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PREFACE

We would like to offer the readers the scientific activity report of the Frank Laboratory of
Neutron Physics for 2010. The first part of the report presents a brief review of the experimental and
theoretical results achieved in the main scientific directions — condensed matter physics, neutron
nuclear physics and applied research. The second part includes the reports on the modernization of the
IBR-2 pulsed reactor. The third part is concerned with the development and creation of elements of
neutron spectrometers for condensed matter investigations. The fourth part presents the experimental
reports that cover the main scientific directions in greater detail. The list of publications for 2010
completes the report.

In 2010 the main achievements of the Laboratory were:

e physical start-up of the IBR-2 reactor after a four-year period of modernization;

e modernization of some spectrometers at the IBR-2 reactor and continuation of the
development of new facilities for neutron studies in condensed matter physics;

e 800-hour operation of the IREN facility for experiments;

e development of scientific experiments at local facilities and in collaboration with other
scientific centers in Russia and abroad.

FLNP has cooperation agreements in the field of neutron investigations with almost 200
scientific institutes and universities from 40 countries from all over the world. A significant
contribution to this cooperation is made by the JINR Member States.

The FLNP staff consists of more than 400 employees. The scientific staff includes 43 Ph.D. and
14 D.Sci. researchers and more than 50 researchers and specialists from the JINR Member States
(besides the Russian Federation) with almost half of them under 35 years of age.

The organization of annual conferences and schools covering all research fields of FLNP
activities helps to recruit young specialists — one of the top priority tasks of the FLNP Directorate.

All these facts confirm that the Laboratory continues to develop successfully and dynamically,
carrying out investigations in the interests of the JINR Member States.

A.V.Belushkin
Director
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1. SCIENTIFIC RESEARCH

CONDENSED MATTER PHYSICS

The main objectives of research in the framework of the theme involved the application of
neutron scattering techniques and complementary methods to investigate the structure, dynamics and
microscopic properties of nanosystems and novel materials, which are of great importance for the
development of nanotechnologies in the fields of electronics, pharmacology, medicine, chemistry,
modern condensed matter physics and interdisciplinary sciences. In view of the IBR-2 reactor
shutdown for modernization, the experimental activities conducted by the personnel of the FLNP
Department of Neutron Investigations of Condensed Matter (NICM) were carried out in neutron and
synchrotron centers in Russia and abroad. These activities were performed in accordance with the
Topical Plan for JINR Research and International Cooperation under the existing cooperation
agreements and accepted beam time application proposals. The activities on the IBR-2 reactor were
carried out in accordance with the modernization program plan for the spectrometers. Most attention
was given to the realization of the top priority projects (construction of the new DN-6 diffractometer
for studying microsamples, multipurpose GRAINS reflectometer and modernization of the
SKAT/EPSILON spectrometers for geophysical research).

Within the framework of investigations under the theme, the employees of the NICM
Department maintained broad cooperation with many scientific organizations in Russia and abroad.
The cooperation, as a rule, was documented by joint protocols or agreements. In Russia, particularly
active collaboration was with the thematically close organizations, such as RRC KI, PNPI, MSU, IMP,
ISSP RAS, IC RAS, and others.

A list of main scientific topics studied by the employees of the NICM Department includes:

e Investigation of structure and properties of novel crystal materials and nanosystems by neutron
diffraction;

¢ Investigation of magnetic colloidal systems in bulk and at interfaces;
e Investigation of structure of carbon nanomaterials;
e Magnetism of layered nanostructures;

e Investigation of supermolecular structure and functional characteristics of biological, colloidal
and polymeric nanodispersed materials;

e Investigation of nanostructure and properties of lipid membranes and lipid complexes;
e Investigation of atomic dynamics of nanosystems and materials by neutron inelastic scattering;
e Investigation of texture and properties of minerals and rocks;

e Analysis of internal stresses in bulky materials and factory-made goods.

Scientific results.

Structure investigations of novel oxide materials.

The magnetic and crystal structures of the complex cobalt oxide PrysSrosCoO; have been
studied using neutron diffraction and synchrotron radiation in the temperature range from 1.5 to
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1120 K. Unlike other LngsSrosCoOs; compounds, it exhibits both a paramagnetic-ferromagnetic
transition at 7¢ ~ 226 K and one more magnetic phase transition at 75 = 120 K accompanied by a
change in the behavior of magnetization in external magnetic fields and an anomalous behavior of
elastic properties of the material. Successive structural transitions with the reduction of the crystal
symmetry from cubic (space group Pm 3 m) to rhombohedral (R 3 c), then to orthorhombic (Imma) and
triclinic (P 1) are detected at temperatures of about 800, 300 and 120 K (Fig. 1). The obtained results
have helped to refine the earlier suggested models of the crystal structure of various phases. The
anomalies in the temperature behavior of some interatomic distances and angles, as well as the

reorientation of cobalt magnetic moments are observed at the transition to P 1 phase.
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The atomic and magnetic structures of LagsCagsCoOs cobaltite have been studied by the
neutron diffraction technique at high pressures of up to 4 GPa in the temperature range from 10 to
300 K [1]. The Curie temperature increases with the pressure with the coefficient d7C/dP = 1 K/GPa,
demonstrating the stability of the ground ferromagnetic (FM) state. The pressure dependence of the
ground FM state in LagsCagsCoOs is in drastic contrast with that for La; yCaCoOs at a lower calcium
content (x < 0.3). For the latter compound, under pressure the suppression of the ground FM state and a
large negative pressure coefficient of the Curie temperature (d7¢/dP < 0) are observed. The pressure
dependences of the structural parameters have been obtained.

The structural and magnetic phase transitions in the multiferroic BiMnO; complex oxide have
been studied at high pressures (Fig. 2) [2]. A unique feature of this compound as compared to other
multiferroics is the combination of magnetoelectric effects with ferromagnetic ordering. A structural
phase transition between two monoclinic modifications of C2/c symmetry was observed at a pressure
of 1 GPa, which was accompanied by a significant change in the parameters of the unit cell and some
interatomic distances. The structural phase transition occurs with a change in the character of
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magnetic ordering from ferromagnetic (7¢ = 100 K) to antiferromagnetic (7y = 90 K) one with a

b a I

Fig. 2. Neutron diffraction spectra of
BiMnOj; obtained at various pressures
and room temperature at the HRPT
diffractometer (PSI, Switzerland) and
treated by the Rietveld method (left).
Magnetic structure of the high pressure
monoclinic phase of BiMnO; (right).
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propagation vector k£ = (2 2 2). With a further increase in pressure at P ~ 8 GPa a structural phase
transition to an orthorhombic phase of Pbnm symmetry was observed. The obtained results made it
possible to reveal the role of competing superexchange interactions in the mechanism of occurrence of
magnetoelectric phenomena.

Investigations of magnetic fluids.

Within the framework of the Helmholtz Association (Germany)-RFBR (Russia) Joint Research
Groups (project HRIRG-16) structural characteristics of biocompatible ferrofluids synthesized for
treating human brain cancer tumors have been determined using small-angle neutron scattering [4, 5].
The double layers of myristic (MA+MA) or lauric (LA+LA) acids were used to stabilize magnetite
nanoparticles (size of ~10 nm, polydispersity > 50%) in a liquid medium. Despite rather large volume
fractions of dispersed magnetite (@, ~ 10 %) on retention of a high stability the presence of
nanoparticle clusters with a characteristic size of 30-40 nm has been revealed in the samples. The use

of the contrast variation (H,O/D,O mixtures) and the application of the method of modified basic
functions have allowed us to determine the cluster characteristics related to their inner structure. In
particular, a significant difference in the surfactant fraction in the clusters has been observed for the
samples of two types. It has been found that the clusters in the samples of the LA+LA type consist of
magnetite particles completely coated with a surfactant shell about 3.5 nm thick, while in the samples
of the MA+MA type the clusters comprise magnetite particles partially coated with the surfactants
(Fig. 3). This indicates that more significant aggregation of the surfactant with a larger length decreases
MA adsorption on the magnetite surface during the preparation. This conclusion is consistent with the
fact that the synthesis of stable aqueous ferrofluids with the use of longer surfactants from the series of
monocarboxylic acids (palmitic and stearic acids) is impossible. Other important characteristics
obtained in the research are the temperature stability of the clusters and the absence of micelles of free
(non-adsorbed) surfactants, which distinguishes the systems under study from the previously studied
technical water-based ferrofluids stabilized by dodecylbenzenesulphonic acid, where fractal aggregates
and significant surfactant excess with the micelle formation were observed.

The contrast variation in small-angle neutron scattering (Helmholtz Centre Geesthacht) using
the method of modified basic functions has been applied in research of biocompatible ferrofluids
prepared by the replacement of sodium oleate with polyethyleneglycol when stabilizing magnetite in
water (Institute of Experimental Physics, Kosice, Slovakia) [6].
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The cluster reorganization has been revealed depending on the amount of the polymer added to
the system. In particular, under sufficient polymer concentration in the initial ferrofluid compact
clusters (size 40 nm) transform to extended fractal clusters (size above 120 nm).

gLA %@?ﬁ :\’“{:\%_ MA+MA

10 nm

Fig. 3. A schematic representation of the cluster structure in two biocompatible aqueous
ferrofluids with double layer stabilization of magnetite nanoparticles by lauric (LA+LA) and
myristic (MA+MA) acids on the basis of contrast-variation small-angle neutron scattering
data. Illustration by Yu.l.Emelina (FLNP JINR).

Along with this, the thickness of the stabilizing shell changes slightly, which is indicative of the
polymer adsorption in the flat configuration on the magnetite surface. Taking into account a decrease in
the saturation magnetization of the new fluid it is concluded the observed reorganization is related to
the lowering of the system stability.

Investigations of carbon nanomaterials.

In the frame of the research of fullerene solutions with moderate polarity (dielectric constant
10-50) the Cgo/N-methyl-pyrrolidone (Cgo/NMP) system has been thoroughly investigated. The
solution is characterized by the formation of large (size up to 500 nm) but stable clusters of fullerene
molecules within about one month after the dissolution. In particular, it has been proposed [7] to follow
the cluster growth by means of the extraction into an organic solvent immiscible with NMP (e.g.
hexane) (Fig. 4). The cluster formation is correlated with the temporal solvatochromic effect (change in
UV-Vis absorption spectrum with time). It has been shown that after the dissolution Cg is extracted
from Cgo/NMP (mauve color) to hexane (mauve color of lower intensity) in the molecular state. The
extraction decreases with time and finally shows that all Cgp in Cg/NMP (brownish yellow color)
transfer to the unextractable clusters. The transition from a molecular to a colloidal (cluster) solution is
reflected in mass-spectra of dried solutions. On addition of water (immiscible with hexane either) to the
system the extraction resumes, which suggests that the clusters are destroyed as a result of the
detachment of single Cgp molecules. The appearance of separate molecules in the solution has been
testified by mass-spectrometry, and a decrease in the cluster size has been detected by small-angle
neutron scattering. It has been shown that along with this, water molecules chemically bind fullerene
(charge-transfer complex). So, basing on the complex analysis and combining various methods, the
solvatochromic effects in the Cqo/NMP and Cg/NMP/water systems have been explained: together with
the cluster development the initial fullerene-solvent complexes change with time (preferably on the
cluster surface), thus favoring the fullerene dissolution in the NMP/water mixture.
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Fig. 4. A schematic representation of various stages in the extraction of fullerene Cgy from Cgo/NMIT
and Cg/NMII/H,0O solutions using the data of complementary structural methods. Cluster sizes are in
the ranges of 100-500 nm (stage 2) and 10-100 nm (stage 3). [llustration by Yu.l.Emelina (FLNP JINR).

The theoretical model of the cluster formation in polar solutions of fullerene Cgp has been
developed [8]. The experimental data for C¢o/NMP solution have been analyzed in terms of the kinetic
theory of nucleation. It has been shown that in the frame of the nucleation theory, similar to the case of
non-polar Ce solutions, the application of the cluster drop model results in fast phase separation in the
system. The use of estimated thermodynamic parameters for the solution Ceo/NMP in the kinetic
equations gives ~10 us for the duration of the independent growth stage. In contrast to non-polar
solutions, the limited growth model, which limits the cluster size (the aggregation number), is
inapplicable from the physical viewpoint. For the qualitative description of the processes in the system
an alternative mechanism of the limited growth has been proposed. It assumes that the gradual
formation of donor-acceptor complexes Cg-NMP restricts the growth of fullerene clusters. The
corresponding model takes into account the assumed change of the C4-NMP complexes with time.

Investigations of magnetic layered nanostructures.
The experimental investigations of the predicted inverse proximity effect for a superconductor-
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Fig. 5. a) Temperature behavior of magnetic scattering intensities near the superconducting phase transition.
b) Magnetic profile of the system above and below the transition temperature.
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ferromagnet bilayer of the V/Fe nanostructure, which consists in the appearance of magnetization in the
superconductor (Fig. 5) have been carried out. Theoretical predictions gave both the positive (in respect
of ferromagnetic magnetization direction) and negative magnetization of the superconductor. The
studies of the V/Fe bilayer have revealed the inverse proximity effect [9]. It has been found that below
the superconducting transition temperature the superconducting layer is magnetized positively and the
ferromagnetic layer — negatively, so the whole bilayer increases its magnetic moment.

Investigations of lipid membranes and lipid complexes.

Aqueous solutions of multilamellar vesicles (MLV) of the membranes modeling the lipid
component in the mucous membranes of the oral cavity of mammals based on ceramide-6 and
membranes in its structure (mixtures of sphingomyelin/dipalmitoylphosphatidylcholine/
dipalmitoylphosphatidylethanolamine with ceramide-6), have been investigated by means of
synchrotron radiation diffraction in the temperature range of 20 - 80 (90)°C (Fig. 6).

It has been found that at high temperatures (70-80 °C) the mixture of sphingomyelin /phospholipids
tends to form an inverse hexagonal phase. Ceramide-6 at a mole fraction of 0.2-0.3 increases the repeat
distance in MLV of the sphingomyelin/phospholipids mixture by ~1 A and hinders the formation of the
inverse hexagonal phase at high temperatures.
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Fig. 6. (a) Diffraction spectra of the lamellar structure of MLV of sphingomyelin/DPPC/DPPE = 1/2/2.
(b) Temperature dependence of the repeat distance (d) of the lamellar phase
(m) and the parameter (a = 2d/ 3 ) of the inverted hexagonal phase (®) of MLV of sphingomyelin/DPPC/DPPE = 1/2/2

As a result of the performed studies of the membranes composed of ceramide 6/cholesterol/
palmitic acid/cholesterol sulfate it has been found that the phase state of the membrane depends not
only on the temperature, but also on the pH of water used in their preparation. At low pH values (5-7),
the lipid bilayer is in the L crystal phase and with increasing pH up to 9 there occurs a phase transition
to the Lg gel phase while the degree of order of hydrocarbon tails decreases significantly and the
membrane becomes single-phase.

The preparation phosphogliv dissolved in water has been studied. It has been determined that
the lipid fraction of phosphogliv exists in an aqueous phase in the form of multilamellar liposomes with
a repeat distance of 47.1 A, which consist of the mixture of phosphatidylcholine (PC) and glycyrrhizic
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acid (GRA). In the precipitate liposomes with repeat distances of 47.1 A (mixture of PC and GRA) and
62.8 A (pure PC) have been found.

The phospholipid transport system developed in the Institute of Biomedical Chemistry of the
Russian Academy of Medical Sciences has been investigated. Samples were prepared by dissolving a
lyophilized preparation in water with a drug concentration of 25 %. This concentration corresponds to
the medical recommendation on the use of the medicine. The studies have demonstrated that 25 %
solution of PTNS in water is a vesicle system of low polydispersity and the relative standard deviation
in size is 20-30 %. The average radius of the vesicle is 160 A, which corresponds to the PTNS
nanoparticle size of 320 A. The morphology of PTNS has been determined. It has been proved that the
phospholipid transport system is a vesicle system with a low level of polydispersity at its 25 %
concentration in water.

Investigations of polymer and colloidal nanosystems.

In cooperation with the Enikolopov Institute of Synthetic Polymer Materials of RAS and
Bogoliubov Laboratory of Theoretical Physics (BLTP) of JINR the investigation of structural features
of dendrimers — polymers combining properties of hyperbranched macromolecules and particles —
has been continued [10]. For small-angle neutron scattering using the contrast variation technique the
average scattering density of dendrimers has been determined and the invariants have been calculated.
It has been shown that the scattering density distribution in the dendrimer volume is uniform within the
experimental error. The upper estimate of the inhomogeneity of the scattering density of the dendrimers
has been obtained. The possibility of the penetration of the solvent into the dendrimers has been
demonstrated and the quantitative estimate of the volume accessible for the penetration of the solvent
has been given. Some generalizing conclusions about the structure and properties of the specified kind
of dendrimers from lower to higher generations have been made. In the dendrimer-solvent system at
various concentrations and external conditions the existence of a structural factor, which is not typical
for the «rigid sphere» systems has been revealed down to the lowest concentrations.

Theoretical calculations on the simulation of small-angle scattering from deterministic fractals
— generalized Cantor fractals — have been performed in cooperation with BLTP JINR (Fig. 7) [11].
Deterministic fractals are a model of strictly self-similar structures of nano-objects, which nowadays
can be obtained due to the development of modern nanotechnologies. The fractal dimension can vary
from zero to three depending on the degree of its packing, which is controlled by the dimensionless
scaling factor. The form-factor of the generalized Cantor fractal has been calculated analytically for
arbitrary values of the wave vector and any finite iterations of the fractal, which makes it possible to
use it for describing small-angle neutron and X-ray scattering from orientationally-ordered sets of
fractals. For randomly oriented mono- and polydisperse fractals the scattering intensity has been
obtained in the form of simple integrals. The values of the asymptotes for the fractal structure factor
have been calculated and the radius of gyration has been obtained analytically for arbitrary iteration.
The “shelf” behavior of the small-angle scattering curve has been explained. The possibility to estimate
the number of particles from which the fractal is formed has been demonstrated.

In the framework of the study of surfactant solutions used for stabilizing ferrofluids, the
structure and interaction parameters of micelles of dodecylbenzenesulfonic acid (DBSA) in deuterated
water have been studied by small-angle neutron scattering (Helmholtz Center Geesthacht) [12]. The
dependences of the micellar aggregation number, fractional charge, charge per micelle and surface
potential on the surfactant concentration are analyzed. A typical increase in the micelle size with the
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growth in the acid content has been found, which can be related to the transition from spherical to rod-
like micelles.
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The obtained data have been used for estimating concentrations of micelle and free surfactant in
bulk of aqueous ferrofluids (magnetite in water with a double shell of DBSA under excess).

Atomic dynamics.

The spin dynamics in the Ce(i.x)YxAl; system at a transition from a heavy fermion (HF) state at
x=0 to a mixed valence (MV) state at x=0.5 has been investigated by inelastic neutron scattering [13]
(Fig. 8). It has been shown that the substitution of yttrium for cerium results in a strong transformation
of spectrum components of the magnetic response due to an increase in the k-f hybridization.

The dynamics of uranium mononitride, which is considered to be a basic material for the
creation of combined fuel for fast neutron reactors has been investigated. The inelastic neutron
scattering spectra of UN have revealed quasi-resonant peculiarities in the region of the gap between
acoustic and optical vibrations, which can be explained by solitons and nonlinear localized modes.

Fig. 8. S(Q,») of Ce Y Al; as a
© (b) function of yttrium concentration “x”:

a) measured on IN6 (ILL, France) at
0.1 an average scattering angle of 60°
and an incident energy of 3.12 MeV.
04 The solid lines are fits to a
0.5 1 quasielastic Lorentzian lineshape
(dashed line) and an elastic peak
(dotted line) convolved with the
resolution function. The inset shows
the dependence of  yttrium
concentration “x” on the values of the
static susceptibility, ®,, (top inset)
and the half-width, T/2, (bottom
5 inset) of the quasielastic peaks.
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Atomic structure and lattice dynamics of nickel hydroxide, Ni(OH),, an electrode material for
chemical current sources, have been investigated by incoherent inelastic neutron scattering. The
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comparative analysis of the vibrational spectra and lattice dynamics of nickel and magnesium
hydroxides has been performed on the basis of inelastic incoherent neutron scattering data as well as
Raman and IR-spectroscopy [14]. Optical phonon spectra have been calculated using the methods of
the density functional theory and agree well with the vibrational spectroscopy data. The analysis of the
calculated force constant matrix has made it possible to suggest the interpretation of the main features
in the spectra of these compounds. The density functional method provides an insight into the
peculiarities of interatomic interactions characteristic for these layered compounds and shows the
important role of the spin-spin interactions in nickel hydroxide. It has been demonstrated that this
method can be successfully applied to the investigation of the atomic structure and lattice dynamics of
the f-NiOOH phase.

Applied research.

Among traditional applied investigations in the Department of Neutron Investigations of
Condensed Matter are the experimental studies of internal stresses and texture of rocks and minerals,
determination of internal stresses in bulk materials and products, including engineering materials and
components of machines and devices. For the most part, these investigations are carried out using
neutron diffraction.

Experiments to study elastic wave propagation in model inhomogeneous anisotropic media —
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Fig. 9. (a) Scheme of a two-layer model of acrylic glass and quartz with the indicated location of ultrasound emitters and
receiver. Isoline distribution maps of travel times of quasi-compressional waves in the model of acrylic glass and quartz.
The quartz single crystal is in contact with the glass surface by the XZ plane; the emitter is attached to the side cut of the
glass plate made at an angle of 60° to the horizontal surface: b) ultrasound frequency is 200 kHz; ¢) ultrasound frequency
is 5 MHz.
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samples of acrylic glass + single-crystal quartz, acrylic glass + polycrystalline graphite (with the known
texture), epoxy resin + biotite — have been carried out (Fig. 9). It has been shown that in the model
materials of “epoxy resin + biotite” differing by an order of magnitude in the grain size of biotite (0-
0.4 mm and 2-5 mm), the velocities of longitudinal elastic waves with various frequencies coincide. It
has been suggested that the discrete wavelet-transform method be used for the analysis of acoustic
signals and determination of transverse elastic wave velocities. The comparison of theoretical
calculations with the ultrasonic data from physical models has been conducted and a satisfactory
agreement of the results has been obtained.

Neutron diffraction studies of residual stresses in a cross-shaped sample of austenitic stainless
steel AISI321 (Fig. 10) subjected to biaxial stress-strain cycling have been carried out. Under the
action of plastic deformation the austenite matrix underwent partial transformation, which caused the
formation of a new ferromagnetic martensitic phase in the sample. The total residual stresses in both
phases of the cycled sample were measured using the time-of-flight neutron diffraction technique.
Their analysis in the planar approximation has made it possible to determine macrostresses (similar in
both phases) and microstresses (in each phase separately) as well as the contribution of hydrostatic
pressure to the total phase stresses. In addition, it has been found that during planar cycling there
occurs a partial transition from the martensitic phase to the austenitic one, which is connected with a
plastic deformation of the material.

vertical
i primary slit

Fig. 10. A photo of the cross-
shaped sample of austenitic
stainless steel AISI321 prepared
for measuring internal stresses at
the POLDI spectrometer (PSI,
Switzerland). A vertical beam-
forming slit is indicated by the
arrow.

The studies of crystallographic texture and residual stresses in reactor materials, specifically in
cylindrical fuel plugs made of E-110 alloy for the VVER-1000 reactor have continued. It has been
demonstrated that the manufacturing process of parts by rotational swaging results in the formation of
an axial crystallographic texture, which undergoes significant changes at annealing. Residual stresses
of the first kind in cold-worked (strain of = 150 MPa in a radial direction) and annealed (residual
stresses are close to zero) fuel plugs have been calculated.
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Using the data analysis of the texture measurement of polyphase granite gravel from the
Erzgebirge, the magmatic flow and oriented crystal growth in an anisotropic stress field have been
demonstrated to be the major texture formation processes. Texture measurements of rock salt from
different sources in North Germany have been performed to study active deformation mechanisms.
Despite the presence of external deformation, preferred grain orientations have not been determined. It
has been concluded that during deformation processes texture does not develop or previously existing
texture is destroyed because of the grain boundary migration processes.

The modeling of elastic wave velocities in rocks on the basis of the texture data of rock samples
has shown that the elastic properties of rocks are independent of the influence of crack formation at
high pressures. The experimental estimates of elastic wave velocities at low pressures have been
compared with the crack formation effects, the extrapolation on high pressures is necessary to evaluate
pressure conditions at very great depths. The further investigations have confirmed that all the model
functions used are inapplicable for extrapolation. A refinement procedure for a model function, which
will result in a better extrapolation of velocities has been suggested.

A texture study of marble samples using the neutron diffraction technique has been performed
on TEX-2 (FRM-I) of the GKSS Research Center and STRESS SPEC (FRM-II) of the Technical
University of Munich, Germany. The marble samples are from the Carrara region (Italy). This is a
topical problem, since it is necessary to establish the reason for deformation and decay of the plates
made of this kind of marble. These plates are widely used in Germany for cladding buildings (for
example, the University Library building in Géttingen). The decay is caused by the accumulation of

Fig. 11. Pole figures of the marble
sample from the Carrara region
(Italy)  obtained using the
diffraction data measured on the
TEX-2 diffractometer (FRM-II,
Germany).
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residual stresses under cyclic deformation (as a result of the action of seasonal temperature gradients).

On the basis of the performed investigations (Fig. 11) it has been concluded that the texture
sharpness
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in the marble samples under study is insufficient to have a significant effect on the formation of
the residual stress distribution. Nevertheless, the deformation and decay of marble plates is observed
and it is necessary to find the reason for these phenomena; for this purpose it is planned to carry out a
number of experiments and simulation studies.

Instrument development.

The installation of the beam chopper and the head part (Fig. 12) of the mirror neutron guide for
the new DN-6 diffractometer for microsample investigations has been completed on beam 6b of the
IBR-2 reactor. The manufacturing of mirrors for the tail part of the neutron guide has continued. The
technical documentation for manufacturing the mechanical part of DN-6 has been prepared. The
manufacturing of a gas position-sensitive detector has started in the FLNP Spectrometers’ Complex
Department (SCD).

Fig. 12. The head part of
the mirror neutron guide
installed on beam 6 of
the IBR-2 reactor in the
framework of the
realization of the project
of construction of the
new DN-6 diffractometer
for microsample
investigations.

The installation of the head part (Fig. 13) of the new multifunctional reflectometer GRAINS on
beam 10 of the IBR-2 reactor has been completed. The vacuum housing (Fig. 13) of the beam-forming
system has been manufactured, assembled and tested for vacuum. The manufacturing of the
background neutron drum chopper with a horizontal slit and the construction of an autonomous vacuum

Fig. 13. The head part of the
GRAINS reflectometer installed in
the ring corridor of the IBR-2
reactor (left) and the ready-
assembled vacuum housing of the
beam-forming system (during tests
for vacuum in SPA «Atomy,
right).
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system for the reflectometer have continued. The designing and manufacturing of a control system for

stepper motors of the instrument and the software for the reflectometer has started. A 2D position-
sensitive neutron detector has been manufactured and tested (in cooperation with SCD).

The effect of gravity on the resolution function of a reflectometer with a horizontal sample
plane has been studied. The dependences of gravitational distortions of the specular reflection
coefficient on various parameters of the reflectometer (collimation, sample sizes, relative distances
between the elements of the reflectometer) have been obtained and analyzed.

The activities to install and vacuumize the splitter (Fig. 14) on beam 7 of IBR-2, which splits an
initial neutron beam into three independent beams for the EPSILON, SKAT and NERA spectrometers,
have been completed. A new background chopper with a wide window for three neutron guides has
been installed, assembled and tested (in cooperation with SCD). Three lambda-choppers for the 7A-1
(EPSILON), 7A-2 (SKAT) and 7B (NERA) neutron guides have been manufactured and delivered. The
technical documentation and the contract to manufacture 80-m sections of a mirror vacuum neutron
guide for the NERA spectrometer have been prepared. The activities to modernize the spectrometers on
beam 7 are carried out in cooperation with SCD.

Fig. 14. The splitter dividing the initial neutron beam into three independent beams for the EPSILON, SKAT and
NERA spectrometers (left) and the new background chopper (right) on beam 7 of the IBR-2 reactor.

Work on the installation and adjustment of mechanical units and mirror segments of a neutron
concentrator for the DIN-2PI spectrometer has been completed.

A project of the creation of a neutron spectrometer for studying transient processes in real time
at the IBR-2 reactor has been prepared.

Theoretical and experimental activities to substantiate a new method of studying nanostructures
— neutron magnetic resonance — have been conducted. The method is based on the phenomenon of
neutron wave splitting in the processes of reflection and refraction of neutrons in a static collinear
magnetic field and oscillating magnetic field perpendicular to it, which is connected with a gain (loss)
of a quantum of an electromagnetic wave to (from) a neutron. This phenomenon in the neutron
reflection channel was discovered in the measurements on the REMUR spectrometer in 2006 and
verified in 2010 in the investigations in Germany (Munich). At the same time it has been shown that
the reflection has a resonance character (intensity of off-specularly reflected neutrons depends on the
frequency of the oscillating field and grows at a frequency equal to the Larmor frequency of the
neutron spin precession around the magnetic field induction vector in a film).
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The development work on the production of polarized neutron microbeams to study local
inhomogeneities of nanostructures has been performed (Fig. 15). In conventional neutron experiments
the information obtained on the object under study is averaged over the width of the incident beam
(size of 0.1-1 mm). Layered waveguides, which are a three-layer film structure that transforms a rather
wide (0.1 mm) and collimated (0.01°) beam into a narrow (0.1 um) and divergent (0.1°) one, hold
much promise for producing narrower neutron beams (neutron probe). Using layered waveguides the
polarized neutron microbeams 0.15 pm wide have been produced for the first time. The neutron beam
has the form of an elongated slit, therefore it may be most effectively used for one-dimensional lattices
in the form of strips of magnetic materials.
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Fig. 15. Production of polarized neutron microbeams using magnetic layered structures. Left column:
polarizing waveguide FeO.(5.4 nm)/Fe(15 nm)/Cu(136 nm)/Fe(51 nm)//glass. Right column: non-
polarizing waveguide Py(13 nm)/Al(141 nm)/Py(48 nm)//glass. Top: Reflection coefficients of spin
states «+» and «—». The dots are the experimental data; the lines are the fits of the model structure.
Indices denote minima that correspond to the resonances of the neutron wave function in the waveguide
layer of Cu or Al. Bottom: maxima of the neutron microbeam as a function of the grazing angle of the
initial neutron beam. For comparison purposes the intensity of the specularly reflected beam is given.
The position of maxima of the microbeam corresponds to the position of minima of the specularly
reflected beam. The width of the microbeam is equal to the width of the waveguide layer of Cu(136 nm)
and Al(141 nm).

The experimental study of the influence of the finite thickness of spin-flippers with rotating
magnetic fields on their efficiency has been carried out at the FRMII reactor, Germany. Similar devices
can be used in spin-echo spectrometers of a new type. The finite thickness of the flippers makes it
impossible to produce an exact neutron spin flip by 180°.

The automatic high-hydrostatic-pressure device at the YuMO spectrometer for carrying out
volumetric studies in the pressure range of 0-4 kbar and in the temperature range of 5-200 °C has been

modernized. First P-V-T experiments with water solutions of dimyristoylphosphatidylcholine have
been conducted.
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2. NEUTRON SOURCES

THE IBR-2 PULSED REACTOR

1. InJanuary-February, 2010, after completion of the adjustment work on the sodium cooling system
of the reactor, the heating of the sodium circuits and filling of the I* and II"* cooling loops with
sodium were performed successfully and the circulation of sodium was started in a standby mode.
The purification of the coolant with the help of cold traps, calibration tests of the level gauges of
the expansion tanks and vessel of the reactor, calibration of the flowmeters were carried out.

