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1. ং
ຊߘͰ͸ɼ༗޲ϗϞϩδʔ ໘ٿ3 1 Y ͷແݶେΛ࣮͢ڐ਺஋ෆมྔ {rs(Y )}s∈[−∞,0]Λ
঺հ͢Δ. ͜ͷෆมྔ͸, ΠϯελϯτϯFloerϗϞϩδʔͷਫ਼ີԽΛ༻͍ͯఆٛ͞Ε
Δ. ͦͷਫ਼ີԽʹ͸, Chern-Simons൚ؔ਺ͷྟք஋Λ༻͍Δ. ͞Βʹ, ͦͷҰ෦ r0(Y )

Λ༻͍Δ͜ͱͰ, ,ʹ܈ڥ໘ͷͳ͢ϗϞϩδʔಉٿϗϞϩδʔݩ࣍3 ແݶେΛ࣮͢ڐ਺
ʹఴ͚ͮࣈΒΕͨ෦෼܈ͷྻΛಋೖ͢Δ. ͦͷ؍఺͔Β, ͭʹ܈ڥϗϞϩδʔಉݩ࣍3
͍͍͔ͯͭ͘ͷ৽͍͠ੑ࣭Λಋ͘. ຊߘͰ঺հ͢Δ݁Ռ͸ɼ໺࡚༤ଠࢯ, ͱࢯथޫ౻ࠤ
ͷڞಉڀݚͰ͋Δ.

1.1. എ1ܠ: ϗϞϩδʔಉ܈ڥ

ϗϞϩδʔಉ܈ڥ͸, Ґ૬ଟ༷ମͷPLߏ଄΍ܗ֯ࡾ෼ׂͷଘࡏ໰୊ʹؔΘͬͯఆٛ͞
Εͨ ([24], [18]). (PL)ϗϞϩδʔಉ܈ڥ͸ɼ࣍ͷΑ͏ʹఆٛ͞ΕΔ;

Θn
H := {༗޲PLϗϞϩδʔnٿ໘}/ ∼H-ಉڥ .

͜͜ͰɼY1 ͱY2 ͕H-ಉڥ (homology cobordant)Ͱ͋Δͱ͸ɼ༗޲ίϯύΫτ (n+ 1)

PLଟ༷ମݩ࣍ W ͕ଘͯ͠ࡏɼ∂W = −Y1 ⨿ Y2ɼแؚࣸ૾ li : Yi → W (i = 1, 2)͕੔
.Λ༠ಋ͢Δ͜ͱΛ͍͏ܕ਺ͷϗϞϩδʔʹಉ܎ ࿈݁࿨͸, Θn

HʹՄ܈׵ͷߏ଄Λ༩͑
Δ. 2 1969೥, Kervaire ([20])ʹΑͬͯ n ̸= 3ͱ͢Δͱ͖ɼΘn

H
∼= {0}Ͱ͋Δ͜ͱ͕ࣔ

͞Εͨ. n = 3ͷ࣌, Θ3
H͸, ͳΔ.3ʹܕͰఆٛͨ͠΋ͷͱಉݍΒ͔ͳଟ༷ମͷ׈ ҎԼ,

Θ3
H ͸, .Δ͑ߟͰఆٛͨ͠΋ͷͱݍΒ͔ͳଟ༷ମͷ׈ ೚ҙͷ༗޲ϗϞϩδʔ ໘Yٿ3

͸, ͋ΔίϯύΫτεϐϯ ଟ༷ମWݩ࣍4 ͷڥքͱͳΔ͜ͱ͕஌ΒΕ͍ͯΔ. ͦͷW

ͷަࠩࣜܗͷࢦ਺ I(W )(ਖ਼ͷݻ༗஋ͷݸ਺−ෛͷݻ༗஋ͷݸ਺)Λ͑ߟΔ͜ͱʹΑͬͯ
४ಉܕ

µ : Θ3
H → Z/2Z, [Y ] &→ I(W )/8 mod 2

͕ఆٛ͞ΕɼRochlinෆมྔͱݺ͹ΕΔ. µ(Σ(2, 3, 5)) = 1Ͱ͋Δ͔Β, µ͸શࣹͰ͋
Δ. ͨͩ͠, Σ(p, q, r)͸,

Σ(p, q, r) = {(x, y, z) ∈ C3 |xp + yq + zr = 0} ∩ S5

ʹΑͬͯ༩͑ΒΕΔ Seifert .ଟ༷ମͰ͋Δݩ࣍3 (Σ(2, 3, 5)͸ Poincaréٿ໘ͱݺ͹Ε
Δ.) ͦͷޙ, 1978ɾ80೥ʹ, দຊ ([24])ɾGalewski-Stern([18])͸ɼʮ༩͑ΒΕͨ5Ҏ্ͷ࣍
Ίͷඞཁे෼৚݅͸ɼ͋ΔίϗϞϩδʔͨͭ࣋෼ׂΛܗ֯ࡾҐ૬ଟ༷ମM͕ͭ࣋Λݩ

ຊڀݚ͸ JSPSՊݚඅ 17J04364, ͓Αͼ਺෺ϑϩϯςΟΞɾϦʔσΟϯάେֶӃͷॿ੒Λड͚ͨ΋ͷͰ
͋Δɽ
∗ e-mail: masakit@ms.u-tokyo.ac.jp
1Ұൠʹ (PL)ϗϞϩδʔ nٿ໘ͱ͸, ੔܎਺ϗϞϩδʔ͕ SnͷϗϞϩδʔͱಉܕͰ͋Δ (PL)ด n࣍
.͢ࢦଟ༷ମͷ͜ͱΛݩ ͜ͷߘݪͰ͸அΒͳ͚Ε͹, ଟ༷ମ͸, .Β͔ͳ΋ͷͱ͢Δ׈

2͜ͷ܈͸, ϗϞτϐʔٿ໘ͷ܈ͷϗϞϩδʔ൛ͱݟ၏͢͜ͱ΋Ͱ͖Δ.([21])
3 3ɾ4ݩ࣍Ґ૬ଟ༷ମʹରͯ͠, PLߏ଄ͱඍ෼ߏ଄ʹࠩ͸ͳ͍.
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ྨ δ(∆(M)) ∈ H 5 (Mɼkerµ)͕ফ͑Δ͜ͱͰ͋Δɽʯͱ͍͏ఆཧΛࣔͨ͠. ͜ΕʹΑΓ,

