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Abstract 
The waiting time problem that occurs when using ICT has 

been mainly discussed in the engineering field. The result of 
the subjective satisfaction evaluation indexed by the five point 
Likert scale is used for the design and control of the network 
system. However, the meaning of satisfaction index has not 
been discussed well enough. In this paper, we proposed a 
theoretical model in which the psychological process of 
subjective satisfaction assessment for waiting time is based on 
the detection of the just noticeable difference (JDN) of time 
evaluation. Analysis using the results of the evaluation 
experiments revealed that the data in two different conditions 
show the same trend based on the proposed model.  
 
Keywords ̿  Waiting Time, Cognitive Process, JDN, 
Modeling, Satisfaction, Time perception.  
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ࢺࢵࣞࣈࢱ PC 㧗ᗘࡢ࡞ ICT ᶵჾࡣ㸪ฎ⌮㏿ᗘࡢほ

Ⅼࡣࡽᛶ⬟ࡢࡢࡶࡿ࠸࡚ࡋୖྥࡀ㸪⏬㠃ືࡸ⏬

ࢧ࠸ከࡀ㔞ࢡࢵࣄࣛࡿࡍせồࡢ⪅⏝࡞ࢶࣥࢸࣥࢥ
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ࢀࡽ࠼⪄ࡿࡍゎᾘ࡛ࡇࡿࡍᥦ౪ࢆࢫ࣮ࢯ࣒ࣜࢸࢫ

㸪ᐜ᫆ࡾࡀࢺࢫࢥ࡞⭾ࡣቑᙉ࣒ࢸࢫࢩ㸪ࡀࡿ

ᐇ⌧࡛࠸↓ࡣ࡛ࡢࡶࡿࡁ㸬࡛ࡇࡑᡃࡣࠎ㸪ࡢࡇၥ㢟ࢆㄆ

▱ⓗ࡚ࡗࡼࢳ࣮ࣟࣉゎỴࢆࡇࡿࡍ┠ᣦ[1]ࡋ㸪ᚅ

ศᯒࡢࢫࢭࣟࣉᚰⓗࡿࡍホ౯ࢆ㊊ᗘ‶ࡿࡍᑐ㛫ࡕ

㊊ᗘ‶ࡿࡍᑐ㛫ࡕ㸪ᚅࡣ࡛✏㸬ᮏࡿ࠸࡛ࢇ⤌ࡾྲྀ

ホ౯ࡢᚰⓗ࡚࠸ࡘࢫࢭࣟࣉ⌮ㄽࣔࢆࣝࢹᙧᡂࡋ㸪ホ

౯ᐇ㦂ࡢࢱ࣮ࢹẚ㍑ࡓࡗ⾜ࢆ⤖ᯝ࡚࠸ࡘሗ࿌ࡿࡍ㸬 

 

