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2. Abstract
The present report summarizes the most important achievements obtained during 2017-2019 within
the JINR research theme 05-6-1119-2014/2019, “Methods, Algorithms and Software for Modeling
Physical Systems, Mathematical Processing and Analysis of Experimental Data”.
The organization of the presentation selects a few selected examples from the multitude of specific
tasks solved within the theme 1119.

3. Introduction
The theme 1119 is placed at the crossroad of the JINR research topics which need the computing as
an indelible part of the accomplished research effort toward the solution of their specific scientific
objectives.

The period covered by the present report corresponds to the first three years of the seven-year
plan for the development of JINR 2017-2023. Within the broad research effort deployed in JINR,
the expertise of the LIT scientists was needed for the solution of computing tasks asked by over 40
JINR scientific projects.

The possibility to join a large spectrum of particular projects under the joint umbrella of the theme
1119 comes from the existence of a common mathematical background of all these projects. The
basic requests to the solutions provided by the LIT scientists are their reliability, stability to
perturbations, low computational complexity, and rapid convergence of the numerical algorithms.
There are, nevertheless, features of the real research world which hinder the efforts to derive
perennial solutions to the raised problems.

The first comes from the rapid pace of evolution of the computing facilities. With the advent of
the new supercomputer “GOVORUN?” at the end of the first quarter of 2018, thinking as a computer
scientist, which assumes expert knowledge of several modern programming techniques, has become
a basic duty of every LIT scientist. However, this does not alleviate the need of a deep mathematical
expertise enabling the correct formulation of the problems. Besides that, a high education level in
numerical analysis is necessary to assess the computational complexity of the problems to be solved.
Last but not least, the profound understanding of the physics side of the problems is necessary. This
has complicated our life, raising as the first priority the need of close cooperation for the solution of
real problems.

The work of the experimental setups in heavy radiation fields periodically raises the need for
detector reconstruction to add newly acquired expertise. The addition of new features aimed at
improving the existing experimental setup frequently asks for radical changes of the algorithm
designs and of their implementation into a software code. This feature illustrates the empirical
observation that the implementation and maintenance of the software support to a given experiment
are needed during the whole lifetime of the experiment itself.

The accumulation of huge amounts of data in the large scale experiments has made more and
more difficult the derivation of algorithms able to extract the useful information from the raw data.
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To cope with this problem, two fundamentally new approaches are emerging: the quantum computing
and the Big Data analytics. While these are mainstreams for the future four year period, they already
ask for their consideration in the present days.

The rapidly evolving hardware-software environment (HSE) is a source of (sometimes severe)
inefficiency of the numerical algorithms and software which were previously optimized for other
generation hardware. The substantial hardware changes ask for fundamentally different software
implementations able to fully exploit the new possibility opened by the new hardware parallelism.
This asks for new mathematical methods and algorithms enabling efficient information flow inside
the new hardware. To make operational these algorithms, the grasp of alternative programming
paradigms and programming languages is necessary.

The evolving HSE in LIT already allows performing large scale numerical experiments, the
solution of more sophisticated theoretical models, characterized by newly added features which make
them more realistic. The reliable numerical or symbolic-numerical solution of such models asks, in
its turn, for the development of new approaches to their solutions.

From the wealth of scientific results derived during 2017-2019 within the theme 1119 on the
symbolic-numerical and numerical solution of a wide range of topics of interest to the JINR research,
the present report will be selectively focused on a few cases of utmost difficulty.

From the heterogeneous computing cluster HybriLIT, to the HybriLIT heterogeneous
computing platform (involving the training and testing polygon and the “GOVORUN”
supercomputer) (overseen by D. Podgainy and O. Streltsova)

The strategic mission of the heterogeneous computing platform HybriLIT [1], under development in
LIT-JINR as an indelible part of the Multifunctional Information Computing Complex (MICC) [2],
is to provide the coverage the high performance computing (HPC) in JINR.

The starting point of the platform was the HybriLIT cluster which followed a short but rapid
evolution driven by the supervision and the key decisions of the LIT management concerning its
design and implementation: Modular development based on the most successful new hardware offers
on the market and in-house development of an information-computing infrastructure with bilingual
support in Russian and English of all web resources to meet the needs of scientist and specialist users
from different JINR Member States.

The HybriLIT cluster infrastructure, which reached a top-performance of 142 TFlops in double
precision by the end of 2017, has nowadays a twofold role. As a testing polygon, it allows the
development from scratch of parallel applications for carrying out computations using computing
architectures such as multicore CPUs, Intel Xeon Phi co-processors, and NVIDIA (Tesla K20, K40,
K80) GPUs. As an education polygon it provides possibilities to hold tutorials on parallel
programming techniques that help students to learn new computing architectures.

The “GOVORUN” supercomputer, inaugurated in March 27, 2018, is a project jointly developed
by the Bogolubov Laboratory of Theoretical Physics and the Laboratory of Information
Technologies, with the strong support of the JINR Directorate. This project is aimed at sufficient
acceleration of complex theoretical and experimental researches in the field of relativistic nuclear
physics and condensed matter physics at JINR, primarily the NICA project.

It is a two-component system [3] which includes a CPU-component using the newest Intel
architectures (Intel Xeon Phi and Intel Skylake processors), as well as a GPU-component using
NVIDIA second generation DGX-1 Volta, with a top summed performance of 500 TFlops in double
precision.

A critical issue concerning the efficient use of the “GOVORUN” supercomputer is the creation
of an ecosystem for data analysis and machine learning and deep learning (ML/DL) tasks to provide
opportunities for the efficient development of mathematical models and algorithms as well as for
resource-intensive calculations, including graphics accelerators which significantly reduce the
computing time. The conception of such an ecosystem for data analysis and ML/DL tasks was set up
and is under active development within the heterogeneous computing platform HybriLIT. It includes
two components: the first one is designed for resource-intensive, massively parallel learning tasks of
neural networks using NVIDIA graphics accelerators (Fig. 1a); the second is devoted to the design



and implementation of models and algorithms based on JupyterHub — a multi-user platform for
working with Jupyter Notebook (Fig. 1b).
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5. Selected results on magnetic field modeling within Theme 1119

» Modeling magnetic components of large scale facilities at NICA and FAIR [4-7]

e The buildup of 3D computing models of the dipolar and quadrupole superconducting magnets
entering the NICA (JINR) and SIS100 (GSI) facilities, the computation of the distributions of the
magnetic fields within the working regions of the magnets are intrinsic parts of the certification
process of the newly constructed magnet modules in VBLHEP.

Six cases worked out by P.G. Akishin [4] are shown in Fig. 2.
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e The researchers of JINR (Dubna) and Moscow State University are working on the simulation of
the behavior of the solution of the magnetostatics boundary value problem in the vicinity of the
""corner point" (at the intersection of two regions - vacuum/iron) of a ferromagnetic [6].

Modern accelerator systems and detectors are characterized by complex geometrical
configurations of the magnetic field. Often the ferromagnetic/vacuum boundary has non-smooth
elements consisting of corner points near which the boundary is formed of two smooth curves
crossing at the corner point at some angle. The question then arises about the accuracy of the
numerical solution of the boundary value problem in this region, where a significant growth of the

magnetic field is possible.



Fig. 4. “Toroidal” configuration

Fig. 3. Set of coils

At present, the problem of the design of magnetic detectors providing high fields (over 1 T) is
relevant, that is why it is particularly important to know ,

accurately enough the field distribution everywhere
inside the detector in order to consider side effects.

The 3D calculations for the SPD detector magnetic
system of the NICA project are discussed in [7]. Three
basic configurations of the NICA SPD magnetic systems
are considered (Fig. 3-5): set of coils, “toroidal”, and
“hybrid”. The model parameters are presented, the maps
of magnetic fields are obtained, and the maps of
integrals by trajectories are constructed. The “hybrid”
configuration is chosen as basic in further work.

» Modeling the CBM dipole magnet at GSI [8, 9]

The modifications proposed in the conception of the CBM experiment such as to include the
muon detection have asked for the buildup of dipole magnets with shielding.

P. Akishin has realized the magnet modeling in two possible options (MUCH and RICH) (Fig.6).

Fig. 5. “Hybrid” configuration

Opera
CBM dipole magnet, MUCH option (FAIR,GSI) CBM dipole magnet, RICH option (FAIR,GSI)
Fig. 6
» Modeling magnetic field configuration inside the SC202 cyclotron for proton therapy

[10,11]

Codes for SC202 beam dynamics simulations were improved with new algorithms where the
magnetic field components outside the median plane are calculated up to fourth order (Fig. 7). Scripts
were written for producing 3D magnetic field maps, 3D electric and magnetic field maps from RF
cavity simulations in CST Studio and for reading them into the MATLAB workspace. MATLAB,
being a matrix-oriented tool, allowed us to implement an equilibrium orbit search algorithm for a
large number of particles with different energies with a good calculation speed.



#B

smoothn — smoothn

ar w10t 2
i ' 1
st
1
o
-1
2
3
- - 4
10 20 L 0 100 20 Wy
th B B
o - i
smoothn " Ex)

frd x 10

Magnetic field calculated by i I ' At ' '
means of the CST Studio package . . : ' '
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» COMSOL Multiphysics solution of the magnetic field configuration inside the SC202
cyclotron for proton therapy [12,13]

The simulations of the magnetic field distributions in the superconducting dipole magnet with a
nonlinear magnetization (JINR-Hefei, China collaboration) were optimized based on the A-
formulation of the magnetostatics with COMSOL Multiphysics. The V-formulation of the
magnetostatics was developed by taking into account the nonlinearity of the magnetization and the
superconductivity nature of the coil, and was verified by numerical modelling on the HybriLIT
platform and experimental measurements of the field maps (Figs. 8-9).

Element Quality Histogram

Fig. 8. To achieve the required accuracy of calculations, it was necessary to generate a finite element
grid consisting of 18 445 665 tetrahedral elements. Computations were done on the HybriLIT platform.



Fig. 9. Comparison of the results of the magnetic field map calculation in the median plane made in the
COMSOL Multiphysics based on the A- formulation (a, b) and V- formulation (c, d) of the magnetostatic
equations: (a, b): Degrees of freedom (DOF) — 21 801 942, Solution time — 18h17m16s, Physical
memory — 94.48GB; (c, d): Degrees of freedom (DOF) — 3 237 238, Solution time — 19m51s, Physical

memory — 28.33 GB.

6. Selected results on the development of mathematical models within Theme 1119

» Simulation of reactions with exotic nuclei using the microscopic optical potential model

[14]
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Fig. 10. Calculations of total reaction cross sections of ®He, 8°Li with different targets. Projectiles are shown
at left top corner of each figure. Lines show results of calculations, points — experimental data (black triangles:
°Be target; black squares: %Si target; black diamonds: >°Co target; black disks: 18'Ta target; for comparison,
empty squares on ®He + 28Si reaction experimental data from an earlier work are shown)

Based on the hybrid model of a microscopic optical potential using three models of 124Be nuclei
density, calculations of the observed physical characteristics of the scattering of these nuclei during
the interaction of these nuclei with a carbon and proton target were carried out. A good agreement
with the experimental data on the scattering of >1*Be + p at energy of 700 MeV was obtained. It was



shown that adequate reproduction of the differential scattering cross sections of 24Be + 2C at an
energy of 56 MeV/nucleon required consideration of the contribution of inelastic channels. The
momentum distributions of B breakup fragments in the reactions of this nucleus with other nuclei
and the total cross sections for the reactions of ®He and 8°Li with other nuclei in a wide range of
atomic masses and energies were calculated on the basis of the microscopic approach (Fig. 10). A
parallel version of the program package for the microscopic optical potential is available from the
JINRLIB [15]

» Developments of the Basic Element Method (BEM) and its application to simulations of
the IBR-2M reactor noise [16-19]

The technique and algorithms for digital processing of plane curves (closed, with free ends and
with self-intersection points) with the aim of obtaining their analytical form were developed.

A technique and algorithm for calculating informative features that are invariant to geometric
transformations of 2D curves defined by the coordinates of measured points have been developed.

The BEM method was used for the processing and analysis of the IBR-2M noise (Fig. 11), both
for static and dynamic states of the reactor. Algorithm speed is adequate for real-time monitoring.
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Fig. 11. Left and centre: Different approximating curves and positions of the automatic regulator
(bottom). Right: Approximating curve as a function of the method parameters

» NICA driven numeric-theoretical studies [20-24]

e The appearance of a peak in the ratio of the number of strange mesons to nonstrange mesons
known as a “horn” was discussed in the frame of the Nambu—Jona-Lasinio model with Polyakov
loop. The main idea of the work [20] was to show that the occurrence of the horn at energies 8-10
GeV might be a qualitative change in the state of the environment where kaons and pions were
created. In [25] the fast increase in the K+/z+ ratio and its decrease at further increasing energy was
interpreted as a sequence of the chiral symmetry restoration and deconfinement effect.
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Fig. 12. Dependence of the ratios K*/x* and K/x" in terms of T/us: experimental data (left) and simulation
results (right).



The PNJL model gives a schematic description of the chiral phase transition, the deconfinement
transition and meson properties at finite temperature and density. By using the model, it was shown
that the splitting of kaon and antikaon masses appears as a result of the density variation. It may
explain the difference in the K+/z+ ratio and the K—/z— ratio at low energies. When the temperature
and the baryon chemical potential are chosen at the phase diagram line, the system is in the phase-
transition region, and the chiral condensate is still not destroyed. The main difference between the
choice of T and ug along the line is whether we are in the crossover region or in the first-order
transition region. It is also shown that the increase in the ratio K+/z+ appears near the critical endpoint
and can be considered as a critical region signal (Fig. 12).

e The stability of solutions of the third family for hybrid compact stars with a quark core
corresponding to the emergence of high-mass twins with respect to the softening of the phase
transition using a design imitating the effects of ‘pasta’ structures in the mixed phase was
investigated. A parametrized class of hybrid models of the equation of state based on the relativistic
mean-field model was considered for both the hadronic and quark phases of matter. The effect of the
construction of phase transition with a mixed phase consists in the appearance of additional pressure
near the critical point belonging to the coexistence of the hadronic and quark phases of matter. The
value of the relative additional pressure of about 6% at which the solution corresponding to the third
family of compact stars disappeared was found. It was shown that at least the heavier star from the
registered merger of a pair of neutron stars GW170817 could be a member of the third family of
hybrid stars (Fig. 13) [22]. This result was included in the “BRIEF REVIEW OF THE TOPMOST
SCIENTIFIC RESULTS OBTAINED IN 2018 AT THE JINR”, JINR Publishing Department, 2019-
1, p. 26.
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Fig. 13. Left: The three points of the interpolation function serving to the definition of the mixed phase. Right:
The impact of the mixed phase in the mass-radius diagram of compact stars. At least one companion of the
GW170817 could belong to the third family and both of them could have mixed phase in their interior

» HybriLIT/GOVORUN Enable Implementation of Efficient Numerical Methods for
Hardly Solvable Problems [26-33]

e The method of separated form factors (SFF) is an effective method for studying the structure
of polydisperse systems of phospholipid vesicles emerging from the analysis of small-angle
scattering data. In this approach the basic parameters of the vesicular system are determined by
minimizing the discrepancy between the experimental data of the small-angle scattering intensity and
the results of SFF calculations. The minimization procedure is based on the generalized method of
the least squares implemented in the FUMILI program of the JINRLIB library. The efficiency of
parallel implementation was tested on the HybriLIT cluster using the parallel MPI version of the
program PFUMILI [34]. An acceleration of calculations with a factor of 6-9 was obtained, depending
on the number of experimental points. The assessment of the structural parameters of the vesicles of
the phospholipid transport system was made on the basis of the numerical analysis of small-angle



neutron scattering data obtained on the YuMO small-angle spectrometer at the Frank Laboratory of
Neutron Physics.