(Θ3
H , µ)͕ܗ֯ࡾ෼ׂͷଘࡏ໰୊ͱؔΘΔ͜ͱ͕໌Β͔ͱͳͬͨ. ͔͠͠, ͜ͷ࣌఺Ͱ

͸, Θ3
H͸, ༗܈ݶͰ͋Δ͔Ͳ͏͔΋෼͔͍ͬͯͳ͔ͬͨ. ͦͷޙ, 1982೥ʹDonaldson

ʹΑͬͯࣔ͞ΕͨTheorem A ([5]), ͓ΑͼͦͷాݹʹΑΔҰൠԽ ([15])Λ༻͍Δ͜
ͱͰ, Σ(2, 3, 5)͕, Θ3

HͷதͰ torsionͰͳ͍͜ͱ͕ࣔ͞ΕΔ. ·ͨ, ͜ͷ݁ՌΛҰൠԽ
͢ΔܗͰ, 1990೥, ాݹ ([16])ɾFintushel-Stern([9])͸, {Σ(p, q, pqk− 1)}∞k=1 ͕Θ3

Hͷத
ͰҰ࣍ಠཱͰ͋Δ͜ͱΛࣔͨ͠. ҰํͰ, 2002೥ʹFrøyshov ([12])͸, શࣹ४ಉܕ

h : Θ3
H → Z : Frøyshov४ಉܕ

Λߏ੒ͨ͠. ͜ͷෆมྔ h͸, Theorem AΛڥք෇͖ ,ʹࡍଟ༷ମʹҰൠԽ͢Δݩ࣍4

ࣗવʹݱΕΔෆมྔͰ͋Δ. ͞Βʹͦͷ 10೥ޙ, Manolescu ([23])͸, Rochlinෆมྔ
µ : Θ3

H → Z/2Z͕ split͠ͳ͍͜ͱΛࣔ͢͜ͱͰ, ෼ׂ༧૝ܗ֯ࡾҐ૬ଟ༷ମͷݩ࣍ߴ
Λ൱ఆతʹղܾͨ͠. ͦͯ͠ 2018೥ͷڈ೥, Dai-Hom-Stoffregen-Truong([4])͸, શࣹ
४ಉܕ φ : Θ3

H → Z∞Λߏ੒ͨ͠. ͜ͷ͜ͱ͸, Θ3
HʹZ∞-summand͕ଘ͢ࡏΔ͜ͱΛ

ҙຯ͢Δ. Ҏ্, ϗϞϩδʔಉ܈ڥͷྺ࢙Λ, ݁Ռʹ͍ͭͯͷΈड़΂ͨ. [5], [8], [16], [9],

[12]ʹ͍ͭͯ͸, զʑͷख๏ͱਂؔ͘ΘΔͨΊ, 1.2ষʹ͓͍ͯ, ΑΓৄ͘͠ड़΂Δ.

1.2. എ2ܠ: ήʔδཧ࿦

਺ֶʹ͓͚Δήʔδཧ࿦͸ɼ1982೥ʹൃද͞ΕͨDonaldsonͷ࿦จΛ࢝·Γͱͯ͠ɼ
௿ݩ࣍τϙϩδʔͷະղܾ໰୊ʹଟ͘ͷ౴͑Λ༩͖͑ͯͨɽ ήʔδཧ࿦Ͱ͸ɼ4 ݩ࣍
ଟ༷ମXʹରͯ͠ఆٛ͞ΕΔɼղͷϞδϡϥΠۭؒ

M(X) := {෺ཧ༝དྷͷඇઢܗภඍ෼ํఔࣜͷղ}/ରশੑ

Λ͢࡯ߟΔɽM(X)͸,ʠଟ͘ͷ৔߹ʡ, ༗ूݶ߹Λআ͘ͱ, ༗ݩ࣍ݶଟ༷ମͷߏ଄Λ࣋
ͭ. ͦͯ͠, M(X)ͷ༗ݩ࣍ݶଟ༷ମͷߏ଄͔Β, Xࣗ਎ͷ৘ใΛಘΔ, ͱ͍͏ͷ͕ήʔ
δཧ࿦ͰߦΘΕΔٞ࿦ͷྲྀΕͰ͋Δ. ຊߘͰ͸ɼओʹanti-self-dual (ҎԼɼASD)ํ
ఔࣜΛ༻͍ͯల։͞ΕΔཧ࿦ʹ͍ͭͯड़΂Δ.

1982೥, Donaldson͸,ަ͕ࠩࣜܗෛఆ஋Ͱ͋Δ,୯࿈݁༗޲ด4ݩ࣍ଟ༷ମXʹର͠
ͯ, ASDํఔࣜͷղͷϞδϡϥΠۭؒM(X)Λ͢࡯؍Δ͜ͱʹΑΓ, Theorem AΛࣔ͠
ͨ. Theoerm A͸, ୯࿈݁༗޲ด4ݩ࣍ଟ༷ମͷަ͕ࠩࣜܗ, ෛఆ஋ͳΒ͹, ⊕b2(X)(−1)

ͱಉܕͰ͋Δ͜ͱΛओு͢Δ. ͦͷূ໌͸, M(X)ͷ୺ͱ঎ಛҟ఺Λ͢࡯؍Δ͜ͱͰ
.ΘΕΔߦ ͜ͷTheorem A, ͓Αͼͦͷূ໌ํ๏ͷ, .ͷೋͭͷ೿ੜʹண໨͢Δ࣍ Ұͭ
͸, ΦʔϏϑΥʔϧυΛؚΉ ,ଟ༷ମʹର͢Δήʔδཧ࿦Ͱ͋Γݩ࣍4 ΋͏Ұͭ͸, ڥ
ք෇͖4ݩ࣍ଟ༷ମ΁ͷ֦ுͰ͋Δ. લऀʹ͍ͭͯड़΂Δ. 1985೥, Fintushel-Stern͸,

