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PREFACE

We would like to offer the readers the report on the scientific activity of the Frank Laboratory of
Neutron Physics for 2009. The first part 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 and realization of the IREN project. 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 2009 completes the report.
During 2009 the works on the modernization of IBR-2 were mainly focused on:
e Installation of the reactor vessel at its work site and of in-vessel components. Loading of
dummy fuel assembly cartridges into the reactor core.
o Installation of the movable reflector MR-3 in the operative position.
e Replacement of a cold trap for purifying sodium coolant in loop "A" of the second reactor
cooling circuit.
o Installation of stationary reflectors and water moderators on the trolleys of the rolling shields.
¢ Installation of executive mechanisms and control units of the reactor.
e Manufacturing and installation of an additional storage facility for the IBR-2 used fuel in the
reactor hall.
e Installation of equipment of the cryogenic helium refrigerator KGU-700/15 and helium
pipelines between the cryogenic refrigerator and the rolling shields.
The IREN Project. 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.

In spite of the IBR-2 reactor shutdown the activities of the Department of Condensed Matter
Research and the Department of Spectrometers Complex were focused both on modernization of the
spectrometers and scientific research in allied centers in Russia and abroad.

The manufacturing of the head part of the mirror vacuum neutron guide has been completed and
its installation on beam 6b of the IBR-2M reactor has been carried out within the framework of
realization of the project of construction of the DN-6 diffractometer for microsample investigations.
The manufacturing of a vacuum casing for the tail part of the neutron guide has continued. The
designing of a gas position-sensitive detector has started.

The manufacturing, vacuum testing and installation of the head part of the GRAINS
reflectometer on the reactor have been completed. The manufacturing of the rail support and the casing
for the beam-forming system has started. The components of the given system (variable slits, beam-



deflecting mirrors) have been tested. The technical documentation on the manufacturing of a
mechanical drum chopper has been prepared.

Work to prepare a working platform for the installation of a mirror neutron guide on the DIN-2PI
spectrometer has been carried out. Mirror segments, materials for effective biological shielding of the
neutron guide of the first flight path of the spectrometer and mechanical units for positioning the
neutron guide have been purchased. The processing of the experimental data on the simulation at the
DIN-2PI spectrometer of a model of a cryogenic moderator to be installed at the IBR-2M reactor has
been completed.

A schematic design of a new backscattering detector for the HRFD diffractometer has been
developed on the basis of ZnS-elements. The solid angle of the new detector is ~10 times that of the
available detector, which will make it possible, in case of realization of the project, to significantly
improve conditions for conducting structural experiments on HRFD.

Neutron diffraction studies of the atomic and magnetic structure of 314-cobaltites
Sr3YCo04010.5+0 (or Sr0.75R0.25C002.625+6/4) wherein A-positions are perfectly ordered have been
continued. In 2009, the compounds with partial substitution of Ca for Sr, namely Sry 75.xCaxY25C003.y
with x = 0.30 and y = 0.35 were studied, for which from indirect data some evidence was found for the
partial stabilization of ferromagnetism due to the effect of Ca on the charge state of Co. The
preliminary analysis showed the presence of magnetic phase transition at T = 260 K with the
appearance of the AFM structure and a possible small FM component.

The studies of high pressure effects on the crystal and magnetic structures of complex anion-
deficient cobalt oxides have been continued in a wide temperature range. In the Srp7Y¢3C00;62
compound a pressure-induced change in the spin configuration for Co’” ions has been revealed, which
results in a modification of the symmetry of the antiferromagnetic state.

The structural characteristics of optically active nanostructured materials (0.95Ge0,-0.05Eu,0s3,
0.949Ge0,-0.05Eu,03-0.001Ag and 0.999Ge0,-0.001Ag) annealed in air at T = 900°C have been
investigated by small-angle neutron scattering and X-ray diffraction. It has been found that a
considerable change in the relative intensity of luminescence excitation bands of Eu’* ions by doping
with Ag correlates with a decrease in the characteristic sizes of polydisperse clusters formed during
annealing.

Complex investigations of the size regulation effect for magnetite nanoparticles in ferrofluids
with non-polar organic carriers and stabilization by monocarboxylic acids, have been completed. It has
been confirmed that the replacement of non-saturated oleic acid (C;g) used in the classical stabilization
procedure with saturated acids from a series of lauric (Cy), myristic (Cy4), palmitic (C¢), stearic (Cig)
acids results in a decrease in the effective size of stabilized magnetite.

The structure of the aggregates of nanodiamond particles (detonation) dispersed into polar liquids
(water, DMSO) by a special wet milling procedure has been determined with the use of small-angle
neutron scattering. The contrast variation with the use of mixtures of protonated and deuterated



solvents allowed us to determine the mean density of the particles composing the cluster, and thus to
conclude about the existence of a non-diamond component on the nanodiamond surface.

The micellization of sodium dodecyl(sulfophenoxy)benzene sulfonate and nonyl benzene
deca(ethylene oxide) has been investigated in neutral and alkaline electrolyte solutions of different
concentrations by small-angle neutron scattering. The correlation of the data obtained with the
geometry of track nanopores and the dynamics of their etching in surfactant-containing solutions has
been revealed and the model of the influence of surfactants on the formation of pores with specific
geometry has been developed.

The experimental investigations concerning the problem of coexistence of ferromagnetism (F)
and superconductivity (S) have been continued. The magnetic state of the Fe/V bilayer has been studied
using a neutron wave resonator MgO/V/Cu. The behaviour of the bilayer in reality corresponded to the
behaviour of a three-layer F/F-S/S structure in which the intermediate F-S layer was a mixture of
vanadium and iron atoms. The direct and inverse proximity effects were observed.

The X-ray diffraction technique was applied to study water solutions of multilayer vesicles of
multicomponent membranes modeling the mucous membranes of the human oral cavity (Oral Stratum
Corneum, OSC) and the membranes comprising the  mixture  sphingomyelin
/dipalmitoylphosphatidylcholine/dipalmitoylphosphatidylethanolamine (SM/DPPC/DPPE).

Using the neutron diffraction data the texture of special steels, graphite, zirconium niobate
(various processes of manufacturing) has been determined. It has been shown that the austenitic facing
of the VVER-1000 reactor vessel has a sharp radial texture (rotation of grains around the normal to the
steel plane (002)), which results in a complex distribution of residual stresses in it, and in this case the
minimal values of the Young's modulus are attained in the direction of the normal to the surface of the
reactor vessel.

The investigations of texture and internal stresses of rock samples from the Central Alpes
(Switzerland) in the region of the Gotthard Base Tunnel have been carried out. The obtained results are
important to estimate the influence of the tunnel excavation work on the geomechanical conditions of
the mountain ranges surrounding the tunnel.

The inelastic neutron scattering method has been applied to study vibrational spectra of hexane
and isomers of hexanol. The theoretical simulation of the vibrational spectra using the density
functional theory has been performed. It has been found that to describe the dynamics of hydroxyl
groups, the formation of hydrogen bonds between hexanol molecules should be taken into account.

In 2009 a number of experiments were carried out and some interesting results were obtained in the
field of nuclear physics.

The physical start-up of the first stage of the IREN facility has been carried out at FLNP JINR.
The IREN first stage includes one section of the electron accelerator and a nonmultiplying tungsten
target. The achieved parameters (peak electron beam current — 2.0 A; electron energy — 30 MeV; pulse
width — 100 ns; repetition rate — 25 Hz; integral neutron yield — (3+5)1010 n/s) already make it



possible to carry out experiments, which require high energy resolution in the energy range from
fractions of eV to hundreds of eV.

At the IBR-2 pulsed reactor the construction of the “Kolkhida” setup intended for studies of
neutron optics phenomena in interactions of polarized neutrons with polarized nuclei has been
completed. The computer simulation of an experiment on neutron paramagnetic resonance shift has
been performed.

The investigations of P-odd secondary particle emission asymmetry in the reactions of polarized
cold neutrons and light nuclei of 6Li and 10B have been continued in ILL (Grenoble). Both obtained
values (fnéLiS 1.1-107 and £,'%®<2.4-10" (at 90 % confidence level)) contradict “the best” DDH
value f,"""=4.6- 107,

In October-November, 2009, a new experiment to measure a'%8 P-odd Was conducted. The 50-day
measurement was carried out on the polarized cold neutron beam at ILL. The use of improved
geometry made it possible to reduce the background and to improve the precision (1.8x10™ instead of
3.9x10®). A «zeron-experiment was performed as well.

On the cold neutron beam in ILL the FLNP specialists in collaboration with the French scientists
have measured the concentration of hydrogen atoms in diamond nanopowder before and after
degassing, total scattering cross-section for hydrogen (not removed by degassing) and its temperature
dependence. It has been revealed that the amount of hydrogen in the nanopowder before and after
degassing can be expressed by the ratios CgH and C;sH, respectively. An increase in the reflection
probability from a powder of diamond nanoparticles, which is of interest as a reflector for very cold
neutrons, is possible either by removing/replacing hydrogen or by suppressing the channel of inelastic
losses by cooling the powder to liquid helium temperatures.

The studies of properties of nuclei in the neutron binding energy range have been continued. It
has been demonstrated that the main obstacle in obtaining reliable information on this process is
serious methodical errors in the analysis of data from multiparameter experiments by some groups of
physicists.

The investigations of the (n,p), (n,a) reactions induced by fast neutrons have been continued.
The experiments are carried out at the Van de Graaf accelerator EG-5 in FLNP JINR (Dubna, Russia)
and EG-4.5 of the Institute of Heavy Ion Physics of Peking University (Beijing, China) in collaboration
with the University of Lodz (Poland), the National University of Mongolia (Ulaanbaatar, Mongolia)
and the Oak Ridge National Laboratory (USA).

Data on neutron reactions with emission of charged particles induced by fast neutrons are of
much interest both for the creation of constructional materials for nuclear power engineering and for
studying mechanisms of nuclear reactions and for determining the parameters of an optical potential.
Within the framework of joint investigations at the EG-4.5 accelerator of the Institute of Heavy Ion
Physics of Peking University (Beijing, China) the measurements of the parameters of the '*Nd(n,a)'*°Ce
and *Mo(n, 0))’*Zr reactions at E,;=4.0, 5.0 and 6.0 MeV and the "’Sm(n, a)'*Nd reaction at E,=5.0



and 6.0 MeV have been carried out. The energy spectra of charged particles have been obtained. The
data treatment and theoretical calculations were completed in 2009.

In 2009, in the Neutron Activation Analysis Sector (FLNP JINR) the RFFI-Romania project
«Geochronology and retrospective study of pollution of unconsolidated sediments from oxygenated
and anoxic territories of the Western Black Sea» was completed. The results of the performed
investigations were printed in scientific publications in international peer-reviewed journals of special
interest for geology. In 2009, the State Prize of the Government of the Republic of Macedonia was
awarded to the research work conducted in the NAA sector in collaboration with the Macedonian
specialists on the creation of the geochemical Atlas of one of environmentally unsound areas in
Macedonia.

In conclusion, it might be well to point out that great interest is being expressed by the JINR
Member States in the work in the field of neutron investigations. It is also significant that in the lastfew
years a lot of young people have come to the Laboratory. 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



1. SCIENTIFIC RESEARCH
1.1. 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. This work was 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.

1. Scientific results
1.1. Structure investigations of novel oxide materials

Neutron diffraction studies of the atomic and magnetic structure of 314-cobaltites
Sr3YCo04010.5+6 (or Sr0.75R0.25C002.625+3/4) wherein A-positions are perfectly ordered have
been continued. For these compounds it has been revealed that Co atoms occupying different



positions in a unit cell have different magnetic moment magnitudes correlating with the oxygen
surrounding of the atom, i.e. for the first time the direct correlation between the charge and spin
states of the Co atoms has been revealed for perovskite-like cobaltites. The compounds with
different oxygen contents have been found to have AFM structure of G-type without any sign of the
presence of the ferromagnetic component of the moment [1]. In 2009, the compounds with partial
substitution of Ca for Sr, namely Sro.75:xCaxY25C003.y with x = 0.30 and y = 0.35 were studied, for
which from indirect data some evidence was found for the partial stabilization of ferromagnetism
due to the effect of Ca on the charge state of Co. To test this model, on the HRPT diffractometer
(PSI) neutron diffraction spectra were obtained in the temperature range from 1.5 to 300 K (Fig. 1).
The preliminary analysis showed the presence of magnetic phase transition at 7 = 260 K with the
appearance of the AFM structure and a possible small FM component.
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Fig. 1. Diffraction spectra of Sr75.4CaxY25C00;.y with x = 0.30 obtained at temperatures of 1.5 and 300 K.
The preliminary analysis showed that the difference in the intensity of some peaks is due to the occurrence of
long-range magnetic order as the temperature decreases.

The studies of high pressure effects on the crystal and magnetic structures of complex anion-
deficient cobalt oxides have been continued in a wide temperature range. In the Sry;Y(3C00;62
compound a pressure-induced change in the spin configuration for Co’* ions has been revealed,
which results in a modification of the symmetry of the antiferromagnetic state [2].

The structural characteristics of optically active nanostructured materials (0.95GeO,-
0.05Eu,03, 0.949Ge0,-0.05Eu,03-0.001Ag and 0.999Ge0,-0.001Ag) annealed in air at 7= 900 °C
have been investigated by small-angle neutron scattering and X-ray diffraction. The 0.999GeO,-
0.001Ag system obtained at 7= 150 °C forms an amorphous phase and at 7= 200 °C crystallizes in



the trigonal space group P3,21. The 0.95Ge0,-0.05Eu,03; and 0.949Ge0,-0.05Eu,0;-0.01Ag
systems obtained at 7= 150-800 °C also have trigonal space group symmetry P3,2/. The formation
of polydisperse clusters in the 0.95Ge0,-0.05Eu,03 and 0.949Ge0,-0.05Eu,;03-0.01Ag systems in
the annealing temperature range of 350-555°C has been revealed by the small-angle neutron
scattering technique. Cluster size distribution functions have been calculated (Fig. 2). At 7= 850 °C
the disintegration of clusters is observed. It has been found that a considerable change in the relative
intensity of luminescence excitation bands of Eu’" ions by doping with Ag correlates with a
decrease in the characteristic sizes of polydisperse clusters formed during annealing [3].
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Fig. 2. At the top: small-angle neutron scattering curves of xerogels 99,9Ge0,-0,1Ag (a), 95,0GeO2-
5Eu203 (b) and 94,9Ge02-5Eu,0;-0,1Ag (¢) for annealing temperatures 7= 150 (1), 550 (3) and 850 °C
(2). For the curves corresponding to 7= 550 °C a theoretical curve is presented. At the bottom: intermediate
aggregate size distribution function for xerogels 94,9Ge0,-5Eu,0;-0,1Ag (1) and 95,0Ge02-5Eu,0; (2) for

annealing temperatures 7 = 350 (left) and 550 °C (right).

