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1 Introduction
Over the last several years, an increasing attention has been given to the oscillation theory
and asymptotic behavior of various classes of second-order and high-order differential
equations and dynamic equations on time scales [1-17]. So far, much research activity
concerns the oscillation problem of the third-order (TO) neutral differential and dynamic
equations [18-26]. Recently, the research focus has been shifted to the study of the TO
differential equations (DE) with distributed deviating arguments (DDA), and some results
can be found in [27-35].

Li et al. [3] investigated

b
(re)]z ]2 () + / q(t,6)|afg(t,6)]|" " x[g(t.6)]do (€) = 0,
where z(¢) = x(¢) + p(t)x((£)), 0 < p(¢) < pg < 0o and @ > 1 is a constant. Under the meth-
ods proposed by Li et al. [3, 20], Jiang and Li [30] studied the following equation with
DDA:

b
(r(®)|2"(2) |‘HZ”(I))/ + / q(t,)|x[g(t,6)] \a_lx[g(t, £)]do(§)=0, (1.1)
where « > 0 is a constant, and obtained several theorems for (1.1) whenever

/r‘al(t)dt:oo, or / ra (£) dt < oo
to to
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Furthermore, Elabbasy and Moaaz [31], and Wang et al. [32] examined a TODE with DDA
under the assumption 0 < p(¢) < P < 1. However, the obtained oscillation theorems cannot
be applied when p(¢) > 1. Then Tung [33] utilized a new technique, different from the
existing methods, to give some criteria for a TODE with DDA, when p(£) > 1.

The main objective here is to establish several oscillation criteria for the TO neutral
delay (ND) DE with DDA

b
Ey0) + / a(6,6)|x(e(6,€)) | x(g(6,£)) dor () = 0, (12)
where t > £y > 0,

Ex(0) = n(®)|E, (0| E}(2),
E() =n@®)|Z@)" 2 0), (1.3)

2(t) = x(t) + p()x(z (2)),

and a1, oy, and o3 are positive constangs. We assume that:
(A1) 7i(t) € C([to, 00), (0,00), [ r; “ (B)dt = 00, i=1,2;
(A2) p(t) € C([ty, 00),[1,00)) with p(t) # 1, and ¢(¢, &) € C([to, 00) x [a, b], [0, 00)) with
q(t, &) # 0 eventually;
(A3) 1(¢) € CY([to,00),R), T(£) <t, T'(t) > 0 and lim,_, o, T(£) = 00;
(A4) g(t,&) € C([to,00) X [a,b],R) is a nondecreasing function for &, which satisfies
liminf,_, - g(t,&) = oo for & € [a, b];
(A5) o(&) € C([a, b],R) is nondecreasing and the integral of (1.2) is taken in the
Riemann-—Stieltjies sense.
This article is organized in the following manner. Section 2 presents three lemmas to
prove our results. Section 3 establishes some new oscillation criteria for (1.2). Two exam-

ples finalize this article.

2 Some lemmas
For simplicity, we use some notations for sufficiently large ¢; with ¢; > ¢, as below:

a@)=gta), @©)=gtb),  d.()=max{0,dQ?)}

1 \® 81(t, 1) ar
e [ ()" = (S5)"

t
53(t,t1) =/ SQ(S,tl)ds, t>t.
t

Furthermore, assume that

(6)= — (1— 1 >>o (2.1)
PRO= o1\ pe i) ‘

1 (1_ S5 (=1 (®), 1) >>0
e\ p(r @ @)Ss (), ) ) T

(2.2)

pa(t)
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b

a0 - / a6, (g(6,€)) do (€),
b

a(0) = / a6, (g(6,€)) do ().

Lemma 2.1 Assume that (A1)—(A5) hold. Furthermore, let x(t) be an eventually positive
solution of (1.2). Then z(t) satisfies either

(I =z()>o0, Z(t) >0, Ei(2) >0, E,(¢) <0,
or
(I) =z >0, Z(t) <0, E(t) >0, E,(t) <O.
Proof From the condition of Lemma 2.1, there exists a t; > ¢, such that
x(£) >0, x(r(t)) >0 and x(g(t,f;‘)) >0, &¢€]la,b], (2.3)

for t > t;. Then (1.2) implies that

b
Ey(t) - - / 46,9 |x(e(6,6)|* 2(e(6,£)) do (€) <0, 2.4)

which means that E, () is nonincreasing and of constant sign, and Ej (¢) is also of constant
sign. We claim that E () > 0. To prove this, assume on the contrary that E}(£) < 0 and there
exists My, s.t. for t > t, > 1,

