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Research Area and Main Problems 

Our theoretical research interests are focused on six classes of problems related to: 

• kinetics of diffusion-controlled processes, with emphasis on pattern formation and 
catalytic surface reactions;  

• the atomic and electronic structure of numerous advanced materials, with emphasis on 
calculations of properties of defects, surfaces, metal/insulator interfaces. 

• theoretical simulations and experimental studies of nanostructures and nanomaterials;  
• modeling of advanced functional materials for energy applications (fuel cells, ceramic 

membranes, Li batteries, fusion and fission reactors); 
• stochastization of magnetic field lines in magnetized fusion plasma;  
• gyrotron development for thermonuclear reactors . 

We combine several different techniques, including analytical formalisms and large-scale 
computer simulations (quantum chemical methods, stochastic simulations as well as Monte 
Carlo/cellular automata modeling).  
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Main Results 

A. Electronic structure calculations for advanced materials  
FIRST-PRINCIPLES NANO-SCALE SIMULATIONS OF CARBON NANOTUBES 

GROWTH UPON NI AND ALUMINA CATALYSTS 

Yu.F. Zhukovskii, S. Piskunov, G. Zvejnieks, E.A. Kotomin, 
S. Bellucci (Laboratori Nazionali di Frascati, Italy) 

Within the EC FP7 CATHERINE project, in collaboration with Dr. S. Bellucci (Laboratori 
Nazionali di Frascati, Italy) and Faculty of Computing (University of Latvia) we have 
performed large-scale ab initio simulations on 2D periodic models of C/Ni(111) (The 5×5 
SC model of nickel substrate, Fig. 1) and C/θ-Al2O3(010) nanostructures, which can 
describe peculiarities of the initial stage of growth for the SW CNT bundle upon the 
catalyst particle.  

 
Fig. 1. Schematic illustration of nanostructured Ni(111) catalyst: (a) side view and (b) top 
view. Each surface plane is shown with different color to guide eyes. The lower light-blue 
plane is a mirror plane of symmetrically terminated 5-layer slab.  
 

The network of adsorbed carbon atoms, which transforms to the nanotube 
structures, arise after the dissociation of hydrocarbon molecules e.g., CH4, flowing towards 
the substrate when using the CVD method. We estimate the dissociation energies for CH4 
molecules atop both substrates (see Fig. 2 for details) according to the total energy balance 
of the two-step dissociation mechanism: 

                                                   (CH4)ads → (CH)ads + 3Hads,                        (1a) 

                   (CH)ads  → Cads + Hads                (1b) 

The calculated energies of a complete dissociation (Ediss) have been found to be 2.33, 2.17, 
and 6.40 eV for perfect Ni(111), nanostructured Ni(111), and θ-Al2O3(010) substrates, 
respectively.  

nanoparticle’s top layer  

nanoparticle’s 2nd layer  

Surface layer of Ni(111) 

(a) 

(b) 

Central  layer of the slab 

Sub-surface layer of Ni(111) 
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Fig. 2. Schematic illustration of CH4 dissociation on both Ni(111) and θ-Al 2O3(010). 
 

As the result of our simulations, we predict an increase of catalytic activity of 
nanostructured Ni(111) surface, due to nanofacet formation that potentially can play a role 
in a predictable growth of  CNT  (Fig. 3). The key stage of carbon nanotube growth from 
catalyst is an initial swelling of an island consisting of carbon hexagons and pentagons 
formed from Cads atoms atop the substrate up to creation of semi-fullerene.  
 

(a) (b)

Ebind = 4.04 vs. 2.51 eV on flat Ni(111) Ebind = 4.61 vs. 2.14 eV on flat Ni(111)

 

Fig. 3. Aside (upper) and atop (lower) views of 2D supercells containing CNT of either ac 
(a) or zz (b) type chirality upon the nanostructured Ni(111) surface. 
 
Our results predict quite effective and reproducible mechanism of growth for carbon 
nanotubes upon the nickel nanostructured substrate. In absence of catalyst nanoparticles 
upon the bottom of the nanopores inside alumina membrane the carbon structures could 
grow from the walls towards the centers of nanopores: either carbon nanoscrolls or rather 
thick amorphous (soot-like) microtubes. At the bottom level of the multi-scale modeling, 
ab initio methods can be used for determining the electronic structure of the assumed 
carbon-metal nanocomposites. 

