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Programming on the Spreasheets toward Quantum Information Processing  
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Abstract 

 The simulation of quantum computation has been able to be carried out easily on the spreadsheets 

to make the property understandable peculiar to quantum information such as the quantum 

superposition and entanglement. In addition to the various quantum calculations, quantum discrete 

Fourier transform and the quantum teleportation would be simulated easily in the slight operation. 

 

 ኚ᥮࢚࣮ࣜࣇ㔞Ꮚ㞳ᩓࠊ⟭㔞Ꮚィࠊ㔞Ꮚ᝟ሗࠊ⟭㸸⾲ィࢻ࣮࣮࣡࢟

( Spreadsheets, Quantum Information, Quantum Computation, Quantum Discrete Fourier Transform) 

 

 ࡟ࡵࡌࡣ .1

㔞Ꮚ≀⌮࡜᝟ሗ⌮ㄽ࠺࠸࡜␗㉁ࡢศ㔝ࢆᅵྎࡿࡍ࡟

㔞Ꮚ᝟ሗࠊࡣከࡢࡃ᪂࠸ࡋᴫᛕࠊࡳྵࢆ඲ࡃ᪂࠸ࡋฎ

⌮᪉ἲࡢࡑࠊࡽ࠿࡜ࡇࡿ࡜ࢆᮏ㉁ࡀ࡜ࡇࡿ࠼ࡽ࡜ࢆ㞴

࠿⟭㔞Ꮚィࡣᑐ㇟⠊ᅖࡢࡑࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ࡜࠸ࡋ

࡟⟭㔞Ꮚィࠋࡿ࠸࡚ࡗࡓࢃ࡟ከᒱ࡛ࡲ㔞Ꮚ᝟ሗ㏻ಙࡽ

ࠊࡃ࡞࡛ࡅࡔែ≦ࡢࡘ஧ࡿ࡞࡜ᇶᗏࡢ⟭ィࠊࡣ࡚࠸࠾

ྍࡀ⟭㉸୪ิィࠊ࡛ࡢࡿࢀࢃᢅࡀែ≦ࡏࢃྜࡡ㔜ࡢࡑ

ࠊࡽ࠿࡜ࡇ࡞⬟୙ྍࡀ〇「ࡢࡑࡣ㔞Ꮚ≧ែࠋࡿ࡞࡟⬟

㔞Ꮚ㏻ಙ᳨ࢆࢀࡑࡎࡽ࡞࠿ࡤࢀ࠶ࡀ⫈┐࡚࠸࠾࡟ฟ࡛

デཷ࡜㏦ಙഃࠋࡿ࡞࡟⬟ྍࡀ㘽㓄㏦࡞Ᏻ඲ࠊ࡛ࡢࡿࡁ

ഃࡀ㔞Ꮚࡢࢀࡘࡶ≧ែࢆඹ᭷࡛ࠊࡤࢀࡁ㏦ಙഃ࡛㍕ࡏ

㏦࡚ࡗࡼ࡟ࣥࣙࢩ࣮ࢸ࣮࣏ࣞࢸ㔞Ꮚ࡬デഃཷࢆ᝟ሗࡓ

࡟⏝ᛂ࡞㔜せࡢ㔞Ꮚ᝟ሗ࡞࠺ࡼࡢࡇࠋࡿࡁ࡛ࡀ࡜ࡇࡿ

㛵࡝ࢇ࡜࡯ࡶ࡛ࡇ࡝ࡶ࡛ࡘ࠸ࠊࡋㄡࡀࡶ౑ࡿ࠼⾲ィ⟬

ࡢࡑࠋࡓ࠼⪄ࢆ࡜ࡇࡿࡍࣥࣙࢩ࣮࣑ࣞࣗࢩ࡛ୖࢺࣇࢯ

୙ࢆิ⾜ࡣ࠸ࡿ࠶ࣝࢺࢡ࣋ࡸ⣲ᩘ「ࠊࡎࡲࠊࡣ࡟ࡵࡓ

ࠋࡓࡋᣑᙇࢆ⬟ᶵࡢࢺࣇࢯ⟭ィ⾲࡟࠺ࡼࡿ࠼ᢅࡃ࡞⏤⮬

ࡿࡍ࡟࠺ࡼࡿ࠼⾜ࡃ࡞⌮↓ࢆ⟭ィิ⾜ࡢ⣲せ⣲「࡟≉

୙ྍ࡛࠼࠺ࡿࡍ⾜㐙ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࡢグୖࡀ࡜ࡇ

Ḟ࡛ࠋࡿ࠶ḟࠊ࡟༢୍ࡢ㔞Ꮚࡢࢺࢵࣅ≧ែࡿࡺࢃ࠸ࢆ

㔜ࡢព௵ࠊࡋ࡟࠺ࡼࡿࡁど໬࡛ྍ࡚ࡗࡼ࡟⌫࣍ࢵࣟࣈ

㔞Ꮚࠊ࡟ែ≦ࡢࡇࠋࡓࡋ࡟࠺ࡼࡿࢀ࡜ࢆែ≦ࡏࢃྜࡡ

ィ⟬ࡢᇶᮏࣜࢱࢽࣘࡿ࡞࡜ኚ᥮࡚ࡗ࡞⾜ࢆ᪂࡞ࡓ≧ែ

ࡽࡏࡉ཯ᫎ࡟⌫࣍ࢵࣟࣈࡢูࡍ♧ࢆィ⟬⤖ᯝࠊࡵồࢆ

ࢤࣜࢱࢽࣘࡢࢺࢵࣅ㸯㔞Ꮚࡢ࡛ࡇࡇࠋࡓࡋ࡟࠺ࡼࡿࢀ

ไᚚࡿࡍᵓᡂࢆࢺ࣮ࢤ⬟୓࡟ඹ࡜ࢺ࣮ NOT ࢆࢺ࣮ࢤ

㸰㔞Ꮚ࡟ࢺࢵࣅస⏝࡚ࡏࡉ㔞Ꮚࡢࢀࡘࡶ≧ែࡶᐇ⌧࡛

ࡗࡼ࡟ࢺࢵࣅ㸯㔞Ꮚࡣ㔞Ꮚᬯྕ㓄㏦ࠋࡓࡋ࡟࠺ࡼࡿࡁ

࡚ᐇ⌧࡛ࠊࡁ㸰㔞Ꮚ࡟ࢺࢵࣅᣑᙇ࡚ࡗࡼ࡟࡜ࡇࡿࡍ㔞

Ꮚ㞳ᩓ࢚࣮ࣜࣇኚ᥮࡟ࡽࡉࠊࢆ㸱㔞Ꮚ࡟ࢺࢵࣅᣑᙇࡍ

ࠋࡓࡋ࡟⬟ྍࢆࣥࣙࢩ࣮ࢸ࣮࣏ࣞࢸ㔞Ꮚ࡚ࡗࡼ࡟࡜ࡇࡿ

㔞Ꮚᅇ㊰ࡓࡋ㓄ࢆࢺ࣮ࢤ㔞Ꮚ࡞ࢁ࠸ࢁ࠸ࡶ࡟࠿࡯ࡢࡑ

ࡢ㔞Ꮚ᝟ሗࡃᗈࠊ࡚ࡋ࡟⬟ྍ⾜ᐇࢆ⟭㔞Ꮚィࡿࡍᑐ࡟

ฎ⌮ࡧࡼ࠾㔞Ꮚ᝟ሗ㏻ಙࡢཎ⌮ࡸ㔞Ꮚࡢ࣒ࢬࣜࢦࣝ࢔

⌮ゎ࡟ᙺ❧࡚ࠋࡓࡋ࡟࠺ࡼࡿࢀࡽ 
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㸰. ⾲ィ⟬ࡢ࡛ୖࢺࣇࢯ」⣲⾜ิࡢฎ⌮ 