Σ(p, q, pqk− 1)Λڥքʹݩ࣍4ͭ࣋ΦʔϏϑΥʔϧυΛ༻͍ͯήʔδཧ࿦Λల։͢Δ͜
ͱʹΑΓ, Σ(p, q, pqk − 1)͕, Θ3

HͷதͰ torsionͰͳ͍͜ͱΛࣔͨ͠. ٞ࿦ͷதͰ࠷΋
ॏཁͰ͋ͬͨͷ͸, Σ(p, q, pqk − 1)ʹ෇ਵ͢ΔΦʔϏϑΥʔϧυΛ༻͍Δ͜ͱͰ, ঎ಛ
ҟ఺ʹରԠ͢ΔASDํఔࣜͷղͷҰҙଘ͕ࡏอূͰ͖Δ͜ͱͰ͋Δ. ͞Βʹ, ͜ͷٞ
࿦Λ֦ு͢ΔܗͰ, 1990೥, ాݹ ([16])ͱFintushel-Stern([9])͸, {Σ(p, q, pqk − 1)}∞k=1

͕Θ3
H಺ͰҰ࣍ಠཱͰ͋Δ͜ͱΛࣔͨ͠. ͦͷূ໌͸, Fintushel-Stern͕༻͍ͨ঎ಛҟ

఺ʹରԠ͢ΔASDํఔࣜͷղͷҰҙଘࡏͱ, Chern-Simons൚ؔ਺ͷྟք஋͔Βఆ
·ΔղͷϞδϡϥΠۭؒʹର͢Δ੍໿Λ૊Έ߹ΘͤΔ͜ͱʹΑͬͯߦΘΕΔ. ͜ͷٞ࿦
͸, Seifert ,ଟ༷ମʹ෇ਵ͢ΔΦʔϏϑΥʔϧυΛ༻͍͍ͯΔͱ͍͏఺Ͱݩ࣍3 ͦͷ·
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·Ͱ͸, ҰൠͷϗϞϩδʔ3ٿ໘΁ͷ֦ு͸, ೉͍͠. ,ʹ࣍ Theorem Aͷڥք෇͖4࣍
.ଟ༷ମ΁ͷ֦ுʹ͍ͭͯड़΂Δݩ Theorem A͸,ʠS3 Λڥքʹ׈ͭ࣋Β͔ͳ4ݩ࣍ଟ
༷ମW ͷަ͕ࠩࣜܗෛఆ஋ͳΒ͹, ⊕b2(W )(−1)ͱಉܕͰ͋Δʡ, ͱ͍͏ղऍ͕Ͱ͖Δ.

S3 ΛϗϞϩδʔ3ٿ໘Y ʹऔΓ໋ͨ͑׵୊Λ֦ு͞ΕͨTheorem AͱݺͿ͜ͱʹ͢
Δ. ͜ͷ࣌, ;Δ͑ߟͷ໰͍Λ࣍

໰ 1 ͲͷΑ͏ͳϗϞϩδʔ3ٿ໘Y ʹରͯ͠,֦ு͞ΕͨTheorem A͸੒ཱ͢Δͷ͔ʁ

͜Εʹର͢ΔҰͭͷ౴͑ͱͯ͠, Donaldson([6])͸,ʠোྨ֐ θ−Y ∈ I∗(−Y,Q)͕ফ͑
͍ͯΔ Y ʹ͍ͭͯ, ֦ு͞Εͨ Theorem A͕੒ཱ͢Δ ʡ͜ ͱΛࣔͨ͠. I∗(Y,Q)͸,

Z/8Z࣍਺͖ͭ༗ݩ࣍ݶQ-ϕΫτϧۭؒͰ͋Γ, Y ͷΠϯελϯτϯFloerίϗϞϩ
δʔͱݺ͹ΕΔ. ΠϯελϯτϯFloer(ί)ϗϞϩδʔ͸, Floer([11])ʹΑͬͯ Y × R
ʹର͢Δ ASDํఔࣜͷϞδϡϥΠۭؒΛ͢࡯؍Δ͜ͱͰఆٛ͞Εͨ. ఆٛ͢ʹࡍ࣮
Δࡍ, Πϯελϯτϯ FloerϗϞϩδʔ͸, Chern-Simons൚ؔ਺ΛMorseؔ਺ͱ͢Δ
ʠMorseϗϞϩδʔʡͱͯ͠ߏ੒͞ΕΔ. ·ͨ, ໰ 1ʹର͢Δ΋͏Ұͭͷಉ஋ͳճ౴ͱ
ͯ͠, Frøyshov([12])͸,ʠ Frøyshovෆมྔ h(Y )͕ 0ҎԼͷ Y ʹରͯ͠, ֦ு͞Εͨ
Theorem A͕੒ཱ͢Δʡ͜ ͱΛࣔͨ͠. h(Y )͸, ΠϯελϯτϯFloer(ί)ϗϞϩδʔ
ͷʠಉมίϗϞϩδʔʡͱͯ͠ͷߏ଄Λ༻͍ͯఆٛ͞ΕΔ.

1.3. զʑͷڀݚʹ͍ͭͯͷ֓ཁ

ΠϯελϯτϯFloerϗϞϩδʔ, ͓ΑͼθY ͷߏ੒͔Β, θY ͕ফ͍͑ͯͳ͚Ε͹, Y ×R
্ʹ঎ಛҟ఺Λڥք৚݅ʹͭ࣋Α͏ͳASDํఔࣜͷղ͕ଘ͢ࡏΔ. զʑ͸, ͜ͷੑ࣭
Λ͢࡯؍Δ͜ͱͰ, ,͍ͨ༺ͷFintushel-Stern͕ه্ ঎ಛҟ఺ʹରԠ͢ΔASDํఔ
ࣜͷղͷଘࡏΛ, 0 ̸= θY ∈ I∗(Y )ͱ͍͏৚݅Λ༻͍ͯ୅༻Ͱ͖Δ͜ͱΛͨ͠࡯ߟ. ·
ͨ, ాݹ ([16])ɾFintushel-Stern([9])Ͱ͸, Chern-Simons൚ؔ਺ͷྟք஋ʹؔ͢Δ੍໿
Λ༻͍͍͕ͯͨ, ͦͷٞ࿦΋, ϑΟϧλʔ෇͖ 4 ΠϯελϯτϯFloer(ί)ϗϞϩδʔ
I∗[s,r](Y )͓Αͼ, ϑΟϧλʔ൛ͷোྨ֐ θ[s,r]Y ∈ I∗[s,r](Y )5 (−∞ ≤ s ≤ 0 ≤ r ≤ ∞)Λ༻͍
Δ͜ͱͰදݱͰ͖Δ͜ͱΛͨ͠࡯؍. ϑΟϧλʔ෇͖ΠϯελϯτϯFloerϗϞϩδʔ
͸, 1992೥, Fintushel-Stern([10])ʹΑͬͯఆٛ͞Ε͍ͯͨ΋ͷͱ, ຊ࣭తʹಉ͡Ͱ͋Δ.