2. ‶㊊ᗘホ౯ࡢෆⓗࣔࣝࢹ 

2.1 ၥ㢟ࡢᡤᅾ 
 ᚅࡕ㛫ࡢⓎ⏕ࡣ㸪ㄡ࡞࠺ࡼࡢ࡚ࡗၥ㢟ࢆᘬ

ࡓࢀࡉ⥆᥋ࢡ࣮࣡ࢺࢵࢿ㸬࠺ࢁ࠶࡛ࡢࡍࡇ㉳ࡁ

ICT ➃ᮎࡢ⏝ࡣேᕤ≀ࢆࢫࣅ࣮ࢧࡓࡋ⏝ࡘ୍ࡢ

ၥࡢࡑࡵࡓࡿࡍࢆウ᳨ヲ⣽㸪᭦ࡽࡇࡿ࠶࡛

㢟ࢸࣜࣅࢨ࣮ࣘࢆ㸦usability㸧ࡢᴫᛕࢆ⏝࡚ࡋ⪃ᐹ

㸪ࣘࡣ࡛㸬Nielsen[2]ࡿࡍ せᅉࡿࡍᵓᡂࢆࢸࣜࣅࢨ࣮

efficiency㸦ຠࠕ㸧ࠖࡉࡍࡸࡋ⩦learnability㸦Ꮫࠕ࡚ࡋ

⋡ᛶ㸧ࠖࠕmemorability㸦グ᠈ࡉࡍࡸࡋ㸧ࠖࠕerrors㸦࢚ࣛ

࣮㸧ࠖࠕsatisfaction㸦ほⓗ‶㊊ᗘ㸧ࠖࡢ 5 ࢀࡽࡆᣲࡀࡘ
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ୗࡀࡇࡿࡀၥ㢟ࡿ࡞㸬 
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࠸࡞࠸࡚ࢀࡉᥦ౪ࡀ⬟ᶵ࡞㸪༑ศࡣ⏕Ⓨࡢ㛫ࡕᚅࡢ

࠸పୗࡢほⓗ‶㊊ᗘࡿࡼࡇࡿࡌឤࡀ⪅⏝
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㸪ࡿ࠶ᣦᶆ࡛࡞㔜せ࡚ࡗ᪉ࡢ⪅ᥦ౪⪅⏝㸪ࡽ
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 㸬ࡿࡍ┠╔ࢫࢭࣟࣉ⌮

 