Eg(t) <-M; <0.
Then

/ My \ @
|E1(t)|z(r2—(;)) > 0. (2.5)

We integrate (2.5) to get

Lot/ 1 \®
E\(t) < Ei(ta) - M;? < ) ds.

o \72(s)

Letting ¢ — oo and from (A1), we obtain lim;_,» E1(t) = —0o. Then there exist constants
M, and t3 > ¢, such that

Ei(t) <-My<0, t>t3,

which yields that

’ M2 %
|Z (t)| > <r’1—(t)> > 0.
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Integrating the latter inequality from #3 to ¢, we have

z(t) < z(t3) —MZ'JTl (%(s)) " ds.

We use (A1) again to have lim,_, o, z(£) = —oo, which contradicts z(¢) > 0. Hence, E;(£) > 0
for t > t;, and z(t) has properties (I) and (II). O

Lemma 2.2 Assume that (A1)—(A5) and (2.1) hold. Furthermore, suppose that x(t) is an
eventually positive solution of (1.2) and z(t) has property (1) of Lemma 2.1. If

/t [,ﬂliu) / (l”ztv) / q1(s) ds) = dv:| "= 00, (2.6)

then lim;_, o x(£) = 0.

Proof One can see that (1.3) yields (see [33])
2(z7'0) =x(t7 @) + p(r7H(@))x(2),

which can be rewritten as

2(z71(9) 27 (7' @)

— 2.
210 R D) (27)
> p1(0)z(x7 (1)) (2.8)
Combining (2.4) and (2.8), we get
b
Ey(t) < —/ q(t,6)p? (g(t,€))2 (7' (¢, §))) do (§)
<-q1()z2% (17 (2(2))), (2.9)

based on the fact that z'(¢) < 0 for ¢ > £;. Since z(¢) has property (II) of Lemma 2.1, one gets
limy_, o0 2(¢) = [ > 0. We claim that [ = 0. Indeed, if we assume on the contrary that [ > 0,
then there exists £, > #; s.t. T 71(g2(t)) > £, and z(t (g2 (£))) > [, ¢t > t,. Inequality (2.9) then
yields

Ey(t) < =1%q(0). (2.10)

We integrate (2.10) to get
o0

) (E, (1) = 14 / 01(5)ds,

t

which indicates that

, o3 [} %
El(t)z(rz(t)_/t ql(s)ds> . (2.11)
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Integrating (2.11) from ¢ to co, we have

_El(t)zlg_g/ (ﬁ/ ql(s)a’s)m2 dv,

and then

0= 55 [ [ T ds) ]
@z [rl(t)/t (rz(v)/v ql(s)ds) dv] !

since Z/(£) < 0 for ¢ > ¢,. Integrating the latter inequality from ¢, to oo, we get

a3 O] <71 o0 w e
Z“Q’””fm [m(u)/u (T/ ‘11“’”’5) ”’”] e

which contradicts (2.6). Thus, we obtain [ = 0 and lim,_, o, x(£) = 0, since 0 < x(¢) < z(¢). O

Lemma 2.3 Assume that (A1)—(A5) and (2.2) hold. Furthermore, suppose that x(t) is an
eventually positive solution of (1.2) and z(t) has property (I) of Lemma 2.1. Then for t >
tl > tO!

[@ (O ©)™)) ] + 02 (7 (a1(8)) < 0. (2.12)
Proof Property (I) of z(¢£) yields

Ex(6) = n@0)((n(0)(Z©)™))™ > 0.

1

Applying the monotonicity of Eza_2 (¢) gives

n®(Z®)" =nt) (7 (@)™ + / r ONEEE))

" s (s)
> 81t 1), (8)(n (O (2(8)™) . (2.13)

It can be seen from (2.13) that

(h(t)(z/(t))‘“ ) <0,
81(t, 1)
which, together with r1(£)(2'(£))* > 0, yields that z(£)/8,(¢, ¢1) is nonincreasing for ¢ > ;.
Therefore,
toZ(s) 83(t, 1)
t)=z(t1) + | ————8(s,t1)ds > Z(¢), 2.14
2(t) = 2(t) / s s> ML) (2.14)

which leads to

z(t) \
<83(t, l’1)> <0. (2.15)
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Then for t > t, > t1,

S (71 (0), t)z(r (1))
83(t71(2), 1)

Z(t_l (r_l(t))) < , (2.16)
due to T71(¢) < t71(z71(¢)). Substituting (2.16) into (2.7), one has

x(8) = pa(D)z(z (1)),

which leads to
x(g(6,€)) = pa(g(t,8))z(x (&1 (1)) (2.17)
Combining (1.2) and (2.17), we obtain (2.12). |

3 Main results
We respectively consider two cases g;(¢) < 7(£) and g;(t) > t(¢) for t > . Now, we begin
with the first case.