θ-Al 2O3(010) 

CH4 

Flat Ni(111) Nanostructured Ni(111) 

CH4 
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FIRST-PRINCIPLES CALCULATIONS ON SINGLE- AND DOUBLE-WALL 
INORGANIC NANOTUBES AND THEIR STRUCTURAL ANALYSIS 

Yu.F. Zhukovskii, S. Piskunov, 
R.A. Evarestov, A.V. Bandura (Department of Quantum Chemistry,  

St. Petersburg University, Russia),  
E. Spohr (Department of Theoretical Chemistry, University of Duisburg-Essen, Germany) 

 
Within the line group irreducible representations developed in collaboration with Prof. 
R.A. Evarestov and Dr. A.V. Bandura (St. Petersburg University, Russia) the one-periodic 
(1D) nanostructures with rotohelical symmetry have been considered for symmetry 
analysis of single- and double-wall (SW and DW) boron nitride and titania nanotubes (BN 
and TiO2 NTs) formed by rolling up the stoichiometric two-periodic (2D) slabs of 
hexagonal structure with the same or opposite orientation of translation and chiral vectors. 
We have simulated the two sets of commensurate double-wall BN NTs and TiO2 NTs (Fig. 
4) with armchair- or zigzag-type chiralities: (n1,n1)@(n2,n2) or (n1,0)@(n2,0), respectively.  
 

a) optimized model of double-wall 

(6,6)@(12,12) ac-TiO2 NT; 

  

 

 

b) optimized model of double-wall 

(10,0)@(20,0) zz- TiO2 NT. 

  
 

Fig. 4. Cross-sections and aside images of hexagonal DW TiO2 NTs corresponding to 
optimized diameters (i.e., left and right parts of models a) and b), respectively) for armchair 
and zigzag chiralities. For zz-DW NT (b), there are also shown atoms of the nearest ring 
behind the cross-section (as considerably more light circles).  
 
Due to a noticeably larger ionic contribution to inter-wall interaction between three-layer 
O-Ti-O shells within DW TiO2 NTs their polarization effects are certainly larger than those 
in double-wall boron nitride nanotubes which results in the higher electron density 
localization as compared to DW BN NTs. Considerable interaction between the walls in 
optimal DW NT configurations results in a decrease of band gaps in double-wall nanotubes 
as compared to those for SW NTs (this decrease is a more pronounced for DW TiO2 NTs).  
 

 



 6 

One-dimensional nanostructures synthesized from complex ternary oxides with a 
perovskite structure have attracted considerable recent interest due to their unique physical 
properties and promising novel functionalities as compared to bulk materials. At room 
temperature SrTiO3 possesses a high symmetry cubic structure and, thus, serves as an 
excellent model material for a wide class of ABO3 perovskites. Consequently, 
understanding the behavior of SrTiO3 on the nanoscale is significant for fundamental 
studies, as well as for shape-controlled synthesis of perovskite nanostructures with 
predictable properties. Based on ab initio calculations performed in collaboration with 
Prof. E. Spohr (University of Duisburg-Essen, Germany) and Faculty of Computing 
(University of Latvia) we predict that the most energetically stable NTs can be rolled up 
from (110) nanosheet of rectangular morphology:  

 

Fig. 5. Atomic structure of the most energetically stable SrTiO3 nanotube. 
 

The increase of the Ti–O bond covalency in the outer shell of strontium titanate NT may 
lead to an enhancement of adsorption properties which means that they can be used in gas-
sensing devices. Quantum confinement effects lead to the widening of the NT band gaps, 
thus, making them attractive for band gap engineering, e.g., in photocatalytic applications. 
 

