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Presentación

El Encuentro Internacional en Ciencias Matemáticas (IMMS, por sus siglas en inglés)
es un evento académico, que se lleva a cabo desde el año 2018, y congrega a impor-
tantes investigadores de diferentes páıses, dando a conocer sus investigaciones y a la vez
motivando a estudiantes y profesores a seguir o iniciar trabajos conjuntos que lleven al
progreso de la matemática.

Esta sexta edición el IMMS se llevará a cabo en la Universidad Nacional San Cristóbal
de Huamanga, Ayacucho, Perú, del 10 al 12 de diciembre de 2024.

El evento está dedicado a la memoria del matemático peruano Carlos Teobaldo
Gutiérrez Vidalón, reconocido investigador, nacido en Ayacucho, quien trabajó en el
IMPA y en el ICMC de la USP de São Carlos, Brasil.

En esta edición participarán investigadores peruanos y extranjeros que compartirán
sus trabajos a través de plenarias, conferencias y presentaciones orales.

El VI IMMS cubre una amplia gama de temas dentro de las matemáticas distribuidos
entre las cuatro áreas principales de las matemáticas: Álgebra, Análisis, Geometŕıa y
Topoloǵıa y Matemática Aplicada.

Estamos seguros que, al igual que los eventos anteriores, será del agrado y de mucho
provecho académico para todos los participantes. A la vez que agradecemos desde ya la
colaboración académica de todos los ponentes, por difundir sus investigaciones.

Ayacucho - Perú, Diciembre del 2024.
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Estability of the Energy for type III Thermo-porous - elastic
System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Nestor Abel Sánchez Goycochea
Análisis de estabilidad para un modelo de convección turbulenta
precipitante . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

www.imms.pe 5

www.imms.pe
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VI International Meeting in Mathematical Sciences
Ayacucho, Perú
December 10–12, 2024

El profesor Carlos Gutierrez (1944–2008)

Roland Rabanal * 1

1Pontificia Universidad Católica del Perú (PUCP) Perú

Resumen
La presentación tratará sobre Carlos Teobaldo Gutiérrez Vidalón: el Profesor de Matemáticas

en la Enseñanza Secundaria, nacido en Ayacucho y egresado de la Universidad Nacional de
Educación Enrique Guzmán y Valle (UNE) Perú; quien no solo ejerció la docencia en el mismo
colegio donde cursó la secundaria, sino también desarrolló una fructífera actividad académica en
importantes centros de investigación en Matemáticas; como el IMPA en Brasil, el ICMC de la
Universidad de São Paulo en Brasil e importantes universidades en EUA. Fue miembro titular de
la academia Basileña de ciencias (1996) e incorporado a la Orden Nacional del Mérito Científico,
presidente de la Republica (2002). En su homenaje desde el 2009 el ICMC y la Sociedad Brasileña
de Matematicas (SBM) han creado el «premio Gutierréz» otorgado anualmente a la mejor Tesis
Doctoral en Matemáticas.

Referencias
[1] J. Sotomayor and C. Gutiérrez Structurally stable configurations of lines of principal cur-

vature, in Bifurcation, ergodic theory and applications (Dĳon, 1981), 195–215, Astérisque,
98-99, Soc. Math. France, Paris, ; MR0724448

[2] C. Gutiérrez, Smoothing continuous flows on two-manifolds and recurrences, Ergodic
Theory Dynam. Systems 6 (1986), no. 1, 17–44; MR0837974

[3] C. Gutiérrez, A counter-example to a C2 closing lemma, Ergodic Theory Dynam. Systems
7 (1987), no. 4, 509–530; MR0922363

[4] C. Gutiérrez, Knots and minimal flows on 3-manifolds, Topology 34 (1995), no. 3, 679–698.

[5] C. Gutiérrez, A solution to the bidimensional global asymptotic stability conjecture, Ann.
Inst. H. Poincaré C Anal. Non Linéaire 12 (1995), no. 6, 627–671; MR1360540

[6] J. Sotomayor, Carlos Gutiérrez (1944–2008) https://www.ime.usp.br/~sotp/ACarlos.pdf.
Publicado también en Matemática Universitaria No. 43, 2009

[7] A. Tahzibi. Carlos Teobaldo Gutiérrez Vidalón, 1944–2008 Cadernos de Matemática 10,
May (2009) 1-8. Artigo número SMA 312.

*rabanal@pucp.edu.pe
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VI International Meeting in Mathematical Sciences
Ayacucho, Perú
December 10–12, 2024

Cross ratio and Schwarzian derivatives: From high school to
research in Mathematics

Ali Tahzibi ∗ 1

1Instituto de Ciências Matemáticas e de Computação- USP

Abstract
In this talk we try to make a friendly introduction to cross ratio and Schwarzian derivative. The
plan is to begin from a project that we realize in high schools and arrive to a research result in
smooth ergodic theory.

References

∗tahzibi@icmc.usp.br
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VI International Meeting in Mathematical Sciences
Lambayeque, Perú
December 10–12, 2024

Discrete group actions: Geometry and dynamics.

José Seade ∗ 1

1UNAM

Abstract
At the end of the 19th Century, H. Poincaré studied discrete groups of Möbius transformations
acting on the Riemann sphere that sprang from his study of differential equations. These can
all be constructed by the very elementary geometric operations of reflections and inversions in
circles, and one finds extreme beauty. He called these Kleinian groups, and their study has been
for decades the paradigm of complex geometry and holomorphic dynamics, being a source of
inspiration for the study of fractal geometry, chaos and Julia sets of rational maps. In this talk we
shall review some basic facts about such group actions, and a generalization of these to several
complex variables.

