W22 HW LM ¥ ¥HRE W Vol. 22 No. 1

200242 A JOURNAL OF MATHEMATICAL RESEARCH AND EXPOSITION Feb. 2002

— RS FRANSEER

E
LR KFBFPFFB, JLR 100871)

W  E.A Xt T Banach 25 ]t Sturm-Liouville B EMNELER S ZRE BT RER
FRRELB A HEMBIESERNEN.

XEM. ExE; EM.
%8 . AMS(2000) 35K05/CLC O175. 6
XMEAT:A X MW . 1000-341X(2002)01-0129-09

1 31 B

WX, || » II)2%X Banach 5 ,P R X b#. i X=XXX,X={w|w=(u,v),u,vE
X} B w,w,w, €X,e€ R w=(u,v)yw,= (1, y1,) yw,= (3, 1,) s A wy +w, = (uy +uyrv, +
v)saw=(au,av), |wl=ull + v . MBHM X & Banach . XV z=(z,y) »z,= (2,
Y)ERL,ENEBH « "Rz zy=(xx,yy))rz o w=(zu,yv). “ - "HYEZHH“— - "EN,

z

RpV zl=(1—'l’yl))zz= (x; ,yz)ERz,— ° =(;—:,ﬁ)- E R? ‘P‘?IAJ?m?zzoﬁH% 11212 A B3l

Zy0>2n R 1,.>1, B n>y,. 4 P=PXP’593] P y.] X PR TRWTELAE X FEIA
FFw Z2w,, IR u1=2u,, H vi>v,.
ERETHEA
Alu,v) = u,
B(u,v) = v, ()
Hh A.X—>X,B.X>X.
4 Hw,v)=(Au,v),B(u,0))  f1 F (u,0) EX, B (A(u,0), Bu,v)) €EX, \TT H: X
=X, B OHEMF H(w)=w.
XERENE T HFERANTEHRAINETHTEN R, ZTEMNXTHRITERARER
AHRANTRAMEA.
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#w(E, || + ||) &3 Banach z[],0 R EPHBITR,.P REFERENEZP MERY
oL I<z< yot,BEH |zl <NIyll.EXE= {w|lw= («,0),u,v € E}, |w]|
= llull + lvll .0 HHETK, FRP = {w|w= (,v),u,v € P} HE X E F§—AEN
#. 8 ClLE]={fIfI-E#%),MCILLE]XCILE]JEBEK |FI = 1.l =
lA0l.+lel. = max (FLON +‘r€n[§,1,(] lg@ | ,v (f.g) € CLI,E]X CLI,E] TR —
A Banach Z5f6. Q = {F|F = (f,£),F € C[I,E] X C[I,E],(f(),g(®)) € P} 3 C[I,E]
X CULL,E] g4, lBHE F (&) = (f(®),g®)). i B, = {F|F = (f,8),(f,g) € C[1,E] X
CLLELIFI =1f01.+ lgl.<r},T, = {w|lw = (u,v), (u,v) € EXE,|w]| =
Nl + el <rb.

A3 FE 8 F E B9 Sturm-Liouville [a)

— (P + ¢ (Du = J(t,u,v), t € [0,1],

— (P, ) + ¢, (Du = g(t,u,v), t € [0,1],

a,u(0) — piu' (0) = a,v(0) — B,v' (0) = 0,

Yiu(1) + 0,4’ (1) = 7,v(1) + 8,/ (1) = 0.
b p,eC'[0,1],4.€C[0,1],:>0,¢:220,Y t€[0,1],/,ZECLIXPXP,Pl,a,5:,7:,6: &
M ELWEHWE (0,18 (0:4+7)>0,i=1,2.

@

W 0 AR T ¥ 8 L& 1 B I A K AE 1
— (1) + ¢ (Du = Au,
{a,u(o) — B/ (0) =0, @
Y,u() + 8’ (1) = 0.