 ⾲ィ⟬ࠊ࡚࠸࠾࡟ࢺࣇࢯ⾜᪉ྥิࡸ᪉ྥ୍ࡪࡽ࡞࡬

㐃ࡢิ⾜ࡸࣝࢺࢡ࣋ࡣࢱ࣮ࢹࡢせ⣲࡜ぢࡁ࡛ࡀ࡜ࡇࡿ

㛵ᩘࠊࡣ✚ෆࡢࣝࢺࢡ࣋ࠋࡿ SUMPRODUCT ⾜ࠊ࡟ᘬᩘࡢ

᪉ྥ୍ࡪࡽ࡞࡟㐃ࡢࢱ࣮ࢹࡢ஧⤌ิࡣ࠸ࡿ࠶ࡳ᪉ྥ࡟

࡟ࣝࢭࡢព௵࡚ࡋᣦᐃࢆࡳ⤌஧ࡢࢱ࣮ࢹࡢ㐃୍ࡪࡽ࡞

⤖ᯝࢆồࠊࡓࡲࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡵ⾜ิᘧࡑࠊࡣ್ࡢ

㛵ᩘࡓࢀࡉព⏝࡟ࡵࡓࡿᚓࢆ್ࡢ MDETERM ࠊ࡟ᘬᩘࡢ

ṇ᪉⾜ิࡢせ⣲ࢆᅖࣝࢭ࡟࠺ࡼ࠺⠊ᅖࢆᣦᐃ࡚ࡋ୚࠼

₇ࡢ࠿ࡽఱ࡟ࡽࢀࡑࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡿࢀࡽࡵồࡤࢀ

ࡑࠊࡣ࡟ࡁ࡜ࡿ࡞࡜ิ⾜ࡸࣝࢺࢡ࣋ࡀᯝ⤖ࡓࡋ᪋ࢆ⟭

ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡵồ࡚ࡋ࡜㓄ิᩘᘧࡿࡺࢃ࠸ࢆࢀ

ࠊࡋ㑅ᢥࡵࡌ࠿ࡽ࠶ࢆ⠊ᅖࣝࢭࡿࡵồࢆᯝ⤖ࠊࡤ࠼࡜ࡓ

ࠊ࡟ධຊᚋࢆᘧᩘ࡞ᚲせ࡟࣮ࣂែ࡛ᩘᘧධຊ≦ࡢࡑ

Shift ࡜࣮࢟ Ctrl ࡲࡲࡓࡋᢲࢆ࣮࢟ Enter ࡍᢲࢆ࣮࢟

 ࠋ࠺⾜ࢆస᧯ࡓࡗ࠸࡜

 

 

ᅗ㸯 ⾲ィ⟬ࡢิ⾜࡜ࣝࢺࢡ࣋ࡢ࡛ୖࢺࣇࢯィ⟬ 

 

 ᅗ㸯࡟ิ⾜࡜ࣝࢺࢡ࣋ࠊࡣ࡟㛵₇࡞ࢁ࠸ࢁ࠸ࡿࡍ⟬

⤖ᯝࢆồࡿࡵ౛ࠋࡿ࠸࡚ࡋ♧ࢆᗄ✀㢮ࡓࢀࡉ♧࠿౛ࡢ

⠊ᅖࣝࢭ㸪ࡕ࠺ B15:B17 ⤖ࡢ⟭ຍῶࡢࣝࢺࢡ࣋ࠊࡣ࡟

ᯝࡀ㓄ิᩘᘧࣝࢭࡢࡇࠋࡿ࠸࡚ࢀࡉ♧࡚ࡋ࡜⠊ᅖ࡟ධ

ຊᩘࡓࡋᘧࣝࢭࡢୖ┤ࡢࡑࠊ࡟ࡵࡓࡍ♧ࢆ B14 ᩘࡣ࡟

ᘧ=A1:A3+B1:B3-C1:C3 ᩥࢆᏐ࡚ࡋ࡟ࢱ࣮ࢹ᱁⣡࡚ࡋ

ࠊಸ࣮ࣛ࢝ࢫࡢࣝࢺࢡ࣋ࠊࢀࡉ♧࡟ᵝྠࡶ౛ࡢ௚ࠋࡿ࠶

㸰×㸰⾜ิࡸ㸱×㸱⾜ิࠊ✚ࡢࣝࢺࢡ࣋ิ࡜㸰×㸰⾜

࡚ࢀࡽࡵồࡀ࡝࡞ิ⾜㏫ࡢิ⾜㸰×㸰ࠊ✚ࡢࡋ࠺࡝ิ

㸮࡛ࠊࡣࡅࡔ್ࡢᘧิ⾜ࡢิ⾜㸱×㸱ࠊࡋࡔࡓࠋࡿ࠸

 ࠋࡿ࠸࡚ࢀࡉ♧ࡀ್ᩘ࡞ࡉᑠ࡚ࡵࢃࡁ࡟ࢁࡇ࡜ࡁ࡭ࡿ࠶

ᅗ㸰࡛ࡢ࡚࡭ࡍࠊࡣせ⣲ࡀ 2/1 㸦ࡋࡔࡓ㸰⾜㸰ิᡂศ

ࢆせ⣲ࡢิ⾜࣮࣐ࣝࢲ࢔ࡿ࡞࡜㸧ࡃࡘࡀྕ➢㈇ࡀࡳࡢ

⠊ᅖࣝࢭ A1:B2 ࡧࡼ࠾ A4:B5 ࡿࡼ࡟ิ⾜ࡢࡑࠊࡁ࠾࡟

⠊ᅖࣝࢭ D1:D2 ࡧࡼ࠾ D4:D5 ࢡ࣋ᇶᮏࡓ࠸࠾ࢆせ⣲࡟

ࢆኚ᥮౛ࡢࣝࢺ Fิࠋࡿ࠸࡚ࡋ♧࡟ 

 

 

ᅗ㸰 ࡿࡼ࡟ิ⾜࣮࣐ࣝࢲ࢔ᇶᮏࡢࣝࢺࢡ࣋ኚ᥮ 

 

୍᪉ࠊ⾲ィ⟬ࡣ࡛ࢺࣇࢯ」⣲ᩘࠋࡿࡁ࡛ࡀ࡜ࡇ࠺ᢅࡶ

 ⣲ᩘ「ࡢb ࡀa࡛⹫㒊 ࡀᐇ㒊ࠊࡣධຊࡢ࡬ࣝࢭࡢࡑ

iba + ࡟ඛ㢌ࢆࠖ’ ࠕࢺ࣮࢜ࢡࣝࢢࣥࢩࠊࡤࢀ࠶࡛ 

ࡓ࠸⨨ iba +' ⏕ࢆ⣲ᩘ「ࠊࡣ࠸ࡿ࠶ࠋࡿࡍᙧ࡛ධຊࡢ

ᡂࡿࡍ㛵ᩘࢆ౑⏝ᩘ࡚ࡋᘧ =COMPLEX( a , b ධຊࢆ(

⟭₇ࡢ࡝࡞ /㸪+㸪-㸪*㸪ࡣ࡟⟭ᅄ๎₇ࡢ⣲ᩘ「ࠋࡿࡍ

グྕࡣ౑⏝࡛ࡎࡁ㸪࿴㸪ᕪ㸪✚㸪ၟ 㛵ᩘࡢࡵࡓࡢ IMSUM㸪

IMSUB㸪IMPRODUCT㸪IMDIVࢆ౑࡞ࡽ࡞ࡤࢀࡅ࡞ࢃ

࡟࠿࡯ࡢ㸪ୖグࡣ࡟㛵ᩘࡿࡁ࡛࡟ᘬᩘࢆ⣲ᩘ「ࠋ࠸

IMABS 㸪 IMAGINARY 㸪 IMARGUMENT 㸪

IMCONJUGATE㸪IMCOS㸪IMEXP㸪IMLN㸪IMLOG10㸪

IMLOG2㸪IMPOWER㸪IMREAL㸪IMSIN㸪IMSQRT ࡞

 ࠋ(1)ࡿ࠶ࡀ࡝

 㔞Ꮚィ⟬࡛ࡣ≧ែࣜࢱࢽࣘࡢࣝࢺࢡ࣋ኚ᥮ࡀᇶᮏ࡟

⣲ᩘ「ࡣ࡟⯡୍ࡶิ⾜ࣜࢱࢽࣘࡶࣝࢺࢡ࣋ែ≦ࠋࡿ࡞

せ⣲ࠊ࡛ࡢࡿ࡞࡟⾲ィ⟬ࡢ࡛ୖࢺࣇࢯ㔞Ꮚィ⟬࠼⪄ࢆ

୙ࡀ⟭₇ࡢิ⾜ࡸࣝࢺࢡ࣋ࡢ⣲ᩘせ⣲「ࠊࡣ࡟ሙྜࡿ

ࠊࡣ࡟ࢺࣇࢯ⟭ィ⾲ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞࠼⾜ࡃ࡞⏤⮬

ᚲせࡸ⟭₇࡞ฎ⌮ࡢࡵࡓ࠺⾜ࢆ㛵ᩘࢆ⏝ពࡿࡍᶵ⬟ࡀ

ࡸࣝࢺࢡ࣋ࡢ⣲ᩘせ⣲「ࡤࢀࡍ⏝฼ࢆࢀࡇࠊ࡛ࡢࡿ࠶

⏝㔞Ꮚィ⟬࡛ከ࡝࡞✚ࣝࢯࣥࢸࠊ࠿࡯ࡢ✚ࡸ࿴ࡢิ⾜

ࢲ࢔ࡢᅗ㸯ࠋ(2)ࡿࡁ㏣ຍ࡛ࢆ㛵ᩘࡢࡵࡓࡢ⟭₇ࡿࢀࡉ

ࡽ࠶࡟ࢺࣇࢯ⟭ィ⾲ࠊ࡛ࡢ࡞ิ⾜ᐇᩘ್ࡣิ⾜࣮࣐ࣝ

㛵ᩘࡿ࠸࡚ࢀࡉព⏝ࡵࡌ࠿ MMULT ࢺࢡ࣋ᇶᮏ࡚࠸⏝ࢆ

⣲「ࡓࡋព⏝࡟ࡓ᪂ࢆࢀࡇࠊࡀࡿ࠸࡚ࡵồࢆ✚ࡢ࡜ࣝ

㛵ᩘࡢ⏝ิ⾜ MATMUL  ࠋࡿࢀࡽᚓࡀᯝ⤖ࡌྠࡶ࡚࠸⏝ࢆ
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㸱. 㔞Ꮚ≧ែ࡜㔞Ꮚࢺࢵࣅ 