∗jseade@im.unam.mx
www.imms.pe 10
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PESQUIMAT 23(2): 1–?? (2020) ISSN:1560-912X/ ISSN-E:1609-8439

http://dx.doi.org/ Facultad de Ciencias Matemáticas – UNMSM

On the existence of holomorphic foliations on Hopf manifolds

Andrés Beltran 1, Arturo Fernández-Pérez 2, Hernán Neciosup 3

Abstract: In this paper, we investigate the problem of the existence of holomorphic
foliations on 3-dimensional Hopf manifolds, with a particular focus on exceptional
type manifolds. Hopf manifolds, being compact, non-Kähler complex manifolds, pro-
vide a fertile ground for the analysis of non-trivial phenomena in the study of holo-
morphic foliations. In particular, these manifolds exhibit geometric structures that
allow for the emergence of complex dynamical behaviors, making them a case of
special interest.

Keywords: Hopf manifold, foliations, biholomorphic transformations.

Sobre la existencia de foliaciones holomorfas en variedades de Hopf

Resumen: En este art́ıculo, investigamos el problema de la existencia de foliaciones
holomorfas en variedades de Hopf de dimensión 3, con un enfoque particular en las
variedades de tipo excepcional. Las variedades de Hopf, al ser variedades complejas
compactas no-Kähler, proporcionan un terreno fértil para el análisis de fenómenos
no triviales en el estudio de foliaciones holomorfas. En particular, estas varieda-
des exhiben estructuras geométricas que permiten la aparición de comportamientos
dinámicos complejos, lo que las convierte en un caso de especial interés.

Keywords: Variedades de Hopf, foliaciones, transformaciones biholomorfas.

c○ Los autores. Este art́ıculo es publicado por la Revista PESQUIMAT de la Facultad de Ciencias Matemáticas, Universidad Nacional
Mayor de San Marcos. Este es un art́ıculo de acceso abierto, distribuido bajo los términos de la licencia Creative Commons Atribucion-No
Comercia-CompartirIgual 4.0 Internacional.(http://creativecommons.org/licenses/by-nc-sa/4.0/) que permite el uso no comercial, distribución
y reproducción en cualquier medio, siempre que la obra original sea debidamente citada. Para uso comercial, por favor póngase en contacto
con revistapesquimat.matematica@unmsm.edu.pe

1Dpto. Ciencias- Sección Matemáticas, Pontificia Universidad Católica del Perú.
e-mail: abeltran@pucp.edu.pe

2Departamento de Matemática - ICEX, Universidade Federal de Minas Gerais.
e-mail-: fernandez@ufmg.br

3Dpto. Ciencias-Sección Matemáticas, Pontificia Universidad Católica del Perú.
e-mail: hneciosup@pucp.edu.pe,
El primer autor agradece el apoyo financiero por la Dirección de Gestión de la Investigación de la PUCP a través 
de la subvención GDI 2017-1-0061

www.imms.pe 11

www.imms.pe


5. Conclusion

In this work, we have addressed the problem of the existence of holomorphic foliations on
3-dimensional Hopf varieties, with a particular focus on those of exceptional type.

We have demonstrated that holomorphic foliations exist in a specific case of exceptional Hopf
varieties in 3 dimensions. However, these results do not fully resolve the problem, as several open
cases still require more detailed investigation. In particular, future research should aim to achieve
a complete classification of foliations on these varieties and explore the relationship between the
geometric and dynamic properties of the foliations and the underlying complex structures of
Hopf varieties.

References

[1] Mauŕıcio Corrêa, Arturo Fernández-Pérez, and Antonio M. Ferreira. Classification of holo-
morphic foliations on Hopf manifolds. Math. Ann., 365(1-2):579–593, 2016.

[2] Mauŕıcio Corrêa, Antonio M. Ferreira, and Misha Verbitsky. Classification of holomorphic
Pfaff systems on Hopf manifolds. Eur. J. Math., 7(2):729–740, 2021.

[3] H. Hopf. Zur Topologie der komplexen Mannigfaltigkeiten. In Studies and Essays Presented
to R. Courant on his 60th Birthday, January 8, 1948, pages 167–185. Interscience Publishers,
New York, 1948.

[4] Kunihiko Kodaira. On the structure of compact complex analytic surfaces, iii. American
Journal of Mathematics, 90(1):55–83, 1968.

[5] Kunihiko Kodaira. On the structure of complex analytic surfaces, iv. American Journal of
Mathematics, 90(4):1048–1066, 1968.

[6] Daniel Mall. On holomorphic and transversely holomorphic foliations on Hopf surfaces. J.
Reine Angew. Math., 501:41–69, 1998.

[7] Kato Masahide. Some remarks on subvarieties of hopf manifolds. Tokyo Journal of Mathe-
matics, 2(1):47–61, 1979.

[8] L Reich. Das typenproblem bei formal-biholomorphen abbildungen mit anziehendem fix-
punkt. Mathematische Annalen, 179(3):227–250, 1969.

