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Current Trends in Nonlinear Photoni s

A. A eves
Dept of Mathemati s, Southern Methodist University, Clements Hall 208, 75275
Dallas, TX, USA
There is a long story of the role nonlinearity plays in opti s and photoni s.
From the early experiments in se ond harmoni generation to the demonstration
of opti al solitons in ber opti s, the eld ontinues to evolve in several dire tions.
Rather than presenting well developed ideas, in this talk I will attempt to provide
examples mostly from re ent experiments in need of better models. They will
highlight opti al phenomena for weakly and for strongly nonlinear ee ts. Topi s I
hope to over in lude pulses in novel waveguides with leading fourth order dispersion,
spatio-temporal dynami s in multi-mode bers, opti al rogue waves and se ond
harmoni s laments.
→∞⋄∞←

Numeri al Investigation on Fra tional Variational Problems
Depending on Indenite Integrals

M. Alipour
Dept of Mathemati s, Fa ulty of Basi S ien e, Babol Noshirvani University of
Te hnology, 47148-71167 Babol, Iran
In this paper, we solve the dynami al fra tional variational problems depending
on indenite integrals. The Bernstein operational matri es were applied to obtain
the approximate analyti al solution of this problem. In this way, the model is
redu ed to an algebrai easily solvable system. The obtained solutions are very
a ura y and the method is very e ient and simple in implementation
→∞⋄∞←
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Harmonizing The In omplete Statisti al Data on The
Example of Institutional Fa tors' Impa t on Pension
Systems

A. Nepp, Zh. K. Aidai
Dept of International E onomi s, Ural Federal University, Ekaterinburg, Russia
A. Amiryan
Ural Federal University, 11 Kominterna str., 620078 Yekaterinburg, Russia
In the arti le a software program is introdu ed, whi h allows to in rease the
a ura y of the statisti al analysis while having in omplete data. The program
nds the hanging pattern of the data and attempts to ll in the missing ells with
some values. It is using linear regression and arithmeti average methods (for now)
to ll in the missing ells. A omparison analysis is given, done before the lling
the data with the software and after.
The pension market was taken as a subje t for that analysis, with the fa tors
impa ting it; parti ularly, in our resear h we present the e onometri study about
the role of religion in the development of the pension market. Using the methods of
e onomi regression - orrelation analysis, the least squares method we identied
the fa tors greatly inuen ing on the target features of pension systems. The
analysis also shows the importan e of su h institutional fa tors as onden e in
the government, orruption, and rule of law for the development of the pension
market.
Comparing the models and the e onometri analysis a ura y with and without
using the program for harmonizing the statisti al data, we show the e ien y of
the program and point the key situations where it will benet the resear h, and
where will not.
Keywords: Software, statisti al data, harmonizing, missing data, e onometri resear h
→∞⋄∞←
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A Guaranteed State Estimation of Linear Retarded Neutral
Type Systems

B. Ananyev
N.N. Krasovskii Institute of Mathemati s and Me hani s UB of RAS, 16
Kovalevskaya str., Yekaterinburg, Russia
The problem of minimax guaranteed estimation is onsidered for time-delayed
linear systems of neutral type with un ertain input and output disturban es belonging
to a ball in a Hilbert spa e. It is supposed that the initial state of the system is
ompletely unknown. The innite-dimensional informational sets are introdu ed in
the appropriate Hilbert spa e and their properties are investigated. Some parti ular
ases are onsidered and examples are given. The onditions for innite-dimensional
informational sets to be bounded are given as well. This matter is losely related
with the notion of omplete observability. Criteria for this are dis ussed. A nitedimensional approximation s heme for the problem is developed. The theory of
losed operators and semigroups serves here as the main mathemati al apparatus.
Unlike retarded equations the ontinuous solutions of neutral type systems
have only the bounded variation and are not absolutely ontinuous fun tions.
Therefore, some spe ial assumptions are made to provide ne essary properties of
solutions in order that they lay in the suitable Hilbert spa e.
A knowledgement. This work supported by the Russian S ien e Foundation
under proje t No. 16-11-10146.
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The Dynami s of Two Linearly Coupled Goodwin
Os illators

A. O. Antonova
National Aviation University, 03058 Kyiv, Ukraine
S. N. Reznik
Institute for Nu lear Resear h, National A ademy of S ien es of Ukraine, 03680
Kyiv, Ukraine
M. D. Todorov
Fa ulty of Applied Mathemati s and Informati s, Te hni al University of Soa,
1000 Soa, Bulgaria
We study numeri ally a system of linearly oupled Goodwin os illators for two
regions, whi h, when isolated, dier in period and amplitude of regional business
y le. This system is des ribed by the following equations [1℄:


d2 y1
dy1
dy1
dy2
ε1 θ1 2 + (γ1 − ϕ1 )
+ s 1 y 1 − θ1 m 1
− m2
− m1 y1 + m2 y2 = 0,
dt
dt
dt
dt


d2 y2
dy2
dy1
dy2
ε2 θ2 2 + (γ2 − ϕ2 )
+ s 2 y 2 + θ2 m 1
− m2
+ m1 y1 − m2 y2 = 0.
dt
dt
dt
dt
Here yi (t) = regional in ome, ǫi > 0, θi > 0 = time-lag of the dynami multiplier
and the time-lag between investment de isions and the resulting outlays, si =
marginal propensity to save, 0 ≤ si ≤ 1, γi = εi + θi si , mi = marginal propensity
to import, 0 ≤ mi ≤ 1, ϕi (x) = indu ed investment fun tion, ϕi (x) ≥ 0; ϕi (0) = 0;
ϕ′i (0) = ri > 0; ϕ(ẏ) → −Imin i if x → −∞; ϕi (x) → Imax i if x → ∞, i = 1, 2.
Referen es

[1℄ T. Puu, Nonlinear E onomi Dynami s, 4th edn, Springer-Verlag, Berlin and
New York, 1997.
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9
Using Personalised Virtual Heart Models to Gain Insights
into Causes of Sudden Cardia Death

om, K. M Leod, M. Mar iniak
H. Arevalo, V. Str
Simula Resear h Laboratory, 1325 Lysaker-Oslo, Norway
Ch. Glinge, R. Jabbari, N. Vejlstrup, T. Engstrom, K. Ahtarovski, J.
Tfelt-Hansen
Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark
T. Jespersen
Department of Biomedi al S ien es, Copenhagen University, Copenhagen,
Denmark
M.M. Male kar
Allen Institute for Cell S ien e, Seattle, WA, USA
Ba kground: Patients with ST-segment elevation myo ardial infar tion (STEMI)
are at an in reased risk to lethal ventri ular brillation (VF). However, an ee tive
risk fa tor that an a urately identify whi h patients are most sus eptible to VF
and would benet from invasive prophyla ti pro edures remains elusive.
Obje tive: To demonstrate that patient spe i , virtual heart models an be
used to stratify VF risk among STEMI patients. Methods: MRI and lini al follow
up data were obtained from 10 patients with rst STEMI, 5 reported subsequent
VF. Multis ale, biophysi ally-a urate virtual heart models were developed from
MRI of these patients, in luding the is hemi zone. Tissue within the is hemi zone
was modeled with de reased ondu tion and altered a tion potential morphology.
Arrhythmia risk in the models was assessed by simulating arrhythmia indu ibility
using programmed ele tri al stimulation with up to 3 extra-stimuli delivered at the
right ventri ular apex.
Results: The simulations su essfully predi ted arrhythmia risk in all 10
patients. The 5 patients with arrhythmia had larger is hemi zones than the ontrol
patients (15.2cm3 vs 6.1cm3 ). In the arrhythmi patient models, arrhythmia was
initiated due to de reased ondu tion within the is hemi zone that promoted
wave break and reentry formation. The reentrant ir uits persisted throughout the
duration of the simulation (2 se onds) and remained lo alized within the is hemi
zone. The 5 ontrol patient virtual hearts were not indu ible for arrhythmia.
Con lusions: Simulations with patient-spe i virtual heart models of is hemi
hearts may provide a unique opportunity to noninvasively predi t arrhythmia risk
in patients.

→∞⋄∞←
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Analysis of Sto hasti Phenomena in Ri ker-Type
Population Model with Delay

I. Bashkirtseva, L. Ryashko, I. Tsvetkov
Ural Federal University, 51 Lenin str., 620000 Ekaterinburg, Russia
A problem of the analysis of the sto hasti persisten e regimes and the noiseindu ed extin tion in population models is onsidered. For this study, we suggest
a new mathemati al te hnique ombining an analysis of the geometry of attra tors
and their sto hasti sensitivity. In the present talk, our approa h is demonstrated
for the on eptual dis rete Ri ker-type population model with Allee ee t and
delay. Persisten e zones of the initial deterministi model are onstru ted on the
base of the bifur ation analysis. It is shown that the random environmental noise
an ontra t, and even destroy these persisten e zones. A parametri analysis of the
probabilisti me hanism of the noise-indu ed extin tion is arried out with the help
of the unied approa h based on the sensitivity fun tions te hnique and onden e
domains method.
→∞⋄∞←

Controlling Sto hasti Sensitivity by The Dynami
Regulators

I. Bashkirtseva
Ural Federal University, 51 Lenin str., 620000 Ekaterinburg, Russia
A problem of the ontrol of sto hasti ally for ed equilibria in nonlinear dynami
systems with in omplete information is onsidered. Our approa h is based on the
idea of the synthesis of the required sto hasti sensitivity for the equilibrium. We
onsider an important, from engineering point of view, ase when the system states
are observed partially, and these observations ontain random noises. To solve this
problem, a dynami regulator onsisting of the feedba k and lter is onstru ted.
Mathemati ally, the problem of the synthesis of the assigned sto hasti sensitivity
is redu ed to the solution of the matrix equations for oe ients of the regulator.
Problems of the ontrollability and attainability are dis ussed. The ee tiveness of
the proposed approa h is demonstrated on the examples.
→∞⋄∞←
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The Development of Novel Cardia Arrhythmia
Ele trotherapies Using Computational Cardia
Ele trophysiology

J. Bayer
University of Bordeaux, IHU LIRYC, Campus Xavier Arnozan, Avenue du Haut
Leveque, 33600 Pessa , Fran e
Ventri ular brillation (VF) is a lethal ardia arrhythmia that auses sudden
ardia arrest, whi h takes as many lives in developed ountries as an er, stroke,
and AIDS ombined. The most ee tive therapy for terminating VF before death
ensues is an aggressively strong far-eld ele tri sho k delivered by an implantable
ardioverter-debrillator. Consequently, this an ause severe pain, tissue damage,
and in reased mortality. As an alternative, I am developing a painless damage-free
ele trotherapy for terminating VF alled WAYLESS: Wide-Area Yielding LowEnergy Surfa e Stimulation. The basi strategy of WAYLESS is to lower the energy
for terminating VF below the human pain and tissue damage thresholds, and to do
so with low-energy DC surfa e stimulation administered via ele trodes strategi ally
pla ed over wide-areas of the ventri les. A ordingly, I use omputational ardia
ele trophysiology, whi h ombines omputer s ien e, applied mathemati s, modeling/
simulation, and lini al/experimental resear h to study ardia fun tion and ele tri al disorders from the ell to organ level. Thus, WAYLESS stimulation proto ols
and ele trode ongurations are rst developed in a nite element model of the
human ventri les that simulates lini al VF, and are then validated with animal
experimentation using a minimal number of large mammalian hearts. From this
ethi al and ost-ee tive approa h, omputer simulations predi t WAYLESS with
single short-duration low-energy DC pulses, administered with uniformly spa ed
endo ardial line ele trodes, to be the most ee tive at terminating VF at energies
< 1/10 the human pain threshold of 0.1J, and < 1/1, 500 the ardia tissue
damage threshold of 15J. Preliminary animal studies for WAYLESS with these line
ele trode ongurations pla ed on sheep and swine ventri les reveal it is feasible for
terminating VF in large mammals. In on lusion, WAYLESS with line ele trodes
an ee tively terminate VF, thus paving the way for a less damaging, pain-free
alternative to traditional debrillation ele trotherapies.
→∞⋄∞←
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Maximizing the Biogas Produ tion of a Delay Biorea tor
Model via Extremum Seeking

M. Borisov, N. Dimitrova
Institute of Mathemati s and Informati s, BAS, A ad. G. Bon hev str., bl.8, 1113
Soa, Bulgaria
M. Krastanov
Fa ulty of of Mathemati s and Informati s, St. Kliment Ohridski University of
Soa, Bulgaria
In this talk we investigate a biorea tor model for wastewater treatment by
anaerobi digestion. The model equations involve dis rete delays, des ribing the
time delay in nutrient onversion to viable biomass. Using a properly hosen admissible value for the dilution rate D we prove the global onvergen e of the solutions
towards an equilibrium point, orresponding to D. We also apply a numeri al
model-based extremum seeking algorithm for stabilizing the system towards the
equilibrium point in whi h the maximum biogas (methane) ow rate is rea hed.
Numeri al simulations are in luded to onrm the theoreti al results. The simulations are implemented in the Web simulation platform SmoWeb.
→∞⋄∞←

Network Models for Solving the Problem of Multi riterial
Adaptive Optimization of Investment Proje ts Management
with Several A eptable Te hnologies

A.F. Shorikov
Ural Federal University and Institute of Mathemati s and Me hani s UB RAS, 19
Mir str., 620002 Ekaterinburg, Russia
E.V. Butsenko
Ural State University of E onomi s, 62 8 Marta str., 620144 Ekaterinburg, Russia
This paper dis usses the problem of multi riterial adaptive optimization the
management of investment proje ts in the presen e of several a eptable te hnologies
for their realization. On the basis of network modeling in this paper proposed a
new e onomi and mathemati al model and a method for solving the problem of
multi riterial adaptive optimization the management of the pro ess of realization
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of investment proje ts in the presen e of several te hnologies. Network e onomi
and mathemati al modeling allows you to determine the optimal time and alendar
s hedule for the implementation of the investment proje t and serves as an instrument
to in rease the e onomi potential and ompetitiveness of the enterprise. In the
paper, on a meaningful pra ti al example, the pro esses of forming network models
are shown, in luding the denition of the sequen e of a tions of a parti ular investment proje ting pro ess, the network-based work s hedules orresponding to models
are onstru ted. The al ulation of the parameters of network models is arried out.
Optimal ( riti al) paths have been formed and the optimal time for implementing
the hosen te hnologies of the investment proje t has been al ulated. It also
shows the sele tion of the optimal te hnology from a set of possible te hnologies
for proje t implementation, taking into a ount the time and ost of the work.
The proposed model and method for solving the problem of managing investment
proje ts an serve as a basis for the development, reation and appli ation of
appropriate omputer information systems to support the adoption of managerial
de isions by business people.
→∞⋄∞←

Modeling of Wave Pro esses in a Blo ky Medium with
Fluid-Saturated Porous Interlayers

E.P. Chentsov, V.M. Sadovskii, O.V. Sadovskaya
Institute of Computational Modeling SB RAS, Akademgorodok 50/44, 660036
Krasnoyarsk, Russia
Wave pro esses in a 2D blo ky medium are under investigation. Considered
ontinuum onsists of re tangular elasti blo ks divided by uid-saturated porous
interlayers. Blo ks behavior is dened by equations of a homogeneous isotropi
elasti medium. To des ribe dynami pro esses in interlayers, a modi ation of the
porous-ow Biot model is used. Governing equations for the porous skeleton are
based on Hooke's law, while Dar y's ltration is applied to dene the uid ow.
In order to analyze the uid behavior in nodes between blo ks a hydrodynami
analogue of Kir hho's law is used.
Further resear h allows modifying the model proposed earlier. To take pore
ollapsing ee t into a ount, a spe i rheologi al s heme is suggested. A ording
to this s heme, under approa hing some strain level the pore ollapses so that
the uid within the pore is o upied. Vis oelasti properties of the skeleton are
added into the model by means of the Pointing-Thomson s heme that ombines
both momentary and delayed elasti ity. It was shown that the modied model is
thermodynami ally onsistent.
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Computational algorithm is developed for the numeri al implementation of
presented models. Algorithm is based on a two- y li splitting by spatial variables.
For the blo ks equations Godunov's gap de ay s heme is used; for the interlayers
equations a numeri al method, based on the non-dissipative Ivanov's s heme is
applied. Parallel software is designed for analyzing stresses and velo ity elds in a
2D blo ky medium. Comparative study of the model with elasti interlayers and
the model with a uid-saturated porous material was arried out. It was shown
that the latter model preserves isotropi properties of a medium longer than the
former model, as the interlayer thi kness in reases.
A knowledgement. This work was supported by the Complex Fundamental
Resear h Program no. II.2P Integration and Development of SB RAS (proje t
no. 0356-2016-0728).
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Solitary-Wave Solution of Flat Surfa e Internal Geophysi al
Waves with Vorti ity

A. Compelli
S hool of Mathemati al S ien es, Dublin Institute of Te hnology, Kevin Street, 8
Dublin, Ireland
A rotational at surfa e system onsisting of 2 media with an internal wave and
depth dependent urrent is presented. The Hamiltonian of the system is derived and
the dynami s are dis ussed. A long wave regime is then onsidered and extended
to produ e a KdV approximation. Finally, a solitary-wave solution is obtained.
Referen es

[1℄ A. Compelli, R. Ivanov (2016) The dynami s of at surfa e internal geophysi al
waves with urrents, J. Math. Fluid Me h., Available online;
DOI: 10.1007/s00021-016-0283-4.
[2℄ W. Craig, P. Guyenne, H. Kalis h (2005) Hamiltonian long-wave expansions
for free surfa es and interfa es, Comm. Pure Appl. Math. 58, 1587-1641, DOI:
10.1002/ pa.20098.
→∞⋄∞←
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Numeri al Simulation of Pulsed Pirani Sensor Mems

P. Gospodinov, D. Dankov, V. Roussinov
Institute of Me hani s, BAS, A ad. G. Bon hev str, bl. 4, 1113 Soa, Bulgaria
The transient heat transfer pro ess is studied in rareed gas onned between
two stationary on entri ylinders. The inner ylinder (lament) is subje ted to a
periodi ally heating- ooling y le. The energy transfer is modeled with ontinuous
model based on Navier-Stokes Fourier equations of motion and energy transfer and
with a statisti al DSMC model. Numeri al results for the temperature, thermodynami pressure and pressure dieren e between thermodynami pressure and radial
stress tensor omponent are obtained for dierent ir ular frequen ies of heating
ooling y le of lament and for dierent lament radii. The pressure variation at
the end of any lo al heating stage of heating- ooling y le is lose to the value of
equilibrium thermodynami pressure. The results are appli able in designing the
pulsed Pirani sensors.
→∞⋄∞←

The Semi-Lagrangian Method for the Navier-Stokes
Problem for Vis ous In ompressible Fluid

E. Dementyeva, E. Karepova, V. Shaidurov
Institute of Computational Modeling of SB RAS, , Akademgorodok 50/44, 660036
Krasnoyarsk, Russia
In the present talk, the two-dimensional time-dependent Navier-Stokes equations
are onsidered for a vis ous in ompressible uid in a hannel. At the inlet boundary,
a ow is given; besides, we impose the no-slip ondition at the rigid boundary and
the modied do nothing boundary ondition at the outlet boundary.
To onstru t a dis rete problem, we use the onforming nite element method
in the ombination with a semi-Lagrangian approa h. For the dis retization of
the Stokes operator of the problem, we use the Taylor-Hood nite elements on
re tangles: the biquadrati elements for the velo ity omponents and the bilinear
elements for the pressure. These elements satisfy the Ladyzhenskaya-BabuskaBrezzi ondition that ensures the pressure stability.
To dis retize the nonlinear operator of the transport derivative of the problem,
we apply the semi-Lagrangian approximation. In this ase, the transport derivative
is approximated along a traje tory ba kward in time. In this approa h, spe ial
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te hniques for linearizing the problem are not required. We use several iteration
with respe t to nonlinearity for diagonal terms only.
To over ome the la k of mass onservation of the lassi al semi-Lagrangian
method, we propose its onservative version. To guarantee the mass onservation
and the stability in the mean-square norm, we use the dis rete equation of the lo al
integral balan e between two neighboring time levels.
As a result of this ombined approa h, the stationary problem with a self-ajoint
operator is obtained on ea h time level. A solution of the problem is al ulated by
the modied gradient method for a saddle point system (Inexa t Uzawa onjugate
gradient method for the Stokes problem for in ompressible uid, AIP CP 1773,
2016, paper 100002, 9p).
A knowledgement.

