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1 Úó

;/£orbifold¤´6/��«í2. §�@d I. Satake[12] 3 1956 cÚ\. ���;,

Hausdorff ÿÀ�m X þ�;/�Ik£orbifold chart¤´��o�| (Ũ , G, φ, U). Ù¥ Ũ

´îª�m Rn ¥�m8; G ´��k�+, 1wk�/�^3 Ũ þ; U ´ X ¥��m

8; π : Ũ → U ´��ëYN�, ¿p���Ó� Ũ/G → U . X þ��;/ãþ£orbifold

atlas¤´�x÷v�½�N5^��;/�Ik U = {(Ũi, Gi, φi, Ui)|i ∈ I}. ��;/ãþ
��daÒ�
 X ��;/(�. 1997c, Moerdijk-Pronk[8] uy�±^;/+�£orbifold

groupoid¤5ïÄ;/. ¦�y²
;/�k��£effective¤;/+��m�éA'X, =

l;/ãþ�±��k��;/+�, ��lk��;/+��±��;/ãþ. ��

d�;/ãþéAu Morita�d�;/+�. ù�(J¦�·��±|^;/+�5ïÄ

;/�AÛ�ÿÀ.

3�VÐ Chen-Ruan[4, 5]�EÑ
";/� Gromov-Witten nØ. ù�nØ´8c

ISþ�~¹��ïÄ+�.²Lù�5c�uÐ,<�uy;/+�';/ãþ�·Ü^

5ïÄ;/, AO´3ïÄ;/� Gromov-Witten nØ��ÿ. �
ïÄ;/� Gromov-

Witten nØ, ·�I�á�Ù�
";/+��Ä��"ÿÀ5�. ùÒ´�©�Ñu:.

�©��l;/+���Ý5ïÄ;/�AÛ. ·�Äk�Äf;/+��Vg. ;

/+�´�aAÏ�+�, Ïd·��±lX�ê�*:5�Äf;/+��½Â£ë�

[6, 7]¤. ØL;/+���;/éA�AÛN, X�ê�½ÂØUéÐ�êÜù�éA. Ï

d·�ATk���AÛ�f;/+��Vg. ��IO��.´;/m�"�¡, ù�

·���éÐ�ë�. ·�ddÑué���Ün�f;/+��½Â£½Â 3.2¤. �½

��;/+� G = (G0, G1) �, ·�uy§�äk�Ó;��m�f;/+�Ñ´ Morita

�d�£½n 3.9!íØ 3.11¤. �, z��ù��f;/+�� Morita �dap¡k�

����, =÷f;/+�£½Â 3.8¤. dd·���Ñ�ä�� G0 �1w6/UÄû½

��f;/+���äOK£½n 3.13 Ú½n 3.14¤.

,�·��Äf;/�+G��. ·�uy, éu��A½�;/+ G �Ú§���

f;/+� H, =¦f;/+�´;�£=;��m |H| ´;�¤, ·��Ã{����n

��+G��,=�?�°Ý���+G��£~ 5.3¤. ØL,·�oUé��� Morita�

d�f;/+� K ⊂ G ¦� K kn��+G��£½n 5.4¤. ·���Ä";/+�Ú

"f;/+�,¿y²
3 Morita�d¿Âe"f;/+��"����35£½n 7.6¤,
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Ú Lagrangian f;/+�� Lagrangian ����35£½n 7.8¤. ù
(J3";/+�

�"ÃâÚ Gromov-Witten nØ¥ò¬k�A^.

�©�(�Xe. ·�31 2 !£Á;/+��½ÂÚ5�, 31 3 !�Ñf;/+

��½Â, ?Ø§��5�, 31 4 !£Á;/+�þ�þm, ;/+���m, Úf;/

+��{m�Vg. ,�·�31 5 !y²
;f;/+��;/+G����35, 3

1 6!�Ñ
;/+G�����A^,��;/+�þ�ÓÔúª. ��·�|^1 5!6

!�(J31 7!?Ø
;"f;/+��"����35Ú; Lagrangianf;/+��

Lagrangian ����35.

2 ;/+�

�!0��e;/+��½Â!5�±9§��m� Morita �d'X. ù
VgÚ5

���© [1, 6–9].

½Â 2.1 ��+�£groupoid¤G = (G0, G1) ´����Æ, �Ù¥¤k��Ñ�_.

§�k±e 5 �(�N�:

£1¤N� s : G1 → G1 Ú8IN� t : G1 → G0;

£2¤EÜN� m : G1 ×(s,G0,t) G1 → G1;

£3¤ü N� u : G0 → G1;

£4¤_N� i : G1 → G1.

XJ g ∈ Hom(x, y) ⊂ G1, K s(g) = x, t(g) = y. ·�òÙP� g : x → y, ¿¡���Þ.

XJ s(g) = t(h), ·�P m(g, h) = gh. éu x ∈ G0 ·�P u(x) = 1x. é g ∈ G1, ·�P

i(g) = g−1. ù 5 �(�N�÷v±eún:

s(1x) = t(1x) = x, s(g−1) = t(g), t(g−1) = s(g);

s(gh) = s(h), t(gh) = t(g), g(hk) = (gh)k;

g1x = 1yg = g, g−1g = 1x, gg
−1 = 1y, ∀ g : x→ y.

½Â 2.2 ·�¡ G´��o+�£Lie groupoid¤, XJ G0 Ú G1 Ñ´1w6/, ¤k

(�N�Ñ´1wN�, ¿� s, t Ñ´ìv£submersion¤.

½Â 2.3 ��o+� G �¡�;/+�£orbifold groupoid¤, XJN� (s, t) : G1 →
G0 ×G0 ´T��£proper¤, � s, tÑ´ÛÜ�©Ó�. d� dimG0 = dimG1. ·�¡ù�

ê� G ��ê.

½Â 2.4 �½��;/+� G = (G0, G1) Ú?¿�: x ∈ G0 , ·�¡ Gx , s−1(x) ∩
t−1(x) � x �ÛÜ+. ù´��k�+.

�½��o+� G = (G0, G1) , 3 G0 þk��'X/∼0½Â�

x ∼ y, XJ�3 g ∈ G1 ¦� g : x→ y.

ù´���d'X.

½Â 2.5 G �o�m£coarse space¤½ö;��m£orbit space¤½Â�

|G| , G0/ ∼ .

Pl G0 � |G| �Ý�� π : G0 → |G| . ·�¡ G ´;�, XJ |G| ´��;�ÿÀ�m.
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~ 2.6 ~X, ��k�+ G 1w�^3��6/ M þ, ·��±����;/+�:

GnM , (M,G×M).

