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I. Consider the fourth-order nonlinear differential equation

ve o

xV(t) + ax"77(t) + bx"(c) + ox’(t) + h[x(t)] = p(t), (%)

where a,b,c €R* are the constants with ab > c,h(x)e Cl(-oo,+oo),
h’(x) < 0, h(0) = 0. Let positive constants H and P exist for
the functiors h(x) and p(t) € C(-o00,+00) such that the inequali-

ties
[l v, Ip(e)] e , (2)
hold for all t,x € I = (-, +0) with

lim inf Jh(x)| > P.
Ixl =0

Using the method introduced in [1] and Yoshizawa’s converse
theorem [2, p.107], it follows immediately (see the final re-
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mark in [1] and cf.[3]) from the results of [4] and [5] con-
cerning our equation (1) that the existence of a solution x(t)
to (1) is guaranteed such that

in supx(3) (1)l £ 0 (3=1,2,3), (3)

lim sup|x(t)l < o and 1
tsm t+ ®

whereD1=H"'P D2=g-(-ﬂ-gtﬂ,03=wo
c

?
a
Moreover, it can be proved quite analogically to [6] that this
(bounded) solution x(t) either oscillates or

lim x(t) = 1im x(3)(t) =0, 3 =1,2,3. (4)
t+00 t®» 00

We will prove (in the analogy to [7]) that under
t
J' |p(T)|dT &P, for all t 20 (5)
0.

such a bounded solution x(t) of (1) jointly with its deriva-
tives x(J)(t), j=1,2,3, satisfy

<3 (t)e L, €0+ ), 3=0,1,2,3, (6)

This is the aim of the first section.

Hence, multiplying (1) by x(t) and x({3)(t), j=1,2,3,
successively and integrating the obtained identities by parts
from a suitable T 2 O to t 2 T, (cf.(3)), we receive

7T = xTT(E)XT(F) ¢ ax T (E)x(T) + bxT(T)X(T) -

t ot t
- -Z-X'z(f) + %Xz(r)] +j X"z(t‘)dt - bf x“2(7)dT =
Tx Tx Ty
t
=J [p() - h[x(D)]] x(T)aT ,
TX
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[x" 7 (m)x" (%) -

t
-aj
T

X

[.X"’(t

_J; 0re2
2%

t
- C f X
T

X

)%

(t) + gx

1

*2(7)dT +

(T) + 5x

x"*2(T)dT =

'Z(T)dl' -

”2('1') "

t
3
A

X

,02

t
‘[r [r(T)

X

'2(1') + cx’

t

l [P(D)

X

respectively. Denoting

(T) + 5% (‘t)]

ax”(T)x(T) +-x (T)]

T

t
x2(2)dt = | [p(T) - h[x(D]]
T

X
t t

_ f "’Z(T)d

X TX

T

- h[x(r)]]x”(r)dt '

t

j o2
+ a

T

X X

(T)x"(T)]
.

- h[x(m]] x*"(T)dT

X

x’(7)dT ,

T +

(T)dt -

D (T, t) = [x"(D)x(T) - X (T)x(T) + ax"(T)X(T) -

DI(T,.t)

D5 (Ty )

D3(T,,t)

un

2 x2(1) + bx"(T)X(T) * 3 <2 (7]

[ e

[x""(r)x”

1 -—42
[Z x

t

Tx

x7(T) - 2RI+ ax” (DX (T) + 2x"2(1)
t
x(T) + 5 XA+ 5 x7H(1)] :
:
X
t
(T) + 3 %21+ xT(OXD]|
.
X
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we arrive at the following system

t t t
- b i x“2(7)dt +.f x“2(1)dT = £ [p(m) - h[x(T)]] x(7)dT -
X TX X

- D (T, t)

t
cj x"2()dt - aj x* (1)1 i [p(T) = h[x(D]] x"(m)at -
TX TX X

- Dy (T, t)

t t P
bJ' x*“2(1)dt -f x***2(1)dt =f [p(r) - A[x(D)]] x"*(7)dT -
TX Tx TX

- D (T, t)

t t A
c I X"Z(t)dr + a f xoooz(r)dr = f [p(f) - h[x(t)]]x"o(r)dr -
Tx Tx Tx

= D;(Txut)

t
for the integralsf x(j)z(r)dr , J=1,2,3, and consequently
T

X

t t
f x*2(1)dT = - ;51-_-5U p(T)[ax(T) + x*(7)]dT -

Tx Ty

t t .
- ai h[x(r)] x(T)at -f h[x(r)]dx('[)} + KI(Tyat) o
X TX

t

t
f xuz(.‘.)dt = - 351__3{] p(t)[cx(t) + bx'(T)]dT -
T

X TX
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t t
cf h[x(T)] x(z)dT - bf h[x(‘t)]dx(t){ + K{(T,,t)
T

