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1.1. ẃᵶ ṉ 

 

Ḃ ǐү֔ᵋ╔ˋ ˡⱢ ₉̛Ǩ̊ˋ Ңˈ ʡǐἪᴱ І ˋӮ

ʩ˞ʳ˛ʴʬǐ ˌ˥˧Ӝ ˡᴱ ˋ ˝˟ˋ˕ Ңʴ˃ʡ˨Ǒʰˋ

Ңˋ ṉ˅ʴ˃ǐᴱ ᾐˋӮ ˡ ῊҨủᵋ╔ˋ ʩʟ˧ǐ כּ ט

Іǐᵫ ֿ Іǐᵫ⁪ І˯ ʡʼ˿Ǩ̻̣̊ˡ˶˹Ǩ̰̣̊˯Ῥʥ

˨Ҟ Ӝ Њ ǐⱢ∆Ҩủˡự˶˴̻̉ ˯ ʶ˨љ ᴱ ǐṱửῩỞˋ

Ἢ˛˧ˈ˥˨ц ᴱ ỞꞋˡ ṙẗ˯ Ύʴʼ̷̧̼̃̓̓̇̓˶˷˲ˇˆ

ˈ˟ ǥˇ ҨҦ ˋἪʡ ʩῧעˈ ,ʴ˃ʡ˨[1ע 2]Ǒ 

₅ Ὴᶶ˅Ạˬ˩˃ᵧʴʡ ІῊᶶˈʧʡ˃ˌǐ ╒ʴʼ₇Ӗˈʧʮ˨Ἱ

ῧעˋ┼☼˯ἑʥ˨˅ǐὋễˋῊᶶˋṐ ˇ ˋʼ˞ǐἹᾍᶓ ˋʟ˨

Ἢᴱ Іˡ І ˋӮ ᵋ╔ ʩ ʣ ֠ˌ ʪʡ[3, 4]Ǒֿפʴʡᴱ

ʩ╓ẚʶ˨˅ʪǐʺʰˈˌʺˋ ˯ Ҧʶ˨ֿפʴʡ Ҧ ˯ԑ ʶ˨

ʩ ˛˩˨Ǒẚᾏǐ І ˋἪᴱ ˯ Ҧʶ˨ Ẑ ˈˁʡ˃ǐἹᾍ

╣Ңˋ ʪʩ Ἒʴ˃ʡ˨[5- 7]Ǒ ʺ˩˦ І ᾐˋ Ҧʽʮ˄ˇʬǐ

⁮ᾍˈ Њʴʼ˅ʪˋ ˈ ʥ˨эᶯ˯ Ҧʶ˨ וֹ Ҧ˟⁮ ˯ἑʥ

˨Ꞌ˄┐ ˄ʟ˨Ǒ  

 

וֹ .1.2 Ҧ 

 

וֹ ˯ὦЭʶ˨ СˈˌǐϞ Ƕ ϞǷǐҞ ǶЊ ᴴổǷǐ

כּ Ƕ ˆˇǷ˧כּ ǥˇ Сʩʟ˨Ǒ וֹ ˌǐ ʨ˦ ˈ „ʲ

˩˨ ǥˇΊṢ˯ǐ ℗˃ˀ˥ˈדԓᴡטˇ ʴǐʺˋכ ʩ ˄ Ἧ╫

ʲ˩˨ʰ˅ˈ˥ˀ˃ ẚʶ˨ ԓ˄ʟ˨Ǒ וֹ ˋ Ҧˈˌǐ Њ‖ˈʧʮ

˨ וֹˋ ҅ǐ ˈ „ʲ˩˨ΊṢ ˅ʴ˃ˋ ʩ―ˁ ˋ

Ὠʩ┐ ˅ˇ˨Ǒ וֹ Ҧˈˁʡ˃ʰ˩˛˄Ҟ ֔ ˇ Ҧ[8- 15]ǐ

Ӝכּ Ҧ[16- 25]ǐ Ϟˡ ᾞỲ ˈᴊʶ˨ Ҧ[26- 33] ǥˇẃᵶ

Ἰʩʲ˩˃ʡ˨Ǒ 
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1.3. Ϟˈᴊʶ˨ וֹ Ҧ 

 

וֹ ˋ СˋЕˁ˄ʟ˨ Ϟˌǐ ˯ ˈ ʮʼᾍˈ ʶ˨ ˯

Ϟ ʶ˨ ˄ʟ˧ǐ ˋʷ˧ҡʩ˧ˡʷ˧Ꞌʩ˧˯ ʭ̥Ķ̷̖̌̓̇̓ˈ

˥˨˟ˋ[34- 36]ǐẇˡὀˈʨʨ˨ ˋ┐ ˈ˥˨˟ˋ[37, 38]ǐ ᾞ‖ˋ

ˈ┼ףּˋ ʣ ˋ Ṁ҅ ˈ˥˨˟ˋ[39- 41]ˇˆ ǥˇ+ᶥ˄ ʶ˨Ǒӆ

ˇ Ϟˌǐṫ ꞉ӵˡⱢҢᴡˋᴱ ҡˇˆṱử꞉ӵ˯УʪᴿʰʶẓСˈ

˟ˇ˧[42- 48]ǐ ẗʶ˨ʰ˅˄Ӝ ˯ ΎʶЊ Ṗʩʰ˩˛˄₭ ˄ʟˀ

ʼǑʴʨʴḂ ˄ˌǐ ᶹ ˈ ˇ Ϟ˯₮˧ ˩˨ʰ˅˄ǐ˝ʬ˜ˡ̺̓

̡ ₿ˋ [49- 51]ǐῤ [52- 54]ǐц ᴱ ˋ̭̅Ǩ̘[55- 60]ˈ ˃˨

ᴱ Њ ˋЕ₵˅ʴ˃ Ϟ˯̗̆˴̓ʴʼḣҡǐ̡̉̓̔ǐ̘̉̓˽̓̀ǐ

̛̘̳̓̇̔ǐҡ ˋ̷̧̼̃̓̓̇̓˶˷˲ʩӮ ʲ˩ῧעˈ ʴ˃ʡע

˨[61, 62]Ǒ ϞˋӜ Ҧˈʧʡ˃ǐϞ ˋט ẗ˯ ΎʶЕ Ởʽʮ˄

ˌˇʬǐ ˇ Ϟ˯ ᶹ ˈ₮˧ ˩˨ʰ˅˄̡̥˹Ǩ̮̓̉˯ỞꞋʲʸ

˨ ˋ Ở˄ˋӜ ˟Ҩˬˀ˃ʪ˃ʡ˨Ǒ ẃᵶ˄ˌǐ Ϟˈⱦ ˯ʟ˃

˨Ǒ 

ʰ˩˛˄ Ϟʩ ˈ ʥ˨эᶯ˅ʴ˃ǐṫ Ңǐ Ҟ Ңǐֹו

ǐ‡ ṏ֤ ˋ Ңǐ ֤ ǐ ˋ ϵ ṀǐⱢҢᴡṎˋ Ңǐц ᴱ

ˈʧʮ˨᷈ ᾞˋ˕טּ ˇˆ ǥˇ Ἰʩʲ˩˃ʡ˨Ǒϳҡˈʰ˩˛˄ˋ₭

ˇ Ἒẃᵶ˯ᴽʶǑ 

ṫ Ңˈᴊʶ˨ ˅ʴ˃ǐ▪ґ˦[42]ˌẇ˅ Ṛ ˈἪʡᶷ▀Ϟ˯˟ˁ

ˋ ˈ˥˨ ṫ ˋẗ☿˯ Ἰʴ˃ʡ˨Ǒ ˦[43]˅ ᶤ˦[44]˟ҡ

῾Ϟ ˈ˥˨ ṫ ˋẗ☿˯ Ἰʴ˃ʡ˨Ǒ Ҟ Ңˈᴊʶ˨ ˅ʴ

˃ǐ̓ ˦[63]ˌ̩̻̘˯ ʡʼ˶˸̘̉ ˕ˋ ˥ʡ˅ ԓʲ˩˨Ϟᶝ ʩ

₰ Ҟˋ ҡˈᾞ ʴʼʰ˅˯ Ἰʴ˃ʡ˨Ǒ ˦[64]˟Ꞌ Ϟ ‖ˋ

Ҟˋ ҡʧ˥ːṫ ˋẗ☿˯ Ἰʴ˃ʡ˨Ǒֹו ˈᴊʶ˨ ˅ʴ˃ǐ

҈Џ˦[65]ˌ˼Ǩ̙̻ ʩֹו ˋ Ҩˈᾞ ʴʼʰ˅˯ Ἰʴ˃ʡ˨Ǒ‡

ṏ֤ ˋ Ңˈᴊʶ˨ ˅ʴ˃ǐ ᴏ˦[66]ˌ 10cm ˋϴ ˞ˈ˥˨
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3kPa ˋҨϞʩǐ ǐὀ ǐ ˈʧʡ˃ˌ Ồט ṏ֤ ˋ ˈᾞ ʴǐ

ҡ ǐ ǐꞋ ǐᶩ ˈʧʡ˃ˌ Ồט ṏ֤ ˋ ˈᾞ ʴʼʰ˅˯

Ἰʴ˃ʡ˨Ǒ ֤ ˈᴊʶ˨ ˅ʴ˃ǐ ˦[67]ˌ˼Ǩ̙̻ ˈ˥˨

͟ ╓ẚ ˋẗ☿ǐ͠ ╓ẚ ˋ Ҩ˯ Ἰʴ˃ʡ˨Ǒ˛ʼǐґ [68]ˌ

ԓט ϵ˯Ύ ˅ʴǐẦ ˋ ʩᵫ ˥˧ Ϟ ˋ ֤ ˕ˋэᶯ

ʩᶝʡʰ˅˯ Ἰʴ˃ʡ˨Ǒ ˋ ϵ Ṁˈᴊʶ˨ ˅ʴ˃ǐ ˦[69]

ˌ ז ˕ˋϞ ˈ˥˨Јǐ҈֒ ǐֹו ǐᶩԝˋ ϵ Ṁ˯ Ἰʴ˃ʡ˨Ǒ

ⱢҢᴡṎˋ Ңˈᴊʶ˨ ˅ʴ˃ǐ᾿ ˦[70]˅ Okura ˦[45]ˌҨϞˈ˥˨

ќ ˋẗ☿˯ Ἰʴ˃ʡ˨ǑSone ˦[47]ˌ˼Ǩ̙̻ ˈ˥˨Ầᴴ

ˋꞋ♥˯ Ἰʴ˃ʡ˨ǑTakasu ˦[46]˅ Lee ˦[48]ˌҡ ˈ˥˨Ϟ ʩ

ˋẗ☿ˈᾞ ʴʼʰ˅˯ Ἰʴ˃ʡ˨Ǒц ᴱ ˈʧʮ˨᷈ эᶯˋ˕טּ

˅ʴ˃ǐScanlan ˦[58]ˌ ᵧ̅˴˿̺̓̀ ˈ Ϟ̼˾̓̉˯ ʴʼעἯǐ

ʴˇʡעἯ˥˧˟᷈ ῐטּ ʩἪʨˀʼʰ˅˯ Ἰʴ˃ʡ˨ǑJakeman ˦

[59]ˌҡ῾Ϟ ˈ˥˨ц ᷈ ◌ʨ˦ˋӘ ˋỚұ˯ Ἰʴ˃ʡ˨Ǒ 

ʰ˩˦ˋ Ἰʨ˦ǐ Ϟˌ ˈ ǥˇэᶯ˯ ʥ˃ʧ˧ וֹ ˯ὦЭʶ

˨┐ ˇ ˄ʟ˨ʰ˅ʩˬʨ˨Ǒ˛ʼǐʰ˩˦ˋ Ἒẃᵶˌ Ϟ˯ Еט

ԓǶϞԓǷʨ˦ ʴʼᾍˋ ˈ ʥ˨эᶯ˯ Ὠʴʼ˟ˋ˄ʟ˧ǐ ˋ

˯ԓט Ἧʴʼẃᵶ ˌẈ ʼ˦ˇʡǑ 

 

ԓט .1.4 Ἧˋᴃ ʨ˦ˋ וֹ Ҧ 

 

וֹ ˌǐ ˅ ʩᴊˬ˨ʰ˅˄ˌʵ˞˃ ẚʶ˨טԓ˄ʟ˨ǑῺʼʾˌ

ԓǐכʧʡ˃ǐ ԓǐּˈה ԓˇˆ ˦ԓʨטˋ ˀʼכ ˯ ˄ Ἧ

╫ ʴˇʩ˦ ֤ʴ˃ʡ˨Ǒʰˋ ԓט Ἧˈˁʡ˃ǐʰ˩˛˄ ǥˇẃᵶʩ

Ἰʲ˩˃ʡ˨[71- 77]Ǒ ʥˍǐ[ga]˯ Ҡʶ˨ּקˋ ʪ˯Ẉˇʩ˦[ba]ˋ Ҡ

˯ ᴮʲʸ˨˅[da]˅ Ҡʴ˃ʡ˨˥ʣˈ ʰʥ˨˅ʡʣMcGurk Ớұ[78]˟

ʺˋЕˁ˄ʟ˨Ǒʲ˛ʳ˛ˇטԓᴡדʨ˦ˋכ ˯ Ἧʶ˨ʰ˅˄ Еᴡדʨ

˦˅ˌЄˇ˨ֿפʴʡ ԓʩ ʶ˨˅ἑʥ˦˩˨Ǒ וֹ ˌǐ Еטԓ˄ˌˇ
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ʬϞ Ƕ ϞǷǐҞ ǶЊ ᴴổǷǐ כּ Ƕ ˋˆˇǷ˧כּ

Сʶ˖˃ˋΊṢˈ ʶ˨ ԓט Ἧˈ˥ˀ˃ ԓʲ˩˨Ƕ 1-1ǷǑʰ˩ˌǐ

ʨ˦ ʥ˦˩˨ ʬˋכ ʩ וֹ ˈ ʶ˨ ԓ˯Ṁ ʶ˨ʼ˞ˈǐטԓ҅

ˋ ˋ̳̝̻̑˯ӕʴ˃ ˈ ʲ˩˨ ᾷˇ̧̽̋̉˯ ˀ˃ʡ˨ʰ˅ 

˯„ὤʴ˃ʡ˨Ǒ וֹ Ҧˌ ԓטˋ Ἧˈ˥ˀ˃ Ҧʲ˩˨Ἢ‗ˇ

╫ ˅ʡʥ˨Ǒ 

וֹ Ҧˌǐ⌂ Еטԓʨ˦ˋΊṢˈ ʶ˨ֹו ҅ʨ˦ Ҧʲ˩˨ʰ

˅ʩ₭˄ʟˀʼǑˇʹˇ˦ǐ1 1 ╓ ˋ̖̰̇̉˅ʴ˃ וֹ Ҧ˯ἑʥ

ʼ ʩ ʨ˧ˡʶʡʨ˦˄ʟ˨Ǒʰ˩˛˄ ˋ וֹ Ҧˋ ˈʧʮ˨

ԓט Ἧˈᴊ ʴʼẃᵶ ˅ʴ˃ǐ ♫˦[79,80]ˌ˻̹Ǩ̡˴ּ̻ט ˋ Ἧ

ʡ Ҧˈˁʡ˃ǐ ǒּכԓˈ˥˨ Ҧ˄ˌ ԓˋּכԓˈ ʶ˨ ϵ ʩʟ˧ǐ

 ԓכ ˄ʟ˨ּט ˋ ˅˨эᶯ˯℗ʮˋךּ Ἰʴ˃ʡ˨Ǒ☼ ˦[81]˟ Ἧ

ʡ Ҧˈʧʮ˨ּכԓ˅ ԓˋᴊḷˈˁʡ˃ ǒּכԓ ˋ Ҧˌ ԓˋэᶯ˯

ᶝʬ℗ʮ˨˅ Ἰʴ˃ʡ˨Ǫ̌ ʼǐ ˦[82]ˌ ˈ ʶ˨ʴˀ˅˧טˈˁʡ˃ǐ

ʩךּˋ Ҧˈэᶯ˯ᵪ˙ʴ˃ʡ˨ʰ˅ʨ˦ ǒּכԓˋ Ἧ Ҧ˄ ʴ

˃ʡ˨ʰ˅ǐ ˋ аˋ Ởʩ ҢʴЀʡ ԓʩכּ˟˧˥Ἧˈˌ ԓעˋ

Ҧˈэᶯ˯ᵪ˙ʴ˃ʡ˨ʰ˅˯ Ἰʴ˃ʡ˨Ǒ 

ʰ˩˦ˋ Ἒẃᵶˌ ˋ Ἧʡˈᴊʶ˨˟ˋ˄ʟ˧ǐ Ϟˈⱦ ˯ ˃ʼ

ẃᵶ Ἰˌ˘˅˰ˆˇʡǑ ϞˌϞԓʽʮ˄ˇʬǐ̩̻̘ˡ̬̗˳̥˱̗̓

Ǩ̷̇̓ˈ ʲ˩˨˥ʣˈ ԓ ˈ˟ ԓ˄ʪ˨ וֹ ˋ ˄ʟ˧ǐ

Ϟˈᴊʶ˨ ԓט Ἧˋᴃ ʨ˦ וֹ Ҧ˯Ἒʣʰ˅ˌ┐ ˄ʟ˨˅ἑʥ˨Ǒ 
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ԓט 1-1 Ἧˈ˥˨ וֹ ˋ ẚ 
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וֹ .1.5 ҅ʧ˥ː ҅ʨ˦ˋ Ἧ ˇ וֹ Ҧ 

