㗨⭥㪛』㈎㏛䄓㼁

⹹᷍➏䅓㯚㲚䄓➲㰝㗨㆙㾱㑬⨊㼔⿐᱄䎃㏐᷍Ⰹ㔪⼮䊎㏎⭥ㅱⳉ⤜㵍᷍⡟䐫㤙⢑

䇇ⶤ㯖⤜㘘㻵᱄ 

䔘㸋䄜⷗㵉㬗ㅭ⤥ ⶓ᷍ⶨ㻢䅆㼁ⰵ㔼⭥⼬㾥㚻㦾㈮䊥Ⱒ㚲Ⱙⱙ䁵㬨㋪䄵⡜Ⱒ

䎀㰚ㅴ㬽⭥᱄ⰵ䎃⤠⳷⭥㾕䔘䄓㬨䊻⡫䎀㚽㑇ⳗ㸈䐏㚻⭥᱄⺄䅆㼁ⰵ㔼⭥㭞䁈㾯

㬞䋓⺞䇻ⶕ䊴᱄䅓⪬᷍㸳㗨ㅌ䎌ⰵ㻢䅆㼁ⰵ㔼᷍㳕⨗㧞⮄᷉㼁ⰵ㾵䊎㏎䈌⺃㯺⤜
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⢅䊎㏎᱃㵍㬒㾵㸫㳃᱃㕆㔸䓩⢅⿜᷊᷍ ㎕ㆂ⼰㭞䁈㆙㾱ㆊ㩽᱄〚䇻䎃㧞⮄㚻㦾᷍

Ⱀ⨀㬶㰖᱃Ⱀ䐴⢅㕞᱃㯺Ⱙ⮝ゴ⹌㬞᱃䐫㑠⹌㬞᱃䐫㚽⹌㬞Ⱍ㋪䄵⡜㵧⨗᷍㻢䅆

㼁ⰵ㔼⭥⫔㻤䄓㋪䄵⡜ㅉ㑃㡑㎕⭥᱄⺄䅆㼁ⰵ㔼 㸳᷍㗨䋓⡽㘃㰚䇱㭞㏎Ⳟ㘇⭥㚻

㦾᷍㆗㆗ㆊ㩽㏛㬘䈌㯝㼌᱄ 

 

8.5.3.1 㼁ⰵ㾵䊎㏎䈌⺃㯺⤜⢅䊎㏎ 

㼁ⰵ㾵䊎㏎䈌⺃㯺⤜⢅䊎㏎⭥㚻㦾㸳㗨䊻 8.5.1 ㅻ䄲㈎ㆊ㩽⺞᱄㸳㗨䎃㏐䐜

㬨㣠⮘䄜㻣➏䅓㯚㲚䊻䎃㏐㵉⺞㼁ⰵ㾵䊎㏎㼌㣠⮘⭥㬨㰚䇱⭥⺀㾵㻖䐱㹐㏎⺇

㔪⡹㿌䇱㼁㵍⭥㾯㬞᱄㰜㡔㵝㏜䇤䎃䄜⮄᷍㎕㣠⮘⺀㾵㻖䐏ヅ⭥⭩ゼ㾵᷍⡽㘃㵝

8.20 䐱⭥䄵㲌ⰵ䇇⭥㉙ⰵ⺀㾵㻖䎃䂚䄜⷗Ⰹ䅆᱄⺃㯺⤜⢅䊎㏎⭥㚻㦾㬨⺃㯺䊻㰚

䇱⭥⤯㋝㻖䐱Ⱍ㬨䄜⷗Ⰹ䐖 㰝᷍㬨䇤㎕ⰵ㾦㻃⪌⭾㆙㾱㻿䐧⭥᱄㲸䇤㋖⭣⭥䈐䁵᷍

㾯ⱙ㩰䁈ㅌ㹐䓵㳆⼮㻷㼔ㆈ㆙㾱㤙⳷⽔᷍㹐㏎䁈䐜㿉⹹㾥㻷㼔ㆈ⭥㚻㦾ゕ㋪᱄ 

䇇ⶤ㯖 䎃᷍㑞⷗䊎㏎Ⱍ㬨ㅉ㑃䊻ⴂ⶜⭥㈎䂊䐅㈾㩰 ⤃᷍䊻ⷀⰩ⨊㼔⽔ㅌ䎃㾊

㈎䂊䐅㈾ゴ䄵㠶⢊⿐ ㆙᷍ⱙ㾯⧪⭥㹐㏎㚄㾮⡹㿌䔒⪴⭥䊝㭙᱄〚䇻䎃䂚⭥㑞⷗䊎

㏎ ➏᷍䅓㯚㲚䓆䓂㑬㵍㬒㾵䎃⷗⹹ポ㸫㳃 ⹚᷍䋍⨗㑬䄜⷗ⴜ⼰㕆㔸䓩⢅⿜⺇㔪⭥

㑇䁈㏎㔼᱄䊻㻣䄜㾂ㅻ 㸳᷍㗨ㅌ⪴䎃㑞⷗ⶦ㛏⨗ⳃ㎕ㅓㆃ➏䅓㯚㲚⭥㻢䅆㼁ⰵ㔼᱄ 

 

8.5.3.2 㵍㬒㾵㸫㳃 

➏䅓㯚㲚䊻㲙㵍㬒㾱㸫㳃⭥㬒⽓ 㻓᷍⿗䇤㾱㬜䐱⭥】⧖䔘㸋㏞䓴᱄䇱䄜⷗㯖

ⳉ㬨㰜䊻㳂⨗㻢䅆㼁ⰵ㔼⭥㬒⽓⹅䔘⭥⭹⮄㬨⤏ⱜ㛂⭥㧑㬠㑋⟏䓉㏜㈷᷉㵝



  

8.22a 䈌 b ᱄᷊⪴㵝 8.22a 䐱⭥⭹㵝㋪䄵㋕⨗᷍䎃㏐㆕㑻㳛㔘᱄⹼⥃】⧖㆙䍟䈌⨗

䍟᷍〓㿎㚽ⰵ➏䅓㯚㲚㆙㾱㵍㬒㾵⭥㯝㋝㳂⹊⟐䑛᷉㵝 8.22c ᱄᷊䅓⪬᷍⡫䎀⤜ⴒ

㦰䎃䐷㯖ⳉ᷍⡰㈚㹐㏎䁈㘉㭗⭥㈮㬨㸳㗨㚽ⶱ㬽⭞⭥㬡ㆈ᱄㰚㸞㹐㏎䁈⭥䐒㉖᷍

㶚㶚䄓Ⱍ㬨㵉⺞ㅌ㹐㏎䁈䈌䄜㾊㪛』㈎䂊㑋㻖〒⭤⭥᱄ 

 

 

㵝 8.22 ➏䅓㯚㲚⹅䔘⭥㧑㬠㑋⟏䓉㏜㈷᷉Swiss Fereral Institute of Intellectual Property᷊⶞㆝

⭥⭹㵝᷉a ᱃᷊⟍⹌⫔㔆᷉b ᱃᷊䄵ゑ➏䅓㯚㲚䊻㘇ⰵ】⧖㆙䍟䈌⨗䍟㬒ⰵ㵍㬒㾵⭥㯝㋝

᷉c ᱄᷊㣑㑞⷗㸋㶙㕈ㅹ㵝᷍⭻㧞⷗㸋⡫䎀㬷〇᱄ 

 

ㅌ䎃䂚⭥䄜⷗㪛』㈎㏛㆙㾱⨊㼔⿐᷍㋪䄵⼽䐒ㅴ᱄㸳㗨䐜㿉䄋䇤㯥⷗㵝᷍㈮

㚽⹜➲➏䅓㯚㲚⪴㩰㭗㑞⷗䊎㏎⨗ⳃ⭤⭞㕆㔸䓩⢅⿜⭥⺞⧭ㅓ㤆⨟ 383᱄⭌䊻䎃

⷗㵝⭥〇䐧⺞⧭䐱᷍㧈⺜㦂⺛カ⭆㸜䐧᷍㵝 8.23 䐱⭥⽍㩌⤯㋝㼀᷉⺃㯺㼀᷊。㸿

㻿ㅴ㆝䇻㯏㠞㼀᱄䎃㈮⭝䐣᱑⭩㬒㼀᱒⼽㚲⡜⿎⨗᷉㵝 8.23a ᱄᷊〚䇻䎃⷗㋝㔨᷍

 
383䄋㏎ㆃ䎃䂚䄜⷗㸑⫔⭥㏎㔼᷍㯥⷗㵝䄲㈎㼁⭒㩺㑬᱄ 
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㸳㗨㻩㦂⺃㯺ܿ = 1㎕䍚㋋㻣㘇⭥㲷㔼᷉㵝 8.23b ᱄᷊䎃㬨⭻䄜⷗㵝᱄ 

 

㵝 8.23 䇤⺛カ⭆㸜䐧⿎⨗⭥㏎ㆃ㵍㬒㾵⭥⤯㋝㼀゙⽖㯏㠞᷉a᷊᷍ 㧈⺜㦂⺃㯺㸋 1᷍⿎⨗⭥

⤯㋝㼀㈮⡩ㅰ㬫⼰㸳㗨ⰵ䍶⭩㬒㼀㎕㏎ㆃ㵍㬒㾵㸫㳃᷉b ᱄᷊ 

 

䐏⽔᷍㸳㗨㋕⭻ⱟ⷗㵝᷉㵝 8.24 ᱄᷊㸳㗨ㅌ➏䅓㯚㲚㰚⪇⭥㈓䐚⭥䔙⢋㻖㪉

㸋㵝 8.23 䐱㰚㬟⭥䔙⢋㻖᷉䇪ݔ᱃ݐ䔊⧪⭥䔙⢋㻖 ᱄᷊】⧖㩰᷍➕㵝 8.24a 㰚㬟⭥㯔

㿓᷍⪴䔔⭞䇳䔙䓦㾂㘘᱃㾂⽍᱃㾂ⳝ᱄䊻】⧖㩰⭥㾂㘘㈎⺞➏䅓㯚㲚᷉㻣㘇⧧㎰

➏ ⭥᷊㚨䄜㋭ 㰜᷍㗨㑞㦬ⰵ㑬䄜㻣⢎᱄䎃⷗㬒⽓ 䊻᷍㎰➏⭥䔙⢋㻖᷉ 䇪ݔ᱃ݐ䔊⧪᷊

䐱᷍䎃⷗㬣ミ᷉エ㸋㬣ミ a᷊⭥㬒ヅ᱃㋶ヅ䔙⢋㸋ݔ = 0᱃ݐ = 0᱄䊻㾂㘘㰚⪇⭥䔙

⢋㻖᷉】⧖䎃⷗䊬Ⱀ⭥⺀㾵䔙⢋㻖᷍䇪ݔᇱ᱃ݐᇱ䔊⧪᷊䐱᷍䎃⷗㬣ミ⭥㬒ヅ᱃㋶ヅ

䔙⢋㸋ݔᇱ = 0᱃ݐᇱ = 0᱄ 

䎃㏐⭥⹹ポ⮄㬨㵍㬒㾵᱄】⧖㩰⭥㡅㰜㦬䄓䄋⨅⳷㏜䇤䎃䄜⮄㎕㳆䂊㬡ㆈ᱄

㸳㗨㋪䄵ズ㪉】⧖㩰㾂ⳝ䄓䄋㵉⺞㚔䐷Ⳟ㬞᷍⼮㾂㘘ⰵ䄜㻣⢎᷍㦘⡄㰞⭥ݐᇱ䄓⭩

䇻㒄᱄䎃䂚⭥⿑᷍ⰵ䇻ݐᇱ = 0䎃㳖㼀᷍⨞㑬㾂㘘㈎⺞㎰➏䎃䄜㋭⭥㬣ミ a 㰚Ⰹ䅆

⭥㎰➏䎃⷗䔙⢋㻖䐱⭥䔙⢋䊎⮄᷉ ݔ = 0᱃ݐ = 0᷊᷍ 㒎㶃䄜⮄㈮㋪䄵䇪㾂ⳝ䊻】⧖

㩰䈌㾂㘘㵉⺞㚔䐷Ⳟ㬞㦘Ⰹ㵍㬒㾵䎃⷗㬣ミ㦘Ⰹ㻣㎕᱄䐜䄋䎃㑞⮄Ⰹ㑬 㵝᷍ 8.24b

䇳㻣Ⳟ⭥ݐᇱ = 0䎃㳖㼀㈮Ⰹ㑬᱄䎃㳖㼀⭥㹐㏎䅃䅆㬨䊬Ⱀ䔙⢋㻖䐱⭥᱑㵍㬒᱒᷍ 䊻

㈓䐚䔙⢋㻖䐱㧈⼯⢎⫐ᷠ㏎ㆃ䎃㳖㼀䊻㎰➏㰚⪇⭥䎃⷗䔙⢋㻖䐱⭥䔙⢋㕛䔄㬓



  

㗕䂚⭥⺇㔪᷍㈮。⟐䑛㸳㗨㏎ㆃ㻢䅆㼁ⰵ㔼⭥〚⡟㯝㼌᱄ 

 

 

㵝 8.24 ㏎ㆃݔᇱ᱃ݐᇱ䎃䂚䄜⷗䔙⢋㻖᷉】⧖᷊⭥㵍㬒㾵⭥㬟䅃㵝᷉a ᱄᷊㧈䎞㸥㰚ㅓ᷍⹹ポ⮄

㈮㬨䊻ݔ = 0᱃ݐ = 0᷍㵍㬒䄓㬨ݔᇱ = 0᱃ݐᇱ = 0䎃䂚䄜⷗㬒㋭᷍㎰➏䈌㾂㘘ⰵ⢎䎃⷗㬣ミ᱄

䄵ゑ】⧖㩰㾂ⳝ䈌㾂㘘ⰵ⢎䎃⷗㬣ミ᱄㵉⺞䎃㑞⷗㬣ミ᷍㈮㋪䄵㦘Ⰹ⨗䊬Ⱀ⭥】⧖㩰ݐᇱ =

0䎃䂚䄜⷗⭩㬒㼀䊻㎰➏䎃䂚䄜⷗䔙⢋㻖䐱⭥⢎⫐㑬᷉b ᱄᷊ 

 

䇱㑬䎃⷗㯝㔘᷍㻣㘇⭥㦯㹒㈮⼽ビ⭆㑬᷍㸳㗨㋪䄵㵉⺞㑞⷗㵝㎕㶋⧪᱄㻩㋕

㵝 8.25᱄㸳㗨ズ㪉㾂ⳝ䈌㾂㘘㦘Ⰹ㵍㬒㾵㬨㵉⺞㻣㘇䎃䐷Ⳟ㬞㶋⧪⭥ᷛ䊻㾂㘘㈎

⺞㎰➏㚨䄜㋭᷍⼮㎰➏ⰵ⢎⭥㵍㬒᷍㾂㘘䄓㼓㾂⽍ⳃ⨗䄜㭙⺃᱄䊻㬒㋶䑂㩰᷍䎃

㬨䄜⷗㬣ミ᷉㵍䄜㬒ヅ᱃㵍䄜⭹⮄᷊᷍ 㵍䂚⢋エ㸋㬣ミ a᷍㵝 8.25 䐱䇱㻵㬟᱄㒎

㶃᷍㸋㑬㘉㭗䊬Ⱀ⭥䔙⢋㻖䐱㾂ⳝ䈌㾂㘘㵍㬒᷍㸳㗨⿚㿉䄋䄜⷗㬣ミ᱄㸳㗨➲䎃

⷗㬣ミⰉ䅆㸋䊻】⧖㩰㾂㘘㼓㾂⽍ⳃ⨗䄜㭙⺃⭥㵍䄜㬒㋭ 㾂᷍ⳝ䄓㼓㾂⽍ⳃ⨗䄜

㭙⺃᷉㬣ミ b᷍㵝 8.25 ᱄᷊䐜䄋䎃㭙⺃⼮㾂㘘ⳃ⨗⭥⺃㵍㬒⭞⫐㾂⽍᷉㬣ミ c᷍㵝

8.25᷊᷍ 㾂⽍㈮㋪䄵䔘㸋⤤㝱 䄵᷍㵍㬒ㅴ㬶⭞㾦㻃㸋䇪 ⷚ᷍㈾㧞䎀⭩ヅ㉁㣳⺃㯺䊻
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㦯⼯䔙⢋㻖䐱Ⱍ㬨Ⰹ䐖᷍㝱Ⰹ㾂㘘⼮㾂ⳝ㬨㵍㬒ⳃ⭥᱄䎃䂚⭥⿑᷍ォ㦜㾂㘘ⳃ㾦

⼦㬨䊻】⧖㩰⭥ݐᇱ = 0䎃䂚䄜⷗㬒㋭᷍㾂ⳝⳃ㾦⼦䈌㰜㵍㬒᷍㚨㾂ⳝⳃ㾦⼦⭥㬣

ミ b ㈮䄜Ⰹ䄓ⳃ㪛䊻】⧖㩰⭥ݐᇱ = 0䎃䂚䄜⷗㬒㋭᱄䎃⷗㬒⽓᷍㸳㗨䐜㿉䄋ㅌ㬣

ミ b 䊻㎰➏䎃⷗䔙⢋㻖䐱⭥⽂䔙⢋䈌䓾䔙⢋㦘Ⰹ㻣㎕᷍ݐᇱ = 0䎃㳖㼀䓵㦜䄓㈮Ⰹ

㑬᷉ 䅓㸋㒎䄜⮄䄲㈎Ⰹ㑬 ㈮᷍㬨㬣ミ a 䎃䄜⮄ ݔ᷍ = 0᱃ݐ = 0 ⫔᷍コ㋪䄵⪴㵝 8.25

䐱㋕⨗㎕ ᱄᷊ 

 
㵝 8.25 㦘Ⰹݐᇱ = 0䎃㳖㼀⭥㉀㳆Ⳟ➙᱄➕䑘㸥䍣䐱⭥㘉㭗᷍⹹ポ⮄㈮㬨䄋㝋㤆㬣ミ b 䊻㎰

➏㰚⪇⭥䔙⢋㻖⭥䓾䔙⢋䈌⽂䔙⢋᱄䎃㏐᷍⽍㩌㬖㼀㘉㭗⭥㬨㾂㘘㼓㾂⽍ⳃ⭥㚨㭙⺃⭞⫐

㾂⽍⭥⺞⧭᱄⽍㩌㿊㼀㘉㭗⭥㬨㾂ⳝ㼓㾂⽍ⳃ⭥㚨㭙⺃⫐⭞㾂⽍⭥⺞⧭᱄ 

 