The work is supported by Proje t 17-01-00270 of RFBR.
→∞⋄∞←

Evolutionary Dynami s in Can er Cell Populations and
Optimal Control of Targeted Chemotherapy Delivery

G. Dimitriu
Dept of Mathemati s and Informati s, Grigore T. Popa University of Medi ine
and Pharma y, 16 Universitatii str., 700115 Iasi, Romania
We approa h the ontrolled evolutionary dynami s in an er ell populations
by ontrols of targeted hemotherapy delivery. The referen e system is dened by a
sample of an er ells hara terized by heterogeneous genotypi -phenotypi proles
orresponding to dierent level of proliferative potential. The sample is exposed to
the a tion of Targeted Chemotherapeuti Agents (TCA's, in the sequel), whi h
sele tively kill an er ells, a ording to their genotypi -phenotypi proles. The
dynami s of the referen e system is des ribed by the ODE system given hereafter
 d

̺(t) = (r − d̺(t) − µg(t)) ̺(t) ,

dt

 d g(t) = G(t) − (λ + µ̺(t)) g(t) ,
dt

where ̺ represents the an er ell population density, g is TCA on entration,
and d, r, λ and µ are positive onstants. Can er growth and hemo-therapeuti
drugs ino ulation imply a systemi ost for the human body. As a result, the
optimal ontrol problem of targeted hemotherapy delivery an be ta kled by
introdu ing a proper fun tional embodying this ost, say J[G, ̺], and looking
for the existen e of an optimal infusion rate G∗ , allowing the minimization of
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su h a fun tional over [0, T ]. We dene the obje tive ost fun tional as J[G, ̺] :=
J1 [G] + J2 [̺], where fun tionals J1 and J2 measure, respe tively, the systemi osts
to the body introdu ed by the proliferation of tumor ells and the ino ulation of
hemotherapeuti agents. Among the possible denitions for J1 [G] and J2 [̺], we
fo us on the ones given hereafter
Z T
Z T
J1 [G] = γ
G2 (t) dt ,
J2 [̺] =
̺(t) dt ,
0

0

whi h measure, respe tively, the on entrations of tumor ells and ytotoxi agents
inside the system over the time interval [0, T ]. It is worth noting that the quadrati
dependen e on fun tion G a ounts for the nonlinear dependen e of side ee ts on
the infusion rate of hemotherapeuti agents. Finally, oe ient γ > 0 in ludes a
measure of toxi ity of hemotherapies to the human body; the higher the weight,
the greater the toxi ity. The numeri al solution of the optimal ontrol problem
orresponding to various s enarios is presented.
→∞⋄∞←

A

ounting Servi es for Heterogeneous Computing
Resour es

D. Dimitrov, E. Atanassov, T. Gurov
Institute of Information and Communi ation Te hnologies, BAS, A ad. G.
Bon hev str., bl. 25A, 1113 Soa, Bulgaria
The a ounting platform is a web-servi e based system for olle tion and
analysis of a ounting data from dierent infrastru ture resour es like HPC, Cloud
and storage systems. The platform has two major omponents  ba kend API
servi es along with dierent data publishers and a lient web UI module for visualisation and operations. The ba kend API is designed to gather information from
dierent job management systems, loud vendors and storage providers and use
mi roservi e ar hite ture. The web UI module is written in python, javas ript and
has integrated SAML login module for user authenti ation and authorization. It
is apable of visualising the gathered data in dynami OLAP style and supports
standard export formats like sv and Ex el. Through the a ounting platform it
is possible to obtain full view of the usage patterns of an integrated ele troni
infrastru ture and to see from one point all information about the dierent resour es
omprising the hybrid omputing and data infrastru ture.
A knowledgments. This work is supported by EC programme HORIZON2020,
Grant Agreement No. 675121, VI-SEEM proje t and by the National S ien e Fund
of Bulgaria under Grant DFNI-I02/8.
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Exa t Results for the Casimir For e in a Model with
Neumann-innity Boundary Conditions

D. M. Dan hev, V. M. Vassilev, and P. A. Djondjorov
Institute of Me hani s, BAS, A ad. G. Bon hev str., bl. 4, 1113 Soa, Bulgaria
We onsider Ginsburg-Landau model of a system with strongly adsorbing
ompeting surfa es  say, a binary liquid mixture in whi h one of the bounding
surfa es strongly prefers one the omponents of the system with the se ond surfa e
preferring the other one. We fo us on a system with a plain geometry. We study
the behavior of the thermodynami Casimir for e in su h a system lose to the
bulk riti al point of the innite system. For su h system, it turns out that it is
possible to obtain dire tly the Casimir for e in a manner, that does not require the
knowledge of the behavior of the order parameter prole and whi h is possible to
be obtained for the ase when both the role of the temperature and the ordering
external eld is taken into a ount. This result ompliments the exa tly known
solution for the problem when the eld is absent and is in ex ellent agreement
with the numeri ally known results for the for e for the ase when the temperature
has been xed to its riti al value. In the urrent arti le, we present data for the
behavior of the Casimir for e for some xed values of the temperature and the
ordering external eld.
→∞⋄∞←

Numeri al Studies of a Fixed Point Iteration Approa h for
Approximate De onvolution Models

A. A. Dun a
Dept of Mathemati s and Informati s, University Politehni a of Bu harest,
Romania
Re ently, the author proposed in a Nonlinear Analysis RWA paper a new
interpretation of the approximate de onvolution turbulen e models(ADM). Finite
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element s hemes based on this interpretation of the ADM lead to nonlinear algebrai
systems. Su h systems an be solved using xed point iteration methods. We
present herein a numeri al investigation of the onvergen e of su h a xed point
iteration method and several numeri al tests of it on ben hmark problems.
This work has been funded by University Politehni a
of Bu harest, through the Ex ellen e Resear h Grants Program, UPB GEX No.
26/2016, internal no. MA 52.16.01.
A knowledgement.
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Numeri al Solution of The PTC Thermistor Problem with a
Modied Ele tri al Condu tivity

M.O. Durojaye
Department of Mathemati s, University of Abuja, Nigeria
J.T. Agee
University of KwaZulu-Natal, Durban, South Afri a
This paper presents the numeri al solution of the one-dimensional PTC thermistor with a modied ele tri al ondu tivity. The partial dierential equation model
is solved using the method of lines. Results are presented to show temperature
evolutions and time dependent temperature response in all the phases. Results
obtained when ompared with exa t steady state solution indi ate that the method
is suitable for the solution of the PTC thermistor problem.
→∞⋄∞←
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PIC-Simulation of The Ele tron Beam Intera tion with
Modulated Density Plasma

A.A. Emova, E.A. Berendeev
Institute of Computational Mathemati s and Mathemati al Geophysi s SB RAS, 6
A ad. Lavrentyev Ave, 630090 Novosibirsk, Russia
G.I. Dudnikova
Institute of Computational Te hnologies SB RAS, Institute of Computational
Mathemati s and Mathemati al Geophysi s SB RAS, Novosibirsk, Russia
The work is devoted to the numeri al modeling of the intera tion of the
relativisti ele tron beam with plasma and generation of high-frequen y ele tromagneti radiation. Studies of these phenomena are relevant to various physi al problems
su h as the generation of the radiation in solar radio splashes, turbulent plasma
heating in open magneti traps, fast ignition in inertial onnement fusion and
formation of ollisionless sho ks in astrophysi s. The two-dimensional model based
on the PIC-method (the parti le-in- ell method) for solving the Vlasov equation
and FDTV s heme for ele tromagneti elds, whi h in ludes ele tron beam inje tion
into the magnetized plasma and open boundary onditions, is presented. The
ele tron beam enters into plasma with the modulated density along the magneti
eld. The algorithm of parallel omputing was developed. Series of numeri al
experiments for dierent ba kground plasma parameters, beam and magneti eld
have been performed using modern omputer systems with massively parallel ar hite ture. Me hanism of generation of terahertz ele tromagneti radiation was investigated. The parameters of numeri al experiments were lose with the parameters of
laboratory experiments on GOL-3 fa ility (BINP SB RAS, Novosibirsk, Russia).
A knowledgement. The work was supported by the Russian S ien e Foundation, proje t no. 16-11-10028.

→∞⋄∞←

21
Some Adequate Dis rete Models in Biomathemati s

I. Farago, R. Horvath, G. Sebestyen
Dept of Applied Analysis and Computational Mathemati s, Fa ulty of S ien e,
Eotvos Lorand University, 1117 Budapest Pazmany P. s. 1/C, Hungary
In biology many phenomena an be des ribed by dierential equations.Typi ally
these ontinuous models annot be solved analyti ally,therefore, by using some
numeri al method, we onstru t dis rete models. These models should ree t the
biologi ally motivated basi qualitative properties of the original phenomena. Our
aim is the analysis of these properties for dierent dis rete models. In our talk
we will onsider dis rete models of dierent pro esses, namely, the time-spa edependent epidemi propagation (SIS, SIR models), the Lotka-Volterra predatorpray models, and also the dis rete models for the Easter Island phenomena. We
give su ient onditions for the disretization parameters in the dis rete models
under whi h the models possess the main hara teristi properties. We illustrate
our results with numeri al examples.
→∞⋄∞←

Biouidme hani s of Reprodu tion

L. Fau i
Tulane University, Dept. of Mathemati s, 6823 St. Charles Ave, 70118 New
Orleans, LA, USA
From fertilization to birth, su essful mammalian reprodu tion relies on intera tions of elasti stru tures with a uid environment. Sperm agella must move
through ervi al mu us to the uterus and into the ovidu t, where fertilization
o urs. In fa t, some sperm may adhere to ovidu tal epithelia, and must hange
their pattern of os illation to es ape. In addition, oordinated beating of ovidu tal
ilia also drives the ow. Sperm-egg penetration, transport of the fertilized ovum
from the ovidu t to its implantation in the uterus and, indeed, birth itself are ri h
examples of elasto-hydrodynami oupling.
We will dis uss su esses and hallenges in the mathemati al and omputational
modeling of the biouids of reprodu tion.
→∞⋄∞←
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Mathemati al Modeling of the Heat Transfer during
Pyrolysis Pro ess Used for End-of-Life Tires Treatment

I. Zheleva, I. Georgiev, M. Filipova, D. Menseidov
Angel Kan hev University of Rousse, 8 Studentska str., 7017 Rousse, Bulgaria
End-of-Life tires are waste that pra ti ally does not de ompose in nature. It
is advisable this waste to be pro essed. Burning tires outdoor leads to there lease
of a large number of dangerous toxi and ar inogeni organi substan es into the
atmosphere. Tires eje ted or buried under ground de ompose in natural onditions
for more than 100 years. The onta t of these de omposing tires with rainwater and
groundwater leads to the formation of organi toxins and ar inogeni hemi al
ompounds. That is why, sin e the beginning of 2003, the European Union has
adopted a de ision banning the in ineration and burial of tires under the ground.
Every year, over 50 million dis arded tires are produ ed globally, whi h denitely
reates environmental problems. For their pro essing, it is ne essary to reate
te hnologies that prote t nature and, on the other hand, to obtain energy and
raw materials. One of the possible methods for environmentally sound treatment
of End-of-life Tires is the pro ess pyrolysis.
Pyrolysis is a hemi al pro ess that takes pla e without the presen e of oxygen.
Pyrolysis diers from the ombustion pro ess due to the la k of waste produ ts.
Pyrolysis of End-of-Life tires is a omplex pro ess of thermal destru tion. It is
ondu ted in hemi al rea tors where the tires are heated to a ertain temperature
under whi h they are de omposed into several fra tions  liquid, solid and gaseous.
After the initial heating, the pro ess is ontinued for a ertain period of time, after
whi h the rea tor is allowed to ool. The liquid and solid produ ts of pyrolysis are
then removed and thus a pyrolysis y le is ompleted.
The pyrolysis pro ess is 3D and non-stationary and be ause of this it is very
ompli ated for modeling. Mathemati al modeling of the heat transfer during the
pyrolysis pro ess used for the treatment of the End-of-Life tires is presented in
this paper. A hierar hy of 2D models for the temperature whi h des ribe the nonstationary heat transfer in su h a pyrolysis station is reated. An algorithm for
solving the model equations, based on MATLAB software is developed. The results
for the temperature for some hara teristi periods of operation of pyrolysis station
and for dierent initial heating are presented and ommented in the paper.
→∞⋄∞←
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Computation of Seismi Wave Fieldkinemati s in a
Three-Dimensional Heterogeneous Isotropi Medium

A. Galaktionova
Novosibirsk State University and Institute of Computational Mathemati s and
Mathemati al Geophysi s SB RAS, 2 Pirogov str., 630090 Novosibirsk, Russia
A. Belonosov
Institute of Computational Mathemati s and Mathemati al Geophysi s, SB RAS,
6 Lavrentyev Ave, 630090, Novosibirsk-90, Russia
The propagation of seismi waves in three-dimensional heterogeneous isotropi
stru tures is a ompli ated pro ess. 3-D wave propagation problems are of pra ti al
interest in seismology and seismi exploration. In addition, omputed rays an be
used as a framework for appli ations of various more sophisti ated methods.
The goal of this study is to develop algorithms and programs to ompute wave
travel times and dire tions at the nodes of a given 3-D grid. We onsider a velo ity
model that an be des ribed analyti ally or presented by dening velo ity values
at the nodes of a 3-D regular point grid. In the latter ase,the velo ity model is
smoothed by a spatial low-pass ltering. An algorithm of 3-D shooting is developed.
The algorithm an be used in ase of a point sour e and more generally for an
initial wave front position dened as a parametri surfa e r = r(u, v). In the latter
ase,the initial points of rays on this surfa e are not known beforehand.In the ase
of a sour e point, the ray dire tion is determined by the variables u, v . We onsider
equations for partial derivatives with respe t to the variables u, v together with the
dierential ray system. The entire system is solved by a fth-order Runge-Kutta
method with step-size and pre ision ontrol. With known derivatives at ray points
we an use Newton's iterative method, whi h guarantees quadrati onvergen e of
the shooting pro ess. Moreover,with these derivatives we an al ulate geometri al
spreading and thus the amplitudes.
Dierent types of velo ity stru tures su h as homogeneous, gradient, et . and
dierent types of surfa e r = r(u, v) are onsidered. The results of numeri al
experiments are presented.
→∞⋄∞←

24
Redu ed Dimension Modeling of
Re ruitment/Dere ruitment Dynami s in The Lung

J. Ryans, D. P. Gaver
Dept of Biomedi al Engineering, Tulane University, 70118 New Orleans, LA,
USA
D. Halpern
Dept of Mathemati s, University of Alabama, Tus aloosa AL, USA
H. Fujioka
Center for Computational S ien e, Tulane University, New Orleans LA, USA
Introdu tion: A ute lung injury (ALI) is an onset form of non- ardiogeni
pulmonary edema that an be triggered by lo al or systemi inammation. ALI
and its more severe form known as a ute respiratory distress syndrome (ARDS)
an lead to widespread alveolar ollapse and small airway losure. The primary
method of treating ALI/ARDS is the use of me hani al ventilation, yet this an lead
to further damage to the lung known as ventilator-asso iated lung injury (VALI).
This injury is thought to arise from two me hanisms that in lude alveolar overdistension during peak inspiration (barotrauma) and the repetitive re ruitment of
airways (atele trauma). To investigate the relationship of the pathologi al behavior
of ALI/ARDS with that of various me hani al ventilation regimes, a redu eddimension multi-s ale model was developed for an anatomi ally based airway tree
that in orporates realisti tube-law behavior and interfa ial phenomena to identify
airway re ruitment/dere ruitment pro esses that an inuen e VALI.
Materials and Methods: The domain for the lung model was generated
based on morphologi al data from Lambert et al. (1982) and the airow in the
airways were assumed to have ow behavior driven by a sinusoidally varying pleural
pressure. A hydrauli ir uit analogy was implemented with resistan e due to
vis ous ow and liquid obstru tion. The airway geometry was governed by a tube
law developed by Lambert et al. (1982) that des ribed the ross se tional area as a
fun tion of the transpulmonary pressure. To hara terize the lung and respiratory
system pressure-volume (P-V) relationship, a sigmoidal equation was used as des ribed by Venegas et al. (1998) and Fujioka et al. (2013). This allowed for P-V
urves that des ribed a variety of onditions in luding normal respiration and
me hani ally ventilated patients with a ute respiratory distress syndrome. The
model also in ludes me hanisms for airway losure with the formation and movement
of liquid plugs in the more ompliant regions of the airway tree, as well as reopening
of airways following the rupture of a liquid plug. Additionally, Langmuir kineti s
were utilized to pres ribe the surfa e tension of ea h airway based on the surfa tant
on entration within the interfa ial lm.
Results and Dis ussion: We simulate normal respiration and ventilation
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under ALI/ARDS onditions, whi h yield time and spatially dependent losure
and reopening events. In parti ular, the ee ts of the sensitivity of the pressure
distribution ombined with that of variable surfa e tension throughout the tree on
airway losure are examined. Additionally, the ee ts of liquid plug movement and
rupture on ventilation behavior were observed and elu idate asso iated times ales
of obstru tion learan e in the lung.
Con lusions: The information obtained from this model yields knowledge of
primary parameters ae ting overall lung stability and illuminate the me hanisms
ne essary to alleviate damage during me hani al ventilation. Further work will
implement more omplex ow regimes as well as paren hymal tethering and uidstru ture intera tions at the airway wall. This will lead to the ability to more
a urately simulate the ee ts of atele trauma and barotrauma on the lung.
A knowledgement. Supported by NSF DMS-1043626 (RTG) and Tulane
IBM Fellowship in Computational S ien e.
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On Three Sour es of Ina ura y in Large-S ale Mole ular
Me hani s Simulations

J. Geno
Te hni al University of Soa, bran h Plovdiv, 63 Sankt Peterburg Blvd, 4000
Plovdiv, Bulgaria
This paper presents a parti ular experimental investigation of the omputer
simulations behavior in lassi al mole ular dynami s and quantum mole ular me hani s. These methodologies are modern tools in major resear h areas like physi s,
hemistry and biology. The fo us of this study is entirely and solely on the issues
posed by the limited nature of omputation to the mathemati al and algorithmi
requirements of the methods. Three fa tors: omputation pre ision, integration
step, and boundary onditions and their respe tive inuen e on the deviation of
simulation results are onsidered for extremely long running simulations.
The obtained high levels of deviation show how arefully and with ompromise
to performan e and resour es should the values for those parameters be hosen,
espe ially in the long running ases.
All experiments are ondu ted using only widely adopted open sour e software
pa kages, whi h allows ombining the onden e in the well established methodologies with their implementation and the ability to make the ne essary adaptation,
in order to a hieve the goals of the testing.
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Integrable Equations on Symmetri Spa es, Generalized
Fourier Transforms and Mikhailov Redu tions

V. S. Gerdjikov
Institute of Mathemati s and Informati s, BAS, A ad. G. Bon hev bl. 8, 1113
Soa, Bulgaria
We start with a Riemann-Hilbert problem (RHP) related to a BD.I-type
symmetri spa es SO(2r + 1)/S(O(2r − 2s + 1) ⊗ O(2s)); for simpli ity we put
r = 4, s = 3. Next we onsider the Lax operator:





0 q 0
11 0
0
∂
Lψ ≡ i
+  q † 0 q̃  − λ  0 0 0  ψ(x, t, λ) = 0,
∂x
0 0 −11
0 q̃ † 0
Next we apply Z6 Mikhailov redu tion, after whi h Q(x, t) depends on only two
omplex fun tions q1 and q2 . This results in a new 2- omponent NLS type system
with Hamiltonian [1℄:
H=