30%
10° 10°
: SANS SAXS
Emz E"’: 20%
%: %10“
2.0 x100;25% | © i
10
x10; 10% " PTNS
o2 PTNS *°
5% 107 R . )
2 3 R 107 107 10°
10 10 q [Angstrom"]‘o q [Angstrom ]
350 Blue: PTNS [ 70 Blue: PTNS [
9 300 AA Red: DMP‘C’ 2 60 Red: DIVIP(‘:
to] c
S 250 S 50t A
o A 2 B %
@ 200 % 5 40 1
5 ohy Al g %0 A
3 150 Op = 30 ]
o
100 20
0 20 40 0 20 40
disaccharide concentration disaccharide concentration

Fig. 14. Basic parameters of the Phospholipid transport nanosystem (PTNS) in water solutions of maltose
(down) were estimated from joint analysis of SANS and SAXS data in terms of maltose concentration (up).

Phospholipid unilamellar vesicles (ULVs, liposomes) are important in medicine. Data collected
by SAXS and SANS methods on ULVs are analyzed within the Separated form factors model (SFF),
using ADE minimization & parallel MPI programming (Fig. 14).

Online interface was developed http://sff-sans.jinr.ru/

¢ High-performance calculations of physical observables of a hydrated electron have been
carried out within the modified dynamical polaron model. The calculations have been performed on
the GOVORUN (Dubna) and AVITOHOL (Sofia) supercomputers. Agreement of the numerical
results with the experimental data is obtained [31].

Methodological calculations have been carried out to analyze the efficiency of the MPI
implementation of the iterative local minimization method within the PFUMILI package [34] in order
to fit the parameters of the RFF model using the small-angle scattering data on the HybriLIT cluster.
The obtained acceleration is about 10 times.

Fig. 15. Maximum speed-up achieved on the HybriLIT cluster
for different numbers of experimental points
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The SFF analysis of the structure of DPPC ULVs

- on the basis of the “Yellow submarine” SANS data

has confirmed the results of the previous analysis of
the YuMO SANS spectrum.
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Numerical simulation of the photoexcited electron states formation in water under the action of
ultraviolet range laser irradiation is carried out within the polaron model with a time-dependent
calculation of the hydrated electron absorption band width. This framework is shown to reproduce
well the experimental data on the light absorption by the hydrated electron in polarized water.
Effectiveness of parallel implementation is tested on the HybriLIT cluster (Figs. 17, 18) [31].
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Fig.17. Numerical simulation of the light absorption by a hydrated electron for experimental data derived at
light frequencies of the scanning laser Q = 1.918 eV (left) and Q = 1.512 eV (right)
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Fig.18. Same as Fig. 17 for experimental data at Q = 1.378 eV (left) and Q =1.305 eV (right)

e High-performance calculations for solving the optimization problem for designing a
pulsed cryogenic cell [35, 36]

Solving the optimization problem yielding the characteristics of the thermal source of a cryogenic
cell, i.e. a multilayer cylindrical sandwich-type configuration designed for a pulsed dosed injection
of the working substance into the ionization chamber of the source of multiply charged ions is
considered. To solve the optimization problem, an MPI+OpenMP hybrid parallel calculation
algorithm based on the brute force method was developed to get the maximum of the integral of



proportionality to the volume of gas evaporated from the cell surface. The algorithm leads to multiple
solutions of the initial boundary value problem for the heat equation, which is solved numerically by
the alternating direction implicit method (ADI). A method of simple iterations with an adaptive time
step has been implemented to solve nonlinear difference equations. [35]. The solution of the
optimization problem for a specific cell configuration on the GOVORUN supercomputer has

demonstrated a ten- to hundred fold acceleration of the calculations (Fig. 19) [36].
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Fig. 19. Time of calculations using the GOVORUN supercomputer

e Machine learning in high-performance computing infrastructures at JINR (G. Ososkov,
P. Goncharov, A. Nechaevskiy, A. Uzhinskiy)

¢ Event reconstruction for data processing in high-energy physics asks for the search of
particle trajectories, which are registered as a set of detector responses to a particle passage (hits),
and the estimation of track parameters from these data.

Since 2017, studies on the development of new tracking methods using deep learning have been
started. A two-stage tracking algorithm for C-C interactions registered by the GEM detector of the
BM@N experiment was developed with a track recognition efficiency of 97.5% on the Monte-Carlo
simulation data. The drawback of this method was the exceedingly slow of the learning stage.

A new neural network (TrackNET) combining both stages of processing is under development.
TrackNET is a deep recurrent neural network as an alternative to the Kalman filter, with the ability
to learn necessary parameters from data. Preliminary tests show that the obtained TrackNET accuracy
of the reconstruction on the Monte-Carlo simulation data is ~ 98% with a processing speed of
3,483,608 candidates per second for 2xTesla V100 on GOVORUN supercomputer [37].

¢ Development of new methods for predicting air pollution with heavy metals, was started
in collaboration with FLNP, which is the coordinator of the UNECE International Cooperative
Program (ICP) Vegetation in the framework of the United Nations Convention on Long-Range
Transboundary Air Pollution (CLRTAP).

The analysis done for large data amounts evidenced the existence of connections between the
heavy metal concentrations and data gathered from images provided by satellite projects. The
available data have been used to train different statistical models and deep neural networks. Such an
approach was successfully used to predict Sb in Norway [38], Mn in Serbia and U in Romania. The
figure 20 illustrates one case study.
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Fig. 20. Mn pollution in Serbia. Left — real data. Right — model prediction

7. Support of Experimental Data Processing and Analysis
New mathematical methods and emerging software for reliable data analysis are developed.

» Reliable statistical inferences under low statistics and incomplete observation [39, 40]

This is a permanent problem asked for scrutiny by the low-statistics experiments. The present
investigations were particularly important for the rejection of claims made by outer groups
concerning the unreliability of the low-statistics data associated to the creation of new superheavy
elements in FLNR.

e The analysis of decay chains starting at superheavy nuclei 2*Ts and 2°Mc presented in [39]
considered the spectroscopic properties of nuclei identified during the experiments using the
249BKk+%8Ca and 2*3Am+*8Ca reactions studied at the gas-filled separators DGFRS, TASCA and BGS.
The analysis of decay data using widely adopted statistical methods and applying them to the short
decay chains of parent odd-Z nuclei was done (Fig. 21). It was found that a recently suggested method
of analyzing decay chains by Forsberg et al may lead to questionable conclusions when applied to
the analysis of radioactive decays. The discussion demonstrates reasonable congruence of a-particle
energies and decay times of nuclei assigned to isotopes 2%*Mc, 2%Nh and 8!Rg observed in both
reactions (Fig. 22).

Fig. 21. Individual figure-of-merit
values vs relative lifetimes given in t
units (squares), analytic expression for
the probability density function f (t)
(for 14 events, black dashed line), an
‘exponential distribution’ g(t) (brown
short-dashed line), and 90%
confidence interval for arithmetic
mean FoM,, values (red dashed—dotted
lines). Probability density function
exp(—t/t)/r for an exponential
distribution (blue solid line).

4 6 FoM; values and function f (t) are also
Relative time shown in the inset in logarithmic time
scale.

Probability density




R
! #

[ 293
10.6F

b4t

F o

00001 0,001

0.01

.1

10.6F b)

10.2F
 2683pc

9,80 it

.01 0.1 1

E ¢

a-particle energy (MeV)

9.2 :.

S S

B.6L

0.1

1

10

100

T
&)

2ffM1_ *
MEETEIT] B

*
1

0.0001

0.001

0.01

0.1

DGFRE
DGFRS

1 TASCA

BGS

Fig. 22. Relation between measured
a-particle energies E_(with error bars) and

decay times of isotopes assigned to zgsTs(a),

“Mc (b), “°Nh (c), “'Rg (d), and *" Mt(e).
Results from the DGFRS experiments
observed in the reactions * Bk+" Ca [8-10]
(16 chains, the a decays of 293TS, 289MC, and
**Nh were missed in 1, 4, and 2 cases,
respectively) and “*am+*ca [2] (4 chains)

are shown by black diamonds and red
squares, respectively. Data from the
243 48 . .

Am+ Ca experiments carried out at
TASCA [1] (7 chains) and BGS [3] (3
chains) are shown by blue circles and green
triangles, respectively. Observed a-decay
and SF events are shown by open and
closed symbols, respectively. Time intervals
for events following a missing o decay were
measured from preceding registered events
and are shown by arrows (upper limits).
Decay times for events with partially
measured E_values (full energy was not
registered) or SF events are shown on

dashed lines with E_=9.9 MeV for 289Mc[1],
E~9.2 MeV for  Nh [1, 3], and
E,=9.0MeV [8-10], E = 8.9 MeV [2],
E = 8.8 MeV [1], and E_= 8.7 MeV [3] for
281 .. .

Rg. For spontaneously fissioning
Mt only decay times are shown.

Time (s)

e Check of data purity [41], i.e. absence of impurities, is a necessary condition for the
effectiveness of their analysis. A preliminary data testing for purity is a necessary step for a successful
analysis. It is desirable that such a test is fast, reliable, and easy to perform. Naturally, it should not
require a priori information about the parameters of the data distributions, and at the same time it
should be insensitive to their statistics. To a certain extent, nonparametric methods, i.e. “short-cut
statistics”, have a reputation of such methods. Their main idea for this case is to use a data
characteristic having significantly different distribution functions on pure data and on mixtures.

Here the ratio of the sample median to the sample mean has been taken for the necessary test. It
can be used for both the exponential and normal distributions. The confidence intervals for the
functions of the ratio distributions have non-intersecting parts for clean data and mixtures, which
serves as a basis for the evaluation of the plausibility of hypotheses about the degree of data purity
(Fig. 23). The method can also be used for building estimates of the parameters of data distributions
and their accuracy, the noise filtration from data and the optimum planning of the experiment.
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Fig. 23. Three groups of exponential decay data (30 events each) were simulated. Visually, it is difficult to
understand what is what, but the test "the ratio of the sample median to the sample mean" gives correct
answers: the first two groups are "clean", the 3rd one contains impurities.

» Automation of on-line data storage on modernized YUMO spectrometer at IBR2-M [42-
49]

An inspection of the JINRLIB software library, maintained both in English and Russian shows
that a same LIT author (A.G. Soloviev) has contributed, among others, to the creation of the
repeatedly upgraded programs SAS [42] and PSD2SAS [43] (see also the Gitlab page of HybriLIT
[44]) which provide online respectively offline information-computing environment for data
processing and analysis of the most demanded IBR-2M detector, YUMO. The YUMO upgrade with
position sensitive detectors has radically changed the design and implementation of these packages,
with new developments foreseen for the near future.

PSD2SAS: Conversion of position-sensitive detector (PSD) data of small-angle neutron
scattering spectrometer in isotropic pattern scattering case for automated SAS processing (Fig. 24) is
the most recent instance of the modernization process of the YUMO setup (see [44] for detailed
discussion).

Raw PSD data xy projection TP Data for SAS

Fig. 24. PSD ring patterns (left) and time spectra (right) for these rings, ready for processing in SAS


https://wwwinfo.jinr.ru/programs/jinrlib/main_en.php
https://wwwinfo.jinr.ru/programs/jinrlib/main.php
https://wwwinfo.jinr.ru/programs/jinrlib/sas/indexe.html
https://wwwinfo.jinr.ru/programs/jinrlib/psd2sas/indexe.html
https://gitlab-hybrilit.jinr.ru/yumo-updates

» Heavy-ion fragmentation reactions at low and intermediate energies were described in a
combined method. The first stage, the collision of two ions, was calculated in a transport approach
with the use of test-particle method, the second one, the de-excitation of hot fragments, in statistical
model. The applicability of the method was studied in a wide range of projectile masses (from oxygen
to nickel isotopes) at energies from 35 to 140 MeV per nucleon. The comparison with the
experimental data shows that this method describes well enough the isotopic distributions of the
fragments. Velocity distributions have smaller width and are shifted to the left as compared to the
experimental ones [50].

Development of Modern Investigation Tools in Large Scale International Collaborations

» Contribution to the upgrade of Geant4 package and applications [52-54]

Geant4 is a toolkit for the simulation of detector setup and response concerning the passage of
particles through matter. Its areas of application include high energy, nuclear and accelerator physics,
studies in medical and space science. The main Geant4 capability of simulating the hadronic
interactions and electromagnetic showers is widely used by existing experiments at RHIC, LHC, as
well as for simulations at the future accelerators FAIR and NICA.

The JINR scientists (V.V. Uzhinsky-LIT, A. Galoyan-VBLHEP) have continued to develop
various modules of Geant4.

e Improvement of Quark-Gluon String model (QGS) of the Geant4 package. QGS is used by
all LHC collaborations for simulations of particle penetration through detector setups at LHC
energies. Thus, a correct description of particle interactions with various nuclei is very important for
experimental studies. Recently, the NA61/SHINE collaboration has measured the meson resonance
production in 7—C interactions at Piap = 158 and 350 GeV/c [51] and found that the data cannot be
well described by the well-known cosmic ray interaction models such as EPOS, QGSJet, SIBYLL
and DPMjet, see Fig. 25 (left). The QGS model also badly reproduced the data.

The spectra are connected with quark and diquark fragmentation functions. The functions are
solutions of integro-differential equations with a predefined kernel. In [52] it was proposed to modify
the quark-diquark fragmentation kernel. The obtained results for the new kernel are shown in the Fig.
25 (right). As seen, the QGS simulation results have become closer to the experimental data.

0,20 - . 0 0,20 - . 0
n+C->p +X, 158 GeV/c n+C->p +X, 158 GeV/c
[ @ Exp. data by NAB1/SHINE collab) | @ Exp. data by NAS1/SHINE collab. |
F==EPOS1.99 :Es_:cg;énc
0,15} rie 0,15 E—gurre
3 == X"
E ——EPOS-LHC E
c c
© 0,10 T 0,10
L L
» x
0,05 0,05
;'}:I
0,00 R S Y Rt T 0,00

0,0 ' 0,2 0,4 0,6 0,8 1,0 0,0 — ,

X

Fig. 25. Mesonic resonance distributions as functions of xr. The points with statistical and systematical errors
are the experimental data [51]. The solid (blue) lines are the calculations of the improved Geant4 QGS model.
The long-dashed (purple) lines are the results of the Geant4 FTF model simulations. The short-dashed (red)

and dotted (green) lines are the calculations by the EPOS and QGSJet models respectively.

e UrQMD+SMM Modeling. Parameters of the reactions p, d, He, C+C, Ta, and C+Ne, Cu at
momenta of 4.2, 4.5, and 10 GeV/s per nucleon were calculated using the UrQMD model
supplemented by the Multifragmentation Statistical Model (SMM). Azimuthal correlations of pions
and protons produced in the listed reactions were calculated and compared with the experimental



data obtained in LHEP on the SKM-200-GIBS and Propane Bubble Chamber installations. A good
agreement between calculations using UrQMD+SMM and experimental data was achieved [53].

e Simulation of the birth of strange quark-antiquark and diquark-antiquark pairs within
the FTF model of the Geant4 package. A good agreement between calculations using the improved
version of the FTF model and experimental data from the NA61/SHINE collaboration on the
production of K-mesons, antiprotons and A-hyperons into proton-proton, proton-carbon and z-
meson-carbon interactions at different initial energies was obtained. In the framework of the
improved FTF model the kinematic characteristics of Lambda-hyperons and K-mesons produced in
antiproton-proton interactions were calculated and compared with experimental data at different
momentum values of incident antiprotons. A good agreement between experimental data and
calculations using the FTF model with new probabilities and rotating quark-gluon strings was
achieved. The applicability of the FTF model for the development of the physical program of the
Panda Phase0O and Panda Phasel experiments was shown to hold (Fig. 26) [54].
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Fig. 26. Inclusive cross sections of A-hyperon and K%-meson production in antiproton-proton interactions
as function of projectile momentum

» Contribution to the CMS experiment support [55-57]

The segment building algorithm [55] for the Cathode-Strip Chambers (CSC) from the CMS
experiment was developed with the aim to improve the reconstruction for high hit rates and big
backgrounds generated by “hard” muons. The typical efficiency for TeV muons with respect to
pseudorapidity is shown in Fig.27-a. It is high and almost constant, while the efficiency of the old
algorithm decreases with the increase of the pseudorapidity [55-57]. The comparison of the difference
in the azimuthal coordinate of the reconstructed and simulated segments (Fig.27-b) shows that the
new algorithm reconstructs segments closer to the actual muon trajectory than the standard one.

