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STABLE SCHEMES FOR CONVECTION-DIFFUSION-REACTION
PROBLEMS

Afanas’eva N. M.

Center of computational technologies NEFU, Yakutsk, Russia;
afanasieva.nm@gmail.com

In the mathematical modeling of continuum mechanics problems, special
attention should be given to convection-diffusion-reaction problems.
Additional terms of parabolic equations, that describe chemical reactions,
lead to the fact that the norm of the solution can grow exponentially with
time. Difference schemes for the approximate solution of such problems
must take into account these features. To solve the time-dependent problems,
explicit-implicit schemes, when some part of terms of the problem operator
is approximated by the explicit relations, whereas other part is discretized
via implicit formulas, are widely used [1]. We consider a distinct approach to
the construction of unconditio-nally stable schemes for unsteady convection-
diffusion-reaction problems, which ideologically adjoin to the so-called
nonstandard schemes. Some examples of using such nonstandard
discretizations in time can be found, e.g., in [2,3|. Difference schemes that
more accurately take into account pecularities of the considered time-
dependent problems are based on the
introduction of the new unknown variable in the standard two-level schemes
with weights [4]. Stability conditions of these schemes are considered in
different norms of grid functions [5].

REFERENCES

1. P.N.Vabishchevich, and M.V.Vasil’eva, Explicit-implicit schemes for
convection—diffusion—reaction problems, Siberian J. Num. Math., 15
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2. R.E. Mickens, Nonstandard Finite Difference Schemes for Differential
Equations. Journal of Difference Equations and Applications, 8 (2002),
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difference schemes, World Scientific, New Jersey, 2005.
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5. N.M. Afanas’eva, A.G. Churbanov, P.N.
Vabishchevich, Unconditionally monotone schemes for unsteady
convection-diffusion problems, Computational Methods in Applied
Mathematics, 13 (2013), no. 2, pp. 185-205.
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NEARLY COLLISION TRAJECTORIES OF THE PROBLEM OF N
GRAVITATING BODIES!

Bolotin S. V.

Steklov Mathematical Institute, Moscow, Russia;
bolotin@mi.ras.ru

We consider the problem of N > 3 gravitating bodies assuming that
one of them is much more massive than the others. Then, in the first
approximation, smaller bodies move along nearly Kepler orbits around
the big one. However, when small bodies undergo nearly collisions, they
interact strongly, and start moving along new set of nearly Kepler orbits.
This singularly perturbed dynamical system is hard both for theoretical
and numerical analysis. We propose to replace the dynamical system by a
variational problem. It turns out that the perturbation of the functional
can be regularized which makes it possible to use both numerical (we
don’t do this ourselves) and theoretical methods to obtain a relatively
satisfactory description of nearly collision solutions. This work in progress
is continuation of [1].

REFERENCES

1. Bolotin S., Negrini P. Variatioanl approach to second species periodic
solutions of the 3 body problem// Discrete and Condituous Dynamical
Systems, 2013. V. 33. P. 1009-1032.

!The work is supported by RFBR grant 12-01-00441
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SIMULATION OF HYDRATE FORMATION IN GAS WELLS AT
THERMAL INTERACTION WITH ROCKS

Bondarev E. A.', Rozhin I.I.!, Argunova K.K.!

L Institute of oil and gas problems SB RAS, Yakutsk, Russia;
rozhin@ipng.ysn.ru

The problems of thermal interaction of gas wells with rocks belong to
conjugated problems of heat transfer. Their models include the equation
of heat conduction describing propagation of heat in rocks with possible
thawing and freezing, the equations of non-isothermal real gas flow in tube
with corresponding boundary and initial conditions instituted by nature
of linking of heat flows on a tube wall. The quasi-stationary mathematical
model is used for the problem of formation (dissociation) of hydrates in
gas wells. In this model real gas flow was described in the frame work
of tube hydraulic while dynamics of hydrate formation was formulated as
generalized Stefan problem in which temperature of phase transition «gas —
hydrate» was a function of gas pressure. The model takes into account the
dependence of coefficient of heat transfer between gas and hydrate layer on
free cross section of a tube, that is, it’s changing with time.

Gas production from the fields with essentially different composition
of natural gas, reservoir and geothermal conditions, depths of productive
horizon was simulated. Initial values of a free cross section of a tube and a
mass flow rate were varied. It has been shown that the conjugated model
predicts that the time of formation of hydrate plugs essentially increases in
comparison with the model where the temperature of surrounding rocks is
considered a given function of depth.

12
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ECONOMICAL AND MATHEMATICAL MODELING OF FLOW
PROCESS IN INDUSTRIAL ENTERPRISES

Butrin A.G.

South Ural State University, Chelyabinsk, Russia;
konf_log@mail.ru

Today in the course of the integration process, the key development
target of the majority of industrial enterprises is to ensure adaptability,
sustainability, competitiveness and efficiency. Substantial reserves are enclosed
in the application of integrated logistics suppliers, carriers, manufacturers,
dealers, distributors, and consumers as a whole. To implement these
reserves is necessary to develop a method for optimizing and build a strong
economic-mathematical model aimed at defining and achieving optimal
parameters of flow processes. Optimization criterion is the minimum integrated
cost of flow chain "supplier-producer-consumer."Methods: A systematic,
cross-system and synergistic approaches, economic and mathematical modeling,
methods of logistics and supply chain management, compilation and synthesis,
experiment. The simulation results are presented in Fig. 1

i mpoaysumn (k1)
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Fig.1
REFERENCES

1. Butrin A.G. Design and optimization of business processes of integrated
enterprises: Monograph / A.G. Butrin, V.I. Tsaplin. — Chelyabinsk:
Publishing center of South Ural State University, 2011. — 313 p.
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FI1vE TRENDS IN THE MATHEMATICAL FOUNDATION OF
CoMPUTATIONAL PDESs

Carstensen C.

Humboldt University of Berlin, Berlin, Germany;
ccOmath.hu-berlin.de

This presentation concerns five topics in computational partial differential
equations with the overall goals of reliable error control and efficient
simulation.

The presentation is also an advertisement for nonstandard discretizations
in linear and nonlinear Computational PDEs with surprising advantages
over conforming finite element schemes and the combination of the two. The
equivalence of various first-order methods is explained for the linear Poisson
model problem with conforming (CFEM), nonconforming (NC-FEM), and
mixed finite element methods (MFEM) and others discontinuous Galerkin
finite element (AGFEM). The Stokes equations illustrate the NCFEM
and the pseudo-stress MFEM and optimal convergence of adaptive mesh-
refining as well as for guaranteed error bounds. An optimal adaptive
CFEM computation of elliptic eigenvalue problems and the computation
of guaranteed upper and lower eigenvalue bounds based on NCFEM. The
obstacle problem and its guaranteed error control follows another look due
to D. Braess with guaranteed error bounds and their effectivity indices
between 1 and 3.

Some remarks on computational microstructures with degenerate convex
minimization problems conclude the presentation.

14
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DIFFERENTIAL FLUID MECHANICS: COMPATIBLE ANALYTICAL,
NUMERICAL, AND LABORATORY MODELS OF STRATIFIED FLOWS!

Chashechkin Yu. D.
IPMech RAS, Moscow, Russia;

chakin@ipmnet.ru
yulidch@gmail.com

Newly created ground- and space-based optical instruments revealed
the fine structure of flows of various scales, from light-years in the interstellar
medium, to thousands of kilometers in stars atmospheres and meters in
the Earth atmosphere and hydrosphere. In the laboratory, registered fine
structures of the vortex flows and waves were scaled from centimeters
to microns. As illustrations examples of the evolution of flows patterns
in compound vortices and fine suspension of standing waves visualized
by liquid and solid markers are presented. Another series of works was
devoted to the experimental study of the formation of the fine structure
in flows induced by diffusion in the topography, and in the fields of
periodic or attached internal waves in a continuously stratified fluid. The
flow patterns in laboratory stands were visualized by different schlieren
and interferometric instruments. Mathematical modeling of substances,
momentum, and energy transport in liquids is based on the fundamental
system consisting of the equations of continuity, momentum and energy
balance, the diffusion of components and closing the equation of state,
taking into account the condition of the equations compatibility. As shown
by the calculations continuous symmetries of the system, unlike many
model systems correspond to the fundamental principles of physics. For
the first time a complete mathematical classification of periodic flows
components including large-scale wave components supplemented by fine-
structure components is given. The degeneracy of the classical equations of
continuity and momentum transport in the approximation of a homogeneous
fluid is shown. Patterns of internal waves and associated fine components
excited in continuously stratified fluids by compact 2D and 3D sources
committing linear and torsional oscillations were calculated by methods
of singular perturbations. Numerical calculations of two-dimensional flows

!The work was partly supported by the Russian foundation for basic
researches (12-01-00128).
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induced by diffusion in a stratified fluid at rest on a sloping strip and on
wedge forming a pattern of internal waves were performed on Supercomputer
complex M.V. Lomonosov Moscow State University. The formation of
large and thin flow components was studied. The geometry of fields of
various physical quantities such as velocity, the perturbations of density,
pressure, vorticity, rate of baroclinic vorticity generation and dissipation
was investigated in details. For comparison, the transformation of the
structure of periodic internal wave beams, the occurrence of discontinuities
in the density gradient fields and the formation of compact vortex arrays
far away from the source in the areas of convergence of fine flow components
were also investigated in the experiments. Detailed calculations are consistent
with the schlieren visualization of flows in the laboratory and observations
of mountain and valley winds, or internal waves in the atmosphere.
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EXPERIMENTAL VALIDATION OF
COUPLE-HEAT-WATER-TRANSFER PDE MODEL BY IN-SITU
DETERMINATION OF SOIL FREEZING CHARACTERISTIC CURVE

Cheng Q.!, Sun Y.R.!, Zhao Y.D.2, Xue X.Z.!, Huang X.F.!,
Vasilyev V.L.3, Danilov Y. G.?, Eremeev I.S.%, Popov V.V.3

L China Agricultural University, Beijing, China;
davidcheng_1025@163.com
pal@cau.edu.cn
xuexz@nercita.org.cn
huangxingfa@cau.edu.cn
2 Beijing Forestry University, Beijing, China;
yandongzh@bjfu.edu.cn
3 North-Eastern Federal University, Yakutsk, Russia;
vasvasil@mail.ru
danb57Q@rambler.ru
is.eremeev@s-vfu.ru
vv.popov@s-viu.ru

Many natural phenomena, such as seasonal soil frost penetrating into
underground, are commonly modeled by PDEs with specific moving boundary
conditions. For solving this type of PDE, the moving boundary conditions
have to be treated overall the computing process. This paper focused
on validating the couple-heat-water-transfer model using the experimental
data determined in situ. Moreover, we proposed that soil freezing characteristic
curve (SFCC) acted as the moving boundary condition and a novel dielectric
sensor for determining the SFCC was used. The experiment was conducted
at three fields (sand, sandy silt loam and silt-loam) in Jilin Province, the
northeast of China. The SFCCs were determined at the depths of 10, 20,
30, 40, 50 and 60 cm, respectively. The good results confirmed that the in
situ determined SFCCs can greatly benefit to the validations of the PDE
models for characterizing soil freezing dynamics.

17



SCTEMM-2013, Yakutsk

TRACTABLE TOPOLOGY FOR TASK ASSIGNMENT ON
MULTICOMPUTERS WITH DEDICATED CONTROL UNITS!

Cho S.-Y.

Hankuk University of Foreign Studies, Seoul, South Korea;
sycho@hufs.ac.kr

In a multicomputer system made up of several processors, the interacting
task comprising a program should be assigned to the processors so as to
make use of the resources of the system efficiently.

Consider a multicomputer consisting of k& processors, p1, p2, ..., Dk,
which are connected with some topology. We define the distance between
any two processors p; and p;, denoted as d; ;, to be the minimum number of
communication links that connect them. The interprocessor communication
cost between p; and p; is assumed to be proportional to d; ;. We assume
that some processors are equipped with special capabilities or resources
such as data files and expensive peripheral devices. It is further assumed
that each special capability is associated with only one processor in the
system.

Now consider an application program which consists of a set of n
interacting tasks ¢, to, ..., t,. The set of interactions among the tasks is
represented by an undirected graph called task interaction graph, in which
each node corresponds to a task and there exists an edge between two
nodes if and only if the corresponding tasks interact. Each edge (ts,%,)
is labeled by a number w,, which indicates the amount of information
exchanged during the execution of the given program. If two tasks ¢,
and t, are assigned to two different processors p; and p;, respectively,
the interprocessor communication cost due to ¢, and t, can be defined
as Wy y * di,j-

Some tasks, called special tasks, may have to be assigned to some
special processors in order to take advantage of their special capabilities. We
further assume that the application program is communication-intensive.
Therefore the main purpose of the problem is to reduce the communication
overhead rather than load balancing. The Communication-intensive Task
Assignment Problem considers the assignment of each task to a processor

!The work is supported by SMBA via 2012’s Industry-Academic Co-
development Plan(C0027742)
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in order to minimize the communication cost ZKJ. w;j - dx (i), x;(j), Where
X is an assignment function and X (i) represents the processor to which ¢;
is assigned.

This problem is an instance of GKP[1] with the following instantiation:
a task instantiates a node, a special task instantiates a terminal node, a
task interaction instantiates an edge, a processor instantiates a point, and
a communication link instantiates a line.

If the topology is full-connected, the problem is the same to the specified
k-cut problem. The problem considers an undirected k-terminal graph G =
(V, E) with positive edge weights and a set of prescribed k(< n) nodes
called terminal nodes, where V = {v;|1 < i < n} and each edge of E is an
unordered pair of nodes (v;,v;) in V. A k-cut is a set of edges which, when
deleted, partitions V into k subsets {V;|1 < i < k}. The aim is to find a
minimum weight k-cut so that each subset contains exactly one node of the
given k. The minimum (s, t)-cut problem that can be solved in polynomial
time using the max-flow min-cut theorem is therefore an instance of the
specified k-cut problem where k = 2. The specified k-cut problem is NP-
hard even for k = 3[2].

This paper shows that an optimal algorithm can solve the problem
for tree topology graphs or general-array tologies in polynomial time. The
time complexity of the algorithm is O(kn?), where n is the number of nodes
in a k-terminal graph according to the Goldberg-Tarjan’s maximum flow
algorithm.Futhermore, the time complexity can be reduced in a special
cases of topology graphs.
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NONSTATIONARY SOLUTIONS OF THE GENERALIZED
KORTEWEG-DE VRIES-BURGERS EQUATION

Chugainova A.P.

Steklov Mathematical Institute RAS, Moscow, Russia;
A.P.Chugainova@mi.ras.ru

The simultaneous effects of dissipation and dispersion on nonlinear
wave behavior in elastic media are considered when the effects are small and
manifested only in narrow high-gradient regions. If one constructs solutions
of self-similar problems in “hyperbolic” approximation using Riemann’s
waves and admissible discontinuities (i.e., discontinuities with structures)
one obtains many solutions the number of which unlimitedly grows with
growing the relative influence of dispersion (as compared to dissipation) in
discontinuity structures.

The numerical analysis (based on PDE with dispersion and dissipation)
of nonself-similar problems with self-similar asymptotics is performed to
determine which of self-similar solutions is an asymptotic form for the
nonself-similar solution.
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SPLITTING METHOD FOR SHALLOW WATER EQUATIONS1

Csorgé G.

Research Group "Numerical Analysis and Large Networks"at Hungarian
Academy of Science and Edtvés Lordnd University, Budapest, Hungary;
csgoaat@inf.elte.hu

We will take some conditions, show a derivation of shallow water e-
quations, and study the possibilities of the numerically solving of these.
Our main tool will be the operator splitting methods. We will investigate,
how to apply this numerical method for our problem and how to split the
equations. We will point out the advantages and the disadvantages of the
splitting for shallow water equations.

!This research is supported by the Europian Union and Hungary,
TAMOP 4.2.4.A/1-11-1-2012-0001 "Nemzeti Kivalésag Program"
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APPLICATION OF THE LAGUERRE STEP-BY-STEP
TRANSFORMATION FOR SOLVING DYNAMIC PROBLEMS!

Demidov G.V.!, Mikhailenko B. G.!, Martynov V.N.!

L The Institute of Computational Mathematics and Mathematical
Geophysics, SB RAS, Novosibirsk, Russia;
vnm@nmsf .sscc.ru
mikh@sscc.ru

In their previous publications [1], [2] the authors proposed a method of
solving dynamic problems that is based on the Laguerre transformation
with respect to time. When using the approach proposed there arises
a necessity of selecting the four parameters: the number of projections
of the Laguerre transformations , the scaling factor, which is required
for approximating a solution by the Laguerre functions, the exponential
coefficient of the weight function, which is used for finding a solution on a
finite temporal interval and the duration of this interval. The authors have
proposed a technique of selecting the above parameters for the stability
of calculation. On an example of the solution of one-dimensional problems
with the use of the given approach it was shown that its application makes
possible to obtain a solution with a high accuracy on large time intervals. In
this paper we show that the proposed approach of selecting the parameters
required for the calculation is applicable when solving dynamic problems
of large dimension.
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RELIABLE NUMERICAL MODELS FOR DIFFUSION PROBLEMS!

Faragé Istvan

Eétvis Lorand University and MTA-ELTE Research Group, Budapest,
Hungary;
faragois@cs.elte.hu

When we construct mathematical and/or numerical models in order
to model or solve a real-life problem, these models should have different
qualitative properties, which typically arise from some basic principles of
the modelled phenomena. In other words, it is important to preserve the
characteristic properties of the original process, i.e., the models have to
possess the equivalents of these properties. E.g., many processes, varying
in time, have such properties as the monotonicity, the non-negativity
preservation and the maximum principles. We will examine these qualitative
properties for the diffusion equation, having the form

o K9 )
L'U:a* 671;3—]0, mn (O,l)X(O,T)

i=1
v(0,t) = v(1,t) = 0,v(x,0) is given,

which yields a linear parabolic initial boundary value problem in IR

This continuous model has all the above mentioned qualitative properties
[2].

We construct the numerical models by using finite difference and finite
element method for the space discretization and the well-known 6-method
for the time discretization. Our aim is the qualitative analysis of these
numerical models, giving conditions under which the discrete analogues of
the different qualitative properties are preserved.

We focus our attention to the investigation of the maximum principles
and the non-negativity preservation properties for different values of d.

We give an exact (necessary and sufficient) condition for 1D case (d =
1). We denote by ¢ the ratio of the time stepsize and the square of the
space stepsize parameters. Our aim is to get the largest value for ¢ under

!The work is supported by Hungarian National Research Fund OTKA
No. K67819 and K81403
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which the qualitative properties for some values of the space division N
still holds.
Theorem 1. Under the condition

1
=519

the finite difference + 0-method discrete model preserves the qualitative
properties for any N > 1. Under the condition

1420+ /1—0(1—0) W

<
7= 30(1—0) ’

the properties are preserved for all N > 2. There exists a number Ny € IN
such that the numerical model was qualitatively preserving for each N > N
if and only if the condition

<17\/170

1="9ga -9 @)

is satisfied.

For the linear finite element space discretization we also give the exact
condition.

We investigate our model in 3D in more details, too. We formulate
those conditions under which numerical model is qualitatively preserving
[1].

We illustrate our results by some numerical experiments.
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LOCALIZED BULGING IN INFLATED MEMBRANE TUBES:
CHARACTERIZATION, STABILITY, AND APPLICATIONS

Fu Yibin
Department of Mathematics, Keele University, Keele, UK;
Department of Mechanics, Tiangin University, Tiangin, China;
y.fuCkeele.ac.uk

When a membrane tube is inflated by an internal pressure, a localized
bulge will form when the pressure reaches a critical value. With continued
inflation, the bulge will first grow to a maximum radius and then expand
axially at a constant pressure. This phenomenon is well-known and has
been studied analytically, experimentally, as well as numerically.

The above phenomenon is a paradigm for a variety of other localization
phenomena in Continuum Mechanics, such as phase transformation in
shape memory alloys, kink-band formation in fibre- reinforced composites,
and collapse of honey-comb structures under impact. The particular
application that we have in mind is the mathematical modeling of aneurysms
in human arteries. An aneurysm is a localized, pathological, blood-filled
dilatation of a blood vessel caused by a disease or weakening of the vessel’s
wall. Fusiform aneurysms are geometrically very similar to a localized bulge
in an inflated membrane tube, but their formation has previously been
dismissed as a bifurcation phenomenon on the grounds that the pressure
versus volume for arteries does not have a maximum. However, it is recently
shown that the existence of such a maximum is in fact not necessary
for the formation of a localized bugle provided the axial stretch is held
fixed; the latter condition is precisely how arteries are like. This recent
finding re-opened the possibility of interpreting aneurysm initiation as a
bifurcation phenomenon. We report on our recent progress in this effort.
If time permits, we shall also report on our more recent research on the
inflation of ellipsoidal membrane shells with a view to model the initiation
and final rupture of saccular aneurysms.
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TO ADEQUACY PROBLEM UNSTABILITY OF STEADY-STATE
PLANE-PARALLEL SHEARING FLOWS IN IDEAL STRATIFIED
1
FLUID

Gavrilieva A. A.!, Gubarev Yu. G.2

LV. P. Larionov’s Institute of Physico-Technical Problems of the North,
Yakutsk, Russia;
gav-ann@yandex.ru
2 Lavrentyev Institute for Hydrodynamics, Novosibirsk, Russia;
Yu.G.Gubarev@mail.ru

A problem on linear stability of stationary plane-parallel shearing flows
in a continuous stratified in density inviscid incompressible fluid in a gravity
field be-tween two immovable impermeable solid parallel infinite plates is
considered.

The direct method of Lyapunov it is proved that this flow is absolutely
unstable in the theoretical sense with respect to small plane perturbations.
Constructive sufficient conditions the linear instability is deduced. A priory
lower estimate is constructed that displays exponential in time growth
of the considered small perturbations. Strictly describes the application
field of the Miles theorem and found that, by its nature, this theorem is a
sufficient and the necessary statement.

It should be stressed that from the mathematical point of view the
results of this work are, in the main, a priori, because existence theorem
of solutions the initial-boundary value studied problems for systems of
differential-potential equations with partial derivatives have not been proved.

Finally, with regard to the question of how adequately whether the
mathematical model ideal continuously stratified fluid in describes the
stationary plane-parallel shear flows in the gravity field, it should be said,
that is not adequate, since this model does not have the theoretically stable
solutions, which would correspond to the established plane-parallel shear
flows, although this kind of flow, and in nature are observed, and in the
application are being realized.

!The article has been prepared with the support of the Ministry
of education and science of the Russian federation, the agreement Ne
14.B37.21.0355
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However, if the conditions failure the linear instability of the stationary
solutions mixed problem will be stable with respect to small plane perturbations
in the form of normal waves on those or any other finite time intervals.

It follows that the mathematical model does not adequately characterizes
the steady-state plane-parallel shear flow in the theoretical sense (at the
semi-infinite intervals of time), but adequately, in a practical (at the end of
time). In the end, constructive sufficient conditions (see on the inequality of
the equations system) the linear instability can provide with a foundation
for the creation of effective methods of managing the stationary currents
in the real-time mode [1, 2].
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COMPUTATIONAL MODELLING OF MULTISCALE PROBLEMS OF
FLUCTUATING HYDRODYNAMICS

Goloviznin V.M.!, Glotov V.Yu., Markesteijn A.P., Karabasov
S. A.