䎃䂚⭥⿑᷍㻣㘇䄋䔗⭥㈮㬨㦘Ⰹ㬣ミ b 䊻㵝 8.25 䐱⭥䔙⢋᱄䇪䇻㬒㋶⭥㪍

㰖㬨㉚䊩⭥ 㸳᷍㗨㋪䄵ズ㪉⭩ヅ㉁⳷⤝⭥㧞⷗㦬⭥㉁㏌䊻㎰➏⭥䔙⢋㻖㏐㘇㋕㬨

1᱄䎃䂚᷍㸳㗨㋪䄵䇤㑞⤞➲㬣ミ b ⭥䔙⢋㦘Ⰹ㻣㎕᱄ 

⭻䄜⤞᷍㬨㦘Ⰹ㬣ミ c ⭥䔙⢋᱄㰝㬨ݔ = 䎃㳖㼀᷉㵝ݐ 8.25 䐱⭥⽍㩌㬖㼀᷊

⼮㵝 8.25 䐱㧞㳖㠞㾱⭥⽟㎗㩌㬖㼀㏐㘇䐱ヅ㚨㳖᷉ ⪴㾂⽍ ⭥᷊ㅜ⮄᱄䎃㧞㳖⽟㎗

㩌⭥㠞㾱㼀䐱䔏䔔⢀㚨㳖㬨㎰➏㋕㎕㾂㘘⭥㸜䐤㰇㬒ヅ⭥㝓Ⱀ᷍⢎㭗㸋ݔ = ᱄ݐݒ

⭻ⱟ㳖㬨⪴(1,0)䎃䄜⮄⨗ⳃ⭥⭩㾒㔫⭥㼀᷍⢎㭗㸋ݔ = ݐݒ + 1᷍⫛⢎⭥㬨㾂⽍⭥



  

䄧Ⱀ᱄䅓⪬᷍c ⮄㬨䇪ᷛ 

ݔ =  ݐ
ݔ = ݐݒ + 1 

⹌㬞 8.144 

䎃㑞㳖䐒㼀Ⰹ䅆᷍⫛⢎⭥㬨㾂㘘ⳃ⨗⭥⺃᷉⽍㩌ⰵㅨ㼀᷊⭞⫐㾂⽍᷉䐱ヅ⭥⽟㎗

㩌㬖㼀 ᱄᷊⹌㬞 8.144 ⭥ㆃ㸋ᷛ 

൞
ୡݔ =

1
1 െ ݒ

ୡݐ =
1

1 െ ݒ

 

⹌㬞 8.145 

䎃㏐⭥㻣⢋䐙⭥㬨㬣ミ c᱄䎃䂚᷍㬣ミ c ⭥䔙⢋㈮㻩Ⰹ㻣㎕㑬᱄ 

⭻ⱟ⤞᷍㈮㬨㦘Ⰹ㬣ミ b ⭥䔙⢋㑬᱄䎃⷗㬒⽓᷍㸳㗨㿉䄋⪴ c ⨗ⳃ᷍⿎䄜㻣

㾒㔫㸋െ1⭥䐒㼀᱄䎃ⰵ䇇⭥㬨㵝 8.25 䐱⭥⽍㩌㿊㼀 㰝᷍⫛⢎⭥㬨㾂ⳝ䊻ݐᇱ = 0㚨

⷗㬒㋭㼓㾂⽍ⳃ⨗⭥⺃⭥⺍や᱄㬣ミ c ⢋㬗⭥㬨䎃㭙⺃⼮㾂㘘ⳃ⨗⭥㚨㭙⺃㵍㬒

⭞⫐㾂⽍䎃⷗㬣ミ᱄ⱙ㬣ミ b ⢋᷍㬗⭥㬨䊻ݐᇱ = 0㬒㋭㾂ⳝ㼓㾂⽍ⳃ⺃㚨⷗㬣ミ᱄

㰝㬨㵝 8.25 䐱⭥⽍㩌㿊㼀䈌㎰➏㋕㎕㾂ⳝ⭥㸜䐤䄧Ⱀ᷉䄓㈮㬨㵝 8.25 䐱⭥䔏䇳

⢀⭥⽟㎗㩌⭥㼀᷊⭥ㅜ⮄᱄䎃㑞㳖㼀⭥Ⳟ⧭㬨ᷛ 

ݔ + ݐ =
2

1 െ ݒ
 

ݔ = ݐݒ + 2 

⹌㬞 8.146 

㰝㗨㑋㑃⭥ㆃ㬨ᷛ 

൞
ୠݔ =

2
1 െ ଶݒ

ୠݐ =
ݒ2

1 െ ଶݒ

 

⹌㬞 8.147 
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䎃䂚⭥⿑᷍䇪䊎⮄⼮(ݔୠ, ᇱݐୠ)Ⰹ䅆⭥䎃㳖ݐ = 0⭥㼀䊻㎰➏㋕㎕᷍㈮㬨ᷛ 

ݔ =
ݐ
ݒ

 

⹌㬞 8.148 

䎃䂚⭥⿑᷍ⰵ䇻㎰➏ⱙ䁵᷍䇪ݔᇱ = 0᷉䄓㈮㬨㾂㘘⭥䔙⢋᷊㰚Ⰹ䅆⭥】⧖㩰⭥⭩

㸜㼀䈌䇪ݐᇱ = 0㰚Ⰹ䅆⭥】⧖㩰⭥⭩㬒㼀䊻㏁㯧 8.24 ⭥㵝䐱᷍㈮䇱㧈 8.25᷉⭻㯥

⷗㵝᷊㰚㬟⭥㚨䐷㶋㦌ⰵ⧧⭥㾯㬞᱄ 

 

㵝 8.26 䇪㩰㭗㵧⭝㰚ⷙ⨗⭥】⧖㩰⭥㵍㬒㼀䈌⭩㸜㼀⭥㬟䅃㵝᱄⭒】⧖㯺Ⱙ゙⽖㸋㒄⭥㬒

⽓᷍䊻㎰➏㋕㎕᷍㰝㗨ⰵ䇇⭥㈮㬨⺞䊎⮄⭥゙⽖㭛䐒⭥䑂䈌〚䇻㯏㠞⭥䑂᱄㰇䓦】⧖䊬Ⱀ

㯺Ⱙ⭥䋗ゴ᷍㰝㗨㼓⽍㩌⭥㚨㳖ⰵㅨ⭥⤯㋝㼀䄧Ⱀ᱄䎃䐷䄧Ⱀ㬨㶋㦌ⰵ⧧⭥᱄ 

 

8.5.3.3 㕆㔸䓩⢅⿜ 

䇱㑬㵝 8.26 㰚㬟⭥㵍㬒㼀䈌⭩㸜㼀 㸳᷍㗨㻣䄜⤞㈮㬨䄋㏎ㆃ㕆㔸䓩⢅⿜᱄㸳

㗨㬸㻩䄋㘘㦘⭥㬨䊻㎰➏㋕㎕⭥㾂㘘䄧Ⱀ⭥㤛㼀ݔ = ݐݒ ⰵ᷍䇇⭥㈮㬨】⧖㩰⭥䔙

⢋㻖⭥ݔᇱ = 0䎃䄜⮄䊻㎰➏⭥䔙⢋㻖䐱⭥䄧Ⱀ᱄䊻㣑㘇⭥㲷㔼䐱᷍㸳㗨➲㰝⧧㸋

᷉䄧Ⱀ⭥䔙⢋㻖䐱⭥᷊⭩㸜㼀᱄ⰵ䇻】⧖㩰⭥㡅㰝⭥⮄᷍䊻㎰➏㋕㎕㬨㒎䄜⷗䔙

⢋(ݔ, ,ᇱݔ)᱄䎃⷗⮄䊻】⧖㩰⭥㬒㋶䐱᷍䄓䇱䔙⢋(ݐ ᇱ)᱄㕆㔸䓩⢅⿜᷍㘉㭗⭥㈮㬨ݐ



  

㵍䂚䄜⮄᷉䎃⷗⮄㬨㦯䅃⮄᷊᷍ 䊻㎰➏⭥䔙⢋㻖㻣⭥䔙⢋䈌䊻䊬Ⱀ⭥】⧖㩰⭥䔙

⢋䐏ヅ⭥⹹㻖᱄⿜㉅⿑㯖᷍㬨(ݔ, ,ᇱݔ)⭞(ݐ  ᇱ)䐏ヅ⭥㵗䇑᱄ݐ

䎃⷗㵗䇑᷍⭒㦜䄋䄡㎖䇻】⧖䄧Ⱀ⭥㯺Ⱙ᷉䎃㬨⭻䄜⮄㻿䐧 ᱄᷊㵍㬒᷍㰝䄋

㕛䔄⭥⹹ポ㻿䐧㬨ⰵᷛ 

ݔ =  ݐݒ

⹌㬞 8.149 

㩰⭥⮄ 㰝᷍ⷙ⨗⭥ݔᇱ⡹㿌㸋㒄᱄䎃⷗ⰵ䇇㵝 8.26 䐱⭥⽟㎗㩌㬖㼀㰚㘉㭗⭥⭩㸜㼀

⭥㻿䐧᷉䎃㬨⭻ⱟ⮄㻿䐧 ᱄᷊㒎㶃᷍ⰵ䇻ᷛ 

ݔ =  ݒ/ݐ

⹌㬞 8.150 

㩰⭥⮄᷍㰝ⷙ⨗⭥ݐᇱ⡹㿌㸋㒄᱄䎃⷗ⰵ䇇㵝 8.26 䐱⭥⽟㎗㩌㿊㼀㰚㘉㭗⭥㵍㬒㼀

⭥㻿䐧᷉䎃㬨⭻㧞⮄㻿䐧 ᱄᷊ 

䓼⼰㩰㭗㧞⮄㻿䐧᷍㸳㗨㋪䄵➲䎃⷗㵗䇑⹹㻖㪉㸋ᷛ 

൜ݔ
ᇱ = ݔ) െ (ݒ)݂(ݐݒ
ᇱݐ = ݐ) െ  (ݒ)݃(ݔݒ

⹌㬞 8.151 

㻣㘇⭥㦯㹒᷍㈮㬨㏎ㆃ݂(ݒ)᱃݃(ݒ)⭞⭸⭩䇻㬓㗕ᷠ䎃⷗㬒⽓᷍㸳㗨㋪䄵キ㿙㬚䇤

⺃㯺⤜⢅䊎㏎᷍㦆㋕㵝 8.26 䐱⭥㚨㳖ⰵㅨ⭥⽍㩌⤯㋝㼀᱄㚨㳖㼀㘉㭗⭥㬨䊻ݐ =

ᇱݐ = 0㬒㋭᷍⪴㾂㘘᷉䈌㎰➏᷊㚨㏐ⳃ⨗⭥䄜㭙⺃᱄䎃㭙⺃䊻㎰➏䎃㏐᷍㯺Ⱙ㸋

1᷉ 㸳㗨䊻䎃㏐䄲㈎㪉Ⰹܿ = 1 ᱄᷊䊻㾂㘘㚨㏐᷍㵍䂚䄋⭩䇻 1᱄䎃㈮䄋㤔䎃㳖㼀㩰

⭥⮄㰚ⰵ䇇⭥ݔᇱ⨞㩰ݐᇱ䄋⭩䇻 1᷍䄓㈮㬨ᷛ 

ᇱݔ

ᇱݐ
=

ݔ) െ (ݒ)݂(ݐݒ
ݐ) െ (ݒ)݃(ݔݒ =

ݐ) െ (ݒ)݂(ݐݒ
ݐ) െ (ݒ)݃(ݐݒ =

(ݒ)݂
(ݒ)݃ = 1 

⹌㬞 8.152 

䎃䄓㈮䅃㸗䓦⹌㬞 8.151 䐱⭥݂(ݒ)⭩䇻݃(ݒ)᱄⹌㬞 8.147⭥䔙⢋⢅⿐䄓㈮⢅⧪㑬ᷛ 



   

426 
 

൜ݔ
ᇱ = ݔ) െ (ݒ)݂(ݐݒ
ᇱݐ = ݐ) െ  (ݒ)݂(ݔݒ

⹌㬞 8.153 

㻣㘇᷍㸳㗨䐜㿉䄋➲݂(ݒ)㤔⨗㎕ゕ㋪᱄ 

䎃⷗㬒⽓᷍㸳㗨䊺㏜䇤䄜㻣㼁ⰵ㾵䊎㏎᷍䄓㈮㬨㯖㎰➏㋕㾂㘘㬨䄵㯺Ⱙݒ䊬

Ⱀ⭥ 㾂᷍㘘㋕㎰➏䋓㬨䄵㯺Ⱙെݒ䊬Ⱀ⭥᱄㵍㬒 ズ᷍㪉㵗䇑䐱⭥㪍㰖䅓䓴䐜䄡㎖䇻

㯺Ⱙ⭥㉙ⰵ䐖᱄䎃㈮䅃㸗䓦⹌㬞 8.153 。䇱㶋㦌䄜䂚⭥㻣㭗ⰵ䇇ᷛ 

൜ݔ = ᇱݔ) + (ݒ)݂(ᇱݐݒ
ݐ = ᇱݐ) +  (ݒ)݃(ᇱݔݒ

⹌㬞 8.154 

䎃⷗㬒⽓᷍䐜㿉䄋ㅌ⹌㬞 8.153 䈌⹌㬞 8.154 㑋㑃᷍㈮。䇱ᷛ 

ݔ = ݔ)] െ (ݒ)݂(ݐݒ + ݐ)ݒ െ (ݒ)݂[(ݒ)݂(ݔݒ = 1]ݔ െ  ଶ[(ݒ)݂] [ଶݒ

⹌㬞 8.155 

䎃䂚᷍㈮䇱ᷛ 

(ݒ)݂ =
1

ξ1 െ ଶݒ
 

⹌㬞 8.156 

䎃⷗㬒⽓᷍㧈⺜㸳㗨⿹⭞㧞㸍㋶ヅ᷍ズ㪉䊬Ⱀ䁹Ⳟ㼓ݔⳞ㼓᷍⤃㦆⮕⺃㯺ܿ = 1䎃

䂚䄜⷗㪉䐤᷍䊺㋝㔨㑠ⶺ⭥㸫㳃᷍㕆㔸䓩⢅⿜⭥⹌㬞㈮㋪䄵䐒ㅴ㾕⨗㑬ᷛ 

ە
ۖ
۔

ۖ
ۓ ᇱݔ = ݔ) െ ඥ1/(ݐݒ െ ଶ(ܿ/ݒ)

ᇱݕ = ݕ
ᇱݖ = ݖ

ᇱݐ = ݐ) െ ଶ)/ඥ1ܿ/ݔݒ െ ଶ(ܿ/ݒ)

 

⹌㬞 8.157 

䐢⪬᷍㕆㔸䓩⢅⿜䄓㈮䇱㑬ヂ㬖⭥㹐㏎䁈⭥〚⪂᱄ 

〚䇻㕆㔸䓩⢅⿜᷍Ⱀ⨀㬶㰖᱃Ⱀ䐴⢅㕞᱃㯺Ⱙ⮝ゴ⹌㬞᱃䐫㑠⹌㬞᱃䐫㚽⹌

㬞⭩㼁ⰵ㔼㾈䇇Ⱍ㋪䄵⡜㵧⨗ 㻢᷍䅆㼁ⰵ㔼⭥⫔㻤䄓㋪䄵⡜ㅉ㑃㡑㎕⭥᱄㸳㗨䄓
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䓂㵍㬒㼀䈌⭩㸜㼀᷍䄜㣱⿚Ⱍ㬨⳨⧄䐒ㅴ᱄ 

 

8.5.4 ⺄䅆㼁ⰵ㔼 

㻢䅆㼁ⰵ㔼⨗㎕䐏⽔᷍➕䍶䍵䱠㎰㬇䊻㸥㻸ᱟ䍵䱠᷍2015ᱠ䐱ㅓ⭞⭥᷍㦬㗨

⿚㬨⿉㑬䄜Ⱟ㬒ヅ㎕ㅴ㬽䎃⷗㏎㔼⭥ 384᱄䎌ⰵ㡅⭥㞛㠡䅃ボ⤜㉙䇻ⱛ᱄⭌㬨⼽ⱁ

㞛㠡䅃ボ᷍䊻➏䅓㯚㲚㋕㎕᷍Ⱍ㬨䅓㸋㳂⨗䎀㗜䇱㋕Ⰿ㰜⭥㏎㔼䋍⧪⭥᱄㵍㬒᷍

㸳㗨䄓䄋㘘㦘⭥㬨䊻➏䅓㯚㲚㋕㎕᷍⭒㬒⭥᱑᷉ 㻢䅆᷊㼁ⰵ㔼᱒⭞⭸䇱㗜䇱㸫㳃

㚹ᷠ⫑➙ ⭒᷍㦜㬨䇱 䑘᷂䄋㳆㻷䊻㑞⷗Ⳟ㘇᱄⭻䄜⷗Ⳟ㘇 䈌᷍⺀㾵㻖⭥Ⰹ䅆䇱⹹᱄

⭻ⱟ⷗Ⳟ㘇 䈌᷍㶓䇱䅞㑇䇱⹹᱄⭌䇱㦅⭥㬨 䎃᷍㾊Ⱍ⤜㬨㚨㾊㞛㠡䎀㲷㔼⭥㸫㳃᱄

⼽㻵㦜᷍⭒㬒⭥㚨㾊㞛㠡䎀ⰵ䎃⷗㸫㳃⭥㏎ㆃ⤃㗜䇱⫐⭞➏䅓㯚㲚⭥ⷀⰩ᱄ 

 