THEORETICAL SIMULATIONS ON ELECTRIC PROPERTIES FOR 
JUNCTIONS OF METALLIC ELECTRODES WITH CARBON NANOTUBES AND 

GRAPHENE NANORIBBONS  

Yu.N. Shunin, Yu.F. Zhukovskii,  
S. Bellucci (Laboratori Nazionali di Frascati, Italy) 

In collaboration with Dr. S. Bellucci (Laboratori Nazionali di Frascati, Italy) within the 
EC FP7 CATHERINE project, we have developed the model of ‘effective bonds’ in the 
framework of both cluster approach based on the multiple scattering theory formalism and 
Landauer theory, which can allow us to predict the resistivity properties for C-Me  
junctions taking into account chirality effects in the interconnects of single-wall (SW) and 
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multi-wall (MW) CNTs (Fig. 6) as well as  single-layer (SL) and poly-layer (PL) GNRs 
(Fig. 7) with the fitting metals (Me= Ni, Cu, Ag, Pd, Pt, Au) on predefined geometry of 
carbon nanostructure. We have also developed the model of inter-shell interaction for the 
MW CNTs, which allows us to estimate the transparency coefficient as an indicator of 
possible ‘radial current’ losses.  
 

  

Fig. 6. Model of CNT - Me interconnect. Fig. 7. GNR (polylayered) - Me interconnect. 
 
Figs. 8 and 9 show the generalized results of simulations on resistance of junctions between 
various metallic substrates with SW CNT and SL GNR, respectively. It is clear that Ag and 
Au substrates are more effective electrically while Ni is rather a ‘worse’ substrate for 
interconnect, although it yields the most effective catalyst for CNT growth.  
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Fig. 8. Resistances of Me interconnects with 
zigzag-type SW CNT (diameter ~1 nm) 

        Fig. 9. Resistances of Me interconnects 

          with the SL GNR (width ~125 nm)  
 
Conductance and other current-voltaic parameters depend on the morphology of the nearest 
shells in MW CNTs and PL GNRs, which results in complications for technological 
synthesis. Nevertheless, the corresponding nanodevices possess the stable electric 
characteristics. We are able now to create a database of combinations for different CNT-Me 
and GNR-Me junctions taking into account a set of parameters, namely: angle of chirality, 
CNT diameter, numbers of walls or layers, type of metal substrate (Me), orientation of 
densely-packed metal substrate, e.g., (100), (111) or (110). Thus, we are able to predict 
interconnect properties for various configurations of SW and MW CNTs as well as SL and 
PL GNRs. 
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MECHANISM OF OXYGEN MIGRATION AND INCORPORATION UPON 
PERFECT AND DEFECTIVE URANIUM NITRIDE (001) SURFACE  

D. Bocharov, D. Gryaznov, Yu.F Zhukovskii, E.A. Kotomin,  
P. Van Uffelen (EC Institute for Transuranium Elements, Karlsruhe, Germany)  

 
For the first time, we have performed detailed first-principles simulations of perfect and 
defective uranium mononitride (UN) surfaces and their interaction with oxygen, in 
collaboration with EC Institute for Transuranium Elements (Karlsruhe, Germany) and 
Faculty of Computing (University of Latvia). This is relevant for understanding mechanism 
of UN nuclear fuel exidation in air. Due to a mixed metallic-covalent nature of the 
chemical bonding in UN, we predicted a high affinity of adsorbed O towards the UN(001) 
surface. Indeed, the Ebind values of 6.9-7.6 and 5.0-5.7 eV per O adatom atop the surface U 
or N atoms, respectively, are accompanied by 0.5-1.2 e charge transfer from the surface 
towards the O adatom (Fig. 10). The positively charged surface U atom goes outwards, 
minimizing its distance with the adsorbed O atom while the N atom is strongly displaced 
from the adsorbed O atom inwards the slab, due to a mutual repulsion between N and O.   
 

a)                                                           b) 

   

Fig. 10. Schematic top view of O adatoms located atop the surface U atom without (a) and 
with (b) N vacancy in the proximity of adsorbed O atoms. Numbers in brackets enumerate 
non-equivalent surface atoms. 

 

Three main migration paths of O upon the UN(001) surface (Fig. 11) are as follows: 1: 
between U atom and the nearest N atom, 2: between the two neighboring U atoms, 3: 
between neighboring N atoms. The most favorable migration trajectory has been optimized 
to be the line joining the sites atop the nearest surface U atoms and the hollow sites 
between them (path 2). The corresponding energy barriers found (0.36 eV for the 5-layer 
slab and 0.26 eV for the 7-layer slab) indicate a high mobility of adsorbed O atoms upon 
UN. The energy barriers along other two migration trajectories are substantially larger. 
 

