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൞্ࣨڀݚͷڀݚςʔϚ

§1.1 ൞্ࣨڀݚͷڀݚςʔϚ
ք஋໰୊͕ఆٛ͞ڥదԽ໰୊ͱ͸ɼภඍ෼ํఔࣜͷ࠷ঢ়ܗܕքมಈڥ

Εͨ d ∈ {2, 3} Ҭྖظͷॳݩ࣍ Ω0 ʹରͯ͠࠷దͳࣸ૾ φ : Ω0 → Rd

ΛٻΊΔ໰୊Λ͍͏ɽ

¡D0

¡p0

0

(Á)

x

(i+Á)(x)

Á(x)

ਤ 1 : ॳྖظҬ Ω0 ⊂ Rd ͱࣸ૾ φ
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ີ౓ܕҐ૬࠷దԽ໰୊ͱ͸ɼภඍ෼ํఔࣜͷڥք஋໰୊͕ఆٛ͞Εͨ

d ∈ {2, 3} ఆྖҬݻͷݩ࣍ D ʹରͯ͠࠷దͳີ౓ φ ΛٻΊΔ໰୊Λ͍
͏ɽͨͩ͠ɼθ : D → R Λઃܭม਺ʹͯ͠ɼφ ͸ θ ͷγάϞΠυؔ਺Ͱ
༩͑ΒΕΔͱԾఆ͢Δɽ

Á(µ)

D

¡D

¡p

pN

b
uD

ਤ 2 : ఆྖҬݻ D ͱີ౓ φ (θ)
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ք஋໰୊ڥ ઢܗ஄ੑ໰୊

໨తؔ਺ ฏۉίϯϓϥΠΞϯε

੍໿ؔ਺ ମੵ

ঢ়มಈ੍໿ܗ ޲ӈ໘๏ઢํࠨ

ॳܗظঢ়, ք৚݅ڥ ঢ়ܗద࠷

ਤ 3 : H1 ޯ഑๏ʹΑΔ Michell τϥεͷܗঢ়࠷దԽ [1]
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ք஋໰୊ڥ Stokes ໰୊

໨తؔ਺ ѹྗଛࣦΤωϧΪʔ

੍໿ؔ਺ ମੵ

ঢ়มಈ੍໿ܗ ྲྀೖྲྀग़ڥք

ॳظ ద࠷

ਤ 4 : Stokes ໰୊ʹର͢Δܗঢ়࠷దԽ [2]
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ਤ 5 : τϧΫΛड͚Δԁ൘ͷີ౓ܕҐ૬࠷దԽ [3]
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§1.1 ൞্ࣨڀݚͷڀݚςʔϚ (cnt.)

Ґ૬࠷దԽͷ݁Ռ ॳظ ద࠷

ਤ 6 : τϧΫΛड͚Δԁ൘ͷܗঢ়Ґ૬࠷దԽ [3]
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ҩࢣΒͱͷग़ձ͍

§1.2 ҩࢣΒͱͷग़ձ͍

..1 ҩ༻ࡐྉ࠙࿩ձ (1989): ੴాٛਓɼଜ஍ढ़ೋʢ౰࣌ Ѫ஌ݝ਎োऀ
ίϩχʔதԝපӃ ʣઌੜͱग़߹ͬͨɽ

(a) มؔވܗઅ঱ͷࠎ೯๔ (b) มࠊੑܗ௣঱ͷࠎᑜ

ਤ 7 : 1ױΑΔ࣬ʹܗมࠎ

1CD-ROM, Version 1.1 of the Interactive Atlas, copyright 1995 Ciba-Geigy
Coorporation, 556 Morris, Summit, NU 07901

9/ 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

ຊतۀͷ࿩୊

§1.3 ຊतۀͷ࿩୊

..1 ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

..2 ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

..3 ಛൃੑଆኪ঱ͷ੒Ҽղ໌

..4 ྟচࢧԉʹ͚ͯ޲

10 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

§2 ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

ֶಐظɾࢥय़ظಛൃੑଆኪ঱ͷಛ௃

..1 ঁੑʹଟ͍ (உɿঁ = 2ɿ8 ∼ 1ɿ9)ɽ

..2 ӈತΧʔϒʹ͔ࠨΒલํ޲ͷճટΛ൐͏ (ਤ 8)ɽ

Cobb angle

RAsag. angle

RAml. angle

(a) ӈತΧʔϒ (b) ͷճટ޲Βલํ͔ࠨ

ਤ 8 : ಛൃੑଆኪ঱ͷ੸பมܗ
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..3 ͷγϯάϧΧʔϒͱμϒϧΧʔϒͷܕ௣ࠊΑͼ͓ܕ௣ࠊڳɼܕ௣ڳ

঱ྫ͕ΈΒΕΔ (ਤ 9)ɽ

(a) γϯάϧΧʔϒܕ௣ڳ (b) μϒϧΧʔϒ

ਤ 9 : ಛൃੑଆኪ঱ͷ঱ྫ
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..4 ੒௕ٸͷظय़ࢥ (growth spurt) ʹ൐ܹͬͯٸʹਐ͢ߦΔ (ਤ 10)ɽ

ਤ 10 : ਎ମ੒ख़ࢦඪͱଆኪͷਐߦ [4]

13 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

§2 ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ (cnt.)

ѱԽʹ൐͏ো֐

..1 ඒ༰্ͷ໰୊ɿഎ෦ͷ࿤ىོࠎɼ΢ΤετϥΠϯͷࠨӈඇରশ

..2 ᙭௧ɿࠊഎ෦௧ɼ͜ݞΓ

..3 ৺ഏػೳো֐ɿഏྔ׆ͷ௿Լɼຫੑͷ৺ػೳো֐

࣏ྍ๏

..1 ࡯؍աܦ

..2 ૷۩࣏ྍ

..3 खज़࣏ྍ
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(a) खज़લ (b) खज़ޙ (c) Pedicle screw2

ਤ 11 : ಛൃੑଆኪ঱ͷखज़

2ൢച໊ KANEDA-SRɼࣜגձࣾϩόʔτɾϦʔυ঎ձ
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§3 ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

͜Ε·Ͱʹ஫໨͞Ε͖ͯͨԾઆ [5]

..1 ଄ҟৗઆߏࠎɾೈࠎ (ੜମྗֶతපҼ)

..2 ਆܥܦҟৗઆ

..3 ๣੸பےҟৗઆ

..4 ϝϥτχϯͱΧϧϞδϡϦϯ (ੜཧֶతපҼ)

..5 ݁߹৫ҟৗઆ

..6 Ҩ఻తؔ༩
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ੜମྗֶతපҼʹؔΘΔԾઆ

..1 ෆߧۉ੒௕આ (৅ΛؚΉݱ۶ͱΈͳͤΔ࠲)
• Arkin (1950)[6], Somerville (1952)[7], Roaf (1977)[8], Stokes et al.

