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ຊߨԋͰLeviฏୱຒΊࠐΈΛѻ͏. ಛʹBarrettʹΑΔReeb༿ͷඇ
ຒࠐఆཧΛհͨ͠ޙɺͦͷݩ࣍ߴ൛ͱͳΔඇຒܕࠐఆཧʹ͍ͭͯղઆ͢Δ.
Կز໘ͷۙۂͰɺओఆཧʹඞཁͳෳૉޙ (্ాཧ)ʹ͍ͭͯ֓આ
͢Δ. ຊߨԋͷ༰খو೭ࢯ ڀݚಉڞͱͷ(େֶژ) [KO]ʹͮ͘ج.

1. Leviฏୱଟ༷ମͱLevi༿
1.1. ઃఆͱ

ɹෳૉଟ༷ମ (X2n, JX)ͷΒ͔ͳ࣮ۂ໘M2n−1͕X ͷෳૉۂ໘ͷ F Ͱ
ׂ͞ΕΔͱ͖ɺM Λ Leviฏୱۂ໘ɺF Λ Levi༿ͱ͍͏ 1. ΑΓҰൠʹ (XΛ
Εͯ)ɺحݩ࣍ଟ༷ମMͱ࣮༨ݩ࣍ 1ෳૉଟ༷ମʹΑΔׂFͷ (M,F , JF)Λ
Leviฏୱ (CR) ଟ༷ମͱݺͿ. ͜͜Ͱ JF ֤༿ʹԊͬͨෳૉߏͰ༿ͷԣஅํ
Β͔ʹมԽ͢Δ. ͜Εہॴ࠲ඪΛ༻͍ͯड़Δ͜ͱ͕Ͱ͖Δ. Mͷہॴ࠲ඪܥ
U = {(Uj,ϕj; (zj, tj))}Ͱ͋ͬͯϕj(Uj) ≈ Ωj × Ij ⊂ Cn−1 ×R (ΩjCn−1ͷ։ू߹ɺIj
Λ։۠ؒ)ͱ͠ɺUjk ̸= ∅Ͱ࠲ඪม͕

ϕjk : ϕk(Ujk)→ ϕj(Ujk) ; ϕjk(zk, tk) = (fjk(zk, tk), gjk(tk)) ∈ Ωjk × Ijk

Ͱ༩͑ΒΕΔͷͱ͢Δ. ͜͜Ͱ fjk zkʹ͍ͭͯਖ਼ଇɺtkʹ͍ͭͯC∞ɺgjk tkʹ
͍ͭͯC∞ͱ͢Δ. ֤Ωk× {tk}ΛషΓ߹ΘͤͯಘΒΕΔMͷΊࠐ·Εͨ෦ଟ༷ମ
LΛ༿ͱݺͼɺ༿ͷू߹FΛMͷ༿ߏͱݺͿ. ·ͨUΛ༿࠲ඪܥͱݺͿ. ֤༿
Lෳૉଟ༷ମͱͳΓɺ༿ͷԣஅํʹͦͷෳૉߏ͕Β͔ʹมԽ͢Δ. ຊߨԋͰ
.Δ͑ߟͷΛ࣍

 1.1. ͲͷΑ͏ͳLeviฏୱଟ༷ମ (M2n−1,F , JF)͕ෳૉଟ༷ମ (X2n, JX)ʹຒΊࠐ
ΊΔ͔? ·ͨຒΊࠐΊͳ͍͔?

͜͜Ͱ͍͏ຒΊࠐΈͱM͔ΒXͷΒ͔ͳຒΊࠐΈͰ͋ͬͯɺ֤༿L্Ͱਖ਼ଇ
ͳͷΛ͍ͯ͑ߟΔ 2. ຊߨԋͰ͜ΕΛLeviฏୱ (CR) ຒΊࠐΈͱݺͿ. ·ͨຒΊ
Έͷ૾ࠐ (X2n, JX)ͷLeviฏୱ໘Ͱ͋Δ.

Leviฏୱ໘ͷڀݚೋͭͷݯىΛͭ࣋ͱ͑ߟΒΕΔ. Ұͭਖ਼ଇ༿ߏʹ͓͚
Δྫ֎తۃখू߹༧ɺ͏Ұͭؔʹ͓͚ΔLeviͰ͋Δ 3. ྫ֎తۃখू
߹༧ͱCP 2ͷਖ਼ଇ༿Fʹରͯ͠ L̄∩ SingF ̸= ∅͕Γཱͭɺଈͪશͯͷ༿
ಛҟू߹ SingFʹۙ͢Δͱ͍͏༧Ͱ͋Δ [CLS] (cf. [BLM],[C]). ऑ͍ܗͷ༧ͱ
ͯ͠ʰCP 2ʹίϯύΫτLeviฏୱ໘ଘ͠ࡏͳ͍ʱͱ͑ߟΒΕ͓ͯΓɺ͜Ε·Ͱ
ଟ͘ͷ͕͋ڀݚΔ. CP n (n ! 3)ͷͱ͖ಉछͷ༧ߠఆతʹղܾ͞Ε͍ͯΔ͕ɺCP 2

ͰະղܾͰ͋Δ. ͜ͷपลͷڀݚʹ͍ͭͯ [LN],[Si],[Br],[Oh3],[De],[AB]ͳͲΛࢀ
∗ e-mail: nogawa@tsc.u-tokai.ac.jp
1அΓ͕ແ͚ΕશͯඇಛҟɺC∞ڃΛԾఆ͢Δ.
2Ҏ߱ɺຒΊࠐΈͱॻ͍ͨΒશͯ͜ΕΛԾఆ͢Δ.
3ಠཱͰͳ͘ɺ͍ޓʹؔ࿈͕ͯ͠ڀݚਐΊΒΕ͍ͯΔ.
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রͤΑ. ҰํɺLevi (·ͨHartogsͷٯ)ͱɺh (Levi)ٖತྖҬͳΒਖ਼ଇ
ྖҬͰ͋Δʱ͜ͱΛ͏Ͱ͋Δ. CnͷྖҬͳͲͰOkaΒͷڀݚʹΑͬͯߠఆత
ʹղܾ͞ΕɺGrauertΒʹΑΓҰൠԽ͞Εͨ. ͔͠͠Ұൠͷෳૉଟ༷ମͷྖҬͰ
GrauertʹΑΔྫ͕͋Δ. ͦͷٖತྖҬʹɺີ༿͔ΒΔίϯύΫτLeviฏୱ໘͕
ग़ͨ͠ݱ. .ͳ͍ͨ࣋ཧ͔Βಛʹඇఆਖ਼ଇؔΛݪେ࠷ ͜ͷํ໘͔Βͷڀݚʹ͍ͭ
ͯ [Oh1],[Oh2]ͳͲΛࢀরͤΑ.