2u(0) — By’ (0) =0, 3
Y1) + &4/ (1) = 0.
NEZDERFFRHBLFRAMH

j :G, (62)T (s, S(s)g())ds = F(2),

{— (p: ()Y + q;(Du = Au,

ﬂG;(z,s)z(s,fm,g(s))ds — 2.

id
AF(t) = I:(Gl(t’S),GZ(t,S)) ° (7(59F(5))vE(S’F(5))d5$
He
ﬂ(c;l(t,s),c,(z,s)) o (F(s2F(5)), (s, F(s))ds
= J‘:(Gl(t,S)T(S,F(S)),Gz(t,s)z(S,F(S))dS
1 1

=[G TG s, [6.g 6 P61,

GG, MR A Green R¥
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1{5.-(t)§.-(S). o< s < 1,
Gi(tvs) =
Ei(s)gi(t)’ 0<5<t<1’

XE o, >0REHE@ E[0,1] LB, 0) #[0,1] LM, B &@.5@) >0,V ¢ € [0,

> 0,88 G.(t,5) = G (r,5), ¥ t € [cyd],r,s € [0,1]),i = 1,2.
e = Ei'r:{eg),ﬁﬁ{ﬁ] J=[c,d]C (0,1),4
K =(F|IF€QF@ =>¢eF(s),¥t € [c,d],s € [0,1]},
WKRECIE]XCILE] g, 3#H K CQ,K # {8).
MM F € Q, %1 € [c,d] B,

AF(5)= j:«;,a,s),G,(z,s)) o (F(s,F(5)),5(s, F())ds
1 1
= LG,(us)Y(s,F(s))ds, jocz<z,s>§<s,F<s>>ds)
1
> e( JoGl(r,S)?(S,F(S))ds, ﬂGZ(r,s)g(s,F(s))ds)

1
= EoL(G; (r,5),G,(7,5)) « (f(s,F()),g(5,F(s)))ds

=€oAF(T)9 VTE [091]9
M AF () =2 AF (D), Y tE€[c,d],¥ t€[0,1], M AKK)CK,HRBQ)ZBHTF AF=F 1)
®.
BRG (,5)=G(5,8),Y t,s€[0,1]. 4 M= rg[aoxUC,-(t,s),FlU M>0,i=1,2. B AY R
W (2) B9 %8 — A IE M, FA A Rm B Q)P — - EEL, W A" 23>0, by BRHK T A”
ROREE R, b, RAHMBLT A” BIE B3, LB 2

(hy (), h, ())= (A", A7) = ( ﬂ(cl (2,5),G,(2,5)) o (hy(s) ,hy(5))ds)
) 3@ ! !
= (A 7,A47) o ( O(Gl(t,S)hl(S)ds, OGz(tys)hz(S)dS)
= (A,‘”ﬁcl(t,s)hl(s)ds,,ljz’fcz(z,s)hz(s)ds, vte [o,1],

B b > 0., >0,V 1 € [0,1378 [ (4, (0),h, 023t = [ hwa, [hatoran =
a,1.

RATERFE, L — &4

(H) 8 F,2 € CLIXPXP,P],XEMEE >0, T2 EIXPNTIXPNTD
Bk MEHENHL R O< L < 5

max{a(F(t,D,6)),a(g(t,D,G))} < Lmax{a(D),a(G)},¥ ¢ € [0,1],D,G C P N T,

HH M =max{M,,M,} > 0,a(+) F/R E 8§ Kuratouwski 3£ B .

H) FEeP>RAIBFREGHETF R o(w) = (2,,7,) B R Y wE P, |w| - copt,
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?(?(t,w),g(t,w» 1) 4(2) .
-el;rr:_ulx_f“ o) o> (A ,47), %Y e [0,1] —BURAL.
H,) ###& %P"’Rz HEHERRUENT, & o(w) = (2,,2,) , HEHwE P, lw | = oco&t,
min{z;} > oo, A%t ¥ w € P\(0} & ¢(w) > (0,0),fM

lim sup oF ¢,w) gt w)) < AV APy, %t Y ¢ € [0,1] —BRL.

wEP, Il oo P(w)
(H,) ##& ¢=P—’ R IEREHNT B p(w) = (z,,2,), KEMN VYV w € P\(a} A p(w)
> (0,0), 4

i inf | BLC-8CD) s 4y 34V ¢ € [0,1] —ORL

H) ##& ¢=P—’ R? ﬁﬁﬁﬁﬁ;¥9& o(w) = (zy,2,) R Y w € P\(a) B, A

. «F (¢, w),g(¢, w)) . W @y o .
'2;1,1'11:&0 ) < AVAP), XY ee [0,1] —Fakar.