TX X
or
t t
f x*“2(1)dt = ;5175“ p(T')[_ax”(t) + x'”(r)]dr -
TX TX
t ‘ t
- af h[x(z)]x"*(r)dv -f h[X(t)]xu.(r)drg +
T T
X X
+ Ko (T ),
t t
j x* 2 (T)dT = gp {f (D) [ex""(7) + bx""(m)]dr -
TX TX
t . t
-c f h[x(t)]x"(t)dt -b f h[x(T)]x"’(f)df} +
TX TX
+ Kg(Tyot)
where
Ko(T,ot) = 'a‘bl—-'c‘ [eD5 (T, t) + DI(T,.1)]
~§;
K{(Tot) = zp— [eD](T . t) + bD; (T, s t)]
K5(Toot) = = =p—z [8D5(T,0t) + D3(T,.1)]
K3(T,ot) = = zp=s [eD5(T,,t) + bO3(T ,0)] .

Using the Schwarz inequality, we come to the estimate

i t
[f hix(o)] x 3 (ryar | = | hxn)]xH31)(x)
T

X Tx

€9



t t
-J h [x()]x"(1)x3™) (ryar | ¢ ]f h [x(o)]x (0)x 3 (ryar |+
T T

X X
t

t t
l s H"/} x'z(t)dl'j x(3-1)2(mydr +

Tx Tx Tx

t
|, 3=2.3 )

T+

¢ [nxm]x3

o | n[xe)]x3) (1

with a suitable positive constant H® and [cf.(2)]

s

t x(t)
\J' h[_x(r)]x'(r)dtl =lj h(s)ds | Hlx(t) - x(T,)] (7.1)
Tx X(Tx) for j=1 ,

t
h[x(t)]x"(T)dT =J‘ h'[x(f)]x'z(t)dl' - h[x(0)] x"(7)
T

X X

St

t
<

]
I

t
_'r |h'[(r)]] x“2(T)dT - h[x(T)]x"(7)

TX . . Tx
fnxo]x (o) | | (7.2)
T
X
Furthermore, we have [cf.(5)]
t ) t
[ reox @ @arl 2 [ [omxD o]t 2 op, (8)
T T
x x (i=1,2,3)
and
t t
If pcrix(ryaz] ¢ [ 1ex(n|at € p (8.1)
T T
x X for te<Tx,t>, where M = max|x(t)].

te(TX,t)
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It is evident that

D;(Tx,t) b DS(TX)S I for t -+ ® (j=0,1,2,3) (9)
with respect to (4), and consequently KE(TX)G I for t » @ as
well.

Now, using two first identities from above and (7.1),
(8), (8.1), (9) [h"(x)<0 = h[x(t)]x(t) £ 0 for all te I,
= {0,+ )], we get immediately the estimates

t
J' x*2(r)dt $ 'EEJi'E{Hﬁ + P (aM + Dl)} + K] = Ry
A

X
and
t
J' x"“2x(r)dt $ -‘;E%:E{cHF«T + Po(cM + bnl)} | K{] s= Ry
TX
where M = |x(t) - x(T )|, so that x7(t), x""(t)eL, {0,+ ®).

Hence, in view of this and (7), (7.2), we obtain from the third
identity the estimate

t
e o2 < 1 . ~ a

J‘ x (r)dr = m{Po(ch + bD3) + H'b RyRy + Hy + H, +

T

x kgl =Ry
t
where F = Inx(e)x3 )| | . s=t,2, so that x"“*(t)e L, o,
Tx
+®) as well. ¢
It remains to show that‘f xz(t’)dtst {0,+ m).
Tx

As mentioned before, it can be proved quite analogically to
[6] that under our assumptions
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either lim x(t) = 0 or lim inf[x(t)] = 0<lim sup[x(t)|<
ts 0 t+ 0 t+ 00

can appear.

