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FEM Modeling :

Biomechanics;

Construction mechanics;

Solid structures 
mechanics;

Structural mechanics;

Composite mechanics

Mechanics of 
Nanostructures :

Mechanical properties of 
nanostructures;

Mechanical properties of 
bionanoobjects;

Multiscale modeling

Nanoelectronics:

Electronic structure;

Emission properties;

Electronic 
cunductivity



Radiotechnology and Electrodynamics Chair

• Research fields:

• Modeling of nanodevices, based on carbon
nanoclusters, nanoelectronics, nanobiosystems
mechanics, molecular electronics, mathematical
modeling of physical processes.

• Microtron (electron accelerator) physical
processes;

• Theoretical and applied electrodynamics of micro-
and extremely high
wave frequences;

• Radiotechnical research methods of
superconductors as the objects for recording,
storage and processing of information and
optimization of transtormator chains for powerful
impulse generators;

• 3D displays, mathematical logic methods,
mathematical modeling in biology and medicine.



COMPUTATIONAL 
METHODS:
QUANTUM MECHANICS,
MOLECULAR DYNAMICS,
MOLECULAR MECHANICS
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1) Tight-binding method
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The phenomenon energy
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O.E. Glukhova and A. I. Zhbanov . // Physics of Solid State (Springer). 2003. Vol. 45. P. 189-196

O.E. Glukhova // Journal of Molecular Modeling. 2011. Volume 17. Issue 3. Page 573-576.



The transferable reproduction of  the interaction 

between each atom and its environment
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The electron spectrum
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Mechanical
Modeling:

1) reactive empirical 
bond-order (REBO)
method developed by Brenner
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block diagram of the modified Hooke-Jeeves method block diagram of the subprogram of investigation by sample 

To research the nanoribbons using tight-binding potential our own program was used. Our own
program provides the calculation of the total energy of nanostructures, which consist of 500-5000
atoms. We have adapted our TB method to be able to run the algorithm on a parallel
computing machine (computer cluster).

It's necessary to consider the available computing power.

We have a number of dual-processor servers which are the distributed SMP-system. MPI (stands for
Message Passing Interface) was chosen as mechanism for implementing parallelism.



Graphene: electron properties
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With increasing of the 
number of atoms the 
nanoribbon becomes 

stable 

(finite size effect)

II. Graphene and CNT: electron and mechanical properties

Scroll 
of nanoribbon 

(finite size effect)



Density of Mulliken
charge of carbon 

atoms of nanoribbon
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The dependency of IP on the nanoribbon length
(finite size effect) 
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IP of nanoribbons
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Energy gap of nanoribbons



Defected nanoribbons
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Nanotubes: electron properties
Nova Publisher (New York): «Carbon Nanotubes: Synthesis and Properties» (Eitors: Ajay Kumar Mishra)

Chapter 15. Classification of Thin Achiral Carbon Nanotubes and Regularity their Electronic Structure

(Olga E. Glukhova, Department of Physics, Saratov State University, Saratov, Russia)

Series: Nanotechnology Science and Technology

Binding: Hardcover Pub. Date: 2012 4th Quarter Pages: 7 x 10 (NBC - C) ISBN: 978-1-62081-914-2 Status: AN
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O.E. Glukhova, A.I.Zhbanov, G.V.Torgashov et al.  // Applied Surface Science, 2003. V.215 (Issue 1-4) 15 June. P.149-159 



Study of deformations and elastic properties 
of nanoparticles and nanoribbons

was implemented on the following algorithm
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III. MECHANICAL PROPERTIES



Young’s pseudo-modulus (Y2D) of nanotubes. Y3D =Y2D *0.34 nm

O.E. Glukhova, O.A. Terent'ev  // Physics of the Solid State (Springer). 2006. Vol. 48. I. 7. P. 1411-1417



The torsion module CNT



Young’s pseudo-modulus (Y2D) of nanoribbons. Y3D =Y2D *0.34 nm
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Strain energy of nanoribbons 
undergoing axial tension
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O.E. Glukhova, A.S. Kolesnikova // Physics 

of the Solid State (Springer). 2011. Vol. 53. 

No.9 P. 1957-1962.



Nanoribbon 
undergoing axial 

compression
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O.E. Glukhova, I.N.Saliy, R.Y.Zhnichkov, I.A.Khvatov, A.S.Kolesnikova and M.M.Slepchenkov
// Journal of Physics: Conference Series 248 (2010) 012004



Stress distribution in 
the atomic network 
of graphene and CNT

IV. The influence of a 
curvature on the 
properties of 
nanostuctures
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The local stress field of the atomic grid of nanostructures: original 
method (Olga Glukhova and Michael Slepchenkov //Nanoscale, 2012, 4, 3335–3344)  
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Destruction of the structure of bamboo-

like CNT during the increase of the

temperature

O.E. Glukhova, I.V. Kirillova,

A.S. Kolesnikova, E.L. Kossovich,

G.N. Ten // Proc. of SPIE. 2012. Vol.