! Nuclear Safety Institute of the Russian Academy of Sciences, Moscow,
Russia;
gol@ibrae.ac.ru

In modelling of heat and mass transfer problems in nanodevices, as well
as the chemical kinetics processes of large biomolecular systems, such as
the conformational changes of proteins in water, the computational scales
are in order of a nanometer. At this system size, temperature velocity
fluctuations typical of the Brownian motion play an important role. In
this case, classical continuum fluid dynamics Navier-Stokes equations are
not valid on one hand. On the other hand, molecular dynamics methods
are too expensive to compute the collective behaviour of a large system. A
popular mathematical model in this case is the Landau-Lifshitz Fluctuating
Hydrodynamics equations which is an extension of the classical Navier-
Stokes equations to statistical modelling of the molecular system around
the equilibrium conditions. In this talk, we will review modern methods
for solving the Landau-Lifshitz Fluctuating Hydrodynamics equations and
compare their computational efficiency.
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STUDY OF SUPERCOMPUTER’S ARCHITECTURE, APPLICATION
AND ITs FUTURE USE

Gonsai Atul', Goswami Bhargavi?, Kar NarayanUdit?>

L Saurashtra University, India;
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2NIMS University, India;
bhargavigoswami@gmail.com
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Generally there is only one mother super computer in each country
and there are many sub super computers attached to the mother super
computer. It helps in increasing the speed of calculation and can quickly
perform the complex tasks as given by users because of its high processing
speed and the parallel computing skills. The super computers are very
useful in terms of scientific research and industrial field. It also takes the
level of national scientific development to a certain extent of highness. In
this paper the architecture and application of the super computer has been
discussed and future development of the super computer has been proposed.
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MODELLING OF FILTRATION IN FRACTURED POROUS MEDIA

Grigoriev A.V.

Center of computational technologies NEFU, Yakutsk, Russia;
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Most oil fields are characterized by fractured porous structures. During
development of various types of collectors technogen fracture may occur. In
the development of fractured reservoirs are often faced with the phenomena
that can not be simulated on the basis of the classical theory of filtration
in porous media. This is due to the presence of real reservoirs joint systems
which significantly affect the filtration process oil.

In contrast to the classical model of filtering (single porosity), the model
of double porosity allows more precisly describe the filtration processes
in fractured porous media. Here, after finite element discretization in
space, we consider the time approximation of the double porosity boundary
value problem. The main feature is the connection among the individual
components. Unconditional stability of schemes with weights for double
porosity problems is shown. Our main contribution is the construction
of splitting schemes, where the transition to a new time level provides
standard solutions of elliptic problems for the individual components of
the system of equations. Examples of calculations for the two-dimensional
model demonstrate the effectiveness of the proposed algorithms.
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CUDA Frow SorvER BAseD oN RKDG METHOD ON
Two-DIMENSIONAL UNSTRUCTURED GRIDS

He Xiaofeng'!, Jian Cheng', Tiegang Liu'
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Runge-Kutta discontinuous Galerkin(RKDG) method is a kind of high-
order algorithm. RKDG has the advantages of capture discontinuities,
dealing with hung nodes etc. But due to the calculation burden of DG
is large, it takes a long time to solve the flow even with well-structured,
efficient serial program.

CUDA is proposed by Nvidia corporation and it becomes an active and
popular high-performance parallel computation platform. It’s easy to code
with CUDA and one can benefit a lot with CUDA involved. Our work is
the GPU implement of RKDG method on two-dimensional unstructured
grids.

The serial program is compiled with intel c++ compiler with O2 flag,
and executed on Intel Xeon X5690(3.47GHz) machine; CUDA program is
compiled with NVCC 5.0(intel c++ compiler or gecc 4.4.3 involved) and
executed on Nvidia Tesla M2070. The test case is NACAO0012 airfoil with
9340 triangles , Mach number 0.4, attack angle 5 degree. The programs
calculate flow from time 0 to 15 seconds. Result shows that wall time of
serial program is 24823 seconds(6.9 hours), and wall time of CUDA program
is 994 seconds(16 minutes). The CUDA program speedup the program with
a factor of 25. With the scale of problems increasing, a better acceleration
will be obtained.
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Fig 2. (a)pressure contour of serial program; (b) pressure contour of
CUDA program
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COMPETITION OF STABILIZING AND DESTABILIZING FACTORS
AND BIFURCATION OF PHASE TRANSITION FRONTS IN
GEOTHERMAL SYSTEMS

Il’ichev A.T.

Steklov mathematical institute, Moscow, Russia;
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For a fixed drop of pressure and homogeneous conditions on lower
and upper boundaries of a low-permeability horizontal layer we study
competition of the Rayleigh-Taylor instability and stabilizing by the vertical
flow through the phase transition interface water to vapor in dependance
on the width of the low-permeability layer and permeability in geothermal
systems. This competition is brought to life by the non-uniqueness of
localization of the stationary phase transition fronts, at least one of them is
always unstable. The multiple fronts appear as a result of bifurcation from
the stable front. In a neighborhood of the bifurcation point dynamics of a
narrow band of weakly unstable and weakly nonlinear modes is described
by the diffusion equation of Kolmogorov-Petrovsky-Piscounov type.
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NUMERICAL MODELLING OF WAVE FIELDS IN POROUS MEDIA
(REVERSIBLE CASE)

Imomnazarov Kh. Kh.!, Nyago V. A.!
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The development of mathematical models of seismic waves propagation
is important for seismic data interpretation. The created models should take
into account such seismic properties as velocities of waves, their attenuation
as well as lithological properties of rocks, such as porosity, permeability
and fluidsaturation. It is known that in the models of porous media of the
Frenkel-Biot type, there are two P-waves, whose propagation velocities are
expressed through four elastic parameters of porous media [1,2].

In the given paper, for the modeling of seismic waves propagation in
porous media we use the model whose equations are characterized by three
elastic parameters [3-5]. The problem under consideration is formulated in
terms of displacement velocities of an elastic porous body and of a liquid
with allowance for stress tensor, and pore pressure [6,7]. In this paper,
some aspects of mathematical modeling of the wave mode due to different
excitation sources are considered. The results of a series of numerical
experiments for a test model of saturated porous media are represented.
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HiGH ACCURACY QUASI INTERPOLATION OF RADIAL BASIS
FUNCTIONS

Jiang Ziwu
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This report is mainly focused on the construction of quasi interpolation
operator with radial basis function in high dimensional space and its
application in data fitting, surface modeling and solving numerical solution
of partial differential equations. Radial basis function as a generally applicable
meshless method is currently a hotspot in the field of computer science
and engineering, and much headway of its theory has been made. Quasi-
interpolation method of radial basis function can avoid solving large scale
linear equations and become one of the hot spots in the research of radial
basis function method. Firstly, the reporter will introduce the construction
approach of high accuracy quasi interpolation operator on one dimensional
space. Secondly it’s application to data fitting and solving numerical
solution of partial differential equations will be studied. Finally, quasi
interpolation of radial basis function in high dimensional space will be
discussed.
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DYNAMIC HOMOGENIZATION FOR PERIODIC AND FUNCTIONALLY
GRADED STRUCTURES

Kaplunov J. D.
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A similarity between asymptotic procedures for thin and periodic
structures is developed. The high-frequency long-wave limit, earlier established
for elastic plates and shells (e.g. see [1] and references therein), is extended
to the homogenisat?on for periodic continua and discrete lattices [2, 3].
The proposed approach is oriented to analysis of micro-scale dynamic
phenomena and finds important applications in modelling of meta-materials.
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A DIRECTION SPLITTING ALGORITHM FOR PARTICULATE
Frows!

Keating J.!, Minev P.D.!

L University of Alberta, Canada;
jkeating@ualberta.ca
minev@ualberta.ca

An extension of the direction splitting method for the incompressible
Navier-Stokes equations proposed in Guermond and Minev (2011), to flow
problems in complex, possibly time dependent geometries will be presented.
The idea stems from the idea of the fictitious domain/penalty methods for
flows in complex geometry. In our case, the velocity boundary conditions
on the domain boundary are approximated with a second-order of accuracy
while the pressure subproblem is harmonically extended in a fictitious
domain such that the overall domain of the problem is of a simple shape
produced by a tensor product of intervals.

The new technique is still unconditionally stable for the Stokes problem
and retains the same convergence rate in both, time and space, as the
Crank-Nicolson scheme. A key advantage of this approach is that the
algorithm has a very impressive parallel performance since it requires
the solution of one-dimensional problems only, which can be performed
very efficiently in parallel by a domain-decomposition Schur complement
approach. Numerical results illustrating the convergence of the scheme in
space and time will be presented. Finally, the implementation of the scheme
for particulate flows will be discussed and some validation results for such
flows will be presented.
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!The work is supported by National Sciences and Engineering Research
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40



SCTEMM-2013, Yakutsk

DiI1SCONTINUOUS GALERKIN FINITE VOLUME ELEMENT
METHODS AND ITS APPLICATIONS TO MISCIBLE DISPLACEMENT
PROBLEMS IN POROUS MEDIA

Kumar Sarvesh

Department of Mathematics, Indian Institute of Space Science and
Technology, Kerala, India;
sarvesh@iist.ac.in

In this talk, we first would like to discuss advantages of discontinuous
Galerkin finite volume element methods (DGFVEMs) over the standard
finite volume element methods (FVEMs). Then, we discuss applications
of DGFVEMs in approximation of miscible dis- placement problems. The
mathematical model which describe the miscible displacement of one
incompressible fluid by another in a porous medium is modeled by two
coupled nonlinear partial differential equations; one is pressure-velocity
equation and other is con- centration equation. In this talk, we discuss a
mixed FVEM for the approximation of the pressure-velocity equation and
a DGFVEM for the concentration equation. Also, a priori error estimates
for velocity, pressure and concentration will be discussed. Some Numerical
experiments will be presented to substantiate the validity of the theoretical
results.
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APPLICATION OF HIGH PERFORMANCE COMPUTING IN
COMPRESSIBLE FLOW SIMULATION FOR AEROSPACE
APPLICATIONS

Kumar Vikas

Centre for Development of Advanced Computing, Pune, India;
vikask@cdac.in

High performance computing plays a greater role in solving various
computational fluid dynamics problem encountered in aerospace applications.
It helps in reducing computation time for solving compressible flow problems
encountered in stator and rotor of an axial flow compressor. The proper
prediction of stall and surge helps an engineer to achieve better efficiency
of a gas turbine. CFD simulation studies have been conducted using a
density based compressible flow solver to analyze the flow behavior in
stator and rotor. To begin with, the flow solver was tested and validated
for benchmark case studies reported by NASA for Sabena Diffuser and
Converging Diverging Nozzle. Further, a CFD model was developed to
predict the flow behavior of NASA rotor 37. The difference in the mass
flow rate of inflow to outflow was observed in the range of 1 -2 %, which
requires further investigation. Subsequently, a CFD model was developed
to study the flow behavior of a stator. The simulated result of fluid flow in
stator was to be found to be in agreement with experimental results. The
simulation study of complete stator (360 Degree) was carried out using
parallel compressible flow solver. The simulation studies have shown good
scale up behavior.
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MODELING OF NON-STATIONARY PROCESS OF CONJUGATE HEAT
EXCHANGE BETWEEN THE MOUNTAIN RANGE AND MINE AIR
WITH THE USE OF COMPUTING ON GRAPHICS PROCESSORS
NVIDIA CUDA

Kutcev A.R.

Perm State National Research University, Perm, Russia;
Alexander.Kutcev@gmail.com

The existing models of conjugate heat exchange between the mine air
and the mountain range are too reductive and don’t take into account
some important physical processes taking place in excavations. The main
disadvantage of such models is the absence of contingence in the calculation
of temperature patterns of the massif and the air when the temperature
pattern in a massif is considered to be unchangeable. In this work the
conjugate heat exchanged is modeled by the making calculations of more
detailed equations.

Finding out the solution to this problem will enable making the
forecasts of a heating rate in deeper mines. Besides, it will help to develop
the creation of effective methods of normalization of micro-climate in mines’
working areas.

The excavation of the cylindrical form is taken as a calculation area.
The problem is considered to be axisymmetric. For each area the non-
stationary equation of heat conductivity is calculated. They are coordinated
with the help of the Newton’s boundary condition. The calculation results
are presented in epures of the air and massif temperatures depending on
the time. The system output on the stationary heating rate is investigated.
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FILTRATION GAS COMBUSTION!

Laevsky Yu.'?, Kandryukova T.!:2

L Institute of Computational Mathematics and Mathematical Geophysics
SB RAS, Novosibirsk, Russia;
2 Novosibirsk State University, Novosibirsk, Russia;
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kandryukovat@gmail.com

Filtration gas combustion (FGC) may be defined as the propagation of
region of gaseous exothermic reaction in chemically inert porous medium,
as the gaseous reactants seep into the region of chemical transformation
[1]. Many interesting properties of FGC waves were detected theoretically
and experimentally. Knowledge of these properties plays essential role in
solving many problems of chemical technology, ecology, fire safety, etc. But
till now there are serious difficulties in numerical simulation of this process.
A source of these difficulties is the great difference between the scales of
diffusive and kinetic processes.

The work is devoted to the comparison a number of various algorithms
which we have proposed for numerical solution of the FGC problem using
different approaches to their construction. All of them provide us with
solutions that are consistent with experimental data. Modifications of the
original algorithm have reduced the execution time by a factor of 10.
From the results of this study it can be concluded that in the case of
sequentially running programs the use of the adaptive grids for simulation
of FGC provides significant gains. However, one should show carefulness in
parallelization of such algorithms to reach at least satisfactory scalability.
Another approach based on the splitting with respect to the physical
processes provides us with a number of various algorithms and opens great
opportunities for further investigations. It also inspires us with hopes for
good scalability. Let us note that before discuss the questions of numerical
simulation we give a short survey of different mathematical models of FGC,
and some theoretical results which were obtained earlier.

!The work is supported by Russian Foundation for Basic Research (grants
13-01-00019, 12-01-31046)
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NEW APPROACHES TO THE INITIATION OF GASEOUS
DETONATION!

Levin V. A.', Manuylovich I.S.!, Markov V. V.!

! Institute of mechanics, MSU, Russia;
levin@imec.msu.ru

From the perspective of application of detonation in jet engines and
power installations of various purposes investigation of detonation initiation
and the search for new mechanisms of its implementation are of great
interest. Due to the complexity of the problem the only effective way to
solve it is the mathematical modeling on multiprocessor computers. The
report presents the results of calculations on a supercomputer of MSU
"Lomonosov” of flows of reacting gas mixtures in rotating channels, channels
with mobile elements, as well as in supersonic flows in spatial channels of
variable cross section. In all cases considered, initiation takes place without
energy supply in the volume of combustible mixture, but by interaction
with impermeable borders of the stream.

'This work was supported by RFBR (grants No. 11-01-00068-a, 12-01-
31118-mol _a, 12-01-90416-Ukr _a), the Council for Grants of the President
of the Russian Federation (NSh-5911.2012.1, MK-3355.2012.1), Programs
of the Presidium of Russian Academy of Sciences.
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SIMULATION OF MULTI-DIMENSIONAL STRUCTURES OF GAS
DETONATION: MULTI-HEADED AND SPIN MODES!

Levin V. A.', Manuylovich I.S.!, Markov V. V.!

! Institute of mechanics, MSU, Russia;
levin@imec.msu.ru

According to experiments, detonation waves in combustible gas mixtures
have complicated cellular structure. The front of bow shock wave is an
uneven surface on which kinks are moving and which together with the
transverse waves in the flow are elements of the ternary wave configurations.
The report presents the results of numerical simulations on a supercomputer
of MSU "Lomonosov” of the spontaneous formation of two-dimensional and
three-dimensional detonation waves in channels of different cross-sections,
as well as the spin-wave detonation in a circular cylindrical channel.

'This work was supported by RFBR (grants No. 11-01-00068-a, 12-01-
31118-mol _a, 12-01-90416-Ukr _a), the Council for Grants of the President
of the Russian Federation (NSh-5911.2012.1, MK-3355.2012.1), Programs
of the Presidium of Russian Academy of Sciences.
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NUMERICAL SOLUTION FOR A KIND OF NONLINEAR TELEGRAPH
EQUATIONS USING RADIAL BASIS FUNCTIONS

Su LingDe!2, Jiang Ziwu', Jiang Tongsong'

! Department of Mathematics, Linyi University, Shandong, China;
2College of Mathematics, Shandong Normal University, Shandong, China;
lingdesu@yahoo.cn

In this paper, we propose a numerical scheme to solve a kind of the
nonlinear telegraph equation by using the Kansa’s method with Radial
Basis Functions (RBFs). From the numerical results of exper- iments
presented in this paper, we can get that the accuracy between the numerical
solutions and the analytical solutions are valid. In this paper, we also give
the analysis of the parameter ¢ in IMQ radical basis function for the results.
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ON STABILITY OF DIFFERENCE SCHEMES FOR NONLINEAR
EVOLUTIONAL PROBLEMS'

Matus P.P.12

L Faculty of Mathematics and Natural Sciences, The John Paul IT
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2 Institute of Mathematics, National Academy of Sciences of Belarus,
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The concept of stability (continuous dependence of the solution with
respect to the input data) is an integral part of the correct definition of
the mathematical problem in the sense of Hadamard. Therefore, unlike the
linear case, first of all, it is necessary to prove the solvability of the problem
(existence and uniqueness of the solution). This natural requirement at
equal extent refers to both continuous and discrete model.

As arule, an analysis of the properties of the solutions of the differential
problems and their approximations is carried out under the assumption
of weak nonlinearity, i.e., when certain properties are imposed on the
nonlinear coefficients depending on the solution for all u € R. In this case
many interesting applied problems disappear from consideration, and this
cannot be done because the solution does not belong to the input data.

Even for quasi-linear equations we have to estimate in the norm L all
highest derivatives in the equation in the norm L. If we succeed to do this,
we find the presence of some physical effects (shock waves [2,3], boundary
layers, blow-up in heating problems [4,5] etc.) only in terms of the behavior
of input data of the problem.

The results concerning stability of the difference schemes approximating
quasi-linear equations of parabolic type with the Dirichlet and Neumann
boundary conditions, multidimensional scalar conservation law, equations
of gas dynamics will be presented.

In the study of mixed problems for quasi-linear equations in partial
derivatives a maximum principle and a method of energy inequalities on
the basis of the analysis of the so-called upper and lower solutions or on
the basis of the Chaplygin comparison theorems are used. In analysis of

"Work was supported by the Belarusian Foundation for Basic Research
(Ne F12R-177 of 15 April 2012)
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stability of the difference schemes the grid analogues of the Bihari lemma
(generalization of the Gronwall lemma on nonlinear case) and the discrete
analogues of the comparison theorems are used. Principles for finding blow-
up at a grid level on the basis of analysis of approximate upper solution
of difference scheme and the techniques of constructing exact difference
schemes for nonlinear ordinary differential equations of the autonomous
type are considered.
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SUPERCOMPUTER TECHNOLOGIES SOLUTION LARGE PROBLEMS
IN THE SIBERIAN SUPER-COMPUTER CENTER!

Mikhailenko B. G.!, Glinskiy B. M.!

L The Institute of Computational Mathematics and Mathematical
Geophysics, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia;
mikh@sscc.ru
gbm@sscc.ru

The Siberian Supercomputer Center for collective use (SSCC) was
founded at the ICMMG, SB RAS. The maximum performance of the SSCC
is 115 TFlops. The major tasks of the SSCC are the following: development
and using the supercomputer technologies for the numerical modeling of a
variety of problems being solved in the research institutes of SB RAS;
providing these institutes and Siberian higher education institutions with
mathematical modeling techniques in fundamental and applied studies;
training specialists of the SB RAS and university students in parallel
computation methods on supercomputers as well as in methods of solving
large-size problems. Along with the SSCC in Novosibirsk, supercomputer
centers have also been founded in the cities of Irkutsk, Krasnoyarsk, Tomsk
and Omsk. The development of supercomputer centers of the SB RAS is
coordinated by the Supercomputer Council under the auspices of Presidium
of the SB RAS. Currently there are two clusters in the SSCC that are
exploited by the research institutes of the SB RAS in the multi-access mode.
One of the two clusters is based on the Intel Xeon computer units (the
MPP-architectures), its maximum performance being 30TFlops, the MPI-
and OpenMP-aided programming. The other cluster possesses a hybrid
extension to the GPU NVIDIA Tesla M2090 (the GPGPU-architecture),
the maximum performance being 84 TFlops, parallel programming in
C/C++ CUDA and OpenCL. A characteristic feature of programming
on the cluster with the MPP-architecture intended for solving large-size
problems (3D problems in the first place) is the use of the MPI and OpenMP
parallel languages. This is due to the cluster architecture constructed
with multiprocessor servers with shareable memory (SMP). With such an

'Partially supported by the RFBR under grant 13-07-00589-a,
Integration Projects SB RAS Ne130, Ne39.
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approach two current paradigms of the parallel computation are supported:
the MPI for systems with memory allocation (clusters) and OpenMP for
systems with shareable memory. The computational scheme allows for the
startup of one MPI-process per each cluster computer unit, this MPI-
process initiating several OpenMP-aided fluxes inside each computer unit.
The other technology of the high-performance computing is associated with
implementation of a parallel algorithm on the following hybrid architecture:
a supercomputer consists of a set of connected units with application of
the MPI for data exchange, each unit consisting of 1 CPU and 3 GPU.
One MPI process is initiated at each unit for computation control (the
process is carried out on CPU); from the MPI-process the CUDA threads
are initiated, each one being intended for execution on its CUDA core.
The Multi-GPU technology is used for controlling three GPU from one
CPU. The SSCC provides services in computing and consulting to 19
academic institutions of the SB RAS as well as to three Universities,
about 200 users are employing the SSCC resources for solving their tasks.
From the variety of problems that have been solved in the SSCC are some
problems to be solved in ICMMG. A special attention is being given to
training specialists involved in supercomputer technologies. In 2012 , the
International Conference “Parallel and Computing Technologies 2012"was
held by the ICMMG with 242 participants from Russia, Kazakhstan,
Ukraine, Germany, France, the USA (site: http://agora.guru.ru/display.
php?conf=pavt2012) In the April of 2012, a three-day School on NVIDIA
CUDA Technology was held. The School was supported by the specialists
of NVIDIA on computer resources of the cluster. 118 listeners from the
research institutes of SB RAS, Higher Education Institutions and Firms
were trained. Program and teaching materials are displayed at: http:
//wwu2.sscc.ru/Seminars/Nvidia,20Cuda-1.htm In the December of
2012, The Workshop on Parallel Programming of Hybrid Clusters was held:
see at: http://www2.sscc.ru/Seminars/Shool-2012.htm Specialists are
trained in high-performance computing and mathematical modeling at 5
Chairs at ICMMG: Mathematical Methods in Geophysics (NSU); Numerical
Analysis (NSU); Parallel Computation (NSU); Computer Systems (NSU);
Parallel Computer Technologies (NSTU). The seminars “Architecture, System
and Application Software of Cluster Supercomputers” are regularly held on
the basis of the SSCC, the Chair of Computer Systems of NSU and the
Competence Center on High-Performance Computing of SB RAS/Intel.
The Seminars are presented at: http://www2.sscc.ru/Seminars/NEW/
Seminars.htm
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NUMERICAL MODELING OF ACOUSTIC-GRAVITY WAVES
PROPAGATION IN A MODEL "EARTH-ATMOSPHERE"WITH WIND!