[9] Ludwig Reich. Normalformen biholomorpher abbildungen mit anziehendem fixpunkt. Mathe-
matische Annalen, 180(3):233–255, 1969.
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VI International Meeting in Mathematical Sciences
Ayacucho, Perú
December 10–12, 2024

On the existence of a BV solution for an equation involving
the mean curvature operator

Marcos Tadeu de Oliveira Pimenta ∗ 1

1Universidade Estadual Paulista - Unesp

Abstract
We prove the existence of a bounded variation solution for a quasilinear elliptic problem involving
the mean curvature operator and a sublinear nonlinearity. We obtain such solution as the limit of
the solutions of another quasilinear elliptic problem involving a parameter p > 1 as p → 1+. The
analysis requires estimates independent on p, as well as a precise version of the Euler-Lagrange
equation satisfied by the solution.
This is a joint work with Prof. Marcelo Montenegro, from IMECC-UNICAMP.

References
[1] M. Montenegro and M.T.O. Pimenta, On the existence of a BV solution for an equation

involving the mean curvature operator, Journal of Differential Equations 299. 51-64 (2004).

∗marcos.pimenta@unesp.br
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VI International Meeting in Mathematical Sciences
Ayacucho, Perú
December 10–12, 2024

Critical points of functionals at prescribed energy

Gaetano Siciliano ∗ 1

1Università degli Studi di Bari, IT

Abstract
We discuss the existence of critical points for a family of abstract and smooth functionals on Banach
spaces under the energy constraint. In other words, for a family of functionals Φµ : X → R, given
c ∈ R, we look for solutions (u, µ) ∈ X × R of the system

{
Φµ(u) = c

Φ′
µ(u) = 0.

By means of the Ljusternick-Schnirelmann theory we show, under suitable assumptions, multiplic-
ity results. The abstract framework is then applied to some partial differential equations depending
on a parameter for which we obtain multiple solutions as well as some bifurcation results.

The results are contained in a joint work with Kaye Silva (Universidade Federal de Goiás, BR) and
Humberto R. Quoirin (Universidad Nacional de Córdoba, AG).

References
[1] Humberto Ramos Quoirin, Gaetano Siciliano, and Kaye Silva, Critical points with prescribed

energy for a class of functionals depending on a parameter: existence, multiplicity and
bifurcation results, Nonlinearity 37 (2024) 065010 (40pp).

∗gaetano.siciliano@uniba.it
www.imms.pe 14
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VI International Meeting in Mathematical Sciences
Ayacucho, Perú
December 10–12, 2024

Una desigualdad tipo Dimca - Greuel para foliaciones

Nancy Saravia Molina ∗ 1

1Pontificia Universidad Católica del Perú

Abstract
Sea F una foliación holomorfa en p ∈ C2, y B una separatriz de F . Bajo ciertas condiciones
en la reducción de singularidades de F y B, demostramos la siguiente desigualdad tipo Dimca-
Greuel µp(F ,B)

τp(F ,B) < 4/3, donde µp(F , B) es la multiplicidad de F a lo largo de B y τp(F , B) es
la dimensión del cociente de C{x, y} por el ideal generado por las componentes de la 1-forma
que define F y cualquier ecuación de B. En consecuencia, aportamos una nueva prueba de
la conjetura 4

3 -Dimca-Greuel para singularidades de gérmenes de curva plana irreducible, con
ingredientes de foliaciones que difieren de las dadas por Alberich-Carramiñana, Almirón, Blanco,
Melle-Hernández and Genzmer-Hernandes pero está en línea con la idea desarrollada por Wang.

References
[1] M. Alberich-Carramiñana, P. Almirón, G. Blanco and A. Melle-Hernández. The minimal

Tjurina number of irreducible germs of plane curve singularities, Indiana Univ. Math. J. 70
(2021), no. 4, 1211-1220.

[2] P. Almirón. On the quotient of Milnor and Tjurina numbers for two-dimensional isolated
hypersurface singularities, Mathematische Nachrichten 295 (2022), 1254-1263.

[3] Y. Genzmer and M. E. Hernandes. On the Saito basis and the Tjurina number for plane
branches. Trans. Amer. Math. Soc. 373 (2020), 3693-3707.

[4] Z. Wang: Monotic invariants under blowups. International Journal of Mathematics, Vol. 31,
No. 12, (2020) 2050093. https://doi.org/10.1142/S0129167X20500937

∗nsaraviam@pucp.edu.pe
www.imms.pe 16
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VI International Meeting in Mathematical Sciences
Ayacucho, Perú
December 10–12, 2024

On a nonlinear problem involving p(u)−Laplacian-type
operators with a nonlinear gradient term

Willy David Barahona Martínez ∗ 1, Rocío Julieta De La Cruz Marcacuzco † 2, and
Eugenio Cabanillas Lapa ‡ 3

1Research Institute FCM-UNMSM-PERU/GI-EDOACBI
2Research Institute FCM-UNMSM-PERU/GI-EDOACBI

3Research Institute FCM-UNMSM-PERU/GI-ECUKI

Abstract
The purpose of this article is to obtain weak solutions for the nonlinear problems forp(u)−Laplacian-
like operators, originated from a capillary phenomena, with a nonlinearity which depends on the
gradient. First, we solve a associated boundary-value local problem are given by using a singular
perturbation technique and then we use the Schauder fixed-point theorem for obtain our result, in
the framework of variable exponent Sobolev spaces.

