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Abstract. We establish some new sufficient conditions which guarantee the boundedness
and square integrability of solutions of certain third order differential equation. Example
is included to illustrate the results. By this work, we extend and improve some results in
the literature.
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1. INTRODUCTION

In recent years, the qualitative theory of differential equations and their applica-
tions have received intensive attention. Many works have been written by several
authors on the properties of solutions of ordinary differential equations of the second,
third, fourth, fifth and higher order in which the unknown functions and its deriva-
tives are all evaluated at the same instant ¢, see for instance Reissig et.al. [11], a
survey book and Afuwape [1], [2], Graef [4], [5], Qian [9], [10], Omeike [6]-[8], Remili
[12]-[20], Sadek [21], Tung [22]-[27], Zhu [28] and the references cited therein, to
mention few.

The purpose of this paper is to obtain criteria for boundedness and square inte-
grability of solutions of the equation

(1.1) (@' + g(x))" + a(t)z” + b(t)z" + c(t)h(x) = 0.

In the sequel we will assume that the functions a(t),b(t), c(t) € C ([0,00)) are pos-
itive. In addition, it is also supposed that g(x) is non-negative and the derivatives
g (z), g"(z), W (z) exist and are continuous functions for all x.
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Equation (1.1) is equivalent to the following system

' =y —g(x),
(1.2) Yy =z,

z' = —a(t)z + a(t)0(t) — b(t)U — c(t)h(z),
where
(1.3) y(t) —g(z(t)) = U(),

and 0(t) = ¢'(x(t))2’(t). The continuity of the functions a, b, ¢, g, ¢’ and h guarantees

the existence of the solutions of (1.1) (see [3], page 15). It is assumed that the right-

hand side of system (1.2) satisfies a Lipschitz condition in z(t), y(t), and z(¢). This

assumption guarantees the uniqueness of solutions of (1.1) (see [3], page 15).
Equation (1.1) can be rewritten as

(1'4) ‘/L‘N/ + w(x7 xl)xl/ + f(x’ x/) = p(t7 x? xl? xl/))

where
U(a,a’) = g'(x), flz,a')=g"(2)2",
and
p(t,z, 2’ 2") = —a(t)z” — b(t)x" — c(t)h(z).

Equations of these types are encountered in the control of a flying apparatus in cosmic
space. Particularly, the linear case of the above equation states the motion x(¢) of a
steam supply control slide valve. In recent years, many results have been obtained on
boundedness of equation (1.4); we refer the reader to the papers Qian [10], Tung [26]
and Omeike [7]. It should be noted that in [10] (Theorem 1, page 192) the author gave
some sufficient conditions for boundedness of all solutions of (1.4) under conditions:

x
(1) / fu,0)du >0 for z #0,
0
(2) P(z,2') > B
with B positive number. Qian [10] obtained sufficient conditions for every solution
of equation (1.4) to be bounded, he also established criteria for every solution of

equation (1.4) to converge to zero. After that [26], Theorem 2.1 and [7], Theorem 1
proved the same result obtained in [10] under less restrictive conditions:

f(=,0)
xT

(i) | ploate ()07 (s) ds < o

>6O>07



However, in our theorem this conditions are not true since we have f(z,0) =
¥(x,0) = 0. This is a significant difference between our paper and the papers above.

The motivation for the present work has been inspired by the results established
in the above mentioned papers.

The paper is organized as follows. In Section 2 we establish sufficient conditions
under which all solutions of equation (1.1) are bounded. In Section 3 we establish
conditions for the square integrability of solutions of equation (1.1). Finally, we give
an example to illustrate the results.

2. ASSUMPTIONS AND MAIN RESULTS

We shall state here some assumptions which will be used for the functions that
appeared in equation (1.1). Suppose that there are positive constants ag, b, co, d,
ai, b1, c1, 6o, 61, A1 and ¢, such that the following conditions are satisfied:

(1) 0< a0<a(t)<a1; 0<b0<b(t)<b1; 0<00<C(t)<61;
() ) <bt): V)< <O V0
h
(i) % So>0 (z#0), and |[W(z)] <6 <ao Va
1
(iv) 5da’(t) —bo(d —61) < — < 0;
0 [ lgwldu<ai<o,

Theorem 2.1. Suppose that assumptions (i) through (v) hold. Then any solution
x(t) of (1.1) and its derivatives z'(t) and 2 (t) satisfy

(2.1) o)) < Day /()] < D, |&"()] <Dy Vi>0
where Do > 0.