§�N�Ú8IN�� s(g,m) = m, t(g,m) = g ·m . Ù§� 3 �(�N�´w,�. �

��y=�ù´��;/+�.

½Â 2.7 b� G Ú H ´ü�o+�. ���� φ : H → G ´��d 2 �1wN�

φ0 : H0 → G0 Ú φ0 : H1 → G1 |¤�¼f, =§���g�(�N���. XJ φ0, φ1 Ñ´

�©Ó�, Ò¡ φ = (φ0, φ1) �Ó�, P� φ : H ∼= G.

ü�o+��m��� φ : H→ G �¡��d, XJ

£i¤½Â36/�n�È G1 ×(s,G0,φ0) H0 , {(g, y)|g ∈ G1, y ∈ H0, s(g) = φ0(y)} þ�N�

tπ1 : G1 ×(s,G0,φ0) H0 → G0

´��÷�ìv.

£ii¤N�µ

H1
φ1 //

(s,t)

��

G1

(s,t)

��
H0 ×H0

φ0×φ0 // G0 ×G0

´��n�È.

Ún 2.8 ([1]) XJ φ : G→ H ´��;/+��m��d, @o φ0 ´ÛÜ�©�, �

p���;��mþ�Ó� |φ| : |G| → |H| .

½Â 2.9 ü�o+� G Ú H �¡�´ Morita �d, XJ�31 3 �o+� K Úü

�o+��d G K
ψoo φ // H.

ù´��o+��m��d'X, ����3;/+�þ����;/+��m��

d'X. ØL3`ü�;/+� Morita �d�·��#N¥m�1 3 �´���o+�.

3 f;/+�

3ù�!·�?Øf;/+��½ÂÚ5�.

3.1 f;/+��½Â

·�Äkw��Ún.

Ún 3.1 � G = (G0, G1) ´��;/+�, � H0 ´ G0 ���{�� k �1wf

6/. XJ

H1 , s
−1(H0) ∩ t−1(H0)

�´ G1 ���{�� k �1wf6/, @o3ò G �(�N���3 H0, H1 þ�, ·�

����;/+� H = (H0, H1) .

y² y²�¹üÚ.

£1¤H ´+�. Ï� H1 = s−1(H0) ∩ t−1(H0), ·��±ò s, t : G1 → G0 ��3 H1 þ�

� s′ = s|H1
: H1 → H0 Ú t′ = t|H1

: H1 → H0. ·�Ó��±ò u ��3 H0 þ��
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u′ = u|H0
: H0 → H1,�� i3 H1 þ�� i′ = i|H1

: H1 → H1. Ï� H1×H0
H1 ⊂ G1×G0

G1,

·�k m′ : H1 ×H0
H1 → H1. ���y=�, �þù
(�N��, H = (H1 ⇒ H0) ¤��

�+�.

£2¤H ´;/+�. db�·��I�y H �N�Ú8IN� s′, t′ ´ÛÜ�©Ó�. ?

��: g ∈ H1,k�� g��� Ug ⊂ G1¦� s : Ug ⇒ Ux´�©Ó�,Ù¥ x = s(g). Ï� s

´ÛÜ�©Ó�,¤± s−1(H0)´ G1 �{�� k �1wf6/.  H1 ⊂ s−1(H0)�äk{

�ê k,¤±·��±Â  Ug ¦§÷v Ug∩s−1(H0) ⊂ H1. @o s′ : Ug∩s−1(H0)→ Ux∩H0

Ò´�©Ó�. ¤± s′ : H1 → H0 ´ÛÜ�©Ó�. Ón�y t′ : H1 → H0 �´ÛÜ�©Ó

�. y.. �

½Â 3.2 ·�¡Ún 3.1 ¥���;/+� H = (H0, H1) ´ G = (G0, G1) �f;/

+�£sub-orbifold groupoid¤.

5 3.3 d½Â��, XJ H´ G�f;/+�, @oé?¿� x ∈ H0, §3 G¥�Û

Ü+ Gx Ú§3 H ¥�ÛÜ+ Hx ÷v Gx = Hx. ù�´·��½Â�Ï~�f+�£�

�f�Æ¤�½Â�ØÓ�?.

~ 3.4 XJ H0 = {x}, K x , (x, x×Gx) ´ G �f;/+�. ·�¡§� G ¥�:.

~ 3.5 ?��� G0 ¥m1wf6/ U0, U =
(
U0, U1 = s−1(U0) ∩ t−1(U0)

)
´ G �f

;/+�. ·�ò§P� G|U0 . ·�¡§� G �mf;/+�.

mf;/+��;/+��ÛÜ�.k'.

·K 3.6 ([1, 8]) �½��;/+� G 9?¿�: x ∈ G0, o�3�� x �m�

� Ux ⊂ G0 ¦� s−1(Ux) = t−1(Ux) =
∐
g∈GxWg, s, t : Wg → Ux Ñ´�©Ó�, �

G|Ux ∼= Gx n Ux.

3.2 ÷f;/+�

f;/+�¥k�aAÏ�f;/+�.

½Â 3.7 ·�¡ G0 �f8 H0 ´ G-µ4�, XJ s−1(H0) = t−1(H0).

XJ H0 ´�� G-µ4� G0 �{� k �1wf6/, @odu s, t ´ÛÜ�©Ó

�, H1 = s−1(H0) = t−1(H0) ´�� G1 �{� k �1wf6/, l H = (H0, H1) ´

G = (G0, G1) ���f;/+�.

½Â 3.8 �� G�f;/+� H = (H0, H1)�¡�´÷f;/+�£full sub-orbifold

groupoid¤, XJ H0 ´ G-µ4�.

½n 3.9 b� H ´�� G �÷f;/+�. XJ K �´ G �f;/+�, �÷v

π(H0) = |H| = π(K0) = |K| ⊂ |G|, K K0 ⊂ H0,K1 ⊂ H1. Pùü��¹N�� i0, i1, K

i = (i0, i1) : K→ H ´��;/+��m��d.

y² b� x ∈ K0 , � π(x) = |x| ∈ |K| = |H|, @o�3�� y ∈ H0 ¦� π(y) = |y| =
|x|. Ïd3 G ¥, �3���Þ g ∈ G1 ¦� g : x → y. Ï� H0 ´ G-µ4�, ¤± x ∈ H0,

� g ∈ H1. Ïd K0 ⊂ H0. ùL² K1 ⊂ s−1(K0) ⊂ s−1(H0) = H1. w,

i0(s(g)) = s(g) = s(i1(g)), i0(t(g)) = t(g) = t(i1(g)).