զʑ༿FͷҐ૬ྗֶܥతੑ࣭ͱɺຒΊࠐ·Εͨෳૉଟ༷ମͷղੳతੑ࣭ͱͷؔ
.ண͠ͳ͕ΒΛਐΊΔʹ ͦͷͨΊʹগ͠ݴ༿Λ४උ͠Α͏ 4.

༿L্ͷดۂઢΓʹԊͬͯಈ͍ͨͱ͖ɺଞͷ༿͕ͲͷΑ͏ͳৼΔ͍Λ͢Δ͔Λௐ
͍ͨ. ͦͷҝʹp ∈ ΓΛத৺ͱͯ͠FʹԣஅతͳۂઢTpΛ༻ҙ͢Δ. ΓʹԊͬͨ༿
ॴඍಉ૬ہɺ૾ࣸؼ࠶ඪ͔ΒಘΒΕΔTpͷ࠲ f : (R, 0)→ (R, 0)Λ༩͑Δ. 0ʹ͓
͚Δժ f0ΛΓʹԊͬͨFͷϗϩϊϛʔͱݺͿ 5. ϗϩϊϛʔ f0͕ contraction (resp.

expansion)ͱ 0ͷۙͰ |f(t)| < |t| (t ̸= 0) (resp. |f(t)| > |t| (t ̸= 0))͕Γཱͭ
ͱ͖Λ͍͏. ·ͨ

f(t) = t+O(tr+1)

ͱͳΔͱ͖ɺϗϩϊϛʔf0 t = 0ͰCr-flatͱݺͿ (r = 1, 2, . . . ,∞). Lͷجຊ܈ͷ֤
ܕରͯ͠ϗϩϊϛʔΛऔΔ͜ͱͰ४ಉʹݩ

ρ : π1(L, p)→ Diff(R, 0)

ΛಘΔ. ͦͷ૾LʹԊͬͨFͷϗϩϊϛʔ܈ͱݺΕɺH(L)Ͱද͢. L͕ԣஅํ
ʹ༗ͷͱ͖ยଆͷϗϩϊϛʔ͚ͩΛ͑ߟΔ͜ͱ͋Δ. ͦͷ߹H+(L)Ͱද͢.

1.2. ۩ମྫ

͜ͷઅͰෳૉଟ༷ମͷLeviฏୱ໘ͷදతͳྫΛհ͢Δ.

ྫ 1.2 (Fibered Levi-flats). .୯७ͳྫϑΝΠϒϨʔγϣϯ͔ΒಘΒΕΔ࠷ ਖ਼ଇ
ϑΝΠϒϨʔγϣϯπ : X → Cͱ୯७ดۂઢ γ ⊂ C\Critv(π)ʹରͯ͠ɺM := π−1(γ)

XͷLeviฏୱ໘ΛఆΊΔ. Levi༿F֤ϑΝΠόʔ͔ΒΔ. ·ͨෳૉղੳ
X→ Cʹରͯ͠ಉ༷ͷૢ࡞ͰLeviฏୱ໘ΛಘΔ.

ྫ 1.3 (Suspension Levi-flats). Riemann໘Σ্ͷฏୱCP 1ଋ

X := Σ×ρ CP 1 = H× CP 1/(z, ζ) ∼ (z · γ, ρ(γ)(ζ))

Ͱ͋ͬͯρ : π1(Σ)→ PSL2(R)ͳΔͷΛ͑ߟΔ. M := Σ×ρ RP 1XͷLeviฏୱ
໘ͱͳΔ. ֤༿LΣͷඃ෴ۭؒͱͯ͠༩͑ΒΕɺෳૉߏΣ͔Β༠ಋ͞ΕΔ. ρͷ
બͼํͰLevi༿Fͷྗֶܥతੑ࣭͕มԽ͢Δ͕ɺͦΕʹͬͯิू߹X\Mͷෳૉ
ղੳతͳੑ࣭มԽ͢Δ. ༿Fͷෳ͞ࡶͱิू߹X\Mͷٖತੑ͕ີʹؔͯ͠
͍Δ [DO] (cf. [Br],[A]). ಛʹ g ! 2ͰFuchsදݱ ρ : π1(Σ)

id.→ π1(Σ) < PSL2(R)ͷͱ
͖ɺF͕ଌྲྀAnosov༿ͱͳΓɺX\M = WL ∪WHWH͕SteinۭؒͷվมɺWL

͕Steinଟ༷ମͱͳΔ. ͜͜ͰCP 1 = H ∪ RP 1 ∪ Lͱղͨ͠.

4༿ߏͷجຊతͳࣄฑ [CC]ͳͲΛࢀরͯ͠΄͍͠.
5Γͷ pΛجͱͨ͠LͷϗϞτϐʔʹͷΈґଘ͢Δ.
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ྫ 1.4. Y := CP 2্ͷ9P = {p1, . . . , p9}ͱͦΕΛ௨Δ3ۂ࣍ઢCΛҰͭݻఆ͢Δ 6.

Y ͷ 9ϒϩʔΞοϓΛX := BℓP (Y )ɺCͷ strict transformΛ ĈͰද͢. ަݾࣗ
 [Ĉ]2 = 0ͱͳΔ. Ұൠ͔Β๏ଋNĈ/Xͷมؔ {tjk}U(1)-ఆؔʹऔΕ
Δ [U]. ϑΝΠόʔ࠲ඪ {ζj}ʹରͯ͠ {|ζj| = 1}షΓ͋ͬͯLeviฏୱ໘Λ࡞Δ. Levi

༿F {ζj = Ұఆ }Ͱ༩͑ΒΕΔ. P Λݻఆ͞ΕͨCͷதͰ্खʹબͿͱNĈ/X͕

Picard܈ͷதͰDiophantine݅Λຬͨ͢Α͏ʹͰ͖ 7ɺಛʹ Ĉ͕๏ଋNĈ/Xͷྵஅ

ۙͱਖ਼ଇͳۙΛͭ࣋ ([Ar], [U], [Br2], [K2]). ͜ͷಉܕΛ௨ͯ͠ Ĉͷۙʹ༿
ߏLeviฏୱ໘͕༠ಋ͞ΕΔ. ಛʹ Ĉͷఆٛؔܥ{(Wj, wj)}͕ଘͯ͠ࡏ

tjkwk = wj

Λຬͨ͢.