Hy) FEH! > 0,487

. ‘] -E?ﬂ : " (T(t,w),g(t,w)) " < =5 ZM’ ’

XH M = max G,(t,s)ds + maij,(t.s)ds

1€ 0,1 € 10,1].
(Hy) #Eﬁliﬁlﬂizr‘l[c,djc 0,1, 1B
&(Ft, w), g, w)) « (Mj,M2) > 2w,¥ ¢t € [c,d],w € P, ﬁ€°l < lwl <14,

He
(ML, M2) = (xentaxr(cla,s) G.(t, s))ds,g[ax *(G1(2,5),Gy(t,5)ds)

= (max G,(t,s)ds,m[ax G,(t,s)ds).

$€ [e,

H,))' F#EAXME[c,d]C (0,1) R ?.P—’ R HHREAURT MEXMY w € P\{O} A

liminf ZLEWLEGW)) o pciv pe RYX RY,Y ¢ € [cyd] —BRIL.

weP, lw|| - ¢(w)
Y _lim sp_ ELELIEEWD _ o 54y ¢ € [0,1] Bk

Hy) HFEMRE[,d]C 0,1) Ml p.P> R AEREBAT . WEMVw € P\(D) A

liminf PLEWLEG®WD) o prgiy pre RYX RY,Y ¢ € [ed] —BURTL.
weP, | w)| »o0 ?(W)

H) llm sup o (¢ w) B (2, w)) = oo,Xt VY ¢t € [0,1] —B AL

Polwl oo | |

i 1o WA H MR, IMHEME r > 0. EF AL QN B, LRFHBERM.
SIM2 AR R
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O R MH) R, WX R> 0 T4 KeE,i(A,K N Bz, K) = 05
Gi) MBEMH,) WE, MY R> 0 FHKm,i(A,K N Be,K) = 1;
(i) M) %E, W% r > 0 4 /h6t,i(A,K N B,,K) = 0;
Gv) MBRMH) HE, MY r> 0 FE4H/bet,i(A,K N B,,K) =1;
) mBMH,) e, W i(A,K N B,,K) =1;
(vi) R MH) %R, W i(A,K N B,,K) = 0.
iR RiEG), (), HAKPATEE.
() EHAXMFE—AF, € K{0) MIERAIRF A R>0H

F+# AF + pF,,¥ p > 0,F € K, || F| =R.

BEMH), FLES>0,R > 0,18
o(Ft,w) ,B¢w)) = A + HAP,AP) e w),¥ t € [0,1],w € P, |w | =R,.

BRFFECHQ)EBA + HQA,A) « o(w) < —é—(cl,c,),w €EP, |wl <R, AW
T w) B (Ew)) = A+ OU, ) < pw) — L(epe ¥ £ € [0,1]yw € P (@)
Bl ew) = (z,r,) R, HweEP, |w| > Bﬂ‘,gig{zf) — oo, fTLIFEEE R, > R, , #8118
(A, A7) f(h, (5) ,hy(s))ds o« p(w) > (¢y5¢,),w € P, |w| =R, (5)

%tV R>NR,,BRHFLEF, €K, | F, I =R,u, =0 F, = AF, + £, Fo, M| F,(#) =
AF (),Y ¢t € [0,1], FrA% & ()18

?(Fl(t))> J‘:(Gl(tys)sz(tvs)) ° ¢(7(59F1(5))9?(51F1(5)))d5
1
> fo(c,a,s),cz(z,s)) LA+ OAY,AP) « o(F (s)) — %(cl,cmds,
PN
1
AP APy . L(hl(z),hz(t)) o o(F, (£))de
) M e a M 1
> Q0,0 . ”o[u + AP + (@FL () = $(epen)] -
(G1(ts5))Gz(t,3)) i (hl(t)’hz(t))det
= ﬂds[u + O « (FL () — S(ere)] -