ͦͯ͠, ϑΟϧλʔ൛ͷোྨ֐ θ[s,r]Y ∈ I∗[s,r](Y )Λ༻͍ͯෆมྔ rs(Y )Λ

rs(Y ) := sup{r ∈ R≥0|0 = θ[s,r]Y ∈ I 1[s,r](Y,Q)}

ʹΑͬͯఆٛͨ͠.6 ͜Ε͸, ແݶେΛ࣮͢ڐ਺஋ෆมྔͱͳΓ, ాݹ ([16])ɾFintushel-

Stern([9])ɾFloer([11])ͷςΫχοΫΛ͜͏࢖ͱͰ, ϗϞϩδʔಉڥෆมྔͱͳΔ͜ͱ͕
ࣔ͞ΕΔ. ·ͨ, ਂ୩ ([14])ɾDonaldson([6])ʹΑΔΠϯελϯτϯFloerϗϞϩδʔͷ
࿈݁࿨ެࣜΛ, ϑΟϧλʔ෇͖ͷ৔߹ʹ͢࡯؍Δ͜ͱʹΑͬͯ, r0(Y )ʹ࿈݁࿨ެࣜΛ༩
͑ͨ. ͞Βʹ, r0(Y )ͷ࿈݁࿨ެࣜΛ͜͏࢖ͱͰ, Θ3

Hʹਤ 1ʹ͋ΔΑ͏ͳ෦෼܈ͷϑΟ
ϧτϨʔγϣϯΛ༩͑ͨ. ྻͨ͠࡯ߟɾFintushel-Sternͷాݹ {Σ(p, q, pqk− 1)}∞k=1 ͸,

ਤ1ͷΑ͏ʹൃ͍ͯ͘͜͠ࢄͱ͕࡯؍Ͱ͖, ͦΕͧΕ͕෦෼܈ͱͯ͠ด͍ͯ͡Δ͜ͱ͔
Β, {Σ(p, q, pqk − 1)}∞k=1 ͕Θ3

Hʹ͓͍ͯҰ࣍ಠཱͰ͋Δ͜ͱ͸, .औΕΔͯݟʹత֮ࢹ

4Chern-Simons൚ؔ਺Λ༻͍ͨϑΟϧλʔ.
5͜ͷΑ͏ͳෆมྔ͸, .ॳʹఆٛ͞Εͨ࠷͍͓ͯʹ[29]
6͜ͷఆٛ͸, ύʔγεςϯτϗϞϩδʔ΍, ECHʹ͓͚Δ spectralෆมྔ ([19])ͷΠϯελϯτϯ
FloerϗϞϩδʔʹ͓͚ΔΞφϩδʔͱ͑ݴΔ.
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͜ͷ؍఺, ͓Αͼ, r0(Y )ͷ࿈݁࿨ެࣜΛ༻͍ͯ, Θ3
Hʹؔ͢Δ͍͔ͭ͘ͷ৽͍͠ੑ࣭Λ

ಋ͍ͨ. (ఆཧ6, ఆཧ8, ໋୊3)

2. ओ݁Ռ
͜ͷষͰ͸, ·ͣ {rs(Y )}ͷੑ࣭ʹؔ͢ΔओఆཧΛड़΂, ͦͷޙ, r0(Y )Λ༻͍ͯ, Θ3

H

ʹ෦෼܈ͷ૿େྻܥΛಋೖ͢Δ. ਤ 1͸, ͦͷ૿େྻܥΛֆʹͨ͠΋ͷͰ͋Δ. ෆมྔ

ਤ 1: Θ3
Hͷֆ

ͷ݁ࢉܭՌ΍, ͍͔ͭ͘ͷԠ༻͸, ਤ1Λ͜͏࢖ͱͰ, .తʹཧղ͢Δ͜ͱ͕Ͱ͖Δ֮ࢹ

2.1. ओఆཧ

.ͷओఆཧͰ͋Δߘຊ͕࣍

ఆཧ 1 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) s ∈ R≤0 ⨿ {−∞}ͱ༗޲ϗϞϩδʔ ໘ٿ3 Y ʹ
ରͯ͠, ແݶେΛ͢ڐਖ਼ͷ࣮਺஋ෆมྔ rs(Y )͕ఆ·Γ, ҎԼͷੑ࣭Λͭ࣋.

1. (୯ௐੑ) s ≤ s′ͳΒ͹, rs′(Y ) ≤ rs(Y )͕੒ཱ͢Δ.

2. (rs(Y )ͷ஋) શͯͷ sʹରͯ͠ rs(Y )ͷ஋͸,

{SU(2)-Chern-Simons൚ؔ਺ͷط໿ͳྟք఺ͷྟք஋}⨿ {∞}

ʹؚ·ΕΔ.

3. (ಉڥෆ౳ࣜ) Y1 , Y2 ΛϗϞϩδʔ .໘ͱ͢Δٿ3 ·ͨ, W Λަ͕ࠩࣜܗෛఆ஋Ͱ
͋ΔίϯύΫτ༗޲ ,ଟ༷ମ͋ͬͯݩ࣍4 ∂W = Y1 ⨿ −Y2 ͱͳ͍ͬͯΔͱ͢Δ.

͜ͷͱ͖,

rs(Y2 ) ≤ rs(Y1 )

͕੒ཱ͢Δ. ͞Βʹ, rs(Y1 )͕༗ݶͰ, W͕୯࿈݁ͳΒ͹,

rs(Y2 ) < rs(Y1 )

͕੒ཱ͢Δ.
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4. (࿈݁࿨ެࣜ) r0ʹରͯ͠,

r0(Y1#Y2 ) ≥ min{r0(Y1 ), r0(Y2 )} (1)

͕੒ཱ͢Δ.

5. (ඇࣗ໌ੑ) Frøyshovෆมྔ h(Y )͕ෛͰ͋Δ͜ͱͱ, r−∞(Y )͕༗ݶͰ͋Δ͜ͱ
͸ಉ஋Ͱ͋Δ.

஫ҙ 1 ·ͣ, ೋͭͷRemarkΛड़΂Δ.