2.2 ⌮ㄽࣔࡢࣝࢹᵓ⠏ 
 ICT ⏝ࡢᚅࡕ㛫ᑐࡿࡍ‶㊊ᗘࡢホ౯ࡣ㸪

ࢀࢃ⾜࡚ࡋ✲◊ࡢ㏻ಙရ㉁ホ౯ࡿࡅ࠾ᕤᏛศ㔝

ࢆᐇ㦂่⃭ࡴྵࢆ㛫ࡕ㸪ᚅࡣ࡛✲◊ࡢࡽࢀࡑ㸬ࡓࡁ࡚

ᥦ♧࡚ࡋ‶㊊ᗘࡢᅇ⟅ࢆồࡵ㸪ࡢࡑᖹᆒ್㸦Mean 

Opinion Score: MOS㸧ࢆ⟬ฟ࡚ࡋ㸪ࢫࢩࢡ࣮࣡ࢺࢵࢿ

㸪MOS㝿ࡢ㸬ホ౯ࡿ࠸࡚ࡋ⏝ไᚚࡸタィࡢ࣒ࢸ

ホ౯⤖ᯝࡢᅇᖐᘧ࡚ࡋᑐᩘ㛵ᩘࡁࡸ㛵ᩘ࠸⏝ࢆ

ࡢឤぬࡓࡗ࠸ゐぬࡸ㸪どぬࡀࡿ࠸࡚ࢀࢃ⾜ࡀศᯒࡓ

ᙉࢆࡉᑐ㇟ࡓࡋ⢭⚄≀⌮Ꮫࡢศ㔝࡛ࡢ▱ぢࡀ⏝ࡉ

᳨ࡢ࡚࠸ࡘ㠀ࡢࡇࡿࡵࡣᙜ࡚ࢆ᪉ἲㄽࡿ࠸࡚ࢀ

ウࡣ༑ศ࠸࡞࠸࡚ࢀࢃ⾜㸬 

 ᮏ✏࡛ࡣ㸪‶㊊ᗘホ౯ࡢᚰ⌮ࢆࢫࢭࣟࣉᮇᚅ୍⮴

࣮ࢧ㸪ࡣࣝࢹࣔࡢࡇ㸬ࡿࡍ᳨ウࢫ࣮࣋ࢆ[3]ࣝࢹࣔ

㉎ࡢ㸪㐣ཤ࡛ࡢࡶࡿࢀࡽ࠸⏝ホ౯ࡓࡋ㇟ᑐࢆࢫࣅ

㈙άືࢆ㏻࡚ࡌᮇᚅỈ‽ࡀᙧᡂࢀࡉ㸪ࢫࣅ࣮ࢧࢀࡑ

⏝▱ぬࡢࢫ࣐࣮࢛ࣥࣇࣃࡿࢀࡉẚ㍑࡚ࡗࡼ

‶㊊ᗘࡀホ౯ࡿ࠶࡛ࣝࢹࣔ࠺࠸ࡿࢀࡉ㸦ᅗ 1㸧㸬ࡇࡇ

࡛㸪㐣ཤࡢ⤒㦂ࡾࡼᙧᡂ͆ࡿࢀࡉ ᮇᚅရ㉁ 㸪‶㊊͇

ᗘホ౯࠺⾜ࢆⅬ࡛͆ࡢ ⤒㦂ရ㉁ 㛫࡞ᚰ⌮ⓗඹࡀ͇

ሙྜ㸪5ࡓࡋ௬ᐃࢆἣ≦ࡿ࠸࡚ࡋ౫Ꮡࡳࡢࡉ㛗ࡢ ௳

ἲ࡛ࢺ࣮࢝ࢵࣜࡢᑻᗘ࡛ ᐃࡿࢀࡉ‶㊊ᗘホ౯ࡣ㸪ᮇ

ᚅရ㉁ᑐࡃ▷ࡾࡼ࡚ࡋឤࡓࡌሙྜࠕ‶㊊㸻4 㠀ࠕࠖ