Ïd·������� i = (i0, i1) : K→ H. e¡·�y² i ´���d.
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5¿�

H1 ×(s,i0) K0
∼= s−1(K0)

´��1w6/. �N� tπ1 : H1 ×K0
K0 → H0 =´ t : s−1(K0) → H0. ùw,´�

�÷�. ?��� g ∈ s−1(K0) ¦� g : x → y. @o�3�� g �m�� Ug ⊂ G1 ¦�

s : Ug → s(Ug)Ú t : Ug → t(Ug)Ñ´�©Ó�. Ïd t : Ug ∩ s−1(K0)→ t(Ug ∩ s−1(K0))´�

��©Ó�. du dimH = dimK, K1 ⊂ H1,ÏL � Ug ·�k t(Ug∩s−1(K0)) = t(Ug)∩H0.

Ïd t : s−1(K0)→ H0 �´ÛÜ�©Ó�. l tπ1 : H1 ×K0
K0 → H0 ´÷ìv.

���±���y

K1
i1 //

(s,t)

��

H1

(s,t)

��
K0 ×K0

i0×i0 // H0 ×H0

´��n�È. y.. �

5 3.10 ·���±|^+��n�È£ë�[1]¤�½Â95�5y²ù�(Ø.

·�kXeíØ

íØ 3.11 G �¤käk�Ó;��m�f;/+�Ñ´p� Morita �d�.

½Â 3.12 b� H´ G�f;/+�,·�P G�¤käk;��m |H|�f;/+
��8Ü� M(H,G).

3.3 �½f;/+�

·�e¡?Ø: éu��;/+� G = (G0, G1), ?¿�½�� G0 �1wf6/ H0,

´ÄU����f;/+�. f;/+��+�^�ØCf6/k��'X.

½n 3.13 b� H0 ⊂ G0 ´1wf6/. @o H =
(
H0, s

−1(H0) ∩ t−1(H0)
)
´ G =

(G0, G1) �f;/+���=�éu?¿�: x ∈ H0, ±9§���¿©��/X·K 3.6

¥�m�� Ux ⊂ G0, H0 ∩ Ux ´ Ux 3 Gx �^e�ØCf6/.

y² ¿©5. ÛÜþd·K 3.6 ·�k G|Ux ∼= Gx n Ux = (Ux, Gx × Ux). d [9] �, ·

��±ÏL�IC�¦� Gx 3 Ux ⊂ Rn þ��^��5�^. - Vx = Ux ∩H0. XJk,

� g ∈ Gx ¦� g · Vx * Vx. @o3 g × Ux ¥(
s−1(Vx) ∩ t−1(Vx)

)
∩
(
g × Ux

)
= (g × Vx) ∩ (g × (g−1 · Vx))

� H0 �êØ��. ù� H ´f;/+�gñ.

7�5. ·��I�y² H1 , s−1(H0) ∩ t−1(H0) ´ G1 �1wf6/. ?���

g ∈ H1, g : x→ y, x, y ∈ H0, ·��±©O�¿©�� x, y Ú g �m�� Ux, Uy Ú Ug ¦�

s : Ug → Ux, t : Ug → Uy ´�©Ó�,� Vx = H0 ∩ Ux Ú Vy = H0 ∩ Uy ©O´ Ux, Uy �g3

Gx, Gy �^e�ØCf6/. � t ◦ s−1 : Ux → Uy ´ g−1(·)g : Gx → Gy �C�. Ïd·

�k

s−1(Vx) = t−1(Vy) ⊂ Ug.

Ïd H1 ∩ Ug = s−1(Vx) = t−1(Vy) � Ug �1wf6/. d g �?¿5� H1 ´ G1 �1w

f6/, �{�ê� H0 ��. ¤± H ´ G �f;/+�. y.. �
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½n 3.14 �½�� G0 �1wf6/ H0. H =
(
H0, s

−1(H0) ∩ t−1(H0)
)
´ G �f;

/+���=� π−1(|H|) ´ G0 �1wf6/. Ù¥ |H| = π(H0).

y² - K0 , π−1(|H), @ow, K0 ´ G-µ4�, � H0 ⊂ K0.

7�5. b� H ´ G �f;/+�. ·�e¡y² K0 ´ G0 �1wf6/. ?��:

x ∈ K0 \H0. ·��I�y²�3§��� G0 ¥m�� Ux ¦� K0 ∩ Ux ´ Ux �f6/.

·�Äk�±��� y ∈ H0 ¦��3�Þ g : y → x. ·o� x ���/X·K 3.6 �

m�� Ux. @oÏL � Ux ·��±é��� y �/X·K 3.6 ¥��� Uy ±9��

ÏL g ����©Ó� t ◦ s−1 : Uy → Ux. �d�©Ó�´ g(·)g−1 : Gy → Gx �C�.

@o K0 ∩ Ux ∼= H0 ∩ Uy ´ Ux �1wf6/.

¿©5. XJ K0 ´ G0 �1wf6/, @o K = (K0,K1 = s−1(K0)) ´ G �÷f;/+�.

 s−1(H0), t−1(H0) Ñ´ K1 �{�� 0 �f6/. ¤± H1 = s−1(H0) ∩ t−1(H0) ´� H0

k�Ó{�� G1 �1wf6/. Ïd H = (H0, H1) ´ G �f;/+�. y.. �

4 ;/+�þ��þm

ù�!·��Ä;/+�þ��þm. SN�ë� [1].

4.1 ;/m

�½��;/+� G = (G0, G1) Ú�� G0 þ��þm π0 : E0 → G0, ·��±��ü

� G1 þ��þm πs : s∗E0 → G1, πt : t∗E0 → G1.

½Â 4.1 �½��m Hom(s∗E0, t
∗E0) → G1 ��¡ σ. ·�` (E0, σ) ´�� G þ

�;/�þm£;/m¤, XJé?¿� g ∈ G1, σ(g) : E0s(g) → E0,t(g) ´�5Ó�, �

σ(g1g2) = σ(g1)σ(g2).

l σ ·��±��

E1 , {(v, w) ∈ s∗E0 × t∗E0|σ(πs(v))(v) = w} ∼= {(v, σ(g))|v ∈ E0,s(g)}.

ù´��1w��þm E1 → G0. ·�kw,�N� s : E1 → E0, s(v, w) = v, Ú8I

N� t : E1 → E0, t(v, w) = w ±9Ù§� 3 �(�N�. �±���y�þù
(�N�

E = (E0, E1) ´��;/+�. �·�k��

E = (E0, E1)→ G = (G0, G1).