(1996)[9]

..2 ۶આ࠲ (ෆߧۉ੒௕ʹىҼ͢Δ΋ͷΛؚΉ)
• Lucas et al. (1961)[10], Andriacchi et al. (1974)[11], ࣰాɾଜ஍

(1976, 1977)[12, 13], Dickson et al. (1984)[14]
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੒௕ͷ࡯؍

§3.1 ੒௕ͷ࡯؍

(a) ਎௕ͷܦ೥มԽ (b) ਎௕૿Ճ଎౓ͷܦ೥มԽ

ਤ 12 : ਎௕ͷܦ೥มԽ [15]
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ෆߧۉ੒௕આ

§3.2 ෆߧۉ੒௕આ

Arkin Ϟσϧ [6]

• ΰϜ൘Λ໘಺Ͱ͛ۂΔͱኪ͢ۂΔɽ
• ԣʹ͛ۂΔͱճટ͢Δ.

(a) ໘಺͛ۂʹΑΔኪۂ (b) ԣ͛ۂʹΑΔճટ

ਤ 13 : Arkin Ϟσϧ [6]
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§3.2 ෆߧۉ੒௕આ (cnt.)

Somerville Ϟσϧ [7]

• ੒͢Δɽ࡞ఆ͠લኩΛݻΛඥͰํޙ
• લʹ͛ۂΔͱճટ͕͜ىΔɽ
• ্͔Βԡ͢ͱճટ͕૿͢ɽ

(a) มܗલ (b) ఆݻඥํޙ (c) ্͔Βԡ͢ (d) ͞Βʹԡ͢

ਤ 14 : Somerville Ϟσϧ [7]
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§3.2 ෆߧۉ੒௕આ (cnt.)

Roaf Ϟσϧ [8]

• ௣ମͷෆߧۉͳ੒௕Λڲਖ਼͢Ε͹ճટ͕͜ىΔɽ

(a) ֓೦ਤ (b) มܗલ (c) ޙਖ਼ڲ

ਤ 15 : Roaf Ϟσϧ [8]
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§3.2 ෆߧۉ੒௕આ (cnt.)

Stokes Βͷ࣮ݧ citeStokes-1996

• ϥοτͷඌʹ֎ྗΛ࡞༻ͤ͞Δ࣮ݧΛͨͬߦɽ
• ෛՙͷภΓʹىҼ͢Δࠎͷٵऩݱ৅ (Hueter-Volkmann ଇ) ࡯؍͕
͞Εͨɽ

free

fixed
0 days 9 weeks

(a) ૷ஔݧ࣮ (b) Ռͷྫ݁ݧ࣮

ਤ 16 : Stokes Βͷ࣮ݧ [9]
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ਤ 17 : Stokes Βͷଌఆ݁Ռ [9]
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§3.2 ෆߧۉ੒௕આ (cnt.)

Wolff ଇͱ Hueter-Volkmann ଇ: Fung Ϟσϧ [16]ʹΑΔղऍ

• s ΛԠྗɼm Λࠎͷ࣭ྔͱ͓͘ͱ͖ɼ

ṁ = C (s− a)k1 (s− b)k2 (s− c)k3

͕੒Γཱͭ (ਤ 18)ɽͨͩ͠ɼa, b, c, k1, k2, k3, C ͸ఆ਺Ͱ͋Γɼ
˙( · ) ͸࣌ؒඍ෼Λද͢ɽ

• sC = (b− a)/2 Λڥքʹͯ͠ɼs < sC ͷͱ͖ Wolff ଇ͕੒Γཱͪɼ
s > sC ͷͱ͖ Hueter-Volkmann ଇ͕੒Γཱͭɽ

ਤ 18 : Fung ͷߏ࠶ࠎஙϞσϧ [16]
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۶આ࠲

§3.3 ۶આ࠲

Lucas Βͷ࣮ݧ [10]

• ੒ਓஉੑࢡମਟଳ෇੸பΛ༻͍ͯݧ࣮͛ۂΛͨͬߦɽ
• ্൒਎ͷॏྔఔ౓ͷྗ্͕୺ʹ͔͔Ε͹ Euler ۶͕ൃੜ͢Δɽ࠲

(a) ԣՙॏͳ͠ (b) ԣՙॏ͋Γ

ਤ 19 : Lucas Βͷ࣮ݧ [10]
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۶આ࠲

§3.3 ۶આ࠲ (cnt.)

p1 p
1 p

2
p
2

p
3

p
3

(a) Mode 1 (b) Mode 2 (c) Mode 3

ਤ 20 : Euler ۶࠲
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§3.3 ۶આ࠲ (cnt.)

Andriacchi ͷ਺஋ղੳ [11]

• ௣ࠎΛ߶ମཁૉɼ্୺෦Λݻఆ͠ɼLucas ͷ݁Ռͱൺֱͨ͠ɽ

• ۶͕ൃੜ͠ʹ͘͘ͳΔɽ࠲Δ͜ͱʹΑΓֲ͕͋ڳ

ਤ 21 : Andriacchi ͷ਺஋ղੳ [11]
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§3.3 ۶આ࠲ (cnt.)

ࣰాɾଜ஍ͷํ͑ߟ [12, 13]

• ৅Ͱ͋Δݱ۶࠲੒௕͢Δ͜ͱʹΑΔʹܹٸଋԼͰ੸ப͕߆ͷֲڳ
(ௗ͔͝ཧ࿦)ɽ

(a) ௨ৗͷ੒௕ (b) ͳ੒௕ܹٸ

ਤ 22 : ࣰాɾଜ஍ͷํ͑ߟ [12, 13]
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§3.3 ۶આ࠲ (cnt.)