∂v1
∂x

2

+

∂v2
∂x

2

−

2 1
1
|v1 |2 + |v2 |2 + (v1 v2∗ − v1∗ v2 )2 ,
2
2

√
√
where v1 = 6q1 , v2 = 3q2 .
The spe tral properties of the redu ed Lax operator L and the fundamental
properties of the relevant lass of nonlinear evolution equations are des ribed. We
prove that the mapping from the potential Q(x, t) to the s attering data of L may
be viewed as a generalized Fourier transform. Using them one is able to derive
all fundamental properties of these equations. These in lude the des ription of the
lass of NLEE through the re ursion operators and their bi-Hamiltonian properties
of the relevant NLEE. Other examples of new 2- omponent NLS equations related
to other types of symmetri spa es are presented in [2℄.
Referen es
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1702.04010 [nlin.SI℄, 2017.
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High-Performan e Computing on GPUs for Resistivity
Logging of Oil and Gas Wells

V.N. Glinskikh, A.R. Dudaev, O.V. Ne haev, I.V. Surodina
Tromuk Institute of Petroleum Geology and Geophysi s SB RAS, 630090
Novosibirsk, Russia
At present, the development of geophysi al well logging te hniques requires
the use of highly ee tive programs for mathemati al simulation. The utilization
of algorithms for solving omputational logging problems in realisti mathemati al
statements makes it possible to signi antly improve the a ura y of interpretation
results when studying omplex geologi al obje ts. However, their widespread implementation into pra ti e is ompli ated, due to the high resour e intensity and poor
performan e. Pro essing and interpretation of pra ti al data in real time is possible
on the basis of high-performan e omputations on graphi s pro essors (GPUs).
The paper deals with the widely used in Russia ele tri al lateral logging
sounding method (BKZ) designed to study the ele tri al resistivity of the ro ks. The
BKZ method is based on the prin iple of radial sounding of a geologi al medium
with subsequent assessment of the uid saturation of ro ks is ultimately performed.
We have obtained numeri al solutions of the dire t BKZ problem, based on
the nite dieren e and nite element methods. The numeri al solutions of the
original Poisson equation with the help of the grid methods are redu ed to systems
of linear algebrai equations (SLAE) with sparse matri es of large dimension. To
solve them, we apply a dire t method of the Cholesky de omposition. The features
of implementation of the algorithms for GPU al ulations are investigated, applying
NVIDIA CUDA. For instan e, the appli ation of the dire t method allows to
de ompose the matrix on e, and then to use it for nding several solutions of
the SLAE.
Evaluations of CPU and GPU performan e, in luding heterogeneous CPUGPU omputations, are performed. It is established that with the use of heterogeneous CPU-GPU al ulations one an improve the performan e ompared to similar
al ulations on a CPU or GPU. The results of the performed studies indi ate the
high e ien y of the developed algorithms for solving a wide range of pra ti al
resistivity logging problems.
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Ar tosPop: Programme for Estimating the Brown Bear
(Ursusar tos) Population Size in Bulgaria

T. Gurov, E. Atanassov, A. Karaivanova, M. Vasilev, S.-M. Gurova
Institute of Information and Communi ation Te hnologies, BAS, A ad. G.
Bon hev str., bl. 25A, 1113 Soa, Bulgaria
CR. Serbezov
Freelan e e ologist, Bulgaria
Monitoring populations of prote ted wildlife spe ies is ne essary for ee tive
management and onservation of their habitats. One of the best habitats of brown
bears (Ursusar tos) whi h are a stri t prote ted spe ies in Europe is lo ated in
Bulgaria.
In this work we present the program tool Ar tosPop for automati estimation
of the brown bear (Ursusar tos) population size in Bulgaria. This omputing programme integrates statisti al algorithms whi h use as input data the observed data for
tra es of brown bears during National monitorings. As future work the guidelines
for improvement of this programme tool are also presented.
This work is supported by the National S ien e Fund of
Bulgaria under Grant DFNI-I02/8 and by the COSTA tion IC1408 Computationallyintensive methods for the robust analysis of non-standard data (CRoNoS).
A knowledgments.
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The Intera tion of a Vortex Pair with A Free Surfa e

V.A. Gush hin
Institute for Computer Aided Design of RAS, 19/18, 2-nd Brestskaya str., 123056
Mos ow, Russia
I.V. Karpov
Mos ow Institute of Physi s and Te hnology (State University), Russia
Here we study the intera tion of vortex pair with a free surfa e. The theoreti al
and laboratory resear hes are performed [1℄. With the reation of super omputers,
it be ame possible to investigate su h problems more a urate. Bearing in mind,
in su h ows, there are areas with large gradients of hydrodynami parameters,
the required methods should possess su h properties as a high order of a ura y,
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a minimum s heme dissipation and dispersion, as well as monotoni ity. This paper
will provide parametri al ulations of intera tion of the vortex pair with a free
surfa e in ase of homogeneous uid with dierent distributions of vorti ity. Cal ulations will be held with SMIF method (Splitting on physi al fa tors Method for
In ompressible Fluid ows) [2℄ that possesses the properties mentioned above.
Eventually the al ulations will be ompared with some theoreti al, experimental
data and al ulations of other authors. As a result resear hing of spatial stru tures
on free-surfa e forming by emerging vortexes in homogeneous uids it ould be used
in environmental monitoring and fore asting preventing and eliminating pollution,
as well as distributed software te hnology and high performan e omputing and to
address a number of pra ti al problems.
This work has been partly supported by Russian S ien e
Foundation (grant No. 17-11-01286).
A knowledgement.

Keywords: Mathemati al modeling, vortex stru tures, free-surfa e, parallel omputing.
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Non-Classi al Lie Symmetry Analysis to the Nonlinear
Time-Fra tional Dierential Equations

M.S. Hashemi
University of Bonab, Bonab, Iran
This study is devoted to a lass of linear and nonlinear dierential equations
with time fra tional order. By employing lassi al and non- lassi al Lie symmetry
analysis and some te hni al al ulations; new innitesimal generators are obtained
whi h gives rise to derive the invariant solutions for this lass of equations.
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The Method of Trend Analysis of Gas Turbine Engine
Parameters in Long-Term Operation

I. Hvozdeva, V. Myrhorod
National University Odessa Maritime A ademy, 99 Heller str., Odessa, Ukraine
Y. Derenh
Pukhov Institute for Modeling in Energy Engineering, National A ademy of
S ien es of Ukraine, Kyiv
For analyzing the time series of the measured parameters of gas turbine engine
in long-term operation, the method is proposed, whi h diers from known methods
by using the engine throttle performan es. The time series of the speeds of engine's
high-pressure turbine and engine's low-pressure turbine, inlet and outlet pressures,
outlet gas temperatures, fuel onsumption, vibration parameters in ea h ight y le
at take-o, ruising and half-power modes are the initial data for the analysis.
The time unevenness of the ounts is a distin tive feature of the time series
of air raft engines parameters, sin e the ight y les are separated by unequal
time intervals (from several hours to several days). Therefore, the initial time
series are transformed into arrays of the measured parameters deviations from
the al ulated parameters obtained from the throttle performan es of a parti ular
engine. Su h throttle performan es are given in the te hni al do umentation for the
engine and obtained at its development testing. The deviation arrays, ordered by
ight y les, are analyzed by known methods (SSA, aterpillar, main omponent,
et .) for sele ting the omponents with the maximum varian es. Su h omponents
hara terize the throttle performan es hanges (deformations) during engine operation. An interval estimations of the trend omponents at a given level of statisti al
signi an e were performed. The known trend riteria (Abbe, umulative sums and
others) are used for determining the trend presen e. Based on the pro essing results
a diagnosti message about the trend absen e is generated with a given onden e
probability.
The solution of the applied problem of analyzing the operating onditions of
a spe i air raft gas turbine engine is onsidered. The proposed method makes
it possible to in rease the reliability of statisti al on lusions about the operating
onditions of gas turbine engines in long-term operations.
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Biomole ule Modeling: Conformation Studies in
Coarse-Grain Approa hes

N. Ilieva, E. Lilkova
Institute of Information and Communi ation Te hnologies, BAS, A ad. G.
Bon hev str., bl.25A, 1113 Soa, Bulgaria P. Petkov, L. Litov
Fa ulty of Physi s, St. Kliment Ohridski University of Soa, 5 J. Bour hier
Blvd., 1164 Soa, Bulgaria
Jianfeng He
Beijing Institute of Te hnology, Beijing, P.R. China
A. Niemi
NORDITA, Sto kholm, Sweden and Beijing Institute of Te hnology, Beijing, P.R.
China
In biomole ule modeling, omputational hallenges are based on the system
size on the one side and the hara teristi time s ales on the other. The ne essity
for time steps of the order of a few femtose onds and the nature of the underlying
biophysi al and bio hemi al pro esses poses severe limitations on the time span of
the investigated phenomena. We dis uss the possibilities for e ient a eleration
of biomole ule simulations by appropriate system representations. In parti ular,
we analyze the appli ability of oarse-graining approa hes in the investigations of
onformation-dependent pro esses, to put forward the advantages of synergisti
proto ols from omplementary approa hes that are able to extend the boundaries
of the underlying physi al modeling te hniques. We exemplify our onsiderations
by two ases: a study of tagging inuen e on human interferon gamma binding
anity within MARTINI oarse-grain approa h and protein folding simulations of
the villin headpie e by a single-stage extended MD run and within a mutlis ale
MC-MD soliton-based approa h.
A knowledgement. We a knowledge the partial support through Grant DNTSChina-01/9/2014 of Bulgarian S ien e Fund.
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A Dressing Method for The Camassa-Holm Equation

R. Ivanov
S hool of Mathemati al S ien es, Dublin Institute of Te hnology, Kevin Street, 8
Dublin, Ireland
We present the derivation of the soliton and uspon solutions of the CamassaHolm equation [1℄ by the implementation of the dressing method [2℄. The one and
two soliton/ uspon solutions as well as soliton- uspon intera tions will be dis ussed.
Referen es
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Inverse Log-Gamma-G Pro esses

P.K. Jordanova
Fa ulty of Mathemati s and Informati s, Shoumen University, 115 Universitetska
str., 9712 Shoumen, Bulgaria
M.P. Petkova
Fa ulty of Mathemati s and Informati s, St. Kliment Ohridski University of
Soa, 5 James Bour hier Blvd., 1164 Soa, Bulgaria
M. Stehlik
Institute of Statisti s, Universidad de Valparaiso, Valparaiso, Chile and Dept of
Applied Statisti s, Johannes Kepler University, Altenbergerstrasse 69, 4040 Linz,
Austria
The paper starts with denition and investigation of univariate and multivariate
Inverse Log-Gamma pro esses. Some new properties of time interse tions are obtained.
The inuen e of the parameters is visualized. The nite dimensional distributions
and in rements are des ribed. Following the ideas about G- lasses of distributions
and making transformations of random pro esses, we dene Inverse Log-Gamma-G
pro esses. As parti ular ases, Inverse-log-Gamma-G pro esses with G: Exponential,

33
Fre het, Weibull, Gumbel, Pareto are onsidered. The relation with extreme value
theory is des ribed.
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Semi-Analyti al Investigation of Unsteady Free-Boundary
Flows

E. Karabut, E. Zhuravleva
Lavrentyev Institute of Hydrodynami s, 15 Lavrentyev Ave, 630090 Novosibirsk,
Russia
A. Petrov
Insitute for Problems in Me hani s, Mos ow, Russia
The methods whi h are intermediate between purely analyti al and purely
omputational ones belong to a semi-analyti al group, a ording to the lassi ation
by Milton Van Dyke. They are mainly the methods of pro essing the series and
sequen es. This group omprises the well-known algorithms based on the Pade
approximants and ontinuous fra tions as well as onvergen e a eleration algorithms,
Domb-Sykes test, et . The authors use this te hnique to investigate unsteady
invis id in ompressible free-boundary ows. The solution is obtained in the form of
a power series in time, the oe ients for it being omputed. The obtained series
are summarized and singularities are revealed.
A general problem whi h may be solved using power series in time onsists
in nding deformations of the domain o upied by a liquid if pressure of the free
boundary is onstant (surfa e tension is absent). An initial onguration of the
domain and an initial velo ity eld are assumed to be known. Conformal mapping
of the xed domain onto the ow region is sought in the form of power series or
the Laurent series. About a thousand of terms of a series with length of mantissa
1300 de imals are found. The hange of variables of spe ial form with subsequent
Pade summation is used. The free boundary, velo ity hara teristi s and other
parameters of the ow at ea h moment of time are found.
The greatest attention devoted to the problems of deformation of avities in
innite liquid. Let for time t = 0 there be a ir ular ylindri al avity of unit
radius in a liquid whi h moves with a unit velo ity (liquid at innity is at rest).
It is ne essary to nd a deformation of the avity when t > 0 if zero pressure is
maintained inside it and the avity volume is onstant.
The proposed model seems to be very promising. Although ompli ated in
terms of appli ation, it admits a deep resear h of the problem. It allows a free
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surfa e to be onstru ted for large times and the appearan e of singularities on it
to be re orded.
→∞⋄∞←

An Iterative Solution of the Inverse Cau hy Problem for
Ellipti Equations by Conjugate Gradient Method

V. Vasil'ev, A. Kardashevsky, V. Popov, G. Prokopiev
North Eastern Federal University, 58 Belinsky str., 677000 Yakutsk, Russia
The arti le presents the results of omputational experiment arried out using a
nite-dieren e method for solving the inverse Cau hy problem for a two-dimensional
ellipti equation. The omputational algorithm involves an iterative determination
of the missing boundary ondition from the overdetermined ondition using the
onjugate gradient method. The results of al ulations arried out on the examples
with exa t solutions as well as at spe ifying an additional ondition with random
errors are presented. They showed a high e ien y of the iterative method of
onjugate gradients for numeri al solution of the set problem
→∞⋄∞←

Modeling the Ee ts of the Immune System on Bone
Fra ture Healing

H.V. Kojouharov, I. Trejo, B. Chen-Charpentier
Dept of Mathemati s, The University of Texas at Arlington, 411 South
Nedderman Drive, 76019-0408 Arlington, TX, USA
A mathemati al model is presented for the bone fra ture healing pro ess. The
model in orporates the me hanisms and fun tions of the immune-system ells at
the fra ture site. The resulting system of nonlinear ordinary dierential equations
is studied analyti ally and numeri ally. Mathemati al onditions for a su essful
bone repair are formulated. The model is also used to simulate the progression of
the healing pro ess and to examine the ee t of inammatory ytokines in bone
fra ture repair.
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The Performan e Rating of OpenMP and Corresponding
MPI-2 Routines on The Cluster Platform Avitohol

V. Koleva-Efremova
Institute of Information and Communi ation Te hnologies, BAS, A ad. G.
Bon hev str., bl. 25A, 1113 Soa, Bulgaria
In this paper it will be onsider the performan e and s alability of the OpenMP
and orresponding MPI-2 routines using a high-performan e omputing system
Avitohol. It will be used two dierent ben hmark tests whi h represent ommonly
used ommuni ation patters. The range of the patterns will be from light to heavy
ommuni ation tra like: ir ular shift and distant messages passing. For this
experiment, the Avitohol system will be used, onsisted of 150 HP Cluster Platform
SL250S GEN8 servers with 2 Intel Xeon E 2650 v2 CPUs and 2 Intel Xeon Phi
7120P o-pro essors. The syn hronization me hanisms are ne essary when using
one-side ommuni ation and overhead an implementation. Ea h implementation
will be run using message sizes of 16 bytes, 32 Kbytes and 1Mbyte. The results of the
tests that we'll run on the Avitohol will represent the dieren e in the performan e
a hieved with OpenMP and MPI-2 implementations. It will be reviewed the performan e and s alability of previous versions of the MPI and OpenMP and will
ompare the results with this ones, re eived from this experiment. This information
an be very helpful in ases we need to implement spe i appli ations on a Linux
luster and the best implementation method needs to be dened.
→∞⋄∞←
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Orbital Stability or Instability of Solitary Waves to
Boussinesq Paradigm Equation with Quadrati -Cubi
Nonlinearity

N. Kolkovska, N. Kutev
Institute of Mathemati s and Informati s, BAS, A ad. G. Bon hev bl.8, 1113
Soa, Bulgaria
M. Dimova
University of National and World E onomy, Soa, Bulgaria
In this talk the solitary waves to Boussinesq paradigm equation with quadrati ubi nonlinearity
utt − uxx − h2 uttxx + h1 uxxxx + u + (au2 + bu3 )xx = 0

(1)

are given.
The orbital stability or instability of solitary waves with velo ities c in ase
h2 > h1 is ompletely studied by the Grillakis-Shatah-Strauss stability theory.
Expli it formulas for fun tions d(c) and d′′ (c), onne ted with the onserved energy
and the momentum of equation (1), are derived. By means of these formulas, orbital
stability or instability of solitary waves is proved.
A knowledgement. This resear h is partially supported by the Bulgarian
S ien e Fund under grant DFNI I-02/9.
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Conve tive Instability of Non-Isothermal Couette Flow
Between Two Rotating Cylinders Caused by Internal Heat
Generation in A ordan e with the Arrhenius Law

V. Kolyshkina, A. Kolyshkin
Riga Te hni al University, 2 Daugavgrivas str., LV 1007 Riga, Latvia
Consider a verti al annulus between two on entri ylinders lled with a
vis ous in ompressible uid. The inner ylinder is rotating with onstant angular
velo ity while the outer ylinder is at rest. Heat sour es are distributed within the
uid in a ordan e with the Arrhenius law. The annulus is losed (the uid ux
through the ross-se tion of the hannel is zero).
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There exists a steady onve tive motion in the verti al dire tion aused by
rotation and heat generation. Two velo ity omponents (in the verti al and azimuthal dire tions) and temperature depend on the radial oordinate only. The steady
state is des ribed by a nonlinear boundary value problem whi h is solved numeri ally.
Stability of the steady onve tive motion with respe t to small perturbations is
investigated. The method of normal modes is used to derive the system of ordinary
dierential equations from the linearized equations for small perturbations. The
orresponding boundary value problem is solved numeri ally using ollo ation method. Marginal stability urves are obtained for dierent values of the problem.
Dierent instability regimes in the parameter spa e are identied. It is shown,
in parti ular, that the in rease in the Prandtl number and Frank-Kamenetsky
parameter destabilizes the ow.
→∞⋄∞←

On Feedba k Target Control for Un ertain Dis rete-Time
Bilinear Systems with State Constraints through Polyhedral
Te hniques

E. Kostousova
Krasovskii Institute of Mathemati s and Me hani s, UB RAS, 16 S.Kovalevskaya
str., 620990 Ekaterinburg, Russia
We deal with problems of terminal target ontrol synthesis for dis rete-time
systems under un ertainties and state onstraints. We use the deterministi model
of un ertainty with set-membership des ription of the un ertain items when there
is no any statisti al information. The set-membership models of un ertainty may be
used in many applied areas. It is known that the main items in treating problems of
the mentioned kind are so alled solvability tubes, whi h are set-valued fun tions.
Sin e pra ti al onstru tion of su h tubes may be umbersome, dierent numeri al
methods were devised. Among them onstru tive omputation s hemes for linear
systems based on the ellipsoidal te hniques were proposed by A.B. Kurzhanski and
then expanded to the polyhedral te hniques by the author. Their main advantage
is that su h te hniques allow to nd solutions by rather simple means.
Here we develop the methods of ontrol synthesis for dis rete-time bilinear
systems using polyhedral solvability tubes. We onsider the systems in whi h the
ontrols appear additively in the right hand sides of the system equations and in
the oe ients of the system. The ontrols are subje ted to given onstraints of
parallelepiped-valued and interval types respe tively. We assume that there are
un ertain terms of two similar types in the system. Moreover the systems are
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onsidered under state onstraints, whi h are des ribed in terms of zones (i.e.,
interse tions of strips). Note that the systems with ontrols (or/and un ertainties)
in the system matrix are of bilinear type and have properties of nonlinear systems
(in parti ular rea hable sets and solvability sets of su h systems an be non- onvex).
We present the re urren e relations whi h des ribe the polyhedral (parallelotopevalued) solvability tubes. Control strategies, whi h an be onstru ted using the
mentioned tubes, are proposed. Also we provide some illustrative examples.
A knowledgements. This work was supported by the Russian Foundation
for Basi Resear hes (Proje t 15-01-02368a) and by the Program of Basi Resear hes
of the Ural Bran h of the Russian A ademy of S ien es (Proje t 15-16-1-8).