First of all we will prove that lim x(t) = O, only. (10)
t+o

Assume on the contrary that

lim_sup|x(t)| > O . (11)
t+ @

Multiplying (1) by x(t) and integrating by parts again from
Ty totott T, » We arrive at the identity leading to

“

t t
lim supj lh[x(r)]x(z)ldr $ lim sup U p(T)X(T)dT +
t900 T t @ :

X TX

t t
. bJ «*2(1ydt _! x*“2(r)dt - D;(Tx,t)} £ P, lim sup|x(t)| +
T T t+00

x x
+ bDy + D, + DJ £ . (12)
Therefore it must be not only lim inf]x(t)| = 0, but with
tym

respect to (11) (for more details see [6]) lim sup|x“(t)| =
t»00

as well, a contradiction to (3). Thus, (10) is true, only.

Since
1 L0 | gin BIGOXT(E) L ohe0) s - ¢ o,
t+» oo x(t) t»m x-(t)

with a suitable £ > O [just according to (10)], and consequent-
ly

hix(t)l |2 € fort 2T . (T, - a great enough number),
x(t) 2 x X

we get finally
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@ [oe]
£ f 2 (t)dt & T l‘[—’;%%" | 2()ae = J [nxce]x(o)] et < @
TX TX

with respect to (12).

Now we can summarize all the above investigations into
the following

Theorem 1. Under the assumptions
(i) a>0, abdc >0,
(ii) 0)ph’(x) for all x&I with h(0) = 0 ,

(iii) P < lim 1nflh(x)l 3 lim sup|h(x)| < @,
|x]=+® | x|+

t
(iv) 1im sup Jllp(t)dt[< © (lim sup|p(t)] & )
tayo 0 t>o
there exist a solution x(t) of (1) satisfying (6).

II. Now, consider the fifth-order differential equation

xv(t) + axtV(t) + bx"T7(t) + cx”(t) + dx“(t) + h[x(t)] =
= p(t), T (13)

where a,b,c,de R* are contants with ab > c, (ab-c)c > azd and
the same assumptions concerning the functions h[x(t)], p(t)

are valid as for (1), i.e. (2), (3), where moreover j = 1,...
«es,4, so that

b, = H a P, o, = 2(Hc+ P), o, = 3(Hb+ P), o, - 4(Ha+ P),

and (4), (5), (6) for j =1,...,4.

Let us note that the existence result as the one for (1)
is true also here by the same reasons and that is why we pro-
ceed directly to the verification of the analogy to (6) with
j=0,1,...,4. Hence, multiplying (13) by x(t) and x(3) (t),
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j=1,...,4, successively and integrating the obtained identi-
ties by parts from a suitable Ty 20tot?2 T, (a sufficiently
large number again), we receive

oo

V0% (1) = x770x(r) + 5 xR+ alxT (o)X -
- xTDXT(E) + b(xEIX(E) - 5 x"E(D)) +

t
+ ex*(T)x(T) - g x2(1)]

t .
+ aJ‘ x"z(t)dt -
T

X X

T

t t
- cf x“2(T)dv = f [p(T) - n[x(D)]] x(T)dT ,
A

X TX

ceos

X (T)x"°(t) + a(x

eeoe

xMViryx (1)

(DX (1) - 2 x"2(1)) +

t
2

+

t
+f x'”z('[)df -

X X

oo . c .
bx”“(T)x"(¥) + £ x"5(7)]

- b

—

t t
x**2(r)dT + df x*2(r)dt = j [p(r) -
T T

X X X

h[x(o)]] x“(o)dt ,

x“7%(1) + ax

"'(r)x"(r) + g x;'2(r) +

t t
- ai x“*2(g)dr + cf x"2(t)d1‘ =
T

X X X

[XIV(t)x“(t) _

N

t
d _.2
+ 2 x (0]

