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W X & Banach ], BX) BR X B EHNERKUEFLEEK HEARXPHNHAMERER
T HEXE, B E  ERTMLHRRA @ (A),0(A),0(A) Fl R, A).

EEL M Volterra H

w@®) = f(&) + J;au — DAu(s)ds, t€ J, 1.1

XBa€ LL,(RY) Ha(®) #0, f € CUJ, X),J=T[0, T]

EX 1.1 #HARBanach = FHHAAELEEF L€ CRY)Y Mac LL(RY) . #RAER
E-TENBBEFIE (R@) o » IR

@ A{RM} o B X LW —TRELFFRELHETHE RO = (0]

MR DA C @A) H¥t 2 € @ (A) Mt =0, AR(t)x = R(t)Ax;

() RW)x = k) + Jla(t — S)R(s)Azds, Y x € o (A), t = 0.

Ml‘, ﬁu%ﬁﬁﬁ?ﬁM> 1, w € R, ﬁﬁg HR(t)” K Me*'(t = 0) vaW{R(t) }:;0 E%ﬁﬁﬁ‘
.

TEEIH, Bk, R@),a@) Fl k@) 7 0 BIEEH T, a(d), A 1R 4 BIFF ale) , k)
M R(t) B Laplace &, AX A>w, W a(Q) #0MEE LL(RY). BIEx[1]FH2|] 2.2, 1B45
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EX 1.1 F8 © FMHTF
R()x = k() x + Afau C ORGxds, ¥ r€ X.t=0. (1. 2)

BY 1.2 (RO )me HUT HAYK - EMNFRBEFHE MRV v € X, f1 =0,
R +T)xr = R(t)x.

Y 1.3 BAE a(A), M 0,(A) = {ARQAA) RNFEFE) B A B ATE.

3178 1.3 A ER—THEEERN - ENBRETE (RO -0 SHH

(a) a(d) # 0 B 1/ad) € p(A),¥Y A > w;

B EDU — aDA) 'y = J‘ne—*’R(S)Ids, Ve X, A>aw.

Q

2 FEEHM

FCETERE, a€ LL(R),,a""=uaxaxxaHafnREF.XHE
(axa)(t) = J‘ a(t — sYa(s)ds, Yt = 0.
SHEEM € ColFa€ LL(RY),ZH D wa@) " FEKIE [0,7] E—-BRAFELRK
qo(ty ) B B, AT LLE X

r(t,p) = k@) + Jlk(f — qs,wds, Y1t [0,T] (2.1
0
XE qG,p) = pals) + golso.
BT ) Volterra 712
u(t,p) = k(@) + #Jza(t — Suls,pwds, vVee (0,71 (2.2)

B[ 2.1 xre (o, TIHEEMrE C.FRQC.OFHE—MHQ. 1.
EW BEuxccCcHxtre o, T]H

paxq) (@) = pax (pa+q)®) = > pa@)”

n=32

= q,(t ) = q@,r) — pa(t). (2.3)
FIFHQ.3),FEQ. DEFEQC.2O)MM. FLLE,

#Jta(t — r(s,ds = plaxr)(2) = plax k) (@) + plaxgxk))
0

= wulaxk)@) + (gxk)() — pulaxk)() = r(t, ) — k(.
HiE2. DEFE Q. 2B HE—#.
E o) =k@) + plaxr)@, Yee (o, T] Me 3),xt:e [0, T],RAT1EH
r(t,p) = k() 4 (R xg) (1)
=ty — pla*r)) + q* [ @, p0) — wlaxr) @)
=rU,pw) — plaxr)d) + (@xr)) @) — pulgxaxr)@)
=n(,p) — plaxr))) + (@*r)) @) — (@*r)) @) + plaxr)@)
= r (¢, 0.
T B9 5| 3 FEJE T AYIE B R R S 1 .
5IE 2.2 ¥M:=0oMEEHN € C