Dickson Βͷࢦఠ [14]

• ଶ΁ͷҾ͖ۚͱͳΔɽܗগ͕ଆኪݮኩͷஶ͍͠ޙ௣ڳ

(a) ಛൃੑଆኪ঱ (b) Scheuermann ኩ঱ޙ

ਤ 23 : Dickson Βͷࢦఠ [14]
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۶આʹؔ͢Δٙ໰࠲

..1 Lucas Βͷ࣮ݧɼAndriacchi ͷ਺஋ղੳ ⇒ ্୺ͷՙॏ͋Δ͍͸߆

ଋͷ࣮ମ͸Կ͔ʁ

..2 ࣰాɾଜ஍ͷํ͑ߟ ⇒ ଋ͢Δͷ͔ʁ߆͸੒௕Λֲڳ

..3 Dickson Βͷࢦఠ ⇒ Δͷ͔ʁ͢ࡏ۶͸ଘ࠲গʹΑΔݮኩͷޙ௣ڳ

..4 ඇରশ੒௕આ ⇒ ۶આͱͷؔ࿈͸͋Δͷ͔ʁ࠲
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§4 ಛൃੑଆኪ঱ͷ੒Ҽղ໌

ઋ௣Λݻఆ্ͯ͠୺Λࣗ༝ʹͯ͠ɼ௣ମͷ੒௕ (Dickson Βͷࢦఠ)
ʹΑΔมܗͱͦΕʹ۶࠲ͮ͘جղੳΛ௨ͯ͠ɼ۶࠲આͷূݕΛͨͬߦɽ

ਤ 24 : ௣ମͷ੒௕
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§4.1 ༗ݶཁૉϞσϧͷߏங

௣ؒ൘ͱޙ෦ਟଳͷ߶ੑΛྀͨ͠ߟ؆୯ͳ੸பϞσϧ [17]ɼֲڳ෇੸
பϞσϧ [18, 19]Λ༻͍ͨ੒௕ͱڥք৚݅ΛมԽͤͨ͞ޡࡨߦࢼͷ۶࠲
ղੳΛͯܦɼਫ਼ີϞσϧͷߏஙʹணखͨ͠ɽ

ͷද໘σʔλ֨ࠎͷਓମൢࢢ (Viewpoint Premier, catalog numbers of
VP2886 and VP3611, Viewpoint Corporation, USA) Λ࢖༻ͯ͠ɼ঎༻༗
ཁૉ෼ׂϓϩάϥϜݶ (I-DEAS Master series version 2.1, SDRC, USA)
ʹΑΓ༗ݶཁૉϞσϧΛ࡞੒ͨ͠ [20]ɽ

(a) ද໘σʔλ (b) ྖҬ෼ׂ (c) ϝογϡ෼ׂ (d) ༗ݶཁૉ

ਤ 25 : ༗ݶཁૉϞσϧͷߏங
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§4.1 ༗ݶཁૉϞσϧͷߏங (cnt.)

C2

C7

T1

T12

L1

L5

T8

(a) ਖ਼໘ਤ (b) ଆ໘ਤ

ਤ 26 : ཁૉϞσϧݶ෇੸ப༗ֲڳ
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§4.1 ༗ݶཁૉϞσϧͷߏங (cnt.)

Cortical bone

Cancellous bone

Epiphyseal ring
(Cortical bone)

Anulus fibrosus
Nucleus pulposus

Articular capsule

Hyaline cartilage plate
(Cancellous bone)

Interspinal disk:

Costovertebral joint

Costotransverse joint

(a) ໼ঢ়໘ (b) ԣஅ໘

ਤ 27 : T9-T10 ͷ༗ݶཁૉϞσϧ
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§4.1 ༗ݶཁૉϞσϧͷߏங (cnt.)

Markolf ͷ࣮ݧ [21] ɼ(ݧ૊৫Λ੾আͨ͠௣ମͷᎇΓɾѹॖ࣮ํޙ)
Lucas Βͷ࣮ݧ [10]ɼSchultz Βͷ࣮ݧ [22] (௣ݻࠎఆɼ࿤ࠎԼ͖޲ՙ
ॏ) ʹΑΔܭଌ݁Ռʹద߹͢ΔΑ͏ʹࡐྉఆ਺Λܾఆͨ͠ɽ

(a) ਖ਼໘ਤ (b) ଆ໘ਤ

ਤ 28 : Schultz Βͷ࣮ݧ [22]
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§4.1 ༗ݶཁૉϞσϧͷߏங (cnt.)

ද 1 : ྉఆ਺ࡐ

Elements Young’s Poisson’s
(histology) modulus [MPa] ratio [-]

Cortical bone 17000 0.3
Cancellous bone 200 0.3
Costal cartilage 500 0.3
Nucleus pulposus 0.1 0.3
Anulus fibrosus 2.5* 0.3
Articular capsule for C2-T12 7.5 0.3
Articular capsule for L1-L5 0.6 0.3
Head of rib joint 1.1 0.3
Costotransverse joint 1.1 0.3

*Shearing modulus is 5[MPa]

36 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

༗ݶཁૉϞσϧͷߏங

§4.1 ༗ݶཁૉϞσϧͷߏங (cnt.)

0 50 100 150 200

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

L1

L2

L3

L4

L5

M
o

ti
o
n
 S

eg
m

en
t 

L
ev

el

Stiffness for Lateral Bending [Nm/rad]

Sacrum

Experimental results 
reported by Lucas 
and Bresler (1961)

Computed results 
with FE model

0

20

40

60

80

100

120

Linear
analysis

4.9

N/A

14.7 24.5

Lateral Load [N]S
ti

ff
n

es
s 

fo
r 

L
at

er
al

 B
en

d
in

g
 [

N
m

/r
ad

]

Experimental results reported 
by Lucas and Bresler (1961)
Computed results with FE model

140

(a) ௣ମؒ͛ۂ߶ੑ (b) ՙॏผ͛ۂ߶ੑ

ਤ 29 : Lucas Βͷ࣮ݧ [10]ͱͷൺֱ
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§4.2 ઢ۶࠲ܗղੳ

੒௕ೈࠎ൘ (൘ࠎೈࢠ୺ྠͱ঳ࠎ) ͕੒௕͢ΔͱԾఆ͢Δ [20]ɽ

Epiphyseal ring
Hyaline cartilage plate

Sacrum

ਤ 30 : ൘ͷ੒௕ࠎೈࢠ୺ྠͱ঳ࠎ
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§4.2 ઢ۶࠲ܗղੳ (cnt.)

ॳظԠྗղੳ͓Αͼઢݻ۶࠲ܗ༗஋ղੳʹ͸ MSC.Nastran Version
70.7.3 (MSC. Software Corporation, USA)Λ࢖༻͠ɼݻ༗஋நग़๏ʹ͸ɼ
Lanczos ๏Λબ୒ͨ͠ [23]ɽ

(a) Mode 1 (b) Mode 2 (c) Mode 3

ਤ 31 : 1࣍Ϟʔυ͔Β 3࣍Ϟʔυ·Ͱ
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§4.2 ઢ۶࠲ܗղੳ (cnt.)

(a) Mode 4 (b) ྟচྫ

ਤ 32 : 4࣍Ϟʔυͱྟচྫ
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ଟ༷ͳϞʔυͷ੒Ҽ [24]

(a) T1–T7 ੒௕ (b) T4–T10 ੒௕ (c) T11–L5 ੒௕
ܕ௣ڳ ܕ௣ڳࠊ ܕ௣ࠊ

ਤ 33 : 4࣍Ϟʔυͷ੒௕෦ҐʹΑΔҧ͍

41 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

ઢ۶࠲ܗղੳ

§4.2 ઢ۶࠲ܗղੳ (cnt.)