• 2018೥, Daemi ([1])͸, ༗޲ϗϞϩδʔ ໘Yٿ3 ͱ, k ∈ Zʹରͯ͠, ΓY (k)ͱݺ
͹ΕΔ, ແݶେΛ͢ڐਖ਼ͷ࣮਺஋ෆมྔΛఆٛͨ͠. ΓY (k)͸kʹ͍ͭͯ, ୯ௐ૿
େྻͰ͋Δ;

· · ·ΓY (−1) ≤ ΓY (0) ≤ ΓY (1) ≤ · · ·

͞Βʹ Daemiͷߏ੒͸Πϯελϯτϯ Floerཧ࿦Λ༻͍͓ͯΓ, k͕ਖ਼ͳΒ͹,

ΓY (k)͸, ఆཧ1ͷ2,3,5Λຬͨ͢. ͜ͷ͜ͱ͔Β, .ͷ໰͍͸ࣗવͰ͋Δ࣍

໰ 2 ΓY (k)ͱ rs(Y ͸͋Δ͔ʁ܎ؔʹ(

͜Εʹରͯ͠, զʑ͸࣍ͷ͜ͱΛূ໌ͨ͠;

ఆཧ 2 (໺࡚-ࠤ౻-୩[26],ޱ, 2019) ೚ҙͷϗϞϩδʔ3ٿ໘ Y ʹରͯ͠

r−∞(Y ) = Γ−Y (1)

͕੒ཱ͢Δ.

{rs(Y )}͸, Γ−Y (1)΁ͷऩଋྻΛ༩͑Δ͜ͱ΋෼͔Δ. ΓY (k)(k ≤ 0)ͱ, {rs(Y )}
ͷؔ܎͸, ະͩΘ͔͍ͬͯͳ͍.

• Y = Σ(2, 3, 5)#(−Σ(2, 3, 6k − 1))(k͸ࣗવ਺)ͱ͢Δͱ, rs(Y )͸ sʹ͍ͭͯఆ਺
Ͱ͸ͳ͍. ͞Βʹ, Y1 = Σ(2, 3, 5)#(−Σ(2, 3, 6k − 1)), Y2 = −Σ(2, 3, 5) ͍ͭͯ
Daemiͷෆมྔ ΓY (k)(k͸ਖ਼ͷ੔਺)͸࿈݁࿨ެࣜ (1)Λຬͨ͞ͳ͍.

• ࿈݁࿨ެࣜ͸ r0ʹରͯ͠ͷΈ, .ड़ͨ͠ه Ұൠͷ sʹ͍ͭͯ͸, தͰ͋࡯ߟࡏݱ
Δ.7

ෆมྔΛఆٛͨ࣌͠, ͦͷࢉܭՄೳੑΛอূ͢Δ͜ͱ͸ॏཁͰ͋Δ. զʑ͸, ͷΫ࣍
ϥεͷSeifert .ͨͬߦΛࢉܭଟ༷ମʹରͯ͠ݩ࣍3

;ͳΔ͜ͱΛ༧૝͍ͯ͠Δʹܗͷ࣍7

rs(Y ) ≥ min
s=s1+s2

{rs1(Y )− s2, rs2(Y )− s1}
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ఆཧ 3 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) (p, q)Λ͍ޓʹૉͳࣗવ਺ͷϖΞͱ͢Δ. ·ͨ, k

Λࣗવ਺ͱ͢Δ. ͜ͷ࣌, ೚ҙͷ s ∈ R≤0 ⨿ {−∞}ʹରͯ͠

rs(−Σ(p, q, pqk − 1)) =
1

4pq(pqk − 1)
, rs(Σ(p, q, pqk − 1)) = ∞

͓Αͼ,

rs(−Σ(p, q, pqk + 1)) = rs(Σ(p, q, pqk + 1)) = ∞

͕੒ཱ͢Δ.

[26]ʹ͸, Seifert ϗϞϩδʔ ,ͯؔ͠ʹ໘ٿ3 ΑΓଟ͘ͷ͕͋ྫࢉܭΔ. ·ͨ, Seifert 3

,ଟ༷ମͷ͍͔ͭ͘ͷ࿈݁࿨ʹରͯ͠ݩ࣍ .ͷΑ͏ͳৼΔ෣͍Λ͢Δ࣍

໋୊ 1 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) Y Λ, Seifert ͷ࿈݁࿨Ͱॻݸݶଟ༷ମͷ༗ݩ࣍3
͔ΕΔϗϞϩδʔ3ٿ໘ͱ͢Δ. ͜ͷ࣌, rs(Y ) ∈ Q>0 ⨿ {∞}͕੒ཱ͢Δ.

2.2. Θ3
HͷϑΟϧτϨʔγϣϯ

ఆٛ 1 Θ3
H(≥ r)Λ,

Θ3
H(≥ r) := {[Y ] ∈ Θ3

H |min{r0(Y ), r0(−Y )} ≥ r}

ͱͯ͠ఆΊΔ.

r0(Y )ͷ࿈݁࿨ެࣜʹΑͬͯ, .ΕΔ͕ࣔ࣍͞

ఆཧ 4 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) ೚ҙͷ࣮਺ r ≥ 0 ΋͘͠͸ r = ∞ ʹରͯ͠,

Θ3
H(≥ r)͸, Θ3

Hͷ෦෼܈ͱͳΔ.

஫ҙ 2 kΛਖ਼ͷ੔਺ͱ͢Δ࣌, Daemiͷෆมྔ ΓY (k)ʹରͯ͠, ࿈݁࿨ެࣜ (1)Λຬͨ
͞ͳ͍ྫ͕ଘ͢ࡏΔͨΊ, ಉ༷ʹϑΟϧτϨʔγϣϯΛఆΊΔ͜ͱ͕Ͱ͖ͳ͍. ·ͨ,

Ұൠʹ, ΓY (k)ͷ࿈݁࿨ެࣜ͸, ະͩ͑ߟΒΕ͍ͯͳ͍. Ճ͑ͯ, kΛ 0ҎԼͷ੔਺ͱ͢
Δ࣌, ΓY (k)ͷඇࣗ໌ͳྫࢉܭ͸஌ΒΕ͍ͯͳ͍.

͜ΕʹΑΓ, ෦෼܈ͷྻ;

Θ3
H(≥ ∞) ⊂ · · · ⊂ Θ3

H(≥ r) ⊂ · · · ⊂ Θ3
H(≥ 0) = Θ3

H

͕ಘΒΕΔ. ͜ͷ෦෼܈ͷྻͱఆཧ 3Λ߹Θͤͯॻ͘ͱ, ͷਤه্ 1ͷΑ͏ʹͳΔ.