→∞⋄∞←

Ne essary and Su ient Conditions for Finite Time Blow
Up of The Solutions to Double Dispersion Equation

N. Kutev, N. Kolkovska
Institute of Mathemati s and Informati s, BAS, A ad. G. Bon hev bl.8, 1113
Soa, Bulgaria
M. Dimova
University of National and World E onomy, Soa, Bulgaria
Ne essary and su ient onditions for nite time blow up or global existen e of
the solutions to the Cau hy problem for the double dispersion equation are proved.
Combined power type nonlinearities, in luding the quadrati - ubi nonlinearitiy,
are onsidered. Easy he kable su ient onditions for nite time blow up of the
solutions are derived. Additionally, initial data with arbitrary positive energy, whi h
satisfy the su ient onditions are expli itly onstru ted.
A knowledgement. This resear h is partially supported by the Bulgarian
S ien e Fund under grant DFNI I-02/9.
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Numeri al Study on the Turbulent Mixing Due to RT and
RM Instabilities in The Imploding Problem

Lili Wang, Min Yang, Shudao Zhang
Institute of Applied Physi s and Computational Mathemati s, Fenghao dong
Road, Number 2, Haidian Distri t, 100094 Beijing, P.R. China
In this paper, the turbulent mixing due to the Rayleigh-Taylor (RT) and
Ri htmyer-Meshkov (RM) instabilities have been studied by using high-resolution
Euler numeri al methods. Simulations of two imploding models have been performed.
One model is driven by a sho k wave, and both the RM and RT instabilities o ur
during the imploding and mixing pro ess. The other is a shell's quasi-isentropi
ompression problem, for whi h the turbulent mixing is indu ed only by the RT
instability. We have dis ussed the ee ts of the initial perturbation, premixing and
distortion on the mixing's growth rate and the `atom mixing' degree. We found that
for both ases there is no apparent approa h to a self-similar regime independent of
the initial perturbation spe trum. The width of the turbulent mixing zone (TMZ)
is quite sensitive to the initial perturbation s ale, and it grows more slowly with
smaller s ale perturbations. The TMZ's `atom mixing' degree is also sensitive to
the initial perturbation s ale, but the dieren e due to initial perturbation tends
to de rease with time. The premixing will redu e the mixing's growth rate during
the de eleration regime and the explosion regime, and it will enhan e the TMZ's
`atom mixing'. Be ause of the evolution of the low-order mode perturbations, more
lo al mixing and eje ta will emerge for the distorted shell as ompared with the
one with no initial distortion.
→∞⋄∞←
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Studying The Asymmetry in the hIFNγ Homodimer Using
Mole ular Dynami s Simulations

E. Lilkova, N. Ilieva
Institute of Information and Communi ation Te hnologies, BAS, A ad. G.
Bon hev str. bll.25A, 1113 Soa, Bulgaria
P. Petkov, L. Litov
Fa ulty of Physi s, st. Kliment Ohridski Blvd., 5 J. Bour ier Blvd., 1164 Soa,
Bulgaria
Interferon gamma (IFNγ ) is an important ytokine, whi h plays a key role
in the formation and modulation of immune response. Human IFNγ ((hIFNγ ) is a
17kDa single polypeptide protein onsisting of 143 amino a ids (aa), organized in six
α-heli es ( omprising 62% of the mole ule), whi h are linked by short unstru tured
regions. Besides them, hIFNγ ontains also a long positively harged unstru tured
C-terminal domain omposed of 21 aa.
Under physiologi onditions the mature form of hIFNγ is organized as a nonovalent homodimer, in whi h the two subunits are asso iated in an antiparallel
orientation. The ytokine a omplishes its ee ts via high-anity extra ellular
intera tion with its spe i re eptor (IFNγ R1). It has been shown that the hIFNγ
dimer intera ts with two IFNγ R1 re eptor mole ules, forming a symmetri 1 : 2
a tive omplex.
We studied the onformation of hIFNγ using by mole ular dynami s (MD)
simulations. The traje tories were analyzed using the Spatiotemporal Multistage
Consensus Clustering (SMCC) method. SMCC is a post pro essing te hnique for
analysis of MD traje tory data, that identies ompa t groups of amino a id
residues forming semi-rigid domains. The SMCC method onsists of initial spatial
lustering performed on su essive subsegments of an MD simulation traje tory,
followed by a temporal self- onsistent onsolidation of the results to generate domains
that are stable over time.
The SMCC analysis identied dierent semi-rigid domains in the two monomers
of the hIFNγ dimer. They exhibits neither hiral nor mirror symmetries. The
onformations of two monomers in the initial stru ture are almost identi al with
and RMSD of less than 1
A. Yet they evolve dierently as demonstrated by the
luster analysis results. Understanding of the auses of this asymmetry ne essitates
further simulations and analysis.
A knowledgements. EL and NI a knowledge nan ial support under the
programme for young s ientists' areer development at the Bulgarian A ademy of
S ien es (Grant DFNP-99/04.05.2016).
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Generalized Mathemati al Model of Heat Condu tion in a
Complex Multi-Layered Area

V.P. Lyashenko, E. Kobilskaya, A. Zaika, O. Hrytsiuk
Dept of Mathemati s and Computer S ien e, Kremen huk Mykhailo Ostrohradskyi
National University, 20 Pershotravnev str, 39600 Kremen huk, Ukraine
Determination of the temperature eld in multilayer area with dierent thermophysi al hara teristi s leads to the solution of boundary value problems with
boundary onjugation onditions. Parti ular di ulties arise during the solution of
su h problems in non- anoni al area. The mathemati al model of the temperature
eld in a multilayer ylinder, whi h des ribes the pro ess of heat transfer in an
ele tri ma hine, is onsidered. It is assumed that the temperature eld of ylinder
in the mathemati al model does not depend on the axial oordinate. On the odd
layers of the ylinder, internal heat sour es a t, from whi h heat is transferred to
even layers by thermal ondu tivity. The geometri area, the multilayer ylinder,
is interse ted by planes that are perpendi ular to the axis of the ylinder. The
temperature eld along the radius of ea h se tion of the ylinder is investigated.
This leads to the solution of the set of initial-boundary value problems for the heat
equation with boundary onditions of the impedan e type, whi h are simultaneously
onjugate onditions. Further redu tion of the solutions around the ylinder is
arried out.
The onstru ted mathemati al model is presented in the form boundary value
problem for the nonstationary heat equation in a four-layer ylinder with initial
distribution, and nonlinear boundary onditions at the outer boundaries.
Internal heat sour es on the rst and third layer are represented in the form of
Joule heat, whi h is released in the windings of the ele tri ma hine. The solution of
the problem is obtained by a numeri al-analyti al method with the onstru tion of
impli it dieren e s hemes. Based on the results of numeri al experiments, graphs
of temperature distributions along the se tions of the ylinder (ele tri ma hine)
were onstru ted. The temperature eld of an ele tri ma hine is onstru ted by
the redu tion method.
→∞⋄∞←
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Treating Outliers in SARIMA Models to Fore ast Dengue
Cases for Age Groups Ineligible for Va ination in Baguio
City

C. Magsakay, N. De Vera, C. Libatique, R. Addawe, J. Addawe
Dept of Mathemati s and Computer S ien e, University of the Philippines,
Baguio
Dengue infe tion remains to be one of the most signi ant health issues in the
ountry. Despite the availability of va ine sin e 2016, individuals less than 9 years
old and adults greater than 45 years old remain sus eptible to the mosquito-borne
disease. An a urate fore ast in the future dengue ases from sus eptible age groups
would greatly help in the eorts to prevent further in rease in infe tions. Outliers
were observed from the data and were treated using dierent te hniques whi h were
used to reate a SARIMA model. Initial ndings suggests that the best model is
reated using winsorization with logarithmi transformation of the data and the
orresponding SARIMA model is ARIMA(1,1,0)(2,0,0)12 . This model is then used
to fore ast the monthly dengue ases for Baguio City for a year for the age group
onsidered.
Keywords: Outliers, univariate, time Series, dengue, ARIMA
→∞⋄∞←

On one Algorithm for Solution to the Control Problem
Using Sets of Guides

V.N. Ushakov, A.V. Ushakov, A. Matviy huk
Krasovskii Institute of Mathemati s and Me hani s of UrB RAS, 16 S.
Kovalevskaya str., 620990 Ekaterinburg, Russia
This work onsiders the dynami al system and the problem of nding the
initial position for this system in n-dimensional Eu lidean spa e for whi h it is
possible to rea h the target set on the dened nite time interval. Furthermore, it
is formulated the problem of onstru ting the ontrol whi h brings the system from
the initial position to the target set. The problem of nding the initial position
and the orresponding ontrol is a topi al in ontrol theory and useful in su h
elds as roboti s, e onomi s, e ology, et . At this time the method of solving this
problem based on dis rete representation of time and spa e is proposed. In this
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method the time interval is substituted with some partition and the system is
being onsidered only at the moments from this partition. Furthermore the spa e
is divided with the onstant grid and the sets are represented as the sets of nodes
of this grid. When the size of grid and the step of the time partition are small the
time of omputation is often ex essive. It is following from the ne essity to pro ess
huge amounts of data points. Espe ially this problem is a ute for the dimension of
spa e higher than 4. In order to redu e the omputation time the 2-stage step-bystep method is proposed allows to onstru t the pie ewise- onstant ontrol whi h
brings the system to the dened neighborhood of the target set. On the rst stage
of this method the resolvability sets are approximately onstru ted for ea h time
moment from the introdu ed time partition. During this pro ess the re tangular
spa e grid with the xed amount of ells is used. The size of this grid oin ide
with the size of the set itself and the size of the ell depends on the geometry
of the set. This approa h allows to redu e amount of points parti ipating in the
al ulation pro ess whi h in turn redu es the time of omputation. On the se ond
stage of the method some arbitrary point from the resolvability set al ulated for
the initial time moment is hosen as the initial position. Finally, the pie ewiseonstant ontrol solving the problem of rea hing the target set with the predened
a ura y is onstru ted using the points from the resolvability sets as the sets of
guides.
A knowledgement. This resear h was supported by Russian S ien e Foundation (Proje ts 15-11-10018)
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Ellipsoidal Estimates of Rea hable Sets of Impulsive Control
Problems under Un ertainty

O.G. Matviy huk
Krasovskii Institute of Mathemati s and Me hani s of UrB RAS, 16 S.
Kovalevskaya str., 620990 Ekaterinburg, Russia
The problem of ellipsoidal estimating rea hable sets of impulsive ontrol systems
with bilinear nonlinearity and with un ertainty in initial states is studied. It is
assumed that we know the bounding set for initial system states and any additional
statisti al information is not available. Also the matrix in luded in the dierential
equations of the system dynami s is un ertain and only bounds on admissible values
of this matrix oe ients are known. Under su h onditions the dynami al system
is nonlinear and rea hable set loses onvexity property. Su h systems may be found
in many applied areas su h as engineering problems in physi s and e onomi s,
biologi al and e ologi al modeling when it o urs that a sto hasti nature of the
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errors is questionable. For instan e, in ase of limited data or after some nonlinear transformation of the data, the presumed sto hasti hara terization is not
always valid. Hen e, as an alternative to a sto hasti hara terization a so- alled
set-membership approa h, has been proposed and intensively developed in the
last de ades. Here we develop the set-membership approa h based on ellipsoidal
al ulus. This approa h allows to nd the ee tive estimates of rea hable sets for
models with linear dynami s under presented set-membership un ertainty. Using
results of the theory of traje tory tubes of ontrol systems and te hniques of
dierential in lusions theory and using the spe ial stru ture of un ertainties, we
present here approa hes that allow nding set-valued estimates of related rea hable
sets of onsidering impulsive un ertain ontrol system. The algorithms of onstru ting
the ellipsoidal estimates for studied systems are given. Numeri al simulation results
related to the proposed te hniques and to the presented algorithms are given.
A knowledgement. The resear h was supported by Russian S ien e Foundation (RSF) (proje t No.16-11-10146).
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Re ent Splitting S hemes for The In ompressible
Navier-Stokes Equations

P. Minev
Dept Mathemati al and Statisti al S ien es, University of Alberta, Canada
The talk will be fo ussed on two lasses of re ently developed splitting s hemes
for the Navier-Stokes equations.
The rst lass is based on the lassi al arti ial ompressibility (AC) method.
The original method proposed by J. Shen in 1995 redu es the solution of the
in ompressible Navier-Stokes equations to a set of two or three paraboli problems
in 2D and 3D orrespondingly. Unfortunately, its a ura y is limited to rst order in
time and an be extended further only if the resulting s heme involves an ellipti
problem for the velo ity ve tor. Re ently, together with J.L. Guermond (Texas
A&M University) we proposed a s heme that extends the AC method to any order
in time using a bootstrapping approa h to the in ompressibility onstraint that
essentially requires to solve only a set of paraboli equations for the velo ity. The
onditioning of the orresponding linear systems is therefore mu h better than the
one resulting from an ellipti problem for the velo ity.
The se ond lass of methods is based on a novel approa h to the Navier-Stokes
equations that reformulates them in terms of stress variables. It was developed in a
re ent paper together with P. Vabish hevi h (Russian A ademy of S ien es). The
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main advantage of su h an approa h be omes lear when it is applied to uidstru ture intera tion problems sin e in su h ase the problems for the uid and the
stru ture, both written in terms of stress variables, be ome very similar. Although
at rst glan e the resulting tensorial problem is more di ult, if it is ombined
with a proper splitting, it yields lo ally one dimensional s hemes with attra tive
properties, that are very ompetitive to the the most widely used s hemes for
the formulation in primitive variables. Several s hemes for dis retization of this
formulation will be presented together with their stability analysis.
Finally, numeri al results for a problem with a manufa tured solution will be
presented.
→∞⋄∞←

Results on Appli ations of Neutrix Cal ulus to Some
Operations on Distributions

 ag
E. Oz
Dept of Mathemati s, Ha ettepe University Beytepe, Ankara, Turkey
(r)

We give a meaning to the symbols su h as δ k (x), [δ (r) (x)]−k , [δ+ (x)]−k ,
δ (H(x)), H λ (x) (λ ∈ R) and δ k (f (x)), where f (x) is an innitely dierentiable
fun tion.
→∞⋄∞←
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Comparative Analysis on The Probability of Being a Good
Payer

V. Mihova, V. Pavlov
Angel Kan hev University of Rousse, 8 Studentska str., 7017 Rousse, Bulgaria
Credit risk assessment is ru ial for the bank industry. The urrent pra ti e
uses various approa hes for the al ulation of redit risk. The ore of these approa hes
is the use of multiple regression models, applied in order to assess the risk asso iated
with the approval of people applying for ertain produ ts (loans, redit ards,
et .). Based on data from the past, these models try to predi t what will happen
in the future. Dierent data requires dierent type of models. This work studies
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the ausal link between the ondu t of an appli ant upon payment of the loan
and the data that he ompleted at the time of appli ation. A database of 100
borrowers from a ommer ial bank is used for the purposes of the study. The
available data in ludes information from the time of appli ation and redit history
while paying o the loan. Customers are divided into two groups, based on the
redit history: Good and Bad payers. Linear and logisti regression are applied
in parallel to the data in order to estimate the probability of being good for new
borrowers. A variable, whi h ontains value of 1 for Good borrowers and value
of 0 for Bad andidates, is modeled as a dependent variable. To de ide whi h
of the variables listed in the database should be used in the modeling pro ess (as
independent variables), a orrelation analysis is made. Due to the results of it,
several ombinations of independent variables are tested as initial models  both
with linear and logisti regression. The best linear and logisti models are obtained
after initial transformation of the data and following a set of standard and robust
statisti al riteria. A omparative analysis between the two nal models is made
and s ore ards are obtained from both models to assess new ustomers at the time
of appli ation.
→∞⋄∞←

Stability of Linear Multistep Methods

M. Min sovi s
MTA-ELTE Numeri al Analysis and Large Networks Resear h Group, P
azm
any
Peter set
any 1/C, H1117, Budapest and Dept of Dierential Equations,
Budapest University of Te hnology and E onomi s, H ep
ulet, Egry Jozsef ut a 1,
H1111, Budapest, Hungary
We investigate the stability of linear multistep methods from a new dire tion.
The usual approa h is to reformulate the method to a multidimensional one-step
method and investigate its ompanion matrix. Our approa h is dierent sin e we
handle the whole pro ess as one matrix equation similarly to the FDM approximation
of boundary value problems. First, we demonstrate the usefulness of our approa h
by applying it to xed stepsize linear multistep methods. Se ond, we use our
approa h to handle variable stepsize linear multistep methods and we show how to
obtain this way stepsize restri tions whi h ensure the stability.
→∞⋄∞←
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On the Numeri al Solution vs. Dis rete-Event Simulation of
Fluid Sto hasti Petri Net Models

P. Mitrevski
Fa ulty of Information and Communi ation Te hnologies, University St. Kliment
Ohridski University of Bitola, 7000 Bitola, Republi of Ma edonia
The on ept of uid models was used in the ontext of Sto hasti Petri Nets,
referred to as Fluid Sto hasti Petri Nets (FSPNs), where variables are represented
by uid pla es, whi h an hold uid rather than dis rete tokens. Transition rings
are determined by both dis rete and uid pla es, and uid ow is permitted
through the enabled timed transitions in the Petri Net. By asso iating exponentially
distributed or zero ring time with transitions, the dierential equations for the
underlying sto hasti pro ess an be derived. The dynami s of an FSPN are usually
des ribed by a system of rst-order hyperboli partial dierential equations (PDEs)
ombined with initial and boundary equations. The general system of PDEs may
then be solved by a standard dis retization approa h, while the transportation of
uid in zero time is des ribed by appropriately hosen boundary onditions.
An FSPN-based analyti al model of an Instru tion Level Parallel (ILP) pro essor
with aggressive use of predi tion te hniques and spe ulative exe ution is taken as
an example, for whi h the state equations for the underlying sto hasti pro ess are
derived, and performan e evaluation results are presented. Namely, onsidering a
ma hine that employs multiple exe ution units apable to exe ute large number of
instru tions in parallel, the servi e and storage requirements of ea h individual
instru tion are small ompared to the total volume of the instru tion stream.
Individual instru tions may then be regarded as atoms of a uid owing through
the pipeline. Both the appli ation of nite-dieren e approximations for the partial
derivatives, as well as the dis rete-event simulation of the proposed FSPN model,
allow for the evaluation of a number of performan e measures. The numeri al
solution makes possible the probabilisti analysis of the dynami behavior, although
the advantage of the dis rete-event simulation is the mu h faster generation of
performan e evaluation results.
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E onometri