ᖖ‶㊊㸻5 ‶㸻2ࠖࠕሙྜࡓࡌឤࡃ㸪㛗ࡋ⟆ᅇࠖ

 㸬ࡿ࡞ࢫࢭࣟࣉᚰⓗࡿࡍ⟆ᅇ‶㸻1ࠖ㠀ᖖࠕ

 ᮇᚅရ㉁ࡿ࡞ᚰ⌮ⓗᚅࡕ㛫㛗ࡃࡋࡶ࠸▷ࡶࡾࡼ

㸪ᚰ⌮ⓗࡣ㝿࠺⾜ࢆุ᩿ࡢ࠺ࡿࡌឤ࠸㛗ࡣ

㛫ࡢ㛗ࡢࡉホ౯㸦㛫ホ౯㸧ࡿࡅ࠾㸪ᶆ‽่ࡿ࡞

ᗘྍ▱ᕪࡿ࠶࡛␗ᕪࡢᑠ᭱࡞⬟ᘚูྍࡽࡉ㛗ࡢ⃭

␗㸦Just Noticeable Difference㸪JDN㸧ࡀၥ㢟ࡿ࡞㸬

‶㊊ᗘホ౯࡚࠸࠾㸪JDN ᕪࡢ㛫㛗ࡕᚅ࠸▷ࡶࡾࡼ

ホࡢ㸪‶㊊ᗘࡤࢀ࠼⪄࠸࡞ࡁ࡛ࡣࡇࡿࡍฟ᳨ࢆ␗

౯ࡣ JDN 㸬ᅗࡿࡁ௬ᐃ࡛ࡿࡍ౫Ꮡ 2  JDN ᇶ

 㸬ࡿࡍ♧ᅗࢆ㛵ಀᛶࡢ㊊ᗘ‶㛫㛗ࡕᚅࡃ࡙

 ⸨ᓮࡣ㸪3 ⛊௨ୖ 10 ᙉࡢ㸪่⃭࡚࠸࠾ࡉ㛗ࡢ⛊ᩘ

ᗘ࡛ࡿ࠶≀⌮ⓗ㛫ࡢ㛗ࡉᘚู㜈ࡢ㛫㸪Weber ࡢ

ἲ๎ࡀᡂࢆࡇࡘ❧ࡾᐇ㦂⤖ᯝᇶ࡙[4]ࡓࡋ♧ࡁ㸬ࡇ

㸪ᅗࡃᇶ࡙ᯝ⤖ࡽࢀ 2 ࡞ᮇᚅရ㉁ࡾ࠾ࡍ♧

㊊ᗘ㸦5‶࡞ᶆ‽ⓗࡿ ௳ἲ࡛ 3㸧ࡀᚓࡿࢀࡽᚅࡕ㛫㛗

㛫࡞⬟ྍ▱ㄆ࠸㛗ࡶࡾࡼࢀࡑ㸪ሙྜࡓࡋெݐࢆ

㸪ࡣெାଵݐࡉ㛗ࡢ㛫࡞⬟ྍ▱ㄆ࠸▷㸪ெିଵݐࡉ㛗ࡢ

ெିଵݐ 㸬ࡿࢀࡽ࠼࠺ࡼࡢ௨ୗࢀࡒࢀࡑ ൌ ͳ െ ͳߙ  ߙ ൈ  ெ ᘧ(1)ݐ

ெାଵݐ ൌ ͳ  ͳߙ െ ߙ ൈ  ெ ᘧ(2)ݐ

ణࡋ㸪࣮ࣂ࣮࢙࢘ẚοݐ Τݐ ൌ  㸬ࡓࡋߙ

 

 

ᅗ 1  

 

 