(a) T7–T11 ੒௕ (b) T4–L2 ੒௕ (c) T1–L5 ੒௕
5௣ମ 11௣ମ 17௣ମ

ਤ 34 : 4࣍Ϟʔυͷ੒௕ൣғʹΑΔҧ͍
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§4.2 ઢ۶࠲ܗղੳ (cnt.)

(a) T1–T11 ੒௕ (b) T7–L5 ੒௕ (c) T1–L5 ੒௕

ਤ 35 : 6࣍Ϟʔυ
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§4.2 ઢ۶࠲ܗղੳ (cnt.)
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7 growing vertebrae

5 growing vertebrae

3

ਤ 36 : ੒௕ൣғͷҧ͍ͱ۶࠲·Ͱͷ੒௕ྔ (4࣍Ϟʔυ)
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§4.2 ઢ۶࠲ܗղੳ (cnt.)
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ਤ 37 : ੒௕ൣғͷҧ͍ͱ۶࠲·Ͱͷ੒௕ྔ (6࣍Ϟʔυ)
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§4.2 ઢ۶࠲ܗղੳ (cnt.)

ද 2 ͱൺֱ͢Δͱ 8 Β͔ࡀ 9 ͷ৔߹Ͱ໿ࡀ 2.6 Χ݄෼ͷա੒௕ྔ͕
͋Ε͹ଆኪ͕ൃੜ͢Δ͜ͱʹͳΔɽ

ද 2 : ਖ਼ৗঁࢠͷ೥ؒ੒௕ྔ (Nehme Β [25] ͷจ͔ݙΒࢉग़)

ؒظ 7 ࡀ – 8 ࡀ 8 ࡀ – 9 ࡀ 9 ࡀ – 10 ࡀ
௣ڳ 5.3% 7.0% 4.5%

௣௣ؒ൘ڳ 3.8% 0.8% −5.1%
௣ࠊ 3.9% 4.4% 2.6%

௣௣ؒ൘ࠊ 9.8% 7.9% 6.8%
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§4.3 ྗֶ໛ݧ࣮ܕ

਺஋ղੳͰಘΒΕͨ۶࠲ϞʔυͷଘࡏΛ໛ܕΛͨ͠ূݕͯͬ࢖

[26, 27]ɽ

(a) ؍֓ (b) Ճৼ࣮ݧͷ༷ࢠ

ਤ 38 : ૷ஔݧ࣮
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(a) ਖ਼໘ (b) ଆ໘ (c) ௣ମਖ਼໘ (d) ௣ମଆ໘

ਤ 39 : ੸ப໛ܕ
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௣ମʹബ൘Λૠೖͯ͠ωδక݁͢Δ͜ͱͰ੒௕Λ࣮ͨ͠ݱɽ

ਤ 40 : ௣ମͷ੒௕
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ਤ 41 : ੸ப໛ܕͷ߶ੑ (Lucas Β [10]ͷ݁Ռͱͷൺֱ)

50 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

ྗֶ໛ݧ࣮ܕ

§4.3 ྗֶ໛ݧ࣮ܕ (cnt.)

্୺෦Λԣํ޲ʹՃৼͨ͠ͱ͖ͷݻ༗ৼಈϞʔυΛܭଌͨ͠ɽ

(a) 1࣍Ϟʔυ (b) 2࣍Ϟʔυ (c) 3࣍Ϟʔυ

ਤ 42 : Ϟʔυղੳͷ݁Ռݧ࣮
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ਤ 43 : ੒௕ྔʹର͢Δ ༗ৼಈ਺ݻ2࣍ [26]
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ਤ 44 : ੒௕ྔʹର͢Δ ༗ৼಈ਺࣌ͷͻͣΈৼ෯ݻ2࣍ [26]
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ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

ͷͳͧܗมֲڳ

§4.4 ͷͳͧܗมֲڳ

ྟচྫͱ 4࣍Ϟʔυͷ֥ڳมܗΛൺֱͨ͠ͱ͖ࠨӈͷۭؒͷେ͖͕͞
స͍ͯͨ͠ɽͦͷཁҼΛ୳ͬͨٯ [28]ɽ

(a) ྟচྫ (b) 4࣍Ϟʔυ

ਤ 45 : ͷൺֱܗม֥ڳ
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ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

ͷͳͧܗมֲڳ

§4.4 ͷͳͧܗมֲڳ (cnt.)

ऩٵࠎͷԠྗʹରͯ͠ޙ۶࠲ (Hueter-Volkmann ଇ) ͱܗࠎ੒ (Wolff
ଇ) ͷมܗղੳΛͨͬߦɽ

(c) ऩٵࠎ

(a) ܗͷมޙ۶࠲ (b) ௣ମʹ࡞༻͢Δ֎ྗ (d) ੒ܗࠎ

ਤ 46 : ੒ܗࠎऩͱٵࠎͷԠྗʹର͢Δޙ۶࠲ [26]
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ͷͳͧܗมֲڳ

§4.4 ͷͳͧܗมֲڳ (cnt.)

ऩͰ͸ѱԽ͢Δɽٵࠎ੒Ͱ͸ճ෮ͯ͠ɼܗࠎ

(a) ޙ۶࠲ (b) ੒ܗࠎ (c) ऩٵࠎ

ਤ 47 : ܗ੒ʹΑΔมܗࠎऩͱٵࠎͷԠྗʹର͢Δޙ۶࠲

56 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
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ͷͳͧܗมֲڳ

§4.4 ͷͳͧܗมֲڳ (cnt.)

ɽͮۙ͘ʹܗมֲڳऩͷͱ͖ʹྟচͰΈΒΕΔٵࠎ

(a) ޙ۶࠲ (b) ੒ܗࠎ (c) ऩٵࠎ

ਤ 48 : ܗͷม֥ڳ੒ʹΑΔܗࠎऩͱٵࠎͷԠྗʹର͢Δޙ۶࠲
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ͷͳͧܗมֲڳ

§4.4 ͷͳͧܗมֲڳ (cnt.)

ΒΕΔɽ͑ߟஙʹΑΔ݁Ռ͔Βɼ࣍ͷ͜ͱ͕ߏ࠶ࠎͷޙ۶࠲

..1 ௣ମͷܹٸͳ੒௕ʹΑΓݱ۶࠲৅͕ൃੜͨ͠ͱͯ͠΋ɼਖ਼ৗʹܗࠎ

੒ (Wolff ଇ) Δ͜ͱ͸ͳ͍ɽࢸʹΘΕ͍ͯΕ͹ɼಛൃੑଆኪ঱ߦ͕

..2 ͔͠͠ɼ࣍ͷ৔߹ʹ͸ಛൃੑଆኪ঱ʹؕΔՄೳੑ͕͋Δɽ

• ௣ମͷ੒௕଎౓͕଎͍ ऩٵࠎ੒͕௥͍෇͔ͣɼܗࠎ)
(Hueter-Volkmann ଇ) ʹؕΔ).

