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HexkoTopnie kpaeBble 3aga4uu g anddepeHnnajbHOTo
ypaBHEHNS TPeThero MmopsaaKa

A.d.Jlennn, JI.A.Jlenun, B./I.Ilonomapesn
Institute of Mathematics and Computer Science, University of Latvia, Riga, Latvia

g xpaeBoil 3aaa4u

(p(t,x,2")) = Fz, tel=]a,bl, (1)
ola,z(a),z"(a)) = A, Hyz=hy, Hyx=hy, (2)
a<z<pB, (3)

rie ¢ € C(Ix R? R) ne y6piBaeT 110 x 1 cTporo Bozpactaer no 2, F € C(CY(I, R), L,(I, R)),
A € R, H17H2 S C(Cl(I,R),R), HlOé S Hlﬁ, HQO( S Hgﬁ, hl € [HlOé,Hlﬁ], hQ S
[Hya, Ho3], « € CY(I,R) — nwxnsas dyuxkuusa u € CY(I,R) — Bepxuas byHKms,
KOTOPbIE YJIOBIETBOPSIOT CJIeayomuM yeaousam: « < (3, o', 3 € Lip(I, R), nist 106bIx
r € (a,b) us € (r,b) u3 cymecrBoBanus npousBoaubix o (1), & (s), 5" (r) u 5”(s) caeayior
HepPABEHCTBA

(s, al(s), () — p(r, a(r), " (r)) > / Fadu,

o, B(s), B"(5)) — (. B(r), B"(r)) < / " Fpdu,

pla,a(a),a’(a)) > A, v(a,B(a), 3" (a) < A,
aust moboro z € CHIL, R) uz a < x < 3 caeayer

Fg < Fx < Fa,

Haitjiennbl ycjosus Ha [y u Hy, KoTopbie o0ecriednBaloT pa3peinmmMoCcTb KPaeBoil 3a/1auu

(1)-(3)-

Amnanornvnasi KpaeBas 3aJada paccMaTpuBaiach B pabore [1].
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About uniqueness of a solution of boundary value
problems for a system of two first order differential
equations with linear boundary conditions

V.Ponomarev

Institute of Mathematics and Computer Science, University of Latvia, Riga, Latvia

Consider the system of two differential equations

o = h(t,z,y), y = ft,2y) (1)
together with the following boundary conditions

a1z(a) + agz(b) + asy(a) + agy(b) + a5 = 0, ()
biz(a) + baz(b) + bsy(a) + bay(b) + bs = 0,

where h, f € Car([a,b] x R?,R), —00 < a < b < +00, a;,b; € R, i =1,...,5, A;; = a;b; — a;b;,
i,7€41,..,}
We prove the following result.

Theorem. Suppose that h(t,z,y) is increasing in y and f(¢,z,y) is strictly increasing in x.
Let also the conditions

h(t7m17y1)_h(tﬂx27yl) K( )(xl_x2)7 €1 S.CC27

h(t,z1,y1) — h(t, 22, y1) > Ki(t) (21 — 22), 21 > 29,
ftz,yn) — f(t 2, y2) < Ka(t) (v — y2), 1 > v,
[t z,y1) — f(E21,y2) 2 Ks(t)(y1 —y2), w1 2> 92,
[tz ) — f( o, y2) = Ka(@) (v —v2), 1 <2,

Agg # 0, eA1s > 0, eA13 > 0, eAgy > 0, eAy3 hold, K; € L([a,b],(0,+oo)), 1 = 1,...,4,
e = sign Agg. Then the boundary value problem (1), (2) has at most one solution.
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Some properties of solutions of Emden-Fowler type
equations
Armands Gritsans, Felix Sadyrbaev
Daugavpils University, Daugavpils, Latvia

In the study of various classes of nonlinear differential equations it is useful sometimes to
clarify properties of solutions of similar autonomous equations. For example, an important role
play the generalized sine and cosine functions in investigations of half-linear differential equations
[1]. Similarly, the lemniscatic functions are applied in the Nehari variational theory [2].

Denote by S and C solutions of the Emden - Fowler type differential equation z” = —3x5,
which satisfy respectively the initial conditions z(0) = 0, 2/(0) = 1 un z(0) = 1, 2/(0) = 0. We
mention the following properties of S and C.

dt
1—¢6

e The functions S and C are periodic in the entire R with the minimal period T = 4 fol
and the value range is [—1; 1].

e The functions S and C can be expressed in terms of the Jacobian elliptic functions:
N T e V1 N
Va2 (at; k) +2 (at; k) V2 (at; k) + a?2 (at; k)

a=V3 k:72—\/§

2 9

S(t)

a? =2 — 4k>.

e for any real ¢ the following analogue of the basic trigonometric identity is valid

S2(t) +252(1)C3(t) + C*(t) =1 or (1+25%(t))(1+2C?(t)) = 3.

