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Riemann-Stieltjes £ 11 F 54045 22 55 UFN Riemann BR300 L 5 1A S FERR TR 7S 0 AE FR
15 A TR T KO ARG SR I H ) 2 B0 B A5 T T 1 22 1) TR il 5 Dl R0 2% A
(LR TR R T AR | R 25 PR I = Al R S0 (R IR RS2 ) 1 28 3 (T2 56T, L3
k[ 5-11] R HS %30k, (HI2H Riemann-Stieltjes £330 FL 5% 14 14 120 1 1) FBURHF 7 225 SR A 55/
RE G H Webb 25X L2 Rl BUACHE 1 28 R BRI JaL A, 24 0 {1 I R AR e M 00 54
BTN (A b ) R 4 sl b AN 5 SR, %o G T A A 5 2 o PR L SAS SR BF 98— S AR et
T T Riemann-Stieltjes FL43 254 B9 = B B 7] ( boundary value problem f&jic A BVP)

u"(t) + f(t,u(t),u'(t))=0, 0<t<l,
u(0)=0,

au'(0) - bu"(0) =alu],

cu' (1) +du"(1) =p[u],
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1 1
fe C[0,1] xR, xR, R,), alu] = [ w()dA(1), Blu] = [ u(1)dB(1)
0 0
7 C[0,1] -4 Riemann-Stieltjes FR4325 BRI LMIZ o8, Ho a,b,c,d LTI p = ac + ad +
be > 0.3CHK[ 14 ] FIFHH B ITWESE Tk, k45 1 2 (77— PR R 1E AR B 45 5 A SC
W52 BVP (1) 2> 3 A5k 2n — | D IEFRIIAAAETE , 2 B ik T 2455 r T 1 e 1)
Leggett-Williams U E 8 40°F .
EH 1" % E 4 Banach 25[a], PN E FIHEHLAEO <r, <b <d<r,,0 <L, <L,
Woa, o, § P EWAERELSLNZ RN w e P, |u] < Mmax{a,(u),a,(u)} H
P(a,,r;a,,L) #0, Vr,L > 0.
y NP ERAR RSN iR, AR ITA M w e P(a,,r50,,L,) Ay (u) < o (u) W74 T:
P(a|,r2;a2,L2) —>P(O£],7"2;012,L2) %éﬁﬁ%%,{ﬁ%%?ﬁ%{*ﬁ/@:
(al) {u e P(al,d;azaL237ab> ‘7(”) > b} #0 H y(Tu) >b,Vu e P(al,d;aZaLz;
Y.b);
(a2) a\(Tu) <ry, ay(Tu) <L, X Yu e P(alarl;a2sl‘l);
(3'3) Vlt € P(alvd;a25l‘2;’y’b> Eal(Tu) > by‘lé‘ﬁ '}’(Tu) > b7
W T 208340 u,,u,,u, € P(al,rﬁaz,l‘z) WL, e P(a,,r;a,,L),u, € P(a,,
30,0, 57,b) E-u3 € P(alsrz;aZ’Lz)\(P(al’rl;az’Ll) U P(anrz;azalfz;?’,b)) .

1 fil 7% 5| M

ARG SCRR[ 12-13 ] AURIOCEE R, BVP (1) BYBIFSE Al LLAE AL 303 Hammerstein F53 75 FE 1)
f5e, Al

w(0) =y(Dalu] +8(0BLu] + [ 6(1,)f(5,u() u'(5))ds, (2)

y(1),8(t) LI H
-y"(t)=0, y(0)=0, ay'(0) =by"(0) =1, ¢y'(1) +dy"(1) =0,
-6"(t)=0,68(0)=0, a6’'(0) = b6"(0)=0, c6'(1) +d6"(1) =1,
XEWRE y(1)=(2ct +2dt —ct’)/(2p) FMS(t)=(at® +2bt)/(2p) ,t € [0,1] Xft e [0,1],
y(@) = lyll, M) =, 181.CI -1l 72&C0,1] F#Em LA Edn, Hfe =
(2¢0 + 2d6 — ¢0%)/(c +2d) Flec, = (ab> +2b0)/(a +2b);G(t,s) Falu] =B[u] =0 Ay
Green PREN.E LEF TN