• ੸ப͕͍ࡉ .(۶͕ൃੜ͠΍͍͢࠲)
• ೳ͕ෆ଍͍ͯ͠Δɽػ੒ͷܗࠎ
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ͷͳͧܗมֲڳ

§4.4 ͷͳͧܗมֲڳ (cnt.)

ଞͷ੒Ҽͱͷؔ܎ʹ͍ͭͯɼ࣍ͷ͜ͱ͕͑ߟΒΕΔɽ

..1 ੜཧֶత੒Ҽͱͷؔ࿈

• ϝϥτχϯܽ๡આͰ͸ɼ੒௕Λ཈੍͢Δػೳ͕௿Լ͢Δ͜ͱ͕͑ߟΒ
ΕΔɽMelatonin deficiency hypothesis⇒ ௣ମͷ੒௕଎౓͕଎͘ͳΔɽ

..2 Ҩ఻త੒Ҽͱͷؔ࿈

• ෳ਺ͷҨ఻͕ؔࢠ༩͍ͯ͠Δͱ͑ߟΒΕ͍ͯΔɽ⇒ ੸ப͕͍ࡉɼ੒

௕͍ૣ͕ظͳͲͷಛ௃Λ௨ͯؒ͠઀తʹҨ఻͕ؔࢠ༩͍ͯ͠ΔՄೳੑ

͕͋Δ.
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ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

§5 ྟচࢧԉʹ͚ͯ޲

..1 ఆ෦Ґͷಛఆݻద࠷

..2 ஙߏཁૉϞσϧͷݶผ੸ப༗ऀױ
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ఆ෦Ґͷಛఆݻద࠷

§5.1 ఆ෦Ґͷಛఆݻద࠷
৅ݱ۶࠲਺஋ղੳʹΑΓɼͮ͘جʹదԽཧ࿦࠷۶આΛԾఆ͢Ε͹ɼ࠲

ͷൃੜΛ஗ΒͤΔΑ͏ͳ࠷దͳิํڧ๏ΛٻΊΔ͜ͱ͕Ͱ͖Δ [29]ɽ
ք஋໰୊ڥ ઢܗ஄ੑମͷ۶࠲໰୊

ք৚݅ڥ Լ୺ݻఆɼ௣ମ੒௕

໨తؔ਺ ਺܎۶࠲

T4

T10

T10

T6

(a) શମਤ (b) લํ֦େ (c) େ֦ํޙ

ਤ 49 : 4࣍Ϟʔυʹର͢Δܗঢ়ඍ෼ͷ෼෍ (T4–T10 ੒௕)
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ఆ෦Ґͷಛఆݻద࠷

§5.1 ఆ෦Ґͷಛఆݻద࠷ (cnt.)

C7

C2
C3
C4
C5
C6

T1
T2
T3
T4
T5
T6
T7
T8
T9

T10
T11
T12
L1
L2
L3
L4
L5

Sacrum

Articular capsule

Costovertebral joint and
Costotransverse joint

Intervertebral disc

Integrated value of sensitivity function

V
er

te
b
ra

l 
le

v
el

(a) 4࣍Ϟʔυ (b) ঢ়ඍ෼ͷੵ෼஋ܗ

ਤ 50 : ੸பͷཁૉʹ͓͚Δܗঢ়ඍ෼ͷੵ෼஋ (T4–T10 ੒௕)
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ఆ෦Ґͷಛఆݻద࠷

§5.1 ఆ෦Ґͷಛఆݻద࠷ (cnt.)

C7

C2
C3
C4
C5
C6

T1
T2
T3
T4
T5
T6
T7
T8
T9

T10
T11
T12
L1
L2
L3
L4
L5

Sacrum

Articular capsule

Intervertebral disc

Integrated value of sensitivity function

V
er

te
b
ra

l 
le

v
el

(a) 4࣍Ϟʔυ (b) ঢ়ඍ෼ͷੵ෼஋ܗ

ਤ 51 : ੸பͷཁૉʹ͓͚Δܗঢ়ඍ෼ͷੵ෼஋ (T10–L4 ੒௕)
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ఆ෦Ґͷಛఆݻద࠷

§5.1 ఆ෦Ґͷಛఆݻద࠷ (cnt.)

C7

C2
C3
C4
C5
C6

T1
T2
T3
T4
T5
T6
T7
T8
T9

T10
T11
T12
L1
L2
L3
L4
L5

Sacrum

Articular capsule

Costovertebral joint and
Costotransverse joint

Intervertebral disc

Integrated value of sensitivity function

V
er

te
b
ra

l 
le

v
el

(a) 6࣍Ϟʔυ (b) ঢ়ඍ෼ͷੵ෼஋ܗ

ਤ 52 : ੸பͷཁૉʹ͓͚Δܗঢ়ඍ෼ͷੵ෼஋ (T1–L5 ੒௕)
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ஙߏཁૉϞσϧͷݶผ੸ப༗ऀױ

§5.2 ஙߏཁૉϞσϧͷݶผ੸ப༗ऀױ

ք஋໰୊ڥ ஄ੑ໰୊

ք৚݅ڥ ҩ༻ը૾ͷࢀর఺ʹڥ͏͔޲քྗ

໨తؔ਺ มҐੵࠩޡ෼

ઃܭม਺ ྖҬมಈ

!

ਤ 53 : ϞʔϑΟϯάʹΑΔऀױ༗ݶཁૉϞσϧͷ࡞੒ [30]
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§5.2 ஙߏཁૉϞσϧͷݶผ੸ப༗ऀױ (cnt.)

ք஋໰୊ڥ ஄ੑ໰୊

໨తؔ਺ ූ߸෇ڑ཭ؔ਺ͷੵ෼

ઃܭม਺ ྖҬࣸ૾

FEM model
Patient data

S
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 d
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11

FEM model

cancellous bone

cortical bone

(a) ූ߸෇͖ڑ཭ؔ਺ d (b) ϘΫηϧ্ͷ d (c) ௣ମͷߏ଄

ਤ 54 : ූ߸෇ڑ཭ؔ਺
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ஙߏཁૉϞσϧͷݶผ੸ப༗ऀױ

§5.2 ஙߏཁૉϞσϧͷݶผ੸ப༗ऀױ (cnt.)