Mikhailenko B. G.!, Mikhailov A. A.!

LInstitute of Computational Mathematics and Mathematical Geophysics,
Siberian Branch of the RAS, Novosibirsk, Russia;
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alex_mikh@mail.ru

In the numerical modeling of seismic wave fields in the interior of an
elastic medium, it is generally assumed that the medium surface borders
on vacuum and boundary conditions are assigned on the free surface. Thus,
it is assumed that at the interface, seismic waves are absolutely reflected.
In this case the effect of generation by elastic waves of acoustic-gravity
waves in the atmosphere and their interaction when propagating along the
boundary is neglected. In the last decade there came into being the studies
showing a high degree of a correlation between the waves in the Lithosphere
and those in the Atmosphere.

In this paper, we consider an efficient algorithm for the numerical
modeling and studying the propagation of seismic and acoustic-gravity
waves for spatial-inhomogeneous model “Atmosphere-Earth” with wind in
the Atmosphere. The propagation of seismic waves in the elastic medium
is written down by a well-known system of elastic theory equations of
first order through the interconnection of components of the displacement
velocity vector and the stress tensor components for the 3D Cartesian
system of coordinates. The system of equations, describing the acoustic-
gravity waves propagation in the inhomogeneous non-ionized atmosphere,
is written down in terms of the interconnection of components of the
displacement velocity vector, pressure and variation of the air density with
the wind directed in the horizontal plane. The algorithm proposed is based
on combining integral transformations with a finite difference method. A
characteristic feature of this algorithm is the use of the Laguerre transform
along the temporal coordinate. For the first time, this method of solving
dynamic problems of elasticity theory was considered in [1, 2]. As opposed
to the Fourier transform, the application of the Laguerre integral transform

'Supported by the Russian Foundation for Basic Research (grant Ne 11-
05-00937) and project of the Russian Academy of Science (Ne 4.9)
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with respect to time makes possible to reduce the original problem to
solving a system of equations, in which a parameter of separation is present
only in the right-hand sides of equations and has a recurrent dependence.
As a result, the matrix of the reduced system is well-conditioned, thus
making possible to use fast techniques of solving systems of linear algebraic
equations based on iterative methods like conjugate gradients, converging
to the solution with a required accuracy in no more than in a few iterations.
A similar approach to solving a problem for a vertically-inhomogeneous
model in the cylindrical coordinate system without allowance for wind in
the Atmosphere was considered in [3].

This paper presents numerical results of the simulation of seismic
wave fields for test medium models that were obtained by carrying out
calculations on the multi-processor computer system.
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NUMERICAL MODELING OF SEISMIC FIELDS IN VISCOELASTIC
AND POROUS MEDIA FOR DISSIPATIVE CASE!

Imomnazarov Kh. Kh.!, Mikhailov A.A.!
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In simulation of seismic fields in real media, one should take into
account the absorption mechanisms of elastic energy in a medium and the
corresponding dispersion laws. Such a model may be described within the
framework of a combined model for a general theory of viscoelastic and
porous medium filled with a viscous fluid. This approach makes it possible
to explain the effects observed in seismic investigations of the properties of
rocks under absorption of the energy of propagating seismic waves.

In this paper, an algorithm to solve numerically the dynamic problem
of seismic wave propagation for the combined mathematical model of
viscoelastic and porous medium with allowance for energy dissipation is
considered. The model proposed in 1989 by V.N. Dorovsky [1] is used
as a porous medium model. This model has three types of oscillations:
transverse oscillations and two types of longitudinal oscillations. The elastic
parameters of the medium are in one-to-one correspondence by these
three velocities of elastic oscillations. The propagation of seismic waves
in a fluid-saturated porous medium with energy loss is described by
a system of first-order differential equations in a Cartesian system of
coordinates. The initial system is written as a hyperbolic system in terms
of the velocities of the elastic background medium and saturating fluid,
components of the stress tensor and fluid pressure [2]. Mathematical
statement of the problem of seismic wave propagation in a viscoelastic
medium is written as a system of first-order equations in terms of a relation
between the displacement velocity vector and stress tensor components
using the Boltzmann superposition principle in convolution integrals with
aftereffect functions [3]. This makes it possible to consider general relations
between stress and strain by specifying arbitrary aftereffect functions.

'Supported by the Russian Foundation for Basic Research (grant Ne 13-
01-00689) and project of the Russian Academy of Science (Ne 4.9)
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To solve this problem numerically, a method for combining the integral
Laguerre transform with respect to time with a finite-difference approximation
along the spatial coordinates is used. First this method for solving dynamic
problems of elasticity theory was considered in [4] and then developed for
viscoelasticity problems in [5]. The algorithm used for the solution makes
it possible to perform efficient calculations in simulation of a complicated
combined viscoelastic and porous medium and study wave effects emerging
in such media.
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THE RESEARCH OF 3D NANOSTRUCTURE OF MATERIALS USING
SUPERCOMPUTER TECHNOLOGIES
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One of the important directions of nanotechnologies is creation of new
materials with the defined properties. For improving this activity new
methods of diagnostics and research of the materials, devices and systems
are required. This work is devoted to research methods of 3D- nano atomic
and electronic structure of materials based on XAFS spectroscopy with use
of x-ray absorption spectrometer Rigaku R-XAS. The XAFS spectroscopy
is the only technique among all techniques using x-ray radiation which
allows to determine parameters of 3D- nano atomic and electronic structure
of the materials which don’t have a distant order in an arrangement
of atoms. The nanomaterials including the nano - clusters, nanotubes,
defects and impurity in solid materials, the active centers in proteins,
metal complexes, catalysts are the most important objects for researches.
The mathematical modeling with supercomputer technologies gives to the
researcher the possibility that is often impossible in experiment. High
Performance Computing Center of the Southern Federal University provides
to researchers the convenient computing environment for numerical
experiments in the field of the nanotechnologies including research of of
3D- nano atomic and electronic structure of materials. Special software is
used.
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FINITE DIFFERENCE SCHEMES FOR SYSTEMS OF CONSERVATION
LAWS

Ostapenko V.V.
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A convergence of high order shock capturing difference schemes is
analyzed. No-tions of weak finite difference approximations which conserve
a sense on discontinuous solutions are introduced. Necessary and sufficient
conditions of these approximations are obtained. It is shown that among
the explicit two-layer in time conservative difference schemes there are no
schemes which can have high order of weak approximation. A compact
scheme of the same third order of classical and weak approximations
is constructed. There is demonstrated an advantage of this scheme in
comparison to TVD scheme at shock-capturing computations. A difference
approximation of e-Rankine-Hugoniot (RH) conditions is investigated. It is
shown that TVD type schemes (in contrast to non-TVD schemes, whose
numerical fluxes are smooth enough) can approximate e-RH-conditions at
most with the first order. Given examples show that non-TVD schemes (in
contrast to TVD schemes) can have the second order of integral convergence
through the smearing shocks and as a result can conserve a higher accuracy
in the post shock regions.

o8



SCTEMM-2013, Yakutsk

NUMERICAL SIMULATION OF ARTIFICIAL SOIL FREEZING ON
HIGH-PERFORMANCE SYSTEMS!

Pavlova N. V.!, Vasilyeva M. V.!

'M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia;
npav@rambler.ru
vasilyevadotmdotv@gmail.com

Artificial freezing of saturated soils widely used in the construction
and mining industries. Freezing technology used for the construction of
mines, tunnels, subways, pits for laying deep foundations and to create
antifiltration screens which used in extraction of mineral resources [1]. In
the construction of buildings on permafrost, artificial freezing with cooling
devices applied near of piles to ensure stability, through the creation of
large blocks of frozen soil around the pile which will protect soil by melting
during the summer.

Mathematical model of such process includes the equation for the pore
water, Darcy’s law and the law of conservation of energy [2]. Numerical
implementation is based on the finite element method using the FEniCS
package [3].

Example of solutions considered at the model problem of artificial
freezing of trunk in underground mine, which is used to pass through the
filtration horizons. Because the size of freezing columns are substantially
less than the size of the modeled area, we obtain mesh refinement near
columns. Due to this, we get a large system of equations which are solved
on high-performance systems - at the North-Eastern Federal University
computing cluster "Arian Kuzmin".
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DYNAMICS OF HIGH-ORDER HOPFIELD NEURAL NETWORKS
WITH TIME DELAYS

Qiu Jianlong
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In this paper, the global exponential stability and the existence of
periodic solution are studied for a class of high-order Hopfield neural
networks (HHNNSs) with time delays by employing Lyapunov method and
linear matrix inequality (LMI) technique. Simple sufficient conditions are
given ensuring global
exponential stability and the existence of periodic solution of HHNNS.
The proposed results improve some previous works and do not require the
symmetry of weight matrix. Finally, two illustrative examples are given to
demonstrate the effectiveness of the obtained results.
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CABARET-CODE BASED ON MONOTONICALLY INTEGRATED LES
WITH ACOUSTIC POST-PROCESSING FOR AERODYNAMIC AND
AEROACOUSTIC SIMULATIONS ON SUPERCOMPUTER!

Semiletov Vasily!, Karabasov Sergey!
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v.semiletov@gmul.ac.uk
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To model the sound propagation through non-uniform mean flow,
a new 3D adjoint linearized Euler solver in the frequency domain is
developed. For validation, the problem of sound scattering from a 3D
axisymmetric parallel jet flow is considered. The results of numerical
convergence study at different mean flow resolutions, frequencies and
observer angles are presented. A detailed comparison with the Green’s
functions obtained from the semi-analytical solution of the parallel-flow
problem is performed. Also we present aerodynamic and aeroacoustic
validation of scalable CABARET-code with Monotonically-Integrated Large
Eddy Simulation (MILES) for flow around NACA0012 airfoil at Re=400000
and M=0.058 and for jet-pylon-wing-flap interaction based on a model
installed jet geometry at Re=1 million and M=0.5. The flow solution is
coupled with the Ffowcs Williams - Hawkings formulation for far-field
noise prediction. The computational modeling results for both problems
are presented for several computational grid resolutions and the comparison
with the experimental data is demonstrated.

'The work is supported by UK Engineering and Physical Sciences
Research Council (EPSRC Grant EP/I017747/1). The use of computing
time on HECToR supercomputing facility is gratefully acknowledged. SK
is also thankful to the Royal Society of London for its continuing support.
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NUMERICAL MODELING OF FILTRATION FLOWS AND
EVAPORATION FRONTS IN LOW PERMEABILITY NONWETTABLE
POROUS MEDIUM

Shargatov V.., Il’ichev A.2
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Instability of vertical flows with a phase transition interface in a
horizontally infinite two dimensional domains of a porous medium is studied
numerically. The water layer is located over an air-vapor layer in a porous
medium. The capillary forces affect the surface of the phase transition.
In the case of a nonwettable porous medium the surface of evaporation
can have two equilibrium positions, depending on the parameters, the
initial and boundary values. We limit our study to the situation, when
according [1] the lower interface position is linearly stable and the upper
interface position is linearly stable for only short wave perturbations (the
most unstable normal mode has the zero wave number). The stability of
these interfaces in the case of localized finite amplitude perturbations is
studied numerically. If the localized finite amplitude perturbations of the
linearly stable lower interface is directed downwards the interface is stable.
If the localized finite amplitude perturbations of this interface is directed
upwards and the amplitude of these perturbations is greater than some
critical value depending on the horizontal size of the perturbation they
grow unboundedly with time. This critical value is always greater than
the distance between the lower and upper positions of the interface. The
upper equilibrium state is destabilized under the impact of any finite size
perturbation. Destabilization exists even in the case when the horizontal
size of the perturbation is sufficiently small and harmonic perturbation with
such a small wave length can not destabilize the interface in compliance
with the linear theory.
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THEORETICAL STUDIES OF NONSTATIONARY FLOW OF A
HIGHSPEED AIRCRAFT IN THE CONDITIONS OF THE
DESTRUCTION OF THE SURFACE

Sidnyaev N.I.
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At the present time flue heat insulating coatings are widely used
for protection of heat exposed surfaces of aircrafts, the use of which in
most cases turns out to be very effective, however significant change of
the geometrical form of the streamlined surface is possible and, as a
consequence, its strength characteristics. Surface mass exchange at the
flow of the hypersonic aircraft, caused by decomposition products thermal
barrier coatings due to the high thermal load or forced supply of coolant
in the boundary layer causes turbulence and thickening of the latter, but
with a sufficiently high intensity of mass transfer - force out of the border
of the layer from the surface of the body, the formation of the surface
layer of the products of destruction and, as a consequence, significant
changes in non-stationary aerodynamic characteristics of the aircraft. [1].
Derivative analysis of aerodynamic moments on the corner of the attack
made it possible to establish whether the body of the static stability, as
well as explore not only the fluctuations of the aircraft, but also the general
case of motion of the trajectory, and stability of this the movement for
different intensities of the mass [2|. In the framework of this work the
mathematical model of a flow around a flickering in the flow of a body of
revolution in the framework of the system of Navier-Stokes equations with
account of the influence of the destruction of the surface of the dynamic
stability of axisymmetric bodies speed, pressure distribution on the surface
of the combined phone and on a rotational derivative with account of
amplitude of oscillations of the model. Formulated and substantiated the
basic requirements for hypersonic aircraft, when the destructive coating
pushes the boundary layer. The methodology of calculation of the intensive
mass transfer was established to determine the influence of the intensity
of mass transfer in the outer flow, allowing optimization of the gas-
dynamic characteristics of the aircraft. Flow around various forms of
hypersonic aircraft complex geometric shapes with regard for physico-
chemical transformations, distributions of the pressure and the heat flow
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on the surface, as well as of non-stationary dynamic characteristics were
investigated.
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NUMERICAL MODELING OF RAREFIED GAS FLOWS ON
SUPERCOMPUTERS

Titarev V. A."2, Utyuzhnikov S.V.23
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Computer simulation of three-dimensional rarefied gas flows is based on
the numerical solution of the kinetic equation for the velocity distribution
function. In [1-2] an implicit single-block method for model kinetic equations
was developed, which consists of a non-oscillatory TVD method on hybrid
unstructured meshes, conservative procedure for calculation of macroscopic
parameters of the gas and fully implicit one-step time evolution method
without iterations on the upper time level. The parallel implementation
of the method uses the partitioning of the molecular velocity mesh, which
allows one to keep all the advantages of the implicit method of solution.
Despite its advantages, the parallel method based on the partitioning of
the velocity mesh will have restrictions on the size of the spatial mesh on
the most of the existing HPC systems. The conventional approach with
multiblock spatial meshes is free of such limitations. The main goal of the
present work is to analyze the multi-block version of the implicit scheme
[1-2], which does not make use of the data exchange between blocks during
the solution of the linear system of equations for the solution increments in
the implicit scheme. The analysis is based on various calculations for the
problem of rarefied gas flow through a circular pipe caused by the pressure
drop [3] as well as external supersonic flow over a model re-entry vehicle of
TsAGI. The studies focus on the influence of the number of blocks as well
as choice of the time step on the convergence to the steady solution. The
strong scalability of both versions of the parallel method for up to 2000
CPU cores of the “Lomonosov” supercomputer of the Lomonosov Moscow
State University is also investigated.

This work has been supported by the Russian government under
grant “Measures to Attract Leading Scientists to Russian Educational
Institutions” (contract No. 11.G34.31.0072).
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THE TRIANGLE OF KNOWLEDGE APPLIED IN A REMOTE REGION

Tsichritzis D.!, Hristopulos D.T.!
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The Triangle of Knowledge signifies Education, Research and Innovation
working together for economic advancement. The best known example
is the Region of Silicon Valley where this synergy produced phenomenal
results. In this paper we analyze all the difficulties for implementing such
an environment, especially in a remote region. We claim that it is impossible
to duplicate the model of Silicon Valley and it is important to seek a model
adapted to the Region, with all its strengths and weaknesses. Finally, we
give an example of Technology which can be exported and exploited directly
from one remote Region to another.
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SEALING OF PERMEABLE POROUS MEDIA AND MULTI-VALUED
SOLUTION

Tsypkin G. G.

Institute for Problems in Mechanics RAS, Moscow, Russia;
gtsypkin@yandex.ru

Processes in porous permeable rock in which solid material is deposited
from solution or is removed due to dissolution are very important for
different applications. In [1] the TOUGH2-EWASG code has been used to
study reduction of rock porosity and permeability due to salt precipitation
in porous and fractured geothermal reservoir. In [2] has been considered
precipitate formation around gas production well during exploitation of gas
reservoir when saline water is present. In [3] the authors modeled of halite
formation during the injection of natural gas in storage aquifer. Degradation
of soils as a result of salinization is a well-known problem. Essentially salt
accumulation in soil occurs when salt, dissolved in the liquid phase, is
transported to the ground surface and precipitates when water evaporates.

A mathematical model of salt precipitation at a sharp vaporization
front, which develops in geothermal reservoir, has been presented and
analytically investigated in [4]. The authors have found that two branches
of self-similar solution exist in a wide range of parameters. For a large
reservoir pressure which initiate a large mass flux from a far-field towards
the front these two branches coincide and above a critical value of the
par-field pressure the self-similarity solution ceases to exist. The authors
guess that the collapse of the similarity solution corresponds to the regime
of reservoir sealing when solid salt fully occupies porous space. In [5] the
TOUGH2-EWASG code was used to verify this hypothesis and investigate
the precipitate formation near the critical point where asymptotic solution
ceases to exit. We found that the numerical solution describes sealing
process when solid salt saturation tends to 1 and mass flux through the
porous rock vanishes. Analogous problem arises when salty groundwater
evaporates near surface [6]. It was found that for the same initial and
boundary values two solutions exist. At small humidity of air, large salt
concentration and filter velocities, these roots coincide and solution ceases
to exist.

Hot dry rock technology and some natural processes deal with water
moving into hot rock saturated with superheated vapour. In this work we
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consider injection of pure water into geothermal reservoir, saturated with
superheated vapour and solid salt. Pure water moves from the injection
well and dissolves solid salt. If salty water penetrates into the rock which
contains solid salt it reaches saturation state. When saturated solution
reaches hot domain water evaporates and salt precipitates at the boiling
front. As a result three domains, separated by two phase transition surfaces,
form in the geothermal reservoir. In the first domain ahead of boiling
— precipitation front solid salt saturation function remains unperturbed.
Saturated solution and solid salt at equilibrium state occupies porous space
in the second domain, which locates between the first boundary and rear
dissolution front. The third domain adjacent to the injection well contains
pure water and occupies space between the well and dissolution surface.

We derive similarity solution which describes the process. The solution
is two-valued analogously, as it has been found for the problems [4,6].
When parameters of the problem tend to the critical domain two solutions
approach each other, then coincide and solution ceases to exist. In this
case impermeable plug of solid salt fully occupies porous space behind the
boiling surface. We suppose that appearance of multi-valued asymptotic
solutions is the characteristic feature of all sealing problems when precipitate
formation blocks liquid and gas flow.
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THE ITERATIVE SOLUTION OF THE INVERSE PROBLEM FOR THE
EQUATION OF OSCILLATIONS OF A STRING
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The problem of restoring one of the initial conditions for the equation
of vibrating string with fixed ends. Also of interest iterative methods for
the approximate solution of ill-posed problems inherent scientific school
of academician A.N. Tikhonov [1]. The numerical method for solving
the Dirichlet problem for the two-dimention equation studied by S.I.
Kabanihina and his disciples [2,3]. For the numerical solution of the
conditionally well-posed problem used the idea of the iterative method
proposed for the numerical solutions retrospective inverse heat conduction
problem [4]. The method is in the construction of an iterative method
of variational type that consists on successive refinement of the initial
conditions and the solution at each iteration direct problem. Implemented
the minimum residual iterative methods (dual-layer) and associated residuals
(three layers). The numerical calculations model problems showed significantly
faster convergence of the conjugate residuals.
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We consider the hyperbolic equation

dp | O(up)
5+ ox

where u(t, x) is known as velocity coefficient. p(t, z), f(t,z) and u(t, x) are
supposed to be periodical in x.

To solve (1), we use the following difference scheme (2) at time level
t = t,,, = m7 on uniform mesh with nodes x; = ih.

= f(t,x),t > 0,2 € [0, 1] (3)

1 1 Ay .
S [ et = (1)

1
2

i—

Here 7 is time step and h is space step. phm_1 is known function at time
level ¢ = t,,_1, and p!"* is nodal value of function pJ*(z;) at level ¢ = t,,.
Points A, 1 satisfy the ordinary differential equations.

{dm/dt = u(t,2),t € [tm_1,tm), (5)

x(tm) = x; = h/2.

In previous work [3], we use straight lines instead of curve lines. Now
we use Runge-Kutta method to get more accurate results for great values
of velocity u. Anyhow, we can only get first order of accuracy since the
right-hand side is nonzero.

In numerical experiment, we take

1
u(t,z) = 551'11(2773:)15 +1.0 (6)
and

f(t,x) = —sin(27x)e” " + 2mcos(2nz)e " - u(t, x) + wtcos(2mx) - p(t, z) (7)
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where
p(t,z) = e tsin(2rx) + 1.0 (8)
is the exact solution.
Some numerical results show the error at ¢ = 0.3 in norm of space
L4([0,1]) as follows.
Error under condition 7/h = 0.25

Nodes 20 40 80 160 320
Error | 0.25065 | 0.13503 | 0.07013 | 0.03577 | 0.01805

T=0.3 N=320
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MEDICAL IMAGE SEGMENTATION USING MRF-BASED
OPTIMIZATION

Yun Il Dong!, Park Sang Hyun?

! Digital Information Engineering, Hankuk University of Foreign Studies,
Seoul, Korea;
yun@hufs.ac.kr
2 Electrical Computer Engineering, ASRI, INMC, Seoul National
University, Seoul, Korea;
shpark@cvl.snu.ac.kr

Segmentation of desired objects in medical images is an important
task for morphological assessment, inter-subject comparisons, studying
pathological changes of organs, and monitoring disease progression. However,
the
segmentation with manually from the three dimensional and high resolution
medical images is very laborious and time-consuming task. Fortunately,
since the medical images with the same modalities include the similar
appearance and structure of target objects and limited shape deformations,
sophisticated models would be constructed from a finite number of training
data. We propose a new hierarchical Markov random field (H-MRF)
comprised of local-level MRFs based on adaptive local priors which model
local variations of shape and appearance and a global-level MRF enforcing
consistency of the local-level MRFs [7,8,9]. The proposed H-MRF can
effectively deal with both local and global variations of shape and appearance
unlike previous MRF based methods which only utilize the local prior [1,2,3]
or the global prior [4,5]. Furthermore, the H-MRF framework is readily
combined with well established MRF optimization techniques. Overall, the
proposed method mitigates the adverse effect of large object variations
and weak boundaries between objects and other tissues on segmentation
accuracy to provide robust results. In addition to these strengths, the
proposed H-MRF framework has several advantages. First, the H-MRF
covers large local variations, such as pathological deformities, even though
the training set may not contain subjects with similar deformities in
similar positions. Since the multiple localized classifiers based on different
characteristics create various candidates for the local variations, some of
them are able to find the abnormal deformities. Second, construction of
a complex training model is not required, because training set images are
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essentially just templates which are searched to find local patches with
similar position and appearance that are directly applied as local cues.
Therefore, the H-MRF can be applied given various data sets even with a
small training set. Third, complex non-rigid registration techniques [6] with
extensive computations are not required. Finally, since identical processes
are repeated for local regions in our algorithm, the method can easily
be optimized by various parallelization techniques, in order to reduce the
computation time.

