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1 58
AR SCE B 5T B AR L Y B P A 20 (L TP =A™ IE b 6 A A

®) { u® (t) = f(tu(t), ' (t),u" (1)), 0<t<l,
w(0) = u/(1) = u”(0) = u"(1) = 0,

Hrra @ (P) M MR 2 u*(t) >0, 0 <t <1 [1fE.
AP 2, DR 7 Rk T s B0 i TS . AR B 00 P o R A 1 2 01
B, FTAMS A T RANAE . A8 (P) /& Guptall) BF 78 G200 2 il B T 42 1 75
TR AR R 2 —, A6 1% BE AT 2ot R B S AT S Bl e T I (R 0 B B T
AR LR, FEiERRR Rl s A, OQ T I [ R B0 R B SR R (R A RN
u(0) = u(l) = u'(0) = u'(1) = 0 B u(0) = u(1) = u"(0) = u"(1) = 0) W HLEZ, W [2-
6) XHEZHZ IR, 3 H, %4 (P) TASHRMEEE — S8, B fEu, o/ u”) = ft,u)
BH f(tu,u/ u) = f(tuu”) B, RIEBFEESZSHECRRE T EENHER, L
(7-9] BHEZZ3CHR. Aot X8 (P) 31X B A B & — 0 5 5500 04 70 3 1] B S P4 o
Wi shde I LR b R R, H At R el O, TR = A
PERIAIF TR B AR BEAT. S0, AT TE U7 30 ) 3X S AT 55 A SR 34 (B i AR St 100 P IXC (] B
MIESERE, Prd A T RAAER T Guo-Krasnosel'skii A3 S E#. FHI, AXE
FERAD LR AR, SR F AR AR SR B0 5 F0 Avery-Peterson /N2l i #1160 BF 55 U B
PRI
u® (t) = f(t,ult),u' (t), u" (t)), 0<t<1, (1)

2 i 1 B SR A S A B e T Je fE i 2 A
uw(0) =u/(1) =u"(0) =«"(1) =0 (2)

T AR AENE, Ho, SRR f (f w0, w) FEE =0, t =1, u=0,v=0, w=0
g, T (P) (&R RRARERAETN f (¢, w(t), w'(t),u" (1) RN &HREA o' () M5
(1), HULTE (P) IEMR 977 EPERS T R0 F R v B AT 3 2T S IR AT 9 2% i
1E.

2 F&EFHA

ASOREIE B —2 5 L, BRI

EN 2.1 BiE E &—4 5% Banach &5[8]. — P IESH M P C E R —4,
mR

lzeP, A>0= Az € P,

2. € PH 2eP=z=0,EHP 0 FE hXL.
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EM 2.2 WG o FRARE P LR AEAELLMNEZ K, AR o P — [0,00) EELLH,
FHH allz+ (1 -Dy) >la(z)+ (1 = Daly), Ve,y e P, 0 <1< 1.

T GIA—LIE 5

Wy o2 P ERIERESMZE, o & P ERIERELNIZE, o R
P EMAESFGESHZ R, MEEMIESEE o,b,c,d, & XLATM&R:

P(y,d) ={u € P:v(u) <d},

P(v,a,b,d) ={ue P:b<a(u),y(u) <d},

P(v,0,a,b,¢c,d) ={ue P:b<a(u),d(u) <cy(u) <d},
DYk

R(v,1,a,d) ={u € P:a<¢(u),y(u) < d}.

N TIERASCH EELE R, FE T 5 Avery-Peterson A 3) i3 & 2.