Ïd;/mÒ´�é÷v�½�N5��þm. 3�
rN σ �·�ÒòmP� (E0, σ).

½Â 4.2 �½��;/m E = (E0, E1) → G = (G0, G1). XJkü��þm Ei → Gi

��¡ ξi ÷v ξ1 = s∗ξ0 = t∗ξ0, ·�Ò¡ ξ = (ξ0, ξ1) ´ E→ G ��¡. ù�du` ξ0 ´ σ

-ØC�. P E ��¡��m� Γ(E). w, G ´ E � 0-�¡.

½Â 4.3 �½ü�;/m E1 = (E1
0 , E

1
1) → G,E2 = (E2

0 , E
2
1) → G. ��;/mN�

f = (f0, f1) : E1 → E2 ´��;/+����� fi : E1
i → E2

i ´6/þmN�. ��;/m

N�g,p��� 0-�¡�m�;/�� f̄ : G→ G. ��;/m�� f = (f0, f1) : E1 → E2

�¡�´;/mÓ�XJ f0, f1 Ñ´mÓ�� f̄ = idG.

½Â 4.4 �½��;/m E = (E0, σ) → G ±9�� E0 → G0 �fm. XJ σ U


��¤� Hom(s∗F0, t
∗F0)→ G1 ����¡ σF,·�Ò¡ (F0, σF)´ E�f;/m,¿P�
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F = (F0, σF).

l F = (F0, σF) ·��±�� F = (F0, F1).

Ún 4.5 F = (F0, F1) ´ E = (E0, E1) �f;/+�.

Ïdf;/m�,�«w{Ò´ E0 → G0, E1 → G1 �ü�fm F0, F1. §�|¤
 E

�f;/+� F = (F0, F1). ù�Ò¡ F = (F0, F1) ´ E �f;/m.

XJ F ´ E = (E0, σ) �f;/m. @o σ �± F0 ⊂ E0. Ïd·�km

Hom(s∗(E0/F0), t∗(E0/F0))→ G1

��¡ [σ]. ù� [σ] Ú E0/F0 Ò/¤��;/m.

½Â 4.6 ·�¡ (E0/F0, [σ]) � E 'uf;/m F �û;/m, ¿P�� E/F.

w,·�k E/F = (E0/F0, E1/F1).

4.2 �mÚ{m

e¡·�?Ø;/+���m, f;/+��{m.

½Â 4.7 b� G = (G0, G1) ´;/+�. §��m TG→ G ½Â�

TG1
ds //
dt
// TG0

Ù¥ ds(g, v) = (s(g), dsg(v)), dt(g, v) = (t(g), dtg(v)). �A�m Hom(s∗TG0, t
∗TG0)→ G1 �

�¡�

σTG(g)(g, v) = (g, dtg ◦ ds−1g (v)),∀ g ∈ G1 Ú v ∈ Ts(g)G0.

½Â 4.8 b� H ´ G �f;/+�. §3 G ¥�{m½Â�

NH , ( N1,H = TG1|H1
/TH1

[ds] //
[dt]
// N0,H = TG0|H0

/TH0 ) = TG|H/TH,

Ù¥ [dgs]([v]) = [dgs(v)], [dgt]([v]) = [dgt(v)]. �A�m Hom(s∗N0,H, t
∗N1,H)→ H1 ��¡´

σNH
(g)(g, [v]) = (g, [dgt ◦ dgs−1(v)]) = (g, [dgt] ◦ [dgs]

−1([v])), ∀ g ∈ G1 Ú [v] ∈ Ns(g)H0.

5 +G��½n

·�Äk�Ñ;/+� G þ�iùÝþ�½Â.

½Â 5.1 Gþ���iùÝþ£½Ýþ¤́ ��G0þ�G1-ØC�Ýþ η,= s∗η = t∗η

�´ G1 þ�iùÝþ. �d�`, G þ�Ýþ´�é G0 Ú G1 þ�Ýþ (η0, η1), ÷v

s∗η0 = t∗η0 = η1.

Pflaum-Posthuma-Tang[10]é�a�2�o+��E
�aÝþ. ¦��(JL²

½n 5.2 ([10]) ?¿��;/+� G þo�3iùÝþ.

�e5·��Ä+G��.

b� H ´ G �f;/+�. ��Ð�+G��AT÷ve¡�5�. =´`, é?¿

� g : x→ y, x, y ∈ H0, d��3 x Ú y ?�°ÝAT��, �=´`+G���°Ý3 H0

�z�:�;�þAT´~�. ,��/� H ´÷f;/+��, ·�Ã{��ù�:.

ØLÏLé G ¥� H �d�f;/+�·��±��ù�:.
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~ 5.3 - Di � R2 ¥�»� 1
i ���, i ∈ N≥1. -

G0 =
∐
i≥1

Di, G1 =
∐
i,j≥1

Di ∩Dj .

·�kw,�N� s :
∐
i,j Di ∩ Dj →

∐
iDi ò Di ∩ Dj ¥�N� Di ¥, Ú8IN�

t :
∐
i,j Di ∩ Dj →

∐
iDi ò Di ∩ Dj ¥�N� Dj ¥, ±9Ù{ 3 �w,�(�N�¦�

(G0, G1) ¤���;/+�. ¯¢þ, ù�;/+�L«�´1w6/: D1. IO�îªÝ

þ�Ñ
ù�;/+�þ��iùÝþ.

P Di ¥�:� 0i. K H0 =
∐
i{0i} ´�� G1-µ4� G0 �1wf6/. §�Ñ��

G �÷f;/+�

H = (H0, H1 =
∐
i,j

{0i, 0j}).

w,ù�f;/��¹��;�, ,ù�;�þ�:���vk���°Ý.

·��±�,��f;/+�

K = ({01}, {01, 01}).

w, K ∈M(H,G). � K ¥;��¹k��:, Ïd§käk��°Ý���.

·��±òù�(Jí2����¹.

½n 5.4 (;/+G��½n) b� H ´ G �{�ê k ≥ 1 �;�f;/+�, η =

(η0, η1) ´ G þiùÝþ. @o�½�3��f;/+� K ∈M(H,G), ¦�, 3 G ¥�3�

� K �m�� U, ±9���Ýþ��©Ó�

φ : DεNK → U. (5.1)

Ù¥, ε ´��~ê, DεNK ´ K �{m NK ��»� ε ���m. ·��k��Â N�

ρ : U→ K 9����ã

DεNK
φ //

π
""F

FF
FF

FF
F U

ρ����
��
��
��

K.