 

וֹ ˯ Ҧʶ˨ ˋЕˁˈד ṾὨˈ˥˨ Ҧʩʟ˨Ǒ Ҧ ꜝ˅ˇ˨

˯ ˈ ʮʼ Ẑ₉ˋטԓˈ˥˨ Ҧˋʼ˞ǐ ˇ ˡᴱᴡ˯╣ ʶ

˨ ʩˇʬǐױ וֹˈ ҅˯ Ὠ˄ʪ˨ ʩʟ˨Ǒʺˋ ǐ Ẑ₉ˈ

˥˨₭ᴃ ˇ Ҧ˄ʟ˨ʼ˞ǐ⁭ ˡ ẚʶ˨Ạ ˋӗ₧ˈ ʶ˨Ấ ὧǐṾ

Ὠ‖ˋצᶛǐᴸ ˡ ˇˆˋ‖ᴈǐ Ẑ₉ˋᴴ ǐṏẐˇˆˈ˟ὦЭʲ˩ˡ

ʶʡǑʰ˩ˈ ʴ˃ǐᵢᴃ ҦΎ ˅ʴ˃ ˡֹו ˇˆˈ˥˨ Ṗ

ʨ˦ וֹ ˯ Ҧʶ˨₮˧ ˜ʩʟ˨Ǒד ṾὨˈ˥˨Ͼ‭ҡ˄ˋ₭ᴃ Ҧ

˅ǐ Ṗ ˈ˥˨ Ͼ‭ҡ˄ˋᵢᴃ Ҧ˯Ἧˬʸ˨ʰ˅˄ Ἧ ˇ וֹ

Ҧʩ˄ʪ˨˅ἑʥ˦˩˨Ǒֹו ҅ǐ ҅ǐ ʨ˦ ˈ „ʲ˩˨

ΊṢʨ˦ ˦˩˨ ˋ Ҧ₢ ˯ ˜Ἧˬʸ˨ʰ˅˄ǐ וֹ ˯ ˈ Ҧ

˄ʪ˨˅ἑʥ˨Ǒ  

 

1.6. ṏṎʧ˥ː ♬ ṏṎ˕ˋ Ϟˋэᶯ 

 

ʰ˩˛˄ˋ Ϟˈᴊʶ˨ Ṗ ˋ ʬˌǐ ♬ ṏṎˈ ʲ˩˨‡

ṏṎʨ˦ˋ Ҧʩ₭˄ʟ˨Ǒ Ϟʩ ṏṎʧ˥ː‡ ṏṎˈ ʥ˨

эᶯ˯ ʸ˃ Ὠʴʼẃᵶˌ≥ ˄ʟ˨˅ˌẠʡ ʡǑ 

‡ ṏṎˌ ˅ ˯ ʴǐ ֦᷈ˡֹ᷈וǐ ˇˆ˯Ῥ ʴ˃ Ͼ

ц ˯Ἒʣʰ˅˄ І―ˋᴢ ˇ ʪ˯ ʡǐ ṏṎˌ ♬ ṏṎʨ

˦ ʥ˦˩˨℗ ᴡʨ˦ˋכ ˯ ἯʴǐᴽҖˡῪἑˇˆˋἪ‗ ṏᴱ ˯

ʣ˅Ạˬ˩˃ʡ˨[83,84]Ǒ 

ẃᵶ˄ˌǐ ṏṎʨ˦ˋ Ҧ˅ʴ˃ ǐ‡ ṏṎʨ˦ˋ Ҧ˅ʴ

וֹ˃ ˯ ʴʼ˅וֹ Ṗ ˯Ἒʣʰ˅˄ǐ Ϟʩ ˈ ʥ˨эᶯ˯ Ԛ

ˈ Ҧʶ˨Ǫ̌ ʼ Ϟˋ Ҧˈʧʡ˃ǐḂ ӳ ỗ ǶNIRS: Near -infrared 

spectroscopy Ƿˈ˥˨ ṫ ˋṖ ˯ ̳̝̻̑̓˄ừ ϸˈˬʼ˧ ֤

˯Ṗ ʴʼ‍ ˌˇʬǐ ẃᵶ˄ˌNIRS ˈ˥˨ ֤ ˋ Ὠ˟ἚʣǑ 
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1.7. ẃᵶ  

 

ẃᵶˌǐ ЊӜ Ҧ₰ ˯ἁ ʶ˨ʼ˞ˋᴢ ẃᵶ˅ʴ˃ǐטԓ Ἧ

ˋᴃ ʨ˦ˋ וֹ Ҧˋ ˈˁʡ˃Ṿꜚʶ˨ʰ˅ʩ ˄ʟ˨Ǒ וֹ

ˋ ˋЕˁ˄ʟ˨ Ϟˈⱦ ˯ʟ˃ǐϞԓʨ˦˅ ԓʨ˦ˋ Ϟכ ˯

˜Ἧˬʸ˨ʰ˅˄ǐʺ˩ʻ˩ Еטԓʨ˦ˋΊṢ˅ ˈԓʨ˦ˋΊṢט

ʶ˨ֹו ҅ˋЌʡ˯ ὨʴʼǶ 1-2ǷǑ 

˛ʼǐ ẃᵶ˄ˌ Ẑ₉ˈ „ʶ˨ Ϟ˅ʴ˃ǐ˶˸̘̩̻̘̉˯ ˞˨

ʰ˅ˈ˥˨ ˕ˋ Ϟ˯ὼ ʴʼǑʰ˩ˌǐ⁮Ẑ ˅ʴ˃ Ẑ₉ˋ Ḿ

ˈἯˬʸʼ ʩ Ѐ˄ʟ˨ʰ˅ǐҡ ǐ̡̓̔ǐ̉˻Ǩ̘ǐ̩̻̘ ˈ˥˨

˶˸̘̉ˈ Ϟʩʨʨ˨+ ˌ ₩ ▲ ˬʷ ʴʬˌˇʡʰ˅ǐ Ϟʩ

ˈ֙ʨ˧ʪˁʡ ῥʩ ԓ ˈ ԓ˄ʪ˨ʰ˅ǐ˛ʼ̡̿Ǩ˲̘̇̉̉Ǩ

̔ˋ˥ʣˇ˶˸̘̉˄ầ ʲʸ˨˲˴̖̰˟ᴐ˞ẃᵶ ұˋὋễˋ֤ ˋ

˯ἑ ʴὼ ʴʼǑ 
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ԓט 1-2 Ἧˋᴃ ʨ˦ˋ וֹ Ҧ 
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1.8. ἁ  

 

ˌ 6 ⱱ˄ἁ ʲ˩˃ʡ˨Ƕ 1-3ǷǑϳҡˈԉⱱˋӸ ˯ᴽʶǑ 

1 ⱱ˄ˌǐ Ϟˈᴊʶ˨ וֹ Ҧˋẃᵶ Ở˯„ʴǐ ˈʧʮ˨

ẃᵶˋ ṉ˅ ˯╕˖ʼǑ 

2 ⱱ˄ˌǐ ԓכ ˯ₒ ʴʼ ᴕ+ ˅ǐ ה ֤˯ ʴʼӮᴕ+

ˋ ˁˋ ԓםṮˈʧʮ˨ǐ Ϟ ˈ ʶ˨ֹו ҅ˋЌʡ˯ṾꜚʴʼǑ

⁮Ẑˌǐ ⁮Ẑ˅Ṿꜚ⁮Ẑ˯ᴐ˞᾿ˁˋ⁮Ẑ˯ἚˀʼǑǶ1Ƿ ⁮Ẑ˄ˌǐ

Ӯᴕ+ ˄ˋ╙ ˈ˥˨ ˕ˋ˲Ǩ̥̑˱˿̘ˋэᶯ˯ Ὠʴǐ˲Ǩ̥̑˱

˿̘ˈ ʶ˨ ᾦ˯Ṿ ʴʼǑǶ2Ƿ Ϟ ⁮Ẑ˄ˌǐ ᴕ+ ˅Ӯᴕ+ ˈ

ʧʮ˨˶˸̘̩̻̘̉ˈ˥˨ Ϟ וֹˋ‖ + ˯ ǐֹו ǐד ṾὨ

ˋṖ ˈ˥ˀ˃ ҦʴʼǑǶ3ǷṾꜚ⁮Ẑ˄ˌǐ Ϟ ⁮ẐˋṪұˋẓС˯ἑ

ᾯʶ˨ʼ˞ˈṫϞ ˯₭˅ʴʼ Ṗ ˯⁮`ʴʼǑ 

3 ⱱ˄ˌǐ 2 ⱱˋṪұ˯℗ʮ˃ǐ ԓט Ἧ˯Ẉ ʥʼὋễˋ וֹ

Ҧˈʧʮ˨⁮Ẑצᶛ ˕ˋ Ẉ˯ ˨ʰ˅˯ ˅ʴǐᵁ ˯ Ңʲʸʼ 

ԓΊṢ˅ Ϟˈ˥˨ϞԓΊṢ˯ ˜Ἧˬʸ˃ „ʴʼעἯˋ ҅˯Ṗ

ʶ˨ ˁˋ⁮Ẑ˯ἚˀʼǑ⁮Ẑз˄ˌǐ ▀Ϯ▀ˋ˥ʣˈ ԓΊṢˋᶝ₫ˌ

҅ˈ ʴ˃эᶯ˯ ʥ˨ʰ˅ʩ ʲ˩˨ʰ˅ʨ˦ǐʟ˨ ˨ʲˈ╪҅ʴ

˃ʡ˨ Ẑ₉ˈ ʴ˃ϞԓΊṢ˯ „ʴʼᾍˋ ҅ˋЌʡ˯ṾꜚʴʼǑ⁮

Ẑи˄ˌǐϞԓΊṢ˅ᵁ Ңˈ˥˨ ԓΊṢˋ ₵ ˋΊṢʩ „ʲ˩ʼע

Ἧˈ ԓט Ἧˈ˥ˀ˃ ҅ˈ fl ˇэᶯ˯ ʥ˨ʰ˅ʩ ʲ˩˨ʰ

˅ʨ˦ǐϞԓΊṢˈ ʶ˨ ҅ǐ ԓΊṢˈ ʶ˨ ҅ǐϞԓΊṢ˅

 ԓΊṢˋ ˈ ʶ˨ ҅˅ʡʣ 3 ̡̏Ǩ̓ˈ ʮ˃ǐ Еטԓ˅ Ἧ

ˋ˩ԓˈʧʮ˨ʺ˩ʻט ҅ˋЌʡ˯ṾꜚʴʼǑ 

4 ⱱ˄ˌǐ Ϟˈᴊʶ˨כ ˯ ԓ˅Ϟԓʨ˦ „ʴʼעἯˋֹו ҅

˯Ṗ ʴʼǑ 3 ⱱ˄ˋ ԓΊṢʩᵁ ˋ Ң˅ʡʣ ϮϳӳˋϾ כ ˯―

ʼˇʡ̧̻̇̓ˇ ԓΊṢ˄ʟˀʼˋˈ ʴǐ 4 ⱱ˄ˌ Ϟҡˈʟ˨ Ẑ

₉ʩᶮ˄‡ ˯Ẉ˃ʡ˨+ ǐ Ẑ₉ˌ Ϟ + ˄ Ϟҡˈʟ˨ ₉˯Ẉ
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˃ʡ˨+ ˅ʡʣǐ˥˧ ᶹ ˈ Ϟˈᴊʶ˨כ ˯ ԓʨ˦ ʴǐ Е

˅ԓט Ἧטԓˈʧʮ˨ʺ˩ʻ˩ˋֹו ҅ˋЌʡ˯ ὨʴʼǑ 

5 ⱱ˄ˌǐ ˕ˋ Ϟˈ ʶ˨ וֹ Ҧˈʧʮ˨ ֤ ˋṖ ˈ

ʴʼ ϵ˯ ᶷ ˈ ϗʶ˨ʰ˅˯ ˅ʴǐ Ϟʩ ṏṎˈ ʥ˨э

ᶯʧ˥ːʺˋ ֤ ϵ˯ǐNIRS ˈ˥˨ ṫ ˋṖ ˯ ̳̝̻̑̓˄ừ

ϸˈˬʼ˧Ἒʡǐʺˋᶷᾏ ˈˁʡ˃ ὨʴʼǑ 

6 ⱱ˄ˌǐ 2 ⱱʨ˦ 5 ⱱ˛˄ˋ ұ˯˛˅˞ǐṪ ʧ˥ːὋễˋ

ˈˁʡ˃╕˖ʼǑ 

ˇʧǐ ẃᵶˌּפↄ ̢̘֔˯ ꜝ˅ʴʼẃᵶˈᴊʶ˨ ϺРӖˈ♅ ʲ

˩ʼꞋ˄⁮`ʲ˩ʼǑ 
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2.1. ˌʵ˞ˈ 

 

ԓט Ἧ˯ἑ ʴʼ וֹ Ҧˋ ˯Ṿ ʶ˨ʼ˞ˋ Е ӯ˅ʴ˃ǐ

˯ ʵ˨ʰ˅˄ ԓʨ˦ˋכ ˯ₒ ʴʼ+ ˅ ה ֤˯ ʴʼ ˯Ӯ

ʮʼ+ ˋʺ˩ʻ˩ˈʧʮ˨ǐ Ϟˈ ʶ˨ֹו ҅ˋЌʡˋ ˯Ṿ

ꜚʶ˨ʰ˅ʩ ⱱˋ ˄ʟ˨Ǒ  

ʰ˩˛˄ ṏṎ˅‡ ṏṎʨ˦ˋ Ϟ Ҧˋ Ἒẃᵶ˅ʴ˃ǐ

˦[67]ˈ˥˨˼Ǩ̙̻ˋӜ ˈˁʡ˃ ҅˯ ǐֹו ǐ Ҟ˯ ᴕ

+ ˄Ṗ ʴʼ Ἰʩʟ˨Ǒ ᴕ+ ʽʮ˄ˌˇʬӮᴕ+ ˟ᴐ˞ʼ Ϟ

Ҧˋ Ἒẃᵶ˅ʴ˃ǐHoriba ˦[85]ˈ˥˨ Ƕ ṏṎǷˋṖ ʨ˦

˕ˋ Ϟʩ ˈ ʥ˨эᶯ˯ Ὠʴʼ Ἰʩʟ˨Ǒʰ˩˦˯ ֣ʶ˨˥ʣ

ˇ ᴕ+ ˅Ӯᴕ+ ˈʧʮ˨ Ϟ Ҧ˯ ṏṎˋΎ ʧ˥ː‡ ṏ

ṎˋΎ ʨ˦ ҅˯ Ὠʴʼ ἸˌẈ ʼ˦ˇʡǑ ⁮Ẑ˄ˌǐ Ƕ

ṏṎǷǐֹו Ƕ‡ ṏṎǷǐד ҦˋṖ ʨ˦ ᴕ+ ˅Ӯᴕ+ ˈ

ʧʮ˨˶˸̘̩̻̘̉ˈ˥˨ Ϟʩֹו ˈ ʥ˨эᶯ˯ ὨʴʼǑ 

̘̼̉̉ Ҧˈʧʡ˃̫̱˺̉̏̇̉ˋᴃ ʨ˦ἑʥ˨˅ ˋ˦ʨ‖ה ṏ

Ṏˋ ʩ̘̼̉̉+ ˄ʟ˨ʰ˅˯„ʶҩ ʩʟ˨Ǒ‡ ṏ֤ ˈʧʡ

˃ǐ ˈ̘̼̉̉ʩʨʨˀ˃ʡ˨עἯˈˌỒט ṏ֤ ϵˈˇ˨ʰ˅ʩ

˦˩˃ʡ˨ʩǐ ᴏ˦[66]ˋẃᵶˈʧʡ˃ ˕ˋϞ Ҿʩ Ồט ṏ֤ ˯

ʲʸʼʰ˅˯ Ἰʴ˃ʡ˨Ǒ ⁮Ẑ˄ˌʰˋ̫̱˺̉̏̇̉ˋᴃ ʨ˦

˕ˋϞ ΊṢʩֹו ˈ ʥ˨эᶯ˯Ṿ ʶ˨Ǒ 

ⱱ˄ˌǎϳҡˋ᾿ˁˋ⁮Ẑ˯⁮`ʴǐʺˋṪұˈˁʡ˃╕˖˨Ǒ 

 