ྂ඾ࢆࢺࢵࣅ 0 ࡏࡉᑐᛂ࡟࡜ࡇࡍ⾲㸰≧ែ࡛ࡢ㸯࡜

ࡑࠋࡿ࠼⪄ࢆែ≦ࡢࡘ஧ࡶ࡟ィ⟬ᇶᗏࡢ⟭㔞Ꮚィࠊ࡚

ࣝࢺࢡ࣋ࡢ㛫✵ࢺࣝ࣋ࣝࣄ⣲「ࡢ㸰ḟඖࢆࢀࡒࢀ








0

1

ࡧࡼ࠾









1

0 ែ≦ࠊࡋ⾲࡛ 0 ែ≦ࡧࡼ࠾ 1 ࠋࡿࡍグ⾲ࡶ࡜

ࢃྜࡡ㔜ࡢᇶᗏ≧ែࡢࡘ஧ࠊࡣ࡟ࢺࢵࣅ㔞Ꮚࠊࡋࡔࡓ

⣲ಀᩘα「ࠊࡾࡲࡘࠊࡏ ࡜ β 㸦ࠊࡋࡔࡓ 122 =+βα 㸧࡟

ᑐࠊࡋ 10 βα + ࡑࠋ(4)(3)ࡿࢀࡲྵࡶែ≦ࡿࢀࡉ⾲࡜

ࡀែ≦ࡢᩘ↓ࡣ࡟㔞Ꮚ≧ែࡢࢺࢵࣅ༢୍㔞Ꮚࠊ࠼ࡺࢀ

Ꮡᅾྂࠊࡾ࡞࡟࡜ࡇࡿࡍ඾ࡢࢺࢵࣅ༢఩ bit ࠊࡋᑐ࡟

㔞Ꮚࡣࢺࢵࣅ qubit 㸯qubitࡢࡇࠋࡿࡍ࡜༢఩ࡢࡑࢆ

ࢀࡉ♧࡟ᅗ㸱ࠊࡣ࡟ࡢࡿࡍ⌧⾲࡟どぬⓗࢆ㔞Ꮚ≧ែࡢ

㸱ḟඖᗙᶆࡣࢀࡇࠋ(5)ࡿࢀࡽ࠸⏝ࡃࡼࡀ⌫࣍ࢵࣟࣈࡿ

✵㛫ࡢᗙᶆཎⅬࢆ୰ᚰ༙ࡿࡍ࡜ᚄ㸯ࠊ࡛⌫ࡢᗙᶆཎⅬ

)Ⅼࡢ㠃ୖ⌫ࡽ࠿ x , y , z ࡚ࡗࡼ࡟ࣝࢺࢡ࣋࠺࠿ྥ࡟(

㸯qubit ࣍ࢵࣟࣈࡣࣝࢺࢡ࣋ࡢࡇࠋࡍ⾲ࢆ㔞Ꮚ≧ែࡢ

ࣝࢺࢡ࣋ࡍ⾲ࢆ㔞Ꮚ≧ែࠊ࠸࠸࡜ࣝࢺࢡ࣋



















+
+

+

)1(2

2

1

z

iyx

z
࡟

ᑐᛂࠊ࡛ࡇࡇࠋࡿࡍ 1−=i ࠊࡾ࠶࡛ 1−=z ࡁ࡜ࡢ

1
)1(2
=

+
+
z

iyx ࡣ఩┦ᅉᏊࡿ࠿࠿࡟඲యࠊࡋࡔࡓࠋࡿࡍ࡜

ほ ୖ༊ู࡛ࠊࡽ࠿࡜ࡇ࠸࡞ࡁ≧ែ  
0

1







 ಀᩘࡿ࠿࠿࡟

2

1+z  ࠋࡿ࠸࡚ࡋ࡜ᐇᩘࡢ㠀㈇ࢆ

       

ᅗ㸱 ࣍ࢵࣟࣈ⌫ 

 ,0 , 0)ࡧࡼ࠾(1 ,0 , 0)ࣝࢺࢡ࣋࣍ࢵࣟࣈࠊ࠼ࡺࢀࡑ

ែ≦ࢀࡒࢀࡑࡀ(1- 0 ែ≦ࡧࡼ࠾ 1 ࠋࡿ࡞࡟࡜ࡇࡍ⾲ࢆ

θࢆゅᗘࡿ ࡽ࠿z㍈ࠊࡓࡲ ࠊ yx − ᖹ㠃࡛ x㍈ࡽ࠿ y㍈

ϕࢆゅᗘࡿᅗ࡬᪉ྥࡢ  ࠊࡤࢀࡍ࡜

θθϕθϕ cos,sinsin,sincos === zyx  

㸯qubitࠊࡽ࠿ࡿ࠶࡛  ࢆ༢୍㔞Ꮚ≧ែࡢ

   )1( 
1

0
)

2
sin(

0

1
)

2
cos( 








+






 θθ ϕje  

㔞Ꮚࠊ࡜ࡿ࡚❧ぢ࡟ᆅ⌫൤ࢆ⌫࣍ࢵࣟࣈࠋࡿࡏ⾲ࡶ࡜

ィ⟬ࡢᇶᗏࡢࣝࢺࢡ࣋









0

1
ࡧࡼ࠾ 









1

0
໭ࡀࢀࡒࢀࡑࠊࡣ

ᴟࡧࡼ࠾༡ᴟࠊࡓࡲࠋࡿ࡞࡟ࣝࢺࢡ࣋ࡃྥࢆ 2/πθ =

 ࡣࣝࢺࢡ࣋ࡢࡁ࡜ࡢ

2

1
)

4
cos()

4
cos( ==

ππ
        ࠊࡾࡼ

)2( 
1

0

2

1

0

1

2

1








+






 ϕje  

 ࠋࡿ࡞࡟ࣝࢺࢡ࣋ࡢ㉥㐨㠃ෆࠊࡾ࡞࡜

 

 

      ᅗ㸲 ࢆ⌫࣍ࢵࣟࣈᵓᡂࡿࡍ Excel  ࢺ࣮ࢩ

 