 
ᅗ 2  
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3. ホ౯ 

 ᘧ(1)ࡾࡼ(2)ࡧࡼ࠾⟬ฟࡓࡋ⤖ᯝ㸪ᐇ㦂⤖ᯝࡢ

ẚ㍑ࡓࡗ⾜ࢆ⤖ᯝࢆᅗ 3  4 ࠸࠾㸬ᐇ㦂⤖ᯝࡍ♧

㸪㟁ࡓࢀࡉ♧㸪Niida, Uemura, & Nakamura[5]ࡣ࡚

Ꮚ࣓࣮ࣝ㏦ಙ㸦ῧ↓㸧᮲௳㸪㟁Ꮚ࣓࣮ࣝ㏦ಙ㸦ῧ

᭷㸧᮲௳ࡢࡓࡋ♧ࢆࡘ㸬ࡢࡽࢀࡇホ౯ᐇ㦂ࢳ࣮ࣇࡣ

㸪㏦ಙࡢ㝿ࡿ㏦ࢆ㸪㟁Ꮚ࣓࣮ࣝࢀࢃ⾜࡚࠸⏝ࢆ࣮ࣥ࣍ࣕ

ࡲࡿࢀࡉ♧⾲ࡀࢪ࣮ࢭࢵ࣓ࡢ㏦ಙࡽᢲୗࣥࢱ࣎

㸬ᐇ㦂ࡿ࠶࡛ࡢࡶࡓࡗ⾜ࢆホ౯࡚࠸ࡘ㛫ࡕᚅࡢ࡛

ཧຍ⪅ࣈ࢙࢘ࡣㄪᰝ♫ࡢເ㞟ᑐ࡚ࡋ⮬Ⓨⓗᛂເ

ࡣ࡛௳ῧ᭷᮲ࡣᩘ⪅㸬ཧຍࡿ࠶࡛⪅ཧຍࡓࡋ 445 ྡ㸪

ῧ↓᮲௳࡛ࡣ 492 㸪ῧ࡚ࡋ㸬⊂❧ኚᩘࡓࡗ࠶࡛ྡ

᭷᮲௳࡛ࡣ 10 Ỉ‽㸦5㸪6㸪8㸪10㸪12㸪15㸪20㸪30㸪

40㸪45 ⛊㸧㸪ῧ↓᮲௳࡛ࡣ 13 Ỉ‽㸦2㸪3㸪4㸪5㸪6㸪

7㸪8㸪9㸪10㸪11㸪12㸪15㸪20 ⛊㸧ࡢᚅࡕ㛫㛗ࢆタ

ᐃࡓࡋ㸬 

 ᮇᚅ୍⮴ࣔࣝࢹ JND ࡓࡋᥦࡓࡏࢃྜࡳ⤌ࢆ

⌮ㄽ࡚ࣔ࠸࠾ࣝࢹ㸪‶㊊ᗘࡢᅇ⟅ࡀ 1㹼5 ್ࡿ࡞

㸦ݐଵ̱ݐହ㸧ࢆ㸪ῧ᭷᮲௳࡛ݐࡣଷ ൌ ͳͲܿ݁ݏ㸪ῧ↓᮲௳

ଷݐࡣ࡛ ൌ ࡚ࡋܿ݁ݏồࡓࡵ㸬⸨ᓮ[4]ࡣ࡚࠸࠾㸪࢙࢘

㸪οtࡎࡽ࡞ᐃᩘࡣẚ࣮ࣂ࣮ ൎ ͲǤʹͷt െ ͲǤͶ࡛ࡽ࠼

ࡓࡋㄪᩚࢆࢱ࣮࣓ࣛࣃ᥈⣴ⓗࡣ࡛✏㸪ᮏࡀࡿ࠸࡚ࢀ

⤖ᯝ㸪	οݐ Τݐ ൌ ߙ ൌ ͲǤ͵ͷ࡚࠸࠾㸪ῧ᭷ῧ↓ࡢ୧

᮲௳࡛㸪ᘧࡾࡼ⟬ฟࡓࡋ⤖ᯝホ౯ᐇ㦂ࡢ⤖ᯝࡀ㧗࠸

 㸬ࡓࡋ♧ࢆ⮴୍

 