REFERENCES

1. Pawan Kumar, M. and Torr, P. H. S. and Zisserman, A. OBJ cut.
CVPR, 2005.

2. Kohli, P. and Rihan, J. and Bray, M. and Torr, P. H. S. Simultaneous
segmentation and pose estimation of humans using dynamic graph cuts.
International Journal on Computer Vision, 2008. V. 79. P. 285-298.

3. Lee, S. and Park, S. and Shim, H. and Yun, I. and Lee, S. Optimization
of local shape and appearance probabilities for segmentation of
knee cartilage in 3-D MR images. Computer Vision and Image
Understanding, 2011. V. 115. P. 1710-1720.

4. Freedman, D. and Zhang, T. Interactive graph cut based segmentation
with shape priors. CVPR, 2005.

5. van der Lijn, F. and den Heijer, T. and Breteler, M. M. and Niessen,
W. J. Hippocampus segmentation in MR images using atlas registration,
voxel classification, and graph cuts. Neurolmage, 2008. V. 43. P. 708-
720.

6. Glocker, B. and Komodakis, N. and Tziritas, G. and Navab, N. and
Paragios, N. Dense image registration through MRFs and efficient linear

programming. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2008. V. 12. P. 731-741.

7. Park, S. and Lee, S. and Yun, I. and Lee, S. Hierarchical MRF of globally
consistent localized classifiers for 3D medical image segmentation.
Pattern Recognition, 2013. V. 46. P. 2408-2491.

8. Park, S. and Yun, I. and Lee, S. Data-driven Segmentation Method
based on Structured Patch Model for Medical Images. IPMI, 2013.

9. Park, S. and Yun, I Interactive 3D segmentation method based on
uncertain local region updating in hierarchical MRF graph. SPIE M.I.,
2013.

75



SCTEMM-2013, Yakutsk

DOMAIN DECOMPOSITION SCHEMES WITHOUT OVERLAPPING
SUBDOMAINS FOR THE PARABOLIC PROBLEMS

Zakharov P. E.

Center of computational technologies NEFU, Yakutsk, Russia;
zapetch@gmail.com

Domain decomposition methods are used for numerical solution of
boundary value problem for partial differential equations on parallel
computers. There are different methods of domain decomposition: with
overlap and without overlap, iterative and teration-free, on algebraic level
and on boundary value problem level.

Unconditionally stable schemes of domain decomposition without
overlapping subdomains are considered. As model problem we consider a
Cauchy problem for parabolic equation. The initial problem splitted to the
boundary value problems within each subdomain and the problem at their
common boundaries. On the example of explicit domain decomposition
scheme we investigate the complexity and efficiency of the parallel algorithm.
An accuracy, complexity and efficiency of parallel algorithms of domain
decomposition schemes are compared and is supplemented with numerical
experiments.

REFERENCES

1. Vabishchevich P.N. A Substructuring Domain Decomposition
Scheme for Unsteady Problems. Computational Methods in Applied
Mathematics, Vol. 11 (2011), No. 2, pp. 241-268.

2. Pje?ivac-Grbovi? J. et al. Performance analysis of MPI collective
operations. Cluster Computing, Ne. 10 (2007), No. 2, pp. 127-143.

3. Vabishchevich P.N., Zakharov P.E. Domain Decomposition Scheme
for First-Order Evolution Equations with Nonselfadjoint Operators.
Numerical Solution of Partial Differential Equations. Vol. 45 (2013),
pp. 279-302

76



SCTEMM-2013, Yakutsk

THE DEVELOPMENT OF THE FINITE-ELEMENT ALGORITHM ON
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The Finite element method (FEM) which is one of the forms of the
deflection method as well as the form of the method aimed at calculation
of the heat and other fields applying to the composite structures is not
always effective because of high gradients near the surface of cohesion.

In this work the realization of the method of the solution to the
plane problem of the stationary heat conductivity is described. The edge
conditions of the first rood, that is the temperature, and the third one,
that is the heat exchange with the environment, which are based on
the compound functional in the form of the method of subregion are
presented. This approach gives an opportunity to satisfy the edge conditions
as well as the conditions of the conjugation of a general surface. The
area of the solution finding is presented in the combination of the finite
number of subregions so that in each subregion the physical and mechanical
characteristics stay continuous. The subregions are divided into the basic
final elements. The solution to the temperature in the problem of heat
conductivity is searched in the whole area of the class of the continuous
function while the one to the temperature of the vector gradient must be
searched in the class of functions, continuous in subregions.

The programme is written in the programming language Fortran 90
with the usage of highly productive calculations on the graphic processors
NDIVIA-CUDA.
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COBPEMEHHBIE TEHAEHIINN PASPABOTKMU
BBICOKOITPOU3BOJAVNTEJIBHBIX MIPUJIOXKEHUM: OB30P
HOBEMIIINX IIPOTPAMMHBIX MHCTPYMEHTOB INTEL, MIPUMEPHI
X 939¢PEKTVMBHOI'O MCIIOJIB3OBAHUA N CIIEIIMAJIbHBIE
MPOTPAMMBI INTEL [JIs IOAJEP>KKU PA3PABOTUYUKOB

MODERN TRENDS IN HPC (HIGH-PERFORMANCE COMPUTING)
APPLICATION DEVELOPMENT: OVERVIEW OF INTEL SOFTWARE
PROGRAMMING TOOLS, EXAMPLES OF THEIR EFFECTIVE USAGE
AND SPECIAL INTEL RUSSIA/WORLDWIDE PROGRAMS FOR
DEVELOPERS

ABpneeB A.B.

Intel Corporation, Russia;
alexander.v.avdeev@intel.com

B nokmnajie O6ymer paccka3zaHo O COBPEMEHHBIX TEHJICHIUAX pas3paboT-
KI BBICOKOIIPOU3BOINTE/IBHBIX MPUIOKEHU U JaH 0030p HOBEUIUX IIPO-
rpaMMubix nHCTpyMeHTOB Intel - Intel®Parallel Studio XE 2013 u
Intel®Cluster Studio XE 2013, koTOpble BKJIIOYAIOT ONTHMI3UPOBAHHBIE
KOMITUJISITOPBI, MaTeMaTHIecKne 6UOJIMOTEeKN M CPEJICTBA OITUMUBAINN 1
pacrapaJuIeJIMBaHus IPOrPaMM. DT UHCTPYMEHTHI ITO3BOJISIOT pa3paboT-
YUKaM OITUMHU3UPOBATH CKOPOCTH PAbOTHI IPUJIOXKEHMI B crucTeMax Ha b6ase
IIPOIIECCOPOB TEKYIIEro U OYAYIUX MOKOJEHU, BKIIIOYasi HOBEHIHEe COIpo-
neccopsl Intel®Xeon Phi™. Ha6Gopsl HHCTPYMEHTOB IIOMOTAIOT CIIEIUa-
JINCTAM C HANMEHBIINMU YCUJIUSMU TOBBIIIATH TPOU3BOINTEIBHOCTD IPH-
JIOYKEHUI, 3allyCKaeMbIX Ha CepBepax, BBIUUCIUTEIbHBIX KJlacTepax, pabo-
ynx cranmuax, zactonbubix 11K n ma yerpoitcrsax Ultrabook™. Bymyr
ITOKA3aHbI TPUMEPHI 3MPEKTUBHOTO UCIOJI30BAHNS ITPOIPAMMHBIX HHCTPY-
menToB Intel. Ocoboe BHUMaHME HYIET YIETIEHO BOIPOCAM JIUIEH3UPOBAHMS
IIPOTrPAMMHBIX HHCTPYMEHTOB Intel m pasjmvaHbIM BapwaHTaM IIPEIOCTaB-
JIEHUSI JINIEH3nil Ha nporpaMMubie nHCTpyMeHThI Intel. Takyke B J1oKJ1a 1€
Oyser paccka3aHO 00 YHMBEPCHTETCKHUX, aKaJIEMUYECKUX U HAPTHEPCKUX
nporpammax Intel.
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2. Intel®Software online trainings, forums and other resources:
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https://premier.intel.com
http://software.intel.com/en-us/forums/
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https://registrationcenter.intel.com
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YUCJIEHHOE NCCIIEJOBAHUE JUHAMMKNA TEMIIEPATYPHOTI O
I10JId MHOTOJIETHEMEP3JIbIX I'PYHTOB IIPU BOB,Z[EfICTBI/II/I
BECKAHAJIBHBIX IIOA3EMHBIX TPYBOIIPOBOJOB
TEIIJIOCHAB>XKEHU A

STUDY OF PERMAFROST TEMPERATURE FIELD DYNAMICS
AROUND UNDERGROUND HEAT SUPPLY PIPELINE

Axunmos M. II.

Cesepo-Bocmounniii @Pedeparvnuiii Yrnusepcumem um. M. K. Ammocosa,
Hrymex, Poccus;
mir_akimov@mail.ru

IIpu wucciienoBanuyM BIMSTHUS TTOA3EMHOTO IOJUMEPHOTO TPYOOIIPOBO-
Ja C TEIJIOU3O0JANUCH B IIPoIecce IKCIIyaTallud Ha BEIHOMEP3JbIi I'DYyHT
TEeMIIepaTyPHYIO 3a7ady OOBITHO PEITal0T METOJOM KOHEUHBIX Pa3HOCTE
B JIEKAPTOBOIl cucTeMe KoopAamHaT. [Ipn TakoM momxo/ie BOSHUKAIOT CJIOXK-
HOCTH C aIlIPOKCHAMAINeil TPaHuI] paccMaTpuBaemoii obsractu. B mmockom
cily4yae T'PAHUIbI PACYeTHON OOJIACTU IPEICTABJIAIOT CODOI OTPE3KH IIps-
MBIX U TIOJIyOKPY2KHOCTEH, ITO 3aTPY/IHAET BHIOOP CUCTEMBI KOODJUHAT JIJIs
IIOCTPOEHUsT pacueTHO ceTKu. [Ipm mcnosib30BaHUM JIEKAPTOBON CHCTEMBI
KOOPJIMHAT IIPUXOAUTCS AlllIPOKCAMHUPOBATE OKPYZKHOCTH JIOMAHBIMUA JINHU-
fAMH, YTO, €CTECTBEHHO, BJIUAET Ha TOYHOCTD OIIPe/leJIeHNA TeMIIepaTypPHOIO
TI0JIsT B MHOT'OCJIONHON TpyOe BBUIY HAJIUIHUS YCJIOBUI TEIJIOBOIO KOHTAKTA
MexKay Tpyboit u Tertousossiueii. [Ipu mcciieloBaHnM BIIMSTHUS TEILTO-
HOCUTEJISI B TPyOe Ha TEIIOBOE COCTOSIHWE T'DYHTA, IPHUOJIMKEHHOE 3318~
HU€ TPAHUI] B HEIOCPEJICTBEHHONH OJIM30CTH OT TEIIOOOMEHHON ITOBEPXHO-
CTH MOKET IIPUBECTH K CYIIECTBEHHBIM IIOIPENIHOCTAM IIPU OIIpeJleJIeHUN
rpanun, orTanBanud. st 6ojiee TOYHOrO ONMUCAHUS TEMIIEPATYPHOTO IIOJIS
B OKPECTHOCTH TPYObI C TEIJIOHOCUTEJIEM TEPCIEKTUBHBIM ITPEICTABIISAET-
csl pelnarh 3aJ1ady B IOJISIPDHBIX KOOpAWHATaX. KcTecTBeHHO, ITpyu 9TOM Oy-
JIyT TPUOJIMKEHHO OIUCAHBI IIPSIMBIE YIACTKHU IPAHUIL OOJIACTH, ITO TAKIKE
CHU3UT TOYHOCTH pacdeTa, HO MOXKHO IIPEAIIOJIOKUTD, YTO UX BJIASHHAE HA
OIIpejieJIeHre TPAHUI] OTTAUBAHUS IPYHTA Oy/IeT 3HAYUTEIHHO HUKE.

Ha ocnoBe pemrenus nBymepnoit 3agaan CredaHa B MOJSIPHBIX KOOP-
JUHATaX HUCCJIeLyeTCs MPOLEeCC OTTANBAHUA-IIPOMEP3aHUd I'DYHTA BOKDPYT
[IO/I3EMHOTO TPYOOIIPOBO/IA TEIJIOCHAOKEHNST U3 IIOJIUITUIIEHA C TEIJIOBOM
UB0JISIMel U3 MEHONOJNYPEeTaHa B MOJIMITUIIEHOBOM 000J0UKe. AjleKBaT-
HOCTb MaTEMaTHU4IECKOI MOJE/N peajlbHOMY TEIJIOBOMY IIPOIECCY IOATBEp-
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2KJIeHa COIIOCTaBJICHUEM PacyYeTHBIX M 3KCIEPUMEHTAJIbLHBIX TeMIIepaTyp-
HBIX JIAHHBIX, TIOJIYIEHHBIX OKOJIO JEHCTBYIOIIErO TEIJIONPOBOIA B I. AKyT-
cka. [IpuBoagaTcst pe3yabTaThl BEITUCIUTETBHBIX SKCIIEPUMEHTOB 10 UCCJIe-
JIOBAHUIO BJIUSTHUS TOJIIIIHBI TEILIOM3OJISIIIINH U 3arJIy0J/IeHNs TEILJIONPOBOIA
Ha OTTAWBAHUE-IIPOMEDP3AHNE MHOTOJIETHEMEDP3JIOrO IPYHTA. YCTAHOBJIEHO,
9TO HPHU BO3eHCTBAN OECKAHAIBHBIX IOJ3EMHBIX ITOJUMEPHBIX TPYOOIIpO-
BOJIOB TEIIOCHAOYKEHUST HA MHOT'OJIETHEMEP3JIBIH FPYHT CYIIECTBYET TOJIIIIH-
Ha TEIIOM30JISIUN U TJIyOUHA 3aJI02KEHUsI, OIpeJieisieMas PacieToM, [pu
KOTOPBIX TVIyOWHA OTTAMBAHUS B PETMOHAX XOJIOTHOIO KJIMMATa BOCCTAHAB-
JINBAETCS 70 TVIyOWHBI CE30HHOTO OTTAMBAHUS K HAYAJY OTOIMTEIHLHOTO Ce-
30HA.
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N ccaEgOBAHUE TPAHCMEMBPAHHON ANP®PY3NN METOJAMMA
KOMIIBIOTEPHOTI'O MO,Z[‘E.J'II/IPOBAHI/ISI1

STUDY OF TRANSMEMBRANE TRANSPORT USING MOLECULAR
DYNAMICS SIMULATION

AnTonos M. }0.!, Haymenkosa T.B.2 , JIepnosa O.B.? ,
ITaiiran K. B.?

L Cesepo-Bocmounwiti pedepanvrniti yrusepcumem, Sxymcex, Poccus;
2 Buosozuueckuti gaxysvmem MI'Y, Mocksa, Poccus
mikhail@s-vfu.ru

MeTo/pI KOMIBIOTEPHOI'O MOJIEJIMPOBAHUSI JIABHO JIOKA3aJl CBOIO (-
(EKTUBHOCTD IIPU MOJIEJIMPOBAHUY [TOBEIEHNS PA3JUIHBIX CUCTEM, B TOM
qucsie Guostormyeckux [1, 2|. B paGore Meroj MOJIEKyIAPHON JUHAMUKK
MPUMEHSJICS JIJTsl U3YIeHUsT TpaHCMeMOpaHHOH uddy3un MAJIbIX MOJIEKYJT
gepes JINMUIHbIE OUCION, UMATHAPYIOIINE KJIETOYHbIE MEMODAHBI.

MogenupoBanne MeMOPAHHBIX CHCTEM METOJOM MOJIEKYJISIPHON JTnHAa-
MUKH COIPSIZKEHO € PsijioM cyiozkuocreit. [lapaMeTpsl m mpoTOKOJI MOJie-
KYJISPHON JUHAMKH JOJI2KHBI OBITH TOI00paHbI TAKUM 00pPa30M, YTOOBI
aJIeKBATHO BOCIIPOU3BOJIUTH CTPYKTYPHBIE XapaKTEPUCTUKHU MOJE/INpye-
MBIX OucaoeB. OrpaHMYeHHOCTh MHOXKECTBA OMCI0EB, s KOTOPBIX 9KCIIe-
PUMEHTAILHO YCTAHOBJIEHBI CTPYKTYPHBIE XAPAKTEPUCTUKH, TOTIOJTHUTEI b=
HO 3aTPY/HSIET Pa3pabOTKy KOPPEKTHBIX IMPOTOKOJIOB JIJIsT MOJIEKYJISIPHO -
JMHAMWYIECKAX UCCIIeNoBaHuii [3, 4].

B pamkax paGoThl IpU MOMOIIH METOI0B MOJIEKYJISIPHOTO MO/JIETMPOBAa-
HUsI U3yYeHa JUHAMUKA U OCHOBHBIE (DU3UKO-XUMHUIECKUE CBOMCTBA JIMIIH -
HBIX OMCJIEB, UMUTHUPYIOIIUX MOJIEJIbHBIE KJIETOUYHbIE MEMOPAHbI 9YKAPUOT
U npokapuoT. PaccmarpuBaiuchk 6ucion, o6pa3oBaHHbIE MOJIEKYJIAMU JIH-
MUJIOB PA3IMIHON JJIMHBI, KAK HACBIIEHHDbIE, TAK ¥ HEHACHIIEHHBIE, B TOM
YUCJIe CO CMEITAaHHBIM JIUIIHBIM COCTABOM, UTO MO3BOJIMIIO UCCJIEI0BATD
BJIMSIHUE JINIUJHOIO COCTaBa HA CTPYKTYPHO-(DYHKIIMOHAJIBHBIE XapaKTe-
PUCTUKN OUCJIOS.

'PaboTa BBIIOIHEHA IIpU (BUHAHCOBOI Mo IepKKe MuHHCTEpCTBa 06pa-
soBanus U HayKu Poccuiickoii @eneparuu (rockonrpakt Ne 07.514.11.4127)
u Poccuiickoro donna dyngamenrtanbabix ucciegoBanuii (Ipant Ne 12-04-
31934).
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AnpobupoBaHa METOMKA U3y IEHNsT TPAHCIIOPTA MOJIEKYJT depes3 Oucoit
C UCIIOJIb30BAHUEM METOJIA YIIPABJIIEMOIN MOJIEKYJISIPHOM JUHAMUKY HA IIPU-
Mepe MOJIEKYJT BOJBI U aMMHaKa. B paMKax IoJ/IXo/1a IPOU3BEJIeHa, OICHKA
KMHETUYECKUX [1apAMETPOB ITPOHMKHOBEHUS MOJIEKYJI, IIPOBEJIEHO CPaBHU-
TesibHOe n3yueHue 3(PHEKTUBHBIX BA3KOCTHBIX XAPAKTEPUCTUK PABTIUIHBIX
MeMOPaHHBIX CTPYKTYD U JuddY3NOHHBIX CBOWCTB MAJIBIX MOJIEKYJI, ITO
TPY/HOJOCTYITHO B HATYPHBIX KCIEPUMEHTAX.
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(I)YH,ZLAMEHTAJ'IBHI)IE ITPOBJIEMbI MOAEJIMPOBAHNA
BOJIHOBOI ANMHAMMKUN ITPUPOJHBIX CTPATUPUIINPOBAHHBIX
CPE/: TEOPUA, HATYPHBIE HABJIFOJAEHN:, ITPNJIO2KEHM A

FUNDAMENTAL PROBLEMS OF NATURAL STRATIFIED MEDIUM
WAVE DYNAMICS: THEORY, MEASUREMENTS, APPLICATIONS

Bynaros B. B.!, Baragumupos FO. B.!

