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Abstract

The present paper deals with non-real eigenvalues of regular fourth order indefinite differential
operators. Bounds of non-real eigenvalues are obtained under mild integrable conditions of coef-
ficients when weighted function’s sign changes one or any time.
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1. 518

T L PR ESAEN T TR EAR NS —, AR T SO E L T A,
KT AR EL ) Sturm-Liouville ZAME A&, i B ML 5 %A 14 € 0 8 O 2 F E % B i B, m
ANTE v () 1 25 46 5 4 5 [ R AR R X o 9, ANE Sturm-Liouville 34 1] B SERFAEAE E R TE 5%,
B SCHE A 2 B AR SRFE{E - H 1918 4 Richardson $2 H! T 5¢ T Richardson 75 #2 JE SEAFIEE FOAFEPE[ 1],
AR Z S UG S I I S ALK Sturm-Liouville o SE SRR AR FIAH G i BE[2] [3] [4], SCilk
[S]145 HY T AE 2 B A 464 T IENA & Sturm-Liouville 344 10 B E SEASAEABE AR AE I FE 20 24, I35 T4
BRI HIAN AR 5 — ORI R 5 T AR5 AT B RN E SRR ) Ft o SCHR[6] 45 T 78 4500 1% 252 R AR BR ) 1 1 DA
JE Sturm-Liouville S il @ SERFAEAE A 5 o 1065 T DY B AN 38 120 55 15 0] R ) B e U AE L/, SR
[7145 H 1 DB AS 8 0oy S5 1 AR SERRIEAE ) 5

A & VYR AN E oy T R

y9 +q(x)y=2w(x)y,xe(0,) (1.1)

(
By, := y(0)cos6, — y"(0)sing, =0,
By, = y(1)cosd, - y"(1)sing, =0,

12
By, == y'(0)cosé, —y"(0)sin g, =0, (1.2)
By, = y'(1)cosd, —y"(1)sin6, =0,
yel,[01], 6,6,,6,,0,e[0m), Jrhq, woAScHmEL, L KE
w(x)#0,xe[0,1], gq,we L'[0,1], (1.3)
HARH w(x) 2E[0,1] B, Hrh 2 ZiliS 8. 4 L, [0.1] HEH A j|w|fg$unz¢&
If ||‘2W‘ = I:|W|| f| 4 Hilbert 53[7l.
é\
ry =y +q(x)y= Alw(x)|y.x(0,2). (1.4)

MI(1.1), (L2)FHRLHIAE i g (1.4), (1.2).

AR AE SCHR[S] A2 125 FE DU AN 58 Sl S RO R 0L, 4 R DR (1.1), (L. 2) AL B A AR
— NI R AT 28 S AT B K AR SRR AR A A
2. FEEE R HIER

ARE2.1 [7] NS E(1.1) (1.2)A eSS AEE, U E(1.4) (1.2) &/ — AR IEE

AFRR2.2 [7] S E(1.4) (1.2)An N RFEE, A R (1.1) (1.2) E 2 A 2n N E S AEE

4 2 ALY (L2)RIRAEE, ¢ RAHMFIRHE R EH. g, = j;|¢|2 =1, W ¢ 27 R (L.1) Bl Ak
f£(1.2). B
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#9 +q(x)¢ = w(x)g, 2.)
B, = By, = Bg, = B, =0. (2.2)

é\
[#] =max{[g].|¢.|¢"|: x < [0.1]}. (2.3)
5= min{ﬁ,%}, lal, = [al, N? = (cot )]+ |cot 6, + [cot ] + ot ) 4[F + ay. (2.4)

q
44 gy =max|a (x)| i 5& X2 0 =01, cotd =0, EEI(Z.4)53%[IOS5S% LA w(x) 20, FTEAAT3% & >0,
63

mesQ(gl)S%&Q(gl):{Xe[O,l]:Wz(x)Sgl}. (2.5)
523 X kg, H
[JoF <Ne. (2.6)
SN = (ot 0] +]cot ot « cote o+,
W 7ETRQA)MFAFENTEL G . RIS [04] E#AFRUY, Ft@2)uH
cot 8, |p(1)]" ~cotd,|¢(0)[" +cot b |¢ (0)| —cotd,|¢ (V) + [[|# + [, algf = 2] wig|’
imA=0, LisRartfe [wgf =0, Et

cot 6, |¢ ()" —cot6,[¢(0)[" +cot 6 |¢'(0) —cot, |# (1) + [ -0 @.7)

F(2.3)f1(2.7), w15
< (|cot91| +|cot 6,| +|cot 4| +|cot94|)||¢||i +0,.

SIE2.4 M i ¢, AEE— AN S X 1 <[01], Hrdrs, NYL(2.4), fE37E T L |p(x)|=

1 1 2
el <[ 5+l | 0
EM]: XHMERMKCEE § XA 1 < [0,1], HiCauchy-Schwarz A% H1(2.6), 3
(L) <fahlof <3, (28)

U x, <[0,1]3 2 (%, )| =[], 5+%5+%, T x e[0,1] Fl|x — x| < & I, W45

x . 1
L0¢‘SE

~lw

¢ (x)-¢'(%)| =

il
Lo Lo 1= (# (04" (%)) =9(x) =) - ' () (x~%,).
i1 (2.8) I 4%
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X X 1
600000 = [ 2101+ () (x50 -+l Jo @9)
ST RMER I x e [0,1] Ml [x—x,| <5, AR
1px " 1 5
J.o.[x0|¢|S§|X_XO|SE'
HE 5 07 3 761 =[%y - 8,% ] 5%, % + 5] Lﬁi‘cﬁ|¢(x)|2%o

riCauchy-Schwarz N5 f1(2.7), 152
, 2 1,02 1 2 2
(1161 < [T (5 +hole |
FLICARE & X 761 =[% - 6,% ] 5K %0, % +8] LA || s(%+||¢||cj 5.