Theorem 3.1 Assume that (A1)—(A5), (2.1), (2.2), and (2.6) hold, and g,(t) < t(t). If there
exists p(t) € C([ty, 00), (0,00)) s.t.

lim sup /tl:p(s)qz(s) (M)as

t—>o0 83(s,t1)

AP, ()21 } i
= 00,

T (p©)y(8)82(s, 1)1 (3.1)

for ty and t, with t, > t; > ty, where

1
10 ajap 1 oo+
)\, = )
o3 o100 + 1

a3 _
" my (83(t, t1)) @12 Y my is any positive constant, if a1y > o3,
)/ =

my, My is any positive constant, ifoiog < as,

then every solution of (1.2) is either oscillatory or tends to zero.

Proof Suppose that (1.2) has a nonoscillatory solution x(£). We may assume that (2.3) holds
for t > t; > ty. So we have that z(¢£) is positive and satisfies the two properties for ¢ > ¢;.
We first consider property (I). Define w(t) by

ot) = o0 rz(t)((i’l(ztgi?;()t))a‘)’)az > (3.2)

Then w(¢) > 0 and

W' () = p'(8) (&) ((r1 () (2 (£))*1))*2 v o(6) |: [r2 (8 (r1 (D) (2 (£))*1))22]

z%3(1) z%3(1)
B asrz(t)((rl(t)(Z’(t))“l)’)"ZZ/(t)}

Zoc3+1 (t)

(3.3)
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_ P [r2(D)((n () (£)*1)")*2]
=20 w(t) + p(t) 23(0)

r () ((n @) )"))*22 )
—a3p(t) 2571 (8) .

(3.4)

Based on (2.12), we have

[ (O ((r (D) ()*1))*2])

25(0) (3.5)

-1 0%
< —qﬂt)(%) .

Since g1(t) < t(¢), we get T7(g1(¢)) < t. Applying (2.15), we obtain

2N @®) & @) h)

z(t) - 83(8,t1) (3.6)

From (2.13), we have
2(0) = 8206, 1) (0 (n (O (£(0)™))™2) 2. (37)

We combine (3.4)—(3.7) to conclude that

o0 = 20 o0 - P(t)fb(t)(
o(t)

Sa(t,t1) o3 _ 1
_mzaliz Lwaa L (p). (3.8)

_1
pee2 (£)

33(T_1(g1(t)),t1)>a3
83(t, 1)

a3
Next, we will compute z*1%2 1(t) and consider the following two cases:
Case (i). Assume that oy > a3. Since z(£)/83(¢, t1) is nonincreasing, due to (2.15), there

exist constants /s1; > 0 and £, > #; such that

z(t) - z(ty)

=h, t>t,
S(t,t1) ~ Sstat) 2
and
%3 %3 g
ze1e2 " (8) = my (83(, 1)) 12, (3.9)

a3
ajay

where m; = I

Case (ii). Assume that oy < a3. Since zZ'(£) > 0, there exists /5 > 0 such that
z(t) > z(t1) =hy, t>1,
and

e T
zaa () = m, t>t, (3.10)
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a3

@3
where m, = h,"** . We combine (3.8) with (3.9) and (3.10) to have

) P, (8)
o'(t) < m

_ Mwﬂfaz ). (3.11)
P19 (t)

83(t M@ (2)), t1)>0[3

wl(t) —p(t)@(’f)( 83(t, )