8.5.4.1 ⺄䅆㼁ⰵ㔼⭥⭏㪛 

㻩㯖⭻䄜⮄᱄➏䅓㯚㲚 1905 㛋⭥㏎㔼᷍㬨ㅉ㑃䊻᱑⺀㾵㻖᱒⭥〚⪂㩰⭥᱄

⭌㬨᷍䊻㰜⭥㾣㏎㔼䐱 ᱑᷍⺀㾵㻖᱒㦕㸿ⳉⰉ䅆㑬᱄䎃㬨䅓㸋䊻㝄ⰺ⭥㈎⮅㑇䁈

䐱 ⫇᷍䊻䄜⷗㉙ⰵ㋶ヅ ⭌᷍ⳓ㬨㼁ⰵ䇻㉙ⰵ㋶ヅ㆙㾱䊩㯺䐒㼀䊬Ⱀ〓䎀㈓䐚⭥⤯

㋝㻖᷍Ⱍ㬨⺀㾵㻖᱄䎃䄜⮄᷍⳨⧄㘘㦘㣳㑝Ⰹ䅆᱄⭌➏䅓㯚㲚⭥㻢䅆㼁ⰵ㔼㦕㦰

㸋㗜䇱㉙ⰵ㋶ヅ᱄䎃䂚䄜㎕ 㝄᷍ⰺ㑇䁈䐱⭥Ⰹ䅆Ⳟⳉ㈮䅓㸋㬈㦆㑬⤯㋝ⱙ㬈㾈㑬᱄ 

䎌ⰵ䎃⷗㸫㳃 䄜᷍⷗ㆃ㉗Ⳟ➙㬨ⷚ㈾㝄ⰺ⭻䄜Ⰹ㔪 ㋕᷍⤜㬽㑇〓䎀⼰㑇㸋㒄

⭥㹐㳆㬨ⴒ㈓䐚〓䔗䊩㯺䐒㼀䊬Ⱀᷠ⭌㸫㳃㬨㸳㗨㸿ⳉ䓝㦘⭹䐋⭡䄜⷗㹐㳆㬨

 
384⡟㭊⭥䎃䄜㾂ㅻ᷍⫔ⴚ⤯㋝㑬㸥㻸ᱟ䍵䱠᷍2015ᱠ᱄ 
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⭥㸫㳃᱄⮈⪦㑇㗜䇱㸫㳃᷍⭌㶓䇱䅞㑇㦕㗜䇱⡜㚪㧌䎃⷗㏎㔼㌓ソ᱄⿜㉅⿑㯖➏

䅓㯚㲚䇤㼁ⰵ㾵㏎㔼ㆃ㬮㑬㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊᷍⭌㰜⿚㗜䇱䇤㼁ⰵ㾵㏎㔼ㆃ㬮

㯏㾨㆙Ⱀ᱄䎃䄓㬨⽔㘇㸳㗨㳂⭞⭥䊻 1915 㛋⭥㻥㳍᷍⭒➏䅓㯚㲚㏜䇤⺄䅆㼁ⰵ

㔼ㆃ㬮㑬㯏㾨㆙Ⱀ㰜。ⷙ㻄ⱜ⤏㲹㾕㾦㎕⢎⫐㾬⳽⭥䊎䅓᱄ 
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䇤㸳㗨㻷䊻⭥㒘㾱䈐᱑㬏㛋㚆䄜ㅄ᱒᷍ 〓㿎䊺⼰㬫⤜⺞᱄⪴ 1905 㛋㻢䅆㼁ⰵ㔼㶋

⧪ᱟEinstein 1᷍905bᱠ᷍ ⭞ 1915 㛋⭸⺄䅆㼁ⰵ㔼⭥㸥䍣㵗⨗ 㣂᷍㣪㬏㛋ᱟEinstein᷍
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䊻⹚ㅉ⺄䅆㼁ⰵ㔼⭥⺞⧭䐱᷍⭒➏䅓㯚㲚䅃㬗⭞⺀㾵㻖⭥Ⰹ䅆⨗㻷㸫㳃⽔᷍

㰜⤪㦂⭥ㆃ㉗Ⳟ➙⳨⧄㉗ⰰ ⳦ᷛ㡛⺀㾵㻖᱄㰜㦰㸋⺀㾵㻖䐏㰚䄵䊻⪌㵔⭥㏎㔼䐱

䐹䄋᷍㬨䅓㸋㦬㗨㿉䄋㰝㎕⢎㭗㼁ⰵ㾵䊎㏎᱄䎃㏐᷍⡫䎀ⶱ㉖㚽⹜䊺䄜⪯㳆㻷㋖

⭣䍽䁈䊻➏䅓㯚㲚⭥㼁ⰵ㔼㏎㔼䐱⟈䁾⭥䐹䄋䔘䇤᱄⭒㹐㏎㩰⭥㕀ゎ䈗⭞㸫㳃⭥

 
385䁰ⷒ䅃䅆㩰᷍㬨 1907 㛋㋋㬝᱄ 
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⽔䎀᷍⧧㸋䅞㑇䐫㑠᱄⭌䊻᱗䊎㏎᱘䄜㭊䐱᷍䐫㑠⡜Ⰹ䅆㸋㹐䐫⭥᱑㑠᱒387᷍ゕ

㹐㳆㰚⟝⼍⭥㹐䐫⭥ⱁ㩺᱄㰝䈌㹐㳆⭥䐹㑇⧪䎞⡩᱄䎃䂚Ⰹ䅆⭥䐫㑠᷍㬨䅞㑇䐫
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386䊻⺀㾵㻖䐏ヅ᷍䇪䇻㬒㋶⤜㝅㤛᷍㈮㬨䔙⢋⢅⿜᱄㣄⧗⭞⳨⺀㾵㻖᷍䅓㸋䇱㬒㋶㝅㤛᷍䎃⷗⢅
⿜㬨㸃⳷⢅⿜᱄ 

 
387䊻 4.1.1 ㅻ᷍㸳㗨ㅓ⺞䎃⷗㸫㳃᱄䐫㑠㬨⷗〚⡟㹐㏎㑠᷍㿉䄋䇱⭆㸜᱄㸳㗨㻷䊻㯖⭥᱑㹐䐫⭥
㑠᱒ⰵ䇇⭥㬨㚇ⱜ㭞᱄䎃㬨➃ⴝ䙅⭣㔿䐏⽔⭥㬣㤊᱄䊻㝄ⰺ㚨⷗㬒⫛ 㰜᷍⭥䅃㯝㈮㬨㹐䐫⭥᱑㑠᱒᱄ 
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㳃㑬᷍⤃㣳㦂⭤㑬⤜⫎⭥㆙䍚᱄⭌➏䅓㯚㲚⡰㈚㬨䊻䎃㒍䈓ⷜ䊦㑬㲌⧅⭥㬒ヅ᷍

㡅㯝㋝㪏Ⱙ⤃⤜㬨䄜⷗ⶶⶶ㋋㬝⪬Ⳟ㘇䁱㈠⭥㦬᷉ ゕ⢄㬨㻄ⱜ⤏㲹 ㋪᷊䄵⡩㛃⭥᱄

䔏䐶 ➏᷍䅓㯚㲚䊻 1915㛋⭥ 11䊣 25㦶㶋⧪㑬⹹䇻⧂Ⳟ⧭⭥㔼㸥⭥㵗ⷆᱟEinstein᷍

1916aᱠ᱄㰜⭥⧂Ⳟ⧭䄓㬨䎞㦘⭥ 388᱄䐢⪬᷍䎃⧂⹹䇻㼁ⰵ㾵㑇䁈㏎㔼⭥㕎㎎㯪⧚

⭸ㆂ㭙᷍➏䅓㯚㲚⪴㬝䐢䐶⟈䁾㑬䔏㸋⹹ポ⮄⭥ㅨ㩌᱄ 

 

8.5.4.2 䈌⺄䅆㼁ⰵ㔼㼁⹹⭥⫛⢎㾵㬖䂊 

㧈⺜䇤䄜㉅⿑㎕㘉㭗⺄䅆㼁ⰵ㔼⭥⼬㾥㯝㼌⭥⿑ 㸳᷍㗨。ㆉ䇤㗡⺛㹐㏎䁈コ

 
388㈾㯖㻄ⱜ⤏㲹䄓㾕⨗㑬䄜⷗⧂Ⳟ⧭᷍⭌㰜⭥䇱⫎㹔᱄⡟㭊⭥㵝 1.3 ⳕ䇔⭥䄓㬨㰜㗨䊻⭒㬒⭥㈛
䎚᱄ 

 



  

⿾㎶᷉John Archibald Wheeler᷍1911ÿ2008 㛋᷊㰚ㅓ⭥ᷛ㹐䐫⷇㰀㬒㋶㧈⼯㶅㤛᷍

㬒㋶⷇㰀㹐䐫㧈⼯䊬Ⱀ᷉matter tells space-time how to curve, space-time tells matter 

how to move ᱄᷊䎃䐷㬒㋶⭥㶅㤛᷍Ⱒ䎀㋪䄵⤯㋝㵝 8.27 ㎕㆙㾱㏎ㆃ᱄ 

䊻⺄䅆㼁ⰵ㔼㳂⨗䐏㣑 㬒᷍ヅ⼮㋶ヅ㰅㦜䊻㻢䅆㼁ⰵ㔼⭥㌓ソ㻣㬨䄜⷗䎜㳆

389᷍⭌㬒㋶䔘㸋䄜⷗䎜㳆䈌㹐䐫䐏ヅ㬨Ⱑ㑃⭥᱄㹐䐫⤜。䇑㼍㬒㋶⭥㾵䐫᱄⭒㦜

㹐䐫䐏ヅ䇱㶓䇱䅞㑇⭥㼁⿆䔘䇤᱄⭌䎃⷗㼁⿆䔘䇤䊻㝄ⰺ㑇䁈㌓ソ㻣⭥㤊㌗㈮㬨

㝄ⰺ㵉⺞ㅌ㧞⫔Ⰹ㔪ㅉ㑃㡑㎕⭥㑇䁈䇤䇻㾱㾨䊬Ⱀ᷍㦜⽔㵉⺞䈌㳍㸥⹼⥃ⰵ⡩᷍

㦘Ⰹ⫇䊻⭥㑇᱄䐢䇻䎃⷗㑇⭥㎕䊕㬨㬓㗕ᷠ㝄ⰺ㑇䁈㗜䇱㪇ゑ᱄㻢䅆㼁ⰵ㔼ⷝ㬨

㶋㦌㗜䇱㪇ゑ䅞㑇᱄ 

䊻➏䅓㯚㲚⭥⺄䅆㼁ⰵ㔼䐱 㰜᷍ㅌ㹐䐫䈌㬒㋶⳦䊻䄜㡑㎕㋝㔨᱄㹐䐫㋪䄵ⶥ

⢅㬒㋶⭥㾵䐫᷍㬚⭤㬒㋶㶅㤛᱄ⱙ㬒㋶㶅㤛᷍䇷㉗Ⰹ㑬㬒㋶䐱㹐䐫⭥䊬Ⱀ᱄㬒㋶

㶅㤛⭥⧭Ⱙ᷍䇪㬒㋶㶅㤛Ⱙ⺇㎕㋭⿎᱄䎃⷗㑠㬨㳆㻷䊻➏䅓㯚㲚⭥⧂Ⳟ⧭䐱⭥᱄

䎃䄓⫙㎕⭥䄜㻖㑱⭥㾣㡇㻷㼔᷍⡩㧈ᷛ㯏㾨⺍⭡㆝㦶⮄⭥㆙Ⱀ᱃⺃㼀㠌㹗᱃䅞㑇

⽍䄧᱃⼻Ⱅ᱃䅞㑇⤉᱄䎃㏐᷍㸳㗨䎌ⰵ䎃㾊㻷㼔㆙㾱䄜Ⰹ⧭Ⱙ⭥ㅓㆃ᱄ 

㬸㻩㬨㯏㾨⺍⭡㆝㦶⮄⭥㆙Ⱀ 390᷍䎃⷗➏䅓㯚㲚䁑䍳⧂Ⳟ⧭⭥⺞⧭䐱㈮䄲

㈎ㆃ㉗㑬⭥㸫㳃ᱟ䍵䱠᷍2015ᱠ᱄㸳㗨㿉䄋㘘㦘⭥㬨⹹䇻䎃⷗㻷㼔⭥㳍㸥⹼⥃ㆂ

⺜䋈䊻㬏㈦㬡ギ㈮䄲㈎⧪㭍᱄➏䅓㯚㲚䊻㼁ⰵ㔼⧂Ⳟ⧭⭥ㅉ㑃⺞⧭䐱 䄜᷍䐒㬨➲

㾣㏎㔼㰄⨗⭥㆙Ⱀ䐖䈌㳍㸥⹼⥃⭥⡩ㅰ⭒䔘䅞⭝㰜䁑㤔⧂Ⳟ⧭⭥⭧㰟㎕㬚䇤⭥᱄

 
389䊻㻢䅆㼁ⰵ㔼䐏㣑᷍㬒ヅ⼮㋶ヅ䐏ヅ䄓㬨Ⱑ㑃⭥᱄ 

 
390䊻 8.5.1 ㅻ᷍㸳㗨ㆊ㩽⺞䎃⷗㸫㳃᱄㸳㗨⭒㬒ㅓ⭥㬨㡅㰝㹐㏎䁈コ䅃㬗⭞㉙ⰵ㬒㋶⹼⭥㸫㳃᷍
Ⱍ㬨㵉⺞㕖㋬ⱜ䁘ÿ㚋㎸㬖䂊᱄㗜䇱㦬䅃㬗⭞㯏㾨㆝㦶⮄⭥㆙Ⱀ。䈌䎃⷗䇱⹹᱄䊻➏䅓㯚㲚䁱㈠
⺄䅆㼁ⰵ㔼⭥㬒⽓ 㰜᷍ⰵ㋋㬝⹹䓃䎃⷗㹐㏎㸫㳃᱄䎃ⳕ䇔⭥䄓㬨㰜ⰵ⭒㬒㰜⭥㏎㔼䈌⭒㬒⭥㹐㏎
䁈᷍㬨㪏Ⱙ㏎ㆃ⭥᱄䎃䐷㏎ㆃ䎇⭥䊗䊗㒍㻩䇻㚨⷗㬒⫛᱄ 
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1915 㛋⭥㻣⟌㛋᷍㰜䄓㏜䇤䓵゛⭥㏎㔼㶋㗡⭹ㆃ㬮㑬㎈㦦㦬㗨ⱁ㛋⭥䎃⷗㳍㸥

䁈㸫㳃᱄㸋⪬ 㰜᷍⿚䓉㗦ⷙ㻄ⱜ⤏㲹䈌㕆㔸䓩㾕㾦⢎⫐㑬䓵゛⭥㾬⳽ᱟ䍵䱠 2᷍015ᱠ᱄

䄜Ⰹ⧭Ⱙ㩰㎕ㅓ 䎃᷍㬨⺄䅆㼁ⰵ㔼䎞㦘⭥⭻䄜⷗㣠䇱㑇⭥䐅㈾᱄㰝ㆃ㬮㑬㈪㏎㔼

䄜䐒㸿ⳉㆃ㬮⭥䄜⷗⹹ポ㋧䁈㸫㳃 䊻᷍⺄䅆㼁ⰵ㔼㳂⨗⭥㬒⽓㈮ⳃ⿴㑬れ㡅䐹䄋

⭥䅞⭝䈌䔕䐅䔘䇤᱄ 

⭻ⱟ⷗㏞䓴᷍㬨⺃㼀㠌㹗᱄㰝⭥䅃㯝㬨䊻䐫㑠⼽⫔⭥㾨㳆⶞㆝᷍䇪䇻㬒㋶㶅

㤛⡩ㅰ㏘⼇᷍⺃䔀⭥㔘㼀⤜䊺㬨䐒㼀ⱙ㬨。ⳃ㪛㶅㤛⭥᷉㵝 8.27a ᱄᷊䎃㬨➏䅓㯚

㲚䊻 1911 㛋㈮㳂⨗⭥㏎㔼䊅䁵ᱟEinstein 1᷍911ᱠ᱄䎃⷗㻷㼔㋪䄵䊻㦶㦌㬔⭥㬒⽓

⡜㋕⭞ 䅓᷍㸋䊻䎃⷗㬒⽓㚔⷗⽄㾨ⳃ⨗⭥⺃䊻㈎⺞㲌䂕⶞㆝⭥㬒⽓。䔀䄜⷗㝅㤛

⭥㔘㼀⭞⫐⭹㤓᱄䎃䂚⭥⿑ 㧈᷍⺜ⰵ⡩䎃⷗⺃⤜㈎⺞㲌䂕⶞㆝⭞⫐⭹㤓⭥㬒⽓⭥

⹼⥃ ⽄᷍㾨㸜䐤㈮。ⳃ㪛㠌䓋᱄➏䅓㯚㲚䔏⨖㰄⨗⭥⺃㵉⺞㲌䂕⢎㘇⭥㠌㹗䐖㬨

0.83 ⿂㘌᱄1915 㛋 ➏᷍䅓㯚㲚ㅌ㡅ⷝ䎞㸋 1.75 ⿂㘌᱄䊻⺄䅆㼁ⰵ㔼㶋⧪⭥㬒⽓᷍

㰝⿚㬨䔘㸋䄜⷗䊅䁵⫇䊻⭥᱄ 

㸳㗨Ⱍ䐋⭡⭻䄜⪯㬡ㆈ⫔䍞㬨䊻 1918 㛋⭸ㆂ㭙⭥᱄䊻䎃⪯䍞䎚䐱᷍䇃⺛䈌

⭣⺛㬨⭱ⰵⳞ᷍ⱙ⭣⺛㬨䍞➽⺛᱄⺄䅆㼁ⰵ㔼᷍㬨➏䅓㯚㲚䊻䄜䍞㠻ヅ㶋⧪⭥䄜

⷗〚⪂⭥㏎㔼 391᷍䄜⷗㋪䄵㳕䍞㝄ⰺ㑇䁈⭥㏎㔼 392᱄1919 㛋 5 䊣 29 㦶᷍䇱䄜⪯

㦶㦌㬔᱄㎕䓵䇃⺛⭥➏Ⰲⰺ᷉Sir Arthur Stanley Eddington᷍1882–1944 㛋᷊䈌⫘

㩎᷉Sir Frank Watson Dyson᷍1868–1939 㛋᷊㏜䇤䎃⪯㳍㸥㻷㼔᷍〚䇻⭒㬒㲌䂕

 
391㰜⹹䇻䅞㑇⧂㋪䄵䅞㡑⺃㼀㶋㦌⭥㸥䍣㬨 1911 㛋㶋⧪⭥ᱟEinstein᷍1911ᱠ᱄1915 㛋᷉䄜䍞㠻
ヅ᷊᷍㰜ⰵ㰜㈮㲌䂕㚽⹜ⱁ⫔⧭Ⱙ㩰ⰵ⺃㼀㆙㾱㶅㤛⭥ェ㰄ㆂ⺜㆙㾱㑬㾿䎞᱄㵍䂚䊻 1915 㛋᷍
⺄䅆㼁ⰵ㔼㶋⧪᱄➏Ⰲⰺ㬨䊻 1916 㛋㋋㬝⹹䓃⺄䅆㼁ⰵ㔼᱄䐏⽔ ㈎᷍⺞㦰䎇䓝⡙ 㰜᷍⥀⿏㑬 1919
㛋㚨⪯ⶥ⢅㏛㬘⭥㳍㸥⹼⥃᱄ 