1 Introduction
The main objective of this work is to look into the existence of weak solutions for the following
local p(u)-Laplacian problem

−div

(
|∇u|p(u)−2∇u+

|∇u|2p(u)−2∇u√
1 + |∇u|2p(u)

)
= f + g(u)|∇u|p(u)−1 in Ω,

u = 0 on ∂Ω, (1)

where Ω is a bounded domain in Rn with a smooth boundary ∂Ω, and N ≥ 2, p ∈ C(Ω) for any
x ∈ Ω; f is a given function and g : R → R is a bounded and continuous function that belongs
to L1(R). The study of differential and partial differential equations with variable exponent has
been received considerable attention in the last two decades, recently it was extended to the case
when the exponent depend both on the space variable x and on the unknown solution u (see
[1, 5]). Thus, the problem becomes local and more complicated. Problems of the type (1) can
be presented as model for many physical applications, for instance mathematical image processing
and computer vision (see [2, 6]). As far as we are aware, the authors have only studied problems
with p(x)-Laplacian-like operators, in the context of the study of capillarity phenomena (see [3, 4]
and references therein).

∗wbarahonam@unmsm.edu.pe
†rdelacruzm@unmsm.edu.pe
‡ecabanillasl@unmsm.edu.pe
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2 Notations and Main Results
We need some theorems on W 1,p(x)(Ω) which we call a variable exponent Sobolev space.
Let

p : R → [1,+∞[ (2)

be the nonlinear exponent function. Set C+(Ω) = {p(x) ∈ C(Ω) : p(x) > 1,∀x ∈ Ω};
p+ = max{p(x);x ∈ C(Ω)}, p− = min{p(x);x ∈ C(Ω)}, M(Ω) = { u: u is a real-valued
measurable function on Ω } and

Lp(x)(Ω) = {u ∈ M(Ω) :

∫

Ω
|u(x)|p(x)dx < ∞}.

We can introduce a norm on Lp(x)(Ω)

|u|p(x) = inf{λ > 0 :

∫

Ω
|u(x)

λ
|p(x)dx ≤ 1}

and (Lp(x)(Ω), |.|p(x)) becomes a Banach Space. The space W 1,p(x)(Ω) is defined by

W 1,p(x)(Ω) = {u ∈ Lp(x)(Ω) : |∇u| ∈ Lp(x)(Ω)}

with the norm
∥u∥1,p(x) = |u|p(x) + |∇u|p(x) ∀u ∈ W 1,p(x)(Ω).

We denote by W
1,p(x)
0 (Ω) the closure of C∞

0 (Ω) in W 1,p(x)(Ω). Of course the norm ∥u∥ =

|∇u|Lp(x)(Ω) is an equivalent norm to natural norm in W
1,p(x)
0 (Ω).

Also, we have the space

W
1,p(u)
0 (Ω) = {u ∈ W 1,1(Ω)} :

∫

Ω
|∇u|p(u) dx < ∞} such that1 < p(u) < ∞ for allu ∈ R

in which we will prove the existence of weak solutions for the local ´problem (1). It is a Banach
space for the norm ∥u∥

W
1,p(u)
0 (Ω)

when p(u) ∈ C(Ω) . Since p is continuous, from a Sobolev

embedding we have that W 1,p(u)
0 (Ω) is separable and reflexive.

Theorem. Assume that

p : R → R is a Lipschitz-continuous function

and that n < α ≤ p(u) ≤ β < ∞ ∀u ∈ R. If f ∈ W−1,α′
(Ω), then (1) has a weak solution in

u ∈ W
1,p(u)
0 (Ω).

Proof:
We apply using a singular perturbation technique combined with the theory of Sobolev spaces with
exponent variables and the Schauder fixed-point theorem .
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[1] chipot m., oliveira h.d.- Some results on the p(u)-Laplacian problem, Math. Ann., 375, no.
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Nonlinear Oscillator Behavior in Soliton Dynamics

Marcelo V. Flamarion ∗ 1

1Departamento Ciencias—Sección Matemáticas, Pontificia Universidad Católica del
Perú, Av. Universitaria 1801, San Miguel 15088, Lima, Peru

Abstract
In this talk, we examine the interaction of solitons with external forces in classical nonlinear partial
differential equations, focusing on Korteweg-de Vries (KdV) type equations [1, 2, 3, 4], which
model shallow water surface waves. External forces, which may be deterministic or stochastic,
can represent physical disturbances such as wind stress on the water surface, spatially varying
bathymetry, or localized pressure distributions. These forces introduce energy into the system and
affect the soliton stability and trajectory. We investigate the phenomenon of trapped waves, which
arises when the external force and soliton interact resonantly. In this regime, the soliton dynamics
mirror those of a classical nonlinear oscillator, with its evolution described in the soliton-amplitude
vs. soliton-phase space. For weak external forcing, we employ an adiabatic approximation (we
assume that the soliton amplitude and phase change slowly over time), thus allowing for a reduction
of the full partial differential equation to an effective two-dimensional dynamical system. This
asymptotic reduction captures the essential features of soliton modulation, offering a simplified
description of its long-term behavior. We compare the predictions of this reduced model with
results from direct numerical simulations, discussing the primary differences and the regimes
where the asymptotic theory is most accurate

References
[1] Flamarion, MV.; Pelinovsky, E, Interactions of solitons with an external force field: Exploring

the Schamel equation framework, Chaos Solitons & Fractals, 174, 113799, (2023)