(5.2)

y² P H 3 G ¥�{m� NH. Ú6/�/aq, ·��±ÏLÝþ η = (η0, η1) ò

§�Óu E = TG|H �fm, = TH ���Ö. ¯¢þ, -

Ni , {v ∈ TGi|ηi(v, w) = 0,∀w ∈ THi}, i = 0, 1.

Kd s∗η0 = t∗η0 = η1 � N , (N1 ⇒ N0)´ E�fm,�Ó�u{m NH. ·��±ò Eþ�

Ýþ��3 N þ, ¿P�� ηN = (η0,N, η1,N). ò N �¤ (N0, σN), @oÝþ η0,N Ò´ σN-Ø

C�. w,·��±ò H �Óu N �0-�¡.

·��±ò η ��3 H þ�� H þ���Ýþ. ?��: x ∈ H0, ·��±é���

~ê εx > 0 Ú�� H0 ¥�»� εx �ÿ/¥ Vx, ±9��m�� x ∈ Ux ⊂ G0, ¦�

exp : Bx , Dεx(N0|Vx)→ Ux ) Vx (5.3)

��©Ó�, Ù¥ Bx , Dεx(N0|Vx) ´m N0|Vx �»� εx ���m.
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du G ´;/+�, d·K 3.6 �,é?¿� x ∈ H0, o�3��§� G0 ¥��� U ′x,

¦� x ÛÜ+ Gx �±�^3 U ′x þ, � G|U ′x ∼= Gx nU ′x. ÏdÏL � (5.3) ¥� εx, Vx

Ú Ux, ·��±b�ù
 εx, Vx, Ux ÷v

(1) exp : Bx , Dεx(N0|Vx)→ Ux ) Vx ´�©Ó�,

(2) Gx 1w�^3 Ux þ, � G|Ux ∼= Gx n Ux.

- V ′x � H0 ¥± x �¥%, εx/2 ��»�ÿ/¥, B′x � N0|V ′x ��»� εx/2 ���m. ·

�P B′x 3�êN� exp e��� U ′x ⊂ Ux.

P�;��m�Ý�� π : G0 → |G|. ?���;��m¥�: |x| ∈ |H|, ·��±�
���� x ∈ H0, ù�·�Ò���é x ��� x ∈ V ′x ⊂ U ′x. Ïd·�k�� |H| �mC
X: {|V ′x| = π(V ′x)}, ±9 |H| 3 |G| ¥���m���CX {|U ′x| = π(U ′x)}. db�, |H| ´;
�, Ïd·����� |H| �k�mCX V = {|V ′xα ||α ∈ A} Ú§3 |G| ¥������k
�mCX U = {|U ′xα ||α ∈ A}. ùp #A <∞.

�

ε = min{εxα/2|α ∈ A}.

-

K0 =

( ⋃
α∈A

U ′xα

)
∩H0 =

⋃
α∈A

V ′xα .

@ow, K0 ´ G0 �1wf61� K =
(
K0,K1 = s−1(K0)∩ t−1(K0)

)
´ G �f;/+�.

lþ¡��E·��� |K| = |H|, Ïd K ∈M(H,G).

du U ´k�mCX, ·�k

#π−1|x| ∩K0 <∞, � #s−1(π−1|x|) ∩K1 <∞, ∀ |x| ∈ |H| = |K|.

y3·�òm NH ��3 K þ. ���m=´ K 3 G ¥�{m NK. ·��ò N ��3 K

þ. ò���mP� N′ = (N ′0, N
′
1) = (N ′0, σK). K N′ ∼= NK.

dþ¡��E��êN� exp �Ñ
 N ′0 � 0-�¡���

DεN
′
0 = {(x, v) ∈ N ′0|

√
η0(v, v) < ε, x ∈ K0}

� K0 3 G0 ¥�,��� U0 ��©Ó�. � U0 ⊂ ∪α∈AU ′xα . - U1 , s−1(U0)∩ t−1(U0).

@od~ 3.5 � U = (U0, U1) ´ G �mf;/+�.

?��� g ∈ K1, g : x 7→ y, N ′1 3 g þ�n��

N ′1,g = {v ∈ TgG1|η1(v, w) = 0,∀ w ∈ TgK1 = TgH1}.

�Ä N ′1 ��»� ε ���m

DεN
′
1 , {v ∈ N ′1,g|

√
η1(v, v) < ε, g ∈ K1}.

P N′ �N�Ú8IN�� sN′ , tN′ . Ï� G|U ′x ∼= Gx n U ′x, �Ýþ η ´ σK-ØC�, ¤±

DεN
′
1 = s−1N′ (DεN

′
0) ∩ t−1N′ (DεN

′
0).

Ïd DεN
′ = (DεN

′
0, DεN

′
1) ´ N′ ���f;/+�.

d·���E���êN�3 DεN
′
0 Ú DεN

′
1 þÑk½Â. ���y��

exp(s(g), dgs(w)) = s(exp(g, w)), exp(t(g), dgt(w)) = t(exp(g, w)).
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l�êN��
·�����

exp : DεN
′ → U.

�ù´��Ó�.

·���±� DεNK. §� DεN
′ Ó�. PdÓ�� f : DεNK → DεN

′. ·���Ó�

φ , exp ◦f : DεNK → U.

·��kmÝ� p : NK → K Ú�¹'X DεNK ⊂ NK, l·�k p : DεNK → K. @o

l φ ·���

ρ = p ◦ φ−1 : U→ K.

Ïd·�����ã (5.2). y.. �

½Â 5.5 ·�¡Xþ�EÑ� K 3 G ¥����;/£+�¤+G��.

6 ÓÔúª

�½��;/+� G = (G0, G1). ·���±½Â§�{�m T∗G. ·�� G0 �{�

m T ∗G0
//G0, ÚÓ�m Hom(s∗T ∗G0, t

∗T ∗G0)→ G1 ��¡

σT∗G(g) = (t∗g)
−1 ◦ s∗g.

@o G �{�m� T∗G = (T ∗G0, σT∗G).

aq�, éu 0 ≤ k ≤ dimG, ·��±½Â	Èm ∧kT∗G. ·�E,kXe��Ó

∧kT∗G = ( ∧kT ∗G1

∧k(s−1)∗ //
∧k(t−1)∗

// ∧kT ∗G0 ).