AP, 2Dy o II(Gl(s,t),Gz(s,t)) o (hy(2),hy(2))dt
0
=+ 3)(,{;”,,\;”) o J’Zcp(F] (s)) » (hy(s) ,hy(s))ds — %(Cl 1€2) s
B 0P, AP) - J’:go(F,(s)) o (hy(s) yhy(s))ds < %(cl se2)s R, FLEX ]

d
(S‘J':gv(Fl(s)) o (h,(s),hz(s))dSZI-:oaI (hy(5) yhy(s))ds « (F (), ¥ = € [0,1], (6)

HXIF | =R, FFUAFIER tutzEEO’l],ﬁﬁ NE =1l f1&D | + 1l g1 | =R, 7EC6)
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”Pﬁ%'lm T=1t)»l; B
3 J:«P(F. () » (ha(s) hy(s))ds > aeoj"(m () ha())ds « pCFy (1)),

3 J:«F, () o (hi(s) hy(s))ds = 68 j‘(h, () Ay (s))ds » @(F, (),
EEAER MR
28,(F,(5)) * (hy (), hy())ds = €0 j‘(h, (), ha())ds » @FL () + Fy ().

nm
| Fy(e) + Fie) | = || £, + £1(2) I+ &)+ &G |

>EIAE ] + 3 186 | = xR> Ry,
M4 G)H
(c1re) = 2800 AP j:«F,(s» o (hy (), hy())ds

a) 2) 4
> 63", 2 )~j(h,(o,h,(s))dsow,(t,) + Fi(t))

> (¢;,¢5).
MR (c1rc2)>Cerser) s FIE. BT A ERBBARL, MBI A BRI AT 8 ,i(A,K
N Bz, K)=0.
) RFFEH | AFI<IFI .,V FEK, | Fl =L
WM H), MY FEK, | F || =t,3V e [0,1]1H

IAF® || < ﬂcclct,s) + Gyt | T, F()),F G, F()) || ds
1 _ L _|FI

2M 2 2
BRAF@O=U @), g MIAFO =IOl +fg I, TNAFI=1fk.+1gll.=
AR B gt I, AT
II AF " = " f(tl) " + " g(‘z) "
S<Usfedll + lg@d )+ Cifedll + gkl
— = |AF@D | + |AFGH | < | F .

Eit’ " AF " < " F " t:FEi(A,KanK)=1-

513 BEHFHIBEI. X J=[c,d],

) FHD' MR, WY R>0 FE4r kB, (A, KN Br, K)=0;

Gi) FMH) WR, WY R>0 FE4 KB ,i(A,KNBryK)=1;

(iii) F (Hy)' W2, W 2 r>0 T4/t ,i(A,KNB,,K)=0;

Gv) ZEH)'WE, M >0 FTH/BE,i(A,KNB,,K)=1.

ER RKRIEG, G, HAAMPAE.

() BATESR , R4 F, €K, % R>0 Fo 4 KBf ALY,

F#AF+uF,,¥ p=20,FEK, | F| =R.
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©

d
m#& 7> Oﬁﬁ €,max J‘ (Gl(tys) st(tos))dS> (2. 2)93:%ﬁﬁ(t1 sty) € [C’d] X [C,d:],

Wi e E(G1 (1,5),G,(2,,5))ds > (2. 2). REWEAMABRE H,)' ,FE R>0,EH
oS (tsw) gt w)29p(w), ¥ tE[c,d],wEP, || w| =R,. )
R R> 2N Wise g5 R W, BRAE >0, FL €K, | Fy | =R, B8 F,=AF+
#Fo R FI()=AF,(t),V t€[0,1].
HKIMY s€ [c,d], F1(s)=e.F.(r),¥ re (0,11, | F.() || =
€[, d], MAGER (D
HF ) [ (G1(119),G,(119)) « 9T (5 Fi(0) B (5, Fu(6)))ds

)

&R
Eﬁ” F. i =—2917>R,,V s

d
=7 I (G, (£,5),G,(2,5)) » p(F,(s))ds

d
> 76, (G (15),Gate,0)ds « 9(F, (), ¥t € [0,1], ®
Q@R HHHB t=1,,t, 18
'd
?(Fl(tx)) > 50’7"‘ (Gl(t195)vcz(t195))d5 ° ¢(F1(r))9 Vr € [O,IJy