M) =y(nalul +8(0BL] + [ G()fsu(s) u'(5))ds

UNSCHR[ 14 ] B ERE 2.3, 75 u & T RIS U w J& S ARSI AT S 58 LINF

s =T (1= BL81) [ ()t u(s) u'(5) ) +

al8] j;KB<s>f<s,u<s),u'<s>)ds) ¥

y(t)
D

(8L [ ()75, uCs) ' (5) s +
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(1= aly]) [ kp()fCs,u(s) ' ())ds ) +

j;cu,s)f(s,u(s) ' (5))ds =f:)GS(t,s)f(s,u(s) ' (5))ds,

Hp# G, J& BVP(1) B Green PR,
AR SR B A3 AN AR
(H1) A,B RHAAHFAZNRE, H k,(s),k,(s),s € [0,1], Hr

K, (5) =:j;c<t,s>dA<t>, Ky(s) =:JOG(t,s)dB(t);

(H2) 0 < alvy], B[8] < 1, a[8], Bly] =20 H D=(1 - aly])(1 -B[&]) -
al8]Bly] > 0.
S5IE 1" L p=ac+ad +be > O (FAERNMREL D (s) 15 G(1,s) WL
G(t,s) < D(s), e [0,1],s e [0,1];
G(t,s) = c;P(s), te[6,1],s e [0,1],

5

p fz@(’T)dT

S 1.
ST larb)(crd) 005

5132 4 ¢, =min{c,,c,,c; ), Green BREL G(1,s) /L

(1) Gy(t,s) < @,(s), te[0,1],se[0,1];
(i) Gs(t,s) = ¢, @, (s), te[60,1],s e [0,1];
aG(t,s)
(i) o < P < ®d,(s), t,sel0,1]x[0,1],
Hrp
||7||w
D,(s) = ((1=BL8])Kk,(s) +ald]ky(s)) +
121 w(B[ﬂM( ) + (1L —aly])ky(s)) +D(s), s e [0,1],
D,(s) = ||y | “((1=B[8])k,(s) +al8]ky(s)) +

|| ” ©

(Blylr,(s) + (1 —aly])ky(s)) +P(s), s e [0,1].

L E=C'[0,1] J”ﬂ% R [ wll =max{ [wl ., u .} |, 2CL0,1] EEHH
FHREE. S P={ue E.u(t) =0,0 € [0, 1]} W] E J& Banach 25[8], P 2N E " AY4E.
53" T,5.P—PRERT.
SIEE 4™ TS 7E P oA IR A AR B

2 EE g R

X Yue P, EXIZR
a(u) = max lu(t) |, a,(u) = max W' ()], y(u) = n[lin lu(e) [,
e, ,a,:P—[0, + oo) AR sz pR H y EAE TGRS bR, 0 B 1 AEAE
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I |
M =J' D, (s)ds, N=f¢2(s)ds.
0 0
EH2 BUFEREL

b
O<ri<b<—=r,,0<L <L,

Co
firis
b . {rz Lz}
—— =S min{—,—.
coM M’ N
RN 2546 2
(bl)f(t,u,v) < mln{;‘;;ﬁ\;} ’ (t,u,v) € [O’IJ X [O’rl:l X I:_Ll’Ll];
(b2>f(t’u9v) > Ls (t,u,v) € [O’IJ X |:b’b:| X I:_LZ’LZ:I;
coM o

(b3) f(t.u,0) < min{;‘;,i\;}, (tuw) € [0,1] x[0,r,] X [~ L,.1,],

N BVP (1) Z/DAF4E 3 A IEf# u, ,u, Flu, 12
max u, (1) <1y, max lui(1) | < L,

b < min uy(1) S maxuy(1) <r,, max [ufy(t) | < L,

r, < max
te[0,1]

iEM ﬁf’ﬁ,ﬂﬂ%u € P(alyrz;az,l‘z) ,Ij\“J a,(u) <r,a,(u) <L, éﬁé%ﬁ:(b?ﬁﬂﬁ%‘

us(t) < ry, min uy(t) < b, max |ui(t)| < L.
te[0,1] te[0,1]

flt,u,v) < min{;‘;,f\j: , te[0,1].
ES]li

o, (Tu) = max |Tu(t) |=
te[0,1]