{Σ(p, q, pqk − 1)}∞k=1 ͸, ແݶԕʹൃ͖͍ͯ͠ࢄ, ͦΕͧΕͷઢͰғ·Ε͍ͯΔྖҬ͕,

෦෼܈Ͱ͋ΔͨΊ, {Σ(p, q, pqk− 1)}∞k=1 ͕Ұ࣍ಠཱͰ͋Δͱ͍͏࣮ࣄΛ, తʹଊ֮͑ࢹ
Δ͜ͱ͕Ͱ͖Δ. ͜ΕΒͷྻΘ3

H(≥ r)ʹ͍ͭͯ෼͔͍ͬͯΔ͜ͱ͸, ଟ͘ͳ͍. ͷ݁࣍
Ռ͸, [16], [9]ͷ݁Ռͷਫ਼ີԽͱ͑ݴΔ.

ఆཧ 5 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) ೚ҙͷ r > 0ʹରͯ͠, Θ3
H/Θ

3
H(≥ r)͸, Z∞Λ

෦෼܈ͱͯͭ࣋͠.

·ͨ, ܈΋খ͍͞෦෼࠷ Θ3
H(≥ ∞)͸, ZΛؚΉ͜ͱ͕Θ͔Δ.

3. ௿ݩ࣍τϙϩδʔ΁ͷԠ༻
͜ͷষʹͯ, {rs(Y )}͕΋ͨΒ͢Ԡ༻ʹ͍ͭͯड़΂Δ.
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3.1. ܈ڥϗϞϩδʔಉݩ࣍3

·ͣ, ϗϞϩδʔಉ܈ڥʹ͓͚ΔԠ༻Λड़΂Δ.

ఆཧ 6 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) KΛS3 ಺ͷ݁ͼ໨Ͱ͋ͬͯ, h(S3
1 (K)) < 0Ͱ͋

Δͱ͢Δ. ͜ͷ࣌, {S3
1 /k(K)}∞k=1 ͸, Θ3

HͷதͰҰ࣍ಠཱͰ͋Δ.

h(S1 (K)) < 0ͱ͍͏৚݅͸, ਤ 1ʹ͓͍ͯ, S1 (K)͕Θ3
H(≥ ∞)ͷ֎ʹ͍Δ͜ͱΛҙຯ

͢Δ. ͦͯ͠,ྻ{S3
1 /k(K)}∞k=1Λਤ1ʹϓϩοτͨ࣌͠,ஈʑͱ֎ଆʹ཭Ε͍༷ͯ͘Λࣔ

͢͜ͱ͕, ূ໌ͷΞ΢τϥΠϯͰ͋Δ. ͜ͷఆཧ͸, KΛτʔϥε݁ͼ໨T (p, q)ͱ͢Δ
͜ͱʹΑΓ,ాݹ ([16])ɾFintushel-Stern ([9])ͷ݁ՌΛ෮͢ݩΔ. ͞Βʹ, h(S3

1 (K)) < 0

Λຬͨ݁͢ͼ໨ͱͯ͠, ૒ۂɾαςϥΠτ݁ͼ໨ͷແྻܥݶΛߏ੒ՄೳͰ͋Δ.

໋୊ 2 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) h(S3
1 (K)) < 0Λຬͨ͢૒݁ۂͼ໨, αςϥΠτ

݁ͼ໨ͷແ͕ྻݶଘ͢ࡏΔ.

Θ3
H ͷઌڀݚߦ͸, Seifert ϗϞϩδʔ .໘ʹର͢Δ΋ͷ͕΄ͱΜͲͰ͋Δٿ3 ҰํͰ,

Θ3
Hͷશͯͷݩ͸, ૒ݩ࣍3ۂଟ༷ମΛ୅දݩͱͯͭ࣋͜͠ͱ͕஌ΒΕ͍ͯΔ ([25]). ͦ
ͷ؍఺͔Β, .͸ࣗવͳ໰͍Ͱ͋Δ࣍

໰ 3 Θ3
Hͷશͯͷݩ͸, Seifert ʁ͔ͭ࣋ͱͯ͠ݩଟ༷ମΛ୅දݩ࣍3

͜ͷ໰͍ͷ౴͑͸൱Ͱ͋Δ. ͜Ε͸ 2015೥ʹ Seiberg-Witten(ҎԼ, SW)ཧ࿦ 8 Λ
༻͍ͯ, Stoffregen͕ূ໌Λ༩͑ͨ ([28]). 1.1ষͰ͸ ASDํఔࣜΛ༻͍ͯಘΒΕΔ,

Yang-Mills(ҎԼYM)ཧ࿦ʹ͍ͭͯͷΈ, ड़΂͕ͨ, ήʔδཧ࿦ʹ͸, SWํఔࣜΛ༻͍
ͯಘΒΕΔSWཧ࿦͕͋Δ. YMཧ࿦ͱSWཧ࿦͸, ฒൃͯ͠ߦల͖ͯͨ͠ྺ͕࢙͋Γ,

ৗʹ྆ऀͷؔ܎͸ҙࣝ͞Ε͖ͯͨ. ด4ݩ࣍ଟ༷ମʹରͯ͠͸, DonaldsonෆมྔͱSW

ෆมྔ͕౳ՁͰ͋Δͱ͍͏Witten༧૝͕͋Γ, ͦͷҰ෦͕ղ͔Ε͍ͯΔ ([7]). ·ͨ,

Theorem A͸, YMཧ࿦ͱSWཧ࿦ͷ྆ཧ࿦ʹ͓͍ͯূ໌ՄೳͰ͋Δ. ҰํͰ, ѻ͏ଟ
༷ମΛඇίϯύΫτͱ͢Δ৔߹, ྆ཧ࿦ͷಉ஋ੑཱ͕֬͞Ε͓ͯΒͣ, ੒ཱ͢Δʹࡍ࣮
ͷ͔ෆ໌Ͱ͋ΔΑ͏ͳଟ͘ͷ෦෼͕͋Δ. զʑ͸, YMཧ࿦Λ༻͍ͯ, ໰3ͷ౴͕͑൱Ͱ
͋Δ͜ͱͷผূ໌Λ༩͑ͨ;

ఆཧ 7 (Stoffregen, [28], SWཧ࿦, 2015, ໺࡚-ࠤ౻-୩ޱ, [26], YMཧ࿦, 2019) Θ3
H

ͷݩͰ͋ͬͯ, Seifert ϗϞϩδʔ3ٿ໘Λ୅දݩͱؚͯ͠·ͳ͍΋ͷ͕ଘ͢ࡏΔ.