TEIE 2.3 (Avery-Peterson R3j & E# M) fRiK% P j& Banach Z[i] B L —A4E,
v A0 RHE P LR AEELE M Z G, o RHE P ERAROESENTIZ R, o) EHE P LW
) < Mp(u), Y0 < A <1 IEFRESIZER, BFAEER M, d$83 Vue P(y,d),
A alu) <Pu), B vl < My(u) BL. 535, BB T: P(y,d) — P(y,d) R2ELER
T WORIFAERRL a,b,c R 0 <a < b, AR LAT 244

(S1) {u€ P(v,0,a,b,¢,d): a(u) > b} # ¢, H a(Tu) > b X Yu € P(v,0,a,b,¢c,d);

(S2) a(Tu) > b, ¥} Vu € P(y,a,b,d) & 0(Tu) > ¢;

(S3) 0€R(v,%,a,d), HXMEREH u € R(v,¥,a,d), P(u) =a, W $(Tu) <a,
W T BOAT AR wruz,us € Py, d) WAL

v(u;) <d, Vi=1,2,3,

b < afur),

a < P(uz), o(uz) <b,

P(us) < a.

AR SCAR LARBLN T 2- AR BLAL:

(A) f:(0,1)x(0,400)x (0, +00) x (—00,0) — [0, +00) NELLEREL, FFAVF f(t,u,v, w)
Ft=0,t=1,u=0, v=0, w=0HEHFF.

3 FE5E
g3 3.1 R G(t,s) BFRBEMEE —u”(t) = 0, u(0) = v/(1) = 0 #y Green pF
ﬁa )rlIJ:
t, 0<t<s<1,
G(t,s) = {
s, 0<s<t<1.
ARV 15:

E1 G,s)=0;
&+ 2 max G(t,s) =s;
0<t<1

E 3 ts<G(ts)<s, VOt s<1.
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5138 3.2 MR u(t) WREMRD TR

u(t) = /O /O G(t, 5)G (s, 7) f (7, u(r), o (7), u () dr ds, 3)

A4 u(t) — B JEBAE A (1),(2) K.
iE HEIEE 3.1 & Bk 1 G5k,
B E = C2[0,1] = {u € C?[0,1] : w(0) = /(1) = 0}, H EMBEHEELR: | u|=

max {{|ulo, [[w/llo, [lu”llo}, Ft,  lullo = max [u(t)], B, B = C§[0, 1] AL A

Banach Z5[A]. 4

2 , 1—12
P={ueco,1]: ult) = |lullot, o' (t) >

Iello, —u" () = [lu”llot, 0< ¢ <1},

B, PR E=CH0,1] iy —AE R K.
5128 3.3 AR we P, Jullo < 5llu”llo, llu'llo < [1u"[lo, | w [I= [[u"llo.
it u € P w(0) = /(1) = 0, AT u(t),w(t) 2351 W] LAZRR

1 1
u(t) = / Gt s)(—u"(s))ds,  w/(t) = — / W) dt,
0 0
A 1,
lullo < 1o muae [ G(t,)ds = [l max (¢ - 22) = Lallo, 1wl < 1]
Uflo > ||w Oorg?g)io ,8)As = [|u 00125?1 3 _gu 05 ullo = [|© |lo,

FEEk, = o
EXST T

(Tu)(t) = /O /O Glt, )G (s, 7) f(,u(r), o (7), u (7)) drds,  0<t<1,
4 35 [ B ok — — = - 55078
1 1
(Tw) (t) = /t /0 G(s,7)f(T,u(r),u (7),u" (7)) dT ds, 0<t<l,
(Tu)"(t) = —/O G(t,s)f(s,u(s),u/(s),u”(s))ds, 0<t<I1,
(Tu)"(t) = — t f(s,u(s),u'(s),u"(s))ds, 0<t<l,
25501 BE 3.2 WA, MHME (1), (2) MEEIAR T T 1IR3 A,
2 5 9k

S|¥E 3.4 T:P — P RAHEEM.
/THI.E.)\( P _[:?Z[%l 7767a7w ﬁH—F:

y(w) =1lw"llo,  0(u) = lullo,  a(u) = minu(t),  ¢(u)=maxu(t),
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BER, BT R E R 2.3 T S

4 FRERKHEUHA

EEE 4.1 ﬁ&ﬁﬁﬁ'ﬁ &,b,c,d‘?ﬁi/@: O<a< b< gc < c<d, E.[Zl%[f ﬁﬁ/@:

