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1 3|EFCE

K FBRA TR VA r- REUMEE @ BRI E 282 ABIIE 27 B © kRt
M C- RETFRENETEROBIR B9 EATIME TR R, C- ENBm%RY
BAC AR 1 SN AR C- ENPURETIRIETE B8R0 THRET
%, C¥iE, CREATRHUIRK Co 8, BEERZHTREMMERLER &1,

T2, i X & Banach B[H], B(X)®R X FAGMNERENETLSHK, H#AR X
W PR R T, HE O, BiE, BEABIRRSBIFRRA D(A), p(4) N(A),R(\ A),C €
B(X) HEHHETF, ac L (R*) Ha(t)>0, [ a(t)dt = cc.

EX 1.1 AR C- ENFBETIE {RE) o, MR

(a) {R(t)}ezo & X LM—MRESEARSWHETRE RO) = C;

(b) R(t)D(A) C D(A) H3t z € D(A) il t > 0,AR(t)x = R(t)Az;

(c) R(t)z =Cz+ [ja(t— s)R(s)Azds, Yz € D(A),t > 0.

Beoh, WRAFEFE M,w > 0, {#18 |R(1)] < Mev! (t > 0), UFF {R(t)} >0 RIEHHE R
.

LITR, R(t),at) ZIEEERM, a(\),R(\) 251575 a(t) # R(t) #9 Laplace Z5#e, fRT
ERBEL, HHY A — 0+ B, a(\) — co. X a¢ = [} a(s)ds fl A = a;* [} a(t—s)R(s)ds(t > 0),
po(A)y ={ e C)x - ANHEW, HR(C)C RO - A)} ¥k AR C- Tifiss.

Xt C- IEMBBEFIE {R()} 0, & XHTF A W

{ ’I?(A) = {z € X;limeoa; ' (R(t)x ~ Ca)FEEB TR(C)}
Az = C7' limgo a7 H(R(t)z — Cz), Vz € D(A)
—RAELL, X T C- IENTETE, A UREE— 10 (EmERI MR
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H) A=C-l4C,
WA THER R L

5132 1.2 & AFEPHERY C- ENTRWETFIE {R(t)} 0, BRI (H) BSL, WPATE
WAL

(a) limso a; J a(t — s)R(s)zds = Cz, Vz € X;

b) J¢ a(t — s)R(s)zds € D(4) H

¢
R(t)z =Cz + A/ a(t — s)R(s)zds, Vzxe X, t>0;
0

(c) A= A=C"1AC;
() YReA > w, 1/a()) € po(A4) (Ha(X) #0) B

(A — Aa(NA) " Cz = / e~MR(t)zdt, Vz € X.
0

RIESIEE 1.2, MBI (H) BoL, FRAITHR A £R C- ENTRE TR {R(t)}izo- EF
H, BEE {R(@)}so B——BERN C- ENBEEFE, B Vvt > 0,||R@)|| < M 1 a(t)
RB—AIERE, 3 VT >0,|Ar)| < M.

EX 1.3 & {R(t)}izo 21 C- ENTIREFIE, A AHAERNTT

(a) {R(t)}izo B—3 (&, 55) Abel- EFR, MR lima_o (] — a(\)A)"'C = P f—
B GR, 38) EFRIMNETE

() {R(t)}t>0 B—3K (38, §3) Cesaro- IBIAY, WRMER limy_o A = P K—3 (35,
55 ) BEFRIMELE;

(c) {R(t)}s0 B—FK (R, 55) BHH, WMFRKEMR lim—o R(t) = P K—F (&, 5H5) &
FIRIMETE.

BIRE X 1.3 R E A R A E T LR ERMEEH, KA {R()} o BIEITRR.
KHTHME, {HiE—2%. B/, FBOHH usw, ZFuBEHEKKHS A CE. @ (s,C) TR Cesaro-
W

2 FEFH

I 2.1 i {R(t)}ezo B C- ENBREH I

(a) (u,J) = (s,J) = (w,]), XB J € {4,C,E}.