Modeling of The Impa t Of Religion on
Ma roe onomi Parameters

A. Nepp, M. Mamedbakov
Ural Federal University, Ekaterinburg, Russia
This arti le presents the result of an e onometri model of the impa t of
religion and religious beliefs on ma roe onomi parameters. The ongoing religious
imbalan e in the development of so iety, along with the growing spread of individual
denominations, aused by in reased migration ows and in reased antagonism
and reje tion ae t mi ro and ma roe onomi parameters. Thus, a ording to the
s ientists of the Ameri an resear h enter Pew Resear h Center, by 2050 one of the
main risks of e onomi development will be the hange in the onfessional stru ture
of so iety. A ording to their fore ast, the total number of Muslims will in rease by
73%, and Christians only by 35%. This ir umstan e makes it urgent and ne essary
to ondu t empiri al studies to determine the role of religious beliefs and interfaith
dieren es in omparison with other so ioe onomi pro esses and to identify their
impa t on mi ro and ma roe onomi indi ators.
We developed models of the inuen e of religion on basi e onomi indi ators:
GDP and the index of human development (HDI). All ountries in three groups:
a general sample, ountries with a population professing Islam, a ountry with a
population professing Christianity. The key fa tor hosen in the study was religion.
Religion was al ulated as the per entage of people re ognizing the dominant
importan e of religion in their lives.
As a basi model, we onsidered the model of Valeriani and Peluso (2011)).
As fundamental units for the GDP model, we took nal onsumption (C), gross
apital formation (I), publi expenditure (G) and net exports (Xn) for GDP by the
method of al ulating expenditures. For the HDI as aggregators, we investigated
the osts of s ien e (RD) and life expe tan y. The e onometri models were tested
by us for the Hausman test and demonstrated a determination oe ient from
0.7 to 0.93, whi h is su ient for e onometri studies. For the GDP model in the
general sample of Christian ountries, religion was insigni ant, and in Muslim
ountries, religion is among the most signi ant variables. At the same time,
religion positively inuen ed the GDP of Islami states For the HDI model, in a
general sample of Christian and Muslim ountries, religion was a signi ant variable
and inuen ed the dependent variable positively. At the same time, for Christian
ountries, religion, turned out to also be a signi ant variable, whi h ae ted the
HDI negatively.
A knowledgement. This resear h is supported by the Russian S ien e Foundation RSF Grant No 15-18-10014 'Proje tion of optimal so io-e onomi systems in
turbulent external and internal environments'.
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The Impa t of Maki Parameter and Spin Orbit S attering
Constants on The WHH Model of Upper Criti al Magneti
Fields in Ni- and Co- doped Pni tide Bulk Super ondu tors

M. Nikolo
Physi s Department, Saint Louis University, 221 N. Grand Blvd, 63103 St. Louis,
MO, USA
Werthamer, Helfand, and Hohenberg (WHH) model in ludes the ee ts of
both Pauli paramagnetism and spin-orbital s attering to predi t the universal
behavior of the upper riti al eld Hc2 (T ) in super ondu tors with weak ele tronphonon oupling. This approa h in orporates both orbital and paramagneti ee ts
in the upper riti al eld's temperature dependen e by approximately evaluating
the non-lo al non-magneti and spin-orbit s attering integrals that enter the selfonsisten y equation for the gap fun tion. The relative importan e of the orbital
and paramagneti ee ts in the suppression of the super ondu tivity is des ribed by
the Maki parameter I± . In most super ondu tors, the Maki parameter is usually
mu h less than unity and this indi ates that the inuen e of the paramagneti
ee t is negligibly small. However, in materials with heavy ele tron ee tive mass,
in whi h the Fermi energy is small, or in layered materials in a magneti eld
parallel to the layers, I± an be larger than unity. This is the ase for our bulk
pni tides. By tting the measured temperature dependen e of the upper riti al
eld, we derive the Maki parameter and the spin orbit s attering onstant and
assess how these vary with Co and Ni doping, as we sear h for lues as to possible
future enhan ements of these materials. We examine the orrelation between the
Maki parameter, the spin orbit s attering onstant, and the redu ed upper riti al
eld for a variety of urve ts.
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Evolution of Nonlinear Waves in a Blood-lled Artery with
an Aneurysm

E. Nikolova, N.K. Vitanov
Institute of Me hani s, BAS, A ad. G. Bon hev str., bl. 4, 1113 Soa, Bulgaria
I.P. Jordanov
University of National and World E onomy, Soa, Bulgaria
Z.I. Dimitrova
Solid State Physi s, BAS, Soa, Bulgaria
We dis uss propagation of traveling waves in a blood- lled elasti artery
with an axially symmetri dilatation (an idealized aneurysm). The pro esses in
the injured artery are modelled by equations for the motion of the wall of the
artery and by equation for the motion of the uid (the blood). Taking into a ount
the spe i arterial geometry the model equations are redu ed to a version of the
perturbed Korteweg-deVries equation with variable oe ients. Exa t travellingwave solutions of this equation are obtained by the modied method of simplest
equation where the dierential equation of Abel is used as a simplest equation. A
parti ular ase of the obtained exa t solution is numeri ally simulated and dis ussed
from the point of view of arterial disease me hani s.
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Asymptoti Estimation of Free Vibrations of Nonlinear
Plates with Compli ated Boundary Conditions

I. Andrianov, V. Olevskyi and Yu. Olevska
National Mining University, 19 Dmytry Yavornytskyi Ave, 49600 Dnipro, Ukraine
We onsider the modied method of parameter ontinuation (MMPC) as
an asymptoti te hnique for estimating the frequen ies and shapes of nonlinear
os illations of plates with ompli ated boundary onditions. Unlike the Bolotin
method, whi h is usually used for su h estimations, MMPC estimations depends
from the shape of initial perturbation. When the perturbation oin ides with the
eigenform of plate vibration then its frequen y is lose to the relevant eigenfrequen y.
In another ases, however, it des ribes real vibration shape of plate with dierent
onditions on its edges. For many important ases the vibration frequen y is not
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equal for all points of plate. The omparison with numeri al al ulations done on
Solid Works pa kage onrms the advantages of proposed method and its a ura y.
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Study of Eigenfrequen ies with The Help of Prony's Method

O.V. Olevskyi, O.O. Drobakhin
Oles Hon har Dnipro National University, 9 Naukova str., 49010 Dnipro, Ukraine
V.I. Olevskyi
Ukrainian State University of Chemi al Te hnology, Dnipro, Ukraine
Eigenfrequen ies an be ru ial in the design of a onstru tion. They dene
many parameters that determine limit parameters of the stru ture. Ex eeding these
values an lead to the stru tural failure of an obje t. It is espe ially important in
the design of stru tures whi h support heavy equipment or are subje ted to the
for es of airow. One of the most ee tive ways to a quire the frequen ies' values is a
omputer-based numeri al simulation. The existing methods do not allow to a quire
the whole range of needed parameters. It is well known that Prony's method, is
highly ee tive for the investigation of dynami pro esses. Thus, it is rational to
adapt the Prony method for su h investigation. The Prony method has advantage
in omparison with other numeri al s hemes be ause it provides the possibility
to pro ess not only the results of numeri al simulation, but also real experimental
data. The resear h was arried out for a omputer model of a steel plate. The input
data was obtained by using the Dassault Systemes SolidWorks omputer pa kage
with the Simulation add-on. We investigated the a quired input data with the help
of the Prony method. The result of the numeri al experiment shows that Prony's
method an be used to investigate the me hani al eigenfrequen ies with good
a ura y. The output of Prony's method not only ontains the information about
values of frequen ies themselves, but also ontains data regarding the amplitudes,
initial phases and de aying fa tors of any given mode of os illation, whi h an also
be used in engineering.
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Fuzzy Re ognition Method of High Mole ular Substan es in
Eviden e-Based Biology

V. Olevskyi, V. Smetanin
Ukrainian State University of Chemi al Te hnology, 8 Gagarin Ave, 49005
Dnipro, Ukraine
Yu. Olevska
National Mining University, 19 Dmytry Yavornytskyi Ave, 49600 Dnipro, Ukraine
Modern requirements to reliability a hievement and high quality of resear hes
put mathemati al analysis methods of results at the forefront. In onne tion with
this, eviden e-based methods of pro essing experimental data have be ome in reasingly popular in the biologi al s ien es and medi ine. Their basis is meta-analysis,
a method of quantitative generalization of a large number of randomized trails
on a spe i problem, whi h are often ontradi tory and performed by dierent
authors. It allows identifying the most important trends and quantitative indi ators
of the data. Meta-analysis uses heterogeneous resear h, whi h makes it possible
to verify the advan ed hypotheses and to dis over new ee ts in the population
genotype. The existing methods for re ognizing high mole ular substan es by gel
ele trophoresis of proteins under denaturing onditions are based on approximate
methods for omparing the ontrast of ele trophoregrams with a standard solution
of known substan es. To in rease the a ura y and validity of the ndings on the
dete tion of new proteins, we propose a fuzzy method for modeling experimental
data.
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Solving the Displa ement problem in a Geodesi

Polygon

with Exa t Length Edges and Small Angle Errors

Tz. Ostromsky
Institute of Information and Communi ation Te hnologies, BAS, A ad. G.
Bon hev str., bl. 25-A, 1113 Soa, Bulgaria
A geodesi polygon is a sequen e of points (stations) and ve tors, dened
by onse utive geodesi measurements between ea h two onse utive points. The
polygon is losed if its starting and ending points are the same, otherwise it
is open. We onsider the solution of displa ement problem in open and losed
azimuth polygons, in whi h some errors o ur in measuring the ve tor dire tions,
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while their lengths are exa t. Su h problems appear in pra ti e in pla ing long
polygonal onstru tions, made of rigid linear elements of xed ( hosen in advan e)
lengths, in tight losed spa es of natural or arti ial obje ts. Possible appli ations
in lude, for example, pla ing a water pipe or other rigid ommuni ation in a tunnel,
onstru tion of touristi trial ( onsisting of ladders and bridges) throughout a
anyon or a ave, et . On the rst stage, when the proje t of the onstru tion
should be done and the elements must be ordered afterwards, geodesi survey of
the obje t is performed. Due to ertain spe i s of the obje t, exa t measurement
of the azimuths is either too expensive or even impossible to be done on this stage.
On the opposite, the ve tor lengths an be measured almost exa tly by pre ise
and aordable laser instruments. As a result of the inexa t azimuths, some error
( alled displa ement error) o urs. The main task in the urrent paper will be to
re al ulate the polygon angles without hanging the distan es and, as a result, to
make the displa ement error zero or pra ti ally negligible. The re al ulated polygon
an be used then to put exa tly the elements in the nal stage of onstru tion.
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Memory Ee ts on a Resonate-And-Fire Neuron Model
Subje t to Ornstein-Uhlenbe k Noise

S. Paekivi, R. Mankin, A. Rekker
S hool of Natural S ien es and Health, Tallinn University, 29 Narva Road, 10120
Tallinn, Estonia
The output of a neuron in neural ir uits (e.g., orti al neurons) is typi ally
driven by thousands of synapti inputs that a t as a sour e of olored noise and
make neuronal responses highly variable. Sin e the generally approved 4D HodgkinHuxley neuron model is rather omplex, sto hasti versions of redu ed models,
whi h apture the essen e of the ele tri al a tivity of a generi neuron, are more
interesting from both analyti al and omputational points of view. Moreover, an
understanding of the neuronal me hanisms, guided by redu ed models, ould be
useful in the engineering of arti ial neuronal devi es, designed to reprodu e real
biologi al features [1℄. One of the possibilities for modeling redu ed dynami s of
neuronal a tivity an be formulated in the framework of the generalized Langevin
equation (GLE), where a nonlo al dissipative term (a memory kernel) and olored
noise ree t nite-time ee ts. Re ently, a generalization of the sto hasti resonateand-re (RF) model [2℄ to the ontext of GLE driven by Ornstein-Uhlenbe k noise,
was subje ted to extensive numeri al investigation in [1℄. Motivated by the results
obtained by a omputer simulation in Ref. [1℄, we onsider analyti ally an RF model
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similar to the one presented in [1℄. The ee t of temporally orrelated random
neuronal input is modeled as an Ornstein-Uhlenbe k noise in the GLE with an
exponentially de aying memory kernel. We provide, in the noise-indu ed spiking
regime of the neuron, exa t analyti al formulas for the dependen e of statisti al
hara teristi s of the output spike train, su h as the probability distribution of the
interspike interval (ISIs) and the survival probability, on the parameters of the input
stimulus. Parti ularly, on the basis of these exa t expressions, we have established
su ient onditions for the o urren e of memory-time indu ed transitions between
unimodal and multimodal stru tures of the ISI density, and a riti al memory time
whi h marks a dynami al transition in the behaviour of the system.
Referen es

[1℄ L. A. da Silva and R. D. Vilela (2015) Phys. Rev. E
[2℄ E. M. Izhikevi h (2001) Neural Netw. 14, 883.
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Numeri al Investigation of Biolm Growth in Mi rogravity

A.C. Aristotelous
Dept of Mathemati s, West Chester University, 25 University Ave, West Chester,
PA 19383, USA
N.C. Papani olaou
Dept of Mathemati s, University of Ni osia, 46 Makedonitas Ave, Engomi, 1700
Ni osia, Cyprus
In this work, Dis ontinuous Galerkin Finite Element simulations are performed
to investigate the ee t of mi rogravity on biolm growth. We examine the ase of
biolm suspended in a quies ent aqueous oxygen solution ontained in a re tangular
tank. The problem is modeled by a oupled system of nonlinear partial dierential
equations in two spatial dimensions. The nutrient and biolm on entrations are
omputed and results in mi rogravity are ompared to simulations in 1g and
experimental results found in the literature. In addition, a preliminary quantitative
relationship between the biolm on entration and the gravity eld intensity is
derived.
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Building a Platform to Colle t Crowdsensing Data 
Preliminary Considerations

S. George1, M. Ganzha1,2 , M. Paprzy ki1,3
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Warsaw University of Te hnology, Warsaw, Poland
Systems Resear h Institute, PAS, Warsaw, Poland
3
Warsaw Management A ademy, Poland
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Re ent years have seen growing interest in olle ting and pro essing Big Data.
In this ontext, two, somewhat ontradi tory, trends have emerged: (1) Growing
popularity of rowdsour ing type me hanisms, indi ative of willingness to share
information and resour es; (2) Development of vendor-spe i platforms that olle t
data, for example, from sensors  arried by humans. This data remains lo ked, for
instan e, by the produ ers of ellphones and/or tness bands. Given this limitation
of data a essibility, enormous potential for knowledge dis overy is lost due to
partitioning of data into losed data silos, whi h are, most often, in ompatible, to
whi h Big Data mining te hniques annot be applied.
To ounter this trend, the aim of our work is to develop a system that will allow
voluntary sharing of sensor data, that is, voluntary parti ipation in rowdsensing.
This system will make it possible for persons to opt into a data-sharing platform
and de ide whi h data, with whom and when to share.
The proposed system utilises a rule-based multiagent approa h, to instru ting
sensors when to make readings and how to, if ne essary, prepro ess these readings
before sharing the data. In order to fa ilitate prepro essing, software agents have
been pla ed within sensing devi es (for example, ell phones). The proposed presentation
will summarise the urrent state of the system.
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Combining Semanti Te hnologies with a Content-Based
Image Retrieval System  Preliminary Considerations

P. Chmiel, M. Ganzha
Warsaw University of Te hnology, Warsaw, Poland
T. Jaworska, M. Paprzy ki
System Resear h Institute, PAS, Warsaw, Poland
Nowadays, we fa e a huge growth of information that an be found on the
Internet. Let us assume that images olle ted from the internet have been pro essed
using image pro essing software. As a result a relational database has been reated,
whi h ontains results of image pro essing, onstituting a Content-based Image
Retrieval System (CBIRS). To make su h system useful for non-spe ialists an
appropriate interfa e has to be developed. Su h interfa e an be further augmented
by adding semanti te hnologies, allowing formulation of queries based on a domain
ontology.
In the presentation we will illustrate how we were able to ombine a domain
ontology for residential real estate with a relational database of pro essed images
of family houses. Here, as a result of image pro essing, for ea h house, a number
of onstitutive ar hite tural elements have been identied and represented in the
building ontology. In the resulting hybrid system, semanti queries an be applied
by non-spe ialists to sear h olle ted and pro essed images.
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On Resour e-E ient Algorithm for Nonlinear Systems
Approximate Rea hability Set Constru tion

G. Parshikov and A. Matviy huk
N.N. Krasovskii Institute of Mathemati s and Me hani s of UrB RAS, 16 S.
Kovalevskaya str., 620990 Ekaterinburg, Russia
The resear h onsiders the numeri al solution method of the rea hability set
onstru tion problem for nonlinear dynami al system in n-dimensional Eu lidean
spa e. The study deals with the dynami al system on the nite time interval,
whi h is des ribed by dierential equation satisfying a set of dened onditions.
The existing step-by-step pixel methods are based on the time interval sampling
and applying the step-by-step rea hability set onstru ting pro edure to every time

57
moment in mesh. These methods allow us to solve the approximate rea hability
set onstru ting problem for the omplex nonlinear systems, whi h do not have
analyti al solutions. However, applying these methods auses a sharp in rease of
number of points used for rea hability set onstru ting on the next step of time
mesh. This results in in rease of al ulation time as well as la k of omputing devi e
memory. To redu e the al ulation time and satisfy the existing onstraints of used
devi e memory, we developed two set ltration algorithms based on various ways of
pi king the points, whi h are used on the next step of rea hability set onstru ting
algorithm. Moreover, the omputations are moved from CPU to the CUDA based
GPU, whi h allows us to run omputations with the hundreds of parallel threads.
In this resear h, we provide the omparison of des ribed algorithms in several
parameters, su h as pre ision, omputation time, and the amount of omputation
resour es ne essary for the algorithm operation.
A knowledgement. This resear h was supported by Russian S ien e Foundation (Proje ts 15-11-10018).
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Some Types of Convergen e of Sequen es of Fun tions

S. Pehlivan
Dept of Mathemati s, Fa ulty of Arts and S ien es, Cunur Dogu Kampus,
Suleyman Demirel University, 32260 Isparta, Turkey
In this work we introdu e the statisti al onvergen e to a ompa t set using
onvergen e theory to a set and a sequen e of fun tions. This new notion is lose
to the set of limit points and the set of luster points. The set of statisti al
luster points turn out to be very useful and interesting tool in turnpike theory
to study optimal paths. It has also been dis ussed in onvex or non- onvex optimal
ontrol problems in dis rete systems. In lassi al theory of onvergen e, statisti al
onvergen e has a spe ial pla e and these are also a tive resear h area. We give
some properties of the ompa t set of statisti al uniform luster fun tions and we
also investigate some in lusion relations for the set of statisti al uniform luster
fun tions.
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Open Formula of Runge-Kutta Method for Solving the
Initial Value Problem of the Ordinary Dierential Equation

M. Podisuk
Kasem Bundit University, 1761 Pattanakarn str., Suan Luang, Bangkok 10250,
Thailand
In this paper open type formulae of both types for the Runge-Kutta method
for solving the initial value problem of the ordinary dierential equations. One
example will be illustrated.
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Mathemati al Modeling of the Wave Surfa e of
Non-Isothermal Liquid Film

L. Prokudina
South Ural State University (National Resear h University), 76 Lenin Ave,
454080 Chelyabinsk, Russia
The relevan e of the study of liquid lms asso iated with the implementation
of their ow in the heat-mass-transfer devi es. Liquid lm (a thin layer of a vis ous
uid) owing in the heat-mass-transfer apparatus at moderate Reynolds numbers
is investigated. A system of Navier-Stokes equations and ontinuity equations with
boundary onditions for a non-isothermal liquid lm is presented. Derived dispersion
equation whose oe ients involve the parameters: surfa e tension, surfa e vis osity,
Marangoni parameter, shear stress. The nonlinear dierential equation for the
dee tion of the free surfa e of the lm is presented. In rement and phase velo ity of
verti al liquid lm for water under free drainage of liquid lms and with a ount for
the non uniformity of surfa e tension are al ulated. The transition from dierential
equations for the free surfa e equation in nite dieren es is made. The results of
omputer simulation of nonlinear pro esses: wave hara teristi s and the state of the
surfa e se tion of gas-liquid are present. The novelty is the nonlinear mathemati al
model of free surfa e liquid lm. The oe ients of the equation in lude parameters
of the surfa e vis osity, Marangoni.
Keywords: Liquid lm, in rement, phase velo ity, nonlinear mathemati al model,
the free surfa e
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The Generalized Riemann Solvers and GRP S hemes for
Compressible Fluid System