2. After installation of actuating mechanisms (AM) of the Safety Control System (SCS) A3-1, A3-2,
KO-1, KO-2, PP and AP at regular places, the adjustment of the system controlling the movements
of the actuating devices was performed. The emergency protection system of the reactor was tested
in the forced operation mode (actuated by a stepper motor and an accelerating spring) and in the
mode when its operation was triggered only by a spring. The obtained results are positive and meet
the design requirements. Movement ranges of all actuating devices were determined — the setting
of the up and down limit switches; the stability of their operation was checked. No faults in the
operation of AM were revealed. The SCS AM were tested for electromagnetic compatibility, i.e.
for the effects of various disturbances (radio interferences, electrostatic discharges, magnetic
fields, etc.). The results of these tests are positive.

3. [Installation, adjustment and tests of the Automatic Safety Control System (ASCS-12R). The
equipment for ASCS-12R was delivered from SNIIP-SYSTEMATOM in April, 2010 with a delay
of 15 months. The installation of the equipment took 3 months and was followed by the adjustment
and tests of the complex. In November the ASCS-12R complex was presented to the Working
Commission for carrying out the physical start-up of the reactor.

4. The spent IBR-2 fuel assemblies were removed from the main storage facility to an additional one.
The main fuel assembly storage is ready for the physical start-up.

5. A start-up neutron source was loaded into the reactor core.
6. All technological systems of the reactor passed complex tests before the physical start-up.

7. A large amount of work on the preparation of the commissioning documentation for the physical
start-up was carried out. The reactor successfully passed the inspection by the Working
Commission for readiness for physical start-up.

The modernized IBR-2 reactor physical start up was commenced according to the plan.
IREN FACILITY

In accordance with the decision of the JINR Directorate to realize the IREN project in several stages,
the construction of the electron accelerator and the nonmultiplying neutron-producing target complex
has been completed. Since the beginning of 2009 the carrying out of experimental investigations on
newly constructed source has been started. IREN operated around 800 hours for experiment in 2010.
Neutron yield raised up to 10" n/s at 100 ns pulse width.
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3. NOVEL DEVELOPMENT AND CONSTRUCTION OF EQUIPMENT FOR THE IBR-2
SPECTROMETERS’ COMPLEX

In 2010, work in the framework of the theme was focused on several activities connected with
the construction and modernization of the equipment, electronic data acquisition and accumulation
systems as well as the information-computation infrastructure of the IBR-2 spectrometers’ complex.

Cryogenic moderators.

A full-scale test stand of a cryogenic moderator has been developed and assembled in the IBR-2
experimental hall. A functional scheme has been developed; electronic modules and control equipment
have been purchased and installed; and the software for a control system for monitoring different
parameters of the stand has been created. The system includes various sensors (15 pieces altogether), a
gas blower motor drive controller and a controller of the stepper motor of the bead charging device, etc.
The system makes it possible to control the main parameters of the moderator test stand: transport of
beads through the pneumatic conveying pipe; filling of the moderator chamber with beads; gas flow
rate; pressure and temperature of helium. At present, the test stand and the control system undergo trial
operation. A number of experiments have been performed at the test stand, which have made it possible
to adjust and improve the technological control system, to choose optimum working temperature range
for the prototype, to determine the helium flow rate in the inner pneumatic conveying pipe, the
optimum rate of feeding beads from the charging device and the total load time of the simulation
chamber. Also, in the course of the experiments the simulation chamber has been partially filled (~70%
of the volume, Fig. 1). A detailed description of the test stand is given in the section “Experimental
Reports”.

Fig. 1. A photo of beads taken
by the Web-camera.

New Fourier diffractometer.

At present, at the IBR-2 reactor a new high resolution Fourier diffractometer is being
constructed on the basis of the units of the FSS (Fourier Stress Spectrometer) spectrometer, which had
been used in the GKSS Research Center (Germany) for a long time. The layout of the FSS units on
beam 13 of IBR-2 has been developed (Fig. 2), which only slightly differs from the layout used earlier
in GKSS. The necessity for changes is caused mainly by geometrical constraints existing on beam 13
of IBR-2. With the help of the new diffractometer the internal stresses in constructional materials and
industrial products will be studied; it is also planned to organize educational process of training
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specialists and to test new equipment for further development of the Fourier correlation method for
analysis of elastic neutron scattering by crystals (increase of luminosity, improvement of resolution,
etc.). This beam is also intended to be used for testing detectors and other spectrometer elements
developed in FLNP, i.e. it will serve as a test beam.

Fig. 2. The layout of the FSS diffractometer on beam 13 of IBR-2.

Neutron beam-forming systems.

In cooperation with the German Institutes and PNPI (Gatchina) the reconstruction of neutron
guides for beam 7 of IBR-2 and the modernization of the EPSILON and SKAT diffractometers (in
accordance with the plan-schedule of the BMBF-JINR project) continued. The head part of the neutron
guide system (splitter, Fig.3) was assembled, optical elements were adjusted and covered by a
shielding material, and the debugging of the vacuum system is under way.

Fig. 3. Splitter. Fig. 4. First sections of the curved
neutron guides for EPSILON
(yellow) and SKAT (blue).

Vacuum casings and beam-positioning support pillars for the outlet part of the EPSILON and
SKAT neutron guides were manufactured. The installation of curved neutron guides for the EPSILON
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and SKAT diffractometers (Fig. 4) and of vacuum equipment, as well as the vacuumization of the
neutron guides are in progress.

Annual Report 2010

Work on the reconstruction of the neutron guide for the NERA-PR spectrometer has started.
Working drawings of the new neutron guide have been developed and the old neutron guide has been
dismantled.

Choppers and actuating mechanisms.

The choppers of beams 4, 7 and 8 with new TOSHIBA variable-frequency drives have been
tested in the phase stabilization mode. Tests of the drum-type DC-motor-based choppers (Fig. 5)
manufactured in the Scientific Production Association «Atom» have been carried out in the ring
corridor on beams 6a and 6b. The phase stabilization accuracy was 25-50 ps.

Fig. 5. A drum-type
DC-motor-based
chopper.

The modernization of the sample-changing system on beam 4 (YuMO) at IBR-2 has been
carried out. The modernization project for the control system of a goniometer and a platform with a
detector on the REMUR spectrometer has been developed. Within the framework of the project a
structural scheme of the unified control system of stepper motors and systems of data acquisition from
sensors has been proposed (Fig. 6), which can be used for the modernization of control systems of
actuating mechanisms (AM) on other IBR-2 spectrometers as well.
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Fig. 6. The structural scheme of the control system of stepper motors
and data acquisition from angular sensors.
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It seems reasonable in the process of modernization of AM control systems to keep the division
between an integrated controller/driver and a stepper motor, since this simplifies the problem of
changing the type of a motor or a controller. It is suggested to widely use CAN controllers/drivers of
stepper motors with currents of 1-8 A, and absolute multi-turn angle sensors consisting of a one-
revolution sensor (12-16 bits) and a sensor of revolutions (12-16 bits). They can be used to control both
angular and linear movements.

Calculations and simulation of spectrometers.

In close cooperation with the Munich branch of the Research Centre FZ-Juelich in FLNP the
development and support of the software package VITESS (Virtual Instrument Tool European
Spallation Source), as well as the calculations and simulations of new devices and spectrometers for
both the IBR-2 and the FRM-2 reactors are under way.

The calculations of neutron spectra and optimization of beam geometry from the moderator to a
sample for the spectrometers located on beams 4 and 10 of the IBR-2 reactor have been completed:

e The simulation and optimization of the extraction system for beam 4 (YuMO) and a new small-
angle instrument with two consecutive collimation systems (divergent neutron guide + multislit
collimator: grids) have been completed. This made it possible to increase the sizes of samples in
use and at the same time to reduce Qmin (and as a result to increase the instrument resolution) as
compared to the available YuMO spectrometer. The extraction system allows neutrons to be
collected and used from both moderators (cold and thermal).

e The simulation of the prototype of a new instrument with polarized neutrons GRAINS has been
performed. The comparison of the simulation results with the analytical calculations has been
performed. Particular attention has been given to the proper consideration of the influence of
gravitational effects on the resolution function of the instrument, as well as on the distribution
of neutron flux on a sample. The results of the simulation have practically coincided with the
analytical results. Also, the algorithm for gravitation simulation in VITESS has been improved.

New modules for the VITESS software package have been developed:

— The development and testing of the module for simulating an adiabatic radio-frequency flipper
have been completed. The simulation of a spin-echo machine with 4 flippers has been carried
out.

— A new special module for simulating moving round grids has been developed with due regard
for neutron attenuation in materials. The module can simulate grids at the nanoscale. It is
intended to simulate one of the variants of the Neutron Spin Echo Machine. The development
and testing of a new module for simulating neutron refraction prisms and systems of prisms
have started as well. Both of the above-mentioned modules are being developed in cooperation
with A.loffe (JCNS-Munich, Germany).

— A module for simulating a universal polarizing mirror for the new GRAINS reflectometer has
been developed.
For all the above-listed modules the agreement between the simulation results and theoretical
calculations is good.
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Detectors.

For the PSD of the GRAINS spectrometer work on the optimization of the firmware for a new
electronic block of acquisition and accumulation of data from the detector has been completed and the
development of PC software has started. This detector has also been tested with De-Li-DAQI
electronics on beam 4 of the LVR-15 reactor at the Nuclear Research Institute (NRI) in Rez (Czech
Republic). The measurements were carried out for several days with the use of various slit masks,
scatterers and so forth. Image Plate and 1D PSD Ordella detectors were used for calibration purposes.
The results of the measurement of basic characteristics of the detector coincide with the results
obtained last year at the IR-8 reactor in the RRC “Kurchatov Institute” and correspond to the design
values. Figure 7 illustrates the spectrum for a thick alpha-Fe sample (measured in NRI with the
GRAINS PSD). Using the same detector, neutron beam profiles were measured on two channels of the
IREN facility. Thus, the GRAINS PSD has passed thorough testing in various operation conditions and
can be used in experiments at IBR-2.
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Fig. 7. Spectrum for a thick alpha-Fe sample (distance to Fig. 8. A ring-shaped multi-section detector of
the sample is 45 cm, measurement time is 300 s). thermal neutrons.

Since 2010, the specialists from NRI (ReZ) have been participating in the development and
construction of a ring-shaped multi-section detector (RSD) of thermal neutrons (Fig. 8) for the DN-6
diffractometer. A grant was allocated for this project within the framework of the program of
cooperation between JINR and Czech Republic, and this made it possible to prepare the design
documentation for mechanical units of the detector, as well as to produce and test the prototype of one
section of RSD (test module).

The detector is divided into sections (16 or 32), which share the same gas volume. The casing
and the cover of the detector are made of Al-Mg alloy ensuring hermeticity and mechanical strength of
the device. Each section in its turn is divided into 6 cells along the generator of the cylindrical surface.
The sections and cells are mechanically bounded by 1-mm-thick plates of foil-clad textolite. The
dimensions of one cell are 15x30x80 mm”. Signals from cells are taken from independent anode wires,
which are in the geometric centers of the cells. Preamplifiers are located inside the detector gas volume,
which allows us to minimize noise. Individual data readout from each cell provides necessary
flexibility in adjusting and positioning the detector.

Because of the curved shape of the electrodes, the electric field distribution inside the detector
will differ from the electric field distribution in flat chambers. To evaluate the influence of the
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curvature of the detector, a test module has been made. An external view of the module is shown in
Fig. 9. It imitates one section of a 32-section curved detector.

Fig. 9. The test module. Side view, front view, ready-assembled test module.

Gold-plated tungsten anode wires are stretched in the center of the cells between the top and bottom
curved cathodes. Several variants of the cells with wires of various diameters (10, 25 and 50 pm) have
been tested. The distance from a wire to the curved cathodes at the edges is ~15 mm. The top curved
cathode has a radius of 330 mm and a thickness of 5 mm. The radius of curvature of the bottom
cathode is 371 mm; it has flat basis, which simplifies the process of manufacturing and does not affect
the characteristics of the module. A schematic view of the module is given in Fig. 10.

Side view Anode Front view
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Fig. 10. A schematic of the test module.

The measurements were carried out with a >>Cf neutron source. Amplitude spectra and count

rate characteristics were obtained for various gas mixtures. Amplitude spectra of signals from the test
module and from a standard helium counter SNM-17 are presented in Fig. 11.
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It has been found that signal acquisition in the test module proceeds a little bit more slowly than in
SNM-17, which is due to the elongated shape of cells. The energy resolution of the detector is
comparable to the resolution of a standard counter. A signal-to-noise ratio is slightly worse, however,
signals from neutrons can be reliably separated from noise. Since it is expected that the ring-shaped
detector will operate at light loads and in a "clean" beam, we can state that on the whole the
characteristics of the test module meet the requirements imposed on the detector.

At present, the design documentation has been forwarded to the SPA «Atom» to produce the
mechanical units of the detector.

An advanced version of a high-speed neutron counter with a peak load of up to 3-10° n/s (see
Annual Report for 2009) has been produced and successfully tested in ILL.

In view of the existing problems with the helium-3 supply, the design of a helium-3 purification
system (Fig. 12) has been done. The drawings have been forwarded to the SPA «Atom» for production.

Gas pipeline system
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Necessary calculations and design works have been performed to create the next module of the
scintillation detector “Astra” for the FSD diffractometer. The components necessary for assembling the
module have been ordered and partially delivered. The order to manufacture the detector elements has
been placed at the SPA «Atomy.

Electronics.

Preamplifiers and discriminators for the RSD of the DN-6 diffractometer have been developed,
manufactured and tested with a test module.

The architecture and electrical circuits of a unified block for data acquisition and accumulation
(DAA) from neutron counters of the EPSILON diffractometer and the ring-shaped detector of DN-6
have been developed. The basic design parameters are as follows:
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e time discretization frequency of all signals (detector, reactor start, etc.) — programmable
(maximum of 62.5 MHz);

e maximum number of detector elements — 96 (192);

e maximum count rate — 5-10° events/s (~5-10* for one detector element);
e PC interface — USB 2.0;
¢ internal histogram memory of the accumulation block — 64 Mbyte;

e maximum delay of the registration start relative to a reactor burst — 0.268 s (programmable,
time step — 16 ns); with the same accuracy the channel width for histogram memory and the
width of a time window within which neutrons are registered, can be programmed.

A test generator imitating the operation of the data accumulation system without connection of
detector elements is built into electronics. This will make it possible to make a fast check for the
serviceability of the equipment before a session and also to perform its autonomous debugging.

Data transmission between the data acquisition electronics and USB interface will be carried out
via a serial fiber-optic line at 1.25 Gbit/s.

Structurally the DAA system consists of the above-mentioned programmable block with FPGA
and three input converter blocks, in each of which the transformation of signals and transition from a
32-pin LEMO connector to a ribbon cable are carried out. The main difference between the DAA
systems for the EPSILON and DN-6 diffractometers is that for the EPSILON diffractometer in a
histogram accumulation mode the neutron time focusing operations are required to be performed.
Specific features of each spectrometer are taken into account in programming FPGA.

At present, a prototype of the DAA system for 16 detector elements (DAA-16) has been
developed and constructed. It is intended for use at the REFLEX spectrometer and can be employed at
other instruments, where the number of detector elements does not exceed 16. By the end of the year it
is planned to test it.

The data acquisition block De-Li-DAQ2 for PSD has been debugged. Drivers and controllers of
spin-flippers (2 sets) have been developed, manufactured and adjusted for the REFLEX spectrometer.

In accordance with the schedule the routine maintenance, repair and modernization of the
electronic equipment at the IBR-2 spectrometers were carried out.

FLNP local area network.

A new Switch Catalyst 3560E-24TD-E router has been installed in the IBR-2 experimental hall.
It should provide switching and transferring data at a rate ranging from 10 Mbit/s to 10 Gbit/s;
intrasegment data transfer via twisted pair and fiber-optic cables; connection with the central network
segment via a fiber-optic line. At present, in cooperation with the specialists from the Laboratory of
Information Technologies the adaptation of the router to the existing FLNP network and the JINR
network is carried out. The purchase of the second router is postponed until 2011, since a demand arose
for an urgent replacement of a worn-out router Switch Catalyst 5000 in the central segment of the
FLNP network (bldg. 119) by Switch Catalyst 2960S-24TD-L 1 and a mail server Sun Workstation by
Server 1U 600W/Xeon E5507.

The disk space of two servers SUN X4200 has been extended up to 1.3 TByte; one of them has
been operating as a mail server since August, 2010. New network public domain printers
HP LaserJet 2055DN (4 pcs) have been purchased and installed in the main buildings of the
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Laboratory. Work is carried out to test and eliminate the mismatch between the crossover joints of

fiber-optic cables and the requirements of the 10 Gbit/s interface.

Software.

In 2010 work to develop the software package Sonix+ proceeded as follows:

Sonix+ was adopted for the FSD diffractometer. Tests of the programs with the spectrometer
equipment were started.

A version of Sonix+ was prepared for the REFLEX spectrometer (for the equipment available

today). Compilation of the library of operations is under way. Development of an adjustment
program common to the REFLEX, REMUR and GRAINS reflectometers started.

Work to improve the Sonix+ software package was continued:
— change-over to Visual Studio 2008 was completed,
— aset of drivers was supplemented with the new ones, the exposition server was elaborated;

— new programs (SCP — Sonix control panel) were included in the graphical interface, as well
as the programs developed earlier (SpectraViewer, LogViewer) were significantly
improved.

A new version of the WebSonix site http://sonix.jinr.ru was prepared and put into service
(Fig. 13, 14). In this version the earlier detected errors were eliminated, the stability in the
parallel work of several users was improved, the response time of the slowest operations was
reduced, the FSD spectrometer was included into the list of instruments being serviced.

software support of methodical developments performed in the Department and Laboratory was
provided.

Sonix+ Web Remote System 2 P
Database viewer s

Documants || Cumeni st || Losjoiwas | Spcia viewar || Cosial Loge

Cuavrss smate: Sarp 50 smeas_J1h_oniwanady]_ | detmmady] 2det 60, 30,2, 2 0 8019
L 500

Fig. 13. Title page of WebSonix. Fig. 14. A page displaying the current status of a

spectrometer.
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4. EXPERIMENTAL REPORTS

DEPARTMENT OF NEUTRON INVESTIGATION OF CONDENSED MATTER

Theoretical and experimental study of elastic wave propagation in anisotropic texurized rocks
A.N.Nikitin, V.K.Ignatovich, T.I.Ivankina, A.A.Kruglov, T.Lokajicek, L.T.N.Phan and R.N.Vasin

CTpyKTYpHbIe aHOMAJIMHU Pr-COAePKALIUX OKCHIOB NMPH HU3KHUX TeMIlepaTypax
A.M. banazypos, H.A. Boopuxos, B.IO. Ilomaxywun, E.B. [lomaxywuna, /[.B. Ilenmsaxos, U.0.Tposnuyx

Nucleation theory models for describing kinetics of cluster growth in C60/NMP solutions
T.V. Tropin, M.V. Avdeev, O.A. Kyzyma, V.L. Aksenov

Solvatochromism in fullerene solutions
T.A.Kyrey, O.A.Kyzyma , M.V.Avdeev, V.L.Aksenov, M.V.Korobov, L.A.Bulavin

Sans study of water-based ferrofluids for brain cancer therapy
M.V.Avdeev, A.V.Feoktystov, B.Mucha, V.M.Garamus, R.Willumeit, K.Lamszus, L.Vekas, O.Marinica, R.Turcu

Observation of non-specular neutron reflection from a magnetic film placed in oscillating magnetic field
S.V. Kozhevnikov, V.K. Ignatovich, Yu.V. Nikitenko, F. Radu, A. Riihm and J. Major

Ultrasonic treatment effect on the long-term stability of biogenic ferrihydrite nanoparticles samples in aqueous
solution under ambient conditions

M. Balasoiu, L. Anghel, A. V. Rogachev, L.A. Ishchenko, A. Jigounov, G.M. Arzumanian,

S.V. Stolyar, R.S. Iskhakov, Yu.L. Raikher
Structural and magnetic phase transitions in multiferroic BiMnO3 at high pressures

D.P.Kozlenko, A.A.Belik, S.E.Kichanov, D.V.Sheptyakov, Th.Straessle and B.N.Savenko

A study of cluster formation in silicon glasses doped by TiO,/CeQO, oxides.
S.E.Kichanov, S.A.Samoylenko, D.P.Kozlenko, A.V.Belushkin, L.A.Bulavin, G.P.Shevchenko, V.C.Gurin,
V.Haramus and B.N.Savenko

Morphology of the phospholipid transport nanosystem
M.A. Kiselev, E.V. Ermakova, O.M. Ipatova, A.V. Zabelin

Merton ciea-0To0pakeHHs A5 pellieTKH meJia
Onomap Ackepos

Results of measurement the residual strains in the WWER-1000 reactor vessel
V.V.Sumin, A.M.Balagurov , LV.Papushkin , R. Wimpory

The resolution function of a tof reflectometer in the gravity field
1. Bodnarchuk, S.Manoshin, S.Yaradaikin, V.Kazimirov, and V.Bodnarchuk

Aqueous solutions of poly(ethylene glycol): SANS study
G.Lancz, M.V.Avdeev, V.1 Petrenko, V.M.Garamus, M.Koneracka and P.Kopcansky

Contrast variation in small-angle neutron scattering on water-based magnetic fluid with sodium oleate and
polyethylene glycol stabilization
M.V.Avdeev, A.V.Feoktystov, P.Kopcansky, G.Lancz, M.Timko, M.Koneracka, V.Zavisova, N.Tomasovicova,
A.Jurikova, K.Csach, V.M.Garamus, R.Willumeit, L.A.Bulavin

DEPARTMENT OF IBR-2 SPECTROMETERS COMPLEX

Co3naHne MakeTa TeXHOJOTHYECKOH CHCTeMbl KPHOT€HHOr0 3aMelINTeNdsi € JJIEKTPOHMKOH YNpaBJIeHUsT H
KOHTPOJISI
Ananves B.Jl., bensxos A.A., Bozosenv A.A., bynasun M.B., Bepxoensooé A.E., Kynaeun E.H., Kynuxos C.A.,
Kycmos A.A., Myxun K.A., Ilemyxoséa T.b., Cupomun A.Il, ®edoposé A.H., [llabanun E.II., Illabanun JI.E.,
Hlupoxos B.K.

NUCLEAR PHYSICS DEPARTMENT

Epithermal neutron activation analysis of the asian herbal plants
Baljinnyam N., Jugder B., Norov N., Frontasyeva M.V.,Ostrovnaya T.M., S.S. Pavlov

Radiometry of *’Cs and 2'°Pb in moss from belarus
Aleksiayenak Yu. V., Frontasyeva M. V., Florek M., Faanhof A.
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THEORETICAL AND EXPERIMENTAL STUDY OF ELASTIC WAVE
PROPAGATION IN ANISOTROPIC TEXURIZED ROCKS

A.N.Nikitin®, V.K.Ignatovich®, T.LIvankina®, A.A.Kruglov®, T.Lokajicek",
L.T.N.Phan‘ and R.N.Vasin*

“ Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, DubnaoRussia
b Institute of Geology, Academy of Sciences of the Czech Republic, Prague, Czech Republic
¢ Tula State University, Tula, Russia

Theoretical and experimental investigations of elastic wave propagation in a bilayer media have been provided. It
was shown that elastic waves of quasi-longitudinal and quasi-transverse polarizations propagate through axial anisotropic
media. Wave reflection from a free surface is in general accompanied by triple splitting and all the reflected waves are
nonspecular. The quasi-longitudinal and quasi-transverse elastic waves contain the both longitudinal and transverse
constituents. This fact may be a reason for the discrepancy which did not observed in the elasticity theory earlier.
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Fig 1. The map of the isoline disctribution of traveltimes of the quasi-longitudinal wave passed through the model —
“plexiglas — quartz”. The XZ plane of the single quartz coincides with the plexiglas surface. The transmitter is fixed on
the plexiglas face at the angle of 60° to the horizontal surface. a) ultrasounic frequency - 200 kHz; b) ultrasounic
frequency - 5 MHz.

For example, it was found out that even for isotropic medium the reflection of shear wave from an interface having the
polarization in the incidence plane can create non Rayleigh longitudinal surface wave which can accumulate devastating
amounts of energy at the critical grazing angle. Moreover, the energy density of surface wave may hundred times exceed
the energy density of the incident elastic wave. The observed result is very important for seismology.

To improve the considered model and to check the reliability of results we performed the study of elastic wave propagation
through model isotropic-anisotropic medium. A set of samples of different compositions were investigated («plexiglas +
single quartz oriented parallel to the optical axis», «plexiglas + single quartz oriented perpendicular to the optical axisy,
«plexiglas + polycrystalline graphite (with certain texture)», «epoxy + biotite»). Crystallographic texture of graphite was
determined by means of neutron diffraction.
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Fig. 2. The comparison of experimental values of arrival time of quasi-longitudinal wave reached the top quartz
surface with calculated values. The direction of incident longitudinal wave occurs (a, b) at the angle of 30° to
the quartz XZ plane; (c, d) at the angle of 60° to the quartz XY plane.

Flastic waves were generated by piezoelectric transmitters which are fixed in a certain point of the isotropic part of
the sample. The receiver was scanning the surface of the quartz bar (anisotropic part). We registered the wave patterns of
the mixed quasi-longitudinal and quasi-transverse elastic waves of different frequencies passing through the investigated
samples in depend on grazing angle of the propagating elastic wave in respect to the interface (or to the foliation) (Figure
1).

The comparison between calculated and measured data of quasi-longitudinal waves came to the satisfactory
agreement (Figure 2).
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CTPYKTYPHBIE AHOMAJINU PR-COJAEPKAIIIUX OKCHUIOB ITPU
HU3KUX TEMIIEPATYPAX

A.M. Banarypos®, H.A. Bo6pukos®, B.JO. omsikymun”, E.B. ITomsikymuna®,
JA.B. IlenTsikoB”, N.0.TpostHayk*

“ Obveounennvlii uncmumym sadepuuix ucciedosanuil, /[yona, Poccus
b Laboratory for Neutron Scattering, Paul Scherrer Institute, Switzerland
¢ O0vedunenHbLl UHCMUmMY N MEepO02o nmeia i nOAYnPoeoonuKxos, Munck, bBeropyccus

B uccnenoBaHusaX CIOKHBIX OKCHIOB TIEPEXOTHBIX METALIOB (MAHTAaHUTOB M KOOANbTUTOB) THIA A A'\BO;, TIE
A - pemko3eMesbHBIA 3JeMeHT, A’ - IIeNOYHO3eMeNbHbIH 3MeMeHT, B = Mn wmu Co, BBIOOp TOrO WM HHOTO
PEIKO3EMENBHOTO DJIEeMEHTa MM KOMOWHAIIMM HECKONBKHX Pa3HBIX JJIEMEHTOB CBOIMTCS, KaK MPABHIO, K IKEIAHHIO
nofo0paTh HEOOXOAMMYIO BEIIMYMHY CPEIHEro paauyca A-KaTHoHa, <ra>, KOTOpas BO MHOTOM ONpEACseT (pH3UICCKHE
cBoiicTBa coenuHenus. Oanako emie B uccnenoBanusax BTCII Obu10 3aMedeHo, 4TO COSMHEHUS C TIPA3e0JUMOM BEIyT ceOs
WHaye, YeM C JAPYTMMHU PEIKO3eMETIbHBIMU JJIEMEHTaMH, MPUUEM aHOMaJbHOE MOBeAeHUe Pr-comepkamux MepoBCKUTOB,
OOBIYHO TIPOSIBJIACTCS MPH CPABHUTEIILHO HU3KHUX TeMIiepaTypax. Jis cloXHBIX OKCHIOB MapraHiia i KooajabpTa Ha 0coObIe
CBOICTBa cOCTaBOB ¢ Pr BHMMaHuWe ObIIIO 0OpaIIeHo CPaBHUTEIHHO HETAaBHO, HO YXKE HAKOIUICH HEOOXOMUMBIH JIIsl aHAIN3a
JKCIIEPUMEHTAIbHBIA MaTepua. Tak, MarHUTHBIC UCCIIeIOBaHUs cocTaBa Pry sSry sCo0Os, (nanee PSCO) nmokazanu [1], uyto B
HeM HaOmromatoTcst nBa (a3oBbix mepexona mpu Tc =~ 226 K u Ty = 120K, Torma xak B COSAWHEHUSX C JAPYTHMHU
PEIKO3eMENbHBIMI KaTHOHAMH €CTh TOJBKO OJUH BBICOKOTEMIEPATYPHBIH TEpPeXol, MPH KOTOPOM BO3HHUKAET
(dbeppomarauTHoe ymopspodeHue. B coctaBe PrysCagsCoOs; B pabote [2], mpu T ~ 75 K oOHapyxeHbl aHOMaJIUU
(usndecknx CBOMCTB (Mepexol MeTall — H30JIATOP) U 3aMETHAsI TIEPECTPOIKa CTPYKTYPBI, KOTOPhIE OTCYTCTBYIOT B COCTaBE
La;sNd;3CasCo0s, umeroniem Takoil xe cpenHuii paauyc A-katuona. B coenunennu PrAlO;, B KOTOPOM HET KaKuX-IuO0
MarHUTHBIX TMEPeXojoB, oOHapyxkeHa cxomHas ¢ PSCO mocnenoBaTenbHOCTh CTPYKTYPHBIX IMEPEXOJ0B W aHOMAJIHS B
ynpyrux coicrBax mpu 118 K [3].

Takum 00pa3oM, €cTh OCHOBAaHHUS CUHTATh, YTO HAOIIOJAIONIMECS B COCTUHEHHAX C Pr HU3KOTeMmeparypHBIC
aHOMAJIHMU B (PU3MUECKUX CBOMCTBAX CBS3aHBI ¢ OOUIeH NMPHYMHON, a UMEHHO, ¢ ()OPMHPOBAHHEM HOBBIX YCTOHYHBBIX
XIMHUYECKHX CBA3EH U CleAyeT UCKaTh CTPYKTYpHbIE MPOABIEHH 3Toro 3¢ dexra. B npunmune, oHu yxe ObUTH Hall/ICHEI B
Hamel HenmaBHell pabore [4], Tae OBLTO IMOKa3aHO, YTO JaHHBIE, MMOTYYEHHBIE C TOMOINBI0 AN(PPAKIMK CHHXPOTPOHHOTO
U3IIydeHUs] U OCOOCHHO HEHTPOHOB C OYEHb BBICOKMM pa3pelIeHHeM, IO3BOIAIOT yTBepxkaaTh, 9To B PSCO mpu T,
MPOMCXOAUT HM3MEHEHHE CHUMMETPUU KpUCTala. DKCIIEpUMEHTalbHBIE DPE3yNbTaThl, NpeAcTaBieHHbE B [4], HOCWIN
IpeBapUTENBHBII XapakTep M OTHOCHIHNCH TOJIBKO K T'€OMETPHH KPHUCTAIMYECKOW pemeTkd. B manpHedmmx Oornee
JIETABHBIX TU(PAKIHOHHBIX YKCIICPUMEHTAX HaM yAAlOCh MOJXYYUTh HH(POPMALUIO 00 aTOMHOW M MarHUTHOU CTPYKTYype
PSCO B 0o0OnacTi HU3KKUX TeMIepaTyp. AHAIN3 BCeX MMEIOIIMXCS TAHHBIX MTO3BOJISET YTBEPHKIATh, 4TO B Pry sSr) sCoOs npu
Temmeparypax Hmwke 170 K mpoucxoanT paccioeHne kpucrauia Ha JBe (a3bl ¢ pa3HON CHMMETpHEll U pa3sHbIMU (XOTS H
ONM3KMMH) aTOMHOM M MarHUTHOH CTpPyKTypamu. OCHOBHBIM CTPYKTYPHBIM DPa3iHYHeM MeXIy (azaMu sBISETCS
KoHpurypanust kyoooktadapa (Pr,Sr)Oy,, a HabmogaBmasics B npensiaynmx padorax npu 120 K marautHas aHoManus
SIBIISIETCS CJIEACTBUEM MEPECTPONRKU KUCIOPOAHOTO OKpykeHus (Pr,Sr) u, B HekoTopoit crenenu, Co.
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NUCLEATION THEORY MODELS FOR DESCRIBING KINETICS OF
CLUSTER GROWTH IN Cg4/NMP SOLUTIONS

T.V. Tropin®, M.V. Avdeev®, O.A. Kyzyma™®, V.L. Aksenov™*

“ Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
b Kyiv Taras Shevchenko National University, Kyiv, Ukraine
¢ Russian Research Centre “Kurchatov Institute”, Moscow, Russia

In the given report, two kinetic models of cluster growth, based on nucleation theory approach are applied to
describe cluster growth in Cgy/N-methyl-pyrrolidone (NMP) solutions. As compared to low-polarity Cg solutions, where
fullerenes show a tendency towards aggregation under supersaturation as a result of non-equilibrium dissolution [1], in polar
solvents, like NMP, fullerenes Cg always form clusters. Particularly, in pyridine [2], NMP [3] and their mixtures with water
[1] clusters grow up to 500 nm in size during about one month after fullerene dissolution.