ྫ 1.5 (Reeb components). ۭؒ (͔ΒݪΛൈ͍ͨͷ)

M̃ = Cn−1 × R!0\{(0, 0)}

ͷۭؒM = M̃/(z, t) ∼ (λz, f(t)) ≈ D2n−2 × S1Λ͑ߟΔ. ͜͜Ͱ λ ∈ C |λ| > 1

ͱ͠ɺf : R!0 → R!0֦େඍಉ૬. Mʹ M̃ͷਫฏ༿͔Β༠ಋ͞ΕΔෳૉ༿
FReeb͕ఆ·Γɺ(M,FReeb, JF)Leviฏୱଟ༷ମͰ͋Δ. ·ͨ (M,FReeb)Reeb
ͱݺΕΔ. ΑΓίϯύΫτ༿∂MHopfଟ༷ମߏ (≈ S2n−3 × S1)Ͱ͋Γɺͦͷଞ
શͯCn−1༿ͱͳΔ. ∂MʹԊͬͨFͷϗϩϊϛʔ܈fͰੜ͞ΕΔ. ͭ·Γ

H+(∂M) ∼= Z⟨f⟩.

n = 2Ͱλ = exp(2π)ͷ߹ɺ∂M ∼= C/(Z+ Z
√
−1). ͜ͷMΛೋͭ༻ҙͯ͠ɺ∂M

ʹԊͬͯࣸ૾ z 0→
√
−1zͰషΓ߹ΘͤΕɺLeviฏୱଟ༷ମ (S3,R, JR)ΛಘΔ. ͜ͷ

༿RS3ͷReeb༿ͱݺΕΔ.

 1.6. Reebෳૉଟ༷ମʹLeviฏୱຒΊࠐΈͰ͖Δ͔?

.Δ͜ͱྑ͘ΒΕ͍ͯΔ͕͋ΈͷোࠐͷΑ͏ʹຒΊ࣍

໋ 1.7. ReebKählerଟ༷ମʹLeviฏୱຒΊࠐΈͰ͖ͳ͍.

ূ໌؆୯Ͱ͋Δ. ຒΊࠐΊͨ͢Εɺ∂MKähler෦ଟ༷ମͰ͋Γ
∫
∂M ω|n−1

∂M ̸= 0.

͔͠͠ReebͷఆٛΑΓ [∂M ] = 0ͱͳΓໃ६.

ҰํͰ͋Δ Hopfଟ༷ମ (non-Kähler)ʹ Reeb͕ଘ͢ࡏΔ [Ne]. ্ͷߏͰ
λ ∈ R,λ > 1Ͱ f(t) = µt, µ ∈ R, µ > 1ͱ͢Ε؆୯ʹ࣮ݱͰ͖Δ. ͜ͷ߹ ∂M ʹ
Ԋͬͨϗϩϊϛʔͷඍf ′(0) = µ > 1ͱͳΔ. Ͱϗϩϊϛʔ͕Cr-flatͷ߹
ຒΊࠐΊΔͰ͋Ζ͏͔?

 1.8. Cr-flat Reeb (M,FReeb, JF)ෳૉଟ༷ମʹLeviฏୱຒΊࠐΈͰ͖Δ͔?

Barrettͷ݁ՌΑΓ෦తͳղ͕ಘΒΕ͍ͯΔ. ͜Ε͕զʑͷڀݚͷग़ൃͱͳΔ.

ఆཧ 1.9 (Barrett ’90 [B]). C∞-flatݩ࣍3 Reebෳૉۂ໘ʹLeviฏୱຒΊࠐΈͰ
͖ͳ͍.

6generalͳP ΛબͿͱΒ͔ͳ .ઢC͕Ұҙతʹఆ·Δۂ࣍3
7Pic0(Ĉ)ͷதͰશଌ.
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1.3. Reeb༿ͷඇຒࠐఆཧ

ɹ͜ͷઅͰ Barrettͷఆཧʹ͍ͭͯղઆ͢Δ. ·ͣෳૉଟ༷ମX ͷ Leviฏୱ໘
(M,F)ͱͦͷ༿LΛҰͭݻఆ͠ɺLXʹຒΊࠐ·Ε͍ͯΔͱԾఆ͢Δ. Barrettϗ
ϩϊϛʔͷCr-flatness͔ΒLͷ্ాྨ 8ͷফ໓Λࣔͨ͠. ਖ਼֬ʹCr-flatness͔Β࣍
ͷσʔλΛಘΔ. LͷXʹ͓͚Δఆٛؔܥ {(Wj, wj)}ͱLͷMʹ͓͚Δ (༿্ఆ
ͱͳΔ)ఆٛؔܥ{(Uj, uj)}Ͱ͋ͬͯɺUj = Wj ∩Mͱ͢Δ. ͞Βʹ∀j, kʹରͯ͠Ҏ
Լͷ݅Λຬͨ͢ͷ͕ଘ͢ࡏΔ.

(i) wk − wj = O(wr+1
j ) on Wjk,

(ii) uk − uj = O(ur+1
j ) on Ujk,

(iii) (Im wj)|Uj = o(|wj|r) on Uj

(iv) (Re wj)|Uj = uj + o(ur
j) on Uj.

݅ (ii)ϗϩϊϛʔͷCr-flatnessͰ͋Δ. ݅ (iii)Barrett-Fornaess[BF]ʹΑΓࣔ
͞Εͨ. LͷہॴఆٛؔΛM ʹԊͬͯͦͷڏ෦ͷ jetΛফ͢Α͏ʹؼೲతʹमਖ਼͠
͍ͯ͘͜ͱͰ݅Λຬͨ͢Α͏ʹग़དྷΔ 9. (iv) (iii)ʹCauchyͷධՁࣜͱCauchy-

RiemannͷؔࣜΛ͏. (ii),(iii),(iv)Λ߹Θͤͯ (i)ΛಘΔ. ·ͱΊ͓ͯ͜͏.

໋ 1.10 ([B]). ෳૉଟ༷ମXͷLeviฏୱ໘ (M,F)ͱຒΊࠐ·Εͨ༿LΛऔΔ 10.

LʹԊͬͨFͷϗϩϊϛʔ͕Cr-flatͳΒɺXʹ͓͚ΔLͷఆٛؔܥ{(Wj, wj)}͕
ଘͯ͠ࡏҎԼͷ݅Λຬͨ͢.

wk − wj = O(wr+1
j ) on Wjk ͔ͭ d(Re wj|Uj) ̸= 0 on Uj.

r ! 1ͷͱ͖๏ଋNL/Xղੳతʹࣗ໌Ͱ͋Δ. r ! 2ͷͱ͖ (L,X)ͷ {wj}ʹؔ͢Δ
(r− .ফ໓͢Δྨా্࣍(1 ಛʹr =∞ͷͱ͖L͕ίϯύΫτͳΒ (L,X) infinite

typeͱͳΔ 11.