Jianzhen Qian
Institute of Applied Physi s and Computational Mathemati s, Fenghao dong
Road, Number 2, Haidian Distri t, 100094 Beijing, P.R. China
The generalized Riemann problems (GRP) for nonlinear hyperboli systems of
balan e laws are well-known and an be formulated as follows: Given initial data
whi h are smooth on two sides of a dis ontinuity, determine the time evolution of
the solution near the dis ontinuity. In parti ular, the GRP of (k + 1)th order highresolution is based on analyti al evaluation of time derivatives up to k th order.
While the lassi al Riemann problem serves as a primitive `building blo k' in the
onstru tion of many numeri al s hemes (most notably Godunov s heme), the
analyti study of GRP leads to an array of `GRP s hemes', whi h extends the
Godunov s heme.
In this report, we present the re ent work about GRP solvers for the ompressible
uid system [1℄. For the one-dimensional GRP, we demonstrate the full analyti al
solvers up to third order, in luding both the nonsoni and soni ases. The a ousti
approximate solvers are also derived. Our method relies heavily on the new approa h
to resolve the rarefa tion waves. Indeed, as a main te hni al step, the linear ODE
systems for the `evolution' of the ` hara teristi derivatives' of the generalized
Riemann invariants are derived. Then we show, via numeri al tests, that the analyti al solvers are a urate even for solutions with strong dis ontinuities. Finally, the
GRP solvers are adapted to onstru t high-order GRP s hemes for ompressible
ows in both one and two dimensional spa es. Numeri al examples are presented
to demonstrate the performan e of the resulting s hemes.
Referen es
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Planning Outstanding Reserves in General Insuran e
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Ea h insuran e ompany have to ensure its solven y through presentation of
a ounts for its own reserves in the start of the year. Usually the task of the a tuary
is to estimate the state of the ompany on an annual basis and the expe tation
of the status of the ompany for a future period. One of the major problem
when al ulating the liabilities of the in urred laims, is related to the delay of
payments. Obje t of onsideration in the present note are the outstanding laim
reserves, whi h are set aside to over laims, o urred before the date of the annual
a ount, but still not paid, and related with them expenses. There may be dierent
reasons for the delay of laims settlement. For example, ontinuation the pro ess
of the liquidation of the damage waiting for ne essary do uments or the presen e
of ontroversial ases whose permission takes time, et . Thus the laims, whi h
determine the outstanding reserves ould be divided in the following types: laims,
whi h are reported, but not settled (RBNS); laims, whi h are in urred but not
reported (IBNR); laims, whose ase is nished, but it is possible to be reopened.
When al ulating the reserves for IBNR laims, most widely used is the Chainladder method and its modi ation presented by the Bornhuetter-Ferguson method.
For modelling the outstanding laims, the available data should be presented in so
alled run-o triangle, whi h underlies in the basis of su h methods. The present
work provides a review of the algorithm for al ulating insuran e outstanding laim
reserves a ording to the Chain-ladder method. Using available data for laims
related to liability of drivers, registered in Bulgaria an example is onstru ted to
illustrate the methodology of the Chain-Ladder method. Ba k-testing approa h is
used for validating the results.
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Interspike Interval Distribution of a Resonant-And-Fire
Neuron Model Driven by a Mittag-Leer Noise
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It is well known that noise an have a signi ant impa t on the response
dynami s of nonlinear systems. Until relatively re ently, most of the sto hasti
models of neurons studied analyti ally in neuros ien e have fo used on the inuen e
of Gaussian white noise. However, the real ee tive random inuen e of other
neurons on the synapti inputs of orti al neurons should be onsidered as a olored
noise pro ess with a hara teristi memory time. Moreover, re ent investigations
indi ate that some stru tures of the omplex neural networks of the brain have a
fra tal hara ter [1℄, whi h may ause a power-law memory in the spike generation
pro ess of neurons. One of the possibilities for modeling the redu ed dynami s of
resonate-and-re (RF) neurons [2℄ ree ting the possible memory ee ts and the
inuen e of a olored noise an be formulated in the framework of the generalized
Langevin equation (GLE), see Ref. [3℄. Motivated by the reasons presented above,
we onsider a RF model based on the dynami s of a GLE subje ted to a powerlaw memory kernel with a nite memory time. The ee t of temporally orrelated
random neuronal input is modeled as a Mittag-Leer noise; both the internal and
external noises are onsidered. Using a rst-passage-time formulation, the exa t
expression for the output interspike interval (ISI) density and its dependen e on
input parameters, espe ially on the memory time, is analyzed. Parti ularly, in
the ase of external noise, it is shown that at intermediate values of the memory
exponent the survival probability (the probability that spikes are not generated)
is signi antly enhan ed in omparison with the ases of strong and low memory,
whi h auses a resonan e-like suppression of the ISI distribution vs the memory
exponent.
Referen es

[1℄ D. W. Zhou, D. D. Mowrey, P. Tang, and Y. Xu (2015) Phys. Rev. Lett.
108103.
[2℄ E. M. Izhikevi h (2001) Neural Netw. 14, 883.
[3℄ L. A. da Silva and R. D. Vilela (2015) Phys. Rev. E 91, 062702.
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Inuen e of Noise on De ay Predi tions in Standing Trees

G. Visalga, E. Petrauskas
Institute of Forest Management and Wood S ien es, Aleksandras Stulginskis
University, Studenu g. 13, Akademija, Kaunas distri t. LT53362, Lithuania
P. Rupšys
Institute of Forest Management and Wood S ien es, and Centre of Mathemati s,
Physi s and Information Te hnologies, Aleksandras Stulginskis University,
Studenu g. 13, Akademija, Kaunas distri t. LT53362, Lithuania
In the present study, the sto hasti pro ess, termed the Vasi ek, have been
implemented to analyze propagation velo ity data of stress wave that diuses
through the wood of de ayed and sound stems in standing trees. Sto hasti pro esses
oer the possibility of apturing important distributional dieren es between stress
wave velo ity datasets of de ayed and sound trees and make the dete ting rule
exible to internal de ay in standing trees. It is shown that the Vasi ek type
sto hasti pro ess is a possible andidate for statisti al lassi ation of waveforms.
Rigorous quantile regression analysis is based on the onditional probability density
fun tions whose are tted for stress wave velo ity datasets of sound and de ayed
trees. New developed dete tor rules derived from sto hasti dierential equations
may be used as an initial tool for dete ting internal de ay in standing trees.
→∞⋄∞←

Analysis of The Sto hasti ally For ed Invariant Manifolds of
Dynami Systems

L. Ryashko
Ural Federal University, 51 Lenin str., 620000 Ekaterinburg, Russia
Many nonlinear dynami al phenomena are related to the hain of bifur ations:
a stationary regime  periodi regime  quasiperiodi regime  haos. Ea h regime is
asso iated with the spe i type of attra tors (e.g., equilibrium, limit y le, torus,
strange attra tor). An invariant manifold an serve as a onvenient mathemati al
model for the elaboration of the general methods for the analysis of these attra tors.
An important dire tion of the s ienti resear h is onne ted with the study of the
impa t of random disturban es. In the present talk, we onsider the randomly
for ed invariant manifolds of nonlinear dynami systems. To study the dispersion
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of random states near unfor ed deterministi attra tors, we suggest a new semianalyti al method based on the sto hasti sensitivity fun tions. A orresponding
mathemati al theory is presented and dis ussed. Constru tive appli ations of this
theory to the analysis of omplex os illatory regimes are demonstrated.
→∞⋄∞←

Modeling and Sto hasti Analysis of Dynami
of The Per eption

Me hanisms

A. Pisar hik, I. Bashkirtseva, L. Ryashko
Ural Federal University, 51 Lenin str., 620000 Ekaterinburg, Russia
Modern studies in physiology and ognitive neuros ien e onsider a noise as an
important onstru tive fa tor of the brain fun tionality. Under the adequate noise,
the brain an rapidly a ess dierent ordered states, provide de ision-making by
preventing deadlo ks. Bistable dynami models are often used for the study of the
underlying me hanisms of the visual per eption. In the present talk, we onsider
a bistable energy model subje t to both additive and parametri noise. Using the
atastrophe theory formalism and sto hasti sensitivity fun tions te hnique, we
analyze a response of the equilibria to noise, and study noise-indu ed transitions
between equilibria. Sto hasti bifur ations onne ted with the suppression of os illations by parametri noises are dis ussed.
→∞⋄∞←
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Numeri al Analysis of Fan-Shaped Waves in Deep Te toni
Faults

O. Sadovskaya, V. Sadovskii
Institute of Computational Modeling SB RAS, Akademgorodok 50/44, 660036
Krasnoyarsk, Russia
B. Tarasov
University of Western Australia, 6009 Perth WA, Australia
A new mathemati al model is proposed for studying the propagation of fan
waves with formation of te toni faults in hard ro k massifs at depths of seismi
a tivity. A ro k is onsidered as a multi-blo k medium onsisting of elasti blo ks
intera ting through ompliant interlayers under onditions of strong hydrostati
ompression. The te toni fault is a narrow extended zone, lled with solid or
deformable fragments - short plates that form a fan-shaped stru ture (the so- alled
domino-stru ture) and perform rotational motion under the a tion of tangential
stresses aused by external natural or te hnogeni fa tors. The initial stress-strain
state around the fan is given on the basis of a numeri al solution of the stati
problem for a plane with a ut, on whi h nonlinear boundary onditions of intera tion
of elasti blo ks through the fan are posed. Displa ements and stresses are represented in the integral form as a superposition of edge dislo ations with an unknown
fun tion of distribution of the Burgers ve tor.
Boundary onditions of the intera tion between blo ks under solution of the
dynami problem are formulated for velo ities and stresses taking into a ount
rotational motion of the plates in a fan. Parallel algorithm for numeri al realization
of the model is developed, in whi h parallelization of omputations is arried out at
the stages of splitting method with respe t to spatial variables. A spe ial stage of
algorithm is the solution of variational inequality that des ribes onta t intera tion
of plates through a fan, using the original algorithm for orre ting the angular
velo ity. Based on the developed omputer program for multipro essor systems of
luster ar hite ture, a series of al ulations were performed. Dependen e of fan
velo ity on tangential stress, a ting on the fault banks, was analyzed.
A knowledgement. This work was supported by the Complex Fundamental
Resear h Program no. II.2P Integration and Development of SB RAS (proje t
no. 035620160728).
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On Mathemati al Modeling of the Deformation of
Fiber-Reinfor ed Composites Taking into A ount Dierent
Resistan e to Tension and Compression

V. Sadovskii, O. Sadovskaya
Institute of Computational Modeling SB RAS, Akademgorodok 50/44, 660036
Krasnoyarsk, Russia
I. Petrakov
Siberian Federal University,660041 Krasnoyarsk, Russia
Fibrous omposite is a stru turally heterogeneous material onsisting of two
or more omponents, among whi h one an distinguish reinfor ing elements and a
matrix providing joint work of these elements. Traditional mathemati al models,
used in engineering under al ulating brous omposites for strength, do not take
into a ount the dierent resistan e of a material to tension and ompression. The
simplest example of a stress-strain state with alternating deformations is the state
of longitudinal bending, in whi h the bers lo ated on opposite sides of the neutral
surfa e of a plate are stret hed or ompressed, respe tively. We show, that in the
problem of three-point bending of a omposite plate, whi h bers break under
ompression with a orresponding de rease in the ee tive modulus of elasti ity
of a material, the error in determining the dee tion on the basis of traditional
model an be from one up to several tens of per ents, depending on the degree of
reinfor ement.
The onstitutive equations of brous omposites having dierent resistan e to
tension and ompression with isotropi matri es and with hetero-modular matri es,
whose elasti hara teristi s hange with a hange in the sign of strains, are onstruted on the basis of a generalized rheologi al method. Tensors of elasti moduli
are determined using the ReussVoigt rule of mixtures. Proje tors onto the sets
of admissible stresses and strains in the tensor spa es are onstru ted, whi h
are ne essary for numeri al realization of the onstitutive equations in dynami
and stati problems of stru tural elements from ber-reinfor ed omposites under
altern-ating loads. The questions of appli ation of the proposed models to simulation
of the deformation of omposites with porous matri es taking into a ount the
ollapse of pores are onsidered.
A knowledgement. This work was supported by the Complex Fundamental
Resear h Program no. II.2P Integration and Development of SB RAS (proje t no.
035620160728).
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A Robust PCA-Based Algorithm for Metagenomi
Biomarker Dete tion

M. Alshawaqfeh, A. Bashaireh, E. Serpedin and J. Su hodolski
Texas A&M University, College Station, TX, USA

Re ent progress in sequen ing te hnologies have enabled the hara terization of
the mi robial ommunities inhabiting the human body. In the same time, re ently,
many metagenomi studies have suggested using mi robial taxa as potential biomarkers for ertain diseases. There are two major hallenges asso iated with the
design and the performan e assessment of biomarker dete tion algorithms. The rst
hallenge is to assess the reprodu ibility performan e of an algorithm and to design
algorithms that exhibit onsistent results. The se ond hallenge is due to the fa t
that mi robial ommunities exhibit omplex intera tions among their onstituent
members. This renders the univariate algorithms that treat these features individually
inee tive in apturing su h omplex dependen ies. Although many approa hes
were proposed to identify metagenomi biomarkers, none of them addresses spe i ally the reprodu ibility of the results.
In this work, we propose a new metri to determine the reprodu ibility performan e of the biomarker dete tion algorithms. Su h a metri is referred to as the
normalized ommon-feature onsisten y. To apture the reprodu ibility performan e
probabilisti ally, we propose also a framework to estimate its distribution based on
random resampling. In this work, we also propose a robust prin ipal omponent
analysis (RPCA) based algorithm for biomarker dete tion. This is a hieved by
modeling the metagenomi data matrix as a superposition of a low-rank matrix
depi ting the abundan e levels of the irrelevant ba teria and a sparse matrix
apturing the abundan e levels of the ba teria that are dierentially abundant
between dierent phenotypes. Comprehensive omparisons of RPCA with the stateof-the-art algorithms on two realisti datasets are ondu ted. Results show that
RPCA onsistently outperforms the other algorithms in terms of lassi ation
a ura y and reprodu ibility performan e.
The proposed RPCA-based biomarker dete tion algorithm provides a high
reprodu ibility performan e irrespe tive of the omplexity of the en ountered dataset
and the number of sele ted biomarkers. Also, the proposed RPCA-based algorithm
ould sele t biomarkers with quite high dis riminative a ura y. Thus, RPCA
appears to represent a onsistent and a urate tool for sele ting taxanomi al biomarkers for dierent mi robial populations.
→∞⋄∞←
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Resour e Allo ation in Cognitive Communi ation Systems
via Convex Optimization

Xu Wang, S. Ekin, E. Serpedin, and Kh. Qaraqe
Texas A&M University, College Station, TX, USA
The problem of maximizing the total throughput of se ondary ( ognitive)
users in an orthogonal frequen y division multiple a ess (OFDMA) ognitive
radio network is addressed in this work. In addition, the power of ognitive users
is ontrolled to keep the interferen e introdu ed to primary users under ontrol,
whi h gives rise to a non- onvex mixed integer non-linear programming (MINLP)
optimization problem. It is illustrated that the original non- onvex MINLP formulation admits a spe ial stru ture and the optimal solution an be a hieved e iently
using a standard onvex optimization method under quite general and pra ti al
assumptions.
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Optimization of Layouts of Low-Rise Residential Buildings

V.M Kartak, A.A. Mar henko, A.A. Petunin, A.N. Sesekin
Ural Federal University and Krasovskii Institute of Mathemati s and Me hani s
of UrB RAS, 19 Mir str., 620002 Ekaterinburg, Russia
The problem of the optimal layout of low-rise residential building is onsidered.
Ea h apartment must be no less than the orresponding apartment from the proposed
list. Also all requests must be made and ex ess of the total square over of the
total square of apartment from the list must be minimized. The dieren e in the
squares formed due to with the dis reteness of distan es between bearing walls
and a number of other te hnologi al limitations. It shown, that this problem is
NP-hard. Built a linear-integer model and ondu ted her qualitative analysis. It
proposed an a urate algorithm for the solution of problems of small dimension.
As well, authors developed a heuristi algorithm. The omputational experiment
was ondu ted whi h onrming the e ien y of the proposed approa h. Pra ti al
re ommendations on the use the proposed algorithms are given.
→∞⋄∞←

68
Hermitian Finite Elements for the Approximation Near a
Curvilinear Boundary and in Three-Dimensional Domains

L. Gileva, E. Karepova, V. Shaydurov
Institute of Computational Modeling of SB RAS, Federal Resear h Center
Krasnoyarsk S ienti Center of SB RAS, Akademgorodok 50/44, 660036
Krasnoyarsk, Russia
Earlier, the authors demonstrated that Hermitian nite elements are more
e ient in omparison with Lagrangian ones of the same polynomial omplexity
in the two-dimensional ase (New Hermite Finite Elements on Re tangles, AIP
CP 1773, 2016, paper 100005, 7p). Namely, for a se ond-order ellipti equation
for the same a ura y of an approximate solution in the Galerkin method, the
number of unknowns and equations of the dis rete system of the nite element
method for Hermitian elements is less than that for Lagrangian ones of the same
degree. Moreover, for the elements whose degrees of freedom involve se ond-order
derivatives, a further redu tion of the number of unknowns and equations is demonstrated by invoking the linear relation at ertain points of the ollo ation between
the derivatives dire tly from the dierential equation to be solved.
In the proposed report, both properties are justied for the three-dimensional
Hermitian nite elements on re tangular uboids, where the gain in e ien y
in omparison with Lagrangian ones is still more signi ant. In addition, new
Hermitian nite elements are presented for approximating a solution near a urvilinear
boundary with a nontrivial proof of their a ura y in the Galerkin method. The
presented theoreti al onstru tions are onrmed by numeri al experiments.
A knowledgement. The work is supported by Proje t No. 17-01-00270 of
the Russian Foundation for Basi Resear h.
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The Resear h of Controllable Motion in a Neighborhood of
Collinear Libration Point by Conservative Methods

A. Shmyrov, V. Shmyrov, D. Shyman huk
Saint Petersburg State University, 7/9 Universitetskaya emb., 199034 Saint
Petersburg, Russia
Currently, several modern spa e proje ts are related to the transportation of
small elestial bodies on orbit in near-Earth spa e. A small elestial body an be
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used to ountera t the ollision with Earth of a hazard asteroid. The main problems
here are optimization of energy osts and safety. In this paper we use the appli able
approximation of equations of restri ted three-body problem, so- alled Hill's model
as a mathemati al model of motion. We propose the ontrol law for the stabilization
of ontrollable motion of a small elestial body in a vi inity of ollinear libration
point, whi h ensures rather low energy osts. The results of numeri al modeling,
that show the ee tiveness of the proposed ontrol law are presented. Numeri al
simulation is realized both with the help of lassi al omputational pro edures
and with the help of spe ial onservative methods that take into a ount the
Hamiltonian form of the equations of motion.
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Algorithm for Solving of Two-Level Hierar hi al Minimax
Program Control Problem of Final State the Regional
So io-E onomi System in the Presen e of Risks

A.F. Shorikov
Ural Federal University and Institute of Mathemati s and Me hani s of UrB
RAS, Ekaterinburg, Russia
This paper dis usses a dis rete-time dynami al system onsisting of a set a
ontrollable obje ts (region and forming it muni ipalities). The dynami s ea h
of these is des ribed by the orresponding ve tor linear dis rete-time re urrent
ve tor equations and its ontrol system onsist from two levels: basi ( ontrol level
I) that is dominating and subordinate level ( ontrol level II). Both levels have
dierent riterions of fun tioning and united a priori by determined informational
and ontrol onne tions dened in advan e. In this paper we study the problem
of optimization of guaranteed result for program ontrol the nal state of regional
so io-e onomi system in the presen e of risks. For this problem we propose an
e onomi -mathemati al model of two-level hierar hi al minimax program ontrol
the nal state of regional so io-e onomi system in the presen e of risks. In this
paper for solving of the investigated problem is proposed the algorithm that has
a form of a re urrent pro edure of solving a linear programming and a nite
optimization problems.
→∞⋄∞←