J;Gs(t,s)f(s,u(s) ,u'(s))ds | < %J;d’l(s)ds =r,,

ay(Tu) = max [(Tu(t))'|=

max
te[0,1]

max
te0,1]

J*l aG4(t,s)

' <l j'q) ds = I
Tf(S,u(S),u (s))ds \N . 2(S> S = L

0
M T:]_J(al 3T 500 ’L2> _'P(al 330 ,Lz) ,é’éﬂiﬁﬁlﬁ T:P(Oﬁ T30, L ) _’P(OH s 7150,
L), HOER 1 B (a2) il 2 TORIE
b - b
P(al,;az,l’ﬁ')’vb] #0 H y(Tu) > b, Vue P(al,;az,[‘ﬁ'y’bj-
C

Co 0

FLE,

b +b/c, b
e P a197;a2’L2;’y’b .
2 c

0
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- b b
Yue P[al,;az,Lz;y,bj A —=a,(u) =u(t) =y(u) =b,t € [0,1].
C CO

R, Hy (b2) AT
y(Tu) =LEII[1;¥11]\Tu(t) =

bl
> coiMjOcO(Pl(s)ds =b,

[ 6,075, ut) (50 s
E R 1Y (al) i 2.

5 IERER 1 89 (a3) Wi E0% Yu e P(a,,rsa,,L,5y,b) 5 a,(Tu) > b/c,,
[ @) us) () s

min
te6,1]

=

=

v(Tu) = H[lil’l] | Tu(t) |= ¢,
tel6,1

b
co max |Tu(t) |=coa,(Tu) > cy—=b.
te[0,1] o

2 BT ET L T R S R I T B DAEAE 3 SRS B BVP (1) 20 FF
TE 3 N IEfif.
Wit 1 A n NIEEE IRAAER B

b
1 2

O<r<b <—=nrn<bh<—=s--=r,0<LsLl,sLl,=---=<L,
Co Co

15

b; (T Ly
< min , (i=1,2,--,n—-1).
coM M N

B S5 2
[ L
(d1) f(t,u,v) < mln{M,N} ,
(ty,u,w) € [0,1] x[0,r,] x[=L,,L],i=1,2,-,n;

i

b
coM

(d2) f(t,u,v) >

b.
(t,u,’l}) € [091] X |:bi,l:| x [_LHl!LHlJ ’ i: 1529”.,’1 - 1,

Co
M BVP (1) 2/DAETE 2n — 1 D IES.
IERR R I3 G R,
B, M =1, H(dl)ATH,
T:P(a,,ry;0,,L,) — P(a,,ry;a,,L,) CP(a,,r;a,,L,),
i Schauder ANE S EH A A, BVP (1) 1E P(a, ,r, 0, ,L,) FEDTELE 1 N IEfE.
HWR B n = k Z58AR L AEIE n = k + 1 2580807,
AL r (i = 1,2,k + 1) Fb.(i=1,2,--- k) iR

b, b,
O<r<b <—=sr<b <—s<-=r,,
Co Cy

gt i=1,2,k+1, A

L,

r.
t’ ’ < i i,; b
f(t,u,v) mln{M N}
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(t,u,'l]) € [O,l} X [O’r,',] X (_Li,L[)’ i: 1529”. k

flt,u,v) > L, (t,u,v) € [0,1] % l:b,b'} x[ =L, ,L. ],
coM e,
W BVP(1)7E P(a,,r,;a,,L,) TAEERAD 2k — 1 DIEMF u,(i = 1,2, ,2k — 1) &N, fE B
2,BVP(1) Z/VHLE P(a, 1y, 505, L,,,) TAETE 3 DNIEME w,x Fly 52