 
 

Fig. 11. Different oxygen migration paths upon the UN(001) surface (top view). 



 9 

Both formation energies of uranium and nitrogen vacancies as well as binding energies of 
oxygen atoms and molecules adsorbed atop the defective UN(001) surface have been 
estimated too. Presence of the surface nitrogen vacancy closest to the surface U atom (Usurf) 
results in a low-barrier incorporation of migrating O adatom from position atop Usurf 

towards this vacancy, which can be considered as a trap. Based on the results of 
calculations discussed above the following stages of oxygen interaction with the UN 
surfaces were indentified to explain its easy oxidation: (i) chemisorption of molecular 
oxygen, (ii ) spontaneous breaking of the O2 chemical bond after molecular adsorption, (iii ) 
location of the two newly formed O adatoms atop the adjacent surface U atoms, (iv) high 
mobility of adsorbed O atoms along the surface, (v) low-barrier incorporation of O into N-
vacancies, (vi) stabilization of O atom inside the N-vacancy, (vii) further incorporation of O 
in pre-existed sub-surface N-vacancies as a result of inter-layer diffusion.  
 

AB INITIO  SIMULATIONS OF IMPURITY CLUSTERS IN ODS STEELS 

A. Gopejenko, Yu.F. Zhukovskii, Yu. Mastrikov, E.A. Kotomin,  
P.V. Vladimirov, A. Möslang (Institut für Materialforschung I, Karlsruhe, Germany) 

V.A. Borodin (Research Center Kurchatov Institute, Moscow, Russia) 

The understanding of the mechanisms and kinetics of yttria nanoparticle formation in 
the steel matrix is required of the development of the oxide dispersed strengthened (ODS) 
steels. The implementation of the ODS steel for fusion- and advanced fission-reactor 
blanket structures results in increase of the operation temperature by ~100°C which makes 
this material very promising these reactors. On the other hand, the mechanical properties 
and radiation resistance of ODS steels are sensitive to the size and spatial distribution of the 
oxide precipitates. Therefore, it is necessary to perform a large-scale theoretical modeling 
of the Y2O3 formation. Large-scale first principles calculations have been performed in 
collaboration with Dr. A. Möslang and Dr. P.V. Vladimirov (Institut für Materialforschung 
I, Karlsruhe, Germany) for the γ-Fe lattice containing Y-Y, Y-VFe, VFe-VFe, Y-O (Fig. 12) and O-
O pairs as well as different configurations of three-atom clusters Y-O-Y (Fig. 13) and Y-VFe-Y. 
These calculations are required to accurately estimate the pair- and triple-wise interaction energies 
necessary for further lattice kinetic Monte Carlo (LKMC) simulations of ODS growth. 

 

 

 

 

 

 

 

         

 

 

 

 

Fig. 12. Relaxed 2nd coordination sphere for 
configuration of Y-Oint pair.  

      Fig. 13. Relaxed configuration of 2Y-O 
substitute atoms. 
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The analysis of the pair-wise interactions calculations show that a certain attraction 
occurs between the Y substitute atom and Fe vacancy, while no bonding occurs between 
two Y atoms at any distances. The calculations of the interactions between yttrium and 
oxygen substitute atoms as well as between two oxygen substitute atoms show similar 
behavior with the highest binding energies at the distance of 1-NN and the decrease of the 
binding energy with the increase of the inter-defect distance. No significant bonding has 
been found between the two Fe vacancies located at different distances. 

At the same time, we predict location of Fe vacancies in the proximity of impurity 
atoms. The calculations on different Y-O-Y cluster configurations clearly show that not 
only the presence of oxygen atom is required to form certain binding between impurity 
atoms but also the presence of Fe vacancies favors the growth of the Y2O3 precipitates 
inside the iron crystalline matrix. This has been proven by the calculations of interactions 
inside the Y-VFe-Y cluster for which the binding energy has been found to be rather large. 
 