1.2. Investigations of magnetic fluids

Complex investigations of the size regulation effect for magnetite nanoparticles in



ferrofluids with non-polar organic carriers and stabilization by monocarboxylic acids have been
completed. The studies have been performed using the static magnetization analysis, transmission
electron microscopy, diffraction and small-angle scattering of synchrotron radiation and small-angle
scattering of polarized neutrons. It has been confirmed that the replacement of non-saturated oleic
acid (Cig) used in the classical stabilization procedure with saturated acids from a series of lauric
(C12), myristic (Cy4), palmitic (Cjs), stearic (C;g) acids results in a decrease in the effective size of
stabilized magnetite [4]. In particular, the diffraction and small-angle scattering of synchrotron
radiation point to a difference in the size of the coherent scattering region of magnetite between the
samples stabilized by oleic acid and saturated fat acids. The combined use of the two methods
allows us to conclude reliably that the revealed effect is related to the change in the size of
dispersed magnetite and not with the differences in the possible aggregation. As a result, it has been
shown that the characteristic magnetite size can be changed within the interval of 5 — 8 nm by using
various surfactant mixtures.

A number of water-based biocompatible magnetic fluids have been studied using small-
angle neutron scattering. The systems under study have been considered as sources and media for
storing magnetic nanoparticles used in biomedical applications. Structural characteristics of
particles and their aggregates have been obtained. The structural stability of the fluids under various
conditions has been investigated.

1.3 Investigations of carbon nanomaterials

The structure of the aggregates of nanodiamond particles (detonation) dispersed into polar
liquids (water, DMSO) by a special wet milling procedure has been determined with the use of
small-angle neutron scattering. The size and fractal characteristics of the aggregates, as well as the
structural features of the nanodiamond particles (size, surface character) have been obtained. The
comparison with the aggregate structure in initial nanodiamond powders has been performed. The
analysis of the structure factor as a function of the number of particles points to the cluster
interpenetration upon concentrating dispersions. The contrast variation with the use of mixtures of
protonated and deuterated solvents allowed us to determine the mean density of the particles
composing the cluster, and thus to conclude about the existence of a non-diamond component on
the nanodiamond surface. Due to these investigations basing on different complementary methods
(transmission electron microscopy, X-ray diffraction, small-angle neutron scattering) the
description of all states of the colloidal nanodiamond dispersions (Fig. 3) has been completed [5].

Complex investigations of fullerene (Cgo) cluster formation in low-polar (carbon disulfide,
toluene, benzene) and polar (N-methyl-pirrolidone) solvents, as well as their mixtures were
continued. Investigations were carried out with application of spectroscopy and extraction, mass-
spectroscopy, small-angle neutron scattering. It is confirmed that for low-polar solutions the cluster
growth in some cases can be initiated by non-equilibrium conditions of solution preparation
(ultrasound, long intensive stirring). For polar solutions, where clusters always appear, changes of
absorption spectra and extraction with time (temporal solvatochromic effect) have been analyzed
and related to the cluster growth. The effects of water and toluene addition into cluster solution Cgo-
N-methyl-pirrolidone have been compared. It has been shown that in both cases a decrease in
apparent cluster size takes place.



Fig. 3. Conventional representation of various states of colloidal nanodiamond dispersions. (I) Initial
powders; size of dense (chemically stable) aggregates is more than 40 nm; aggregates have a developed
surface with the dimension D ~ 1.26; (II) Liquid dispersion right after the wet milling procedure;
nanodiamond particles are separated; (III) Liquid dispersion of low concentration (C ~ 1 wt %) after the
formation of aggregates with the fractal dimension D ~ 2.3 and size of more than 40 nm; characteristic size
of diamond crystallite is about 7 nm; thickness of a non-diamond component on the nanoparticle surface is
about 0.5 nm; (IV) Liquid dispersion after concentrating (C ~ 10 wt %); aggregates interpenetrate each other
due to the developed structure; (V) Dispersion after the evaporation of the bulk solvent; water remains
partially in small pores with characteristic size of about 7 nm.

1.4 Investigations of magnetic layered nanostructures

The experimental investigations concerning the problem of coexistence of ferromagnetism
(F) and superconductivity (S) have been continued. The magnetic state of the Fe/V bilayer has been
studied using a neutron wave resonator MgO/V/Cu [6]. The behaviour of the bilayer in reality
corresponded to the behaviour of a three-layer F/F-S/S structure in which the intermediate F-S layer
was a mixture of vanadium and iron atoms. The direct and inverse proximity effects were observed.
The direct effect consisting in the appearance of the superconducting order in ferromagnetic F-S
manifested itself at the transition of the vanadium layer (S) into the superconducting state (T =T,)
as a decrease in the magnetization vector and its approach to the direction of the external magnetic
field. The inverse proximity effect, i.e. the appearance of ferromagnetic order in the superconductor
F-S was observed at a temperature of 0.6T, and involved an increase in the magnetization vector
and its deviation from the direction of the magnetic field (Fig. 4).

The peculiarities of the passage of polarized and nonpolarized neutrons through two-layer
and three-layer magnetic nanostructures have been studied. In particular, it has been found that the
passage of nonpolarized neutrons through noncoplanar structures under certain conditions is left-
right asymmetric. One of the consequences of this fact is that similar noncoplanar magnetic
structures, whether made artificially or of natural origin, can be a filter making it possible to select
nonpolarized ensemble of atoms (molecules) depending on the magnitude of their magnetic moment

[7].
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Fig. 4. Polarized neutron reflection coefficient for a superconducting ferromagnetic heterostructure
Cu(32nm)/V(40nm)/Fe(1nm)/MgO with a standing neutron wave resonator (a); temperature behaviour of a
resonance spin-flip peak (b); changes of magnetic profiles near the interface for various temperature ranges

(D-3) (©).
1.5 Investigations of biological nanosystems

The surface of mitoplasts (mitochondria devoid of an outer membrane) has been
investigated by atomic-force microscopy (AFM). The AFM has revealed folds on the surface of
mitoplasts with thicknesses of 30-40 nm (Fig. 5), which coincides with that of “dry cristae” in
mitochondria measured with small-angle neutron scattering and electron microscopy. These results
point to the existence of a specific system maintaining certain configuration of a mitoplast
membrane similar to that of the inner membrane of intact mitochondria under their swelling in
hypotonic conditions. The prospects of using AFM to study the configuration of the surface of the
mitochondrial inner membrane and other biological membrane systems have been demonstrated [8].
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Fig. 5. orc)-u) AFM-images of rat liver mitoplasts with «dry cristae»; k) a cross section made along the dotted
line shown in orc); ac) AFM-images recorded in channel «height»; 3) in channel «phase»; u) 3D
representation. A scale line in all insets is 100 nm. The maximum height difference in AFM-image x) is
172 nm.

The samples containing biogenic ferrihydrite nanoparticles produced by Klebsiella oxytoca
bacteria have been studied. In particular, by means of optical microscopy, scanning electron
microscopy and small-angle X-ray scattering the effect of the bacteria age (the duration of growth)
on the nanoparticle properties has been investigated [9].

The X-ray diffraction technique was applied to study water solutions of multilayer vesicles
of multicomponent membranes modeling the mucous membranes of the human oral cavity (Oral
Stratum Corneum, OSC) and the membranes comprising the mixture sphingomyelin/
dipalmitoylphosphatidylcholine/ dipalmitoylphosphatidylethanolamine (SM/DPPC/DPPE) [10].
The systems of the SM/DPPC/DPPE mixture (mass ratios of 1/1/1, 1/2/1) are characterized by a
lamellar structure with a repeat distance of ~ 71 A. As the mass fraction of DPPE increases, a part
of the lipid forms a separate lamellar phase (d ~ 56 A) and a reverse hexogonal phase (a ~ 56 A).
The multicomponent OSC membranes based on ceramide 6 and ceramide 3 are complex multiphase
systems coming into phase equilibrium in a few days after sample preparation.

1.6 Investigations of polymer and colloidal nanosystems

The structure of silicon-organic dendrimers of the ninth generation with a 4-functional core
and butyl end-groups has been investigated with the small-angle neutron scattering method. It has
been shown that the dendrimers under study are monodisperse objects of anisometric shape. The
partial volume and average scattering density values have been determined using the contrast
variation technique. It has been demonstrated that the dendrimers under study are identical in
overall dimensions and in the scattering density distribution. It has been found that 20% of the
dendrimer overall volume is permeable a solvent. The simulation using the Monte Carlo method has
been performed and the spatial distribution of the scattering length density in the dendrimers under
study has been determined; a change in the excluded volume for various contrasts has been
revealed.



The micellization of sodium dodecyl(sulfophenoxy)benzene sulfonate and nonyl benzene
deca(ethylene oxide) has been investigated in neutral and alkaline electrolyte solutions of different
concentrations by small-angle neutron scattering. The micelles formed in the solutions have been
found to possess a cylindrical (ellipsoid) shape. The characteristic sizes of the micelles have been
determined as functions of surfactant and added electrolyte concentrations. The correlation of the
data obtained with the geometry of track nanopores and the dynamics of their etching in surfactant-
containing solutions has been revealed and the model of the influence of surfactants on the
formation of pores with specific geometry has been developed [11].

1.7. Atomic dynamics

The inelastic neutron scattering method has been applied to study vibrational spectra of
hexane and isomers of hexanol. The theoretical simulation of the vibrational spectra using the
density functional theory has been performed. The frequencies of low-energy torsion modes with
respect to C-C bonds and C-C-C bending modes for flat and bent conformations of hexane
molecules and isomers of hexanol have been calculated in the range of up to 500 cm™. On the
whole, the calculated spectra of density of vibrational states for isolated molecules are in qualitative
agreement with the experimental spectra. However, to describe the dynamics of hydroxyl groups,
the formation of hydrogen bonds between hexanol molecules should be taken into account. It has
been shown that the calculations of the dynamics of molecules with the formation of hydrogen
bonds in dimers allow correct interpretation of the dynamics of hydroxyl groups in the condensed
state of these alcohols (Fig. 6).

The detailed analysis of the neutron diffraction data on supercritical water that shows much
promise as a coolant in the next-generation reactors and is a unique solvent in the oxidation of
organic wastes has been performed. A two-structure model suggested earlier for the description of
the microdynamics of supercritical water has been verified and substantiated. On the basis of this
model a number of neutron-physical characteristics of supercritical water necessary for evaluating
parameters of nuclear reactors that use water at ultrahigh parameters as a coolant have been
obtained [12].

1.8. 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.

The investigation of the temperature behaviour of samples of the EK-181 steel has been
completed. Temperature dependences of the lattice parameter, internal textural stresses of the third
kind and the Debye-Waller factor of this steel have been calculated from the diffraction spectra by
the Rietveld method for a temperature range of 15—973 K [13]. It has been found that at low
temperatures the temperature dependence of the lattice parameter in the EK-181 steel differs from
the corresponding dependence in pure iron and binary iron-chromium alloys containing 12 and
16 % Cr. Also, the broadening of the (200) reflection has been observed in the diffraction spectra of
the EK-181 steel and the Fe-12Cr alloy, while it is not detected in the spectra of Fe-16Cr and pure
iron.
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Fig. 6. Comparison of the experimental and calculated IINS spectra of free molecules and their
dimmers with hydrogen bonds for 2-hexanol (A) and 3-hexanol (B).

Using the neutron diffraction data the texture of special steels, graphite, zirconium niobate
(various processes of manufacturing) has been determined. The crystallite orientation distribution
function (ODF) has been determined; the simulation of volume elastic properties of these
constructional materials has been performed. It has been shown that the austenitic facing of the
VVER-1000 reactor vessel has a sharp radial texture (rotation of grains around the normal to the
steel plane (002)), which results in a complex distribution of residual stresses in it, and in this case
the minimal values of the Young's modulus are attained in the direction of the normal to the surface
of the reactor vessel. For reactor graphite GR-280 it has been shown that the anisotropy of elastic
properties is qualitatively connected with the crystallographic texture (Fig.7), which is
characterized by the concentration of axes of the 6-th order of graphite perpendicular to the
direction of extrusion [14]. And a difference is observed between the real (measured by an
ultrasonic method) and simulated (calculated by means of averaging the elasticity tensor using
ODF) velocities of longitudinal elastic waves (about 5 times at atmospheric pressure and about
3 times at 150 MPa).
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Fig. 7. ODF for graphite sample Gra2, y-cross-sections (stereographic projection). fmin = 0.03, fmax = 3.74,
F2=1.21.

In zirconium niobate the process of manufacturing of a rod results in the formation of a
sharp radial texture with the rotation of crystallites around the normal to the plane (2-70). Thus the
material becomes practically isotropic in its elastic properties. On the basis of the texture
measurements the requirements to experiments to study internal stresses in zirconium niobate have
been formulated.

The investigations of physical properties and fluid penetrating rate of salts for estimating
their barrier properties in the design of radioactive waste repositories have been carried out [15].
The temperature distribution appearing in a saliferous rock in the neighborhood of a heat radiating
source has been analytically calculated. At an initial salt temperature of 20°C, radius of cavern
with wastes of 5 m, heat emission intensities up to 100 W/m® and storage time of up to 100
years the environment temperature does not exceed 90°C, and the maximal gradient is
0.1°C per 1 cm. A theoretical estimate of the maximal speed of the inclusion movement in
NaCl monocrystal under the action of the temperature gradient produced by a radioactive
source has been obtained. For inclusions with the size of 0.005-0.2 cm located at the distance
of the order of 1 m from the repository wall at the radiation intensity of 100 W/m® (initial
temperature of the inclusion solution is 58.45 °C, constant external thermal gradient is 0.08 °C per
1 cm) speeds of movement lie in the range of (0.2-0.5)%10™'° cm/s. Along with it, the speed of the
inclusion movement increases with the growth of the inclusion size. The dynamics of movement
has been considered theoretically. Thus, the elongation of the inclusion perpendicular to the
temperature gradient is observed together with its fragmentation from the backside, which can cause
lattice disturbance in the salt.

The influence of high-current pulsed relativistic electron beams on the mechanism of crater
formation in rocks (salts, granites and labradorites) has been studied. For quick estimate of the
surface condition of the samples and for determination of the barrier properties of the geomaterials
the method of infrared camera monitoring has been probed. It has been shown that such kind of
complex experiments is advisable for studying rocks when choosing a place for radioactive waste
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storage. A possible mechanism of crater formation in solids under irradiation with high-current
electron beams (Fig. 8) can be a thermal shock. As a result, thermally stressed places appear and the
destruction occurs along the boundary of the melt.