 
392㝄ⰺ㑇䁈䓵㳂⨗㋋㬝㋪䄜䐒Ⱍ㬨䇃⺛⭥ㅟ➢᷂㋧䁈⧪㈮䈌㘒䔆㤊㿘䊻䎃㏐㬨。䇱㦻⼰⭥᱄ 



  

⶞㆝⭥⡰㯿㾨㵦᷉ Hyades Cluster ⭥᷊⺃ 䎌᷍ⰵ⺄䅆㼁ⰵ㔼⭥㏎㔼䊅䁵㆙㾱㑬⹼⥃᱄

➏Ⰲⰺ⭥⹼⥃䊻⳨䐿㹘⤠㆙㾱 ⫘᷍㩎⭥⹼⥃䊻➮㹘㆙㾱᱄䔏䐶➏Ⰲⰺ⭥⹼⥃䐖㬨

1.61 ⿂㘌᷍⫘㩎⭥⹼⥃䐖㬨 1.98 ⿂㘌᱄㰝㗨Ⱍ䂊䐅㑬➏䅓㯚㲚 1.75 ⿂㘌⭥㏎㔼

䐖᷉㵝 8.27 ᱟ᷊Dyson 1᷍920ᱠ᱄䄜Ⰹ⧭Ⱙ㩰᷍㦬㗨䄓ㅌ䎃⪯⹼⥃䔘㸋䍞䎚䐱⭥㑞⷗

⭱ⰵ⺛䊻㋧䁈㩰⭥䄜⪯⧪⹇⭥㾣⼰䔘ゴ䄵㿜⪌᱄䔘㸋䄜⷗ㆂ⺜ ⺄᷍䅆㼁ⰵ㔼⤜⺃

䊻㋧䁈ㆈ᷍䄓㘇㼓⫔䐻䍚㬟㑬㡅㈿⫔⭥⧪⹇᱄➏䅓㯚㲚䊻㦌㬡ㆈ⭥ⳗ㸈㚻᷉⤜⺃

䊻㋧䁈ㆈ᷊㪚㘜㦖㡑᱄ 

 
㵝 8.27 a᷊㲌䂕⶞㆝⭥䅞㑇⧂䋍⧪⭥⺃䁈㝅㤛⭥㬟䅃㵝᱄1911 㛋᷍➏䅓㯚㲚䊅䁵㳚䓦㲌䂕

⭥⢀䊖⭞⫐⭹㤓⭥⺃᷍㼁ⰵ䇻⤜㈎⺞䎃⷗䅞㑇⧂᷍。ⳃ㪛 0.83 ⿂㘌⭥㠌㹗᱄1915 㛋᷍➏䅓

㯚㲚ㅌ㡅ⷝ䎞㸋 1.75 ⿂㘌᱄1919 㛋 5 䊣 29 㛋᷍。䇱䄜⪯㦶㦌㬔᱄䊻⭹㤓㩰㋪⹼⥃㤙䈓㧈

b᷊㰚㬟᱄➏Ⰲⰺ䎌ⰵ䎃⪯㳍㸥㻷㼔㆙㾱㑬⧅㠻䓝⡙᱄䔏䐶᷍䂊䐅㑬➏䅓㯚㲚⭥㏎㔼᱄ 

 

⭻㧞⷗㏞䓴᷍㬨䅞㑇⽍䄧᱄㰝㯖⭥㬨䄜⷗⺃䓴䊻㲴㏌䅞㑇⧂⭥㬒⽓᷍。㰑㬈

㚽㑠᱄䈌䐏㼁䇇 㰝᷍⭥㠖㔫䄓。ㅖ⭮᷍⥛㪛⽍䄧᷉㵝 8.28 ᱄᷊䎃䄓㬨➏䅓㯚㲚㳂⨗

⭥䄜⷗⺄䅆㼁ⰵ㔼㾈䇇᱄⪴䎃⷗㏞䓴㋋㬝᷍⭞⼻Ⱅ᱃䅞㑇⤉᷍㈮Ⱍ㬨➏䅓㯚㲚㳂

⨗ ⭌᷍㬨䇪⽔㦬㈎⺞⧅㠻⭥㝍㑇⤦⭤䄵䐅㬖⭥⹹䇻⺄䅆㼁ⰵ㔼㏎㔼䎞㦘㾵⭥䐅㈾

㑬᱄㰝㗨⼮⤄㩌ÿ➏䅓㯚㲚㛞㈼ᱟAnderson 1᷍995ᱠᱟDavis 1᷍995ᱠ᱃ゅ⺃ᱟEinstein᷍
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1917ᱠᱟMaiman 1᷍960ᱠ⭩㚻㦾䄜䂚 䄜᷍⪯⪯⭹㼓㸳㗨㣠⮘➏䅓㯚㲚㬨㧈⼯㒍㻩䇻

㰜⭥㬒⫛᱄ 

 

㵝 8.28 䅞㑇⽍䄧⭥㬟䅃㵝᱄㲴㏌䅞㑇⧂⭥㬒⽓᷍⺃䓴㰑㬈㚽㑠᱄䈌䐏㼁䇇᷍㠖㔫ⳃ㪛⽍

䄧᱄ 

 

⭻㯥⷗㏞䓴 㬨᷍⼻Ⱅ᱄䇪䇻䎃⷗㘜⪫䊻㸳㗨⭥㋧㠶Ⱒ㹐䐱⨗㻷⭥㠖㔫⳨⧄ⷀ᷍

㸳㗨㩵㸃ⱁㆃ㬮䄜㾊ᱟ⽏ク匜 2᷍020ᱠᱟGiacconi 1᷍962ᱠ᱄䇇ⶤ㯖᷍㰝䊻⼽⧅㬒

ヅ㚻䐜㬨䄜⷗⫇䊻䇻㏎㔼ズ㪉䐱⭥㪒㗹⭥㳍㳆᱄䋈䊻㈎⮅㑇䁈㵔䐯㳍㸥䁈⭥㛋⫛᷍

䇃⺛⭹䐫䁈コ㗸㾋ⱜ᷉John Michell᷍1724–1793 㛋᷊⼮ⳉ⺛㳍㸥䁈コ㎎㠶㎎㯚

᷉PierreÿSimon Laplace᷍1���ÿ���� 㛋᷊㈮⳷⢑䊻 1783᱃1796 㛋㳂⨗㑬㼁⹹⭥㪉

㼌᱄⭒㬒᷍⺃⭥㑄䓴㯖⿚䍝㈾㵔䐯⭥⭹㸜᱄䅓⪬᷍㧈⺜ズ㪉⺃㑄䓴⭥䐫㑠㬨݉᱄

㵍㬒᷍⿚ズ㪉⫇䊻䄜⷗䐫㑠㸋ܯ᱃⟌㈗㸋ݎ௦⭥㾨㳆᱄䎃⷗㬒⽓᷍⿚㋪䄵ズ㪉⺃㑄

䓴䎃⷗㾨㳆⢎㘇⭥Ⱀ㚽⭩䇻䐹㑇㬧㚽᷍䄓㈮㬨ᷛ 

1
2
݉ܿଶ െ

݉ܯܩ
௦ݎ

= 0 

⹌㬞 8.158 

䎃㏐ܩ㬨㶓䇱䅞㑇⧄㭞᱃ܿ㬨⺃㯺᱄㚨㗕᷍㧈⺜㸳䎃⷗㾨㳆⭥⟌㈗㾂䇻ݎ௦᷍⺃㑄䓴

㈮⤜㋪㚽㏜䇤Ⱀ㚽㋬ⴟ㡅䊻䎃⷗㾨㳆⢎㘇⭥㬧㚽᱄㦬㗨䄓㈮㸿ⳉ䊻⹼⥃䐱㋕⭞⪬



  

㾨㳆᱄䇇ⶤ㯖 䎃᷍㬨䔏䋈⭥⹹䇻⼻Ⱅ⭥㏎㔼᱄䎃䂚⭥㾨 䊻᷍⭒㬒䄓⡜⧧㸋➖㾨 393᱄ 

1915 㛋⭸ ⺄᷍䅆㼁ⰵ㔼㶋⧪᱄䎃䊻⭣⺛⭥㹐㏎䁈᱃㳍㸥䁈 㪖᷍䐢⟝㎉㭞䁈ㆈ᷍

Ⱍ䅞㡑㑬⼽⫔⭥⽅Ⱀ᱄1916 㛋⨖᷍㪎⪇䄜䍞䐱⭣⺛ⰵⱎ䔘䍞㣑㼀⭥㬊㶀㹘᷉Karl 

Schwarzschild 1᷍873ÿ1916 㛋 ㏜᷊䇤➏䅓㯚㲚⭥⧂Ⳟ⧭䁱㈠䄜⷗㤓ⰵ⧧᱃⤜⫙⮈᱃

⤜䓵䓋⭥㹐㳆⭥䐹㑇⧂⭥㈌㦘ㆃ 394ᱟSchwarzschild᷍1916ᱠ᱄㰜ⳃ㻷㣑㘇㳂⭞⭥

㘉㭗䅞㑇⧂⭥Ⱙ⺇⼐㭞⭥ㆃ㏐㘇᷍䇱䎃䂚㑞㼏᱄䄜㼏㬨䄡㎖䇻1 െ 㒎䄜㼏᷍ݎ/௦ݎ

䄡㎖䇻1/(1 െ ௦᷍㈮㬨⹌㬞ݎ᱄䎃⷗(ݎ/௦ݎ 8.158 ㏐㘇⭥㚨⷗ݎ௦᱄㬊㶀㹘⭥䎃⷗ⳃ㻷

䅃㸗䓦䎃⷗㳆㻖⭥䅞㑇⧂Ⳟ⧭⭥ㆃ䊻㑞⷗⭹Ⳟ㬨ⳃ㩃⭥᷍䄜⷗㬨ݎ = 0䎃䄜⮄᷍

㒎䄜⷗㬨ݎ = ௦᷍⽔㎕㈮⡜⧧㸋㬊㶀㹘⟌㈗᱄㬊㶀㹘⭥䁱㈠᷍䄓ݎ௦䎃⷗㘇㩰᱄䎃⷗ݎ

ㅌ㣑㘇㳂⭞⭥㈎⮅㑇䁈㌓ソ㻣⹹䇻᱑➖㾨᱒⭥㲷㔼䅞⭝㑬⺄䅆㼁ⰵ㔼⭥㏎㔼㌓ソ

㻣᱄ 

䇇ⶤ㯖 䓵᷍㬊㶀㹘ⳃ㻷㡅㚄㾮䐱⭥㡇⮄⽔ ⹹᷍䇻䎃㾊㡇⮄⭥㹐㏎䅃䅆⭥㲷㔼

⧷㿙㑬⼤ⱁ㛋᱄㦬㗨䄜⟄。㦰㸋㬊㶀㹘⟌㈗ⰵ䇇䇻⼻Ⱅ⭥㬣ミ㬴ㆈ᱄⨞㦆㬊㶀㹘

⼻Ⱅ᷍1963 㛋᷍㾣㹘㎝㭞䁈コ㋬ⱜ᷉Roy Patrick Kerr᷍1934 㛋⨗㪛᷊ⳃ㻷㑬➏䅓

㯚㲚⭥⧂Ⳟ⧭⭥䑂ⰵ⧧⭥㿞䓋ㆃᱟKerr᷍1963ᱠ᱄⼮㬊㶀㹘⭥ㆃ㏁㯧᷍䎃㏐䄓䇱

㡇⮄᱄䈌䐏ⰵ䇇᷍䄓䇱㋬ⱜ⼻Ⱅ⭥ⶦ㛏ᱟ⽏ク匜 2᷍020ᱠ᱄⭒㦜᷍䎃䄓㬨䄜⷗ⰵ䈏

䑇䐱㹐䐫⫇䊻㾯㬞㆙㾱㑬ズ㪉⽔⭥⧂Ⳟ⧭⭥ㆃ᱄ 

 
393⼻Ⱅ䎃⷗㘜⪫㬨䇪⿾㎶䊻 1968 㛋㡑⭥᷍㰝⭒㦜ⷝゴ㾯㼔᱄⨇Ⱀ䎃⷗㘜䓷᷍䄓㬨㰜㡑⭥᱄⿾㎶
㦘㬖䇱䎃䂚⭥㚽㑇᷍㦤䄜㾊⳨⧄㹐㏎᱃⳨⧄⨊㼔⭥ⶦ㛏㾯㼔⿐᱄㰜⭥䁈㪛Ⳳ㕝᷉Richard Phillips 
Feynman᷍����ÿ���� 㛋᷊᱃㰘ⱘ᷉Kip Stephen Thorne᷍1940 㛋⨗㪛᷊᱄䎃䐷㚽㑇㬚⭤㰜㗨㋪䄵
⼽⼤⭥㘇㼓⫔䐻᷍㠶ゑ㋧䁈᱄䊻㻷⫛㪈。᷍䎃䄓㬨⳨⧄䐹䄋⭥᷂ 

 
394㬊㶀㹘㬨⭣⺛䑙㘜⭥㳍㸥䁈コ᱃㹐㏎䁈コ᷍㭞䁈䄓⳨⧄⼤᱄䄜䍞㋋㬝᷍㰜䄲㈎ 40 㰋㑬᱄⭌⿚
㬨䓵䊙⭹⭞㉝ⰴⴟ䄼᷍䐹⮄㬨㝻⭐⭥⺍やェ㰄᱄1915 㛋 11 䊣᷍㰜䊻㾾ズ⭥㬒⽓᷍㳞㑬➏䅓㯚㲚
㏜䇤⺄䅆㼁ⰵ㔼ㆃ㬮㯏㾨㆝㦶⮄㆙Ⱀ⭥⡉⷇᷍㆙ⱙㅴ⪆⭞⺄䅆㼁ⰵ㔼᱄ 
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㵍䂚䊻 1963 㛋᷍㞎㔿㯚᷉Sir Roger Penrose᷍1931 㛋⨗㪛᷊㋋㬝㪏㧌䁱㈠䈏

䑇䐱⼻Ⱅ㬨ⴒ⫇䊻⭥㸫㳃᱄㰜⳦㡛㑬㬊㶀㹘᱃㋬ⱜ㰚⤪䇤⭥㤓ⰵ⧧⭥ズ㪉᷍㆗ⰵ

㚽㑠㗽Ⱙ㳂⨗㑬䎞Ⰹ⭥䄋㤔᱄㸋⪬᷍㰜䅞㧌㑬㵹㠬䁈⤃㳂⨗㑬ⴞ〒㘇᷉Trapped 

Surface᷊⭥ⶦ㛏᷍䇻 1965 㛋ⳃ⢎㸥䍣䐅㘘㑬㬒㋶㡇⮄⫇䊻⭥⡹㦜㾵ᱟPenrose᷍

1965ᱠ᱄2019 㛋 4 䊣 10 㦶᷍㳍㸥䁈コⳃ⤝㑬㬸䍦⫔䐫㑠⼻Ⱅ⭥䍶㠍᷉㵝 8.29 ᱄᷊

2020 㛋 㞎᷍㔿㯚䄓䅓㸋㡅⹹䇻⼻Ⱅ⭥㏎㔼⹅䔘᷍⡜㬻䈉 1/2 ⭥㝖⡕ⱜ㹐㏎ㅒ᱄㰜

⭥〒ㅒ⪫㬨ᷛfor the discovery that black hole formation is a robust prediction of the 

general theory of relativity᱄䈌㰜䄜㵍〒ㅒ⭥㬨㑞㸜⪴㬣⹼⥃⭥㳍㸥䁈コⷚ⥀ⱜ

᷉Reinhard Genzel᷍1952 㛋⨗㪛᷊⼮ⶨ䓩᷉Andrea Ghez᷍1965 㛋⨗㪛 ᱄᷊㰜㗨㵉

⺞⹼⥃䅙⼴㻖䐱㾥⽄㾨⭥䊬Ⱀ 䐅᷍㬖㑬䅙⼴㻖䐱㾥⫇䊻䄜⷗䐫㑠䊝㸋㲌䂕 400 㶓

⡗⭥➖㳍㳆 395᱄䊻㝖ㅒ㶙䍟㩰᷍ⰵ䇇⭥〒ㅒ㏎䇪㬨ᷛfor the discovery of a 

supermassive compact object at the centre of our galaxy᱄ 

 

㵝 8.29 䇻 2019 㛋 4 䊣 10 㦶⹌⤝⭥㦬㏁㬸䍦⼻Ⱅ䍶㠍᱄ 

 

䔏⽔䄜⷗㏞䓴᷍㬨⹹䇻䅞㑇⤉⭥᱄䊻㝄ⰺ㑇䁈䐱᷍㣑㘇㳂⭞⺞᷍㶓䇱䅞㑇㈮

㬨⡜䐅㘘⫇䊻᱄䐢䇻㡅⫇䊻䊎䅓䄵ゑ㧈⼯㘉㭗᷍㝄ⰺ㑇䁈⤃㗜䇱㪇ゑ᱄䎃䊻➏䅓

 
395ⰵ䇻⼻Ⱅ᷍䅓㸋⺃⨗⤜㎕᷍䐜㚽㵉⺞㰝ⰵ䐽㸈㹐䐫⭥䇑㼍⤃䇻㏎㔼㚄㾮ⰵ⡩㎕䔕䐅㡅⫇䊻᱄ 



  

