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A note on permanence
of structured population models and
instability of the origin!
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1 &

AR THE, MEWEEREE 7V (structured population model) D/ ==X RZONTHE
25, BECEEAREF L L IIEENE R, REESERFEANTAY - THDH I LITEHR
LEesFACThS. B2, bAREERPERTIEEROTIE, RABVRETFHLERY,
FALVIIEA R BN, ThbDEEIEENEFRER->-MHE (Bl SHARPETE) 2
BoTEy, IhboEREERBERRGBICREREELE2 L. 0D, APFETH,
BEPEZETL L AEERHE, KA~ F2 AR LTEOL I REELE2500
PHLMITS.

B EEREF L R FBRARC Lo TRRENTVWS (B2, Bk, =
SHEER, BEEOFER, EEESFER) . AFETHROERS FERRICL - (RB S
hABELERBETT VIOV TERD ¢

X = AxX. (1)

TIT, x= (21,82, ,E) THY, A iEnx nfTHEBRETH L. 7 M x OFER
FABOBEER (S IERRRE) 2RLTVWS. o, AXEREFERRBEET LT
N2 i BEORTBRROBEAE THY, Ry FREMEEEF L THONE i FHO Ny FORE
HWEERLTWS. UTTRz; 2iBEOI 7 AOEKK LS LITT 5.

FER(1) ORI Y TR E 2EEILERREEF L E 2 O0RAT 5. 1 2ADET MLy
FROLEBELEZBLEETAVTHS (eg, [15) BR) .

d; = gi(wa)wi + D (Hagay — pgwi)y, =12, ,m (2)
j=1
ZIT, g Ry o RIGESHESTETSHY, p; >0 ThH2. TOHFRN() T, ¥
B2 BEKEDR n B0y FROEBRICAHELTEY, 2 2 iBEO Ny FOREERR
EThHD. '
2SBOEFNIBREEMEELZELLEFALTHS (eg., (18] BH) .

{ L = B(L,A)A - pu(L, AL~ f(L,A)L,

i _ (3)
= f(L,A) - a(L, A)A.
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in-Aid for Young Scientists {B), 17740060, 2005 and the 21st Century COE Program “Development of
Dynamic Mathematics with High Functionality (Kyushu University)”® of the Ministry of Education, Culture,
Sports, Science and Technology of Japan.
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22T, By fia: RE - (0,oo) IREMEME TRZBKTHS. ZOHRA(S) HE
Wb BIEEBEEHE L RECHT TEXEEFALTHY, L& ARENENGE L BED
BEhEBEETHS.

b RN EEEERETVICELTROZ LR G2 TS (15, 18] &) ¢

FADS (YaPFRIFEBECEEEEZRD2EVIERT) FRELLEABKXQ) &
LU(2) IX GEABOABICHAFREL /Y MEESHKEEL, ¥NTHLERDR
NOHBLERBRITRTEDAV/AY MEBGICADZEVLSIEHRT) IA—RUATHAB.

IOMBRIIBEFEBR L TWRWEKEBEFAVDRR L —BTD. 2%y, BEERFLAVE
—FEOBEBHRERBIZKRD 1 RTEOEHS TR

& = f(z)z, f:Ry =R

kot Eh, iz =0 R3FRERETLNEEOHENEOT A VHBBESREAEETZ
SRRV, KR TIE, TORREBERE LGSR L, 175 A, BEO LI LR
Wi TEAOTREZERR(D) O~ R EBRTE] OhEERS.

RO TRNAR— R 2ERBEL, (1) BFELTREFECOVTRRS. FIHTIE, K
MEOHEREIRR, B4HTEORERE BRNREBLERETTAVCHLTUEETA. 0
L&, 115 Ay BEERGEE T TRIHRERIEH L THIGAT 2. REROETCIX4# D
BBEICHOWTIRRB,

2 EEELEE

AHETRE-BOEAREBRICIOVWTELS, 20k, FEX() OFEK 2 13TT
E—-RRICBTEEOETHD. Z0Z b, FR0XREZTHIEHBEORIEINEIZ S
BTBZEBSPE. LT OREAETPLRIEAOEEL LT O = {0} 5.