ue Pla,,r;a,,L), x e Play,r, 50,,L.,;7,b)

b 2

H
Yy € P(al’r/r+l;a29LA+1)\(P(alirk’a29L ) U P(al’rkﬂ’aZ’ Lisv,6)) .
AR, x,y RFITF w,(i=1,2,-,2k = 1), HIL,BVP(1) ZAAEFE 2k + 1 A IEM# , FHIE.
35 fl
EFrsukislal
u"(t) + f(t,u(t),u'())=0, 0<t<l,
u(0)=0
' (0)=alu] (3)
w' (1) =p[u],
Horp
alu] =f(1 -s)u(s)ds, Blu] =f]su(s)ds.
0 0
1, (vjz
cost +—u + | —| , 0<u<?24,
2 20
cost+;(25—u)u2+[2lz)j , 24 < u <25,
ftu,w) = 2
cost+;(u—25)u2+(21;)j , 25 <u < 26,

cost+318+(2%j i u=26.

SHRARE] y (1) = (2t = 12)/2 %nau) =1/2. m%ﬁ%%‘%%
aly] = al8] =, Blv) =, 8181 =,

8
D=(1-aly])(1-Bl6]) -al8]Bly] =0
KA(S)_[(;U $) (1 —t)dt_§ -
55§ st
KB(S)—f G(t,s)tde Y +ﬂ’
b (s )_2653_1453 +13s _i’ (s )_1565_18132+2633_ §

109 109 218 109 109 109’

HHE

6=—,r=1,b=2,r,=100, L, =10, L, = 300,
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iiBuRg Rl

1 1 1
M= @ (s)ds = 013369, N=[ @,(s)ds = 0.219 877, ¢, = _,
0 0 12

Ly . Ly b
min{— — =~ 7.48, min{— — = 748, — = 180,
M N M N M

Co
Hii e
b$min{r2 Lz}
coM M’'N)’
Hk, f(e,u,0) 2
(bl) f(t,u,v) < 7.48, (t,u,v) € [0,1] x[0,1] x[-10,10];
(b2) f(t,u,v) > 180, (t,u,v) € [0,1] x[2,24] x [ - 300,300];
(b3) f(t,u,v) < 748, (t,u,v) € [0,1] x[0,100] x [ -=300,300],
N3 2 BAc 4 2, BVP (1) 2/(FTE 3 AN IEf#.
4 4 e

EBURIEN PO | B2 RUINE g C I G I o [ 20 ol 9 RS B 7 VA [N A7/ B/ /DL Y 2 W
figp s JC R ME R )5 A9 Leggett-Williams BUANZ s B, G 1 A AR RSNz
bR, BIVAT UE ] IE A B A7 AE PR PR A R 2w T R DR 04 R M B A A S R 4 T o8, Dy
EANBI RUE B — ) (2 BEIE ] T AR LRI 4% - S AT R S B L LR, BT
SRR L

Bt A SCAE R L E BE R R BF ST R 4 (15003B) 5 L2 B T R B N S I & I H
(tsxyzdsy019) %% Bl , 7 I e /s 8.
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Multiple Monotone Positive Solutions to 3rd-Order
Boundary Value Problems Involving
Riemann-Stieltjes Integral Conditions

ZHANG Hai-e

(Department of Basic Science, Tangshan College, Tangshan, Hebei 063000, P.R.China)

Abstract: A class of 3rd-order nonlocal boundary value problems ( BVPs) with Riemann-
Stieltjes integral conditions were studied. The existence of positive solutions to BVPs was ex-
plored via perturbed Hammerstein integral equations. Through the construction of the Green
functions and discussion on their properties, the existence criterion for at least 3 or 2n — 1 posi-
tive solutions was obtained by means of the generalization of the Leggett-Williams fixed point
theorem. The results generalize and improve some known results of the latest literatures, and
fully reflect the influence of nonlinear terms involving derivatives on the existence of positive

solutions. An example was also included to illustrate the main results.

Key words: Leggett-Williams fixed point theorem; positive solution; nonlocal; integral condi-

tion