The Resear h of the Coupled Orbital-Attitude Controlled
Motion of Celestial Body in the Neighborhood of the
Collinear Libration Point L1

A. Shmyrov, V. Shmyrov, D. Shyman huk
Saint Petersburg State University, 7/9 Universitetskaya emb., 199034 Saint
Petersburg, Russia
This paper onsiders the motion of a elestial body within the restri ted
three-body problem of the Sun-Earth system. The equations of ontrolled oupled
attitude-orbit motion in the neighborhood of ollinear libration point L1 are investigated. The translational orbital motion of a elestial body is des ribed using Hill's
equations of ir ular restri ted three-body problem of the Sun-Earth system. Rotational orbital motion is des ribed using Euler's dynami equations and quaternion
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kinemati equation. We investigate the problems of elestial body motion stability
in relative equilibrium positions and stabilization of a elestial body motion with
proposed ontrol laws in the neighborhood of ollinear libration point L1 . To
study stabilization problems, Lyapunov fun tion is onstru ted in the form of the
sum of the kineti energy of a elestial body and spe ial kinemati s fun tion of
the Rodriguez-Hamiltonian parameters. The numeri al modeling of the ontrolled
rotational motion of a elestial body at libration point L1 is arried out. The
numeri al hara teristi s of the ontrol parameters and rotational motion of the
elestial body are given.
→∞⋄∞←

Impulsive Control on The Mittag-Leer Stability of
Fra tional-Order BAM Neural Network Systems with Time
Varying Delays

I. Stamova
Dept of Mathemati s, The University of Texas at San Antonio, One UTSA
Cir le, 78249 San Antonio, TX, USA
The main obje tive of this resear h is to provide stability riteria for a fra tionalorder BAM neural network model with multiple time-varying delays. To extend
the appli ation of fra tional al ulus to impulsive neural network systems, the
Mittag-Leer stability on ept and Lyapunov-like fun tions will be used. The
se ond obje tive is elaborating of impulsive ontrol strategies to the equilibrium
states. This resear h will serve as a rst step to extend the Lyapunov fun tion
method to an impulsive BAM neural network system with Caputo fra tional-order
derivatives and time-varying delays. Developing of stability and ontrol strategies
for fra tional-order systems would have many appli ations. It will play an important
role in understanding the ontrol power of some instantaneous perturbations and
experien es abrupt hanges at ertain instants whi h an be used to ompensate the
deviating trend in fra tional biologi al and arti ial BAM neural network models.
The goal of that paper is to demonstrate mathemati al tools that engineers and
neuros ientists an use to determine how neurons in the model are onne ted to
ea h other. These results an easily be used to design and verify globally stable
networks.
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On Flexible Modeling of Generalized Interest Rate

M. Stehlik
Institute of Applied Statisti s and Linz Institute of Te hnology, Johannes Kepler
University, Linz, Austria and Institute of Statisti s, University of Valparaiso,
Chile
J. Kisel'
ak
Institute of Applied Statisti s and Linz Institute of Te hnology, Johannes Kepler
University, Linz, Austria and Institute of Mathemati s, P.J. Š af
arik University,
Koši e, Slovakia
G. Holzkne ht
Institute of Applied Statisti s, Johannes Kepler University, Linz, Austria
This paper briey addresses the zero or negative interest rate environments
in dierent e onomies worldwide. Some re ent data is provided and an over view
of ee ts but also of indu ements of monetary poli y makers to introdu e negative
interest rates. We provide overview of re ently developed models for both positive
and negative interest rates.
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Regression Trees Modeling and Fore asting of PM10 Air
Pollution in Urban Areas

M. Stoimenova, D. Voynikova, A. Ivanov, S. Go heva-Ilieva
Paisii Hilendarski University of Plovdiv, 24 Tsar Assen str., 4000 Plovdiv,
Bulgaria
I. Iliev
Te hni al University of Soa, Plovdiv Bran h, 25 Tsanko Diustabanov str., 4000
Plovdiv, Bulgaria
Fine parti ulate matter (PM10) air pollution is a serious problem ae ting the
health of the population in many Bulgarian ities. As an example, the obje t of this
study is the pollution with PM10 of the town of Pleven, Northern Bulgaria. The
measured on entrations of this air pollutant for this ity onsistently ex eeded
the permissible limits set by European and national legislation. Based on data
for the last 6 years (2011-2016), the analysis shows that this applies both to the
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daily limit of 50 mi rograms per ubi meter and the allowable number of daily
on entration ex eedan es to 35 per year. Also, the average annual on entration
of PM10 ex eeded the pres ribed norm of no more than 40 mi rograms per ubi
meter. The aim of this work is to build high performan e mathemati al models
for ee tive predi tion and fore asting the level of PM10 pollution. The study
was ondu ted with the powerful exible data mining te hnique Classi ation
and Regression Trees (CART). The values of PM10 were tted with respe t to
meteorologi al data su h as maximum and minimum air temperature, relative
humidity, wind speed and dire tion and others. As a result the obtained CART
models demonstrate high predi tive ability and t the a tual data with up to 80%.
The best models were applied for fore asting the level pollution for 2 days ahead.
An interpretation of the modeling results is presented.
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Improved Estimates for Thermal Fluid Equations

A. Tarfulea
Dept of Mathemati s, The University of Chi ago, 5734 South University Ave,
60637 Chi ago, IL, USA
We onsider two hydrodynami model problems (one in ompressible and one
ompressible) with three dimensional uid ow on the torus and temperaturedependent vis osity and ondu tivity. The ambient heat for the uid is transported
by the ow and fed by the lo al energy dissipation, modeling the transfer of
kineti energy into thermal energy through uid fri tion. Both the vis osity and
ondu tivity grow with the lo al temperature. We prove a strong a priori bound
on the enstrophy of the velo ity weighed against the temperature for initial data of
arbitrary size, requiring only that the ondu tivity be proportionately larger than
the vis osity (and, in the in ompressible ase, a bound on the temperature as a
Mu kenhoupt weight).
→∞⋄∞←
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A Latently Infe ted Cell In lusive Model for HIV Treatment
with Time-Varying Antiretroviral Therapy

N.E. Tarfulea
Department of Mathemati s, Purdue University Northwest, 2200 169th Street,
46323 Hammond, IN, USA
We present a mathemati al model to investigate theoreti ally and numeri ally
the ee t of latently infe ted ells in the presen e of immune ee tors in modeling
HIV pathogenesis. Additionally, by introdu ing drug therapy, we assess the ee t
of treatments onsisting of a ombination of several antiretroviral drugs. A periodi
model of bang-bang type and a pharma okineti model are employed to estimate
the drug e a ies. We study the ee tiveness of the treatment with respe t to the
time when it is introdu ed exploring whether immediate antiretroviral therapy an
redu e HIV infe tion of resting CD4 T- ells. We also investigate numeri ally how
time-varying drug e a y due to drug dosing regimen and/or suboptimal adheren e
ae ts the antiviral response and the emergen e of drug resistan e.
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On Solving Constrained Wave Equations

N. Tarfulea
Purdue University Northwest, 2200 169th Street, 46323 Hammond, IN, USA
Important mathemati al models involve wave equations supplemented by onstraints on innite domains. In general, for the pure Cau hy problem one an prove
that the onstraints are preserved by the evolution. That is, the solution satises
the onstraints for all time whenever the initial data does (e.g., Maxwell's equations
and Einstein's eld equations in various hyperboli formulations). Frequently, the
numeri al solutions to su h evolution problems are omputed on arti ial spa e
utos be ause of the ne essary boundedness of omputational domains. Therefore,
well-posed boundary onditions are needed at the arti ial boundaries. Moreover,
these boundary onditions have to be hosen in su h a way that the numeri al
solution on the uto region approximates as best as possible the solution of
the original problem on innite domain, and this in ludes the preservation of
onstraints. In this talk, I will present a few ideas and te hniques for nding
onstraint preserving boundary onditions for a large lass of onstrained wave
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equations. Then, I will talk about appli ations of the theoreti al framework to
ertain models (in luding Einstein's eld equations).
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Investigation of The Numeri al Dierentiation Formulas of
Fun tions with Large Gradients

S.V. Tikhovskaya
Sobolev Institute of Mathemati s SB RAS, Omsk bran h, 13 Pevtsov str., 644043
Omsk, Russia
Solution of a singularly perturbed problem orresponds to a fun tion with large
gradients. Therefore the question of interpolation and numeri al dierentiation of
su h fun tions is a tual.
For interpolation of fun tions it is widely applied the interpolation based on
a Lagrange polynomials on uniform mesh. However, it is known that the usage
of su h interpolation for the fun tion with large gradients leads to estimates that
are not uniform with respe t to the perturbation parameter, and therefore to the
errors of order of O(1). To obtain the estimates that are uniform with respe t to the
perturbation parameter we an use the polynomial interpolation on the Shishkin
mesh as shown in [1℄ or we an onstru t on uniform mesh the interpolation formula
that is exa t on the boundary layer omponents as shown in [2℄.
In this paper the numeri al dierentiation formulas for fun tions with large
gradients based on the interpolation formulas onstru ting in [2℄ are investigated.
The formulas for the rst and the se ond derivatives of the fun tion with number of
nodes for interpolation two and three are onsidered. The uniform with respe t to
the perturbation parameter estimates of error are obtained in the parti ular ases.
Some numeri al results validating the theoreti al estimates are dis ussed.
A knowledgement. Resear h has been partially supported by the Russian
Foundation for Basi Resear h grant A 15-01-06584.
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E ient Sto hasti Approa hes for Sensitivity Studies of an
Eulerian Large-S ale Air Pollution Model

I. Dimov, R. Georgieva, V. Todorov, Tz. Ostromsky
Institute of Information and Communi ation Te hnologies, BAS, A ad.G.
Bon hev, bl.25A, 1113 Soa, Bulgaria
Reliability of large-s ale mathemati al models is an important issue when
su h models are used to support de ision makers. Sensitivity analysis of model
outputs to variation or natural un ertainties of model inputs is ru ial for improving
the reliability of mathemati al models. A omprehensive experimental study of
Monte Carlo (MC) algorithms based on Sobol sequen es for multidimensional
numeri al integration has been done. A omparison with Latin hyper ube sampling
and a parti ular quasi-MC latti e rule based on generalized Fibona i numbers
has been presented. The algorithms have been su essfully applied to ompute
global Sobol sensitivity measures orresponding to the inuen e of several input
parameters (six hemi al rate rea tions and four dierent groups of pollutants) on
the on entrations of important air pollutants. The on entration values have been
generated by the Unied Danish Eulerian Model. The sensitivity study has been
done for the areas of several European ities with dierent geographi al lo ations.
The numeri al tests show that the sto hasti algorithms under onsideration are
e ient for multidimensional integration and espe ially for omputing small by
value sensitivity indi es. It is a ru ial element sin e even small indi es may be
important to be estimated in order to a hieve a more a urate distribution of inputs
inuen e and a more reliable interpretation of the mathemati al model results.
→∞⋄∞←
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Computational Cardiology

N. Trayanova
Johns Hopkins University, 3400 N. Charles str., 21218 Baltimore, MD, USA
Sudden ardia death (SCD) from arrhythmias is a leading ause of mortality.
For patients at high SCD risk, prophyla ti insertion of implantable ardioverterdebrillators (ICDs) redu es mortality. Current approa hes to identify patients at
risk for arrhythmia are, however, of low sensitivity and spe i ity, whi h results
in a low rate of appropriate ICD therapy. Here we present a novel non-invasive
personalized approa h to assess SCD risk in post-infar tion patients based on
ardia imaging and omputational modeling. We onstru t personalized 3D omputer models of post-infar tion hearts from patients' lini al magneti resonan e
imaging data. Ea h heart model in orporates not only myo ardial stru ture, but
ele trophysiologi al fun tions from the sub- ellular to the organ, allowing for representation of ele tri al instability. In ea h heart model, we ondu t a virtual multisite delivery of ele tri al stimuli from ventri ular lo ations at dierent distan es
to remodeled tissue so that the patient's heart propensity to develop infar trelated ventri ular arrhythmias an be omprehensively evaluated. Simulations are
ondu ted for ea h virtual heart, probing its propensity to develop infar t-related
ventri ular arrhythmia. We term this non-invasive SCD risk assessment approa h
VARP, a virtual-heart arrhythmia risk predi tor.
In a proof-of- on ept retrospe tive study, we assessed the predi tive apability
of the VARP approa h as ompared to that of other lini al metri s in a ohort
of 41 patients. Statisti al analysis demonstrated that a positive VARP test was
signi antly asso iated with the primary endpoint, with a four-fold higher arrhythmia
risk than patients with negative VARP test. Our results also demonstrate that
VARP signi antly outperformed lini al metri s in predi ting future arrhythmi
events.
→∞⋄∞←

Spa eborne SAR

S.V. Tsynkov
Dept of Mathemati s, North Carolina State University, Raleigh, NC, USA
We will dis uss some re ent (intriguing) ndings that pertain to the imaging
of the surfa e of the Earth by spa eborne syntheti aperture radars (SAR). SAR is
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a oherent imaging te hnology that uses mi rowaves for re onstru ting the ground
ree tivity as a fun tion of spatial dimensions.
Ionospheri turbulen e brings an additional dimension into the SAR analysis
that a ounts for randomness. The overall error now has two omponents, deterministi and sto hasti , that are fundamentally dierent. The sto hasti omponent
be omes larger as the syntheti aperture gets smaller ompared to the outer s ale
of turbulen e. Then, why in the ultimate ase of very short aperturesit appears
that the sto hasti error an be ompletely disregarded?
The Doppler ee t in fast time is negle ted when using the start-stop approximation. Yet it an make the images prone to distortions, unless spe ial orre tions
are implemented in the mat hed lter. Why does it turn out that the imaging
regime most sus eptible to distortions is the frequen y modulated ontinuous wave
(FMCW) SAR that orresponds to low hirp rates?
Radar targets are typi ally modeled via the rst Born approximation.However,
the assumption of weak s attering is in onsistent with that of s attering o the
surfa e only, be ause the latter implies that radar signals do not penetrate under
the surfa e of the target. How an one take into a ount the proper physi s of the
target and onstru t a s attering model that would be free of in onsisten ies yet
remain linear and thus amenable to SAR wave eld inversion?
We will outline approa hes to answering those questions and identify the
outstanding issues that require further attention.
→∞⋄∞←

Van der Waals Intera tions between Axisymmetri
Membranes and Planar Substrate

Lipid

G. S. Val hev, P. A. Djondjorov, V. M. Vassilev, D. M. Dant hev
Institute of Me hani s, BAS, A ad. G. Bon hev str., bl. 4, 1113 Soa, Bulgaria
In the urrent arti le we study the behavior of the van der Waals intera tion
for e between a planar substrate and an axisymmetri bilayer lipid membrane
subje t to uniform hydrostati pressure. To do so, the re ently suggested surfa e
integration approa h is used, whi h an be onsidered a generalization of the
well known and widely used Derjaguin approximation. Two prin ipal ases are
onsidered: when the axis of revolution is parallel and orthogonal to the plane of
intera tion. The geometry of the membrane is assumed to be des ribed within the
framework of the Helfri h spontaneous urvature model. Some spe i lasses of
exa t analyti al solutions to the orresponding shape equation are onsidered, with
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the omponents of the respe tive position ve tors being given in terms of ellipti
integrals and Ja obi ellipti fun tions.
→∞⋄∞←

Numeri al Solution of Dynami Problems in Mi ropolar
Plates and Shells on Super omputers with GPUs

M. Varygina
Institute of Computational Modeling of the SB RAS, Akademgorodok, 660036
Krasnoyarsk, Russia
Mathemati al model of mi ropolar ontinuum taking into a ount independent
small rotations of parti les is applied for the modelling of the behavior of materials
with mi rostru ture: omposites, granulate, powdery and loose media. To des ribe
mi ropolar plates and shells approximation approa h based on the redu tion of the
three-dimensional mi ropolar ontinuum equations is onsidered. In the framework
of the approximation approa h averaging pro edure in the thi kness dire tion with
linear approximation of displa ements and rotations is used. Then the system of
two-dimensional equations des ribing mi ropolar plates and shells is written in the
form of thermodynami ally self- onsistent system of onservation laws.
In order to solve problem numeri ally it is essential to perform al ulations
with the mesh size omparable with the size of a parti le of the material. For this
reason parallel omputational algorithms for high-performan e omputer systems
are required. In this paper numeri al algorithms based on the two- y li splitting
method for the solution of dynami problems are proposed. Parallelization is performed by the CUDA (Compute Unied Devi e Ar hite ture) te hnology. The results
of numeri al omputations of dynami problems in mi ropolar plates and ylinder
shells are shown.
A knowledgement. This work was supported by the Russian Foundation for
Basi Resear h (proje t no. 16-31-00078).
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About Two-Parameter Family of Nonlinear Dierential
Equations

V. M. Vassilev, D. M. Dant hev and P. A. Djondjorov
Institute of Me hani s, BAS, A ad. G. Bon hev str., bl. 4, 1113 Soa, Bulgaria
We onsider a two-parameter family of nonlinear dierential equations des ribing
the behavior of a system within the framework of the Ginzburg-Landau theory by
means of the order-parameter. We fo us on the ase in whi h the order-parameter
tends to innity at one of the boundaries and to minus innity at the other one.
The boundaries of the system are positioned at a nite distan e from ea h other.
We give analyti solutions to the orresponding boundary-value problems in terms
of Weierstrass and Ja obi ellipti fun tions.
→∞⋄∞←

Generation of Correlation Matri es

E. Veleva
Angel Kan hev University of Rousse, 8 Studenstka str., 7017 Rousse, Bulgaria
Correlation and ovarian e matri es representing the strength of the dependen e
for ea h pair of fa tors involved in a statisti al experiment are always positive
denite matri es. The arti le dis usses ways to generate su h matri es with or
without restri tions on their elements and laws of distribution. Spe ial attention is
paid to the ase when the resulting orrelation matrix presents a weak orrelation
between pairs of fa tors involved in the experiment.
→∞⋄∞←
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Multifa tor Estimation of The E ologi al Risks Through
Numeri al Simulation

G. Voskoboynikova, Kh. Imomnazarov, and A. Mikhailov
Institute of Computational Mathemati s and Mathemati al Geophysi s SB RAS, 6
Lavrentyev Ave, 630090 Novosibirsk, Russia
The multifa torial problem of estimation of the geoe ologi al risks to environment and so ial infrastru ture from mass te hnogeni and natural explosions su h,
are onsidered. It was shown earlier that impa t of the meteofa tors omplex to the
infrasound propagation at spe i onditions may leads to multiple in reasing the
geoe ologi al risks. At the same time there are fa tors whi h lead to attenuation
of the e ologi al risks if snow over, forest and surrounding area relief present.
The paper represents mathemati al simulation of the elasti waves propagation
from infralowfrequen y sour e taking into a ount snow over based on the theory
of dynami poroelasti ity. The snow over is approximated as porous medium,
saturated with liquid or air, where the three elasti parameters are expressed via
three elasti wave velo ities. These velo ities are re al ulated using the elasti waves
velo ities via the Biot theory, whi h are expressed through elasti parameters of
the snow. Note that the obtained solutions allow the study the pe uliarities of the
seismi waves propagation in the liquid or air, whi h saturating snow over. In
this ase, the obtained formulas allow us to simulate the displa ement velo ity of
the porous frame and the saturating uid in it, as well as the pore pressure and
the stress tensor omponents with given elasti parameters of the medium and the
velo ities of propagation of transverse and longitudinal waves in a porous medium.
→∞⋄∞←