EHE 1 (=T 2R). MHEIEFELRVWER S > 0 B3 FEL T, £EORIE x(0) €

1
d <liminfz;(t) <limsupz;{t) < =, i=12,...,n
{00 f—300 6 .

ERlzT L E, REA—<R 2 THEENI.

AR RAOETA(L) IIBHRREA L LT Lotka-Volterra FREAZEHA TS, Lal, &K
R CHBED & B D% Lotka-Volterra FENB o T3 & 5 REBOBEMMAERA TRAL,
MEER LB RBOBARBETHD. TOLD, N—vX U AOEHITBVT intRT H
b HFE LSBT TR, RRO0ZERS RY OBR AL HB LM 20 ThE X
TS, Zid, WERS> TS E - BOMBRBIRRACHET 205 Th5. ik, B
ROERATRELTICERT20ChRE, BEAE Y  «{t) BHHEDCHES >0 LYK
E<RNEFLTHEE, BIFTERDLH5K, REFERHAIEDEL Y BREL AR
W, 77 AOEBELHIEDEIYRES BB LBRIEENS. 207, EEOLD
A= R RAEEHE L. UTTH, ETEBELEA—R 2%, BERKCERLEE
FEATREME (p N—= RV ) LRBITHEDI, cXA—TFREMEZ L1 55,

FRRX(D) KN LTROZ &2 EET S ¢



(H1): % (1) OfE—& BN L CERTH 5

(H2): a;j(x), i # j, DFH (—,0,+) T bdR} TEDLLREWV. DD, £ED x € bdR} 2%
L T sign{a;;(x)) = sign(a;;(0)), i # j BV LD ;

(H3): Ag IXHEEIBERAITSITHS. 2FY, 05(0)>0,i#j TH5
(H4): R(1) BB @ER—RKREER) Th5.

R (H1) REENRLBEELLREINTRY, TFIOEER a;(x) PERENESTETH
NIEHATHBE. RE (H2) 132 7 AMOHEEERAOEF A EEREEIC Lo TR LN
LEBRLTWS., filxid, BABBERI MR xOLE, 77X jOEEKNRIZAID
BEEHE FHBV) LTWH0ThIIE a;(x) <0 &4252, KE H2) I x BEMLLE
L, BABIEMLY ZAHABEEYETALIRILRIRNIEEFREL TS, KE
(H3) LT O X 3 ICHBEOERBEEZRELTWND ¢

WEE 2. (H1) & (H2) 2 KETS. t0LE, R OF AT I ADTTRY BERRITR
Bl OBEASEME (H3) SRV LD ETHD.

Proof. (H3) BB 0o T0BEF 5. filx) = (AxX)iy i = 1,2,...,n, £BL. y > 05
y; = 00L&, {LE (H2) 7 signla;(y)) = sign(es;(0), § #j, THB. £=7T, f(y) =
Y 0ii (¥)Y; 2 0 THBZ L #3500 Y, Proposition B.7[17] &9, R} REAETHS.
wiz, (H) BV Lo THRWETSD. 2%Y, b A1 ERETHD b L NZHLT, any(0) <0
ThdeTs. ZOLE, REHEYPDLy >0h0y =0,i Al ZWETRyYy 28BS L,
f) =an(y)m <0 &R5B. 20, Ay 2HMERCRE L ZOMT R OSTHTLEY,
R BERE TR ERIPD. 0

€ (He) RAGEEENESRICHEM LRI L ERIEL TV S.

3 #BR

A IS CEALERE (H1)-(H4) O FTCHELAEERIZOVWTRRZ, BTTR, 17
Tl AREMEOEAELZBLE, ZRRARETHILWVIZEETE. RAORTER
THBDT, Ag iTHFBR() ORACET Y2 ETFICHINTS. €D, Ap BARE
ThHB LR, FABRARETHIZILEERTS.