Ȇ ⁮ẐǓӮᴕ+ ˈʧʮ˨ Ṗ ˋ˲Ǩ̥̑˱˿̘ ᾦȇ 

Ṗ ˄ˌǐ╙ʪˡᴕᵵц ʩ˲Ǩ̥̑˱˿̘ˈˇ˨ʰ˅ʨ˦ ᴕ˄Ṗ

ʲ˩˨ʰ˅ʩЕ ˇṖ ˄ʟ˨ʩǐ ẃᵶˋ˥ʣˈ ԓ ˈ וֹ ˈᴊ

ʶ˨כ ˯ ₰ʴ˃ Ҧʶ˨ẃᵶˈʧʡ˃ˌǐ Ṗ ˈʧʡ˃˟ǐӮᴕ˄Ṗ

ʶ˨ ʩʟ˨Ǒʺʰ˄ ⁮Ẑ˅ʴ˃ǐӮᴕ+ ˈʧʮ˨ Ṗ ‖ˋ╙
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ˈ˥˨˲Ǩ̥̑˱˿̘ˋэᶯ˯ Ὠʴǐ˲Ǩ̥̑˱˿̘ˈ ʶ˨ ᾦ˯Ṿ

ʴʼǑ 

 

Ȇ Ϟ ⁮Ẑȇ 

ᴕ+ ˅Ӯᴕ+ ˋʺ˩ʻ˩ˈʧʡ˃ǐ˶˸̘̩̻̘̉ˈ˥˨ Ϟ ‖

וֹˋ + ˯ ǐֹו ǐד ṾὨˋṖ ˈ˥˧ ҦʴʼǑ 

 

ȆṾꜚ⁮ẐǓṫϞ ˈ˥˨‡ ṏ֤ ˋṾꜚȇ 

Ϟ ⁮Ẑ˄ ˦˩ʼ‡ ṏ֤ ˋṪұˋẓС˯ἑᾯʶ˨ʼ˞ˈǐṫϞ

˯₭˅ʴʼ Ṗ ˈ˥˨Ṿꜚ⁮Ẑ˯⁮`ʴʼǑ 

 

2.2. ⁮ẐǓӮᴕ+ ˈʧʮ˨ Ṗ ˋ˲Ǩ̥̑˱˿̘ ᾦ 

2.2.1  

 

Ӯᴕ+ ˈʧʮ˨ Ṗ ˄ ˈˇ˨ˋˌ╙ ˈ˥˨˲Ǩ̥̑˱˿̘ˋὙ

˄ʟ˨Ǒ Ṗ ˋᾍˈˌ ᴕ+ ˅ʶ˨ˋʩ ʟ˨ʩǐ˄ה ה ֤˯

ʶ˨˅Ӯᴕ+ ˈʧʮ˨ Ṗ ʩ ˛ʴʡǑʴʨʴǐ ˋ ϵ ˌ

₫˄ʟ˨ʼ˞ǐ˲Ǩ̥̑˱˿̘ʩὙ ʴˡʶʡǑ Ẑ₉ˈᴿСʶ˨˲Ǩ̥̑˱

˿̘ˋ₭С˅ʴ˃╙ ˈ˥˨ ˡᴕ᷈כ ᷈ˋ᷈ ϵˡᴕ ϵˋ ˕ˋὙ

ʩᶃʯ˦˩˨Ƕ 2-1ǷǑʺˋʼ˞Ӯᴕ+ ˈʧʮ˨ Ṗ ˈʟʼ˧ǐ˲Ǩ̑

̥˱˿̘˅ˇ˨╙ ʩ ˋӗ ˈˆˋ˥ʣˇэᶯ˯ ʥ˨ʨ˯ ˖ʼǑ 
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2-1 ╙ ˈ˥˨᷈ ϵ˯ᴐ˝  

 

 

2.2.2  

 

Ẑ₉ˌṱהˇ 20 ▲ԉ 1 ʷˁṖ 2 ˅ʴǐᴢ Њ˯ҡ ǐɽ̳̇

̔ǐ̟Ǩ̡̥̓̔˅ʴʼǑ⁮Ẑ⁄ˋҞ⁪ Ṯˌǐᴢם Њ+ ˄Ӝ ʵט˅

˨ 25Țǐ60%R.H.˅ʴʼǑ⁮ẐˌǐӮᴕ ὰϫ + ˋ Ṗ ˯ 120 ᴈἚ

ˀʼǑ˛ʼǐῤ ˯ ―ʶ˨ʼ˞ˈ̺˿̹˴̛̓̀̇Ǩ̘˯ ʡ˃ǐ ˡ

˯Ῥ―ʶ˨ᾍˋ᷈ ϵˋὙ ʩ ẗʲ˩˨˥ʣˈ ʴʼǑ ˌǐἹᾍ

╣ 10-20 ᶹ ˋ C3ǐC4ǐP3ǐP4Ƕ Е‗ ԓט ⅜ ǷˈAg/AgCl

᾽Ḿ ᶹ˯ ʴǐ† ˯˲Ǩ̉˅ʴʼ ᶹ ╓ ˄ ╓ʴʼǑʺˋᾍˋ̅̓

̧̺̓̀⅜ ˌ 200Hz ˅ʴ,Ṗ ˋ Ệʧ˥ː̗Ǩ̏ˋ₮˧Ὀ˜ˌ̞Ǩ̘Ḿ

̵̤̃̓Ǩ̏˯ ʡǐ̗Ǩ̏ὼ₮̔Ǩ̻ Acqknowledge ǶBIOPAC SYSTEMS

₇ Ƿ˄ἚˀʼǑ 

⁮Ẑ˄ ˦˩ʼ ˯̘̼̙̓○ᵾʴʼễǐ̞˴̊ˋὙ ˇˆ˯ἑ ʴ˃ǐ

120 ᴈˋ̗Ǩ̏ˋ ễ 20 ᴈʷˁ○ʪǐ ҂ 80 ᴈˋ̗Ǩ̏˯ӗ ̗Ǩ

̏˅ʴʼǑʰˋ̗Ǩ̏˯‗ˋ᾿ˁˋ ˄ӗ ʴʼǑ 
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aǷ ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝ Ṁˋӗ  

80 ᴈˋ ̗Ǩ̏˯1 ʷˁ80 Ấˋ̗Ǩ̏ˈ ֠ʴǐɡ̗Ǩ̏ ʼ˧200

ˋ̗Ǩ̏ˈ ʴ˃̟̯̓̀ᴊ ˄Ἢ ̥Ǩ̺˸ ˯ǶFFTǷכ Ἒʣʰ˅ˈ˥˧

̡̿Ǩ̪̉˿̘̻˯ᵱ˞ʼǑ ˦˩ʼ 80 Ấˋ̡̿Ǩ̪̉˿̘̻˯ҨΉ ᶿʴʼǑ 

 

bǷ ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˛ˇʡ Ṁˋӗ  

80 ᴈˋ ̗Ǩ̏ˋʣʾǐ╙ ˯ᴐ˛ˇʡ ˋ ̗Ǩ̏ʨ˦ Ͼˈ 1

ϵ˄ 80 Ấ ˧╓ʴǐʺ˩˦ˋ̗Ǩ̏ˈ ʴ˃̟̯̓̀ᴊ ˄ FFT ˯Ἒʣ

ʰ˅ˈ˥˧̡̿Ǩ̪̉˿̘̻˯ᵱ˞ʼǑ ˦˩ʼ 80 Ấˋ̡̿Ǩ̪̉˿̘̻˯Ҩ

Ή ᶿʴʼǑ 

 

 

cǷ ╙ ˲Ǩ̥̑˱˿̘ ˋ Ṁˋӗ  

80 ᴈˋ ̗Ǩ̏ˈᴐ˛˩˨╙ ‖ˋ ̗Ǩ̏˯ ˧╓ʴǐʺ˩˦ˋ̗

Ǩ̏ˈ ʴ˃̟̯̓̀ᴊ ˄ FFT ˯Ἒʣʰ˅ˈ˥˧̡̿Ǩ̪̉˿̘̻˯ᵱ˞ʼǑ

˦˩ʼ̡̿Ǩ̪̉˿̘̻˯ҨΉ ᶿʴʼǑ 

 

2.2.3 Ṫұ 

 

╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝ ǐ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˛ˇʡ ,╙ ˲

Ǩ̥̑˱˿̘ ˋ˜ˋ ʺ˩ʻ˩˯⅜ ӗ ʴʼṪұǶ Ẑ₉ AǷ˯ 2-2

ˈ„ʶǑ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝ӗ ṪұǶaǷ˅╙ ˲Ǩ̥̑˱˿̘˯ᴐ˛

ˇʡӗ ṪұǶbǷ˯ Ԝʶ˨˅ǐǶaǷˋ ʩ ⅜ Бˋ̡̿Ǩ̪̉˿̘̻

ʩἪ ˄ʟ˨Ǒ╙ ˲Ǩ̥̑˱˿̘ ˋ˜ˋӗ ṪұǶcǷʨ˦˟╙ ˋ⅜

ˌʧ˥ʺ 1.5Hz ˈ̤Ǩ˿˯―ˁ ⅜ Бˈ╓ẚʴ˃ʡ˨ʰ˅ʨ˦ǐ╙ ˲Ǩ

̥̑˱˿̘ˋэᶯʩ 0ǭ4Hz Ḃˋ Бˈ╓˃ʡ˨ʰ˅ʩˬʨ˨Ǒʰˋʰ˅ʨ

˦╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝̗Ǩ̏˯ӗ ʶ˨עἯǐ͢ БǶ 2-1 ῁ⱧǷ

ˈэᶯ˯ᵪ˙ʶ˅ἑʥ˦˩˨Ǒ 
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2-3(a)ˌǐ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝ ˋ̡̿Ǩ̪̉˿̘ Ƕ̻ 2-2(a)Ƿ

˅╙ ˲Ǩ̥̑˱˿̘˯○ʡʼ ˋ̡̿Ǩ̪̉˿̘̻Ƕ 2-2(b)Ƿʨ˦͢ǐ

ͦǐ͟ǐ͠ Бˋ ˯Ή╓ʴʼ˟ˋ˄ʟ˨Ǒ͢ ˈˁʡ˃ˌ╙ ˲Ǩ̑

̥˱˿̘˯ᴐ˝עἯˋ ʩǐ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˛ˇʡעἯ˥˧˟Ἢʬˇ

ˀ˃ʡ˨Ǒʰ˩ˌ╙ ˲Ǩ̥̑˱˿̘ˋ⅜ ʩ 0ǭ4Hz ˈ ᾏʴǐʺˋэᶯ

˄͢ ̡̿ǨʩꞋ♥ʴʼʼ˞˄ʟ˨Ǒͦǐ͟ǐ͠ ˈˁʡ˃ˌǐ╙ ˋ ˈ

ᴊḷˇʬ˘˙ ʵ ˄ʟ˨ʰ˅ʩˬʨ˨Ǒ̌ ʧǐ Ẑ₉ B ˈˁʡ˃˟ 2-3(b)

ˈ„ʶ ˧ ˋḸỞ˄ʟˀʼǑ 

ϳꞋˋʰ˅ʨ˦╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝ ˯⅜ ӗ ʶ˨עἯǐ ͢

ˌ╙ ˋэᶯ˯ᶝʬ℗ʮ˨ˋ˄Ṫұˡἑᾯˈ ʡ˨ˋˌ ˄ʟ˨Ǒ ╙

ˈ˥˨᷈ ϵʩ ˈэᶯʶ˨ʼ˞ǐͦǐ͟ǐ͠ ˋ ˯ ʡ˨ʰ˅ˌ

˄ʪˇʡʩǐ ˇ ˯ᴃᾯʶ˨ʰ˅˄ ˋ ҅˯ ϗʶ˨ʰ˅ʩҩ

˄ʟ˨˅ἑʥ˦˩˨Ǒ˥ˀ˃ǐ‗Ἠˋ Ϟ ⁮Ẑ˄ˌǐ ˈʧʡ˃ͦǐ͟ǐ

͠ ˋ Ңʨ˦Ṫұ˯ἑᾯʶ˨. 
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ǶaǷ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˝  

 

ǶbǷ╙ ˲Ǩ̥̑˱˿̘˯ᴐ˛ˇʡ  

 

ǶcǷ╙ ˲Ǩ̥̑˱˿̘ ˋ˜ˋ  
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(a) Ẑ₉ A 

 

ǶbǷ Ẑ₉ B 

2-3 ˋԉ Ṁˋ̡̿Ǩ 

 

 

2-1 ˈʧʮ˨ԉ Ṁˋ⅜ БǶ[86, 87]˥˧ᾞ Ƿ 
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2.3. Ϟ ⁮Ẑ 

2.3.1  

 

ᴕ+ ˅Ӯᴕ+ ˋ ˁˋ ԓםṮˋЌʡˈʧʡ˃ǐ ˕ˋ Ϟˈ˥

וֹ˨ ҅ˈˆˋ˥ʣˇЌʡʩʟ˨ʨ˯ Ὠʶ˨ʰ˅˯ ˅ʶ˨Ǒ 

 

2.3.2  

 

⁮ẐˋםṮ˅ʴ˃ ʴʼ Ϟˌǐ ה ֤ˈʧʮ˨Ϟ ˯ ʴǐ 2-4

ˈ„ʶ 4cm ˋ ┼ףּ ˋ˶˸̘̩̻̘̉˯ ʡ˃ ˯Ϟ ʴʼǶ 2-5ǷǑ

Ϟˈ ʶ˨ וֹ ˅ʡʣᴃ ˈʧʡ˃˛ʷˌẢө ˅ʴ˃ Ẑ₉ Рʩʪ

ˁʡ˅‡ԓʶ˨Ϟ Ṯ˅ʴ˃Horibaם ˦[85]ˋ⁮Ẑ˯῁ἑˈǐ Ẑ₉ˋ ϸˈ

ʴ˃̩̻̘ ˯ 10% ʬʶ˨םṮ˯ὼ ʴʼǑǶϞ ˅ Ϟˋᴊḷˌ

῁ⱧǑǷ  

Ṗ Ἠ ˌ ǐֹו ǐד ṾὨˋ 3 Ἠ ˅ʴǐ Ẑ₉ˌṱהˇ 9 (

5 [ 22È1 ᾀǐ ϸ 77.5È11.3cmǐBMI  21.7È5.1]ǐ▲ 4 [ 22

È1 ᾀǐ ϸ 72.6È7.5cmǐBMI  21.4È2.7])˄ʟˀʼǑ Ẑ₉ˈˌ⁮ẐӮῢ 2

‖ᴈ ʨ˦Фּלᵚѳ˯᷆ʵʼǑ Ẑ₉ˌᴢ Њ˯ҡ ǒɽ̳̇̔ǒ̟Ǩ̡̥

̓̔˅ʴʼǑ⁮Ẑ⁄ˋҞ⁪ Ṯˌǐᴢם Њ+ ˄Ӝ ˨ʵט˅ 25Țǐ

60%R.H.˅ʴʼǑ Ẑ₉ˌ̺˿̹˴̛̓̀̇Ǩ̘ˈ ὰʴǐ ᶹ ễ 15 ᴈ

ˋϫ ‖ᴈ˯˅˧ǐ Ṁʧ˥ːֹו ˋϫ ˯ԑ ʴʼễˈṖ ˯Ӯῢʴ

ʼǑ⁮Ẑˌ 2-6 ˈ„ʶ˥ʣˈϫ 2 ᴈǐϞ 2 ᴈǐὴϫ 2 ᴈˋṖ 6

ᴈ˯ 1 ̘̋̓˅ʴ˃ἚˀʼǑʰ˩˯ Ẑ₉ʱ˅ˈ ᴕ+ ǐӮᴕ+ ˋ 2 ̋

̘̓ἚˀʼǑ ᴕ+ ˌṖ ˋ 6 ᴈǐ ˯ ʵ˃ʡ˨+ ˅ʴǐӮᴕ+

ˌṖ ˋ 6 ᴈǐ ˯Ӯʮ˃⁮Ẑ⁄ ˯  ʴ˃ʡ˨+ ˅ʴʼǑ ˁˋ

 ԓםṮˈ˥˨╪►Ớұ˯ ᾴʶ˨ʼ˞ǐ ԓםṮˋ╪ ˌ Ẑ₉ʱ˅̹̓̐

̰˅ʴǐםṮᴈˋᵩṅˌ 5 ᴈ˅ʴʼǑ⁮Ẑ ˋẦᵫˌǐᶩ‬Ầᵫ˅ʴЕ ˋ

ʩʮ˨˥ʣוֹ˯̰̺̊ Ẑ₉ˈΎ„ʴǐʼ˞ ˋẦᵫˋ Ң˯᷆ʵʼǑ 
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2-4 ˶˸̘̩̻̘̉ 

 

 

2-5 Ϟ ˋ ῥ 

 

 

 

2-6 ⁮Ẑ̧̘̻̽̃ 
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( 2 min )
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SE : Sensory EvaluationEEG : ElectroencephalogramECG : Electrocardiogram
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SE
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ˌǐἹᾍ ╣10-20 ᶹ ˈ˥˨C3ǐC4ǐP3ǐP4ˋ 4 Һ▀ˈAg/AgCl