Proof. We define the function V' = V (¢, z(t), y(t), z(t)) as

1
C—la(t)UQ + §z2 + dzU,

(2.2) V = de(t)H(x) + c(t)h(x)U + @W +5

so that H(z) = fox h(u) du. Let d be a positive constant that will be specified later
in the proof. From (2.2) we have the following estimates

(/ h(u Qdé())h2(a:)> + ?(U—l— %h(x)f

(a0 — d)U? + > S+ dUY?

+5
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(/ h(u Qdé())hQ(a:)> +§(ao—d)U2+%(z+dU)2.

In view of condition (iii) and after some rearrangements we have

de(t) ( /O " hu) du — 225)2) h%)) — de(t) /0 ’ (1- h/éu)h(u)) du

By the choice of
(23) h<d< ag,

it follows that

(14

It is evident from the terms contained in the last inequality that there exists a

d
V> 2%+ ~(ag — A)U* + 2(z+dU)

2

sufficiently small positive constant k such that
(2.4) V > k(22 +U? + 2%).

For the time derivative of the function V' along the trajectories of system (1.2), a
straightforward calculation yields

VY(/I.Q) - H1(t,a:,y) + HQ(t7x7y) + H3(t,$,y),

where
Hy(t2.5) = de/ () H (2) + ¢ (OUA() + D0,
HQ(ta Z, y) = (ga/(t) — db(t) + C(t)h/(:[;)) U2 + (d i a(t))z27

Hs(t,z,y) = 0(t)((a(t) — d)z — c(t)h(z) = b(H)U).
Now, we verify that Hy(t,z,y) < 0. To show this, two cases are considered.
If ¢(t) = 0, then from condition (ii) we get

Hl(tvxvy) =

If ¢(t) < 0, we can write Hy(t,z,y) as

Hy(t.) = 4/ () (H(@) + SUB() + 002

d 2dc (t)
/ v'(t) C'(t) d(t) o
= de'(?) (H (z) + 2dc’(t)< v )) D) (x))'
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By the help of assumption (ii) it follows that

thus,
H, (t ) < de (1) (H(z) - 50 (x))

Now, from (2.3) we get

Assumption (iv) with (2.3) yield

d
Hy(t,z,y) < (ia'(t) — bo(d — 51))U2 +(d — ag)z? < —eU? + (d — ag)2* < 0.

Since u < |u| < u? + 1, we have

Hs(t,z,y) < |0()|((d + a(t))|z] + c(t)|h(2)] + b(1)|U])
<OM|((d + a()) (2 + 1) + e(t)(h*(x) + 1) + b(t)(U* + 1))
S |O@MV +10(8)[(d + alt) +b(t) + c(t) < |[0(O(MV + ),
where .
M = E(d—l—al—l—clél—l—bl) and a=d+a; +b; +ci.
Thus
(2.5) Viigy < —eU? = (ag — d)2* + [0(t) [ (MV + «)

<
<—L(U? 4+ 2%) + M|6(t)|V + al6(t)],
where L = min{e, (ag — d)}. Let

(2.6) W =VA(t),

where
A = exp(~— [ 15 as),

and p is a positive constant which will be determined later. It is straightforward to
verify that

L [oeias== [eweias< = [ yors L [~ g
5= g s < — u < u)| du,
K1 Jay(t) H1
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where
a1 (t) = min{x(0),z(t)}, and «2(t) = max{z(0),z(¢)}.

Observe that by condition (v) we have

I A
(2.7) —/ 16(s)|ds < —.
M1 Jo M1
Thus, we can deduce that
(2.8) e B/ CA®) < 1.

Now, the time derivative of the functional W along the system (1.2) leads to

, 1
Wiz = (Viia) = 5 0OIV) AG)

< (—L(U2 +2%) + M|O()|V + al6(t)] — i|9(t)|V)A(t).
Let p; = M1, hence
W(i 9y < al8(t)|A(t) — LU + 22)A(1).
Combining (2.8) and the last inequality, we get
(2.9) W{y 9y < alf(t)]| — v(U? + 22),

where v = Le~21/11, Integrating (2.9) from 0 to ¢, we obtain

W(t) < W(0) + a/ot 10(s)| ds.
Hence
(2.10) W(t) < W(0) + Aa,
where Ay = aA;. Therefore W is bounded. From (2.6) we get
V=WA(1).
From (2.8) and (2.10) we obtain
(2.11) V < (W(0) + Ag)ei/m,
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So V' is bounded. Hence, from (2.4) we conclude that there exists a positive con-
stant D7 such that

(2.12) [z()] < Dy, [U@)] < D1, |2(8)] < Di.
In view of (1.2) and (2.12) it follows that
2’| = |y — g(x)| < D1

Observe that the boundedness of z(t) and the continuity of ¢’ imply that there exists
a positive constant g; such that

(2.13) ¢(@) <o
By an analogous reasoning it can be shown that x” is also bounded. Indeed,
2| = |z = ¢'(2)2’| < |z] + g (2) ]| < D,

where D2 = D1 (1 + 91)
So,

(2.14) |z(t)| < D2, |2'(t)] < D2, |2"(t)| < Dy Vt=>0.