FIRST PRINCIPLES CALCULATIONS OF OXYGEN VACANCY FORMATION 
AND MIGRATION IN BA1-XSrXCo1-YFeYO3 PEROVSKITES 

 
Yu. Mastrikov, E.A. Kotomin, 

R. Merkle, J. Maier (Max Planck Institute for Solid State Research, Stuttgart, Germany) 
 M. M.Kuklja (Materials Science and Eng.Dept., University of Maryland, College Park, USA) 
 
Based on first principles DFT calculations, we analyzed oxygen vacancy formation and 
migration energies as a function of chemical composition in complex multicomponent 
(Ba,Sr)(Co,Fe)O3 perovskites which are candidate materials for SOFC cathodes and 
permeation membranes. The atomic relaxation, electronic charge redistribution and 
energies of the transition states of oxygen migration are compared for several perovskites 
to elucidate the atomistic reason for the exceptionally low migration barrier in 
Ba0.5Sr0.5Co0.8Fe0.2O3 that was previously determined experimentally. The critical 
comparison of Ba1-xSrxCo1-yFeyO3 perovskites with different cation compositions and 
arrangements shows that in addition to the geometric constraints the electronic structure 
plays a considerable role for the height of the oxygen migration barrier in these materials. 
These findings help to understand the fast oxygen permeation and exchange properties of 
Ba0.5Sr0.5Co0.8Fe0.2O3 as well as some of its limitations 

 
 PHONON CALCULATIONS IN CUBIC AND TETRAGONAL PHASES OF 

SrTiO3: A COMPARATIVE LCAO AND PLANE WAVE STUDY 
 

D. Gryaznov, E.A. Kotomin,  
R.A. Evarestov (St. Petersburg State University, Peterhof, Russia) 

E. Blokhin, J. Maier (Max-Planck Institute for Solid State Research, Stuttgart, Germany) 

The atomic, electronic structure and phonon frequencies have been calculated in a cubic 
and low-temperature tetragonal SrTiO3 phases at the ab initio level. We demonstrated that 
the use of hybrid exchange-correlation PBE0 functional gives the best agreement with 
experimental data. The results for the standard Generalized Gradient Approximation (PBE) 
and hybrid PBE0 functionals are compared for the two types of approaches: a linear 
combination of atomic orbitals (CRYSTAL09 computer code) and plane waves (VASP 5.2 
code). Relation between cubic and tetragonal phases and the relevant antiferrodistortive 
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phase transition is discussed in terms of group theory and illustrated with analysis of 
calculated soft mode frequencies at the Γ- and R-points in the Brillouin zone. Based on 
phonon calculations, the temperature dependence of the heat capacity is in a good 
agreement with experiment. This approach is promising for defect modeling in many 
advanced materials under high operational temperatures.  
 

FIRST-PRINCIPLES CALCULATIONS OF THE ATOMIC AND ELECTRONIC 
STRUCTURE OF PEROVSKITE SURFACES 

 

R.I. Eglitis 
 
The ab initio calculations of polar CaTiO3 (111) surface were performed. Surface 
relaxation, rumpling, energetics, optical band gaps, and charge distribution are obtained 
using the computer code CRYSTAL and a hybrid exchange-correlation functionals. Using 
a hybrid B3LYP approach, the surface relaxation for the two possible Ti and CaO3 (111) 
surface terminations are calculated. For both Ti and CaO3-terminated CaTiO3 (111) 
surfaces upper layer atoms relax inwards, while the second layer atoms, with the sole 
exception of CaO3-terminated surface Ca atom, relax outwards. The alculated surface 
relaxation energy for Ti-terminated surface is more than five times larger than the surface 
relaxation energy for CaO3-terminated surface. The surface energy for Ti-terminated 
surface (4.18 eV/cell) is smaller, than the surface energy for CaO3-termination (5.86 
eV/cell).  
We calculated also properties of the SrZrO3 (001) surfaceBoth SrO and ZrO2 terminations 
were considered. On the (001) surfaces all upper and third layer atoms relax inward, while 
outward relaxations of all atoms in the second layer are found with the sole exception of 
SrO-terminated SrZrO3 (001) surface second layer O atom. Calculated surface rumpling for 
the SrO-terminated SrZrO3 (001) surface (6.77 % of the lattice constant) is by a factor of 
ten larger than the surface rumpling for the ZrO2-terminated surface (0.72 % of  ao). A 
considerable increase in the Zr-O chemical bond covalency near the SrZrO3(001) surface as 
compared to the bulk is predicted.  
 