᾽Ḿ ᶹ˯ ʴǐ† ˯˲Ǩ̉˅ʴʼ ᶹ ╓ ˄ ╓ʴʼǑֹו ˌǐ̅

̧̺̓̓̀⅜ 200Hz ˄ῠ῾ ˈ˥ˀ˃ ╓ʲ˩ʼǑד ṾὨˌǐӜ ט

ǶӜ ȉ ӜǷǐϞ ǶϞט ʩʟ˨ȉϞט ʩˇʡǷǐԓט Ƕט ʬˇʡȉ

ʡǷˈˁʡ˃ǐȂ ˋǒ˅˃˟ǒˡˡǒˆʾ˦˅˟ʡʥˇʡȃˈה 7 ӯ

(+3  - 3)˄⁮`ʴʼǑԓ Ἠˋט ˌǐ Ṗ ˈʧʡ˃ԓ ʩҡʩ˧ ʬˇ

˨˅͟ ˌͦ ˈ ʪכˬ˨ʰ˅ʨ˦[88]ǐ ֤ ˋԓ + ˈˁʡ˃ ʶ˨

ʼ˞ˈ ʴʼǑ 

ӗ ˌǐ ˦˩ʼ ̗Ǩ̏ʨ˦̘̼̙̓˯○ᵾʴǐ̞˴̊ˋὙ ˇˆ

˯ἑ ʴṖ Ӯῢ ễ˅↨ ˋԉ 12 ᴈˋ̗Ǩ̏˯○ʡʼễǐFFT ˯Ἒʣ

ʰ˅ˈ˥˧̡̿Ǩ̪̉˿̘̻˯ᵱ˞ʼǑ̡̿Ǩ̪̉˿̘̻ˌ 8 ᴈ˯ 1 ϵ˅

ʴʼ ˯̟̯̓̀ᴊ ˄ FFT ˯Ἒʡǐ ˦˩ʼ̡̿Ǩ̪̉˿̘̻˯ҨΉ ᶿ

ʴʼǑҨΉ ᶿˋӘ ˌ 12 Ә˅ʴʼǑ ⁮ẐˋṪұʨ˦͢ ˌ╙ ˋэᶯ˯

℗ʮ˨ʰ˅ʩԑ ʲ˩ʼʼ˞ǐ͢ ˯○ʬͦ ǐ͟ ǐ͠ ˯Ή╓ʴʼǑ

ˌẤ ὧʩ ʪʬ Ẑ₉ᴈ˄Ṗ ˯ʺˋ˛˛ Ԝʶ˨ʰ˅ˌ ʴʡʼ˞ǐ˛

ʷͦ,͟,͠ Бˈ ˞˨ԉ ˋ֠Ἧ˯ᵱ˞ǐ̋ ˋ ˋϫ ‖˯ 1 ˅ʴʼ ˯

ᵱ˞˨ʰ˅˄ϳҡˋ˥ʣˈᴼԍҢʴʼǑ 

ͦr1 =(ԉ+ ˋͦ1)/( ϫ ‖ˋͦ1)  ͦ1 =ͦ/( ͦ+͟+͠) 

͟r1 =(ԉ+ ˋ͟1)/( ϫ ‖ˋ͟1)  ͟1 =͟/( ͦ+͟+͠) 

͠r1 =(ԉ+ ˋ͠1)/( ϫ ‖ˋ͠1)  ͠1 =͠/( ͦ+͟+͠) 

 

וֹ ӗ ˌǐ‡ ṏ֤ ˯ ʶ˨ʼ˞ˈ̪̉˿̘̻ӗ ˯Ἒˀʼ

[89- 100]Ǒ ˦˩ʼֹו ̗Ǩ̏ˈ ʴ̘̼̙̓˯○ᵾʴǐ5ǭ40Hz ˋ̠̙̓

̡̥̉˳̻̏˯ʨʮʼǑ̞˴̊ˋὙ ˇˆ˯ἑ ʴṖ Ӯῢ ễ˅↨ ˋ

ԉ 5 ᴈˋ̗Ǩ̏˯○ʡʼễǐR ˋ̤Ǩ˿Ṿ╓˯ἚʡǐR-Rᴈ֒˯ᵱ˞ʼǑ

ʺˋ R-R ᴈ̗֒Ǩ̏ʨ˦̧̹̉˴̓ ᴈˈ˥ˀ˃ֹו ˋ‖Ṏ Ң˯ᵱ˞ǐ

ʰˋֹו ᴊ ˈ ʴ˃ FFT ˯Ἒʡǐ̡̿Ǩ̪̉˿̘̻˯ᵱ˞ʼǑʲ˦ˈǐ

Ồט ṏ˅ Ồט ṏˋ ˋ֤ ʩ юʲ˩˨ 0.04ǭ0.15H zˋ ⅜
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ǶLF: Low F requency Ƿ˅ǐ Ồט ṏˋ֤ ʩ юʲ˩˨ 0.15ǭ0.4Hz ˋἪ

⅜ ǶHF: High Frequency Ƿʨ˦Ή╓ʲ˩˨Ồט ṏ֤ ֠ἯǶLF/HF Ƿ

˅ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ˯ᵱ˞ʼǶ 2-7ǷǑ  

 

  

 

וֹ 2-7 ˋӗ  
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2.3.3 Ṫұ 

 

2-8 ˈ ˋӗ Ṫұ˯„ʶǑ┌‰ˋ ˌϫ ‖˯ 1 ˅ʴʼ Ң˯„

ʴ˃ʡ˨Ǒˇʧǐϳἧ ˄„ʶ̹̥̀ ˋ˸̹Ǩ̠Ǩˌ ╣ ὧ˯ ʶǑ

Ϟ ‖ˈʧʡ˃ǐ ᴕ+ ˄ˌ͟ ˌẗ☿ʴǐͦ ˅͠ ˌ ҨʴʼǑЕ ǐ

Ӯᴕ+ ˄ˌ ᴕ+ ˘ˆ ʪˇ ҢˌẈ˦˩ʷǐ͠ ˋẗ☿ʩ ˞˦˩ʼǑ

Ṗӗ ̥̍ Ƕ̘Excel Ṗ 2010ǐ₇Ӗכ ̅Ḳ̌̉₇ Ƿ˯ ʡ˃ Bonferroni

ˈ˥˨ ┐ Ԝ˯ἚˀʼṪұǐ ᴕ+ ˅Ӯᴕ+ ˄ˌǐϞ ‖ˋ͟ ǐ͠

ǐὴϫ ‖ˋ͠ ˈ Ͼὧʩ ˞˦˩ʼǑ˛ʼ ᴕ+ ˄ˋͦ ˌǐϫ ȏ

Ϟ ȏὴϫ ˅‖ᴈṏӆˈ ˀ˃ ҨʴʼǑʰ˩ˌṖ ˋ 6 ᴈǐ ˯ ʵ

˃ʡ˨ʰ˅ˈ˥˨ԓ ˋ ҡʩẓС˅ἑʥ˦˩˨Ǒ 

 

 

 

 

2-8 ˋ Ң 
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2-9 ˈ LF/HF ǐHF/(LF+HF) ˋ Ң˯„ʶǑ̹̥̀ˌǐʺ˩ʻ˩ϫ ‖ˋ

˯ 1 ˅ʴʼעἯˋ Ң˯„ʴ˃ʡ˨ǑLF/HF ˌǐ ᴕ+ ˄ˌϞ ‖ǐ

ὴϫ ‖˅˟ˈ Ҩʴʼˋˈ ʴǐӮᴕ+ ˄ˌϞ ‖ˈẗ☿ʴὴϫ ‖ˈˌ

ҨʴʼǑBonferroni ˈ˥˨ ┐ Ԝ˯ἚˀʼṪұǐ ᴕ+ ǐӮᴕ+ ˅

˟ˈϞ ˋӗ ˈ ʣ Ңˈ Ͼὧʩ ˞˦˩ʼǑHF/(LF+HF) ˌǐ ᴕ+

˄ˌϞ ‖ǐὴϫ ‖ᶔˈˬʷʨˈẗ☿ʴʼˋˈ ʴǐӮᴕ+ ˄ˌϞ ‖ˈ

Ҩʴǐὴϫ ‖ˈ Ͼˈẗ☿ʴʼǑ 

ᴕ+ ˅Ӯᴕ+ ˯ Ԝʶ˨˅ǐLF/HF ˈʧʡ˃ˌϞ ‖˅ὴϫ ‖ˈǐ

HF/(LF+HF) ˈʧʡ˃ˌϞ ‖ˋ ҅ˈ Ͼὧʩ ˞˦˩ʼǑʰ˩˦ˋʰ˅ʨ

˦ǐ ᴕ˄ˋṖ ˄ˌ Ϟ ˈ˥˧ǐỒט ṏ֤ ϵˇ+ ˈˇ˧ǐӮᴕ

˄ˋṖ ˄ˌ Ồט ṏ֤ ϵˇ+ ˈˇ˨ʰ˅ʩ„ʲ˩ʼǑ˛ʼǐӮᴕ˄

ˌỒט ṏ֤ ǐ Ồט ṏ֤ ˅˟ˈὴϫ ‖ˋ ʩϞ ˋϫ ‖ˋ ˕

˅ ˨Ә ḸỞʩẈ˦˩ʼǑʰˋʰ˅ʨ˦Ӯᴕ˄ˋṖ ˌ ᴕ˄ˋṖ ˈ ˖

˃ǐ Ϟ ˋΊṢˈ ʶ˨҅ ʩ˥ʡʰ˅ʩˬʨ˨Ǒ 

2-10 ˈӜ ǐϞט ǐԓט ˃ˁʡˈט Ὠʴʼד ṾὨˋṪұ˯„ʶǑ

Bonferroni ˈ˥˨ ┐ Ԝ˯ἚˀʼṪұǐϞ ‖ˋӜ Ϟ˅ט ˁʡ˃ǐˈט

ᴕ-Ӯᴕᴈ˄ˋ Ͼˇὧˌ ˞˦˩ˇʨˀʼʩǐԓ ˌ˃ˁʡˈט ᴕ+ ˅

Ӯᴕ+ ˈʧʡ˃ Ͼˇὧʩ ˞˦˩ǐӮᴕ+ ˄ˋ Ҧˋ ʩԓ Ἢʡˌט

ʰ˅ʩˬʨ˨ǑʰˋṪұˌ ᴕ+ ˋ ʩ▼ ḸỞ˄ʟˀʼʰ˅˅˟Е ʴ

˃ʡ˨Ǒ 

 

 

 

 

 

 

 

 



27 

 

 

 

ǶaǷ Ồט ṏ֤ ֠ἯǶLF/HF Ƿ 

 

 

ǶbǷ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ 
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2-10 ד  ṾὨˋṪұ 

 

 

 

 

 

-3

-2

-1

0

1

2

3

Rest Press Re-rest Rest Press Re-rest

Eyes-closed Eyes-open

Comfort

-3
-2
-1
0
1
2
3

Rest Press Re-rest Rest Press Re-rest

Eyes-closed Eyes-open

Tightness

-3
-2
-1
0
1
2
3

Rest Press Re-rest Rest Press Re-rest

Eyes-closed Eyes-open

Arousal

** ** ** **
** *

** ** ** **
**

*

** ** **
*

**: p<0.01

*: p<0.05 

s
c
o

re
s
c
o

re
s
c
o

re



29 

 

2.3.4 ἑᾯ 

 

Ϟ ˈ ʶ˨ ᴕ˅Ӯᴕ˄ˋד ṾὨˈ˥˨ Ҧ˯ Ԝʶ˨˅ǐᶔ

ˌǐӜ ˋט ҡǐϞ ǐԓט ˨ˇꞋ♥ʩᶃʯ˦˩˨ǑЄˋט ˅ʴ˃ˌǐ

Ӯᴕ˄ˋ Ҧ˄ˌͦ ʩ˘˙ ẗˇʬǐ Ồט ṏ֤ ʩ ϵˈˇˀʼˋˈ

ʴǐ ᴕ˄ˋ Ҧ˄ˌͦ ʩ ҨǐỒט ṏ֤ ʩ ϵ˅ˇˀʼʰ˅ʩᶃʯ˦

˩˨Ǒʲ˦ˈԓ ϫˌט ǐϞ ǐὴϫ ˃ˋ+ ˄ ᴕ˄ˋ Ҧˋ ʩ

ʡ ˈˇˀ˃ʡʼǑ ᴕ˄ˋ Ҧˈʧʮ˨ͦ ˋ Ҩǐԓ ˋט ҡˌṖ

ᴕ˄ʡ˨ʰ˅˄ ᴴʩ ʵʼʼ˞˅ἑʥ˦˩˨Ǒ 

ᴕ+ ˄ˋ Ҧˈˁʡ˃ǐ ˦[67]ʩἚˀʼ˼Ǩ̙̻ ˋ Ớұ˅

˕ˋ Ҿˈᴊʶ˨ẃᵶ˄ˌǐ˼Ǩ̙̻ˈ˥˨Ϟ Ỳ ʩỒט ṏˈᾞ ʴֹו

Ҩˈ ˧ǐ ˄ˌ͟ ˋ╓ẚ ʩ Ͼˈ ʬˇ˧͠ ˌ Ҩʶ˨ḸỞ

ʩ ˞˦˩ʼ˅ Ἰʴ˃ʡ˨ǑʰˋṪұˌǐ ⁮Ẑˋ ᴕ+ ˈʧʮ˨Ṫұ˅

ʡʷ˩˟Е ʶ˨Ǒʰˋ͟ ˋẗ☿˅͠ ˋ Ҩˌǐ͟-blocking ˅ʡʣẚꜝˈ

˥˨˟ˋ˅ ᾯʲ˩˨Ǒ͟-blocking ˌǐ ᴕ+ ʨ˦ˋӮᴕǐ ᴕ‖ˋϮΉǐ

וֹ Ҿ ˈ˥˧͟ ʩ ʲ˩ǐ Ƕ͠ Ƿʩẏ ˈˇ˨ẚꜝ˄ʟ˨Ǒ 

Ӯᴕ+ ˄ˋ Ҧˈˁʡ˃ǐ ᴏ˦[66]ʩ 10cm ˋϴ ˞˯ ʡ˃ ˯

ˈҨϞʴʼẃᵶ˄ˌǐ ˯ҨϞʶ˨˅ Ồט ṏ֤ Ύ ˄ʟ˨HF

ʩἪ˛ˀʼ˅ Ἰʴ˃ʡ˨ǑʰˋṪұˌǐ ⁮ẐˋӮᴕ+ ˈʧʮ˨Ṫұ˅Е

ʶ˨Ǒ 

ʰ˩˦ˋʰ˅ʨ˦ ᴕ+ ˅Ӯᴕ+ ˄ˌ Ϟ ˈ ʶ˨ ṏṎʧ˥

ː‡ ṏṎˋ ҅ʩЄˇ˨ʰ˅ʩ„ʲ˩ʼǑὋễǐ ЊӜ Ҧ˯Ἒʣᾍ

ˈˌ ᴕ+ ˅Ӯᴕ+ ˄ˋ ҅ˌЄˇ˨ʰ˅˯ἑ ʴǐʺ˩ʻ˩ˋ+

˄ Ҧ˯ ʮ˃ἑʥ˨ ʩ„ʲ˩ʼǑ 
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2.4. Ṿꜚ⁮ẐǓṫϞ ˈ˥˨‡ ṏ֤ ˋṾꜚ 

2.4.1  

 

Ϟ ⁮ẐˋṪұʨ˦ǐӮᴕ+ ˈʧʡ˃ Ϟ ˈ˥˨ΊṢʩ Ồט

ṏ֤ ϵˇ+ ˈᾞ ʴʼʰ˅ʩ„ʲ˩ʼǑ ˈ̘̼̉̉ʩʨʨˀ˃ʡ˨

טἯˈˌỒע ṏ֤ ϵˈˇ˨ʰ˅ʩ ˦˩˃ʡ˨ʩǐ Ϟ ⁮ẐˋӮᴕ

+ ˈʧʮ˨Ϟ ̘̼̉̉ Ҧ˄ˌǐד ṾὨ˄ ӜטǐϞ ˨ʵ˃ʡט˯ט

ˈ˟ᴊˬ˦ʷǐ Ồט ṏ֤ ʩ ʴʼǑ 

ʰˋṪұ˯ ʶ˨ʼ˞ǐ ז ˕ˋϞ ΊṢʩṫϞ˯Ꞌ♥ʲʸǐʰ˩˯ҡ

ʯ˨ʼ˞ˈ ˈʟ˨Ϟ℗ ᴡʩ ʪǐ Ồט ṏ֤ ʩ ϵˈˇˀʼ˅

ʡʣң ˯ ˃ʼ.ʰˋң ˯Ṿꜚʶ˨ʼ˞ˈ Ϟ ‖ˋṫϞ˯ ʴʼǑ 

 

2.4.2  

 

Ϟ Ṯˌǐם Ϟ ⁮Ẑ˅ ˈἚˀʼǑṖ Ἠ וֹˌ ǐṫϞˋ 2 Ἠ

˅ʴǐ Ẑ₉ˌṱהˇ 7 ( 4 [ 33È11ᾀǐ ϸ78.8È13.4cm ǐ

BMI  22.6È5.0]ǐ▲ 3 [ 24È5 ᾀǐ ϸ 64.4È5.0 cmǐBMI  19.8È1.9])