The developed algorithm takes into account the interaction point (IP) while reconstructing
segments. As a consequence, the number of fake segments is considerably reduced in comparison
with the standard algorithm. An example of a high hit multiplicity event is presented in Fig.27-c. The
actual trajectory of the passing muon is drawn as a thin red line and almost coincides in direction
with the IP. The reconstruction result of the standard algorithm is visualized on the left side of the
picture. A lot of segments (blue lines) were reconstructed and all of them fail to reproduce the
direction of the real particle. The new algorithm outputs for the same event are shown on the right
part of the picture. Two segments are almost perfectly reproducing the trajectory of the muon and the
overall number of segments is lowered to a reasonable amount.
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distance in strip units between the reconstructed and the simulated segment (old algorithm — blue, new
algorithm - red); (c) — example of high hit multiplicity event (old algorithm — left, new algorithm — right).

Starting with 2017, the new algorithm became the default algorithm used for the reconstruction
of real and simulated data. It proved to be effective, stable and robust. It was easily adapted as the
reconstruction algorithm for the new GEM detectors that will be included in the experimental setup
for the next major upgrade. The reconstruction efficiencies of the new (red) and the standard (black)
algorithms with respect to different parameters are shown in Fig. 28. The new algorithm shows a
high (~100%) and constant efficiency, regardless the parameter of interest.
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Fig. 28. Reconstruction efficiency vs. different parameters of the simulated data. a — efficiency vs.
pseudorapidity; b — efficiency vs. azimuthal coordinate; ¢ — efficiency vs. transverse muon momentum

» Contribution to the CBM experiment support [58-60]

The planned CBM (Compressed Baryonic Matter) experiment at FAIR (Facility for Antiproton
and lon Research), GSI Darmstadt, Germany, has a rich program of investigations. The LIT-JINR
team brings significant contributions to the solution of several tasks foreseen within the agreed
activities defined in the frame of the CBM collaboration. Excerpts:

e A fast and efficient algorithm has been designed for the reconstruction of muon tracks in the
decay J/y—p+p- registered by the MUCH detector of the CBM experiment. One of the key tasks of
this experiment is to study the processes of birth of charmonium in high-energy nucleus-nucleus
collisions. The registration of such decays like J/\y—u+p- will be done in real-time. The muon track
recognition algorithm is based on the model of cellular automaton (CA) which is used successfully
in a number of experiments in high energy physics. The CA model is good because it allows one to
reduce the number of recursive operations on the input data array and to perform most of the
calculations locally. In this case, the CA elements (“cells") are segments of the broken line from
which the approximation of the straight track is built. The track recognition algorithm includes three
consecutive stages: calculation of average points; forming segments — the elements of the
reconstructed tracks; connection of the segments and track reconstruction. The developed algorithm
was included into the package CBMROOT as a dynamically link library under the name of Lx. This



same library is also supplied by algorithms that implement a trigger to select decays JAy—p+u- and
a set of methods for tuning the parameters of the algorithm on model data [58].

e The LIT specialists in cooperation with their colleagues from the international CBM
collaboration develop the readout and data acquisition systems of the ring imaging Cherenkov
detector (RICH). A detailed analysis of the readout and DAQ prototype has been conducted using
the data gathered during the tests of the CBM RICH prototype in the beam conditions at CERN and
using the results of the laboratory measurements performed on a specifically developed test stand.
The readout and DAQ module prototype consists of a Hamamatsu H12700 MAPMT, PADIWA
preamplifier-discriminator boards and a TDC HUB board TRBv3. Calibration techniques were
developed and implemented along with the DAQ and analysis code in the CBMROOT framework.
Optimization of the readout module components has been performed what allows achievement of
best timing characteristics in the high beam rate conditions expected at CBM. The obtained sub-
nanosecond time precision allows one to directly measure the time profile of the additional
wavelength-shifting films on top of the MAPMT windows and investigate their effect on timing of
the full CBM RICH readout chain [59].

e The Geometry Database (Geometry DB) was developed for the CBM experiment. The main
purpose of this database is to provide convenient tools for: 1) managing the geometry modules;
2)assembling various versions of the CBM setup as a combination of geometry modules and
additional files. The CBM users of the Geometry DB may use both GUI (Graphical User Interface)
and API (Application Programming Interface) tools for working with it [60].

» Software support for the BM@N experiment of the NICA project

e The geometrical database developed for the CBM experiment was adapted for the BM@N
experiment. This application takes into account the specifics of the data flow when modeling the
passage of particles through the installation [61].

e Nuclotron beam momentum estimation in the BM@N experiment [62,63]

A complex reconstruction algorithm for the Drift Chambers (DC) of the BM@N experiment
was developed. The value of correction factors for the drift time of DC was calculated and
implemented into the official software as global constants.

The spatial resolution achieved by using the experimental data varies from 180 to 300 um for
different planes of the detector. The efficiency is above 90% for all planes.

The beam momentum was estimated using the data gathered in the recent physical runs of the
Nuclotron. All the estimated values and their errors satisfy the expected results, and the desired

resolution of 2% was achieved for the working values of the magnetic field integral.
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Fig.29. C beam energy 4.5 GeV/nucleon momentum estimation. The dashed line is the nominal beam
momentum value. The points are the beam momentum values estimated from the experimental data.



A special macro was developed for the chain used for particle identification in the BM@N
experiment. The reconstructed trajectories from tracking detectors combined with the information
from Time-Of-Flight detectors allow identifying a large spectrum of particles with high precision.
The preliminary results of this identification were reported on BM@N collaboration meetings.

e In the framework of the creation of a system for storing and processing data from the BM@N
and MPD experiments included in the NICA complex, a new macro-modeling scheme was developed
and implemented as a program using a probabilistic approach to assess various equipment
configurations. It determines the probability of loss of information coming from the detectors for
each of these configurations and it selects, based on economic factors, the one for which this
probability does not exceed the specified limit, and the price is minimal. The program proved its
value on calculations of efficiency of the system for data acquisition and storage of the BM@N
experiment concerning the price of the investments in the system of the disk memory for the
intermediate data storage [64].

9. Solution of difficult mathematical problems with guaranteed output under controlled accuracy
» A multifunctional web-based platform for the detection of plant diseases has been
developed, using modern cloud-based organization and deep learning techniques to provide a new
level of service to the farming community. The platform includes a web interface designed to manage
various databases of agricultural crops necessary for training and testing the corresponding deep
neural network, and also provides effective and convenient means for storing, transmitting and
retrieving text and photos obtained from farmers. The program, developed on the basis of the deep
Siamese convolutional network, was tested on statistics from the developed database of real images
of grape leaves and showed efficiency over 90% in recognizing healthy leaves and three common
diseases [65].

» Numerical analysis of the phase dynamics of stacks of long Josephson junctions was
carried out taking into account inductive and capacitive couplings between neighboring Josephson
junctions. The influence of the model parameters on the structure of the current-voltage
characteristic, the radiation power and the dynamics of the fluxons in individual Josephson junctions
inside the stack was studied. The coexistence of a charge traveling wave with fluxon states was
demonstrated. The given state can be considered as a new collective excitation in the system of
coupled Josephson junctions. It was shown that the observed collective excitation led to a decrease
in the radiation power from the system [66].

» New Ways of Reducing Extreme Inner Problem Complexity

e Development of a unified frame for the solution of few particle problems (for bounded,
resonant, and scattering states) by embedding the original problem in a different approximation
space enables numerical solutions in agreement with the experiment for a great many few-particle
problems.

Fig. 31 compares a high-resolution experiment done at the University of Frankfurt on electron
emissions in fast proton helium collisions with theoretical models from standard scattering theory.

The kinematical conditions are: the proton energy 1 MeV, the transferred momentum 0.75 a.u.
and the energy of electron 6.5 eV [67]. The theoretical results were obtained using the first and second
Born approximations and the 3C model of the final 3-body state as well as different trial wave
functions of the helium ground state. The results were compared with experimental data. Good
agreement between the theory and the experiment was obtained with the final 3C state and the
probing helium ground state, the wave functions of which include intense electron correlations [68].
It is established that these correlations provide the observed ratio of the binary/recoil peak intensities
(Fig. x1). The present study was performed on the HybriLIT computer complex.



0 20 40 60 80 100 ex10*

¢, [deg] N
-150 -100 -50 0 50 100 150 -150-100 -50 0O 50 100 150 Sx10* £
e (c) 3
; Y4
' B
ax10° i x
F) H 3
& ¢
3x10* - : :
e :
o) o E
o) 2xt0* Y 3
o (]
£ 3 9
” L)
1x10" g o ;

0 T T T T T Y T T T T T
-180 -150 120 90 60 -30 0 30 B0 90 120 150 180
8, (deg)

Fig. 30. (a) Measured electron angular distributions for a fixed energy E= 6.5 + 3.5 eV and a momentum
transfer q=0.75 + 0.25 a.u. The areas marked as A and C correspond to the so-called azimuthal plane and
coplanar geometry. (b) Theoretical distribution based on the First Born Approximation (FBA) calculations
geometry for E=6.5 eV, g=0.75 a.u. (c) Calculated electron angular distributions in coplanar geometry for
E=6.5 eV, g=0.75 a.u.: plane-wave first Born approximation (black dashed line) and 3C model (red solid line)
with a strongly correlated function.

e The dependence of the multiply differential cross-section of the (e, 2e) simple ionization of Hs",
with the incident and ejection energy values, as well as the directions of the ejected and scattered
electrons, was studied. The calculations have been performed in frames of the perturbative first Born
procedure, which has required the development of equilateral triangular three-center bound and
continuum state wave functions. The results explore the optimal conditions and the particularities of
the triangular targets, such as the appearance of interference patterns in the variation of the four fold
differential cross-section (FDCS) with the scattering angle for a fixed orientation of the molecule.
The comparison between the results obtained by two Hs™ ground wave functions, with and without
the correlation term r12, shows that the effect of correlation on the magnitude of the triple differential
cross-section is not large, but it produces some modification in the structure of the FDCS [69].

¢ Developing problem adapted multi-scaling algorithms [70, 71]

A Bayesian automatic adaptive quadrature solution for numerical integration was proposed which
took into account three main factors: refining the automatic adaptive m-panel scheme by using
quadrature sums adapted to the scales of the length of the integration domain; quick assessment of
the problem complexity; the use of a weaker accuracy of the two possible ones (specifications of
input accuracy and internal properties of the integrand function). Consideration of the above factors
allows achieving the highest possible accuracy of the solution with the minimum possible
computation time [70]. Consistent Bayesian inference in the automatic adaptive quadrature over
macroscopic integration ranges can be done within a multistage decision process which involves
multiscale approaches defined by the resolved integrand features [71].

e Molecular dynamic modeling of tffects produced in metals by nanocluster bombardment [72-
75]

In cooperation with Bulgarian colleagues, LIT researchers developed a continuously-atomic
model (CAM) to simulate the interactions of high-energy heavy ions with condensed matter. The
CAM is described by two different classes of equations, namely, continuous heat conduction
equations of the thermal spike model and by equations of motion of material points of the molecular
dynamics method. Within this approach, structural changes in a copper target irradiated by Cu(147)
ion nanoclusters were investigated by a model combining the molecular dynamics method with the
thermal spike model. The modeling of structural changes predicted the density and the depth of
penetration of the nanocluster atoms in the irradiated target in terms of the nanocluster energy. The
shape of the source predicted by the thermal spike model was used to describe the dynamics of crater
formation under nanocluster bombardment of the target (Fig. 32) [72].



Fig. 31. Dynamics of crater formation as a function of time: 1) — 0.5ps; 2) — 1ps; 3) —2ps; 4) —5ps; 5) —
10ps; 6) — 20ps.

Simulations of structural changes at the nickel surface exposed to 100—700 MeV uranium ions
have been performed. Dimensions of specific injuries have been obtained in terms of the energy of
irradiation at different times. It should be noted that when irradiating the metal sample by high energy
ions, the most part of energy is lost in the electron gas and then passed to the crystal lattice, but a
certain amount of the energy is accumulated in the electron gas. Therefore, if choosing the initial
conditions for the molecular dynamics simulation, this fact must be taken into account. The initial
conditions (temperature profiles) can be varied in this case. In addition, the experimental data can be
used to refine the initial conditions. In frames of the conducted research one can make the following
two conclusions: the technique proposed in this work is well suited to describe the structural changes
in the surface layers of the material under irradiation and to obtain more accurate predictions on the
structural changes, the use of experimental data is recommended as well as a better use of nonlinear
dependence on the temperature of parameters of the thermal spike model [73].

Fig. 32a. Structural changes of the target and formation of craters at its surface when irradiated with two
nanoclusters of energy 50 eV/atom at instants of time 1 ps (a), 4 ps (b), 7 ps (c), and 10 ps (d).
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Fig. 32b. Structural changes of the target and formation of craters at its surface when irradiated with four
nanoclusters of energy 50 eV/atom at instants of time 1 ps (a), 4 ps (b), 7 ps (c), and 10 ps (d)

Molecular dynamics simulation of the long-range effects in a metal target, irradiated by
nanoclusters have shown that, under simultaneous irradiation by several nanoclusters having
different areas of interaction with the target surface, fusion of high temperature moving regions
occurs in depth. The temperature in the fusion region rises sharply, exceeding the melting temperature
of the target. As a result, structural changes in the crystal lattice at a target depth, exceeding the
penetration depth of the nanoclusters, can occur (Fig. 33a, Fig. 33b) [74].

e In order to receive a more effective algorithm for calculation of characteristics for stochastic
differential equations (SDE), we propose to use a representation of the transition probability density
function (TPDF) for solving SDE by means of a functional integral and methods for approximate
evaluation of the arising functional integrals. To represent TPDF by means of functional integral, we
propose to use the Onsager-Machlup functional technique. In order to evaluate the arising functional
integrals, a method is used which is based on distinguishing among all trajectories a classical
trajectory for which the action takes an extreme value, and decomposition of the action with respect
to the classical trajectory [76].