㯚㲚⭥⺄䅆㼁ⰵ㔼䐱䍳⭞㑬⫑➙᱄䐢䇻䅞㑇㬨㧈⼯⪌⤆⭥ᷠ䊻㝄ⰺ⭥㏎㔼㳆㻖䐱᷍

䅓㸋㗜䇱⼰㬫⭥㏎㔼㆙㾱㘉㭗᷍⡜⪇㏎㸋㯓㬒⪌⤆᷍⤜㿉䄋㬒ヅ᱄⭌㬨䊻⺄䅆㼁

ⰵ㔼䐱᷍㰝⭥⫇䊻⭥㏎䇪㬨㬒㋶㶅㤛᷍ⱙ㬒㋶㶅㤛㾈䇇㬨➕⺃㯺⪌⤆⭥᱄䅓⪬᷍

㧈⺜⹚⧪䅞㑇䊕⭥㹐䐫䔗⳨㤓ⰵ⧧䊬Ⱀ 䋓᷍䅞㑇䊕⶞㆝⭥㬒㋶㶅㤛㤊㌗㈮。㼓㯥

㘇➬Ⳟ⪌⤆᷍㾯⧪䅞㑇⤉᱄⺄䅆㼁ⰵ㔼⪕㑃⤜㈤᷍➏䅓㯚㲚㈮䅃㬗⭞㑬䅞㑇⤉⭥

⫇䊻ᱟEinstein᷍1916bᱠᱟEinstein᷍1918ᱠ᱄⭌➏䅓㯚㲚ⰵ䎃⷗㻷㼔⭥⹼⥃᷍㬨⳨

⧄⤜㎷⹼⭥᱄ 

㚠㣑 䈌᷍䅞㑇⤉㼁⹹⭥⡩ㅰ䐹䄋⭥㳍㸥⹼⥃䇱㑞⷗᱄⭻䄜⷗ ㎕᷍䓵䇻 1974 㛋᱄

㑞⷗㗡⺛㳍㸥䁈コ᷍⼶ⱜ㯚᷉Russell Alan Hulse᷍1950 㛋⨗㪛᷊⼮㲊㎶᷉Joseph 

Hooton Taylor Jr.᷍1941 㛋⨗㪛᷊᷍ 䊻㳍㸥⹼⥃䐱ⳃ㻷䄜⷗㘜㸋 PSR B1913 ⭥㕗⨆

㯌㾨⭥⺍⭡䊻⤜ⰰブ㾂᱄㼁⹹㸥䍣䊻 1975 㛋⨖ⳃ⢎ᱟHulse 1᷍975ᱠ᱄䎃⷗㻷㼔᷍

㋪䄵䇤䅞㑇⤉⭝䐣㚽㑠㰑⼥⭥〛㏎㎕ㆃ㬮᱄䎃䊻䄜Ⰹ⧭Ⱙ㩰 㰄᷍㬨ヅㅴ⹼⥃⭞㑬

䅞㑇⤉᱄㰜㗨㑞⷗᷍䄓䅓⪬〒⭤㑬 1993 㛋⭥㝖⡕ⱜ㹐㏎䁈ㅒ᱄㰜㗨⭥〒ㅒ㏎䇪

㬨ᷛfor the discovery of a new type of pulsar, a discovery that has opened up new 

possibilities for the study of gravitation᱄⭻ⱟ⷗᷍䋓ⳃ㪛䊻 2015 㛋 396᱄2016 㛋᷍㗡

⺛᱑ゅ⺃ⶪ㪇䅞㑇⤉㳍㸥㲉᷉Laser Interferometer Gravitational Wave Observatory᷍

ビ⧧ LIGO ᱒᷊㼏㚠⭥䁱㈠㦬䊒㿜⤝㰜㗨㏜䇤 LIGO ⭥㑞⷗㲞⥃㡘䇻 2015 㛋 9 䊣

14 㦶㲞⥃⭞㎕䓵㑞⷗⼻Ⱅ⼰⤃⥛㪛⭥䅞㑇⤉㾦⼦ᱟAbbott᷍2016ᱠ᱄䎃⷗⹼⥃⭥

䄜⷗䐒ㅴㆂ⺜㈮㬨 2017 㛋᷍㝖⡕ⱜ㹐㏎ㅒ⡜㬻䈉㧞㘜䈌䐏㼁⹹⭥㹐㏎䁈コᷛ㸛

㯚᷉Rainer Weiss᷍1932 㛋⨗㪛 ᱃᷊➮㏐㬓᷉Barry Clark Barish᷍1936 㛋⨗㪛 ᱃᷊㰘

 
396⹼⥃ㆂ⺜㬨 2016 㛋⹌⤝⭥ᱟAbbott᷍2016ᱠ᱄ 
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ⱘ᷉Kip Stephen Thorne 1᷍940 㛋⨗㪛 ᱄᷊㡅䐱䎃⷗㰘ⱘ᷍㈮㬨㣑㘇 tidao 㳂⭞⭥⿾

㎶⭥䁈㪛᱄㰜㗨⭥〒ㅒ㏎䇪㬨ᷛfor decisive contributions to the LIGO detector and 

the observation of gravitational waves᱄ 

 

8.6 㹐㏎䁈ⷐ㘝⭥䇑㼍 

䐢⪬᷍⹹䇻㹐㏎䁈ⷐ㘝⭥㆙⧭⭥ㆊ㩽㈮ㆂ㭙㑬᱄㹐㏎䁈ⷐ㘝⽔᷍㻷⫛㹐㏎䁈

⭥㏎㔼㌓ソ〚⡟㦘㑃 397᱄㹐㏎䁈ⷐ㘝ⰵ䇻㹐㏎䁈ⱙ䁵㈮㬨䄜⪯㯝㸍ⳗ㬞⭥⧚⭸

⢅ⷐ᷍㰝⧚⧚⭸⭸⭹ⶥ⢅㑬㸳㗨⭥㹐㏎䁈᱄ 

䊻㹐㏎䁈ⷐ㘝䐏㣑 㰅᷍㯖㋋ⱜ㸥㉕㬠㘉㭗⭒㬒⭥㹐㏎䁈㳍㋶㶓㏐㸿䊧 ⭌᷍㸳

㗨⿹⺞㵘㦆㋕⭥⿑⭒㬒㹐㏎䁈ⰵ䇻㸃⹼㬡ㆈ⭥㦰㬗㬨䐈㏌㠧㰊⭥ ⰵ᷍䇻䈏䑇⭥㦰

㬗䄓㬨れ㡅䇱㻿⭥᱄㹐㏎䁈ⷐ㘝䐏⽔᷍㑠䓴㑇䁈᱃㼁ⰵ㔼⧪㸋㑬〚⡟⹅㉀᷍㰝㗨

䇷㸋䐏㣑䄵〚⡟⧪㾮⭥㵔ェ㑇䁈᱃⮈Ⱀ㑇䁈㳂⹊㑬⹹ポ⭥⤚⨅䈌㾿䎞᱄䎃䂚⭥⿑᷍

ゴ㩰䋈䄲⧪㭍⭥㏎㔼㑇䁈᷍㦬㗨䊻㦰㬗㬡ㆈ⭥⺞⧭䐱⪴㸃⹼᱃⭞ㆊ⹼᱃⭞⽋⹼᱃

⭞䈏⹼ ⤜᷍⹽䊻㚨⷗⥄㘇Ⱍ䇱㑬㋪䄵㾦㎖⭥㹐㏎䁈㏎㔼᱄㹐㏎䁈䄓⭤䄵䄵䄜䐷㦌

㾣⭥㘇㗓㎕ⳃ䍚᱄䊻⭻㈦䍣᷍㸳㗨。ⰵ䎃䐷ⶥ⢅䈌㆙䄜⤞⭥ⳃ䍚䍚㋋㲷㔼᱄ 

䎃⪯㹐㏎䁈⭥㪞゗㬨㧈⪬⭥⧪⹇ 䄵᷍䐢䇻ゕ㬚ⰵ⤜⪴㬣㹐㏎䁈䁱㈠⭥㦬 㼁᷍

㾦⼽ⱁ㞔䇲䄓㋪䄵䎇䎇㣱㣱⭹ⶱ㬽⭞㹐㏎䁈ⷐ㘝⧚⧚⭸⭸⭹ⶥ⢅㑬㸳㗨䎃⷗㬡

ㆈ⼮㸳㗨⭥㪛』Ⳟ㬞᱄㲸䇤䂏䎒㛟㻩㪛⭥⿑ᷛⱟ㬏㬡ギ㈮㬨㹐㏎䁈⭥㬡ギᱟ䂏䎒

㛟᱃㸭Ⳍ᷍2018ᱠ᱄ 

䅓㸋㹐㏎䁈ⷐ㘝᷍㦬㗨㏎ㆃ㑬䐫㑠䈌㚽㑠䐏ヅ㬨㋪䄵⿆⿜⭥᱄䄵⪬㸋〚⪂᷍

⹹䇻⼬ⳕ䇇⭥䁱㈠⡜㳂㩰㦶⧭᱄䊻ⱟ㬏㬡ギ䐱䄗䎃䂚䄜⷗㬒ヅㅻ⮄ 䎃᷍㾊䁱㈠㰚

 
397䐏⽔᷍⭒㦜⿚䇱䄜㾊㾣⭥ⳃ䍚᷍䊻⭻㈦䍣䅞䁵⤠⳷㸳㗨。ㅓ᱄ 



  

⫙㎕⭥⧪⺜㪖䐢㪏㪏⭹䇑㼍㑬㬡ㆈ⭥ⷒ㈷᱄䅓㸋㹐㏎䁈ⷐ㘝᷍⟌⭝㳆⹅䄖⭏㪛᱃

㾦㻃⥛䄖⭤⭞㑬ⳃ䍚 䎃᷍㾊ゝ㭖⭹㆙⤞㶋㦌ⶥ⢅㑬㸳㗨㻷䊻⭥㪛』᱄䅓㸋㹐㏎䁈

ⷐ㘝 㦬᷍㗨䄓㋋㬝㚽⹜⧚⭸㏎ㆃ㑬⿐䁈ⳕ䇇⭥㸃⹼〛䐧᱄⼽ⱁ⹹ポ⭥㪛』㹐䓫⭥

㪛⥛㾈㔫⭤⭞㑬れ⫔ⶥ㩧᱄䅓㸋㹐㏎䁈ⷐ㘝 㦬᷍㗨䄓㋋㬝⪴⳷䓴⭥ㅨⰩ㦆㏎ㆃ㪛

㘝㻷㼔᷍㪛㘝㋧䁈⭥䁱㈠䄓〒⭤㑬䄜㻖㑱䐹⫔⭥㵜㠧᱄䅓㸋㹐㏎䁈ⷐ㘝᷍㦬㏁⭤

䄵㕖㼓㪏⼄᱃㲌㋶᷍⤃ⰵ⭹㤓㚻⤠ㆂ⹚⥛㪛䐹㾣⭥㦰㬗᷍㋋㬝㾣䄜㔷⭥䎌ⰵ㬡ㆈ

⭥㲞㰘᱄⼢⤜㌅䍦⭹ㅌ᷍㹐㏎䁈ⷐ㘝ⰵ䇻㸳㗨⭒㆒㪈。⭥䇑㼍㬨ⳞⳞ㘇㘇⭥᷍㰝

䐹㾣Ⰹ䅆㑬㸳㗨⭥㬡ㆈ᱄ 

䊻⡟䍣᷍㸳㗨䎌ⰵ㹐㏎䁈ⷐ㘝⭥⺞⧭䍚㋋㑬䄜Ⰹ⭥ㆃⰢ᱄㹐㏎䁈ⷐ㘝䐏⽔᷍

⤜⺃㹐㏎䁈⭥䁱㈠㆙㧌㑬㾣⭥㠋䍣 㦬᷍㏁㏛㬘䄓㆙㧌㑬㾣⭥㠋䍣᱄䊻ⷘ⷗⺛コ⭥

㦬⤦⪃⡙䈌㦬⤦㈛䎚䐱 㹐᷍㏎䁈㦬⤦䄵ゑ䇪㹐㏎䁈᱃㭞䁈䐈⧦㡑㎕STEM᷉ Science᱃

Technology᱃Engineering᱃Mathematics 㦬᷊⤦⪃⡙䈌㈛䎚䄓⧪㸋㑬䄜⷗⹹ポ⭥㒍䈓᱄

䎃䈌㸳㗨㹐㏎䁈䊻㦰㬗䓵㦜᱃㏜䇤䓵㦜᱃ⶥ䋍䓵㦜䎃㾊Ⳟ㘇⭥㚻䊻⭥㲹䐫㬨㗽㣱

㼁⹹⭥᱄䎃䄓㬨㸳㗨⭥〚⪂ㅭ䈞䇡䊗⤜㚽⽗㬴㹐㏎䁈⭥䄜⷗ⷚ⡟䊎䅓᷂ 

㵍㬒 㸳᷍㗨䄓䄋㸫䓵゛䊻㹐㏎䁈ⷐ㘝䐏⽔ 㦬᷍㏁䎇⭥㈮䍧㸶㑬⹹䇻㸳㗨㰚㘇

ⰵ⭥㋮⹼⭥㹐䐫㬡ㆈ⭥䐶れ䎇㏎㑬㕑ᷠ䊻⡫䎀䈌⡫䎀㪎⢀⭥ⱁ㭞㵍㾱㋕㎕ ⭒᷍㦜

⤜㬨᷂䊻㘇ⰵⶕ䊴⭥㹐䐫㬡ㆈ⭥㬒⽓᷍㹐㏎䁈㏌⧪㭍᱃䇱㑇⿚㼁⥏㪖䊗᷂䅓㸋㹐

㏎䁈ⷐ㘝 㸳᷍㗨㋪䄵䇤ⷝⱁ⭥㈎⺞㏛㬘㋝䂊⭥㹐㏎䁈䐋㬗㦆㏎ㆃ䎃⷗㬡ㆈ 䎃᷍㬨

㸳㗨⭥㾳䊬᱄⭌㵍㬒᷍㸳㗨䄓。ⰵ㚠㣑⭥㹐㏎䁈᱃㋧䁈⭥㈷㻿᷍䇱ⷝゴ㪏㋭⭥㦰

㬗᱄⭻㈦䍣᷍㸳㗨。ⰵ䎌ⰵ㚠㣑㹐㏎䁈⭥ⷘ⷗㒍䈓䐱⭥⹹ポ㸫㳃᷍⳷Ⳟ㼓䍚㋋㲷

㔼᱄䔘㸋⡟䍣⭥䄜⷗䓽ㆂ᷍㸳㗨䇇ⶤ㯖㸳㗨䄋ⶱ㾜㹐㏎䁈ⷐ㘝㦤㸳㗨⧪⧅᷍⭌㵍

㬒㸳㗨䄓䇇ⶤⷝゴ㤆⨟⭹㦰㬗⭞䇡䊗㛋㤂⭥㹐㏎䁈䇡䊗⤜㦒ⳇ㳕䍞᷂ 
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⭻㈦䍣 㹐㏎䁈ⷐ㘝䐏⽔⭥㻷⫛㹐㏎䁈 

㩰䄜䍣⭥ㆂ㸓 㸳᷍㗨㯖㹐㏎䁈ⷐ㘝⧚⧚⭸⭸⭹ⶥ⢅㑬㹐㏎䁈᱄䊻㹐㏎䁈ⷐ㘝

䐏㣑 ⷚ᷍㈾⤜㵍⭥䁱㈠㒍䈓 㦬᷍㗨㶚㶚。䇤䄜㾊⡩ㅰ⳷㩃ⱙ⤜㬨㵔䄜⭥㏎㔼㎕䎌

ⰵⷘ䐷ⷘ䂚⭥㬖䂊㆙㾱ㆃ㬮᱄䐏⽔᷍㑠䓴㑇䁈᱃㼁ⰵ㔼䎃㾊䊻㹐㏎䁈ⷐ㘝䐱ⳃ䍚

㡑㎕⭥㑇䁈㏎㔼 ⧪᷍㸋㑬㹐㏎䁈䁱㈠䐱㦬㗨㵔䄜㬚䇤⭥㏎㔼⹅㉀᱄䎃䐷⢅⿐㋪䄵

㳆㻷䊻㸳㗨⫔䁈㹐㏎⭥㋯⧭㪉䐤㩰᱄䊻⡟㋧ㅸⰯ᷍㸳㗨。䁈㻑䇪㏎㔼㑇䁈᱃㵔ェ

㑇䁈᱃⮈Ⱀ㑇䁈᱃㑠䓴㑇䁈⹚⧪⭥㯥⫔㑇䁈᱄㡅䐱᷍㏎㔼㑇䁈䊻㹐㏎䁈ⷐ㘝䐏㣑

䄲㈎⧚⭸⧪㾮᱄䊻㹐㏎䁈ⷐ㘝䐱⭏㪛⭥㑠䓴㑇䁈䔘㸋䄜⷗㾣⧪䊒ゴ㧌 㰝᷍䇷ⷙ㑬

㵔ェ㑇䁈䐹䄋⭥⤚⨅᱄㻢䅆㼁ⰵ㔼ⷙ㑬⮈Ⱀ㑇䁈䐹䄋⭥⤚⨅ 398᱄㸳㗨䊻㆙㾱⽔㿙

䁈㻑⼮䁱㈠⭥㬒⽓ 㬚᷍䇤⭥䈐䁵Ⱍ㬨〚䇻䎃㯥㗦㋯᷉ 䎃䄲㈎㬨䄜⷗⳨⧄㵔䄜⭥䐋

㬗㳆㻖㑬᷊⭥ⷘ䐷㎊䍚᱄ 

〚䇻䎃䂚䄜⷗⢅⿐᷍㹐㏎䁈䁱㈠⭥㒍䈓䄓⡜䐹㾣Ⰹ䅆᱄䊻⪬䐏㣑᷍㦬㗨䄜⟄

。ⷚ㈾㸳⹹㾥⭥㸫㳃㎕ⰵ㹐㏎䁈䁱㈠㆙㾱⿏⳷᷍⡩㧈㦩䁈㸫㳃᱃⮈⪦䁈㸫㳃᱃㪚

䁈㸫㳃᱃⺃䁈㸫㳃᱃㑠䓴㏎㔼䈌㑠䓴㑇䁈⭥㸫㳃᱄㼁䇇⭥᷍㸳⭥䁱㈠㒍䈓㈮㬨⮈

⪦䁈᱃㪚䁈᱃⺃䁈᱃㑠䓴㔼᱄䊻㹐㏎䁈ⷐ㘝䐏⽔᷍䊻䎃䐷⳷⷏Ⳟ㬞⭥〚⪂㩰 399᷍

㦬㗨䄓㋋㬝〚䇻㵔䄜⭥㏎㔼⹅㉀᷉ 㣑㘇㳂⭞⭥㯥⫔㑇䁈 ➕᷊䍶䁱㈠ⰵ㼔㎕ⰵ㹐㏎

䁈⭥䁱㈠㒍䈓㆙㾱⿏⳷㑬᱄䎃䂚⭥⿑᷍⹭㳆㹐㏎᷉⽔䓋㸋㛞㈼㲍㹐㏎ ᱃᷊䊎䓴䈌

 
398⺄䅆㼁ⰵ㔼㾿䎞⭥㬨㑇䁈᷍⭌㰝⡟㪎㬨⷗Ⱑ㑃⭥ⷀㅸ㋯⧭ ⤃᷍⤜㭕䇻㯥⫔㑇䁈᱄㭕䇻㻣㘇㳂⭞
⭥㯥⫔㑇䁈⭥ⷘ䐷㎊䍚⭥ⳗ⨌᱄ 

 
399⡩㧈㪚䁈᱃⺃䁈᱃㦩䁈⭥㒍䈓䄡㦜⫇䊻᷍⭌䎜㳆。䓋㼓㠌䇇䇤⭥Ⳟ㼓᱄ⱙ〚⪂䁱㈠᷍䋓㋋㬝➕
ⰵ㼔㎕㆙㾱⿏⳷᱄ 



  