(H1) Y (t,u,v,w) € (0,1) x (0,4] x (0,d] x [d, 0),f(t,u,v,w) < 2d:

(H2) Y (t,u,v,w) € [1,3] x [b,9] x (0,d] x [~d,0), f(t,u,v,w)> 292p;

(H3) ¥ (t,u,v,w) € [1,2] x (0,a] x (0,d] x [=d,0), f(t,u,v,w) < Ha.
M2, WA (1), (2) BV ZAEM ui,us,uz € P(y,d) W

y(u;) <d, Vi=1,2,3,

b < auy),

a < ¢P(uz), auz) < b,

P(ug) < a.

ST N1 e 2 ST

$—%. W T: P(7,d) — Py, d) REESEILT. W58 3.3 UKEIH 3.4, HF
WiE Vu € P(y,d), [[(Tw)"[|o < d.

Bue P(y,d), W [Jul] < d, BFLL [Jullo < 34, [[u'llo <d, |lu"[lo <d, TRX0<t<1
A 0<u(t) < 5d, 0<W/(t) <d, —d < u(t) <0, 456G %M (HL) W17: [[(Tu)"]lo =

Qoax fo (t,8)f(s,u(s), v (s),u"(s))ds = fol sf(s,u(s),u'(s),u"(s))ds < 2dfo1 sds = d.

B B {ue P(v,0,a,b,¢,d) : a(u) > b} # ®.

A u(t) =5b(t — 3t12), A u e P; FA, a(u)=u(l)=2b>1b, 0(u) =u(l) =
¢, y(u) = |[u"|jo = 5b < d, T4& {u € P(v,0,,b,¢,d) : au) > b} # .

F=H: iEWH o(Tu) > b, ¥ Yu e P(v,0,a,b,¢,d).

Vu € P(v,0,a,b,c,d), IR (H2) A 15

SR

<

t=1

oTu) =(Tu) () = /01 /01 G(t, $)G(s,7) f (7, u(r), ' (7), " (7)) dr ds
>/01 /01 tsG(s, ) f(r,u(r),u (1), u" (7)) dr ds

:i /01 /01 5Gl(s, 1) (7 u(r), o (7), u” (r)) dr ds

:ﬂ/o /01SG(S,T)f(T,u(T),u’(T),u”(T))des
4 /1 /1 $G(s, ) (r.u(r), o (1) " (7)) dr ds]
i/ /s s7f(7,u(r), (1), " (7)) dr ds

+//O ZSTf(T,u(T),u’(T),u”(T))deS}

1
=g
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71( 1 N 15
T 4\192 128

47 ! ’ "
T 1536 J, Tf(r,u(r),u'(1),u" (7)) d7

AT 3072b/ .
“1536 47 ), T

=b.

) /0«1 Tf(ru(r), o (7),u" (1)) dr

WA UERH o(Tu) > b, X VYu € P(y,a,b,d) X 0(Tu) >
Vu € P(v,«,b,d),

O(Tu) = ||Tullo = max/ / (t,8)G(s,7)f(T,u(r),u (7),u" (1)) dr ds

0<t<1

:/ / sG(s,7)f(m,u(r),u (1),u" (7)) dr ds
//s 7 F(ru(r) ol (7), u(7)) dr ds

_5/0 Tf(r,u(r),u (1), (1)) d,

a(Tu //Gts s, 7)f(r,u(r), v (7),u" (7)) dr ds

t=1

4

//ts sTf(r,u(r),u (1),u" (7)) dr ds

- Tf(T u(r), (), (7)) dr.