 ᅗ㸲ࢆ⌫࣍ࢵࣟࣈࠊࡣ࡟ᥥࡢࡵࡓࡃ⾲ィ⟬ࢺࣇࢯ

Excel ⠊ᅖࣝࢭࠋࡿ࠸࡚ࡋ♧ࢆࢺ࣮ࢩࡢ B2:D4 ࠊࡣ࡟

ゅᗘαࡿࡵỴࢆどⅬࡿぢࢆ⌫࣍ࢵࣟࣈ βࠊ γࠊ ㄪᩚࢆ

ࡧࡼ࠾ᗘᩘἲࡍ♧ࡢࡑࠊ࡜࣮ࣂ࣮ࣝࣟࢡࢫࡢࡵࡓࡿࡍ

ᘼᗘἲࡿࡼ࡟ゅᗘࣝࢭࡢྑࡢࡑࠋࡿ࠸࡚ࡋ♧⾲ࢆ⠊ᅖ

H2:I4 θࡢ㸦㸯㸧ᘧࠊࡣ࡟ ϕࠊ ࣮ࣟࢡࢫࡢࡵࡓࡿ࠼ኚࢆ

ࢵࣟࣈࠋࡿ࠸࡚ࢀࡉ♧⾲ࡀゅᗘࡿ࠼୚ࡀࢀࡑ࡜࣮ࣂࣝ

ࡘ஧ࡢ⏝ࢺࢵࣅฟຊ㔞Ꮚ࡜⏝ࢺࢵࣅධຊ㔞Ꮚࠊࡣ⌫࣍

x 

Z

y 
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ࡧࡼ࠾እ㒌ࡢ⌫࡞ඹ㏻࡟⌫ࡢࢀࡒࢀࡑࠊ࡛ࡢࡿ࠼⪄ࢆ

㉥㐨㠃ᥥ⏬⏝ࢱ࣮ࢹ㸦ᐇ㝿ࡣ෇࡜ᴃ෇ࢆᥥ⏬㸧ࢭࠊࡀ

ࣝ⠊ᅖ I11J49 ࡧࡼ࠾ B11C41 ⠊ࣝࢭࠋࡿ࠸࡚ࢀ࠿⨨࡟

ᅖ D11CE1 ࡧࡼ࠾ F11G41 ࢵࣟࣈࡢ⌫ࡢࢀࡒࢀࡑࠊࡣ࡟

ࠋࡿ࠶ࡀࢱ࣮ࢹ⏝⏬ᥥ⥺⦌ࡿ㏻ࢆⅬ⤊ࡢࣝࢺࢡ࣋࣍

x , y , z ⠊ࣝࢭࢀࡒࢀࡑࠊࡣࢱ࣮ࢹ⏬ᥥࡢ⏝ᗙᶆ㍈ࡢ

ᅖ B48:C49ࠊB52:C53 ࡧࡼ࠾ B44:C45 ࠋࡿ࠸࡚ࢀ࠿⨨࡟

ࡑࠊ࡜ࡵࡓࡃᥥࢆࢀࡑࠊࡣ࡚ࡋᑐ࡟ࣝࢺࢡ࣋࣍ࢵࣟࣈ

ཎⅬ࡜㊊ࡢࡑࡧࡼ࠾⥺ᆶࡓࡋࢁୗ࡟㉥㐨㠃ࡽ࠿Ⅼ⤊ࡢ

ࢺࢵࣅධຊ㔞Ꮚࠊࡀࢱ࣮ࢹࡢࡵࡓࡿࡍ⏬ᥥࢆ⥺ࡪ⤖ࢆ

⠊ᅖࣝࢭ࡟⏝ D52:E53ࠊD48:E49ࠊD44:E45 ࠊࢀ࠿⨨࡟

ฟຊ㔞Ꮚࣝࢭࡣ࡟⏝ࢺࢵࣅ⠊ᅖ F52:G53ࠊF48:G49ࠊ

F44:G45 ࢹࡢࡵࡓࡍ♧ࢆ୧ᴟࠊ࡟௚ࠋࡿ࠸࡚ࢀ࠿⨨࡟

 ࠋ࠸࡞࠸࡚ࢀࡉ♧ࡣ࡟ᅗࠊࡀࡿ࠶ࡶࢱ࣮

 

㸲. ༢୍㔞Ꮚࢺࢵࣅ≧ែࡢࡑ࡜ኚ᥮ 

ィ⟬ࡢᇶᮏࣔࡀࣥࢩ࣐ࢢ࣮ࣥࣜࣗࢳࡃࡼࠊࡣ࡟ࣝࢹ

ࠊࡃ࡞࡛ࡅࡔࡢࡶ࡞Ỵᐃㄽⓗࡣ࡟ࢀࡑࠋࡿࢀࡽࡆ࠶ࡾ࡜

☜⋡ㄽⓗྂࡶ࡟ࢀࡎ࠸ࠊࢀࡲྵࡶࡢࡶ࡞඾ࣔ࡜ࣝࢹ㔞

Ꮚࣔࡀࣝࢹᥦၐࡾࡼࠊ࡟ࡽࡉࠋࡿ࠸࡚ࢀࡉලయⓗࡶ࡞

ᅇࢆࢺ࣮ࢤࡣᅇ㊰ࠋࡿ࠶ࡀࣝࢹᅇ㊰ࣔࡢ⟭ィ࡚ࡋ࡜ࡢ

௦ᩘ₇࣮ࣝࣈࠊࡣࢺ࣮ࢤ඾ྂࠋࡿࢀࡉᵓᡂ࡛ࢇ⤖࡛⥺

ࡓࠋࡿ࠶࠿ࡘࡃ࠸ࡀࡢࡶࡢᇶᮏࠊ࡚ࡋ࡜ࡢࡶ࠺⾜ࢆ⟭

࡜ࡢࡶࡿࡍ⟭₇ࢆᐃྰࡣ࠸ࡿ࠶✚ࡸ࿴ࡢ⌮ㄽࠊࡤ࠼࡜

ࢀࡒࢀࡑࠊ࡚ࡋ ORࠊANDࠊNOT ࡀࢺ࣮ࢤ࡞ᇶᮏⓗࡢ࡝࡞

ࡢ✚ࡸ࿴ࡢ⌮ㄽ࡚ࡏࢃྜࡳ⤌ࢆࡽࢀࡇࠊ࡟ࡽࡉࠋࡿ࠶

ྰᐃࡣ࠸ࡿ࠶᤼௚ⓗㄽ⌮࿴ࡀࢺ࣮ࢤ࠺⾜ࢆ⟭₇ࡢ࡝࡞

ࡁศᒱ㸦FUNOUT㸧࡛࡟஧᪉ྥࢆධຊࡢ࡬ࢺ࣮ࢤࠋࡿ࠶

NOTࠊࡤࢀ ࢆࢺ࣮ࢤ NAND ࡺࢀࡑࠋࡿࡁᵓᡂ࡛࡛ࢺ࣮ࢤ

ࢺ࣮ࢤࡢព௵ࡢ࠿࡯ ANDࠊ࡛ࡏࢃྜࡳ⤌ࡢࡽࢀࡇࠊ࠼

FUNOUTࠊ࡛ࡢࡿࡁᵓᡂ࡛ࡀ ࡜ NAND ࣮ࢤ⬟୓ࡣࢺ࣮ࢤ

 ࠋࡿ࠸࡚ࡗ࡞࡟ࡳ⤌ࡿࡍᵓᡂࢆࢺ

 ୍᪉ࠊ㔞Ꮚィ⟬ࡢᅇ㊰ࣔࠊࡣ࡛ࣝࢹ㔞Ꮚ≧ែࢽࣘࢆ

཯㌿ࢆែ≦ࠋࡿ࠼⪄ࢆࢺ࣮ࢤ࡚ࡋ࡜ࡢࡶࡿࡍኚ᥮ࣜࢱ

ࡿࡍ NOT ࣝࢺࢡ࣋ᇶᗏࠊࡣࢺ࣮ࢤ 







0

1
࡜









1

0 ኚ࡟࠸஫ࢆ

᥮ࣜࢱࢽࣘࡣ࡟ࢺ࣮ࢤࡢࡇࠊࡽ࠿࡜ࡇࡿࡍ⾜ิ 








01

10

ࡋ࡜ࢺ࣮ࢤ㔞Ꮚࡿࡍᑐ࡟ࢺࢵࣅ༢୍㔞Ꮚࠋࡿࡍᑐᛂࡀ

ࡢ࡚ NOT ࡢ⌫࣍ࢵࣟࣈࠊࡣࢺ࣮ࢤ x㍈ࡢ࿘ࡢࡾᅇ㌿࡟

㛵ಀࠊࡾࡲࡘࠋࡿ࠸࡚ࡋNOT ࡣิ⾜ࣜࢱࢽࣘࡢࢺ࣮ࢤ

ࡢࣜ࢘ࣃ x⾜ิ࡛ࡽ࠿ࡿ࠶ xσ 2×2ࠊࡋ⾲࡜ ༢఩⾜ิ

ࢆ I ࠊࡤࢀࡍ࡜ x㍈ࡢ࿘ࡢࡾゅᗘδ            ࠊࡣᅇ㌿ࡢ

)3(
2

sin
2

cos xiI σ
δδ

−  

ࠊ࡟ᵝྠࠋࡿࢀࡉ⾲࡜ y㍈ࡸ z㍈ࡢ࿘ࡢࡾゅᗘδ ᅇࡢ

㌿ࡢࣜ࢘ࣃࠊࡣ y⾜ิ yσ ࡜ z⾜ิ zσ  

   

)5(
10

01

)4(
0

0










−
=








 −
=

z

y
i

i

σ

σ
 

 ࠊ࡚࠸⏝ࢆ

)6(
2

sin
2

cos yiI σ
δδ

−  

)7(
2

sin
2

cos ziI σ
δδ

−  

 ࠋ(6)(3)ࡿࢀࡉ࡞࡚ࡗࡼ࡟ิ⾜ࡿࢀࡉ♧࡜

 