For the spectrum from the initial solution specific features of molecular state of Cqy can be seen (e.g. peak at
A=330nm). The UV-Vis spectrum from Cg/NMP changes with time (Fig. 1), which is known as temporal solvatochromism.
The absorption measurements can be used for determination of the free (non-aggregated) fullerene concentration in
Coso/NMP at different time after the solution preparation. For this purpose fullerene is extracted into a solvent, which
dissolves Cgy and is non-miscible with NMP. The good solvent for such procedure is hexane. The time dependence of free
monomer concentration in Cq/NMP found in this way is shown in Fig. 1. It decreases by more than three orders in
comparison with initial solution, which means that fullerene in the “old” NMP solution is mainly in cluster state (free
monomer concentration ¢me,<10> mg/ml). It is important to note that estimates of cluster density made by SANS at the
addition of water to C/NMP [6] indicate that clusters are fullerene molecular crystallites.
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Fig. 1. UV-Vis spectra of fresh and “old” C60/NMP solution (left). Time-dependence of free monomer
concentration in C¢/NMP solution obtained by following concentration of Cg extracted into hexane (right) [9].

Basics of aapplication of nucleation theory for describing fullerene cluster formation are described elsewhere [1,4].
Evolution of a system in frame of classical nucleation theory, described by liquid drop model, results in phase separation,
when all but ¢, of free molecules, transfer finally to the solid phase (infinite cluster). Because this is not the case for
fullerene polar solutions, where clusters stay stable for long periods of time, one should consider new models. Taking into
account a possible appearance of some new chemical bonds, which stabilize clusters in this type of solutions, the
corresponding modifications of kinetic equations can be done in two ways.

In the first case (model I), we introduce an additional function f"(n,£), which describes clusters excluded at the moment ¢
from the nucleation process (segregating phase). The size of these clusters is strongly stabilized and does not change
furthermore. It is clear that finally the segregating phase transfers completely into the stabilized phase. The basic equations
for this model take the form:
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Where the additional term in the kinetic equations for f{n,?) corresponds to exponential depletion of the segregating phase.
The new model parameter, 7, is the characteristic time of cluster stabilization.

In the other case (model II), kinetic equations keep the classical form [1,4], but probabilities of cluster growth /
depletion w* are the functions of time:

m,n

W () = W e % | @)

m,n m,n

where the characteristic time 7 reflects a decrease in the nucleation rate.
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Fig. 2. (@) time evolution of monomer concentration for both models I (dashed lines) and II (solid line). For model I the
upper curve shows the sum f{1,£)+ f7(1,f); and the lower curve shows f{1,£); (b) evolution of mean cluster size for models I
(dashed line) and II (solid lines); curves for model II correspond to different t=10* 1.5%10°; 750 from up to bottom; (c)
dependence of model limiting <R> values on t (points) with corresponding power-law fit (solid line).

The proposed models are qualitatively compared (Fig. 2a) with respect to the time dependence of free monomer
concentration, c¢,,,, whose experimentally found behaviour is proportional to the graph given in Fig. 1. As one can see,
model I shows a significant increase in c,,, at a certain stage, which is in disagreement with the experiment. In contrast, for
model II the time evolution of both free monomer concentration (Fig. 2a) and mean cluster size (Fig. 2b) has a monotonous
character, which is close to the experimental one. This means that this model is a reasonable approach for describing cluster
growth in fullerene polar solutions.

The change in the time dependence of mean cluster size, <R>, with varying 7 is illustrated in Fig. 2b, where one
can see that its limit is determined by 7. The found limits of <R> in Fig. 2b are far from the real one, which means that
significantly larger 7-values should be used in calculations. However, the corresponding numerical solution requires too
much time resources, which are hardly available for the moment. The 7-value which fits experiment can be estimated from
dependence <R> vs. 7 obtained at smaller cluster sizes (Fig. 2c¢). It is of the power-law type, and the corresponding
extrapolation for <R>~100 nm gives 7~10® a.u.. Taking into account that initial supersaturation Cmon(0)/ceq can be higher,
one can conclude that to fit the experimentally observed cluster size, the approximate 7 estimate is within 10°-10% a.u. for
supersaturations of 10*-10°. Further work on the proposed models and their development is in progress.
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SOLVATOCHROMISM IN FULLERENE SOLUTIONS

T.A Kyrey™”, 0.A.Kyzyma™®, M.V.Avdeev®, V.L.Aksenov*‘, M.V.Korobov’, L.A.Bulavin®

“Joint Institute for Nuclear Research, Dubna, Moscow reg., Russia
Kyiv Taras Shevchenko National University, Kyiv, Ukraine
‘Russian Research Center Kurchatov Institute, Moscow, Russia
"Moscow State University, Moscow, Russia

Solutions of fullerene Cg in nitrogen-containing solvents (pyridine, N-methyl-2-pyrrolidone (NMP), benzonitrile and
acetonitrile) and its mixtures are of current interest due to the time evolution of the electrooptical constant [1], as well as
photoluminescence [2], IR [3], Raman [2] and UV-Vis spectra [4] which correlate with cluster formation.

In the given experiments we study solvatochromic effects after dissolution of C¢/NMP system. Previously, time-
dependent solvatochromic effect (temporal solvatochromism) was observed in Cq/NMP solution [2]. Addition of polar
solvent (water, miscible with NMP) to this system leads to sharp solvatochromic effect (at negligible changes of system’s
composition) and increasing of absorbance at 450-550 nm [5,6]. Here, the changes in UV-Vis spectra of fullerene Cg in
mixture NMP/toluene at the solution polarity variation (¢ = 3,8 + 26,6) were investigated. Time-dependent study at
increasing as well as decreasing of solvent polarity was done. Smearing of absorbance spectra for fullerene solutions in
different polarity mixtures was observed. These solvatochromic effects are analyzed with respect to solvation processes.

Fullerenes (Fullerenovye Tekhnologii, purity > 99.5%) and solvents of different polarity: polar NMP (¢=32) (Merck,
purity > 99.5%) and low-polar toluene (e=2,4) (Merck, purity >99.5%) were used for samples preparation. The Cg/NMP
solution was prepared by adding 20 mg fullerene in 34 ml NMP with stirring for one hour at room temperature The solution
was stored in darkness at room temperature. To obtain the Cgp/toluene solution the fullerene was dissolved in toluene and
stirred for ten minutes. Ternary solutions Cs/NMP/toluene and Cgp/toluene/NMP were obtained in two ways: by addition of
toluene or NMP to initial C¢/NMP or Cgo/toluene solution, respectively. The volume fraction of toluene or NMP in the final
mixture was varied in the range of 20-95 % (¢ = 3,8 + 26,6). Absorption spectra were obtained using Hitachi U-2000
(wavelength range 200-1000 nm) UV-Vis spectrophotometer. Quartz cells with 2 mm path length were used. The spectra
were obtained right after the solution preparation, several days after preparation and one month later.

The UV-Vis spectra of fresh C¢/NMP and Cgg/toluene solutions are compared in fig.1. They both exhibit
characteristic peaks of molecular Cg, at about 330 and 410 nm with slight shifts, when comparing the two solutions,
determined by a difference in the fullerene-solvent interaction. Changes in UV-Vis absorption spectra of Cgo/toluene system
at NMP addition are presented in Fig. 2. It is clearly seen that the addition of NMP to the Cg/toluene system leads to a
smearing of specific peaks at A =330 nm and A = 410 nm and also an increase in absorption at A = 400 + 550 nm.

The cluster formation [4] and fullerene salvation by NMP molecules take place after addition of polar components
to solution (increase permittivity up to 26,6). New solvate Cq/NMP are formed and therefore absorbance spectra are
changed. It should be noted that change of solution color from purple specific for the system Cgo/toluene to yellow-brown
specific for the system Cq/NMP and hypsochromic effect (the shift of the absorption peak towards higher energy) are
observed (Fig. 3). There is indication about formation of donor-acceptor complexes between fullerene and solvent
molecules [2].

Addition of toluene to C4/NMP leads to decrease of solution polarity from 32 (Cg/NMP) to 3,8 (Cso/NMP/toluene
with 95 vol. % of toluene). The sharp solvatochromic effect was observed when volume fraction of toluene in the ternary
solution more than 80 vol. % (Fig. 4). In this case the spectrum of the system takes the form specific to the fullerene
solution in toluene. It should be noted, that increase of low-polar component in the Cs/NMP/toluene solution leads to
increase of selective salvation (considerable difference between composition of salvation shell and bulk solution) due to
greater salvation power of NMP in compare to toluene. When volume fraction of toluene in solution up to 80% fullerene
clusters are dissolve (transition from colloidal to molecular solutions) and UV-Vis spectrum takes form of molecular
Cgo/toluene solution.




Annual Report 2010

0,6
05
04
03
0,2
01
0,0

Absorbance

Absorbance

300 400 500 600 700
A, NM

Fig. 1. UV-Vis spectra of fresh C4/NMP (dash), and
Ceo/toluene (solid) solutions. Absorbance normalized
to fullerene concentration. Inset shows peak shift at
410 nm
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Fig. 2. UV-Vis spectra of Cyp/toluene solution (dash) and
Ceo/toluene/NMP solutions at 50 vol. % (solid) and 80
vol. % (dot) of NMP. Inset: absorbance at wavelength of
310 nm versus dielectric constant (¢) and NMP vol.
fraction (20-90%). Absorbance normalized to fullerene
concentration

It should be noted that the addition of toluene to an old C¢/NMP system (with a smoothed spectrum) did not lead
to any changes in the absorption spectra. In this case considerable amount of added toluene leads to partial cluster
decomposition without complete transition to molecular solution. Similar effects were observed in Cq/NMP solution at

water addition [7, 8].
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Fig. 3. Hypsochromic effect for Cgp/toluene (solid) and
Ceo/toluene/NMP (dash — 80 vol. % of NMP) solutions.
Absorbance normalized to fullerene concentration
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Fig. 4. UV-Vis spectra of Cg/NMP solution (solid) and
Ceo/NMP/toluene at 90 vol. % (dot) and 95 vol. % (dash) of
toluene. Inset: absorbance at wavelength of 310 nm versus
dielectric constant (¢) and toluene vol. fraction (20-95%).
Absorbance normalized to fullerene concentration

It was shown [8], that Cq/NMP characterized by temporal solvatochromism (spectrum smearing with time).
Similar temporal smearing (during one month) was observed for all samples of both systems (Cg/NMP/toluene and
Cgo/toluene/NMP) regardless the ratio NMP/toluene. The reason of temporal solvatochromism is formation of donor-
acceptor complexes Cq/NMP due to high salvation power of NMP. Namely, selective salvation in ternary fullerene

solutions with low NMP content takes place.
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Sharp (change mixture composition) and temporal (with time) solvatochromism of fullerene solution in mixture N-
methyl-2-pyrrolidone (NMP)/toluene at the solution polarity variation (¢ = 3,8 + 26,6) were observed. Addition of polar
NMP to Cgp/toluene solution leads to clusterization and formation of donor-acceptor complexes between Cg, (acceptor) and
NMP molecules (donor), which accompanied by hypsochromic effect and smearing of specific peaks at 330 and 410 nm.
Decrease of fullerene solution polarity (toluene addition) leads to increase of selective salvation due to greater salvation
power of NMP in compare to toluene. When volume fraction of toluene in solution up to 80% fullerene clusters in ternary
solution are dissolve (transition from colloidal to molecular solution) and sharp solvatochromic effect are observed. In this
case the spectrum of the system takes the form specific to the fullerene solution in toluene. The temporal solvatochromism
occurred for all ternary fullerene solutions regardless the ratio NMP/toluene in mixtures. The reason of this effect is high
salvation power of NMP, which leads to formation of donor-acceptor complexes Cqo/NMP with time in all samples.
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Applications of magnetic nanoparticles for biomedical purposes were actively developed in the last decade [1]. As an
example, cancer treatment in what concerns controllable drug delivery [2], diagnostics (magnetic resonance imaging [3]),
and therapy (magnetic hyperthermia [4]) can be mentioned. This raises the problem of synthesizing biocompatible
ferrofluids or magnetic fluids (fine liquid suspensions of magnetic nanoparticles), which are stable and controllable in
biological media under different conditions.

Recently, some progress in the synthesis of concentrated water-based magnetic fluids (¢,, >10%) has been achieved
[5] for the double stabilization of nanomagnetite by saturated monocarboxylic acids with short carbon chains, such as lauric
acid (LA, C,H40,) and myristic acid (MA, C4H30,). In the present experiments, we study the concentrated samples with
one of the highest ¢,, values among those for available water-based ferrofluids with long-term stability (at least 1 year). The
key point is that a significant increase in the stabilized fraction of magnetite when using LA and MA indicates that there
should be specific structural peculiarities in these fluids as compared to other stabilization schemes.

The measurements were made on the SANS-1 instrument [6] at the GKSS Research Centre. A differential cross
section per sample volume (scattering intensity) that is isotropic over the momentum transfer vector ¢ was obtained as a
function of modulus g=(4w/A)sin(6/2), where A is the neutron wave length and 8 is the scattering angle. Experiments were
carried out in a standard way to cover a ¢ interval of 0.06-2.5 nm™. The contrast variation was achieved by diluting the
initial samples with different mixtures of light water (H,O) and heavy water (D,0) in a way, in which the D,O content, 7, in
the final sample is varied from 0 to 90%.

The presence of aggregates in bulk ferrofluids is clearly observed in the SANS curves corresponding to different
contents of D,0 in the carrier (Figure 1). The SLDs of the surfactants (about 0.10 x 10'® cm™) do not differ much from the
SLD of water (—0.56 x 10'° cm™), which means that in pure H,O the surfactant component in the fluid structures is almost
matched and the scattering comes mainly from magnetite with an SLD of about 6.90 x 10'° cm™. The addition of D,0 with
an SLD of 6.34 x 10" cm™ increases the contrast from surfactants against the carrier, so specific features appear in the
scattering curves as compared to the H,O case. We fail in fitting the experimental curves to the model of separate core-shell
particles imitating spherical magnetite cores coated with a surfactant shell. Hence, the data in Figure 1 are treated in terms
of the approach of modified basic functions [7], which was recently applied well [8] to aqueous magnetic fluids with charge
stabilization.

Resulting basic functions /.(¢) for the two ferrofluids are given in Figure 2, together with their indirect Fourier
transform (IFT) [9] in the form of the p(r) function. Because shape scattering function /.(g) describes the effective
homogeneous particles, the p(r) function is the pair distance distribution (PDD) averaged over the particle shapes. The
maximal values, where the p(r) functions approach zero, correspond to the maximal aggregate sizes, which are 49 and 33
nm for samples LA+LA and MA+MA, respectively. The obtained values are in agreement with the dynamic light scattering
data for similar samples [10] with reported average hydrodynamic sizes of 77 and 48 nm for fluids LA+LA and MA+MA,
respectively. In particular, the average size ratios between the two fluids are similar:1.5 (SANS) and 1.6 (DLS). The radius
of gyration, R,, calculated from the p(r) functions (15.2 £ 0.2 nm (LA) and 10.2 + 0.1 nm (MA)) is connected to the radius
of gyration of the particle shape, R., and volume, V,, as Rg2 = <RV, | <V,*>, where the brackets denote the averaging
over the particle radius distribution D,(R). Assuming the quasi-spherical shape of the aggregates, which allows one to use
the relation R.” = (3/5)R?, one obtains the characteristic radii of the particles (<R*V,>>/<V,>>)"?to be equal to 19.5 + 0.3 and
13.8 + 0.1 nm for fluids LA+LA and MA+MA, respectively. For comparison, the PDD functions calculated from the TEM
data of separate particles are also given in Figure 2b.
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Fig. 1. SANS contrast variation for samples (a) MA+MA and (b) LA+LA. Sample labels correspond to the
content of D,O in the carrier.

Taking into account the mentioned difference in the 7.(¢) function and the scattering intensity in the case of pure H,O
(n =0), we compare the corresponding PDD functions in Figure 2b. It is interesting that such a difference is clearly seen
only in the LA+LA sample. The maximal size from the /.(¢) function is shifted up to about 7 nm from that of the magnetite
component, which can be related well to the effective thickness (about 3.5 nm) of the surfactant shell around magnetite
nanoparticles. The obtained thickness exceeds the doubled length of the LA molecule, 1.4 nm, which points to the bulky
(nonoverlapped) structure of the stabilizing shell. In the MA+MA sample, both kinds of PDD functions are very similar, so
the surfactant shell does not have any effect.

The incorporation of magnetite particles into cancer cells as a result of endocytosis were observed in optical
microscope images of the samples stained with Berliner blue. The intensity of the absorbed magnetite correlates with the
amount of ferrofluids initially added to the cancer medium. The toxicity rate depends on the cancer cell line. In some cases,
the incorporation of magnetic particles slows the culture growth to 50-60%, but in other cases, such incorporation is almost
nontoxic. At the same time, on average one can conclude that the magnetic particles that are used have some selective toxic
effect with respect to the cancer cells. This follows from the fact that the cytotoxicity of the studied particles for astrocytes
is low and does not depend on the initial particle concentration.
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Fig. 2. (a) Experimentally obtained /.(g) basic functions for the two ferrofluids. The line shows IFT fits of the curves
with parameters of R,=15.1 = 0.2 nm, /(0) = (5.8 £ 0.1) x 10" cm® (LA+LA) and R, = 10.7 £ 0.1 nm, /(0) = (2.1 £ 0.1) x
10%° cm® (MA+MA). (b) Pair distance distribution functions of particles found from I.(g) basic functions () are
compared with the pair distance distribution functions from curves with 0% D,O content (---) and from the TEM
measurements of the individual particles ().

So, the structure of water-based ferrofluids with double-layer sterical stabilization by short monocarboxylic acids
(lauric and myristic acids) is described relative to their possible biomedical applications, in particular for cancer treatment.
It is shown that besides discrete particles coated with a surfactant shell, a significant part of the particles are bound into
aggregates. The inner structure of the aggregates differs for the two ferrofluids with respect to the relative content of
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magnetite and surfactant, showing that in the case of myristic acid stabilization the magnetite particles are not fully coated
with surfactant. Nevertheless, this factor does not have any significant effect on fluid stability in the absence of an external
magnetic field. Both fluids can be used well in cancer (glioblastoma) treatment. As a source of magnetic nanoparticles, they
show high stability in the cancer cell medium and provide a high incorporation of magnetic nanoparticles into cancer cells,
which is strongly dependent on the cancer cell line. The magnetic particles from the probed ferrofluids are characterized by
very low toxicity in human brain cells.
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OBSERVATION OF NON-SPECULAR NEUTRON REFLECTION FROM
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When the oscillating high frequency magnetic field is applied to the uniformly magnetized film, the neutron spin-
flip takes place inside the film at the resonance condition. This leads to non-specular reflection in glancing geometry. We
carried out an experiment to proof this phenomenon theoretically predicted in the articles [1-5].

The measurements were done at NReX' reflectometer (reactor FRM II, Garching, Germany). Fixed neutron
wavelength 0.426 nm (1% FWHM) is used. The sample is the film of permalloy (500 nm) on the Si substrate. The sample
sizes are 25x25x1 mm’. The geometry of the experiment is shown in Fig. 1. The glancing angle of the incident beam is 0.4°
and the angular divergence is 0.006°. The permanent magnetic field Hy= 20 Oe is applied in the sample plane along the

guide field. The oscillating magnetic filed with the amplitude H, = 10 Oe and the frequency about 30 MHz is applied in the
sample plane along the beam path.
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Fig. 1. Experimental setup.

At the resonant frequency non-specular reflection at 0.26° and 0.50° outgoing angles has been observed for both incident
polarization up and down (Fig. 2).
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Such big angular effect of beam-splitting corresponds to the energy changing in the internal magnetic induction 8.7
kG but not in the small external magnetic field 20 Oe. In Fig. 2 b one can see that there is no difference in reflected intensity
in the cases of out-of-resonance frequency 30.0 MHz and switched-off frequency =0 MHz.

In Fig. 3 the count of specularly reflected beam is shown in dependence on the frequency of the oscillating field (upper
panels are integrated intensity, bottom panels are maximum of the intensity). One can see the resonance at 26.2 MHz
(FWHM=1.2 MHz).
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The effect of the specular intensity decreasing in the resonance consists of about 25 % for the integral and 50 % for the
maximum. To define non-specular intensity effect we integrated intensity in two non-specular regions with frequency and
extracted the intensity in the same regions with switched-off frequency for spin UP (see Fig. 4 a) or out-of-resonance
frequency 28.0 MHz for spin DO (see Fig. 4 ¢c). We define non-specular reflection probability (see Fig. 4 b,d) as the

difference of non-specular intensity in Fig. 4 a normalized on out-of-resonance specular intensity integral in Fig. 3 (upper
panels). The effect of non-specular intensity consists of 12% for the interval of ¢, =0.455°+0.641° and 3% for the

outgoing angles & , = 0.199°+0.338°.
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In conclusion, we have observed experimentally non-specular neutron reflection from a uniformly magnetized film
in an applied high-frequency oscillating magnetic field. The non-specular reflection takes place at resonance frequency. The
resonance frequency corresponds to Larmor precession in the magnetic induction of the film. The value of angular beam-
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splitting is big and cannot be explained by spin-flip in the external small magnetic field. For correct determination of the
sign of spin-flip transitions, the following experiments with analyzer will be done.
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Introduction

Ferrihydrite is an iron oxyhydroxide given the molecular formula FesHOg4H,0, although 5Fe,0;-9H,0 and others
have been accepted. Ferrihydrite can show from two to six X-ray diffraction lines and nanoparticles are typically 2-10 nm in
size. Structurally, ferrihydrite is believed to be based on simple chains of iron octahedral, although tetrahedrally coordinated
iron has also been proposed. Ferrihydrite large surface area to volume ratio gives it high sorptive capabilities especially
towards the heavy and transition metals, which are of environmental and industrial importance [1].

The literature [2] gives several methods for synthesis and purification of ferrihydrite. Although ferrihydrite occurs
mainly in situations where Fe’" is oxidized rapidly and/or where crystallization inhibitors are present. Oxidation can
proceed via an inorganic pathway, but may also be assisted by micro-organisms.

In the present work methods to improve long-term stability of biogenic ferrihydrite nanoparticles produced by
Klebsiella oxytoca are investigated. Earlier, it was shown that ferrihydrite nanoparticles produced by bacteria Klebsiella
oxytoca in the course of biomineralization of iron salt solutions from natural medium [3] exhibit unique magnetic
properties: they are characterized by both the antiferromagnetic order inherent to a bulk ferrihydrite and spontaneous
magnetic moment due to the decompensation of spins in sublattices of nanoparticles [4]. Also, it was established that
bacterium Klebsiella oxytoca creates two types of ferrihydrite nanoparticles as a result of variation of the growth conditions
for the microorganisms, whose differences are accurately identified by means of Mossbauer spectroscopy [5, 6] static
magnetic measurements analysis [6, 7] scanning electron microscopy and small angle X-ray scattering methods [8] on dry
powder samples. The investigations in the direction of biomedical applications have revealed that the particles do not
present cytotoxity and when attached to specific drugs present a weak antitumor activity against Ehrlich ascites carcinoma
in mice [9].

Microstructure investigations of these biogenic nanoparticles by means of SAXS and SANS need special prepared
samples: ferrihydrite nanoparticles dispersed in aqueous solution. Preliminary particle size analysis using high-resolution
transmission electron microscopy images (HRTEM) combined with small angle X-ray scattering structure investigation of
biogenic ferrihydrite aqueous suspensions are reported in [10]. Characteristic size of the particles (1-2 nm) (Figure 1a)
estimated from HRTEM observations agrees with the height value of the objects identified by the small angle X- ray
scattering data fit. Also the presence of organic material is detected by means of HRTEM. The nanoparticles or clusters of
nanoparticles are withheld in the organic network (Figure 1b).

The low stability of the aqueous dispersions of the samples obtained from bacterial metabolism up to now made
difficult detailed methodological SAXS and SANS studies.

Thus, effective methods to improve the stability of the biogenic ferrihydrite liquid dispersions are needed. Here
results on the influence of ultrasonic treatment on the stability of before mentioned aqueous dispersions are reported.

Materials

Aqueous samples of biogenic particles of ferrihydrite were provided by Siberian Federal University, Krasnoyarsk, Russia.
Ferrihydrite particles were obtained from microorganism isolated from Lake Borove (Krasnoyarsk krai). Initial
concentration of magnetic nanoparticles in aqueous solution was 12.5g/1 (5g of ferrihydrite powder dissolved in 400 ml
double distilled water). From initial solution were prepared 4 samples of different concentration: 7.41-10°M, 5.54-10°M,
3.70-10°M, 1,85-10°M.
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Fig. 1. HRTEM images of a sample
of ferrihydrite nanoparticles dispersion in
water: (a) and (b).
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Prepared samples of different concentration of ferrihydrite were treated for two hours using a TRANSSONIC
310/H ultrasonic bath. Characterization of ultrasonic ferrihydrite samples in time consisted monitoring of visible spectra
analysis on spectrophotometer. The absorbtion spectra of the samples with different ferrihydrite concentrations are
presented in Figure 2.
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Results and discussion

Due to its high sorptive properties, it is difficult to purify the biogenic ferrihydrite from organic matter and to
maintain it dispersed in aqueous solution for a long time. We attempted the ultrasonic treatment as a physical method to
disperse particle agglomerates without causing changes in chemical composition of the sample. The ferrihydrite
concentration varied in each sample ultrasonic treated. A spectrum of ferrihydrite solution before ultrasonic treatment is
shown in Figure 2.1. The spectrum is rather nondescript with gradual absorbance decline from 400 to 650 nm. For
comparison purposes, the spectrum of the same ferrihydrite sample after ultrasonic treatment is shown in Figure 2.2.
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Visible spectra of ferrihydrite samples have shown changes after ultrasonic treatment. Decrease of absorbance

values might be related to the reduction of the particles size. We also attempted to monitor the visible spectra of ultrasonic
treated samples of ferrihydrite after 24h, 36h, 72h, and one week. The obtained data show that the samples remain stable
during one week after ultrasonic treatment.

ferrihydrite aqueous dispersions of following particle

3

concentrations obtained at Rigaku spectrometer in 3 o1
function at IMC (Prague): (1) concentration of ferrihydrite %‘
7.41-10°M; (2) concentration of ferrihydrite 5.54-10°M; 5
(3) concentration of ferrihydrite 3.70-10°M; (4) E
concentration of ferrihydrite 1.85-10°M. 0.01 5 1
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Fig. 4. SAXS experimental curves from biogenic

In Figure 4 are presented SAXS experimental curves from biogenic ferrihydrite aqueous dispersions of four particle
concentrations (after ultrasonic treatment) measured at Rigaku spectrometer in function at IMC (Prague): (1) 7.41-10°M;
(2) 5.54:10°M; (3) 3.70-10°M; (4) 1,85-10°M. Further experimental data treatment is in progress.
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STRUCTURAL AND MAGNETIC PHASE TRANSITIONS IN MULTIFERROIC
BiMnO; AT HIGH PRESSURES
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A great attention has been given to multiferroic effects, observed in RMnO; (R = Tb, Dy, Gd, Bi) compounds. In
these materials ferroelectricity coexists with long range magnetically ordered ground state of incommensurate or
commensurate nature. This leads to quite interesting novel physics, such as possibility of switching of electric polarization
by magnetic field, very prospective for electronic devices, possible composite excitation of electromagnon, and promising
many more surprises awaiting to be unearthed. The multiferroic BiMnOs is a rare example of the compound with collinear
ferromagnetic ground state (7Try = 100 K), possessing orbital order at Trg= 500 K [1].

Our results [2] demonstrate that application of relatively moderate pressure (P ~ 1 GPa) leads to suppression of the
initial FM ground state and appearance of the AFM ground state with the propagation vector £ = (1/2 1/2 1/2) in BiMnO;.
The modification of the balance between FM and AFM superexchange interactions due to structural transformation is the
possible reason for the observed magnetic phase transition. However, the structural details of high pressure phase of
BiMnO;, important for further elucidation of the nature of its multiferroic properties, remain unexplored.

The crystal structure of BiMnO; was investigated using the HRPT diffractometer [3] at the SINQ neutron
spallation source (Paul Scherer Institute, Switzerland) at high pressures up to 10 GPa and ambient temperature. The incident
neutron wavelength was 1.494 A. The Paris-Edinburgh high pressure cell was used with a 4:1 volume mixture of fully
deuterated methanol-ethanol as a pressure transmitting medium. For the pressure determination, an equation of state of
NaCl, admixed to the sample in 1:2 volume proportions, was used.

The characteristic neutron diffraction patterns of BiMnO; measured at selected pressures up to 10 GPa and ambient
temperature are shown in fig. 1. At ambient conditions the monoclinic structure of C2/c symmetry was detected. At
pressures above 1 GPa, noticeable changes in diffraction data were observed, evidencing the structural phase transition.
From the data analysis it was found that the structure of the high pressure phase of BiMnO; can be also described as
monoclinic one with C2/c symmetry, but with different ratio of lattice parameters with respect to ambient pressure phase.
The pressure-induced structural phase transition causes an increase of the a lattice parameter and decrease of b and c lattice
parameters, while the unit cell volume decreases. The monoclinic angle S value is weakly affected.

At pressures above 8.5 GPa, appearance of another structural phase transition was observed in diffraction data (fig.
1). From the data treatment it was found that the crystal structure of the second high pressure phase has the Pbnm
orthorhombic symmetry. Comparison between structural parameters of BiMnO; and those of related orthorhombic RMnOj;
compounds implies that a magnetic state modification from commensurate to incommensurate AFM one is expected at
monoclinic-orthorhombic phase transition.

. . . . , , , . Fig. 1. Neutron diffraction patterns of
i BiMnO; measured at selected pressures
and ambient temperature for two
monoclinic (C2/c-LP and C2/c-HP) and
orthorhombic structural phases and
processed by the Rietveld method.
Experimental points and calculated
profiles are shown. Ticks below represent
calculated positions of nuclear peaks of

ambient pressure monoclinic phase (C2/c-
20 30 20 50 80 70 a0 90 LP) and NaCl, used for pressure
20 (deg.) calibration.
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Our results demonstrate that suppression of the initial FM ground state and appearance of the AFM ground state
accompanied by the structural phase transition between ambient pressure and high pressure monoclinic phases. The highly
competing character of these magnetic interactions, resulting in a coexistence of FM and AFM phases under pressure,
supports the mechanism of multiferroic phenomena in BiMnOs due to inversion symmetry breaking [2].
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A STUDY OF CLUSTER FORMATION IN SILICON GLASSES DOPED BY
TiO,/CeO, OXIDES.
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The prospective material for optical filters is silicon glasses with doped oxides of the transition and rare earth
elements [1]. Such glasses are characterized by high ultraviolet radiation protection and thermal stability, and they are
suitable for numerous technological applications, including the development of novel modifications of laser glasses, light
filters and the imitation of gem production [2].

The glasses doped by cerium and titanium oxides are yellow—orange and the optical absorption edge can be shifted
significantly by varying the CeO2/TiO2 concentrations ratio [3]. It was assumed that the thermal stability of the yellow—
orange color in silicon glasses is a result of the formation of complex clusters Ce—Ti—O [3].

In order to study the structural characteristics of silicon glasses containing CeO2 and TiO2 oxides with different
concentration ratios, small-angle neutron scattering experiments were carried out with the spectrometer SANS-1 [4] on the
research reactor FRG-1 (GKSS, Germany).
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Fig 1. a) The small angle neutron scattering curves for pure silicon glass and glasses with a
concentration ratio of Ti02/CeO2 oxides 5.0/2.0 and 10.0/2.0. The solid lines are
calculated profiles. b) The calculated values of a gyration radius of the Ti-Ce-O clusters as
function of TiO2 relative concentration (the concentration x (Ce02)=2.0). The solid line is
polynomial fit.