͜ΕΛ༻͍ͯBarrettS3ͷReeb༿ͷඇຒࠐఆཧΛࣔͨ͠. ຊ࣭తʹ࣍ͷఆཧ
Λ͍ࣔͯ͠Δ.

ఆཧ 1.11 (Barrett ’90 [B]). Leviฏୱଟ༷ମ(M3,Fݩ࣍3 , JF)ʹରͯ͠F͕τʔϥε༿
LΛͪ࣋ɺH+(L) ∼= Z⟨f⟩Λຬͨ͢ͱ͢Δ. ͜͜ͰfCʹԊͬͨC∞-flat contraction.

͜ͷͱ͖ (M3,F , JF)ෳૉۂ໘ (X4, JX)ʹLeviฏୱຒΊࠐΈͰ͖ͳ͍.

ຒΊࠐ·ΕΔෳૉۂ໘ʹԿͷԾఆ͍ͯ͠ͳ͍ॴʹҙͯ͠΄͍͠. ͷূ໌͔࣍
Β͔ΔΑ͏ʹɺຒΊࠐ·Εͨτʔϥε༿ۙͰ͕͍ͯ݁͠Δ. ·ͨJFʹ͍ͭͯ
ͷ݅ແ͍. .શʹ༿ͷ͚݅ͩͰΓ໋ཱͭͰ͋Δ

(ূ໌) (M,F)͕͋Δෳૉۂ໘XʹຒΊࠐΊͨͱ͢Δ. ϗϩϊϛʔͷC∞-flatnessΑ
Γɺ໋ 1.10ͷΑ͏ͳఆٛؔܥ {(Wj, wj)}͕औΕͯ (L,X) infinite typeͱͳΔ.

͜ΕͰఆ͕ٛؔͨͪ formalʹ͔͠షΓ͍͋ͬͯͳ͍͕ɺ্ాͷఆཧ 12ΑΓਖ਼ଇؔ
w : W → C͕ଘͯ͠ࡏɺಛʹ d(Re w|M) ̸= 0Λຬͨ͢. ͜͜ͰW ্ͰLʹۙ͢
82.1અࢀর
Ͱ৮ΕΔ্ాͷٞޙ9 [U]ɺ·ͨզʑͷٞ [KO]ʹ͓͍ͯجຊతͳํ͑ߟಉ͡Ͱ͋Δ.

10ίϯύΫτੑԾఆ͠ͳ͍.
11ఆٛ .রࢀ2.5
12ఆཧ 2.6 .রࢀ
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Δଞͷ༿L′ʹ͢Δ. ௐؔRe w|L′Λ͑ߟΑ͏. wͷ͔݅ΒRe w|L′ > 0ͱ͠
ͯΑ͍. L′Ґ૬తʹΞχϡϥε͕ͩRiemann໘ͱͯ͠ͷߏ͔ͭزՄੑ͕͋Δ.

ྫ͑L′ ∼= D∗ͷͱ͖ɺͦͷίϯύΫτԽD্֦ுͯ͑͠ߟΔͱௐؔͷ࠷େ
.Δ͖ىཧ͔Βໃ६͕ݪখ࠷ ଞͷ߹ಉ༷ͷໃ६͕͖ىΔ. ✷

ܥ 1.12 (Reeb༿ͷඇຒࠐఆཧ [B]). C∞-flat Reebෳૉۂ໘ʹLeviฏୱຒࠐΈ
Ͱ͖ͳ͍. ಛʹS3ͷC∞Reeb༿ෳૉۂ໘ʹLeviฏୱຒࠐΈͰ͖ͳ͍.

໘ͷۂBarrett-Inabaɺෳૉʹޙ C∞Leviฏୱ໘ʹҐ૬తͳ੍͕͋Δ͜ݩ࣍3
ͱΛࣔͨ͠.

ఆཧ 1.13 (Barrett-Inaba’92 [BI]). ෳૉۂ໘ͷίϯύΫτ༗ݩ࣍3C∞Leviฏୱ໘
(M,F)ʹର͕ͯ࣍͠Γཱͭ.

(1) |π1(M)| =∞ ͔ͭ
(2) π2(M) = 0 ·ͨ M ≈ S2 × S1

1.4. ओ݁Ռ

ɹ͜ͷઅͰ [KO]ͰಘΒΕͨඇຒΊࠐΈܕఆཧʹ͍ͭͯड़Δ 13. ͜ΕBarrettͷ
ఆཧͷݩ࣍ߴͷ֦ுͰ͋Δ. ·ͨզʑͷ݁Ռɺ༿ʹؚ·ΕΔପԁۂઢۙʹର͢Δ
݁ՌͰ͋Γɺ༿ࣗʹίϯύΫτੑΛԾఆ͠ͳ͍.

ఆཧ 1.14 (Koike-O ’17 [KO]).

Leviฏୱଟ༷ମݩ࣍5 (M5,F , JF)͕ପԁۂઢCΛෳૉ෦ଟ༷ମͱؚͯ͠Ή༿LΛ࣋
ͭͱ͠Α͏. ͞ΒʹCͷۙU͕ଘͯ͠ࡏɺҎԼΛຬͨ͢ͱԾఆ͢Δ.

(i) H+(L ∩ U) ∼= Z⟨f⟩. ͜͜Ͱ fCʹԊͬͨC∞-flat contraction.

(ii) C∞-retraction p : U → L ∩ U͕ଘͯ͠ࡏɺ֤༿্Ͱholomorphic covering map.

(iii) C = f−1(0)ͳΔਖ਼ଇؔ f : L ∩ U → C͕ଘ͢ࡏΔ.

͜ͷͱ͖ (M5,F , JF) ෳૉ3ݩ࣍ଟ༷ମ (X6, JX)ʹLeviฏୱຒΊࠐΈͰ͖ͳ͍.

ূ໌2.3અʹ·Θͯ͠ɺઌʹఆཧͷԠ༻ྫΛ͔ͭزհ͢Δ.

ྫ 1.15. ྫ1.5Ͱߏͨ͠Reeb༿ (S3,R, JR)ͱCΛੵ͢Δ͜ͱͰ Leviฏݩ࣍5
ୱଟ༷ମ (S3 × C,F , JF)ΛಘΔ. ͜͜Ͱ F = {L× C | L ∈ R}. ͜ΕఆཧͷԾఆΛ
ຬͨ͢. ͕ͨͬͯ͠ɺͲͷෳૉ3ݩ࣍ଟ༷ମ (X6, JX)ʹຒΊࠐΊͳ͍.