By using the inequality (see [18])

o o +1
1. o B
Bu—-Au«™ <

", A>0, 3.12
= o+ 1)l A g (312)

where

g PO @@

) o =010, U =(,()(t),

o) P (1)
we obtain
‘(¢ 08, (6t) L,
P )w(t)— a3y ( )1 2 1)60&1{12 0
P(t) 09192 (t)
- ( a1y )&10{2( p:_(t) >a1a2+1
“ \azp()y ()82t 1) aron +1
A(p) (1)) 142+
= . 3.13
(0@ b2 (6,07 (313
We combine (3.11) and (3.13) to conclude that
, 83( (g1(1)), tl))a3 Aol ()12
w (t) <—-plt t + .
0=l )< 53(0,11) (PO (056, 11))%
We integrate the latter inequality to make
/t[p(s)q (S)(Ss(fl(gl(S)), tl))a3 _ Mpys)meatt :|ds
N M 83(s, 11) (p(5)y (5)8as, £1)) 12
< o(t) - o(t) <w(t),
which contradicts (3.1).
Secondly, we investigate property (II) and deduce lim;_, o x(¢) = 0. O

Theorem 3.2 Assume that (A1)—(A5), (2.1), (2.2), and (2.6) hold. Furthermore, suppose
that g1(t) < ©(t) and o 0y = az. If there exists p(t) s.t.

. ¢ St Ha(s), 1)\ ™ 0,(s) B
s | [ oaso () - .

for ty and t, with t, > t; > ty, then we get the same conclusion as in Theorem 3.1.
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Proof Suppose that (2.3) holds for t > t; > £;. Then z(¢) satisfies the two properties.
We first consider property (I). From (2.13) and (2.14), we have

Pt 83 (t’ tl)
rmw(wz(&hh

(¢ t1)
<83(t: tl)

) n@® (@)

v

&mh) 81(t,t1)ry> () (n (O (2 (0)™)',

and
23(t) > (83(6,0)) (@) ((r (O (2 () ™) ") ™. (3.15)

Define w(t) by (3.2). As in the proof of Theorem 3.1, we get (3.3). Since Ex(¢) > 0, (3.3)
indicates
ra @) ((ri(8)(2(£))*1))*2 [ra () ((r1 (£)(2 (£))" )/)"’2]"

@O =P 0T M 2500

Combining the latter inequality with (3.5), (3.6), and (3.15), we see that

P, ()

0= G emr

_ p(ﬂ@(t)(M) |

83(t’ tl) (3.16)

An integration of (3.16) from ¢, (t, > t;) to ¢ leads to

f B @)L\ o)
[ [ (R - S s <) ot <ot

for all sufficiently large £, which contradicts (3.14).
Secondly, if property (II) holds, then lim;_, » x(¢) = 0. (I

Theorem 3.3 Assume that (A1)—(A5), (2.1), (2.2), and (2.6) hold. Furthermore, suppose
that g1(t) < ©(t) and ay0p = a3 > 1. If there exists p(t) s.t.

imsup [ (2 @A)

t—00 83 (Sr tl)

(0,(5)? Jac-co

_ (3.17)
dor3 p(s)y (8)8a(s, 11)(83(s, £1))3 1

for t; and t, with t, > t; > ty, where y(t) is given in Theorem 3.1, then we get the same

conclusion as in Theorem 3.1.

Proof Suppose that (2.3) holds for t > ; > £,. Then z(¢) satisfies the two properties.
We first consider property (I). Proceeding as in the proof of Theorem 3.1, we get (3.11),
and

’(t)
p(2)

2 1
~ agy(t)c‘igl(t, L) (t)walaz—l . (3.18)
p 1%z (£)

o'(t) <

-1 s
() = p(q(t) (M)

83(t, 1)

Page9of 16
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From (3.2) and (3.15), one has

I O e e
w6 = p <t>< o )

> o () (8(6, 1)), (3.19)

We substitute (3.19) into (3.18) to see that

, pL(t) _ St M@ (ﬂ)»ﬁ))aa
w'(t) < o0 o(t) p(t)qz(t)(—as(t, m
3 aszy (t)8(t, Zzt(;sg(t, t1))a3_1 a)2(t),
from which one gets
, B 83(t (g1 (1)), tl))a3 (0 (1))
o'(t) < p(t)th(t)( 5(0.00) + 20300y D26 1) b 1))

by completing the square with respect to w(t). We integrate the latter inequality from ¢,
(t2 > t1) to t to obtain

t 83(t (g1 (s)), 1)\ *
/tz [p(s)qz(s)(—ss(s,m )

~ (0, (5))?
dor3 p(s)y (5)82(s, 1) (83(s, £1))*3~1

] ds < w(t),

for all sufficiently large ¢, which contradicts (3.17).
Secondly, if property (II) holds, then lim;_, o x(¢) = 0. O

Next, we consider g;(¢) > t(¢) for t > t.