The scattering curves for pure silicon glass and glasses with a molar concentration ratio of CeO2/Ti02 oxides 2.0/5.0
and 2.0/10.0 are shown in figure la. The curve for the pure glass indicates scattering from large objects - microscopic air
bubbles, which appeared in the manufacture of glass material. The SANS curves of silicon oxides doped with CeO2/TiO2
exhibit somewhat different behavior. This corresponds to scattering from two different types of object, one related to larger
air bubbles in the glass matrix and the other to smaller aggregates formed by Ce, Ti and O atoms. The experimental data
were fitted by a function [5]:

dZ(q)/dQ =Aq”“ +C exp(—%qu:) +D
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The calculated values of the gyration radius of those oxide clusters indicate weak nonlinear dependence of the cluster
size on titanium oxide concentration (fig. 1b).
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MORPHOLOGY OF THE PHOSPHOLIPID TRANSPORT NANOSYSTEM
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Phospholipid transport nanosystem (FTNS) has different applications. First, FTNS is nanodrug with application at
acute toxic exposure and at precomatose state. Second, FTNS is drug delivery system for 6 different antitumoral,
antiphlogistic, and antioxidant drugs. Third, FTNS could be used as carrier for chlorin E6 in the photodynamic therapy and
diagnostic. More important application of FTNS is drug delivery. A lot of studies have been carried out at the time of the
design and medical test of FTNS. Nevertheless, the morphology of FTNS nanopartricle is not clear (vesicles or micelles?).
Fig. 1 presents the vesicular morphology of FTNS with incorporated hydrophilic and hydrophobic drugs. Molecules of the
hydrophobic (nonsoluble in water) drugs localized in the phospholipids bilayer. Molecules of the hydrophilic (water
soluble) drugs locates inside of the vesicle.

The purpose of the presented experimental study was characterization of the FTNS morphology via small-angle X-
ray scattering at the station DIKSI of synchrotron ring «Sibirea 2». Methodological purpose of the experiment was the
development of the small-angle mode at the DIKSI beam line for the nanodiagnostic of nanodrugs. Data acquisition was
carried out at sample to detector distance L=30cm and 243.5cm, wavelength of the photons was A=1.625A. Samples were
prepared as 25% and 50% dilution in water (w/w) of lyophilizated drug. At 25% of delution the sample consist of (w/w)
75% of water, 20% of maltose, and 5% of phospholipids as shown at Fig. 2. From the medical point of view, 25%
concentration of drug corresponds to medical recipe for the intravenous injection. From physical point of view, 5% of
phospholipids and 20% of maltose in water corresponds to the good X-ray contrast between maltose solution in water and
phospholipids bilayer and not so strong intervesicle interaction [1-3]. It was shown in our previous study [1-3] that water
solutions of disaccharides (sucrose, trehalose, maltose) create best experimental conditions for the characterization of
phospholipid vesicular systems via X-ray small-angle scattering and allows to acquire the small-angle scattering curve in
the broad q range.
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Fig. 1. Vesicular phospholipids based Fig. 2. Component distribution (w/w) in the
drug delivery system with incorporated sample under investigation (25% of FTNS).
hydrophilic and hydrophobic drugs.

The small-angle scattering curve from the sample 25% of FTNS is presented at Fig. 3. The small-angle scattering
curve from extruded DMPC vesicles in 40% sucrose solution is presented for the comparison. This curve was obtained at
beam-line D24 of synchrotron DCI, LURE, France. The line 1/q” describes common law of scattering from the unilamellar
vesicles with high value of polydispersity. Common direction of scattering curve from FTNS corresponds to the 1/q*, which
is evidence of the vesicular morphology of FTNS nanoparticles after hydration. Comparison of scattering from extruded
DMPC vesicles in 40% sucrose solution shows that FTNS vesicles in 20% maltose solution have low polydispersity. The
polydispersity of FTNS vesicles is about 20-30%. The average vesicle radius 160A for FTNS was calculated from the
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position of first minimum in the form factor of the vesicle shape. DMPC vesicles after extrusion has larger radius - 210A.
FTNS consists from the unsaturated phospholipids — lecithin. Position of the first minimum in the form-factor of the bilayer
at Fig. 3 shows that thickness of the bilayer from the lecithin is different from the thickness of fully saturated DMPC
bilayer.
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Fig. 3. Small-angle X-ray scattering curves:

DMPC vesicles in 40% sucrose solution — red
(LURE, France), 25% solution of phospholipid
transport nanosystem (FTNS) in water — blue,
law 1/q* - black.
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Presented result was first experiment at DIKSI beam line in the small-angle mode. Creation of the best
experimental conditions for the investigation of lyophilizated nanodrugs has two contradictory requirements. Increasing of
nanodrug concentration (low value of dilution in water) increase the interparticle interaction and create problem of artifact
(form factor separation from the structure factor influence). Decreasing of nanodrug concentration decrease signal from
phospholipids, but increase contrast from maltose. Comparison of experimental results from samples with different FTNS
concentration shows that 25% FTNS in water (5% of lipid and 25% of maltose) create best experimental conditions for the
investigation of lyophilizated nanodrugs in maltose without essential distortion and with good contrast.

Our previous study of disaccharides application for contrast variation in the SAXS experiment [1-3] allows one to
start investigation the nanostructure of real drugs developed in the Institute of Biomedical Chemistry.
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METOA CJIEA-OTOBPAKEHUSA JJIA PEHHETKHA HHEJIJIA

DJibMap AckepoB

Jabopamopusn Heiimponozpagpuu um. ®panxa, OUAH, /Iyona, Poccuiickan Dedepayus
Hucmumym Paouayuonnvix Ilpoonem HAHA, baky, Azepoaiiorcan

IMocne SKCIEPUMEHTATBHOTO OTKPBITHS KBa3UKPHUCTAJUIOB [1], 3TH HOBBIE OOBEKTHl CTalM OIHOW W3 MEPCHEKTHBHBIX
HanpaBieHHH (U3UKH KOHACHCUPOBAHHOro cocTosiHus [2]. CymecTByeT 00JibLION MHTEpEC K OJAHOMEPHBIM KBa3MKpHCTaJLIaM,
TaK KaK UMEETCs Psili HepeIICHHBIX IPO0JIeM B 3TOH 00JAaCTH, B YHCIC KOTOPHIX M OIHA M3 CYIISCTBCHHBIX 3a/la4 MAaTEMaTHKH -
KI1acCU(UKAIHS OTHOMEPHBIX KBa3HKPUCTAILIIOB.

PaccmoTpum opHOMEpHYIO KBaszumnepuoaudeckyio pemierky Ilemna [3]. OgHoMepHBIE KBAa3UKPHUCTAUIBI OOBIYHO OIMCHIBAIOTCS
JIICKPETHBIM OJHOMEPHBIM ypaBHeHHeM lllpenuHrepa, Tak Kak raMIIBTOHHAH ypaBHEHHS JOCTATOYHO XOPOIIO XapaKTEepU3yeT

0COOEHHOCTH KBa3UNEPHOANYECKOH CTPYKTYPBI:
2 ,jtijl//j :El//i ,

e tj uHTerpansl nepexoca, ‘¥, - BoaHoBas QyHKIMA Ha i-OM y3JI€.

Crenys [4] nepermmmem ypasHenue lllpemuarepa B TepMuHax TpaHchep-MaTpun. HaxoxaeHne BOTHOBBIX (DYHKIIMH CBOAUTCS K
HAXO0XJCHUIO PEKyPPEHTHOH (OpMyIIBI AT ClIea MPOU3BEACHNUS MaTpuIl. JIaHHBIN METO HAa3bIBAIOT CIEA-OTOOPaKECHUEM.

B cayuae £, . =1, =1 wm NIOJyYMIM PEKYPPEHTHOE COOTHOILIEHHUE UL CJIE€[a IPOM3BEAEHHMS MAaTpUL Uil PELIETKH

[enna:
M, ) +TrM, ,TrM
TrM

rae M, - Tak Ha3bpIBaeMas TpaHc(ep-MaTpHLa Uil pEUIeTKH [UTHHOW n. B 3ToM citydae maHHOE cieI-0ToOpakeHnEe HMEET HHTeTpa
NIBHOKEHUSI (MHBApHAHT):

M, =TrM, (TrM )’ - ( -TrM .

n-1

2
+
[=—xz+| 7% + 7 e
Y
x=1TrM ,.,,y=1TrM ,,z=1TrM ,_, .

IMomyuennast dopMyna Ui ciea NPOM3BEACHUS TpaHC(hEpP-MaTPHUIl MOXET OBITh HCIOJIB30BaHA JUIS PAacdeTOB MHOTHX
(u3HuecKuX BEMTMYHMH, TAKUX KaK IUIOTHOCTb YPOBHEI! s3Heprun, Ko3GOHULUUEHT TPAaHCMUCCUH U T.J.
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RESULTS OF MEASUREMENT THE RESIDUAL STRAINS IN THE WWER-
1000 REACTOR VESSEL
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Introduction

Owing to a high penetrability of thermal neutrons, neutron diffraction can be used to measure the distributions of
residual stresses in a bulk of crystalline materials to depths of the order of several centimeters. The principle of the method
is the measurement of the shift of the position of the diffraction peaks from the positions determined by the unit cell
parameters of the undeformed material [1, 2]. Internal stresses existing in a material cause corresponding deformation of the
crystal lattice, which, in turn, is manifested in the shift of the Bragg peaks in the diffraction pattern. This gives direct
information on changes in the interplanar distances, from which the internal stresses can be easily calculated. At the present
time, the method is widely used to determine residual stresses in bulk products and composites, to test welds, and to study
complicatedly deformed products and behavior of materials during fatigue tests.

The strains due to internal stresses are usually of the order of 103-107*; because of this, in order to measure such
strains, a high resolution neutron diffractometer with Ad/d = (3-5) x 107 is used. In this case, the accuracy of determination
of residual stresses in steels is 20-40 MPa. In this work, we studied the residual stresses in the natural WWER-1000 reactor
vessel under stainless steel facing inside the vessel. The vessel base metal is the Grade 15 KhGMFAA ferrite. The sign of
the residual stresses in the direction parallel to the facing ferrite interface (tangential stress) is of great importance for the
vessel corrosion resistance. As the tangential stresses are positive (tensile stresses), any crack in the stainless steel facing
brings about cracking also in the ferrite. And vice versa, negative tangential stresses prevent the cracking.

Results

The view and scheme of measurements on the thick template are shown in Fig. 1. From the symmetry
considerations, one can assume that the strains in both the tangential directions are equal, i.e., €. = €,. Because of this, we
measured only one tangential component and also the normal component of the residual strains. The measurements were
performed on a E3 stress diffractometer of the Hahn—Meitner Institute. The results of the measurements are presented in
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Fig. 1 Sizes and scheme of
measurement of the
tangential residual strains in
the templet. Q is the
scattering vector of neutrons.
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Fig. 2. The measurements were performed in the normal direction from two sides of the specimen: on the side of the facing,
to a depth of 5 mm in the ferrite phase and, on the side opposite to the facing, from the coordinate 34 to 17 mm inside the
ferrite. We failed to measure the residual strains in the middle of the template because of the limitations in aperture ratio.
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The residual stresses in the thick template were calculated by known relationships [1, 2] with the assumption €, =g,.
As in the case of the thin template, the residual stresses under the facing in the ferrite phase remain negative, i.c., as
aforementioned, favorable regarding the corrosion cracking, and they are somewhat lower (—140 MPa) in the thick template
as compared to the thin template (220 MPa). A reason of such a disagreement is the underestimate of the normal residual
stresses (ex = 0) for the thin template which are not really small: in the thick template, studied early on FSD-spectrometer
the residual stresses are positive and are equal to 70 MPa .

The partial discrepancy between obtained neutron and cutting experimental results can be explained by the
methodological differences of applied experimental techniques. But all methods showed qualitative consent.

Fig. 2. Residual stresses in
studied template along phase
interface. Vertical line indicates
austenite-ferrite interface
position at Z = 8 mm. Points
represent  residual  stresses
measured by neutron
diffraction parallel to phase
interface (¢ - o, W - Oy = G,).
Dash curve represents stress
kinetic intensity value obtained
using  crack  propagation
method while solid curve
corresponds to the residual
stress value estimated by
cutting method.
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THE RESOLUTION FUNCTION OF A TOF REFLECTOMETER IN THE
GRAVITY FIELD
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The effect of gravity on neutron scattering is negligible if a thermal spectrum up of to 10 A is used. Modern cold
sources produce spectra with an ample quantity of cold neutrons. Gravity may have a crucial role for the cold part of the
spectrum in neutron scattering experiments demanding high angle resolution. It mainly concerns the reflectometry method
where a small deviation in the angle distribution may lead to visible effects.

Presently, the new multifunctional time-of-flight (TOF) reflectometer, GRAINS, is under construction at the
modernized high flux pulsed reactor with the new cold moderator, IBR-2M, in Dubna (Russia) [1]. It is necessary to study
the influence of gravity on the resolution function because the principal feature of this reflectometer is the horizontal sample
plane.

We consider the general configuration of elements, which defines the reflectometry mode including the source M,
two slits D/ and D2, sample S and a detector. The centers of the slits and the sample are on the line inclined at an angle
6 = 15 mrad to the horizontal plane. The angular resolution function for such reflectometer with parameters based on the
real beam line characteristics of the reflectometer GRAINS was deduced by extending the analytical beam-analysis method
[2], which took into account the influence of gravity. This function was obtained for the fixed neutron wavelength and then
convoluted with the wavelength resolution function.

To test the approach, reflectivity curves smeared by the derived resolution function were compared with the
reflectivity curves simulated by the VITESS Monte-Carlo software package [3]. A thin monolayer with a critical angle of
5.56x10™ rad/A and thickness of 1500 A on a substrate with a critical angle of 4.17x10™ rad/A was used as an idealized
sample. The wavelength dependence of reflectivity from such a monolayer consists of a sequence of narrow oscillations
whose positions and shapes are very sensitive to the resolution factor. An incident spectrum of constant intensity for all
wavelengths was used to exclude the factor of spectrum shape from consideration.

The dependence of the gravity effect on the distance between the second slit and the sample S,),; and on the
sample size Lg was analyzed. The reflectivities for two sample lengths, Ly =20 mm and Lg = /00 mm, and three
sample positions, S,,; =0.033 mor §,,; =0.05 m (the sample position right after the second slit for two sample
lengths correspondingly), S, = 0.5 mand S}, =/ mare shown on Fig. 1.

It can be seen that the agreement between the theoretical calculations in the frame of proposed approach and the
Monte-Carlo simulations by means of the VITESS package is very good. In all cases, the deviations of reflectivity with zero
and non-zero gravity can be observed. An increase in the distance between the second slit and the sample leads to higher
deviation. Two factors, both of which are due to the bending of neutron trajectories in the gravity field, contribute to the
deviation. The first factor is the increase in the grazing incidence angle, which leads to the shift of reflectivity fringes to
higher wavelengths. If the angular divergence increases, the fringes broaden, and the gravity shift becomes less
distinguishable. The second factor is that neutrons fall before the sample, which leads to the flux deficiency for longer
wavelengths. This effect is greater for a smaller sample length. In the case of non-zero gravity, each element of the
reflectometer acts as a wavelength and angular filter while in the case of zero gravity, each element only selects angles.
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Conclusions

The analytical beam-line analysis method for deriving of the resolution function for the neutron TOF reflectometer
accounting for effect of gravity was applied. The theoretical calculations are in good agreement with Monte-Carlo
simulations, which mimic the real measurements with idealized samples. The proposed theoretical approach makes it
possible to take the resolution into account correctly and allows one to carry out real measurements with a broad wavelength
band.
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Hydrophilic poly(ethylene glycol) (PEG) is used for coating of colloidal particles for gaining biocompatibility. Its
introduction into magnetic fluids (liquid dispersions of magnetic nanoparticles) may increase the circulation time of
magnetic particles in organisms by hindering the action of the mononuclear phagocyte system (reticuloendothelial system),
which is a part of the immune system. This is because nanoparticles, or surfaces in general, coated with PEG show
enhanced resistance against protein adsorption, see e. g. [1] and references therein. An increase in biocompatibility of a
given magnetic fluid is expected even by the simple addition of PEG, i.e. without a covalent bond between PEG and the
magnetic particle. The goal of this study was to understand the structural characteristics of PEG molecules in water, which
give some basic knowledge useful for further investigations of complex systems comprising PEG. In the given work the
solutions of PEG in deuterated water (D,O) with different molecular weights in a range of M, = 400 — 20000 were
investigated using small-angle neutron scattering (SANS) technique. Recently [2, 3], SANS was successfully applied for
PEG in D,0 within a narrow range of M, = 2000 — 8000 at different solution ion strength. Together with the compressibility
and intermolecular distance as a function of PEG concentration [2], two possible structures (Gaussian coils and flat ‘plates’)
of PEG were discussed [3] with respect to the scaling in the scattering as a function of M,. Here, SANS characterization of
PEG covers wider M,-interval. Additionally, the measurements were performed at the physiological temperature of 37°C
taking into account a specific interest for using PEG in biocompatible ferrofluids.

PEG with four different molar masses was purchased from Sigma-Aldrich (‘average mol wt 400°, ‘typical M, 1000’,
and ‘16000 - 24000”) and Merck (‘9000 - 11250 g/mol’). PEG with M, = 400, 1000, 10000, 20000 was dissolved in pure
D,O (D-content 99.9%) with the mass fractions within an interval of 0.5-10%. D,O was used to achieve a sufficient
scattering contrast between PEG and the liquid carrier, as well as for reduction of the incoherent scattering background from
hydrogen. SANS experiments were performed using the SANS-1 instrument located at the Neutron Facility at GKSS
Research Centre, Geesthacht, Germany. Measurements were done at the temperature of 37 °C. For solutions of PEG with
M, = 400, the 5 mm thick quartz cells were used. In other cases the thickness of the cells was 2 mm. In all cases pure D,0O
was used as a buffer (blank, background sample). To obtain the differential cross-section per sample volume (hereafter
referred to as scattered intensity) in the absolute scale (cm™) the standard calibration [4] using the scattering from 1-mm
water sample was made after the background, buffer (D,0) and empty cell corrections.

Changes in the experimental SANS intensities are followed in Fig.1 (examples are given for PEG 1000 and
PEG 10000). One can see that at the PEG concentrations of less than 3% the scattering shows a pronounced Guinier-type
behaviour corresponding to a form-factor of the polymer coils. At higher concentrations the correlations between coils
results in the structure-factor effect at small g-values, which is rather different for masses below 1000 and above 10000.
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Fig. 1. Changes in SANS intensity (dots) with variation in mass fraction of PEG dissolved in D,0, M,
is 1000 (a) and 10000 (b). Solid lines show fits in accordance with Debye formula (1) for non-

interacting Gaussian coils.
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Our interest in this study was the analysis of the coil form-factor. For this purpose the scattering data from low-concentrated
(< 3%) solutions were first approached by the Guinier law to reveal the radius of gyration of the coil, R,, at sufficiently
small g-values (gR, < 1). For low M, (400 and 1000) the Guinier approximation is valid over the whole g-range covered in
the experiments. This made possible to fit additionally the residual incoherent background caused by non-compensated
hydrogen in PEG.

Fig. 2. Guinier plots of SANS intensity (dots)
for 1% PEG solutions in D,O with different
M, and corresponding linier approximations
(lines) to regions gR, < 1. Non-compensated
incoherent background is subtracted. Several
points with very low statistics in beginning
parts of plots for M, = 400 and 1000 are
removed from treatment. Inset shows
dependence of obtained radius of gyration on
polymer molecular weight. Experimental
errors do not exceed the size of dots.

1] M,=20000

In(1(0))

-3

-4

It is important that this background was consistent for solutions with the same PEG concentrations independently
of M,,. The Guinier approximations for 1% solutions of PEG with different masses are shown in Fig.2. The dependence of
the obtained radius of gyration on the PEG molecular mass in this case (inset to Fig. 2) reveals a power-law behaviour (line
in the double logarithmic scale) with an exponent of 0.48+0.02. This corresponds well to Gaussian coils (exponent 1/2) and
coincides with the result for PEG with M,= 2000 - 8000 in ionic solutions [3]. Hence, the Debye formula for the scattering
from non-interacting Gaussian coils can be used at low PEG concentrations for any M,. This is demonstrated in Fig. 1,
where for diluted PEG solutions the fits are based on the formula:

I(q)=21[e —(1—-x)]/x* +B, x=(qR)" (1)

Here, Iy = I(q¢ — 0) is the forward scattering intensity and B is the residual background. The same fit quality takes place for
similar solutions with M, of 400 and 20000. It should be noted that the relative difference in the values of the radius of
gyration from the fit of the Debye formula (eq. 1) and from the Guinier appoximation is below 5%, and the Guinier
approximation almost coincides with (1) in the overlapping region (¢R, < 1). Additionally, dependence of 71(g) vs. q
reveals a typical behaviour for Gaussian polymer chains (not shown).

The observed scaling law R, ~ M,"? in a wide polymer mass interval (400 — 20000) strongly confirms the Gaussian
coil structure of PEG in water solutions. The scattering form-factor of the coils is well described by the Debye formula over
the whole measured g-interval at the PEG concentration below 2 %. High adsorption properties of PEG for various
substrates [5-7] and nanoparticles [8] also suggest a developed structure of this polymer.
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The structure description of complex (particularly polydisperse and multicomponent) systems is an important
problem in modern nanoscience. Ferrofluids or magnetic fluids (fine stable dispersions of magnetic nanoparticles in liquids)
belong to such a class of nanosystems. To ensure the long-term stability of ferrofluids in both unmagnetized and magnetized
states, the magnetic nanoparticles are coated with a chemical layer, which prevents particle coagulation by attractive van
derWaals and magnetic interactions. In biocompatible colloidal systems for medical applications, the chemical composition
of the particle surface is of particular importance to avoid the action of the reticuloendothelial system, which is part of the
immune system, in order to increase the lifetime of the magnetic nanoparticles in the blood stream. If magnetic particles in
ferrofluids are coated with neutral and hydrophilic compounds such as polyethylene glycol (PEG) [1-3], the lifetime
increases from minutes to hours or even days.

In present work, we investigate the above-mentioned water-based ferrofluid stabilized by sodium oleate, which is
then modified by introducing biocompatible PEG. Several types of aggregates revealed in both ferrofluids complicate their
reliable structure analysis. In this connection, we focus our investigation on the application of small-angle neutron scattering
(SANS), which is one of the most suitable methods for studying the inner structure of colloidal particles in complex
aggregate-containing systems. In particular, the contrast-variation technique (with H,O/D,0O mixtures in the solvent) is used
to reveal the scattering length density (SLD) distribution in various aggregates of non-magnetized samples at the scale of 1—
100 nm.

The preparation of the ferrofluids studied here was based on a co-precipitation method that involved mixing two
solutions (FeSO,47H,0 and FeCl;-6H,0) with an alkaline aqueous medium (25% NHj3). The stabilization of the magnetite
precipitate was achieved by the addition of sodium oleate (C;;H3;3COONa, theoretical ratio 0.73 g to 1 g of Fe;0,). The
system at this stage is discussed below as an initial ferrofluid and referred to as Sample 1. As a second stabilizer, PEG (M,,
= 1000 g mol™") was added to the system (2.5 g per 1 g of Fe;0,). The experiments were carried out on the SANS-1 small-
angle instrument at the FRG-1 steady-state reactor of the Helmholtz-Zentrum Geesthacht, Geesthacht, Germany (former
GKSS Research Centre) [4]. No external magnetic field was applied to the samples.

The experimental data were treated in terms of the approach of [5] which, in addition to the classical contrast-
variation technique [6], takes into account the polydispersity and magnetic scattering.

The experimental SANS curves for the two samples with different # are presented in Fig.1. The changes in the
character of the curves are similar in both cases. Fluids with a low D,0O content (below 30%) show mainly the signal from
magnetite. For higher D,O content the contribution from the H-containing components becomes significant, which explains
particularly the appearance of a broad peak (band) in the curves around g ~ 0.8 nm '. At the same time, some specific
differences can be emphasized. First, the scattering from Sample 1 is significantly larger on the absolute scale. It resembles
scattering from well defined particles, which is reflected in the existence of the Guinier regime at low ¢ values.

In Sample 2, a degree of aggregation affects the curves, comparable to what is observed in water-based ferrofluids
with double steric stabilization [7-10]. This is concluded from the power-law behavior of the scattering at low ¢ values,
which points to the fractal-type organization of the aggregates discussed below. The Guinier regime is not observed in the
initial parts of the curves for these aggregates, which means that the aggregate size is beyond the instrument limit D ~ 120
nm (the estimate is derived from the minimum measured ¢ value in accordance with the rule D ~ 21/g).
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Fig. 1. Changes in the SANS curves with contrast variation for

(a) Sample land (b) Sample 2. The percent volume fraction of D,0O in the solvent is
indicated.

From the whole set of scattering curves the modified basic functions were calculated. The basic
function /.(q) (Fig.2a) reflecting the average shape scattering differs greatly for the two samples in the
initial parts of the curve (¢ <0.4 nm™").
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Fig. 2. (a) Experimentally obtained /.(¢) basic functions (shape scattering) for Samples 1 and
2, compared with (b) the curves at 0% D,O (scattering from magnetite only). Solid lines for
Sample 1 correspond to IFT fits. Solid lines for Sample 2 show power-type scattering with the
indicated exponents. The dashed line for the curve at 0% D,O in (b) shows the scattering from
separate magnetite nanoparticles (Ry = 3.4 nm, S = 0.38).

It may be concluded that there is a transition from well defined particles in the case of Sample 1 to smaller particles and
large aggregates in Sample 2. The new aggregates can be associated with fractal structures, which determine scattering of a
power-law type with an exponent of about —2.5. This corresponds to a mass fractal dimension D =2.5 [11]. The behavior of
the curves at high ¢ values is similar and they show certain types of bands. For comparison, in Fig.2b the scattering curve
obtained at # = 0 (light water) is given. At low ¢ values, the character of the curves repeats those of the /.(¢) functions, thus
proving that magnetite particles mainly determine the shape scattering. At high ¢ values, the curves differ significantly from
the 1.(g) functions. In particular, the bands disappear, which means that their origin is connected with particles composed of
H-containing components.

We relate the bands above g ~ 0.3 nm ™" in the 7.(¢) functions to micelles of free sodium oleate in the solvent. At the
highest g values the two functions differ by only a factor showing that the micelle concentration is about 30% higher in
Sample 2 than in Sample 1. Additionally, the contribution from the micelles is more significant in the case of Sample 2,
when the scattering from the magnetite particles decreases. In this case, the Guinier region for the micelles is well resolved.
It was treated by indirect Fourier transform (IFT), taking into account the power-law scattering at low ¢ values. If a
spherical shape is assumed for the micelles, the resulting radius of gyration of the micelles, Rymic = 1.59(5) nm, gives R =
2.05 nm according to the well known equation R2gmic = (3/5)R*. The obtained value correlates well with the molecular length
of sodium oleate.

So, the structures of a water-based ferrofluid with magnetite stabilized by sodium oleate and its mixture with PEG
have been revealed by the contrast-variation technique in small-angle neutron scattering experiments. In particular, the
addition of PEG leads to reorganization of the aggregate structure compared with the initial ferrofluid. Notably, a type of
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exchange of packed and comparatively small aggregates (about 40 nm) with developed and large aggregates (above 120
nm) is observed, which is caused by the adsorption of PEG on the magnetite particles. Aggregates in both kinds of
ferrofluids are stable with respect to time and temperature increase (343K).
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Kpuorennslii 3amMelnuTeNlb Ha OCHOBE AapPOMATHUYECKUX  YIJEBOJOPOJOB Ha MOIIHOM  HMITyJIbCHOM
nccienoBarensckoM peaktope MBP-2 (K3) - Oymer yHUKadbHBIM HMMITYJIBCHBIM HMCTOYHHKOM XOJIOAHBIX HEHTPOHOB C
JUIHOM BonHBI Oonee 0.3 HM, oOecreunBarOLUIUM MPOBEAECHHE HA COBPEMEHHOM MHPOBOM YPOBHE HAYYHBIX M MPUKIAJIHBIX
paboT ¢ HCIOIB30BaHMEM METOINMK HEHTPOHHOrOo paccestHus. K3 Oyner BXOIUTh B COCTaB KOMIUIEKCA HEHTPOHHBIX
3ameutuTeneit Ha peakrope MBP-2 /1-8/.

VYcranoBka K3 Bkimowaer B ce0si COOCTBEHHO KPHOTE€HHBIH 3aMeIUIMTENb - Kamepy, 3alojHAeMylo pabouum
BEIIECTBOM B BHJE 3aMOPOXXEHHBIX IIAPUKOB M3 CMECH apOMATHYECKHX YTIEBOJIOPONOB (ME3HTHIICH + M-KCHIION),
CHCTeMy IPUTOTOBICHHUS NIAPUKOB U 3aIIOMHEHHMS MMM KaMepbl, 3aMeHBI pabodero BeIIecTBa IPH BEIPAOOTKE pecypca,
CHCTEMY OXJI)XACHMS KaMepbl M MOJJIEPKaHUsS TeMIepaTypsl apukoB Ha yposHe 30 K u npyrue, BcriomoraTenbHble
CUCTEMBI, 00eCIIeunBaroIIue HOpMaITbHYI0 padoTy K3.

K3 npeacraBnser co0oil BecbMa CIOXHYIO TEXHHYECKYIO CTPYKTYpY, CO3JaHHE KOTOPOH TpeOyeT MO3TAarmHOIo
pEIICHUS] KOHKPETHBIX METOJMYECKHX M KOHCTPYKTOPCKHUX 3a7a4. K IepBOCTENEHHBIM 3a7auaM OTHOCHTCS OOECIIeueHHUE
3arpy3Ky 3aMOPOXKEHHBIX IITAPUKOB B KaMepy 3aMeUINTeNst. BIOpaHHBIM MPUHITUIT 3aTPy3KU - TPAHCIIOPTUPOBKA MIAPUKOB
xononHbIM renveM (40K -80 K) o npoTshkeHHOH MHEBMOTpAcce OT CHEHAIbHOTO J03UPYIONIEr0 YCTPOMCTBA JI0 KaMEPHI.
[TpoGema TPaHCIIOPTUPOBKH COCTOUT B OTCYTCTBHHM KaK IKCIIEPUMEHTANBHBIX, TAK M TEOPETHUECKHUX JAHHBIX 00 yHpyro-
IUTACTUYECKUX, AITe3HOHHBIX M TPHOOIOTHYECKUX CBOWCTBAX TBEPJAOrO aMOP(HHOIO ME3UTHIECHA (KAKOBOH SIBISETCS €ro
70% cMmech ¢ M-KCHIIONIOM), a TakXKe O IBIDKCHHHM OJMHOYHOTO IIAPHKA MO IWIMHAPHIECKON IMPOKOH Tpybe ¢ yueTom
TpeHHs Ka4eHHS M CKOINBXKCHMS M OTKIOHEHHS OT cdepudHocTH. Bce 3TO 3aTpygHANIO pacueT mapameTpoB
[THEBMOTPAHCIIOPTHOM CHUCTEMBI U pa3pabOTKy JO3MPYIOIIETo yCTpoicTBa. [losToMy mpobieMy TpaHCIIOPTHPOBKH HaJl0
OBUIO pemaTh SKCIEePUMEHTAIbHO — CHAYaJIa Ha CHEIHATbHOM JIA00PaTOPHOM CTEHAE JUIS PEIICHUS MPOOJIEMBI IBHKCHUS
OMHOYHOTrO mrapuka /9-11/, u 3aTeM - MpU HMOMOIIU CTEHa C IMPOTOTHIIOM KPUOTCHHOIO 3aMeIuTeNsl HeliTpoHoB. B
JIaHHOW paboTe OH NPEJCTaBICH KaK UCIBITATENbHbBIA CTEH KPHOTCHHOTO 3aMEUIUTEIIS JUISl NCCIIEI0BAHNUS XapaKTEPUCTHK
XOJIOMHOM Tpacchl 3arpy3Kd IIAPHKOB TBEPHABIX 3aMOPOXKEHHBIX apOMaTHYECKUX YTIJIEBOJOPOIOB (ME3HWTHICHA, m-
KCHJIOJIA)».