4. ⪃ᐹ 

 ᕤᏛศ㔝ࡿࡅ࠾㏻ಙရ㉁◊✲ࡣ࡚࠸࠾㸪‶㊊ᗘ

ホ౯ᙳ㡪ࢆࡿ࠼᥎ᐹࡿࢀࡉせᅉࢆタᐃ࡚ࡋ㸪ࡑ

ࢺࢵࢿࡸࢫࣅ࣮ࢧ㸪࡛ࡇࡿࡍホ౯ᐃ㔞ⓗࢆᙳ㡪ࡢ

ࡃከᩘࢆせᅉࡁࡍ៖⪄࡚࠸࠾タィ࣭ไᚚࡢࢡ࣮࣡

᫂ࡓࡁ࡚ࡋࡽ㸬ࡓࡋ࠺ࡇ㸪⌧ᐇࡢၥ㢟ࡽᖐ⣡ⓗ

ᑟࡁฟࡓࢀࡉせᅉࡢᙳ㡪ࢆᐇドⓗホ౯࣮ࣟࣉࡿࡍ

㸪ࡋࡋ㸬ࡿ࠶㔜せ࡛࡚࠸࠾⏝ᛂࡢ㸪◊✲ᡂᯝࡣࢳ

ほⓗホ౯ᙳ㡪ࢆࡿ࠼せᅉࡣከᩘ᭷ࡾ㸪」ᩘࡢせᅉ

ⓗ⨶⥙ࢆᙳ㡪ࡢ㸪せᅉࡣሙྜࡓࡋᐃ࡛ࡲࡏྜ⤌ࡢ

ኚࡢᯝ㸪≧ἣ⤖ࡢࡑ㸬ࡿ࠶࡛⬟ྍࡣࡇࡿࡍウ᳨

៖⪄ࢆせᅉࡢ㸪ᗘ࡚࡚ࡋᑐຍࡢせᅉ࠸ࡋ᪂ࡸ

㧗ࡀࢺࢫࢥ࡚࠸࠾✲◊⏝㸪ᛂࡾ࡞ᚲせࡀᐇ㦂ࡓࡋ

 㸬ࡿ࠶ࡀၥ㢟࠺࠸ࡿ࡞ࡃ

ᑐᛂ࡛ࢳ࣮ࣟࣉㄆ▱ⓗၥ㢟ࡢࡽࢀࡇ㸪ࡣࡽ⪅➹ 

㸪Human-Network Interactionࡵࡓࡿࡍ ࣥࢥ࠺࠸

ࡕ㸪ᚅࡣ࡛ࢺࣉࢭࣥࢥࡢࡇ㸬[6]ࡿ࠸࡚ࡋᥦࢆࢺࣉࢭ

㛫ࢆ ICT ⏝యࡢ୰⨨ࡅ㸪ᚅࡕ㛫ࢆ㏻ಙ

࡚ࡋࡾࡀᡭࡿࡍゎ⌮ࢆ㍽㍵≧ែࡢࢡ࣮࣡ࢺࢵࢿ

ࡍ㑅ᢥࢆື⾜ࡀ⪅⏝୰࡛ࡢ㏻ಙ⎔ቃࡿࡍ㸪ኚືࡋ⏝

ࣉࢭࣥࢥࡢࡇ㸬ࡿ࠸࡚ࡋ♧ࢆどⅬࡢ⏝స┦࠺࠸ࡿ

ື⾜㏻ಙရ㉁ࢡ࣮࣡ࢺࢵࢿࡣ㸪‶㊊ᗘࡣ࡚࠸࠾ࢺ

ࢭࣟࣉ⌮ᚰࡢ㸬‶㊊ᗘホ౯ࡿ࠶ᣦᶆ࡛࡞㔜せࡄ࡞ࡘࢆ

┦ࡢࢡ࣮࣡ࢺࢵࢿࡀ㸪ேࡣࡇࡿࡍࣝࢹࣔࢆࢫ

స⏝ࢆ㏻࡚ࡌ㐺ษࢆື⾜࡞㑅ᢥ࡛ࡇࡿࡍ㸪ICT ᶵჾ

࠸ࡍࡸ࠸ࠕࢆ ࣥࡸࢫࣅ࣮ࢧࡿࡁ࡛ࡀࡇࡿࡌឤࠖ

 㸬ࡿ࡞ࡳ⤌ࡾྲྀ࡞㸪㔜せ࡚࠸࠾㛤Ⓨࡢࢫ࣮࢙ࣇࢱ

 ᮏ✏࡛ࡣ㸪ICT ⏝ࡢᚅࡕ㛫ᑐࡿࡍ‶㊊ᗘホ

౯ࢆࢫࢭࣟࣉࡢ㸪ᮇᚅ୍⮴ࣔࣝࢹᚰ⌮ⓗ㛫㛗ࡢ

JND ࢹ㸬ᮏࣔࡓࡋࢆㄝ࡛᫂ࣝࢹㄽࣔ⌮ࡓࡏࢃྜࡳ⤌ࢆ

ࡽ㛫㛗ࡕ㸪ᚅࡁᇶ࡙ࣝ MOS ࢆฟ⟭ࡢㄽ್⌮ࡢ

⮴୍࠸㧗ࢁࡇࡓࡋẚ㍑ᯝ⤖ࡿࡼ㸪ホ౯ᐇ㦂࠸⾜

㛫ࡕᚅࡾࡼࣝࢹ㸪ᮏ⌮ㄽࣔࡾࡼࢀࡇ㸬ࡓࢀࡽᚓࡀ

