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Dirichlet ZE[# D Sobolev HUsUE HUIZ RN 12 B 1T 2 b HARZEMD —D>TH Y, FAEZEE &
U T Nash AEX [4], F v /3 T 0 —FHAEFX 5, 6], BEREO#EM/INME [14] @tMubma\é
AL 722 Sobolev Z2[ WH2(RY) 72 EI1ZBI U Tk & W % 23l % 5 2 % Gagliardo-Nirenberg #fi
FIAERBH SN TS, Kato 7 T Al Schrédringer TR (—3A+p) B WHARY) Lo H AL
TERR L 85 135 UT 1972 412 Kato[7] I & D 52 60, HEEFRDMIH 5B Feynman-Kac
NRENT DI L T AHEA TS (Simon 12 & 2 BT [11] %7’%5@) Stollmann & Voigt[12] I
1996 41 Dirichlet ZZ[#]A% Kato 27 7 ADMEIZ & 2 L? ZEf NI HDIAD & 2 & & E K
#HWTR L, 12 Shiozawa & Takeda[10] A 2005 412 Dirichlet & X D IR 28 55 D Bl G % FW T
%ﬂ#nﬁﬂﬁﬁguiﬁﬂ%g‘xx..

AFETIE, Kato 7 7 AD—FEDILIETH S LP-Kato 7 7 A% EAL, TDV 7 ADWEIZ LD
Lebesgue 7'“F'EJ/\O) Dirichlet Z2[H] D d i L&D A A & DBILR % 5 U 7255 [8] 12D\ T, fli[EZ2[# D
RO D 2 BN 5 .

2 L[P-Kato I & Dirichlet ZfE ®D Sobolev 12 &HA A & DE K

ZOHITIE [8] OME Z BN, E %2 Fra > /87 sl iEEEZE#, m % supp[m] = E 2% E L
@ Radon {IE&§ 3. (£, F) % L*(E;m) EOIEA] Dirichlet X & L, X = (Q,Xt,g,m) % 5] bt
9% m-NF Hunt 2L 95, a >0 & ue FIZNU, E(u,u) = ullz, = E(u,u) + o [pu*dm

Ltk 9D, ARTIEF Ot u i EL%;T’QJFE%EX%)E@&T% F72, X DR EEX
(Py)i>o F AT OMiERi SR 2w~ LTV DETE: &t >0z € EIZNL, P(z,dy)
i m(dy) IZDOWTHEXERRETH D, ZDE X (P)iso & (0,00) x E x B FATHI 2 HERS 5518 B £L
(if:li?ﬂ&(‘:ﬂ?&‘) pi(z,y) TH>THERD s,t > 0, z,y € EZHU pi(z,y) = pe(y,z) M2
pt+5(3: y) = [pps(x, 2)pe(z,y)m(dz) BEHEDEFED. £ a> 012U, XD a-ik L VIRV ML
zra(z,y) = [ e O‘tpt (xz,y)dt TEDD.

Definition 2.1. p€ [1,0), 6 € (0,1] £9%. E EDIEfE Radon JlE p 27U, p WA X IZBT 5
LP-Dynkin 7 2 RIZJET 5 (ne DP(X) &2 <) &lddhd a> 0 B FIELT

sup / o (2, y)Pp(dy) < oo
z€FE JE

BB, uMXIZHT S LP-Kato 7 7 RIZET S (pe KP(X) &n<) &lx

lim sup / ro(z,y)Pp(dy) = 0
E
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B2LEE uMXIZETEZA—F— 0D LP-Kato 75 RILET S (p € KPO(X) &n<) ki
1
(sup/ ra(x,y)pu(dy)) Lo O(a™®) as a — oo
zeEJE
5L E%\WS . LP-Dynkin, LP-Kato 7 7 AIXHiIZ p-Dynkin, p-Kato 7 7 A & £ IES,
B 5 2MZ KPO(X) € KP(X) € DP(X) TH 5.
Example 2.2. E =R?* m % R? [0 Lebesgue #llE, X % R? O Brown & & $5. pc[l,00)