Llens co3maHus CTEHOa W NPOBEJICHHS HAYYHO-HCCIEIOBATEIBCKUX PabOT HA HEM - OOOCHOBaHUE IIPUHSATOTO
NPUHIMIA JOCTAaBKM W 3arpy3ku pabodero BellecTBA B KaMepy XOJOIHOTO 3aMEIIMTENs HEWTPOHOB HA OCHOBE
apOMaTHYECKHX YIIIEBOJOPOAOB M IPOBEPKA pabOTOCIIOCOOHOCTH TEXHOJIOIMYECKUX CUCTEM.

B Hacrosiiee BpeMs Ha HCHBITATCIBHOM CTEHJE KPUOTEHHOTO 3aMe/UIHTeNsl HEeHTpoHOB peakropa MBP — 2M
BBIIIOJIHEHBI CIICAYOLIHE PaOOTHI:

® [IpOM3BE/ICHA 3arpy3Ka kamepbl-umutaropa Ha 30% (~300 mi mapukoB);

MIPOBE/ICHA OTJA/IKAa TEXHOIOTUIECKON CUCTEMBI YIIPABIICHUSI U KOHTPOJIS;

BBIOpaH ONTHMAJIBHBIA TEMIIEPaTyPHBIN PexXHM paboTHI CTCHAA;

ompeneneHa paboyast CKOPOCTh T'elIvsl BO BHYTPEHHEH TpyOe MHEBMOTPACCHI;
OIIpe/ielieHa ONITHMaJTbHAs! CKOPOCTH TI0JIa9H TAPUKOB U3 TO3UPYIOLIETO YCTPOICTRA;
OIPE/ICIICHO BPEMsI TIOJTHOI 3arpy3Ku KaMepbl-IMUTATOPA.

HcnbITaTe IbHBIA CTEH]T KPHOI'€HHOI'0 3aMEAJIUTEIA HeﬁTpOHOB

ITHeBMOTpacca CTeHAA 3aMEIHTEIS paspaboTrana ¥ BBeIEHAa B OKCIUIyaTalWMi0 Ha 3-M KaHaie
sKcnepuMenTanpHoro 3ana Ne2 peaktopa MBP-2. Ona npexacraBiseT co0oil MOBTOpEHHE OCHOBHBIX Y3JIOB U CHCTEMaM
[THEBMOTPACChl pealbHOro 3aMeurens (puc.l).
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Puc.1. TpexmepHbIii 3CKU3 CTEHAAa KPHOTEHHOTO 3aMEAJHMTENs HEUTpoHOB peakropa WBP — 2M: 1-
TpyoonpoBoj moasoaa reius k KI'Y-500, 2- tpy6onpoBox otBoaa reius ot KI'Y-500, 3-razomyBka, 4-kpuocrar, 5-
y3el ¢ TpyOxoit [Iuto 1 MaHOBaKyyMeTpoM, 6-TPOHHHUK, 7-703aTOp MOAAYHM IIAPUKOB B IMTHEBMOTPAKT; 8.1, 8.2, 8.3,
8.4-TBO; 9.1, 9.2 - dnanus! as otkauku Bakyyma; 10.1, 10.2 - BEIBOJBI TpyOOK K AaTYMKaM ABMXKCHUSI LIAPUKOB;
11- xamepa-UMHUTaTOp XOJOJHOIO 3ameuIuTens, 12 - cucreMa MNOANMTKUA renausi; 13-IHEBMOTPaHCIOPTHBIM
TPyOOIPOBOI.

[MpusHIun paboTH CTEHAA 3aKII0YaeTCsS B JOCTABKE 3aMOPOKEHHBIX IIAPUKOB M3 J103aTOpa K KaMepe-HMHTATOpy 110
ITHEBMOTpacce ¢ MOMOIIBIO X0IoAHOro renust mpu Temneparype 30-40K. {1 moAroToBKH cTeHAa K paboTe, B MEXXTPYyOHOM
MPOCTPAHCTBE MHEBMOTPACCHl (MIAPUKU TPAHCTIOPTUPYIOTCS 10 BHYTPEHHEH TpyOe) M B KpuocTtare (pHc.2) HEoOXOIUMO
CO311aTh BaKyyM IOpsAKa 10* — 10 Torr.

BuyTpenHuMit TpyOONpPOBOA OTKAYMBAIOT 4epe3 (aaHen no3aTopa MIAPUKOB A0 IONy4YeHUs (OpBaKyyMa, ¢ IHEIbIo
yJIaJICHUs] BO3JIyXa M OCTaTKOB Me3WTHJICHA. [locie momydeHus GopBakyyma TpyOOIPOBO 3aMOTHAIOT TeIMeM KOMHATHOM
Temneparypsl moja aasieHuem 1,03 aTtMm. w3 rasroibiaepa. Bo BpeMs paGOTHI ra3roiibiep MOCTOSHHO OTKPBIT, Oiaromaps
YeMy JaBJIC€HHE Tresidsi BO BHYTpPEHHEH TpyOe moanepkKuBaeTcs Ha OJHOM M TOM JK€ YpPOBHE. XOJOOHBIM renud mo
TpyOompoBoxy ero moaBoma OT KpuoreHHoi renmeBoit Mmammubl (KI'Y-500) moctymaer B KpHOCTaT, IOCIE YETO
MPOUCXOJNT 3aXOJIAXKUBAHUE €T0 IIEPBOTO KOHTYpa. 3HAUCHUS TEMIIEpaTypsl B KPUOCTaTe (DMKCHPYIOTCS JaTIMKAMU THIIA
TBO (T1-T5, puc.2) W KOHTpONHMPYIOTCS TPH IIOMONIM KoMmbioTepa. Ilociie 3amoiHEHWs HTHEBMOTPAHCIOPTHOTO
TpyOompoBoia remmeM, OH HAa4YWHAeT NUPKYIHNpPOBaTh IO IHEBMOTpacce (2-of KOHTyp Kpuoctarta). bmaromaps
TEII00OMEHHHKY, TeMIepaTypa reius 2-ro KOHTypa IMOHMXKAeTCsl, IOCTENEHHO 3aX0JIaXXHBasi BHYTPEHHIOO TPYOy.

Temreparypa Ha pasHBIX ydyacTKax MHEBMOTpacchl (ukcupyercs ¢ momompio TBO T6-T9. Tlocie momyueHus
pabounx Temmepatyp 30-40K, MOXXHO mepexomuTs K MPONEcCy 3arpy3Kd KaMephl-IMHTATOpa. 3aMOPOXKCHHBIC IIAPHKU,
MOMEIIAIOT B J03aTOP, KOTOPBIM JOCTAaBIsIET UX BO BHYTPEHHIOK TPyOy MHEBMOTpacchl. II0TOKOM XOJIOZHOTO TeHs
MIapUKH TPAHCHOPTHPYIOTCS K KaMepe-UMHUTaTopy, UX IOsABIEHHE B Kamepe ¢uxcupyrorcss Web-kamepoit. Ilocae
OKOHYAHUS YKCIIEPUMEHTA, JKUIKUI ME3UTHIICH yIalaeTcsa U3 KaMepbl-MMHUTATOpa Yepe3 CIeHaNlbHYI0 TPYOKy.
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Puc.2 TexHomornueckas cxema CT€HJa KPUOTEHHOTO 3aMEATMTENs] HEUTPOHOB:
TMH n ©®BH - typOomonekyispHble B (op-BakyyMHEIE Hacochl, SDP — marumkm
auddepeHnransHoro nasieHus, T — marumku Temmeparypbl tuma TBO, 201-204 —
BEHTWJIU, PETYIUPYIOIINE JBUKEHHE TeNUs B KPUOCTATE

TexHonormueckasi cucreMa ynpasjieHHs] H KOHTPOJISI HCIBITATEILHOT0 CTEHIAa KPHOT€HHOTO 3aMeTHTeJIs
Ha nmannplii MOMEHT pa3paboTKa CHCTEMBbl yNpaBlICHHS M KOHTPOJIS CTEHIa 3aBeplieHa (puc.3), IpOBOAUTCS ee

OTIaAKa W ONTHMH3amus paboTel. Bce Momynm cucTeMbl OOBEIMHEHBI B CIWHBIH OJIOK, PACIIONOKEHHBIH B
SKCTIEPUMEHTAIBHOM 3alle, a yIpaBJIeHHe U cOOp JAHHBIX OCYNIECTBIISETCS AUCTaHIMOHHO ¢ momomsio ITK u cnenuansHO
HAaITMCaHHOTO IIPOrPaMMHOT0 00eCIIEUEHHSI.
Cucrema ympaBlIeHHS ¥ KOHTPOJISA BKITIOYAET B Ce0s:

e  MOZYJH KOHTpOJIS TEMIIEPATyphl ¥ BaKyyMa,

e  MOZyJb yIpaBJIEHHs ra3o01yBKOH (LIMPKYIATOPOM Tenust),

e  MOMYJb YNPABJICHHS ABUTATEIIEM JIO3UPYIOIIETO YCTPOICTRa,

e  Moayib ynpasieHus Web-kamepoii.

Cucmema KOHMPOAS MeMnepamypbl

JUis KOHTPOMS TeMIIepaTyPhl HCIONIB3yeTCs KOMILIEKC U3 8-MH IOCIE0BATEIbHO COeANHEHHBIX AaTunkoB tuma TBO (T1-
T9, puc.1). Inanazon usmepsiembix temneparyp coctasisieT 15K-273K, yTo cOOTBETCTBYET U3MEHEHHIO CONMPOTHUBIICHUS
JATYUKOB B auamna3oHe - 1,8kOm — 8000M. 3aBHCHMOCTH COTIPOTUBIICHHSI OT TEMITEPATYPHI — OOpaTHAasI.

TpeOyemass TOUHOCTH M3MepeHus Temmepatypsl - 0,1rpan. JaTuuky MOAKIIOUEHH O 4-X MPOBOAHOU CXeMe, T.e. M0 2-M
IpoBOJaM MOABOAUTCS TIOCTOSHHBIM TOK, a dYepe3 2 JpYrMX IpOBOJA OCYILECTBIAETCS ChEM HANpPsHKEHUs,
MPOITOPIHNOHAIFHOTO N3MEPSIEMOH BEIIMYMHE — CONPOTHBIICHHUIO NaT4rKa. i1 perucTparuy HalpsHKEHUH ¢ TaTIMKOB OBLT
BBIOpaH 8-KaHaNbHBII M3MEPHUTENh AHANOrOBBIX CUrHanoB TM 5103, KOTOpPBIH HCHONB3YyeTCs B PEXXHUME LHUKIHYECKOTO
IPOCMOTpa U3MEPEHHH 10 BceM 8§ KaHaJlaM Ha OCHOBHOM 4-X paspsiaHoM Tabio. M3mepurens TM 5103 mveer naTepdeiic
ces3u ¢ IIK — RS232, uto memaeT BO3MOXKHBIM ero moakiarouenue K I1K mo nuauy cBsi3u JuHOM 10 15 M.
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Puc. 3 Apxutekrypa CUCTEMbI YIPaBJICHHs U KOHTPOJISE KPHOT€HHOTO 3aMEAIUTENS

Cucmema ynpaenenus 2a300y6KouU (YUPKYIAMOPOM 2enus)

lNazomyBKa (MUPKYISATOP T'eHsl) MpeAHa3HaYeHa JUIs MOTy4YeHHsT He0OOXOJMMON CKOPOCTH ABMKEHHS pabodero rasa
BO BHYTpeHHeH TpyOe. OT CKOPOCTH ABIDKEHUS Ta3a 3aBHCUT CKOPOCTDH IBIDKCHUS IIAPHKOB IO TPyOe, U, COOTBETCTBEHHO,
BpeMs 3amofHeHHs KaMmepbl makera. C OJHOH CTOPOHBI, CKOPOCTb JBIKEHHS IIAPUKOB HE MOJDKHA OBITH CIIMIIKOM
OoubION, MHAYE OHM OyAyT pa3pylIaThCsi, a C JAPYrod CTOPOHBI, — HE CIIMIIKOM MAJOW, TaK KaK B 3TOM CIydae Bpems
3arpy3kd OyJeT HEMO3BOJHTEIBHO OONbIIMM. XapaKTepHCTHKON LHPKYISATOpPA, 3aJafolieil CKOPOCTh ABM)KCHHS ra3a B
TpyOe SIBIISICTCS YacTOTa BpAlllCHHs JIBUTATeNs. B KadecTBe 4acTOTHOrO MpHBOjAa OBbLIO BhIOpaHO ycTporcTBO «VF-S11%»
¢upmer Toshiba st neurartenet MomHOCTHIO 10 400BT.

Cucmema ynpaenenus dgueamenem 003upyoue2o ycmpoucmed

Josupyromee ycrpoicTBo («/lo3arop») mpencrapiseT coOOH LUIMHIP C JUCKOM y OCHOBaHHMS, HA KOTOPOM
pacmomararoTcss  3aMOpOKeHHBIe — Imapuku  (pme.S). LlwmmHAp  OKpy)keH  BaKyyMHO-a30THOH  «pyOamikoii»,
NpeJOoTBpallaoIeil NPUTOK TeIula K AUCKY ¢ Inapukamu (puc.4). Bepxunii ¢uanen «pyOamkm» uMeer B BepXHEH yacTu
CHeLHaIbHOE OTBEPCTHE, Yepe3 KOTOPOE MPOUCXOJAUT 3arpy3ka. JIUCK COEIUMHEH IJIMHHBIM IITOKOM C IIaroBbIM
SNEKTPOJBUTATENEM.
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Puc.4 Jlo3upyromniee ycTpoicTBO Puc.5 Hununpap ¢ quckom

B kauecTBe OCHOBBI Uil CHCTEMBI YIPABICHHUS J03aTOPOM IIAPUKOB OBUIM BBIOPaHBI KOHTPOJUICPHI YIPABICHHS
maroBeiMu BuraressiMu upmber Standa: 8SMC1- USBh-B1. OHu TO3BOJSIOT B MIMPOKOM JHAaNa3oHe PeryIHpOBaTh
CKOpOCTh IIaroBoro asuratens. s obecriedeHrs IIAaBHOCTH X0/ 103aTOpa MIaroBbIi ABUraTedb BEIOpaH ¢ peAyKTOPOM
1:150, 9T0o OOecIeYrnBacT OT HECKOIBEKUX 000POTOB B MHHYTY 70 1 000poTa 32 HECKOJIBKO MUHYT. YTIpaBJIeHUE U KOHTPOJIb
mapamMeTpoB palOThl, TakUX KaK TIIOJIOKEHHE, YCKOpeHHe/3aMeJIeHHe, CKOPOCTh M HAalpaBJICHUE JBIKCHUS
OCYILIECTBIISIETCS C IEPCOHATIBHOrO KommbtoTepa uepe3 USB unrepdetic.

Cucmema ynpasnenusi Web-xamepotii

J7ist KOHTpOJISL 3alOTHEHHsI KaMepbl MaKeTa UCToNb3yeTcss Web-kamepa, KOTopasi B OH-JIAH pexuMe GUKCHPYET
MoNaaHue MIapUKOB BHYTPh KaMephl, 4epe3 ClIeHaNbHbIC CTEKISTHHBIC BCTaBKHU (pHC.6)

Puc. 6 Kamepa-nmurarop Makera Puc. 7 CHUMOK LIapuKoB, ceaaHHbil Web-kamepoit

Web-kamepa 3amuceiBaeT M Inepenaer u3oOpaxkeHue Ha Komnblotep uepe3 USB  ymmmnutens, Onaronmaps uemy,
MIOJTB30BATEIIF MOXKET a0JIF0IaTh 3 TIPOIIECCOM 3arpy3KH IIAPHKOB B PEXXUME PEabHOTO BpEeMEHH (pHc.7).

3akao4yenue

Ha naHHBIH MOMEHT Ha MakeTe KPHUOT€HHOIO 3aMEUIMTENst ObUI MPOBENCH pPsiJ 3KCIEPUMEHTOB IO 3arpyske
KaMephI-IMHTaTopa. B Xome JKCIepuMEHTOB B KaMmepy ObIo 3arpyxeHo okoiao 300 M mapukoB M3 HEOOXOXUMOTO
koinuectBa B 1000 mut (puc.7), Obul BHIOpAH ONTUMAIBHBIA TEMIIEPATyPHBIH PeXXUM paboThl, IPOBE/ICHA OTIaAKa CUCTEMBI
YIpaBICHUS W KOHTPOJIS, ONITUMHU3AIMS PESKUMOB 3arpy3KH, B YaCTHOCTH, BBIOOP CKOPOCTH TeHsA BO BHYTpPEeHHEH Tpyoe,
BBIOOP CKOPOCTH IOJIa4H IIAPUKOB U3 J103aTOpa, a TAKXKE ONPEACIICHO PUMEPHOE BpeMs 3arpy3KH Kamepsl. B Omkaiiinee
BpeMsI IIIAHUPYIOTCS 3KCIIEPUMEHTHI 10 TIOJIHOH 3arpy3Ke KaMepbl, pa3paboTKa CHCTEMBI MOACYETa KOJIMYECTBA IIAPUKOB U
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KOHTPOJISL BOSMOXKHBIX 3aTOpPOB IIAPUKOB B TPyOe, a TakkKe BHIPA0OTKA PEKOMEHJALMH 110 3KCIUIyaTallMd pPealtbHOro
KPHUOTEHHOTO 3aMEIUTEINsI HEHTPOHOB.
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Introduction

Herbal medicines are the staple of medical treatment in many civilizations including those of Africa, China, Egypt,
India, Latin America and others (Steiner., R. P. 1986). According to the World Health Organization (WHO) estimates, 70%
of the world population use herbal medicines and herbal products for primary health care (British Medical Association.,
1993). Thousands of plants are used for curing various diseases in Mongolia. The larger part of treatment in Mongolian
Traditional Medicine is medication. Mongolia has over 600 types of medical plants so far discovered. In addition Mongolia
imports more than 100 components of traditional medicine from China and the Russian Federation (Ligaa. U., et.al., 1997).

Neutron activation analysis is a very convenient method for analyzing trace elements in all types of samples,
including herbal medicine. Examples of recent work on the use of the technique are 28 elements in medicinal herbs
(Sarmani S., et.al., 1998), 6] 12 elements in Chinese medicinal herbs (Yamashita C. L. et.al., 2005).

The present study was undertaken to investigate the elemental contents in 2 types of medicinal herbs commonly
used in controlling and healing of different diseases.

Asian medicinal herbs Chrysanthemum (Spiraea aquilegifolia Pall.) and Red Sandalwood (Pterocarpus
Santalinus) are widely used in folk and Ayurvedic medicine for healing and preventing some diseases. The modern medical
science has proved that the Chrysanthemum (Spiraea aquilegifolia Pall.) possesses the following functions: reducing blood
press, dispelling cancer cell, coronary artery’s expanding and bacteriostating and Red Sandalwood (Pterocarpus Santalinus)
is recommended against headache, toothache, skin diseases, vomiting and sometimes it is taken for treatment of diabetes.
Species of Chrysanthemums were collected in the north-eastern and central Mongolia, and the Red Sandalwood powder was
imported from India. Samples of Chrysanthemums (branches, flowers and leaves) (0.5 g) and red sandalwood powder (0.5
g) were subjected to the multi-element instrumental neutron activation analysis using epithermal neutrons (ENAA) at the
IBR-2 reactor, Frank Laboratory of Neutron Physics (FLNP) JINR, Dubna. A total of 41 elements (Na, Mg, Al, Cl, K, Ca,
Sc, V, Cr, Mn, Fe, Co, Ni, Zn, As, Se, Br, Rb, Sr, Zr, Mo, Cd, Cs, Ba, La, Hf, Ta, W, Sb, Au, Hg, Ce, Nd, Sm, Eu, Tb, Dy,
Yb, Th, U, Lu) were determined. For the first time such a large group of elements was determined in the herbal plants used
in Mongolia. The quality control of the analytical results was provided by using certified reference material Bowen
Cabbage.

Experimental
Sample collection and preparation

Species of Chrysanthemums were collected in the north-eastern and central Mongolia, and the Red Sandalwood
powder was imported from India. In the laboratory the sample of Chrysanthemums was cleaned from extraneous plant
materials and dried to constant weight at 30°-40° for 48 hours. The samples were not washed and not homogenized.

Chrysanthemum (Spiraea aquilegifolia Pall.) Red Sandalwood (Pferocarpus Santalinus)
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Analysis

The concentration of elements in the herbal plant samples was determined by a multi-element instrumental neutron
activation analysis using epithermal neutrons (ENAA) at the IBR-2 reactor, FLNP JINR, Dubna (Frontasyeva M.V. et. al.,
2000). To carry out ENAA investigations, plant samples of 0.5 g were heat-seated in polyethylene foil bags and packed in
aluminum cups for short and long irradiation, respectively. The processing of the data and determination of the
concentrations of elements were performed using certified reference materials and flux comparators with the help of the
software developed in FLNP, JINR (Ostrovnaya T. M., et. Al., 1993)

Results and discussion

The concentrations of 41 elements were determined in 2 medicinal herbs samples using INAA. For the first time
such a large group of elements was determined in the herbal plants used in Mongolia. The quality control of the analytical
results was provided by using certified reference material Bowen Cabbage. The results obtained are compared to the
“Reference plant” (B. Markert, 1992) data and interpreted in terms of excess of such elements as Se, Cr, Ca, Fe, Ni, Mo,
and rare earth elements.

Conclusion

The data obtained in the present work are important for synthesis of new herbal drugs which can be used for the
control and cure of various diseases. In order to develop a stronger basis for appreciating the curative effects of medicinal
plants, there is a need to investigate their elemental content. It has been demonstrated that INAA with its multi-elemental
characterization over a wide range of concentrations, blank free-nature and minimum sample preparation is the ideal
analytical technique for such studies.

The authors acknowledge the financial assistance of the RFBR-Mongolia grant 08-05-90214-Mong_a.
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RADIOMETRY OF "'CS AND *'°PB IN MOSS FROM BELARUS

Aleksiayenak Yu. V.l, Frontasyeva M.V.l, Florek M.Z, Faanhof A3

'Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,
Dubna, Russia,
’Dept.of Nuclear Physics and Biophysics, Comenius University, Bratislava, Slovakia,
*South African Nuclear Energy Corporation, Pretoria, Republic of South Africa

Introduction

Mosses have been extensively used to study atmospheric deposition of trace metals on the European scale
(Harmens et al, 2010), and they are equally suitable indicators of airborne radionuclides (Mattson, 1972; Sumerling, 1984;
Barci-Funel, 1992; Steinnes and Njéstad, 1993; Nifontova, 1996, 1998; Sawidis, 1997; Florek, 2001; Popovic, 2008; Cevik
and Celik, 2009). The south-eastern part of Belarus was severely contaminated with fallout from the 1986 accident at the
Chernobyl nuclear power plant. About 70% of the total radioactive fallout occurred on Belarus territory (Kenik, 1995). Soil
contamination with "*’Cs, **Sr and **’Pu is still high, and eight years after the accident 2,640 km® of agricultural land was
still excluded from use. Within the 40-km radius of the power plant, 2,100 km® of land in the Poles'e state nature reserve has
been excluded from use for an indefinite period of time. Vast territories in the Gomel and Mahilyow regions were rendered
uninhabitable. Roughly 7,000 km? of soil were contaminated by "*’Cs to levels greater than 550 GBq/km?, i.e. inaccessible
for human usage for a very long time. In 1995 the areas contaminated to "*’Cs levels exceeding 37 GBq/km? (1 Ci/km?)
constituted about 23% of the country (IAEA, 2006) and in 2002 more than 1.5 million people still lived in this area.

Experimental

Sampling and sample preparation. Sixty-three samples of the moss species Hylocomium splendens and Pleurozium
schreberi were collected in Belarus (Fig. 1) in order to study deposition of airborne radionuclides.

Fig. 1. Map of "“'Cs contamination in
Belarus in 2004. with sampling sites.
Maximum concentrations (Bg/kg) in
different regions are given in squares

The sampling network in Belarus covers strongly contaminated (Gomel and Mahilyow) as well as relatively “clean” (Minsk,
Grodno, Vitebsk) regions. Samples were dried and then pelletized prior to activity measurements. Sample weight of sample
was typically around 17 gram, cylindrical geometry with height ca. 2-3 cm, and diameter about 7 cm.

Measurements. Gamma spectrometry on the moss samples was performed in the low-level background counting laboratory
of the Department of Nuclear Physics and Biophysics of the Comenius University in Bratislava, Slovakia, using a Canberra
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HPGe detector (177 cm’) with a carbon window, placed in a low-level background shield. The measuring time was 24 hours
or more. The counting statistics was less than 3%. The total uncertainty in determination of radionuclide activities was
estimated at 15% or less. A limited suite of samples was also measured at the South African Nuclear Energy Corporation
(SANEC) using an ultra low level background counting facility (160 cm3 n-type HPGe Canberra BE5030 detector mounted
in a lead shield of 13 cm lead of less than 50 Bq/kg and another layer of 2 cm less than 10 Bq/kg lined with 1 mm cadmium,
2 mm copper and 4 mm Perspex). Measuring time was one hour. Data obtained in the two laboratories for samples from two
localities in Belarus was compared and the results appear to be in agreement within experimental errors.

Results and Discussion

In Belarus the maximum activity of '*'Cs (6827 Bq/kg) was observed in the Gomel Region near the town Mazyr
and the minimum one (4,83 Bg/kg) in Vitebsyevskii Region near Luzhki-Yazno. “Hot spots” were observed near town of
Borisow and Yuratsishki. The *’Cs activity in the moss presumably reflects the initial deposition of '*’Cs fallout from the
Chernobyl accident. The obtained results support previous data showing particularly high deposition of "*’Cs in the Gomel
and Mahilyow Regions from the Chernobyl accident (IAEA, 2006). Most radionuclides, deposited on soil, are located in its
top layers. "*’Cs migration deep into the soil occurs very slowly. The median value of concentrations of '*’Cs in the samples
from Gomel and Mahilyow regions are in ten-twenty times higher compared to other Belarus regions. The main reason why
the moss samples still reflect the original distribution of Chernobyl fallout in Belarus is probably that Cs migrates
progressively from the older to the younger shoots, as shown in studies of moss samples exposed to Chernobyl fallout in
Norway (Gaare and Steinnes, 1996).

The results obtained in the present study confirm the spatial distribution of '’Cs in Belarus due to fallout from the
Chernobyl accident.

The median value of '*’Cs concentrations in moss samples from Gomel and Mahilyow regions are more ten times higher
than present values from other Belarus regions and literature values from the outside territories (see Fig. 2) where
corresponding studies have been carried out. The minimum concentrations in Belarus however are similar to those reported
from the other studies. The concentrations of *'’Pb in moss samples collected over the territory of Belarus vary within the
range 141-575 Bg/kg with a median value of 312 Bg/kg. In comparison with concentration of '*’Cs the range is narrow, and

10.0007" | — @ Maximum
B Minimum
J Median
1.000+
o — Fig. 2. Comparison of “’Cs
o 0.100+ . .
) concentration in moss from
different countries
0.010- ]
0.001+
Belarus  Slovakia Ural Turkey

differences between regions are small from region to region.

References

Barci-Funel, G., Dalmasso, J., Ardisson, G., 1992. Deposition of long-lived radionuclides after the Chernobyl accident in
the forestal massif of Boreon. J. radioanal. nucl. chem. 164, 157-169

Berg, T., Steinnes, E., 1997. Use of mosses (Hylocomium splendens and Pleurozium schreberi) as biomonitors of heavy
metal deposition: from relative to absolute values. Environmental Pollution. 98, 61-70.

Cevik, U., Celik, N., 2009. Ecological half-life of '*’Cs in mosses and lichens in the Ordu province, Turkey by Cevik and
Celik. J. Environ. Radioact. 100, 23-28.




\@P Annual Report 2010

Florek, M., Frontasyeva, M., Mankovska, B., Oprea, K., Pavlov, S., Steinnes, E., , 2001. Air pollution with heavy metals and
radionuclides in Slovakia studied be the moss biomonitoring technique. ISINN-9, 442-449,

Gaare, E., Steinnes, E., 1996. Use of the moss Hylocomium splendens for the mapping of radiocaesium fallout from the
atmosphere. Proceedings, Nordic Radioecology Seminar, Reykjavik, 26-29 August, 367-370.

Harmens, H. et al., 2010. Mosses as biomonitors of atmospheric heavy metals deposition: Spatial patterns and temporal
trends in Europe. Environmental Pollution. 158, 3144-3156.

I4AEA, 2006. International Atomic Energy Agency, Environmental Consequences of the Chernobyl Accident and their
Remediation: Twenty Years of Experience. Report of the UN Chernobyl Forum Expert Group "Environment". In:
Radiological Assessment Reports Vienna.

Kenik, 1., 1995. Belarus: a small country faces 70 percent of the fallout. DHA News. September-October, 7-8

Kulan, A., 2006. Seasonal 'Be and "“’Cs activities in surface air before and after the Chernobyl event. Journal of
Environmental Radioactivity. 90, 140-150.

Mattsson, S., 1972. Radionuclides in Lichen, Reindeer and Man. Lund, 48.

Nifontova, M., 1996. Mushrooms, lichens and mosses as biological indicators of radioactive environmental contamination.
Radioecology and the restoration of radioactive-contaminated sites. 155-162.

Nifontova, M., 1998. Content of long-lived artificial radionuclides in moss-lichens cover of terrestrial ecosystems of the
Ural-Siberian Region. Ecology 3, 196-200 (in Russian).

Popovic, D. et al, 2008. Radionuclides and heavy metals in Borovac, Southern Serbia. Environ. Sci. Pollut. Res. 15, 509-
520.

Povinec, P., Chudy, M., Sykora, 1., Szarka, J., Pikna, M., Holy, K., 1988. Aerosol radioactivity monitoring in Bratislava
following the Chernobyl accident. J. Radioanal. Nucl. Chem. Letters 126/6, 467-478.

Sawidis, Th., Heinrich, G., Chettri, M., 1997. Cesium-137 monitoring using mosses from Macedonia, N. Greece. Water, Air
and Soil Pollution. 110, 171-179.

Steinnes, E., Njdstad, O., 1993. Use of mosses and lichens for regional mapping of *’Cs fallout from the Chernobyl
accident. J. Environ. Radioact. 21, 65-73.

Sumerling, T., 1984. The use of mosses as indicators of airborne radionuclides near a major nuclear installation. The
Science of the Total Environment. 35, 251-265.

UNSCEAR, 1982. United Nations Scientific Committee on the Effects of Atomic Radiation Report. Ionizing Radiation:
Sources and Biological Effects, United Nations, New York.




Annual Report 2010

15.

16.

17.

18.

19.

20.

5. PUBLICATIONS

DEPARTMENT OF NEUTRON INVESTIGATION OF CONDENSED MATTER

1. Atomic and magnetic structures (diffraction)

Burzo, E. et al. Magnetic and magnetocaloric properties of
some ferrimagnetic compounds // J.of Optoelectronics &
Adv. Mat. 2010. V. 12, pp. 1105-1113.

Cornei, N. et al. Electronic phase diagram of
Lag.54Smo 11Cap 35CuMn4.,O3 manganites // J. of Optoelectronics
& Adv. Mat. 2010. V. 12 (4), pp. 872-875.

Craus, M.-L. et al. Influence of Na and Cr substitutions on
electronic phase diagram of LagssHoo.11CasNayMny.,CryO3
manganites // Romanian Reports in Physics. 2010. V. 62 (4), (in
press).

Craus, M.-L. et al. Influence of Co on transport properties of
Lag 54H00.11Sr0.35C0xMn+1.«O3 manganites // J. of Optoelectronics
& Adv. Mat. 2010. V. 12 (4), pp. 868-871.