HEL ) > & [ (Gi(629),Gott))ds » (R (), ¥ 7 € [0,1],
EERER A
PELG) + Fi(12)) 3 &1 [ (GG0119)),G.ttsss))ds » o(F, (0, ¥ 7 € [0,1],
EXPHPM =12, 1§
PG + Fi @) 3 01 [ (Glt11),Gyltay))ds  9(Fy 1)),

¢(F1 (tl)) + Fl (tz)) > €7 fd(cl(tl ,-")’Gz(tz95))d5 ° q’(Fl(tz))s
X _EER g
20F, (1)) + Fy () 2 &7 [ (Gy(t1,),Galers))ds « (Fy (61) + Folep)),
B =0, ) WBET B FE, 8 (A, KNR,K)=0.
(i) B Y R>0 K4 AW, F#pAF,Y p€[0,1],FEK, | F |l =R.
BEE0,HE € max :((Gl(t,s) + G,(t,5))ds < 1/4N, B &HH)' B, HFHER R,
EH
" (T(i;w)9§(t9'w)) ” <e ” w ” W t€[0,1],w€?5, ” w " >Rl-
E%ﬁﬁﬁ C»ﬁﬁ% " w " <R1 W9X‘1V tE[O,ljﬁQSZ " (.T(tv'w)9§(ty'lU) " <C9Efu
| Fyw),gt,w) | <Le |l w | +¢,V wEP.
: _ P 4Nc | o, ||
BRFE o€ (0,11, F1 €K, | Fy || =R, 48 Fr=0,AF:, XY R> o~y BL
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| Fie) | <l J:(G,(t,s) + G, (2, || F(5,F1()),8(s,F1(s))) || ds
<elarl [[Gie9) + 6ot | i) 1 ds +clal [ (Giters) + Gyersd)ds
< Re|oa,| J';(G,(t,s) + G,(¢,5))ds + ¢| o, ﬂ(c,(t,s) + G,(,5))ds
= Rla,| + £laDle [ G(t.) + Golrr))ds]

1 < R
<4_“N(R+‘;)|ao|<2_lv‘9 9

] " F, @) " =R’45#Et1’tze [0’1]’&45 " F | = I (fl’gl) " = "fl "c+ I &1 .=

DA T+ 181G | = RZE®) $ a8l = 1,688 | Fie) | <o | FuGe) | <50

AT
I Fye) |+ I Fe) 13 0 Fu )+ Fited | >4 A |+ e 1D

_lypg=l
=L IR =2R,

FRAR<LR, PHEFE, AT i(A,KNBry K)=1.
3 EEHR

EE1 RPEEREEFHEHIWE,J = [c,d]C 0,1, mREFHMH), (H) HH,)
WRE, REXRGEM), H) MH) HE MEEQD ZLEABEAIERF MF, AHRE 0<
HFll << || F. .

I\ BEE4H), H),(HOWE, ERBHRER</!<RERIFIHEINGERO,
Gii), (v) B, MR EAR S KB WA T 418

i(A,K N (B/B),K) =1, i(H,K | (Bx/B),K) =—1.

FRBEASH BB TREBRT ALK N B/B) MK N (Be/B) FHRE K F
MFPRRO<IF | <I<I|F.

Y& MH,), (H) #(He) BLET, AT S BUIEH.

EE?2 BPRERFEBHEMAH)BR,J =[c,d]C 0,1, MEFTHEHEZ—HE, N
EEQ) Z22H -1 ER.

(D) H) FHOHEE; @) H) BIH) HE;: ) H) MH) WE;

(4) (H)' f(H) ¥R; () Hy)' M) %E; (6) (H)' FidHy)' HE.

t 2 pd §
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The Multiple Positive Solutions of a Class
of Differential Equations

WANG Ya-qi
(School of Math. Sci. , Peking University, Beijing 100871, China)

Abstract: In this paper, the existence and multiplicity of solutions for a class of differential
equations in Banach spaces are obtained by the spectral radius of the corresponding linear op-

erator.

Key words: normal cone; positive solution.
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