EE 3. (H1)-(H4) 2RETS. Ao BEHTARLETHNTRQ) OBIROEEZFH2 1 4
PHEICRE LRWER § > 0 BEEL T, EREOWHE x(0) € RE\O Zxt L THE {x(8)}o
2

S|

n n
iminf Y z:(t) < i S @it <
6 < harll;g)lf z;i(t) < lxail.}p 2. z;(t) <

=1
T,

BR-OTBEOL 3 RMERFOLE, %Y, PORESRRL LR, RESEESHLE
ORBICEER L E, BRp A== RVATHEHNI ZLICTS.
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Proof. SEAOERRER2. K2 (H4) »SHR(1) REGRMTHIND, HIERERI L
7 MEA X, CRE BEELTEED x € RT KM LT yH(x)NX, #§ BRY LD,

WE Ag BN EEEBEATIITHE D, e FIETHIE RS, COEMFFICHH LT
Perron-Frobenius @ EHAZBAT 2 &, Ag DEBOBEFE p st LC Rep < ADBERY D
LW EBRCKENREEEN e RBEETS. &5IT, AgiR Alw=Iw 2t TEDOE
BERZ bw >0 &2FD.

—prE, BRPE) =w xPRACKHTIEHY T 7ERICR-TWE T & BHER
©%, Hutson DEBEZHEATSE, FEB—HRIART—, 2FV RN p A—v XA THD
ZEBTRED. O

FE 4. (HI)-(H4) BIRETB. Ap BBRIRL E, R(1) B AR A THIRDOLE
+ar &%) BpR—=v RV RATHBIZLThD.

Proof FEHOBKEERS. AP pA—2FX A THDHLTH. ZDOLE, HILEFRERD
Yy MEA X, C X \OBHFEELTEED x € X,\O RF LTy (x)NX, #0255 0 0o,

X, bof@ieEB L, S.:= X, NbdR: B—RRIXF—THD T EERT. R(1) BROL
SICEL D ENTES

x4 8) =1 { (37 + Axo ) x() + o(1)}.

T REBMETHTHY, h-02boh) 20 THE. WEx(E)eS. £T3. A iZBED
RIERAFRITIENG, TSR A > 0 LT (1/R) + Axyy BEERRIFERITIIE 2
5. WA O<h<hy 25 ((1/A)T + Axp))x(t) + o(h) € X \S. £R25E 57 hy > 007
ETD. 2%0, EBOT € (4, t+hy) KHLTx(T) € X\S, &5, LT, £ED
Te(t—h ) ITRLTx(T)¢RT REEIRh. >0BHFEETZILEIPD. ZhbD
R XA\S. RERETHY, x€ 8 BROATE)NXN\S. #0 THEZLEEKRTS. ko
T Corollary 1 [9] 2 AT 5L, S.B—KRINRT—THLIEHWRES. T4bb, R(1)
e N—T RV RATHB.

R BpRN—"R ATV d, LMK c /=R A TR, O

LT TIE Ag BEERNTHRWVWRAIRERR Y TS.

EE 5. RE (H1)-(H4) 2RETD. 777 G(ho) RER j b bk ~DEFEH R EE
ERETS (DFEY akj(()) >0RRETD). &b, HIEK 5j >OBEELT, -'lij(O) >0
B TIEROM {x(t) hiso A liminfy oo z;(t) > §; BT LTS, Z0L X, HHEK
S >OBFELT, z;(0) > 0 W THEROBHUEICH LT

Iigil.}fask(t) > 8
DBER Y ED,

Proof. FEH OB E RS, ;1= {x€R? :z; =0} LEXRTS. REL»D, HHEFER
2y Ry MEA X; C X,\S; BEAE L THEED x € X,\S; IR LT H(x)UX; # 0 8510
ATASN