Dobrea, V. et al. Some physical properties of Ni;MnGa
Heusler shape memory alloys with substitutions // J. of
Optoelectronics & Adv. Mat. 2010. V. 12 (4), pp. 854-857.

Golosova, N. O. et al. Effect of high pressure on the crystal
and magnetic structures of LagsCagsCoO;3; cobaltite // JETP
Letters. 2010. V. 92, pp. 110-114. (FonocoBa H.O. n ap.
BnusiHMe BbICOKOrO [aBMeHUss Ha  KPUCTamIIMYecKyl U
MarHUTHYIO CTPYKTYpy kobanbtuta LagsCagsCoO; // MNucbma B
XKITd. 2010. T.92 (2), c. 114-118).

Gonchar, L. E. et al. Effect of pressure on the magnetic
properties of lanthanum manganite // JETP. 2010. V. 111,
pp. 194-198. (FoHuapsb, J1. 3. n gp. BnusgHue paBneHuns Ha
MarHuUTHble CBOWCTBA MaHraHutTa naHtaHa // XXOT®. 2010.
T. 138, c. 221-225).

8.

10.

12.

13.

14.

Kozlenko, D. P. et al. Structural and magnetic phase
transitions in Prg 15Sro8sMnO3 at high pressure // Eur. Phys. J. B.
2010. V. 77,V. 3, pp. 407-411.

Kozlenko, D. P. et al. Competition between ferromagnetic and
antiferromagnetic ground states in multiferroic BiMnO; at high
pressures // Phys. Rev. B. 2010. V. 82, pp. 014401.

Kozlenko, D. P. et al. Spin fluctuations and structural
modifications in frustrated multiferroics RMnO3 (R =Y, Lu) at
high pressure // High Pressure Research. 2010. V.30 (2),
pp. 252-257.

Lushnikov, S. et al. Structure of Thermally Desorbed CeNis-
Based Hydrides // Inorganic Materials. 2010. V.46, No. 8,
pp. 836-841. (JlywHukos, C. A. " ap. CTpykTypa
TepmogecopbumpoBaHHbIX rnapuaos Ha ocHoee CeNis // Heopr.
Martepuansl. 2010. T. 46 (8), c. 932-938).

Pomjakushin, V.Yu.et al. Evidence for strong effect of
quenched correlated disorder on phase separation and
magnetism in (Lai-,Pry)o7CapsMnO; // J. Phys.: Condens.
Matter. 2010. V. 22, pp.115601 (1-5).

BeckpoBHbin, A. 1. 1 ap. TemnepaTypHble 3aBUCUMOCTHU
napameTpa nopsigka Ans HUTPUTA HaTpWs, BHEAPEHHOro B
nopuctele ctekna u onansl // dusanka TBepgoro Tena. 2010.
T. 52 (5), c. 1021-1025.

KosneHko, . M. n gp. CTPyKTypHblE N MarHUTHble a3oBble
nepexogbl B Pr0.7Ca0.3MnO3 npu BbiCOKMX paBneHusx //
Mucbma B XKOT®. 2010. T. 92, c. 654-658.

2. Nanostructured materials (small-angle scattering)

BenyuwkuH, A. B. n ap. NccnegoBaHne CTPYKTYPHBIX acnekToB
hopmupoBaHust ONTUYECKMX CBOWCTB HaHOCUCTEMBI
Ge02-Eu203-Ag /I ®dusuka tBepgoro Tena, 2010. T.52 (7),
c. 1278-1284. (Belushkin, A. V. et al. Investigation of the
structural aspects in the formation of optical properties of the
Ge02-Eu203-Ag nanosystem // Phys. Solid State. 2010.
Vol. 52. (7), pp. 1366-1371).

Rajewska, A. Aggregation in heavy water micellar dilutes
solutions of three nonionic classic surfactants C10E7 and
C12E7 and C14E7 study by SANS method // AIP Conference
Proceedings. 2010. V. 1202, pp. 171-174.

KpuBaHnauH, A. B. n gp. WccneposaHne CTPyKTypbl anbda-
KpucTanimHa MeToaoM MarnoyrfioBOro paccesHusi HEMTPOHOB C
Bapuauuen koHtpacta // CoobweHns ONAN, 2010. P14-2010-
65.

Balasoiu, M. et al. Particle Concentration Effects on the
Ferrofluids based Elastomers Microstructure // J. of Industrial
and Engineering Chemistry. 2010 (in press).

Balasoiu, M. et al. Magnetic field and particle concentration
competitive effects on ferrofluid based silicone elastomer
microstructure // J. of Crystallography Reports. 2010 (in press).

Balasoiu, M. et al. Structural investigation of biogenic
ferrihydrite nanoparticles dispersion // J. of Optoelectronics &
Adv. Mat.: Rapid Communications. 2010. V. 4 (12), pp. 2136-
2139.

21.

22.

23.

24.

25.

26.

27.

Balasoiu, M. et al. Structural investigation of biogenic
ferrihydrite nanoparticles dispersion // Preprint JINR, 2010. E14-
2010-148.

Belushkin, A. V., Kozlenko, D. P. Structural organization of
nanomaterials and nanosystems: neutron scattering insight //
Adv. Nat. Sci.: Nanosci. Nanotechnol. 2010. V. 1, pp. 023002
(8).

Cherny, A. Yu. et al. Scattering from generalized Cantor
fractals // J. Appl. Cryst. 2010. 43, pp. 790-797.

Kuklin, A. . et al. Do the size effects exist // Rom. J. Phys.
2011. V. 56 (1-2) (in press).

Stan, C. et al. Preliminary Investigations on Fe304-Ferrofluids
at Different Temperatures by Means of Magnetic Measurements
//'U. P. B. Sci. Bull. 2010 (in press)

BenyuwkuH, A. B. un gp. NccnegoBaHne CTPYKTYPHbIX acnekToB
(hOPMUPOBaHUST OMTUMYECKUX CBOWCTB HaHocuctembl GeO2-
Eu203-Ag // NMpenpuHt OUAN, 2010. P14-2009-165.

YepHbii, A.HO. n gp. ManoyrnoBoe paccesHue Ha
OeTepMeHNPOBaHHbIX dpakTanbHbIX cuctemax // MoBepxHOCTb.
PeHTreHoBCKMe, CUHXPOTPOHHbBIE Y HENTPOHHbLIE NCCMNEeAOoBaHMS.
2010. Ne11, c.35-39. (Cherny, A. Yu. et al. Small angle
scattering from deterministic fractal systems // J. of Surface
Investigations, X-ray, Synchrotron & Neutron Techniques, 2010.
V. 4 (6), pp- 903-907).

34



Annual Report 2010

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

3. Soft matter, liquids (small angle scattering and diffraction)

Avdeev, M. V. et al. Structure of water-based ferrofluids with
sodium oleate and polyethylene glycol stabilization by small-
angle neutron scattering: contrast-variation experiments // J.
Appl. Cryst. 2010. V. 43. pp. 959-969.

Avdeev, M. V. et al. Structure and in Vitro Biological Testing
of Water-Based Ferrofluids Stabilized by Monocarboxylic Acids
/I Langmuir. 2010. V. 26, pp. 8503—-8509.

Avdeev, M. V. et al. On structural features of fullerene C60
dissolved in carbon disulfide: Complementary study by small-
angle neutron scattering and molecular dynamic simulations //
J. Chem. Phys. 2010. V. 132, pp. 164515.

Balasoiu, M. et al. Microstructure of stomaflex based
magnetic elastomers // Phys. Solid State. 2010. V. 52, pp.917-
921.

Balasoiu, M. et al. Hierarchical structure investigations of
biogenic ferrihydrite samples // Rom. J. Phys. 2010. V. 55 (7-8),
pp. 782-789

Balgavy, P. et al. Why and How to Measure Lipid Bilayer
Thickness, in Advances in Medicine and Biology / Ed. by
Berhardt, L. V. 2010. V. 4.

Bulavin, L. A. et al. Structure transformations in the triple
liguid system tetradecyltrimethylammonium bromide-D20-NaBr
/I Ukr. J. Phys. 2010. V. 55 (4), pp. 410-414.

Bulavin, L. A. et al. Neutron studies of the NaBr impurity
influence on micelle formation in the heay water-
tetradecyltrimethylammonium bromide systems // Ukr. J. Phys.
2010. V. 55 (3), pp. 288-292.

Gallova, J. et al. Influence of cholesterol and B-sitosterol on
structural characteristics of the EYPC bilayers // J. Membr. Biol.
2010 (in press).

Kyrey, T. O. et al. Study of solvatochromism in liquid fullerene
containing systems of various polarity // Bulletin of the
University of Kyiv Series: Physics & Mathematics. 2010, in
Ukrainian (in press).

Kyzyma, O. A. et al. Solvatochromism and Fullerene Cluster
Formation in  C60/N-methyl-2-pyrrolidone //  Fullerenes,
Nanotubes, and Carbon Nanostructures. 2010. V. 18, pp.458-
461.

Kyzyma, O. A. et al. Aggregate development in C60/N-metyl-
2-pyrrolidone solution and its mixture with water as revealed by
extraction and mass spectroscopy / Chem. Phys. Lett. 2010.
V. 493, pp. 103-106.

Lancz, G. et al. SANS study of poly(ethylene glycol) solutions
in D20 // Acta Phys. Polonica. 2010. V. 118 (5), pp. 980-982.

Nagornyi, A. et al. Determination of optimal conditions for
experiment of small-angle neutron scattering on ferrofluids with
a low concentration of magnetite // Bulletin of University of Kyiv
Series: Physics & Mathematics. 2010, in Ukrainian (in press).

Petrenko, V. I. et al. Micelle formation in aqueous solutions of
dodecylbenzene sulfonic acid studied by small-angle neutron
scattering // Coll. Surf. A. 2010. V. 369, pp. 160-164.

Petrenko, V. I. et al. The interaction of long-chain n-alcohols
with fluid lipid DOPC bilayers: a neutron diffraction study.
/I General Physiology and Biophysics. 2010, V.29, pp. 355-
361.

Raikher, Yu. L. et al. Magnetic properties of biomineral
nanoparticles produced by Kilebsiella oxytoca bacteria //
Phys. Solid State. 2010. V. 52 (2), pp. 277-284.

Ryabova, N. Y. et al. Investigation of stratum corneum lipid
model membranes with free fatty acid composition by neutron
diffraction // European Biophysics J. 2010. V. 39, pp. 1167-
1176.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Tomchuk, O. V. et al. Small-angle neutron scattering by
fractal clusters in water suspensions of detonation
nanodiamonds // Bulletin of the University of Kyiv Series:
Physics & Mathematics. 2010, in Ukrainian (in press).

Tropin, T. V. et al. Nucleation theory models for describing
kinetics of cluster growth in C60/NMP solutions // Phys. Status
Solidi B. 2010. V. 247 (11-12), pp. 3022-3025.

Tropin, T. V. et al. On the dependence of the properties of
glasses on cooling and heating rates // J. Non-Cryst. Solids.
2010 (in press).

ZaviSova, V. Et al. Biocompatible magnetic fluid stabilized
with poly (ethylene glycol) // J. Magn. Magn. Mater. 2010 (in
press).

Aspees, M. B. n pgp. HeitpoHorpacdusi HaHocuctem //
OHuuknoneaus IOHECKO «HaHoHayka n
HaHoTtexHonorumy. 2010. C. 804-837.

Aspees, M. B. u gp. Manoyrnosoe paccesiHne HenTpoHOB B
CTPYKTYPHBIX WCCNEAOBaHUSIX MarHUTHbIX kugkocten. //
O630p YOH. 2010. T. 180 (10), c. 1009-1034. (Avdeev, M. V.
et al. Small-angle neutron scattering in structure research of
magnetic fluids // Review. Phys. Uspekhi. 2010 (in press).

Aspees, M.B. n gp. Mopgenn knacrtepoobpasoBaHus
dynnepeHos B pactopax // O63op. XK. ®ns. Xumun. 2010. T.
84 (8), c. 1405-1416. (Avdeev, M. V. et al. Models of fullerene
cluster formation in solutions // Rus. J. Phys. Chem. A.
V. 84(8). 2010, pp.1273-1283).

Aspees, M.B. n pgp. MVccnegosaHne MUKPOCTPYKTYpPbI
aKTUBMPOBAHHbIX Yrre MeToAOM MarioyrfioBOro paccesiHusi
MeaneHHblx HewTtpoHoB // ®TT. 2010. T. 52 (5), c. 923.
(Avdeev, M. V. Et al. Investigation of the microstructure of
activated carbons by the small-angle slow neutron scattering
method // Phys. Solid State. 2010. V. 52 (5), pp. 985-987).

AkceHos, B. J1., Kucenes, M. A.. [ononHUTENBHOCTL
HENTPOHHBIX U CUHXPOTPOHHBIX CTPYKTYPHbIX UCCrEAOBaHUA B
peanbHOM BpEMEHMW: NPUMEHEHNE B MONEKynsipHon Guonorum
/I Kpucrannorpacua. 2010. T.55(7). (B nedyatn)
(Aksenov, V. L, Kiselev, M. A. Complementarity of neutron and
synchrotron structural research in real time: applications for
molecular biology // Cryst. Reports. 2010 (in press).

AkceHoB, B.J1. un pgp. K Bonpocy 06 o6pasoBaHun
KnacTepoB hynnepeHa C60 B a30T-coaepKaLumx
pactBoputensx // ®u3. Teepa. Tena. 2010. T. 52, c. 992-995
(Aksenov, V. L. et al. Formation of C60 Fullerene Clusters in
Nitrogen-Containing Solvents // Phys. Solid State. 2010.
V. 52 (5), pp. 1059-1062).

BynasiH, J1. A. 7] ap. KomnnekcHe [ocrnigaXeHHs
MiLIEeNOYTBOPEHHA B BOAHIA cuctemi 3 KaTioHHum TIAP //
[Honosiai HauioHanbHOi akageMii Hayk Ykpainu, ISSN:1025-
6415.

Wcaes-MBaHoB, B.B. u agp. CpaBHUTENbHBLIN aHanus
HYKNEOCOMHOW CTPYKTYpbl KIETOYHbIX siAep — Manoyrrnosoe
HeWTpOHHOoe paccesHue // ®usunka Teepgoro Tena. 2010. T.
52 (5), c.996-1005. (Isaev-lvanov V.V. et al. Comparative
Analysis of the Nucleosome Structure of Cell Nuclei by Small-
Angle Neutron Scattering // Physics of the Solid State. 2010.
V. 52 (5), pp. 1063—1073).

Kucenes, M. A. un pgp. CTpyKTypHble WCCreaoBaHus
NUNUAHLIX MeMOpPaH Ha CUHXPOTPOHHOM UcTouHuke CUBUPb-
2 /I Kpucrannorpacma. 2010. T. 55 (3), c. 500-506.
(Kiselev, M. A. et al. Structural Studies of the Lipid
Membranes at the Siberia-2 Synchrotron Radiation Source //
Cryst. Reports. 2010. V. 55 (3), pp. 466-472).

Kncenes, M. A. MeTogbl ncecneaoBaHus TIMNUAHBIX
HaHOCTPYKTYP Ha HEMTPOHHBIX M CUHXPOTPOHHBIX UCTOYHMKAX

35



Annual Report 2010

60.

61.

62.

63.

64.

69.

70.

71.

72.

73.

79.

80.

81.

82.

83.

I QYAA. 2010 (NnpuHATO B Mevatb).

KpuBanauH, A.B. »n pap. WccnepoBaHvne CTPYKTypbl  O-
KpucTannumHa MeToAoM MarnoyrfioBoro paccesHusi HeMTPOHOB C
Bapwauuen koHtpacta // Buoxumuma. 2010. T. 75 (11), c.1499-
1507

HaropHbin, A. B. u gp. AHanu3 ManoyrfioBoro paccesiHus
HEWTPOHOB Ha CUMbHO pPa3baBNeHHbIX MarHUTHBIX XUAKOCTSX //
MoBepxHOCTb. PeHTreHoBCKME, CUHXPOTPOHHBIE Y HEWTPOHHbIE
uccnegosanus. 2010 (NPUMHATO B nevaTb).

Metpenko, B. . wn gap. AHanus CTPYKTypbl  BOAHbIX
heppoXmgkocTe  MeToAOM  MaroyrfioBOro  HEMTPOHHOTO
paccesHus // ®u3. Teepa. Tena. 2010. T. 52 (5). c. 913-916.
(Petrenko, V. I. et al. Analysis of the Structure of Aqueous
Ferrofluids by the Small-Angle Neutron Scattering Method //
Phys. Solid State. 2010. V. 52 (5), pp. 974-978.)

MopoxoBa, A. B. n gp. Mogynsuus pasmvepa HaHomarHeTuTa
c NoKpbITUEM MOHOKap6OHOBLIMY KMcnoTamu,
OVCNeprMpoBaHHOro B HENOMSIPHbIA pacTBoputens // N3BecTtus
By30B. Cepus dpmanyeckas. 2010. T. 53 (3/2), ¢.176-179.

Porayes, A.B. n pgp. CTpykTypa KpeMHUAOPraHn4ecKnx
OEeHOPUMEPOB BbICOKMX reHepauui // ®uamka Teepgoro Tena.
2010. T. 52 (5), c. 979-983. (Rogachev, A. V. et al. Structure
of Organosilicon Dendrimers of Higher Generations //
Phys. Solid State. 2010. V. 52 (5), pp. 1045-1049).

65.

66.

67.

68.

Psa6osa, H. H0. n ap. BnusHue xonectepuHa un uepamuga-Vi
Ha CTPYKTYpy MHOFOCIOMHBIX NWUNUAHBIX MeMOpaH npu
BoaHOM o6meHe // Kpuctannorpacusi. 2010. T. 55 (3), c. 516-
525. / Ryabova, N. Yu. et al. Influence of Cholesterol and
Ceramide VI on the Structure of Multilamellar Lipid
Membranes at Water Exchange // Cryst. Reports. 2010.
V. 55 (3), pp. 479-487.

Ps6oga, H. tO. v ap. WccnepgosaHne CTPYKTYpblI
MHOFOCMOMHBIX NMUNNAHBIX MeMbpaH MeToAoM  Audpakumn
HENTPOHOB B peanbHOM BpemeHu // dusmka TBepAoro Tena
2010. T. 52 (5), c. 984-991. (Ryabova,N.Y. et al
Investigation of the Structure of Multilayer Lipid Membranes by
Real-Time Neutron Diffraction // Phys. Solid State. 2010.
V. 52 (5), pp. 1050-1058).

PsiboBa, H. 0. n gp. CTpykTypa 1 rmapartaumsi MOAENbHbIX
nUNUaHbIX MeMbpaH Ha ocHoBe Lepamuaa-6. ViccriegoBaHus
MeToAoM AndpakuMy HEMTPOHOB B pearlbHOM BpemeHu //
Owuc. kaHg. dms.-mat. Hayk: 01.04.07. — [ybHa: OUNAN. 2010.
130 c.

Conoseés, [1. B. n agp. PeHntreHorpaduyeckne n P-V-T

nceneaoBaHus cuUCTEMBI BOAa—
aumupucTonndochaTnannxonuH 1 [MoBepxHOCTb.
PeHTreHoBckue, CUHXPOTPOHHblE " HEWTPOHHbIE
nceneaoBaHus. 2010 (NpuHATO B neyarb).

4. Thin films (reflectometry, polarized neutrons)

Aksenov, V. L., Khaidukov, Yu. N., Nikitenko, Yu. V.,
Peculiarities of magnetic states in  “Ferromagnet-
Superconductor” heterostructures due to proximity effects // J.
Phys.: Conference Series. 2010, V. 211, pp. 012022-012027.

Bodnarchuk, 1., et al. On the effect of gravity on the resolution
for time-of-flight specular neutron reflectivity. // Nucl. Instr.
Methods A, 2010 (in press).

Bryk, V., Goncharov, A., Grigorova, T., et al. Formation
mechanism, structure and adsorption characteristics of
microporous nanocrystalline (V,Ti)-N-He thin film composites //
J. of Surface Investigations, X-ray, Synchrotron and Neutron
Techniques. 2010 (in press).

Ignatovich, V. K., Nikitenko, Yu. V., Fraerman, A. A..Transport
of Polarized Neutrons through Magnetic Noncoplanar Layered
Systems // J. of Experimental and Theoretical Physics, 2010.
V. 110 (5), pp. 775-782.

Ignatovich, V. K., Nikitenko, Yu. V., Radu, F. // Neutron
refraction in oscillating magnetic field, NIM. 2010. V. 620,
pp. 410-413.

74.

75.

76.

77.

78.

Ignatovich, V. K., Nikitenko, Yu. V. A time-odd correlation in
a neutron reflectometry experiment // J. of Experimental and
Theoretical Physics. 2010, V. 110 (3), pp. 417-425.

Ignatovich, V. K., Nikitenko, Yu. V., Radu, F. Interaction of
Neutrons with Layered Magnetic Media in Oscillating Magnetic
Field // Physica B. 2010 (in press).

Khaidukov, Yu. N., Aksenov, V. L., Nikitenko, Yu. V., et. al.
Magnetic Proximity Effects in V/Fe
Superconductor/Ferromagnet Single Bilayer Revealed by
Waveguide-Enhanced Polarized Neutron Reflectometry //
J. Supercond. Nov. Magn. 2010 (in press).

Khaidukov, Yu. N., Nikitenko, Yu. V. Magnetic non-collinear
neutron wave resonator. // NIM A. 2010, accepted.

Khaidukov, Yu. N., Nikitenko, Yu. V., Bottyan, L., et al.
Feasibility of Study Magnetic Proximity Effects in Bilayer
“Superconductir-Ferromagnet” Using Waveguide Enhanced
Polarized Neutron Reflectometry // Cryst. Reports, 2010,
V. 55 (7), pp. 1235-1241.

5. Atomic and magnetic dynamics (inelastic neutron scattering)

Goremychkin, E. A., Osborn, R., Sashin, I. L., et al. Transition
from Heavy-Fermion to Mixed-Valence Behavior in Ce1-x
YxAI3: A Quantitative Comparison with the Anderson Impurity”
/I Phys. Rev. Lett. 2010. V. 104, pp.176402.

Kazimirov, V. Yu., Smirnov, M. B., Bourgeois, L., et al. Lattice
dynamics of Ni and Mg hydroxides // Solid State lonics.
2010, V. 181, pp. 1764-1770.

Mielcarek, J., Nowak, D. M., Pajzderska, A., et al. A hybrid
method for estimation of molecular dynamics of diazepam-
density functional theory combined with NMR and FT-IR
spectroscopy // Ind. J. Pharm. 2010 (in press).

Sawka-Dobrowolska, W., Bator, G., Sobczyk, L., et al. The
(2:1) complex of picric acid with tetramethylpyrazine: The
structure, IR spectra and tunnel splitting of methyl groups // J.
Mol. Struct. 2010, V. 975, pp.298-302,

BnaroseweHckuin, H. M., Moposos, B.A., Moposos, B. M., u

84.

85.

86.

ap. MukpognHammnyeckne oCoOBEHHOCTM XUOKUX MeTannos u3
9KCMEePUMEHTOB MO HENTPOHHOMY paccesHuo. /I Tpyapl
pernoHanbHOro KOHKypca Hay4yHbIX NpoOekToB B obnactu
eCTecTBeHHbIX Hayk Ha 2009, 2010, Bein. 15., c. 206-211.

BnaroseweHckmii, H. M., Hosukos, A. ., PoxkoBa, H. H.
KBasuynpyroe paccesHvue HEWTPOHOB BOOHOW Aucnepcuen
HaHoanwmasos // ®TT. 2010, T. 52 (5), c. 904.

BnaroseweHckuit, H. M., Hosukos, A. ., CasocTuH, B. B.
KonnektneHas MUKpPOAMHAMMKa XMUAKOro nmTus:
ncecnegoBaHMe MEeTO4OM Heyrnpyroro paccesiHus HeUTpoHoB //
OTT. 2010. T. 52 (5), c. 908.

Oy6osckuin, O. A., Opnos, A. B., CemeHos, B. A.
ConuToHHasi MUKpOAMHaMUKa reHepauuy 3apofbilleit HOBbIX
a3 n CTPYKTYPHbIX (Da30BbIX NEPEXOAOB B KPUCTANNNYECKUX
maTtepvanax saepHbiXx peaktopoB // Tpyabl perMoHaribHoOro
KOHKYpCa Hay4HbIX NPOEKTOB B 06GNacTu eCTEeCTBEHHbIX Hayk.
2010. BbIn.15, c. 88-92.
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87.

88.

89.

90.

94.

95.

96.

97.

98.

99.

Kanunuh, U. B., Kau, E., Kosa, M., n gp. CocyuiectBoBaHune
CBepXTeKy4ero n TBepgoro renvs B asporene // XKOT®. 2010,
T. 138 (2), c. 243-248

Kanunuh, V. B., Jlaytep, B. B., lNy4ykos, A. B. Viccneposanue
CBEPXTEKY4eCT B TBEPAOM renuu, NMoMeLLeHHOM B MOPUCTYHO
cpeqy // TpyAbl permoHanbHOro KOHKypca Hay4HbIX NPOEKTOB B
obnactu ectectBeHHbIX Hayk. 2010. Bein.15, c. 55-59.

INucwnukuH, 1O. B., Hoeukos, A. I., Caxaposa, J1. A. Pacuert
XapaKTepUCTUK paccesiHusi HEMTPOHOB BOAOW, HaxoasLlencs B
OKOITOKPUTUYECKOM W CBEPXKPUTUYECKOM  COCTOSHMAX /]
M3Bectus BY3oB. Cepuss «ApepHas sHepretuka». 2010.
Bbin. 2, c. 23-37.

Masutos, P.M., CemeHoB, B.A., Jlebenes, 0. A, n ap.

6. Applied studies (texture,

Bruno, G. et al. Micro and macroscopic thermal expansion of
stabilized Aluminum Titanate // J. Europ. Ceramic Soc. 2010 (in
press).

Bruno, G. et al. On the Stress free Lattice Expansion of
Cordierite // Acta Mater. 2010. V. 58, pp. 1994-2003.

Frischbutter, A. et al. Neutron time-of-flight experiments with a
composite from a tectonic thrust front - Residual strain-stress
relations, depending on time, characterizing an othogneiss from
the Penninian stack of nappes south of the Gotthard Massif
(Laventina gneiss) // Z. geol. Wiss. 2010 (in press).

Lokaijicek, T. et al. The determination of the elastic properties
of an anisotropic polycrystalline graphite using neutron
diffraction and ultrasonic measurements // Carbon. 2010 (in
press).

Lychagina, T. A. et al. Texture investigation of Carrara marble
/I GeNF - Experimental Report. GKSS. 2010.

Matthies, S. On the combination of self-consistent and
geometric mean elements for the calculation of the elastic
properties of textured multi-phase samples // Solid State
Phenomena. 2010. V. 160, pp. 87-93.

100. Mosch, S. Optimized extraction of dimension stone blocks //

101.

108. Avdeev, M. V. et al.

Environ Earth Sci, special issue. doi 10.1007/s12665-010-0825-
7, 2010.

Nikitin, A. N., Vasin, R. N. A simultaneous application of
neutron diffraction and acoustic emission methods for

91.

92.

93.

MNoTHOCTb (POHOHHBIX COCTOSIHWIM HAHOCTPYKTYpHOW meawm //
Mucema B XKOT®. 2010 (NpuHATO B nevatb).

CemeHos, B. A., Koanos, XK. A., KpauyH, J1., n gp. Cnektp
YacToT TaHTana npu TemnepaTypax 293-2300K // ®TT. 2010.
T. 52 (5), c. 926.

CemeHoB, B. A., Kosnos, X.A., Mopo3os, B. M., n gp..
Heynpyroe paccesiHie Me[NEHHbIX HENTPOHOB
MOHOHUTPUAOM YypaHa npu Temnepatypax 293 — 1273K //
MpenpuHT ®3N-3176, O6HKHCK, 2010, 12 C.

. Nowicka-Scheibe, J., Grech, E., Sawka-Dobrowolska, W., et
al. Structure and vibrational spectra of squaric acid complexes
with 4,4- and 5,5'-dimethyl-2,2’-bipyridine // J. Mol. Struct.
2010. V. 976, pp. 30-35

stresses, geological materials)

investigation of physical properties of rocks during
polymorphic phase transitions // Neutron News. 2010. V. 21,
(4), pp. 20-24.

102. Taran, Yu. V. et al. Residual stresses in biaxially fatigued

austenitic stainless steel sample of cruciform geometry //
PEPAN Letters (JINR). 2010 (in press).

103. Ullemeyer, K. et al. Evaluation of intrinsic velocity - pressure

trends from low-pressure P wave velocity measurements in
rocks containing microcracks. 2010 (in press).

104. Banarypos, A. M. n gp. OnpegeneHne TeH30pa OCTaTOYHbIX

HanpshkeHWn B CUNBbHO-TEKCTYPMPOBAHHOM LUWMMHAPE W©3
umpkoHmeBoro cnnaea  3-110 metogoMm  audbpakuum
HenTpoHoB // Bonpocbl aTOMHOM Hayku u TexHuku. 2010
(NpuHATO B Nevatb).

105. HukutuH, A. H. v gp. PacnpocTpaHeHne KBasMnpoaosbHbIX

BOJIH Ha rpaHuue pasgena MW30TPOMHOW W aHU3OTPOMHOW
cpefbl: TeopeTUyeckoe 1 aKCNepUMeHTarnbHOe UccrneaoBaHme
/I dunsnka 3emnun. 2010 (NpUHATO B Neyatb).

106. HukutuH, A.H. n pgp. YueT TennoBbiX W TPaHCMOPTHbLIX

CBOWCTB  KPUCTanmnM4yeckon COnMu Mpu  NPOEKTUpOBaHUU
XpaHUNWL,  pPagvoaKkTVMBHLIX  OTXOOOB B rariougHbIX
dopmauusx // Kpuctannorpadwms. 2010. T. 55 (3), c. 486-494.

107. CymuH, B.B. u gp. PesynbTaTbl M3MepeHusi OCTaTOYHbIX

nedopmaunii B Kopnyce peaktopa BBOP-1000 // dwusuka
TBépAoro Tena. 2010. T. 52 (5), c. 930-933.

7. Instruments and Methods

Project of the new multifunctional
reflectometer GRAINS with horizontal sample plane at the IBR-
2M pulsed reactor in Dubna // J. Phys.: Conf. Ser. 2010. V. 251,
pp. 012060.

109. Erhan, R. V. et al. A concept for the modernization of a SANS

instrument at the IBR-2M pulsed reactor // Nuclear Instruments
and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment,
doi:10.1016/j.nima. 2010.

110. Gahramanov, |, Asgerov, E. Trace-map technique for the Pell

111.

sequence // Central European Journal of Physics (CEJP). 2010
(in press).

Kozhevnikov, S. V. et al. Combination of a reflectometer and
a nonmagnetic waveguide for experiments with polarized
neutron microbeam // Crystallography (in press).

112. Kozhevnikov, S. V. et al. Magnetic layered structure for the

production of polarized neutron microbeams // Physica B. (in
press).

113. Oftt, F., Kozhevnikov, S. V. Off-specular data representations

in neutron reflectivity // J. Appl. Cryst. 2010 (in press).

114. Banarypos, A. M., n ap. OndpakromeTp ans nccnegoBaHuin

nepexoaHbIX MPOLLECCOB B pearilsHOM BPEMEHW Ha peakTtope
MBP-2M // Coobenne ONAN P13-2010-116. ybHa. 2010.

115. Boky4yaBa, I'. . 1 Ap. HeWTpOHHLIN dypbe-andpakTomeTp

116. Oy6osckui, O. A.,

®Cl Ans WccnepoBaHWsS MeXaHUYECKUX HampshkeHuid B
maTepuanax v npoMblUNEHHbIX uaaenusix // MoBepXHOCTb.
2010. T.11, c. 9-21. (G.D. Bokuchava et al. Neutron Fourier
diffractometer FSD for residual stress studies in materials and
industrial components // Journal of Surface Investigation. X-
ray, Synchrotron and Neutron Techniques. 2010. V. 4 (6),
pp. 879-890).