(a) CT ը૾ (b) ϘΫηϧσʔλ (c) ද໘நग़ (d) ූ߸෇ڑ཭

(e) ॳظϞσϧ (f) ద߹Ϟσϧ

ਤ 55 : CTσʔλʹ͘ج L3 ͷϑΟοςΟϯά [30]
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§6 ·ͱΊ

..1 ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

• ಛʹҟৗ͕ͳ͘ࢥय़ظͷٸ੒௕ظʹൃ঱͠ɼܹٸʹਐ͢ߦΔ࣬ױͰ
͋Δɽ

..2 ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

• ੜମྗֶతපҼʹؔΘΔԾઆͱͯ͠ɼෆߧۉ੒௕આͱ۶࠲આʹ͍ͭͯ
঺հͨ͠ɽ

..3 ಛൃੑଆኪ঱ͷ੒Ҽղ໌

• DicksonΒ Δɽ͢ࡏ৅͸ଘݱ۶࠲ఠͨ͠௣ମ੒௕ʹΑΔࢦ͕[14]
• Stokes Β͕ࢦఠͨ͠ Hueter-Volkmann ଇͷٵऩݱ৅͕ޙ۶࠲ͷඇର
শͳԠྗঢ়ଶʹ͓͍ͯൃੜ͢Δͱ͑ߟΕ͹ଆኪѱԽ͕આ໌Ͱ͖Δɽ

..4 ྟচࢧԉʹ͚ͯ޲

• ੒Ҽ͕ݱ۶࠲৅Ͱ͋ΔͳΒ͹ɼ࠷దԽཧ࿦ʹΑΓɼ۶࠲ͷൃੜΛ஗Β
ͤΔΑ͏ͳ࠷దͳิํڧ๏ΛٻΊΔ͜ͱ͕Ͱ͖Δɽ

• ҩ༻σʔλ͔ΒऀױϞσϧΛ࡞੒Ͱ͖Ε͹ɼݻ༗ͷ੒Ҽͱ࣏ྍ๏ʹؔ
͢ΔσʔλΛҩࢣʹఏڙͰ͖ΔՄೳੑ͕͋Δɽ
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ऀڀݚಉڞ

..1 ൞্ࣨڀݚ

• ҆อ޹ߒ (1990), ླ໦ོ೭ (1993), ྛӳ࿨ (1994), લٱอٛ໌
(1995), ߦߴా্ (1996), ஛಺ݠળ (1997-2000), Ԭཽ࡫
(1998-2005), ໘ߴढ़थ (2005), ੨ࢁେथ (2004-), ࣲాढ़ี (2011),
༝࣮౻ࠤ (2012-), ଙᔻ (2012-)

..2 ҩࢣ

• ଜ஍ढ़ೋ چ) ೔ຊ੺ेࣈ๛ాޢ؃େֶ)
• ੴాٛਓ (ੴా੔ܗ֎Պ)
• ઒্໌ل (໊৓පӃ੔ܗ֎Պ)
• ຀໺ޫྙ (τϤλه೦පӃ)
• ֶ౻ޙ (පӃ౻ޙ)
• দ߂޾ࢁ (඿দҩՊେֶ)

..3 ղ๤ֶऀ

• َ಄७ࡾ (तڭ԰େֶ໊༪ݹ໊)
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§7 Ϩϙʔτ՝୊

ҩֶ͋Δ͍͸ҩྍͷ໰୊Λղܾ͢Δํ๏ͱͯ͠ͷ਺஋ղੳͷՄೳੑʹ

͍ͭͯ A4 1ຕఔ౓ʹهड़ͤΑɽ

ఏग़ํ๏ɿNUCTΛ༻͍ͯΦϯϥΠϯͰϨϙʔτΛఏग़ͤΑɽ
ఏग़ݶظɿ2013೥ 7݄ 23೔ʢՐʣ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦

Ω ⊂ Rd Λ d ∈ {2, 3} Ҭͱ͢ΔɽΓDྖࠎͷݩ࣍ ⊂ ∂Ω Λઋࠎͱͷڥ
քͱ͢Δɽ

੒௕͢Δ࣌ؒΛ͕ࠎ (0, tT) ⊂ R ͱ͢Δɽp : Ω → R Λ੒௕ͷύλʔ
ϯ͋Δ͍͸੒௕͢Δ෦ҐΛಛఆ͢ΔͨΊͷ࣌ؒʹґଘ͠ͳ͍ؔ਺ͱ͢

Δɽλ : (0, tT) → R Λ੒௕ͷେ͖͞Λද͢ύϥϝʔλͱ͢Δɽ͜ͷͱ
͖ɼࠎͷ੒௕ʹΑΔมܗͱԠྗ͸ඇ஄ੑͻͣΈ

EG (t,x) = λ (t) p (x) I

ͷൃੜʹΑΔ஄ੑ໰୊ͷղͰ༩͑ΒΕΔͱԾఆ͢Δɽͨͩ͠ɼI Λ d ࣍
ͷ୯ҐྻߦͰ͋Δɽλ (t) ͸ t ͷ୯ௐ૿Ճؔ਺ͱԾఆ͠ɼEG (t,x) Λ୯
ʹ EG (λ) ͱ͔͘͜ͱʹ͢Δɽ

71 / 89



. . . . . .

. . . . . . . .
͸͡Ίʹ ಛൃੑଆኪ঱ͱ͸ͲΜͳ͔࣬ױʁ

. . . . . . . . . . . . .
ͲΜͳԾઆ͕এ͑ΒΕ͖ͯͨͷ͔ʁ

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
ಛൃੑଆኪ঱ͷ੒Ҽղ໌

. . . . . . .
ྟচࢧԉʹ͚ͯ޲ ·ͱΊ Ϩϙʔτ՝୊ ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ ݙจߟࢀ

§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

x = (∂xj)j ∈ Ω ͷมܗΛࣸ૾ y = i+ u : (0, tT)× Ω → Rd ͱ͓͘ɽ

ͨͩ͠ɼi ͸߃౳ࣸ૾Λද͢ɽ·ͨɼΓD ্Ͱ u = 0 ͱ͢Δɽ͜ͷͱ͖ɼ

F (u) =

(
∂yi
∂xj

)

ij

=
(
∇yT

)T
= I +

(
∇uT

)T

Λมޯܗ഑͍͏ɽͨͩ͠ɼ·ͨɼ

E (u) = (eij (u))ij =
1

2

(
F (u)FT (u)− I

)
= EL (u) +

1

2
EB (u,u)

Λ Green-Lagrange ͻͣΈͱ͍͏ɽ͜͜Ͱɼ

EL (u) =
1

2

(
∇uT +

(
∇uT

)T)
,

EB (u,v) =
1

2

(
∇uT

(
∇vT

)T
+∇vT

(
∇uT

)T)
,

ΛઢܗͻͣΈ͓Αͼ૒ઢ߲ܗͱΑͿɽ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

ҰํɼC : Ω → Rd×d×d×d Λ߶ੑͱͯ͠ɼ

S (u,λ) = C : (E (u)−EG (λ)) =




∑

(k,l)∈{1,··· ,d}2

cijklekl (u)





ij

,

SL (u,λ) = C : (EL (u)−EG (λ))