ᑐࡿࡍ‶㊊ᗘࢆホ౯ࡿࡍᚰⓗ㐣⛬ࡀㄝ᫂ྍ⬟࡛ࡇࡿ࠶

 㸬ࡓࢀࡉ♧ࡀ

 ᮏࣔࢆࣝࢹグ㏙ࡿࡍᘧࡣ࡚࠸࠾㸪࣮ࣂ࣮࢙࢘ẚࡀ

⸨ᓮ[4]ࡓࡗ࡞್ࡿ࡞␗ࡣ㸬ࡣࢀࡇ㸪ཧ↷ࡓࡋホ౯

ᐇ㦂ࡓ࠸⏝࡚࠸࠾どぬ่⃭ࡀ㸪࣮ࣥ࣍ࣕࢳ࣮ࣇ

ᐇ㦂࡛ࡓࢀࢃ⾜่࡛⃭ࡿ࡞␗࠺࠸㛫ホ౯ࡕᚅࡿࡼ

㸪ࡣᓮ[4]⸩ࡓࡲ㸬ࡿࢀࡽ࠼⪄ࡿ࠶࡛⏤⌮ࡀࡇࡿ࠶

1kHz ᮲௳ୗ࡛ࡢ✵㛫࡛✵௳᮲ࡿࡏ⪺ࢆ⣧㡢ࡢ

JDN ࠸࡚ࡋ♧ࢆࡇࡿࢀࡽᚓࡀᯝ⤖ࡿ࡞␗㸪ࡋᐃ ࢆ

ࡣ࡚࠸࠾ቃ⎔ࡿ࡞␗㸬ࡿ JDN ࠸ࡿ࡞್ࡿ࡞␗ࡀ

ࡀ⏝㐺ࡢࣝࢹ㸪ᮏࣔࡣࡇ࠺ JDN ቃ⎔ࡢᐃ୍ࡀホ౯ࡢ

௳㸪ῧ᭷᮲ࡋࡋ㸬ࡿ࠸࡚ࡋ♧ࢆࡇࡿࢀࡉ㝈ᐃ

ῧ↓᮲௳ࡿ࡞␗࠺࠸ࡢࡘ᮲௳࡛ࣝࢹࣔࡢ୍ྠࢆ

ㄝ࡛᫂ࡣࡇࡓࡁ㸪ࢆࣝࢹࣔ⌮ᩘࡿ࡞␗࡛ࡲࢀࡇᙜ࡚

ࢱ࣮࣓ࣛࣃࡢࡘ୍࠺࠸㸪ᮇᚅရ㉁ࡀ௳᮲ࡓ࠸࡚ࡵࡣ

㸪ᛂࡾࡼ࡛ࡲࢀࡇ㸪ࡾ࠾࡚ࡋ♧ࢆࡇࡿ࠶࡛⬟ྍ⌧⾲࡛

ࢀࡽ࠼⪄ࡓࡏ♧ࡀࣝࢹࣔ࠸ࡍࡸ࠸ᢅ࡚࠸࠾✲◊⏝

᥎ࡀࡉ㛗ࡢ㛫ࡕᚅ࡞㸪ᖹᆒⓗࡣ࡛ࣝࢹ㸪ᮏࣔࡓࡲ㸬ࡿ

ᐃ࡛ࡤࢀࡁ㸪‶㊊ᗘࡀ್ࡢᐇ㦂࡛ ᐃ࠸࡞࠸࡚ࢀࡉ

㸪MOSࡶ࡚ࡋᑐࣥࣙࢩ࣮ࢣࣜࣉ ࡇࡿᚓࢆㄽ್⌮ࡢ

㸪βࡣࢀࡇ㸬ࡿ࠸࡚ࡋ♧ࢆࡇࡿࡁ࡛ࡀ ࣮ࢣࣜࣉ࡞ࠎ

ホ౯ࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ㊊ᗘ‶ࡢ㝿ࡿࡍΰᅾࡀࣥࣙࢩ

ࢢࣟ࡞⬟ᚓྍྲྀ࡛ୖࢡ࣮࣡ࢺࢵࢿ㸪᭦ࡋᐜ᫆ࢆ

 㸬ࡿࢀࡽ࠼⪄ࡿࡀ⧄㛤Ⓨࡢᡭἲࡿࡍ᥎ᐃࢆ㊊ᗘ‶ࡽ

 ᮏᥦࣔࡾࡼࣝࢹ‶㊊ᗘホ౯ࡿࡅ࠾ᚰⓗࢭࣟࣉ

ࢭࣟࣉᚰⓗࡿࡅ࠾Ⅽ⾜ࡘ㸪ᚅ࡛ࡇࡓࢀࡉグ㏙ࡀࢫ

ࡢ㐣ཤࡸ⏝㐺ࡢ✲◊⏝㸪ᛂࡋ㧗ᗘࡾࡼࡀศᯒࡢࢫ

▱ぢࢆໟᣓࡿࡍ⌮ㄽࡢᵓ⠏ࡀᮇᚅࡿࢀࡉ㸬 
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