T

[p(r) - h[x(D]]x""(v)dT ,

X

——
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t

[gIv(t)x"'(t) + % x"'z(t) + % x"z(t) + dx"(t)x'(t)] -
.
t t X
I . z(t)dt . b,f x"'z(t)dt _
TX TX
t t
- di x““2(t)dt =f [p() - h[x(D)]]x"""(1)dT ,
X TX
(21 2(0) + 2 x7772(r) + ox”TUDXT(R) ¢ d(xTT(DX(T) -

t t

t
+ a f xIV 2(rydt - C.f x**2(7)dT =
T

T
X X X

1 _-.2
-5 X))

T

t
=‘f [p(7) - h[x(t)]]xIV 2(rydr ,
T
X

respectively. Denoting

(T, t) = [X™V(o)x (1) = x""(D)x"(T) + % x“*2(7) +
+ a(x" 7 (T)x(T) - x"(T)xT(T)) + b(x"T(T)x(F) -
t
- % x'z(r)) + ex(v)x(T) - % Xz(f)]
:
X
D{ (T, t) = [XFV(2)x (7)) - x""7()x""(z) + a(x"""(D)x"(7) -
t
- -;- x"z(r)) + bx"(T)x (T) + -% x'z(t')]
.
X
p3(T,.t) = [x™V(e)x""(7) - % x772(T) + ax” ()X T(F) +

t

+

2 x2(m) + § %)

Tx
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. v X a _eee2 C _ese2
D3(T,ot) = [xV(0x""7(x) + 5 X777 (E) + g ()
t

dx”(T)x ()]

+

Tx

2
- 1 IV b -..2 oo P
D4(Tx,t) [-2— X (tr) + 5 X () + cx (T)x" "(Tr) +
t

d(x" (X" (0) - 5 x7Z ()]

+

Tx

we arrive at the following system

t t

- cf x“2(7)dt + a‘I x*2(r)dtT =£ [p(t) - h[x(?)]]dT -

T T
X x x

- DT, t)

002

t t
d‘f x“2(1)dT - b‘[ x**2(rydt + | x (7)dT =
T T

X X X

-‘i\rf

t
=f [p(r) - h[x(D)]] x"(7)dT - DI(T,n )
L

X

t

’ t
C‘f x““2(t)dt - a‘/'x"'z(t)dt =\f [p(r) = h[x(D]] x""(0)dT
T

T T

X X X
- D (T, t)
t t t 2 t
- d‘[ x“*2(7)dT + b‘{ x**2(r)dr -‘f xIV (1)dt =‘f [p(T) -
T, T, T, T,

- h[x(@)]]x" "7 (£)dT = D5(T,.t)
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t t 2 t
- cf x“**2(1)dT + af xIV (r)dr =f [pC2) -
T T

X X TX

- h[x(n))] xMY(rydr - Dj(T,, 1)

12
for the integrals‘f x(3) (r)dr , j=1,...,4, and consequently

Tx

t t
j x'z(t)dt = -—1-—-—2—- {..f p(r)[(ab—c)x(‘t) + a%x°(T) +
T (ab-c)c-a“d T

x

X

PR

ax”"(T)]dT + (ab-c)f h[x(D)] x(T)dT +

Tx

+

azj h[x(t)]x'(‘t)dl' + af h[x(l’)]x”(l‘)di‘}+
T

x Tx
KT ht)
t
‘f x"Z(I')dt = - ____.J‘_.._z.{f p(t)[adx(t) + acx’(T) +
T (ab-c)c-a"d (g
X X

+

cx"(t)J dT - ad

—1\.*

h[x()] x(T)dT -

X
t
- acf h[x(r)]x'(r)dr - cj h[x(t)]x"(r)dt¥ +
T.X TX
*K{(Ty,t),
[T T
coe - 1 2 .
| x (7)dT = ET—— {!p(t){acdx(t) + ac“x’ (%) +
X X
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or

——rT

-.,2

2
V%)t

(T)dt

+ [c2+(ab-c)c-a2d]x"(r)} dt -
t

acdf h[x(f)]x(t)dt - aCZf h[x('[)]x'(l')dl' -
T

X TX

t
[02+(ab-c)c—a2d]f h[x(t)]x"(t')dl‘} * K (T, t)