·�^ Ωk(G) 5Pm ∧kT∗G ��¡��m. ¡§p¡����;/ k-/ª. ��;/

k-/ª´�éÏ~� k-/ª (ω0, ω1) ∈ Ωk(G0) × Ωk(G1), ÷v s∗ω0 = t∗ω0 = ω1. ·�¡ù

�� ω0 � G-ØC k-/ª. Ïd

Ωk(G) = {(ω0, ω1) ∈ Ωk(G0)× Ωk(G1)|s∗ω0 = t∗ω0 = ω1 ∈ Ωk(G1)}

= {ω0 ∈ Ωk(G0)|s∗ω0 = t∗ω0}.

Ï~�	�©�f d ��±�^3 Ω∗(G) þ:

d : Ωk(G)→ Ωk+1(G).

·��k d2 = 0. G � de Rham þÓN+½Â�

Hk
dR(G) ,

ker(d : Ωk(G)→ Ωk+1(G))

Im(d : Ωk−1(G)→ Ωk(G))

;/�/�ÓÔúª�6/�/aq. b� H ´ G �f;/+�, ��k;/+G�

� U = (U0, U1), =3�½��Ýþ�, �3���~ê ε ¦� U ∼= DεNH.

½n 6.1 XJ ω = (ω0, ω1) ´�� U þ�4 k-/ª, = dωi = 0, i = 0, 1. � ω(x) =

0,∀ x = (x,Gx) ∈ H, @o ω ´T��, =´`, �3�� µ ∈ Ωk−1(U) ¦� ω = dµ. ��

�´, ·��±À� µ ¦� µ(x) = 0, ∀ x ∈ H.
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ùp µ(x) = 0 �du µ0(x) = 0. Ï�d G-ØC5, g,k µ1(g) = 0,∀ g ∈ U1.

y² du U ∼= DεNH, ·��I�3 DεNH þ�Äù�¯K. w,d÷n�?1� 

=��� DεNH
∼= NH. Ïd·�e¡��3 NH = (N0, N1) þ�Äù�¯K. P NH �N

�Ú8IN�� s Ú t. P;/mÝ�� π = (π0, π1) : NH → H. P H �� NH �0-�¡��

¹N�� i0 = (i00, i
0
1) : H→ NH.

5¿�, ·�k�x;/+�Ó�

ρτ = (ρτ0 , ρ
τ
1) : NH → NH, (v0, v1) 7→ (τv0, τv1), 0 ≤ τ ≤ 1.

Ù¥ ρτ0 ´l i0 ◦π0 � idN0 ��½ H0 �ÓÔ, ρτ1 ´l i1 ◦π1 � idN1 ��½ H1 �ÓÔ.

ùp ρτ0 �·���ÓÔ�f

Q0(η0) ,
∫ 1

0

ρτ,∗0 (ιvτ0 η0)dτ, ∀ η0 ∈ Ωk(N0),

Ù¥ vτ0 ´d ρτ0(p) )¤��þ|, = vτ0 (p) = d
dtρ

t
0(p)|t=τ . ù�·�k

dQ0(η0) +Q0(dη0) = ρ1,∗0 η0 − ρ0,∗0 η0 = η0 − i0,∗0 η0. (6.1)

- µ0 = Q0(ω0). du ω 3 H � 0, µ0 3 H0 þ�� 0. ò µ0 �\ (6.1). du dω = 0, ω 3

H � 0, ·���

dµ0 = dQ0(ω0) = dQ0(ω0) +Q0(dω0) = ω0 − i0,∗0 ω0 = ω0.

e¡·�y² µ0 ´ NH-ØC�. 5¿� ρτ1 ��·���ÓÔ�f

Q1(η1) ,
∫ 1

0

ρτ,∗1 (ιvτ1 η1)dτ, ∀ η1 ∈ Ωk(N1)

Ù¥ vτ1 d vτ1 (p) = d
dtρ

t
1(p)|t=τ û½. Ï� ρτ ´;/+����, ·�k

ds(vτ1 ) = vτ0 = dt(vτ1 ).

Ïd

s∗µ0 =

∫ 1

0

s∗ρτ,∗0 (ιvτ0ω0)dτ =

∫ 1

0

(ρτ0 ◦ s)∗(ιvτ0ω0)dτ =

∫ 1

0

(s ◦ ρτ1)∗(ιvτ0ω0)dτ

=

∫ 1

0

ρτ,∗1 s∗(ιvτ0ω0)dτ =

∫ 1

0

ρτ,∗1 (ιvτ1 s
∗ω0)dτ = Q1(s∗ω0).

aq��

t∗µ0 = Q1(t∗ω0).

Ï� ω0 ´ N-ØC�, Ïd

s∗µ0 = t∗µ0 = Q1(ω1).

¤± µ0 û½
 N þ�� k − 1-/ª µ = (µ0, µ1), � µ1 = Q1(ω1), dµ = ω. �d µ0 �½

Â� µ(x) = 0,∀ x ∈ H. y.. �

7 "��½nÚ Lagrangian ��½n

3ù�!·��Ä";/+�, ·�ò"6/�/�"��½nÚ Lagrangian ��½

ní2�";/+�þ.

7.1 ";/+�
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½Â 7.1 �½��;/+� G. ·�¡�� G-ØC 2-/ª ω0 ��� G þ�"/ª,

XJ§´ G0 þ�"/ª. ù�·������� G1 þ�"/ª ω1 = s∗ω0 = t∗ω0. �d

/, G þ�"/ª´��;/ 2-/ª ω = (ω0, ω1) ∈ Ω2(G), ¦� ω0, ω1 ©O´ G0, G1 þ�

"/ª.

��;/+� G �þ��"/ª ω = (ω0, ω1) =�¡�";/+�. ·�ò§P�

(G, ω), ½ (G, ω0), ½{P� G.

ü�";/+��m��� φ : (G, ω)→ (H, ρ) �¡�´"��, XJ φ∗(ρ) = ω.

½Â 7.2 b� H ´ (G, ω) �f;/+�. XJ ω|H ∈ Ω2(H) ´ H þ�"/ª, ·�

Ò¡ (H, ω|H)´ G �"f;/+�. XJ ω|H = 0 � dimH = dimG
2 , ·�Ò¡ H � G �

Lagrangian f;/+�, ½{¡� Lagrangian.

�½�� (G, ω) �"f;/+� H, ·��±ò§�{m�Ó� THω, = TH 3 TG ¥

'u"/ª�"zÜ©. Xd�5, THω �n�þÒ¬�kg,�"/ª. ·�¡ù��m

�";/m. ·�¡��";/m�m�±n��"/ª�;/m���";/m��.