%d—pld—2)>0R5EHE UL, un% R EOIEfE Radon I &35, [2, Theorem 4.5] DFEHA
LI LT, e KP(X) T B = & Ikik & [l

limsup/ Ly?i:(), d>3,
a0 perd Jjz—y|<a |51j - y|p( —2)
lim sup / (—log |z —y|)’u(dy) =0, d=2,
A0 perd Jz—y|<a
sup / pu(dy) < oo, d=1.
xeR4 J|z—y|<1
K2, d =10 ZHMEEDp > 1ITHU KY(X) = KP(X) &85, F72, EFEED pilo0nT

d—p(d—2)

mekP T (X) LBBILENND.

ROEHUL LP-Dynkin X LP-Kato 7 7 ADWEIZ & B L?P 22D Dirichlet Z2[H D i s
AATHS.

Theorem 2.3 ([8, Theorem 4.1]). p € [1,00), p € DP(X) £§5. ZD& &,
(i) FREDue F & a>0IlxU

1

p

el Zan iy < (sup / m(:v,y)pu(dy)) Eulu, ) (2.1)
zcE JFE

ML T B . B, Hilbert %81 (F, £1) & L2P(E; p) ~NEFHIZHDAENTNS .
(i) pe KP(X) & 51E, (0,00) LOEMEEKE K Tlimge 'K(g) =00 823 DWBEIEL, T
DueF&e>0ITRU
Hu”%zp(E;u) < e&i(u,u) + K(£)H“H%?(E;m) (2.2)
D AVAC RS
(iii) $5 0 € (0,1 1T U p e KPO(X) & 518, IEEB A DML, K (€) = Ae—7 12U
T (2.2) BALT 5. 2, LRI B AYEE L TERED u € FITH U

(1-0

)
lull vy < ByV/Eww) ull ) (2.3)

AN AVAC RS
(2.1) 1% LP-f®D Stollmann-Voigt AER L ART I ENTES. (2.2) IF[13] IZhHd VNV NE
FMEOBERIZEMUTE Y, (2.3) IZWb iDL ERNTHD.

IROEHIFEH 2.3 DHAHFDOM % Fikd S, DF Y, WEM LP-Dynkin X LP-Kato 7 7 Al
BT 5 e, TOMEIZE D L 22/ (p > p) N Dirichlet 22D Sobolev B X K D 1 &
AABPEZNENHES.

Theorem 2.4 ([8, Theorem 4.7]). p’ € (1,00), p € DY(X) £45. ZDL ¥,
(1) IEEBS > 0B FAEL T, fERED u € FIZH U Sobolev BIATEX
HUHiZPI(E;“) < Sgl(%u)

2T ROIE EEDpe[1,p) il T pueDP(X) THD.
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(ii) B K : (0,00) — (0,00) Tlim.pe 'K(e) = 00 BRPEDWFIEL T, LD u e F &
e > 012U Sobolev FIARE R

HUHQL%’(EW) < e&1(u, u) + K (&) ||ull72 g
2T ROIE RO pe (1,p) IZ20WT u e KP(X) TH 5.
(i11) B A>0,0€ (0,1 WFIELUT, [ERED u e FITHU Sobolev BIALE K
1-6
ol gy < AVE@ " 5
TR EEDp € (1, p) <‘: §=1- p Ppl IZDWTC pe KPIU-0(X) TH 5.

M 2.3, 24 (i) IFENZTNIRD LD lﬂl:ff% 2T, Mo DP(X) ik p € DP(X) T
HBIELEREERL, KFTRINTODEDWEHDOIEREZZEKRTD.