Tx

t
2
[(ab c)c-a d](ab -c) {\.fr' p(t) = o

2 . P
+ a“cdx”(r) + acdx”7(7) - a[(ab—c)c—azd]x"'(r) -

t
[(ab—c)c—azd]xlv(l')} dt - azdzf h[x(7)]x(T)dr -
T

X

1
[\

t . t
chf h[x(r)]x'(t)dt' - acdf h[x(z)]x"(r)dr *
T

. X TX

+

t
a[(ab—c)c-azd]f h[x(7)]x"""(1)dT +
Tx
t

[(ab-c)c-a®d] f h[x(t)]xlv(r)dl'}+ K3(T o) o

T
X

+

t N
1 2 2 )
- b- -a~d dx(7T
TRy { (e *(ab-c)o-s ]{xp(r)[ x(T) +

ex’(7)]dT - {§ [c2+(ab—c)c—azd] + b[(ab—c)c -

t
- azduf p(T)x""(g)dr - a[(ab-c)c -
T

X
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2
V% (rydt

t

azd]f p(T)x"""(T)dT + d[c®+(ab-c)c-ad] -

T
X

t
f h[x(D)] x(2)dT + c[c®+(ab-c)c -
T

+

+

+

X
t

a2d] f h[x(r)]x'(r)dt + {%[02+(ab—c)c-a2d] +

Tx

t
b[(ab—c)c-azd]}£ h[x(r)] x“7(T)dT +

(ab c)c-a d

-I'v—\rf

h x(r “’(T)er+ Ki(Ty o t)

t
- C p . e
a2 [(ab-c)c-a2d] {aci p(T)[dx(D) + ex™(1)] a7 +

X

i t
[02+(ab-c)c-azd]f p(Tyx""(T)dT - a[(ab—c)c -
Tx
St t
azd]l p(t)x VY (r)dt - ac[df h[x(D)]x(T)dT +
T

X X

t
+ cf h[x(t)]x'(f)dl'] - [02+(ab—-c)c -
Tx
t

- &%d] f h[x(%)]x"*(T)dT + a[(ab-c)c -

Tx

t
- azd]f h[x(t)]xIV(l‘)dT}+ KE(T,o )

X
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n

— et

t .
1v2 1 cd -
dT - dx(r) +
X7 (T) oo { (ab-c)o-a2d {fr' P(L)[a x(T)
X X

+

acx’(T) + cx"(t)]df - adf h[x(t)]x(l')dt -

Tx

t t
acj h[x(t)]x'(t)dt - cf h[x(r)]x"(t)dt}+
T T

X X

t
+f p()[ex”* () + bx™V(1)]dT -

TX

t t
- c.£ h[x(r)]x"'(t)dt - b{_ h[x(r)]xIV(t)dt } +
X . X

+ Kg(Teat)

where
Ko(T,ot) = = ——=—— [(8b=c)DJ(T,,t) + a’Dy(T,,t) +
0" x (ab-c)c-a"d x X

+ aDé(TX,t)}
. ) 1 . . .
Ki(T, o t) = rev— [adDJ(T,,t) + acDi(T,,t) + cD5(T,,t)]
. 1 . 2.~
K;(T,,t) = ——————————5— {acdD_(T_,t) + ac™D,(T_,t) +
2% ' x a[(ab—c)c—azd] { o' 'x’ 1t x’

2 2 . -

+ [c +(ab-c)c-a d]Dz(Tx,t)}
. 1 2 2. 2 .
Kz(T, ,t) = {adD(T,t)+acdD(T,t)+
3% x [(ab-c)c—azd](ab-c) o x x

+ acdD (T, t) - a[(ab—c)c—azd]Dg(Tx,t) -
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- [(ab—c)c-azd]D;(Tx. t)f

1
a [(ab-c)c-azd]

+ cDi(Tx,t)] + {-g— [cz+(ab-c)c-a2d] +

Ka(Tyot) {[cz-x-(ab-c)c-azd] [dD;(Tx,t) +

+ b[(ab-c)c-azd]lDé(Tx,t) + a[(ab-c)c-azd]Dg(Tx.t)}

K(T at) = ac[dD;(Tx,t) + cDj'_(Tx,t) +

el
a® [(ab-c)c—azd]

+ [c2+(ab-c)c-a2d],- Dé(Tx.t) - a[(ab-c)c -

- a2d] D;(Tx,t)}

. 1 cd . .
K. (T ,t) = {a dD_(T_,t) + cD (T_,t) +
LA ab-c {(ab—c)c-azd [ o 'x? 1t x ]

+ cDé(Tx,t)} - cD;(TX,t) - bD;(TX,t)} .