ྫ 1.16. ྫ1.5Ͱߏͨ͠5ݩ࣍Reeb (M5,FReeb, JF)Λ͑ߟΑ͏. ք༿∂Mڥ
Hopfۂ໘Ͱ͋Γɺͦͷதʹପԁۂઢ

C = (C× {0}× {0})\{(0, 0)}/z1 ∼ λz1.

ΛؚΉ. ͜ΕఆཧͷԾఆΛຬͨ͢ͷͰෳૉ3ݩ࣍ଟ༷ମ (X6, JX)ʹຒΊࠐΊͳ͍ 14.

զʑBarrett-Inaba[BI]ʹΑΔC2ͷ LeviฏୱຒΊࠐΈͷྫΛ༻͍ͯҎԼͷ໋
Λಘͨ. (ii)ͷߏΛݟΔͱఆཧ1.14ͷʰC͕Lͷෳૉ෦ଟ༷ମʱͱ͍͏Ծఆ͕མͱ
ͤͳ͍͜ͱ͕͔Δ. ͜ͷΑ͏ͳݱ͕3ݩ࣍Ͱ͖ىΔ͔Ͳ͏͔͔͍ͬͯͳ͍.

13ຊߘͰ .આ໌͢ΔͯͬݶʹLeviฏୱଟ༷ମݩ࣍5 ઃఆ͕ෳࡶʹͳΔ͕ɺΑΓݩ͍࣍ߴͰಉ༷ͷఆ
ཧ͕Γཱͭ.

14 [D]ࢀর.
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ܥ 1.17. Leviฏୱଟ༷ମݩ࣍Λຬͨ͢5࣍ (M5
i ,Fi, JFi) (i = 1, 2) ͕ଘ͢ࡏΔ.

(i) (M1,F1, JF1)Ͳͷෳૉ3ݩ࣍ଟ༷ମ (X6, JX)ʹຒΊࠐΊͳ͍.

(ii) (M2,F2, JF2)C3ͷຒࠐΈΛͭ࣋.

(iii) (M1,F1)ͱ (M2,F2)C∞༿ଟ༷ମͱͯ͠ಉܕ.

2. ্ాͷఆཧͱͦͷվྑ
ɹຊઅͰReeb༿ͷඇຒࠐఆཧͷূ໌ͰݤͱͳΔ্ాͷఆཧͱͦͷ֦ுʹ͍ͭͯड़
Δ. XΛෳૉଟ༷ମɺSΛXͷෳૉۂ໘ͱ͢Δ. ҰൠʹSͷঢ়ۙͷෳૉزԿ
୯७Ͱͳ͍. ྫ͑๏ଋNS/X ͷྵஅۙͱ Sͷঢ়ۙҰൠʹਖ਼ଇͱ
.Βͳ͍ݶ ্ా [S]2 = 0ͱͳΔ SͷۙͷෳૉزԿΛͨ͠ڀݚ [U]. ্ాͷཧɺ
[S]2 = 0ͱͳΔ Sͷෳૉۙ “͓͓Αͦ”ٖԜ·ٖͨฏୱͱͳΔ͜ͱΛओு͢Δ.

զʑऀޙͷ߹ʹ͍ͭͯͯ͑ߟΏ͘ (ఆཧ2.6).

2.1. ্ాʹΑΔোྨͱJet Extension Property

ɹҎ߱XSͷेখ͞ͳۙͱͯ͠ΛਐΊΔ. Xͷہॴ࠲ඪܥ{(Wj; (zj, wj))}Ͱ
͋ͬͯwj Vj = Wj ∩ Sͷఆٛؔɺ{(Vj; zj|S)} Sͷہॴ࠲ඪܥΛఆΊΔͷͱ
͢Δ.

Wk
Wj ∋ (zj , wj)

Swk
wj

ม͕ؔ gjk(zk, wk) = wj/wkͰ༩͑ΒΕΔX্ͷઢଋOX(S)Λ͑ߟΔ. S੍ݶ
͢Δ͜ͱͰOX(S)|S ∼= NS/XΛಘΔ. ඞཁͳΒO∗

Sഒͯ͠ gjk(zk, 0) = tjk(zk)ͱͯ͠Α
͍. ͜͜Ͱ{tjk}๏ଋNS/Xͷมؔ. ͜͜Ͱզʑ࣍ΛԾఆ͢Δ.

Ծఆ 2.1. ๏ଋNS/XU(1)-ฏୱ. ଈͪ{tjk}U(1)ఆؔͱ͢Δ.

ಛʹNS/XҐ૬తʹࣗ໌ͱͳΔ. ·ͨSʹKählerੑΛԾఆ͢ΕٯΓཱͭ [U].

͜ͷͱ͖࣍ͷΛ͑ߟΑ͏.

 2.2. ઢଋOX(S)্ʹU(1)-ฏୱߏ֦ு͢Δ͔? ଈͪɺSͷఆٛؔܥ{(Wj, wj)}
Ͱ͋ͬͯ

tjkwk = wj

Λຬͨ͢ͷ͕࡞ΕΔ͔ 15?

ͪΖΜҰൠʹwkͷwjʹΑΔల։࣍ߴͷ߲ΛؚΉ. ͜ͷ͍Sͷఆٛؔܥ
ʹର͢ΔઢܕԽՄੑͱଊ͑Δ͜ͱ͕Ͱ͖Δ.

ͯ͞ɺwk(zj, wj)ͷwjʹΑΔల։ΛҎԼͰද͢.

tjkwk =
∞∑

ℓ=1

f (ℓ)
jk (zj) · w

ℓ
j.

15 tjkWjk্ʹఆؔͱ֦ͯ͠ு͢Δ.
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·ͣwj͕ఆٛؔͳͷͰf (1)
jk (zj) ≡ 1. .Ҏ্ͷ߲͕ͱͳΔ࣍2͕ͯͬͨ͠

ఆٛ 2.3.  (S,X)ͷఆٛؔܥ{(Wj, wj)}͕ type nͱɺ∀j, kʹରͯ͠ɺ

tjkwk = wj + f (n+1)
jk (zj) · wn+1

j +O(wn+2
j )

ͱͳΔͱ͖ɺଈͪɺtjkwkͱwj͕n-jetͰషΓ߹͏ͱ͖Λ͍͏.

type n system {(Wj, wj)}͕ଘ͢ࡏΔͱ͖ɺ؆୯ͳ͔ࢉܭΒ{(Vjk, f
(n+1)
jk )}N−n

S/X
ͷ1-ίαΠΫϧΛఆΊΔ͜ͱ͕͔Δ. ČechίϗϞϩδʔྨ

un(S,X; {wj}) := [{(Vjk, f
(n+1)
jk )}] ∈ Ȟ1(S;N−n

S/X)

Λ (S,X)ͷ (n࣍)্ాྨͱݺͿ. ಛʹ͜Ε type (n + 1) system͕ଘ͢ࡏΔͨΊͷ
োྨͱͳ͍ͬͯΔ.