EH25 Hiwe AC[0,1] , W, W e L*[0,1] . Y w, = max{|w(x)| ‘Xe [0,1]} ;W = ('[:|w’|2)]/2 , (J'Ol|w’|2)1/2

u

W

R, =(Jwl) 0 ALY ML 2 A

16 1
Re| s_w[wo ((Jcot ]+ cota, + [cot |+ ot + NE +Jal, ) + [E*""’"Gj
1
(N7 +(cot] + ot o )|

lIm 4| S%{W{%HWHC}%(N +(|cot | +|cot ) |4} )} (2.11)
S fETRRQIFLEN R wh , RIS E[01] EHEFRSY, HIE
B W g Ll w2 Pl =2l
h(22), #
w(1)|¢ (1) cotd, —w(0)|#(0)| cotd, —w' (1) d¢' (1)cotd, + w'(0) g (0)cot &,
~w(1)|¢' (1) cotd, +w(0)|¢'(0)| cotd, + [-w|g' + [ g'w'g + 2] g'wg' + [ walg[ = 4] w?|g|’

(2.10)

u

R w, = max {[w(x)|:xe[0,1]}, w, :(j;|w’|2)]/2 W, = (jol Z)M , 5| #2.3FCauchy-Schwarz /% X,

AT

W

‘w(1)|¢(1)|2 cot 6, —w(0)[¢(0)" cot 6, — ' (1) ¢ (1) cot 6, +w'(0) ¢’ (0) cot
~w(1)|¢' (1)|2 cotg, + w(0)|¢’(0)|2 cotd, + J.:w|¢"|2 + j:¢"w”(/7+ 2j01¢"w’5’ + J':Wq |4’
<W, [}, (|cot 6| +|cot g +|cot 8, | + |cot8,) +w, || (jcot ;] +|cot ] )+ woN¢

NG
+W2\/N7§+ 2W1\/N75 \/27 +Wo |-

[ (2.5) &, (17 3, A%

(2.12)
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I:WZ|¢|2251 I |¢| —g{j|¢| J. |]281[%5—mes(0(81))j2%515.

[01)\(2) [01] Qa1)

T H (2.12) 7] fn Im/l.[ w2 |g" <w (1) g’ (1)cotd, +w (0) g’ (0)cot 6, +j¢" ”¢+2j01¢"w'¢7 N ECE]
(2.10) (2.11), wEHARE.
FE R T, 25 8 w(x) RS — R, BIXE T %, €(0,1)
(x—%,)w(x)>0,ae.[0,1]. (2.13)

e, >0, 13
mesQ(gz)s%S, Q(z,) = {xe[0.1]:w(x)(x=%,) <&, ). (2.14)
SEE2.6 % (2.13)80r, MIxH(L.L) Q2R —ANAESRHEE A, A

Re /| S%mcot 6+ |cot 6, + 2[cot |+ 2cot 6, ) gl + 2] + N+l . (2.15)
2

16
|im 4| gmmcot 0, +[cota, )l + 2l | (2.16)

W fETREQ)MPHARMT, § . e [x 1] ERATRY, W
¢¢W|x_ ”x+-[x|¢”| +J-xq|¢| :lLW|¢|2,

(.2, A

[9(0) cotd, ~ 9" (x)~|¢' (U cot, + 49" (x)+ [[|#' + [alf = AJ, wlef",
FRAER3), H

(Jcot 6| +|cot gl ~ 9" (x)+ 9" (x) + [ + [;alof” = 2], wlgf", (2.17)
XF(2.17) 2 538 5 R 43 B9 45 2

ReA[ wlg[* <(|cotd] +[cotd ) |g]; +Re(dg" (x))+Re(d" (x)+ [ | + [ aldl" (2.18)
Im A [ wlg[" <Im(gg" (x))+Im(Fg"(x)). (2.19)
RSP [xg.1] LB5r, W17
[Re ([ (x=%)w|d[" =|Re 4|, [ w]¢[ 020
<(|cot 6| +[cot ) gl + 4 (1)cotd, + ¢/ (x,)+ [} ['1#'" + [, ['loll#["
1
[Re |} (x=x;)wlg” =[ReA| [, [wlgf" <(|cot,|+2lcotd,|)gl} + ¢’ (xo)+ . |o[" + ] [allgl"

[FIFE,  FEXS(2.A8)IPHILTE]O, %, | LR, AIfS
[ReA| [ (x—x, ) w|g[ =~[ReA| [ [T wlg|" <(jcotéy|+ 2[cota|)g]c + 4 (xo) + [0 + [, lalle "
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FEHR A (2.3) F1Cauchy-Schwarz A~ %5 . 15 5]
|Re 4| [ (x—x, ) w|g| <(|cot 6] +|cot 6, + 2|cot 6| + 2[cot 4, ) || + 2|y} + N+l (2.21)
AR T A B R, A(2.19) W] 15

i[5 wlof < ot + cotay . + 2 @22)

[F] i (2.14)H &, 5 X, %N

j:(x—xo)w|¢|2 >g, j |¢|2 :gz{ I |¢|2 B ,[ |¢|2ngz (%5_mes(9(gz))j2%€25-
[01] Q(e2)

[011(2)

FiH(2.21) (2.22) 1] 19(2.15) (2.16), & HAFIE,

e HE

B H AR 42(11661059), N 5 H SRR 5:4:(2017MS(LH)0103) % B .
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