Fig. 8. a) A sample of grey granite irradiated by 20 pulses
of high-current relativistic electron beams;

b) frontal IR image of the irradiated sample of grey pink
granite exposed to heating;

¢) temperature profile of the surface along the line in b);

d) 3D image of the temperature field distribution.
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The investigltions of texture and internal stresses of rock samples from the Central Alpes
(Switzerland) in the region of the Gotthard Base Tunnel have been carried out. The obtained results
are important to estimate the influence of the tunnel excavation work on the geomechanical
conditions of the mountain ranges surrounding the tunnel.

The studies of anisotropic properties of marble and granite samples and the simulation have
been carried out to develop practical recommendations on the optimization of extraction of natural
stones in stone quarries [16].

The study of errors in the measurement of pole figures (experimental information on texture
obtained with the SKAT spectrometer) has been carried out. The study was conducted with a
magnesium alloy sample (Mg+4.5A1+1%Zn). The measurement errors were evaluated for each of
1368 points in a pole figure. It has been found that the diffraction peak half-width determination
errors play a major role in the formation of pole figure errors. This conclusion was confirmed by
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means of calculation of errors of the pole figures extracted from the simulated individual spectra. A
set of 1368 individual neutron diffraction spectra was simulated. The simulation of spectra was
performed on the basis of experimental and model pole figures (Fig. 9). It has been demonstrated
that the pole figure error distribution qualitatively coincides with the peak half-width determination
error distribution for both the experimental pole figures and the pole figures extracted from the
simulated spectra [17].
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Fig. 9. a) The pole figure (0002) for a Mg+4.5A1+1%Zn sample. The intensities are given in relative units of
isotropic distribution. b) The relative pole figure error (0002). c) The peak amplitude determination error. d)
The peak half-width determination error. Top row: the experimental pole figure measured on the SKAT
texture diffractometer and the errors calculated for the experimental data. Middle row: the pole figure
extracted from the simulated spectra and the respective errors. Bottom row: the pole figure extracted from
the spectra simulated with an “experimental” error (“noise”) and the respective errors.

I1. Instrument developments
The manufacturing of the head part of the mirror vacuum neutron guide has been completed
and its installation on beam 6b of the IBR-2M reactor has been carried out within the framework of
realization of the project of construction of the DN-6 diffractometer for microsample investigations
(Fig. 10). The manufacturing of a vacuum casing for the tail part of the neutron guide has
continued. The designing of a gas position-sensitive detector has started.
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Fig. 10. The head part of the mirror vacuum neutron guide installed on beam 6 of the IBR-2 reactor within
the framework of realization of the project of construction of the DN-6 diffractometer for microsample
investigations.

The manufacturing, vacuum testing and installation of the head part of the GRAINS
reflectometer (Fig. 11) at the reactor have been completed. The manufacturing of the rail support
and the casing for the beam-forming system has started. The components of the given system
(variable slits, beam-deflecting mirrors) have been tested. The technical documentation on the
manufacturing of a mechanical drum chopper has been prepared.

The work to prepare a working platform for the installation of a mirror neutron guide on the
DIN-2PI spectrometer has been carried out. Mirror segments, materials for effective biological
shielding of the neutron guide of the first flight path of the spectrometer and mechanical units for
positioning the neutron guide have been purchased. The processing of the experimental data on the
simulation at the DIN-2PI spectrometer of a model of cryogenic moderator to be installed at the
IBR-2M reactor has been completed.

A schematic design of a new backscattering detector for the HRFD diffractometer has been
developed on the basis of ZnS-elements (Fig. 12). The solid angle of the new detector is ~10 times
that of the available detector, which will make it possible, in case of realization of the project, to
significantly improve conditions for conducting structural experiments on HRFD.
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Fig. 11. The head part of the GRAINS reflectometer.
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Fig. 12. A conceptual design of a new back-scattering detector on the basis of ZnS-elements for the HRFD

diffractometer.
The work to study the possibility of creating supermirrors with a periodic structure has been

continued and within the framework of this project the polarized neutron reflectometry experiments
with samples with 2, 4, 8 bilayers and float glass substrate (MIRROTRON, Budapest, Hungary)

have been carried out.
The investigation of the effect of enhancement of a spin-flip signal in a neutron wave

resonator has been performed. It has been demonstrated that in a neutron wave resonator a spin-flip
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signal from a magnetically non-collinear layer can be enhanced to the second or even to the third
power in relation to the already amplified signal from a nuclear layer. This makes it possible to
study subatomic magnetic layers down to 10° nm thick or nanolayers with extremely small
magnetization of 107 Gs [18].

Within the framework of the project aimed at constructing curved mirror neutron guides for
the EPSILON and SKAT spectrometers on beam 7a of the IBR-2 reactor the work to design and
manufacture mechanical and optical units of the neutron guides has continued [19]. In particular,
the designs of a vacuum system and a background shield of the EPSILON and SKAT spectrometers
and of a docking part of the neutron guide of the NERA-PR spectrometer have been developed, the
development and manufacturing of the disk background chopper and three drum A-choppers are
nearing completion. The control system of choppers based on electric drives from Toshiba has been
developed, manufactured and debugged. The reconstruction of the supporting column of IBR-2 and
a biological shield of the head part of beam 7 to accommodate three neutron guides on the channel
has been completed. The posts and beam-positioning support pillars of the neutron guide head part
have been produced. The manufacturing of 92 vacuum casings for the curved neutron guides for the
EPSILON and SKAT spectrometers is in progress.

The main result of activities in 2009 under the project of construction of curved mirror
neutron guides for the EPSILON and SKAT spectrometers is the installation of two sections of the
head part (splitter) of beam 7 including the assembling of internal sections and beam positioning as
well as the installation of vacuum casings (Fig. 13).

Fig. 13. The head part of the splitter of beam 7 of the IBR-2M reactor for the neutron guide system of the
EPSILON (7A-1), SKAT (7A-2) and NERA (7B) diffractometers. The installation of the splitter is carried
out within the framework of the BMBF project on modernization of the neutron guide system of the
EPSILON and SKAT diffractometers on beam 7A of the IBR-2M reactor.
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1.1. ACCJIEAOBAHHUA HAHOCUCTEM U HOBBIX MATEPHAJIOB
C UCHOJIb30BAHUEM PACCESIHUSI HEUTPOHOB

OCHOBHBIE LEIM HCCIENOBAHMM IO TEME COCTOSJIM B M3YYEHUU CTPYKTYpbl, JWUHAMUKHA H
MHUKPOCKOIMYECKIX CBOWCTB HAHOCHCTEM M HOBBIX MAaTEpUAJIOB, UMEIOIINX OOJIBIIOE 3HAUCHHE IS
pa3BUTHS HAHOTEXHOJOTUH B cdepe dSIEKTPOHUKH, (HapMaKOJIOTUH, MEAHUIMHBI, XUMUHU,
COBPEMEHHOW (U3MKU KOHJCHCHPOBAHHBIX CPEJ U CMEXHBIX OOJacTel METOAaMU pPacCCEsTHUs
HEUTPOHOB M KOMIUIEMEHTAPHBIMU METOJaMH. B CBSI3M ¢ MPOIOIKAIOIICICS OCTAHOBKOM peakTopa
WBP-2 Ha MozepHH3alMI0O Hay4yHas 3KClepuUMeHTainbHas pabora corpyanukoB HOO HUKC
MPOBOAMJIACH B HEHUTPOHHBIX M CHHXPOTPOHHBIX IIeHTpax B Poccum m 3a pyOexom. Ona
OCyILeCTBIIsIach B cooTBeTcTBUUM C IIpobnemuHo-tematnueckum 1miaanom OWSIM, Ha ocHoOBe
CYIIECTBYIOIIMX COIJIAIEHUH O COTPYJHHMYECTBE M INPUHATHIX MNPEIIOKEHUA HA SKCHEPHUMEHT.
Pabotsl Ha peaktope VBP-2 BBIMOMHSIMCH MO TUIAaHY MOJEPHU3AIMH CIEKTPOMETpoB. OCHOBHOE
BHUMaHHE ObUIO YJENIEHO pealu3allud MEePBONPHOPUTETHBIX MPOEKTOB (CO3JaHHE HOBOTO
mudpakToMeTpa  JAiIS  HMCClIeqoBaHUS  MHKpooOpasuoB  JIH-6,  MHOro(yHKIIMOHAJIEHOTO
pebrexkromerpa I'POUHC, MomepHH3amus KOMIUIGKCA CIEKTPOMETPOB IS Teo(hH3MUCCKHX
uccnenoBanniit CKAT/Dncumnon).

B pamkax uccnenoanuii mo teme corpyaHuku otaena HUKC nmomnepxkuBaiv mupokue
CBSI3M CO MHOTMMHU Hay4YHBIMHM OpTraHM3alUsMH B cTpaHax-ydactHunax OUSU, a taxxe apyrux
cTpaHax. Kak mpaBmio, cOTpyAHHYECTBO O(OPMIISAIOCH COBMECTHBIMH IPOTOKOJIAMU HIIU
cornamenusiMi. B Poccun Hanbosnee akTUBHOE COTPYAHUYECTBO BEJIOCH C OJMM3KUMH MO TEMaTHUKE
opranuzanusmu, Takumu kak PHIL[ KU, I[TUA®, MI'Y, UOM, UK PAH, UAN PAH u np.

['maBHpIMM ~ HampaBi€HUSIMH  HAay4YHBIX  HCCIEAOBaHUM,  pealu3alusi  KOTOPBIX
ocymiectBisiach corpyaaukamu H30 HUKC, aBasitoTcs:

e liccnenoBanue CTPYKTYpbl U CBOMCTB HOBBIX KPUCTAUIMYECKUX MATEPUAIIOB U HAHOCHCTEM

METOOM AU(PPAKIIMUA HEUTPOHOB;

HccnenoBanre MarHUTHBIX KOJJIOWHBIX CUCTEM B 00bEME M Ha TpaHULaX pa3ziena;

HccnenoBanue CTpyKTypsbl yIIIEpOAHBIX HAHOMATEPHAIIOB;

MarseTusMm CII0MCTBIX HAHOCTPYKTYD;

HccnenoBanne HaAMOJNEKYISIPHOW CTPYKTYpbl M (PYHKUMOHAIBHBIX XapaKTEPUCTHUK

OMOJIOrMYECKHX, KOJJIOUIHBIX U MOJIMMEPHBIX HAHOAUCIIEPCHBIX MaTepUaIIOB;

HccnenoBanust HAHOCTPYKTYPBI U CBOMCTB JIMITUHBIX MEMOPaH U JIMIUIHBIX KOMIIJIEKCOB;

e lccnenoBanme aTOMHOM IMHAMMKM HAHOCHCTEM W MAaTEPHAIOB METOJOM HEYIPYIroro
paccesHUsI HEUTPOHOB;

e liccnenoBaHue TEKCTYphI M CBOMCTB MUHEPAIOB U TOPHBIX MTOPOL;

e AHanu3 BHyTPEHHUX HANpPsDKEHUN B O0BEMHBIX MaTepHallax U U3JETHIX.

1. Hay4Hble pe3yabTaThbl

1.1. CmpykmypHusie uccied06anus HO8bIX OKCUOHBIX MAMEPUATIOB

[Iponomxkanocs HEWTpOHHOE IU(GPAKIMOHHOE WCCIAEAOBAaHUE AaTOMHOM M MarHUTHOU
cTpykTypbl 314-kobanbtutoB THHA Sr3YC040105+5 (WU Sto75Y025C002625+54), B KOTOPBIX A-
MO3UIUH SBISIOTCSA UIEANbHO YHOPSAOYEHHBIMU. [l 3TUX COCTaBOB OBLJIO HAWJEHO, YTO ATOMBI
Co, HaxoAsIIMecs] B PA3IMYHBIX MO3ULIUSIX JIEMEHTAPHOU SUEHKH, UMEIOT PA3TUYHYIO BETUUUHY
MarHUTHOTO MOMEHTa, KOTOpas KOPPEIUpPyeT C KUCIOPOAHBIM OKPYXKEHHEM aToMa, T.€. BIIEPBbIC
JUTSL TIEPOBCKUTOMOIOOHBIX KOOATBTUTOB ObLJIa YCTAHOBIIEHA TPsSMas CBS3b MEXKAY 3apsJIOBBIM H
CIMHOBBIM cocTosiHMsIME atoMoB Co. B coctaBax ¢ pasHbIM cofepXaHHEM KHUCJIopoAa ObLI
ycranoBieH G-tun AFM cTpykTyphl, 0€3 TpHU3HAKOB HANUYHs (EPPOMArHUTHONH KOMIIOHEHTHI
momeHTa [1]. B 2009 r. m3yuyanuch cocTaBbl C 4acTUYHbIM 3amenieHneMm Sr Ha Ca, a MMEHHO,



Sr9.75:xCax Y 025C003.y ¢ x = 0.30 1 y = 0.35, 111 KOTOPBIX U3 KOCBEHHBIX JAQHHBIX ObUIU HOJIy4EHbI
yKa3aHHs Ha YaCTUYHYIO cTaOuiIn3anuio gpeppoMarserusma BejencTsue BivsHusg Ca Ha 3apsa10Boe
cocrossaue Co. Jlns mpoBepku stoii mMozaenu Ha nudppaxkromerpe HRPT (PSI) Obuin m3mepeHs!
HEUTpPOHHBIC NU(PPAKIIMOHHBIC CIEKTPHl B WHTEpBasie Temmeparyp oT 1.5 mo 300 K (puc. 1).
[IpenBapuTenbHbId aHAMM3 MOKa3aJl HAIM4YHEe MarHUTHOTo (hazoBoro mepexona mpu 7 = 260 K ¢
nosiienneM AFM cTpyKkTypsl B BO3MOXKHOM HeO0 11101 FM KOMIIOHEHTOH.

HRPT, Y314 ca03,HI,1.494,T=300{K},a4=5.0,{1}
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Puc. 1. ludgpakimoHnsle CneKTpsl cocTaBa Sty 75xCaxY25C00s., ¢ x = 0.30, n3mepeHHsle npu Temneparypax 1.5 u 300
K. TIlpemBapurenbHBI aHANHW3 TIOKa3ajd, YTO pa3jIWYNe B WHTCHCUBHOCTH OTACIBHBIX IHUKOB OOYCIOBICHO
BO3HHKHOBEHHEM JTAIIFHETO MAarHUTHOTO TIOPSIIKA TP MIOHIDKEHHN TEMITEPATyPHI.

[Tponomxanuch HCCIEIOBAHUS BIHUSHHUS BBICOKOTO JaBIICHUS HAa KPHUCTAJUIMYECKYIO H
MarHUTHYIO CTPYKTYpPbI CJIOXKHBIX aHHOH-AE(PUIUTHBIX OKCHUAOB KOOAlIbhTa B IIMPOKOM TUANAa30HE
temneparyp. B coegurenun Srp7Y(3C00,6, 00HapyXeHO M3MEHEHHE CIHUHOBON KOHQUTYpaIuu
roHoB Co”" TIpn BO3IEHCTBIM BBICOKOTO JABJICHHS, KOTOPOE MPUBOIMT K H3MEHEHHIO CHMMETPHH
aHTU(EepPPOMArHUTHOTO COCTOSIHUSA [2].