! Hnemumym npobaem mexanury um. A.FO. Huaunckozo PAH, Mocxsa,
Poccusa;
bulatov@index-xx.ru

B macrosiiiee BpemMst HAO/IIOIAETCS POCT HHTEPECA K MATEMATHIECKOMY
MOJIEJIMPOBAHUIO BOJTHOBBIX JIBUKEHUIT HEOHOPOIHBIX ITPUPOIHBIX CTPATH-
GUIIPOBAHHBIX CPEJI, O0YCTOBIEHHBIH TTpobieMaMu Te0U3UKN, OKEAHOJTO-
ruu, HU3NKNH aTMOChEpPbl, OXPaHbl U U3YUEHHUST OKPYKAIOIMIEH CPeJIbl, IKC-
ILIYATAIIME CJIOYXKHBIX I'MIPOTEXHUYIECKUX COOPYKEHUIl, B TOM YUCJIE MOP-
cKkux HedTem00bIBAONINX KOMILJIEKCOB U PSIIOM JAPYTHUX aKTyaJIbHBIX 3314
HAYKU U TeXHUKU. JTOKJIa1 IMOCBSIEH M3JI0KEHUIO (DYHIAMEHTATBHBIX IIPO-
6JieM BOJIHOBOH JMHAMHMKY IIPUPOJHBIX CTPATH(MUIMPOBAHHBIX cpef (OKe-
ana). lcciienoBanbl OCHOBHBIE MaTeMATHYECKUE MOJEJHU, OIUCHIBAIOIINE
IIPOIECChl BO30OYKJIEHUSI U PACIPOCTPAHEHUs] HETapMOHUYECKUX ITAKETOB
BHYTPEHHUX I'PDABUTAIIMOHHBIX BOJIH B CTPATH(MUIIMPOBAHHBIX 110 BEPTUKA-
JIA, HEOTHOPOJHBIX 110 TOPU30HTAJIA U HECTAIMOHAPHBIX CPEJAX, U3JI0KEHBI
ACHMIITOTUIECKIE METOIbI, SBJISIIONIUXCS 0DODIEHNEM TPOCTPAHCTBEHHO-
BPEMEHHOI'O JIy9IeBOro Meroja (MeToJa reoOMeTpUYecKoil ONTHKH). 3HAYU-
TEJIbHOE MECTO B JIOKJIQJIE YJIEJEHO CPABHEHUIO MOJIYyYaeMbIX aHAJTUTHIE-
CKUX Pe3yJIbTaTOB C JIAaHHBIMU HATYPHBIX U3MEPEHU I IPO(PU3NIECKUX T10-
neit B okeane [1-3]. BHyTpeHHME rpaBUTAIIMOHHBIE BOJIHBI B OKEaHE U3yYa-
FOTCsT yKe JIOCTATOYHO JABHO, U IO JAHHOW TeMATHKe OIyOJMKOBAHO 3HA-
YUTEIbHOE YNCI0 paboT. TeM He MeHee, B IOCTEIHEE BpEMsI HHTEPEC K HUM
B KaKOI-TO CTEIIEHU YyracaeT, 9TO MOXKHO CY/HTH IO OOIIEMY KOJHIECTBY
myOJIMKAIWiA, TOCBSIIIEHHBIX IaHHON Ipobjiemaruke. Bmecre ¢ TeM, ceifuac
BO3HUKAIOT HOBbIE HAIIPABJIEHUsI B NCCJIEIOBAHUY BHYTPEHHUX BOJIH, O KOTO-
PBIX paHee He TOBOPUJIOCH. BO-II€PBBIX, CTAJIO IOHSTHBIM, 9TO B TIOJI€ BHYT-
PEHHUX BOJH MOTYT HOSBJISITHCA AHOMAJIBHO OOJIbINNE KOPOTKOXKUBYIIHE
BOJTHBI-YOUMATIBI, TIPUPO/Ia KOTOPBIX HATIOMUHAET IPHUPOJLY BOJH-YOUHIL Ha
ITOBEPXHOCTH MOpsI. BO-BTOPBIX, CABUTIOBbIE TE€UYEHUsI BO BHYTPEHHUX BOJI-
HaX IPUBOJAAT K OOJIBIIMM U3THOAIOIMIMM MOMEHTAM Ha OMOPhI HEMTIHBIX
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1aTdOPM, 9TO yKe IPUBOJUT K J1eOPMAIIH TOABOIHBIX TEXHOJOIHIe-
CKUX KOHCTPYKIMiI B psije paiionoB Muposoro okeana. Ceituac paspaba-
THIBAETCSI CUCTEMa MOHUTODPUHIA WHTEHCHUBHBIX BHYTPEHHUX BOJIH B 3TOM
MOpe, B KaKOH-TO Mepe aHAJIOTMYHasl CUCTeMEe MOHUTOpPUHTa IyHaMu. B-
TPETHhUX, BHYTPEHHUE BOJIHBI CIIOCOOHBI BBI3BATH TPAHCIIOPT JIOHHBIX Ha-
HOCOB B TJIYOOKOBOJHBIX paiioHax, riae 3h@PeKT MOBEPXHOCTHLIX BOJH HA
JIHO MuHHMaJjeH. HakoHell, Kjiaccuueckue 3ajadu BO3JEWCTBUsI BHYTDPEH-
HUX BOJIH HA MOPCKYIO ITOBEPXHOCTD ITO-ITPEYKHEMY OCTAOTCS aKTyaJIbHBIMU
[1-3]. Ha pacmpocrpaneHue BHYTPEHHUX I'DABUTAIMOHHBIX BOJH B OKEAHEe
CYIIECTBEHHOE BJIUSHIAE OKA3BIBAIOT KAK HEOIHOPOIHOCTU W HECTAIIMOHAD-
HOCTh THIPOMUINIECKUX TTOJIel, TaK 1 n3Menenne peabeda aua. [Ipu srom
TOYHBbIE AHAJUTUYIECKUE PEIeHUs] BOJHOBBIX 3a/a4 IOJIYYAITCS TOJBKO B
cJIydae, ecJid paciipejie/ieHue IJIOTHOCTH BOIbI M (hOPMa JTHA OIMUCHIBAIOTCS
JIOCTATOYHO TPOCTBHIMUA MOEIbHbIMU byHKIMsiMu. Korma xapakTepucTu-
KH CPEJIbl U TPAHUIIBI TPOU3BOJIBHBI, MOYKHO MOCTPOUTH TOJIBKO HUHCJICH-
Hble perennst Takux 3a7a4d. OJIHAKO MMOCJIe/[Hee He MO3BOJISIET KAIeCTBEH-
HO aHAJM3WPOBATH XapaKTEPUCTUKN BOJHOBBIX IOJIEil, 0COOEHHO Ha GOJIb-
IIUX PACCTOSIHUSAX, ITO HEOOXOIMMO JIjIsl PEIlleHrs, HAallpUMep, IPOOJIeMbI
OOHApY KEHUs BHYTPEHHUX BOJIH JIMCTAHIIMOHHBIMUA METOJAMM, B TOM UHC-
JIe C TMIOMOIIIBIO CPEJICTB a3POKOCMUYIECKON pajuosiokanuu. B arom ciryuae
OIMCAHUE W AHAJIM3 BOJHOBON JUHAMUKH MOXKHO OCYIIECTBUTH Ha OCHOBE
ACUMIITOTUIECKUX MOJIEJIeH M AHAJIUNTUIECKUX METOMOB UX DEIIeHUsI, U3JI0-
JKEHHBIX B JIOKJIaJie. [IpoMBIIIjIeHHas JesTeIbHOCTh Ha KOHTUHEHTAJIBHOM
mejibde, CBsi3aHHAs C J00bIYell NCKOIMaeMbIX sIBJISETCsI BaXKHON ITPUINHOM
UCCJIEIOBAHMI BHYTPEHHUX BOJIH, TAK KAK UX XaPAKTEPUCTUKU UCIOIB3IY-
I0TCsI JIJTsl OTIEHKU BOJIHOBOT'O BO3JIEHCTBUS Ha OKPYZKAIONLYIO CPEJLy U TEX-
HOJIOTUYIECKIE MOPCKHUE KOHCTPYKIMN. 3HAHUS O BOJIHOBON JMHAMUKE BarK-
HBI JIsi obecriedenust 6e30IMaCHOCTH [P CTPOUTEIHLCTBE U SKCILIYATAINN
MOPCKUX IIaT(OPM Ha KOHTHHEHTAJIBHOM Iejbde, U JJIst ITUX [eJieil TaK-
2Ke HeOOXOIMMO KOHTPOJMPOBaTh Bo3zeficTBue BosH. [lpu crpourenbcrse
HeTAHBIX IATGOPM HEOOXOINMO ITPOBOIUTH CHCTEMATHIECKOE HU3MEpe-
HUsI BHYTPEHHUX BOJIH W TEYeHHUi, mo3TOMYy pernenne (yHIaMeHTaIbHONR
IpO0OJIEMBI MOJIEJIMPOBAHUST BOJTHOBOW JIMHAMUKY TIO3BOJISIET U30€KaTh J10-
POTOCTOSIIINX HATYPHBIX u3Mepenuii. Ocobblil MHTEPEC K MOJIEIUPOBAHUIO
JMHAMUKY BHYTPEHHWX BOJIH CBsI3aH C MHTEHCHUBHBIM OCBOEHHEM ApPKTH-
KU ¥ ee IPUPOIHBIX OOraTCTB. DTU BOJHBI MOKA HEJOCTATOYHO M3y9YEHBI B
ApkTuke, Tak KaK JBUTAIOTCS TIOJI0 JIHJIOM U CBEPXY MPAKTUIECKU HE BUJI-
HBI, OJIHAKO JIOCTYIHAs UHQMOPMAIWS O JIBUXKEHHUM ITOIBOJIHBIX OOHEKTOB
CBHJIETEJILCTBYET 00 MX HAJIMYUK. BHYTPEHHME BOJIHBI JOCTUTAIOT JIbIa U
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IIOJJHAMAIOT UJIN OILyCKAaIOT ero C OIIPEIeJICHHON IePUOJUIHOCTBIO, 9TO J10-
CTYIIHO HaOJIIOJIEHUIO C IIOMOIIBIO CPEICTB PaJIMOIOKAIIMOHHOIO 30HIUPO-
BaHUs. BozselicTBre BOIH CIIOCOOHO IIPUBECTH K PACKOJIY JIEJIOBOI'O IIOKPBI-
TSl B ADKTHKE, OHU CIIOCOOCTBYIOT JBUYKEHUIO ailcOeproB U pacipocTpaHe-
HUIO PA3JINIHOTO Poja 3arpsasuenuit. [losromy ucciemoBanms ocobennocTeit
BOJTHOBO# JIMHAMUKHK B 00JaCTH APKTHIECKOTO OacceifHa siBJISIETCS BarK-
HO# (DyHTAMEHTAJIBHON HAy4YHON W NPAKTUYECKOH 3ajadeil, B TOM 4YHCIIe
Jutst obecriedeHust 6€30MaCHOCTH IIPU CTPOUTEIBCTBE U IKCILIyaATAIUNU MOD-
ckux 1iardopm [1-3]. TTocrpoennbie aBTOpaMu MaTeMaTHIECKUE MOJEIN
BOJIHOBOI JWHAMUKHA IO3BOJIAIOT ONMUCBIBATH IIOJIA BHYTPEHHHUX BOJIH JJIS
peaJIbHBIX IIaPAMETPOB OKeaHa. Y HUBEPCAJIBHBII XapaKTep MPeJJIO2KEHHBIX
ACUMIITOTUYICCKUX METO/I0B MOJIC/IMPOBaHUA noJieii BHYTPEHHUX BOJIH I103-
BoJIsIeT 3(PPEKTUBHO PACCUUTHIBATD BOJHOBBIE II0JIsI, U, KPOME TOI'0, Kade-
CTBEHHO aHAJM3UPOBATDH ITOJTyIE€HHDBIE PEIIeHus . 1eM CaMbIM OTKPBIBAIOTCS
IMUPOKNE BO3ZMOXKHOCTH aHAJN3a BOJIHOBBIX KAPTHUH B IIEJIOM, YTO BarKHO
" JIJId IIPaBUJIBHOU IIOCTAHOBKHU MAaTE€MaTUYeCKHX MOJesieil BOJIHOBOW JIU-
HaAMUKHA, U JJId IIPOBEJICHNA OIICHOK IIPU HATYPHBIX U3MEPEHUAX BOJHOBBIX
moJsieil B Mopckoit cpejie. Ocobasi poJib pa3pabOTAHHBIX ACHMIITOTHIECKAX
METO/IOB 00YCJIOBJIEHA T€M OOCTOSITEILCTBOM, UTO ITapaMeTPhl IPUPOJHBIX
cTpaTuUIMPOBAHHBIX CPeJl, KAK [IPABUJIO, U3BECTHBI IPUOJIMKEHHO, U T10-
IIBITKA WX TOYHOT'O YHMCJICHHOIO PENICHUS MO MCXONHBIM yPAaBHEHHUAM THII-
POJMHAMUKH C UCIIOJIb30BaHUEM TaKHUX IIapaMeTpOB MOIYT IIDUBECTH K 3a-
METHOIl ITOTEpPe TOYHOCTHU IOJIyYaeMbIX Pe3ysibTaroB. [lomumo dyHmamen-
TaJIbHOI'O MHTEPeca IOCTPOCHHBIC MAaTEMaTHICCKUE MOJC/IN IIPEJACTABIIAIOT
3HAYUTEJIbHYIO IIEHHOCTb JUIS IPAKTHKH, IMOCKOJIBKY IO3BOJISIOT pellaThb
3a/1a9M MOJIEJTUPOBAHUST BOJTHOBBIX T'HIPOMUINIECKUX IO/ B IIHPOKOM
KJIacCe IIPUJIOZKEHU.

JINTEPATYPA

1. Bynaros B.B., Baaguvupos FO.B. lunamnka HerapMOHUYECKUX BOJI-
HOBBIX ITAKeTOB B crparuduimposanubix cpegax. M.: Hayka, 2010.

2. BymaroB B.B., Baagumupos FO.B. BonnoBasi nunamuka crpatudu-
[IMPOBAHHBIX CpEJ: Teopusi W HpujoxKeHus. Saarbrucken: Palmarium
Academic Publishing, 2012.

3. Bulatov V.V., Vladimirov Yu.V. Wave dynamics of stratified mediums.
Moscow: Nauka Publishers, 2012.
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BLIYNCJ/AUTEJIbHBIE TEXHOJIOTUU: IIOATOTOBKA
CIIEIIMAJINCTOB!

COMPUTATIONAL TECHNOLOGIES: TRAINING OF SPECIALISTS

Ba6umesuu II. H.!, Bacuabes B. 1.2

YUBPAS PAH, Mocxea, Poccus;
vabishchevich@gmail.com
2CBOY um.M.K. Ammocosa, xymck, Poccus;
vasvasil@mail.ru

B macrosiiee BpeMsi CJIOKMJIMNCH HOBasi METOOJIOTUN HAYYHBIX UCCJIe-
JIOBaHUI - MATEMATUIECKOTO MOJIEJTMPOBAHUSI ¥ BBIYUCIUTEHHOIO YKCITEPHU-
menTa. CyIHOCTE 9TOM METOIOJIOIMH COCTOUT B 3aMEHE NCXOIHOTO O0BEKTA
€ro MaTeMaTUIeCKON MOJIEJIbIO U UCCJIEIOBAHIN COBPEMEHHBIMY BBIUNCJIIH-
TEJIbHBIMU CPEJICTBAME MaTeMaTUIeCKUX Mojeseil. Meromosorust mareMa-
THYECKOI0 MOJIeJIMPOBaHUsI OYPHO PAa3BUBAETCsI, OXBATHIBAsl BCE HOBBIE C(he-
PBI - OT pa3pabOTKU OOIBITNX TEXHUIECKUX CUCTEM W YIIPABJICHUS UMHU JIO
aHAJIN3a CJAOKHEHINX IKOHOMUIECKUX U COIUAIBHBIX ITPOIECCOB.

[Tepen BBICIIElH MIKOJIONH CTOUT TIEPBOCTEIIEHHAS 3a/1a9a [TOJITOTOBKU U
NIeperoJgroToOBKU ClIeUuaJINCTOB, IIPEXK/J/1e BCET0, NTH2KEHEPHOI'O-TEXHUIECKOI'O
U eCTECTBEHHO-HAYYHOTO MPOMUIIsi, KOTOPbIE BJIAJIEIOT COBPEMEHHBIMU BbI-
YUCIUTEIbHBIMU TEXHOJIOTUSIMU.

B CBOV um.A.K. Ammocosa (IleHTp BBIYHCIUTENBHBIX TEXHOJIOIHI,
WucturyT MaTemaTnkyu u nHbOpPMATHKN) paspaboTaHa MpOrpaMma TOJro-
TOBKU MarvCTPAHTOB IO HAIPABICHUIO Boltucaumenvhovie merHoio2ul.

Bazopast vacTh 00IIEHAYIHOTO ITUKJIa BKJIIOYAET KYPCHI:

e CoBpeMeHHbIE BBIUUC/IUTE/IbHBIE TEXHOJIOIHH;
e YucjieHHBIE METO/IBI JIMHEHHON aareOphr;
e MeTo/ KOHEUHBIX JIEMEHTOB.

BapI/IaTI/IBHa,H JaCTh IIpeacTaBJIeHa 00s13aTe IbHBIMHI JUCHUIIINHAMM

e Yuc/ieHHbIE METOJIbI PEIIEHUsT HECTAITMOHAPHBIX 33124,
e [lapajuesibHbIE CHCTEMBI HAYYIHBIX BBHIUUCJICHIUI;
e KoMIbIOTepHBIE CUCTEMBI IIOJIOTOBKH HAYYIHBIX IIyOJIMKAIIHIA.

'PaboTa BbIMONHeHa Tpu mojiep:kKke Poccuiickoro dhoHma dyHmIaMeH-
TasbHBIX uccaenopanuii (Ne 13-01-00719)
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Jucnunanub! Mo BHIOOPY:

o YucieHubre METO/Ibl pEHICHU A O6paTHbIX 3a1a4;
o YucieHubre MEeTOAbI OIITUMU3AIUH.

BazoBas gacThs npodeccHoHAIBHOTO IIUKJIA COCTOUT U3 KYPCOB:

e Maremarmueckue MOJEJIN B €CTECTBO3HAHNH;
L] FeOl\IeTpI/IquKI/Ie MOJe/IN U paCdeTHbIE CETKU,

e IIporpamMmMmHOe obeclieveHne peIleHns] CUCTEM JIMHENHBIX U HeJIMHEeN-
HBbIX ypaBHEHUA.

Obszarenbabie JUCHUIIINHBI BapI/Ia,TI/IBHOf/'I JacCTU IIpeacTaB/IEeHbl KYyP-
CaMMH:

o JIpakTuKa HayIHBIX BBIYUCJIEHUIT;
o CryneHvecKuil HayIHO-UCCIIEIOBATEILCKII CeMIHAD.

C yderoM TeMaTHKHU ITPOBOAMMBIX Hayd4HBbIX uccienoBanuii B CBOY
MIPEJJIATA0TCA CJIeIYONINe TUCIUILINHBL 10 BBIOODY:

e MaremaTuueckoe MOEINPOBAHNE IIPOIECCOB TEIIO- U MACCOIIEPEHO-
ca;
e MartemaTndeckoe MOJeIUPOBaHNe (PUIHTPAIIAN.

CoBpeMeHHBIE BBIYUC/IMTEIbHBIE TEXHOJOIUU OTPabAThIBAIOTCS HA OC-
HOBE WCIIOJIb30BaHUs METOJa KOHEYHBIX 3JIEMEHTOB W CBOOOJHOTO IIPO-
IPAMMHOTO O0OECIIedeHUsT HAY THBIX MCCJIETOBAHMIA.
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OPMUTOB TPEYI'OJIbHBINI DJIEMEHT C 13-10 CTENEHSIMU
CBOBO/IbI

THE TRIANGULAR HERMITISAN ELEMENT WITH 13 DEGREES OF
FREEDOM

T'unesa JI. B.!, Ilaiigypos B. B.!

L Hrnemumym svvucaumenvnozo modeauposanus CO PAH, Kpacnoapcs,
Poccus;
gileva@icm.krasn.ru
lena@icm.krasn.ru

B MeTo/ie KOHEUHBIX 3JIEMEHTOB B JIBYMEDHOM CJIy4Yae HaubOJIbIIee Irc-
JIO 3JIEMEHTOB, 0DECIIEINBAIOIINX MEXKIJIEMEHTHYIO HEIIPEPBIBHYIO audde-
PEHIUPYEMOCTD TPUOJIMKEHHOTO PenteHusi, pa3paboTaHbl JJIsi TPEYTOJIbHI-
KOB. /I3 94eThIpexXyToTbHBIX 3JIEMEHTOB HanbOoIee M3BECTEH JIeMEHT Boraepa-
®okca-IlImura. OH MUPOKO HCIOJB3YeTCsI B KOH(POPMHOM METOJE KO-
HEYHBIX 3JIEMEHTOB JIJIsl PeIlleHusI OMrapMOHUYeCKOro ypasHeHusi. Ho ero
HCIIOJIb30BAaHUE OIPAHUYUBAECTCS TE€OMETPUYECKUME OOJIACTSMY ITPOCTOM
CTPYKTYPBI, HAIPUMED, O0JIACTSIMU, COCTABIEHHBIMU U3 IIPSIMOYTOJIHHUKOB
€O CTOPOHAMHU, MAPAJLIETLHBIMI KOOPJMHATHBIM OCSIM. DTO YCJIOBUE HE BbI-
IIOJTHSIETCS JIa2Ke JJIsl IPOCTBIX MHOTOYTOJIBHBIX O0JIACTel, I/le IepeceveHe
IPAHUIIBI C IPSIMOYTOJIBHUKAMU IIOPOXKJIAET TPEYTOJIbHBIE STYEHKU.

Mpb1 mpejjiaraeM HCIOJB30BATH IPMUTOBBI TPEYTOJIbHBIE SJIEMEHTHI C
13-10 cTeneHssMu ¢BOOOIBI, TOMOTHsIIONHE d1eMeHThl boruepa-Poxkca-IIIvuTa
B ciieyromneM cMbiciie. OHU UCTOB3YIOTCST TOJTBKO OKOJIO TPAHUILHI MHOTO-
YTOJIBHOI 00/1aCTH M 00EeCTIeINBAIOT MEKIJIEMEHTHYIO HEIIPEPBIBHYIO aud-
epeHIupyeMOCTh MEXKIY JIByMsl 3TUMU THUIIAMUA KOHEUYHBIX 3JIEMEHTOB.
IIpu sTOM cam paccMaTpuBaeMblii TPEYTOJIbHBIN 3JIEMEeHT, BOODIIE TOBOPsI,
He mpuHaIekuT Kiaaccy C1. B memoM mo MroroyrosbHoit obmacta §) 6yaer
obecrievueHa MPUHAJIEIKHOCTh MHTEPIIOJISTHTOB U ITPUOJIMZKEHHBIX DEIeHUi
kraccy C1(Q) dynkmmii, HempepsiBHO M bepeRTIPYeMbIX Ha 3aMBIKAHIN
obmactu €.

JINTEPATYPA

1. @. Cpsapse MeTos KOHETHBIX 3JEMEHTOB I SJIIANTAICCKAX 3308, —

M.:Mup, 1980.

2. S. Zhang On the Full C'y — Qy Finite Element Spaces on Rectangles and
Cuboids, Adv. Appl. Math. Mech., Vol. 2, No. 6 (2010), pp. 701-721.
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3. Z.C. Li, N. Yan New error estimates of bi-cubic Hermite finite element
methods for biharmonic equations, J. Comp. Appl. Math., 142 (2002),
pp. 251-285.
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CYHEPCXO,Z[I/IMOCTB PEIIIEHUN METOJA KOHEYHBIX
SJIEMEHTOB C 3PMUTOBBLIM BA3UCOM!

SUPERCONVERGENCE OF THE HERMITIAN FINITE ELEMENT
METHOD SOLUTIONS

Hobponer; B. C.

Cubupckuti gedepanrvruti yrnusepcumem, Kpacnoapck, Poccus;
BDobronets@yandex.ru

[esibro maHHON CTATHU SIBJISETCs IIPEJICTABJIEHAE CTPATErUU yBemde-
HUsI TOYHOCTH YUCJIEHHOT'O PEIeHNsT KPAeBbIX 338/1a1 C UCIOJIb30BaAHUEM IP-
MHTOBBIX KyOMYECKUX KOHEUHBIX IJIEMEHTOB. IJTO JIEJAETCS IIyTEM IIOCTO-
O6paboTKM YHCJIEHHOTO pelennsi. B pabore Ha mpuMepe penreHnss KpaeBoi
3aJIa9U JIJTsT SJUTUITHIECKOTO YPABHEHUsI BTOPOTO HMOPSIJIKA

Lu = f, ze Q, 9)
u(r) = 0, x€ 09, (10)

rie 2 = (0,1) x (0,1). nokazaHa BO3MOKHOCTH HOBBIIIEHHs] TOUHOCTH Pe-
menuii Meroa Konednbix ajeMeaToB (MKD) ¢ spMuToBbIME KyOHIecKuMu
dynknmsavu. TexHuKa oCHOBaHA Ha pEIleHUH CICNUAILHON 3aJa9i HaHu-
MEHBIIHX KBaIPaToB B ddeiike ceTku {1/

Hs—uh||2L2(Q,)—l—ozHLs—fH%z(Q,) — min. (11)

[IpeoxkeHHbIit agropuT™ 00JI8IA€T CBOUCTBOM CYHEPCXOJUMOCTA U HE
TpedyeT OOJIBIINX BHIYUCIUTETBHBIX 3ATPAT.