Developments in Computer Algebra and Quantum Computing [77-92]

» Development of symbolic-numerical algorithms for the construction of high-accuracy
finite element schemes [77-82]

e New calculation schemes and algorithms have been suggested for solving a parametric self-
adjoint elliptic boundary-value problem with the Dirichlet and/or Neumann type boundary conditions
in a 2D finite domain using a high-accuracy finite element method (FEM) with rectangular and
triangular elements. The programs complexes implementing the algorithms calculate eigenvalues,
surface eigenfunctions and their first derivatives with respect to the parameter and the potential
matrix elements — the integrals of the products of surface eigenfunctions and/or their first derivatives
with respect to the parameter which appear when reducing the multi-dimensional boundary-value
problem to a one-dimensional one by means of the Kantorovich method. The efficiency of the
proposed calculation schemes and algorithms is demonstrated in benchmark calculations of the 2D
elliptic boundary-value problems describing quadrupole vibrations in a collective nuclear model [77].

e A new method for constructing fully symmetric multidimensional Gaussian quadratures on a
simplex was developed. The main idea of the method is to replace the coordinates of nodes with their
symmetric combinations obtained by the Viete theorem which simplifies the system of nonlinear
algebraic equations. The construction of the required systems of equations is performed analytically
using the original author's algorithm implemented in the Maple system. Up to the sixth order the
given systems are solved using the built-in PolynomialSystem procedure that implements the



Grobner basis technique while the systems of higher order are solved using the developed symbolic-
numerical algorithm based on numerical methods for solving a system of nonlinear algebraic
equations implemented in the Maple-Fortran environment. The obtained quadrature formulas are
used to solve self-adjoint elliptic boundary-value problems in the d-dimensional polyhedral finite
region by the finite element method of high order of accuracy [80].

e New symbolic-numerical algorithms have been implemented in Maple-Fortran environment for
solving self-adjoint elliptic boundary-value problems in a d-dimensional polyhedral finite domain in
the framework of the high-accuracy finite element method (FEM) [78-81]. The first of them is the
generation of multidimensional Lagrange interpolation polynomials (LIP) and two-dimensional
Hermite interpolation polynomials (HIP) and the second one is the construction of high-order fully
symmetric Pl-type Gaussian quadratures with positive weights and no points outside the simplex.
The efficiency of algorithms and programs is demonstrated by the calculations of a low part of spectra
of exactly solvable problems (Figs. 34 and 35).
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Fig. 33. The errors for the eigenvalue depending on the length of the vector of the algebraic eigenvalue
problem for FEM schemes from the fifth to the ninth order of accuracy: using LIP with the labels [510], ...,
[910], and using HIP with the labels [131], [141], [231] and [152], for the Helmholtz equation on the
equilateral triangle.
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Fig. 34. The error calculated using FEM with sixth-order LIP versus the exact eigenvalue for the Helmholtz
equation on the cube. Squares, empty circles and solid circles: the cube is divided into 6, 48 and 384 equal
tetrahedrons.

» Information Processing by Networks of Quantum Decision Makers [83]

A new model describing the processing of artificial intelligence is suggested. Several decision
makers, interacting with each other through information exchange, are considered simultaneously.

A multistep procedure is treated, when the agents exchange information many times. Several
decision makers exchanging information and forming their judgement, using quantum rules, form a



kind of a quantum information network, where collective decisions develop in time as a result of
information exchange. In addition to characterizing collective decisions that arise in human societies,
such networks can describe dynamical processes occurring in artificial quantum intelligence
composed of several parts or in a cluster of quantum computers.

The practical usage of the theory is illustrated on the dynamic disjunction effect, for which three
quantitative predictions are made: (i) the probabilistic behavior of decision makers at the initial stage
of the process is described; (ii) the decrease of the difference between the initial prospect probabilities
and the related utility factors is proved; (iii) the existence of a common consensus after multiple
exchange of information is predicted.

The predicted numerical values are in a very good agreement with the empirical data.
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Fig. 36. Reconstructive memory under conflict. Dynamics of the probabilities (a) and the local Lyapunov
exponents (b)

» Description of N-level quantum systems in terms of quasiprobability distributions [84,
85]. The Weyl-Wigner map between the operators of an N-dimensional quantum system and the
Wigner quasiprobability distributions on the corresponding phase space establishes a connection
between the quantum and classical representations of the observables.

The classification of Wigner quasiprobability distributions on the phase space realized in the form
of a symplectic flag manifold was studied [85]. The Wigner quasiprobability distribution is



constructed in the form of a dual convolution of the density matrix and the Stratonovich-Weyl kernels
[84]. 1t was shown that the moduli space of the Stratonovich-Weyl nucleus is given by the intersection
of the coadjoint orbit space of the connected action of the SU(N) group with a unit (N-2)-dimensional
sphere. The general approach is illustrated by a detailed description of the module space of 2-, 3-,
and 4-dimensional systems. Examples are shown in Figs. 38 and 39.

v,

Fig. 37. Mapping of the tiling of Sz(1) sphere by the Mobius triangles (2,3,3) onto a subset of the plane
(v1, v2). The dashed lines represent the degeneracies of the spectrum

Fig. 38. Quatrit (N=4) moduli space represented by the Mobius spherical triangle (2, 3, 3) on a unit sphere

» Description of finite quantum systems

e A new algorithm for decomposing the irreducible components of the permutation
representations of finite groups over zero characteristic fields was proposed. The algorithm is based
on the fact that the components of an invariant scalar product in invariant subspaces are projection
operators into these subspaces. This makes it possible to reduce the problem to solving systems of
quadratic equations. In the zero characteristic, the proposed algorithm significantly exceeds the most
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well-known algorithm in the computing group theory called MeatAxe. The current implementation
of the algorithm allows splitting representations of dimensions to hundreds of thousands [86].

e A model of quantum evolution has been constructed on the basis of combining methods of
computational group theory and Monte Carlo simulation. The model is inspired by the quantum Zeno
effect — the most convincing illustration of the role of observation in the dynamics of quantum
systems. In the model under consideration, the trajectory of a quantum system is represented as a
sequence of observations with unitary transitions between them. Time is assumed to be
fundamentally discrete. From a mathematical viewpoint, the observation (measurement) is an
orthogonal projection onto the subspace of a Hilbert space that is defined by the “measuring device”.
Statistics of the results of observations is described by the Gleason theorem (a special case of which
is the Born rule). Standard quantum mechanics assumes a single deterministic unitary evolution of a
quantum system in the time interval between observations. However, in accordance with the principle
of least action, this single evolution appears as the dominant element in some set of “virtual”
evolutions. A unitary transition between observations is interpreted as a kind of gauge connection,
that is, a way of identifying indistinguishable entities at different instants of time (in discrete time it
is impossible in principle to trace the individuality of indistinguishable objects in the process of their
evolution), and it is assumed that all possible unitary transformations are involved in transitions
between observations with weights corresponding to transition probabilities. This assumption is
confirmed by the Monte Carlo simulation that demonstrates a sharp dominance of some of the
evolutions over the others. This dominance grows rapidly with increasing size of the symmetry group
of states and the dimension of the Hilbert space. The probability of a trajectory of a quantum system
is calculated as a product of the probabilities of transitions between adjacent observations. The
continuum limit of the (negative) logarithm of this product is an action. Thus, the principle of
selection of the most probable trajectory turns into the principle of least action in the continuum limit
[87].

» Solutions of difficult problems of computer algebra

e The TDDS software package (Thomas Decomposition of Differential Systems) in the Maple
symbolic computation language intended for algebraic analysis of systems of nonlinear partial
differential equations is included in the Computer Physics Communications program library and the
latest version of Maple (Maple 2018) [88].

e For the first time, the classical problem formulated in 1883 by the outstanding Norvegian
mathematician Sophus Lie, was algorithmized in the paper [89]. The problem is to check whether a
nonlinear ordinary differential equation solved with respect to its highest order derivative is
linearizable by a point transformation of the independent and dependent variables. The algorithm
allows not only to check the linearizability but also to obtain a system of partial differential equations
for the linearizing transformation whose solution gives the explicit form of such transformation. The
paper [89] got the Distinguished Paper Award of ACM (Association for Computing Machinery)
(http://www.issac-conference.org/2017/awards.php) at the world symposium on symbolic and
algebraic computation (ISSAC 2017, Kaiserslautern, Germany, July 25-28, 2017).

¢ As examples of algorithmic construction of difference schemes for partial differential equations
receiving inheriting their basic algebraic properties on a discrete level, new difference schemes have
been constructed for Navier-Stokes equations and Korteweg-de Vries equation. These new schemes
demonstrate a good numerical behavior [90].

e The methods of obtaining functional equations for Feynman integrals on the basis of the
algebraic relationships for propagators have been improved. The computations of the QCD
contributions to the constant of renormalization of the mixed propagator of fermions are performed
taking calibration into account [91, 92].

Other important developments
e In cooperation with the Plekhanov Russian University of Economics, an automated system for
monitoring and predict matching of a compliance of higher vocational education with the needs of
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labor market has been developed. To create the system, a significant arsenal of methods and tools of
Big Data Analytics and the experience gained in the projects on computing for the ATLAS and CMS
experiments at CERN, were used. The task, which lies in the mainstream of the so-called “Digital
economy”, looks quite complicated so its solution requires new approaches and methods of data
science, including methods of semantic analysis and machine learning. The constantly updated
information database is generated using open sources. The developed system provides additional
opportunities to reveal qualitative and quantitative interrelationships between education and labor
market. It is aimed at a broad circle of users including authorities and management of regions and
municipalities; management of universities, companies, recruitment agencies; graduates and
university enrollees [93].

The MMCP International Conferences
Besides the above mentioned aspects of the output of theme 1119, the organization of periodic
international conferences is a point deserving consideration.

The International MMCP Conferences (Mathematical Modeling and Computational Physics),
organized once every two years, have got a solid international reputation, with the publication of the
MMCP Conference Proceedings under a severe refereeing process.

The ninth conference in this series, MMCP 2017, was hosted by LIT JINR on 3-7 July 2017. It
was devoted to the 60-th anniversary of the foundation of the Joint Institute for Nuclear Research.
Co-organizers of the conference were LIT-JINR, IFIN-HH (Bucharest, Romania), Technical
University (KoSice, Slovakia), Institute of experimental physics of the Slovak Academy of Sciences
(Kosice, Slovakia), Pavol Jozef Safarik University in Kosice (Slovakia).

The scientific topics of the Conference covered a wide range of issues concerning distributed and
parallel computing and tools for scientific computing; mathematical methods and application
software for modeling complex physical and engineering systems; bioinformatics and computational
biophysics; physical processes simulations and related computational methods; computer algebra and
quantum computing with applications.

The conference was attended by over 250 scientists and specialists from various scientific centers
of Romania, Bulgaria, Germany, Lithuania, Finland, France, Slovakia, USA, Mongolia, Canada and
from many Russian research centers and universities such as NRC “Kurchatov Institute", IMPB RAS,
ITAM SB RAS, St.-Petersburg University, NSU, RPFU and others.

In total, 212 reports (31 plenaries, 158 orals and 23 posters) were presented. Following a rigorous
reviewing procedure, a hundred manuscripts have been accepted for publication in a special issue of
the journal EPJ Web of Conferences (Vol. 173, February 2018, Eds. Gh. Adam, J. Busa, M. Hnati¢
and D. Podgainy).

A satellite student-school “Mathematical modeling for the NICA project” was organized in the
frame of MMCP 2017 under the support of the JINR Directorate. The school program included
lectures and practical classes as well as master classes.

The tutorials were conducted on the basis of the heterogeneous cluster HybriLIT under the
support of the Heterogeneous Computing Team at LIT JINR.

The conference-school was attended by 54 young scientists and specialists of JINR, students of
the University “Dubna”, Moscow Engineering Physics Institute. MSU, St. Petersburg State
University, Tver State University, RPFU, KazNU al-Farabi (Kazakhstan) and others.

The next, MMCP 2019, International Conference will be organized in Stara Lesnd, Slovakia, by
the same partner institutes, on July 1-5, 2019. Welcome to MMCP 2019!

References

[1] https://micc.jinr.ru/?id=30

[2] https://micc.jinr.ru/?id=50

[3] http://hlit.jinr.ru/en/about_govorun_eng/

[4] P. Akishin, A. Sapozhnikov, Linear approximation of volume integral equations for the problem
of magnetostatics, EPJ Web of Conferences, vol. 173, 2018, 03001



https://www.epj-conferences.org/articles/epjconf/abs/2018/08/contents/contents.html
https://micc.jinr.ru/?id=30
https://micc.jinr.ru/?id=50
http://hlit.jinr.ru/en/about_govorun_eng/

[5] E. Perepelkin, R. Polyakova, A. Tarelkin, A. Kovalenko, P. Sysoev, M. Sadovnikova, I. Yudin,
Optimization of the magnetic film homogeneity area for solenoid type magnets, EPJ Web of
Conferences, vol. 173, 2018, 03018

[6] E. Perepelkin, A. Tarelkin, R. Polyakova, A. Kovalenko, P. Sysoev, M. Sadovnikova, B.
Sadovnikov, N. Inozemtseva, Magnetic systems simulation in the corner domain, PEPAN
Letters, Vol. 16, Ne 2, pp. 140-152, 2019

[7] E. Perepelkin, A. Tarelkin, R. Polyakova, A. Kovalenko, P. Sysoev, M. Sadovnikova, N.
Inozemtseva, 3D calculations of the SPD detector magnetic system for the NICA project,
PEPAN, Vol. 3, Ne 50, 2019

[8] P. Akishin: Update of magnetic field calculations, The 32nd CBM collaboration meeting, 1-5
October 2018, GSI, Darmstadt, Germany

[9] P. Akishin: Magnetc field calculations, The 33rd CBM collaboration meeting, 1-5 April 2019,
GSI, Darmstadt, Germany

[10] T. Karamysheva, I. Amirkhanov, V. Malinin, D. Popov, High precision computer simulation
of cyclotrons. Mathematical Modeling and Computational Physics (MMCP'2017): Book of
Abstracts of the International Conference (Dubna, July 3-7, 2017)

[11] T. Karamysheva, O. Karamyshev, V. Malinin, D. Popov, Algorithms and Methods for High
Precision Computer Simulations of Cyclotrons for Proton Therapy: The Case of SC202.
Submitted to IJNSNS, 2019.