MeTonaMu pEeHTIeHOBCKOM Iu(pakiuMyd M MaJOyIJIOBOTO PACCESHUS HEHTPOHOB HCCIEI0BaHBI
CTPYKTYpHBIE XapaKTEPUCTUKH ONTUYECKU-AaKTUBHBIX HAHOCTPYKTYPUPOBAHHBIX OKCHJIHBIX
marepuanoB coctaBa 0.95Ge0,-0.05Eu,0;, 0.949Ge0;,-0.05Eu,03-0.001 Ag u 0.999GeO,-
0.001Ag, oroxokeHnHbIx Ha Bo3ayxe 10 7' = 900° C. Cuctema 0.999Ge0,-0.001 Ag, nonyuenHas npu
To = 150 °C o6pasyer amopdryio dasy, a mpu To = 200 °C — kprcTammsyercs B TPUTOHAIBHOM
daze cummerpun P3,21. Cucremsr 0.95Ge0,-0.05Eu,03 u 0.949Ge0,-0.05Eu,03-0.01Ag,
nonydennsie mpu To = 150-800 °C Taxke MMEIOT TPHIOHATBHYIO KPHCTAIUTHYECKYIO CTPYKTYPY
cummeTpun P3,21. MeTonoM MalloyIJIOBOTO paccesHus HEUTPOHOB OOHApYKEHO 0OpazoBaHUE
nonuauctepcHbix kinactepoB B cuctemax 0.95Ge0,-0.05Eu;03 u 0.949Ge0,-0.05Eu,03-0.01Ag B
nuamna3oHe temmneparyp otmxkura 350-555 °C. Paccunrans GYHKIIUM pacnpeeNieHns KIacTepoB Mo



pasmepam (puc. 2). Ilpu To =850 °C mabmromaercs pacnaja KJIacTepoB. Y CTAHOBJIEHO, 4YTO
3HAYUTEIIbHOE U3MEHEHUE OTHOCUTENIbHON MHTEHCHBHOCTH TOJIOC BO30YKJIEHUS JTIOMUHECIICHIIMU
noHos Eu’" MpU BBEJICHUM cepedpa KOppelnupyeT C YMEHBIICHHEM XapaKTepPHBIX pa3MepoB
MOJTMIUCTIEPCHBIX KJIACTEPOB, 00pa3yIOMUXCs MpH oTxkure [3].
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Puc. 2. Beepxy: kpuBbIe MajOyTIOBOTO paccessHUS HEUTPOHOB Keeporeneit 99,9Ge0,-0,1Ag (a), 95,0Ge02-
5Eu203 (b) u 94,9Ge02-5Eu,05-0,1Ag (¢) mist Temmeparyp omkura To=150 (1), 550 (3) u 850 °C (2). s
KPHUBBIX, COOTBEeTCTBYIOMmENH Tp=550 °C, MpeIcTaBiieHa TeOpeTHUeCcKass KpuBas, paccuuTaHHas mo (gopmyie
(2). BHuzy: QyHKOMA pachpeneneHds pa3MepoB MPOMEXYTOUYHBIX arperatoB s kceporeieid 94,9GeO,-
5Eu,03-0,1Ag (1) 1 95,0Ge02-5Eu,0; (2) st Temnepatyp omxura 350 (ciesa) u 550 °C (crpasa).

1.2 Hccneoosanus MazHUMHbBIX JHCUOKOCmen

3aBepIeHO KOMIUIEKCHOE HccienoBaHue >(PQeKTa peryaupoBaHUs pa3Mepa HaHOYACTHUIY
MarHeTuTa B (EPPOKUAKOCTAX C HEMOJSIPHBIMH OPraHWMYECKHMH OCHOBAaMH TIPH CTAOWMIM3ALUH
MOHOKapOOHOBBIMHU KHCJIOTaMHU. MccineoBaHus MpOBEACHBI C IPUMEHEHNEM aHAIN3a CTaTHYECKON
HAaMarHW4E€HHOCTH, MPOCBEYUBAIONIECH JIEKTPOHHONH MHUKPOCKOIHNH, AU(PPAKINH U MaJIOyIJIOBOTO



paccestHisl CHHXPOTPOHHOTO H3JIYYCHHSI, MAJIIOYTJIOBOTO PACCESIHUS MOJIIPU30BAHHBIX HEHTPOHOB.
[ToaTBEepkIeHO, YTO TMpPHU 3aMEHE HEHACBIMEHHON OJienHOBOM KUCIOTH (Cig), MCMOJB3yeMO B
KJIACCUYECKON MpOIelype CTaOWIM3aIiK, HACHIIICHHBIME KUCIOTaMu w3 psijaa naypunoBas (Ciy),
mupuctuHoBas (Ci4), nanbmutuHOBas (Ci¢), cTeapunoBas (Cig) KHCIOTHI MPOUCXOIUT YMECHBIIICHHE
¢ dekTuBHOrO pasmepa CTaOMIU3UPOBAaHHOTO MarHetwta [4]. B wactHocTH, nudpakuus wu
MaJoyTJoBO€ paccesHue CHHXPOTPOHHOTO U3IY4YEHHUsS YKa3blBAalOT Ha pasiuuus B pa3Mmepe
KOT€PEHTHOW O0JIaCTH PAcCEsHUs MarHETUTOM MEeXJIy oOpa3llaMu cO CTaOWIM3aluei OJeMHOBOU
KHCIIOTOM W HACBIIIEHHBIMU >KUPHBIMU KHUcIOTaMH. COBMECTHOE HCIIOJIb30BAHUE JIBYX METOOB
MO3BOJISIET CAENaTh YETKUW BBIBOJ O TOM, YTO OOHApyKEHHBIN 3(DeKT cBs3aH C U3MECHCHHEM B
pa3Mepe IUCIEPrUpOBAaHHOIO MarHeTuTa, a HE C pa3IuuusIMH B BO3MOXHOW arperauuu. B
pe3ysbTare MCCIEJOBAHUN TMOKA3aHO, YTO XapaKTePHBIM pa3Mep MarHETHTa IMPH HCIOJb30BAHUH
paznnuHbiX cMecel [TAB MOXHO U3MEHSTh B Uana3oHe 5 — 8 HM.

C wucnonmp30BaHMEM METOJa  MAJIOYTJIOBOTO  pAcCEesTHUS HEUTPOHOB  TIPOBEICHBI
WCCIIeIOBaHMS psAlla BOJHBIX OMOCOBMECTHUMBIX MAarHMTHBIX kHIKocTell. Mccnemyemble cucTeMsl
paccMaTpuBaIiCh KaK HICTOYHUKH M CPEJIbI ISl XpPaHEHHsI MAarHUTHBIX HAHOYACTHII, HCIIOJIb3YEMbIX
B OMOMEOMIMHCKUX NpuUiioKeHUsiX. [lomydeHbl CTPYKTypHbIE XapaKTEpUCTHKU YACTUI[ U UX
arperaroB. VccrnenoBaHa CTpyKTypHasi CTAOMIBHOCTD KUIKOCTEH B pa3IMYHBIX YCIOBHUSX.

1.3 Hccneoosanue yenepoonsix HAHOMAmMepuaios

C noMoIIbI0 MaJIOyIJIOBOTO pPACCEsHHUsSI HEUTPOHOB OIpelesieHa CTPYKTypa arperaTtoB
HAaHOAJIMAa3HbIX 4YacTUll (JETOHAIMs), AUCIIEPTUPOBAHHBIX B MOJSPHBIE kuakocTu (Boaa, JAMCO)
COIVIaCHO CHENMAIbHOHN MpoLeaype «MOKPOro» pa3mainsiBanus. IlonydeHsl pazmep U ppakTaabHble
XapaKTepUCTUKH arperaToB, a TaKKe CTPYKTYpHbIE OCOOCHHOCTH HaHOAJIMA3HBIX YacTHIl (pa3Mep,
XapakTep NOBepxHOCTH). IIpoBeleHO cpaBHEHME CO CTPYKTYypOil arperatoB B HW3HadalbHbIX
HAaHOAJIMA3HBIX MOPOIIKaX. AHAINU3 3aBUCHMOCTH CTPYKTYpHOrO (pakTopa OT uuClia 4acTul] B
pacTBOpe yKas3blBa€T Ha IEPEKPbITHE pa3BETBIECHHBIX KJIACTEPOB MpPH KOHLEHTPUPOBAHUU
aucriepcuid.  Bapuanums  KOHTpacTa ¢ HMCIOJIB30BaHME CMecell  NPOTOHMPOBAHHBIX U
NEUTEepUPOBAHHBIX pPACTBOPUTEIEH IO3BOJIMJIA OMPENEIUTh CPENHIO IUIOTHOCTh YacTHII,
COCTABJIAIOLIMX KJIacTep, W CAeJaTh BHIBOJ O CYILECTBOBAaHMM HEaJIMa3HON KOMIIOHEHTHI Ha
MIOBEPXHOCTH HAHOAIMa30B. biaromaps NaHHBIM MCCIEAOBAHUSAM 3aBEPIICHO OIMCAHHME BCEX
COCTOSIHUHM KOJUTOMIHBIX HAaHOAJIMA3HBIX AUCHIEpcuil (puc. 3) Ha OCHOBE Pa3IMUYHBIX JOMOIHSAIOINX
METOI0B (TIPOCBEYHMBAIOILAS YJICKTPOHHAS MUKPOCKOIIHS, PEHTTEHOBCKAs AU(PPaKIUs, MaJIOYyTIOBOE
paccestHie HEUTPOHOB) [5].

[TpomomkeHbl KOMIUIEKCHBIE HCCIeNOoBaHUs KiacTtepooOpazoBanus ¢yiuiepeHoB (Cep) B
CIa0OoMONSIPHBIX  (CEpOyTraepoa, TONyod, OeH307) © MOJSApHBIX (N-METHII-2-MUPPONIUIOH)
pacTBOPUTEIAX, a TaKXKe UX cMecsx. VccnenoBanus NpoBOIMINCH C IPUMEHEHHEM CIIEKTPOCKOIHNHU
U 3KCTPAKLMHU, MacC-CHEKTPOMETPHUH, MAJIOYIJIOBOIO paccesHus HeUTpoHOB. [lonTBepxaeHo, uTo
Ui c1abOMOJISIPHBIX  PAacTBOPOB POCT KIJIACTEPOB B psi€ CIy4yaeB MOXKHO MHULMHUPOBATH
HEpaBHOBECHBIMU YCJOBUSMHU IPUTOTOBJIEHUS pacTBOpa (yJbTpa3ByK, WHTEHCHUBHOE JOJITO€
nepememnBanue). Jlis  TOJNSpHBIX — pacTBOpPOB, TIZle  KiacTephl  MOSIBISIIOTCS  BCETAa,
[IPOAHAJIU3UPOBAHbBl ~ M3MEHEHUs] BO  BpPEMEHM  CIEKTPOB  MOIMJIOIIEHUS  (BpeMEHHOMU
COJILBATOXPOMHBIN 3 (EKT) M IKCTPAKIMH, KOTOPHIE CBS3aHBI B TOM MJIM WHON CTETIEHBIO C POCTOM
kiactepoB. [IpoBeneHO cpaBHEHHE BIMSHUS JOOABKU BOJBI MM TOJYOJIa B KJIACTEPHBIA pacTBOp
Cso- N-metun-2-nupponugos. IlokazaHo, uro B 000ux ciaydasx HaOJIIOJAeTCsl yMEHbBIIECHHE
BUIMMOTO pa3Mepa KJI1acTepoB.



Puc. 3. YcioBHOE NpeACTaBICHHE O PA3IMYHBIX COCTOSIHUSX KOJUIOWIHBIX HaHOAIMa3HbIX mucnepcuit. (I)
W3HAYallbHBIC TTOPOIIKH; Pa3Mep IUIOTHBIX (XMMHUYECKH CTaOMIILHBIX) arperaTtoB cocTaBiser Oonee 40 HM;
arperatbl MMEIOT Pa3BUTYI0 IMOBEPXHOCTh C XapaKTepHOM pasmepHOCThi0O Ds ~ 2.5; 3akpbiTee IOpbI
OpPraHu3yIOT (PaKTAIBHYI CTPYKTYpY C pasMmepHocThio D ~ 1.26; (II) xuakas aucrnepcus cpasy Mocie
MpoLEYyPbl KUAKOTO pa3Moia; HaHoalMas3Hble udacTtuubl pasfenensl; (III) sxuakas nucnepcust HU3KOH
kounenTparnun (C ~ 1 Bec. %) mocie oOpa3oBaHUsI arperaToB C (ppakTanbHON pasmepHOcThI0O D ~ 2.3 1
pasmepoM Oosiee 40 HM; XapaKTEpHBI pa3Mep KpHCTAUIUTa ajMas3a COCTaBseT ~7 nm; TOJIIHHA
HEaJIMa3HON KOMIIOHEHThl Ha moBepxHocTH HaHouactui ~ 0.5 wwm; (IV) xkuumkas aucnepcus Iocie
koneHTpupoBanus (C ~ 10 Bec. %); arperarbl MPOHUKAIOT IPYyr B JApyra Omarojaps pa3BeTBICHHON
ctpykrype; (V) mucnepcust mpH HCIapeHUd OOBEMHOTO PACTBOPHUTENSA; BOAA YACTHUHO YICPKHBACTCS B
MEJIKUX TOopaxX ¢ XapaKTepHBIM Pa3MepoM ~7 nm.