 

ᅗ㸳 ㍈ࡢ࿘ࡢࡾᅇ㌿⾜ิࡿࡼ࡟ኚ᥮ 

 

ᅗ 5 ࠊ࡟ E1:F2ࠊC1:D2ࠊ⠊ᅖ A1:B2ࣝࢭࠊࡣ x㍈ࡢ

࿘࡟ࡾπ/6ࠊ y㍈ࡢ࿘࡟ࡾπ/3ࠊ z㍈ࡢ࿘࡟ࡾπ/2 ࡢ

ᅇ㌿ࢆิ⾜࠺⾜ࢆ㓄⨨ࠊࡋ஫࡟࠸᥃ࡼ࡟࡜ࡇࡃ࠸࡚ࡅ

♧ࢆ࠿ࡢࡿࢀࡉኚ᥮࡟࠺ࡼࡢ࡝ࡀࣝࢺࢡ࣋ࡢᇶᮏࠊࡾ

 ࠋࡿ࠸࡚ࡋ

ᅗ 2 ࠊࡣኚ᥮ࡢࣝࢺࢡ࣋ᇶᮏࡿࡼ࡟ิ⾜࣮࣐ࣝࢲ࢔ࡢ

༢୍㔞Ꮚࢺࢵࣅ≧ែࡀᇶᗏࡢ≧ែࡿ࠶࡟ሙྜࡢኚ᥮ࡶ

ࢵࣟࣈࢆኚ᥮ࡿࢀࡉ♧࡟ศ༙ୖࡢᅗࡢࡇࠋࡿ࠸࡚ࡋ⾲

ᅗࠊ࡜ࡿぢ࡛⌫࣍  ධຊ≧ែࡀ⌫ࡢᕥࠋࡿ࡞࡟࠺ࡼࡢ6
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ᅗ 6 ᇶᗏ≧ែ࣮࣐ࣝࢲ࢔ࡢኚ᥮ 

 

໭ᴟ㸦ࡣࣝࢺࢡ࣋࣍ࢵࣟࣈࠊࡋ♧ࢆ z ㍈᪉ྥ㸧࠸ྥࢆ

ࣝࢺࢡ࣋࣍ࢵࣟࣈࠊࡋ♧ࢆฟຊ≧ែࡀ⌫ࡢྑࠋࡿ࠸࡚

ࡣ x㍈᪉ྥࡢࡇࠋࡿ࠸࡚࠸ྥࢆ౛ࡢࡘ୍ࠊࡣᇶᗏࡢ≧

ែࡀ஧ࡢࡘᇶᗏ≧ែࡢ㔜ࡓࡗࡉࢃྜࡡ≧ែ࡜ࡇࡿ࡞࡟

 ࠋࡿ࠸࡚ࡋ♧ࢆ

 

      

ᅗ㸵 ࣮࣐ࣝࢲ࢔ኚ᥮ᚋࡢ఩┦ኚ᥮ 

 

 (1)ᘧ࡛୚ࡿࢀࡽ࠼௵ពࡢ༢୍㔞Ꮚࡢࢺࢵࣅ≧ែࠊ࡟

」⣲⾜ิ 







γie0

01
 ែ≦࡟࠿ࡽ᫂ࠊ࡜ࡿࡏࡉ⏝సࢆ

(8) 
1

0
)

2
sin(

0

1
)

2
cos( )(









+






 + θθ γϕje  

ࠊ࡛ࡇࡇࠋࡿࢃኚ࡟ 2/πγ = ⾜㸰×㸰༢఩ࠊ࡜ࡿࡍ࡜

ࢀࡽᚓࡀิ⾜ࡿࡍ࡜⹫ᩘ༢఩ࢆࡅࡔ㸰⾜㸰ิᡂศࡢิ

ࡼ࡟ิ⾜఩┦ኚ᥮ࡢࡇ࡟ኚ᥮ᚋ࣮࣐ࣝࢲ࢔ࡢᅗ㸴ࠋࡿ

ᅗࢆ౛ࡓࡋ⛣࡟ែ≦࡚ࡗ  ࠋࡿ࠸࡚ࡋ♧࡟7

 

㸳. ஧㔞Ꮚࢺࢵࣅ≧ែࡢࡑ࡜ኚ᥮ 

 㸰qubit ࣅ༢୍㔞Ꮚࡢࡘ஧ࠊࡣែ≦ࢺࢵࣅ஧㔞Ꮚࡢ

ែ≦ࠊΰྜ≧ែ࡛ࡢែ≦ࢺࢵ 00 ࠊ 01 ࠊ 10 ࠊ 11 ࠿

ࠊࡋࡔࡓࠋࡿ࡞ࡽ ji ✚ࣝࢯࣥࢸࡣ ji ⊗ ࠊ࡛ࡢࡍ⾲ࢆ

 ࡤࢀࡍ⾜ᐇࢆ✚ࣝࢯࣥࢸ



















=

0

0

0

1

00
ࠊ



















=

0

0

1

0

01
ࠊ



















=

0

1

0

0

10 ࠊ



















=

1

0

0

0

11
 

ែ≦ࢺࢵࣅ㸰㔞Ꮚࠋࡿ࡞࡜ 00 ࠊ 01 ࠊ 10 ࠊ 11 ᑐ࡟

ែ≦ࠊࡋ 00 ࡜ 01 ࠊࡎ࠼ኚࡣ 10 ࡜ 11 ஺᥮࡟࠸஫ࢆ

ࠊࡣิ⾜ࣜࢱࢽࣘࡿࡍ



















0100

1000

0010

0001

ࠊࡾࡲࡘࠋࡿ࡞࡟

஧ࡢࡘ㔞Ꮚ୍ࡢࢺࢵࣅ᪉ࡢ≧ែࡀ 1 ࢆ௚᪉ࡳࡢࡁ࡜ࡢ

཯㌿ࡿࡏࡉ஧㔞Ꮚࡢࢺࢵࣅ᤼௚ⓗㄽ⌮࿴ࢆ୚ࡢࡶࡿ࠼

௚᪉ࠊࢺࢵࣅไᚚࢆ᪉୍ࡢࢺࢵࣅ㔞Ꮚࡢࡘ஧ࠋࡿ࡞࡟

ไᚚࢆࢺ࣮ࢤ࠺⾜ࢆኚ᥮ࡢࡇࠊ࠸࠸࡜ࢺࢵࣅᶆⓗࢆ NOT

㔞࡛࡜ิ⾜ࣜࢱࢽࣘࡢࢺࢵࣅ༢୍㔞Ꮚࠊ࠸࠸࡜ࢺ࣮ࢤ

Ꮚ୓⬟ࢆࢺ࣮ࢤᵓᡂࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ 

 

 

ᅗ㸶 2qubit  ౛ (CNOT)ࡢ⟭㔞Ꮚィࡢ

 

ᅗ㸶ࠊࡣ㸰qubit ไᚚࠊ࡚ࡋ࡜౛ࡢ⟭㔞Ꮚィࡢ NOT

Aࠋࡿ࠸࡚ࡋ♧ࢆኚ᥮ࡢᇶᗏ≧ែࡿࡼ࡟ ࢡࢵ࢙ࢳࡢิ

ែ≦ࠊࡣࢫࢡࢵ࣎ 0 ࡣࡓࡲ 1 ࢀࡽ࠼᭰ࡾษ࡟⡆༢ࢆ
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⠊ᅖࣝࢭࠋࡿ࠶࡛ࡢࡶࡢࡵࡓࡿࡍ࡟࠺ࡼࡿ C7:C10 ࠊࡣ࡟

㑅ࡓࢀࡤィ⟬ᇶᗏࢆ✚ࣝࢯࣥࢸࡢồࠊ࡟ࡽࡉࠋࡿ࠸࡚ࡵ

⠊ᅖࣝࢭ D3:G6 㸰qubitࡓ࠸⨨࡟ ࡿࡍᑐ࡟ CNOT ࢺ࣮ࢤ

ࢆኚ᥮ࡿࡼ࡟ H  ࠋࡿ࠸࡚ࡵồ࡟ิ

 

 

ᅗ 9 㔞Ꮚࡢࢀࡘࡶ౛ 

㸦࡜ࢺ࣮ࢤ࣮࣐ࣝࢲ࢔ CNOT  㸧ࢺ࣮ࢤ

 