e for any real ¢

S'(t) = C(t)\/1+ 352(t) + 354(t) + 256(¢),
C'(t) = =S(t)\/14 3C2(t) + 3C4(t) 4+ 2C5(¢).

e the functions S and C satisfy the addition theorem, that is, there exist two argument
functions ® and ¥ such that for any real v and v the relations

S(u+v) =®(S(u); S(v)) and C(u+v) =¥(C(u);C(v))

hold.
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On solutions of the fourth-order
nonlinear boundary value problem

I. Yermachenko

Daugavpils University, Foculty of Natural Sciences and Mathematics, Daugavpils, Latvia

We consider the fourth-order nonlinear problem z(* = ¢(t) - |z|Psgnz (i), x(0) = 2/(0) =
0==x(1) =2'(1) (ii), where p >0, p# 1, t € I :=10,1], ¢(t) € C(I, (0, +0)).

We investigate the problem (i), (i7) using the quasilinearization process [1]. Namely, we
represent the equation (i) in a quasilinear form z*) — k*xz = F(t, z) (#) with non-resonant
linear part in order the equations (¢) and (7i7) be equivalent in some domain. We proved in [3]
that modified problem (iii), (i) has a solution of the same oscillatory type as the linear part
(Laz)(t) := 2 — k*z has. We showed in [2] that under certain conditions this quasilinearization
process can be applied with essentially different linear parts and hence the original problem is
shown to have multiple solutions.

Theorem 0.1 Suppose that 0 < q1 < q(t) < g2 Vt € [0, 1]. If there exists some k in the form
k=i, (i=1,2,...), which satisfies the inequality

1

ek(4\/§+ 3) -1 p’”}%1 q1\ Tp=1]
k - <p- =" k=(2n-1
A(eF + 1) p |p71|(q2> Jor (2n—1)m
or p
eF(4v2 +3)+1 pr1 g1\
k - : 2Ly e k=2
-y 7 |p—1r<q2> for "

where B is a positive root of the equation BP = f+ (p—1) -pl%li, then there exists an (i — 1)-type
solution of the problem (i), (ii).
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On Fucik spectra for the third and fourth order
equations

Natalija Sergejeva
Daugavpils University, Daugavpils, Latvia
We construct the Fucik spectrum for the third order nonlinear boundary value problem
2" = =2t N2, >0, 2T = max{+z,0}, (1)

2(0) = 2/(0) = 0 = 2(1). 2)

By the Fucik spectrum we mean the set

{(A, i) : the problem (1), (2) has a nontrivial solution}.

Theorem. The Fucik spectrum for the problem (1), (2) consists of the branches given by

A m—1 pcos(A— 20 4y
Foy =1\ )277_(71)\)“_ X =0,
(n—1)m
e <L %+%>1},

QTN

F = {0 )] CottA g deoseo i)

H A H 0,

us T (n+1)w T
mngonr o, (dln g s
_pmn
Fouoy = {(p)| 2y = G Renli B,
(n—1)m
i R T
_ o2n41 ,ucos()\—M—L"—&-wn)
F2 :{()\”u)‘(n/\ )M_%_ )\; :0’

mn ot ne oy (D s
where n =1,2,....

We investigate also properties of solutions to the problem (1), (2) and made comparison with
some known Fufik type problems. Let us mention that the Fu¢ik spectrum for the problem under
consideration significantly differs from known Futik spectra (cfn. [1], [2]).

We consider also some fourth order problem and investigate its Fucik spectrum. It is similar
to that for the problem (1), (2).
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Multiplicity of the Nehari solutions
F. Sadyrbaev and A. Gritsans
Daugavpils University, Foculty of Natural Sciences and Mathematics, Daugavpils, Latvia
The boundary value problem (BVP)
2" = —q(t)|z[*z, >0, qeCO(R,(0,+00)), (1)

z(a) =0=x(b), x(t) hasn — 1 zeros in (a,b) (2)

for a fixed integer n may have multiple solutions z,(t). The Nehari solutions are those solutions
of the BVP (1), (2) which minimize the functional

J(2) = 5 i - /abq(t)xi“s(t) dt <: min - i - /abx;f(t) dt) .

It was proven in [1], that there exists at least one Nehari solution, so the problem is always
solvable. We construct the examples showing that there may be multiple Nehari solutions. In the
first example equation is of the form

" = —q(t)a®, q(t) 20, (3)

where ¢(t) is “a constant - zero - constant"function, defined on the interval [0,1] U [1,1 4+ T] U
2
[14+T,2+ T]. In the second example equation is also of the form (3), where ¢(t) = W and
t
&(t) is a A-shaped function in the interval [—1,1].
In both cases for appropriate choice of parameters there exist exactly three solutions of the
BVP and the two asymmetrical ones are the Nehari solutions.

Example 1. Example 2.
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