[2] Flamarion, MV.; Pelinovsky, E, Interaction of interfacial waves with an external force: The
Benjamin-Ono equation framework, Symmetry, 15, 1478, (2023)

[3] Flamarion, MV, Trapped waves generated by an accelerated moving disturbance for the
Whitham , Partial Differential Equations in Applied Mathematics, 5, 100356, (2022)

[4] Flamarion, MV, Generation of trapped depression solitary waves in gravity-capillary flows
over an obstacle, Computational and Applied Mathematics, 41, 31, (2022)
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Ground state solutions for elliptic Kirchhoff–Boussinesq type
problems with supercritical exponential growth

Yony Raúl Santaria Leuyacc ∗ 1

1Universidad Nacional Mayor de San Marcos

Abstract
In this work, we are interested in studying the existence of a ground state solution for the problem

∆(wβ(x)∆u)± div(wβ(x)|∇u|p−2∇u) = f(x, u) in B, and u =
∂u

∂ν
= 0 on ∂B,

where B is the unit ball in R4, wβ(x) =
(
log e

|x|
)β or wβ(x) =

(
log( 1

|x|
)β for β ∈ (0, 1),

2 < p < 4 and f : R → R is a superlinear continuous class function with supercritical exponential
growth. We utilize the Nehari manifold method to establish the existence result.

References
[1] Carlos, R.D., Figueiredo, G.M.: On an elliptic Kirchhoff-Boussinesq type problems with

exponential growth. Math. Methods Appl. Sci. 47, 397–408 (2024)
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problems with supercritical exponential growth,. Bound Value Probl 2024, 125 (2024).

[3] Leuyacc, Y.R.S. A class of Schrödinger elliptic equations involving supercritical exponential
growth. Bound. Value Probl. 39 (2023)
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problems. Calc. Var. Partial Differ. Equ. 59, 69 (2020)

[5] Zhao, H., Zhu, M. Critical and supercritical Adams’ inequalities with logarithmic weights.
Mediterr. J. Math. 20, 313 (2023)
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Estability of the Energy for type III Thermo-porous- elastic
System

Lito Edinson Bocanegra Rodríguez∗ 1

1UNMSM – FCM,

Abstract
In this talk, we will consider the porous elastic system

ρωtt − µωxx − bφx + β1Θtx + aωt = 0 in (0, 1)× R+

Jφtt − δφxx + β2Θtx + ξφ+ bωx = 0 in (0, 1)× R+

αΘtt − σΘxx + β1ωtx + β2φtx − κΘtxx = 0 in (0, 1)× R+.

together with the boundary conditions

ω(0, t) = ω(1, t) = φx(0, t) = φx(1, t) = Θ(0, t) = Θ(1, t) = 0, t ≥ 0

and the initial conditions




ω(x, 0) = ω0(x), ωt(x, 0) = ω1(x) x ∈ (0, 1)
φ(x, 0) = φ0(x), φt(x, 0) = φ1(x) x ∈ (0, 1)
Θ(x, 0) = Θ0(x), Θt(x, 0) = Θ1(x) x ∈ (0, 1) .

and, using Semigroup Theory, we will prove the existence of global solutions. Addi-
tionally, by using multipliers, we will demonstrate that their energy associated decays
exponentially.
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[1] Bocanegra-Rodríguez, L. E., Leuyacc, Y. R. S., & Seminario-Huertas, P. N. (2024). Exponen-

tial stability of a type III thermo-porous-elastic system from a new approach in its coupling.
AIMS Mathematics, 9(8), 22271-22286.
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[3] Chueshov, I., & Lasiecka, I. (2010). Von Karman evolution equations: Well-posedness and
long time dynamics. New York: Springer.

[4] Pazy, A. (2012). Semigroups of linear operators and applications to partial differential equa-
tions (Vol. 44). Springer Science & Business Media.
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Análisis de estabilidad para un modelo de convección
turbulenta precipitante

Nestor Abel Sánchez Goycochea ∗ 1

1Universidad Tcnológica del Perú

Abstract
La convección húmeda en la atmósfera tropical implica la interacción de nubes precipitantes
profundas que pueden organizarse en diferentes patrones y propagarse a grandes distancias.
Su modelización para predecir su evolución puede realizarse con modelos basados en EDP´s,
pero requiere la parametrización de distintos procesos microfísicos de las nubes. Los modelos
simplificados pueden mantener un equilibrio entre complejidad y precisión, y seguir captando las
observaciones cualitativas realizadas en la naturaleza. En este trabajo demostramos la existencia
global y la unicidad de un modelo de convección turbulenta precipitante. El modelo considera una
dinámica de humedad con cambios de fase. Asume una rápida autoconversión y evaporación de
la lluvia junto con una aproximación de presión hidrostática. También se muestra la positividad
de las variables asociadas a la humedad y a la temperatura potencial equivalente.
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[1] Hernández, Gerardo et al, Minimal models for precipitating turbulent convection. J. Fluid

Mech. 717, 576–611 (2013).

[2] Hittmeir, Sabine and Klein, Rupert and Li, Jinkai and Titi, Edriss S, Global Well-
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Changes. Nonlinearity. 33(7), 3206–3236 (2020).