ᅗ 8 ไᚚࡍ♧࡟ NOT 㸰qubitࠊࡣࢺ࣮ࢤ ࠊࡋ⏝స࡟

ᇶᗏࡢ≧ែࢆኚ᥮ࠊࡀࡓࡗ࠶࡛ࡢࡶࡿࡍ㔜ࡗࡉࢃྜࡡ

ᅗࠊࡣ࡟ࡁ࡜ࡿࡍ⏝స࡟ែ≦ࡓ 9 ࡶ㔞Ꮚ࡞࠺ࡼࡍ♧࡟

㔜࡚ࡗࡼ࡟ࢺ࣮ࢤ࣮࣐ࣝࢲ࢔ࠊࡾࡲࡘࠋࡿࢀ⌧ࡀࢀࡘ

ࡋ࡜ࢺࢵࣅไᚚࢆࢀࡑ࡚࠸⥆ࠊࡾసࢆែ≦ࡢࡏࢃྜࡡ

ไᚚࡓ NOT  ࡣែ≦ࡢᯝ⤖ࠊ࡜ࡿࡏࡉ⏝సࢆࢺ࣮ࢤ

)9()1100(
2

1
+  

࡞ࡁศゎ࡛࡟✚ࣝࢯࣥࢸࡢᇶᗏ≧ែࡸࡣࡶࠊ࡚ࡗ࡞࡜

㸰qubitࠊࡣែ≦ࡢࡇࠋ࠸ ௚ࡤࢀࡲỴࡀ᪉୍ࡢែ≦ࡢ

᪉ࡶỴ࠺࠸࡜ࡿࡲ஫ࡓࢀࡘࡶ࡟࠸≧ែࠋࡿ࠸࡚ࡗ࡞࡟     

஧㔞Ꮚ࡟ࢺࢵࣅస⏝ࠊ࡚ࡋ࡜ࢺ࣮ࢤࡿࡍ௚࡟ไᚚ఩

ᅗࠊࡣࢀࡇࠋࡿ࠶ࡀࢺ࣮ࢤ┦ 10 ไࠊ࡟࠺ࡼࡿࢀࡉ♧࡟

ᚚࡢࢺࢵࣅ≧ែࡀ 1 ࣮ࢤ┦఩ࢆࢺࢵࣅᶆⓗࡳࡢࡁ࡜ࡢ

 ࠋࡿࡍኚ᥮࡛ࢺ

 

 

   ᅗ 10 ไᚚ఩┦ࡿࡼ࡟ࢺ࣮ࢤኚ᥮ 

 

 㔞Ꮚィ⟬ࠊࡣィ⟬㔞ⓗ࡟ゎࡢ࡜ࡇࡃ㞴࠸ࡋ኱ᩘ࡞ࡁ

ࣝ࢔㔞Ꮚࡿࡁ࡛ࡢ࡜ࡇࡃ᫬㛫࡛ゎ▷ࠊࢆ⣲ᅉᩘศゎࡢ

ࡿࢀࡉ┠ὀࡃࡁ኱ࠊࡾࡼ࡟࡜ࡇࡓࢀࡉ⾲Ⓨࡀ࣒ࢬࣜࢦ

ᩘࡿ࠶ࠊࡣ᰾ᚰࡢࡑࠋࡓࡗ࡞࡟࠺ࡼ N ࡑ⣲࡛࡟࠸஫࡜

ᩘ࠸ࡉᑠࡾࡼࢀ xࡢ r஌ rx ࢆ N ࡛๭ࡓࡗ๫వ࡟ิࡢ

࿘ᮇᛶࡢࡑࠊࡾ࠶ࡀ࿘ᮇࢆ㔞Ꮚ㞳ᩓ࢚࣮ࣜࣇኚ᥮ࡼ࡟

  ࠋࡿ࠶࡛࡜ࡇࡿࡁ࡛ࡀ࡜ࡇࡿࡵồࡃ⣲᪩࡚ࡗ

ᅗ 11 ᩘᩚࠊࡣ N ࢆ 35 ࡞࡜⣲࡟࠸஫࡜ࢀࡇࠊ࡚ࡋ࡜

ᩘࡿ xࢆ 2,3,4 ࡢࡑࠊࡧ㑅࡟࡝࡞ r஌( r =0,1,2,...)

ࢆ N ࡛๭ࡓࡗవࢆࡾ㡰␒࡟୪ࡢ⾲ࡢࡇࠊ࡜⾲ࡓ࡭ x㸻

㸰㸪㸱࡟ᑐࡿࡍవࠋࡿ࠶࡛ࡢࡶࡓࡋ♧⾲ࣇࣛࢢࢆࡾ࿘

ᮇᛶࡢࡑ࡜࿘ᮇࡀ᫂ࠊ࡛ࡇࡇࠋࡿ࠸࡚ࢀࡉ࡟࠿ࡽవࡾ

ࡣᩘᩚࡢṇࡢᑠ᭱ࡿ࡞࡜㸯ࡀ r =12 ᑐ࡟x㸻㸰ࠋࡿ࠶࡛

ࠊࡣ࡚ࡋ 12/ −rx 㸻63 ࡜ࢀࡇࠊ࡛ࡢ࡞ N 㸻35 ኱᭱ࡢ࡜

බ⣙ᩘࡣ 7 ࠊ᪉୍ࠋࡿ࡞࡟ 12/ +rx 㸻65 ࢀࡇࠊ࡛ࡢ࡞

࡜ N 㸻35 ࡚ࡗࡼࠋࡿ࡞࡟㸳ࡣ኱බ⣙ᩘ᭱ࡢ࡜ 35 㸳ࡣ

࡜ 7 ࠊ࡟ᵝྠࠋࡿ࡞࡟࡜ࡇࡘᣢ࡟ᅉᩘࢆ x㸻3 ࡋᑐ࡟

728ࠊࡣ࡚ ࡜ 35 ࡽ࠿኱බ⣙ᩘ᭱ࡢ 730ࠊ7 ࡜ 35 ኱᭱ࡢ

බ⣙ᩘࡽ࠿㸳ࡀඹ࡟ 35  ࠋࡿࡲồ࡚ࡋ࡜⣙ᩘࡢ

       

 

                        

ᅗ 11 ᩚᩘ N  ᩘ࠸ࡉᑠࡾࡼࢀࡑ⣲࡛࡟࠸஫࡜

xࡢ r஌ࢆ N ࡛๭ࡓࡗ๫వ 

  

s ࡣ࡟㔞Ꮚ⣔ࡢࢺࢵࣅ࣮ࣗ࢟
sM 2= ≦㔞Ꮚࡿ࡞␗ࡢ

ែ࡞࠺ࡼࡢࡇࠊ࡛ࡢࡿࢀࡲྵࡀ⣔ࡢ㔞Ꮚ㞳ᩓ࢚࣮ࣜࣇ

ኚ᥮ࠊࡣ 

)10(
1 1

0

/2 ke
M

j
k

Mijk∑
=

→ π  

ࠋ(6)ࡿ࡞࡜ 1,0=j 㸯qubitࡢ ࡣࢀࡇࡋᑐ࡟ᇶᗏ≧ែࡢ

 ࠋࡿ࠸࡚ࡋ⾲ࢆኚ᥮࣮࣐ࣝࢲ࢔
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ᅗ 12 ஧㔞Ꮚࡢࢺࢵࣅ㔞Ꮚ㞳ᩓ࢚࣮ࣜࣇኚ᥮ 

 

ᅗ 12 ኚ᥮࣮࣐ࣝࢲ࢔ࠊ఩┦ኚ᥮ࠊኚ᥮࣮࣐ࣝࢲ࢔ࠊࡣ

ࡓࡏࡉ⏝స࡟ែ≦ࡢᇶᗏࡢࢺࢵࣅ஧㔞Ꮚࠊ࡟㡰ࡢࡇࢆ

⤖ᯝ࡛ࠋࡿ࠶ᚓࡓࢀࡽ⤖ᯝࢺࢵࣅ࡟཯㌿᧯సࠊࡤࢀࡍࢆ 

)11()11100100(
2

1
00 +++→  

)12()11100100(
2

1
01 ii −−+→  

)13()11100100(
2

1
10 −+−→  

)14()11100100(
2

1
11 ii +−−→  

 ᘧ(10)ࠊࡋᑐ࡟ែ≦ࡢࢺࢵࣅ஧㔞Ꮚࠊࡣࢀࡇࠋࡿ࡞࡜

ᅗࠊ࡛ࡢࡿ࠼୚ࢆᯝ⤖ࡌྠ࡜ࡢࡶࡓࡋ⟭ィࢆ 12 ࡗࡼ࡟

࡚஧㔞Ꮚࡢࢺࢵࣅ㔞Ꮚ㞳ᩓ࢚࣮ࣜࣇኚ᥮࠸࡚ࢀࡉ࡞ࡀ

 ࠋࡿ࠿ࢃࡀ࡜ࡇࡿ

  