(b) (i, A) & (i, C) < (i, E), X i € {u, s,w}.

SEF 2.1 MIEREREN.

T 2.2 B {R(t)}zo B—1H A ERHAR C- ENFTBATE & {R(D)}ez0 B
A-RPiRy, P RIGEDIRME, W

(a) P? =CP = PC;

(b) CA(A) C R(P) € N(A); CN(P) € R(A) C N (P);

(c) R)P = PC=CP, Wt>0.
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A (a). SHEE = € X,
P2z = lim (I — a(p)A)"'C(lim (I — a(A\)A) ™ Cxz)
u—0 A—0

= lim lim (I — &\ A) ™ (I - a(u)4) " C
A—0 p—0
1

= fim lim s BN - a(N)A) 7 C% - a(w)(I — a(u)A) ' C%]
= PCzx.

Ei, P? = PC. X8R PCx = CPz. ¥ (a) L.
(b) {EI& T =1 +x2,VT; € N(A),.’L’2 S R(A), )QU/‘F}':E S D(A), ‘[ﬁ Ay = x5 H

(I —a(u)A)~1Cx = (I —a(A\)A)"'Czy + (I — a(N)A) ' CAy
1 ) 1 1
=Cr + &—(/\S(I - a(/\)A) Cy — mCy

8 {R(t)}izo B A- BITH, H1BEH Pz = Czy, Pz =0. Mt Cx; € R(P),z2 € N(P),

Bl CN(P) C R(P),R(A) CN(P). B—FH, & e R(P), WA ye X #if8

z =Py = lim (I - a(\)A) "' Cy.

A(L =) 4)7Cy = (= 4N A) " Cy - GG =0 (0 —0),

M AWM, W% € D(A) H Az = 0. 8 R(P) C N(A). l45h, MEB ze N(P), &

—a(NA(I - a(N\)A) " Cz = Cx — (I — 4(\)A) " 'Cz — Cx (A — 0),

B CN(P) C R(A).

(c) X z € X, i1 (b) M Pz e N(A), Bl APz =0. Fit, HEX 1.1(b) MIZ[F 1.2(b) 41,
R(t)Pz = CPxz.

EIE 2.3 B {R(B)}izo R—AH A ERMER C- ENFBE TR, HREC)=X. WT
SRR

(a) {R(t)}+>0 27 Abel- EFTHY.

(b) {R(t)}i>0 55 Abel- IRITHY.

(c) SHEE z € X, {(I —a(M)A)™'Cz, 0< A< 1} BHINEH.

(d) R(C) € N(A) & R(A).

B (o) = (b) = (c). BB,

(=@ XM zeX, BEIM 20 ye X, {18 yo = (I - a(\)A) ' Cz L y, Hl,

Ayn = A(I — 4(An)A) " Cz = 5(%-)[(1 —4(A)A) " Cz = C2] = 0 (A — 0).

By ZEFH, B AR A RSSAY, Bl yeD(A) H Ay =o.
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XEH
Cr—y=w- lim (Czx—yn) =w— lm (-4(2)Ayn)-

# Cz -y € R{A),, XHE R(A), £7 R(A) WHHL. EH R(A), = R(4), Bl Cz =
y+(Cz —y) € N(A) + R(A). Bl (2.1) &1 N(4) + R(A) REM, # (a) BL.

(d)= (a) BHX R(t) RAERM, B 1/a0) € po(4) (A > 0). # (I-aN)A)'C B—%K
HRE., RE 2.1), % © = 21 + 22, 21 € N(A),z2 € R(A), &fiTE (I —a(\)A) 'Cz —
Czi(A — 0). B, R R(C) WHHEE, T N(4) + R(4) £ X THE. #3XF z c
X, limy o (I — &(N)A) ™ Cz FF4E, HIL (a) AL

Hit 2.4 B {R(t)}izo B— N A ERWER C- ENFRETE, # N(A)+R(A) &
X FHEE, W {R(E)}i>o0 £i& Abel- #HH).