1.4 Hceneoosanue MazHuUmMHBIX C1OUCHIBIX HAHOCMPYKIYD

[Tponomxanuce SKCIIEpUMEHTAIbHbIE MCCIEAOBAaHUS [0 MpoOJieMe COCYLIECTBOBAHUS
deppomarnetuzma (F) wu cepxmpoBoaumoctu(S). MarnutHoe coctosiHue Oucnost Fe/V Oputo
HCCIIE0BAHO C TIOMOINBI0 HEUTPOHHOTO BOJHOBOro pe3zoHaTtopa MgO/V/Cu [6]. IloBeneHue
Oucios B JACHCTBUTENHLHOCTH COOTBETCTBOBAIO MOBEJACHUIO TpEXcioifHoi crpykrypsl F/F-S/S, B
KOTOPOW MPOMEXYTOUHBIM cior F-S mpencrtaBisin cobol cMech aTOMOB BaHaIus M Keye3a.
Hab6monamics mpsimold u oOpatnbiil addekr Omuzoctu. Ilpsmoit sddexT, 3akmrouaroniuiicss B
YCTaHOBJICHUH CBEPXMPOBOJALIETO MapamMeTpa nopsaka B deppomarnetuke F-S, mpossuiics mpu
nepexone ciosi Banamus (S) B cepxmpoBomsimiee coctosaue (T=T.) B Buae yMeHbIICHUS H
MOBOPOTa BEKTOpPa HAMarHWYEHHOCTH K HANPABIICHUIO BHEIIHETO MarHUTHOTO mojs. OOpaTHBIM
3hdexT OaM30CTH, 3aKIIOYAIOMIUIICS B  yCTaHOBICHHMM (EPPOMArHUTHOIO TOPsAKA B
ceepxnpoBoaauke F-S, nabmonancs npu temneparype 0.6 T. u cOCTOSAT B YBEIMYEHUU BEKTOpPA
HaMarHMYE€HHOCTH U €T0 MOBOPOTE OT HAINPABICHHSI MArHUTHOTO TOJIS (pHC. 4).
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Puc.4. Koododuument orpakeHUs NOISIPU30BAHHBIX HEHTPOHOB OT CBEPXIPOBOAALIC-(PEPPOMArHUTHOM
rerepocTpyktypsl Cu(32um)/V(40am)/Fe(1amM)/MgO ¢ pe3oHAaTOpOM CTOSIMMX HEUTPOHHBIX BOJIH (a);
TEeMIIepaTypHOe MOBEIECHHE PE30HAHCHOTO CIHMH-(IION NHKa (0); U3MEHEHHEe MAarHUTHOTO Mpowuiisi BOIU3U
TpaHUIBI pa3ziena Uil pa3IndHbIX TemnepaTypHbix oomactei (1)-(3) (B).

N3ydeHbl 0COOCHHOCTH TIPOXOKICHHUS MOJIIPU30BAHHBIX M HEMOJSPU30BAaHHBIX HEHTPOHOB
gyepe3 JBYXCIIOMHBIE W TPEXCIOWHBIC MAarHUTHBIC HAHOCTPYKTYphI. [IpM 3TOM, B YaCTHOCTH,
OOHApYy’>KEHO, YTO TPOXOXKICHHE HEMOJSIPU30BAHHBIX HEUTPOHOB Yepe3 HEKOMIUIaHAPHBIC
CTPYKTYpbl TIPH HEKOTOPBIX YCJIOBHSX SBISICTCS JICBO-TIPABO aCUMMETPUYHBIM. OIHUM U3
CJICZICTBUH JTOTO SIBJIICTCS TO, YTO TIOJOOHBIC HEKOMIUIAHAPHBIE MArHUTHBIC CTPYKTYPBI,
CO3/IaHHBIC UCKYCCTBCHHO WJIM CYIICCTBYIOIIUE B MPUPOE, MOTYT OBITH (PHIBTPOM, TTO3BOJISIOIIIAM
CEIICKTUPOBATh HETOJIIPHU30BAHHBIA aHCAMOJIb ATOMOB (MOJICKYJ) B 3aBUCUMOCTH OT BEJTMYUHBI X
MarHMTHOTO MOMEHTa [7].

1.5 Hccneoosanue buonozuueckux Hanocucmem

Metonom aTtomHO-cuiioBoM Mukpockonuu (ACM) Oblia ucciefoBaHa IOBEPXHOCTh
MUTOIIACTOB (MUTOXOHJPHUH, JUIIEHHbIX BHewmHedl wmemOpanel). C nomoupto ACM  Ha
MIOBEPXHOCTU MUTOILIACTOB OBIIM OOHAPY>KEHBI CKJIAJIKU, TOIIMHA KOTOPBIX paBHa 30-40 HM (pHc.
5) u coBmamaeTr ¢ TONMMHOM "CyXMX KpHUCT' MHUTOXOHIPHUHM, H3MEPEHHOH C IOMOIIbIO
MaJIOYIJIOBOTO PAcCesiHUs HEUTPOHOB M 3JIEKTPOHHONW MHKpockomnuu. IlomyuyeHHble pe3yibTaThl
CBUJETEIBCTBYIOT O CYIIECTBOBAHUU CIEIMATIBHON CHCTEMBI, MOAJEPKUBAIOIIEH ONPENCICHHYIO
KOH(Urypaiuio MeMOpaHbl MHUTOIUIACTOB, CXOIHYIO C KOH(UIrypaluel, KOTOpyro MpHoOpeTaer



BHYTpPEHHsII MEMOpaHa WHTAKTHBIX MHTOXOHAPUN B YCIIOBUSX WUX HAOyXaHHs B TUIIOTOHHYECKUX
cpenax. B pabore mokazaHa mepCcneKTHBHOCTh HCITONb30BaHusE ACM 11 n3y4eHus: KOHpUTYyparun
MMOBEPXHOCTH BHYTPEHHEW MEMOpaHbI MUTOXOHJIPHH M COOTBETCTBEHHO IPYTHX OHMOIOTHYECKUX
MeMOpaHHBIX cucTeM [8].
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Puc. 5. orc)-u) — ACM-n300pakeHdss MUTOIIIACTOB I€UEHH KPBICHI C HAJTHMUHUEM «CYyXUX KpPUCT»; K) —
CEUCHHE, NPOBEICHHOE BIOJIb IYHKTHPHOW JMHHUM, IIOKa3aHHOW Ha orc). X - ACM-uzoOpaxeHus,
3allCaHHBIC 110 KaHAy «BBICOTa»; 3 — IO KaHaly «da3a», U — TpexXMEpHOe mpeicraBieHue. Pasmep
MacmTabHOTO0 OTpe3Ka Ha BcexX m3o0pakeHusx cocrapiseT 100 HM. MakcuManbHBIA Tepernas BBICOTHI Ha
ACM-n300paxkeHnu k) cocTaBisieT 172 HM.

boutn  u3ydenbl o00pasipl, cojaepkamiue OWOTeHHbIE HAHOYACTUIBI (EppPUTHAPHTA,
MoJTydeHHbIe ¢ ToMolnsio Oaktepuit Klebsiella oxytoca. B 9acTHOCTH, ¢ MOMOIIBIO ONTHYECKOM
MHUKPOCKOIHH, CKaHUPYIOUIEH AIIEKTPOHHOH MMKPOCKONUH W MaJOyTJIOBOTO PEHTIC€HOBCKOTO
paccesiHust uccienoBaics 3¢ GeKT Bo3pacta OakTepuid (MPOAOIKUTEIBHOCTD POCTA), BIUSIOMNUNA Ha
CBOMCTBa HaHOYACTHI [9].

MeTtonoM pEeHTreHOBCKOH IU(PAKIMK HCCIEJ0BAHbl BOJHBIE PACTBOPHI MYJBTHCIOWHBIX
BE3MKYJI MHOTOKOMITOHEHTHBIX MEMOpaH, MOJICTUPYIOLINX CIU3UCTYIO 000JI0UKY POTOBOM MOJIOCTH
gemoBeka (Oral Stratum Corneum, OSC) u wMemOpaH BXOASIIUX B WX COCTaB CMECH
C(UHroOMHUENeH/ IUNaabMUTONIPOCHATHANIXOTUH/ AUTTATBMUTOMI(POCHATHINITITAHOIAMUH
(SM/DPPC/DPPE) [10]. Cuctemsr cmecu SM/DPPC/DPPE (mipu maccoBom cootHomennn 1/1/1,
1/2/1) xapakTepusyeTcsi TaMeJISpHON CTPYKTypoil ¢ mepuojgom mosTopsieMoctd ~ 71 A. Tlpu
yBennueHnu MaccoBoi joiu DPPE wacte numuma oOpa3yer oTaeabHYO JaMeusapHyo ¢asdy (d ~
56 A) u obpatHyIo rekcaronanbHyro pasy (a ~ 56 A). Muorokomnonentnsie Mem6pansl OSC Ha
OCHOBE TIiepamMuga 6 W TIepaMuaa 3  SBISIFOTCS CIIOKHBIMH  MHOTO(A3HBIMH CHUCTEMAaMH,
NPUXOJAIMME B (Pa30BO€ paBHOBECHE MOCIIE IPUTOTOBIEHUS 00pa3I0B HECKOJIBKO JTHEH.

1.6 Hccneoosanue nonumepHsvix u KOJ10UOHBIX HAHOCUCHIEM

MeTtonom MaJjoyTiIoBOIr0 paccestHus HEUTPOHOB UCCIIeJOBaHa CTpYKTypa
KpPEMHUHOPraHUYECKUX JCHAPUMEPOB JIEBATON T'e€HEpaluu C YeThIpeX(PYHKIMOHAIBHBIM SIPOM U
6YTI/IJ'IBHBIMI/I KOHLCBBIMH TI'pyHIIaMH. HOKE]BaHO, 4TO HCCICAYCMBIC IACHAPHUMCEPLI SABJIAIOTCA
MOHOJUCIIEPCHBIMH O0BEKTaMH aHM30METPUYHON ¢GopMbl. C TOMOIIBIO METOJa BapHallH
KOHTpacTa OIpEe/eNIeHbl 3HAUYEHUs MapHUalbHOr0 00beMa M 3HAYCHHWE CpEeIHEH paccenBaromien



IUIOTHOCTH. [IeMOHCTpHpYyeTCs HICHTUYHOCTb MEXAYy COOOW HCCIeqyeMBbIX ACHIPUMEPOB IO
rabapuTHBIM pa3MepaM M pPaclpeieNieHUI0 pacCeUBAIOLIe MJIOTHOCTH. YCTaHOBJIEeHO, uTo 20%
rabapuTHOro o0beMa ACHApPHMEpa TOCTYIMHO JJisi NMPOHMKHOBEHUS pPACTBOpUTENS. BBIMOTHEHO
MOJIETUPOBAaHUE C MCIOJb30BaHHEeM MeToaa MonTte-Kapio m BOCCTaHOBIEHO HMPOCTPAHCTBEHHOE
pacrpenenieHue IUIOTHOCTH JJIMHBI pacCcesHUs B HCCIEIyeMbIX JeHApHMepax, OOHapy>KeHO
M3MEHEHHE UCKIIOYEHHOT0 00beMa JIJIsl pa3HbIX KOHTPACTOB.

MeTosoM MalIOyIJIOBOTO paccessHus HEHTPOHOB HCCIIEOBAaHBl MHILEII000pa3oBaHue
noneumwi(cynbdodeokcn)oensoncynphonaTa HaTpUs W HOHWIOCH3OJIIEKAITHICHOKCHIA B
HEUTPATbHBIX U IIETOYHBIX PACTBOPAX AJICKTPOIUTOB pa3iNuHON KoHIeHTpauuu. [lokasano, 4To
oOpasyromuecsi B pacTBOpax MHUIEIUIBI MUMEIOT MIIMHIPUYCCKYIO (DJUTHIICOUIAIBHYI0) (Gopmy.
OmnpeneneHpl XapakTepHble pa3Mepbl Mullel B (GyHKuuU KoHieHTpanuii [IAB u mobasisemoro
anekTponuta. llomyueHa koppenslus CTPYKTYpHBIX JaHHBIX C TeOMETpHed U JUHAMHKON
TpaBJIeHUS “TPEKOBBIX HAHOMOP B pacTBOpax, coaepskamux [1AB u pazpaborana Mojens BAUSHUSA
ITAB na nony4enue nop cneruduueckon reometpun [11].

1.7. Amomnasn ounamuxa

MeTooM HEYIpYroro paccesHusi HEWTPOHOB HCCIIENOBAaHBI KoJeOaTenbHbIE CHEKTPHI
reKCaHa M HM30MEpPOB TeKcaHoja. [IpoBeneHo TeopeThyeckoe MOACIUPOBAHUE KOJeOATECIbHBIX
CIIEKTPOB C HCIIOJIb30BaHMEM Teopud (PyHKIHMOHANA TIUIOTHOCTH. PaccyuTaHbl YacTOTBI
HU3KODHEPTeTUYECKUX TOPCUOHHBIX MO oTHOcuTenbHO C-C cBszelt u C-C-C m3rudaronmx Mo
JUTSL TITIOCKHUX ¥ M30THYTHIX KOH(OpMAIIHiA MOJIEKYJI 'eKCaHa U H30MEPOB I'eKCaHOoJIa B AHAMa30He 10
500 cv'. B IIEJIOM, pacyYeTHBIC CIEKTPhl IUIOTHOCTH KOJIEOATEeTbHBIX COCTOSIHUH  JJIs
M30JIMPOBAHHBIX MOJIEKYJ UMEIOT Kaue€CTBEHHOE COTJIaCHUE€ C AKCIIEPUMEHTAIbHBIMU CIEKTPaMHU.
OpmHako 7151 ONMCaHUs JUHAMUKH THAPOKCUIIBHBIX TPy HEOOXOIUMO YUYUTHIBATh (hOPMHUPOBAHHE
BOJIOPOAHBIX CBSI3€M MEXy MOJEKylaMu rekcanosa. [lokazano, 4to pacueTsl JUHAMUKH MOJIEKYJ
¢ oOpa3oBaHWEM BOJOPOJHOW CBHSI3M B JHUMEpPE IO3BOJISIOT TPABWIBHO HMHTEPIPETHPOBATH
TUHAMHKY THAPOKCUIIBHBIX TPYII B KOH/IEHCUPOBAHHOM COCTOSIHUU 3THX CIUPTOB (pHc. 6).

[IpoBenen moapoOHBI aHATN3 HEUTPOHOTPAUUECKUX TAHHBIX CBEPXKPUTHYECKOH BOJBI,
HMMEIOIIEH NEepCIIeKTUBBI AJI HCTIOJIb30BAHMS B KQUECTBE TEIUIOHOCUTEINS B PEAKTOPAX CIEAYIOIIETO
TOKOJICHUS U SIBJISIONICHCS YHUKAIBHBIM PACTBOPUTENIEM MPH OKUCICHUH OPTaHMYECKUX OTXOJOB.
brina noaTBepkaeHa U YyTOYHEHA ABYXCTPYKTYpPHAas MOJENb, NPEIJI0OKEHHAs paHee JUIsl ONHUCAHMS
MUKPOJIMHAMUKH CBEPXKpUTHYECKOU BObl. Ha ocHOBE 3T0i Mozienn ObLT MOTydeH psii HEUTPOHHO-
(U3MYECKUX XapaKTEPUCTUK CBEPXKPUTHUYECKOW BOJABI, HEOOXOAMMBIX MPH OIEHKaX MapaMeTpOB
SIIEPHBIX PEAKTOPOB, HCIOJB3YIOMIMX B KA4YECTBE TEIJIOHOCHUTENSI BOJY TIPH CBEPXBBICOKHUX
napamertpax [12].