໋ 2.4 ([U]). (1) ∃ type (n+ 1) system {wj} ⇒ un({wj}) = 0.

(2) ∃ type n system {wj} s.t. un({wj}) = 0 ⇒ ∃ type (n+ 1) system {w̃j}.

(ূ໌ͷུ֓) (1)ఆٛ. (2)Ծఆun({wj}) = 0ΑΓɺδ{(Vj, aj)} = {(Vjk, f
(n+1)
jk )}

ͳΔ0-ίνΣΠϯ{(Vj, aj)}͕ଘ͢ࡏΔ. ͜ΕΛͯͬ{wj}Λ

w̃j := wj − ajw
n+1
j

ͷΑ͏ʹิਖ਼͢Εɺ{w̃j} type (n+ 1) systemͱͳΔ͜ͱ͕͔Δ.✷

ఆٛ 2.5. (1) (S,X)͕ type n
def.⇐⇒ ∃ type n system {wj} s.t. un({wj}) ̸= 0.

(2) (S,X)͕ infinite type
def.⇐⇒ ∀n, ∀ type n system {wj}, un({wj}) = 0.

͜͜Ͱ্ాͷཧͷதͰɺຊߨԋͰ͏ͷ͚ͩΛհ͓ͯ͜͠͏. ͷఆཧɺ࣍
ઢܕԽ͞Εͨఆ͕ٛؔܥଘ͢ࡏΔͨΊͷे݅Λఏ͍ࣔͯ͠Δ.

ఆཧ 2.6 (Ueda ’83 [U]). SΛX ͷίϯύΫτෳૉۂ໘Ͱ͋ͬͯ [S]2 = 0ͱ͢Δ.

(S,X)͕ infinite type ͔ͭ๏ଋNS/X͕ torsion·ͨDiophantine݅Λຬͨ͢ͱԾ
ఆ͢Δ. ͜ͷͱ͖Sͷఆٛؔܥ{(Wj, wj)}͕ଘͯ͠ࡏ tjkwk = wjΛຬͨ͢.

ͯ͞ɺinfinite typeͷఆٛΛݟΔͱɺ͜ΕΛࣔ͢ͷ͔ͳΓࠔʹ͡ײΔ. ͔͠͠ɺ
্͠ాྨͷফ໓ un = 0 ͕ systemͷऔΓํʹґଘ͠ͳ͍ͷͰ͋Εɺ֤n ∈ Nʹର
ͯ͠ɺ͋Δ type n system {wj}ʹ͍ͭͯফ໓Λࣔͤ infinite type͕ै͏. ͦ͜Ͱɺ্
ాྨͷফ໓͕ systemͷऔΓํʹґଘ͠ͳ͍ͱ͖ɺh ݅un = 0well-definedʱͱݺ
Ϳ͜ͱʹ͠Α͏.

্ా S͕ίϯύΫτͷ߹ʹ un = 0͕well-definedͰ͋Δ͜ͱΛ͍ࣔͯ͠Δ. ͠
͔͠զʑɺS͕ίϯύΫτͰͳ͍߹ʹ͍ͭͯѻ͍͍ͨ. [KO]Ͱun = 0͕well-

definedͱͳΔͨΊͷ݅ʹ͍ͭͯͨ͠ߟ. ͜ͷwell-definednessͱ͍͏ɺઢܕ
Խ͞ΕͨఆٛؔܥΛ࡞ΔࡍʹඞཁͱͳΓආ͚ͯ௨Εͳ͍.

ఆٛ 2.7 ([KO]). (S,X)ಉ͡. OXͰXͷߏɺISͰSͷఆٛΠσΞϧͱ͢Δ.

 (S,X)͕Jet Extension Property (J.E.P.)Λͭ࣋ͱɺ∀n ∈ Nʹର੍ͯ͠ݶ
ࣸ૾

r∗ : H
0(X;OX/In+1

S )→ H0(X;OX/IS) ∼= H0(S;OS)

͕શࣹͱͳΔͱ͖Λ͍͏.
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͜ΕʰS্ͷҙͷਖ਼ଇ͕ؔn-jetͰషΓ߹͏ܗͰ্ۙʹ֦ு͢Δʱͱ͍͏͜
ͱΛओு͍ͯ͠Δ. ಛʹS͕ίϯύΫτͳΒJ.E.P.Λຬͨ͢.

໋ 2.8 (J.E.P. " well-definedness).

(S,X)͕J.E.P.Λຬͨ͠ tjk ≡ 1ͳΒ݅un = 0well-defined.

(ূ໌ͷུ֓) ূ໌ೋͭͷ type n system {wj}, {w′
j}͕͋ͬͨͱͯ͠ɺ{w′

j}Λ{wj}
Ͱల։͢Δ. ͜ΕΛ্ాྨͷ݅Λอͪͭͭɺ࣍ͷ߲͔Βஞ࣍मਖ਼͍ͯ͘͠. ͦͷͱ
͖ɺS্ͷؔΛͦͷ্֦ۙுͨ͠ͷΛͯͬमਖ਼͢Δͷ͕ͩ 16ɺ֦ுͷํ
͕ѱ͍ͱ্͕ٞख͘ਐ·ͳ͍. े͍ߴ jetͰషΓ߹ͬͨܗͰͷ֦ுΛอূ͢Δͷ͕
Jet Extension PropertyͰ͋Δ. ✷

ͰͲͷΑ͏ͳঢ়گͰJet Extension Property͕ΓཱͭͩΖ͏͔. ࣮զʑͷઃఆ
ͱ૬ੑ͕Α͍. ূ໌ [KO]ࢀর.

໋ 2.9 (Cr-flat holonomy " J.E.P.).

X্ͷLeviฏୱ໘ (M,F)ͱຒΊࠐ·Εͨ༿Sʹରͯ͠ɺҎԼͷ݅ΛԾఆ͢Δ.

(a) SʹԊͬͨFͷϗϩϊϛʔC2-flat.

(b) ֤༿্Ͱਖ਼ଇͳC∞ retraction p : M → S͕ଘ͢ࡏΔ.