㸴. ከࢺࢵࣅ࣮ࣗ࢟㔞Ꮚ≧ែࡢࡑ࡜ኚ᥮ 

 ୕㔞Ꮚࢺࢵࣅ௨ୖࡢ㔞Ꮚ⣔࡟ᑐࡢ⯡୍ࠊࡶ࡚ࡋ㔞Ꮚ

ィ⟬ࠊࡃ࡞࡛ࡅࡔ㔞Ꮚ㞳ᩓ࢚࣮ࣜࣇኚ᥮ࢆᣑᙇ࡛ࠋࡿࡁ

࣏ࣞࢸ㔞Ꮚࡿࡁ࡛⌧⣔࡛ᐇࡢࢺࢵࣅ㔞Ꮚ୕ࠊࡣ࡛ࡇࡇ

㔞Ꮚィࡿࡅ࠾࡟㔞Ꮚ᝟ሗ㏻ಙࠋࡿ࠼⪄ࢆࣥࣙࢩ࣮ࢸ࣮

࠼࠸࡜ᜏ➼ኚ᥮ࡍ⛣࡟ഃࡿࡅཷࢆ᝟ሗࡢഃࡿ㏦ࠊࡣ⟭

ࡢࡇࠊ࡛ࡢࡿ࠶ࡀไ⣙ࡢ⌮໬ᐃ࣮ࣥࣟࢡ㠀ࡋࡔࡓࠋࡿ

ไ⣙ෆ࡛ࡢኚ᥮ࠋࡿ࡞࡟ᐇ㝿ࡢ㔞Ꮚࣙࢩ࣮ࢸ࣮࣏ࣞࢸ

㏻ࢆ඾㏻ಙ㊰ྂࢆ᝟ሗࡿࡍ㛵࡟ᐃ⣔ ࡢ㏦ಙഃࠊࡣࣥ

ᚓࡣ㏻ಙ㏿ᗘࡢග㏿௨ୖࠊࡵࡓࡿ࠶ࡀᚲせࡿ࠼ఏ࡚ࡋ

ࡑࠋࡿ࡞࡟࡜ࡇ࠸࡞ࡁᵓᡂ࡛ࡣ࡛ࡳࡢ㔞Ꮚ⣔ࠊࡎࢀࡽ

ࢩ࣮ࢸ࣮࣏ࣞࢸ㔞Ꮚࠊࡣ㔞Ꮚᅇ㊰࡞࠺ࡼࡢ௨ୗࡶ࡛ࢀ

 ࠋࡿ࡞࡟ࡅຓࡿࡍゎ⌮ࢆ⌮ཎࡢࣥࣙ

 

 

 ᅗ㸯3 㔞Ꮚࣥࣙࢩ࣮ࢸ࣮࣏ࣞࢸ⌮ゎࡢࡵࡓࡢ 

㔞Ꮚᅇ㊰ 

 

 ᅗ㸯3 ಙഃཷࡣୗẁࠊ㏦ಙഃࡣ୰ẁࠊ㏦ಙಙྕࡀẁୖࠊࡣ

ࠊࡎࡲࠋࡿࡁ࡛ࡀ࡜ࡇࡿぢ࡜⥺㓄ࡿࢃ㛵࡟ែ≦ࡢࢀࡒࢀࡑࡢ

㏦ཷಙ཮᪉ࡢ㔜ࡢࡏࢃྜࡡ≧ែࡽ࠿㔞Ꮚࡢࢀࡘࡶ≧ែࡘࢆ

⏕ࢆែ≦ࡢࢀࡘࡶ㔞Ꮚ࡟㛫ࡢ㏦ಙಙྕ࡜㏦ಙഃ࡚࠸⥆ࠊࡾࡃ

ࡃ࠸࡛ࢇ㋃ࢆᡭ㡰ࡢࡵࡓࡢಙཷࡢಙഃ࡛ཷࡣ௨ᚋࠊ࡚ࡏࡉࡌ

ὶࠋࡿ࠸࡚ࡗ࡞࡟ࢀ⾲ィ⟬ࠊࡣ࡛ࢺࣇࢯ㏦ཷಙഃࢆᇶᗏ≧ែ

࡞ኚ᥮࢚࣮ࣜࣇࡢ࡛ࡲࢀࡇࠊ࡜࠶ࡓࡋഛ‽ࢆ㏦ಙ᝟ሗ࡚ࡋ࡟

࡞࡟࡜ࡇࡃ࠸࡚ࡋ᪋࡟࡜ࡈẁ㝵ྛࠊࢆኚ᥮࡞⏝ᚲࡢᵝྠ࡜࡝

 ࠋࡿ

 

 ᅗ㸯4 㔞Ꮚࣥࣙࢩ࣮ࢸ࣮࣏ࣞࢸ⌮ゎࡢࡵࡓࡢ 

⾲ィ⟬ 

 

ᅗ㸯4 ࣏ࣞࢸ㔞Ꮚࡿࡍ⣔࡛ᵓᡂࡢࢺࢵࣅ㔞Ꮚ୕ࠊࡣ

ࣇࢯ⟭ィ⾲ࢆ㔞Ꮚᅇ㊰ࡢࡵࡓࡿࡍゎ⌮ࢆࣥࣙࢩ࣮ࢸ࣮

ࢩ࣮࣑ࣞࣗࢩࡢࣥࣙࢩ࣮ࢸ࣮࣏ࣞࢸ㔞Ꮚࠊࡋ⌧⾲࡛ࢺ
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ࡏྜࡡ㔜࡟㏵୰ࠋࡿ࠶࡛ࡢࡶࡓࡋ࡟࠺ࡼࡿ࠼⾜ࡀࣥࣙ

ಙഃཷࡣ࡟ⓗ⤊᭱ࠊࡽࡀ࡞ࡾ࠶ࡀែ≦ࡢࢀࡘࡶ㔞Ꮚࡸ

⟭㔞Ꮚィࠊࡣ㔞Ꮚᅇ㊰ࡢࡇࠋࡿ࠸࡚ࢀ⌧ࡀ㏦ಙ᝟ሗ࡟

 ࠋࡿ࠸࡚ࡋ㛵㐃ࡃ῝ࡶ࡟ほ ἲࡢࡁ࡜ࡍฟࡳㄞࢆᯝ⤖ࡢ

 