·ͨ,ʠ༩͑ΒΕͨϗϞϩδʔ ໘Yٿ3 ʹରͯ͠, Y ͕͍͔ͳΔަࠩࣜܗΛͭ࣋ ݩ࣍4
ଟ༷ମͷڥքͱͳΔ͔ʡͱ͍͏໰୊͸, 1.2અͰड़΂֦ͨு͞ΕͨTheorem Aʹؔ࿈͠,

.Ε͖ͯͨͨ࣋ຯΛڵ ྫ͑͹, SeifertϗϞϩδʔ3ٿ໘΍݁ͼ໨खज़Ͱॻ͔ΕΔϗϞϩ
δʔ3ٿ໘͸, ඞͣ, ,ਖ਼ఆ஋͕ࣜܗࠩަ ΋͘͠͸ෛఆ஋Ͱ͋ΔίϯύΫτ༗ݩ࣍4޲ଟ
༷ମͷڥքͱͳΔ͜ͱ͕஌ΒΕ͍ͯΔ. r0(Y )ͷ࿈݁࿨ެࣜΛ༻͍Δͱ, ໰ 3ʹ౴͑Δ
͚ͩͰ͸ͳ͘, ;ͷ໰͍ʹ΋౴͑Λ༩͑Δ͜ͱ͕Ͱ͖Δ࣍

໰ 4 ,ਖ਼ఆ஋͕ࣜܗࠩަ ΋͘͠͸ෛఆ஋Ͱ͋ΔίϯύΫτ༗޲ ʹքڥଟ༷ମͷݩ࣍4
ͳΓಘͳ͍, ϗϞϩδʔ3ٿ໘͸ଘ͢ࡏΔ͔ʁ

͜Εʹରͯ͠, .Λࣔͨ࣍͠

ఆཧ 8 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) ,ਖ਼ఆ஋͕ࣜܗࠩަ ΋͘͠͸ෛఆ஋Ͱ͋Δ4ݩ࣍
ଟ༷ମͷڥքʹͳΓಘͳ͍, ϗϞϩδʔ ໘ͷ଒ٿ3 {Yk}∞k=1 ͕ଘ͢ࡏΔ. ಛʹ, [Yk]͸,

8Pin(2)-monopole FloerϗϞϩδʔΛ༻͍ͯఆٛ͞ΕΔα, β, γΛ༻͍ͯࣔ͞Εͨ.
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Seifert ϗϞϩδʔ3ٿ໘, ݁ͼ໨ͷखज़Ͱ͔͚ΔϗϞϩδʔ3ٿ໘Λؚ·ͳ͍. ͞Βʹ
ͦͷΑ͏ͳ {Yk}∞k=1 Λ, {[Yk]}∞k=1 ͕Θ3

H ʹ͓͍ͯҰ࣍ಠཱͰ͋ΔΑ͏ʹબͿ͜ͱ͕Ͱ
͖Δ.

ఆཧ8ͷܥͱͯ͠, ఆཧ7͕ै͏. ͜ͷ݁ՌͷSWཧ࿦Λ༻͍ͨূ໌͸஌ΒΕ͍ͯͳ͍.

͞Βʹ, ໰3ΛΑΓҰൠԽͨ͠໰͍ͱͯ͠,

໰ 5 Θ3
Hͷશͯͷݩ͸, Seifert ΕΔ͔ʁ͞هͰද߹݁ܕଟ༷ମͷઢݩ࣍3

ͱ͍͏໰͍͕͋Δ. ҰํͰ, ໋୊ 1ʹΑͬͯ, rs(Y )͸, Seifert ߹݁ܕଟ༷ମͷઢݩ࣍3
Ͱॻ͔Ε͍ͯΔ࣌. ༗ཧ਺Ͱ͋ͬͨ. ͢ͳΘͪ, rs(Y )͕ແཧ਺Ͱ͋ΔΑ͏ͳY Λൃݟ
͢Ε͹, ໰5ʹ౴͑Λ༩͑Δ͜ͱ͕Ͱ͖Δ. ͜ΕΛ೦಄ʹ, .ͨͬߦΛࢉܭͷΑ͏ͳ࣍

ίϯϐϡʔλࢉܭ 1 ೚ҙͷ sʹରͯ͠

rs(S
3
1 /2 (5

∗
2 )) ≈ 0.0017648904 7864885113 0739625897 0947779330 4925308209

͕10−5 0ΦʔμʔͰ੒ཱ͢Δ. ͨͩ͠, S3
1 /2 (5

∗
2 )͸, Rolfsenͷςʔϒϧͷ݁ͼ໨52 ͷ, ڸ

૾ͷ1/2खज़Ͱ͋Δ.

͜ͷ஋ΛݟΔͱ, খ਺఺ҎԼʹप͕ੑظͳ͍.

໰ 6 ೚ҙͷ sʹରͯ͠, rs(S3
1 /2 (5

∗
2 ))͸ແཧ਺͔ʁ

͜ͷ໰͍͕ߠఆతʹղ͔Εͨ৔߹, ࣔ͞ΕΔ͜ͱͱͯ͠, .Δ͕͋࣍

໋୊ 3 (໺࡚-ࠤ౻-୩ޱ, [26], 2019) ΋͠໰6͕ߠఆతʹղ͔ΕΕ͹, Θ3
H/Θ

3
S͸, ZΛ

෦෼܈ͱؚͯ͠Ή. ͨͩ͠, Θ3
S͸, Seifert ϗϞϩδʔ3ٿ໘ʹੜ੒͞ΕΔΘ3

Hͷ෦෼܈
ͱ͢Δ.

4. ະղܾ໰୊
4.1. ϗϞϩδʔಉ܈ڥʹ͍ͭͯ

Θ3
Hͷߏ଄ʹؔ͢Δະղܾ໰୊ͱ͕ͯ͋࣍͠Δ.