3. SQUARE INTEGRABILITY OF SOLUTINS
Our next result concerns the square integrability of solutions of equation (1.1).
Theorem 3.1. In addition to the assumptions of Theorem 2.1, if we assume that
(vi) codo — % > 0,

then for any solution x(t) of equation (1.1),

(3.1) /0 (2% (s) + 2%(s) + 2%(s)) ds < occ.
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Proof. Let z(t) be a solution of (1.1). Define
¢
(3.2) P(t) = W(t) + /\/ (U? + 2?) ds,
0

where A > 0 is a constant which will be specified later and W (¢) is given in (2.6).
We have
P'(t) =W'(t) + ANU? + 2?).

Inequality (2.9) implies
P'(t) < alft)] + (A =7)(U? + 2%).
If we choose A < ~, we obtain
P'(t) < al0(t)].

Integrating the last inequality from 0 to ¢, we obtain
t t
P(t) = P(0) +/ P'(s)ds < P(0) + a/ 10(s)| ds < P(0) + A.
0 0

Hence, using (3.2) we get

(3.3) /Ot(U2 +2%)ds < lP(t) < ~(P(0) + Ay).

>
>| =

We conclude the existence of positive constants 17, and 72 such that
¢ t ¢
(3.4) / 2%(s)ds = / U?(s)ds <m and / 2%(s)ds < ma.
0 0 0

Now, we will prove that fot 2% (s)ds < oo.
From (1.2) we have

() =y (t) = (2" (1) + 0(1))* = 2" (t) + g% (D)2 (t) + 22" (1)0(t).
Thus . . .
/0 x"“(s)ds < /0 z°(s)ds + 2/0 |z (s)]10(s)| ds.
Taking into account (2.7), (2.14) and (3.4), we get

t
/ 2"?(s)ds < lo,
0
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where Iy = 12 + 2D2Aq. Next, multiplying (1.1) by z(t), we get
(3.5) (@' + g(x))"z + a(t)z”"x + b(t)z'z + c(t)h(x)x = 0.

Integrating by parts from 0 to ¢ all the terms on the left-hand side of (3.5), we obtain

(3.6) /0 c(8)x(s)h(xz(s))ds = I1(t) + I2(t) + I3(t),

where

R(0) == [ bea(e)a’(5)ds,
Lt) = — /O a(s)z(s)z” (s) ds,
B(0) = = [ #()(w'(6) + gla(s)) ds

Note that (2.14) is a crucial step for our estimates of I1(t), Iz(t), and I5(t). Inte-
grating I; by parts and using conditions (i)—(ii), we get

Il():——b / bl d5+l1 l1,

where

Next, it is clear from (i) and Cauchy Schwartz inequality that

L(t) < /0 a(s)fa(s)a” (5)| ds < % /0 (22(s) + 2"2(s)) ds.

Integrating I3 by parts and using condition assumption (v), we obtain

t

I3(t) = —x()('(t) + g(x (t)))'+/ (@'(s) + g(x(s)))"a'(s) ds + 1
)

0

(&' (8) + a(2(®)) + /() () + gz (1))
+/Cﬂ®+ﬂﬂ%ﬂ%$®+h+h
0

—z(t)(&" () +0(t)) + 2/ (t) (2" (t) + g(x(1)))
- %xa(t) — 2 (t)g(z(t)) + ; O(s)(s)ds + 1o+ 13+ 14
< lz@1(=" @) + [0@)]) + 12" @)1 (2" ()] + |9 (x(2))])

+ 3 OF + [ Ollgale)] + [ 100 ds+ b2+ a1
0

= —a(t
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such that
I = 2(0)(2"(0) + ¢’ (x(0))(0)),
Iy = —a'(0)(2"(0) + 9((0))),
ls = 50%(0) + ' 0)g(a(0)).

Hence, from (2.13) and (2.14) we get
I3(t) < s,

where

5
I 7D2( —i—go) + Dago + Ay 4 lo + I3 + Ly
Gathering aforementioned estimates into (3.6), we obtain
t P
(3.7) / els)r(s)h(r(s)) ds — / 22(s) ds < Ig,
0 0

where

16:%104—114—15

From condition (iii) it follows that

0050/0 x2(s)ds</0 c(s)x(s)h(z(s)) ds.