͜ͷͱ͖ (S,X)J.E.P.Λຬͨ͢.

2.2. ༨2্ాݩ࣍ཧ

ɹBarrettͷఆཧ 1.11Λݩ࣍ߴԽ͢Δʹɺ্ాͷఆཧ 2.6ʹ૬͢ΔͷΛূ໌͢
Δ͜ͱ͕ඞཁͰ͋Δ. খ [K]ʹ্͓͍ͯాཧͷ༨2ݩ࣍ͷ߹ͷ֦ுΛࢼΈͯ
͍Δ. զʑͦΕΛLeviฏୱຒΊࠐΈʹ͑Δܗʹվྑͨ͠ [KO].

ෳૉۂ໘C ⊂ S ⊂ Xͷͭࡾ (C, S,X)ͰɺCίϯύΫτΛԾఆ͢Δ (Լਤ) 17.

લઅͱಉ༷ʹCͷेখ͞ͳۙͰΛ͢Δ. {Uj},{Vj},{Wj}ͰC,S,Xͷ։ඃ෴ͱ͢
Δ 18. .ΛԾఆ͠Α͏࣍

Ծఆ 2.10. ๏ଋ (NC/S, {sjk})ɺ๏ଋ (NS/X , {tjk})U(1)-ฏୱͱ͢Δ 19.

xjΛUjͷ࠲ඪɺyjΛVjʹ͓͚ΔUjͷఆٛؔɺwjΛWjʹ͓͚ΔVjͷఆٛؔͱ
͢Δ. xj,yjΛwjͱ߹ΘͤͯWjͷ࠲ඪͱͳΔΑ͏ʹ֦ு͢Δ. ΛٞํͰyjͷ֦ுͷޙ
͍ͨ͠ͷͰɺyjͷ֦ுΛ zjͰද͢ (zj|Vj = yj). ඞཁͳΒO∗ഒͯ͠ (wj/wk)|Vjk

≡ tjk
͔ͭ (yj/yk)|Ujk

≡ sjkͱͯ͠ྑ͍.

(Uj , xj) ⊂ C

(Vj , yj) ⊂ S

(Wj , wj) ⊂ X

xj zj
(zj |Vj = yj)

wj

લઅͱಉ༷ʹ࣍ͷΛ͑ߟΔ.
16S͕ίϯύΫτͷ߹ɺਖ਼ଇؔఆͳͷͰఆؔͱ֦ͯ͠ு͢ΕOK.
17SXͷۂ໘ͰCSͷۂ໘.
18Vj = Wj ∩ S, Uj = Vj ∩ C, Vjk = ∅ ⇐⇒ Wjk = ∅Λຬͨ͠ɺेྑ͍ඃ෴ͱ͢Δ.
19໋ 2.9ΑΓզʑͷઃఆʹ͓͍ͯऀޙͷԾఆ͕ຬͨ͞ΕΔ.
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 2.11. ઢଋ OX(S) ্ʹ U(1)-ฏୱߏ֦ு͢Δ͔? ଈͪɺS ͷఆٛؔܥ
{(Wj, wj)}Ͱ͋ͬͯ

tjkwk = wj

Λຬͨ͢ͷ͕࡞ΕΔ͔?

খ [K]Ҏ্ͷઃఆͷͱͰ্ాྨΛఆٛͨ͠.

ఆٛ 2.12.  (C, S,X)ͷఆٛؔܥ{(Wj, wj)}͕ type(n,m)ͱɺ∀j, kʹରͯ͠ɺ

tjkwk = wj + g(n+1,m)
jk (xj) · wn+1

j zmj +O(zm+1
j )wn+1

j +O(wn+2
j )

ͱͳΔͱ͖Λ͍͏.

type (n,m) system {(Wj, wj)}͕ଘ͢ࡏΔͱ͖ɺ{(Ujk, g
(n+1,m)
jk )}NS/X |−n

C ⊗N−m
C/S

1-cocycleΛఆΊ͍ͯΔ. ͦ͜ͰίϗϞϩδʔྨ

un,m(C, S,X; {wj}) = [{(Ujk, g
(n+1,m)
jk )}] ∈ Ȟ1(C;NS/X |−n

C ⊗N−m
C/S)

Λ (C, S,X)ͷ ((n,m)࣍)্ాྨͱݺͿ. ͜Ε type (n,m + 1) system͕ଘ͢ࡏΔ
ͨΊͷোͱͳ͍ͬͯΔ.

͞Βʹ [KO]ͰɺVjʹ͓͚ΔUjͷఆٛؔܥ {yj}͕͞Βʹ sjkyk = yjΛຬͨ͢ͱ
͖ɺͦΕ͕{Wj}៉ྷʹ֦ு͢Δҝͷোఆٛͨ͠.

ఆٛ 2.13. sjkyk = yjΛຬͨ͢ Ujͷఆٛؔܥ {(Vj, yj)}ͷ type(n,m)֦ு {zj}ͱ
ɺ∀j, kʹରͯ͠ zj|Vj = yjͰ͋ͬͯ

sjkzk = zj + q(n,m)
jk (xj) · wn

j z
m
j +O(zm+1

j )wn
j +O(wn+1

j )

ͱͳΔͱ͖Λ͍͏.

type (n,m)֦ு{zj}͕ଘ͢ࡏΔͱ͖{(Ujk, q
(n,m)
jk )}NS/X |−n

C ⊗N−m+1
C/S 1-cocycle

ΛఆΊ͍ͯΔ. ͦ͜ͰίϗϞϩδʔྨ

vn,m(C, S,X; {zj}) = [{(Ujk, q
(n,m)
jk )}] ∈ Ȟ1(C;NS/X |−n

C ⊗N−m+1
C/S )

Λ{yj}ͷ ((n,m)࣍) extension classͱݺͿ. ͜Ε type (n,m+ 1) ֦ு{zj}͕ଘࡏ
͢ΔͨΊͷোͱͳ͍ͬͯΔ.

զʑͷΛ·ͱΊΔͱ࣍ͷΑ͏ʹͳΔ.

 2.14 (ઢܕԽՄੑ). Sͷఆٛؔܥ{wj}ͱsjkyk = yjΛຬͨ͢Cͷఆٛؔ
ܥ{yj}ͷ֦ு{zj}͕༩͑ΒΕͨͱ͖ɺ{xj},{yj}Λݻఆ͠ͳ͕Βɺ{wj}ͱ{zj}Λऔ
Γͯ͠

tjkwk = wj ͔ͭ sjkzk = zj

Λຬͨ͢Α͏ʹͰ͖Δ͔?