[3] Sánchez-Goycochea, Nestor and Hernández, Gerardo., Global well-posedness of a model
for precipitating convection with hydrostatic pressure under fast autoconversion and rain
evaporation conditions. Journal of Mathematical Analysis and Applications. 535(1), 128132
(2024).
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Gluing-Orbit Property and Hypergluing

José A. Cueto Ureta ∗ 1

1Instituto de Ciências Exatas, Universidade Federal de Minas Gerais

Abstract
We will present recent work conducted jointly with Mayara Antunes, Bernardo Carvalho, Welling-
ton Cordeiro. In this work, we investigate the consequences of the gluing-orbit (GO) prop-
erty—introduced by Bomfim and Varandas in [2] —on local stable/unstable sets and how this
property is inherited from the induced dynamics on the hyperspace.

More specifically, we show that the local stable/unstable sets of homeomorphisms on infinite
metric spaces with the GO property contain compact and perfect subsets, as in [1]. Consequently,
we prove that if a homeomorphism is positively countably expansive and has the GO property, then
the space on which it is defined is a simple periodic orbit.

We also demonstrate that if the induced homeomorphism of a map on the hyperspace of
compact subsets has the GO property, then the base map also has GO and is topologically mixing.
The GO property, weaker than the specification property, implies topological transitivity but not
necessarily mixing. Consequently, we show that there exist homeomorphisms with the GO property
whose induced homeomorphism does not possess this property, in contrast with the properties of
shadowing and specification.

References
[1] M. Antunes, B. Carvalho, M. Tacuri, Sensitivity, local stable/ unstable sets and shadowing,

Dynamical Systems 38:3 (2023) 477-489.

[2] T. Bomfim, P. Varandas, The gluing orbit property, uniform hyperbolicity and large deviations
principles for semiflows, J. Differ. Equ. 267 (1) (2019) 228–266.
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A Besov spaces approach and numerical insights to study a
conservation law with partially nonlocal velocity

Nelson Quispe Cuba ∗ 1, Eduardo Cardoso de Abreu2, Julio Cesar Valencia Guevara3,
and John Alexander Pérez Sepúlveda4

1Universidad Nacional de San Cristóbal de Huamanga, Perú
2Universidade Estadual de Campinas, Brasil
3Universidad Nacional de San Agustín, Perú

4ITM Institución Universitaria, Colombia

Abstract
This work focuses on the analytical and numerical investigation of a novelty conservation law with
partially non-local velocity. This law of conservation arose as an attempt to generalize a one-
dimensional conservation law by adding a spatial dimension. Its main feature lies in the fact that
its velocity field is defined through the composition of two partial non-local operators: the partial
Riesz potential and the partial Hilbert transform. This conservation law with partially non-local
velocity is

{
∂tθ ±∇ · (θv) = 0, with v = (Λα−1

1 H1θ,Λ
α−1
2 H2θ)

θ(x, y, 0) = θ0(x, y),

where θ : R2× [0,∞) −→ R is a scalar function, the initial data θ0(x, y) is not necessarily regular;
moreover Hi and Λα−1

i , with i = 1, 2, are the nonlinear and nonlocal operators, the partial Hilbert
transform and the partial Riesz potential, respectively.

In the analytical study, we obtain the well-posedness this conservation law with partially
nonlocal velocity within the framework of classical Besov spaces. On the other hand, for the
numerical investigation, we employ approximations for the nonlocal operators present in this
conservation law with partially nonlocal velocity and formulate the 2D fully-discrete Lagrangian-
Eulerian method. Therefore, from a computational standpoint, we provide numerical evidence for
the theoretical aspects and conduct a numerical investigation into the criteria governing attenuation
of regularization type, the formation of singularities, and the emergence of abrupt gradients in
solutions for this conservation law with partially nonlocal velocity.

∗nelcuba.mat@gmail.com
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Estructura gradiente para un sistema Bresse no lineal a partir
de una nueva propiedad de continuación única

Paulo N. Seminario-Huertas ∗ 1

1Departamento de Matemática Aplicada a las TIC, Universidad Politécnica de Madrid

Abstract
Esta charla está dedica a mostrar una nueva propiedad de continuación única para un sistema de
ondas Riemannianas acopladas con una aplicación significativa a los modelos de Bresse no lineales
que presentan factores de disipación localizados en el interior de la viga. En particular se probará
la estructura gradiente para estos sistemas, destacando sus implicaciones y relevancia teórica.
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[4] R. Triggiani and P. F. Yao, Carleman estimates with no lower-order terms for general Riemann
wave equations. Global uniqueness and observability in one shot, Special issue dedicated to
the memory of Jacques-Louis Lions. Appl. Math. Optim. 46 (2002), no. 2-3, 331–375.

∗e-mail: paulo.seminario.huertas@upm.es
www.imms.pe 27

www.imms.pe


VI International Meeting in Mathematical Sciences
Ayacucho, Perú
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Familias de grafos araña elegantes

Nelson Berrocal Huamańı*1

1Departamento de Ciencias y Huamanidades, Universidad Nacional de Huancavelica

Resumen

Un árbol se denomina araña si posee, como máximo, un vértice con grado mayor que dos.
En este trabajo, desarrollamos y analizamos etiquetas espećıficas para ciertas familias de grafos
de araña, construidas a partir de grafos camino con propiedades elegantes y etiquetas concretas.
Esto permite establecer una correspondencia entre ciertos caminos elegantes y arañas elegan-
tes, relación que se detalla mediante un algoritmo presentado en los preliminares. Finalmente,
obtenemos todas las familias de arañas elegantes derivadas de grafos camino elegantes.