5138 2.5 & {R{t) >0 B—1H AEBMER C- ENPIEETIE, 7 {R(t)}>0 3R Abel-
EF#, D(A) CR(C),z e N(P), W {a(\)(I —a(N)A)'Cz, 0< <1} BFFIERMTESL
R = € R(A).

B RIEFEME FzeR(A), WEE yeDA) B Ady=2. X4 A - 08, A

aA (I — a(A\)A) " Cx = a(A\)(I — a(\)A) ' CAy
=—-Cy+ U —-aNA4)™'Cy
- (-Cy + Py.)

B, %4 t— a(\)J —a(\A) " Cz £ (0,1) FHESEEINA (a0 —a(\)4)"Cx, 0<
A <1} BFFIEM.

FIESHER. FH {a(\)( ~ a(NA)7'Ca, 0< X< 1} BFFIEH. SFFEEE { A}, limioo M

0. BRI g = lim oo a(N)(I — a(M)A) ' Cz FFHE. B, &
Jlim a(x)(I - a(x)A) HR(@E) - C)Cx = (R(t) — C)g. (2.2)
B lima_o (I — &M A)"'Cz = 0 (z € X), 155
lim (I — a(\A)"'C /0 a(t — s)R(s)xds = 0.
BL fS a(t — s)R(s)zds 0#F = FRAER
Aa(\)(I — a(N)A) 0z = (I —a(\)A) 'Cz - Cx,

83| t t
lim AG(N)(I - &()4)C /0 ot — s)R(s)ads = —C /0 ot — 5)R(s)zds,

lim a(\)(I - 4(\)4A) " C(R(Y) — C)z = ~C /0 " alt — 5)R(s)zds. (2.3)

8 (22) 7 (23), t
R(t)g—Cg= —C/O a(t — s)R(s)zds.
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Hit, g€ D(A) Ff Cr=-Ag. XHRE, g€ R(C)HI z e R(A).

EIE 2.6 B {R(t)hxo B—TH A EHMAER C- ENFBETFE, & {R(t)}o &
Abel- #Fit, H D(A) C R(C), M {a(\) I —a(NA) " Cx, 0 < A< 1} B—HERHRELME:
B R(A) ZMA.

WEEA &M Xt 2o € R(A) C N(P)(REHE 2.2), FIESIHE 2.5 BFAMETEH AT EH%
FR lima—oo a(A)(I — a(N\)A) ' Cx TE7E, T HBIR

sup (60T - 4(1)4)C] gyl < oo,

# lima—o a(N)(I — &(\)A) " Czo FEFE. HILHEIFE 2.5 Hl 2o € R(A), # R(A) BHH.
ot SHMER z € R(A) CN(P), B33 2.5, F

sup [la(A(I — a(M\)A) " Cz| < oo.
0<A<1

K., M Banach-Steinhause EFERI1BLES.

EIR 2.7 W{R(t)}po B—TH AERHNER C- ENFIRETIE. # X = N(A)OR(4A),
N {R(t)}e>0 B—3 Abel BT

B A BRHHT, S N(A) BATFER. TR, HREH RA) MEATFZE. J—
T, mBREMERE 2.3,{R(t)} o 78 Abel- B, XHEHE 2.6 HFEE M > 0, {#15

&\ — a(NA)Cz < Mljzf, 0<A<1, ze R(A). (2.4)

MR e X, BRI, FE o1 e N(A), 22 € R(A) 18 =21 + 2. H1 (2.1) &l P(z) +122) =
Cz,. il (24), &

It = &(X)A) ™ Cz — Pe|| = ||(I - 4(N)A) ' Cxsll < Mla(W) M ll=f, 0<A<1.

W R(t) B—EHRH.