Λ EG (λ) ͕ൃੜͨ͠ͱ͖ͷୈ 2 Piola-Kirchhoff ԠྗͱઢܗԠྗͱ͢Δɽ

a (S (u,λ) ,E (v)) =

∫

Ω
S (u,λ) ·E (v) dx

ͱ͓͘ɽͨͩ͠ɼ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

͋Δ λ = λ (t) ͕༩͑ΒΕͨͱ͖ͷมҐΛ u ͱ͓͘ɽ͜ͷͱ͖ɼϙς
ϯγϟϧΤωϧΪʔ͸

π (u) =
1

2
a (C : (E (u)−EG (λ)) ,E (u)−EG (λ)) (8.1)

ͱͳΔɽͦ͜Ͱɼu ͷม෼Λ v ͱ͓͚͹ɼu ͸

π′ (u) [v] = a (C : (E (u)−EG (λ)) ,E′ (u) [v]) = 0 (8.2)

Λຬͨ͢ɽͨͩ͠ɼ

F ′ (u) [v] =
∂v

∂xT
,

E′ (u) [v] =
1

2

{
(F ′ (u) [v])

T
F (u) + (F (u))T F ′ (u) [v]

}

= EL (v) +EB (u,v)

Ͱ͋Δɽͦ͜ͰɼେมܗΛڐ༰ͨ͠੒௕มҐ u ΛٻΊΔ໰୊͸ɼ(8.2)
ΑΓ࣍ͷΑ͏ʹͳΔɽ
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.
໰୊ 8.1 (੒௕มҐ (େมܗΛڐ༰ͨ͠஄ੑ໰୊))
..

......

͋Δ λ ͕༩͑ΒΕͨͱ͖ɼΓD ্Ͱ 0Rd ͱͳΔ೚ҙͷ v : Ω → Rd ʹର

ͯ͠

a (C : E (u) ,E′ (u) [v]) = a (C : EG (λ) ,E′ (u) [v])

Λຬͨ͢ ΓD ্Ͱ 0Rd ͱͳΔ u : Ω → Rd ΛٻΊΑɽ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

u ͕े෼খ͚͞Ε͹ɼ࣍ͷΑ͏ʹ͔͘͜ͱ͕Ͱ͖Δɽ
.
໰୊ 8.2 (੒௕มҐ (ઢܗ஄ੑ໰୊))
..

......

͋Δ λ ͕༩͑ΒΕͨͱ͖ɼΓD ্Ͱ 0Rd ͱͳΔ೚ҙͷ v : Ω → Rd ʹର

ͯ͠

a (C : EL (u) ,EL (v)) = a (C : EG (λ) ,EL (v))

Λຬͨ͢ ΓD ্Ͱ 0Rd ͱͳΔ u : Ω → Rd ΛٻΊΑɽ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

͞Βʹɼπ′ (u) [v] = 0 ͕ຬͨ͞Εͨ u ʹ͓͚Δ π (u) ͷୈ 2ม෼͸

π′′ (u) [v1,v2] = a (S′ (u,λ) [v2] ,E
′ (u) [v1])

+ a (S (u,λ) ,E′′ (u) [v1,v2]) (8.3)

ͱͳΔɽͨͩ͠ɼv1 ͱ v2 ͸ ΓD ্Ͱ 0Rd ͱͳΔ೚ҙͷؔ਺Ͱ͋Δɽ

͜͜Ͱɼ

S′ (u,λ) [v2] = C : E′ (u) [v2] ,

E′ (u) [v1] = EL (v1) +EB (v1,u) ,

E′′ (u) [v1,v2] = EB (v1,v2)

Ͱ͋Δɽͦ͜Ͱɼ(8.3) ͸

π′′ (u) [v1,v2] = a (C : (EL (v2) +EB (v2,u)) ,EL (v1) +EB (u,v1))

+ a (S (u,λ) ,EB (v1,v2)) (8.4)

ͱͳΔɽ
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′۶͸ɼπ࠲ (u) [v] = 0 ͕ຬͨ͞Εͨ໰୊ 8.1 ͷղ u ʹ͓͍ͯɼ
π′′ (u) [v1,v2] = 0 ͷͱ͖ͷෆ҆ఆݱ৅ͱͯ͠ఆٛ͞ΕΔɽ(8.4) ʹ͓͍
ͯɼv2 Λ۶࠲Ϟʔυͱ͍͏ɽv2 ͷେ͖͞͸ෆఆͱͳΔɽ

͜ͷΑ͏ͳ v2 ΛٻΊΔ໰୊͸ɼλ Λେ͖͍ͯͬͨ͘͠ͱ͖ͷ໰୊
8.1 ͷղ u Λ͚ͭݟͳ͕Βɼπ′′ (u) [v1,v2] = 0 ͷ৚͕݅੒Γཱͭͱ͖
ͷ λ ͱͦͷͱ͖ͷ۶࠲Ϟʔυ v2 ΛٻΊΔ໰୊ͱͳΔɽ

ͦͷ໰୊͸࣍ͷΑ͏ʹ͔͘͜ͱ͕Ͱ͖Δɽ͋Δ λ0 = λ (t0) Λݻఆ͠
ͯɼͦͷͱ͖ͷ໰୊ 8.1 ͷղΛ u0 ͱ͢Δɽ۶͕ൃ࠲ੜ͢Δͱ͖ͷ λ Λ
ΊΔ໰୊͸ٻ λ = ζλ0 Λຬͨ͢ ζ ∈ R ΛΈ͚ͭΔ໰୊ͱͳΔɽ͜ͷͱ
͖ɼu = ζu0 ͱͳΔɽͦ͜Ͱɼ۶࠲໰୊͸࣍ͷΑ͏ʹఆٛ͞ΕΔɽͨͩ

͠ɼv2 Λ θ ͱ͔͖ɼv1 Λ ϑ ͱ͔͘͜ͱʹ͢Δɽ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

.
໰୊ 8.3 (ඇઢ۶࠲ܗ)
..

......