Combining estimate (3.7) and condition (vi) we obtain

t
l
2 6
73 (s)ds < —————.
/0 (5) cobo — 3a1

This completes the proof of the theorem.

Example 3.1. We consider the following third order differential equation

89 (T r) (G g ( i)
7
2

)t ) -0
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Now it is easy to see that for all ¢ > 0,

<4:b1, 2<c(t):1—+t+2<3:cl,

1 9
d=9<ay=10, ida’(t)—bo(d—al):_§<07

|
g
A

and

A simple calculation shows

o) o0 .
, Ccos U 2usinu
/_ng (u)ldu</_oo (‘1+u2‘+‘(1+u2)2‘>du<ﬂ+2.

All the assumptions (i) through (vi) are satisfied, so every solution z of equation (3.8)
and their derivatives satisfies (3.1).

References

[1] A. U. Afuwape: Further ultimate boundedness results for a third-order non-linear system

of differential equations. Boll. Unione Mat. Ital., VI. Ser., C, Anal. Funz. Appl. 4 (1985),

347-361. MR]
[2] A.U. Afuwape, M. O. Omeike: Further ultimate boundedness of solutions of some system

of third order nonlinear ordinary differential equations. Acta Univ. Palacki. Olomuc.,

Fac. Rerum Nat., Math. 48 (2004), 7-20. MR]
[3] L. E. El’sgol’ts: Introduction to the Theory of Differential Equations With Deviating

Arguments. Translated from the Russian by Robert J. McLaughlin. Holden-Day, San

Francisco-London-Amsterdam, 1966. MR
[4] J.R. Graef, D. Beldjerd, M. Remili: On stability, ultimate boundedness, and existence

of periodic solutions of certain third order differential equations with delay. Panam.

Math. J. 25 (2015), 82-94. MR
[5] J.R. Graef, L. D. Oudjedi, M. Remsli: Stability and square integrability of solutions of

nonlinear third order differential equations. Dyn. Contin. Discrete Impuls. Syst., Ser. A,

Math. Anal. 22 (2015), 313-324. zbl MR
[6] M. Omeike: Stability and boundedness of solutions of some non-autonomous delay dif-

ferential equation of the third order. An. Stiint. Univ. Al. I. Cuza Iasi, Ser. Nou&, Mat.

55 (2009), 49-58. MR
[7] M. O. Omeike: New results on the asymptotic behavior of a third-order nonlinear differ-
ential equation. Differ. Equ. Appl. 2 (2010), 39-51. MR

387


https://zbmath.org/?q=an:0592.34024
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0805225
https://zbmath.org/?q=an:1068.34052
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2124598
https://zbmath.org/?q=an:0133.33502
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0192154
https://zbmath.org/?q=an:1331.34145
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3364326
https://zbmath.org/?q=an:1326.34088
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3405345
https://zbmath.org/?q=an:1199.34390
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2510712
https://zbmath.org/?q=an:1198.34085
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2654750
http://dx.doi.org/10.7153/dea-02-04

[8] M. O. Omeike: New results on the stability of solution of some non-autonomous delay
differential equations of the third order. Differ. Uravn. Protsessy Upr. (2010), 18-29. [Wif{

[9] C. Qian: On global stability of third-order nonlinear differential equations. Nonlinear

Anal., Theory Methods Appl., Ser. A, Theory Methods 42 (2000), 651-661. MR]
[10] C. Qian: Asymptotic behavior of a third-order nonlinear differential equation. J. Math.
Anal. Appl. 284 (2003), 191-205. MR]

[11] R. Reissig, G.Sansone, R.Conti: Non-linear Differential Equations of Higher Order.
Monographs and Textbooks on Pure and Applied Mathematics. Noordhoff International

Publishing, Leyden, 1974. MR
[12] M. Remili, D. Beldjerd: On the asymptotic behavior of the solutions of third order delay

differential equations. Rend. Circ. Mat. Palermo (2) 63 (2014), 447-455. IMR]
[13] M. Remili, D. Beldjerd: A boundedness and stability results for a kind of third order