Referencias
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Remarks on a formula of Ramanujan

Andrés Chirre∗

Pontificia Universidad Católica del Perú (PUCP)

Abstract
In this talk, we will discuss a well-known formula of Ramanujan and its relationship with the
partial sums of the Möbius function. Under some conjectures, we analyze a finer structure of the
involved terms. It is a joint work with Steven M. Gonek (University of Rochester).
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Desenredando los Racks

Jack Arce ∗ 1

1Pontificia Universidad Católica del Perú

Abstract
Los racks son estructuras algebraicas que, a primera vista, parecen simples conjuntos con una
operación binaria. Sin embargo, bajo esta aparente simplicidad se esconde una rica teoría con
conexiones sorprendentes en diversas áreas de la matemática. Esta charla se propone introducir el
concepto de rack y su relación con la teoría de nudos y la clasificación de álgebras de Hopf.
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Una invitación a la Estabilidad Homológica

Abraham Rojas Vega ∗ 1

1Instituto de Ciências Matemáticas e de Computação, Universidade de São Paulo, Brasil

Resumen
La estabilidad homológica ha demostrado ser una herramienta poderosa para el cálculo de la
homología de grupos, como en los grupos lineales generales, los grupos de clases de mapeo o los
automorfismos de grupos libres. La estabilidad de GL(n) es fundamental para el cálculo de los
K−grupos de orden superior de anillos. La estabilidad homológica tiene aplicaciones en teoría de
representación, geometría algebraica y otras áreas. En esta charla, daremos una introducción a la
estabilidad homológica y discutiremos algunas de sus aplicaciones, enfocándonos en la K−teoría
algebraica.

Referencias
[1] Suslin, A. A., Stability in algebraic K-theory. Algebraic K-theory 966, 304-333, 1982.

[2] Kupers, A., Homological Stability Minicourse. Disponible en https://www.utsc.
utoronto.ca/people/kupers/wp-content/uploads/sites/50/homstab.pdf.
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Modelado de Ritmos Circadianos mediante Series de Fourier:
Análisis de Patrones Temporales con el Núcleo de Dirichlet

Edison Laderas Huillcahuari ∗ 1

1Universidad Nacional de San Cristóbal de Huamanga

Abstract
Los ritmos circadianos son ciclos biológicos que se repiten cada 24 horas y regulan procesos
fisiológicos esenciales como el sueño, la temperatura corporal y la secreción hormonal. Este estudio
aborda el análisis matemático de dichos ritmos mediante el uso de series de Fourier y el núcleo
de Dirichlet, con el objetivo de identificar las frecuencias predominantes en señales biológicas
periódicas y comprender el impacto de perturbaciones externas en estos ciclos. El método consiste
en modelar datos biológicos como funciones periódicas y aplicar la serie de Fourier truncada,
acompañada de una convolución con el núcleo de Dirichlet, para analizar patrones temporales.
Los resultados obtenidos muestran que esta técnica permite descomponer señales complejas y
detectar variaciones significativas en los ritmos circadianos, facilitando la interpretación de datos
experimentales. Concluimos que el enfoque propuesto es una herramienta eficaz para estudiar
la dinámica de procesos biológicos periódicos, contribuyendo al entendimiento de trastornos del
sueño y cronobiología, con posibles extensiones a otros sistemas fisiológicos, como la actividad
cardíaca y cerebral. Este enfoque matemático tiene aplicaciones relevantes en biología y medicina,
proporcionando información valiosa para investigaciones futuras.

References
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[3] Wolf, Kurt Bernardo (2013), Integral Transforms in Science and Engineering, bibliographic
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Use of Unrestricted Minimization of a Spectral Function to
Estimate the Visible Zone in Matlab 19.0

Reynaldo, Quispe ∗ 1 and Juli, Verónica 2

1Universidad Nacional José María Arguedas, Departamento Académico de Ciencias
Básicas, Andahuaylas, Perú

2Universidad Nacional de San Agustín de Arequipa, Departamento Académico de Física,
Arequipa, Perú

Abstract
Due to the simplicity and wide applicability, unrestricted minimization in the visible zone (Vis) is
an important tool to solve many optimization problems of parameters and operating conditions of
photovoltaic systems. The purpose of this work is to use unrestricted minimization of a simplified
objective function ξ to estimate the Vis zone. We used a quantitative method and a documentary
technique, analyzing a sample of 34 Vis experimental data from the Heredia University station.The
parametric method was applied by means of the Matlab 19.0 Software, specifically through the
minimization of a mathematical model employing the basic algorithm with Armijo correction using
backtracking. The result obtained is a feasible optimizer of ξ in 33 iterations, which determined a
transfer model of the Vis zone of aerosol turbidity (β) 3.69x10−2 and ozone layer (l) 57.40x10−2 cm
with statistical parameters of uncertainty 0.132%, 2.066% for the relative mean bias error (rMBE)
and relative root mean square error (rRMSE) respectively. It is concluded that the atmosphere of
the Heredia University presents a cloudy alternating white sky without an ozone hole.
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Reformulations of the Riemann Hypothesis based on the
Nyman-Beurling criterion