͋Δ λ0 ʹର͢Δ໰୊ 8.1 ͷղ u0 ͕༩͑ΒΕͨͱ͖ɼΓD ্Ͱ 0Rd ͱ

ͳΔ೚ҙͷ ϑ : Ω → Rd ʹରͯ͠

a (C : EL (θ) ,EL (ϑ))

= −ζ
(
a (S (u0,λ0) ,EB (θ,ϑ)) + a (C : EL (θ) ,EB (u0,ϑ))

+ a (C : EB (θ,u0) ,EL (ϑ))
)

(8.5)

Λຬͨ͢ ΓD ্Ͱ 0Rd ͱͳΔ ζ ∈ R ͱ θ : Ω → Rd ΛٻΊΑɽ
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§8 ෇࿥ɿઢ۶࠲ܗղੳͷཧ࿦ (cnt.)

໰୊ 8.3 ʹ͓͍ͯɼ࣍ͷ఺ʹཹҙ͢Δඞཁ͕͋Δɽ(8.5) ʹ͓͍ͯɼ

a (S (u,λ) ,EB (θ,ϑ)) = ζa (S (u0,λ0) ,EB (θ,ϑ)) (8.6)

ΛԾఆͨ͠ɽ͜ͷؔ܎͸ ζ = 1 ͷͱ͖ʹ੒Γཱͭɽͦ͜Ͱɼλ0 ͸

ζ = 1 Ͱ (8.5) ͕੒ΓཱͭΑ͏ʹͱΔඞཁ͕͋ΔɽͦͷҙຯͰɼ໰୊
8.3 ͸ඇઢݻܗ༗஋໰୊ͱͳΔɽ
·ͨɼ۶࠲Ϟʔυ θ ͷେ͖͞͸ෆఆͰ͋ΔɽҰҙʹܾఆ͢ΔͨΊʹ

͸ɼθ ͷେ͖͞Λ͖ΊΔ৚݅Λ௥Ճ͢Δඞཁ͕͋Δɽ
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(8.5) ͷӈลͷ EB (θ,ϑ) Ҏ֎ͷ EB Λলུ͢Ε͹ɼ࣍ͷઢ۶࠲ܗ໰

୊͕ಘΒΕΔɽ

.
໰୊ 8.4 (ઢ۶࠲ܗ)
..

......

͋Δ λ0 ʹର͢Δ໰୊ 8.1 ͷղ u0 ͕༩͑ΒΕͨͱ͖ɼΓD ্Ͱ 0Rd ͱ

ͳΔ೚ҙͷ ϑ : Ω → Rd ʹରͯ͠

a (C : EL (θ) ,EL (ϑ)) = −ζa (SL (u0,λ0) ,EB (θ,ϑ))

Λຬͨ͢ ΓD ্Ͱ 0Rd ͱͳΔ ζ ∈ R ͱ θ : Ω → Rd ΛٻΊΑɽ

໰୊ 8.4 ʹ͓͍ͯ͸

a (SL (u,λ) ,EB (θ,ϑ)) = ζa (SL (u0,λ0) ,EB (θ,ϑ)) (8.7)

͕੒Γཱͭɽͦ͜Ͱɼλ0 ͸೚ҙʹͱΔ͜ͱ͕Ͱ͖Δɽ
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໰୊ 8.4 ʹରͯ͠ɼ( · )h Λ෇͚ͨه߸Λ༗ݶཁૉۙࣅͱ͢Δɽu ͷ
਺Λؔࣅۙ

u0h (ū) =
∑

j∈ND




ū0j1φj

...
ū0jdφj



+
∑

j∈NN




ū0j1φj

...
ū0jdφj





=

(
ū0D

ū0N

)
·
(
φD

φN

)
= ū · φ (8.8)

ͱ͓͘ɽͨͩ͠ɼN Λઅ఺൪߸શମͷू߹ɼND ⊂ N Λ ΓDh ্ͷઅ఺

൪߸ͷू߹ɼNN = N \ND ͱ͔͘ɽN ͸ ND ॳʹ͘ΔΑ͏ʹฒͼ࠷͕

ସ͑ΒΕ͍ͯΔͱ͢Δɽū0D ͱ ū0N ͸ͦΕͧΕ d |ND| ࣍ͱ d |NN| ࣍
ͷઅ఺஋ϕΫτϧͰ͋ΔɽφD ͱ φD ͸ͦΕͧΕ ū0D ͱ ū0N ʹର͢Δ

ఈؔ਺Λฒ΂ͨϕΫτϧͰ͋Δɽಉ༷ʹɼθج ͱ ϑ ͷۙؔࣅ਺Λ

θh
(
θ̄
)
=

(
θ̄D
θ̄N

)
·
(
φD

φN

)
= θ̄ · φ (8.9)
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ϑh

(
ϑ̄
)
=

(
ϑ̄D

ϑ̄N

)
·
(
φD

φN

)
= ϑ̄ · φ (8.10)

ͱ͓͘ɽ͜ͷͱ͖ɼ

a (SL (θh) ,EL (ϑh)) = ϑ̄ · K̄θ̄

a (SL (u0h) ,EB (θh,ϑh)) = ϑ̄ · B̄θ̄

ͱ͔͚Δɽͨͩ͠ɼK̄ =
(
k̄ij

)
ij
ͱ B̄ =

(
b̄ij

)
ij
͸ d |N |× d |N | ࣍ͷߦ

ྻͰ

k̄ij = a
(
SL

(
φ̄i

)
,EL

(
φ̄j

))

b̄ij (u0h) = a
(
SL (u0h) ,EB

(
φ̄i, φ̄j

))

Ͱ͋Δɽφ̄i ͸ɼi ∈ {1, · · · , d}×N ͷͱ͖ k ∈ {1, · · · , d} ͷཁૉʹ φi

͕͋Γɼ࢒ΓͷཁૉΛ 0 ͱͨ͠ d ϕΫτϧͰ͋Δɽݩ࣍
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͜͜Ͱɼجຊڥք৚݅ θ̄D = ϑ̄D = 0Rd Λ୅ೖͯ͠ɼ

(
0T
Rd

ϑ̄T
N

)
·
((

K̄DD K̄DN

K̄ND K̄NN

)
+ ζ

(
B̄DD B̄DN

B̄ND B̄NN

))(
θ̄D
θ̄N

)
= 0 (8.11)

ͱͳΔɽ͜ͷࣜΛฒͼସ͑Ε͹

ϑ̄T
N

(
K̄NN + ζB̄NN

)
θ̄N = 0

ͱͳΔɽϑ̄N ͸೚ҙͰ͋ΔͷͰɼ

K̄NNθ̄N + ζB̄NNθ̄N = 0Rd (8.12)

ͱ͔͚ΔɽK̄NN ͱ B̄NN ͸࣮ରশྻߦͳͷͰɼ(8.12) ͸࣮ݻ༗஋໰୊
ͱͳΔɽ
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