·K 7.3 XJ φ : G // H ´��;/+��d, � (G, ω) ´��";/+�, @o3

H þk��p��"/ª ω′, ¦ φ : (G, ω)→ (H, ω′) ¤���"��.

y² dÚn 2.8 �, � φ ´�d� φ0 : G0
//H0 ´ÛÜ�©Ó�, � |φ| : |G| // |H|

´Ó�. Ïd, ·��±ò ω0 í� φ0(G0) ⊂ H0 þ���� 2-/ª ω′0. w, ω′0 3 φ0(G0)

þ�òz�4.

e¡·�ò ω′0 òÿ��� H0. ?���: x ∈ H0 \ φ0(G0), Ï� φ ´�d, �½�3

��: y ∈ φ0(G0) 9���Þ h ∈ H1 ¦� h : y → x.  H ´;/+�, ¤± sH, tH ´Û

Ü�©Ó�, Ïd s∗H,h Ú t∗H,h 3{��mþÑ´Ó�. ·�½Â

ω′0(x) = (t∗H,h)−1 ◦ s∗H,h(ω′0(y)).

���y=�ù�*Ü� h �À�Ã', � ω′0 ´ H0 þ�"/ª. Ï� ω0 ´ G-ØC�,

Ïd

s∗Hω
′
0 = t∗Hω

′
0.

¤±·����� H þ�"/ª ω′ = (ω′0, ω
′
1 = s∗Hω

′
0). w,d� φ ¤�"��. y.. �

7.2 "��½n

�e5·��Ä"��½n. 3c¡·�®²w�, ;/�+G����Ø�½�3.

Ïdùp·���Ä;"f;/+���/. ¿�·�ýkb�;/+G����35.

��Ä"��, ·�ÄkI��Ä;/+�þ�þ|£=�m��¡¤�6. b� ξ =

(ξ0, ξ1) ∈ Γ(TG) ´ G þ��þ|. Ïd ds(ξ1) = dt(ξ1) = ξ0.

·��ÄXe� G0 þ���ÜÐ©��~�©�§

d

dτ
φ0(x, τ) = ξ0(φ0(x, τ)), φ0(x, 0) = x, τ ∈ R, x ∈ G0,

Ú G1 þ���ÜÐ©��~�©�§

d

dτ
φ1(g, τ) = ξ1(φ1(g, τ)), φ1(g, 0) = g, τ ∈ R, g ∈ G1.
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?¿�½�� g ∈ G1, g : x→ y. b� γ(τ) ´ ξ1 �± g �å©:�È©�, =

γ(τ) = φ1(g, τ) : (−ε, ε) //G1, γ(0) = g.

ù�·��� G0 ¥�^L x �� η(τ) = s(γ(τ)), η(0) = x. �

d

dτ
η(τ) = dγ(τ)s(

d

dτ
γ(τ)) = dγ(τ)s(ξ1(γ(τ))) = ξ0(s(γ(τ))) = ξ0(η(τ)).

Ïd η(τ)´ X0 �± x�Ð©:�È©�.aq/, t(γ(τ))´ X0 �± y �Ð©:�È©

�. Ïd·�k

s ◦ φ1(g, τ) = φ0(s(g), τ), t ◦ φ1(g, τ) = φ0(t(g), τ).

Xd·�y²
e¡�·K

·K 7.4 é¿©�� τ , φτ = (φ0,τ , φ1,τ ) ´ G �gÓ�.

½n 7.5 (�é Moser ½n) b� H ´ G �{� k ≥ 1 �;f;/+�, ��k;/

+G�� U ⊂ G. XJk G þü�"/ª ω0 Ú ω1 ¦�

ω0|TGx = ω1|TGx , ∀x ∈ H.

@o�3�� K ∈M(H,G),K ⊂ H ±9ü���� K �;/+G�� U0,U1 ⊂ U ±9��

Ó� φ : U0 // U1 ¦�

U0 φ // U1

K

i

``@@@@@@@@ i

>>~~~~~~~~

��, � φ∗ω1 = ω0.

y² Ø�b�,3 G þ,�Ýþ η e U Ó�u� H �{m N ��»� ε ���m

DεN. ùp·�Eò N �Óu TH 3 TG ¥Ýþ η e���Ö.

db�, ω0−ω1 ´ Uþ�4/ª, � ω0(x)−ω1(x) = 0,∀ x ∈ H. ÏddÓÔúª£ë�

½n 6.1¤�, �3�� 1-/ª µ ∈ Ω1(U) ¦� dµ = ω0 − ω1 � µ(x) = 0,∀ x ∈ H.

�Ä�x U þ�4 2-/ª ωτ = (1 − τ)ω0 + τω1 = ω0 − τdµ. db�, |H| ´;�, �

∀ x ∈ H, ω0|TGx = ω1|TGx ,Ïd�3�� 0 < ε′ < ε¦�3 U′ = (U ′0, U
′
1) ∼= Dε′Nþù�x 2-/

ª ωτ Ñ´"/ª. Ïd�3��� U′ þ��þ| ξτ = (ξτ0 , ξ
τ
1 ) ¦�

ιξτω
τ = −µ.

AO/, Ï�3 H þ µ = 0, ¤±3 H þ ξτ = 0.

y3éz�� x ∈ H0,Ñ�3��§��� Ux ⊂ U ′0 ⊂ G0 Ú��§��� Vx ⊂ H0 ¦

��3��~ê 0 < εx < ε′ 9���©Ó�

exp : DεxN0|Vx → Ux,

� ξτ0 3 Ux þ�È©�é�m 0 ≤ τ ≤ 1 Ñ�3. ·���± � Ux ¦� G|Ux =

Gx n Ux. ù� ξτ1 3 s−1(Ux) ∩ t−1(Ux) þ�È©��é�m 0 ≤ τ ≤ 1 Ñ�3.

ù� {|Vx|
∣∣x ∈ H0} /¤
�� |H| �mCX. du |H| ´;�, ·��±���k�f

CX {|Vxα |α ∈ A}. -
εK = min{εxα

∣∣α ∈ A}.
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y3·��

K0 = ∪α∈AVxα .

K·�k�� K =
(
K0, s

−1(K0)∩t−1(K0)
)
∈M(H,G),� K ⊂ H. ·��±ò N��3 Kþ,

2�§� εK �»���m DεKN|K. ÏL�êN�, ·��±�� U0 = exp(DεKN|K) ⊂ U.

�d��þ| ξτ |U0 3 U0 þk��� 1 �È©� ρτ , 0 ≤ τ ≤ 1.