[12]  A. Chervyakov, Simulations of the magnetic field distribution in superconducting magnets
and their optimization with COMSOL, invited talk presented on the International Workshop
COMSOL DAYS, November 1, 2018, Moscow, Russia

[13] A. Chervyakov (JINR, Dubna) and S. Yankin (COMSOL, Russia), Optimization of the
magnetostatic simulations with COMSOL, submitted to J. Physics, 2018

[14] K.V. Lukyanov, Yu.G. Sobolev, Yu.E. Penionzhkevich, E.V. Zemlyanaya, J. of Phys. Conf.
Ser. VVol. 1023 (2018) 012026

[15] K.V.Lukyanov, E.V.Zemlyanaya, M.V.Bashashin, DFM-POTM/DFM-POTM _MPI -
parallel calculation of the double folding nucleus-nucleus potential, (04.05.2018)
https://wwwinfo.jinr.ru/programs/jinrlib/dfm-potm/indexe.html

[16] H.JA. [Jdukycap. Ontumusaius pemieHHss B 3ajJadyaX KyCOYHO-TTOJUHOMHUHAILHON
annpokcumaruu. Tpynsl XVI  Mexnynapognoit koHdpepeHuun CynepBbIYMCICHUS U
Matematuueckoe mozaenuposanue. M3a: Capos: OI'VII "POAL-BHUUD®", 2017. Penaktop
uznanus: P.M.Ilaranues. Ctpanunsr: 113-122

[17] Nikolay Dikusar. Shape Approximation Based on Higher-Degree Polynomials. EPJ Web of
Conferences, vol. 173, 2018, 01003 (1-8)

[18] N.V. Korepanova, N.D. Dikusar, Y.N. Pepelyshev, M. Dima. Neutron Noise Analysis using
the Basic Element Method, E13-2018-22. Annals of Nuclear Energy, accepted 5 April 2019
[19] H.B. Kopenanoma, H.J. Hukycap, FO.H. Ilenensime, M. [Quma. Mcnosib3oBaHue
CpCHHCKB&I{p&TH‘IHOﬁ KYCOHHO-HOHHHOMHaHBHOﬁ alrmpoKCUMalun Ijisl aHajin3a HeﬁTpOHHOTO
myma B peaktope UBP-2M. Tesucel XVII MexnynapoaHoit kondepeniun CynepBblarcIeHUs
u Matematuueckoe mojenupoBanue. M3a: Capos: OI'VII "POAL-BHUND®", 2018, p. 72,
accepted for publication in Proceedings of the XVII International Conference, Supercomputing

and Mathematical Modeling (2019)

[20] A.V. Friesen, Yu. L. Kalinovsky, and V. D. Toneev, Strange matter and kaon to pion ratio in
the SU(3) Polyakov—Nambu—Jona-Lasinio model, arXiv:1808.04179 2018

[21]  A. Ayriyan and H. Grigorian, Model of the Phase Transition Mimicking the Pasta Phase in
Cold and Dense Quark-Hadron Matter, EPJ WoC (2018), vol. 173, 03003 (1-4),
https://doi.org/10.1051/epjconf/201817303003

[22] A. Ayriyan, N.-U. Bastian, D. Blaschke, H. Grigorian, K. Maslov and D.N. VVoskresensky,
Robustness of third family solutions for hybrid stars against mixed phase effects, Phys. Rev. C.
97, 045802 (2018) 7 pp., https://doi.org/10.1103/PhysRevC.97.045802



https://wwwinfo.jinr.ru/programs/jinrlib/dfm-potm/indexe.html
https://arxiv.org/abs/1808.04179
https://doi.org/10.1051/epjconf/201817303003
https://doi.org/10.1103/PhysRevC.97.045802

[23] V. Abgaryan, D. Alvarez-Castillo, A. Ayriyan, D. Blaschke and H. Grigorian, Two Novel
Approaches to the Hadron-Quark Mixed Phase in Compact Stars, Universe 4(9), 94, 2018,
https://doi.org/10.3390/universe4090094

[24] K. Maslov, N. Yasutake, A. Ayriyan, D. Blaschke, H. Grigorian, T. Maruyama, T. Tatsumi,
D. N. Voskresensky, Hybrid equation of state with pasta phases and third family of compact stars
I: Pasta phases and effective mixed phase model, Phys. Rev. C (submitted),
https://arxiv.org/abs/1812.11889

[25] A. Palmese, W. Cassing, E. Seifert, T. Steinert, P. Moreau, and E. L. Bratkovskaya, Phys.
Rev. C 94, 044912 (2016)

[26] M. Kiselev, E. Zemlyanaya, A. Gruzinov, E. Zhabitskaya, O. Ipatova, V. Aksenov,
Crystallography Reports, Vol. 62 (5) 763-767, 2017

[27] E.Zemlyanaya, M. Kiselev, K. Lukyanov, I. Popov, K. Turapbay, Method. Journal of System
Analysis in science and education, 2017, No.4

[28] E. Zemlyanaya, M. Kiselev, E. Zhabitskaya, V. Aksenov, O. Ipatova, O. Ivankov, J. Phys.
Conf. Series, vol. 1023, 012017, 2018

[29] M.V.Bashashin, E.Zemlyanaya, E. Zhabitskaya, M. Kiselev, and T. Sapozhnikova, EPJ Web
Conference, vol. 173, 2018, 05003 (1-4)

[30] M. V. Bashashin, E. V. Zemlyanaya, K. V. Lukyanov, Parallel Implementation of the
Microscopic OpticalNucleus-Nucleus Potential Model on the Basis of MPI and OPENMP
Technologies (in Russian), in Proceedings of the International Conference “Informational-
Telecommunication Technologies, Mathematical Modeling of Highly Technological Systems”,
ISBN 978-5-209-08641-3, PFUR, Moscow, 2018, pp.248-251

[31] A. Volokhova, E. Zemlyanaya, V. Lakhno, I. Amirkhanov, M. Bashashin, I. Puzynin, and T.
Puzynina, Numerical Simulation of the Formation of Hydrated Electron States, European Physics
Journal — Web of Conferences, EPJ - Web of Conferences, 173, 06013, 2018

[32] E.V. Zemlyanaya, A.V. Volokhova, V.D. Lakhno, M.V. Bashashin, 1.VV. Amirkhanov, 1.V.
Puzynin, T.P. Puzynina, and P.Kh. Atanasova. Numerical study of formation of hydrated electron
states. AIP Conference Proceedings Vol. 2025 (2018) 110008 (AMITANS-2018)

[33] Maxim Bashashin, Elena Zemlyanaya, Mikhail Kiselev, Parallel SFF-SANS Study of
Structure of Polydispersed Vesicular Systems, Lecture Notes in Computer Sciences, Springer,
309-317, 2019

[34] L.N. Silin (Sequential version), A.P. Sapozhnikov (Parallel version), PFUMILI - the second
experience of large computational programs parallelization. Parallel version of FUMILI program
(22.07.2018) https://www1.jinr.ru/programs/jinrlib/pfumili/indexe.html

[35] A. Ayriyan and J. Busa Jr., Parallel Algorithm for Numerical Solution of Heat Equation in
Complex Cylindrical Domain, RUDN Journal of Mathematics, Information Sciences and Physics
(accepted)

[36] A. Ayriyan, J. Busa Jr., H. Grigorian, E. E. Donets. Solving the Optimization Problem for
Designing a Pulsed Cryogenic Cell, Physics of Particles and Nuclei Letters, vol. 16, No. 3, pp.
300-309 (2019), doi: 10.1134/S1547477119030026; Russian version Vol. 16, 3(222), 277-290
(2019)

[37] D. Baranov, S. Mitsyn, P. Goncharov, G. Ososkov, The particle track reconstruction based
on deep learning neural networks, https://arxiv.org/abs/1812.03859

[38] A.V.Uzhinskiy, G.A. Ososkov, P.V. Goncharov, M.V. Frontasyeva, Computer Research
and Modeling, 2018, vol. 10, no. 4, 535-544

[39] V.B. Zlokazov, V.K. Utyonkov, Analysis of decay chains of superheavy nuclei produced in
the 249Bk+48Ca and 243Am+48Ca reactions, Journal of Physics G: Nuclear and Particle
Physics, 44, 075107, 13, 2017

[40] V. Zlokazov, V. Utyonkov, Radioactivity registered with a small number of events, EPJ Web
of Conferences 173, 04014 (2018)



https://doi.org/10.3390/universe4090094
https://arxiv.org/abs/1812.11889
https://www1.jinr.ru/programs/jinrlib/pfumili/indexe.html

[41] V.B.Zlokazov, Nonparametric method for testing the exponential small volume data for
purity, Physics of Particles and Nuclei Letters, 2018, Vol. 15, No.6, pp. 674-677. Pleiades
Publishing, Ltd., 2018. Journal Physics of Particles and Nuclei Letters, 15(6), 685688

[42] A.G.Soloviev, T.M.Solovieva, A.l.Kuklin, SAS — Package for small-angle neutron scattering
data treatment, Version 5.1.2 (2018),
https://wwwinfo.jinr.ru/programs/jinrlib/sas/indexe.html

[43] A.G.Soloviev, S.A.Kutuzov, O.l.lvankov, A.l.Kuklin, PSD2SAS - Data converter for
position-sensitive detector of small-angle neutron scattering spectrometer in isotropic pattern
scattering case, version 1.0.3 (September 2018),
https://wwwinfo.jinr.ru/programs/jinrlib/psd2sas/indexe.htmi

[44] https://gitlab-hybrilit.jinr.ru/yumo-updates

[45] A. Soloviev, S. Kutuzov, O. Ivankov, A. Kuklin, Primary data treatment software for
position-sensitive detector of small-angle neutron scattering spectrometer in the isotropic pattern
scattering case, EPJ Web of conferences, 173, 05015, 2018

[46] A 1 Kuklin, A V Rogachev, D V Soloviov, O I Ivankov, Yu S Kovalev, P K Utrobin, S A
Kutuzov, A G Soloviev, M | Rulev, V | Gordeliy, Journal of Physics: conference series, 848,
012010, 2017

[47] A G Soloviev, T M Solovjeva, O I Ivankov, D V Soloviov, A V Rogachev, A | Kuklin, Journal
of Physics: Conference Series, 848, 012020, 2017

[48] T.M. Solovjeva, A.G. Soloviev, Computer Physics Communications, 233, 41-43, 2018

[49] A. I Kuklin, A. I. Ivankov, D. V. Soloviov, A. V. Rogachev, Yu. S. Kovalev, A. G. Soloviev,
A. Kh. Islamov, M. Balasoiu, A. V. Vlasov, S. A. Kutuzov, A. P. Sirotin, A. S. Kirilov, V. V.
Skoi, M. I. Rulev and V. I. Gordeliy Journal of Physics: conference series, 994, 012016, 2018

[50] T. Mikhailova, B. Erdemchimeg, A. Artukh, Y. Sereda, M. Di Toro, H.H. Wolter, Heavy ion
fragmentation reactions at energies of 35-140 Mev in a combined transport and statistical
approach, EPJ Web of Conferences, vol. 173, 2018, 04010 (1-4)

[51] The NA61/SHINE Collaboration (A. Aduszkiewicz et al.), Measurement of meson resonance
production in ©- + C interactions at SPS energies, Eur. Phys. J. C77 (2017) 626

[52] V. Uzhinsky and A. Galoyan, Toward simulation of quark and diquark fragmentations in the
Quark-Gluon String Model (QGSM), arXiv:1806.01534 [hep-ph] (2018)

[53] L. Chkhaidze, G. Chlachidze, T. Djobava, A. Galoyan, L. Kharkhelauri, R. Togoo, and V.
Uzhinsky, FERMILAB-PUB-18-497-TD; arXiv:1808.02661[nucl-ex]; Eur. Phys. J. A (2019)
55:7,7 p., https://doi.org/10.1140/epja/i2019-12674-9

[54] A. Galoyan, A. Ribon, V. Uzhinsky, Nuclear Theory, Vol. 37 (2018) eds. M. Gaidarov, N.
Minkov, Heron Press, Sofia, 98-108, arXiv:1810.09973 [hep-ph]

[55] 1. Golutvin, V. Karjavin, V. Palichik, N. Voytishin and A. Zarubin, A New Segment Building
Algorithm for the Cathode Strip Chambers in the CMS Experiment, EPJ Web of Conferences,
vol. 108, 02023, 2016 DOI: http://dx.doi.org/10.1051/epjconf/201610802023

[56] M. Kapishin, V. Palichik, N. Voytishin, RO-LCG-2017 Conference proceedings, p. 56, ISBN
978-973-0-25620-8, 2017

[57] V. Palichik, N. Voytishin, Phys. Part. Nuclei (2017) Vol. 48, Issue 5, 786-788.
https://doi.org/10.1134/S106377961705032X

[58] T.O. Ablyazimov and V.V. Ivanov, Phys. Part. Nuclei Lett. (2017) Vol. 14, Issue 3, 504
511. https://doi.org/10.1134/S1547477117030025

[59] J. Adamczewski-Musch, P. Akishin, et al., Particles and Nuclei, v14, Ne6, 2017, p. 637.

[60] E.P. Akishina et al., Phys. Part. Nuclei Lett. (2018) Vol. 15, Issue 1, 97-106.
https://doi.org/10.1134/S1547477118010028

[61] E.P. Akishina, E.l. Alexandrov, LN. Alexandrov, L.A. Filozova, V. Friese, K.V.
Gegtsenberger, V.V. Ivanov, O.V. Rogachevsky, CEUR Workshop Proceedings, Vol. 2267,
2018, 504-508

[62] M. Kapishin, V. Palichik, N. Voytishin, "Reconstruction algorithms for CMS and BM@N
experiments”, RO-LCG-2017 Conference proceedings, p.56, ISBN 978-973-0-25620-8, 2017;



https://wwwinfo.jinr.ru/programs/jinrlib/sas/indexe.html
https://wwwinfo.jinr.ru/programs/jinrlib/psd2sas/indexe.html
https://gitlab-hybrilit.jinr.ru/yumo-updates
http://dx.doi.org/10.1051/epjconf/201610802023
https://doi.org/10.1134/S106377961705032X
https://doi.org/10.1134/S1547477117030025
https://doi.org/10.1134/S1547477118010028

[63] M. Kapishin, V. Lenivenko, V. Palichik, N. Voytishin Nuclotron Beam Momentum
Estimation Using Multiwire Proportional Chambers and Drift Chambers in the BM@N
Experiment, EPJ Web of Conferences, 173, 04008, 2018

[64] D. Pryahina, V. Korenkov, A. Nechaevskiy, G. Ososkov, V. Trofimov, Electronic journal
“System analysis in science and education” Vol. Ned4, 2018, http://www.sanse.ru/archive/50

[65] P.Goncharov, G. Ososkov, A. Nechaevskiy, A. Uzhinskiy, I. Nestsiarenia, Disease Detection
on the Plant Leaves by Deep Learning. In: Kryzhanovsky B., Dunin-Barkowski W., Redko V.,
Tiumentsev Y. (eds), Advances in Neural Computation, Machine Learning, and Cognitive
Research Il. NEUROINFORMATICS 2018. Studies in Computational Intelligence, vol 799.
Springer, Cham, 151-159. https://doi.org/10.1007/978-3-030-01328-8_16

[66] I. Rahmonov, Y.Shukrinov, P. Atanasova, E. Zemlyanaya, O. Streltsova, M. Zuev, A.
Plecenik, and A.Irie, Simulation of collective excitations in long Josephson junction stacks, EPJ
Web of Conf., vol. 173, 2018, 06011, 4 p.