UTTH, X; NOBBLEIZEETS. Sii={xeR} 12, =0} LE&HL, SinX; »bH
Hi%h LA OB X;\S KAV 22 B2 52 L 27T, £ROxE SN X, KHLT



Iy = (Axx)k > apjx; > 0THBhb, FEDOxES, ﬂXj R LC 7+(x)ﬂXj\Sk Thsb.
& o T Corollary 1 9] ZBAT DL, Sy BRI TF—THD I ENFED. O

EOEE»LH B T AOEBRHEESNRBOCHEIEDOELY bAEX L AN, 20775
AREDRBOTNE I FRAOERBEEDKRRBBICHIEDEL Y bRES BB LNRGH
fo. TIT, UT TR, H3—BH07 7ACEGRBESMRBOESIEDELY bAEL
RBOOEMETRT.

EEEFEATS. IC{1,2,...,n) 2EEOELLTE. IBFOHES, DFEY I° =
{1,2,...,n\I &5, Op:={x€bdR? :z; =0forallie I} &¥5. &bic, ADxay,
i, €I DHIRD ADOEMNMTFIET 5.

EIE 6. (HI)-(HA) 2EETS. Q0N =0 ThoEL, I°hh [ ~EEEMNREEIZAZN
L¥n. tobg, AP BEHCRARETHE, RO R TKELT/N—XVAThHS.
D, THUEIEKE LROERS > 0 BMEE LT, EROFHIE x(0) € R1\O; koxt LCHE
{x(#) }i>0 2

§ < liminf z;(t) < limsupz;(t) < -1—, iel
t—oo t—o0 J

.

Proof. STHOMEZRRS., FHITT I 7EREEANT, O B3--KRIRF—-THE L%
R ONE Ag) BN TAREETH S5, Perron-Frobenius DEHEZEHT S &, A(()I) D
FEEOBEHE p MU T Rep < ABRY IS E NI ERTXEMREEE A ¢ RBMFETS.
abic, AV (AY) Tw = Aw EHETEOEBEAZ Mw > 0 k8.

ToEE, BRP(X) =Y wizi BO CRHTIVRIT 7 7ERICR-THEHT &N
FEFTX, Hutson OEBE2ERTEE, O BRI XS —THDH T BTED. O

AR COFBIBOWTEERRERR, Q0 =0 & I°hb I ~NTEEHRBEIRVED
B52EThHD. 06 I ~BERIEELROED, IFR ] EBEEIR. 20D, O
BARBESLR->TWS. ¥, UON =0, WIZ LR ICRBTR 2 7 AOERET TR
FEO7FARMRFTERNILEEKRLTNS.

LOEHLEROFEEE, ROCBEEFFTLIIEHTES !

T8 7. (HI)-(H4) 2EET5. BEOxe Oy LT AL =4 <oy, FhbI~0
vk Ts. toky, AV REMCRRETHIE, R(1) R TIRELT/S—vi
ATHB.

AR CORBIBOCEEREER, £E0oxe O kLT AL =AY ehrzL LI
P [ ~REEHREERRVEND 2L ThS. [Chb [ ~EBREELAVED, [°)
TV CEBR R, £OD, O RAEEELR-TVS. £, EFEDOx€OriTLT
AD = AD vhzEbIE, BTS2 T AR BT 57 7 AOBEREECKELY
X BTRETATHS.

4
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4 IEH

AE T, S THONERY BEMLRETAVRIEHATS. B1ATEA Ly FRE
BREEFALQ) BIURBTERBETT L) K20 TELS. IhbDEF VRN 20
DEBEEATHED, TROBTRCERMNESTETH Y EAPENCREREELTHL
LCWHIEIREE (H1)-(H4) BV S0 E B0 5. £7(3) DIBR, 1751 Ag 1B &2 ICEE
WTHBL, ) PEAEDL, 751D = (uy) BEHTOIIL 4 bEERL RS, 201D, &
HMIFWEATHILRTE, BRALNATWEL IR, REAOREEERRO/NN— R RE
BT B I LS5,