⳷䓴㹐㏎᱃⭩㏌䓴㳆㹐㏎᱃⼬㹐㏎᱃㑄䓴㹐㏎᱃㪛㹐㹐㏎⭩⳷䐈䄓䄜⷗⷗⭏㪛⤃

ⳃ䍚⧪㾮᱄㻷䊻᷍䄵䁱㈠ⰵ㼔㎕ⰵ㹐㏎䁈㆙㾱⿏⳷᷍㪖䐢⧪㸋㑬䑘䄋㝱㈾᱄ 

㵍㬒᷍㹐㏎䁈ⷐ㘝䐏⽔㹐㏎䁈㏎㔼⭥ⳃ䍚䄓㗜䇱㵄䐮᱄⡩㧈᷍䊻㩰㬡ギⱟ㬏

㛋⫛㚊ⳃ䍚㡑㎕⭥㑠䓴㑇䁈䐱 ⮈᷍䓴᱃䊎䓴⼬䎃㾊㑄䓴㬨⡜⭒䔘㑠䓴⭥㑄䓴㎕⪇

㏎⭥ ⭌᷍⮈⪦⧂㬨⡜⭒䔘㈎⮅⭥⧂㎕㘉㭗⭥᱄㸋㑬ㆃ㉗䎃⷗㸫㳃 㩰᷍㬡ギ⭥㧞㬏᱃

㯥㬏㛋⫛᷍㦬㗨⿉㑬⼽ⱁ㈌㑇㎕ⳃ䍚㑠䓴⮈Ⱀ㑇䁈㏎㔼᷍⤃〒⭤㑬⼽⫔⭥⧪⹇᱄

䊻䎃⷗⺞⧭䐱᷍⧂㔼Ⳟⳉ⡜㳂⨗᷍⤃䊻⽔㿙䁱㈠䐱⭤⭞㑬ⷘ䐷䇇䇤᱄1965 㛋᷍⧐

䇡䎒䄜㎪᷉Sin-Itiro Tomonaga᷍1906–1979 㛋 ᱃᷊㿎㸣ⷒ᷉Julian Schwinger᷍1918 

–1994 㛋 ᱃᷊Ⳳ㕝᷉Richard Feynman᷍1918ÿ1988 㛋᷊䄓䅓⪬〒⭤㑬㝖⡕ⱜ㹐㏎

ㅒ᱄⫘㩎᷉Freeman Dyson᷍1923ÿ2020 㛋᷊㰅㦜㗜䇱〒ㅒ᷍⭌㰜⭥⫘㩎Ⳟ⧭ⳕⱙ

⧪㑬㸳㗨ㅭ㋧㭊䐱㈎⮅䐱⭥㈎⮅᱄㻷䊻 ᱑᷍⧂᱒䎃⷗ⶦ㛏䄓⡜㈎⧄⭒䔘㹐䐫㬡ㆈ

⭥⡟䐫㎕㆙㾱㬚䇤ᱟ⤽㳍䈉 2᷍024ᱠ᱄䊺⡩㧈 ⪴᷍㩰㬡ギ䐱䄗㋋㬝᷍㦬㗨ⰵ䊎䓴⼬

㚻⤠ㆂ⹚⭥䁱㈠䄓㦂⭤㑬䐹䄋⭥㆙䍚᱄䐏⽔ 㑠᷍䓴㩌Ⱀ㑇䁈㏎㔼䄓⭤⭞㑬ⳃ䍚ᱟ⿧

㲯᷍2011ᱠ᱄䎃㾊⭒㦜Ⱍ㬨㹐㏎䁈ⷐ㘝䐏⽔㹐㏎䁈〒⭤⭥れ㡅䐹䄋⭥㾣⭥㆙⤞᷂ 

䎃㾊㆙⤞⹭㦜䐹䄋㣳㒏㦬㾡㻓 㰝᷂㗨䄓Ⱍ㬨㸳㗨㻷䊻㹐㏎䁈䁱㈠⭥れ㡅䐹䄋

⭥〚㬐᱄⭌㋮⹼⭥ㅓ᷍ⰵ䇻䄜⷗⫔䁈㹐㏎䁈䓉䄖⭥䁈㪛᷍䊻⫔䁈⡰䄖㿉䄋㆙㧌䁱

㈠㪛ㅸⰯ㋋䍚䁱㈠⭥㬒⽓ ㅌ᷍⡫䎀䊻㣑㘇➬䍣㰚䓽ㆂ⭥㹐㏎䁈〚⪂㋯⭥㚻㦾䁈⼤᷍

䊺ゴ㩰䄜㾊㛄㦘Ⰹ㑬䁱㈠Ⳟ㼓⽔㿉䄋䁈㻑⭥ⷀㅸ㋯⧭ 400᷍㚨⡟㋧ㅸⰯ⭥䁈㻑㈮

 
400⡩㧈㛞㈼㲍㹐㏎Ⳟ㼓⭥⹭㳆㹐㏎᱃㑠䓴㵔ェ㑇䁈᱃ⷀ⭩㑠䓴㑇䁈᱃㦛㔼᷍⺃䁈Ⳟ㼓⭥㑠䓴㵔ェ
㑇䁈᱃ⷀ⭩㑠䓴㑇䁈᱃㑠䓴⺃䁈᱃㦛㔼᷍㑄䓴㹐㏎Ⳟ㼓⭥ⷀ⭩㑠䓴㑇䁈᱃㑠䓴㵔ェ㑇䁈᱃㦛㔼᱃
㑠䓴⧂㔼᱄⡫䎀⤜䄜䄜㑱㈺᱄䎃㏐᷍㸳㗨㣠⮘䎃⷗㆗㆗㬨⡟㋧ㅸⰯ⭥⽔㠻᷍㋪䄵⭌⤜㣠䐧䁈㻑⭥
㋯⧭᱄䎃㾊㋯⡟䐫㩰Ⱍ㬨䁱㈠㪛㋯᱄䊻㆙㧌䁱㈠㪛ㅸⰯ⽔᷍⭒㦜䄋ⷚ㈾⭝㬇⼮㰚䊻䁈㾄/㋧䁱䊛
㰚⭥䄋㤔㎕㆙㾱㉀㳆⭥䁂㋯᱄ 
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㰄㬨⳨⧄⨗㩌⭹㶋⧪㑬 401 ⡟᷂㭊㘇㼓⭥Ⱒ䎀 㣑᷍䁵䐱㸳㗨㳂⭞⺞ 㬨᷍ⰵ㹐㏎䁈ⶱ

㾬㦅⭥㹐㏎䁈䓉䄖䈌⳨㹐㏎䁈䓉䄖⭥䁈㪛䈌㛋㤂ㅭ㬇᱄ズⰉ⭥Ⱒ䎀䇇ⶤ㉀⡙⭥〚

⪂᷍㈮㬨㶋⧪㑬ⷀ䐱ㅸⰯ⭥㹐㏎䁈㻑᷍㻄㶜㑬ㆃ⫔䁈㹐㏎᷍㲹⢑㬨㑬ㆃ㰝䈌ⷀ䐱

㹐㏎⭥㤙⢑⭥᱄㹐㏎䁈ⷐ㘝⽔㾣㏎㔼⭥㆙䍚⤃⤜㬨⫔䁈㹐㏎ㅭ䈞㿉䄋ⶓⶨ⭥ⳗ⨌᷍

㵍㬒㸳㗨㣑㘇➬䍣ⶓⶨ⭥㚻㦾䄲㈎㋪䄵⼽㤆⨟⭹ㅜ⫞㤆⨟㑬⫔䁈䈌ⷀ䐱㹐㏎⭥

⥏⢑㑬᱄䊻㑬ㆃ䎃㾊㚻㦾⽔ 㶋᷍⧪⪴䁈㪛⭞㋧䁱㦬䊒⭥䓋⢅䇇ⶤ㯖䄲㈎⤜䊺㬨㋯

⧭䁈㻑⭥㸫㳃᷍ⱙ㬨㋧䁱㬖ペ⭥㸫㳃㑬᱄䅓⪬᷍㸳㗨⤜。ㅓㆃ䎃㾊㹐㏎䁈ⷐ㘝⽔

⭥㹐㏎䁈㾣㏎㔼⭥㆙䍚᱄㦂ⱙ⫛䐏᷍㸳㗨㻄㶜䎌ⰵ㻷䊻㹐㏎䁈䁱㈠⭥ⷘ⷗⳷䐈᷍

䍚㋋䄜㾊ㆊ㩽 㦤᷍Ⱒ䎀㎕㳆。䄜㻣㶋⧪㹐㏎䁈⡟㋧ㅸⰯ⭥䁈㻑⽔㆙㧌㋯㳃䔊 。᷍

㘇ⰵ㬓㗕䂚⭥䁱㈠ᷠ 

䎃㾊⳷䐈᷍➕䍶 1.5 ㅻ⭥ㆊ㩽᷍⳷㸋㧕ⶪⳞ㼓᱄㸳㗨➲䎃㾊Ⳟ㼓䎜⼰⽔᷍➕

㛞㈼㲍㹐㏎䈌㵔ェ㹐㏎᱃AMO᷉䊎䓴䈌⳷䓴㹐㏎᱃⺃䁈 ᱃᷊⼬㹐㏎䈌㑄䓴㹐㏎᱃

㪛㹐㹐㏎䈌㧎㹐䐫᱃㹐㏎䁈䈌㳍㸥᷍⹓㹆ㅻ㎕䍚㋋᱄䔏⽔᷍䊻 9.6 ㅻ᷍㬨䄜⷗ビ

⭆⭥䓽ㆂ䈌䍚㶜᱄ 

 

9.1 㛞㈼㲍㹐㏎䈌㵔ェ㹐㏎ 

㬸㻩㬨㛞㈼㲍㹐㏎䈌㵔ェ᷍⡫䎀㎕䓵䇻㛞㈼㲍㹐㏎䎃⷗Ⳟ㼓᷍㵍㬒᷍䄓⳨⧄

㻓⿗㵔ェ㹐㏎᱄⡫䎀ㅌ㰝㗨⳦䊻䄜㡑 㬨᷍䅓㸋⡫䎀ⶱ㉖㑞䎀䐏ヅ㬨䇱⳨⧄㚻䊻⭥

㆕㗽㑋㻖⭥᱄䎃⷗㑋㻖㋪䄵⺊ㆂ㸋䄜㉅⿑᷍㈮㬨ᷛ㼁⿆䔘䇤⫙㎕⤜㵍᷍〓䎀ㅱⱁ

⫙㎕⤜㵍᱄㗜䇱㼁⿆䔘䇤᷍㹐㏎㻖㵔㬨㋪䄵䇤⿚䊎㔼⭥Ⳟⳉ㎕㆙㾱㘉㭗⭥᱄⭌㛞

 
401䊺㉎⭥⿑ 䊻᷍⡫䎀㋕㎕㈮㗜䇱㦯⼯䅃䅆㑬 䎃᷂䐜。㩬⼇⪴䄖㦬䊒ⰵ䁈㋧⭥㾬㦅 䔘᷂㸋䄜⷗⫔䁈
⡰䄖⭥䁈㪛 䍧᷍㸶㣑➬䍣ⰵ䇇⭥㚻㦾㦜⽔䁂Ⰹ䄜⷗Ⳟ㼓 ㋋᷍䍚㉀㳆⭥䁱㈠⤃䊻䁱㈠䐱䑑⤞〒⭤⧪
㈮ⶱ㆙ⱙキ㿙䓉䄖⭥䁈㻑᷍䊻⡫䎀㋕㎕〓㿎㬨ⷝ㸋⼰㏎⭥䁂䋒᱄ 



  

㈼㲍㹐㏎䐱⭥㸫㳃⼮㵔ェ㹐㏎䐱⭥㸫㳃䋓㶋㦌⤜㵍 㰝᷍㗨⡹㿌㬨〚䇻㼁⿆䔘䇤⤦

㚽⹜⥛㪛⭥᱄㗜䇱㼁⿆䔘䇤᷍㰚䇱⭥㾵䐫Ⱍ㬨 trivial᷉⤜㾣㡇᷊⭥ 402᷂䐜䇱䊻䇱

㑬㼁⿆䔘䇤⭥㤊㌗㻣 n᷍on-trival ⭥㹐㾵⤦㚽⹜⥛㪛᱄㹐㏎䁈᷍䄓㈮䇎㎕㑬㼁䇇⭥

㘉㭗ⶕ䊴㻖㵔䐱⭥䎇㬖⫇䊻⭥㦯㹒 䎃᷂⷗㦯㹒㬨㧈⪬⭥ヅ㉁ 㬚᷍⭤⡫䎀㋪䄵㋕⭞

㡅㸿㻿⭥㋪㚽㾵᱄ 

 

9.1.1 㛞㈼㲍㹐㏎ 

9.1.1.1 㛞㈼㲍㹐㏎⭥䁈㋧㲹⮄ゑⳃ䍚㏛㬘 

㸳㗨⪴㛞㈼㲍㹐㏎⭥䁈㋧㲹⮄⼮ⳃ䍚㏛㬘㋋ㅓ᱄㬸㻩 㸳᷍㗨䄋㯖⭥㬨㛞㈼㲍

㹐㏎䔏⫔⭥㲹⮄㈮㬨㰝⭥䁱㈠㚻㦾⳨⧄ⴂ⶜ 㪖᷍䐢䇱䐷㑶㎦㕛㚠⭥ⶱ㉖᱄⡫䎀㦰

㸋 䎃᷍䈌㛞㈼㲍㹐㏎䎃⷗䁈㋧⥛㪛⭥㏛㬘⡔㈑㬨㗽㣱㼁⹹⭥᱄㹐㏎䁈ⷐ㘝ㆂ㭙⭥

㬒⽓᷉㩰㬡ギⱟ㬏㛋⫛㚊᷊᷍ 㹐㏎䁈⭥⪴䄖㦬䊒䊻㘇ⰵ䁈㋧ⳃ䍚Ⳟ㼓⭥㬒⽓᷍㬖

カ㩰㬨䇱㑞䐷䁂䋒⭥᱄ 

⭻䄜䐷 ㈮᷍㬨⤜㕛䔄䇻䊎䓴㬨䇪䊎䓴⼬䈌⮈䓴䔊⧪ ㆙᷍ⱙ䁑㤔㡅㚻⤠ㆂ⹚䄵

ゑⷝ㸋〚⡟⭥㑄䓴᱄䁹䓦䎃㳖㔘᷍㹐㏎䁈㦂⭤㑬⧅䔄⭥㆙⤞᱄㼒㸳㗨Ⱍ⳨⧄㭍㻅

⭥䐱䓴᷍㈮㬨㩰㬡ギ㧞㬏㛋⫛⡜ⳃ㻷⤃⡜㦘㦰⭥᱄⥊⭣㶟㋬᷉James Chadwick᷍

1891ÿ1974 㛋᷊䄓䅓⪬〒⭤㑬 1935 㛋⭥㝖⡕ⱜ㹐㏎ㅒ 403᱄1936 㛋᷍㋉ⱜ᱅➓⭣

 
402⭒㦜᷍㛞㈼㲍㹐㏎㈎㏛㑬㡙㳆㏎㔼᱃䄛㳆㏎㔼᱃More is Different 㧞⷗ㅸⰯ᱄䊻䋈㠻⭥㡙㳆㏎㔼
ㅸⰯ᷍㼁⿆䔘䇤〓㿎⿚㗜䇱㚨㗕䐹䄋᱄㸳㗨䎃㏐䄓㿉䄋ㆃ㬮䄜㻣᱄⹹䇻䎃⷗䓃ㅦ᷍Ⱒ䎀。㰇䓦䊥
Ⱒ⭥㆙㾱ⷝゴ㏎ㆃ᱄ 

 
403㰜⭥〒ㅒ㏎䇪㬨ᷛfor the discovery of the neutron᱄ 

 



   

