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Scientific biography

First period of scientific research of A.N. Bugay lasted during his education in Kaliningrad State
University and Ph.D preparation. At that time he carried out studies on solitons and nonlinear waves
in different physical systems. A series of theoretical works was published on extremely short laser
pulses and their acoustic analogs interacting with nonlinear media. Such objects find their
application in devices of very different profiles: from ultra-fast systems for calculating and
transmitting information to devices in which laser pulses are used as a probes of influencing an
object under study.

During the first years of his research at Laboratory of Radiation Biology JINR the problem of
modeling of DNA repair processes and radiation-induced mutagenesis in prokaryotic cells was
solved. Mathematical approaches were developed to reproduce the chain of the elementary events
from the primary energy deposition to the formation of a mutation, taking into account stochastic
processes in individual cells. In parallel, research continued, developing the theme of the PhD thesis
in application to the poor-studied terahertz frequency range, which currently finds many promising
applications in security systems, wireless communications, spectroscopy and medical diagnostics.
For the first time in the Laboratory of Radiation Biology theoretical studies were conducted on the
effects of terahertz radiation on living systems. A number of new models of various molecular
systems, from DNA to cytoskeleton elements, were developed, the mechanisms of their interaction
with this type of radiation were first described. In addition, in his works A.N. Bugay proposed new
schemes for the high-performance generation and transformation of terahertz pulses in anisotropic
nonlinear media. Subsequently, these results formed the basis of doctoral dissertation (Dr.Sci.).
Further development of this problem opens prospects for a theoretical assessment of the safe for
human health level of electromagnetic fields of terahertz frequencies in technical and medical
equipment.

In 2015 A.N. Bugay was appointed Head of the Mathematical Modeling Sector. Under his scientific
leadership, the implementation of a program of research related to the modeling of radiation effects
on the structures of the central nervous system began. Together with the Mongolian colleagues,
research was carried out on the modeling of the specific energy deposition and the formation of
molecular damage after the passage of charged particles through various cells and parts of the brain
using Monte-Carlo methods within GEANT4 package. Using the methods of molecular dynamics,
an original approach was developed to predict the structure and function disorders of the synaptic
receptor proteins. Using the data obtained, the activity of the neural networks of the brain was
modeled and it was analyzed how the radiation effect can affect their functioning. The continuation
of this research cycle is very promising for analyzing the mechanisms of development of various
neurodegenerative diseases, risk assessment of the development of pathologies in the central
nervous system during radiotherapy of malignant tumors, as well as ensuring the radiation safety of
astronauts during manned flights into deep space.

Research interests

- Monte Carlo track structure modeling and radiation transport
- modeling of DNA repair and radiation-induced mutagenesis

- modeling of radiation-induced disturbances in nerve cells and neural networks



- nonlinear dynamics of biomolecules

- effect of terahertz radiation on cellular structures
- generation of terahertz radiation

- extremely short laser pulses

- nonlinear waves and solitons

Visits and collaborations

A lot of visits were made and scientific contacts were established with Russian and foreign
institutions in Physics and Radiation Biology, including Moscow State University, Kurchatov
Institute (Moscow), Institute for Medical and Biological Problems RAS (Moscow), Institute of Cell
Biophysics (Pushino), Kazan Scientific Center of RAS (Kazan), Institute of Spectroscopy RAS
(Troitsk), Institute for Laser Physics SB RAS (Novosibirsk), Belarussian State University (Minsk,
Belarus), Joint Institute for Power and Nuclear Research — "Sosny" (Minsk, Belarus), Bogolubov
Institute for Theoretical Physics (Kiev, Ukraine), "Vinca" Institute (Belgrade, Serbia), National
University of Mongolia (Ulaanbaatar, Mongolia), GSI/FAIR (Darmstadt, Germany).

Long-period collaboration with Vinca Institute of Nuclear Sciences (Belgrade, Serbia) and National
University of Mongolia (Ulaanbaatar, Mongolia) has been established.

Scientific publications

In these areas, 70 papers have been published in leading Russian and international peer-reviewed
journals, 50 articles in proceedings and periodicals. Participated in about of 80 scientific
conferences, mainly by oral and lecture talks.

Plenary and lecture talks (recent 3 years)

Geant4/Geant4-DNA International Tutorial and Workshop, 3-5 July 2019, Ulaanbaatar, Mongolia

XVII Russian scientific school-seminar «Physics and applications of microwaves», 26-31 May
2019, Moscow, MSU

Satellite school at EXON-2018, 8-9 September 2018, Petrozavodsk

XVI Russian scientific school-seminar «Wave phenomena in inhomogeneous media» 21 May - 1
June 2018, Moscow, MSU

XXV Annual Seminar "Nonlinear phenomena in complex systems", 21-25 May 2018, Joint
Institute for Power and Nuclear Research — Sosny, Minsk, Belarus

International School on Nuclear Methods for Environmental and Life Sciences, 22-28 April 2018,
Budva, Montenegro

XXV International conference «Mathematics. Computer. Education», 25 January — 3 February
2018, State University «Dubnay», Dubna

IV International Seminar «Nonlinear Phenomenology Advances», 3-6 October 2017, Peter the
Great St.Petersburg Polytechnic University, St.Petersburg

Summer student science and technology school «Staff of the future», 2-8 July 2017, JINR, Dubna
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