Numeri al Investigation of Sixth Order Boussinesq Equation

N. Kolkovska and V. Vu heva
Institute of Mathemati s and Informati s, BAS, A ad. G. Bon hev bl. 8, 1113
Soa, Bulgaria
We study the general Boussinesq equation
utt − uxx − β1 uttxx + β2 uxxxx − β3 uxxxxxx + β4 uttxxxx + f (u)xx = 0

with sixth order dispersion terms.
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For the numeri al solution of this problem a family of nite dieren e s hemes
is onstru ted. The preservation of the dis rete energy and a se ond order of
1
onvergen e of the dis rete solution to the exa t one in the W2,h
mesh norm are
proved.
The s hemes have been numeri ally tested in the ases of quadrati and ubi
fun tion f . The numeri al experiments show good agreement with the theoreti al
results.
A knowledgement. This resear h is partially supported by the Bulgarian
S ien e Fund under grant DFNI I-02/9.
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The Lo ally Conservative Semi-Lagrangian Method for
Three-Dimensional Adve tion Problem

E. Ku hunova, V. Shaydurov, A. Vyatkin
Institute of Computational Modeling of the SB RAS, Akademgorodok, 660036
Krasnoyarsk, Russia
We develop a semi-Lagrangian algorithm for solving the three-dimensional
adve tion problem. It is a model problem for both ompressible and in ompressible
uids. To ompute a numeri al solution, we use a uniform time grid and a uniform
ubi triangulation in three-dimensional spa e. We determine a numeri al solution
as a fun tion that is pie ewise onstant in ubi sells at ea h time level. The method
is based on the lo al integral balan e equation between two neighboring time levels,
whi h follows from the Gauss-Ostrogradsky theorem. To nd a numeri al solution
at the next time level at the enter of a sell, we integrate it over this sell. This
produ es the left-hand side of the algebrai equation. To get the right-hand side,
we onsider the integral of the numeri al solution at the previous time level, whi h
has already been determined. To obtain the integration domain for this integral,
we proje t this sell onto the previous time level along hara teristi s and get a
urved uboid. We de ompose it into eight subdomains ea h with eight verti es. To
ompute the integral over a subdomain, we onstru t the trilinear transformation
of the unit ube into a subdomain with the same eight verti es. Thus, we repla e
the integration over a urved subdomain by the integration over the unit ube.
Then we use a simple ubature rule on the unit ube with the Ja obian of the
transformation. This gives the right-hand side for the expli it algebrai equation.
The proposed dieren e s heme is of rst-order onvergen e that is onrmed by
omputational experiments.
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Sho k-indu ed Mi rospall in Tin Plate

Wentao Liu, Songqing Jiang, Jun Xiong, Haibing Zhou, Yongtao Chen, Shudao
Zhang
Institute of Applied Physi s and Computational Mathemati s, Liushi, No.2
Fenghao East Road, Haidian Distri t, 10094 Beijing, P.R. China
When a sho k wave produ ed by a high explosive detonation rea hes the free
surfa e of most metals, dierent phenomena an o ur. For example, one or more
layers of solid material is produ ed from the fra ture of the a elerated metal, the
metals ould also be melted on release and a fragmentation pro ess is expe ted,
leading to the expansion of a loud of ne fragments from the free surfa e. The
detail understanding of these omplex damage phenomena in metals is an a tive
area of resear h in sho k physi s.
In this paper, we present an experimental investigation of tin samples under HE
driven sho ks. A 25mm-diameter, 30mm-thi k ylinder of HE was point initiated
with a detonator entered on the harge. A series of experiments were performed in
four kinds of thi kness. Diagnosti methods in luded x-ray radiography and Asay
window whi h an give density and velo ity information about the spall layers or
the fragments.
Numeri al simulations of the experiments were ondu ted. A thermodynami
onsistent Helmholtz free energy ombined with a nonequilibrium kineti s of relaxation model was used to des ribe the dynami response indu ed by phase transition
in tin. The mathemati al model of damage was a form of void growth originally
proposed by J.N. Johnson, we introdu ed the ee ts of melt fra tion and Gibbs
energy. The simulated results indi ated that tin melt is inuen ed by the thi kness
of the samples. For thin sample the melted region was dominated by the ree tion
of stress wave from the free surfa e. While for thi k sample the melted region was
formed by the release of Taylor wave and from side boundary. The simulations also
suggested that four modes of fra ture o urred in the tin samples. The omputed
distribution of areal density was improved with the above models and ould agree
well with experimental re ords.
→∞⋄∞←
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Study on Turbulent Mixing Indu ed by Rayleigh-Taylor
Instability Using The BHR k-S-a-b Model

Min Yang, Lili Wang and Shudao Zhang
Institute of Applied Physi s and Computational Mathemati s, Fenghao dong
Road, Number 2, Haidian Distri t, 100094 Beijing, P.R. China
The BHR k-S-a-b model is developed based on the BHR model proposed by
Besnard et al. In the model the transport equations of turbulent kineti energy,
turbulent length s ale, mass-weighted turbulent velo ity and density-spe i -volume
ovarian e are used to des ribe turbulen e. In the present study, the model is used
to study the turbulent mixing indu ed by Rayleigh-Taylor instability (RTI). In
the ow indu ed by RTI turbulen e is driven by pressure and density gradients
instead of velo ity gradient, whi h is dierent from the shear ow. The BHR
k-S-a-b turbulen e mix model has been implemented in the HIME hydro- ode.
Third-order Runge-Kutta method is used to arry out time integration. Adve tion
terms use high order WENO method to re onstru t uxes on grid boundaries.
Alternate dire tion impli it (ADI) method is used to solve diusion terms. On
the basis of these, the low Atwood number (At = 0.04) RT experiment and the
moderate Atwood number (At = 0.5) RT dire t number simulation (DNS) ase are
simulated by this model. The model results are ompared with detailed experiment
data and DNS results to prove the validation of the model losure, model onstants,
numeri al algorithm and the implementation of the model used in the paper. It is
also found that the model reasonably aptures the asymmetry or shift of the peak
turbulent energy toward the spike side at the moderate Atwood number.
→∞⋄∞←

Method for Solving a Problem of Nonlinear Heating a
Cylindri al Body with the Unknown Initial Temperature

N. Yaparova
South Ural State University (National Resear h University), 76 Lenin Ave,
454080 Chelyabinsk, Russia
We onsider the problem of heating a ylindri al body with the internal thermal
sour e when the main hara teristi s of the material su h as spe i heat, thermal
ondu tivity and material density depend on the temperature at ea h point of the
body. We an ontrol the heat ow and temperature from the surfa e inside the
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ylinder, but it is impossible to measure the initial temperature in the entire body.
This problem is asso iated with the measurement hallenge of temperature and
appears in non-destru tive testing, in thermal monitoring of heat treatment and
te hni al diagnosti s of equipment operating. The mathemati al model of heating
is represented as nonlinear paraboli PDE with the unknown initial ondition. In
this problem, both Diri hlet and Neumann boundary onditions are given and it
is required to al ulate the temperature values at internal points of the body. To
solve this problem, we propose the numeri al method based on using of nitedieren e equations and a regularization te hnique. The omputational s heme
involves solving the problem for ea h spatial step. As a result, we obtain the
temperature fun tion at ea h internal point of the ylinder beginning from the
boundary down to the axis. The appli ation of the regularization te hnique ensures
the stability of the s heme and allows us to simplify signi antly the omputational
pro edure. We investigate the stability of the omputational s heme and prove the
dependen e of the stability on dis retization steps and error level of the boundary
fun tion. To obtain the experimental temperature error estimates, omputational
experiments were arried out. The omputational results are onsistent with the
theoreti al error estimates and onrm the e ien y and reliability of the proposed
omputational s heme.
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Wave Dynami s of Deformation and Fra ture

S. Yoshida
Southeastern Louisiana University, Department of Chemistry and Physi s, 70402
Hammond, LA, USA
Based on the physi al prin iple known as lo al symmetry, deformation and
fra ture of solids are formulated omprehensively.
The gist of this formalism is as follows. Linear elasti deformation an be
expressed as linear transformation of lo al volume elements. Here the transformation
matrix is the deformation gradient tensor. Sin e Hooke's law represents stret h or
ompression, the dynami s asso iated with this transformation is an orientation
preserving mapping. Consequently, the formalism is appli able to an obje t that
experien es stret h or ompression in a ertain orientation. When dierent parts
of the obje t undergo stret h or ompression in mutually dierent dire tions, the
dynami s annot be des ribed by a single transformation matrix at the global level
be ause the transformation is not orientation preserving any more.
A simple and realisti example of su h a ase is plasti deformation. When an
initially elasti obje t enters the plasti regime due to an external load, a defe t
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generated at a ertain lo ation of the obje t auses the parts surrounding the defe t
to stret h their own orientations. In this situation, it be omes ne essary to use a
deformation gradient tensor for ea h individual part separately. Consequently, at
the global level, the deformation gradient tensor be omes oordinate dependent.
Sin e the deformation gradient tensor ontains dierential operations, it follows
that the derivatives must be repla ed with ovariant derivatives, i.e., a gauge eld
must be introdu ed.
The present formalism derives Lagrangian asso iated with this gauge eld,
and applying the least a tion prin iples, it derives eld equations. These eld
equations des ribe dynami s of all stages of deformation and fra ture on the same
physi al basis. The general solution to the eld equations represents wave dynami s
of deformation. Dierent stages of deformation an be identied by hara teristi
feature of the wave dynami s.
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Numeri al Solutions to an Energy Con entration Problem
Asso iated with the Ane Fourier Transform

A. Zayed
Dept of Mathemati s, DePaul University, 2320 N. Kenmore Ave, 60614 Chi ago,
IL, USA
The goal of this talk is to present numeri al solutions to a on entration of
energy problem asso iated with the Ane Fourier Transform, whi h is an integral
transform asso iated with a general inhomogeneous lossless linear mapping in
phase-spa e that depends on six parameters independent of the phase-spa e oordinates.
Sin e an expli it, losed form solution seems to be elusive, we will solve the
problem numeri ally. The problem an be redu ed to nding the largest eigenvalues
and their asso iated eigenfun tions of two-dimensional integral equations. The
numeri al solutions are obtained by using the Gaussian quadrature method in two
dimensions.
→∞⋄∞←
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An Ee tive 3D MMALE Method for Compressible Fluid
Dynami s

Shudao Zhang, Zupeng Jia, Jun Liu, Jun Xiong, and Haibing Zhou
Institute of Applied Physi s and Computational Mathemati s, Fenghao dong
Road, Number 2, Haidian Distri t, 100094 Beijing, P.R. China
An ee tive se ond-order three-dimensional unstru tured multi-material arbitrary Lagrangian-Eulerian (MMALE) method was presented for ompressible uid
dynami s, whi h uses Moment of Fluid (MOF) method to re onstru t material
interfa e for immis ible uids. It is of the expli it time-mar hing Lagrange plus
remap type. Comparing with traditional ALE method, MMALE method permits
multi-materials in a single ell, thus has the extra advantage of a urately modeling
problems involving severe mesh distortion as well as interfa e fragmentations and
oalitions indu ed by strong shearing deformation. Be ause the sten il used in the
staggered ompatible dis retization involves only the nearest neighbor ells and the
MOF algorithm does not need information from the neighboring ells, the MMALE
method in this paper is suitable for parallel omputation while keeps se ond-order
a urate. Several numeri al tests on three-dimensional stru tured and unstru tured
meshes have proved the a ura y and robustness of the present method.
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Analysis and Modeling of Daily Air Pollutants in The City
of Rousse, Bulgaria

I. Zheleva, E. Veleva, M. Filipova, P. Rusev
Angel Kan hev University of Rousse, 8 Studentska str., 7017 Rousse, Bulgaria
The ity of Rousse is situated in the north-eastern part of Bulgaria. The
northern boundary of Rousse region goes along the Danube river valley and oin ides
with the state boundary of the Republi of Bulgaria and the Republi of Romania.
The limate of the region of Rousse is temperate ontinental, hara terized by old
winters and dry, warm summers. Spring and autumn are short.
In our previous work we studied information from 40 years period measurements
of temperature, air humidity and atmospheri pressure in Rousse region, Bulgaria.
It was shown that mean values of the temperature in Rousse region are slightly
goes up for last 10 years and they are bigger than the mean temperature for
Bulgaria. This ould be a proof for limate hange in Rousse region of Bulgaria.

88
The most variable atmospheri parameter is air humidity during the spring seasons.
The hardest hange of temperature and atmospheri pressure is during January.
Temperature has biggest hange in January and smallest  in July. Humidity has
biggest hange in April and smallest  in O tober. Atmospheri pressure has biggest
hange in January and smallest  in July. Also it is known that the valleys and
pla es along the rivers are polluted stronger than the plains and slopes. All this
in our opinion may be a reason for the in rease in average temperatures for the
period examined. Air pollution maybe ae ts temperature, atmospheri pressure
and humidity.
This paper is devoted to examine the inuen e of atmospheri hara teristi s
on air pollution in the Rousse region. It presents a statisti al analysis of the level
of air pollution in Ruse on data from three monitoring stations in the ity. The
measurements over the period from 2015 in luding up to now.
The results are ompared with similar studies ondu ted for other ities in
Bulgaria.
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The Stability of Tubes of Dis ontinuous Solutions of
Dynami al Systems

A.N. Sesekin, N.I. Zhelonkina
Krasovskii Institute of Mathemati s and Me hani s of UrB RAS, 16 S.
Kovalevskaya str., 620990 Ekaterinburg, Russia
The arti le is dedi ated to investigation of nonlinear dynami al systems whi h
applies the generalized ee t whi h is the generalized derivative of fun tions of
bounded variation. Su h system ontains in orre t operation of multipli ation of
dis ontinuous fun tion on the generalized fun tion from the point of view of the
theory of the generalized fun tions. This in orre tness is over ome by the approximation of the generalized fun tions in the right part of system by the sequen e of
smooth approximations of the generalized inuen es by analogy with sequential
approa h of the theory of the generalized fun tions. This sequen e generates a
sequen e of smooth solutions. Then limit of a sequen e of smooth solutions is
onsidered. If su h limit exists it is oered to be used in quality of the de ision.
The de ision is understood as partial point-wise limit of su h sequen e if a sequen e
of smooth solutions does not onverge. Su h partial limits onstitute a tube of
de isions. Integral in lusions des ribing su h tubes of de isions are given in [1℄.
The stability of solutions in the ase when there exists a unique limit of smooth
solutions was onsidered in [2℄. The su ient onditions are re eived for stability
of tubes of dis ontinuous solutions.
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Choosing Internal Degree of Freedom for Damage Formation
by Dis rete Atomisti Analysis

I. Zubko, V. Rozhkova
Perm National Resear h Polyte hni University, 614990 Perm, Russia
In ase of the theoreti al analysis of materials strength, the experimental data
is usually ompared with the results of the one-dimensional atomisti study whi h
predi ts a higher value of the ratio between the riti al stress of fra ture and Young
modulus. In the dis rete atomisti approa h the mentioned estimation of the riti al
stress is obtained under uniform tension of the homogeneous atom hain. The
present study demonstrates that the random perturbations of the atom pla ements
in the hain (whi h orrespond to the random variations of the material density
gradient) lead to the formation of one or several defe ts similar to the mode-I
ra ks. These defe ts are found due to dynami omputations of atoms' motion
from the stret hed state with the implied random shifts at the initial instan e of
omputation taking into a ount the arti ial vis osity. The latter allows nding
the equilibrium stret hed onguration (in ertain ases with inhomogeneous atom
distribution). It is shown that there exists a riti al value of the atom hain
elongation, and if it is ex eeded, it will result in the defe t (damage) formation.
The potential energy value whi h orresponds to the found o urren e of the
defe t nu leation is signi antly less than the energy required for the homogeneous
atom hain breaking. If the hain elongation in reases, then the size of the defe t
grows but the atom spa ing in the surrounding parts of the atom hains (whi h
remain the whole) holds un hanged. If the hain length that orresponds to the
equilibrium stress-free non-defe t state is abruptly hanging to a large enough
value, then several defe ts are formed. The number of these defe ts depends on
the rea hed length of the atom hain (or on the applied energy). The equilibrium
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stret hed ongurations with dierent numbers of defe ts have dierent values of
the internal energy; and the transition from one state to another is a ompanied
by the step-wise energy hange. The minimal energy portion orresponds to the
energy of one defe t. The surfa e atoms distribution is naturally obtained during
the omputation, so the potential energy of the material with a defe t also in ludes
the internal surfa e energy. The non-linear non- onvex fun tion of the internal
energy of the atomi hain with a defe t is obtained. This fun tion depends both
on the external deformation applied to the atom hain and the internal degree
of freedom whi h is des ribed by the material density gradient averaged along
the hain. In su h interpretation the onsidered material has been adapted for
the external loading by minimizing its potential energy and forming the system
of defe ts. The found internal energy fun tion onsiders the surfa e energy of
the defe ts and demonstrates that by rea hing the riti al value of the applied
elongation, the homogeneous deformation be omes ine ient from the energeti
point of view and the material starts to produ e the system of defe ts.
In order to obtain the above results, the periodi interatomi intera tion
potential was introdu ed. This potential takes into a ount the periodi boundary
ondition; it is obtained as the sum of innite onvergen e series based on the Mie
family potentials of the pair-wise intera tion. Under the summation we supposed
that ea h atom of the hain intera ts with an arbitrary hosen se ond atom as well
as with innite number of images of this se ond atom pla ed in the images of the
hain. These images are periodi ally repeated along the oordinate axis. The main
se tion of the atom hain may ontain any number of atoms. The periodi potential
whi h des ribes the intera tion of atoms from two parallel periodi atom hains
was also built in the work. This potential makes it possible to study the quasitwo-dimensional periodi atom stru tures and formation of quasi-two-dimensional
defe ts orresponding to the mode-I ra ks.
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Material Rotation and Rate-Type Finite-Strain Elasti ity
for Two-Dimensional Oblique Medium
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The problem of motion de omposition onto rigid and deformable parts is well
known in the nonlinear ontinuum me hani s of solids from the earlier works
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of S. Zaremba and G. Jaumann. This problem partially oin ides with dening
the indierent orotational rate. Re ognizing rigid motion of the material within
nite-strain deformations is the only way to write anisotropi elasti law with the
hangeless elasti moduli. The measures of rotation often being exploiting su h as
orthogonal tensor R from the polar de omposition of the deformational gradient F
and its (polar) spin tensor or the vorti ity tensor W , or the logarithmi spin tensor
(introdu ed by H. Xiao, O. Bruhns, A. Meyers) have no relation to the anisotropy
axes rotation. The latter is supposed to be asso iated only with the material
symmetry axes motion and has to be dened in a spe ial manner. The approa h of
re ognizing the material rotation onsidered below requires preserving the type of
material symmetry under deformation. All single- rystals being deformed without
phase transitions, semi- rystalline polymers and some omposites are appropriate
instan es. For the simpli ity of the material spin introdu tion a general two-dimensional (oblique) medium and two-dimensional deformations are onsidered.
Denition: the material frame rotation tensor in any hosen material point is
a proper orthogonal se ond rank tensor onne ting the a tual, but not deformed
material symmetry axes (obtained in the a tual onguration by releasing a small
material neighborhood of the point onsidered) with the initial ones.
The introdu ed tensor explains the rotation of the ve tor frame whi h oin ides
with the material symmetry axes in the initial onguration of the material volume
and uniquely orresponds to these axes in the a tual onguration although it
does not exa tly oin ide with them in the deformed state. Suppose that in the
releasing pro ess the material volume rea hes its nal reloaded state orresponding
to the minimal summary path of all material points (a ross the immovable mass
enter of the volume) from the deformed onguration into the one released. In
the onsidered ase the unit rotation axis n is xed and orthogonal to the plane of
ve tors. And then the exa t solution of the rotation tensor of material axes is found.
In the ase of the tetragonal (and also isotropi ) media, the introdu ed material
rotation tensor oin ides with the rotation tensor from the polar de omposition
of deformation gradient. For the ase of small displa ements the small material
rotation diers from the small rotation tensor and depends on the ratio of material
axes parameters and the angle between material axes. It is shown that material
axes rotation under the two-dimensional deformation along the ellipti losed path
is smooth and evidently depends on the initial orientation I0 in ontrast with the
orientation of the eigenve tors of left stret h tensor from the polar de omposition
of the deformation gradient.
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