444 
 

㩎᷉Carl David Anderson 1᷍905–1991 㛋᷊䅓㸋䎞⮈䓴⭥ⳃ㻷᷍䄓⡜㬻䈉㑬㝖⡕ⱜ

㹐㏎ㅒ 404᱄䐏⽔᷍1949 㛋〒⭤㝖⡕ⱜ㹐㏎ㅒ⭥㲡⪉᷉Hideki Yukawa᷍1907–1981

㛋 ⭥᷊⹹䇻ㆊ䓴⭥⹅䔘 1᷍957 㛋⭤ㅒ⭥㏏䎟⭡᱃䂏䎒㛟㻩㪛⹹䇻㧖㼁⿆䔘䇤䐱䈏

⧧⤜㬹⽄⭥⹅䔘᷍䇇ⶤ㯖Ⱍ㬨䎃⷗Ⳟ㘇⭥⮅㾮⭥㏞䓴᱄⼬㹐㏎᱃㑄䓴㹐㏎䎃㾊ⱟ

゗䁈㋧᷍䄓㬨䊻䎃⷗㯝㔨㻣ⳃ䍚㡑㎕⭥᱄ 

⭻ⱟ䐷䁂䋒 ㈮᷍㬨㕛䔄䇻㩰㬡ギⱟ㬏㛋⫛㚊⭥㑠䓴㑇䁈⭥㏎㔼㌓ソ 㘇᷍ⰵ⨞

㑬㤃䊎䓴䐏㶃⭥ⷝ㸋ⶕ䊴⭥䊎䓴䈌ⷝ㸋䎇㬖⭥⳷䓴⼮㛞㈼㲍㳆㻖᷍䇤㑠䓴㑇䁈᱃

㵔ェ㹐㏎᱃㼁ⰵ㔼⭥䈐䁵➲㰝㗨⭥㹐㾵㘉㭗⨗㎕᱄䊻㳆㻖䑑ㅆ⢅⭤ⶕ䊴⭥㬒⽓᷍

䄓。䇱䄜㾊㾣㡇⭥㹐㾵 㿉᷍䄋⪴㬖䂊⼮㏎㔼㩰㆙㾱䁱㈠᱄䈌䐏㼁䇇 A᷍MO᱃㛞㈼

㲍㹐㏎᱃⭩㏌䓴㳆㹐㏎䎃㾊䁈㋧䄓ⳃ䍚㑬㡑㎕᱄㡅䐱᷍㛞㈼㲍㹐㏎⪴ⱁ㳆⭥ㅨⰩ

㎕ㅓ᷍㸿䄪㬨䔏ⶕ䊴⭥㳆㻖᱄䋈㠻᷍㰝䄓⤜ㅱ㛞㈼㲍㹐㏎᷍ㅱ⹭㳆㹐㏎᱄⽔㘇᷍

㰇䓦䈌䐏㼁⹹⭥〚⪂㹐㏎⭥㚻㦾䈌㾣㡇㻷㼔䊞㎕䊞ⱁ 䊻᷍㩰㬡ギ㡀㬏㛋⫛䎞㬞ⷝ

㘜㸋㛞㈼㲍㹐㏎᱄ 

㩰㘇䎃⷗㲹䎘᷍㈮㉗Ⰹ㑬䐜䄋㬨᱑ⱁ⫙㎕⤜㵍᱒⭥㸫㳃᷍Ⱍ䈌᱑㛞㈼㲍᱒䎃

䂚䄜⷗⹹ポ⪫㼁⹹ᱟ㹃⪴㉝᷍2022ᱠ᱄⪌㵔⭥㛞㈼㲍㳆㻖⟝⼍⹭㳆᷉㈈㳆᱃⳨㈈

㳆᱃䓝㈈㳆 ᱃᷊䄛㳆᱃㧎㹐䐫 䄓᷍⟝⼍⢎㘇᷉ 䄜⤠⳷㬨⹭㳆/䄛㳆 䄜᷍⤠⳷㬨㡙㳆 ᱃᷊

ㆈ㘇㳆㻖᷉䄜⤠⳷㬨⹭㳆᱃䄜⤠⳷㬨䄛㳆 ᱄᷊㰝㗨䈌䊎䓴/⳷䓴㹐㏎䔏⫔⭥⤜㵍㈮

㬨䎃㏐⭥㳆㻖㬨䊎䓴/⳷䓴㛞㈼䊻䄜㡑㾯⧪⭥㳆㻖᷍〚䊋䐏ヅ䇱㼁⿆䔘䇤᱄䎃㾊

㼁⿆䔘䇤⽔㉗Ⰹ㛞㈼⽔⭥㹐䐫⭥䓕㲍䈌㹐㾵᱄㵍㬒᷍䊻䎃㾊㳆㻖䐱᷍㹐㏎䁈コ䇷

。⹹㾥⤜㵍⭥㹐㾵 ⡩᷍㧈⮈䁈㾵䐫᷉ 㶚㶚䇪⮈䓴䑘⭝ 㩺᷍㭞㳆㻖䐱䇪㏌䓴䑘⭝ ᱃᷊

㦩䁈㾵䐫᱃⪦䁈㾵䐫᱃㑇䁈㾵䐫᷍䄵ゑ䎃㾊㾵䐫䐏ヅ⭥墏⼰᷉⡩㧈ⱁ㳛㾵䐫 ᱄᷊

 
404㰜〒⭤㑬 1/2 ⭥㝖ㅒ᷍㏎䇪㬨ᷛfor his discovery of the positron᱄ 



  

⪬㶃᷍㼒⧍⭝᱃⧍㒘䎃䐷⽋⹼㑠䓴㻷㼔᷍䄓㬨⫇䊻䇻㛞㈼㲍㳆㻖䐱⭥᷍⭌㰝㗨䇷

⤜㬨ビ⭆⭥⮈䁈᱃⺃䁈᱃㦩䁈㾵䐫⭥㸫㳃᷍䅓㸋㰝㗨㬨䄜䐷䓕㲍᷍䊻䎃䐷䓕㲍䐱

㰚䇱䎃㾊㾵䐫Ⱍ。⢎㻷⨗㡇㲹㾵᱄䔏⽔ ᱑᷍ⱁ⫙㎕⤜㵍᱒䄓䅃㸗䓦㼁⢅䄓㬨㛞㈼

㲍㹐㏎䐱㉀䇱⼬㾥ゼ䐖⭥䄜⷗㸫㳃 䎃᷍㦤㛞㈼㲍㹐㏎䈌㵔ェ㹐㏎䇷䇱㑬㚻䊻⭥㑋

㻖᱄䅓⪬᷍⤜㌅䍦⭹ㅓ᷍䈌㹐㏎䁈䐱㡅㰝㾷⭽Ⳟ㼓㼁ⰵ⭆䄜⭥䁱㈠㚻㦾㼁⡩᷍㛞

㈼㲍㹐㏎㈮。㻵⭤⳨⧄⭥᱑ⴂ⶜᱒᱄ 

䎃䐷᱑ⴂ⶜᱒㋮⹼㩰ㅓ᷍。⫙㎕㑞⷗㾈⺜᱄㡅䄜᷍㬨㰝。⫙㎕㸿㤏㸿㈂⭥㸫

㳃᱄ⰵ㋧䁈ⱙ䁵᷍䇱㸫㳃㬨⼤⭥᱄䅓㸋㸫㳃ⱁ᷍㛞㈼㲍㹐㏎⭥⪴䄖㦬䊒䄓ⱁ᱄㚠

㣑᷍⧍⺞䄜⟌⭥㹐㏎䁈⪴䄖㦬䊒⪴㬣⭥Ⱍ㬨㛞㈼㲍㹐㏎㼁⹹䁱㈠᱄㵍㬒᷍䇷䅓㸋

㛞㈼㲍㳆㻖䈌⤥㑰᱃⿐䁈᱃㾦㻃⭩䁈㋧⭥㚻䊻㑋㻖᷍⼽ⱁ⪴䄖㦬䊒䄓。⳷⤝䊻䎃

㾊㾷⭽䁈㋧᱄䎃㈮䋍⧪㑬㛞㈼㲍㹐㏎䊻㹐㏎䁈㋧㚻⤠᷍䐢㩺⪴㚠㣑㋕᷍䇇ⶤ㯖㬨

䇑㼍㑇䔏⫔⭥䄜⷗ⱟ゗䁈㋧᱄䅓㸋㰝⭥ⴙ㪅㘇⺄᱄㒎䄜⷗㾈⺜᷍㈮㬨䅓㸋㚻㦾㑶

㎦㕛㚠᷍ゼ䐖㝱ⰰ⢋䓝䄓。⳷㩃䄜㾊᱄䊻㛞㈼㲍㹐㏎㚻⤠᷍⼽㚲㯖㚥⷗㒍䈓⡩㚥

⷗㒍䈓䐹䄋 405᱄⭒㘇㼓⫔䐻⭥㬒⽓ 㦬᷍㗨䇷⼽㚲䇤䄜㉅⿑➲㛞㈼㲍㹐㏎ㅓ㤆⨟᷍

⤃㹝䅞䁼㤓᱄䎃㈮⭝䐣㑬㸳㗨㿉䄋⤜㵄⭥㣠⮘᱑ⱁ⫙㎕⤜㵍᱒᱄䐢䇻㬨㬓㗕䂚⭥

⤜㵍ᷠ䎃䐷⤜㵍⭞⭸㸋㬓㗕䐹䄋ᷠⰢ䎀㈮䐜㚽㵉⺞⳨⧄䓉䄖⭥㪏㧌䊥Ⱒ㎕㳆。

㑬᱄㋮⹼㎕ㅓ᷍⪴㋧㠶⭥ㅨⰩ㎕㋕᷍䎃㬨⳨⧄㬨⤜㏜⭥᱄⭌⤜⹽䋖䂚᷍㸳㗨㿉䄋

⧱㦰㛞㈼㲍㹐㏎䎃䂚䄜⷗᱑ⴂ⶜᱒⭥㲹䎘᷍⤃〚䇻䎃⷗㲹䎘㎕㏎ㆃ㛞㈼㲍㹐㏎᱄ 

㏛㬘㩰᷍㦬㗨䔏䋈⹹䇻㛞㈼㲍㹐㏎᷉㋋㬝⭥㬒⽓ㅱ⹭㳆㹐㏎᷊⭥䁱㈠㋪䄵䓘

㯾䐢㬏➬㬡ギ㚊⭥㈈㳆䁈᱄⫛⢎㦬㹐᷍㬨ⳉ⺛㦬➃䈑䄡᷉René-Just Haüy᷍1743ÿ

 
405㈮㼒⫔䐻㑬ㆃ⭹䔏ⱁ⭥⧍⭝᷍䄓⤜㚽⫛⢎㛞㈼㲍㹐㏎᱄䅓㸋㸳㗨⭥⪦䁈᱃㦩䁈᱃⮈䁈᱃ェ㰄⭩
㸫㳃㵍䂚㋪䄵ⷙ㸳㗨⫙㎕⼽ⱁ㈋㻓᷂ 
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1822 ᱄᷊㰜⭥䑘䄖㬨䄜⷗㚢㬇᷍㻓⿗⹼⥍㈈㳆ㆂ⹚⭥゙⼯⺇㔪 406᱄⭌㰜㬚䇤⭥᷍

㬨䓊㌊㚄㾮᷉bricklike model ᱄᷊䎃䐷䓊㌊㚄㾮㋪䄵ㆃ㬮㈈㳆⭥ㆃ㏎㘇᷍⭌㬨⤜㚽

ㆃ㬮㈈㳆ㆂ⹚㰇㶃ㆈ㳖ミ⭥⢅⿐ ⡩᷍㧈㰇㸣Ⱙ⢅⿐⭥㦩䍮㏅㰖㾵䐫᱃㰇㶃㑇⢅⿐

⭥⭐㾵᱄1824 㛋᷍ⷀ㯚⭥䁈㪛㹘⤏ⱜ᷉Ludwig August Seeber᷍1793–1855 㛋᷊䊻

➃䈑䄡⭥㯝㼌⭥〚⪂㩰 䅞᷍㧌㑬㬏㈦㬡ギ⨖䇪⭡ⱜⰺ㳂⨗⭥䊎䓴㔼⭥㯝㼌᱄㰜䐙

⨗㈈㳆䁈䐱⭥㈈ⷒ㈮㬨䇪䊎䓴〓⳷䓴䔘㸋〚䊋䔊⧪⭥᱄䎃㾊〚䊋㬨㤓䓕㋦㑄 407᷍

㰝㗨䐏ヅ䇱㹝䅞䈌㝦⨃㑇᱄㈈㳆㬨䇪㰝㗨䊻䎃㾊㑇⭥䔘䇤㻣⪇䇻㠞⽃㸜䐤⹚⧪⭥᱄ 

䇇ⶤ㯖 䎃᷍㬨䄜⷗れ㡅㉀䇱㣑䍑㾵⭥ⶦ㛏᱄㰝ォ⟝⼍㑬⿐䁈ポ䎃⷗ⶦ㛏䔏⼬

㾥⭥㯝㼌᷍䇷䐙⨗㑬䊎䓴/⳷䓴⭥䐽㠻㾵㝦⤝㬨㈈㳆ㆂ⹚⭥⡟䐫᱄䊻䎃⷗㏎㔼㌓

ソ㻣 ㏎᷍ㆃ㈈㳆ㆂ⹚㰇㶃ㆈ㳖ミ⢅⿐㈮。㻵⭤⼽䓵㦜㑬᱄〚䇻䎃⷗㯝㼌 1᷍848 㛋᷍

⤝㎎⳧᷉Auguste Bravais 1᷍811ÿ1864 㛋᷊䇷⪴㭞䁈㩰䐅㘘㑬ⰵ㈈㳆䐽㠻㾵⭥㘉㭗

㋪䄵〚䇻 14 䐷ⷒ䓴㆙㾱᱄䎃 14 䐷ⷒ䓴⽔㎕⡜⧧㸋⤝㎎⳧ⷒ䓴᷉Bravais Lattice ᱄᷊

䊺㶚⽔᷍1869 ⼮ 1870 㛋᷍㗦ㅾ㑱ⴓ᷉Dmitri Mendeleev᷍1834ÿ1907 㛋᷊⼮㕖䄏

᷉Julius Lothar Meyer 1᷍830ÿ1895 㛋 ⳷᷊⢑ⳃ⤝㑬䊋㯹䐽㠻⢎᱄〚䇻䊋㯹䐽㠻⢎᷍

㦬㗨ⰵ㈈ⷒ䐱⭥〚䊋⭥㘉㭗㋪䄵㻙⿐᱄1890 䈌 1891 㛋᷍㾽ⴓ㏜᷉Arthur Moritz 

Schönflies 1᷍853–1928 㛋᷊䈌Ⳳⱁ㔿ⴓ᷉Evgraf Fedorov 1᷍853–1919 㛋᷊䇷ⰵ㈈

㳆⭥㋶ヅ㦛㆙㾱㑬⿏⳷᱄㋶ヅ㦛䈌㣑㘇⭥㈈ⷒ䄜㡑 䇷᷍䐈⧦㡑㑬ⰵ䐽㠻㾵⭥㘉㭗᱄

䐢⪬᷍㦬㗨ⰵ㶋㗡㈈ⷒㆂ⹚㆙㾱㘉㭗⭥㏎㔼㌓ソ᷍㈮ㅉ㑃㑬᱄ 

㆙㧌ⱟ㬏㬡ギ 䇪᷍䇻⹭㳆㦩㦾⡟㪎㈮㬨㹐㏎䁈ⷐ㘝㣑㋋ⱜ㸥㳂⭞⭥㑞ⱅ㸻䊧

 
406㈈㳆㬨㰚䇱㛞㈼㲍㹐䐫䐱䔏䇱⺇㔪㾵⭥ 䎃᷍䐷⺇㔪㾵㪖䐢㋪䄵⡜㧃䁼㋕⭞᱄䎃䄓㬨⹹䇻㛞㈼㲍
⭥䁱㈠⪴㈈㳆㋋㬝⭥䄜⷗ⷚ⡟䊎䅓᱄ 

 
407㻷䊻㸳㗨㋰Ⰹ䐋⭡㰝⤜㬨㤓㾯㋦㑄᷍⭌䊻⭒㬒᷍䎃⤜㬈㸋䄜䐷⳨⧄⼰㏎⭥ズ㪉᱄ 



  

䐱⭥䄜ⱅ ⰵ᷍⹭㳆㚻䊎䓴䎒Ⱀ⭥㘉㭗䓵㦜。⡜㳂㩰㦶⧭᱄1907 㛋 ➏᷍䅓㯚㲚㳂⨗

㑬㪚䓴⭥ⶦ㛏᷍〚⡟ㆃ㉗㑬䎃⷗㸫㳃ᱟEinstein᷍1907ᱠ᱄䎃⷗㚄㾮䊻⹭㳆㹐㏎⭥

ㅭ⤥䐱。⡜⧪㸋➏䅓㯚㲚㚄㾮ᱟ㸅⭅᷍2023ᱠ᱄1912 㛋᷍⭣➾ⰵ➏䅓㯚㲚㚄㾮䐱

⭥㪚䓴䎒Ⱀ㆙㾱㑬ⶥ㆙ ㋝᷍㔨㑬㪚䓴䎒Ⱀ㠖㔫⭥⳷⤝ 㬚᷍⭤㦩㦾䊻⭮㸣㻣⭥㾱㸋

䈌㬖䂊㋪䄵ⴜ⼰⭹ⷝ⼤᱄䎃⷗㚄㾮⽔㎕⡜⧧㸋⭣➾㚄㾮ᱟDebye᷍1912ᱠ᷍ 㰝㬨➏

䅓㯚㲚㚄㾮⭥ⶥ㆙⟇ᱟ㸅⭅᷍2023ᱠ᱄㵍䂚䊻 1912 㛋᷍⤄ⱘ᷉Max Born᷍1882ÿ

1970 㛋᷊䈌ⴌ᱅㋉㗦᷉Theodore von Kármán᷍1881ÿ1963 㛋᷊㸋㑬⳷㹗㈈㳆䐱⭥

䊎䓴䎒Ⱀ⤉ 408᷍㳂⨗㑬⤄ⱘÿⴌ㋉㗦䐽㠻㾵⢀ㆈ㳖ミᱟBorn᷍1912ᱠ᱄䎃⷗䄓⧪

㑬㸳㗨㘉㭗⹭㳆㈈ⷒ䎒Ⱀ⭥䄜⷗⧄䇤ズ㪉᱄ 

⿚㬨䊻 1912 㛋᷍㎮ⱓ᷉Max von Laue᷍1879-1960 㛋᷊〚䇻䓵゛ X 㪅㼀⭥㬖

䂊᷍㳂⨗㑬㏜䇤 X 㪅㼀⭥㈈㳆䁽㪅⥃㑠㈈㳆ㆂ⹚㯝㼌᱄1913 㛋᷍⤝㎎ⷒ⶙䓴

᷉William Lawrence Bragg᷍1890–1971 㛋ᷜWilliam Henry Bragg᷍1862–1942 㛋᷊

䎌ⰵ㡅䁽㪅⺇㔪᷍㳂⨗㑬⤝㎎ⷒⰉ㔪᱄䎃䊻⼽⫔⧭Ⱙ㩰㵧Ⱀ㑬 X 㪅㼀䁽㪅䁈⭥

ⳃ䍚᱄䅓㸋䎃㾊⹒㻸᷍㎮ⱓ〒 1914 㛋㝖⡕ⱜ㹐㏎ㅒ᷍㰜⭥〒ㅒ㏎䇪㬨ᷛfor his 

discovery of the diffraction of X-rays by crystals᱄⤝㎎ⷒ⶙䓴⳷㼎㑬 1915 㛋⭥㝖⡕ⱜ

㹐㏎ㅒ᷍㰜㗨⭥〒ㅒ㏎䇪㬨ᷛfor their services in the analysis of crystal structure by 

means of X-rays᱄㑍㿙㑞㛋ㅌ㝖⡕ⱜ㹐㏎ㅒ⟅ⳃ䊻㵍䄜⷗㒍䈓᷍䎃䊻㝖⡕ⱜㅒ⭥

⟅ㅒ㏛㬘㩰᷍䄓㬨⤜ⱁボ⭥ 409᱄䎃䄓䊻⼽⫔⧭Ⱙ㩰㯖㘘㑬䎃⷗⹅䔘⭥䐹䄋㾵᱄ 

 
408 䎃⷗ⴌ᱅㋉㗦㈮㬨㸳㗨㭍㻅⭥㣏䁈㩎㻩㪛⭥㎰㬇᷍㚨⷗㑇䁈⫔㬇ⴌ᱅㋉㗦᱄⭒㬒᷍㰜⼮⤄ⱘ
Ⱍ㭕䇻⤊㬠⡰䄖 䊻᷍ⷈ㵃ⷚキ㿙⹅䔘䄜Ⱟ㬒ヅ ㈂᷍㑠㶋⧪ㅭ㬻䓫ⷒ㋝㬵⭥䓕㲍᱄㰜㗨㋰Ⰹ㬨㑥⭞
㑬䎃⷗㸫㳃᷍㦜⽔䄜㡑㼌⭞㑬䎃⷗ㆃ㉗Ⳟ➙᱄ 