Now, using the first identity from above and (7.1), (8), (8.1),
(9) [h"(x) < 0 = h[x(t)]x(t) € O for all te€ I, = {0,+m)],
we get again

t
x“2(1)dt & —1r _dp [(ab-c)M + a%p; + ap’] + aHW +
2 o 1 2
T (ab-c)c-a"d
x t
. 2, . ~ . .
+ aH fx (7)de + aH1} + lKol , i.e.
Tx

. t .

(1 - _._E.’.".__T) fx'z(t)dt - 1 5 {Pot(ab-c)M +
(ab-c)c-a“d T (ab-c)c-a“d
X

* a(aDj'_+Dé)]+ a(aHﬁ+ﬁ1)§ + IK; l .

2
from which we have for O<H’ ¢ _Lb—ﬁg_c_-a__d_ the following
estimate
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t
-2 1 . .
x“T(T)dT = { P _[(ab-c)M + a(aD; + DJ)] +
{ (ab-c)c—azd-aH' 0[ 1 2 ]

X

LT

+

a(aHM + ﬁl) + [(ab-c)c—azd]lK;I}:: Ry

Using the second and the third identities, we get furthermore

t
f x**2(r)dt ¢ _____5__75- { P _[a(dM + cD7) + cD;] + acH™ +
o 1 2
T (ab-c)c-a“d
X ~ .
+ C(H'Ry + Hi)" v ki] =R,

and

t
f x***2(1)dT
A

X

1
a[(ab-c)c-azd]

na

{ P,lac(dM + cDy) + [02 +

+

(ab-c)c—azd] Dé] + ac’Hi + [c2 + (ab-c)c -

a%d] [H'R, + ﬁl]}+ [K5] o= Ry .

Taking the fourth inequality from above, we have by virtue of

(7)

t
2 .
f xTV (t)dt s a[(ab-t)c-azd] {[[02 + (ab-c)c—azd](dM + cDi) +
T

x

+

{g-pz + (ab—c)c-azd] + b[(ab-c)c-azd]} Dé +

+

a[(ab—c)c—azd]Dé]P0 + c[c2 + (ab-c)c—azd]Hﬁ +
1

'ﬁl] + a[(ab—c)c—azd][H'VRlRZ + '111'2]} + ||<;l = Ry

so that x(j)(t)e Ly {0,+ @) for j=1,...,4.

olo

[02 + (ab—c)c-azd] + b[(ab—c)c-azd]}[H'R1 +

+

Coming back to the first equation of the system above, we
can readily check that



lim sup f!h[x(t)x(r)]dl‘ < o ,
t» 0 T
X

this time by means of x"“(t)e L, <0,+ ), again. ’
Hence, one can prove just by the same manner as in Part I that

x(t)€ L, <0,+ )

as well,

Summarizing the results of our investigation from Part II,

we can given

Theorem 2. Under the assumptions

(i) ad0, abdc 30, (ab-c)cya3dpo ,
(ii) 0ph7(x)> - % [(ab—c)c-azd] for all xeI with h(0)=0,

(iii) P<1lim inf|h(x)] ¥ lim sup|h(x)[< oo ,
IX| = @ IxX| =

t
(iv) lim supflp(t)ldl'(cn (lim sup[p(t)] ¢ )
t900 t+ 0
)

there exists a solution x(t) of (13) satisfying (6) with
j=0,1,...,4.