Theorem 3.4 Assume that conditions (A1)—(A5), (2.1), (2.2), and (2.6) hold, and g,(t) >
©(t). If there exists p(t) s.t.

. : Mo, ()21 i
imsun [ 606~ o ) = (320
for ty and t, with t, > t; > ty, then we get the same conclusion as in Theorem 3.1.
Proof Suppose that (2.3) holds for ¢ > £; > £,. Then z(¢) satisfies the two properties.
We first consider property (I). Define v(¢) by
_ n@O(n(OE@)"))
v(t) = p(t) #(00) , >t (3.21)
Then v(¢) > 0 and
i @O () (2))1))* [r2(O)((n @) (£)*1))*2]
PO PO k) T (t)[ 2 (2(0)
a3ra () ((r1 (1) (Z'())*1) )2 (2(x (£)))
_ o ] (3.22)

Page 10 of 16
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p'(2) [ (O)((n @) (©)1))*]
V() + p(t) 12 (0)

r(O)((r (D' @)"))*2((z ()
23+ (z (1)) '

—azp(t) (3.23)

Since T71(g1(¢)) > £ > t(¢) and Z/(¢) > 0, we have

A @) _

@) S tEh

which indicates that

() OF )Y )Y
(e ) < -0:(0), (3:29)

due to (2.12). Based on (3.7), E5(t) <0 and t(¢) <t, so one has 7(¢) > ¢; and

(2(c®)) = 82((0) 1) (O (MO ©)™)) )7, (3.25)
for t > t; > t;. Combining (3.9), (3.10), (3.23)—(3.25), we conclude that

P,(£)
p(t)

~ agy(r(t))182(r(t), t) g 1p). (3.26)
p*1e2 (t)

V() <

v(t) — p(t)q2(2)

Using (3.12) and (3.26) with

0,(t) A azy (t(1))82(z (1), 1)

B= ’ 1
pl) P (1)

’

one gets

Mo ()2
(0@ (2()8:(e ), )%

V'(t) < —p(t)qa(t) +

Integrating the latter inequality from ¢, to ¢, we have

! Ao/, (s))xre2+! ]
— d s
P00~ G et s | =

for all sufficiently large ¢, which contradicts (3.20).
Secondly, if property (II) holds, then lim;_, o x(¢) = 0. O

Theorem 3.5 Assume that (A1)—(A5), (2.1), (2.2), and (2.6) hold. Furthermore, suppose
that g1(t) > ©(t) and oy = as. If there exists p(t) s.t.

. : PLs) i
hirisolsp ,/;* [,o(s)qz(s) - m] ds = o0, (3.27)

for ty and t, with t, > t; > ty, then we get the same conclusion as in Theorem 3.1.

Page 11 of 16
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Proof Suppose that (2.3) holds for t > t; > £;. Then z(¢) satisfies the two properties.

We first consider property (I). Proceeding as in the proof of Theorem 3.4, we get (3.22),
which implies

rO)(n@OE@*))* | o) [ (O O @) ))=]

V'(8) < pl(2) 23(2(2)) z%3(z(t))

(3.28)
Applying (3.15), the monotonicity of E;(£) and the fact that 7(¢) < ¢, one has 7(¢) > ¢; and

23(2()) = (85(z(8), &) *rn (O ((n O (Z 1)) '), (3.29)
for t > t; > t;. Combining (3.24), (3.28), and (3.29), one gets

P,()

0= GE o m)

— p()qa(t). (3.30)

Upon integrating (3.30) from £, to ¢, we obtain a contradiction to (3.27).
Secondly, if property (II) holds, then lim;_, o x(¢) = 0. (|

Theorem 3.6 Assume that (A1)—(A5), (2.1), (2.2), and (2.6) hold. Furthermore, suppose
that g1(t) > ©(t) and ay0p = a3z > 1. If there exists p(t) s.t.

) g (0, (5))?
fim sup / [p (42 = o 56y (L) (), £) 3 (e ) ) T

:|ds=oo,

for ty and t, with t, > t1 > ty, then we get the same conclusion as in Theorem 3.1.
We omit the proof of Theorem 3.6 here, since it is similar to that of Theorem 3.3.

4 Examples

The following examples are given to show the applications of Theorems 3.1 and 3.5.