7. ᳨ウ᳨ウ᳨ウ᳨ウࡵ࡜ࡲ࡜ࡵ࡜ࡲ࡜ࡵ࡜ࡲ࡜ࡵ࡜ࡲ࡜ 

㞟✚ᅇ㊰ࡢ㓄⥺ࡸ㒊ရ࣮࣮࢜ࣝࢣࢫࣀࢼࡀࢬ࢖ࢧࡢ

኱ᴫࠊࡾ࡞࡟࠺ࡼࡿࡍ㢧ᅾ໬ࡀ㔞Ꮚຠᯝࠊ࡜ࡿ࡞࡟ࢲ

ࡁ㛤ࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡍࡰཬࢆᝏᙳ㡪࡟ᛶ≉ࡀࢀࡑࡣ

ࠊࡤࢀࡍ࡟࡜ࡇࡿࡍ⏝฼࡟ᴟⓗ✚ࢆ㔞Ꮚຠᯝࡢࡑ࡚ࡗ┤

ࢀ࠿ᑟࡀᛶ≉ࡓࢀඃࡿࡼ࡟ἲ๎⌮≀࠸ࡋ᪂ࡃ඲ࢁࡋࡴ

᝟࡜⌮≀㔞Ꮚࡀᛶ⬟ྍ࡞ࡁ኱ࡢࡑࠋࡿ࠸࡚࠼ቑࡶ౛ࡿ

ሗ⌮ㄽ࡟ᨭࡿࢀࡽ࠼㔞Ꮚ᝟ሗࡸ㔞Ꮚ᝟ሗ㏻ಙࡢศ㔝࡟

ぢฟࠊࢀࡉ኱࡞ࡁᗈࢆࡾࡀぢࡏጞ࠿ࡋࠋࡿ࠼࠸࡜ࡓࡵ

⌮ࡢᇶᮏࡢࡑࠊ࡟࠼ࡺྜ⼥ࡢศ㔝ࡢ㉁␗ࡢࡇࡽࡀ࡞ࡋ

ゎࡶ࡟ᅔ㞴ࡀకࠊ࡟ࡽࡉࠋ࠺㔞Ꮚ≀⌮ࡢ㨩ຊⓗࡣ㒊ศ

࠿ࡤ࡜ࡇࡿ࠼ᛮ࡟␗ወࢁࡋࡴࡓࢀ㞳ࡅ࠿ࡣ࡜᪥ᖖࠊࡣ

࠼ᤊࡶ࠼ࡉ⌮ཎࡢࡑࡼ࠸ࡼ࠸ࠊࡶࡽ࠿࡜ࡇࡿ࠼ゝ࡜ࡾ

 ࠋࡿ࠸࡚ࡗ࡞࡟ࡢࡶ࠸ࡃ࡟

౑࡟ᡭ㍍ࡶ࡛ࡇ࡝ࡶ࡛ࡘ࠸ࡀࡶㄡ࡝ࢇ࡜࡯ࠊ࡛ࡇࡑ

࡟㔞Ꮚ᝟ሗࠊ࡚ࡋ⏝άࢆࢺࣇࢯ⟭ィ⾲ࡿࡁ࡛ࡢ࡜ࡇ࠺

㥆ᰁࡿࡵᕤኵ࡟⯡୍ࠊࡶ࡚ࡋ࡟ࢀࡎ࠸ࠋࡓ࠼⪄ࢆ⾲ィ

ิ⾜ࡸ⣲ᩘ「ࠊ࠸࡞ࡢ࡜ࡇࡿࢀࢃ౑ࡾవࡣ࡛ࢺࣇࢯ⟭

ࠊ࡛ୖࡢࡑࠋࡿࢀࡲᮃࡎࡲࡀ࡜ࡇࡿࡍ⇍⩦࡟᪉࠸౑ࡢ

࡞ࡇ࠸౑ࢆิ⾜ࡸࣝࢺࢡ࣋ࡿࡍ࡜せ⣲ࢆ⣲ᩘ「࡟ࡽࡉ

࠸ࡣ࡟ࢺࣇࢯ⟭ィ⾲ࡽ࠿ࡾࡓ࠶ࡢࡇࠊࡀࡿ࡞࡟࡜ࡇࡍ

ᶵࡢࡑࠊ࠼ࡺࢀࡑࠋࡿ࡞࡟࠺ࡼࡘ❧┠ࡀไ⣙࡞ࢁ࠸ࢁ

ࡋ⏝฼ࢆቃ⎔ࢢ࣑ࣥࣛࢢࣟࣉࡢࡵࡓࡢ඘ᐇࡸ᏶⿵ࡢ⬟

 ࠋࡓࡋ࡟࠺ࡼࡿ࠼౑ࡃ࡞⏤⮬୙ࢆิ⾜⣲「ࠊ࡚

ලయⓗࡣ࡟㸪ᇶᮏⓗ࡞」⣲⾜ิ࠺ࡼࡿ࠼⾜ࡀ⟭₇ࡢ

ࢇ࡜࡯ࠊࡣ⟭ィ⾲ࠋࡓࡋព⏝ᩘ「ࢆ㛵ᩘࡢࡵࡓࡿࡍ࡟

ࠊ࡛ࡢ࠺⾜࡚ࡋ㏻ࢆస᧯࡞ࣈ࢕ࢸࢡࣛࢱࣥ࢖ࡶ࡛ࡘ࠸࡝

㛵ᩘࡢᘬᩘࣝࢭࡸࣝࢭࡣ⠊ᅖࢆᣦᐃࠋࡓࡋ࡜ࡢࡶࡿࡍ

ᚲせࡾྲྀࡢࢱ࣮ࢹ್ᩘ࡞㎸ࠊࢫࢡࢵ࣎ࢡࢵ࢙ࢳࠊࡣ࡟ࡳ

ࢪࣈ࢜どぬⓗࡢ࡝࡞ࢫࢡࢵ࣎࣎ࣥࢥࠊ࣮ࣂ࣮ࣝࣟࢡࢫ

ࠊࢆ⬟ᥥ⏬ᶵࣇࣛࢢࠊࡓࡲࠋࡓࡋ࡟࠺ࡼࡿ࠼౑ࡶࢺࢡ࢙

⏝฼࡟ࡢࡿࡍᵓᡂࢆᅗࡿ࠶ࡢࡁື࡞࠺ࡼࡢ⌫࣍ࢵࣟࣈ

 ࠋࡓࡋ

㓄ิࢆᯝ⤖ࠊࡣ࡚ࡋᑐ࡟㛵ᩘࡍ㏉ࢆิ⾜ࡸࣝࢺࢡ࣋

ᩘᘧ࡚ࡋ࡜ồࡣ࡟ࡵࡓࡢࡑࠊࡎࡽ࡞ࡤࢀࡅ࡞ࡵ᧯సᡭ

㡰ࡃ࠾࡚ࡋ▱⇍ࡵࡌ࠿ࡽ࠶ࢆᚲせࠋࡿ࠶ࡀ㓄ิᩘᘧࡣ

ࠊ࠿ࡿࡍᾘཤࢆ඲యࠊ࡛⬟୙ྍࡣಟṇࡢ್ࡢ㒊୍ࡢࡑ

෌ᗘୖ᭩ࡣ࠸ࡿ࠶ࠊ࡜ࡇ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ࠿ࡿࡍࡁ

࡬࡝࡞࡜ࡇࡿ࡞␗ࡣ࡜࡝࡞⠊ᅖࣝࢭࡀస᧯࣮ࣆࢥࡢࡑ

 ࠋࡿ࡞࡟ᚲせࡀὀពࡢ

༢୍㔞Ꮚࡢࢺࢵࣅ≧ែ࡟ᑐࠊࡣࡋᇶᗏࡢ㸰≧ែࡅࡔ

┤ࢆ࡜ࡇࡿ࠶ࡀែ≦ࡢᩘ↓ࡢࡏࢃྜࡡ㔜ࡢࡑࠊࡃ࡞࡛

ឤ࡛ࢆ⌫࣍ࢵࣟࣈ࡟࠺ࡼࡿࡁ⏝ពࢆࢀࡑࠋࡓࡋぢࡿど

Ⅼࡢ᪉ྥࢆ኱ࡃࡁኚࣟࣈࠊࡢࡢࡶࡓࡋ࡟࠺ࡼࡿࢀࡽ࠼

࡟ࡵࡓࡿࡍࡃࡍࡸ࠼ᤊࡃࡋṇ࡟㛫ⓗ✵ࢆࣝࢺࢡ࣋࣍ࢵ

⏝฼ࢆิ⾜⣲「ࠊࡋࡔࡓࠋࡿ࠶ᚲせ࡛ࡀᕤኵ࡟ࡽࡉࡣ

㛵ᩘ௨እࡢ⏝⟭㔞Ꮚィ࡜㛵ᩘࡢࡵࡓࡿࡍ࡟࠺ࡼࡿࡁ࡛

࠶ࡀᘧᩘࡢ࠿ࡎࢃࡓࢀࡲ㎸ࡵᇙ࡟ࣝࢭࡢୖࢺ࣮ࢩࠊࡣ

࡟ࢻ࣮ࢥ࣒ࣛࢢࣟࣉ࠸࡞ᑡ࡚ࡵᴟࢆ඲యࠊࡋ࡟ࡅࡔࡿ

 ࠋࡿ࠸࡚ࡋ࡟࠺ࡼࡿࡵ␃

ከࡢࢺࢵࣅ࣮ࣗ࢟㔞Ꮚ⣔࡟ᑐࠊࡣࡋ⾲ィ⟬ࡢࢺࣇࢯ

ࡍ⨨㓄ࡃࡋ㡰ᗎṇࢆせ⣲ࡢิ⾜ࣜࢱࢽࣘࠊ࡟ୖࢺ࣮ࢩ

⟭㔞Ꮚィ࡚ࡗࡼ࡟ែኚ໬≦ࡢᇶᗏࡢධຊࡣ࡜࠶ࠊࡤࢀ

ࡃࡍࡸࡾ࠿ศࢆ㔞Ꮚ᝟ሗࡿࢀࡽᚓࠋࡓࡋ࡟࠺ࡼࡴ㐍ࡀ

࡟⡆༢࡚ࡋస࡛᧯స᧯ࢫ࣐࢘ࢆࢺ࣮ࢤࡸ࡜ࡇࡿࡍ⌧⾲

ᅇ㊰ࢆᵓᡂ࡛ࡀ࡝࡞࡜ࡇࡿࡍ࡟࠺ࡼࡿࡁㄢ㢟ࠋࡿ࡞࡟ 
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