[67] H. Gassert, O. Chuluunbaatar, M. Waitz, F. Trinter, H.-K. Kim, T. Bauer, A. Laucke, Ch.
Muller, J. Voigtsberger, M. Weller, J. Rist, M. Pitzer, S. Zeller, T. Jahnke, L.Ph.H. Schmidt, J.
B. Williams, S.A. Zaytsev, A. A. Bulychev, K.A. Kouzakov, H. Schmidt-Bocking, R. Dorner,
Yu. V. Popov, and M. S. Schoffler, Agreement of experiment and theory on the single ionization
of helium by fast proton impact, Phys. Rev. Lett. 116, pp. 073201-1-6 (2016)

[68] O. Chuluunbaatar, S. A. Zaytsev, K.A. Kouzakov, A. Galstyan, V.L. Shablov, and Yu.V.
Popov, Phys. Rev. A 96, 042716 (2017)

[69] S. Obeid, O. Chuluunbaatar and B.B. Joulakian, Journal of Physics B, 50, 145201-1-9, 201

[70] Gh. Adam, S. Adam, Disentangling complexity in Bayesian automatic adaptive quadrature,
EPJ, Web of Conferences vol. 173, 2018, 01001, 1-8
DOI: https://doi.org/10.1051/epjconf/201817301001

[71] Gh. Adam, S. Adam, Improved decision path in Bayesian automatic adaptive quadrature, AIP
Conference Proceedings, AIP Publishing, Ed. Catalin Nicolae Marin, vol. 2071, 2019, 020001-
1-020001-6, https://aip.scitation.org/doi/abs/10.1063/1.5090048

[72] Z.A. Sharipov, I.V. Puzynin, T.P. Puzynina, Z.K. Tukhliev, B. Batgerel, I1.G. Hristov, R.D.
Hristova, Modeling structural changes in metals upon irradiation with nanoclusters by means of
molecular dynamics in combination with the thermal spike model, Bulletin of the Russian
Academy of Sciences: Physics. 2017, 81, 11, 1377-1381 (in Russian)

[73] A.Yu.Didyk, S.N. Dimova, E.G. Nikonov, I.V. Puzynin, T.P. Puzynina, Z.K. Tukhliev, Z.A.
Sharipov, Molecular Dynamics Simulation of Structural Changes in Metals under Irradiation with
High-Energy Heavy lons, Poverkhnost’, 2017, No. 6, pp. 16-21, Engl. Transl. Journal of Surface
Investigation: X-ray, Synchrotron and Neutron Techniques, 2017, Vol. 11, No. 3, pp. 590-594.
https://doi.org/10.1134/S1027451017030235

[74] B. Batgerel, 1.V. Puzynin, T.P. Puzynina, 1.G. Hristov, R.D. Hristova, Z.K. Tukhliev, Z.A.
Sharipov, Molecular Dynamic Modeling of Long-Range Effects in Metals Exposed to
Nanoclusters, Springer Nature Switzerland AG 2019, G. Nikolov, N. Kolkovska, K. Georgiev
(Eds.): NMA 2018, LNCS 11189, pp. 318-325, 2019

[75] B. Batgerel, S. Dimova, T. Kupenova, I. Puzynin, T. Puzynina, I. Hristov, R. Hristova,
Z.Tukhliev, Z. Sharipov, Modeling Thermal Effects in Metals Irradiated by Copper Nanoclusters,
EPJ Web Conf., 173 (2018) 06001

[76] E.A. Ayrjan et al. “Mathematical modeling”, v. 9, No. 3, 339-348, 2017

[77] A.A. Gusev, O. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, S.A. G'0"zd z, Algorithms for
Solving the Parametric Self-Adjoint 2D Elliptic Boundary-Value Problem Using High-Accuracy
Finite Element Method, PFUR: Mathematics. Informatics. Physics. 25, 1, 36-55, 2017

[78] A.A.Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, A.
Gozdz, Symbolic-numerical algorithm for generating interpolation multivariate hermite
polynomials of high-accuracy finite element method, Lecture Notes in Computer Science 10490,
pp. 134-150 (2017)



https://doi.org/10.1051/epjconf/201817301001
https://aip.scitation.org/doi/abs/10.1063/1.5090048

[79] A.A.Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, A.
Gozdz, Symbolic-numerical algorithms for solving the parametric self-adjoint 2D elliptic
boundary-value problem using high-accuracy finite element method, Lecture Notes in Computer
Science 10490, pp. 151-166 (2017)

[80] A.A.Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, A.
Gozdz, P.M. Krassovitskiy, Symbolic-numerical algorithms for solving elliptic boundary-value
problems using multivariate simplex Lagrange elements, Lecture Notes in Computer Science
11077, pp. 197-213 (2018)

[81] O. Chuluunbaatar, S.1. Vinitsky, A.A. Gusev, V.L. Derbov, and P.M. Krassovitskiy, Solution
of quantum mechanical problems using finite element method and parametric basis functions,
Bulletin of the Russian Academy of Sciences: Physics 82, pp. 654-660 (2018).

[82] A.A.Gusey,S. | Vinitsky, O. Chuluunbaatar et al, Physics of Atomic Nuclei, 2018, Vol. 81,
No. 6, pp. 911-936; [Russian], pp.945-970 [Eng.]

[83] V.I. Yukalov, E.P. Yukalova, and D. Sornette, Physica A 492 (2018) 747-766

[84] A. Khvedelidze and V. Abgaryan, On the Family of Wigner Functions for N-level Quantum
System, arXiv: https://arxiv.org/abs/1708.05981, 2018.

[85] V. Abgaryan, A. Khvedelidze and A. Torosyan, On moduli space of the Wigner
quasiprobability distributions for N-dimensional quantum systems, Zap. Nauchn. Sem. POMI,
468, 177-201, 2018

[86] V.V.Kornyak, Zapiski POMI, 2018, vol. 468, 228-248 (in Russian),

ftp://ftp.pdmi.ras.ru/pub/publicat/znsl/v468/p228.pdf

[87] V.V.Kornyak, EPJ Web Conferences, vol. 173, 01007 (2018), 8 pp

[88] V. Gerdt, M. Lange-Hegermann, D. Robertz, The MAPLE package TDDS for Thomas
decomposition of systems of nonlinear PDEs, Computer Physics Communications 234, 202—-215
(2019), https://doi.org/10.1016/j.cpc.2018.07.025

[89] D.A. Lyakhov, V.P. Gerdtand D.L. Michels. Algorithmic Verification of Linearizability for
Ordinary Differential Equations. Proceedings of ISSAC 2017, ACM Press, 2017, 285-292.

[90] P. Amodio, Yu.A. Blinkov, V.P. Gerdt, R.La Scala, Algebraic construction and numerical
behavior of a new s-consistent difference scheme for the 2D Navier-Stokes equations. Applied
Mathematics and Computation 314, 408-421 (2017)

[91] O.V. Tarasov, Derivation of Functional Equations for Feynman Integrals from Algebraic
Relations, Journal of High Energy Physics 11, 38-60 (2017)

[92] O.V. Tarasov, Methods for deriving functional equations for Feynman integrals, Journal of
Physics Conference Series, 920(1), 012004-012013 (2017)

[93] S.D. Belov, L.A. Filozova, I.S. Kadochnikov, V.V. Korenkov, R.N. Semenov, P.V. Zrelov,
CEUR Workshop Proceedings, ISSN 1613-0073, Vol-2023, 2017, 98-104

Other publications in 2017-2018

Refereed scientific journals

1. P. Adsley, D. G. Jenkins, J. Cseh, S. S. Dimitriova, ..., K. Lukyanov, and etc, Physical Review
C (2017), Pub:American Physical Society, 95, 024319, arXiv:1609.00296v4 [nucl-ex]

2. T. Zhanlav, O. Chuluunbaatar and V. Ulziibayar, Journal of numerical analysis and

approximation theory (2017), Publishing House of the Romanian Academy, 36, 2, 162-180

R.M. Yamaleev, Indian Journal of Pure and Applied Mathematics (2017) 12, 6, 13-20

4. A.M. Balagurov, I.S. Golovin, I.A. Bobrikov, V.V. Palacheva, S.V. Sumnikov, V.B. Zlokazov,

Journal of Applied Crystallography, 50, 190-210, 2017

V.V. Ivanov, E. Osetrov, Web of Conferences vol. 173, 2018, 05009 4 p.

6. A. Ayriyan, D.E. Alvarez-Castillo, S. Benic, D. Blaschke, H. Grigorian, S. Typel, Acta Physica
Polonica B  (Proceedings  Supplement), 2017, 10, 3, 799-804, DOL:
10.5506/APhysPolBSupp.10.799, 2017

7. Bijan Saha, The European Physical Journal Plus, Pub:Springer, 132, 547, 12 p.

w

o


https://arxiv.org/abs/1708.05981
ftp://ftp.pdmi.ras.ru/pub/publicat/znsl/v468/p228.pdf
https://doi.org/10.1016/j.cpc.2018.07.025

8.
9.

10.
. T. Ablyazimov, ..., Victor Ivanov (CBM Collaboration), Eur. Phys. J. A, 53:60, DOI

11

12.

13.
14.

15.
16.

17.
18.

19.

20.

21.
22,

23.
24,

25.

26.

27,

28.

29.

30.

31.

32.

33.

34,

35.
36.

V.1. Yukalov and E.P.Yukalova, Laser Physics Letters, 14, 073001-13, 2017
S. N. Dolya, I. Sarhadov, https://arxiv.org/ftp/arxiv/papers/1703/1703.09059.pdf, 2017
K.B. Oganesyan, Journal of Contemporary Physics, 52, 2, 91-96, 2017

10.1140/epjali2017-12248-y, 2017
V. Lukyanov, E. Zemlyanaya, K. Lukyanov, I. Abdul-Magead, EPJ Web of Conferences, 138,
01019, 2017

E. Nikonov, M. Pavlus, M. Popovicova, EPJ Web Conference, vol. 173, 2018, p. 06009

V.1. Yukalov and E.P. Yukalova, European Physical Journal Web of Conferences, 138, 03011-
10, 2017

R.M.Yamaleev, Asian-European Journal of Mathematics, M3x:worldscience, 10, 2, 20-40 2017
K. Gertsenberger, M. Mineev, CEUR Workshop Proceedings (CEUR-WS.org), 2023, 161-167,
2017

J. Adamczewski-Musch, P. Akishin and etc, Nuclear instruments and Methods A, 2017

Yu.A. Blinkov, V.P.Gerdt, K.B.Marinov, Programming and Computer Software, 43, 2, 84-89,
2017

V.l. Yukalov, E.P. Yukalova, and D. Sornette, International Journal of Bifurcation and Chaos,
27,1730013-19, 2017

M.K. Gaidarov, V.K. Lukyanov, D.N. Kadrev, E.V. Zemlyanaya, K.V. Lukyanov, A.N. Antonov,
K. Spasova, Bulgarian Journal of Physics, 44, 49-59, 2017

V.1. Yukalov and E.P.Yukalova, Journal of Physics Conference Series, 826, 012021-10, 2017
A. Kryanev, V. Ivanov, A. Romanova, L. Sevastianov, and D. Udumyan, Web of Conferences
vol. 173, 2018, 03014, 4p.

V.V. Ivanov, E.S. Osetrov, PEPAN Letters, 2018, vol. 15 Ne 1(213), 88-108 (in Russian)

O. Chuluunbaatar, S.A. Zaytsev, K.A. Kouzakov, A. Galstyan, V.L. Shablov, and Yu.V. Popov,
Physical Review A, 6, 4, 042716, 1-7, 2017

D. Baranov, S. Bazylev, M. Kapishin, K. Kapusniak, V. Karjavine, S. Khabarov, A. Kolesnikov,
E. Kulish, V. Lenivenko, A. Makankin, Journal of Instrumentation, 12, 2017

T. Zhanlav, O. Chuluunbaatar, V. Ulziibayar, Applied Mathematics and Computation, 315, 414-
423, 2017

A. Ivanytskyi, K. Bugaev, E. Nikonov, E.-M. llgenfritz, D. Oliinychenko, V. Sagun, I. Mishustin,
G. Zinov and etc., EPJ Web of Conferences, 137, 07010, 2017

V.P.Ladygin, T.O.Ablyazimov, P.G.Akishin, V.P.Akishina, M.l.Baznat, 1.V.Boguslavsky,
V.N.Borshchov, A.V.Bychkov, D.V.Dementiev, O.Yu.Derenovskaya, V.V.Elsha, K.K.Gudima,
Yu.V.Gusak and etc., EPJ Web of Conferences, 138, 01020, 2017

O. Derenovskaya, V. Ivanov, J. Phys.: Conf. Ser.937 012010, doi:10.1088/1742-
6596/937/1/012010, 2017

A. Chervyakov, H. Kleinert, Phys. Part. Nuclei Lett. (2018) Vol. 49, Issue 3, 374-396,
arXiv:1112.4120 [hep-th]

D. Baranov, S. Mitsyn, G. Ososkov, P. Goncharov, A. Tsytrinov, Proceedings of the XXVI
International Symposium on Nuclear Electronics & Computing (NEC’2017), 2023, 37-45, 2017
B. Kostenko, European Physical Journal Web of Conferences, 138, 8009, 1-6, Proceedings
Baldin ISHEPP XXII1, 2017

V.P. Gerdt, A.M. Khvedelidze, Yu. G. Palii, Journal of Mathematical Sciences, 224, 2, 238-249,
article, 2017

A.A. Gusev, S.I. Vinitsky, A.Gozdz, A. Dobrowolski, Acta Physica Polonica B (Proceedings
Supplement), 10, 99-105, 2017

A. Friesen, Yu. Kalinovsky, V. Toneev, Acta Physica Polonica B, 10, 3, 905-906, 2017

A. Ayriyan, D. Blaschke, R. Lastowiecki, Acta Physica Polonica B (Proceedings Supplement),
10, 3, 897-898, 2017



37.

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57,

58.
59.
60.
61.
62.

63.

A.l. lvanytskyi, K.A. Bugaev, , E.G. Nikonov, E.-M. llgenfritz, D.R. Oliinychenko, V.V. Sagun,
I.N. Mishustin, f, V.K. Petrov, G.M. Zinovjev, Nuclear Physics A, 960, 90-113, 2017

V.K. Lukyanov, D.N. Kadrev, E.V. Zemlyanaya, K.V. Lukyanov, A.N. Antonov, M.K. Gaidarov
and K. Spasova, The European Physical Journal A, 53, 31, arXiv:1702.00927v1 [nucl-th], 2017
L. Afanasyev, S. Gevorkyan, O. Voskresenskaya, European Physical Journal A: Hadrons and
Nuclei, 53, 78, 1-7, 2017

T.l. Mikhailovaa, B. Erdemchimega, A.G. Artukh M. Di Toro, H.H. Wolter, Acta Physica
Polonica B (Proceedings Supplement), 10, 1, 121-130, 2017

V.G.Kartavenko, N.V.Antonenko, A.N.Bezbakh, L.A.Malov, N.Yu.Shirikova, A.V.Sushkov,
R.V.Jolos, Chinese Physics C, 41, 7, 074105-8, 2017

A. Khvedelidze, Journal of high energy physics, 76, 2017

G. Ososkov, P. Goncharov, Optical Memory and Neural Networks (Information Optics), 26, 4,
221-248, craTeg, 2017

D. Baranov, O. Rogachevsky, EPJ Web of Conferences, 138, 11004, 2017

J. Gatzke, F. Navarrete, M. Ciappina, H. Gatzke, O. Chuluunbaatar, S. A. Zaytsev, A. A.
Bulychev, K. A. Kouzakov, A. Galstyan, M. Waitz, H.-K. Kim, T. Bauer, A. Laucke, S. Eckart,
and etc., Journal of Physics: Conference Series, 875, 092006, 2017

P.Kurilkin, P.Akishin, A.Bychkov, E.Floch, Yu.Gusakov, V.Ladygin, A.Malakhov, G.Moritz,
H.Ramakers, P.Senger, A.Shabunov, P.Szwangruber and F.Toral,
EPJ Web of Conferences, U3a:EDP Sciences, 138, 12001, 2017

N. Makhaldiani, Journal of Physics: Conf. Series, 938, 012032, 2017

D.A.Lyakhov V.P.Gerdt A.G.Weber D.L.Michels, Lecture Notes in Computer Science, Springer,
10490, 301-312, 2017

A.A. Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, A.
Gozdz, Lecture Notes in Computer Science, 10490, 134-150, 2017

A.A. Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.l. Vinitsky, V.L. Derbov, A.
Gozdz, Lecture Notes in Computer Science, 10490, 151-166, 2017

A.A. Gusev, S.I. Vinitsky, A. Gozdz, A. Dobrowolski, A. Szulerecka, A. Pedrak, Symmetrized
Vibrational-Rotational Basis for Collective Nuclear Models, Journal of Physics Conference
Series, 10P, UK, 804, 012018, 2017

0.0. Voskresenskaya, N.A. Skorik, and Yu.V. Yuzhakova, Russian Journal of Physical
Chemistry, 91, 4, 627633, article, 2017

S.I. Vinitsky, A.A. Gusev, O. Chuluunbaatar, V.L. Derbov, P.M. Krassovitskiy, L.L. Hai,
Proceedings of SPIE, 10337, 103370j, 2017

A.A. Gusev, S.1. Vinitsky, O. Chuluunbaatar, V.L. Derbov, A. Gozdz, P.M. Krassovitskiy, Acta
Physica Polonica B (Proceedings Supplement), 10, 269-274, 2017

A Aimar, A Aguado Corman, P Andrade, S Belov, J Delgado Fernandez, B Garrido Bear, M
Georgiou, E Karavakis, L Magnoni, R Rama Ballesteros, H Riahi, J Rodriguez Martinez, P Saiz,
D and etc., Journal of Physics: Conference Series, 898, 7, 1-7, 2017

Yu.G.Sobolev, Yu.E.Penionzhkevich, D.Aznabaev, M.P.lvanov, G.D.Kabdrakhimova,
A.M.Kabyshev, A.G.Knyazev, A.Kugler, N.A.Lashmanov, K.V. Lukyanov, A.Maj,
V.A.Maslov, K.Mendibaev, et al., Physics of Particles and Nuclei, 48, 6, 922-926, 2017

V.V. Ivanov, A.V. Kryanev, and E.S. Osetrov, Physics of Particles and Nuclear Letters,, 2017,
14, 4, 647-657

S.1. Serdyukova, RUDN Journal of MPHi, Vol 25, No 4 (2017) 373-379

B. Saha and V. S. Rikhvitsky, Gravitation and Cosmology, 23, 4, 329-336, 2017

N. Makhaldiani, Physics of Particles and Nuclei, 48, 5, 783-785, 2017

N. Makhaldiani, Physics of Particles and Nuclei, Letters, 14, 2, 419-421, 2017

O. Derenovskaya, P. Kurilkin, Yu. Gusakov, V. Ivanov, V. Ladygin, N. Ladygina, A. Malakhov,
V. Peshekhonov, A. Zinchenko, Phys.Part.Nucl., 48, 6, 935-937, 2017

V.G. Bamburov, O.V. Andreev, A.N. Voropai, A.A. Polkovnikov, A. N. Bobylev, Doklady
Physical Chemistry, 2, 473, 66, 2017



64

65.
66.
67.
68.
69.
70.
71.
72.
73.
74,
75.