Opnos, A. B..  VanyyeHue  ny4koB
CBEPX3BYKOBbIX ~ CONUTOHHLIX  BOMH -  reHepaTopoB
pecTpyKkTypusaLumM HaHokpuctanmios npu 6Gombapauposke
aTtomMaMu 1 camoopraHusaumusi AUHaMUYECKON CyneppeLueTku
KOMIMIIEKCOB COJSIUTOHHbIX Konebanun atomoB // ®TT. 2010.
T. 52 (5), c. 846.

117. KanuuuH, W.B. n pgp. Vi3mepeHue CREKTPOB XOMOOHbIX

118. KoxesHnukos, C.B.,

HENTPOHOB Ha MakeTe KPUOreHHOro 3amennuTens peakropa
MBP — 2M // Tiucema B 34AA. 2010. Ne1 (157), c. 95-100.

Ot1, ®. [lpencrtaBnexHve [AaHHbIX
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HesepKkaribHOr0 paccesiHnsi HeWTpoHoB // duanka TBEPOOro
Tena. 2010. T. 52 (8), c. 1457-1466. (Kozhevnikov, S. V., Ott, F.
Representation of Data on Off-Specular Neutron Scattering //
Physics of the Solid State. 2010. V. 52 (8), pp. 1561-1570.)

119. KoxeshukoB, C.B., O711, ®. [lpeacraBneHve AaHHbIX
He3epKanbHOro paccesiHns HewTpoHoB // dusmka TBEPAOro
Tena. 2010. T. 52 (8), c. 1457-1466.

120. KyknuH, A.W. n pgp. AHanmu3 ChnekTpoB M MOTOKOB OT
KPUOTEHHbIX M TEMMOBbIX 3aMeanMTenent HEWTPOHOB peakTopa
MBP-2 no pe3ynbTatamMm MOAENUPOBaHUS U SKCNEPUMEHTOB Ha

yCcTaHOBKe Manoyrnosoro paccesHus OMO /| ®wusnka
aMneMeHTapHbIX YacTuy u atoMHoro sigpa. 2010 (npuHATO B
neyatb).

121. Noxmatos, B. U. n gp. MexaHuyeckuin MOHOXpomaTop Ans
CMEeKTpPOMETPa  MaroyrrioBOro paccesiHWs Ha  peakTope
SAFARI-1 // ®TT. 2010. T. 52 (5), c. 950.

122. MupoH, H.®. wn pgp. HelTpoHHbIi pedhnekTomMeTp Ha
TENNOBLIX HEUTPOHaX C MNEPEMEHHOW [ANUHOW BOmMHbl //
MoBepxHOCTb. PeHTreHoBCkUE, CUHXPOTPOHHbIE "
HEWTPOHHblE uccnegoBanusa. 2010 (NpuHATO B nedvaTb).

Patents

123. Hwukutenko, (0. B. 3asBka Ha wu3obpeteHune: «Cnocob

124. HukuteHko, HO.B. 3asBka Ha wu3obpeteHue: «Cnocob

onpegeneHunsa MarHI/ITHO-HeKOJ'IJ'II/IHeapHOVI MOLLHOCTHU onpeneneHuna NPOCTPaHCTBEHHOIo pacnpegeneHusa
HaHOCoA». HaMarHM4eHHOCTU HaHOCOA».
Conferences

125. Aksenov, V. L., Tropin, T. V., Avdeev, M. V. Kinetics of cluster
growth in fullerene C60 solutions in nitrogen-containing
solvents, International Conference on Theoretical Physics,
DUBNA-NANO2010. 5-10 July, 2010, Dubna, Russia, poster
report.

126. Avdeev, M. V., Feoktystov, A. V., Aksenov, V. L. Small-angle
neutron scattering in structure research of ferrofluids,
Workshop. Nanofluid IV. November 29 — December 1, 2010,
Stara Lesna, Slovakia, invited lecture.

127. Avdeev, M.V., Aksenov, V.L. Bulavin, L.A. Neutron
scattering in research and diagnostics of modern ferrofluids, 5th
International Conference Physics of Liquid Matter: Modern
Problems PLMMP 2010. 21-23May, 2010, Kyiv, Ukraine, invited
report.

128. Avdeev, M. V., Feoktystov, A. V., Aksenov, V. L. Small-angle
neutron scattering in structure research of ferrofluids,
Workshop. Nanofluid IV. November 29 — December 1, 2010,
Stara Lesna, Slovakia, invited lecture.

129. Avdeev, M. V., Feoktystov, A. V. Contrast variation in small-
angle neutron scattering experiments with polydisperse and
superparamagnetic systems: basic functions approach, Central
European Training School CETS2010. May 31 — June 2, 2010,
Hungary, Budapest, invited lecture.

130. Avdeev, M. V., Vekas, L., Hajdu, A. et al. Aggregate structure
in biocompatible aqueous magnetic fluids with steric and
electrostatic stabilization, 8th International Conference on the
Scientific and Clinical Applications of  Magnetic
Carriers.Rostock, Germany, poster report.

131. Avdeev, M. V. Structural aspects of biocompatible ferrofluids
by scattering methods: Stabilization, properties control and
applications Helmholtz-Russia Joint Research Groups Seminar.
March 1, 2010, Moscow, Russia,oral report.

132. Balagurov, A. M., Kudryashev, V.A. Correlation Fourier
diffractometry for long-pulse neutron sources: a new concept.
ICANS-XIX. March 8-12, 2010, Grindelwald, Switzerland. Oral
talk.

133. Balagurov, A.M. Advanced neutron scattering and
nanostructures. Rusnanotech-2010. 01-03 November, 2010,
Moscow, Russia, invited talk.

134. Balagurov, A. M., Bokuchava, G. D., Papushkin, I. V., et al.
Neutron diffraction potentialities at the IBR-2 pulsed reactor for
non-destructive testing of structural materials. ECNDT-10". 7-
11 June, 2010, Moscow, Russia.

135. Balagurov, A.M. Advanced neutron scattering for
nanostructures and material science. SAIP-55. 27 September —
01 October, 2010, Pretoria, South Africa. Invited talk.

136. Balagurov, A. M. Advanced neutron diffraction at pulsed
sources: new ideas, new technique, and new science. Czech
Technical University. 7 April, 2010, Prague, lecture.

137. Balasoiu, M. and Barsan V. UNESCO Chair on Sustainable
Development in Magurele-Bucharest: the first steps.
International Conference “Sustainable Development in
Conditions of Globalization: Implementation of UNESCO
Strategy for the Second Half of the UN Decade of Education
for Sustainable Development”. 7-8 December, 2010, Moscow,
Russia.

138. Balasoiu, M., Arzumanian, G.M., Stolyar, S.V., et al.
Biogenic Ferrihydrite Nanoparticles Structure Investigations,
International conference Dubna-Nano2010, JINR. 5-10 July,
2010, Dubna, Russia.

139. Balasoiu, M., Bica, I., Lebedev, V. T., et al. Small angle
neutron scattering analysis of ferrofluid based elastomer
microstructure, International Conference on Magnetic Fluids
ICMF12, Sendai, Japan, Book of abstracts, Elsevier.

140. Balasoiu, M., Bica, I., Raikher, Yu.L., et al. Particle
concentration effect on microstructure of ferrofluid-based
silicone rubber elastomer, IV Euro-Asian Symposium"Trends
in MAGnetism" Nanospintronics EASTMAG 2010. 28 June - 2
July, 2010, Ekaterinburg, Russia, Mo-G-02P.

141. Balasoiu, M., Bica, I., Raikher, Yu. L., et al. Magnetic field
and particle concentration competitive effects on ferrofluid
based silicone elastomer microstructure, RNIKS-2010. 16-19
November, 2010, Moscow, Russia.

142. Balasoiu, M., Bica, I., Raikher, Yu. L., et al. Magnetic Field
And Particle Concentration Competitive Effects On Ferrofluid
Based Elastomer Microstructure, International conference
Dubna-Nano2010, JINR. 5-10 July 2010, Dubna, Russia

143. Balasoiu, M., Ishchenko, L., Stolyar, S., et al. Small Angle X-
Ray Scattering Investigations of Water Based Dispersions of
Biogenic Ferrihydrite Particles, 5th International Conference
"Physics of liquid matter: modern problems", Taras
Shevchenko Kyiv National University. May 2010, Kyiv,
Ukraine, p. 303

144. Bobrikov, A.l., Balagurov, A.M. Magnetostructural
transitions in complex manganese oxides. ICSM-2010. 25
April — 1 May, 2010, Antalia, Turkey, poster presentation.

145. Cherny, A.Yu., Anitas, E. M., Kuklin, A.l., et al. The
Scattering From Generalized Cantor Fractals, International
conference Dubna-Nano2010. JINR, 5-10 July 2010, Dubna,
Russia.

146. Craus, M.-L., Cornei, N., Pui, A. Crystalline structure and
electronic phases of La0.54Nd0.11Sr0.35Mn1-xCox03
manganites. 7th International Conference on Inorganic
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Materials. 12-14 September, 2010, Biaritz, France, poster
presented.

147. Craus, M.-L., Cornei, N., Mita, C. On magnetic/crystalline
structure of La0.54(Sm/Nd)0.11Ca0.35Mn1-xCuxO3
nanomanganites, The 2nd National conference with
international participation on nanostructured multifunctional
materials, NMM — 2010. 4-5 November, 2010, lasi, ROMANIA,
poster presented.

148. Craus, M.-L., Cornei, N., Islamov A. et al. Transport
phenomena in La0.54H00.11Sr0.35Mn1-xCuxO3 manganites,
23rd General Conference of the Condensed Matter Division of
the European Physical Society. 30 August - 3 September, 2010,
Warshaw, Poland, poster accepted.

149. Craus, M.-L., Cornei, N., Mita, C., et al. Transport phenomena
in La0.54H00.11Sr0.35Mn1-XCuXO3 manganites, The 2nd
National conference with international participation on
nanostructured multifunctional materials, NMM - 2010. 4-
5 November, 2010 lasi, ROMANIA, poster presented.

150. Craus, M.-L., Mata, C., Cornei, N., et al. Influence of Mn
substitution with V on magnetic and crystalline structure of
La0.54H00.11Sr0.35Mn1-XVX0O3 manganites. 7th International
Conference on Inorganic Materials. 12-14 September, 2010,
Biaritz, France, poster presented.

151. Craus, M.-L., Simkin, V., Cornei N., et al. Influence of Mn
substitution with Fe/Co on magnetic structure and transport
mechanisms in some manganites The 16 th ICIT Conference on
Progres in Criogenics and Isotopes Separation. 13-15 October,
2010, oral report; Calimanesti Caciulata, Romania, appeared in
Progress of Cryogenics and Isotopes Separation. 2010. V.13
(1), pp. 47-53.

152. Craus, M.-L., Simkin, V., Cornei, N., et al. Influence of Mn
substitution with Fe/Co on magnetic structure and transport
mechanisms in some manganites); The 16 th ICIT Conference
on Progres in Criogenics and Isotopes Separation, October 13-
15, 2010, Calimanesti Caciulata, Romania(Plenary lecture;
appeared in Progress of Cryogenics and Isotopes Separation.
2010. V.13 (1), pp. 27-34.

153. Feoktystov, A.V., Avdeev, M.V., Bulavin, L. A., et al
Structure of water-based ferrofluids for biological applications,
5th International Conference Physics of Liquid Matter: Modern
Problems PLMMP 2010. 21-23 May, 2010, Kyiv, Ukraine, oral
report.

154. Feoktystov, A. V., Avdeev, M. V., Bulavin, L. A., et al. New
developments in applications of SANS contrast variation for
structure research of magnetic fluids. Workshop “Structural
aspects of biocompatible ferrofluids: stabilization, properties
control and application”. 28-29 January, 2010, Geesthacht,
Germany, poster report.

155. Feoktystov, A. V., Avdeev, M. V., Garamus, V. M., et al. New
developments for structure analysis of polydisperse ferrofluids
by contrast variation technique in small-angle neutron
scattering. 15th International Seminar on Neutron Scattering
Investigation in Condensed Matter. 13—15 May, 2010, Poznan,
Poland, oral report.

156. Frischbutter, A, Walther, K., Scheffzuek, Ch.
Neutronenflugzeitdiffraktion in Dubna - Angewandt auf
Geomaterialien vom Gotthard—Basistunnel (Schweiz). Abstract
at Deutsche Tagung fuer Forschung mit Synchrotronstrahlung,
Neutronen und lonenstrahlen an GroRgeraeten, SNI 2010. 24-
26 February, 2010, Berlin, Germany.

157. Ishchenko, L. A., Stolyar, S.V., Ladygina, et al. Magnetic
properties and application of biomineral particles produced by
bacterial culture, International Conference on Magnetic Fluids
ICMF12, Sendai, Japan, Book of abstracts, Elsevier.

158. Ivankina, T.l., Kern, H., Lokajicek, T., et al. Bulk elastic
anisotropy of a foliated biotite gneiss from the Outokumpu deep

drill hole: 3D velocity calculations and laboratory seismic
measurements. 32nd General Assembly of European
Seismological Commission. 6-10 September, 2010,
Montpellier, France.

159. Kiselev, M., Ermakova, E., Gruzinov, A., et al. Nanostructure
of the Model Stratum Corneum Membranes. 4th Japan —
Russia International workshop MSSMBS'10 “Molecular
Simulation Studies in Material and Biological Sciences”. 24-29
September, 2010, Dubna, Russia.

160. Kiselev, M. A., Ermakova, E. V., Gruzinov, A. Yu., et al.
Nanostructure of model membranes of the stratum corneum.
Why pharmacy needs in neutron and X-ray diffraction? XVIII
MexayHapoaHas KoHbepeHuns no MCMNONb30BaHNIO
CUHXPOTPOHHOrO unany4enuns, CU-2010. 19-22 wmonsa, 2010,
HoBocunbupck, Poccusi. KHura Teancos.

161. Kiselev, M. A. Lipid nanostructures. International
Conference on Theoretical Physics. Dubna-Nano2010. July 5-
10, JINR, Dubna, Russia. Books of abstract of the
International Conference on Theoretical Physics. 5-10 July,
2010, JINR Dubna, Russia.

162. Kuklin, A. 1., Islamov, A. Kh., Kovalev, Yu. S., et al. Sample
environment for studies of nanostructured materials at the
YuMO small angle neutron scattering two-detector system
spectrometer. Nanotechnology International forum,
Rusnanotech. 1-3 November, 2010, Moscow, Russia.

163. Kuklin, A.l., Rogachev, A.V., Cherny, A.Yu., et al
NANOSCALE SIZE EFFECTS. 5th International Conference
"Physics of liquid matter: modern problems", Taras
Shevchenko Kyiv National University, 2010, Kyiv, Ukraine.

164. Kuklin, A.l., Rogachev, A.V., Cherny, A.Yu., et al
NANOSCALE SIZE EFFECTS. 5th International Conference
on Theoretical Physics DUBNA-NANO2010, JINR, Bogolubov
Laboratory of Theoretical Physics, 2010, Dubna, Russia, Book
of abstracts.

165. Craus, M.-L., Mihai Lozovan, Nicoleta Cornei. Correlation
between average radius of A places and magnetic/crystalline
structure of La0.54(Sm/Nd)0.11Ca0.35Mn1-xCuxO3
manganites, 23 rd General Conference of the Condensed
Matter Division of the European Physical Society. 30 August -
3 September 2010, Warshaw, Poland, poster presented.

166. Mohorianu, S., Craus, M.-L. Perovskites-like magnetic
materials properties prediction by innovative computational
simulation IT-based techniques. The 4-th National
Conference of Applied Physics. 19-20 November, 2010, lasi,
Romania. Oral talk.

167. Murugova, T.N., Muranov, K. O., Poliansky, N. B., et al.
Fifth International Conference "Physics of liquid matter:
modern problems”, Taras Shevchenko Kyiv National
University, 2010, Kyiv, Ukraine. Study of alpha-crystallin
structure by small angle x-ray and neutron scattering.

168. Nagornyi, A.V., Petrenko, V.l., Avdeev, M.V. et al
Analysis of small-angle neutron scattering from very diluted
magnetic fluids 5th International Conference Physics of Liquid
Matter: Modern Problems PLMMP 2010. 21-23 May, 2010,
Kyiv, Ukraine, poster report.

169. Nikitin, A.N., Ivankina, T.l., Kruglov, A.A., et al
Propagation of quasi-longitudinal and quasi-transverse elastic
waves at an interface between isotropic and anisotropic
media: theoretical and experimental investigations. 32nd
General Assembly of European Seismological Commission. 6-
10 September, 2010, Montpellier, France.

170. Nikolayev, D.|l., Lychagina, T.A. "The technique for
treatment of texture synchrotron experimental results", DESY.
31 March, 2010, Hamburg, Germany.

171. Petrenko, V. |, Avdeev, M. V., Bulavin, L. A., et al. Nematic-
isotropic phase transition in solutions of mono-carboxylic acids
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in non-polar solvents studied by SANS, 5th International
Conference Physics of Liquid Matter: Modern Problems PLMMP
2010. 23-26 May, 2010, Ukraine, Kyiv, poster.

172. Rajewska, A. Aggregation in heavy water mixed micellar
solutions of nonionic cationic classic surfactants study by SANS
method. VIII International Conference on X-ray Investigations of
Polymer Structure, XIPS — 2010. 8-10 December, 2010,
Wroclaw, Poland, Book of Abstracts.

173. Rajewska, A. Structure of the mixed micellar solutions of
nonionic with anionic classic surfactant study by SANS method.
International Soft Matter Conference. 5-8 July, 2010, Granada,
Spain.

174. Rogachev, A. V., Cherny, A. Yu., Ozerin, A. N., et al.
Investigation of the dendrimer solutions by small angle
scattering method, 5th International Conference "Physics of
liquid matter: modern problems", Taras Shevchenko Kyiv
National University, 2010, Kyiv, Ukraine. Study of alpha-
crystallin structure by small angle x-ray and neutron scattering.

175. Scheffzuek, Ch., Hempel, H., Frischbutter, A. et al. Proben-
Rotations-Einrichtung zur simultanen Textur- und
Strainmessung mit dem Diffraktometer EPSILON-MDS am
Reaktor IBR-2M. Abstract at Deutsche Tagung fuer Forschung
mit Synchrotronstrahlung, Neutronen und lonenstrahlen an
GroRgeraeten, SNI 2010. 24-26 February, 2010, Berlin,
Germany.

176. Scheffzuek, Ch., Walther, K., Frischbutter, A., et al.
Reconstruction of the beamline 7A of the IBR-2M for the
diffractometers EPSILON-MDS and SKAT. Talk at the 31th
PAC for Condensed Matter Physics. 18-19 January, 2010,
Dubna, Russia.

177. Scheffzuek, Ch., Walther, K., Frischbutter, A., et al. Stand der
Umbauarbeiten an der beamline 7A der gepulsten
Neutronenquelle IBR-2M, JINR Dubna. Usermeeting, 1
October, 2010, Kiel, Germany.

178. Scheffzuek, Ch., Walther, K., Frischbutter, A., et al. Status
des Strain-Meflplatzes EPSILON-MDS an der gepulsten
Neutronenquelle IBR-2M des JINR Dubna und einige
Anwendungsbeispiele. User meeting. 1 October, 2010, Kiel,
Germany.

179. Snegir, S.V., Karpenko, V.B., Filonenko, O.M., et al.
Aggregation of fullerene C60 dissolved in solvents with varied
permittivity. Mass-spectrometry aspects. International
Symposium “Modern problems of surface chemistry and
physics”. 18-21 May, 2010, Kyiv, Ukraian, oral report.

180. Solovyov, D. V., Kuklin, A.I., Utrobin, P. K, et al. Studies of
water —  dimyristoylphosphatidylcholine  system  under
hydrostatic pressure. 5th International Conference "Physics of
liguid matter: modern problems", Taras Shevchenko Kyiv
National University, 2010, Kyiv, Ukraine.

181. Stan, C., Cristescu, C. P., Balasoiu, M., et al. Preliminary
Investigations Of Fe304-Ferrofluids at Different Temperatures
by Means of Magnetic Measurements. The 4-th National
Conference on Applied Physics. 19-20 November 2010.

182. Sumin, V. Eighth European Conference “Residual stresses —
ECRS8". 26-28 June, 2010, Trento, Italy, oral report.

183. Sumin, V.V., Bokuchava, G.D., Papushkin, I.V., et al.
Neutron Diffraction Potentialities for Non-Destructive Testing of
Structural Materials. The 10th European Conference on NDT, 7-
11 June, 2010, Moscow, Russia, oral talk.

184. Tropin, T. V., Avdeev, M. V., Kyzyma, O. A, et al. Solutions of
fullerene C60 in N-methyl-2-pyrrolidone: comparison of cluster
growth models results with experiment, 5th International
Conference "Physics of liquid matter: modern problems"
(PLMMP-2010). 21-24 May, 2010, Kiev, Ukraine, oral report.

185. Vasin, R. N. Workshop “Combined Analysis Using X-ray and

Neutron Scattering”. 28 June — 4 July, 2010, Caen, France.

186. Walther, K., Scheffzuek, Ch., Frischbutter, A. Strain- und
Texturdiffraktometer an der Langzeit-Neutronen-Impulsquelle
IBR-2M in Dubna. Abstract at Deutsche Tagung fuer
Forschung mit  Synchrotronstrahlung, Neutronen und
lonenstrahlen an GroRgeraeten, SNI 2010. 24-26 February,
2010, Berlin, Germany.

187. ABpees, M. B., bnarosewieHckuin, H. M., HoBukos, A.T., n
ap. WccnepoBaHve MOpUCTON CTPYKTYpbl Tpenena MeToaom
MarnoyrnoBoro HEMTPOHHOTO paccesHus. Teaucbl Aoknaga Ha
XXI CoBelyaHnM No UCMOSb30BaHMIO PacCeEsiHNS HEMTPOHOB B
nccrneaoBaHUM  KOHAEHCUMpOBaHHOro  coctosiHus, PHUKC-
2010. 16-19 Hosbps 2010, PHL, KW, Mocksa, Poccus, c.142.

188. ABpeeB, M.B. Manoyrnoeoe paccesiHne HEWTPOHOB B
BbICOKOAMNCNEPCHBIX HaHocucTeMax, CeMuHap, NOCBSILLEHHbIN
10-netuio kadeapbl HenTpoHorpadumn dus. Gakynsteta MIY.
24 anpens 2010, HUMAD MIY, [OybHa, npurnalleHHbIn
aoknag,.

189. Aspees, M.B. Manoyrnosoe paccesiHne HEWTPOHOB B
MarHWTHbIX XWMOKOCTSAX: MeAMKO-buonornyeckne npunoxeHus,
XXI CoBelyaHne No UCMofb30BaHUIO paccesiHsl HEMTPOHOB B
nccneaoBaHUAX — KOHAEHCUPOBAHHOMO — COCTOSHMA.  16-19
Hos6psi, 2010, Mocksa, Poccusi, npurnalleHHbIn Joknag.

190. Aspees, M. B. ManoyrnoBoe paccesiHue HeWTpoHOB, LLikona
«CoBpemeHHast  HelTpoHorpadusi:  MexauCUMNIMHapHbIe
nccnenoBaHna HaHoCUCTEM M MaTepuanoBy. 25 okTabps — 1
Hosi6pst 2010, [lybHa, Poccus, npurnalleHHas nekums.

191. AspeeB, M. B. Manoyrnosoe paccesHue HeWTpoHoB. Il
Beicume kypcbl ctpaH CHI  gna  MonogbiX  Y4eHblX,
acnupaHToB M CTYOEHTOB CTapLUMX KYPCOB MO COBPEMEHHBIM
MeTodaM  UCCnefoBaHWii  HaAHOCMCTEM M MaTepuanos
«CUHXPOTPOHHbBIE " HEWTPOHHbIE ncenenosaHus
HaHocuctem», CUH-HaHo-2010. 4-17 wonsa, 2010, Mocksa-
[y6Ha, Poccus, npurnalieHHas nekums.

192. AspeeB, M. B. TllpvMeHeHMe MarHuUTHbIX HaHo4yacTul B
6uomeamumHe, CemmHap HOLL MY no HaHoTexHomnorusim. 22
mapTa 2010, Mocksa, MI'Y, Poccusi, npurnalieHHas nekums.

193. Aspees, M. B. CoBpemMeHHas HenTpoHorpadus:
ncenegoBaHna  HaHocucTeM. Bcepoccuincknini MonMoaexHbIN
WHHOBaUMOHHbIN  opym Cenurep 2010. 2010, Poccus,
npurnatleHHas nekums.

194. ABpgees, M.B. CnektpomeTpbl HentpoHos, Llkona
«lMpubopbl 1 MeToAbl 3KCMEePUMEHTanNbHOW SAEPHON huanku.
OneKkTpoHuKa " aBTOMaTuKa 3KCnepMeHTanbHbIX

yctaHoBok». 11-13  Hosbpa 2010, [Ay6Ha, Poccus,
npurnaweHHas nekuus.

195. Akserov, E. Eigth Advanced Summer School on Modern
Mathematical Physics. 5-15 September, 2010, JINR, Dubna,
Russia.

196. Akserov, E. Twentieth International Baldin Seminar on High
Energy Physics Problems "Relativistic Nuclear Physics and
Quantum Chromodynamics". 4-9 October, 2010. JINR,
Dubna, Russia.

197. AckepoB, 3. MexayHapogHas Lkona HUAY MUOU no
TeopeTunyeckon usmke um. B.M. Tlanuukoro, 20 - 26
ceHTs6ps, 2010, MUDU, Mockea, Poccus, 6e3 noknaaa.

198. BbanarypoB, A. M. CnektpomeTpbl Ha peaktope WBP-2M:
cratyc n nepcnektmBbl. PHUKC-XXI. 16-19 Hoabps, 2010,
MockBa, Poccus, npurnalueHHbin goknag.

199. BenywkuH, A.B., Knyaxos, C. E., Kosnenko, O.11., n gp.
VMccnepoBaHne CTPYKTYPHbIX acreKTOB OMTUYECKUX CBOWCTB
HaHocucTembl GeO2-Eu203-Ag. Tesucbl poknagos  XXI
CoBellaHusi MO UCMOMb30BaHUIO paccesiHUsi HEWTPOHOB B
MCCNeaoBaHNAX KOHAeHcupoBaHHoro coctosHus  (PHUKC-
2010). 16-19 Hos16ps, 2010, Mocksa, Poccus.
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200. BnaroseweHcknii, H. M., Hosukos, A.[l., CasocTtuH, B.B.
MccnepoBaHne aTomM-aTOMHOM W CTPYKTYPHOW penakcauun B
KUOKUX  LLENOYHbIX MeTannax ¢ MoMOLLbl  hopmanuama
dyHKUMM namsaTn. Tesucbl goknaga Ha XXI CoselwaHum no
MCMNONb30BaHNIO pacCesiHNe HEWTPOHOB B  WCCrefoBaHWUM
KoHAeHcupoBaHHoro coctosHus, PHUKC-2010. 16-19 Hosibps
2010, PHL KW, Mockea, Poccus.

201. BnaroseweHcknii, H. M., Hosukos, A.[l., CasocTtuH, B.B.
KoHTpOnb KOHUEHTpauum npumecer B KUAOKUX MeTannax
MEeTOAOM HEWTPOHHOro paccesiHus. Tesucbl goknaga Ha XXI
CoBelaHMn Mo WCMOSb30BaHUIO pPaCCesHUs HEWTPOHOB B
nccrneaoBaHUM KoHAeHCUpoBaHHOro cocTosiHus, PHUKC-2010.
16-19 Hos16psi 2010, PHLL KW/, Mockea, Poccusi.

202. BokyuyaBa, I.[l. O BO3MOXHOCTSIX W3Y4YEHUs MaKpo- M
MVKpPOHanpsXkeHUii B 0ObEeMHbIX MaTepuanax Ha pasfmnyHbIX
HeNTpOHHbIX AndpaktomeTtpax (HRFD, FSD, HRPT, D7A). 25
despans 2010, IH® OUAW, lybHa, Poccus.

203. BacwuH, P. H. [eodmanyeckne ncenenoBaHus [
ucnonb3oBaHWemM HeWTpoHorpadun. Bcepoccuiickas HayvHas
wkona Ans monogexu «CoBpeMeHHas HeWTpoHorpadus:
yHOaMeHTanbHble n npuknagHble ncecnenoBaHus
(PYHKLUMOHAMNbHBIX U HAHOCTPYKTYPUPOBAHHbLIX MaTtepuanoBy.
25 okT6ps — 2 Hosbpsi 2010, Poccus.

204. Tonocosa, H. O., Ko3anenko, [. M., n gp. BnuaHne Bbicokoro
0aBMNeHWsi Ha KPUCTaN/IM4ecKyld U MarHWTHYI CTPYKTypy
kobanbTnta La0.5Ca0.5Co03. Tesucbl pfoknagos  XXI
CoBelaHmss no WCMosib30BaHUIO PaCCesHUS HEWTPOHOB B
uccnepoBaHusIX  KoHAeHcupoBaHHoro coctosiiust  (PHUKC-
2010), 16-19 Hos16psi 2010, MockBa, Poccus.

205. Oy6osckun, O. A, Opnos, A. B. eHepauus
BbICOKOAMMNIIUTYOHBIX COMIMTOHHBIX BOMH B KPUCTaNM4eCKUX
matepuanax 1D,2D,3D pa3mepHocTu npu obnyyeHun atomamu,
MoHaMun 1 HewTpoHamu. Tesuckbl goknaga Ha XXI CoseliaHum
Mo MCMONb30BaHMIO PaCCEesHUs HEWTPOHOB B MCCIIe0OBaHUAX
KOHAeHcupoBaHHoro coctosiHms, PHUKC — 2010. 16-19 Hosbps
2010, PHL, KN, Mockea, Poccus.

206. KanunuH, W.B., Kau, E., Kosa, M., n gp. Wccneposaxue
HepaBHOBECHOW CBepxTekyden hasbl B renun nog AaBreHnem.
Teauncbl goknaga Ha XXI CosellaHuu NO  UCMNOMb30BaHUIO
paccesHUs HENTPOHOB B MCCNEAOBaHUSIX KOHOAEHCMPOBAHHOIO
coctosiHns, PHUKC — 2010. 16-19 Hosi6ps 2010 r., PHLL KW,
MockBa, Poccus.

207. Kusuma, E. A.. KuHetuka knactepoobpasoBaHusi B NOMsIpHbIX
pacTtBopax dynnepeHa C60 no AaHHbIM 3KCTpaKUMU UM Macc-
cnektpomeTpun, XIV HayyHasa KOHMEpeHUMs MOoAblX YYeHbIX
n cneuynanuctos OUAN, 1-6 despans, 2010r, dybHa, Poccus,
YCTHbIV foknag.

208. Kwupen, T.A., Kusumma, A.A. Tapamyc, B.M., wun gp.
KnactepHaa opraHusauus dynnepeHa ¢60 B cmecu
nonsipHbli—cnabononsipHeln - pacteoputens.PHUKC - 2010,
XXI. CoBellaHne No UCMONb30BaHUID pacCesiHnsi HEUTPOHOB B
nccneaoBaHUsiX KOHAEHCUPOBaAHHOIO cocTosiHUSA. 16-19 Hoabps
2010, Mockea, Poccusi, cteHgoBbIv goknag.

209. KuceneB, M.A. PasButne MeTOdOB HeWTpoHorpadmm wu
peHTreHorpacpum Ansi onpefeneHnsi HAaHOCTPYKTYpPbl U CBOMCTB
nmnuagHbix  cuctem. XXI CoBeljaHne no  UCMOfb30BaHUIO
paccesHMs HENTPOHOB B WUCCNEAOBaHUSIX KOHOEHCMPOBAHHOMO
coctosiHnsa.PHUKC — 2010. 16-19 Hosbps 2010, PHL, KW,
Mocksa, Poccus.

210. KnceneB, M. A. PasButne MeTOOOB HenTpoHorpadum wu
peHTreHorpadum Ha COBpPEMEHHbIX HEWTPOHHBIX "
CUHXPOTPOHHbIX UCTOYHUKAX AN OnpeAeneHnst HAHOCTPYKTYpbl
M cBonctB nunuaHblx cucteM. IV CucaksiHoBCkMe YTeHusi
«Mpobnembl  GUoOxUMUK,  paguaLMOHHOM U KOCMWUYECKOMN
6uonoruny. 5-9 ceHtabps, 2010, OUAN, OybHa-AnywTa.