Ao BAHBRB BTSN TEZTHD. Ny FREBEBEET V() OKEE, Ny FOKESE
AR HITH D BERTHIIE, Ao bTAKERD. ZOHEA, EE7SHEATE 5 HESE
Bhd. 2¥Red, FTRvFERENCRLLORLETED I1,L,... [, £ T5. Ny FR
EEEEETL(2) KRBWTIL, £y FROEERTFIRMONRy FOREBHEEIKF LR
W, 20k, EEDOx €O kR LTAD = A0V BEuSoTnBn basrs. Lo
T, A AU A ok s REER bOEROFHEE, TOAFICHET By
FIXEHET DOEETE I ERIMY, BREPLFORyFHLOREYES Sy FHNOME
RGBT D2 805, &

HEBRBEEET VBV TR, FIXEROLIICEEATRR B EEATL L Aol
25

L 6(-[”14-3 S)A—H»L(L,A,S)L*‘fL(L,A,S)L,
A = fu(L,AS)L - pa(L, 4,5)A~ fa(L, 4 5)A, @)
S = fA(L7A7’S)A—uS(L7A7S)S

COBEES, EEENBEATES. RERD, AF—Y S OREEF T TIHERBE RS TS
ERTERVWOT, I={LALIF={S}&T3LQ00;) =0 2B2NLTHE. ATV
S OEEBIEFLWVEEZEYHTI L RTERNR, AT—V L ¢ ADERCEXRADOE
BREZLIRTEDLILICBERLLY. 2%V, Bl ilkisT, RAF—Y S OfEE
BARAF—V L, A OEEEZHE Gy LEYFEBTFLEY LT AREZ2EY H4 = & 28
TE5D.

5 FEELHESHRORE

AR TIEEBRS TR S BEMEEBHET AL O A= R ROV TR, FOR
B, =FLRLEERTENTHNL, EERORBREEREFAOR— R A2 BHKTSZ
LWBGghole., £, FINOBRETH, REERREEET L0y FREMBET T LVORS
i, MR VATLORAOREEEERDIERLED, BOX— R R ONTHERT
KB LR Hol, DD, TREDRD A—v R ADRBEIIE A ORE OB RS
TEDZ LRI, BEMAKBEEF LB COREAORERIIERTEEEN 1 LY
KEVDNEOHIC L - TEBA T SR 2 LR8N, 20k, KFROBENSHETER
ROR—2RXRARELTHE, EAFAERLRDIZEBSBROBRETHS.

AR TREEIORIBELBEABET AL SN TELEN, BEENL 2 IEEILE
GREEF AL HEA() ORI Y CTIRES. &b RBER 2T Lotks Volterra FERTH



5. L& L, Lotka-Volterra FRBRRD L 5 IL®=F AP EERENH LR B BEITIE, 175 Ao X8
MIZ2oT, TOLERFICREZEERY. REARL, HELEBBOFEESEER Y oo
EHREOBEEREKLZEMECEZLRAVMETHS. 20X T, 175 dg NERITR RN
EF iT Lotka-Volterra FBERFZ T T, BYEERCHERDETFNVILL RO ABETH

U, SBIOL O REFECRVEEMEABEFIACE LTONAR2EXNERDLS. £
7o, BBRREETNOEBEE (H2) 2 IRV, 5% ZOREBRY L2k
BHRBEETAONN—v R ROV THEXDILEND .

FxOREOT TR, FERORREMRIZN) ONRX—wR A 2BRTAZ EBahok. K
ABREECHIRE, EFVRABEEREFOZ L BB, BE, N—vX U ARRIAE
EEREFOZEFMENTWDS [12). £, RRAPEEREE CTOHEERFAIT L - TN
PEABFETLHIZENDY, ZOX) RN HERIRPMEET AV TIIEEREKE
FoTnad., 207, RAOREMHLNMPEHAOFEL OBRERLMICTLHZ LITEHEE
THd. iz, RROBFREESIIREEEZEWT 27-DIIEITH A, BRED L 5 724
BEETCERVOPEHLMRTDIZERSBOBRETHS.