B(t, ) =J;q(t—-s,,u)R(s)Ids, Vze X, (2.4)
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EXT—NX EWEBEREKUEETF . BA
(1 — ADBU,wx = p{rt,wzr — ROz}, W—4 = € X B®ar; (2.5
# B, ) (pl — Ax = p{rt, Wz — RWz},W—4] =z € (A A% ST (2.6)
iERR BRIt 0MBEERH » € C,H2. DA BG,w € BX) ,BAX—¥ € o2(A) ,H
@ n,e.HR,48

B(t,)(pl — Az = /JJ.'q(t — sy, w)RG)xds — jlq(t — 5, OR(s)Azds

= /JJ‘Iq(t — s, p)k(s)ds + ,uj.tj-xq(t — sywals — v)AR(w)xds — J.'q(t — v, YR(vYAxdv

/JJ-'k(t — s)g(s, )xds 4 /erJﬁq(t —s,mwals — v)AR(v)zdsdv — th(t — v, ) AR(v).rdv
= p{rt,yx — EWx) + J' {#‘[Hq(s,#)a(t —v—s5)ds — ¢t — v, )} AR(v)zdv

= pulrt, )z — k(x) — /ljra(t — v)AR(v)zxdv

= pu{r@, Wz — k()a — RWz + Kz} = plrt, )z — R x).
XEWRE (2. 6)R L

HFARHMNKE ROAC ARG AQR.IMAAER 2z € 2(A) . X = € X,3 {z,) C
DAV FB x,—~>x (n—>o00). L BU, Wz, BU,wx(n—>0c0). XHZ.IFFA x € (A ML
M AB(t, myx, WS- B A KA. SOMER 2 € X BRar

THEHRFAXHNEELGRZ—.

EE 2.3 WRM) = ZHALEBWIBRERN - ENTREFE NE

r(t,a(A)) Co(R(E)) (2.7

R @ ee R4, Q= {plr@,w —RONT. BR . BCOEXHHET BU ) MQAT
.o s)MmE2e)Xam (pl — ABE,WQx = z, —4 € X i
QBU, W)l — Az =z, JIt—Y x €& (A ®Kr.

Hit # € p(A), B, Q= (1 — A)7' = R(p;A) , H o(R(1)) Crt,p(A)) , H LB (2.
AL

BRERZE 3 B MBRAO=1R S, a0 =131, WHHRBTBA TR, » KBS
R 0 WRARBER, Co- 4B BELR LA T RBEMI HR.

it 2.4 (DB AERBEAFOTRE TR (RO )i, WA 7(2,0(A) T o (RGY, XE
r(ty ) =1+ j;q(s,y)ds,v te [o, T]

(DY A RIFYOH R n YHRAERE (SO) 500 M

n—1 I
(At — ) ;&r AE g(A)) S a(S@)).
k=0 .

OB AERBERAERHN 2n RBADIRZEER (Con(®) hinos M
{A""Ch(t v A) — ;2 (_Zk_iz:k"__;; A€ o(A)) T o(C, ().

(DEARCo- B (TW ) o WEF/PERTT A P Co(T@)), t=0.

(R ARBEZERZBEFEE (CW))imo BTF/MERTT, W Ch@a(A)VE) C a(C()).

MRARWM o BUT AAHWERARN - FURFRETFE B4 (RO ) B—HER

B4 f() =1/a(p),Repy> o . YEEHN T = 0 B BT Fitk.
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(Hy) Yn€EZn#0,I,= lim f(u) ,€C), Blimf(x) = 0.

EXEE
(T)={peC,rit, ) =rt+T.p),t = 0}.

M 2. DREH A =kt +T),t = 0.

T 2.5 WARXTHAREATET. (RO} EHAERNIEEER L-LENFiRE
FIR.XBRR A ZREFERYE T QAR E (HD oL, WEAT R ERENH

(a) (R }mo UL T N B REL

(b) 0, (A Cm(T) A AWFIEFBEFHEA I X.

ERH W= . BEXRRFANFECNENES. XFV € E NI € C 1 Ar=p.r. K
M@ € o, (A, XMy € (T B riu,w) =0 ZBUT HEAHEOERE.