FIRST-PRINCIPLES SIMULATIONS ON THE F CENTER AGGREGATION   
IN BAF2 

 
R.I. Eglitis 

H. Shi     (School of Science, Beijing Institute of Technology, Beijing, China),  
R. Jia (Bergische Universität Wuppertal, Germany) 

 
 The F center (an electron trapped by a fluorine vacancy) and R center (a defect composed 
of three F centers) in BaF2 crystal have been studied using density functional theory (DFT) 
with hybrid exchange-correlation DFT-B3PW functional. Our calculations show that the F-
center transfer barrier is equal to 1.83 eV. The association energy calculations on R centers 
indicate energy gain with respect to three isolated F centers. During F-center aggregation, a 
considerable covalency arises between two neighbor fluorine vacancies with trapped 
electrons. Three incompletely paired electrons trapped in the R center have an up-down-up 
spin arrangements and induce three defect levels in the gaps between valence bands (VB) 
and conduction bands (CB) for both α- and β-spin polarized band structures, respectively. 
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More defect bands lead to more complex electron transitions, which were classified into 
two F- and four M-like transitions. The DOS calculations clearly reveal the components of 
defect bands. 
 

FIRST-PRINCIPLES CALCULATIONS OF THE ELECTRONIC DENSITY OF 
STATES FOR SUPERIONIC Ag2CdI4 CRYSTALS 

A.I. Popov 
S. Velgosh, I. Karbovnyk, I. Bolesta, O. Bovgyra  

(Ivan Franko National University of Lviv, Ukraine) 
W. Ciepluch-Trojane, B. Andriyevsky (Faculty of Electronics and Computer Sciences, 

Koszalin University of Technology, Poland) 
I.V. Kityk (Czestochowa Technical University, Czestochowa, Poland) 

Over the past few decades an enhanced interest takes place to the studies of silver-
containing fast ionic conductors. These crystals are, first of all, of interest due to 
phenomena of the reversible transformation of luminescence centers structure as well as 
mobile silver ions concentration changes within the local irradiated region of the crystals. 

This work completes our thorough investigation of Ag2CdI4 solid electrolyte. In addition to 
previous results of electrical, optical and thermal properties of this model compound and 
following recent report on its microstructure studied by SEM, impedance spectroscopy and 
fractal dimension analysis as well as infrared spectra and phonon density of states 
calculation, herewith we focused on the band energy structure calculations of the Ag2CdI4 
single crystals and determination of partial densities of states in the valence band. 
Energy band dispersion calculations have been performed for Ag2CdI4 superionic within a 
framework of local density approximation (Perdew–Zunger parameterization) exploiting 
the first-principles CASTEP computer code. The ab-initio electronic structure simulations 
were performed for both types of ε-Ag2CdI4 crystalline structures. Principal optical 
functions as well as the density of electronic states in the spectral range of inter-band 
optical transitions (2.5 eV–20 eV) were determined. Theoretically calculated absorption 
coefficients derived from the obtained band structure are compared with appropriate 
experimental data. 
 

B. Kinetics of processes with self-organization 
 

PATTERN FORMATION KINETICS FOR CHARGED MOLECULES ON 
SURFACES AND INTERFACES: MICROSCOPIC CORRELATION FUNCTION 

ANALYSIS  

V.N. Kuzovkov, E.A. Kotomin, G. Zvejnieks, 
M. Olvera de la Cruz (Northwestern University, Evanston, USA) 

 
The kinetics of pattern formation and phase separation in a closed system of two types of 
oppositely charged molecules with competing short- and long-range interactions on 
surfaces/interfaces was studied combining three methods: a microscopic formalism of the 
joint correlation functions, Reverse Monte Carlo, and non-equilibrium charge screening 
factors. The molecular ordering occurs on the background of the Ostwald ripening and thus 
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is strongly non-equilibrium. It is demonstrated how initial random distribution of molecules 
is changed for loose similar-molecule aggregates, with further reorganization into dense 
macroscopic domains of oppositely charged molecules (Fig. 14). Pattern formation process 
is characterized by the correlation length which monotonically increases in time. 
 