Alfredo Sotelo Pejerrey ∗ 1

1Universidad Nacional Mayor de San Marcos
2Universidad Nacional del Callao

Abstract
Based on the Nyman-Beurling criterion, the Riemann Hypothesis can be reformulated as a problem
of functional analysis. We will present the approach of J. Alcántara, B. Bagchi, B. Duarte and J.
Yang.
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Estudio de la dinámica a largo plazo de un modelo SIR no
autónomo con difusión espacial y migración no controlada

Víctor Alcides Coaquira-Cárdenas ∗1

1Universidad Nacional de San Cristóbal de Huamanga

Abstract
The presentation will present the progress of a graduate thesis project. The SIR model for
infectious disease transmission, which was introduced by Kermack and McKendrick [8] in 1927,
is one of the fundamental models of mathematical epidemiology (see [1, 2, 9] among others). Its
classical form involves a system of autonomous ordinary differential equations for three classes;
the susceptible S, infected I and recovered R, from a constant total population. Most works have
focused on the persistence and extinction of the disease, the existence of the threshold value for
which the infectious disease will grow or disappear, the local and global stability of the endemic
and disease-free equilibria, and the existence of periodic solutions.

Our research aims to study the long-term dynamics for a non-autonomous SIR epidemiolog-
ical model with spatial diffusion over a bounded domain of R3, when uncontrolled migration is
considered under a false positive phenomenon. In particular, the evolution of the system when
it is disease-free will be studied, considering non-autonomous equilibrium solutions on the total
population.
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Local geometric study of the transport equation

Victor Alberto Pocoy Yauri ∗ 1

1Universidad Nacional Santiago Antúnez de Mayolo

Abstract
In this paper we use the method of characteristics because is a very important tool for determining
the integral surface locally of an initial value problem involving the one-dimensional transport
equation. Also we study the uniqueness of the solution and the geometric properties of the
initial curve and characteristic curves. From the research it is concluded that in order to have
unique local solutions, a(x, t) must be a Lipschitz function and satisfy the transversality condition.
Additionally, we can say that the initial and characteristic curves are plane curves for a(x, t) =
m(x)n(t); (x, t) ∈ ω.

tequation
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Qualitative Study of the Lorenz Equation

Roberto Aimar Támara Chávez∗ 1, Darlin Nery Saenz Huerta†2, and Linder Manuel
Ángeles Justo‡3

1Universidad Nacional Santiago Antúnez de Mayolo
2Universidad Nacional Santiago Antúnez de Mayolo
3Universidad Nacional Santiago Antúnez de Mayolo

Abstract
The objective of this research was the qualitative analysis of the Lorenz equation and the visual-
ization of the solution curves. For this purpose, the equilibrium points of the Lorenz system and
the type of stability of these points for different values of the parameters were determined using
Linearization Analysis, the Liapunov Direct Method and the Krasovski Method; in addition, a
program was developed to graph the solution curves. It was concluded that the origin is always an
equilibrium point, when the Rayleigh number is greater than one there are two other equilibrium
points; the origin is asymptotically stable when this number is less than one and unstable when it
is greater than one, the other two equilibrium points are asymptotically stable when the Rayleigh
number verifies a certain inequality; on the other hand, if there exists a neighborhood of the origin
whose points verify a system of two inequalities, then the origin is asymptotically stable; finally,
when the Prandtl number, the proportionality constant and the Rayleigh number are equal to 10,
28 and 8/3, respectively, then the graph of the curve has a complex but not chaotic behavior.

References
[1] Buitrago, R., El sistema y el atractor geométrico de Lorenz, PhD thesis.

[2] Hirsch, M.; Smale, S. and Devaney, R., Differential equations, dynamical systems, and an
introduction to chaos, bibliographic information.

[3] Muñoz, G. and Seoane, J., FUNDAMENTOS Y PROBLEMAS RESUELTOS de teoría cuali-
tativa de ecuaciones diferenciales, Ediciones Paraninfo, S.A.

[4] Perko, L., Differential Equations and Dynamical Systems, 1 edition.

[5] Salazar, D., Derivación y análisis de estabilidad del sistema caótico de Lorenz, Master’s
thesis, Quito: UCE.

∗rober16800@gmail.com
†saenzhuartah@gmail.com
‡linderangelesjusto3@gmail.com

www.imms.pe 40

www.imms.pe


[6] Venegas, J., Estudio de las ecuaciones de Lorenz, Universidad Tecnológica de la Mixteca.

[7] Yepez, M., Funciones de Lyapunov y Algunas Aplicaciones, Universidade Federal do Pampa.

www.imms.pe 41

www.imms.pe


Del 10 al 12 de diciembre de 2024
Ayacucho - Perú

Carlos Teobaldo Gutierrez  Vidalon
En memoria a:

Organizan:

Ilustre Matemático

INFORMES E INSCRIPCIONES: https://www.imms.pe

MINICURSOS
PLENARIAS
CONFERENCIAS
PRESENTACIÓN DE POSTER COMITÉ CIENTÍFICO

Jaqueline Godoy Mesquita
UnB, Brasil.

Marcelo Escudeiro Hernandes
UEM, Brasil.

Renato Benazic Tome
UNMSM, Perú.

Roland Rabanal
PUCP, Perú.

Ronaldo Alves García
UFG, Brasil.

Yurilev Chalco Cano
UTA, Chile.

Recepción de resúmenes:
Hasta el 10/11/2024

Inscripciones:
01/10/2024 al 01/12/2024