1.8. IIpuknaousvie padbomot

K npuxnagaeiM  paboram B oraene HUKC JIH® TtpaguunoHHO  OTHOCSTCA
9KCIIEPUMEHTAJIbHBIE MCCIEIOBAHUA TEKCTYpPhl TOPHBIX IIOPOJ M MHUHEPAIOB, BHYTPEHHUX
HamNpsOKCHUH B HUX M OIpeIelieHHe BHYTPEHHUX HANpsHKEHWH B OOBEMHBIX Marepuajax u
U3JENNsIX, BKIIOYas MH)KEHEPHbIE MaTepuasibl M JETAld MAIlMH U YCTPOMCTB. B OCHOBHOM, 3TH
WCCIIEZIOBAHMSI BEIYTCS C MOMOIIBIO (P PaKIUN HEHTPOHOB.
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Puc. 6. CpaBHeHHE SKCIIEPUMEHTAIBHBIX U pacieTHHIX criekTpoB HHPH cBOOOHBIX MONEKYT B UX TUMEPOB
C BOJIOPOITHOM CBSI3BI0 s 2-rekcoHoa (A) u 3-rekconona (B).

3aBepiieHa padoTa 1Mo U3YUYCHHIO TEMIIEPATypHOTO ToBeIeHUs 00pa3mnoB cramu JK-181. U3
TU(QPaKIUOHHBIX CHEKTPOB, 00pabOTaHHBIX 10 MeTOAy PurBenbna, A7 UHTepBaia Temmeparyp 15
— 973 K ompeneneHsl TeMIepaTypHblE 3aBUCUMOCTH IapaMmeTpa KPUCTAJUIMYECKON pEelIeTKH,
BHYTPEHHHUX HaIpsbkeHui 3-ro poaa u ¢akropa Jlebas-Bannepa stoit cranu [13]. Okazanocsk, 4To B
o0JacTu HU3KUX TEMIIEpaTyp XOJ TEMIIEpPaTypHOI 3aBUCUMOCTH MapameTpa penieTku B ctanu JK-
181 He cOOTBETCTBYET TAKOBOMY B YUHCTOM XeJle3e U OMHApHBIX XKEJIe30-XPOMUCTHIX CIulaBax ¢ 12
n 16% Cr. Hapsny c stum 3amedeHo ymmpenue peduekca (200) B qudpakIMOHHBIX CIIEKTpax
ctanu JK-181 u cinasa Fe-12Cr, ne nabmonaemoe Ha ciektpax Fe-16Cr u uuctoro xenesa.

[To manHBIM HEWTpoHOTpaduU ONpejieTeHa CTPYKTypa CIEHUAIBHBIX CTalled, rpadwura,
HUoOaTa LMPKOHMS (pa3lWYHble NPOLECChl  M3rOTOBJIEHHUs). BoccraHoBineHa — QyHKUUA
pacnpenenenuss KpuctauToB no opueHtauusm (OPO), npoBeneHo MoaenupoBaHHE OOBEMHBIX
YHOPYTUX CBOMCTB 3TUX KOHCTPYKIHOHHBIX MarepuaioB. [lokazaHo, 4TO ayCTEHMTHas HalllaBKa
koprnyca peaktopa BBOP-1000 umeer ocTpyro paauaibHYI0 TEKCTYpY (BpalleHHE 3€pPEH BOKPYT
HopMaiu K miockoctu (002) cranm), 4TO MPUBOJAUT K CIIOKHOMY PACHPENECNIEHHIO OCTATOYHBIX
HampsDKeHUH B HEW, NpuU ITOM MUHUMAanbHble 3HadeHWs Moayis FOHra npocrturatorcs B
HalpaBJICHUU HOPMAIM K MOBEPXHOCTU Kopmyca peakropa. s peaktopHoro rpagura I'P-280
MOKa3aHO, YTO AHHM30TPONHS YIPYTHX CBOWCTB Ka4eCTBEHHO CBS3aHA C KPUCTAIUIOTpAPHUECKON
TEKCTypol (puc.7), KOTOpas XapaKTepu3yerTcsi KOHIeHTpauueill ocei 6-ro mopsiaka rpadura
MEPIEHAUKYISIPHO HampaBlieHuto 3KcTpy3uu [14]. Ilpu sTomM HaOMIOmAaETCs pa3iuuue MEXIY
peanbHbIMU  (M3MEPEHHBIMU YJIBTPa3BYKOBBIM METOJOM) M MOJCIBHBIMU (PacCUYMTAHHBIMU C
MOMOLIBI0 yCpeaHeHus: ynpyroro TeHzopa no ®PO) ckopocTsMu NpONOJIBHBIX YHPYIMX BOJH
(oko10 5 pa3 mpu aTMOcepHOM aBIeHUH U 0KoJo 3-X — mpu 150 MlITa).



371 max.

100 (=1 mrd)

3 min.

Puc. 7. ®PO rpadura B obOpasie Gra2, y-ceuenus (crepeorpa-pudeckue mpoeknun). fmin=0.03, fmax=3.74,
F2=1.21.

B HHoGaTe nupKOHUS MPOIECC U3TOTOBICHHUS CTEPKHS MPUBOIUT K (POPMHPOBAHUIO OCTPOI
paaManbHOM TEKCTYpPHI C BpaIlIeHHEM KPHUCTAIMTOB BOKPYT HOpManu K IuiockocT (2-70). Ipu
9TOM Marepuajd CTAHOBUTCA MPAKTUYECKH H3O0TPOMHBIM 1O CBOUM YIPYTUM cCBoicTBaM. Ha
OCHOBaHUU TEKCTYPHBIX H3MEpPEeHHH ObLTH C(HOPMYIHUPOBAHBI TPEOOBAHHSI K IKCIEPUMEHTY IO
WCCIICIOBAaHUIO BHYTPEHHUX HANIPSDKEHUH B HUOOATE [IUPKOHMUS.

[TpoBeneHsl uccnenoBaHus (PUINIECKUX CBONCTB M (PIIOUIOMPOHHUIIAEMOCTH COJNH JIS
OIICHKH €€ 0apbepHBIX CBOWCTB MPU MPOCKTUPOBAHUHN XPAHWUIIHIN PATUOAKTHBHBIX OTXOMIOB [15].
AHaTUTUYECKH PACCUMTAHO TEeMIIEpaTypHOE pachpenesieHHe, BO3HHUKAIOIIEe B COJISTHOU
mopojie BOJIM3U pa3MENICHHOTO B HEH TEIUIOM3IIydJarollero MCTouyHuka. [Ipu HadanpHOM
temriepatype comu 20°C, paguyce KaBEepHBI C OTXOAaMHd S5 M, HHTEHCHUBHOCTSIX
TermoBbIaenenus 10 100 Br/m® BpemeHax xpaHeHus 1o 100 netr temneparypa cpeabl HE
npesbimaet 90°C, a makcuMmainbHblii rpagueHT cocrtaBysier 0.1°C Ha 1 cm. Ilonmyudena
TEOpEeTHYECKasi OIlEHKa MAaKCHUMaJIbHbIX CKOPOCTEH  ABWXKEHHS  BKJIIOUCHUN B
moHokpuctaiuie NaCl mnox  aelicTBHeM  TpaaWeHTa TEMIlepaTyp, CO37aBaeMOro
paauoakTUBHBIM HMCTOYHUKOM. Jlns Bkmtouenuit pazmepamu 0.005-0.2 cM, Haxondmuxcs Ha
paccTosHUM TOpsAKa | M OT CTEHKH XPAHMIHINA TPH HHTEHCHBHOCTH m3mydernms 100 Br/m’
(HauanbpHasl TemIepaTypa pacTBOpa BKJIIOYEHHUS MpU 3TOoM cocTaBiseT 58.45°C, mOCTOSHHBIN
BHemHUI TeroBod rpagueHt 0.08 °C Ha 1 cM) ckopocTH ABIKeHUs jiexar B auamazone (0.2-
0.5)%10™"" cm/c. TIpu 9TOM, CKOPOCTh HEPEMEIICHHS BKIIOYCHNS yBEINIHBACTCS C BO3PACTAHHEM
ero pasmMepoB. TeopeTHuecku paccMOTpeHa IUHAMHKA JBUKEHHs, HAOJII0JaeTCsl BBITSTHBAHUE
BKJIIOYEHUS! B HAIPABJICHUH NEPHEHAMKYJISIPHOM TPaJMEHTY TEMIIEpaTypbl, a TAKXKE €ro pacnaj C
TBUTLHOM CTOPOHBI Ha 00Jiee MEJKHE YacTH, YTO MOJKET BBI3bIBATh HApyIIECHHE KPHUCTAINYECKOM
PELIETKH COJH.

N3y4yeHo Bo3aeicTBHE CHIIBHOTOYHBIX WMITYJIBCHBIX IYYKOB PEISTUBUCTCKUX AJIEKTPOHOB
Ha MEXaHM3M KpaTepooOpazoBaHus B 00pa3liax TOpPHbBIX MOPO/ (CoJiel, TPaHUTOB U J1aOPOIAPUTOB).
Jlis SKCIpecc-OIleHKH COCTOSIHUS TMOBEPXHOCTHM OOpa3loB W JAJs YCTAaHOBIIEHUS OapbhepHBIX
CBOWCTB reoMarepuaia MmpoBeaeHa anpoOaiys MeToaa TeIUIOBU30pHOro MoHUTOpHHTa. [lokazaHo,
YTO MPOBEJIEHUE MOJO0OHOTO poAa KOMIUIEKCHBIX SKCIIEPUMEHTOB LIEJIecOo00pa3HO Al M3y4YEeHUS
CBOWCTB TOPHBIX MOPOJ], UMEIOIUX OIpeeNAolee 3HaYeHNE MPH BbIOOpE MECT Ul 3aXOpOHEHUs
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PaIMOAKTUBHBIX OTXOJIOB. BO3MOXHBIM MEXaHH3MOM KpaTepooOpa3oBaHHUS MpU OOITyYCHHH
TBEPJbIX TEJ MyYKaMH CHJIbHOTOYHBIX AJIEKTPOHOB (pHc. 8) MOXKeT ObITh TEpMOYIap, B pe3yibTare
KOTOpPOTo 00pa3yroTcsi TEPMOHAMPSDKEHHBIE YYacTKH, a pa3pylieHHUEe MPOUCXOIUT MO TPAHHIIC
pacruiaBa.

408
40.0
394
387
38.1
374
36.7
36.1
355

r)

Puc. 8. a) O6pazern; ceporo rpannuta, 00aydeHHOTO 20 UMIYJIbCAMU CHIBHOTOYHBIX WMITYJIECHBIX ITyYKOB
penstuBuctckux 3ekTpoHoB (CUIIPD); 6) dponrtanshoe WK-u300paxenue o00ayueHHOro oOpasiia
CEpOBATO PO30BOT0 TPAHMUTA, TOJBEPTHYTOrO0 TEIUIOBOMY BO3JCHCTBHIO; B) TEMIIEPATypHBIA MPoduib
MOBEPXHOCTH BJIOJb JIMHUK HA PUC. 0; T) TpeXMEpHOE H300paKeHHEe pacpeieieHUs] TEMIIepaTypHOTO TOJIS.

ITpoBeneHsl Mccae10BaHus TEKCTYPhl U BHYTPEHHUX HANPsKEHUH 00pa3loB TOPHBIX MOPOJ
u3 Llentpaneubix Anbn (LlBeiinapusi) B paiione tynuenst Gotthard-Base-Tunnel. Ilomyuennsie
pe3yJbTaThl Ba)KHbI JUIsI OLEHKH BIMAHUSA pabOT MO YCTPOMCTBY TYHHENs Ha I€OMEXaHHUYECKOe
COCTOSIHME T'OPHBIX MAaCCUBOB €r0 OKPY>KCHUS TYHHEIIA.
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[TpoBeneHo uccnenoBaHUE aHU30TPOIHBIX CBOMCTB 00pa3IlOB MpamMopa U I'paHHUTa, a TAKKe
MOJICJIMPOBAaHUE C LIEJIbI0 BBIPAOOTKM MPAKTUUYECKUX PEKOMEHJALUI MO ONTUMH3ALMM A00bIYU
IIPUPOJIHOTO KaMHs B KAMEHOJIOMHSIX [16].

IIpoBeneHo nccienoBaHUE OMIMOOK M3MEPEHUs MOMIOCHBIX (UIYp — SKCHEpUMEHTaIbHON
uHpOpMaLUU O TeKCType, noiryyaemoil Ha criektpomerpe CKAT. HccnenoBanue npoBoaAniIoCh Ha
npuMmepe maraueBoro cruiaBa Mg+4.5A1+1%Zn. Ommnbku n3MepeHuil olleHeHbl B Kaxa0i u3 1368
TOYEK Ha TOJIIOCHOW ¢urype. BoisiBieHo, uto Ha ¢opMHpOBaHHE OIIMOOK HA TOJIOCHOH (urype
IJIaBHBIM 00pa3oM BIIUSIOT OLIMOKM OLEHKH MONYIIMPHHBI AU(PAKIMOHHOTO nuka. IlomydeHHsbIi
BBIBOJ] MOJATBEPXKJIEH IyTeM pacueTa OUIMOOK MOJIOCHBIX (UTYp, W3BICUYEHHBIX M3 MOJEIBHBIX
WHIWBHUIyAIbHBIX CIEKTpOB. MoaenupoBaics HaOop u3 1368 WHIWBHIyanbHBIX HEHWTPOHHBIX
TU(QPAKIUOHHBIX  CIEKTpa.  MOAETMpPOBaHWE  CIEKTPOB  MPOBOJWJIOCH  HAa  OCHOBE
HKCHEPUMEHTAIbHBIX U MOJEIbHBIX NOMIOCHBIX ¢uryp (puc.9). Ilokasano, uTo pacnpesneneHue
OIMOOK TOJIOCHBIX (UTYP Ka4eCTBEHHO COBIIAJACT C pacHpeelieHHeM OIIMOOK BBIYHCICHUS
MOJIYIIMPUHBI THKA, IPUYEM ATO BEPHO KakK JJIs SIKCIEPUMEHTANIBHBIX NOJIIOCHBIX (PUTYp, TaK U IS
MOJIFOCHBIX (PUTYP, OTYUYECHHBIX M3 MOAEIBHBIX CIIEKTPOB [17].