Example 4.1 For t > k; > 1, consider a TONDDE with DDA

k1+1 1 % 1
E;(t)+/ 10(t+$)x(t—k1—g> x(t—k1—§> dg =0, (4.1)

k1

where

B0 = |E,®| E®),

E0) =t~ k)| 2,

4t +5
2t) = x() + 2t ky).

t+1
Letoq=1/3,a2=5,a3=7/3,a=k1,b=k1+1,r1(t)=t—k1,r2(t)=1,t(t)=t—k1,g(t,$)=
t—ki—-1/&,0(8) =&, p(t) = (4t +5)/(t + 1), q(t, &) = 10(¢ + &). Choose fy = t; = k1. Then we
obtain a0y < a3, 4 < p(t) < 5,

1
a®)=gt,k)=t—-k - P
1
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81(t, 1) =81(t, ki) =t — Ky,

st k)
82(t; tl) = < i( kl)) = 1’
— K1

83(t, 1) = 83(t, ki) =t — Ky,

83(t71 (1), 1) = 83t + ki ki) = ¢,
83(r (=
33('( (gl(t) ) 83<t—kll k)—t kl—l.

ky

t)) lfl) 53(t+2k1,k1)=t+k1,

Furthermore, we deduce that

k1+1
ql(t)>/ 3 10(+e)de

3 3( 1)
=—|t+hki+=-),
o 20 2 2

ki+1 1
q2(t)>/k 1_0'10(t+§)d§=t+k1+§.

1

It is easy to verify that

Pl [ o) o]
>/koo|:u_1k1 /M‘X’</V°° z(s+k1+ _)ds)%dv:rdu

= 0Q.

Therefore, conditions (A1)—(A5), (2.1), (2.2), and (2.6) hold, and g;(¢) < t(¢). We choose
p(t) =tand t, = ky + 2. Applying Theorem 3.1, it remains to check (3.1), where

5 3 3 H
)" = - = .
() )
Then we get
/t[P(S)q (S)(w)a3 _ (o, (s))re2+1 :| ]
s 2 83(s, t1) (p(s)y (5)8a(s, t1))™12

t s—ki—E\5 ()53
>/ |:S<S+k1+l>< : kl) —(7) (82 j|ds—>oo,
ki +2 2 s—ki 3

(mys)

. t 5 . .
as t — 09, since fk1+2 573 ds < 0o. Hence, we get the same conclusion as in Theorem 3.1.

Page 13 0of 16
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Example 4.2 For t > k; > 1, consider a TONDDE with DDA

) kil g0 | (t+EN|? [t+E
Ez(t)‘l' o Tx<T> x<T>d“§ =0, (42)

where [ is a positive integer,

Ex0) = |E,0)| 3B, (@),

Ev(t) = (¢t~ k) |2 (0)]*Z (),

5t+4k, [t
z(t) = x(t) + Py x(§>

Leta1:9,a2:1/3,a3=3,a=k1,b:k1+l,r1(t)=t—/<1,r2(t)=1,a(§):§,

t

5t + 4k
t)=— [ —
@ 2

408
t+ kl '

t+&
g(t,€) = — p(t) e

) q(t’%_) =

Choose ty = t; = k1. Then we have ooy = a3, 4 < p(£) < 5,

t+ k1
2 ’
83(r7H(t), ) = 8328, k1) = 26— Ky,

ag(l'_l(f_l(t)),tl) = 53(4t,k1) =4f — kl,

t t t
83(z(t),t1) = 53<§rk1> =3 — k1> 2

a1t) =gt k) =

where t > t; > 4ky, §1(¢, t1), 82(¢, 1), and 83(¢, £1) are the same as in Example 4.1. Further-
more, we deduce that

©s1(1-1) 23
>=1->)==>0,
o= e\t 72 ) T 20

1 1 4t-k 1
pa(t) > = 1—1- >— >0,

5 20—k )~ 20
kitl 3 40¢ 6kil+ 3017
t — . 2 dg=——,
mo>Al =
ksl 1 40¢ 2%kl + 12
t — . 2 de= .
@U>A = :

Clearly, (2.6) holds. Choosing p(t) = t? and t, = t,, one has

! p.(s)
.AP®@®_@F®ZWJ“

¢ 2
>/ I:s2-2k11+l —?—Sg]dsaoo,
ty N (_)

4

as t — 0o, which means that (3.27) holds, and all conditions of Theorem 3.5 are satisfied.
Hence, we get the same conclusion as in Theorem 3.1.
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