 
409㒎䄜⷗㏞䓴㬨㑠䓴㑇䁈⭥ⳃ䍚᷍1932 㛋⟅ⷙ㑬⼄㩎⡅᷍1933 㛋⟅ⷙ㑬䁇Ⰹ䜭⼮⭳㎎㋬᱄ 
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⼢⤜㌅䍦⭹㯖 X᷍ 㪅㼀ⰵ㈈㳆ㆂ⹚⭥㦘㦰 䐶᷍ㆂ㑬㦬㗨䄜➺ⱁ㛋㎕⹹䇻䊎䓴

㔼⭥ⷘ䐷䎚㔼᱄䄵ㆂ⹚㸋〚⪂᷍㈈㳆⭥㡅㰝㾵䐫⤦㋪㚽䑑⤞㤆㹛᱄X 㪅㼀䐏㰚䄵

㚽⹜䍚㬟⨗㈈㳆⭥ㆂ⹚ 㬨᷍䅓㸋㰝⭥⤉⧅⼽Ⱝ ⤜᷍㵍䊎䓴ⰵ㡅㩃㪅㾯⧪⭥⤉㋪䄵

⥛㪛⨗䁽㪅㻷㼔᱄䐏⽔᷍㋬㝖ⱜ᷉Max Knoll᷍1897–1969 㛋᷊⼮㔔㯚㋉᷉Ernst 

Ruska 1᷍906ÿ1988 㛋᷊䊻㩰㬡ギ⭥㧞㬏㛋⫛᷍䇷㏜䇤㈈㳆ⰵ⮈䓴⭥䁽㪅 410᷍ⳃ䍚

⨗㑬㵙㪅⮈䓴㻵㸃㈖᷉Transmission Electron Microscope᷍TEM᷊ゝ㭖᷍䇤䄵ⰵ⹭

㳆ㆂ⹚㆙㾱ⷝ㈌㦘⭥⢎䎘᷉䎃㏐䄲㈎⤜㻿䇻㈈㳆㑬᷊᱄1986 㛋᷍䄡㦜䊻㬡⭥㔔㯚

㋉䄓䅓㸋⮈㈖Ⳟ㘇⭥⹒㻸 䈌᷍㑞㸜㩉㘉㰎⭡㻵㸃㈖᷉ Scanning Tunneling Microscope᷍

STM᷊ゝ㭖⭥ⳃ㘘㦬⢗㛟᷉Gerd Binnig 1᷍947 ⨗㪛᷊⼮㔿㎸ⱜ᷉Heinrich Rohrer᷍

1933ÿ2013 㛋᷊⹓㼎㑬㝖⡕ⱜ㹐㏎ㅒ 411᱄㡅䐱᷍⢗㛟⿚㬨䊎䓴㑇㻵㸃㈖᷉atomic 

force microscope᷍AFM᷊ゝ㭖⭥ⳃ㘘㦬᱄䇇ⶤ㯖 X 㪅㼀᱃TEM᱃STM᱃AFM Ⱍ

㬨㻷䊻㦬㗨䊻㘇ⰵ㛞㈼㲍㳆㻖㬒㆙㾱ㆂ⹚⢎䎘㬒⡹㿌䄡㎖⭥ゝ㭖᱄䇱㑬ㆂ⹚ 㦬᷍

㗨⤦㋪䄵㆙䄜⤞䁱㈠㛞㈼㲍㳆㻖⭥㡅㰝㾵䐫᱄ 

䇱㑬ㆂ⹚ 㻣᷍䄜⤞䓵㦜㬨⮈䓴ㆂ⹚᱄䎃㬨㸳㗨㻷䊻㏎ㆃ䄜⷗⳷䓴〓㛞㈼㲍㳆

㻖⭥㬒⽓⭥〚⡟㯝㔘᱄㰝⭥⨗ⳃ⮄⼽ビ⭆᷍㈮㬨➕䍶㑠䓴㑇䁈⭥〚⡟䊎㏎᷍䎃㾊

㻖㵔Ⱍ㬨䇪ⱁ⷗⮈䓴⼮ⱁ⷗䊎䓴⼬䔊⧪⭥ⱁ㳆⭥㑠䓴㻖㵔᱄䎃㾊㻖㵔⭥㾵䐫 Ⱍ᷍

。䇪䄜⷗⺟㗽ⰺ㑠㉗Ⰹ᱄⤜㋝㔨㶃⧂᷍䊻⳨㼁ⰵ㔼れ㻿㻣᷍䎃⷗⺟㗽ⰺ㑠⭥㾯㬞

㬨ᷛ 

 
410䊻 8.4.1 ㅻ㸳㗨㳂⭞⺞᷍䎃⷗㻷㼔⡔⽔⭥㹐㏎䄓〒⭤㑬㑞⪯㝖⡕ⱜ㹐㏎ㅒ᷍⳷⢑㬨 1929 㛋⭥⭣
⤝㔿䅃䄵ゑ 1937 㛋⭥⫘㸍㩎⼮ G. P. 㲡㚘㰐᱄ 

 
411㔔㋉㯚〒⭤㑬 1/2᷍㰜⭥〒ㅒ㏎䇪㬨ᷛfor his fundamental work in electron optics, and for the design 
of the first electron microscope᱄⢗㛟䈌㔿㎸ⱜ⳷㼎㑬㒎㶃⭥ 1/2 㰜᷍㗨⭥〒ㅒ㏎䇪㬨 fᷛor their design 
of the scanning tunneling microscope᱄ 
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⹌㬞 9.1 

㋝㔨㶃⧂ 䐜᷍㿉䄋ゴ⷗㶃⧂㼏ゕ㋪᱄䎃㏐ 㸋᷍㑬ビ⭆㡑ボ 㸳᷍㗨䇤㑬䊎䓴⭆㸜䐧᷍

⧅Ⱙ⭥⭆㸜㬨⤄ⱜ⟌㈗ ⮈᷍⼪⭥⭆㸜㬨⮈䓴⮈⼪⭥㉙ⰵ䐖 䐫᷍㑠⭥⭆㸜㬨⮈䓴䐫

㑠 㚽᷍㑠⭥⭆㸜㬨 Hartree᷉ 䊝 27.2 ⮈䓴ⴝ㲹 ᱄᷊ⷝⱁ㻙ㅻ ㋪᷍⤯㋝㸥㻸ᱟ㏏㾣䎘᱃

㶖ⱘⷈ᷍2014ᱠ㏎ㆃ᱄⪴䎃⷗⺟㗽ⰺ㑠᷍㸳㗨㋪䄵⭤⨗⟝⼍ⱁ⷗⮈䓴䔙⢋᱃ⱁ⷗

䊎䓴⼬䔙⢋⭥ⱁ㳆⤉⼐㭞᷍䄵ゑⱁ㳆䁇Ⰹ䜭Ⳟ⧭᱄⭒㦜᷍㸳㗨䄓䐋⭡䁇Ⰹ䜭Ⳟ⧭

㬨⷗ⱟㅸ⭥㠌㸃⳷Ⳟ⧭᷍㤔ㆃⱁ㳆⭥㠌㸃⳷Ⳟ⧭㬨れ㡅㎈㚲⭥ 412᱄ 

㸋㑬㦤㸫㳃ビ⿐᷍1927 㛋᷍䄓㈮㬨 1926 㛋䁇Ⰹ䜭Ⳟ⧭㳂⨗䄜㛋⽔᷍⤄ⱘ⼮

➣⡟⼄㚍᷉Julius Robert Oppenheimer 1᷍904ÿ1967 㛋᷊㈮㳂⨗㑬䑙㘜⭥⤄ⱘÿ➣⡟

⼄㚍㆝㯧᷉㵝 9.1 ᱄᷊㰝⭥⼬㾥㯝㼌㬨ⰵ䇻⹌㬞 9.1 㰚㘉㭗⭥㚨⷗䇪ⱁ⷗⮈䓴⼮䊎

䓴⼬㾯⧪⭥ⱁ㳆⭥㑠䓴㻖㵔 㸳᷍㗨㋪䄵㏜䇤⮈䓴⭥䐫㑠⡩䊎䓴⼬㾂⼽ⱁ 䅓᷍⪬䊻

㵍䂚⭥㸣Ⱙ㻣᷉ ⰵ䇇㼁㵍⭥㠞㉚Ⱀ㚽 ⮈᷊䓴䊬Ⱀ⭹⡩䊎䓴⼬㌍⼽ⱁ䎃䂚䄜⷗㲹⮄᷍

䊻㑠䓴㑇䁈⭥⥄㘇㘉㭗⮈䓴ㆂ⹚⭥㬒⽓ 㻩᷍ㅌ䊎䓴⼬䔘㸋⹭Ⰹ䊻㚔⮄⭥㈎⮅⮄⮈

⼪㎕⪇㏎᱄䎃䂚⭥⿑ ⹌᷍㬞 9.1 䐱⭥⭻㧞㼏ⰵ䇇⭥㬨䊎䓴⼬Ⱀ㚽㼏 ㋪᷍䄵㻩㦴⮕᱄

⭻㯥㼏㬨䊎䓴⼬䐏ヅ⭥㌃㔹㬧᷍⤜䄡㎖䇻⮈䓴䔙⢋᷍㬨⷗⧄㭞᷍䄓㋪䄵㻩㦴⮕᱄

⹌㬞 9.1 ㈮㋪䄵㼁䇇⭥ビ⿐㸋ᷛ 
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412ェ㰄㑠。㰇䓦㻖㵔⟝⼍⭥㑄䓴⭥⷗㭞➕䐙㭞㾯㬞䋗ゴ᱄ 
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⹌㬞 9.2 

䎃䂚䄜⷗䐜⟝⼍⮈䓴䔙⢋⭥㑠䓴㻖㵔᱄䊎䓴⼬ⰵ㰝⭥䇑㼍㵉⺞⹌㬞 9.2 ⭥⭻㧞㼏

䇷䄜⷗㶃㬧㎕㳆㻷᱄ 

䓃䅃 䎃᷍㏐⭥⼬㾥㯝㼌㬨᱑㉙㦩㆝㯧᱒᱄䎃䄓㬨⤄ⱘÿ➣⡟⼄㚍㆝㯧䊻⼽ⱁ㬒

⽓⡜⧧㸋㉙㦩㆝㯧⭥ⷚ⡟䊎䅓᱄䅓㸋⮈䓴Ⱀ⭤㌍᷍ⰵ䇻⮈䓴㎕㯖᷍䊎䓴⼬⭥㗠䄜

⤞䊬Ⱀ᷍䊻⮈䓴㋕㎕Ⱍ㬨⼽㕞⭥᱄䎃䂚᷍䊎䓴⼬㗠Ⱀ䄜⤞᷍䎃⷗㬒ヅ⨀Ⱙ⡩⮈䓴

⧼䊆⭥㬒ヅ⨀Ⱙ䄋⧅⼽ⱁ᱄䅓⪬᷍⮈䓴䇱䔄⹜⭥㬒ヅ⧼䊆⭞㰝㼁䇇⭥⡟䎘㲍㩰᱄

䎃⼮㸳㗨䊻䁈㻑㦩㑇䁈⭻ⱟⰉ㔪⭥㬒⽓㈎⧄ㅓ⭞⭥᱑⿛㕞⭹㵧Ⱀ䄜⷗』㧜᱒⭥⭡

㏎㬨䄜䂚⭥ᱟ㒖䈒尯᷍2016ᱠᱟ㒖⪉᷍2022ᱠ᱄Ⱍ㬨㑞⷗⺞⧭⭥㬒ヅ⨀Ⱙ⭥㸫㳃᱄

⭒䄜⷗㬒ヅ⨀Ⱙ䊗䊗⫔䇻㒎䄜⷗㬒ヅ⨀Ⱙ⭥㬒⽓ 㸳᷍㗨㈮㋪䄵䇤䎃䂚⭥䄜⷗᱑㉙

㦩㆝㯧᱒㎕⨖⤞⭹㘉㭗䎃⷗墏⼰⭥㻖㵔㑬᱄㵝 9.1 㬨ⰵ䎃⷗⺞⧭⭥䄜⷗⡩䈘᱄㈮

㼒䄜⷗䄧Ⱀ⼽㕞⭥㦬⤜㾂㾥㞗㑬㕎ⴅ㸲 㕎᷍ⴅ㈮。⼽㌍䊻㰜㝵⢀㾯⧪⮈䓴䊧᱄䎃

䂚⭥⿑᷍⤜⹽䎃⷗㦬䋖㗕㝽᷍㕎ⴅⰝ。⼽㌍⭥᱃㉙㦩⭥⧼䊆⭞㰜⭥䐽㸈᱄⮈䓴⼮

䊎䓴⼬䐏ヅ墏⼰⭥䊬Ⱀ⭹⤄ⱘÿ➣⡟⼄㚍㆝㯧⫔コ㈮㋪䄵䎃䂚㏎ㆃ᱄ 

 

㵝 9.1 ⤄ⱘ-➣⡟⼄㚍㆝㯧⭥䊎㏎⭥㬟䅃㵝᷍䍋䓵㸥㻸ᱟ㏏㾣䎘᱃㶖ⱘⷈ᷍2014ᱠ᱄ 

 



  

㵉⺞⹌㬞 9.2᷍䊻㑠䓴㑇䁈⭥䈐䁵㻣᷍㸳㗨ㅌ㸫㳃㆙㾱㑬䄜⷗ビ⿐᱄ⰵ䇻䇪

⹌㬞 9.2 㘉㭗⭥䇪⮈䓴㾯⧪⭥ⱁ㳆⭥㑠䓴㻖㵔᷍䊎䓴⼬㳂⹊⭥㈮㬨䄜⷗㶃㬧᱄䊻

䎃⷗㶃㬧㻣 ⮈᷍䓴䎃⷗㑠䓴⭥ⱁ㳆㻖㵔。⧫㻷⨗䄜㻖㑱⳷㑃⭥䓽㚽゗᱄䎃㾊㚽㑠᷍

ゴ㩰䊎䓴⼬䊻㰝㗨⭥㲹Ⰹ㋶ヅ⹚㾮㻣⭥㌃㔹㬧 ⷙ᷍⨗⭥㬨⳷䓴᱃㛞㈼㲍䎃䂚⭥ⱁ

䊎䓴㻖㵔䊻䄜⷗㲹Ⰹ⭥᱃㈎⮅⭥䊎䓴⼬⹚㾮㻣⭥㈓㲍⭥䓽㚽᱄䐏⽔᷍㸳㗨㋪䄵㑍

㿙⭹⢅⿐䊎䓴⼬⭥䔙⢋᷍㆙ⱙ⹚⧪⨗䄜㻖㑱⭥ⷀ㸍⭥⤄ⱘÿ➣⡟⼄㚍㬧㚽㘇᷉㵝

9.2᷊᷍ ⳷⢑ⰵ䇇⮈䓴⭥〚㲍䈌ゅⳃ㲍᱄㸳㗨䊻㏎ㆃ⮈䓴ㆂ⹚⭥㬒⽓᷍㈮㋪䄵〚䇻

䎃⷗⤄ⱘÿ➣⡟⼄㚍㬧㚽㘇㎕㆙㾱㏎ㆃ⭥᱄⡹䄋⭥㬒⽓᷍㸳㗨㿉䄋➲䊎䓴⼬⭒䔗
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Ԧሶݎ =
Ԧ݌
݉

 

⹌㬞 9.3 

Ԧሶ݌ = െ݁ܧሬԦ െ
Ԧ݌
߬

 

⹌㬞 9.4 

㡅䐱᷍ݎԦ᱃݌Ԧ⫛⢎⭥㬨⮈䓴⭥㸜䐤݁᷍᱃݉᱃߬⫛⢎⮈䓴⭥⮈⼪㑠᱃䐫㑠᱃䇪㞗䓓㉗
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Ԧሶ݌ = െ݁ܧሬԦ െ
Ԧ݌
߬

= 0 

⹌㬞 9.5 
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䐱ߪ㸋⮈⭝㔫᱄䎃䂚⭥⿑ ㆂ᷍⼰⹌㬞 9.3 ଔ᷍Ԧ㈮キ㿙⭩䇻݁ଶ߬݊ܧሬԦ/݉ ㆙᷍ⱙߪ = ݁ଶ݊߬/݉᱄
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