ERATRH cNA=v RV RE p A= X ARABEERDTDOFFERALPI L. £O
—~HT, pA—vRVATHBEH c A= RV ATRBVRPEE SNTNS. EDLS5RA
LRV, REGEIIECHVFRIT P, B2 7 AOEEESE AL L5 RRAMREL
FEEN A B EET 2. BoFRARIBEMEEHEET VBN TR IO L ) REYIE
RUELERLONDH[S, 7,8, 14, 16, 20, ER4BHBESHRATT AP ABREZ 172
WEDDOEEEEZ TN, FALERNEEF LV THREENEFLEEBRI TERXNOEHS
KIEFMSEOCEFEERMLNTEY 6], ARELETLOREL OBEEHONICTE
LRESBOBETHD.

8 A

T AR IR EAITE L IR ETFIOWE 2 HBICE L D 5. FATHIOERICDS
WTIEBIZIE (1, 2, 4, 10, 17, 18, 19] 2B BE K. FICHEEAZERITINC DV T (1, 19] 233
LV (17, 18] AR b BEMFRTIUC 20 TEL DN TS,

T 8 (HEBMEATH, BRMIESH). EH1TH APBRNER BRBE) THo L,
FEOt>0IR LT BHA (E) THHTEEED.

FHE 9 (Theorem 8.2 [19] BB). 175 A BEEHNHATHELOOLEHHEMIL A DF
MHARDVHEATHEIZELTHS.

Proof. 17%] A BNEEHAATH D LRETSH. Thbb, £EOL > 0 THL T =
T+tA+12A2/20 4.  BHFATHD LERETH. ABROHEHARIERHORL, /&
2S00l Tett =T4+tA+ - THELPIABOHESEZRKF-TLED. LoT, Z0OLE
ADOHMARTIIHFATHLEZ LROMS.

RiC ADERBBRODHEATHLLEETS. ZDLE, A+sliZHHaRERs>0IIHL
THATHD. LoT, FEDOE>0H LT+ = T+ t(A+sI)+t2(A+sI)?/20+ -
HBIEETHY, Lo

etA — e—stet(A—i-sI)

13
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BIFRTHLZ LB D. O

#3 10 (Theorem 8.2 [19] ). 175 A BHEHNWECH D HDOXE+RMFIL A NRIE
BHHATHIBERNTHDLII L THD.

Proof. 4751 A BERBETH B LEETS. ThRbE, EEOL > 0L Te =1+
tA+ 124221+ RETHBLRETDH. BEINPDL ARHATIITHS. L ABEN
TR, DXV A THEETEE, EEOEK m > 0T LT A" BARNTHY, 4 =
T+ tA+ 2422+ BERICRERAEH-TLED. LssT, ARENTHS.

Wiz APEEROFERATHVENTHELRETS. Z0LE, THKRERs>0HLT
A+ sI DERTEBERGFIL 2. T0Od), +AREREEm > 0K LT (A +sD™
BDETFI RS, LoT, EEBIDHPILAEMKCLT

otA — gmstgt{Ats])

BETHLZLBDPD. &

1% B

= DA T Hutson DEBPHENT S, ZOCHEIEHER X Lo¥A%%R (X, Ry, 1)
ZOWTEZTNS.

EE 11 (Hutson OEE). Assume that X is compact and that S is a compact subset of X
with empty interior. Let S and X\S be forward invariant. Suppose that there is a continuous
function P : X — Ry which satisfies the following conditions: (a) P(z) = 0 if and only +f
z € 8; (b) B(z) > 1 for all z € Q(S); (¢) B(z) >0 for all z € S, where

B(z) = sup li}}l}gf fw
>0 yex\s ()

Then there is a compact absorbing set M with M N S = §.