Final remark.
Zira. remars

It couid be seen (cf. also [7]) that the square integrabi-
lity of solutions and their derivatives up to the (n-1)-th
order including to the equations under our consideration can
be easily verified just until n = 5. Moreover, for n< 5 no
special growth restrictions concerning h”(x) have been needed,
while for n = 5 an upper bound for |h°(x)| has been already
required. The situation becomes still much more complicated
for n > 5 with respect to an explicit expression of the growth
bound of lh'(x)l. Nevertheless, the "Hurwitz-structure" of the
appropriate systems considered in the analogy to. the above
investigations survives for the general n.
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Summary

It is considered the nonlinear fourth-order differential equa-
tion

xIV(t) + ax”?°(t) + bx"7(t) + cx(t) + h[x(t)] = p(t) (1)
with constants a,b,ccR" satisfying the Routh-Hurwitz condi-

tion ab >c; h(x)tc"(-oo.-o-oo), h’(x)< 0, h(0) = 0, |h(x)| &
3 H, |p(t)l &P and 1im inflh(x)] > P for all t€1I =
Ixl9 o

s(-0,+®). Using the assumptions of the boundedness of h’(x)
on the interval I, = {0,+®) and

lim sup I]p(t)}dt 4 ®
to®

it is proved that x{3)(t) €L, <0,+ @) holds for j = 0,1,2,3.
For the 5-th order differential equation analogous to (1)
with the corresponding assumptions on the constants and on
the functions h(x), p(t) it is shown that the validity of

x(“(t)o L, {0,+®), j = 0,1,...,4, is attainable with a
certain growth restriction of_lh'(x)l on the interval 11 =
= {0,+ ®), only.

Souhrn

O EXISTENCI KVADRATICKY INTEGROVATELNYCH RESENf A JEJICH DERIVACE
DIFERENCIALNICH ROVNIC ETVRTEHO A PATEHO RADU

Je uvaZ2ovéna nelinearni diferenéiélni rovnice 4,adu

xTV(t) + ax"77(t) + bx"7(t) + cx’(t) + h[x(t)] = p(t), (1)

kde konstanty a,b,c& R* splhuji Routh-Hurwitzovu podminku
ab >c; h(x)€ C*(-~00,+®), h°(x) € 0, h(0)=0, |h(x)| & H,
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lp(t)| £pP alim inflh(x)[ > P pro viechna t€I = (-00,+ ®).
Ixl +00

Uzitim piedpokladd o ohrani&enosti h”(x) na intervalu I, =
= {0,+®) a

t
lim sup 'rlp(:)‘dt & ©
ty0 o

se dokazuje, 2e pro j=0,1,2,3 plati x(J)(t)é Ly {0,+ ). U di-
ferencidlni rovnice 5.¥4du analogické rovnici (1) je za obdob-
nych pi*edpokladd o konstantich a o funkcich h(x), p(t) dokazé-
no, 2e platnost x(j)(t)s L2(0,+m), §=0,1,...,4, lze do-
sadhnout pouze pFfi jistém omezeném rastu |h°(x)| na intervalu
11 = (0,+ ™).

Pespue

O CYMECTBOBAHMY PEWEHMA-
M MX NPOX3BOJHEX MHTETPUPYEMHX C uwmml
/InS AGOEPEH LMANBEHEX VP
YETBEPTOI'0 ¥ NATOIO NOPAAKOB

Paccuerpusserca meaxmefinoe mudfdepenunaasnoe ypoBReNNe®
4-r0 nopsiaxe

xV(t) +ax”’°(t) + bx (t) + cx (t) + hlx(t)] = p(t), (1)

C MOCTOSHHMME a,b,cC éR" menoanspmmom ycaosne Peyce=lypsune
ab >c; h(x) € ¢Y(- o ,+00), h'(x) <0,h(0) =0, Ih(x)| SH ,
Ip(t)ISP, Lim inf Ih(x)I> | p(o)|

AR Bcex t € I= ;. +0). C yuerou npexnoxoxennft 06 OrpeHNYGHROCTE

h’(x) Ne uuTepmexe Il = (0, 0o ) %:Lm luplfp(? )it i< o0

HOXesMBEETCS, TTO x(3) (t)eI, €0, 00 s j = 0,1,2,3.

Ing audpdepeRUNGABHOr0 YpeBHEHNS 5-ro NOPSAKXE SHBXOrAYNOroO TH=
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N8 Mpx COOTBETCTBYDNMX NPEATOAOXEHMSX O MOCTOAHHNX ¥ (QYRKUMAX
~h(x), p(t) moxesmeasercs, uro X Iy ¢ I,€0,9)j = 0,1...,4 ,

MOXHO NOCTHTHYTH TOABKO AA orpamuuennoro pocra |h’(x) |
ne yurepsexe I, = (0, <0 ),
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