The kinetics of pattern formation was also studied for reversible A+B→0 reaction of 
mobile oppositely charged molecules at the interface. Using formalism of joint correlation 
functions, non-equilibrium charge screening and reverse Monte-Carlo methods, it is shown 
that labyrinth-like percolation structure induced by (even moderate-rate) reaction is 
principally non-steady-state and is associated with permanently growing segregation of 
similar reactants and aggregation of similar reactants into domains. A role of short-range 
and long-range reactant interactions is discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14. Fragments of the characteristic snapshots obtained using the reverse Monte Carlo 
for the correlation functions 
 
In collaboration with Northwestern University, Evanston, USA, the effects of non-
equilibrium charge screening in mixtures of oppositely charged interacting molecules on 
surfaces are analyzed in a closed system. The dynamics of charge screening and the strong 
deviation from the standard Debye-Hückel theory are demonstrated via a new formalism 
based on computing radial distribution functions suited for analyzing both short-range and 
long-range special ordering effects. At long distances, the inhomogeneous molecule 
distribution is limited by diffusion, whereas at short distances (of the order of several 
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coordination spheres) by a balance of short-range (Lennard-Jones) and long-range 
(Coulomb) interactions (Fig. 15). The non-equilibrium charge screening effects in transient 
pattern formation are further quantified. It is demonstrated that use of screened potentials, 
in the spirit of the Debye-Hückel theory, leads to qualitatively incorrect results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15. Ionic binary systems with Lennard-Jones and Coulomb interactions at low 
temperatures for intermediate density: (a) the joint correlation functions; (b) the partial 
structure factors; (c) and (d) the non-equilibrium screening factors. 
 

C. Physics of Plasma 
 

A LOW-DIMENSIONAL MODEL SYSTEM FOR QUASI-PERIODIC  

PLASMA  PERTURBATIONS 
 

D. Constantinescu1, O. Dumbrajs2, V. Igochine3, K. Lackner3, 
R. Meyer-Spasche3, H. Zohm3 and ASDEX Upgrade team3 

 

1Dept.Applied Mathematics, University of Craiova, Association Euratom-MECI, Romania 
2Institute of Solid State Physics, University of Latvia, Association Euratom-UL, Latvia,  

3Max-Planck Institut für Plasmaphysik, Association Euratom-IPP, Germany 
 
Larger scale plasma instabilities not leading to an immediate termination of a discharge 
often result in periodic nonlinear perturbations. A simplest possible model is suggested for 
description of the system with drive and relaxation processes with different time scales. 
The model is based on two equations: the first being responsible for the relaxation 
dynamics and the second one for the drive (Fig. 16). The model can be generalized to 
describe the pellet injection.   
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Fig. 16. Dynamical zones of oscillations in the parameter space 

 

UNDERSTANDING COMPLEX MAGNETOHYDRODYNAMIC ACTIVITIES 
WITH A RELAXATION IN THE HT-7 TOKAMAK 

 
Erzhong Li1, Liqun Hu1, V Igochine2, O Dumbrajs3 and Kaiyun Chen1 

 
1Institute of Plasma Physics, Chinese Academy of Science, Hefei, China 

2MPI f¨ur Plasmaphysik, Euratom-Association, D-85748 Garching, Germany 
3Institute of Solid State Physics, Association Euratom-University of Latvia, Riga, Latvia 

 
A new relaxation instability with complex magnetohydrodynamics (MHD) activities is 
found in the HT-7 tokamak operational region, which manifests itself in bursts of hydrogen 
alpha-ray radiations, electron cyclotron emission and soft x-ray (SX) radiations on outer 
channels, as well as complex MHD perturbations, but without hard disruptions. It is found 
that a stochastic annular belt resulted just before the relaxation due to the m/n = 5/3 island 
overlapping with m/n = 2/1 and m/n = 3/2 islands (Fig. 17).  

 

Fig. 17. The Poincare mapping where a stochastic annular belt of magnetic field lines could 
be observe 
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EFFECT OF POSSIBLE REFLECTIONS ON THE OPERATIONS  
OF EUROPEAN ITER GYROTRONS 

 
O Dumbrajs 

 

Theory describing the effect of reflections on operation of gyrotrons with radial output is 
applied the ITER 170 GHz 2 MW coaxial cavity gyrotron, which is under development, 
and to the 170 GHz 1 MW cylindrical cavity gyrotron as a fall back solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig. 18. European 140 GHz, 1 MW, CW Gyrotron 
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