໰ 7 Θ3
H͸, torsionΛ͔ͭ࣋ʁ

͜ͷ໰୊΁ͷҰͭͷΞϓϩʔνͱͯ͠, ,͸ࢯथޫ౻ࠤͷऀڀݚಉڞ ͷΑ͏ͳՄೳੑ࣍
Λఏࣔͨ͠; KΛS3 ಺ͷ༗݁޲ͼ໨ͱ͢Δ. S(K,−K∗)ΛKͱ−K∗(∗͸૾ڸͷҙ)ͷ
εϓϥΠεͱ͢Δ. ͜ͷ࣌, 2[S(K,−K∗)] = 0 ∈ Θ3

HͰ͋Δ͜ͱ͕஌ΒΕ͍ͯΔ. Αͬ
ͯ, ༗݁޲ͼ໨ KͰ͋ͬͯ, S(K,−K∗)͕S3 ͱϗϞϩδʔಉڥͰͳ͍΋ͷΛൃݟͰ͖
Ε͹, Ґ਺ 2ͷ torisonͷଘ͕ࡏ෼͔Δ. ͜Εʹ͍ͭͯ, ෆมྔ rs(Y )͸͑࢖ͳ͍ͩΖ
͏͔;

໰ 8 rs(S(K,−K∗)) ̸= ∞Ͱ͋ΔΑ͏ͳ༗݁޲ͼ໨Kͱ s͸, ଘ͢ࡏΔ͔ʁ

͜ͷ໰͍͕ߠఆతʹղ͔ΕΕ͹, Θ3
Hʹ torsion͕͔ͭݟΔ. ·ͨ, զʑͷߏ੒ͨ͠෦෼

ͷྻΘ3܈
H(≥ r)ʹ͍ͭͯ, .ͷΑ͏ͳ໰୊͕͋Δ࣍

໰ 9 r < r′ʹରͯ͠, Θ3
H(≥ r)/Θ3

H(≥ r′)͸༗ݶੜ੒͔ʁ ·ͨ, Θ3
H(≥ ∞)͸༗ݶੜ

੒͔ʁ
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͜ͷ໰୊͸, Θ3
HΛ෦෼܈ͷྻʹ෼ղͯ͠ཧղ͢ΔՄೳੑʹؔΘΔ. ͜ͷ໰୊΁ͷΞϓ

ϩʔνͱͯ͠, զʑͷख๏Λ, SWཧ࿦Ͱ༻͍ΒΕ͍ͯΔʠہॴಉܕʡͷςΫχοΫͱ
૊Έ߹Θͤͯ͞ΒʹਂΊΔํ͑ߟ͕ੑ޲ΒΕΔ. ·ͨ, Θ3

H(≥ ∞)ͷZ∞ͷੜ੒ݩͷީ
ิͱͯ͠, {Σ(p, q, pqk + 1)}∞k=1 ͕͋Δ.

໰ 10 (p, q)͸͍ޓʹૉͳࣗવ਺ͷϖΞͱ͢Δ࣌, {Σ(p, q, pqk+1)}∞k=1͸, Ұ࣍ಠཱ͔ʁ

SWཧ࿦Λ༻͍ͯಋ͔ΕΔ, 10/8ఆཧ ([17])Λ͜͏࢖ͱͰ, Σ(2, 3, 7)͕ torsionͰͳ͍͜
ͱ͕෼͔Δ. Ұํ, YMཧ࿦Λ༻͍ͯಘΒΕΔh΍ {rs(Y )}, ΓY (k)͸, Σ(2, 3, 7)ʹର͠
ͯࣗ໌ (S3 ʹର͢Δ஋ͱಉ͡)ͱͳΔ. SWཧ࿦͔ΒಘΒΕΔZΛ஋ʹͭ࣋ϗϞϩδʔ
ಉڥෆมྔ α, β, γ([23]), κ ([22])͸, Σ(2, 3, 7)ʹରͯ͠ফ͍͑ͯͳ͍͜ͱ͕஌ΒΕ͓ͯ
Γ, ͜ΕΒΛ༻͍Δ͜ͱ͸, ໰10Λߠఆతʹղ͘ࡍʹ͸, ҰͭͷՄೳੑΛ༩͑Δ.

4.2. ΠϯελϯτϯFloerϗϞϩδʔʹ͍ͭͯ

զʑ͸, S3
1 /k(K)͕Ұ࣍ಠཱͰ͋ΔͨΊͷे෼৚݅Λ༩͕͑ͨ, S3

1 /k(K)ͷΠϯελϯτ
ϯFloerϗϞϩδʔ͸, ෼͔͍ͬͯͳ͍. ΑΓҰൠͷ݁ͼ໨Kʹରͯ͠, Πϯελϯτ
ϯFloerཧ࿦Λࣗ༝ʹѻ͏ͨΊʹ͸, FloerϗϞϩδʔͷ͕ࢉܭॏཁͱͳΔ.

໰ 11 ͼ໨݁ڮ2 Kͱ, 0Ͱͳ͍੔਺ k ∈ Zʹରͯ͠, S3
1 /k(K)ͷΠϯελϯτϯFloer

ϗϞϩδʔΛͤࢉܭΑ.

ಛʹK = T (p, q)ͱ͢Δͱ͖, ͦͷࢉܭ͸, [9]ͰߦΘΕ͍ͯΔ. ·ͨ, ๏ͷҰͭํࢉܭ
ͷՄೳੑͱͯ͠, खज़׬શྻΛ༻͍Δͱ͍͏ํ๏͕͋Δ ([3]). ,ʹޙ࠷ Πϯελϯτϯ
Floerཧ࿦ʹ͓͚Δ, .Δ͛ڍຊతͳ໰୊Λج

໰ 12 Ұൠͷ3ݩ࣍ଟ༷ମY ͱSU(2)ଋʹରͯ͠, ઁಈʹґΒͳ ʠ͍ಉมʡΠϯελϯ
τϯFloerϗϞϩδʔΛߏ੒ͤΑ.

͜ͷ໰୊ʹ͸, ଟ͘ͷਓ͕ಛผͳ৔߹ʹ௅ઓ͍ͯ͠Δ ([13], [2], [27])͕, ະͩ, ܾఆతͳ
ఆٛ͸༩͑ΒΕ͍ͯͳ͍. ʹఆ఺ʡݻͷ܈͸,ʠήʔδࡏ೉ͷॴࠔ ؔΘΔ෦෼ʹ͋Γ, ݻ
ఆ఺ʹد༩ʹΑΓ, ઁಈʹର͢Δґଘੑ΍,ʠ ∂2 ̸= 0 ʡʹ ؔ͢Δ໰୊͕ݱΕΔ.
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