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X
x WfX~}N�z�t`�a��n�n�J�nP�Q pT� , m

x
supp[m] = X

M�m�o��-sk�
Radon �f� p | o .

M = (Ω,M,Mt, θt, Px, Xt, ζ)
x

(X, m) R�S��J�f�TZ m- �J� Hunt �f� , � S Lévy system
x

(N, H)
p����

. �N��i , ����[�\ {pt}t≥0

x
ptf(x) = Ex[f(Xt)]

M���  | o
. M
O �Y¡£¢ M , Green¤�¥

G(x, y) h§¦Y¨ � , © enSkªJ« (I)–(IV)
x­¬�®�¯ S p | o .

(I) ( °J±T² ) pt(1Af)(x) = 1Aptf(x) m-a.e.
� �z³ m(A) = 0 ´Lµ O m(X \ A) = 0

MfmJo
.

(II) ( ¶ ¦ ² ) pt1 = 1.

(III) ( · Feller ² ) pt(Bb(X)) ⊂ Cb(X).

(IV) (C∞(X) S¹¸Yº ² ) pt(C∞(X)) ⊂ C∞(X).

(E ,F)
x

M i��T» | o­¼J½ Dirichlet ¾T¿ p | o . À S p§Á , Â � (I)-(IV)
p

Beurling-Deny S�Ã
¿ �ÅÄ , Dirichlet ¾Y¿ (E ,F)

O © enSkÆ ikÇTÈ~�VÉ o .

E(u, u) =

∫

X×X\4

(u(x) − u(y))2J(dx, dy) =
1

2

∫

X×X

(u(x) − u(y))2N(x, dy)µH(dy).

Ê ikËJÌ Sf`YÍ�] x �Y  | o .ÎfÏ
1 (Kato ÐnÑ�Ò , Green Ó�Ô£Õ§ÖY× ). µ

xzØ ��Ù � Radon �T� pL�VÚ , Revuz �T»Ûi �LÜÚ Ç~�VÉ ozÝTÞ ¢�ß ¤�¥ x At(µ)
pà�á�

.

1. µ â Kato ÐnÑ¹ÒfãVä£å�æ (µ ∈ K
pà�á�

)
pVO

, limt→0 supx∈X Ex[At(|µ|)] = 0
pz�fozç xqès

.

2. µ h Green Ó�Ô�Õ§ÖL×-éJênæ (µ ∈ K∞

pà�á�
)
pzO

, µ ∈ K
MfmNÜ¹Ú

, ëYì S ε > 0 i�� �Ú
,
mJo }n�í�Û`baïîLð K ⊂ X h�¦Y¨ �­Ú , supx∈X

∫

Kc G(x, y)|µ|(dy) ≤ ε
p­�no�ç x q$s

.ÎfÏ
2 ( ÐfÑ�Ò J∞). F

x
X × X RnS�ñTò Borel � � ¤�¥ M , F (x, y) = F (y, x), F (x, x) = 0

�
o ¯ S p | o . F â J∞ ãVä£åNæ pVO ,

µF (dx) :=

∫

X

F (x, y)N(x, dy)dµH (dx) ∈ K∞

pz�fozç x q$s
.

F ∈ J∞ i�� �zÚ , Schrödinger ¾T¿ (EF ,F)
x © e i �-ófo .

EF (u, u) := E(u, u) −

∫

X×X

u(x)u(y)F1(x, y)N(x, dy)µH (dy), u ∈ F .

= EF (u, u) −

∫

X

u2dµF1



µTô � , F1 := eF − 1
pL�

, EF

O
F
x �Y Tõ�p | o

Dirichlet ¾T¿ :

EF (u, u) :=
1

2

∫

X×X\4

(u(x) − u(y))2eF (x,y)N(x, dy)µH (dx)

Mfmno
. À S p�Á , (EF ,F) i��T» | o UJWTXYZ Feynman-Kac [T\ {pF

t }t≥0

O
,

ptf(x) = Ex[exp(At(F ))f(Xt)]p Çö�kÉ o . At(F )
O

At(F ) =
∑

0<s≤t F (Xs−, Xs)
M^�T  �kÉ o UJ÷Jø �¹ÝfÞ ¢¹ß ¤¹¥ M�mfo .

pF
t
S�]L_Å`öaùcNeJg x © e i �Y  | o .

λp(F ) = − lim
t→∞

1

t
log ‖pF

t ‖p,p, 1 ≤ p ≤ ∞

µYô � , ‖ · ‖p,p

O
Lp(X ; m) Ùè� Lp(X ; m) ú SkûTü�ý�þzcJÿ MnmTo . �£i , © eJS�� ¿ h�� l | o :

λ2(F ) = inf

{

EF (u, u) | u ∈ F ,

∫

u2dm = 1

}

, λ∞(F ) = lim
t→∞

1

t
log sup

x∈X
Ex[exp(At(F ))].

pF
t � Ò���Ð	��

���Lâ p ���néJêJæ pzO , λp(F ) S��Nh p i�� ¦���� i�� �NMJmJo­ç x�� s . À Sp§Á

, © eJS ��� h�� l | o :Î! 
1. M

h (I)-(IV)
x�" µ � , F ∈ J∞

p | o
. À S p§Á , λp(F ) = λ2(F ) (1 ≤ p ≤ ∞)

Mfmno
ç p

, λ2(F ) ≤ 0
MfmnozçÛO�# � Mfmno .

RnS ��� i�$ Á , ]L_Å`öadcNeJgJS Lp jYlJ² h ¶ ¦ �VÉ o�%�p'&)(�o�% x © e i�*,+ o .

-
1 (Rd . � α / Î�0�1 [1]). Dirichlet ¾T¿ (E(α),F (α))

x
,

E(α)(u, u) =
K(d, α)

2

∫

Rd×Rd\4

(u(x) − u(y))2

|x − y|d+α
dxdy

F (α) =
{

u ∈ L2(Rd; dx) | E(α)(u, u) < ∞
}

.

( µTô � , K(d, α) =
αΓ(d+α

2 )

21−απd/2Γ(1 − α
2 )

) p �Y  | o
. À S p§Á , F ∈ J∞

� �z³ , λ2(F ) ≤ 0.
| �

243
, ]L_-`öa�cNeJgJS Lp jLlJ² h�� l | o .

-
2 ( 57698;: H

d . � “α / Î�0�1 ” [2]). (Bt, Px)
x=<?> P-Q

H
d RJS Brown @YÌ p | o . À Sp^Á

, Brown @nÌÛi��J» | o Dirichlet ¾J¿ x ]L_Û`öa c ��� i �LÜ¹Ú , E(u, u) =
∫ ∞

0 λd(Eλu, u)p Ç | . ÀLÀ M , E(α)(u, u) :=
∫ ∞

0
λα/2d(Eλu, u)

pà��  | o-p
, (E(α),F (α)) iz� | o L2 P£Q�RJS

]�_-`baùcNeTg O λ2(0) = 1
2

(

(d−1)2

4

)α/2

> 0
pr�~Ä

, Lp ����A7B�C��EDíÕ�F .
p À�G h , F ∈ J∞

F ≥ 0, F 6≡ 0 i�� �zÚ , θ
xIH ��J ÁÛ�LK É�³ , λ2(θF ) ≤ 0

| � 243
, Lp �!��A-âMC!�fåNæ .
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