211. Knyanos, C.E., Kosnenko, [O.T., buncku, M., u pgp.

CTpyKkTypa 1 aTOMHasi AMHamMmuka pe3opLuHONa Npu BbICOKMX
nasneHnax u Temnepatypax. XIV HayyHas KoHdepeHums
MoroAbIX yyeHblx 1 cneunanuctoB.1-8 dpespans 2010, Oy6Ha,
Poccus, yCTHbIV foknag.

212. KoxeHukoB, C.B. “Magnetic layered structure for the
production of polarized neutron microbeams”.International
conference “Polarized Neutrons for Condensed Matter
Investigations”. 5-8 July 2010, Delft, The Netherlands,
CTEHOOBbIN AoKNaa.

213. KoxeBHukoB, C.B. Channeling and tunneling in neutron
waveguides. Conference on neutron reflectometry SUPER
ADAM. 25-26 October, 2010, Grenoble, France, poster.

214. KoxesHukos, C. B. Combination of a reflectometer and a
nonmagnetic waveguide for experiments with polarized
neutron microbeam. XX| CoBellaHue MO WCMOMb30BaAHUIO
paccesiHna HeWTpoHoB B uccnegoBaHusax, PHMKC-2010. 16-
19 Hoabps, Mockea, Poccusi, yCTHbIN oknag.

215. KoxeHukos, C. B. Magnetic waveguides for the production
of polarized neutron microbeams. Third User Meeting. 15
October 2010, Garching, Germany, cTeHOOBbIV foknag,.

216. Koanetko, o. n. CoBpeMeHHas HeWTpoHorpadus:
nccnenoBaHus DYHKLMOHAMbHbIX martepuanos.
Bcepoccuiickuin obpasoBaTenbHbin oopym Cenuvrep — 2010.
12-19 monsa 2010, Poccus.

217. KosneHko, a.rm. CoBpeMeHHas HenTpoHorpadus:
nccnegosaHus YHKLMOHAMNbHbIX maTtepmanos.
Bcepoccuiickas Hay4Has wkona  Ans mornoaexu
“CoBpemeHHast HeWTpoHorpadmsa:  dyHAameHTanbHble W©
npuknagHble nccnefoBaHus PYHKLMOHANbHbIX "
HaHOCTPYKTYPMPOBaHHbIX MaTepuanoB”. 25 oktabpsa — 2

Hos6psi 2010, [y6Ha, Poccus.

218. Kosnenko, [A.TM., Kuuyawos, C.E., JlykmH, E.B., u gp.
CTpYKTYpHble W MarHuTHble a3oBble nepexoabl B
mynbTugeppovkax BiMnO3 u BiFeO3 npu  BbICOKMX
nasneHunsax, XXI CoselaHve No MCMNOMb30OBaHUIO paccesHus
HEWTPOHOB B UCCNEAOBaHUSX KOHOEHCMPOBAHHOIO COCTOAHUS
(PHWKC-2010). 16-19 Hosibpss 2010, Mockea, Poccus,
YCTHbIV foknag.

219. Kpyrnos, A.A. AHomanuu usnyeckux nonen npwu
cencmmyeckmx  npoueccax.  XVIII  mexgucumnnuHapHbIni
cemuHap «Cuctema «[MnaHeta 3emns». 3 gespans 2010,
MIY, Mockea, Poccus.

220. Kygpsiwes, B. A., banarypos, A. M., bokyyasa, I'. ., n gp.
HoBbin  dypbe-andpaktometrp Ha peaktope WBP-2M un
BO3MOXHOCTM  KOppensiuMoHHoro  Metoda dypbe  Ha
MUCTOYHMKaX C ANMHHbIM - umMnynbcoM. PHUKC-XXI. 16-19
Hos6ps 2010, MockBa, Poccusi, yCTHbIN Joknag.

221. Jlokawndek, T., Pynaes, B., UeaHkuHa, T. W., n gp. CemuHap
NP3 um. O.H0. Wmmara PAH «AHusoTponus u TekcTypa
rOpHbIX MOpoA NMTOCepbl MPW BbICOKUX AABMEHUAX MO
OaHHbIM aKyCTUYeCKMX " HEeNTpOHOorpadm4ecknx
uccnepoBaHuii». 19 Hosbps 2010, Mocksa, Poccus.

222. Nykwn, E.B., benywkuH, A.B., Knyanos, C. E., n pgp.
VMccnepoBaHue CTPYKTYPHbIX acMeKTOB OMTUYECKUX CBOWCTB
HaHocucTtembl GeO2-Eu203-Ag. XIV Hay4Has koHdpepeHuus
MoroAblX Y4yeHbix M cneumanucTtoB. 1-8 despans 2010,
[ybHa, Poccusi, ycTHbI goknag,.

223. JNykuH, E.B., KuuaHos, C.E., Kosnenko, O.T1., u Aap.
VMccnepoBaHve KpUCTaniMuYeckod M MarHUTHOW CTPYKTYpbl
MynbTUdeppovka BiFeO3, XXI CoBellaHve no
MCMONb30BaHNIO pacCesiHsi HEWTPOHOB B UCCNeAoBaHUsIX
KoHAeHcMpoBaHHoro coctosHusa (PHUKC-2010). 16-19 Hosi6ps
2010, Mockea, Poccusi, cTeHAOBbIM goknag.

224. MatseeB, B. A., bokyyasa, I". [I., >Xypasnes, B. B., n ap.
Apantauus audpaktometpa FSS ans paboTbl Ha peaktope
WBP-2M. PHUKC-XXI. 16-19 Hosbps 2010, Mockea, Poccus,
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CTeHAoBbIN JoKnag,.

225. MwupoHoBa, [.M. [OudpaktomeTp Ans wuccrnegoBaHWn
nepexofHblX MPOLECCOB B pearlbHOM BPEMeHW Ha peakTope
MBP-2M. XXI CoBelaHne No WUCMNOMb30BaHUIO pPaCCESHUS
HENTPOHOB B WCCNEAOBaHUSIX KOHOEHCUPOBAHHOIO COCTOSIHUS,
PHWKC-2010. 16-19 Hosbps, 2010, PHLL KA, Mocksa, Poccus.

226. MwupoHoBa, . M. O nonHoTe cnekTpanbHoOW MHdOopMauun B
9KCMepMMEeHTE MO BPEMEHU nponeta Ha  WMMMYNbCHOM
NCTOoYHMKEe HenTpoHoB. XXI CoBsellaHne No WCMOMb30BaHUIO
paccesiHisa HEWTPOHOB B MCCMEAO0BaHWSAX KOHAEHCMPOBaHHOMO
coctosiHns, PHUWKC-2010. 16-19 Hosi6ps, 2010, PHL, KW,
MockBa, Poccus.

227. Mypyrosa, T. H., Mypa+os, K. O., MNMonsaxckuii, H. B., n gp.
WccnepoBaHue CTpPyKTypbl anbga-kpuctanimHa C MOMOLLbIO
MaroyrrioBoro PEHTFEHOBCKOrO W HENTPOHHOrO paccesiHus,
abctpaktel  XLIV 3umuen wkonsl MUAP, Cekumsi dumsvka
KOHAeHcupoBaHHbIx cped. 2010, PowmHo, Poccust.

228. HaropHbin, A.B., bynasuH, I. A., AsgeeB, M.B., n pgp.
MopenupoBaHne ManoyrioBOr0 paccesHUsi HEWTPOHOB Ha
MarHUTHbIX XWOKOCTAX C y4eToM aHu3oTponuu yactud, XXI
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JINR. 2010. E1-2010-61.

314. Frontasyeva, M.V. et al. Algae for the production of
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346. Gledenov, Yu. M., Sedysheva, M. V., Stolupin, V. A,, et al.
Cross Section Measurement for the 143Nd(n,a)140Ce Reaction
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6.0 MeV. In: Proc. of the 17 International Seminar on Interaction
of Neutron with Nuclei (ISINN-17), Dubna, 2010) E3-2010-36,
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355. Huran, J., Balalykin, N.Il., Shirkov, G.D., et al.
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Nuclei, Dubna, May, 2009, E3-2010-36, Dubna, 2010. pp. 296-
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367. Sukhovoj, A.M., Khitrov, V.A. Parameters of the best
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with 100 micrometer resolution. GRANIT 2010, Les Houches —
France, 14-19 February, 2010.

378. Lychagin, E. Nanoparticle reflectors for cold and very cold
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al. Poster “A method of “External cold neutron source” for
UCN production in superfluid 4He” // Neutron Spectroscopy,
Nuclear Structure, Related Topics; ISINN-18 Dubna, 26-29
May, 2010.
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20 May 2010, W.S. Ed. J. Wagemans and C. Wagemans.

386. Belloni, F., Milazzo, P. M., Calviani, M. et al. Neutron-
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will be published in Proceedings of EFB21, Few-Body
Systems, 2011.

404. Lyuboshitz, V.L., Lyuboshitz, V.V. The medium with
polarized nuclei and effects of low-energy neutron refraction
and reflection. Proceedings of the XVII International Seminar on
Interaction of Neutrons with Nuclei — ISINN-17 (Dubna, 27-30
May, 2009), JINR E3-2010-36, Dubna, 2010, pp. 247 - 259.

405. Lyuboshitz, V. L., Lyuboshitz, V. V. Spin correlations of the
electron and positron in the two-photon process yy —>e+e -.
Proceedings of the XlII Advanced Research Workshop on High

Energy Spin Physics — DSPIN-09 ( Dubna, 1-5 September,
2009 ), JINR E1,2-2010-13 , Dubna, 2010, pp. 91-94 .

406. Lyuboshitz, V. L., Lyuboshitz, V. V. Spin correlations in the

AA and AA systems generated in relativistic heavy-ion
collisions. Proceedings of the 13-th International Conference
on Elastic and Diffractive Scattering — EDS’09 ( CERN,
Geneva, Switzerland, 29 June — 3 July, 2009 ) , CERN-
Proceedings-2010-002, Geneva, 2010, pp. 365 — 371.

407. Lyuboshitz, V. V., Lyuboshitz, V. L. On the coherent inelastic
binary and multiparticle processes in the ultrarelativistic
hadron—nucleus, photon—nucleus and nucleus—nucleus
interactions. Talk at the XVIII International Workshop on Deep
Inelastic Scattering and Related Subjects — DIS 2010,
Florence, Italy, 19-23 April, 2010.

408. Lyuboshitz, V. L., Lyuboshitz, V. V. Possible effect of mixed

phase and decon-finement upon spin correlations in the AA
pairs produced in relativistic heavy ion collisions. Talk at the
XVIII International Workshop on Deep Inelastic Scattering and
Related Subjects — DIS 2010, Florence, Italy, April 19-23,
2010.

409. Lyuboshitz, V. L., Lyuboshitz, V. V. Possible effect of mixed

phase and decon-finement upon spin correlations in the AN
pairs generated in relativistic heavy-ion collisions. Talk at the
XX International Baldin Seminar on High Energy Physics
Problems — ISHEPP-20, Dubna, 4-9 October, 2010.

410. Lyuboshitz, V. L., Lyuboshitz, V. V. Possible effect of mixed

phase and decon-finement upon spin correlations in the AA
pairs generated in relativistic heavy-ion collisions. Poster
presentation at the 35-th International Conference on High
Energy Physics — ICHEP 2010, 35-th Rochester Conference,
Paris, France, 22-28 July, 2010.

411. Lyuboshitz, V.L., Lyuboshitz, V.V. Spin correlations of
muons and tau leptons produced in the annihilation processes
ete——> ptpu—, e+te—— 1t+1t— ". Poster presentation
at the 21-st European Conference on Few-Body Problems in
Physics — EFB21, Salamanca, Spain, 29 August — 3
September , 2010.

412. Lyuboshitz, V. L., Lyuboshitz, V. V. Polarization effects in
the reactions p+3He > m++4He, m++4He > p+ 3He
and quantum character of spin correlations in the final (p, 3He)
system. Poster presentation at the 21-st European Conference
on Few-Body Problems in Physics — EFB21, Salamanca,
Spain, 29 August — 3 September, 2010.

413. Frontasyeva, M. V., Gorelova, S.V., Yurukova, L., et al.
Revitalization of urban ecosystems through vascular plants:
preliminary results from the BSEC-PDF project. Book of
Abstracts, International Conference on Environmental
Pollution andClean Bio/Phytoremediation, CEPR, 16-19 June,
2010, Pisa, ltaly.

414. Gorelova, S. V., Garifzyanov, A. R., Frontasyeva, M. V., et
al. Physiological stability as a factor for selection of woody
plants for phytoremediation and biomonitoring. Book of
Abstracts, Conference on Environmental Pollution and Clean
Bio/Phytoremediation, CEPR, 16-19 June, 2010, Pisa, Italy.

415. Frontasyeva, M.V., Pavlov, S.S., Culicov, O., et al.
Assessment of exposure to toxic/potentially toxic elements in
women of fertile age with different nutritional status in one
selected district of Moscow using nuclear and related
analytical techniques. Book of Abstracts of The 4th
International Symposium on Trace Elements and Minerals in
Medicine and Biology, FESTEM, St. Petersburg, Russia, 9-13
June, 2010.

416. Frontasyeva, M. V. NAA FOR Life Sciences at FLNP JINR:
present and future. Book of Abstracts, ISINN-18, 26-29 May,
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2010, Dubna, p. 25.

417. Baljinnyam, N., Jugder, B., Ganbold, G., et al. Epithermal
neutron activation analysis of the Asian herbal plants. Book of
Abstracts, ISINN-18, 26-29 May, 2010, Dubna, p. 15.

418. Gorelova, S.V., Frontasyeva, M. V., Lyapunov, S. M., et al.
Biogeochemical variability of bushes in technogenic stress
conditions using studied by instrumental neutron activation
analysis. Book of Abstracts, ISINN-18, 26-29 May, 2010,
Dubna, p. 27.

419. Ceatiok, H.W., Cteu, M.B., Macnok, B.T., wu gp.
KnacTtepHbin " PaKTOpHbIN aHanu3 OaHHbIX
pajmoaKonorMyeckvx nccnepoBaHuii pek 3akapnatbs. C60pHUK
abcTpaekToB. VIII koHepeHUMn No usmke BbICOKMX SHEPTUNA,
spepHon dumavke n yckoputensm, Xapbkos, 2010, c. 38-39.

420. Frontasyeva, M. V. Radioanalytical investigations at FLNP
JINR for Life Sciences. Book of Abstracts, Int. Conf. on
Radiochemistry. Marianske Lazne, Czech Rep., 18-21 April,
2010.

421. Tsibakhahsvili, N., Mosulishvili, L., Kirkesali, E., et al. NAA for
studying detoxification of Cr and Hg by Arthrobacter globiformis.
Book of Abstracts, Int. Conf. on Radiochemistry. Marianske
Lazne, Czech Rep., 18-21 April, 2010.

422. Pantelica, A., Culicov, O., Frontasyeva, M. V., et al. Elemental
concentrations in vegetable species from industrial zones in
Romania determined by INAA. Book of Abstracts, Int. Conf. on
Radiochemistry. Marianske Lazne, Czech Rep., 18-21 April,
2010.

423. Frontasyeva, M. V., Nguyen-Viet, H., Trinh Thi M., et al.

Atmospheric heavy metal deposition in Northern Vietnam:
Hanoi and Thainguyen case study using the moss
biomonitoring technique, INAA and AAS. Book of Abstracts,
The 23rd Task Force Meeting UNECE ICP Vegetation, 1-3
February, 2010, Tervuren, Belgium.

424. Spiric, Z., Frontasyeva, M.V., Steinnes, E., et al.
Multielement atmospheric deposition study in Croatia. Book of
Abstracts, The 23rd Task Force Meeting UNECE ICP
Vegetation, 1-3 February, 2010, Tervuren, Belgium.

425. Stafilov, T., Sajn, R., Pandevski, Z., et al. Distribution of
heavy metals in surface soil due to industrial pollution, Invited
Lecture, Serminar “Microanalytical techniques in applied Earth
sciences”, Belgrade, 2010.

426. Stafilov, T., Sajn, R., Pancevski, Z., et al. Contamination of
topsoil in veles region, republic of macedonia, 3rd Slovenski
geoloski kongres, Bovec, 16-18 September, 2010, Abstracts,
pp. 46-47.

427. Dimovska, S., Stafilov, T., Sajn, R., et al. Distribution of
some natural and man-made radionuclides in soil from the city
of Veles (Republic of Macedonia) and its environs, XXI
Congress of Chemists and Technologists of Macedonia, Book
of Abstracts, ACE-14, Ohrid, 2010. p. 60.

428. Stafilov, T., Barandovski, L., Pancevski, Z., et al. Monitoring
of the pollution with heavy metals using INAA, ICP-AES and
AAS. The results from the studies in the Republic of
Macedonia. Book of Abstracts, International Symposium on In
Situ Nuclear Metrology as a Tool for Radioecology
(INSINUME’2010), 20-23 October 2010, Dubna, Russia, p. 88.

49



FLNP

Kozlenko D.P.
The Grant of the President of the Russian Federation on the state support of scientific research activities
of young D.Sci. scientists (M[-696.2010.2).
The Commendation Letter from the Governor of the Moscow region for great scientific and technical
achievements and a significant contribution to the development of the scientific and industrial complex of
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6. PRIZES

the Moscow region.

Project “Cryogenic moderator-cold neutron source for investigation of nanostructures”
Winner in the «IX contest “Russian innovations”» category “Promising project”
Winner in CIS Open contest “Young innovation projects in the field of humanitarian, natural and

technical sciences”

JINR PRIZES

Scientific and technical applied research:
First Prize

«New theoretical and experimental investigations of
seismic properties of the Earth’s lithosphere on the
basis of neutron diffraction data»

Authors: T.I. Ivankina, V. K. Ignatovich, H. Kern, T.
Lokajicek , A. N. Nikitin, L.T.N. Phan, K. Ullemeyer,
R. N. Vasin.

Encouraging prize

«Investigations of cluster formation in liquid
solutions of fullerenes».

Authors: M.V. Avdeev, V.L. Aksenov, E.A. Kyzyma,
T.V, Tropin, A.A. Khokhryakov, L.A. Bulavin, L.
Rosta, M.V. Korobov, V.B. Priezzhev, J.W.P
Schmelzer.

Experimental physics research:
Second Prizes

«Solution of the scientific problems, related to the
creation of the transdermal vesicular drug carriers,
by neutron and X-ray scattering».

Authors: M.A. Kiselev, A.M. Balagurov, E.V.
Zemlyanaya, E.V. Ermakova, N.Yu. Ryabova, A.M.
Kisselev, P. Lesieur, T. Hauss, R. Neubert, V. L.
Aksenov

“Measurement of the P-odd asymmetry in emission
of tritons in the 6Li(n,a)3H reaction and y-quanta in
the 10B(n,a)7Li*—y—7Li(g.st.) reaction with cold
polarized neutrons”.

Authors: Yu.M. Gledenov, P.V. Sedyshev, V.A.
Vesna, E.V. Shulgina, V.V. Nesvizhevsky, T.
Soldner.

FLNP PRIZES

Nuclear Physics:
First Prize

Limits on new spin-dependent interactions from
longitudinal spin relaxation of polarized ultracold
neutrons and polarized *He

Authors: Yu.N. Pokotilosvky, V.K. Ignatovich

Second Prize

Investigation of prompt fission neutron emission
Author:  Sh. Zeinalov

Third Prize

Precise model approximation of the Dubna data on
nuclear level density in region 40<A<200 below Bn

Authors:A. M. Sukhovoj, V. A. Khitrov

Applied and Methodical Investigations:
Second Prize

The effect of gravity on the resolution for time-of-
flight specular neutron reflectivity

Authors: |LA. Bodnarchiuk, S.A. Manoshin, S.P.
Yaradaikin, V.Yu. Kazimirov, V.l. Bodnarchiuk

Second Prize

Low energy fission investigation using digital signal
processing
Authors: O.V. Zeinalova, Sh. Zeinalov
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Condensed Matter Physics:
First Prize

Competition between ferromagnetic and
antiferromagnetic ground states in multiferroic
BiMnOj at high pressures

Authors: D.P. Kozlenko, S.E. Kichanov, A.V.
Belushkin, B.N. Savenko

Methodological and scientific-technical
research:
Second Prize R.V. Erhan

Second Prize

Structure research of magnetic fluids using small-
angle neutron scattering

Authors: M.V. Avdeev, V.L. Aksenov, V.I. Petrenko,
A. Feoktistov

Third Prize

Investigation of influence of the charge transfer on
the dynamic properties of the methyl group
Author: A. Pawlukojé¢

AYSS PRIZES

Scientific and technical applied research:
Second Prize V.M. Milkov

JINR YOUTH GRANTS

Winners of the competition among the PhD
researchers:

R.N. Vasin

T.N. Murugova

Winners of the competition among the
researchers:

N.O. Golosova

I.I. Zinkovskaya

N.Yu. Ryabova

A.V. Churakov

Winners of the competition among the
specialists:

Yu.K. Bulycheva

A.Ye. Verkhoglyadov

A.V. Kutergin

Winners of the competition among the workers:
D.V. Kokunov

I.M. FRANK FELLOWSHIPS (FLNP)

In Neutron Nuclear Physics
K.N. Vergel

In Condensed Matter Physics
Ye.V. Ermakova

In Methodical Investigations
M.V. Bulavin

F.L. SHAPIRO FELLOWSHIPS (FLNP)

In «Polarized Neutrons»
A.V. Feoktistov

In «Neutron Spectroscopy»
N.V. Rebrova

F.L. SHAPIRO FELLOWSHIPS (UC)

A.V.Nagornyi
A.V. Belozerov

Ye.S. Reshunova
K.A. Mukhin
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7. SEMINARS

Date Authors Title
28.01.2010 | I.Natkaniec On the history and main results of the collaboration
(Henryk Niewodniczanski INP of the | initiated by Prof. E.A. Janik in 1960 during the
PAS, Krakow, FLNP JINR) preparation for the start-up of the fast pulsed IBR
reactor
06.04.2010 | V.L. Aksenov, B.L. Aranzon, A.l. Memorial Seminar dedicated to F.L. Shapiro, one of
Babayev, G.Ye. Belovitskii, V.I. the founders and scientific leaders of FLNP
Luschikov, Yu.Ts. Oganesyan, A.V.
Strelkov
25.10.2010 | Acad. D.V.Shirkov (JINR) N.N.Bogolyubov — a scientist and a teacher
2510.2010 | Corr. Memb. of RAS V.V. Kvardakov | Investigations of functional and nanostructured
(RR Centre “Kurchatov Institute”) materials using the synchrotron radiation and
neutron scattering techniques
26.10.2010 | A.P. Menushenkov Spectroscopy of X-ray absorption in condensed
(National Research Nuclear matter physics and physics of nanostructures
University “MEPhHI”)
26.10.2010 | N.N. Salaschenko Problems of precision X-ray optics
(Institute for Physics of Microstruc-
tures of the RAS, Nizhny Novgorod)
27.10.2010 | Corr. Memb. of RAS V.I. Agol Viruses: their place in the nature, diversity,
hypotheses explaining their origin
27.10.2010 | Corr. Memb. of RAS Ye.A. Gudilin Studying Chemistry using HTSC
(Moscow State University)
28.10.2010 | Acad. V.M. Buznik Fluoropolymer nanomaterials
(Innovation Centre “Chernogolovka”
of RAS)
28.10.2010 | Acad. Yu.Ts.Oganesyan (JINR) Island of stability of superheavy elements
30.10.2010 | Acad. L.A. Bulavin (National Liquids and liquid systems. Nanofluids

Academy of Sciences of Ukraine)
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8. ORGANIZATION AND USER INTERACTION

8.1. STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

Directorate:
Director A.V. Belushkin
Deputy Director V.N. Shvetsov
Deputy Director Deleg Sangaa
Deputy Director S.V. Kozenkov
Chief engineer: A.V. Vinogradov
Scientific Secretary O.A. Culicov
Laboratory Scientific Leader V.L. Aksenov
Advisor to Directorate V.D. Ananiev
Reactor and Technical Departments Head
IBR-2 reactor Chief engineer: A.V.Dolgikh
Mechanical maintenance division A.A.Belyakov
Electrical engineering department V.A.Trepalin
Design bureau A.A.Kustov
Experimental workshops A.N.Kuznetsov
Scientific Departments and Sectors Head
rI?](:l;t)taerrtment of neutron investigation of condensed D.P. Kozlenko
Nuclear physics department V.N. Shvetsov
Department of IBR-2 spectrometers complex S.A. Kulikov
Administrative Services Scientific Secretary Group
Secretariat Secretariat
Finances Translation
Personnel Graphics
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DEPARTMENT OF NEUTRON INVESTIGATION OF CONDENSED MATTER

Sub-Division

Title

Head

Sector 1: Neutron Diffraction. Head: A.M. Balagurov

Group No.1 HRFD A.M. Balagurov
Group No.2 DN-2 A.l. Beskrovnyi
Group No.3 DN-12 B.N. Savenko
Group No.4 Geomaterials A.N. Nikitin
Group No.5 SKAT /Epsilon Ch. Scheffzik

Sector 2: Neutron Optics. Head: M.V. Avdeev

Group No.1 Physics of Surfaces Yu.V. Nikitenko
Group No.2 Physics of Nanostructures M.V. Avdeev
Small angle scattering group A.l. Kuklin
Inelastic scattering group I.Natkaniec
NUCLEAR PHYSICS DEPARTMENT
Sub-Division Title Head

Sector 1. Correlation y-spectroscopy and development of experimental installations.
Head: N.A.Gundorin

Sector 2. Investigation of neutron properties. Head: Ye.V. Lychagin

Sector 3. Neutron activation analysis. Head: M.V.Frontasyeva

Group No.1 Analytical M.V. Frontasyeva

Group No.2 Experimental S.S. Pavlov
Group No.4 Fission Yu.N. Kopatch
Group No.5 Proton and a-decay Yu.M. Gledenov
Group No.6 Polarized neutrons and nuclei V. P. Skoy

DEPARTMENT OF IBR-2 SPECTROMETERS COMPLEX

Sub-Division Title Head
Group No.1 Detectors A.V. Churakov
Group No.2 Electronics A.A. Bogdzel
Group No.3 Information technologies A.S. Kirilov
Group No.4 Sample environment and choppers A.P. Sirotin
Group No.5 Cryogenic investigations A.N. Chernikov
Group No.6 Methodical developments -

Group No.7 Cold moderators S.A. Kulikov

54




\@P Annual Report 2010

8.2. MEETINGS AND CONFERENCES

In 2010, FLNP organized the following meetings:

e 18th International Seminar on Interaction of Neutrons with Nuclei: "Fundamental Interactions & Neutrons,
Nuclear Structure, Ultracold Neutrons, Related Topics", May 26-29.

e Anniversary Workshop “50 years from the IBR reactor’s startup”, June 23.

o Il Higher Courses of CIS for young scientists, post-graduate and graduate students on advanced methods
of research in nanosystems and materials “Synchrotron and Neutron Investigations of Nanosystems (SYN-
nano-2009), July 04-17.

e Il All-Russian Scientific School for Young Scientists and Students "Modern Neutron Diffraction Studies:
Interdisciplinary Research of Nanosystems and Materials", October 25 — November 02.

e All-Russian Scientific School for Young Scientists and Students “Instruments and Methods of Experimental
Nuclear Physics. Electronics and Automatics of Experimental Facilities”, November 11-13.

In the year 2011, FLNP will organize:

e 19th International Seminar on Interaction of Neutrons with Nuclei: "Fundamental Interactions & Neutrons,
Nuclear Structure, Ultracold Neutrons, Related Topics".

e |V Higher Courses of CIS for young scientists, post-graduate and graduate students on advanced methods
of research in nanosystems and materials “Synchrotron and Neutron Investigations of Nanosystems (SYN-
nano-2011)” (if a grant of the Intergovernmental Foundation for Educational, Scientific and Cultural
Cooperation of the CIS (IFESCCO) is available).

e |V All-Russian Scientific School for Young Scientists and Students "Modern Neutron Diffraction Studies:
Interdisciplinary Research of Nanosystems and Materials" (if a grant of the Russian Ministry of Education
and Science is available).

e Il All-Russian Scientific School for Young Scientists and Students “Instruments and Methods of
Experimental Nuclear Physics. Electronics and Automatics of Experimental Facilities” (if a grant of the
Russian Ministry of Education and Science is available).

¢ International Conference “Stress and Texture Investigations by Means of Neutron Diffraction”.

e User Meeting of the YuMO small-angle neutron scattering spectrometer dedicated to the 75th anniversary
of the birth of Yu.M.Ostanevich.

« 3" Joint seminar-school JINR-Romania on neutron physics for investigations of nuclei, condensed matter
and life sciences.

8.3. EDUCATION

The objective of the FLNP educational program is the training of specialists in the field of neutron
methods for condensed matter and nuclear physics research and in the field of electronics and automatics of
experimental installations. More then 20 students from different Russian universities performed their term and
diploma works in FLNP during the 2010.

The FLNP successfully collaborated with the JINR University Centre in organization of summer practical
work for students from JINR Member States (Czech Republic, Slovakia, Romania, Poland) and Associated
countries (Egypt, South Africa). Lessons and excursions at FLNP facilities for teachers of physics from Russia
and JINR Member States were organized, too.

Three above mentioned scientific schools for advanced training of young scientists were organized in the
Frank Laboratory of Neutron Physics in 2010. Participants the Schools had ample opportunity to establish new
scientific contacts with other researchers to enrich their experimental ideas with new research methods. During
the guided excursion to the IBR-2 high-flux pulsed reactor, the participants became familiar with this unique
facility and the variety of neutron-scattering investigations carried out at FLNP. The Schools were not confined
only to the lectures and practical laboratory work. The participants were encouraged to present their own
investigations in poster sessions and short oral presentations.
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These Schools continued the tradition of the FLNP Schools for young scientists devoted to the
fundamental and applied aspects of neutron research in the fields of condensed-matter physics, materials
science and related topics.

8.4. COOPERATION

List of Visitors from Member States of JINR and from Non-Member States of JINR in 2010

From Member States of JINR From Non-Member States of JINR
Country Nr of visitors Country Nr of visitors
Azerbaijan 2 Germany 13
Bulgaria 2 Latvia 1
Czech Rep. 10 India 1
Mongolia 2 Slovenia 3
Poland 9 Hungary 1
Romania 7 Great Britain 1
Rep. of Korea 4 USA 2
Ukraine 5
8.5. FINANCE

Financing of the FLNP Scientific Research Plan in 2010

No. Theme Financing plan, Expenditures In % of planned
$ th. For 12 months, $ th. budget
I Condensed matter physics |9430.0 10575.2 112.1
-1069- 2410.4 2085.5 86.5
-0851- 5564.2 6991.1 125.6
-1075- 1455.4 1798.6 123.6
I Neutron nuclear physics 21355 2118.6 99.2
-1036- 21355 2118.6 99.2
TOTAL: 11565.5 12993.8 112.3
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8.6. PERSONNEL

Distribution of the Personnel per Department as of 31.12.2010

Theme Departments People
-1104- Nuclear Physics Department and IREN Department 84
-1069- Department of neutron investigation of condensed matter 74
-1075- Department of IBR-2 spectrometers complex 41
-0851- IBR-2 reactor 51
Mechanical and Technical Department 48
Electric and Technical Department 28
Central Experimental Workshops 38
Nuclear Safety Group 6
Design Bureau 6
FLNP infrastructure:
Directorate 10
Services and Management Department 22
Scientific Secretary Group 5
Supplies Group 4
Total 416
Personnel from the JINR Member States (besides the RF) as of 31.12.2010
of which young . -
Country People specialists Country People @ vl ewng) spesliss
(<35 years)
(<35 years)
Azerbaijan 4 4 Mongolia 4 2
Bulgaria 3 1 Poland 5
China 1 Romania 6 2
DPRK 2 Ukraine 7 6
Georgia 2 Uzbekistan 1 1
Germany 2
Moldavia 2 2 TOTAL 39 18
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