˄ʟˀʼǑ Ẑ₉ˈˌ⁮ẐӮῢ 2 ‖ᴈ ʨ˦Фּלᵚѳ˯᷆ʵʼǑ Ẑ₉ˌᴢ

Њ˯ҡ ǒɽ̳̇̔ǒ̟Ǩ̡̥̓̔˅ʴʼǑ⁮Ẑ⁄ˋҞ⁪ Ṯˌǐᴢם

Њ+ ˄Ӝ ˨ʵט˅ 25Țǐ60%R.H.˅ʴʼǑ Ẑ₉ˌ̺˿̹˴̛̓̀̇Ǩ̘

ˈ ὰʴǐ ᶹ ễ 10 ᴈˋϫ ˋễṖ ʴʼǑ  

⁮Ẑˌ 2-11 ˈ„ʶ˥ʣˈϫ 2 ᴈǐϞ 2 ᴈǐὴϫ 2 ᴈˋṖ 6

ᴈṖ ʴʼǑʰˋṖ 6 ᴈˌӮᴕ+ ˅ʴʼǑ⁮Ẑ ˋẦᵫˌǐᶩ‬Ầ

ᵫ˅ʴЕ ʩʮ˨˥ʣוֹ˯̰̺̊ˋ Ẑ₉ˈΎ„ʴǐʼ˞ ˋẦᵫˋ Ң˯

᷆ʵʼǑ 

וֹ ˌǐ̗˳̭̉Ǩ̦̻̆ ᶹ˯ ʡ˃ᶩ ᶹ ˈ˥ˀ˃ ╓ʴʼǑ

ṫϞˌṇ ḾṫϞ (PORTAPRESǐFinapres Medical Systems )

˯ ʡ˃ὦ₰ Ύˈ˻̥˯ ʴ˃ ʴʼǑֹו ˋ̧̺̅̓̓̀⅜
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ˌ 200Hz ˅ʴʼǑṫϞ̗Ǩ̏ˌǐṫϞ ʨ˦ˋ˲̽̀̚╓ ˯Ἦפּ

200Hz ˄̧̺̅̓̓̀ʴʼǑ  

וֹ ӗ ˌ Ϟ ⁮Ẑ˅ ˋ ˄ἚˀʼǑṫϞˌǐ⁮Ẑ˄ ˦˩ʼ

̗Ǩ̏ʨ˦ϫ ǐϞ ǐὴϫ ˋԉ+ ˈʧʡ˃ǐ̞ ˴̊ˋὙ ˇˆ˯ἑ ʴǐ

Ӯῢ ễ˅↨ ˋԉ 5 ᴈˋ̗Ǩ̏˯○ʡʼ̗Ǩ̏ˋ ᶿ ˯Ή╓ʴ

ʼǑ 

 

2-11  ⁮Ẑ̧̘̻̽̃ 

 

2.4.3 Ṫұ 

 

2-12 וֹˈ ̗Ǩ̏ʨ˦Ή╓ʴʼ‡ ṏ֤ ֠Ἧˋ Ң˯„ʶǑLF/HF ǐ

HF/( LF+HF) ˌʺ˩ʻ˩ϫ ‖ˋ ˯ 1 ˅ʴʼ˅ʪˋ Ң˄ ʴ˃ʡ˨Ǒ

LF/HF ǐHF/(LF+HF) ˅˟ˈ ῆʩ ʪʡ˟ˋˋǐϞ ‖ˈHF/(LF+HF) ˋ

ҨʩẈ˦˩ʼǑ˛ʼǐ Ẑ₉ 7 6 ˄Ϟ וֹ‖╙ˈ‖ ˋẗ☿ʩԑ ʲ

˩ʼǑʰ˩˦ˋṪұʨ˦ǐ Ϟ ˈ˥˨ΊṢʩ Ồט ṏ֤ ϵˇ+ ˈ

ᾞ ʴʼ˅ἑʥ˦˩˨Ǒ 

ὦ₰ Ύ˄ ʴʼṫϞˋ Ң˯ 2-13 ˈ„ʶǑ┌‰ˋ ˌϫ ‖ʨ˦ˋ

ὧ˯„ʴ˃ʡ˨Ǒ Ẑ₉ 7 5 ˄Ϟ ‖ˈṫϞʩꞋ♥ʴǐ˶˳̻̃˿̍̓

ˋ Ἦ╪ϵ Ṿ ˋṪұʨ˦ǐὴϫ ‖ˈˌ ˋϞ ˯ӗ ʶ˨ʰ˅˄ Ͼ

ˈҡἧʴʼʰ˅ʩˬʨˀʼǑʰˋʰ˅ʨ˦ Ϟ ˈ˥˨эᶯʩṫϞˋꞋ♥ˈ

ᾞ ʴ˃ʡ˨ҩ ʩἑʥ˦˩˨Ǒ 

2-14 ˈ Ϟ 2 ᴈˋṫϞˋṏ‖ Ң˯„ʶǑ Ṁˌ Ẑ₉ 7 ˋ 

Rest

( 2 min )

Press

( 2 min )

Re-rest

( 2 min )

ECG, BP ECG, BP ECG, BP

ECG : Electrocardiogram BP  : Blood Pressure
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2-12 ‡ ṏ֤ ˋ Ң 

 

2-13 ṫϞˋ Ң 

   

2-14 Ϟ ‖ˋṫϞˋ Ң 
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ᶿ ˄ʟ˨ǑϞ ˈ ˖˃Ϟ ễˈṫϞʩꞋ♥ʴǐ20ǭ30 ễʨ˦ ҡ

ʴˌʵ˞ǐ90 ễʨ˦ὴːꞋ♥ʴˌʵ˞˃ʡ˨ʰ˅ʩˬʨ˨Ǒ 

 

2.4.4 ἑᾯ 

 

Ϟ ˈ˥˨ΊṢʩ Ồט ṏ֤ ϵˇ+ ˈᾞ ʴʼẓС˅ʴ˃ǐ

˕ˋϞ ΊṢˈ˥ˀ˃ṫϞʩꞋ♥ʴǐʰ˩˯ ʥ˨ʼ˞ Ồט ṏ֤ ʩ

ϵˈˇˀʼ˅ʡʣң ˯ ˃ǐṾꜚ⁮Ẑ˯ἚˀʼǑʺˋṪұǐ Ẑ₉ 7 5

˄ Ϟ ‖ˈṫϞˋ Ҩʩԑ ʲ˩ʼǑ Ϟ ‖ˋṏ‖ ˇṫϞ Ңˋ

Ṫұ˯Ҩ ʶ˨˅ǐϳҡˋ˥ʣˇ ̱˻̛̰̊ʩᾞ ʴʼ˅ἑᾯʴʼǑ 

˯Ϟ ʶ˨ʰ˅ˈ˥˧ṫϞʩꞋ♥ʴʼǑ 

ʰˋṫϞ Ң˯ ǒ ᵭˋṫװ ˈʟ˨ Ϟ℗ ᴡʩṾ╓ʴǐ

Ϟ℗ ᴡ ₂ʩᴿʪ ₂ צ╞ ʩἚˬ˩ʼǑ 

‡ ṏ֤ ʩ Ồט ṏ֤ ˈ ʴǐ20ǭ30 ễˈṫϞʩ ҡʴʼǑ 

ṫϞʩϫ ʴʼʰ˅˄▼ǥˈ Ồט ṏ֤ ˋ ʩӗʨ˩ṫϞʩ▼ǥˈ

Ꞌ♥ʴῢ˞ʼǑ 

 

2.5. ˛˅˞ 

 

˶˸̘̩̻̘̉ˈ˥˨ Ϟ ˈʧʮ˨ ᴕ+ ˄ˋ Ҧ˅Ӯᴕ+ ˄ˋ

Ҧˈˁʡ˃ǐ ᴕ+ ˄ˋ‖ᴈṏӆˈ ʣ ˋͦ ˋ Ҩʧ˥ːֹו ҅ˋ

ԓ ˦Ṫұʨˋט ᴕ+ ˄ˋ Ҧˌԓ ʩ ҡʴˡʶʡʰ˅ʩ„ʲ˩ʼǑ

⁮Ẑ˄ˌ ᴕ˅Ӯᴕ˄Ϟ ˈ ʶ˨ ֤ ˈЌʡʩʟ˨ʰ˅˯ ˦ʨˈʴʼʩǐ

ʰˋẚꜝˋẓСˈˁʡ˃ˌ ԑˈˇˀ˃ʡˇʡǑʰ˩ˈˁʡ˃ˌὋễˋ ү֔

ˋẃᵶˈ˥˧ ˦ʨˈˇ˨˅ἑʥ˨Ǒ‡ ṏ֤ ˈˁʡ˃ˌ ᴕ+ ˄ˌ

Ϟ ˈ˥˨ΊṢʩỒט ṏ֤ ˈᾞ ʶ˨ˋˈ ʴǐӮᴕ+ ˄ˌ Ồט

ṏˈᾞ ʴǐ ʬ ˋ ҅˯„ʶʰ˅ʩ ˦ʨ˅ˇˀʼǑʰ˩˦ˋʰ˅ʨ˦

ЊӜ Ҧ₰ ˯ἑʥ˨ᾍˈˌǐ ᴕ+ ˅Ӯᴕ+ ˋ ҅ˌЄˇ˨ʼ
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˞ʺ˩ʻ˩ ʮ˃ἑʥ˨˖ʪ˄ʟ˧ǐ Ҧ ꜝ˅ˇ˨Њ ˋ ̇Ǩ̓˯ἑ

ʴʼ+ ˄ Ҧʶ˨ ʩʟ˨ʰ˅ʩ„ʲ˩ʼǑ 

˛ʼǐӮᴕ+ ˄ˋ Ҧˈʧʡ˃ǐ Ϟ ˈ˥˨ΊṢʩ Ồט ṏ֤ ˈ

ᾞ ʴʼǑʰ˩ˈ ʴ˃ṫϞ ˋṪұʨ˦ǐ Ồט ṏ֤ ʩ ϵˈˇˀʼ

ẓСˌǐ Ϟ ˈ˥˧ṫϞʩꞋ♥ʴǐʰˋ Ң˯Ϟ℗ ᴡˈ˥˧ѫ ˈʟ˨

וֹ ṫװ ˈ ʲ˩ǐ Ồט ṏ֤ ˈ ʴʼ˅ἑʥ˦˩˨Ǒ 

⌂ ʨ˦Ồט ṏ֤ ֠Ἧ LF/HF ʩ̘̼̉̉Ύ ˅ʴ˃ ʡ˦˩˨ʰ˅ʩ

ʬʟˀʼʩǐ ⁮Ẑ˄ˌד ṾὨ˄ ӜטǒϞ ʵ˨̘̼̉̉ҡˈʟט˯ט

˨ˈ˟ᴊˬ˦ʷǐ Ồט ṏ֤ ֠ἯHF/(LF+HF) ʩἪʬˇˀʼǑ̫̱˺̉̏

̇̉ˋᴃ ʨ˦ǐ‡ ṏ֤ ֠Ἧ˯ ʡʼ̘̼̉̉ ҦˋᾍˈˌǐỒט ṏ

֤ ˋ ʩ̘̼̉̉+ ˄ʟ˧ Ồט ṏ֤ ˋ ʩ̺̹̓˿̉+ ˄ʟ

˨˅ʡʣ ˄ˌˇʬǐ ˋ˦ʨ‖ה ˯̘̼̉̉˅ ʥ˨  ˋ┐ ʩ

„ʲ˩ʼǑ 

⁮Ẑˈʧʡ˃ǐӮᴕ+ ˄˟ Ṗ ʨ˦ וֹ Ҧʩҩ ˄ʟ˨ʰ˅ǐ

ᴕ+ ˅Ӯᴕ+ ˄ˌ ֤ ˡֹו ʨ˦ ʲ˩ʼ‡ ṏ֤ ʩЄˇ

˨ʰ˅ˇˆʩ„ʲ˩ʼǑ ЊӜ ˌЊ ˅ ᴈʩᴊˬˀ˃╬˞˃ ẚǒ Ҧ

ʲ˩˨ ˄ʟ˧ǐצ⁮ᶛ˯ ʴʼ ԓכ ˯ ˀʼםṮҡ˄ˋ Ϟ Ҧ

ˌʰ˩ʨ˦ˋ וֹ ˋ Ҧẃᵶˈʧʡ˃┐ ˄ʟ˨ʰ˅ʨ˦ǐ‗ⱱʨ˦ˌ ԓ

˅Ϟԓʨ˦ˋטԓכ ˯ ἯʴʼעἯˋ Ϟ Ҧˈˁʡ˃╕˖˨Ǒ 
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3 ⱱ 

ᵁ Ңˈ˥˨ ԓΊṢʩ 

˕ˋ Ϟˈ ʣ ҅ˈ ʥ˨эᶯ 
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3.1. ˌʵ˞ˈ 

 

2 ⱱ˄ˌǐ˶˸̘̩̻̘̉ˈ˥˨ Ϟ ˯ Ҧʶ˨ᾍǐ ᴕ+ ˅Ӯᴕ

+ ˄ˌ Ϟˈ ʶ˨ ҅ʩЄˇ˨ʰ˅˯ ˦ʨˈʴʼǑʰˋṪұˌǐ

Ӯᴕ+ ˅ ᴕ+ ˅ʡʣםṮˋЌʡʽʮ˄ˇʬǐϞԓˈ ԓΊṢ˯Ҩʥʼᾍ

ˈˌǐϞԓ ЕˋΊṢ˯ҨʥʼעἯ˅ˌЄˇ˨ ҅˅ˇ˨Ṫұʩ ˦˩ʼ

˅ἑᾯ˄ʪ˨Ǒ ⱱ˄ˌǐʰˋṪұ˯ ˛ʥ˃ǐ ԓט Ἧˋᴃ ʨ˦ וֹ

˯ Ҧʶ˨ʼ˞ˈǐ Ϟˈ˥˨ϞԓΊṢ˅ԉ₵ ˯Ṯˈ˥˨ ԓΊṢם„

˜Ἧˬʸ˃ „ʴʼעἯˋ ҅˯Ṗ ʶ˨⁮Ẑ˯ἚˀʼǑʰˋ⁮Ẑˌǐ

וֹ Ҧˈʧʡ˃ Еטԓˈ˥˨ Ҧ˅ǐ ה ֤˅ ˋ ԓט Ἧˈ˥˨

Ҧ˯ἚˀʼעἯˋЌʡˈᴊʶ˨ᴢ Ὠ˄ʟ˧ǐ ԓט Ἧ˯Ẉ ʥʼὋễ

ˋ וֹ Ҧˈʧʮ˨⁮Ẑצᶛ ˕ˋ Ẉ˯ ˨ʰ˅˯ ˅ʴ˃ʡ˨Ǒ

ⱱ˄╕˖˨ ˌǐ ԓΊṢˋ „ ʩЄˇ˨ ˁˋ⁮ẐǶ⁮Ẑз˅иǷʨ

˦ἁ ʲ˩˃ʡ˨Ǒ⁮Ẑз˄ˌǐϮ▀ ▀ˋ˥ʣˈ ԓΊṢˋᶝ₫ˌ ҅

ˈ ʴ˃эᶯ˯ ʥ˨ʰ˅ʩ ˄ʪ˨ʰ˅ʨ˦ǐʟ˨ ˨ʲˈ╪҅ʴ˃ʡ˨

Ẑ₉ˈ ʴ˃˶˸̘̩̻̘̉ˈ˥˨ϞԓΊṢ˯ „ʴʼᾍˋ ҅ˋЌʡ

˯ ὨʴʼǑ⁮Ẑи˄ˌǐ˶˸̘̩̻̘̉ˈ˥˨ϞԓΊṢ˅ᵁ Ңˈ˥˨ 

ԓΊṢˋ ₵ ˋΊṢʩ „ʲ˩ʼʰ˅ˈ˥ˀ˃ ҅ˈ fl ˇэᶯ˯

ʥ˨ʰ˅ʩ ˄ʪ˨ʼ˞ǐ Ϟˈ ʶ˨ ҅[Ϟԓ]ǐᵁ Ңˈ ʶ˨

҅[ ԓ]ǐ Ϟ˅ᵁ ˋ ˋ Ңˈ ʶ˨ ҅[Ϟԓ+ ԓ]˅ʡ

ʣ 3 ̡̏Ǩ̓ˈ ʮ˃ǐ Еטԓ˅ Ἧטԓˈʧʮ˨ʺ˩ʻ˩ˋ ҅ˋЌ

ʡ˯ ὨʴʼǑ 

2 ⱱˋ⁮Ẑˈʧʡ˃ǐ ˈϞ Ҿ˯ ʥʼעἯǐ Ồט ṏ֤ ˋ

ˌǐ̺̹̓˿̉+ ˄ʟ˨˅ʡʣ ˄ˌˇʬǐ Ҿˈ ʶ˨ ҅˄

ʟ˨ʰ˅ǐ‡ ṏ֤ ֠Ἧ˯ ʡʼ̘̼̉̉ Ҧ˄ˌǐữה І―ᴱ ˯ἑ

ʴ˃ ˋ˦ʨ‖ה ˯̘̼̉̉˅ ʥ˨˖ʪ˅ʡʣʰ˅˯╕˖ʼǑ ⁮Ẑ

ˈʧʡ˃˟ǐ 2 ⱱˋ⁮Ẑ˅ˌЄˇ˨םṮˋ˟˅˄ ˋ ҅ʩẈ˦˩˨ʨ˯

ṾꜚʴʼǑ  
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3.2. ⁮Ẑ  

 