76.

77,

78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.

91.

92.

93.

. J. Adamczewski-Musch, P. Akishin, K.-H. Becker, S. Belogurov, J. Bendarouach, N. Boldyreva,
and etc., Physics of Particles and Nuclei Letters, 14(6), 904-912, 2017

E.E. Perepelkin, R.V. Polyakova, A.D. Kovalenko, P.N. Sysoev, M.B. Sadovnikova, A.A.
Tarelkin, 1.P. Yudin, RUDN Journal of MPHi, vol. 25, 3, 253-265, 2017

E.E. Perepelkin, R.V. Polyakova, A.D. Kovalenko, P.N. Sysoev, M.B. Sadovnikova, A.A.
Tarelkin, I.P. Yudin, RUDN Journal of MPHI, vol. 25, 3, 220-232, 2017

I.R.Rakhmonov, Yu.M.Shukrinov, P.Kh.Atanasova, E.V.Zemlyanaya, M.V.Bashashin. Journal
of Experimental and Theoretical Physics, 2017, 124, 1, 131-138

I. Eganowa, W. Kallies, Mathematical structures and modeling, 1(41), 12-25, 2017

M.A. Kiselev, E.V. Zemlyanaya, Crystallography Reports. 2017, 62, 5, 763-767

T. P. Akishina, T. I. Grokhlina, P. V. Zrelov, V. V. Ivanov, R. V. Polozov, V. S. Sivozhelezov,
V. A. Stepanenko, Yu. N. Chirgadze, A. V. Yakovlev, Mat. Biolog. Bioinform., 2017, Vol 12,
Issue 2, 354-374

M.A. Kiselev, E.V. Zemlyanaya., K.V.Lukyanov, I.P. Popov, K.O. Turapbay, Sistemnii analiz v
nauke i obrazovanii, 4, 2017

I. Eganowa, W. Kallies, Mathematical structures and modeling, 4 (44), 33-48, 2017

S.A. Abramov, A.A. Bogolyubskaya, Programming, 2, 3-10, 2017

N. V. Makhaldiani , CEUR Workshop Proceedings, vol 1787, 355-360, 2017

Yu.A.Blinkov V.P.Gerdt D.A.Lyakhov D.L.Michels, Lecture Notes in Computer Science,
11077, 67-81, 2018

D.S. Kulyabov, A.V. Korolkova, L.A. Sevastianov, M.N. Gevorkyan, A.V. Demidova, Progress
in Biomedical Optics and Imaging - Proceedings of SPIE, 107170Y, 2018, doi:
10.1117/12.2315066

A.V. Avrorin, V.M. Aynutdinov, R. Bannash, I.A. Belolaptikov, V.B. Brudanin, N.M. Budnev,
A.A. Doroshenko, G.V. Domogatsky, R. Dvornicky, A.N. Dyachok, Zh.-A.M. Dzhilkibaev, L.
Faj and etc., EPJ Web Conf. Vol 191, 2018, 01006, 9 p.

S.N Dimova, I.G. Hristov, R.D. Hristova, I.V. Puzynin, T.P. Puzynina, Z. Sharipov, N.Shegunov,
Z.K. Tukhliev, CEUR Workshop Proceedings, vol. 2267, 2018, 544-548

T. I. Mikhailova, B. Erdemchimeg, A. G. Artukh, M. Di Toro, H. H. Wolter, submitted in Acta
Physica Polonica B — Proceedings Supplement 2019

D. Yanovich, EPJ Web of Conferences, 173, 05018, 4p. 2018

H. Grigorian, D. N. Voskresensky, K. A. Maslov, Nuclear Physics A, 980, 105-130, 2018
J.Javadzade, S. Belov, CEUR Workshop Proceedings, 2267, 549-552, 2018

S.N. Dimova, I.V. Puzynin, T.P. Puzynina, Z.K. Tuhliyev, I.G. Hristov, R.D. Christova, T.P.
Chernogorova, Z.A. Sharipov, CEUR-WS.org, v. 1787, 2017, 184-188.

Z. Sharipov, B. Batgerel, S. Dimova, I. Puzynin, T. Puzynina, I. Hristov, R. Hristova, Z. Tukhliev,
EPJ Web of Conferences, 173, 06001, 4 p., 2018

A.H. Gevorgyan, K.B. Oganesyan, Laser Physics Letters, 15, 1, 016004, 2018

M. Veneva, A. Ayriyan, European Physics Journal, Web of Conferences, 177, 07004, 2018

V.1. Yukalov and E.P. Yukalova, Condensed Matter, 3, 5-14, 2018

V.K. Lukyanov, D.N. Kadrev,  A.N. Antonov, E.V. Zemlyanaya, K.V. Lukyanov,
M.K. Gaidarov, K. Spasova, Journal of Physics Conference Series, 1023, 012029, 2018

M.K. Gaidarov, V.K. Lukyanov, D.N. Kadrev, E.V. Zemlyanaya, A.N. Antonov,
K.V. Lukyanov, K. Spasova, EPJ Web of Conferences, 194, 07002, 2018

K.A. Bugaev A.l. lvanytskyi, V.V. Sagun, E.G. Nikonov, G.M. Zinovjev, Ukrainian Journal of
Physics, 63, 10, 863-880, 2018

K. A. Bugaev, R. Emaus, V.V. Sagun, A. I. lvanytskyi, L. V. Bravina, D. B. Blaschke, E. G.
Nikonov, A. V. Taranenko, E. E. Zabrodin and G. M. Zinovjev, KnE Energy [S.1.], 3, 313-319,
2018

A. Gusev, O. Chuluunbaatar, S. Vinitsky, V. Derbov, L. Hai, E. Kazaryan, H. Sarkisyan,
Proceedings of SPIE, 10717, 1071712-1-8, 2018

R.M.Yamaleev, EPJ Web of Conferences, 173, 02019, 2018, 4p.


https://elibrary.ru/contents.asp?id=34588657
https://elibrary.ru/contents.asp?id=34588657&selid=31057693
http://www.mathnet.ru/php/archive.phtml?wshow=contents&option_lang=eng&jrnid=mbb&vl=12&yl=2017&series=0#showvolume

94. T. Zhanlav, O. Chuluunbaatar and V. Ulziibayar, EPJ Web of Conferences, 173, 03024, 4p.,
2018

95. Yu.A.Blinkov V.P.Gerdt K.B.Marinov, EPJ Web of Conferences, 173, 03006, 2018, 4p.

96. K.A.Bugaev, V.V.Sagun, A.lLlvanytskyi, I|.P.Yakimenko, E.G.Nikonov, A.V.Taranenko,
G.M.Zinovjeva, Nuclear Physics A, 970, 133-155, 2018

97. V.V. Sagun, K.A. Bugaev, A.l. lvanytskyi, I.P. Yakimenko, E. G. Nikonov, A.V. Taranenko, C.
Greiner, D. B. Blaschke, G. M. Zinovjev, European Physical Journal A - Hadrons and Nuclei,
54, 100-115, arXiv:1703.00049 [hep-ph], 2018

98. T. Mikhailova, B. Erdemchimeg, A. Artukh, Y. Sereda, M. Di Toro, H. H. Wolter, EPJ Web of
Conferences, 173, 04010, 4 p., 2018

99. AA. Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, A.
Gozdz, P.M. Krassovitskiy, EPJ Web Conf., 173, 03010, 4 p., 2018

100. M.N. Gevorkyan, A.V. Demidova, T.R. Velieva, A.V. Korolkova, D.S. Kulyabov, L.A.
Sevastyanov, Programming and Computer Software, 44, 2, 86-93, 2018

101. A.Khvedelidze et al., Phys. Rev. Lett., 120, 7, 071802, 2018

102. V.l. Yukalov and E.P. Yukalova, Journal of Magnetism and Magnetic Materials, 465,
450-456, 2018

103. V.l Yukalov, E.P. Yukalova, and D. Sornette, Physica A: Statistical Mechanics and its
Applications, 492, 747-766, 2018

104. A.A.Gusev, V.P. Gerdt, O. Chuluunbaatar, G. Chuluunbaatar, S.I. Vinitsky, V.L. Derbov, A.
Gozdz, P.M. Krassovitskiy, EPJ Web Conf., 173, 03009, 4 p., 2018

105.  Yu.V. Galstyan. N. Popov, F. Janssens, F. Mota-Furtado, P. F. O’Mahony, P. Decleva, N.
Quadri, O. Chuluunbaatar, B. Piraux, Chemical Physics, 504, 22-30, 2018

106. V.I. Yukalov and E.P. Yukalova, Journal of Physics B, 51, 085301-9, 2018

107. O.V. Tarasov, Journal of Physics A: Mathematical and General, A51, 27, 275401-275412,
2018

108. A.Khvedelidze et al., Phys. Rev. Lett., 120, 14, 142302, 2018

109. A. Ayriyan, H. Grigorian, EPJ Web of Conferences, 173, 03003, 4 p., 2018

110. A. Ayriyan, E. Ayryan, A. Egorov, M. Dencheva-Zarkova, G. Hadjichristov, Y. Marinov, I.
Maslyanitsyn, A. Petrov, L. Popova, V. Shigorin et al., EPJ Web of Conferences, 173, 03002, 4
p., 2018

111. B. Batgerel, I.V. Puzynin, T.P. Puzynina, Z.K. Tukhliev, I.G. Hristov, R.D. Hristova, Z.A.
Sharipov, Numerical Methods and Applications. NMA 2018. Lecture Notes in Computer
Science, vol 11189, 318-325, 2018

112. B. Batgerel, S.N Dimova, T.N. Kupenova, I.V. Puzynin, T.P. Puzynina, Z.K. Tukhliev, I.G.
Hristov, R.D. Hristova, Z.A. Sharipov, AIP Conference Proceedings 2075, 110005 (2019);
https://doi.org/10.1063/1.5091256

113. A.V. Baranov, N.A. Balashov, A. N. Makhalkin, Ye. M. Mazhitova, N.A. Kutovskiy, R.N.
Semenov, CEUR Workshop Proceedings, 2267, 257-261, 2018

114. B. Saha, EPJ Web of Conferences, 173, 02018, 4 p., 2018

115.  A.S. Ayriyan, E.A. Ayrjan, A.A. Egorov, I.A. Maslyanitsyn, V.D. Shigorin, Mathematical
Models and Computer Simulations 10(6), 714-720 (2018),
https://doi.org/10.1134/S2070048218060029, 2018

116. A. Volokhova, E. Zemlyanaya, V. Lakhno, I. Amirkhanov, M. Bashashin, I. Puzynin, T.
Puzynina, EPJ Web of Conferences, 173, 06013, 4 p., 2018

117.  A.Khvedelidze et al., Phys. Rev. Lett., 120, 081801, 2018

118. A.Khvedelidze, Physical Revew Letters, 121, 801-820, 2018

119. A Khvedelidze, Physical Revew Letters, ISSN:0031-9007, elSSN:1079-7114, American
Physical Society, 121, 141801, 2018

120. H. Grigorian, E.E. Kolomeitsev, K.A. Maslov, D.N. Voskresensky, Universe, 2018, 4(2), 29,
2018

121. V. Abgaryan, A. Khvedelidze, A. Torosyan, Zapiski POMI, 468, 177-201, 2018


https://aip.scitation.org/journal/apc
https://doi.org/10.1063/1.5091256

122.  A.Khvedelidze , I. Rogojin, EPJ Web of Conferences, 173, 02010, 4 p., 2018

123.  A.Khvedelidze, A.Torosyan, EPJ Web of Conferences, 173, 02011, 4 p., 2018

124.  A.A. Gusev, O. Chuluunbaatar, Yu.V. Popov, S.I. Vinitsky, V.L. Derbov, K.P. Lovetskiy,
Proceedings of SPIE, 10717, 1071710(1) -1071710(8), 2018

125. E. Perepelkin, R. Polyakova, A. Tarelkin, A. Kovalenko, P. Sysoev, M. Sadovnikova, I.
Yudin, EPJ Web of Conferences, 03018, 4 p., 2018

126. A. Ayriyan, J. Busa Jr., H. Grigorian, G. Poghosyan, EPJ Web of Conferences, 177, 07001,
2018

127.  A.A. Gusev, S.I. Vinitsky, O. Chuluunbaatar, V.L. Derbov, A. Gozdz and P. M.
Krassovitskiy, Journal of Physics Conference Series, 965, 012016-1-7, 2018

128.  O. Chuluunbaatar, K. Kouzakov, Yu. Popov, EPJ Web of Conferences, 173, 03007, 4 p.,
2018

129. C. Oancea, A. Luu, I. Ambrozova, G. Mytsin , V. Vondracek, M. Davidkova, Physics In
Medicine And Biology, 63, 21, 215020, 2018

130. Gozdz, A. Pedrak, A.A. Gusev, S.I. Vinitsky, Acta Physica Polonica B Proceedings
Supplement, 11, 1, 19-27, 2018

131.  Yu. Palii, Moldavian Journal of the Physical Sciences, 17, 1-2, 5-114, 2018

132. D.A. Zinchenko, E.G. Nikonov, A.l. Zinchenko, CEUR Workshop Proceedings, 2267, 615-
619, 2018

133. K. A. Bugaev, A. I. lvanytskyi, V.V. Sagun, G. M. Zinovjev, E. G. Nikonov, R. Emaus, L.
V. Bravina, E. E. Zabrodin and A. V. Taranenko, EPJ Web of Conferences, 18, 02021, 1-10,
2018

134. K.A. Bugaev, A.l. lvanytskyi, V.V. Sagun, G.M. Zinovjev, E.G. Nikonov, R. Emaus, L.V.
Bravina, E.E. Zabrodin, A.V. Taranenko, EPJ Web of Conferences, 182, 02021, 10 p., 2018