(0002) (0002) errors (0002) peak amplitude errors  (0002) peak half-width errors
T -
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a) B) T)
Puc. 9. a) IlomocHas Q)Hrypa (0002) ms obpasiia u3 crutaBa Mg+4.5A1+1%Zn. IHTEeHCUBHOCTH JaHbI B
eIMHUIAX M30TPOMHOro pacnpeneneaus 0) OTHocutenbpHas omuoka nomarocHoi gurypst (0002). B) Omubka
ompeneNeHus aMIUIMTyOsl nuka. r) OmmOka ompeneneHWs NOJIYIMIMPUHBI NHKAa. B BepxHeM psnmy
IIPEICTABICHbBl 3KCIIEPUMEHTANbHAsl MOJIOCHAs (Urypa, HM3MEpEeHHass Ha TEKCTypHOM Iu(paKTOMeTpe
CKAT, u ommOKu, pacCUMTaHHbIE ISl DKCIIEPUMEHTAIbHBIX JaHHBIX; BO BTOPOM PALY — MOJIOCHas GuUrypa,
W3BJICYCHHAS! U3 MOJEIBHBIX CIIEKTPOB, U COOTBCTCTBy}OHII/Ie omKOKY; B TPEThEM PSRy — MOJtOcHast Gurypa,
W3BJICUCHHAS W3 CIEKTPOB, CMOICIHPOBAHHBIX C "IKCHEpUMEHTaNbHOH" ommoOkoi ("mrymom") W Takke

COOTBETCTBYIOIIHE OIIUOKH.
2. Metoauveckue pe3yJibTaThl
3aBepLICHO HM3rOTOBJIEHUWE TOJIOBHOW YacTH 3€pKaJbHOTO BaKyyMHOI'O HEWTPOHOBOAA U

MPOBEJICHA ee yCTaHOBKA Ha 6 kaHayie peaktopa UBP-2M B pamkax peaiu3anuu NpoeKTa CO3IaHus
nudpakToMeTpa Ui uccienoBanus Mukpooopasos JJH-6 (puc. 10). [IpogomkeHo U3roToBICHHE
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BAKYYMHOI'0 KOXKyXa JJIi XBOCTOBOM 4YacTW HEWTpoHOBOoAAa. Hauato mpoekTupoBaHHE Ta30BOTO
ITY /1 nerextopa.

Puc. 10. ['onoBHas 4acTh 3epKaIbHOI0 BAKYYMHOTO HEHTPOHOBO/IA, YCTaHOBJIEHHAs Ha 6-M KaHaje peakTopa
WBP-2 B paMkax peamu3aliii TPOEKTa IO CO3JAHUI0 HOBOTO IU(PPATKOMETpa I HCCICIOBAHUS
MuKpooOpasios JH-6.

3aBeplLICHO M3TrOTOBJIEHHE, MPOBEIEHBl BAKYYMHOE TECTUPOBAaHUE M YCTaHOBKAa T'OJIOBHOM
vactu pedextromerpa I'POMHC Ha peaxtope (puc. 11). HauaTo H3rOTOBJIEHHE pPENHCOBOTO
OCHOBaHMS M KOXyXa cHCTeMbl (popMupoBaHus mydka. [IpoBeIeHO TECTHpPOBaHUE SIIEMEHTOB
JAHHOM cucTeMbl (M3MEHsAEMBble WIeNu, OTKIOHstomue 3epkana). [loaroroBneHa pabGodas
JOKYMEHTAIMs Ha U3rOTOBJICHHE MEXaHIMUECKOTO MpephIBaTelisi 6apabaHHOTO THIIA.

IIpoBeneHpl paboOThl MO MOATOTOBKE pabodel IUIOMAAKM JJIs YCTAaHOBKU 3€pKaJIbHOIO
HelTpoHoBoga Ha cnektpomerpe JMH 2IMM. 3akymuieHbl 3epKajibHble CEIrMEHTBHI, MaTepHaJIbl
3¢ GeKTUBHON OMOIOrHMYEecKOl 3alIUThl HEUTPOHOBOAA MEPBON MPOJIETHONW 0a3bl CIIEKTpOMETpa U
MEXaHUYECKUe Y3JIbI JUIs IOCTHPOBKH HEHTPOHOBOJA. 3aBepiieHa 00paboTKa IKCIEPUMEHTATBHBIX
JAHHBIX 1O MozenupoBaHuio Ha cnekrpomerpe [IMH 2111 makera KpHOT€HHOIrO 3aMenIuTeNs,
IUIAHUPYEMOTI'O K ITIOCTAaHOBKE Ha peaktope IBP—2M.

[loarotoBiaeH SCKU3HBIA MPOEKT HOBOTO JETEKTOpa OOpaTHOTrO paccesHus Juis
mudpakromerpa @JIBP Ha ocHOBe ZnS-3nemenToB (puc. 12). TenecHsli yroi HOBOTO JAETEKTOpa B
~10 pa3 mNpeBBINIAET TEIECHBIA Yroj CYHIECTBYIOLIETO IETEKTOpa, YTO ITO3BOJIUT, B CiIydae
peanu3anyy NpoeKTa, 3HAUUTEIbHO YIyUIIUTh YCIOBUS NIPOBEAEHUS CTPYKTYPHBIX 3KCIIEPUMEHTOB
Ha ®/IBP.
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Puc. 11. I'onoBHas yacTh MHOrO(QYHKIIHOHAIBHOTO pediekTomeTpa GRAINS.

Back Scattering detector

1.67Strad-10% =>  Q = 1.5 Strad

rings 1 2345678

neutronguide

1060

1200

Puc. 12. IIpoexT HOBOro aeTekTopa oOpaTHOTO paccesHus it auppakromerpa OJIBP Ha ocHoBe ZnS-
3JI€MEHTOB

[TponomxkeHa paboTa Mo U3yYESHUIO BO3MOXKHOCTH CO3JIaHMsI CYTIEp3epKajl C MEPUOIUIECKON
CTPYKTYpPOH, B paMKax KOTOpPOH OBUTM IPOBEICHBI HKCIEPHUMEHTH MO peQIIeKTOMETPHU
MOJISIPU30BAaHHBIX HEUTPOHOB Ha obOpasuax c¢ 2, 4, 8 Oucnosmu NiTi n mommoxkoit floatglass
(MIRROTRON, bynamnemr, Bearpust).

[TpoBeneno wuccnenoBanue d>(GQGeKTa yCWICHHS CHOUH-QJIUI CUTHAJA B HEHTPOHHOM
BOJTHOBOM pe3oHaTope. [lokazaHo, 4T0 B HEHTPOHHOM BOJTHOBOM PE30HATOPE CIIMH-(DIIUIT CUTHAT OT
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MarHUTHO-HEKOJUTMHEAPHOTO CJIOSl MOXKET OBITh YCHIIEH BO BTOPOU WIJIHM JaXKe€ TPEThel CTEMEHU IO
OTHOIIEHUIO K YK€ YCHJIICHHOMY CHUTHAIIY OT SIIEPHOTO CJIOS. DTO JIejacT BO3MOXHBIM ITPOBEICHHE
WCCIIEIOBAaHUM CY0aTOMHBIX MArHMTHBIX CJOEB TOJIIUHOW [0 10° HM WIM HAHOCIOEB €O
CBEpXMAJIO HAMArHMYEHHOCTBIO BemmunHoit 107 e [18].

B pamkax mpoekTa cO3laHHUS W30THYTHIX 3€pKaJbHBIX HEUTPOHOBOAOB CIEKTPOMETPOB
OIICHUJIOH u CKAT Hna kanane 7a peakropa UBP-2 npomomkanuck paboThl 1O MPOSKTUPOBAHUIO
U M3TOTOBJICHUIO MEXaHMYECKHMX M ONTHYECKUX Y3J10B HeWTpoHOBOAOB [19]. B wuactHOCTH,
pa3paboTaHbl MPOEKTH BAKYYMHOM CUCTEMBI U (DOHOBOI 3aIIUTHI CIIEKTPOMETPOB DTCHIIOH 1 CKaT
U y4acTKa CTBIKOBOYHOTO HeWTpoHoBoja criektpomerpa HEPA-IIP, pazpaGoTansl U 3akaHUYMBAETCS
W3TOTOBJICHHE JHUCKOBOTO (OHOBOTO TmpephiBaTesi W 3-X OapabaHHBIX A-TIpephIBaTeleH.
Pazpaborana, H3roTOBJICHA W OTJaXEHa CHUCTEMa YIOpPABJICHUS MpepbIBaTeNsiMH Ha 0aze
anexTponpuBoioB ¢upmbl Toshiba. 3aBepiieHa pexkoHCTpyKIusi Hecymied koioHHbI MBP-2 u
OMOJIOTMYECKOI 3alMThl TOJIOBHOM dYacTW 7 KaHala [uid pa3MEIIeHUs Ha KaHajle Tpex
HEUTPOHOBOJIOB. M3roTOBIEHBI CTOWKK W IOCTUPOBOYHBIE OMOPHI TOJIOBHOW YacTW HEUTPOHOBOJA.
[Ipomomxkaercs wu3roroBieHue 92 BaKyyMHBIX KOXKYXOB M30THYTBIX HEWTPOHOBOAOB ISt
cnekrpomeTpoB DIICUJIOH u CKAT.

I'maBHBIM  pe3ynpTaToM pabOT TO TMPOEKTYy CO3MAHUS M30THYTBIX  3€pPKaJIbHBIX
HelTpoHoBOI0B criekTpoMeTpoB DIICUJIOH u CKAT B 2009 romy sIBIS€TCSI MOHTaX JIBYX CEKITHI
TOJOBHOW 4YacTW (CIUIMTTEepa) 7 KaHaua, BKIIOYAIONIMM YCTAaHOBKY BHYTPEHHUX CEKIHMH U
IOCTHPOBKY, a TaK)K€ YCTAaHOBKY BaKyyMHBIX KOKyXOB (puc. 13).

Puc. 13. T'onoBHast yacTh crumdtTepa 7-oro kaHana peakropa WMBP-2M nns HEHTpOHOBOAHON CHCTEMBI
mudppamerpoB DIICHUIIOH (7A-1), CKAT (7A-2) u HEPA (7B). YcraHoBka crutTepa MPOU3BOAMUTCS B
paMkax mpoekra BMBF mo momepHmM3anuu HEMTpOHOBOIHOW cucTeMbl audpakTomerpoB DIICUJIOH u
CKAT na xanane 7A peaxropa UbP-2M.
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1.2. NEUTRON NUCLEAR PHYSICS
Introduction

In 2009, at the Frank Laboratory of Neutron Physics the first stage of the pulsed resonance
neutron source IREN was put into operation. The parameters of this facility in the current
configuration were determined; work to prepare and carry out experiments at IREN started. Also,
instrument development activities on the preparation of experiments at the IBR-2M reactor were
continued; investigations at the EG-5 accelerator were carried out. The greater part of fundamental
and applied investigations in the field of neutron nuclear physics was carried out on neutron beams
of nuclear research centers in Russia, Germany, Republic of Korea, China and France. The studies
were conducted in the following traditional directions: investigations of time and spatial parity
violation processes in neutron-nuclear interactions; studies of fission process; experimental and
theoretical investigations of electromagnetic properties of the neutron and of its beta-decay;
gamma-spectroscopy of neutron-nuclear interactions, atomic nucleus structure, obtaining of new
data for reactor applications and for nuclear astrophysics; experiments with ultracold neutrons;
applied research.

1. Development of the first stage of the IREN facility

In January 2009, the installation of the last section of the electron guide in the IREN target
hall was completed and an accelerated electron beam was transported to the nonmultiplying
neutron-producing target. During the year the work to adjust and develop various systems of the
accelerator and target complex, to optimize operating modes of magnetic optical elements of the
beam transportation system was carried out. Concurrently the accelerator operated for experiments
on the extracted neutron beam and for applied research. By the end of 2009 the following
parameters were achieved:
average accelerated electron energy — 30 MeV;
pulse current at the target — 3 A;
pulse repetition rate — 50 Hz;
integral neutron yield — 7.7-10"° n/s.

Figure 1 presents experimentally measured neutron spectra on a 10 m flight path of the third
experimental channel.
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Fig. 1. Neutron flux density (measurements from January to December 2009)

In the process of development of the nonmultiplying target in 2007-2008 the calculations of
the duration of a neutron pulse on the moderator surface were made for various ranges of neutron
energies and the IREN energy resolution for the 10 m flight path (Figs. 2 and 3).

2,0x10" | ﬂ :I i

1,5x10" 1

Neutron Flux from Moderator Surface

Time, usec

Fig. 2. The duration of a neutron pulse on the 5 cm-thick moderator surface for neutron energy ranges of 1-
10eV, 10-100 eV and 100-1000eV. The electron pulse duration is 200 ns. Solid curves — analytical
calculations, dots — MCNP calculations.
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Fig. 3. The comparison of energy resolution of IBR-30 on the 100 m flight path and that of IREN on the
10 m flight path. Only energy resolution related to the fast neutron pulse duration and the influence of the
moderator was taken into account.

An experimental estimate of the energy resolution was made in the experiments at IREN
(see section “Experiments at IREN”) and can be illustrated by comparing the time-of-flight spectra
of gamma-quanta after neutron capture by '*'Ta nuclei.
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2. Experimental investigations

2.1 Experiments at IREN

On the neutron beam of the IREN facility the measurements of the radiative neutron capture
have been carried out. A liquid scintillator (7, y )-detector with a volume of 250 | containing six

independent sections served as a detector. The electronics makes it possible to organize a



coincidence mode of any multiplicity. Tantalum, silver and copper were used as targets in the first
measurements. One of the tasks was to determine the neutron flux density in the experimental hall
Ne 52 where the detector was located. Figure 5 shows a part of the time-of-flight spectrum obtained
using the (7, y )-detector with a silver foil as a target. To determine the flux, we used the relation

ZNzﬂmg%A,

where ZN is the number of counts within the resonance area during the measurement, F (E ) is the
number of neutrons incident on the whole target area during the measurement, &, is the efficiency
of detection of (7, y )-reaction, I', and T" are the radiative and total resonance width, respectively, A

is the proportion of captured neutrons, which is determined as a function of resonance parameters,
[,,T, A are the tabular parameters. The known resonance parameters and the measured resonance

peak areas allowed us to determine the values

F@h=%%?

v
for a number of resonances. Hence the values for the neutron flux density in bldg. 52 (L = 58 m)
were obtained.

%%g n/cm*s-eV

#E) =

The energy dependence of the flux of the form £ is in good agreement with the calculations and
similar measurements at IBR-30.

To make a more detailed evaluation of resolution in experiments at IREN at higher energies,
the measurements with a copper target have been carried out. The measurements were performed
with two time channel widths (1 pus and 259 ns) in the high energy neutron range. Good resolution
of resonances can be seen in the energy range up to several keV (see Fig. 6).
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To comprehensively test the operation of the neutron source and the scintillation detector
with y-converter on a 60 m time-of-flight path, the measurement of neutron transmission through a
'81Ta 2 mm-thick sample has been conducted. Then the neutron transmission spectra in the range up
to 450 eV were fitted using the R-matrix formalism to obtain the parameters of neutron resonances.
The obtained values of the parameters for the known resonances are in good agreement with the
tabular values. A part of the transmission spectrum from 5 up to 100 eV is presented in Fig. 7.