⁮ẐםṮˌǐ˶˸̘̩̻̘̉ˈ˥˨ϞԓΊṢ˅ǐᵁ Ңˈ˥˨ ԓΊṢˋ

˜Ἧˬʸʨ˦ 3-1 ˈ„ʶ˥ʣˈ ṮǐםṮˈ˛˅˞˦˩˨Ǒ⁮Ẑзˌ3ם7

⁮Ẑиˌ 5 ˦Ṯʨם ˨Ǒʺ˩ʻ˩ˋ⁮ẐםṮˋ ˯ 3-1 ˈ„ʶǑ 

 

 

3-1 ⁮ẐםṮˋ Ԝ  

 

ớḲ    ỗḲ    ỘḲ    ồḲ  

ẆḲ[ ]  

ȨḲ[ ] ḯ ḯ         

 

 

 

 

 

 

 

 

 

[  ] [  ] [  +  ]

1. Lẓ L+P ẓ L Ẇ

2. MẓM+P ẓM ẆȨ

3. HẓH+P ẓH Ẇ

4. Mẓ L ẓM Ȩ

5. Mẓ H ẓM Ȩ

6. MẓL+P ẓM Ȩ

7. MẓH+P ẓM Ȩ
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3-1 ⁮ẐםṮ 
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ϞԓΊṢ˅ʴ˃ ʴʼ ϞǶPressǓϳἧ P˅ʶ˨Ƿˌǐ 2 ⱱˋ⁮Ẑ˅

ˈ ה ֤ˈʧʮ˨ Ϟ˯ ʴǐ 4cm ˋ ┼ףּ ˋ˶˸̘̩̻̘̉

˯ ʡ˃ ˯Ϟ ʴʼǑϞ ˋ Ҿ˯ Ẑ₉ʱ˅ˈᶿЕ˅ʶ˨ʼ˞ǐ Ẑ₉

ˋ ϸˈ ʴ˃̩̻̘ ˯ 10% ʬʶ˨םṮ˄ Ẑ₉ˋ ˈ Ϟ˯ҨʥʼǑ 

 ԓΊṢ˅ʴ˃ǐϳҡˈ„ʶᵁ ˋЄˇ˨᾿ˁˋצᶛǶ ᵁ ǐ ᵁ ǐἪ

ᵁ Ƿ˯ ʴʼǑ ᵁ ᶛǶLow luminanceצ Ǔϳἧ L ˅ʶ˨Ƿˌǐ⁮Ẑ

⁄ ˋⱧ ˯ή˟Ϯʬ ỗʴǐ Ẑ₉ˋ 1m ˈ ʲ˩ʼˁˡⱢʴˋἽῼ

˯ầ ʴ˃ʡ˨+ ˅ʴʼǑ Ẑ₉ˋ  ϵ ˋᵁ ˌ 0.2cd/ ˄ʟˀʼǑ

ᵁ ᶛǶMiddle luminanceצ ǓϳἧM ˅ʶ˨Ƿˌǐ⁮Ẑ⁄ ˋⱧ ˯ή˟

˨ʬ ỗʴǐ⁮Ẑ⁄ ˋ ךּ ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑ Ẑ₉ˋ 

ϵ ˋᵁ ˌ 122.2cd/ ˄ʟˀʼǑ Ἢᵁ ᶛǶHigh luminanceצ Ǔϳἧ H

˅ʶ˨Ƿˌǐ⁮Ẑ⁄ ˋⱧ ˯ή˟ ˨ʬ ỗʴǐ Ẑ₉ˋ 1m ˈ ʲ

˩ʼ ῼ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑˇʧǐʰˋ˅ʪ ῼˈ̱̻̟̹̏˴̙̥

˱˴̠ǨⱧ ǶLS-M160 ǐְ‬Ӗ₇≢ ỗ֔˼̹̉₇ Ƿˈ˃ ᴦ̹˴

̙˼˴̙˯ ʡ˃Ⱨ₂ʲʸʼǑ Ẑ₉ˋ  ϵ ˋᵁ ˌ 382.0cd/ ˄ʟˀʼǑ

ᵁ ˌǐᵁ ṖǶBM -ɨǐְ‬Ӗ₇̧̘̃̓₇ Ƿ˯ ʡ˃ǐ Ԛ 2 ˄

ἚˀʼǑ 

3-1 Ṯɡǭ3םˋ ˌǐ⁮Ẑзˋ ˯„ʶǑϫ ǒΊṢǒὴϫ ˋԉ̧̽̋

̉ˈʧʡ˃ᵁ ʩЕ ᶛҡ˄⁮`ʴʼ. 3-1צˋ Ṯםˋ 2ǐ4ǭ7 ˌǐ⁮Ẑи

ˋ ˯„ʶǑ⁮Ẑи˄ˌǐ Еטԓ˕ˋΊṢˈ ʶ˨ ҅˅ǐ טˋ

ԓ˕ˋΊṢˈ ʶ˨ ҅˯ Ԝʶ˨ʼ˞ˈǐᵁ ˯ṏ‖ ˈ Ңʲʸ˃ 

ԓΊṢ˯ „ʴʼעἯˋ ҅˕ˋэᶯ˯ Ὠʶ˨ʰ˅ǐʲ˦ˈ Ϟˈ˥

˨ϞԓΊṢ˯ ‖ˈ „ʴʼעἯˋ ҅˕ˋэᶯ˯ Ὠʶ˨Ǒ ԓΊṢʩ

ˋMǶᵁ Ǔ122.2cd/ Ƿʨ˦ ˋ LǶᵁ Ǔ0.2cd/ Ƿˈ Ңʲ

ʸʼעἯǺםṮ 4 MȴLȴMǻ˅ ˋM ʨ˦Ἢ ˋHǶᵁ Ǔ382.0cd/

Ƿˈ ҢʲʸʼעἯǺםṮ 5 MȴHȴMǻˋ ԓΊṢˋ Ңˈ ʣ ҅

˕ˋэᶯ˯ Ὠʶ˨Ǒ̡ ˦ˈǐ ԓΊṢ˅ϞԓΊṢ˯ ‖ˈ „ʲʸʼעἯǺם
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Ṯ 2 MȴM+PȴMǻǺםṮ 6 MȴL+PȴMǻǺםṮ 7 MȴH+PȴMǻˈʧʮ

˨ ҅ˋЌʡˈˁʡ˃ Ԝʶ˨Ǒ 

⁮Ẑˌǐ 3-2 ˈ„ʶ˥ʣˈϫ 2 ᴈǐΊṢ 2 ᴈǐὴϫ 2 ᴈˋṖ 6

ᴈ˯ 1 ̘̋̓˅ʴ˃ἚˀʼǑʰ˩˯ Ẑ₉ʱ˅ˈ 7 Ṯ⁮`ʴʼǑ╪►Ớұם

˯ ᾴʶ˨ʼ˞ǐ⁮ẐםṮˋ╪ ˌ Ẑ₉ʱ˅̹̰̓̐ˈ „ʴǐםṮᴈˋᵩ

ṅˌ 5 ᴈ˅ʴʼǑ⁮Ẑ ˋẦᵫˌǐᶩ‬Ầᵫ˅ʴЕ ˥˨ʩʮוֹ˯̰̺̊ˋ

ʣ Ẑ₉ˈΎ„ʴǐʼ˞ ˋẦᵫˋ Ң˯᷆ʵʼǑ 

Ἠ ˌǐ ˋ⁮ẐםṮˈ˥˨ Ẑ₉ˋ ˯ṙẗʶ˨ʼ˞ǐ ҅

ʨ˦ˋ Ҧ˯ ʴǐד ṾὨ˯○ʬֹו ǐ ˋ 2 Ἠ ˅ʴʼǑ Ẑ₉ˌ

ṱהˇ 6 ( 4 [ 22È0 ᾀǐ ϸ 76.4È12.3cmǐBMI  21.6È4.6]ǐ

▲ 2 [ 21È0 ᾀǐ ϸ 77.8È1.8cmǐBMI  23.0È2.8])˄ʟˀʼǑ Ẑ₉

ˈˌ⁮ẐӮῢ 2 ‖ᴈ ʨ˦Фּלᵚѳ˯᷆ʵʼǑ Ẑ₉ˌᴢ Њ˯ҡ ǒɽ̇

̳̔ǒ̟Ǩ̡̥̓̔˅ʴʼǑ⁮Ẑ⁄ˋҞ⁪ Ṯˌǐᴢם Њ+ ˄Ӝ ט˅

ʵ˨ 25Țǐ60%R.H.˅ʴʼǑ Ẑ₉ˌῤ ˯ ―ʶ˨ʼ˞ˈ̺˿̹˴̛̓̀̇

Ǩ̘ˈ ὰʴǐ ᶹ ễ 15 ᴈˋϫ ‖ᴈ˯˅˧ǐ Ṁʧ˥ːֹו ˋ

ϫ ˯ԑ ʴʼễˈ ˯ӮῢʴʼǑ  

 

 

3-2 ⁮Ẑ̧̘̻̽̃ 

 

ˌǐἹᾍ ╣ 10-20 ᶹ ˈ˥˨C3,C4,P3,P4ˋ 4 Һ▀ˈ Ag/AgCl

᾽Ḿ ᶹ˯ ʴǐ† ˯˲Ǩ̉˅ʴʼ ᶹ ╓ ˄ ╓ʲ˩ʼǑֹו ˌῠ

῾ ˈ˥ˀ˃ ╓ʲ˩ʼǑ ǐֹו ˅˟ˈ̧̺̅̓̓̀⅜ ˌ 200Hz

Rest

( 2 min )

Stimulation

( 2 min )

Re-rest

( 2 min )

EEG, ECG EEG, ECG EEG, ECG

EEG : ElectroencephalogramECG : Electrocardiogram
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˅ʴǐ ˋ Ệʧ˥ː̗Ǩ̏ˋ₮˧Ὀ˜ˌ̞Ǩ̘Ḿ̵̤̃̓Ǩ̏˯ ʡǐ̗

Ǩ̏ὼ₮̔Ǩ̻Acqknowledge ǶBIOPAC SYSTEMS ₇ Ƿ˄ἚˀʼǑ  

ӗ ˌǐ 2 ⱱˋ Ϟ ⁮Ẑ˅ ˋ ˄Ἒʡǐͦ ǐ͟ ǐ͠

˯Ή╓ʴǐͦǐ͟ǐ͠ Бˈ ˞˨ԉ ˋ֠Ἧ˯ᵱ˞˨ʰ˅˄‗ˋ˥ʣˈᴼԍ

ҢʴʼǑ 

ͦ1=ͦ/( ͦ+͟+͠) 

͟1=͟/( ͦ+͟+͠) 

͠1=͠/( ͦ+͟+͠) 

וֹ ˋӗ ˟ǐ 2 ⱱˋ Ϟ ⁮Ẑ˅ ˋ ˄ἚʡǐỒט ṏ֤

֠ἯǶLF/HF Ƿ˅ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ˯ᵱ˞ʼǑ 

⁮Ẑ˥˧ ˦˩ʼ ǐֹו ˋʺ˩ʻ˩ˋ̗Ǩ̏ˈ ʴǐ Ṗӗ ̥̘̍

ǶExcel Ṗ 2010ǐ₇Ӗכ ̅Ḳ̌̉₇ Ƿ˯ ʡ˃ Bonferroni ˈ˥˨ ┐

Ԝ˯ἚˀʼǑ 

 

3.3. Ṫұʧ˥ːἑᾯ 

3.3.1 ⁮ẐзǓᵁ ˈ˥˨ ԓΊṢˋЌʡʩ Ϟˈ ʣ    

҅˕ ʥ˨эᶯ 

 

3 ₵ ˋᵁ ˃ᶛǶLǐMǐHǷˈʧʡצ Ϟˈ˥˨ϞԓΊṢ˯ „ʴʼᾍ

ˋ ҅˯Ṗ ʴǐ̋ ˋЌʡ˯ ԜʴʼṪұ˯ϳҡˈ„ʶǑ 3-3 ˈ LF/ HFǐ

HF/(LF+HF) ˋ Ң˯„ʶǑLF/HF ǐHF/(LF+HF) ˅˟ˈǐᵁ ᶛʩצ L ˥˧

˟MǐH ˋ ʩ˶˸̘̩̻̘̉ˈ˥˨ϞԓΊṢˈ ʶ˨ ҅ʩ ʪʬʟ˦ˬ˩

ʼǑM ʧ˥ːH ˌ˄ᶛצˋ LF/HF ˌ Ϟ ‖ˈ Ͼˈẗ☿ʴǐὴϫ ‖ˈ

Ͼˈ ҨʴʼǑHF/(LF+HF) ˌϞ ‖ˈ Ͼˈ Ҩʴǐὴϫ ‖ˈ Ͼˈẗ

☿ʴʼǑΊṢˈ ʴ˃HF/(LF+HF) ʩ ʴʼʰˋṪұˌǐ ‡ˋ˦ʨ‖ה

ṏ֤ ˋ ˯̘̼̉̉˅ ʥ˨ữה І―ᴱ ˈᴢ˂ʬ ҅˅ἑʥ˦˩˨Ǒ

L ˄ˌǐLF/HF ǐHF/(LF+HF) ˅˟ˈϞ ˈ ʶ˨ ҅ˈ ϾὧˌẈ˦˩ˇʨ

ˀʼǑʰ˩˦ˋʰ˅ʨ˦⁮Ẑצᶛˈʧʡ˃ ᵁ ˋ ԓΊṢ˥˧˟Ἢᵁ ˋ 
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ԓΊṢˋ ʩǐϫ ʨ˦ΊṢǐΊṢʨ˦ὴϫ ˕ˋΊṢ Ң‖ˈʧʡ˃ Ϟ

ˈ ʶ˨ ҅˯˥˧ ʲʸ˨ʰ˅ʩ„ʲ˩ʼǑ⌂ˀ˃ǐ ˨ʲˈᴊʶ˨ 

ԓΊṢˋ ˈ˥˧ǐϞԓΊṢˈ ʶ˨ ҅ʩЄˇ˨ҩ ʩ„ʲ˩ʼǑ 

3-4 ˈ ˋӗ Ṫұ˯„ʶǑ ˃ˋᵁ ˈᶛˈʧʡ˃ϞԓΊṢצ ʶ˨

ˋ Ͼˇ Ңˌ ˞˦˩ˇʨˀʼǑ 2 ⱱˈʧʡ˃ ᴕ+ ˄ˌ͟

-blocking ˅Ẉ˦˩˨ẚꜝʩԑ ʲ˩ʼˋˈ ʴǐӮᴕ+ ˄ˌẏ ˇ ҢʩẈ

˦˩ˇʨˀʼʰ˅˯ἑʥἯˬʸ˨˅ǐʡʷ˩ˋᵁ +ᶛ˄˟Ӯᴕצ ˄ˌϞԓ

ΊṢˈ ʶ˨ ֤ ʩʟ˦ˬ˩ˈʬʬˇ˨ҩ ʩἑʥ˦˩˨Ǒ˛ʼǐᵁ צ

ᶛˈ˥˨ ԓΊṢˈ ʶ˨ ҅˅ʴ˃ǐᵁ ᶛʩצ L ˄ˌǐ‖ᴈˋṏӆ˅˅˟

ˈͦ ˋ Ҩʩ ˞˦˩ʼǑH ˄ˌǐ‖ᴈṏӆˈ ʣͦ ˋẗ☿ǐ͠ ˋ Ҩ

ʩ ˞˦˩ʼǑʰˋʰ˅ʨ˦ǐᵁ ˃ᶛˋЌʡˈ˥ˀצ ֤ ˌЄˇ˧ǐ ᵁ

ᶛצ L ˄ˌ▼ ʩ ʲ˩˨ḸỞˈʟ˧ǐἪᵁ ᶛHצ ˄ˌ ʩ ʲ˩

˨ḸỞˈˇ˨ʰ˅ʩ„ʲ˩ʼǑ  

ʰ˩˦‡ ṏ֤ ʧ˥ː ˋṪұʨ˦ǐ Ϟ˯ Ҧʶ˨ᾍˋ⁮Ẑצᶛ

˅ʴ˃ǐ ᵁ ˋ ԓΊṢ˅Ἢᵁ ˋ ԓΊṢ˄ˌ ҅ʩЄˇ˨ʰ˅ʩ„

ʲ˩ʼǑ˥ˀ˃ǐ ЊӜ Ҧˋ⁮Ẑצᶛ ˯ἑʥ˨ᾍǐ ˨ʲˈᴊʶ˨

 ԓΊṢʩЄˇ˨˅ ҅ʩЄˇ˨ʰ˅˯ἑ ʴǐ Ҧʶ˨˲˴̖̰ˋ⁮ᾍ

ˋ ̇Ǩ̓ˈḂʡ ˨ʲ ʩ ˛ʴʡʰ˅ʩ ˦ʨ˅ˇˀʼǑ˛ʼǐϮʡ

ᵁ ˋ ԓΊṢ˥˧˟ ˨ʡἪᵁ ˋ ԓΊṢˋ ʩǐϞԓΊṢˈ ʶ˨‡

ṏ֤ ˋ Ңʩ ʪʬˇˀʼʰ˅ʨ˦ǐ Ϟˈ ʶ˨ẏ ˇ ҅˯

Ẉ˨ʼ˞ˈˌǐϮʡ ᵁ ˋ ԓΊṢ˥˧˟ ˨ʡἪᵁ ˋ ԓΊṢˋ ʩ

Ὠʴˡʶʡʰ˅ʩ„ʲ˩ʼǑ 
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ǶaǷ Ồט ṏ֤ ֠ἯǶLF/HF Ƿ 