DP(X) DHX)  DP(X)
L2(M) L2P(M)... LQ(H) LQP(M) LQp’(M)
(F,&1)  L*(m) (F.&)  L*(m)
Figure 1: & 2.3 (i) DA Figure 2: &M 2.4 (i) DA

3 FHEZEMEZAVZEE2.3, 2.4 (iii)) DEKM T

ZOHITIE, BHL 2.3, 2.4(ii) 2 HFZEMOSETERMNITE Z L 2F 2 5. M=/ &I, ﬁii))
WE R 200D X & X1 IZDOWTENSEZFH EOMEFRZEE 28%0:1—0IZN
@“é RIS 2 25 Xp D Z & Tdh 2. Banach 2SR DM IXEMHM & ERMHRIA D D HAKE

TIEERMMDOAZ S . iR ORI DWW T, BRI (1, 3 9] % R k.

2 DO Banach Z#[H Xy, X, 1% Hausdorff A FHX 2 }\)1/ SR X EGIZHEIDAENT VWD &
T2, |lx, # X5, i =0,1 D)0 AEd 3 e, Hmioadm Xon X, &R X+ X = {u=
Uy + Ul Uy € Xo,u1 S Xl} (=) N

HUHX0F7X1 = maX{Hu”Xov ”u”Xl}
HUHXo-i-Xl = inf{HU()HXO + HU1HX1 TU = Uy + UL, Uy € Xo,u1 S Xl}
&) ZENE N Banach 2l & 2 5.
Definition 3.1. Banach ZE[l] X % Xy & X; DHEBEEE TH 5 &1, HiH O IA A
XonXs — X — X+ X4
WL T D EIE VS,
Bt>0kue XoNX 2L, JiNEE%E
J(t;u) = max{||uol| x,, t[lu1ll x, }
WEDEDD E, TN - [Ixonx, CRMER IV LAEZS>TNS.
Definition 3.2. 0 <0 < 1,1 < ¢q < oo iZHU, ZEM (Xo,X1)oq0 Zu € Xo+ X, THDOT,
Bochner 8532 & V)
u—/ FOS, f e LY(0, 000 dt/t, Xo + X1)

LRIN, POEB Lt — 0T (tu) A Lq((O 00);dt/t) ILETDEDDEEKE LTEDD.

3



Proposition 3.3. 1 < ¢<o00,0<0<1, £hidg=1,0<0<1D&E, (X, X1)gqs &/

I
- dt\ @
HuHG,q;J = fES(u)( [ ( ( ))] ;

% ; _
eI} =

XV IEHWZA Banach ZEM & 2% . ZZ T,
S(u) == {f € L'((0,00);dt/t, Xo + X1) : u :/ f(t)%}
0
el
I 5T, D IA A

XoNXy — (Xo,Xl)qu — Xo + X1
PSS, $RDY, (Xo, X1)oqs 12 Xo & X ORBIEEHTHS.
Proof. FEAIE, 1 21X [1, Theorem 7.3] % H &.
Proposition 3.4. Xy & X; OffEZEHE X 126U, AFIEFEWIZFEETH S -

(a) (Xo,X1)p1.0 — X BALTS. 806, EEHCy WEFIEL T, FEED u e (Xo, X1)p1.s
2L

lullx < Crllullg,;s-

(b) EE Co WFHELT, fEEDue XogN Xy, t > 01U
lullx < Cgt_eJ(t; u).

(¢) ESERL O PHFAE LT, FERED u € Xo N Xy ISR L
lullx < Callull,’lull%,-

Proof. FEWAIE, H1 Z1E [1, Lemma 7.19] & 7213 [3, Section 3.5] % 5 &. O
PEDZ &b, Xog = (F, &), X1 = L*(E;m) & U7k e EOHiMZER Xy = (Xo, X1)o1.0 %

FANT, B 2.3, 2.4(1i1) IFIRD LD IZHALTE S, &6, M4 DKETRU DA X _g) —
L2P(p) W& ERE 2.4(ii1) OAEFICER 2.3(1) 2 XSICHAT LI L THOLNDZEDTHS.