delay differential equations. Appl. Appl. Math. 10 (2015), 772-782. MR

[14] M. Remili, D. Beldjerd: On ultimate boundedness and existence of periodic solutions
of kind of third order delay differential equations. Acta Univ. M. Belii, Ser. Math. 2/
(2016), 43-57. MR
[15] M. Remali, D. Beldjerd: Stability and ultimate boundedness of solutions of some third
order differential equations with delay. Journal of the Association of Arab Universities
for Basic and Applied Sciences 23 (2017), 90-95.
[16] M. Remali, D. L. Oudjeds: Stability and boundedness of the solutions of non autonomous
third order differential equations with delay. Acta Univ. Palacki. Olomuc., Fac. Rerum
Nat., Math. 53 (2014), 139-147. zbI MR
[14] M. Remili, L. D. Oudjedi: Uniform stability and boundedness of a kind of third order
delay differential equations. Bull. Comput. Appl. Math. 2 (2014), 25-35.
[18] M. Remili, L. D. Oudjedi: Boundedness and stability in third order nonlinear differential
equations with bounded delay. An. Univ. Oradea, Fasc. Mat. 23 (2016), 135-143. MR
[19] M. Remili, L. D. Oudjedi: Boundedness and stability in third order nonlinear differential
equations with multiple deviating arguments. Arch. Math., Brno 52 (2016), 79-90. MR]
[20] M. Remili, L. D. Oudjedi: Stability of the solutions of nonlinear third order differential
equations with multiple deviating arguments. Acta Univ. Sapientiae, Math. 8 (2016),

150-165. MR
[21] A.I Sadek: On the stability of solutions of some non-autonomous delay differential
equations of the third order. Asymptotic Anal. 43 (2005), 1-7. IMR]
[22] C. Tung: On asymptotic stability of solutions to third order nonlinear differential equa-
tions with retarded argument. Commun. Appl. Anal. 11 (2007), 515-528. IMR]
[23] C. Tung: Stability and boundedness of solutions of nonlinear differential equations of
third-order with delay. Differ. Uravn. Protsessy Upr. (2007), 13 pages. MR]
[24] C. Tung: On the stability and boundedness of solutions to third order nonlinear differ-
ential equations with retarded argument. Nonlinear Dyn. 57 (2009), 97-106. IMR]

[25] C. Tung: Some stability and boundedness conditions for non-autonomous differential
equations with deviating arguments. Electron. J. Qual. Theory Differ. Equ. 2010 (2010),

paper No. 1, 12 pages. MR
[26] C. Tung¢: The boundedness of solutions to nonlinear third order differential equations.
Nonlinear Dyn. Syst. Theory 10 (2010), 97-102. MR

[27) C. Tung, M. Gozen: Stability and uniform boundedness in multidelay functional dif-
ferential equations of third order. Abstr. Appl. Anal. 2013 (2013), Article ID 248717,

7 pages. MR

388


http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2766411
https://zbmath.org/?q=an:0969.34048
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1776296
http://dx.doi.org/10.1016/S0362-546X(99)00120-0
https://zbmath.org/?q=an:1054.34078
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1996127
http://dx.doi.org/10.1016/S0022-247X(03)00302-0
https://zbmath.org/?q=an:0275.34001
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR0344556
https://zbmath.org/?q=an:1321.34097
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3298595
http://dx.doi.org/10.1007/s12215-014-0169-3
https://zbmath.org/?q=an:1331.34135
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3447611
https://zbmath.org/?q=an:06699479
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3492940
https://zbmath.org/?q=an:1317.34157
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3331011
https://zbmath.org/?q=an:1349.34303
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3496022
https://zbmath.org/?q=an:06644060
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3535630
http://dx.doi.org/10.5817/AM2016-2-79
https://zbmath.org/?q=an:1351.34087
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3535706
http://dx.doi.org/10.1515/ausm-2016-0009
https://zbmath.org/?q=an:1075.34075
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2148124
https://zbmath.org/?q=an:1139.34054
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2368199
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2384532
https://zbmath.org/?q=an:1176.34064
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2511159
http://dx.doi.org/10.1007/s11071-008-9423-6
https://zbmath.org/?q=an:1201.34123
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2577154
https://zbmath.org/?q=an:1300.34077
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR2643196
https://zbmath.org/?q=an:1276.34058
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR3055944
http://dx.doi.org/10.1155/2013/248717

[28] Y. Zhu: On stability, boundedness and existence of periodic solution of a kind of third
order nonlinear delay differential system. Ann. Differ. Equations 8§ (1992), 249-259. MR

Authors’ address: Djamila Beldjerd, Moussadek Remili (corresponding author), Depart-
ment of Mathematics, University of Oran 1 Ahmed Ben Bella, 31000 Oran, Algeria, e-mail:
dj.beldjerd@gmail.com, remilimous@gmail.com.

389


https://zbmath.org/?q=an:0758.34072
http://www.ams.org/mathscinet/search/publdoc.html?contributed_items=show&pg3=MR&r=1&s3=MR1190138

		webmaster@dml.cz
	2020-07-01T19:48:16+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