8233. P. 82331E-1-82331E-7.
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The absorption of H-
atom on the atomic 

network
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The influence of a curvature on the properties of nanostuctures

O.E. Glukhova, I.V. Kirillova, M.M. Slepchenkov The curvature influence of the graphene nanoribbon on its sensory properties // Proc. of
SPIE. 2012. Vol. 8233. P. 82331B-1-82331B-6.
Olga Е. Glukhova, Michael M. Slepchenkov Influence of the curvature of deformed graphene nanoribbons on their electronic and adsorptive
properties: theoretical investigation based on the analysis of the local stress field for an atomic grid // Nanoscale 2012. Issue 11. Pages
3335-3344. DOI:10.1039/C2NR30477E.
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The total energy of the structure depends on the distance between the 

hydrogen atom and the carbon atom.
(The  dashed line is the interaction of the hydrogen atom with planer 
graphene nanoribbon; the solid line is the interaction of the hydrogen 

atom from wave-like graphene nanoribbon )









The compression process of bi-layer graphene



NANODEVICES

In our nanoautoclave model a closed single-wall carbon nanotube (10,10) 740C  is represented as 

a capsule that is  closed from both ends with  240C  fullerene caps. The pressure is controlled by a 

shuttle-molecule encapsulated into a nanotube that may move inside the tube. In the present case a 

shuttle-molecule is the C60 fullerene. The shuttle must have some electric charge for its movement 

to be controlled by an external electric field. The positively charged endohedral complex K
+
@C60 

(the ion of potassium inside the fullerene C60) is a shuttle-molecule in the present model of the 

nanoautoclave. So, the hybrid compound 74060 tubeC@C@K  is a nanoautoclave model. The 

74060 tubeC@C@K  nanoparticle is located between two electrodes connected with a power 

source. Changing the potentials at the electrodes, we control the movement of the 60C@K  

fullerene. 

Nanoreactor (nanoautoclave)

Dimerization of miniature C20 and C28 fullerenes in nanoautoclave
(Olga E. Glukhova // Journal of Molecular Modeling, Volume 17, Issue 3

(2011), Page 573)



When the pressure created in the tube provides both the overlap of  -electrons of the nC  

fullerenes (that corresponds to the interatomic distance of about 1.9 Å) and the covalent bonds 

formation, the intermediate phase of the  
2nC  dimer is synthesized:    55C

220   (at 20n  ) or 

   66C
228   (at 28n  ). Here a number of fullerene atoms participating in the intermolecular 

bonds formation is shown in square brackets. Figure shows a stable dimer of the 20C  ( 28C ) 

fullerene and the 60C  molecule that suffered a certain deformation.  

 

 

Characteristics of stable fullerenes dimers 

Dimer Symmetry 

group of 

the dimer 

maxmin rr , 

Å 

D , Å 
bE , eV H , 

atommol

kcal


 

gE , eV 

 

HOMO, 

eV 

   22C
220   D2h 1.43/1.62 1.65 6.44 -5.01 0.66 7.00 

   11C
228   C2h 1.41/1.56 1.56 6.57 -2.07 0.14 7.16 

 

 



Carbon nanotubes are as emitters

O.E. Glukhova, A.I.Zhbanov, G.V.Torgashov et al.  // Applied Surface Science, 2003. V.215 (Issue 1-4) 15 June. P.149-159

N.I. Sinitsyn, Yu.V.Gulyaev, O.E. Glukhova et al.  // J. Vac. Sсi. Technol. B 15(2), Mart/Apr 1997. Р. 422-424. 
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Effect of Bending on the Polymerization of Fullerenes

Inside Carbon Nanotubes

O. E. GLUKHOVA, A. S. KOLESNIKOVA AND I. V. KIRILLOVA Fullerenes, Nanotubes, and Carbon Nanostructures, 20: 391–394, 

2012



Investigation of the one-layer graphene plate 



Fullerenes manipulations inside a carbon nanotube

(hybrid compound Ret-C60 inside CNT) 

DFT method with exchange-correlation functional B3LYP

Retinol rotates with fullerene C60 freely when locating on

the axis.

O.E. Glukhova, I.V. Kirillova, I.N. Saliy, M.M. Slepchenkov Single-

fullerene manipulation inside a carbon nanotube // Proc. of SPIE Vol.

7911. doi: 10.1117/12.878677. – 2011.

nature nanotechnology | VOL 2 | JULY 

2007
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Icosahedral fullerenes
С60@C540

Topological models of 
fullerenes of 
icosahedral symmetry
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Topology of multiwell potential 

-1,972 eV -1.691 eV -1,643 eV
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Thank you for your attention!