WsBectHO, uTo pemenus MK ¢ mosmmHOMuaIbHBIMU 6a3UCHBIME (DYHK-
[USIMU CTENeHN GOJIbIIe BTOPOi 00/1a/IAI0T B HETATUBHBIX HOPMAX CXOIUMO-
¢TI0 6oJIee BBICOKOl, eM B HOpMax L. Bosee Toro, mmst ommbkn u — u
I HEKOTOPOT'O KOHEIHOMEPHOro mpocTpancTsa V" Bbimommens: cieyromne
cpoiicTBa: (u — uh,v) = 0, Yo € V". B cuy aroro cpoiictsa, pemrenue s
sajaun (3) B sideiike cerku ) obasaer cBOHCTBOM CyIePCXOAUMOCTH.

PesysnbraTs mocTo6paboTKn MOI'YT OBITH UCIIOIH30BAHBI JJIsI AIIOCTEPHU-
OPHOII OIIEHKH IIOT'PEITHOCTH YUCJICHHBIX PEIIeHUN.

'PaboTa BbIMONHeHa Tpu mojiep:kKke Poccuiickoro dhoHma dyHmIaMeH-
TasbHBIX nccaenopanmii (Ne 11-01-00224-a)
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JINTEPATYPA

1. Asmz X., Cerrapu 3. MaremaTndyeckoe MOJEJIMPOBAHNUE ILJIACTOBBIX CH-
crem. MockBa-Uxkesck: HCTUTYT KOMIIBIOTEPHBIX nccaenoBanuit, 2004.

2. Chen Z., Huan G., Ma Y. Computational Methods for Multiphase Flows
in Porous Media. Society for Industrial and Applied Mathematics, 2006.
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D @®P®EKTUBHBIE YNCJIEHHBIE METO/IbI B 3AZIAYAX MEXAHUKWU
CILJIOIIIHOM CPEJbI HA OCHOBE PETYJISPU30BAHHBIX
YPABHEHUI MEJIKON BObI

NUMERICAL METHODS ON REGULARIZED SHALLOW WATER
EQUATIONS

Emuzaposa T.T.!, Bymaros O.B.2

L Huemumym npuxaadnoti mamemamuru um. M. B.Keadvua PAH,
Mocxsa, Poccus;
telizar@yahoo.com
2 Mockoscruii 2ocydapemeenoiti yrnusepcumem umenu M. B.JTomonocosa,
Qusauneckuls garysvmem, Mocksa, Poccus;
dombulatov@mail.ru

B pabore [1] GbLI IIpeIIOYKEH HOBBIN YMCIEHHBIA METO sl PElIeHusT
3aJ1a9 B paMKax MOJEJIH MEJIKOM BObI. DTOT METOJ OCHOBAH Ha OCPeTHEeHUN
YPABHEHU IO MaJIOMy BPEMEHHOMY IIPOMEXKYTKY, B Pe3yJbTraTe KOTOPOro
[TOJIY9alOTCs Pery/IsspU30BaHHBIE yDAaBHEHUs MeJKO# Bojbl. [loxoxkume umc-
JIEHHBIE METObI IPUMEHSIJIUCH K IMTUPOKOMY KPYTY THIPOJUHAMUIECKUX U
ra3oMMHAMUYIECKAX 33124 [2-4]. YpaBHeHus annpOoKCUMAPYIOTCS ¢ UCTIOb-
30BAHUEM WHTErPO-UHTEPIIOJISIIIUOHHOIO METO/IA, IOy IYUBIIASCS SIBHAS 110
BPEMEHH CXeMa, XOPOIIo cebst ToKa3aJsa JijIsi HeCTAIMOHAPHBIX 3a/ad, yI00-
Ha JJIs paclapaJule/InBaHAsl U AIaNTUPOBAHA, JJIs HECTPYKTYPUPOBAHHBIX
ceToK. YUCIEHHBI METO/T Ha OCHOBE PEryJIsPU30BAHHBIX YPDABHEHU TaKKe
aJIATITUPOBAH JIJIsT 33/1a49 C CYXUM JHOM, KOTOPBIE HAILJIN CBOE IIPUMEHEHIE
pu pacyere HabDeraHusl BOJIH I[yHAMH Ha Oeper.

JIUTEPATYPA

1. Elizarova T.G., Bulatov O.V. Regularized shallow water equations and
a new method of numerical simulation of the open channel rows //
Computers & Fluids. 2011. N 46. p. 206211

2. Yersepymkun B.H. Kunetndeckue cxeMbl U KBa3UTA30/IMHAMIICCKAS
cuctema ypasuennit. M.: Makc IIpecc, 2004.

3. Enmmzaposa T.I. KBazurazogmHaMudecKne YPaBHEHUS U METOJbI Pacde-
Ta Ba3kux Tedenuit. M.: Hayunsrit mup, 2007.

4. Illepero KO.B. /luHamMuKa CILIOIIHBIX CpEJ IIPU [POCTPAHCTBEHHO-
BpemennoM ocpennernu. Mocksa-xkesck: HUIL "Perynsipnas u xao-
Trdeckasd guHaMuka 2009.
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METOZ UMUTAIIAU OT>KUTA OJII KOMBUHATOPHOU 3AIAYU
HAXOXKJEHWSI MAKCHUMAJIbHOI'O ITIOTOKA

SIMULATED ANNEALING FOR COMBINATORIAL MAXIMUM FLOW
PROBLEM

Emern; O. A.', Emen E. M.!, Onekcuitayk FO. ®.!

L [Toamascruti ynusepcumem sxonomuru v mopeosau, Iloamasa,
Vxpaunra;
yemetsli@mail.ru
olexijchuk@gmail.com

Kom6unaTopHast 3a/ja4a HAX0XK/IEHHsI MAKCHMAJIBHOIO [TOTOKA [1-2] siB-
nsieTcss 0000IIeHNeM U3BECTHON 3a/1a9i HAXOXKJICHNS MAKCHMAJbHOTO I0-
ToKa u sBjsiercs NP-rpyauoii [1].

Jst pemrenust KOMOMHATOPHON 341891 HAXOXKJICHHsT MAKCHMAJIBLHOTO
HOTOKA MPEJIOKEHBI [OJIMHOMUAJIBHBINA YKaIHBIH METOX, MeTof BeTBel u
rpaHuI [2], TakKe OHA MOXKeT ObITH CBEJIEHA K 3aJaue eBKJINIOBOH KOM-
GUHATOPHON ONTHMU3AIMA Ha IepecTaHoBKax. Kpome Toro, Jyuisi perneHns
paccMaTpUBAEMOli 33149 NPUMEHUM METOJ UMUTAIMA OTKura. [Ipenmy-
IIECTBOM 9TOTO METOJIA sABJISIETCA BO3MOKHOCTD paclapaie/nBanus pabo-
ThI. BO3MOXKHBI, B HACTHOCTH, CJIEIYIONIIE CIIOCOOBI PacIapaslIe  MBaHus:

1) mapaJuIesbHBIN 3allyCK aJrOPUTMa U BBIOOD JIYUIINEro Pe3ysbraTa;

2) mapaJiTeNbHbIH 3aycK ¢ OOMEHOM PE3yJIbTATOB;

3) pasbueHue 3a1a41 Ha TO/3a/a4H 1 PEIIeHHs KaxK 101 n3 HuX. B sToM
CJIydae BO3MOXKHA KOMOUHAIMS ¢ METOJOM BETBEIl M MDAHMIL.

AKTya/IbHBIM SIBJIETCS ONTHMAJIBHBII 100D IAPAMETPOB METOIA UMU-
TALIK OTKUTa [JIsl PACCMATPHBACMOI 3a1a4n U BBIGOP METOJa pacuapall-
JIeJIMBAHMYS.

JINTEPATYPA

1. Emern; E. M., Osekcuiiayk FO.®D. NP-tpynaocTh KOMOMHATOPHO 3a1a9u
HAXOXKJIEHUSI MAKCUMAaJIbHOIO 110ToKa, // TaBpudeckuil BectHuk undop-
MaTuku u maremaruku. — 2012, — Ne2, — C. 36-44.

2. Emer; O. A., Ement E. M., Ouekcuituyk FO.®. KombunaropHast 3a1a4a
HAXOXKJIEHUS MAKCUMAJIBHOrO OTOKa // OnuHHAINATHIR MEXKITyHAPOI-
HBII cemuHap «JIUCKpeTHAS MATEeMATHKA U €€ TPUIOKEHIST», TOCBSIIEH-
ubit 80-seTuio co aus poxkaenus akagemuka O. B. Jlynanosa (Mocksa,

18-23 mrons 2012 r.) — C. 243-245.
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OBPATHBIE 3AJAYM - TEOPHUSA U IIPNJIO2KEHMU A

INVERSE PROBLEMS - THEORY AND APPLICATIONS

Kabauuxun C. H.

Hremumym eviuucaumenvHot MAMeMamuKry i Mamemamuseckot
eeopusuru CO PAH, Hosocubupck, Poccus;
kabanikhin@sscc.ru

N3n0xxeHbl OCHOBBI TEOPUU OOPATHBIX 33/1a9 MATEMATUIECKON (hU3UKU.
IIpusenena kiaccudukaiyst 06paTHBIX 3314 110 BUALY JIOIOJHATEIHHONI MH-
dopMaIm OTHOCUTEILHO PEIIeHNsT COOTBETCTBYONIUX MPsIMBIX 3a1a4. Pac-
CMOTPEHBI 00paTHbIE 3a1a9u 00 UCTOYHNKE, HEKOPPEKTHBIE 3agaun Ko,
TPpaHUYIHbBIE W CIEKTPAJbHbIE OOpaTHBIE 3372491, KO3 DUIMEHTHBIE 00paT-
HbIE 33J[a4H JJIs1 yPABHEHUH SJJINIITHIECKOT0, 1apabOoInIeCcKOro U runepoo-
JImdeckKoro tunos. V3j10keHbl pe3yabraTsl padoT corpyauukos UBMuMT
CO PAH u M CO PAH no obparabiM 3ajiadaM reodus3uku, OGHOJIOrUH,
Temopu3nKN, IEKTPOJANHAMUKI, aKyCTUKHU, (dpapMakoKkuHeruke. [Ipuse-
JIEHBI [IPUMEPHI IPUMEHEHNsI BICOKOIIPOU3BOIUTEIbHBIX BBIUUCICHII TIPU
perieHny 0OPATHBIX U HEKOPPEKTHBIX 3a/1ad.

JINTEPATYPA

1. Kabaunuxun C.H. ObpaTtHble 1 HeKOppeKTHBIe 3aja4dn. Cubupckoe Ha-
y4aHOe m31aTenbTBo, 2009.

2. S.I. Kabanikhin Inverse and Ill-Posed Probems. Theory and Appli
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CTPYKTYPHAH OIITUMMW3ALIMAA HEWPOCETEBBIX MO,Z[EJ'IEfI

OPTIMIZATION OF THE STRUCTURE OF NEURAL NETWORK
MODELS

Kacarkuna E. B.!, Hacpuaunosa . /I.!

L Woicescruii 2ocydapemeeniviti mexnuveckut yruspeumem umenu M. T.
Kanrawmnurosa, Uoicescr, Poccusn;
e.v.trushkova@gmail.com
daianal604@yandex.ru

IIpenmaraerca BOIONMOHHBIN METOJ HACTPONUKN CTPYKTYPBI MOJIEJIei
HICKYCCTBEHHBIX MHOI'OCJIOMHBIX HEPOHHBIX CeTell Ha OCHOBE T'eHETHICCKOr0
asropurma (I'A). Ucnonbzosanune I'A 060CHOBAHHO €r0 BHICOKMMU aJIAIITHB-
HBIMU CBOHCTBaMHU.

Ocobu B I'A npeacraBasior coboil BEKTOPHI ¢ JAHHBIMUA O KOJUYECTBE
HEIPOHOB Ha KaXKJIOM CKPBITBIM CJIoe. B KadecTBe T'€HOB BBICTYIIAIOT KO-
JINYECTBA HEHPOHOB HA CKPBITBIX CJIOAX CeTh. lIpm 3TOM He mpuMeHSeT-
Csl JIOTIOJTHUTEJIbHBIX METO0B KOIMPOBAHUS TE€HETUIECKON HHMOPMAIIWH.
OyHKIMEH TPUCITOCOOIEHHOCTH SABJISIETCS BpeMsi 00yyueHns HeIPOHHON ce-
TH METOJO0M OOpPATHOIO PACIPOCTPAHEHUsI OIIUOKU JI0 3aJ[aHHOIO yPOBHSI
norpemntHocTr. HadajabHast TOMyJIsIAN WHAMAIU3UPYETCsST HEOTHOPOIHBIM
00pa3oM — KaxKJiasl 0coOb IIPeJICTaB/IsieT OO0 CIIydIaflHyIO TOIOJIOIHIO Ce-
. B x071¢ pabothl ['A mporcxoiuT 3BOIONHS TOMYJIAIAN Iy TeM H3MEeHEHTe
nH(MOPMAITIH, COAEPKAIIENCT B XPOMOCOMAaX 33 CIET BEPOATHOCTHOTO IIPH-
MeHEHNEe TeHETHIECKUX ONepATOPOB (CEJEeKINM, CKPEIIUBAHUS, NHBEPCUH,
MYTAIUN ), AIAITHPOBAHHDIX IO/ PENIaeMyIo 3aJ1ady. B 9TOM ciiydae MoucK
HEOOXOIUMOil CTPYKTYPbI HEHPOHHOI CeTU BEJETCS BO BCEX “HAIIPABJICHU-
AX”, KaK B CTOPOHY VIIPOIIEHUsI UMEIOIUXCS CTPYKTYP, TAK U B CTOPOHY UX
YCIIOXKHEHSI.

JlaHHBINA aJTOPUTM IIPEIIOJIAraeTCs IPUMEHSTh I TOCTPOEHUs UC-
KyCCTBEHHOW HEWPOHHOW CeTH, IIO3BOJIAIOIIEH MPOrHO3UPOBATH JIUHAMIU-
Ky WHBECTHUIIMOHHBIX ITPOIECCOB B CONMAILHO-O9KOHOMUYECKUX CHCTEMAX Ha
KPATKOCPOYHYIO TIEPCIEKTHUBY.
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N Crmosib30BAHUE BBICOKOITPOMU3BOJANTEJIbHBIX
BBIYUNCJ/JIMTEJIbBHBIX CUCTEM IIPU MOAEJIMPOBAHVUN 3AIOAY
9KOJIOTM PETMOHA

Kpykuep JI. A.!, Myparosa I. B.!, Yukun A.JI.!, Jamok B. H.!

L FOorcroti pedepanvrnits yrusepcumem, Pocmos-na-Zony, Poccus;
krukier@sfedu.ru
muratova@sfedu.ru

Pemenne 3ama1 Mo/IeTMPOBAHNS 9KOJIOTUIECKUX IPOIECCOB B PETUOHAX
SABJIIETCS OJHON M3 BayKHEHINX 1IPo0JIeM KOHTPOJISI YPOBHS CPeJbl 00UTa-
HUsI HaceJeHUs. 3aJ1a9i IKOJIOTUN, KAK MPABUJIO, CBI3aHBI C JIBUYKECHUEM
BOJIHOM W BOBJIYIIHBIX CPEJI, TEPEHOCOM B HUX 3arpPA3HEHU, M3MEHEHUEM
JPYTUX THAPO- U ra30-pu3nIecKnx mapaMmerpoB. MaremaTudeckun Mo/ie-
JIX 9KOJIOTMU OIUCKHIBAIOTCS CUCTEMAMU HEJIMHEHHBIX JTuhdepeHnnaibHbx
YPABHEHU B YaCTHBIX IPOU3BO/IHBIX, KOTOPHIE HAJIO PEIATh B TPEXMEPHBIX
obsacrax. Takue 3a1a49u, MOC/IE AMMTPOKCUMAIIMY TPUBOIAAT K HEOOXOAUMO-
CTHU PEIeHNsT CUCTEM JIMTHEHHBIX aJirebpandecKux ypaBHEHUH, COEPIKAIIIX
COTHM MUJIJIMOHOB HEU3BECTHBIX. DD MEKTUBHOE PEIleHue 33/1a9 TAKOTO TH-
118 MOT'YT ODECIIEIUTD TOJIBKO CYIIEPKOMIIBLIOTEPHBIE BHICOKOIIPOM3BO/IUTEI b=
Hble BeraucauTeIbHble cucreMmbl. Corpyaauku KODY B TedeHne HECKOJIBKUX
JEeCATUIETHN 3aHUMAIOTCS MOJEIMPOBAHUEM IKOJIOTHIECKAX 00beKTOB Po-
CTOBCKOM obstactu. Pazpaboranbl u IpOrpaMMHO PeaTn30BaHbI Ha BHICOKO-
MIPOU3BOUTENLHBIX KiaacTepax FOPY nByx- M TpexMepHbIe MOJENN TH]I-
pocdusuku AzoBckoro mopst, IluMiisiHCKOro Bogoxpanuiming, KepaeHckoro
nposuba [1]. Coznana, IPOTECTHPOBAHA U DEATM30BAHA HA KJacTepe MO-
JIeJIb IBUZKEHUSI BO3/IyXa B OKPECTHOCTIX OOBEKTOB $JIEPHON IHEPIeTHKN
[2], paspaboranbl crenuasbHble AJTOPUTMBI, IO3BOJAOIUE 3(DDEKTUBHO
peraTh 3aa91 JJAHHOIO KJacca [3]Ha KIIaCTEPHBIX CHCTEMAX.

JIUTEPATYPA

1. Kpykwmep JI.A., Hukun A.JI., Yukuna JII., [ITabac U.H. «Mopenuposa-
Hue THAPOMU3NIECKUAX TPOIECCOB B BOJ0EMAX C OOITUPHBIMU PAROHAMY
MeJIKOBOIbsi»- Pocros na dony, Uz-Bo FODY, 2009, 245 c.

2. Kpykuep JI.A., Myparosa I.B., Auapeesa E.M. u ap. «Maremarude-
CKO€ MO/IEJTMPOBAHNE IIPOIIECCOB KOHBEK TUBHO- (M MOY3NOHHOTO ITEPEHO-
ca B 3aJadax sKojorun»- Pocros Ha ony, Uz-Bo FODY, 2008, 299 c.
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3. Kpykuep JI.A., Yurkua A.JI., Yukwuba JI.I'., Kpykuep B.JI. «Pa3Burue
CIIENUAIBHBIX UTEPAITMOHHBIX METOJIOB JIJIsT PENTeHUs 337189 MOJETUPO-
BaHUs IIPOIECCA M3MEHEHUs TOHHOI IOBEPXHOCTH BOIOEMOB»- PocToB

na [ony, 13-Bo FODY, 2011, 256 c.
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OBECIEYEHUE IIEPEHOCA BBICOKOIIPOMN3BOJANTEJIbHBIX
BBIYUCJIEHUN B OBJIAKO!

TRANSFERRING HPC TO THE CLOUD

Kynpsieues A. O.!, Aperucsa A.H.!

L Hnemumym cucmemnozo npoepammuposarus PAH, Mocksa, Poccus;
alexk@ispras.ru
arut@ispras.ru

Ob6utauHble CUCTEMBI TIO3BOJISIIOT JIOCTHYD CYIECTBEHHOW SKOHOMHU 33
CYeT OTCYTCTBUS HEOOXOIUMOCTH MOKYIIKH, YCTAHOBKY, O0CJIY JKUBAHUST COO-
CTBEHHOI'0 00OPY/I0BaHUS [TOJIb30BaTeieM. Bee 6oJIbIITe TPUIOXKEHNIT CTAHO-
BSITCS JOCTYIIHBI B 00JIQUHON KOHIEIINH, BK/IIOYAsl J1aXKe O(UCHBIE ITPUIIO-
sxenust (manpumep, Office 365).

OjtHOM M3 TeHJIEHIUIT SIBJISIETCST UCIIOJIL30BAHUE ODJIAYHBIX CHCTEM JIJIst
MIPUJIOXKEHUIT, B TOM YHCJIe, C BBICOKUM YPOBHEM IapaJjuiesn3Ma. B HacTo-
silliee BpeMsl TaK Ha3bIBaeMble «BBICOKOMOIIHBIES 3a/1a9l y2Ke PEIIatoTCs B
KOMMepUecKux obsrakax. [Ipu amoM jj1st perenns: CHIbHOCBSI3aHHBIX TTapa.i-
JIEJTHHBIX MPUJIOYKEHUI CYTIECTBYIOMNEe 00 IaTHbIe CUCTEMbl HETPUMEHUMBI.
Bosrukarorue HakIa HbIE PACXOJBI, CBA3AHHBIE ¢ PADOTONH CHCTEMBI BUP-
TyaJu3aIud U OOJAIHON CHCTEMBI B IE€JIOM, HE TO3BOJIAIOT 3(MDPEKTUBHO
peliars Takue 3aa9u.

esibro qanHO# pabOTHI SIBJISIETCS UCCIEOBAHNE U PAa3pabOTKa METOIOB
CHYKEHUST HAKJIAHBIX PACXO0B, BOSHUKAIOIINX [IPHU TEPEHOCE BHICOKOIPO-
U3BOJIUTEIHLHBIX TPUJIOXKEHW B 00JIAYHYIO CPeJly, IOCTPOEHHYIO HA OCHOBE
TEXHOJIOTUI BUPTYaAJIU3AINH.

OcHOBHBIE PE3yJILTATHI PAOOTHI:

1. Paspaboranbl MeTO/IBI, 00ECIIEUNBAOININE BBICOKYIO ITPOU3BOIUTE b~
HOCTB IapaJLIE/IbHBIX IPUJIOXKEHUN B BUPTYaIU3UPOBaHHON cpee. B uact-
HOCTH, pa3paboTaH METO ] ONTUMHU3AINN IPOU3BOIUTETHHOCTH BBOIA-BBIBOJIA
IpU mepejade KOMMYHUKAIMOHHOTO aJalTepa B BUPTYAJIBHYIO MAIIUHY,
OCHOBAHHBIN Ha 00XOJie AIApaTHOrO YCTPOWCTBA BUPTYAJM3AINN BBOMA-
BuIBOoga IOMMU.

! PaBora BomosHeHa npu (GpUHAHCOBOH mojjep:kke MHHOOpHAYKH IO
rocymapcTBeHHOMY KOHTpakTy ot 15.06.2012 r. Ne 07.524.11.4018 B pam-
kax OIII «MccneqoBannsa u pa3spabOTKU MO MPUOPUTETHLIM HAIIPABJICHH-
M Pa3BUTHUS HAYIHO-TEXHOJOTHIECKOro KoMminiekca Poccun na 2007-2013
ToAbI»
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2. Pazpaboran MeTo/I IJIAHUPOBAHUS BUPTYAJbHBIX MAaIllUH B OOJIAKe,
YUIUTBIBAIOIIHI TOIIOJIOIMIO «TOJICTOE JIEPEBO» KOMMYHHUKAIIMOHHOM CPEeJIbl
Infiniband npu BHICOKOIIPOU3BOAUTENBHBIX BBIYUCIEHUIX. MeTo 1 m03B0JIs-
€T MOBBICUTH MPOU3BOIUTEIHLHOCTD TPYII BUPTYAJbHBIX MAIIAH 33 CYET
UX PA3MEIEHUs B PAMKAX OTJEJbHBIX KOMMYTATOPOB KOMMYHUKAITHOHHON
CpeJibl.