ఆٛ 2.15. (1) (C, S,X)͕ infinite type
def.⇐⇒ ∀n,m, ∀type(n,m) system {wj},

un,m(C, S,X; {wj}) = 0.

(2) {yj}͕extension type infinity
def.⇐⇒ ∀n,m, ∀type(n,m)֦ு{zj},

vn,m(C, S,X; {zj}) = 0.
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લઅͰड़ͨΑ͏ʹɺinfinite type extension type infinityͱ͍͏݅Λࣔ͢ͷ
ҰൠʹࠔͰ͋Δ. ͔͠͠ োྨফ໓ͷwell-definedness͕อূ͞Ε͍ͯΕɺࣔ͢
ͷͣͬͱָʹͳΔ. োྨun,m,vn,mͷwell-definednessʹ͍ͭͯಉ༷ͷ໋͕Γ
ཱͭ. ূ໌ [KO]ࢀর.

໋ 2.16 (J.E.P. " well-definedness).

(1) (S,X)͕J.E.P.Λຬͨ͠ tjk ≡ 1ͳΒun,m(C, S,X) = 0well-defined.

(2) (S,X)͕J.E.P.Λຬͨ͠ tjk ≡ 1, sjk ≡ 1ͳΒ vn,m(C, S,X) = 0well-defined.

2.3. ূ໌ͷུ֓

ɹޙ࠷ʹओఆཧ1.14ͷূ໌ͷํΛઆ໌͢Δ. ຊతͳઓུఆཧ1.11ͷূ໌ͱಉ͡ج
Ͱ͋Δ. ূ໌ʹ্ాͷఆཧ2.6ʹ૬͢Δ࣍ͷ໋͕ඞཁͰ͋Δ.

໋ 2.17. (C, S,X), {Uj}, {Vj}, {Wj}, {xj}, {yj}, {zj}, {wj}ͳͲࠓ·Ͱͱಉ͡.

ҎԼͷ݅ΛԾఆ͢Δ.

(1) ๏ଋNS/XU(1)-ฏୱ͔ͭ torsion.

(2) S্Cͷఆٛؔf : S → C͕ଘ͢ࡏΔ.

(3) (C, S,X) infinite type ͔ͭ f = {f |Vj} extension type infinity.

͜ͷͱ͖Sͷఆٛؔܥ{wj}ͱf = {f |Vj}ͷ֦ு{zj}͕ଘͯ͠ࡏ

tjkwk = wj ͔ͭ sjkzk = zj

Λຬͨ͢.

(໋ 2.17ͷূ໌ͷུ֓)

Wj
tjkwk = wj+··· , sjkzk = zj+···
−−−−−−−−−−−−−−−−−−−−−→ Wk

Φj

%⏐⏐
%⏐⏐Φk

Wj
tjkvk = vj , sjkζk = ζj−−−−−−−−−−−−−−−−−−−−−−→ Wk

(
wj

zj

)
= Φj(vj, ζj, xj) =

(
vj
ζj

)
+

∞∑

ν=2

∞∑

µ=0

(
G(ν,µ)

j (xj)

Q(ν,µ)
j (xj)

)
· vνj ζ

µ
j

༩͑ΒΕͨ system({wj}, {zj})Λผͷ system({vj}, {ζj)})ʹΑΔల։ࣜΛ͑ߟΔ. ຬͨ
͖݅͢ (Մਤࣜઢܕ݅ tjkvk = vj, sjkζk = ζjͳͲ)͔ΒG(ν,µ)

j (xj), Q
(ν,µ)
j (xj)

͕ఆ·Εɺٯʹ͜ͷؔํఔࣜΛղ͘͜ͱͰઢܕԽ͞Εͨ system {vj}, {ζj}ΛಘΔ.

,ਖ਼ଇؔ{vj}ʹࡍ࣮͔͠͠ {ζj}ͷଘࡏΛ͍͏ͨΊʹɺG(ν,µ)
j (xj), Q

(ν,µ)
j (xj)Λ

దʹબͿඞཁ͕͋Δ. ֤ো͕ྨফ໓͢Δ͜ͱΛ༻͍ͯΛదʹఆΊɺؔํ
ఔࣜΛղ͘͜ͱͰɺΑΓ࣍ߴͷ jetͰషΓ߹͏ system͕खʹೖΔ. {wj}, {zj}Λ͜ͷ৽
͍͠ systemʹऔΓସ͑ͯಉ༷ͷٞΛ܁Γฦ͢. ͷҙࡍೲ๏Λճ͢ؼ (a) ៉ྷ
ʹͨ࣍͠ͷ߲ʹد༩͠ͳ͍͜ͱɺ(b) ӈลͷແڃݶ͕ਖ਼ͷऩଋܘΛͭ࣋Α͏ʹ
ΛධՁ͢Δ͜ͱͰ͋Δ. (b)ʹ (i)ͷ݅ͱCͷίϯύΫτੑΛ͏. ͜ΕΒΛΫϦΞ
͢Εɺޙ࠷ؔٯఆཧ͔ΒઢܕԽ͞Εͨ system{vj}, {ζj}ΛಘΔ. ✷
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͜ͷূ໌ΛݟΔͱ {vj}, {ζj}ΛखʹೖΕΔͨΊʹɺsystemΛԿऔΓସ͍͑ͯΔ.

(3)ͷ͔݅ΒͲͷ systemʹରͯ͠োྨͷফ໓͕อূ͞Ε͍ͯΔॴ͕ϙΠϯτͰ
͋Δ.

(ఆཧ1.14ͷূ໌ͷུ֓) ຒΊࠐ·Εͨͱ͢Δ. (i),(ii)ͱ໋ 2.9͔ΒJet Extension

Property͕ಋ͔ΕΔ. (i),(iii)͔Β tjk ≡ 1, sjk ≡ 1͕͔Δ 20. ͞Βʹ໋ 2.16Α
Γোྨͷ well-definedness͕͔Δ. (i),(iii), J.E.P.ͱ well-definednessΛ߹Θͤͯ
(C, S,X)͕ infinite typeɺf ͕ extension type infinityͰ͋Δ͜ͱ͕ै͏. ͜ΕͰ໋
2.17Λ͜͏ͱ͕Ͱ͖Δ. Sͷఆٛؔw : W → C͕ଘͯ͠ࡏɺಛʹ d(Re w|M) ̸= 0

Λຬͨ͢Α͏ʹऔΕΔ. Γ໋ 1.11ͷূ໌ͱಉ༷ʹͯ͠ໃ६͕ग़Δ. ✷
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