Proof. For z € X and t > 0 define

P(n(z,t)}/P(z) (z € X\S)
alt,z) = limjnf P((y,1))/P(y) (2 € 3).
yeX\S

Then, for t,# > 0 and z € X,

atato) — lmigt @) Pa1)

S TP, PW)

> aft,z)a(t', r(z,1)),
and therefore for any ¢; >0 (i = 1,2,... k)

a(tl +- 4t tkam) 2 a(tlim)a(t%ﬁ(xvtl)) o 'a(tk’ﬁ(:‘vv ti+...+ tk~1))' (5)



We claim that for any T > 0 and = € S there is a t* > 7" such that «(t*,z) > 0. For
h>0,t>0set

Us(h,t) = {z: aft,z) > h}.

Since af(t,-) is lower semi-cotinuous, each Up(h,t) is open, and clearly Up(h1,) D Ug{hs,t)
if hy < hy. By the condition (c)

Sc |J Uht),

h>0,t>0

and since S is compact, there is an Ay > 0 and a finite set G C (0,00) such that

Sc | Ulho,t).
teGo
Let £ = minGgy. Then for any T > 0 and z € S, there is a #; > t such that a(ty,z) > 0,
and t; > 1 can be chosen inductively so that a(t;, m(z,t; + - -+ + ti—1)) > 0. Therefore, (5)
implies that a(ty + - -- + £, o) > 0 for some n such that ¢y + ---¢, > T. This proves the
claim.
We next show that 8(z) > 1 holds for all z € §. For h > 0 and £ > 0 set

Ui(h,t) = {z : a(t,z) > 1+ h}.

Since Q(S) is compact, from the same argument used above, there is an k1 > 0 and a finite
set Gy C (0,00) such that

oS) c | Ui, t) =W
teEGy
By what was prooved above, and from the definition of Q(z), there is a ¢t* > 0 such that
n(z,t) € Wy for all ¢ > ¢* and a(t*,z) = n > 0. Choose n such that (1 +hi)"n > 1. Take
inductively t; € Gy such that 7(z,t*) € Up(h1,t1), ..., #(t* + 1+ +t,_1) € U (hi,tn)-
It follows from (5) that

ottty 4+ -+ tn,z) > (1+h)"n > 1,

which prooves the assertion.
Since S is compact, we can repeat the covering argument. Hence, there is an ha > 0 and
a finite set G2 C (0, 00) such that

Sc U Ul(ﬁg,f) = Wa.
t€Go

Since W, is open, there is a closed neighborhood V of S with V. C Wa. Suppose that
n(z,t) € V for some z € X\S and all t > 0. Then there is a infinite sequence {t:} such that
t; € Goand z € Ul(Eg,tl), coo,mEty 4+ ti-1) €Us (ﬁg,ti)A Then from (5)

a(t1 + -4 tn,l') > (1 +—ﬁ9,)n.

15



16

Hence
P(m(z, b+ +tn)) 2 (1 4+ h2)"P(z),

which contradicts boundednes of P. Therefore, v+ (z) N (X\V) holds for every z € V\S.
Then Lemma 2.1 [11] completes the proof. |

FE 1 : Hutson (1984) i Corollary 2.3 [11] 128\ T “B(z) = sup, -+ -7 & L CRERORER
¥ERELE. LdL, 2O8HE, &4 0) BRYITE (c) PERHTRII-TLED. R
Corollary 2.3 [11] DFEHIZA+ ThH 7. £ DR, Butron and Hutson (1989) i3 Theorem
2.1 3BT “B(z) = sups - L EEORELEE L. Hutson and Schmitt (1992)
% Theorem 2.17 [13] IKBWNT “B(z) = suppag- " ETHIE+HTHEZ L EZTHLE. b
§E Hutson O EBOIEN T, AT¥H4 T Theorem 2.17 [13] L B2 2FEHAFEE2 H V.
EE 2 : Hutson OEEBPBERSNTWAHFARIMIZEL T TH S : Hutson (1984), Butron
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