Proceedings of 1AM, V.15, N.1, 2026, pp.3-8
https://doi.ora/10.30546/2225-0530.15.01.2026.003

ON THE ABSENCE OF GLOBAL PERIODIC SOLUTIONS TO THE
NONLINEAR EVOLUTIONARY SCHRODINGER EQUATION

Sh. M. Nasibov?, Y.V. Mamedova'

YInstitute of Applied Mathematics, Baku State University,
Baku, Azerbaijan
e-mail: nasibov_sharif@mail.ru, mamedova.yegana63@gmail.com

Abstract. The problem of absence of global periodic solutions to a nonlinear evolutionary
Schrodinger equation with a damped linear term is investigated. It is proven that, at the case
when the damping coefficient is nonnegative, the problem under study has no global
periodic solutions for any initial data, and in the case of a negative damping coefficient, this
statement remains valid at sufficiently large values of the initial data.

Keywords: Nonlinear evolution equation, Schrodinger equation, periodic solution, global
solution, absence of periodic global solutions.

AMS Subject Classification: 35Q70, 39B72.

1. Introduction
The nonlinear evolutionary Schrodinger equation is being
intensively studied in the scientific literature [1,4-6,15]. The study of nonlinear
evolutionary equations of the Schrédinger type is also relevant and of scientific
interest.

2. Problem Statement

Let T —is the one-dimensional torus . Let consider the following problem:
u =it + f(u)+ou, xeT,t>0,

u(x,0)=0,(x). ?
where U, (X) is the periodic function with period L > 0,
u,(x+L)=u,(x). ©)
Here
f(u)=(n+ iy}u\p”, 3)

where 77, 4, @ —are real numbers, (= 0, P> 0, @ — is a damping coefficient.

Equation (1) arises in various fields of applied physics, nonlinear quantum
mechanics, and in the theory of light wave propagation in nonlinear environment
(see, for example, [3], [13], [17]). The local well-posedness of problem (1)—(3) was

studied in [1]. For @ =—1, @ =0 the Cauchy problem in the space R" for
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. 2
equation (1) with the nonlinear term f(u)z —|\u\ U was investigated in [14].

For @ = 0 the mixed problem for equation (1) with nonlinear term (3) in the N -
dimensional domain 2 < R" was studied in [7], [9]. The mixed problem for

equation (1) for w=0,f (u, Vu) = a)l‘u‘w + a)z‘u e

., Where
w,®,,y, 1 — are positive numbers, was studied in the n-dimensional domain

QO — R"@ in[10]. The mixed problem for equation (1) for@ = 0 in the domain
Q < R?with the nonlinear term f (u) = \u\pu , where p >0 , was studied in
[4]. The mixed problem in Q < R" for equation (1), for @ =1, @ = 0 with the
nonlinear term  f(u)= ﬂ\u\qu + ia\u\pu, under  the  condition
g>0,p>0,a0#0,+#0, was investigated in [5].

The question of the blow-up of solutions to the Cauchy problem in the
space R" for equation (1) with a nonlinear term f(u): —i\u\pu, p >0, for

o = 0 was investigated in works [2], [5], [6], [8], [11], [12], [16]. The question of
the nonexistence of global periodic solutions for problem (1)—(3) is also of
scientific interest and remains relevant..

The obtained results are formulated in the form of the following theorems.
Theorem 1. Let 1 >0, > 0. Suppose that UO(X) satisfies the condition

1 L
Yo =+ [ Imu,(x)dx > 0.
L5
Then the maximal existence time of smooth periodic solutions to problem (1)—(3)

is
bounded above by the number t;, t. <t , where

1 "+ w

t, = In[ﬂy —
wp | HY;

For @ < O this statement also remains valid provided that

t, = L In o :
oo\ Y5 =@

1Up
y {M] |
"l

under the condition
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For @ =0 the quantity t, is calculated by the formula
1

t = .
Yo 10

0

Theorem 2. Let 7 >0, @ > 0. Suppose that uo(x) satisfies the
condition

1L
=—|R dx > 0.
Y, L! eu,(x)dx >

Then the maximal existence time of smooth periodic solutions to problem (1)—(3)
is bounded above by the number t, t_ <1, where

P
t, = 1 In[wo+w),
wp 1Yo

For @ < O the statement remains valid provided that

t = L In Mo :
" elp \uyg e

S
n

For @ = 0 the quantity t, is calculated by the formula
1

o :
Yo 1P
We now present an outline of the proof of Theorems 1 and 2. The
following lemmas hold.
Lemma 1. Let p > 0, u(x, t) be a smooth solution of problem (1)—(3).
Suppose tha

under the condition

t

L
tf Imu,(x)dx > 0.
0
Then, for every t € [O,tmax) the function

y(t):%ilmu(x,t)dx

npu mobom { € [O,t ) satisfies the following first-order nonlinear differential

inequality:

max
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dy - on s 1
d—)t/Zue Y7, Yo = Imu, (k.

Proof. We have

L — ot L
ay :llmj(—aﬁ“u +e a—u]dx :e—lmf[—a)u +a—ujdx =
at L ot L ot

e_“’t n f e_[”t n - p+l e_wt i p+l
= Imj(lajxer f(u))dx = Im'[(77+|y1u| dx:yTj|u| dx
0 0 0

Thus, for the function

e |
y(t)= - Im_([udx 4)
the following relation holds for every t € [O,tmaX ):
dy e s p+l
—=pu— dx. 5
al !Iul X (5)

Let x>0, then
dy 1. ¢
—>0, ylt)>vy,, =—1Im | udx
at Y( ) Yor Yo L _([
Let y, > 0. Then y(t)> 0. Further, for function (4), by virtue of the estimate

Imu < |u| we obtain

—ot L

y(t) < eL j|u|dx,
0

hence, by Holder’s inequality for integrals, we conclude that

ot L —at (L U(p+1) pl(p+1) —ut (L 1/(p+1)
y< eTJ.|u|dxs eT[.ﬂur”ldx} [J.dx} = eT[J.|u|p+1dx] Lo/(p+1)
0 0 0

0
Consequently,
e A 5
y it < —e“”tf|u|p+ dx. (6)
L 0
It follows from (5) and (6) that, for every t e [O,tmax) the following inequality
holds:

dy A +1
- > @ P ,
at Hey
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1 L
Yo :—jlmudx y, >0.
L 0

Lemma 2. Letny > 0,u(x,t) be a smooth solution to problem (1)-(3). Let
L
[Reu,(x)dx >0.
0

Then the function
—-ot L

y(t)= eT ! Reu(x, t)dx

satisfies the following first-order nonlinear differential inequality for every

telo,t,,):

dy w p+L l A
it/ AyPa(t), y, :ElReuo(x)dx.

The proof of Lemma 2 is analogous to the proof of Lemma 1.
Proof of Theorem 1. From the inequality dy/dt > ze“”y**™ for =0,
separating the variables and integrating, we obtain

y t

'[ y iy > ,uf e”Adt,

Yo 0
whence the following inequality follows:

AN Yo
) 1-(ulo)yg e -1)
from which the statements of Theorem 1 follow.
The case @ =0 is treated analogously.
The proof of Theorem 2 is analogous to the proof of Theorem 1, taking Lemma 2
into account.
The present work was announced in the note [8].
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