3. Ha ocnoBe pa3paboTaHHBIX METOJIOB PeaM30BaHa 00IaTHAST CUCTEMA,
JIJIsE PeIleHns] BBICOKOIIPOM3BOIUTE/BHBIX 3aa4. JIoCTUrHYTa, TPOU3BOIHU-
TEIHHOCTH Ha ypoBHE He MeHee 90% OT MPOM3BOIUTENHHOCTH BHIMUCIH-
TeJIbHOM cucTeMbl Ha Habope TectoB u [1O it perienust 3a7a9 MEXaHUKA
croraoit cpesibl OpenFOAM npu ucnosib3oBanuu ne Menee 1024 mportec-
COPHBIX sJiep JJIs1 BBIUUCJIeHUN].

JIUTEPATYPA

1. A.O. Kynpssues, B.K. Komesen, A.O. NU36bimes, U.A. /lyguna, I11.O.
Kypmanrasees, A.U. Aerucsia, B.Il1. Ipanaukos, B.E. Bejmxos, E.A.
Psabunknn Paspaborka 1 peanusamus o0JaIHON CUCTEMBbI JIJIT PEIICHUS
BBICOKOITPOU3BOIUTEIBHBIX 3aa4. 1 pyabl lHCTUTY T CHCTEMHOTO IPO-
rpamvupoBanus PAH, Tom 24, npunsto k mybaukaruu, Mocksa, 2013.

2. A.O. Kynpsisues, B.K. Komenes, A.ll. Aperucsia [lepcieKTuBbI BUPTY-
AJIM3AIH BBICOKOIIPOU3BOIUTEBHBIX CHCTEM apXUTEKTYPhI X64. Tpyasl
WNucruryra cucremuoro mnporpamvupoBanus PAH, Tom 22, ¢. 189-209,
Mocksa, 2012.

3. N.A. Hynuna, A.O. KyapsieeB Pazpaborka u peajmsaiysi 00J1a9HOIO
IUTAHUPOBIIUKA, YIUTHIBAIOIIETO TOIOJOTUI0 KOMMYHUKAIMOHHON cpe-
bl TIPA BBICOKOIIPOU3BOJIUTEIBHBIX BhIYUCIeHUAX. 1 pyasl UucTuTyTa
cucreMHOro nporpammuposanus PAH, Tom 24, npuasaTo K my6auKanm,

Mocksa, 2013.
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DPoPMVYJIIA I'PUPPUTCA OJId NJIACTUHBI TUMOIIIEHKO,
COEPXKAIIEN KPUBOJIMHEMHYIO TPEIIUHY

Jlazape H.II.

Hayuno-uccaedosamenbekut uHCmMumym mamememuky npu
Cesepo-Bocmourom dedepanvrom yrnusepcumeme, HAxymex, Poccus;
nyurgun@ngs.ru

PaccmarpuBaercs 3aja4a 0 paBHOBECUU TPaHCBEPCAJBbHO-U30TPOIIHOMN
mracTuHbl TUMOIIEHKO, cojlepKalleil KpuBOIMHeHY0 TpermuHy. Ha kpu-
BOIi, ONMCHIBAIOIIEH TPEIINHY, CTaBITCS I'DAHUYHBIE YCJIOBUSI BUJA HEpa-
BEHCTB, KOTOPbIE MOJIEJINPYIOT B3aNMHOE HEPOHUKAHUE GEPErOB TPEIITHBI
(ycaosust tuna Cunbopunn). C IHOMOIIBIO IVIAJIKOIO 0OTOOPAYKEHUST MOJIEJIU-
pyeTcst BO3MyIIEeHre TPEIuHbI BJOb 3a/aHHOil KpuBoil. JlokazaHa cxomm-
MOCTb PEeIlleHHiT 3a/1a9 PABHOBECUsI C BO3MYIIEHHOI TPEINHON K PeIleHnto
3aJIa9¥ PABHOBECHUsI C HEBO3MYIIEHHOI TpemuHoil B mpocrpancTee CoboJte-
Ba. BeiBesena dopmysa nponsBoaHON ByHKIIMOHAJIA SHEPIUH IIJIACTUHBI IO
OTHOIIIEHUIO K TAPAMETPY, OMHUCHIBAIONIEMY BO3MYIIEHUE TPEIUHBI.
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CYINEPKOMITBIOTEPHOE MO/IEJIMPOBAHUE B 3AJIAYAX
TUIPOMEXAHUKM!

SUPERCOMPUTER SIMULATIONS IN HYDRODYNAMICS

Memsauk O.3.12, Adanacees A. A.1'2 , Barmep A. B.2
YHUHA mexaruxu MI'Y um. M.B. Jlomonocosa, Mocksa, Poccus;

melnik@imec.msu.ru
afanasyev@imec.msu.ru
23A0 T-Cepsucni, Mocksa, Poccus;
Andrey.Vagner@t-services.ru

B nmoxmame Oymer cmesaH 0030p TPHUMEHEHHUS MMAKETOB WHXKEHEPHOTO
aHaJIM3a U1 MOJIEJIMPOBAHIS TEUCHUIT KUJKOCTH U ra3a, a TaK»Ke K MHO-
roa3HOl MHOI'OKOMIIOHEHTHOM (DUJIBTPAIIME B IIOPUCTHIX CPEIax.

B mnociennee Bpemst makeTbl MHYKEHEPHOI'O AHAJIN3a, OCHOBAHHBLIE HA
Merozax KoHeuHbIx 00bemoB (ANSYS CFX, STAR-CCM+ u ap.) u me-
rTonax Koueunbix sjnemenToB (COMSOL Multiphysics u ap.) mupoko upu-
MEHSIIOTCsI JIJIsT PACYETOB TEYEHU YKUJIKOCTH M ra3a KaK B HAYYHBIX Tak
U B IIPOMBIIIJIEHHBIX 3a/a9aX. BO3MOXKHOCTH ydeTa peasibHOM TPEXMEPHON
TEOMETPHUH TEUEHUsI, CONPSKEHHOIO TEII000MeHa, MHOTO(MA3HOCTH Tede-
HUsI W HAJIUYUsI TPAHMUIL PA3esia JIBYX CPEeJl JIeJlaeT ST MAKeThl MOIIHBIM
MHCTPYMEHTOM JIJIsl MPOBEJIEHUS BUPTYAJIBHBIX KCIepUMeHTOB. Havmu Ha-
KOILJIEH MHOT'OJIETHUH OTIBIT UCIIOJIH30BAHUSI IIAKETOB MHXKEHEPHOT'O aHAJIN3a,
B IIPOMBIIUIEHHBIX 3ajad9aX. B j1okaje OyyT pacCMOTPEHBI 33/1a91 Tede-
HUsI B KOHTAKTHOM pe3epByape O30HMPOBaHUSI BOIbI, BUXPEBOM PEaKTOpPe
JIJIST YMEHBIIIEHUsI YKECTKOCTU BOJIbI, BO3/IEHCTBUS JIA3€PHOI0 UMILYJIbCA Ha,
KAILTIO YKUJIKOIO METaJIjIa U OlpeesieHns OyKCUPOBOTHOIO COTPOTUBIICHUS
cyZ10B. B perennpIx 3a/ia4ax TeUeHne KUJIKOCTH OCJIOXKHSIIETCST PA3JIMIHbI-
Mu dakTOpaMu, BKJIOYas MHOrodasHble u Macurrababe 3(hdekTs. Do
[IPUBOIUT K HEOOXOIMMOCTH IIOCTPOEHUSI J€TAJM3NPOBAHHBIX pPaCYeTHBIX
CETOK, YTO B CBOIO OYepE/Ib BBIJIBUIAET IIOBBINIEHHbIE TPEOOBAHNS K BHIUUC-
JINTEJIHHBIM PECYPCaM.

PaspabarbiBaembiii Hamu komivieke nporpamm MUFITS (www.mufits.
mMSU.ru) npeJHasHAYeH JJId PACYETOB HEM30TEPMUYECKUX TedeHuil GuHap-
HbIX cMmeceil B mopuctoix cpegax. MUFITS ocnoBan Ha periennn ypaBHeHUH

'PaboTa BRIIOTHEHA IpH (DUHAHCOBOI Mo IepKKe MuHuCTepeTBa 06pa-
soBaHus n Hayku Poccniickoit @eneparn (kouTpakT Ne 07.514.11.4157).
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MHOrOMbazHON buIbTpaiyn (JBYX 3aKOHOB COXPAHEHHsI MACCHI KOMIOHEHT
CcMecH, ypaBHEHUs SHEPTuu JjIsi CMECH B IIeJIOM U JIBYyX 3akoHoB Jlapcu
JUIS KUJIKON 1 Ta30Boil (a3 cMecu) B IIUPOKOM JUANA30HE JIABJICHUN U
TeMITepaTyp BKJIIOYas I0- U 3aKPUTHIECKUe yCI0BUs. [ 9TOro BeIYuc/Im-
TEJIbHBIH aJropuT™M (bOPMYJIIPYETCA B NEPEMEHHBIX [TABJIEHUASA-IHTAJIDIIHS
[1], a ymesnbHBIH 06beM M TeMIEPATypa BBIYUCIAIOTCS KAK MPOU3BOIHBIE
TEPMOJIMHAMIYIECKOTO [IOTEHIMAA - SHTPOIUH [2], KOoTopasi COXpaHseTCs B
BUe TaOJMIHON (hopMe B Bujie KOIDMUIMEHTOB MHOIOMEDHOTO CILJIaiiHa.
Samavua ompesesieHnsl cocTaBa (a3 CBOAUTCS K HAXOXKICHUIO MAKCHMYMa
SHTPOINH IIPU 3a/IaHHOM /JIaBJIEHUH, SHTAJIBINN U JIOJIM KOMIIOHEHT CMeCH
B YCJIOBUAX TE€PMOJUHAMUYECKOIO PABHOBECHUS.

Kowmmaeke nporpamy MUFITS ucnob3oBagicst il pacdeToB 3aKadKN
YIJIEKHCJIOTO Ta3a B BOIOHACKIIIEHHBIN IJIACT C YIETOM PEAJIBHBIX I€0JIOIH-
geckux cBoiictB popmarnuu Johansen B CeBepnom mope. ITokazamno, aro B
IIPOEKT 3aXOPOHEHUs YIVIEKHCJIOTO ra3a 3aJI02KEHO HEOIITHMAJIHLHOE PACIIO-
JIO2KEHUE HarHeTaTeJIbHOM cKBaXKUHBL. 1Ipu ee cMmerennn Ha 3 KM Ha 3am1a
BO3MOXKHO COXPaHEHHWE BCEro 3aKa4aHHOI'O YTJIEKUCJIOrO I'a3a, B TO BpeMs
Kak B ncxonnoi kondurypanun 15 % COs mokmner mract B Tedenun 2600
ner [3].

B pesysnbrare MOIIHBIX JOUCTOPUYECKUX W3BEPKEHUIT 0Opa30BaIUCh
KUMOEPJIMTOBBIE TPYOKHU, 9acTO cojepzKalue ajaMasbl. MuHnepaJbl ux ciia-
raomue CUIbHO peodpa3oBanbl (HAIIPUMED, OJIMBUH [IPEBPAIIACTCS B CEP-
nentuauT). IlyTeM npoBeeHns pacueToB MOKA3aHO, YTO HABJIIOIAEMbIii CO-
CTaB IIOPOJT MOXKET OBITH O0OBSICHEH OXJIAXKIEHNEeM KNMOEDPJINTOBBIX TPYOOK
BOZIO!f M3 BMEIAIOIIUX [IOPOJ, a He TPedyeT, KaK TPAIUIMOHHO CIUTAETCH,
BbL/IeJIeHNA BO/bI U3 MarMaTUI€CKOI'O paclljlaBa.

IIpuBenennble TpUMEPhI NOKA3BIBAIOT, YTO UCIOJIb30BAHUE COBPEMEH-
HOI BBICOKOIIPOU3BOJIUTEIIBHOI TEXHUKN II0O3BOJIAET PellaTh 3a/1a49u, pelle-
HHME KOTOPBIX Ha IePCOHAJbHBIX KOMIIbIOTEpaX KpaiiHe 3aTpy/ HUTEJIbHO.

JIUTEPATYPA

1. AganacbeB A.A | Menpuuk O. 9. O MaTeMaTHUIECKOM MOJEJIUPOBAHIY
MHOroMa3HON (PUIBTPAIIAN TTPU OKOJIOKPATHIECKUX YCIOBUAX. BeCTHUK
MTI'V, Cepus Maremarnka u mexanuka, 2013, Ne 2.

2. AganacreB A.A., Mempruk O.9. O6 omHOM MeTOe pacydéra Terio-
dusnIecKux CBONCTB IPU J0- U 3aKPUTHIECKUX YCIOBHUAX. DPuU3MKO-
XUMUIeCKasl KHHeTUKa B ra3oBoit qunamuke. 2013, T.14
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3. Andrey A. Afanasyev Application of the reservoir simulator MUFITS
for 3D modelling of CO, storage in geological formations. Energy
procedia, 2013, in press
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HAUWBOJIEE 3HAYUMBIE PE3VYJIBTATHI 2012 roza,
IIOJIVUEHHBIE HA ®AKYJBTETE BMK MI'Y mMEHuU M.B.
JIOMOHOCOBA

Moucees E.N.', Jlosxxkun C.A.', Tuxomupos B.B.!

L @axyavmem eviuucsumenvroti mamemamury u xubepremury MY um.
M.B.Jlomorocosa, Mockea, Poccus;
zedum@cs.msu.su

Huxe npuBeieHbl HEKOTOPBIE HANOOIee 3HAYNMbIE PE3YIBTATHI HAY THO-
MCCJIE/IOBATENLCKOM JlesiTenibHOCTH Ha dakyabrere BMK MI'Y B pamkax
nanpasyieans: "Crparermdeckue wHMOpMalmonnble Texuojorun". Wcce-
JIOBaHBbI OOpaTHBIE 3aJadu s JuddepeHaabHbIX YPABHEHU B YacT-
HBIX IPOU3BOAHBIX (reodu3uKu, 3JIeKTPOMUIUOIOTUH CEPIIIIA, HIIEKTPOUM-
neaHCcHOI ToMorpaduu 1 06paborku u3obpaxkenuii). [Ipesyiozkensl u mpo-
IPAMMHO PeaJIn30BaHbI YUCJIEHHBbIE MeTOIbl ux pemtenus. ChopMynupoBa-
HBI [IPUHINIBI (DYHKIIMOHUPOBAHMS KOMITBIOTEPHOI'O CUMYJISITOPa JJIs Je-
MOHCTPAINY TTAPAMETPOB KPOBOTOKA Ha IPOCTPAHCTBEHHOM rpade cucTe-
MBI KPOBOOODAIIEHNsI, HAXOSAIIECS B CHJIOBOM IOJie TArorenusi. Paspa-
6OTaHbI KOHCEPBATHBHBIE YNCJEHHBIE METOJbI PACYETA IIEPEHOCA BEIIECTB,
DPaCTBOPEHHBIX B HECKUMAEMOU KUIKOCTH, 110 IIPOU3BOJILHOMY I'pady dJia-
CTHYHBIX COCYJI0B. PaspaboTaH u peajin30BaH METOJ MHTEIPAJIbHBIX yPaB-
HEHUl JJIsi YUCJIEHHOTO PEIeHns TPEXMEPHBIX KPAEBBIX 3aJa9 B Cpejax C
[IEPEMEHHON TPOBOANMOCTHIO. [IpeIoKeH W MCCIIeIOBAH PETYIISPU30BaH-
HBI OMCITEKTPAIBLHBI METOJ BOCCTAHOBJIEHUsT M300parkKeHuit [id 3aaad
MuKpockonuu. [IpoBeseHbl YnC/IEHHBIE SKCIIEPUMEHTBI IO HCCJIEIOBAHUIO
IJIa3MO00PA30BaAHUST B YCJIOBUSIX CTPATOCKEPhl M 3aBUCUMOCTHU ITOJZKHIa
[IPOTIAH-BO3/LYIITHON CPeibl OT BJIAXKHOCTHU BO3yxa. [IpoBeneHo unciieHHOe
MOIeIMpOBaHue (DOKYCUPOBKHU YIAPHBIX U B3PBIBHBIX BOJIH JJISI PA3IUIHBIX
TUTIOB (POKYCHPYIONIX 00HEMOB B CBA3M C 3aa9aMU B3PBIBOOE30TIACHOCTH
Pa3INIHBIX 00BEKTOB. BhImo/iHeHa paboTa MO CO3JAHUIO U TPAKTHIECCKOMY
[IPUMEHEHUIO ODJIAYHBIX TEXHOJIOTUH JjIsi 0OPAbOTKY U BU3YyAJIM3aIlud JIaH-
HBIX 0oJibIioro oobema. CoO3JaHbBI MPUJIOKEHUS I PEIIeHs 3a/1a9 BbI-
9UCIUTENIBHON dKojornu. Ha oCHOBe MeTofa CHHTY/ISIPHBIX HWHTErPAJIHHBIX
ypaBHEHUI pa3paboTaH aJrOPUTM I PACIETA AUarpaMM HAIIPABJIEHHO-
CTH OTPaKEHHOI'O JIEKTPOMATHUTHOIO IOJIS OT JIOKAJIHHO HEOIHOPOIHOTO
XOPOIIO MPOBOJSAIIETO yIACTKa TPAHUIBI pasnesia cpel. C moMOIbo Me-
TOJ@ JINCKPETHBIX MCTOYHUKOB pa3paboTaHa, 0OOCHOBAHA W Peasn30BaHA
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MaTeMaTHIeCKasi MOJIEJb AHAJN3a [JIA3MOHHBIX PE30HAHCOB CTPYKTYD, CO-
CTOSIIUX U3 HECKOJIBKUX MeTAJIMIeCKUX 9acTull. [lokazaHo, 9T0 BOZMOXKHO
[TOJIyYUTH IJIA3MOHHBIN PE30HAHC HA JIFOOOM JJIMHE BOJIHBI 33 CYeT BBIOODA
MaTepuaia JacTull, uxX (GOPMbI U B3AUMHOIO pacrojoxkenus. [IpoBemero
YUCJIEHHOE UCCJIEJIOBAHUE 3apOKJIEHUsT KOJIe0ATeILHONO0 TedeHus B 0bJia-
ctu hro3esszKa CBEPX3BYKOBOIO caMoJieTa Jijis ducest Maxa u yriioB aTtaku,
COOTBETCTBYIOIINM PeaJIbHBIM dKcrepumMenTam. OcyinecTBiieHa pa3paboTka
CYTIEPKOMIIBIOTEPHON BEPCUYM MO3aWYHO-CKEJIETOHHOIO MEeTOJ/a alllPOKCH-
MaIluu MATPUI] HA OCHOBE OBICTPOrO MEepecyeTa CKEeJIETOHHBIX Pa3JI0yKeHUI
6s10k0B. Ha ocHOBe MaTeMaTnvecKoro MOJETMPOBAHUS IIPOBEICHO UCCIIEI0-
BaHMe YCTOWYNBOCTH U JIMHAMHUKU BUXPEBBIX CTPYKTYP B HOJBUKHBIX Cpe-
sax. Paspaborana napaJiieibHast BEpCUsi IIPOIrPAMMbl pacueTa TPeXMePHbBIX
HECTAIMOHAPHBIX TEYEHUI HECKIMAEMOI 2KMIKOCTH BUXPEBBIM METO/IOM. B
pesysnbrare 3D MaTeMaTHYecKOro MOJEJIMPOBAHUS [IPOBEJIEHO HCCIIET0BA-
HU€ BUXPEBBIX CTPYKTYP THAPOIMHAMUYECKOrO PACIPEIE/IEHUs TIOJIst CKO-
pocTeit B cpeJiax aJIOMUHUI-3IEKTPOJIAT B AJIOMIHHEBOM JIEKTPOJIN3EPE.
Paszpaboranbl 1 nccse10BaHbI HOBbIE MATEMATHICCKIE MOJIEJIA BaXKHEHTITIX
reTEPOTreHHBbIX KaTaJuTUIeCKuX peaknuii. Ha ocHOBe MojempoBaHusi Io-
JIy9I€HBI BBIBOJIBI, IMEOIHe OOJIBINOe TPaKTUIECKOe 3HadeHne. Pazpaboran
¥ U3yYeH HOBBII TMOPHUIHBIN aJrOPUTM JJjIs PACIEéTa KMHETUKU KATAJIATH-
YECKUX PeakIuii B CJiydae KBA3UPABHOBECHOTO PACIpEJIEJIEHUsI IaCTUIl Ha
[TOBEPXHOCTH KaTaJIu3aTopa. B pe3ysibrare MaTeMaTHIeCKOro MOJIETHPOBa-
HUSI 9JIEKTPOXUMUYIECKUX U 3JIEKTPOAUP(Y3UOHHBIX IIPOIECCOB B JINTHII-
MOHHBIX Oarapesix ObLIO OOHAPYZKEHO siBJIEHHE I'UCTEPEe3UCa IIPU IUKJITIe-
CKO 3apsi/IKe U pa3psijiKe MOPUCTHIX JIEKTPOAOB. VccremoBana 3amada pac-
[IPEJIEICHUsT PECYPCOB B JIBYXCEKTOPHOIN SKOHOMHUYECKON MOJENH C IIPOU3-
BoscTBenHoi (pyukmumeit Koboa-/lyrmaca qua dyuknuonanaa Tuna Maiiepa B
cllydae pa3/InaHbIX KoM UIMEeHTOB aMopTu3anui. Pa3padoTaHbl aJropuT-
MBI TIOCTPOEHUS €MHOI0 CTAOMJIM3UPYIOIIETO PEry/IsiTopa Jijis KOHEYHOIO
ceMeiiCcTBa JIUHEIHBIX CTAIMOHAPHBIX OObEKTOB C COM3MEPUMbBIMHU 3aIIa3/IbI-
BaHUSIMU B yIpaBjeHuu u (pa30BbIX mepeMeHHbIX. Haitmena KoMOMHATOD-
Hasl XapaKTePU3allysi CeJIEKTUBHBIX MATPUIL U PA3BUTHI METO/IbI X [TOCTPO-
€HUSsI, OIIeHEHBI TIAPAMEeTPhI CXKATHs HEJIOONPE/IeIEHHBIX TaHHbIX. Pazpabo-
TaHbl HOBbIE METOJIbI allIpoKcuMaluu peodbpasopannii Pypre-Cruiirbeca,
C TIOMOIIIBIO KOTOPBIX TIOJTyY€HbI MOMEHTHBIE OIEHKU TOYHOCTU HOPMAJTHHOM
AIMPOKCUMAIIAN ¢ yTOYHEHHON crpykTypoil. Haiijerna HoBash XapakTepu-
3allds CBEPTOK TayCCOBCKUX M IIYACCOHOBCKUX PACIIPEJIETICHUN, TOJIYIEHBI
KPUTEPHUH CXOJUMOCTH CJIYIARHBIX OJIyKJIAHUN ¢ KOHEYHBIMHU JIUCIIEPCHUSI-
MU K 1porieccaM JIeBU ¢ Ts2KeJJ0XBOCTBIME PacIipeie/ieHusIMu. Perenbl Ho-
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Bble KOHKPETHBIE 33,149l CTOXaCTHYIECKOH ToMOrpaduu, TEOPUU MacCOBOIO
00CITyKMBAHUS, CTATUCTUKYU BBIOOPOK CJIyYalHOTO OO'beMa, aHAJII38 BhICO-
KOYaCTOTHBIX U CUJILHO 3aIlyMJIEHHBIX JAHHBIX. PazpaboTaHbl ajropuTMbI
CTPYKTYPHOI'O O0y4YeHHst IO CJ1aD0pa3MedeHHBIM MaccuBaM JTaHHbIX. Chop-
MYJIIPOBaHA U PeIeHa 3a/1a9a 00yIeHnsT MOIe (DOPMBI JIJIsE CETMEHTAIIAN
6uHapHbIX n300parkenuit. [loydaeHb HOBbIE KOMOMHATOPHBIE OIIEHKN BEPO-
ATHOCTHU TiepeodydeHus. Pazpaboran 0OOOIEHHBINT METO/ TIOCTPOCHUST Be-
POSITHOCTHBIX MOJIeJIell TEMATHIECKUX KOJIJIEKINIT TeKCTOBBIX JIOKYMEHTOB.
Paspaboran adbdekTuBHBIII MeTO JJIsi TOUCKA 00JacTell HyKJIEOTHUIHBIX
[TOCJIETOBATEILHOCTEH ¢ mepuoandnocTsaMu. 1lorydeno Tounoe 3nadenne 8
OMTMHEWHON CJIOKHOCTH YMHOXKEHHUsT B ajarebpax 0O000IEHHBIX KBATEPHUO-
HOB Ha/JI II0JIEM OTJIMYHOM OT 2 xapakrepuctuku. Haiijiena TouHas HIKHSIA
OIIEHKA CXEMHOI CJIOYKHOCTH IIOCTPOEHUSI ITOJIMHOMOB OyJIeBBIX (DYHKIIHIA
B KJIACCE CXEM C pa3/e/IeHHBIMU TlepeMeHHbIMU. [lo/ydenbl acuMToTnde-
CKHE OIEHKU BBICOKOW CTEIeHN TOYHOCTH ISl CJIOYXKHOCTH (DOPMYJI CTaH-
JapTHOTO 6a3uca ¢ riIyOMHON AJbTEPHUPOBAHUS 3, PEATUIYIONINX OYIIeBbI
GbyHKIUM U3 KJIACCOB, CBA3AHHBIX C aBTOMATHBIMU sA3bIKaMu. g peasib-
HO# MOJIeJIN PBIHKA JIEKTPOIHEPIUH ¥ MOIIHOCTH IPEJJIOKEH METOJ Pac-
Jera ONTUMAJIBHOW CTPYKTYPhI MOIITHOCTH C YIE€TOM ITOCTOSTHHBIX U II€pe-
MEHHBIX U3/I€PXKEK TeHepaTOpOB. Pazpaboran ajaropuTm JIjisi CyIEePKOMITHIO-
Tepa "JIOMOHOCOB C TIOMOIIBIO KOTOPOrO BIIEPBBIE B MUPE peEIleHa 3ajada
[IOMCKA ONTHMAJILHONH CTpATeruu B CeMUMUIYPHBIX MAXMATHBIX OKOHYA-
Husix. PaspaboraHbl mporpaMMHble MHCTPYMEHTBI MHOI'OYDPOBHEBOI'O aHa-
JIN3a TEKCTOB Ha €CTECTBEHHOM SI3bIKE, B TOM YHCJIE - CHCTEM H3BJICUEHIUS
nHGOPMAIT U3 TEKCTOB. Pa3paboTaHbl aJropuTMbl OTOOPAXKEHUS CTPYK-
TYp HAapaJjIeIbHBIX IIPOTPAMM Ha CTPYKTYPBI CyHIEePKOMIIBIOTEPOB B IEJISIX
pa3sBUTHAA NIPOrpPaMMHON MHMPACTPYKTYPHI JOCTYHA K BBIYUCIUTEIbHBIM
cucTeMaM TeTadJIoNCHON TPON3BOAUTETHLHOCTH. Pa3paboTanbl aJaropuTMbI
OOHAPY2KEHUsT BPEOHOCHOTO MUCIIOJTHIMOIO KOJIa B CET€BOM Tpaduke, BeO-
MIPUJIOZKEHUSX U CPEJICTB OOHAPYKEHUsT BPEIOHOCHBIX BeO-caiiToB. [locTpo-
€HBI TIOJINTHOMUAJIBHBIE 110 BDEMEHU AJITOPUTMBI CBOAMMOCTH B 33/1a9€ B3JIO-
Ma kpunrocucrembl Mak-Dumca. [Ipu nposesenun ucciegoBanuil aKTUB-
HO HCIIOJIb30BAJIOCH 00OPY/IOBAHUE, [TOJIydYeHHOE (haKyJIBTETOM II0 IIPOrPAM-
Mme passutus MI'Y (MonepHnsuposanubiii cynepkommnbiorep Blue Gene/P,
KOMILJIEKC OJIFOTOBKY M BU3yaJU3allid MAaTEPUAJIOB HAYIHBIX HCCJIEI0Ba~
Huii), a rakxke cynepkomibiorep "Jlomonocos". Ha 6aze koJuiekTuBa Jja-
6opaTopuM BBIYUCIUTEILHBIX KOMILIEKCOB 0Opa3oBaH LIeHTp MpUKIIaIHBIX
HUCCAEeN0BAHUII KOMIIBIOTEPHBIX CeTell, KOTOPBIA IOJIy4YWJI CTATyC PE3UICHTa
CKOJIKOBO.
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IIPUMEHEHUE PA3PBIBHOTI'O METOJA TAJIEPKUHA AJIA
PEIITEHNSA 3AJAY TUAPOAVNHAMUVKY HA HEPETIYJIAPHBIX
CETKAX