60’2ﬂ
) 1—-6 K¥
K (X) )/_\/\
LQ(,u) sz(#) LQ( ) LZP(/,) . L2p
(F.&1) X L?(m) (F,&1) Xog-o) (m)
0 1-6 6(1 —9) ) 1—-90
Figure 3: /&8 2.3 (iii) DA Figure 4: & 2.4 (iii) OFAX



4 [r-Kato P 5 RIS 2 22

BIF £ T2, TR 2.3, 2.4 DER (i) 1% Sobolev HDIAAIZ & U, 3‘531% (iii) 1k (F, &) & L3(E;m)
%0:1—0IZNDT D USHIRY T 22 M ADOHDAAIZ LV ER DTS Z N TEZ. AR
DRI, Fik (1) & (i) OFEOKRE B> Tnd Eik (11) L‘T N5 % A 22 oD J Ik
THhT22L2E25.
WEX28iDEDE L, Xo = (F,&), X1 = L*(E;m),

1
(@) = (Sup / ra(x,y)pu(dy))
2€EJE
LB EE 321, (Xo, X1)g1.0 DEBRDHIZHD 0% y(t) ITEZLLDEEZERD.
Definition 4.1. %[ (Xo, X1)()1,0 % u € Xo + X1 TdH > T, Bochner FIMI &Y

u—/ ft)y—, feLY(0,00);dt/t, Xo + X1)
ERI I, MOBEEE — (1) (t;u) Ll((o,oo);dt/t) KET25DD2KELTEDSD.
Proposition 4.2. (Xo, X1),()1.5 &/ VA

o d
lallyaas = inf [ D050

fes(u
& VIEEWAA Banach ML 2%, 22T, S(u) IZ@ME 3.3 TEDZELDTHD.
512, i D IA A

XoN X1 — (Xo, X1)y(),1.0 — Xo+ X1
ﬁ‘ﬁkﬁ?é —d_éivb*o, (X07X1)fy(-),1;] =3 X() et X1 @%ﬁﬁﬁﬁ%ﬁﬁﬁf&)é
Proof. a— () IFAFBEFRDTH Y, a — ay(a) 1E[8, (2.6)] IZH SIE K 5 IT)JAFHF N
BDT

1 11

2 {smmnd gl =5 <o
amnd. 2k, [1, Lemma 7.13] & HEROGEHIZ & D FENSB LS. O
Proposition 4.3. Xy & X7 OMiffZE/R X 12/ U, MFIFEWIFEETH S -

(a) (X%, 51)7(')’1“] — X DBALT B, TADL, EE O AMFEL T, ATED u € (Xo, X1)y ()10
hebs
lullx < Cillully(y,1,0-
(b) IEEE Cy WEAALU T AEED u e XoN Xy, t > 0K
Jull x < Coy(t)J(t;u).
(c) IEEE Cy MFAEL T, fEEDue XogN Xy, t >0ITHU
lullx < Cay(t) ([lullx, + tllullx,)-

Proof. (b)&(c) XS M. (a)e(b) & [8, Theorem 4.1) DFEHHIZE 51D K D12 a — (o) AV
¥ThdZEMNH, 1, Lemma 7.19] & FFRDFEHIZ &L Y RIND. O

EPR 2.3(i1) DS % 729 K(¢) & UT[8, Theorem 4.1] DAL DA 5 B e > ey~ (e)
(\.VVC’y YO IE () DA B ERE) 2 HN S Z L ITERT D &, (2.2) & 4.3(c) ([Tl 578
B (X0, X1)q()150 & Xo & X1 D “HH7 *Héj‘éwﬁ'ﬂt?}&ﬁ‘ LIETERWZD,
23(11)0)3595%. 1 40)J:’)C BIEMRIZMRT 2 Z 8 IXTERWD, ZOFRIE () DAT—
J:‘)Hbﬂé?ﬁf"ﬁ’lzf"ﬂ FOERDTOEND Z Lok, Efi24(11) IDOWTE RIBRIZ

P kﬁa'é'é Y()IZEVEERDITONDE Z ENHFIND.
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