A 6(Tu) > ¢, B o(Tu) > & > 0.
EHH: EH 0ER(7, ¥, a,d), HXMEER v € R(v, v, a,d),¥(u) = a, W ¢(Tu) <
i%’ OER(’}/?’IZ)? a, d)a EH%#F (H2) 'T%

(Tu) :(Tu)(g) = /01 /01 G(t,s)G(s,7)f(r,u(r),u (7),u" (7)) dr ds

:/0% /01 5, 1) (7 u(r), ' (7), u (7)) dr ds
. / 1 /3 3 G ) f () (7). () s

/ / srf(rulr (T))dT—l—g-i/01Tf(T,u(T),u’(T),u”(T))dT

t=3

(32 + 136)/ 7f(ru(r),d/ (7),u" (1)) dr

15 64 /1 q
S35 %), T

=a.
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T EH 2.3 1) Avery-Peterson N3G 2B Al A, HHFE (1), (2) Z0H = IEM
FFIE.

5 fIFRKixEA

B 2% B A A

{ u@ () = f(tut),u/(b),u"(t), 0<t<l,
u(0) = u(1) = u’(0) = w"'(1) = 0,

Hrp
1 . 1 _1 1 _1 _1
Esmm—l—arctanmu 2+Ecos(v 2 +w 2), 0<u<a;
1 . 1 s 19 1 1 1

ft, u,v,w) = Esmt(l_t)+z(u—0.69) +Ecos(v 24w 2), a<u<b
%sinﬁ + 21.3119 + %Ocos(v_% +w™2), b<u< %d-

4 a=1.69, b=2, ¢c=100, d =200, BIR, AVF f(t,u,v,w) FEL=0,t=1, u=0,0v=
0, w=04%HR, HEE a.bc,dHBR0<a<b< ie<c<d TFHIGIERE f W EE
41 P — Y15

(H1) ¥ (t,u,v,w) € (0,1)x (0,100] x (0, 200] x [-200,0), f(¢,u,v,w) < 0.1+ T-1.3110+
0.1 ~ 132.95 < 400 = 2d;

(H2) V(t,u,v,w) € [3,3] x [2,100] x (0,200] x [—200,0), f(t,u,v,w) > —0.1 + % -
1.31% — 0.1 ~ 132.55 > 130.7 ~ 32p;

(H3) V (t,u,v,w) € [+, 3] x(0,1.69] x (0,200] x [-200,0), f(t,u,v,w) < 0.1+540.1 =
1.77 <721 = %a.

Tl B R 2 TFAE =B wr, vz, us R y(u) <12, Vi=1,2,3,
2 < afu), 1 < Y(ua), a(ug) < 2, P(us) < 1.
WEBA XA i ] B ST 2 i 45 3 30 & 1 Je AR 77 S R 07 IR AL (R IR

{ u@(t) = f(tut), ' (b),u"(t), 0<t<l,
u(1) = /' (0) = u”(1) = u"(0) = 0,

,ﬁ\:qjﬁliél: f(t,u,v,w) E t= 07 t= 17 u = 07 v = 07 w =20 ﬁ%ﬁ fﬁﬂﬁﬁ.m%iﬁﬂ/ﬁ%ﬁ
K, FI] Avery-Peterson N3l i i€ B ] 28 RIA5 HH H =N IEAEE LI 4512
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Existence of Triple Positive Solutions to a Class of

Singular Beam Equations with Corner and Bending Moment
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ZHAO JUNFANG

(C’ollege of Information Engineering, China university of Geosciences, Beijing 100083)

Abstract By applying the technique of Green function and a fixed point theorem due
to Avery and Peterson, we studied the existence of triple positive solutions for a class of

nonlinear fourth-order two-point boundary value problems:

u® () = flt,ult), o (t),u"(t), 0<t<L,
u(0) = /(1) = u”(0) = (1) = 0,

where the nonlinear term f(¢,u,v,w) is allowed to be singular at t = 0,t = 1,u = 0,v =
0, w = 0. In mechanics, the problem describes an elastic beam simply supported at left and
clamped at right by sliding clamps. Since the nonlinear term involve not only corner but
also bending arguement, main results are useful for the stability analysis of the beam. A

detailed example is given to validate our results at last.

Key words an elastic beam equation; positive solutions; singularity
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