HZHu=0,RWr=FkWx=rt,Dx, YVt ZO0,MNMIHY rE€EXMt =0,Rt)r =Rt +T)r.
Fuex0,MAFIE2.2. M RWOx =rt,wWx B € EFMt = 0,R(Dx = Rt + THr. AT
MWERM EBX)MMr & XfMt= 0,Rit)r =R+ T)x.

(=M. B u€o,(A) MIr€ XHx#Z0,f(ul — Ade =0. @15|F2.2. 40

ulrt,p)r — RW)x} =0 (2.8)

Fe=0,MEFQCDRXAr,0) =kt =0 ,Hl # € m(T) . & 70, M1 (2. DA R
(@)l 1 € m(T) , \Tfil 0,(A) T (T).

TUE A WIFAER BEESFTHENZE X .

Xt Rep > w 151 81. 3., H

ECu) (I — a(u)A)lx = roe*"‘R(s)Ids, ¥Yore X.
HARM = EEAAY T A AL, M EH EXRTHE
N R ) T
R(p)T — a(mA) 'z = {1/ — e"")}f e " R(s)xds, V¥V r & X. (2.9)
Blu =2nin/T,n € Z. %8 R(t) # Fourier 2%
.
Pr= %Le“‘n‘R(s)Ids = 0.

BF RS~ [ e ROHSTEC LT T (2. 95 G0 (L — a0 A TG K BLA 2 s 9

W4lieR ¥, Her(2. HRGH
lim (u — p k()T — a(A) 'r =Pz, Yz E XHn€EZ (2.10)

St Repg > w,r € X,
(I, — A (e — pOk(p) T — a()A) 'x
= (1 — pR( () + (L — 1) (e — p k()T — a(u) A7
Ap k() — a(wA) ' = k(0 fO T — aQ)A) " 'r — k() f ).
B (2. 10 BRi® (H) H1,
lim (I, — A)(x — ) k(I — a(u)A) 'xr =0, Y n+#0,

Pad’s

limAg EQu) (I — aA(#)A)flI =0, ¥ n=0.

i

At AWEA®BERQ IOXMP,r€2 (A (n€2) H
I, — AP, x=0, ¥YnZ0,fMAP, x =0, Y n=0.
B AKFEERATHEENSE X, WFEE€X 2" #0 ,[FBY rEE. (x> =1,
X¥g—ne€c Z,r€ X,P,xr=0FHBETFE.MEEE (x,Pr)=0. i FHMEEREt > (r-,
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R()x) By Fourier BB I T, MW =", RWx) = 0. 55 F#, X ¢ = 0 B, (x*,k(0)x) =
E(O)(x*,x) = 0. X WAEEBHEM, 2" =0 XE/REFE. bR

Eﬁﬂ(z S)EP’%HX k(t) = 1’r(t’/‘) =1+ JLQ(S’#)dS’ mﬂ’;ﬂﬁg—FﬁE’g%iﬁm

Hit 2.6 BAREXPHAPERKURETF, (RO} ZH AERNERTRNTRE 7K.
N AR (H D BRSL, W EAF B R B Y.

(@) (RO} o U T N AR BEL

(b) 0,(A) Cn(T) H AL BIEHRENSE X.

iR 2.7 @ AT @}z B2 HAYK Co- BN ABELMHR TN T /MR A 8
FAEE B AHRENZE X B 0,(A) CiZ.

(B {C@}izo B2 HAMMEEERZRMHWAERHFRENTHT /NMERTT A IR
BREWEANSE X H o, (A) C— N
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Spectral Mapping Theorems of
K -Regularized Resolvent Operator Families

ZHANG Jizhou, YIN Dan
(Mathematics & Science College, Shanghai Teachers University, Shanghai 200234, China)

Abstract: Let 2 € C(R™), A be a closed linear densely defined operator in the Banach space X and {R (¢) }e>0 be an
exponentially bounded % -regularized resolvent operator family generated by A. We prove some relations between the
spectrum of the generator A and that of {R (¢)},5,. In addition, the corresponding results of resolvent operator fami-
ly, integrated semigroup, integrated cosine function, C, -semigroup, and strong cosine function are obtained.

Key words: % -regularized resolvent operator family; resolvent operator family; integrated semigroup; C, -semigroup;

spectrum
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