 

 

ǶbǷ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ 

3-3 ‡ ṏ֤ ˋ ҢǶ⁮ẐзǓםṮ 1,2,3Ƿ 
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3-4 ֤ ˋ ҢǶ⁮ẐзǓםṮ 1,2,3Ƿ 

 

 

 

 

0.0

0.1

0.2

0.3

0.4

0.5 ɗ1wave

0.0

0.1

0.2

0.3

0.4

0.5

W
a

v
e

's
 P

o
w

e
r

Ŭ1wave

0.0

0.2

0.4

0.6

0.8

1.0

R
e
s
t

S
ti
m

u
la

ti
o
n

R
e

-r
e

s
t

R
e
s
t

S
ti
m

u
la

ti
o
n

R
e

-r
e

s
t

R
e
s
t

S
ti
m

u
la

ti
o
n

R
e

-r
e

s
t

1. LŸL+PŸL2. MŸM+PŸM3. HŸH+PŸH

ɓ1wave

*: p<0.05 +: p<0.10

*

+

*



45 

 

3.3.2 ⁮ẐиǓ                       

Ϟˈ˥˨ϞԓΊṢˋ ҢǐU ˈ˥˨ ԓΊṢˋ Ңǐ

ʧ˥ːʺˋ ˋ Ңʩ ҅˕ ʥ˨эᶯ 

 

Еטԓ˕ˋΊṢˈ ʶ˨ ҅˅ǐ ˈԓ˕ˋΊṢטˋ ʶ˨

҅˯ ԜʴʼṪұ˯ϳҡˈ„ʶǑ˛ʷǐ ԓΊṢʩ ᵁ ʨ˦ ᵁ ˈ Ңʴ

ʼעἯˈˁʡ˃Ṫұ˯„ʶǑ Ϟˈ˥˨ϞԓΊṢʩ „ʲ˩˨⁮ẐםṮǺ2Ǒ

MȴM+PȴMǻ˅ᵁ ʩϮʬ Ңʶ˨⁮ẐםṮǺ4ǑMȴLȴMǻ˅ϞԓΊṢ˅

˅˟ˈᵁ ʩϮʬ Ңʶ˨⁮ẐםṮǺ6ǑMȴL+PȴMǻ̀ Ԝˈˁʡ˃ǐ 3-5

ˈ LF/HF ǐHF/(LF+HF) ˋ Ң˯„ʶǑǺ2ǑMȴM+PȴMǻ˄ˌϞԓΊṢʩҨ

ˬ˨ʰ˅˄ LF/HF ʩẗ☿ʴǐHF/(LF+HF) ʩ Ҩʴʼʰ˅ʨ˦ǐϞԓΊṢʩ

Ồט ṏ֤ ˋ ˈэᶯʴʼ˅ἑʥ˦˩˨ǑǺ4ǑMȴLȴMǻ˄ˌ Ẑ₉ˋ 

ԓˈ ˨ᵁ ʩҡʩ˨ʰ˅ˈ˥˨‡ ṏ֤ ˕ˋэᶯˈ Ͼˇ Ңˌ ˞˦

˩ˇʨˀʼǑǺ6ǑMȴL+PȴMǻ˄ˌϞ ˅ᵁ ҡ˅ʡʣ ˁˋΊṢʩ ‖

ˈ ʲ˩ʼʰ˅ˈ˥ˀ˃ǐLF/HF ʩẗ☿ʴǐHF/(LF+HF) ʩ ҨʴʼǑʰ˩

ˌϞԓΊṢʽʮʩ ˀʼǺ2ǑMȴM+PȴMǻ˅ ˋ ҢḸỞ˄ʟˀʼǑ 

3-6 ˈ ˋӗ Ṫұ˯„ʶǑǺ2ǑMȴM+PȴMǻʧ˥ːǺ6ǑMȴL+P

ȴMǻ˄ˌ ֤ ˈ Ͼˇ Ңˌ ˞˦˩ˇʨˀʼǑǺ4ǑMȴLȴMǻ˄ˌǐᵁ

ʩ ҡʶ˨ʰ˅ˈ˥ˀ˃ͦ ʩ Ҩʴǐ͠ ʩẗ☿ʶ˨▼ Ңʩ ˞˦˩ʼǑ

Ϟ ˅ᵁ ҡˋΊṢʩ ‖ˈ ʲ˩ʼǺ6ǑMȴL+PȴMǻ˄ˌᵁ ˋ Ң

˅ṮˌǺ4ǑMȴLȴMǻם ʵʽʩǐϞԓΊṢʩҨˬ˨ʰ˅˄ ֤ ˋ▼ Ң

ʩẈ˦˩ˇʨˀʼǑ 
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ǶaǷ Ồט ṏ֤ ֠ἯǶLF/HF Ƿ 

 

 

ǶbǷ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ 

3-5 ‡ ṏ֤ ˋ ҢǶ⁮ẐиǓםṮ 2,4,6Ƿ 
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3-6 ֤ ˋ ҢǶ⁮ẐиǓםṮ 2,4,6Ƿ 
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2. MŸM+PŸM4. MŸLŸM6.MŸL+PŸM

ɓ1wave

*

** **

+ *

** : p<0.01 *: p<0.05 +: p<0.10
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‗ˈǐ ԓΊṢʩM ʨ˦H ˈ ҢʴʼעἯˈˁʡ˃ˋṪұ˯„ʶǑ Ϟˈ

˥˨ϞԓΊṢʩ „ʲ˩˨⁮ẐםṮǺ2ǑMȴM+PȴMǻ˅ᵁ ʩ ˨ʬ Ңʶ

˨⁮ẐםṮǺ5ǑMȴHȴMǻ˅ϞԓΊṢ˅˅˟ˈᵁ ʩ ˨ʬ Ңʶ˨⁮Ẑם

ṮǺ7ǑMȴH+PȴMǻˋ Ԝˈˁʡ˃ǐ 3-7 ˈ LF/HF ǐHF/(LF+HF) ˋ

Ң˯„ʶǑǺ2ǑMȴM+PȴMǻ˄ˌϞԓΊṢʩ ˨ʰ˅˄ LF/HF ʩẗ☿ʴǐ

HF/(LF+HF) ʩ Ҩʴǐ Ồט ṏ֤ ʩ ʴʼǑǺ5ǑMȴHȴMǻ˄ˌ Ẑ

₉ˋ  ˈ ˨ᵁ ʩꞋʩ˨ʰ˅ˈ˥˨‡ ṏ֤ ˋ Ͼˇ Ңˌ ˞˦˩

ˇʨˀʼǑǺ7ǑMȴH+PȴMǻ˄ˌϞ ˅ᵁ ˋꞋ♥˅ʡʣ ˁˋΊṢʩ ‖

ˈ ʲ˩ʼʰ˅ˈ˥˨ Ͼˇ Ңˌ ˞˦˩ˇʨˀʼǑϞԓΊṢʽʮʩ

ʲ˩ʼעἯˈˌ Ồט ṏ֤ ˋ ʩ ˞˦˩ʼʩǐʺʰˈᵁ ˋꞋ♥˅ʡ

ʣ ԓʨ˦ˋΊṢʩҨˬ˨ʰ˅˄‡ ṏ֤ ˕ˋэᶯʩ ʲ˩ʼҩ ʩ

„ὤʲ˩ʼǑ  

3-8 ˈ ˋӗ Ṫұ˯„ʶǑǺ5ǑMȴHȴMǻʧ˥ Ǻː7ǑMȴH+PȴMǻ

˄ˌᵁ ʩꞋʩ˨ʰ˅ˈ˥ˀ˃ͦ ˋẗ☿ǐ͠ ˋ Ҩʩ ˞˦˩ʼǑʰ˩˦

ˋʰ˅ʨ˦ǐϞԓΊṢˋ ˈ˥˦ʷǐᵁ ˋ Ҩˌ ֤ ˋ Ңˈэᶯ˯

ᵪ˙ʶʰ˅ʩ„ʲ˩ʼǑ 

ϳꞋˋṪұʨ˦ǐ Ϟˋ Ң˅ᵁ ˋ ҢʩЕ░ˈᴿʪʼעἯˋ ҅

ˌǐ Ϟˈ˥˨ϞԓΊṢˈ ʶ˨ ҅˅ǐᵁ ˋ Ңˈ˥˨ ԓΊṢˈ ʶ

˨ ҅ˋȂ ᶿȃʟ˨ʡˌȂ ȃ˅ʡˀʼ ╦ˇ ҅˄ˌˇʡʰ˅ʩ„ὤʲ

˩ʼǑ˛ʼǐᵁ Ңˈʧʡ˃ Ϯˋ Ở ˈ˥ˀ˃˟ ҅ʩЄˇˀʼǑ

ᵁ ʩ ʬˇ˨ Ң˄ˌǐϞԓΊṢ˅ ԓΊṢʩЕ░ˈᴿʪʼעἯǐϞԓΊṢ

ʽʮʩᴿʪʼעἯ˅ ‎ˋ ҅ʩẈ˦˩ʼǑЕ ǐᵁ ʩἪʬˇ˨ Ң˄ˌǐ

 ԓΊṢʽʮʩᴿʪʼעἯ˅ ‎ˋ ҅ʩẈ˦˩ʼǑʰˋʰ˅ʨ˦ǐהˈ ԓ

ˌϞԓ˥˧˟ ϵˈэᶯʴ˃ʡ˨ˬʮ˄ˌˇʡʰ˅ʩ ˦ʨ˅ˇˀʼǑ 
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ǶaǷ Ồט ṏ֤ ֠ἯǶLF/HF Ƿ 

 

 

ǶbǷ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ 

3-7 ‡ ṏ֤ ˋ ҢǶ⁮ẐиǓםṮ 2,5,7Ƿ 
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3-8 ֤ ˋ ҢǶ⁮ẐиǓםṮ 2,5,7Ƿ 
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2. MŸM+PŸM5. MŸHŸM7.MŸH+PŸM

ɓ1wave

*: p<0.05 +: p<0.10
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+
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3.4. ˛˅˞ 

 

ⱱ˄ˌǐ⁮Ẑз: Ẑ₉ˋ  ˋ ˨ʲˋЌʡʩǐ Ϟˈ ʶ˨ ҅

˕ ʥ˨эᶯ˅ǐ⁮Ẑи: Ϟˈ˥˨ϞԓΊṢ˅ᵁ Ңˈ˥˨ ԓΊṢ˯

˜Ἧˬʸ˨ʰ˅˄ǐʺ˩ʻ˩ ЕˋΊṢˈ ʶ˨ ҅˅ 2 ₵ ˋΊṢʩЕ

░ˈ ʥ˦˩ʼעἯˋ ҅ˋЌʡ˯ ὨʴʼǑ 

˛ʷ⁮Ẑ ˈˁʡ˃ǐ⁮Ẑצᶛˋᵁ ʩἪʡעἯˈˌǐ ʩ ҢʴǐϞ

ԓΊṢ˯ ʴʼעἯˋ‡ ṏ֤ ˋ ҅ʩẏ ˈẈ˦˩ʼǑЕ ǐᵁ ʩ

ʬ ԓΊṢʩ₫ʡעἯˈˌǐ ʩ▼ ҢʴǐϞԓΊṢ˯ ʴʼᾍˋ‡

ṏ֤ ˋ ҅ʩẏ ˈẈ˦˩ˇʨˀʼǑʰˋʰ˅ʨ˦⁮Ẑצᶛˋ ˨ʲʩ

Ϟˈ ʶ˨ ҅˕эᶯ˯ ʥ˃ʡ˨ʰ˅ʩ„ʲ˩ʼǑ˥ˀ˃ǐ ЊӜ

Ҧˈʧʮ˨⁮Ẑצᶛ ˌǐ Ҧʶ˨ ˋ⁮ᾍˋ ̇Ǩ̓˯ἑ ʴʼ

˄ᶛҡצ Ҧʶ˨ʰ˅ʩ ˛ʴʡʰ˅ʩ„ὤʲ˩ʼǑ˛ʼǐ ˋᵁ ˄ᶛצ

ˋ˜ ʶ˨ ˄ˇʮ˩ˍǐϮʬ ԓΊṢʩ₫ʡצᶛ˥˧˟ǐ ˨ʬ ԓΊ

Ṣʩᶝʡצᶛˋ ʩ Ϟˈ ʶ˨ ҅ʩẏ ˈẈ˦˩˨ʰ˅˟„ʲ˩ʼǑ 

‗ˈ⁮Ẑиˈˁʡ˃ǐ Ϟˈ˥˨ϞԓΊṢ˅ᵁ Ңˈ˥˨ ԓΊṢʩЕ

░ˈ ʥ˦˩ʼעἯˋ ҅˄ˌǐʺ˩ʻ˩ ЕˋΊṢʩ ʥ˦˩ʼעἯˈ

ʟ˦ˬ˩˨ ҅ˋ ˡ ᶿ˅ʡˀʼ ╦ˇ ҅˄ˌˇʡʰ˅ʩ„ʲ˩ʼǑ

ᵁ ʩ ʬ₫ʡ ԓΊṢҡ˄ˌǐᵁ ˋ ҢǶ ԓǷ˥˧˟ Ϟˋ ҢǶϞ

ԓǷˈ ʶ˨ ҅ʩ ϵ˄ʟ˧ǐᵁ ʩἪʬᶝʡ ԓΊṢҡ˄ˌǐ Ϟ

ˋ ҢǶϞԓǷ˥˧˟ᵁ ˋ ҢǶ ԓǷˈ ʶ˨ ҅ʩ ϵˈẈ˦˩ʼǑ

ʰ˩ˌǐϞԓ˅ ԓ˅ʡʣ כԓטˋ ʩ Ἧʲ˩˨˅ǐטԓᵪː ҅ˋ╫

ᴱἁˈ˅ˀ˃ǐ˥˧ ʪˇΊṢˈ ʶ˨ ҅ʩ ϵˈ╓ẚʴʼʼ˞˅ἑ

ʥ˦˩˨Ǒ˥ˀ˃ǐ ˋ וֹ Ҧˈʧʡ˃ǐטԓˋ₵ ˈ ˇ ʩ

ʟ˨ˬʮ˄ˌˇʬǐ כԓט ʩ Ἧʲ˩ʼᾍˈʺ˩ʻ˩ˋטԓכ ʩ ʥ˨

эᶯˋ ˈ˥ˀ˃╓ẚʶ˨ ҅ʩЄˇ˨ҩ ˯ ʼǑʰˋʰ˅ˌǐϞ

ԓΊṢˈ ʶ˨ ҅˯ǐ ԓΊṢ˯ ʡ˨ʰ˅˄ ╓ʲʸˇʡỚұʩʟ˨

˅˟ẠʥǐʺˋỚұ˯ ᶹ ˈ֤ ʶ˨˅ǐᵁ ҢʩṢʴʡעἯˈˌǐϞ
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ˈ˥˨̘̼̉̉˯ ‡ԓҢʶ˨ʰ˅ʩ˄ʪ˨ʰ˅˯„ὤʴ˃ʡ˨ǑʺˋЕ ˄

ϞԓΊṢˈ ʶ˨ Ͼׇᴿ˯ʶ˖ʪ+ᶥ˟ʟ˨˅ ʲ˩˨Ǒ  

˛ʼǐ ˈϞ Ҿ˯ ʥʼעἯǐ Ồט ṏ֤ ˋ ʩẈ˦˩ǐữה

І―ᴱ ˯ἑ ʴ˃ ˋ˦ʨ‖ה ˯̘̼̉̉˅ ʥ˨˖ʪ˅ʡʣʰ˅˯

„ʴʼ 2 ⱱˋ⁮ẐṪұ˅ ˋṪұʩ ⁮Ẑˈʧʡ˃˟ὴԑ ʲ˩ʼǑ 

ⱱ˄ˌǐ ԓכ ˅ʴ˃ˌᵁ ˋἪ ˯ ʥʼ ╦ˇỗΊṢˋ „˄ʟˀ

ʼʩǐ⁮ᾍˋ ֤˄ˌ ˞ ʮˡʬʡὈ˜ˇˆˋϞ ˈᴊ ʴʼ ԓכ ˋ

„ʩᴿʰ˧ ˨Ǒ⁮ ֤ˈ ʴʼ וֹ Ҧ˯ἑʥ˨ʼ˞ˈˌǐ ˧ᴿʰה

˨ ԓכ ˋ „ˈ ʣֹו ҅ˋṖ ʩ ˄ʟ˨Ǒ 
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4 ⱱ 