135. B.F. Kostenko, Physics of Particles and Nuclei, 49, 4, 552-556, 2018

136. V.V.Kornyak, Journal of Physics Conference Series, 965, 1-12, 2018

137.  B. Kostenko, EPJ Web of Conferences, 173, 02012, 4 p., 2018

138. D. Divakov, M. Malykh, L. Sevastianov, A. Sevastianov, E. Ayryan, EPJ Web of
Conferences, 173, 02007, 4 p., 2018

139. S. S. Dimitrova, A. A. Cowley, E. V. Zemlyanaya, K. V. Lukyanov, International Journal of
Modern Physics E, 27, 11, 1850091, 2018

140. V. V. Lenivenko, V. V. Palichik, Physics of Particles and Nuclei Letters, 15, 6, 637-649,
https://doi.org/10.1134/S1547477118060122, 2018

141. V.l. Yukalov and E.P. Yukalova, Physical Review B: Condensed Matter and Materials
Physics, ISSN, 98, 144438-11, 2018

142.  A.Khvedelidze et al., JHEP, 1802, 067, 2018

143.  A.Khvedelidze et al., Phys. Rev. D, 97, 1, 012007, 2018

144. K.A. Bugaev, A.l. Ivanytskyi, V.V. Sagun, G.M. Zinovjev, E.G. Nikonov, R. Emaus, L.V.
Bravina, E.E. Zabrodin and A.V. Taranenko, EPJ Web of Conferences, 182, 02057, 7 p., 2018

145. L.A. Sevastianov, A.V. Kryanev, D.E. Sliva, V.V. Matokhin, CEUR Workshop Proceedings,
2267, 19-24, 2018

146. L. Afanasyev, S. Gevorkyan, O. Voskresenskaya, Submitted in European Physical Journal A:
Hadrons and Nuclei, 2018

147. V.l. Yukalov and E.P. Yukalova, European Physical Journal D — Atomic, Molecular, Optical
and Plasma, 72, 190-212, 2018

148. Gh. Adam, M. Bashashin, D. Belyakov, M. Kirakosyan, M. Matveev, D. Podgainy, T.
Sapozhnikova, O. Streltsova, Sh. Torosyan, M. Vala, L. Valova, A. Vorontsov, T. Zaikina, E.
Zemlyanaya, M. Zuev, CEUR Workshop Proceedings, 2267, 638-644, 2018

149. B. Saha, Canadian Journal of Physics, 96, 10, 1074-1084, 2018

150. B. Saha, The European Physical Journal Plus, 133, 461, 8 p., 2018

151. V.V.Kornyak, Computer Algebra in Scientific Computing. CASC 2018. Lecture Notes in
Computer Science, vol 11077, 304-318, 2018



152. 0.0. Voskresenskaya, N.A. Skorik, Journal of Analytical and Pharmaceutical Research, 7, 5,
517-520, DOI:10.15406/japlr.2018.07.00277, 2018

153. S. Bazylev, M. Kapishin, K. Kapusniak, V. Karjavine, S. Khabarov, A. Kolesnikov, E.
Kulish, V. Lenivenko, A. Makankin, A. Maksymchuk et al.., EPJ Web of Conferences, 177,
04004, 5p., 2018, https://doi.org/10.1051/epjconf/201817704004, 2018

154. A.Deveikis A.A.Gusev V.P.Gerdt S.1.Vinitsky A.Gozdz A.Pedrak, Computer Algebra in
Scientific Computing. CASC 2018. Lecture Notes in Computer Science, vol 11077, 131-145,
2018

155. D. Barberis, F. Prokoshin, E. Alexandrov, I. Alexandrov et al., CEUR Workshop
Proceedings, 2267, 18-25, 2018

156. A. Demidova, M. Gevorkyan, D. Kulyabov, A. Korolkova, L. Sevastianov, EPJ Web of
Conferences, 173, 05006, 4 p., 2018

157. D. Baranov, M. Kapishin, T. Mamontova, G. Pokatashkin, I. Rufanov, V. Vasendina, and A.
Zinchenko, KnE Energy [S.1.], 291-296, DOI 10.18502/ken.v3i1.1757, 2018

158. D.S. Kulyabov, A.V. Korolkova, T.R. Velieva, E.G. Eferina, L.A. Sevastianov, Advances in
Intelligent Systems and Computing, 582, 215-224, 2018

159. E.V.Zemlyanaya, M.A Kiselev, E.l.Zhabitskaya, V.L.Aksenov, O.M.lIpatova, O.l.lvankov,
Journal of Physics Conference Series, 1023, 012017, 2018

160. O. O. Voskresenskaya, N. A. Skorik, and Yu. V. Yuzhakova, Russian Journal of General
Chemistry, 88, 4, 640-649, 2018

161. O. Derenovskaya, T. Ablyazimov and V. Ivanov, EPJ Web of Conferences, 173, 04004,
https://doi.org/10.1051/epjconf/201817304004, 2018

162. V. Abgaryan, D. Alvarez-Castillo, A. Ayriyan, D. Blaschke, H. Grigorian, Universe, 4, 9, 94,
2018

163. P.Goncharov, G.Ososkov, EPJ Web of Conferences, 178, 01009, 4 p., 2018

164. A. Wojciechowski, Progress in Nuclear Energy, 106, 204-214, 2018

165. P. Atanasova, S. Panayotova, Y. Shukrinov, I. Rahmonov, E. Zemlyanaya, EPJ Web of
Conferences, 173, 05002, 4 p., 2018

166. E. Ayryan, A.D. Egorov, D.S. Kyalabov, V.B. Malyutin, L.A. Sevastianov, lzvestiya
Nacionalnoi akademii nauk Belarusi. Seriya fiziko-matematicheskih nauk, 54, 3, 279-289, 2018

167. D.M. Kravchenko, E.G. Nikonov, CEUR Workshop Proceedings, 2267, 632-637, 2018

168. A.A. WmoxuH, E.G. Nikonov, CEUR Workshop Proceedings, 2267, 79-184, 2018

169. E.G. Nikonov, M. Pavlus, M. Popovivcova, Computer Research and Modeling, 10, 1, 77-86,
2018

170. A.A. Gusev, S.I. Vinitsky, O. Chuluunbaatar, A. Gozdz, V.L. Derbov, P.M. Krassovitskiy,
Nuclear Physics, 181, 6, 911-936, 2018

171. E.A. Ayryan, A.D. Egorov, D.S. Kulyabov, V.B. Malyutin, L.A. Sevastyanov,
Mathematical Models and Computer Simulations, 9, 3, 339-348, 2018

172. E. Perepelkin, A. Tarelkin, R. Polyakova,A. Kovalenko, Physics of Particles and Nuclei
Letters, vol 15, 3(215), 331-335, 2018

173. D. Baranov, M. Kapishin, E. Kulish, A. Maksymchuk, T. Mamontova,G. Pokatashkin, I.
Rufanov, V. Vasendina, and A. Zinchenko, Physics of Particles and Nuclei Letters, 2, 148-156,
2018

174. B. Kostenko, Physics of Particles and Nuclei, vol 49, 1, 7-8, 2018

175. D. L. Michels V. P. Gerdt Yu. A. Blinkov D. A. Lyakhov, Zapiski POMI, 468, 249-266,
2018

176. M. Gozdz, A. Gozdz, A.A. Gusev, S.1. Vinitsky, Nuclear Physics, 81, 6, 819-823, 2018

177. O. Chuluunbaatar, S. I. Vinitsky, A. A. Gusev, V. L. Derbov, and P. M. Krassovitskiy,
Bulletin of the RAS: Physics, 82, 6, 648-653, 2018

178. O. Chuluunbaatar, S. I. Vinitsky, A. A. Gusev, V. L. Derbov, and P. M. Krassovitskiy,
Bulletin of the RAS: Physics, 82, 6, 654-660, 2018



179. Egorov, V. D. Shigorin, A. S. Ayriyan, and E. A. Ayryan, Physics of Wave Phenomena, 26,
2,116-123, 2018

180. N. Makhaldiani, Physics of Particles and Nuclei, 49, 5, 961, 2018

181. M. Veneva, A. Ayriyan, Mathematical Modelling and Geometry, vol. 6(3), 22-29 (2018),
doi: 10.26456/mmg/2018-633, 2018

182. K. A. Bugaev, R. Emaus, V. V. Sagun, A.l. Ivanytskyi, L.V. Bravina, D.B. Blaschke, E. G.
Nikonov, A.V. Taranenko, E.E. Zabrodin, G.M. Zinovjev, Phys. Part. Nucl. Lett., 15, 3, 210-
224, arXiv:1709.05419 [hep-ph], 2018

183. E.G. Nikonov, D.M. Kravchenko, Information Resources of Russia, 4, 164, 26-29, 2018

184. Z.A. Sharipov, B. Batgerel, 1.V. Puzynin, T.P. Puzynina, Z.K. Tukhliev, , I.G. Hristov, R.D.
Hristova, Submitted in Bulletin of the RAS: Physics, 2018

185. S. Valentey , P. Zrelov , V. Korenkov , S. Belov, I. Kadochnikov, Social Sciences
and Contemporary World, 3, 5-16, 2018

186. A.A. Bezbakh, S.G. Belogurov et al., Instruments and Experimental Techniques, 2018. vol.
61, 5, 631-638

187. B. Saha, Physics of Particles and Nuclei 49, 2, 146-212 (2018). DOI:
10.1134/S1063779618020065, 2018

188. . V. Amirkhanov, N. R. Sarker, RUDN Journal of MIPh, 26, 1, 51-59, 2018

189. B. Batgerel, 1.V. Puzynin, T.P. Puzynina, Z.K. Tukhliev, , I.G. Hristov, R.D. Hristova, Z.A.
Sharipov, Journal of Surface Investigation: X-ray, Synchrotron and Neutron Techniques, 7, 103-
107, 2018

190. M.N. Gevorkyan, A.V. Demidova, T.R. Velieva,A.V. Korolkova, D.S. Kulyabov,L.A.
Sevastyanov, Programming and Computer Software. 2018, 44, 2, 86-93.

191.  Yu. Palii, Zapiski POMI, 468, 267-280, 2018

192.  A.V.Volokhova, E.V. Zemlyanaya, V.V. Kachalov, V.N. Sokotushchenko, V.S. Rikhvitskiy,
COMPUTER RESEARCH AND MODELING, 2018, 10, 2, 209-219, DOI: 10.20537/2076-
7633-2018-10-2-209-219

193. A.S. Ayriyan, E. A. Ayrjan, A. A. Egorov, |. A. Maslyanitsyn, V. D. Shigorin, Matem.
Mod., 2018, Vol 30, Num 4, 97-107

Scientific collections and periodicals journals

1. Akishin P.G. et al., CBM Progress Report 2016, GSI Darmstadt, p. 6, 2017

2. R.Bradford, J.H.Davenport, M.England, H.Errami, V.Gerdt, D.Grigoriev, Ch.Hoyt, M.Kosta,

O.Radulescu, T.Sturm, A.Weber, Proceedings of the 2017 ACM International Symposium on

Symbolic and Algebraic Computation, 45-52, 2017

G. Musulmanbekov, Proceedings of the International Symposium of Exotic Nuclei, 58-67, 2017

4. E.P. Akishina, E.I. Alexandrov, I.N. Alexandrov, I.A. Filozova, V. Friese, and V. V. Ivanov,
CBM Progress Report 2016, GSI Darmstadt, p. 162, 2017

5. O.Yu. Derenovskaya, V.V. lvanov, and D.S. Ogorodnikova, CBM Progress Report 2016, GSI
Darmstadt, p. 173, 2017

6. O. Yu. Derenovskaya, V. V. Ivanov and D.S. Ogorodnikova, CBM Progress Report 2016, GSI
Darmstadt, 173, 2017

7. M.K. Gaidarov, V.K. Lukyanov, D.N. Kadrev, E.V. Zemlyanaya, K.V. Lukyanov, A.N. Antonov,
K. Spasova, Nuclear Theory, vol 36, 116-125, 2017

8. S.S. Dimitrova, A.A. Cowley, E.V. Zemlyanaya, K.V. Lukyanov, Nuclear Theory, 36, 136-140,
2017

9. V.V.Kornyak, Polynomial Computer Algebra 2017, 66-69, 2017

10. P. Senger and the CBM Collaboration, CBM Progress Report 2016, GSI Darmstadt, 1-4, 2017

11. T. Ablyazimov, V. Friese, and V. Ivanov, CBM Progress Report 2016, GSI Darmstadt, p. 170,
2017

12. V.V. Kornyak, Computer Algebra: Proceedings of the International Conference, 124-130, 2017

w


https://elibrary.ru/contents.asp?id=35728385
https://link.springer.com/journal/11700
https://elibrary.ru/contents.asp?id=35023002
https://elibrary.ru/contents.asp?id=35023002&selid=35517927
http://www.mathnet.ru/php/person.phtml?option_lang=eng&personid=77042
http://www.mathnet.ru/php/person.phtml?option_lang=eng&personid=29417
http://www.mathnet.ru/php/person.phtml?option_lang=eng&personid=57211
http://www.mathnet.ru/php/person.phtml?option_lang=eng&personid=90849
http://www.mathnet.ru/php/person.phtml?option_lang=eng&personid=90850
http://www.mathnet.ru/php/archive.phtml?wshow=contents&option_lang=eng&jrnid=mm&vl=30&yl=2018&series=0#showvolume
http://www.mathnet.ru/php/contents.phtml?wshow=issue&jrnid=mm&year=2018&volume=30&issue=4&series=0&&option_lang=eng

13.

14.

15.

16.

17.

18.

19.

20.
21.
22,
23.

24,

E.G. Nikonov, D.S. Kazakov, Electronic journal “System analysis in science and education”, 1,
1-9, 2017

N.D. Dikusar, Supercomputations and mathematical modeling. Proceedings of the XVI
International Conference, 113-122, 2017

E.G. Nikonov, D.M. Kravchenko, Electronic journal “System analysis in science and education”,
2,1-6, 2017

P.G. Akishin, Yu.V. Gusakov, A.V. Bychkov, P.K. Kurilkin, V.P. Ladygin, CBM Progress
Report 2017, GSI Darmstadt, 7-8, 2018

K.V.Lukyanov, E.V.Zemlyanaya, M.V.Bashashin, DFM-POTM/DFM-POTM_MPI - parallel
calculation of the double folding nucleus-nucleus potential, PROGRAM LIBRARY JINRLIB,
2018

K.A. Bugaev, R. Emaus, V.V. Sagun, A.l. Ivanytskyi, L.VV. Bravina, D.B. Blaschke, E.G.
Nikonov, A.V. Taranenko, E.E. Zabrodin, G.M. Zinovjev, Knowledge E, 3, 313-319,
arXiv:1711.07283 [nucl-th], 2018

P.Kh. Atanasova, S.A. Panayotova, Yu.M. Shukrinov, I.R. Rahmonov, E.V. Zemlyanaya,
Proceedings of the XXII International Symposium “Nanophysics and Nanoelectronics”, vol.1, 7-
8, 2018

V.V. Kornyak, Polynomial Computer Algebra 2018, 57-61, 2018

A. Galoyan, A. Ribon, V. Uzhinsky, 37th International Workshop on Nuclear Theory (IWNT
2018), vol. 37, 98-109, 2018

B.M. Hue, T. Isataev, B. Erdemchimeg et al., Journal of Physics Conference Series, vol. 934, 1-
4,2018

O.Yu. Derenovskaya, T.0. Ablyazimov and V.V. Ivanov, CBM Progress Report 2017, GSI
Darmstadt, 148, 2018

V. Kachalov, V. Sokotuschenko, A. Nechaevskiy, Electronic journal “System analysis in science
and education”, 3, 1-14, 2018


mailto:luky@jinr.ru
mailto:elena@jinr.ru
mailto:bashashinmv@jinr.ru
http://wwwinfo.jinr.ru/programs/jinrlib/indexe.php