- φ = ρ1,U1 = ρ1(U0). KkÓ� φ : U0 → U1. φ �± K ØÄ, � φ∗ω1 = ω0. y.. �

½n 7.6 ("��½n) é j = 0, 1, - (Gj , ωj) ´ü�";/+�, ��g���¢

{� 2k ≥ 2 �;"f;/+� Hj . ò§��{m©OP� Nj = (THj)ω
j

. b�·�k�

�";/mÓ� Φ : N1 → N2, �§p�� 0-�¡�;/+����";/+�Ó� φ :

(H1, ω1|H1) → (H2, ω2|H2). @o�3 Kj ∈ M(Hj ,Gj),Kj ⊂ Hj , ±9§��g3 Gj ¥�m�

� Uj Ú��";/Ó� ψ : (U1, ω1)→ (U2, ω2) ¦� ψ|K1 = φ|K1 , �3 N1|K1 þk dψ = Φ.

y² Äk·�©O3 Gj þ����iùÝþ ηj . Ï� H1 ´;f;/+�, d½

n 5.4 ·��±é��� X1 ∈ M(H1,G1),X1 ⊂ H1 ¦�§�k;/+G�� W1
X 9Ó�

exp1 : Dε1X
N1|X1 → W1

X, Ù¥ ε1X ��~ê. Ï� φ : H1 → H2 �Ó�, P X2 = φ(X1). @o

X2 ∈ M(H2,G2),X2 ⊂ H2. ,�·��±é� Y2 ∈ M(H2,G2),Y2 ⊂ X2 ⊂ H2, ¦�§�k;

/+G�� W2
Y 9Ó� exp2 : Dε2Y

N2|Y2 →W2
Y,Ù¥ ε2Y ��~ê. ,�·�- Y1 = φ−1(Y2).

K Y1 ∈M(H1,G1),Y1 ⊂ X1 ⊂ H1, ���k;/+G�� V1
Y = exp1(Dε1X

N1|Y1) ⊂W1
X.

ÏL·� � ε1X ·�k;/+�i\

ϕ = exp2 ◦Φ ◦ (exp1)−1 : V1
Y ↪→W2

Y

¦� ϕ ��´ W2
Y ¥�mf;/+�, � ϕ ´ V1

Y �§���Ó�. d�êN���E�

ϕ|Y1 = φ|Y1 , �3 N1 þ dϕ = Φ. y3·�ò ω2 ^ ϕ .£� V1
Y þ�� ϕ∗ω2. Ï� Φ �

";/mÓ�, ·�k ω1(x) = ϕ∗ω2(x), ∀ x ∈ Y1. Ïd·�5�
½n 7.5 ��/. Ïd·

��±é� K1 ∈M(H1,G1),K1 ⊂ Y1 ⊂ H1, ±9§� 2 �+G�� U1,V2 ⊂ V1
Y Ú���±

K1 ØÄ�Ó� ρ : U1 → V2 ¦�3 U1 þ

ρ∗(ϕ∗ω2) = ω1.

y3� U2 = ϕ(V2), K·�kÓ�

ψ = ϕ ◦ ρ : (U1, ω1)→ (U2, ω2),

� ψ|K1 = ϕ|K1 = φ|K1 .

qÏ�3 K1 þ ω1(x) = ϕ∗ω2(x), ¤±d½n 7.5 �y²��3��3 N1|K1 þ��

dρ = id. Ïd3 N1|K1 þ·�k dψ = Φ. y.. �

5 7.7 ��AÏ��/Ò´ H = {x} �´ G ¥��:, @o���"��¢SþÒ

´�C� Darboux ½n.

7.3 Lagrangian ��½n

e¡·�ò Weinstein � Lagrangian ��½ní2�;/+�þ.

½n 7.8 (Lagrangian ��½n) b� H ´ G ���ê�;f;/+�. �¹N�P

� i : H //G. XJ ω0 Ú ω1 ´ Gþü�"/ª¦� i∗ω0 = i∗ω1 = 0,= H©O´(G, ω0)Ú

(G, ω1) � Lagrangian.
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@o�3�� K ∈M(H,G),K ⊂ HÚ§�ü�;/+G�� U0 � U1 ±9��;/+

�Ó� φ : U0 // U1 ¦�

U0 φ // U1

K

i

``@@@@@@@@ i

>>~~~~~~~~

��, � φ∗ω1 = ω0.

y² ·�Äk3 Gþ���iùÝþ. é?�: x ∈ H,- Vx = TGx = (TG0,x, TG1,Gx),

Ux = THx = (TH0,x, TH1,Hx). 5¿�ùpdf;/+��½Âk Gx = Hx. � Wx = U⊥x ´

Ux 3 Vx ¥���Ö. Ï� i∗ω0 = i∗ω1 = 0, Ux ´ (Vx, ω
0
x ) � (Vx, ω

1
x ) ��5 Lagrangian f

�m. dIO�"�5�ê��3��IO��5Ó� Lx : TGx
//TGx ÷v Lx|THx = IdTHx

Ú L∗xω
1
x = ω0

x . ùpÏ�iùÝþ´ G-ØC�,Ïd��"�5�ê�Ñ� TG0,x �gÓ�

U
�¤ Gx-ØC�, Ïd·�U�� Lx. Ï�, iùÝþ´1w�, ¤± Ux 'u x 1wC

z�, l Lx 'u x �´1wCz�.

Ïd·�����1w�;/mN� L : TG|H → TG|H, �3fm TH þ´ð�, �÷

v L∗ω1 = L∗ω0. Ïdd½n 7.5 Ú½n 7.6 ��E�, �3�� K′ ∈M(H,G), K ′ ⊂ H, §

�ü�;/+G�� U0′ Ú U1′ , ±9��;/+��Ó� ψ : U0′ // U1 ¦� ψ ��3 K′

þ´ð�, �éu?¿ x ∈ K′ 3 TGx þk (ψ∗ω1)(x) = ω0(x). @od½n 7.5 �, �3��

K ∈M(H,G),K ⊂ K′ ⊂ H,§�ü�;/+G�� U0′′ � U0,±9���± KØC�;/+

�Ó� ϕ : U0′′ // U0 ¦� ϕ∗ω0 = ψ∗ω1, Ù¥ U0′′ ⊂ U0′ .

y3·�-U1 = ψ ◦ ϕ−1(U0). @o φ : U0 // U1 ´���± K ØC�;/+�Ó�,

�

φ∗ω1 = (ϕ−1)∗ψ∗ω1 = ω0.

y.. �

5 7.9 ¯¢þ,3�E"��Ú Lagrangian���,·���±ÏLØ��
 G¥�

:��#� G′ ∈M(G,G),G′ ⊂ G, ¦�þ¡½n¥�E� K ¤� G′ ¥�÷f;/+�.
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