 ԓʨ˦ˋ Ϟכ ʩֹו ˈ ʥ˨эᶯ 
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4.1. ˌʵ˞ˈ 

 

3 ⱱ˄ˌǐ ᴕ+ ǒӮᴕ+ ˋ‗ˋ̧̖̉̓˅ʴ˃ᵁ ˋ Ң˅ʡʣ 

ԓכ ˅ʴ˃ ϮϳӳˋϾ ˯―ʼˇʡ̧̻̇̓ˇ ԓΊṢˋЌʡʩ ˕ˋ

Ϟˈ ʶ˨ ҅ˈ ʥ˨эᶯˈˁʡ˃ṾꜚʴʼǑ⁮Ẑצᶛˋᵁ ˋЌ

ʡˈ˥ˀ˃ ʵ Ϟˋ „˄ʟˀ˃˟ ҅ʩЄˇ˨ʰ˅ǐ Ϟˋ „

˅ ‖ˈ ԓΊṢʩҨˬ˨˅ԉטԓכ ʩ ʥ˨эᶯˋ ˈ˥ˀ˃╓ẚʶ˨

҅ʩЄˇ˨ʰ˅˯ԑ ʴʼǑ ⱱ˄ˌǐ ԓט Ἧˈ˥˨ֹו ҅

ˈᴊʶ˨ʲ˦ˇ˨ Ẉ˯ ˨ʼ˞ˈǐ Ϟˈᴊʶ˨כ ˯―ˁ ԓכ ˋ

„ʩֹו ҅ˈ ʥ˨эᶯ˯ṾꜚʴʼǑḒ ˈˌǐ ה ֤˄ᴿʰ˧

˨ǐ˶˸̘̩̻̘̉˯ʴʼ‡ ˋῤ˯ᶮ˄Ẉ˨ʰ˅ǐ̩̻̘˯ ˞ʼ ₉˯Ẉ

˨ʰ˅ˈ˥˨ ԓכ ˋ ʩֹו ˈ ʥ˨эᶯ˯ ὨʴʼǑ 

 

4.2. ⁮Ẑ  

 

⁮ẐˌǐϞԓʨ˦ˋ Ϟכ ˈ ʶ˨ֹו ҅[Ϟԓ]ǐϞԓ˅ ԓʨ˦ˋ

Ϟכ ˈ ʶ˨ֹו ҅[Ϟԓ+ ԓ]ǐ ԓʨ˦ˋ Ϟכ ˈ ʶ˨ֹו

҅[ ԓ]˅ʡʣ᾿ˁˋםṮ˄ἚˀʼǑ Еטԓ˅ Ἧטԓˈʧʮ˨ʺ˩ʻ˩ˋֹו

҅ˋЌʡ˯ ὨʴʼǑʺ˩ʻ˩ˋ⁮ẐםṮ˯ 4-1 ˈ„ʶǑ 

ϞԓΊṢ˅ʴ˃ ʴʼ Ϟˌǐ 2 ⱱǐ 3 ⱱˋ⁮Ẑ˅ ˈǐ 4cm

ˋ ┼ףּ ˋ˶˸̘̩̻̘̉˯ ʡ˃ ˯Ϟ ʴʼǑϞ ˋ Ҿ˯ Ẑ₉ʱ

˅ˈᶿЕ˅ʶ˨ʼ˞ǐ Ẑ₉ˋ ϸˈ ʴ˃̩̻̘ ˯ 10% ʬʶ˨ʰ˅˄

Ẑ₉ˋ ˈϞԓΊṢ˯ „ʴʼǑ 

 ԓΊṢ˅ʴ˃᾿ˁˋםṮ˯ ʴʼǑםṮ 1 ˌǐ⁮Ẑ ˋ 6 ᴈǐ⁮Ẑ⁄

ˋ ךּ ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑםṮ 2 ˌǐΊṢ‖ˋ 2 ᴈǐ Ẑ₉

ˋ1m ˈ ʴʼᶮ˄̩̻̘˯ ˞˃ʡ˨ ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑ

ϫ ‖ʧ˥ːὴϫ ‖ˌ⁮Ẑ⁄ ˋ ךּ ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑםṮ 3

ˌǐΊṢ‖ˋ 2 ᴈǐ Ẑ₉ˌ˶˸̘̩̻̘̉˯ ˞ʷǐ Ẑ₉ˋ ˈὰˀ
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ʼ˶˸̘̩̻̘̉˯ ˞ʡ˃ʡ˨ ₉ˋ ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑϫ

‖ʧ˥ːὴϫ ‖ˌ⁮Ẑ⁄ ˋ ךּ ˯ầ ʴ˃ʡ˨+ ˅ʴʼǑ 

⁮Ẑˌǐ 4-2 ˈ„ʶ˥ʣˈϫ 2 ᴈǐΊṢ 2 ᴈǐὴϫ 2 ᴈˋṖ 6

ᴈ˯ 1 ̘̋̓˅ʴ˃ἚˀʼǑʰ˩˯ Ẑ₉ʱ˅ˈ 3 Ṯ⁮`ʴʼǑ╪►Ớұם

˯ ᾴʶ˨ʼ˞ǐ⁮ẐםṮˋ╪ ˌ Ẑ₉ʱ˅̹̰̓̐ˈ „ʴǐםṮᴈˋᵩ

ṅˌ 5 ᴈ˅ʴʼǑ⁮Ẑ ˋẦᵫˌǐᶩ‬Ầᵫ˅ʴЕ ˥˨ʩʮוֹ˯̰̺̊ˋ

ʣ Ẑ₉ˈΎ„ʴǐʼ˞ ˋẦᵫˋ Ң˯᷆ʵʼǑ 

 

  

4-1 ⁮ẐםṮ 
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4-2 ⁮Ẑ̧̘̻̽̃ 

 

Ἠ וֹˌ ǐ ǐד ṾὨ˅ʴǐ Ẑ₉ˌṱהˇ 10 ( 6

[ 22È1 ᾀǐ ϸ 75.4È11.3cmǐBMI  21.1È4.8]ǐ▲ 4 [ 22È1

ᾀǐ ϸ 72.6È7.5cmǐBMI  21.4È2.7])˄ʟˀʼǑ Ẑ₉ˈˌ⁮ẐӮῢ 2 ‖ᴈ

ʨ˦Фּלᵚѳ˯᷆ʵʼǑ Ẑ₉ˌᴢ Њ˯ҡ ǒɽ̳̇̔ǒ̟Ǩ̡̥̓̔

˅ʴʼǑ⁮Ẑ⁄ˋҞ⁪ Ṯˌǐᴢם Њ+ ˄Ӝ ˨ʵט˅ 25Țǐ60%R.H.

˅ʴʼǑ Ẑ₉ˌῤ ˯ ―ʶ˨ʼ˞ˈ̺˿̹˴̛̓̀̇Ǩ̘ˈ ὰʴǐ ᶹ

ễ 15 ᴈˋϫ ‖ᴈ˯˅˧ǐ Ṁʧ˥ːֹו ˋϫ ˯ԑ ʴʼễˈ

˯ӮῢʴʼǑד ṾὨˌϫ 2 ễǐΊṢ 2 ễǐὴϫ 2 ễˈṖ 3 Ә

ἚˀʼǑ 

וֹ ʧ˥ː ˋṖ ǐӗ ˌǐ 3 ⱱˋ⁮Ẑ˅ ˋ ˄ἚˀʼǑד

ṾὨˌǐӜ ǶӜט ȉ ӜǷǐϞ ǶϞט ʩʟ˨ȉϞט ʩˇʡǷǐԓט

Ƕט ʬˇʡȉ ʡǷˈˁʡ˃ǐȂ ˇǒ˅˃˟ǒˡˡǒˆʾ˦˅˟ʡʥˈה

ʡȃˋ 7 ӯ (+3 ȉ -3)˄⁮`ʴʼǑ⁮Ẑ˥˧ ˦˩ʼֹו ǐ ǐד

ṾὨˋʺ˩ʻ˩ˋ̗Ǩ̏ˈ ʴǐ Ṗӗ ̥̘̍ǶExcel Ṗ 2010 ₇Ӗכ

̅Ḳ̌̉₇ Ƿ˯ ʡ˃ Bonferroni ˈ˥˨ ┐ Ԝ˯ἚˀʼǑ 

 

 

 

 

Rest

(2min)

Stimulation

(2min)

Re-rest

(2min)

EEG, ECG EEG, ECG EEG, ECG

SE  : Sensory Evaluation

EEG : Electroencephalogram

ECG : Electrocardiogram

SE SE SE
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4.3.  Ṫұʧ˥ːἑᾯ 

4.3.1  ‡ ṏ֤  

 

4-3ǶaǷˈ LF/HF ˋṪұ˯„ʶǑ᾿ˁˋ⁮ẐםṮ ˃ˈʧʡ˃ǐϫ +

ʨ˦ΊṢʩ ʲ˩˨˅ LF/HF ˋ ʩẗ☿ʴʼǑ Ϟˋכ ʩ ԓʨ˦ˋ

˜ ʲ˩˨םṮ 3 ˈʧʡ˃˟ LF/HF ˋ ˈẗ☿ḸỞʩ ˞˦˩ʼǑםṮ 1

Ṯם˅ 2 ˌ ˅˟ᴟẎ 1%˄ Ͼˈẗ☿ʴʼǑ Ϟˋכ ʩϞԓˋ˜ʨ˦

ʲ˩˨םṮ 1 ˅ǐϞԓ˅ ԓǶᶮǷˋ ʨ˦ ʲ˩˨םṮ 2 Ṯᴈםˋ

ˈʧʡ˃ǐΊṢʩ ʲ˩ʼ˅ʪˋ ˈ Ͼὧˌ ˞˦˩ˇʨˀʼǑˁ˛˧ǐ

 ԓʨ˦ˋכ ʩҨˬ˨ʰ˅˄‡ ṏṎˋ ҅ʩ˥˧ ʪˇ˟ˋˈˇ˨ˬʮ

˄ˌˇʨˀʼǑʧʺ˦ʬǐ ˁˋםṮˈᶔ ʶ˨Ϟԓʨ˦ˋכ ˈ ʶ˨

҅ʩẏ ˈʟ˦ˬ˩ʼ˅ἑʥ˦˩˨Ǒ˛ʼὴϫ ‖ˋ ˈˁʡ˃ǐםṮ 2 ˌ

Ṯם 1 ʧ˥ːםṮ 3 ˥˧˟ ϾˈἪʡǑʰ˩ˌǐ Ϟˋכ ʩϞԓ˅ ԓˋ

ʨ˦ ʲ˩˨ʰ˅ˈ˥˧ǐΊṢʨ˦ӗ ʲ˩ʼ˅ʪˋ ʩ ʪʨˀʼ

ˋ˄ˌˇʡʨ˅ ᾯʲ˩˨Ǒ 

4-3ǶbǷˈ HF/(LF+HF) ˋṪұ˯„ʶǑםṮ 1 Ṯם˅ 2 ˈʧʡ˃ǐϫ

+ ʨ˦ΊṢʩ ʲ˩˨˅HF/(LF+HF) ˋ ʩᴟẎ 1%˄ Ͼˈ ҨʴʼǑ

ʰˋ ˁˋםṮᴈˈʧʡ˃ǐΊṢʩ ʲ˩ʼ˅ʪˋ ˈ Ͼὧˌ ˞˦˩ˇ

ʨˀʼǑLF/HF ˋṪұ˅ ˈǐ Ϟˋכ ʩϞԓ˅ ԓˋ ʨ˦ ʲ

˦Ṯ2ˌǐϞԓˋ˜ʨם˨˩ ʲ˩˨םṮ1˅ˋᴈˈ Ͼˇὧʩ ˞˦˩ʷǐ

 ԓʨ˦ˋכ ʩҨˬ˨ʰ˅˄‡ ṏṎˋ ҅ʩ ʪʬˇ˨˅ʡʣˬʮ˄ˌ

ˇʡṪұʩ„ʲ˩ʼǑםṮ 1 Ṯם˅ 2 ˋ Ṯˈᶔם ʶ˨Ϟԓʨ˦ˋכ ˈ

ʶ˨ ҅ʩẏ ˈʟ˦ˬ˩ʼ˅ἑʥ˦˩˨Ǒ 

ʰ˩˦ˋʰ˅ʨ˦ǐ ˕ˋ Ϟˈ ʶ˨‡ ṏṎˋ ҅ˌǐϞԓʨ˦

כˋ ʩ ʥ˨эᶯʩ ʪʡʰ˅ʩˬʨˀʼǑ ԓʨ˦ˋכ ˌϞԓ

ʨ˦ˋכ ˅ ҅ˋ Ở ˌ ʵ˄ʟˀʼʩ ҢḸỞ ˄ʟ˧ǐ

ˋ Ͼˇ Ңˌ ˞˦˩ˇʨˀʼǑ 
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ǶaǷ Ồט ṏ֤ ֠ἯǶLF/HF Ƿ 

 

  

ǶbǷ Ồט ṏ֤ ֠ἯǶHF/(LF+HF) Ƿ 

4-3 ‡ ṏ֤ ˋ Ң 
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4.3.2  ֤  

 

4-5 ˈ ˋṪұ˯„ʶǑ Ϟכ ʩϞԓʨ˦ˋ˜˄ ԓʨ˦ ʲ˩

ˇʡםṮ 1 ˄ˌͦ ǐ͟ ǐ͠ ˋʡʷ˩ˈʧʡ˃˟ Ͼˇ Ңˌ ˞˦˩ˇ

ʨˀʼǑʰ˩ˈ ʴǐ Ϟכ ʩ ԓʨ˦ ʲ˩˨םṮ 2 ʧ˥ːםṮ 3 ˄

ˌǐΊṢʨ˦ӗ ʲ˩ʼὴϫ ‖ˈʧʡ˃ǐẗ☿ʴ˃ʡʼ͟ ʩ Ͼˈ Ҩʴ

ʼǑםṮ 2 ˄ˌǐͦ ʩΊṢˈ˥˧ Ͼˈ Ҩʴǐὴϫ ‖ˈˌ Ͼˈẗ☿ʴ

ʼǑ˛ʼǐ͠ ˈʧʡ˃ˌǐʡʷ˩ˋםṮˈʧʡ˃˟ Ͼˇ Ңˌ ˞˦˩ˇ

ʨˀʼǑʰ˩˦ˋʰ˅ʨ˦ Ϟכ ˋ ԓʨ˦ˋ ʩ ֤ ˈэᶯ˯ ʥ

˃ʡ˨ʰ˅ʩ„ʲ˩ʼǑ 

 

ד  4.3.3 ṾὨ 

 

4-6 דˈ ṾὨˋṪұ˯„ʶǑ᾿ˁˋ⁮ẐםṮ ˃ˈʧʡ˃ǐΊṢʩҨˬ

˨ʰ˅˄Ӝ ʩẗ☿ʴǐϞט ʩט Ҩʴǐԓ ʩט Ҩʶ˨Ṫұ˅ˇˀʼǑ

ˋ˦Ṯ3ˋ ԓʨם Ϟכ ˋ ʽʮ˄˟ΊṢ‖ˈϞ ʩט Ͼˈ Ҩʴǐ

ὴϫ ‖ˈ Ͼˈẗ☿ʴʼǑʰˋʰ˅ʨ˦ǐ Ẑ₉‡ ʩ˶˸̘̩̻̘̉˯

˞˃ʡˇʬ˃˟ǐ ₉ˋ Ϟכ ˯ ԓʨ˦ ʲ˩˨ʰ˅˄ֹו ҅ˈэ

ᶯ˯ ʥ˨ʰ˅ʩ„ʲ˩ʼǑ 

Ṯם 2 ˋϞ Ṫұ˄ˌǐὴϫˋט ‖ˋ ˌϫ ‖˥˧˟ἪʬǐϞԓ˅ ԓ

ˋ ʨ˦ΊṢʩҨˬ˨ʰ˅˄Ә ʴˈʬʨˀʼ˅ ᾯʲ˩˨Ǒ˛ʼ ╣ ὧ

ˋ ˈ ʶ˨˅ǐםṮ 2 ˋӜ Ϟ˅ט ˈ‖ǐΊṢˌט ╣ ὧˋ ˋẗ☿

ʶˇˬʾ Ẑ₉ʱ˅ˋ ҅ˋˍ˦ˁʪʩ☼ʲʬˇ˨ḸỞʩǐםṮɡʧ˥ːםṮ

ɣ˥˧˟ẏ ˈẈ˦˩ʼǑᶮ˯Ẉ˨ʰ˅ˈ˥˨ ˦ԓᴡʨטˋ Ϟכ ʩ

ʲ˩˨ʰ˅˄ǐ Еטԓʨ˦ Ϟכ ʩ ʲ˩˨⁮ẐםṮ˥˧˟ΊṢ

ᶝ ʩᶝʬǐ Ẑ₉ʱ˅ˋ ҅ʩ⅛ ʴʼҩ ʩἑʥ˦˩˨Ǒ 
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4-5 ֤ ˋ Ң 
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