Tumkua B.®.

Hnemumym npukaadnot mamemamuru um. M.B.Keadvwa PAH,
Mocxsa, Poccus
v.f.tishkin@mail.ru

PaspeiBabiil MeTos ['aslepkuba B HACTOsIIIEe BpeMsi IIIUPOKO IIPUMEHSsI-
ercs Jjisl PelleHus IMMPOKOro Kpyra 3ajad MareMarudeckoil dumsmku. K
JIOCTOMHCTBAM METOJa MOYKHO OTHECTH BO3MOXKHOCTD TIOJTyYEHUS AJITOPUT-
MOB 3aJIAHHOTO TIOPSJIKA TOYHOCTHU, B TOM YHCJIe Ha HEPEryJISPHBIX CETKAX,
U KOMITAKTHOCTD IMIABJIOHA [TOJTy Ja0IuXcst aaroputmoB. Ciielyer OTMeTHTD
OJIHAKO, 4TO IIPU Pacyere Pa3pbIBHBIX PEIIEHUIl ypaBHEHUI Ia30BOil JIMHA~
MUKW JIJTsT [IOJIABJIEHUs] BO3HUKAMOIMINX KOJEOAHWI HEOOXOMMMO HUCIIOJIb30-
BaTh TAK HA3BIBAEMBIE JINMUTEPHI, KOTOPHIE B Psijie CIyIa€B MOI'YT CHU3UTD
MOPSIZIOK TOYHOCTH MeToja. B HacTosiimeM JIoK/Iajie Ha TPUMepe MOJEIb-
HBIX 3aJ1a9 UCCJEYEeTCsl BIUSHUE PA3JIUIHBIX THUIIOB JUMHUTEPOB HA TOY-
HOCTb II0JIYYaeMbIX Pa3PbIBHBIM METOIOM ['aJlepKUHA YUC/IEHHBIX DEIIeHM.
JLj1si TpEeyTOJIbHBIX U TETPA’PaJIbHBIX CETOK IIPEJIOYKEH HOBBIN THII JIUMU-
Tepa, sABIAIOMuniicsS 0000IeHrneM MOMEHTHOTO JIMMUATEPA, MIPE/JIOZKEHHOTO
B pabore KpuBomoHOBOII 1151 OPTOrOHATBHBIX ceTOK. OOCYXKIAI0TCS TaK-
JKe aJIbTepHATUBHBIE BO3MOXKHOCTH TOJIABJIEHUST OCIMJIISIIIAI [IPU pacdere
CUJIBHBIX Pa3pPbIBOB
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BBICOKONTPOU3BOJUTEJIbHBIE BBIYUCJIEHUS U
MATEMATUYECKWE MOJEJIN B 3ALAYAX MEXAHUKHU
CILJIOILIIHOM CPEJbI

Yersepymkus B. H.

HUnemumym npuraadnot mamemamuru um. M.B. Keadviwa PAH,
Mocxkea, Poccus;
chetver@imamod.ru

BerauciimresibHbIE CHCTEMBI CBEPXBBICOKON ITPOU3BOIUTEILHOCTH, WC-
nose3ytomue 6osiee 100 TFLOPS ma pacuer omporo BapuanTa, TpeOyOT
JIOTUYECKHU TPOCTHIX U B TOXKe BpeMs 3D MDEKTUBHBIX AJITOPUTMOB. BbImoJ-
HEHME 3TUX TPeOOBAHUI K aJIrOpUTMaM 00s3aTE/IHHO K JTIOOBIM CHCTEMAM C
9KCTPAMACCUBHBIM MIaPAJIIEIN3MOM HE3ABHUCHMO OT TOI'O HCIIOJIB3YIOTCH B
HUX nporeccel obmero HasHauenus: (CPU) wm rpaduueckne yckopurenn
(GPGPU). TlocTpoenue JIOrH4eCKd MPOCTHIX U OJHOBPEMEHHO 3(DdeKTUB-
HBIX AJTOPUTMOB TPEICTABJIAETCS HEIPOCTOi 3azadeil. OmHuM u3 myTeit
IIOCTPOEHUsI TAKUX AJTOPUTMOB SIBJISIETCS WCIIOJIH30BAHUE €CTECTBEHHBIX
BBITEKAIONINX U3 (DU3NMIECKON OCTAHOBKH OTPDAHUYEHUI CHU3Y HA MCIOJIb-
3yeMble IIPOCTPAHCTBEHHO-BPEMEHHBIE MacIiTadbl. [locTpoeHHbIE HA OCHO-
Be 9TUX OIPAHUYEHUN MaTeMaTuIecKue MOJIEIN MO3BOJIAIOT YKe B HACTOsI-
mee BpeMs 3P HEKTHBHO HCIOIb30BATE I8 pacieTa ogHospeMenno 10°-10°
sziep npoueccopoB (GPGPU). Ilpusogsres pe3yabraTsl PacIeToB MUIpo- U
ra3oBOil AMHAMUKU, TE€YEHUIl YKUJIKOCTH B HOPUCTBIX CPEIAX, UCIOIb3YIO-
mue B 3D mocraHoBKe ;s cBOeil ammpoxcumanun 6osee 10° mpocrpan-
CTBEHHBIX y3JIOB.
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ANNPOKCUMAIIMS YPABHEHUN HABBE-CTOKCA:
KOMBMHAIIUSI METOJIOB TPAEKTOPUI Y KOHEYHBIX
SJIEMEHTOB! 2

APPROXIMATION OF NAVIER-STOKES EQUATIONS: THE
COMBINATION OF TRAJECTORY METHOD AND FINITE ELEMENTS

IMTa#inypos B.B.

Hrnemumym sviuucaumenvrozo modeauposanus CO PAH, Kpacnoapck,
Poccus;
Beihang University, Beijing, China;
shaidurov04@mail.ru

B nokiaze paccMaTpuBaioOTCs JIByMEPHbBIE HECTAIIMOHAPHBIE YPaBHEHU
Hasbe-Crokca jijist BA3KON HECXKUMAEMO YKUJIKOCTA U BSI3KOI'O TEILJIONPO-
BOJ[HOTO ra3a. B GOJBIINHCTBO STUX yPABHEHUI BXOIUT TPYIITa KOHBEKTHUB-
HBIX CJIaraeMbIX, BKJIIOYaIOIas IPOU3BOJHYIO IO BDEMEHH U CyMMY II€PBBIX
IIPOU3BOJIHBIX BHU/IA

9p  O(up) | 9(vp)
8t+ Ox + Oy

B mocnennne necaTnieTns nocien0BaTeIbHO PA3BUBAETCS MTOIXO, COCTOSI-
Uil B 0JITHOBPEMEHHON allIPOKCUMAIINYA COBOKYITHOCTH 9TUX CJIaraeMbIX KaK
€JINHOM HAKJIOHHOI Tpon3BoHOi oT p. HecMmoTps Ha necstku crareit B 9T0M
HallpaBJIEHUU €JJMHOI0 Ha3BaHUs JIJIs 9TOIO II0JIX0/Ia ellle He CJIOKUJIOCh, U
OH YaCTO HA3BIBAETCS MOJTY-JIATPAHKEBBIM METOJIOM WU MOJIU(PUITTPOBAH-
HBIM METOJIOM XapaKTEPUCTUK, pexKe — MeTOJOM Tpaektopuii. MbI uzio-
2KWM €r0O B ITOCTAHOBKE, OOECIIEUMBAIOIIE BHITIOJTHEHNE 3aKOHA, COXPAHEHUS
Ha JIMCKPETHOM yPOBHE W OTCyTCTBHEe orpanmdenus Kypanra-Qpuapuxca-
JleBu Ha COOTHOIIEHNE MEXKJIY IIAraMy 110 BPEMEHU U IIPOCTpaHcTBy. 1Ipu-
MEHEHHEe ITOr0 IIOJX0/la CBOJUT pellleHre HecTallMOHAPHON 3843491 K I10CJIe-
JIOBATEJILHOCTH CHUCTEM JJIMIITUYECKUX YPaBHEHHUI BTOPOTO MOpPsiIKa 0e3
KOHBEKTHBHBIX CJIAraeMbIX, UTO IPUHIUINAJIBHO 00JIerdaer ammpoKCAMar-
IIUIO yPaBHEHUN U IIPOIECC PEIleHus MOJIydaeMbIX JUCKPETHBIX CUCTEM aJl-
reOpanvecKuxX ypaBHEHMIA.

'PaboTa BbIMONHEHa TpHu mojiep:KKe Poccuiickoro dhonma dyHmIaMeH-
TasbHbIX uccaenopanuii (Cpart Ne 11-01-00224).
2Work is supported by Thousand Talents Program of China.
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Bo BTOpOIt HYacTu J0K/Ia/1a pacCCMATPUBAETCs IIPUMEHEHNE MeTOa KO-
HEYHBIX JIEMEHTOB JIJIs AlIPOKCUMAITUN MOy YAEMbIX SJTUITHICCKUX CH-
creMm ypaBaenuii. CHagaja Oy/1eT MpOULTIOCTPUPOBAHO UCIIOJIB30BaHUE ITPO-
CTHIX OMJIMHENHBIX KOHEYHBIX JIEMEHTOB [IJIsl PEIIeHUs 3a1a9 Ta30BOI Tu-
HaMukd. A 3arem OyyT OOCYKJIEHBI MEPCIEKTUBBI MPUMEHEHHs] ITUX U
6oJtee CJI0KHBIX SPMUTOBBIX KOHEYHBIX JIEMEHTOB, B TOM YHUCJIE, B PAMKaX
aJTOPUTMOB IOJIYI€HUsT AIIOCTEPUOPHBIX OIMEHOK U aJIAITAIINN TPUAHTYJIsI-
Uit It JTOCTUXKEHUsT TPeOyeMOil TOYHOCTH IPUOJINYKEHHOI'O PeIleHusl IPH
MUHUMMA3AIANA BBIYUCIATETbHBIX 3aTPAT.
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AJITOPUTM PEIIEHUS ,I[ByMEPHOI;I MEXAHUYECKOU 3AIJAYHN

THE ALGORITHM OF SOLVING 2 DIMENSIONAL
THERMOELASTICITY PROBLEM

DBepcroB B. B.

Cesepo-Bocmounniii Pedepasvhonti Yrnusepcumem, Hnemumym
MATEMAMUKY U uHgopmamury, drxymcx, Poccus;
vovan_evv@mail.ru

B mammoit pabore paccMarpuBaeTcst 3ajada HAYIaJIbHOTO pPacIpesese-
HUsT TEH30Pa HANPSKEHUH MIPU MOCTOSHHOM TemieparypaoM moste. Ilepesn
TeM KaK pellaThb 334a4y TepMOYIPYT'OCTH B JAMHAMHUYECKOM TeMIlepaTyp-
HOM IIOJIe, HEOOXO/IMMO 33J1aTh II€PBOHAYAJBHOE DPaCIpeJieIeHIe TEeH30Pa
HaIIPAXKEHUN.

Pacnpenenenne Ter3opa HAIPSYKEHAH CPEIbI OIIPEIEIISAETCS CIIe Ly OIIH-
MU yYpaBHEHUAMU:

Ao, asz _ oP
8:: + dy _mﬂwm
OTzy | OOy __

. 12)
AP | « (
5oty =M —By—i—p g

VesioBre coBMecTuMOCTH jgedopMaIriuii Mbl BO3bMEM B CJIEIYIOIIEM BU-
Je:
(13)
ox Oy

B nmammom ycioBum mpaBasi YacTh HE paBHA HYJIO, T.K. CHUJIA TIKECTH
He sSIBJISIETCSI €IMHCTBEHHOM 06 beMHOMN CUJION JeficTByIoIeil Ha cpe;Ly[3].

U1t auCcIeHHOTO peIeHns BBIIIEONMCAHHON 3a/1a4U TPUMEHUM CJIEJTY-
IOLIUHA ajJIrOPUTM:

A (oxtoy) = —(1+0) <8X+8Y>

1. IlepBoHadajbHO 33aBAEMBIMU IAPAMETPOME 331290 B JAHHOM aJl-
FOPUTMeE ABJIAETCA IIOPUCTOCTD CPEJIbl U TeMIlepaTypa:

m = my, T= TO
2. Boraucisiem JaBJICHHE!

To—T
P=P+2 =
n

3. 3ajaeM IepBOHAYAJIbHOE TIPUOIMKEHNE: Toy = 0 1 [y = 1
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4. Jlna peleHusl MeXaHUYECKON 3a/a49y CTPOUM HTEPAIMOHHBIN IIPO-
1ecc:

(a) Haxomum o, u3 ypaBHEHHs

%oy 0 mp 8P ap 827”,
a2y v Oy 3y Oz 0y

IIPU 9TOM T,y G€peM U3 IpebLLyIIel uTepanun,
(b) Haxomum o, U3 ypaBHeHUs.

0% 0 oP 0 OP\ 0% Op* 0%t
T _ % . y 9 Ty
(mﬁw oz ) Ay ( S Oy ) a2 7 Oy ~ Oxdy

o2 Oz

(c) HAXOIUM Ty, TEKyIIeil UTEpALUN U3 ypPaBHCHHS

1y 0 mp - 0?0,
oy By v am Oxdy

(d) Haxommm BIArOHACHIEHHOCTh TEKYIEH NTeparum

5 \/cr% — 0,0y + 024372, — (1 —m) 05 sc
w =1-

Mmos;
(e) Urepanuonnbiii mporecc 3aBepiaeTcs ecjiu
LY Ty
Max |7, — 1,7 | <e

Taxum 00pazoM, 10 3aBEPIIEHUN HUTEPAIMOHHOIO IIPOIECCa MBI IIOJIY-
9UM paclpejie/IeHNe TEeH30pa HAIPS2KEHNUN U BJIAarOHACHIITIEHHOCTH.
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OBOBI_HEHI/IE METOJA KABAPE HA TPEVYIOJIBHBIE CcETKHU'

A GENERALIZATION OF THE CABARET ON TRIANGULAR GRIDS
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yakovlevpg@s-viu.ru

AxryasabHON TPOGIEMOIT IPU PENIEHUH 33189 Ta30BON JTUHAMUKY SBJIS-
H0TCsT BOJTBINME TUCCUTIATUBHBIE W TUCTIEPCHOHHBIE ommOkn [1,2]. Oaanm n3
YaCTO UCIIOJIB3YEMbIX IIOJIX0/IOB 110 YJIy4IIeHUIO JIUCCUIIATUBHBIX U JTHUCIIep-
CHOHHBIX CBOHCTB ¢BJISIETCS HUCIIOJIb30BAHUE CXEM IIOBBIIIEHHOI'O IOPSIKA
ammpokcumanui. OCHOBHBIMU HEJIOCTATKAME JAHHOTO TOJXO0JIa SIBJISTFOTCS
WCITOJIb30BAHUE PACIIAPEHHOTO IMADJIOHA JJIsi AIIPOKCUMAIMHA UCXOIHBIX
YPaBHEHU{, ITO NPUBOIUT K IpobjemMaM, KaK [IPU 33JaHUA TPAHUIHBIX
YCJIOBHI, TaK U IIPU AlllIPOKCUMAaIlUU Ha IIPOU3BOJIbHBIX PACYETHBIX CETKaX.
IIpu sTOM OTIMYAIONINECST HEIBHOCTHIO CXEMBI BBICOKOT'O TIOPSIJIKA OKA3bI-
BAIOTCs HEYJOOHBIME JjIsl PAacIapaJljie/IMBaHus. TaKKe, OIHUM U3 [T€PCIIEK-
TUBHBIX HAIIPABJIEHUIl ABJIAETCS KJIACC CXEM, 3allICAHHBIX B JUBEPreHTHON
dopMe U ¢ UCIOIB30BAHNEM KOPPEKIIMH MOTOKOB. 3/1eCh OTHONU M3 CaMBbIX
MHOTOOGEIAIONIIX CXeM sIBJIsieTcsl siBHasi cxema Kabape [3,4], obmamatomast
BTOPBIM IIOPSAJIKOM alllIPOKCUMAaIIAM JJIsd IIPOU3BOJILHO HEOHOPOJIHBIX Ce-
TOK II0 TTPOCTPAHCTBY 1 BpeMeHU. HecMOTps Ha TMPOCTOTY peaM3alluyl U
«HEDOJIBIIONY TOPSIOK AIIPOKCUMAIINN, OHA XOPOIIO MPOSBUJIA cebsi B Psi-
Jle 331a9 Ta30IMHAMUKY U a3POaKyCTuky [5-7]. OTandureabHbIME YepTaMu
cxeMmbl Kabape sIBASIOTCS €€ Ipe3BhIYaifHO KOMIAKTHDBIN BBITUCINTETbHBIIH
mabJIoH, MAJIOIUCIIEPCUOHHOCTD U O€3/IMCUTIaTUBHOCTD. JTs1 perenust 3a-
Jad HeJUHEHHOro nepeHoca B cxeme Kabape MCIOIb3yeTcs MAJIOIUCCUTIa-
TUBHBIA aJITOPUTM HEJIMHENHON KOPPEKIUM IIOTOKOB HA OCHOBE IIPUHIIU-
ma MaKCUMyMa i TOTOKOBBIX mepeMeHHbIX. OJHAKO, HECMOTDS Ha BCE
JIOCTOMHCTBA, IPUMEHEHNEe JTAHHON CXeMbl OIDAHUYIEHO HAOOPOM BBIYUCIIU-
TEJIbHBIX IIA0JI0HOB, OOBIYHO COCTOMAIINM B JIBYyMEPHOM CJIy4Yae U3 YeThIPEX-
YIOJIBHBIX U B TPEXMEPHOM M3 T'€KCAT'OHAJIBHBIX 3JIEMEHTOB.
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