EIE 2.8 W {R(t)}o B—1TH A EBMER C- ENBBETE, WU {R(E)}>o £
Abel B RER RGN 2 € X, BHM—ME Cz =y + 2, y e N(A), z € R(A) H18Y
A= 0B, (I-a(M)A) ™tz —o0.

B BIESER. Xz € X, 4 y = Pz = limyo(I —a(\)A) 'Cz. MEHE 2.2 &
Pz e N(A), Bt (I -a(\)A)Pz = Pz, 8 Pz € R(I —a(\)A)) fl (I — a(A)A) " Pz = Pz(\ >
0. HL 2z =Cz—y, W 2z € Ny5oRU —a(N)4). REEHE 2.3 P (¢) = (d) WIEHTH
z=Cz—yeR(A). ENlt

I -a\A)tz=T -a(\)A)'Cz — (I - a(M)A) Pz
= (I —-a\)A)'Cz - Pz
-0
HF N(A) #1 R(A) HERAMME—FTER. SHMERE—.
FHERSME By e N(A) By e R(I-a(N4) B (I -aNA) 'y =y. Hit

(I —a(MNA)'Cx = (I —a(N)A) 'y + (I —a(N)A) 'z — y.
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U EREET, MR () =15 ¢ 5 C = IGAET), WRITHHHE C-
M C AR, BRETRAMRLER B89,

SETH:

[1] PRATO G D, IANNELLI M. Linear Integro-Differential Equation in Banach Space [M]. Rend. Sem. Math.
Padova, 1980, 62: 207-219.

[2] SHAW SY. Ergodic theorems with rate for r-time integrated solution families operator theory [J]. Advances
and Applications, 2000, 118: 359-371.

[3] ARENDT W, PRUSS J. Vector-valued Tauberian theorems and asymptotic behavier of linear Volterra equa-
tions [J). SIAM J. Math. Anal., 1992, 23:412-446.

[4] CHANG J C, SHAW S Y. Rate of approximation and ergodicl limits of resolvent families [J]. Arch. Math.,
1996, 66: 320-330.

[5] LIZAMA C. A meam ergodic theorem for resolvent operators [J]. Semigroup Forum, 1993, 47: 277-230.

[6] SHAW S Y. Mean ergodic theorems and linear functional equations [J]. J. Funct. Anal., 1989, 87: 428-441.

[7] SHAW S Y. Mean ergodic theorems and approximation theorems with rates [J]. Taiwan J. Math., 2000, 4:
365-383.

[8] LI M, HUANG F L, CHU X L. Ergodic theory for C-semigroup [J}. J. Sichuan University, 1999, 36: 1-8.

9] H®R, R, SR, C-cosine FFREMERNME (1] NAERSVEMR, 1999, 1(2): 97-107.
XIAO Ti-Jun, LIANG Jin, GAO Jian-wei. Ergodicity for C-cosine operator functions [J]. Acta Anal. Funct.
Appl., 1999, 1(2): 97-107.

(10] FAL, PRREME. BUBSLFRRIG— DT (0] BeEwEEm (8T), 2000, 20: 723-726.
ZHENG Quan, SUN Ying-chuan. A generalization of resolvent families of operators [J]. Acta Math. Sci.
Ser.A Chin. Ed. (Suppl.), 2000, 20: 723-726.
[11) GOLDSTEIN J A. Semigroups of Linear Operators and Applications [M]. Oxford, New York, 1985.

Ergodicity for C-regularized Resolvent Operator Families

ZHANG Ji-zhou
( Math. Sci. College, Shanghai Normal University, Shanghai 200234, China )

Abstract: In this paper, the Abel-ergodicity and Cesaro-ergodicity for C-regularized resolvent operator
families are investigated. The relationships between the two kinds of ergodic properties and their basic
properties are given.

Key words: C-regularized resolvent operator family; Abel-ergodicity; Cesaro-ergodicity.
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