Thus, the possibility to significantly extend the energy range of neutron cross-section measurements
as compared to IBR-30 has been experimentally demonstrated.

2.2 Measurement of P-odd asymmetry of yquantum emission in the °B(n,en)Li*—'Li+y
reaction

The investigations of P-odd secondary particle emission asymmetry in the reactions of
polarized cold neutrons and light nuclei of °Li and '°B have been continued in an effort to study
neutral weak currents in nucleon-nucleon interactions. At present, the results are as follows: the
triton emission asymmetry in the °Li(n,a)’H reaction is o®“p_oqy=—(8.8 £2.1)-10°%; the y-ray
emission asymmetry in the nuclear reaction IOB(n,a)7Li*—>y—>7Li(g.s.) is
o' i =+(0.8 £3.9)-107%, Using these values in the framework of the cluster model the weak
neutral current constant was estimated to be £;°/<1.1-1077 and £;'%<2.4-107" (at 90 %
confidence level). Both these values contradict “the best” DDH value ;""" = 4.6 - 107"

In October-November, 2009, a new experiment to measure a'%8 P-oda Was conducted. The 50-
day measurement was carried out on the polarized cold neutron beam at ILL, Grenoble. The main
difference between this experiment and the previous ones was the improved geometry: earlier a
boron target had been right in the air in the neutron beam in front of the detectors, in the last
experiment it was placed in the helium-filled neutron guide, which made it possible to reduce the
background by 20% and allowed a two-fold accuracy improvement. A preliminary result of the
basic experiment (without corrections for beam polarization and average cosine of emission angle)
is —(1.60+£2.01)-10*. A «zeron-experiment was performed as well: —(1.01£1.25)- 10"®. The treatment
of the results is in progress.

2.3 Investigations of (n,p), (n,a) reactions

The investigations of the (n,p), (n,a) reactions induced by fast neutrons have been
continued. The experiments are carried out at the Van de Graaf accelerator EG-5 in FLNP JINR
(Dubna, Russia) and EG-4.5 of the Institute of Heavy lon Physics at Peking University (Beijing,
China) in collaboration with the University of Lodz (Poland), the National University of Mongolia
(Ulaanbaatar, Mongolia) and the Oak Ridge National Laboratory (USA).

Data on neutron reactions with emission of charged particles induced by fast neutrons are of
much interest both for creation of constructional materials for nuclear power engineering and for
studying mechanisms of nuclear reactions and for determining the optical potential parameters.

The analysis of the available experimental data for '*’Sm, '*Nd, *’Mo isotopes shows that
the greater part is given for thermal and resonance neutron energies, as well as for the range of
E.~14 MeV. At the same time there are scarcely any experimental data for the 1-7 MeV neutron
energy range. As a result, there are significant discrepancies between the cross section estimates
given by different nuclear data libraries.

Within the framework of joint investigations at the EG-4.5 accelerator of the Institute of
Heavy Ion Physics of Peking University (Beijing, China) the measurements of the parameters of the
"Nd(n,0)'*Ce and *Mo(n, a)’*Zr reactions at E,;=4.0, 5.0 and 6.0 MeV and the '*'Sm(n, a)'*Nd
reaction at E,=5.0 and 6.0 MeV have been carried out.

The energy spectra of charged particles have been obtained. The data treatment and
theoretical calculations were completed in 2009. Our experimental data were compared with the
available data, evaluations and model calculations (Fig. 8,9). It should be pointed out that the
analysis of new data on fast neutron cross sections was performed along with the analysis of the
available data on these reactions induced by resonance neutrons.
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Fig. 9. Cross sections of '*Nd(n, «)'*’Ce and "Sm(n, o)'*Nd reactions in comparison with the available
present-day data and calculations.

The measurement of the total cross section of the *’Zn(n,0)**Ni reaction at E, = 6.0 MeV has
been performed as well, which is a continuation of the studies of Zn isotopes (**Zn(n,a)*'Ni reaction
had been investigated earlier in the energy range of E,=2.5+6.0 MeV). The measurements are
planned to be continued at other neutron energies. The cross section value is 6, 4= 7.3%1.1 mb.

In October-November, 2009 the measurements of total cross sections
"forward/backward" ratios for the "**Sm(n, «)'**Nd reaction started using ionization chambers.

and

2.4 A new experiment to observe the accelerating matter effect in neutron optics

An optical phenomenon consisting in a change in the wave frequency when it passes
through a refractive sample moving with acceleration is referred to as the accelerating matter effect
(AME). In accordance with the general principles, the energy of a quantum of radiation or the
energy of a massive particle if we are dealing with the latter, also undergoes changes.

The existence of AME in neutron optics was demonstrated for the first time in 2005-2007 in
the experiments made by the group from FLNP and the Institute of Laue Langevin (Grenoble,
France). In these experiments a change in the energy of ultracold neutrons (UCN) passing through a
sample moving with acceleration of several tens of m/s* was registered using the precision
spectrometry methods. The change in energy was of the order of 10"° eV.

Since up to the present AME has been observed only in one experiment, it was of
fundamental importance to detect it by any other method. Such an experiment was carried out in
2009. Ultracold neutrons traversed a thin (2 mm) silicon sample undergoing harmonious spatial
vibrations with a frequency of several tens of vibrations per second. The instantaneous acceleration
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of the sample amounted to 70 m/s”>. Owing to the accelerated-matter effect, the neutrons that passed
through the moving sample periodically changed their energy and velocity. The neutron time of
flight from the sample to the detector changed correspondingly.

Such periodic change in the time of flight resulted in the modulation of neutron counting
rate as a consequence of weak time focusing of neutrons, which is illustrated in Fig. 10.

The problem, however, lay in the fact that at periodic vibrations of a sample not only its
acceleration, but also its velocity underwent a change. A variation in the relative velocity of
neutrons and the sample led to a change in the transparency of the latter, thereby modulating the
flux.

Therefore the measurements were conducted in two geometries. In the first geometry the
amplitude of counting-rate modulation was determined by two effects — the sought-for accelerated-
matter effect and the systematic velocity effect. In the second geometry the flux was modulated
only by the velocity effect. The measurements were carried out for a set of sample vibration
frequencies, and the magnitude of the maximum acceleration a__ = AQ’ remained constant

(Q=2nf, f — vibration frequency). In addition, special experiments for calibration of modulation
depth were performed for quantitative treatment of the results.

The results of the experiment are illustrated in Fig. 11. As can be seen, in the absence of
AME (blue circles) the modulation amplitude is significantly less than that of the case when the
modulation of the flux is determined by both effects. The difference in two geometries (see Fig. 12)
characterizes the accelerated-matter effect. The quantitative treatment of the results of several
measurements points to the agreement of the measured magnitude of the effect with the calculated
value within the accuracy of 15 %.
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Thus, the effect of accelerated matter has been detected by the new method sensitive to a
change in the time of flight of UCN after their passage through an accelerated sample.

2.5 Investigations of nuclear structure

The work has been continued to accumulate and analyze the information on the parameters
of different nuclei at excitation energies below their neutron binding energy.

The analysis of the published data on the intensities of two-quantum cascades following
slow neutron capture within the framework of the technique developed in Dubna of model-free
determination of excited level density and radiative strength functions of gamma-transitions has
been made. The sources of errors are revealed and their possible values in the data on nuclear
parameters of other groups are evaluated.

The re-analysis of the data on two-quantum cascades of thermal neutron capture in *>Mo
performed in FLNP has shown that also in this nucleus the level density has a pronounced step-like
structure and the sum of radiative strength functions of dipole electric and magnetic transitions has
a very clear-cut maximum in the region of levels of mainly collective type.

The parameters of approximation of the level density by the V.M. Strutinsky model and of
strength functions by the semiphenomenological model proposed in Dubna do not contradict the
analogous data for neighbouring even-even spherical nuclei. The difference in the nuclear
parameters presented by the Prague group and the Norwegian collaboration has been completely
explained by the errors in the used techniques of the analysis of experimental data.

The results of the re-analysis of the experimental data accumulated all over the world on the
intensities of primary gamma-transitions with their averaging over many of the neutron resonances
have been published. In all nuclei a step-like structure in the level density is observed. The
comparison of its magnitude with the analogous data extracted from the intensities of cascades
suggests possible overestimation of the level density from the (n,2y) reaction. A part of this
overestimation can be attributed to the scarcity of the experimental data obtained in FLNP on the
dependence of strength functions of dipole gamma-transitions on the nuclear excitation energy
(structure of wave functions of the levels connected by gamma-transition).

The necessity to obtain more precise information on the average distance between neutron
resonances from the data available in the world (one of the sources of systematic errors in the
determination of the level density in any technique existing in the world for determining this
nuclear-physical parameter) has been revealed. And what is more important, the evidence
for/against a significant change in the structure of neutron resonances with varying neutron energy
or their neutron width is required. For this purpose a technique for determination of the most

probable average value of neutron amplitude 4 =4I and its most probable dispersion has been

developed and is being tested. The results of such analysis are necessary for preliminary selection of
targets and subsequent interpretation of results of the planned experiment at IREN to search for a



dependence of the intensity of total gamma-spectra on the structure of neutron resonances. The need
for a test of this hypothesis follows from the results of the analysis of intensities of two-quantum
cascades.

2.6 Work to prepare and carry out an experiment on the direct measurement of the neutron-
neutron scattering cross section at the YAGUAR reactor (RFNC-VNIITF, Snezhinsk)

In 2009, studies of the possibilities to reduce the desorption of atoms from the surface of the
nn-scattering chamber during the reactor pulse were carried out. An experimental stand comprising
an evacuation system and a vacuum measurement system with the requisite electronics has been
constructed. The stand makes it possible to produce a vacuum at a level of ~7-10” mbar, to model a
pulsed change of vacuum in bulk (for a time less than milliseconds) in a range of (107+10~) mbar
and to detect this change. A great amount of work to study the possibilities of attaining an ultimate
vacuum and the capabilities of the vacuum measurement system has been done. In 2010 it is
planned to conduct measurements with the vacuum measurement system at the JAGUAR reactor.

A facility to study surface degassing processes under exposure to a proton beam has been
designed. Studies of various types of surfaces at EG-5 are scheduled for the end of 2009 - 2010.

2.7 Work within the framework of investigations of interaction of neutrons with nanoparticles

On the cold neutron beam the concentration of hydrogen atoms in a diamond nanopowder
before and after degassing, the total scattering cross-section for hydrogen (not removed by
degassing) and its temperature dependence have been measured. The concentration was found using
the measurement of relative flux intensity of characteristic y-quanta in the n(p,d)y reaction from the
samples under study and a polyethylene sample.

It has been revealed that the amount of hydrogen in the nanopowder before and after
degassing can be expressed by the ratios CgH and C,sH, respectively. The total scattering cross-
section for a hydrogen atom in this case is ~120 barn. The variation of this cross-section as the
temperature changes from 500 K to 80 K does not exceed 3 %.

In addition, excitation spectra of hydrogen atoms in degassed and nondegassed samples have
been obtained. The obtained results suggest that hydrogen removed from the powder by pumping
and heating is in the form of water adsorbed on the surface of a sample. The hydrogen atoms, which
are not removed from the powder by pumping and heating up to 150°C, are chemically bonded to
the sp3-hybridized carbon atom.

Thus, the cooling of a VCN trap with walls containing powder of diamond nanoparticles
down to liquid nitrogen temperatures in order to suppress the channel of losses is inadvisable and
unpractical. To increase the reflection probability it is necessary either to remove/replace hydrogen
chemically bound to carbon or to cool the powder deeply down to liquid helium temperatures.

3. Theoretical investigations
3.1 On neutron surface waves

Earlier in the literature an assumption has been made that neutrons can exist as surface
waves at interfaces between different media and this can explain the known anomaly in the UCN
loss factor. For example, it has been stated that a surface neutron wave can exist on the surface of a
film with a finite optical potential, which is deposited on a substrate with an infinite potential as
shown in Fig. 13. However, from the usual Schrédinger equation
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follows that a surface wave cannot satisfy the
boundary conditions of the continuity of the
wave function and its derivative so that the
u law of conservation of energy holds true.
From the latter it follows that with no
absorption (and it is absent in a vacuum) the
wave vector of a particle must be strictly real.
Us In the case of the potential shown in Fig. 13,
| there is a solution to the equation, but it does
not satisfy the law of conservation of energy.
The states similar to surface states can exist in
Fig. 13. films with a negative potential. In this case,
however, the wave function of a neutron

describes not a surface state
but a bound one, which exponentially decreases with increasing distance from a film along the

normal and corresponds to a free movement along the film.

The question has been investigated of how elastic and electromagnetic waves differ from
neutron waves and why surface states can exist in the case of elastic and electromagnetic waves.
The main difference is in the formulation of boundary conditions. In the case of neutron waves the
boundary conditions follow from the Schrodinger equation, and for elastic and electromagnetic
waves the boundary conditions are formulated basing on additional requirements: from the
continuity of normal components of the stress tensor for elastic waves and from the necessity to
satisfy the Maxwell equations for fields in the case of electromagnetic waves.

3.2 Limits on a nucleon-nucleon monopole-dipole coupling from spin relaxation of polarized
ultracold neutrons in traps

In elementary particle physics a search has been on for a long time for a hypothetical
pseudoscalar particle axion, which gives rise to a P- and T-odd monopole-dipole interaction
(on)gV (r) between spinor particles and matter. Here 6 is the vector of Pauli matrices, n=r/r is
the unit vector along the radius of the vector between a material particle and the axion, g is the
dimensionless coupling constant, and V' (r) oc exp(—r/1) is the function exponentially descending at
a distance A . The search for axions have not met with success yet, and limits for g and A values
are set in laboratory experiments. The present work studies how an axion interaction affects the
depolarization of ultracold neutrons at their reflection from the walls of storage traps under a weak
external field. The results of the calculations have led to a new curve characterizing the limits of
coexistence of g and 4.

%

” 12 field is 0.01 G. In both cases it was assumed
s . thgt neutrons are stgred in a trgp with lcm-
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This curve in Fig. 14 is denoted by number 6
if the probability of neutron spin-flip is
estimated to be 10° at an external field of
50 G and by number 7 when the probability
of neutron spin-flip is 4x10~ and the external



3.3 Investigation of neutron refraction and reflection effects in the medium with polarized nuclei

The effects of refraction and reflection of initially nonpolarized slow neutrons in the
medium with polarized nuclei have been studied. In this medium a neutron beam is characterized by
two refraction indices corresponding to neutron spin projections onto the nuclear polarization
vector, which are (+1/2) and (-1/2). It has been shown that having regard to this fact at a nonzero
angle of incidence on the interface between the medium with polarized nuclei and vacuum, a
nonpolarized neutron beam is spatially split into two neutron beams completely polarized in
opposite directions. The angle between the refracted polarized beams increases with decreasing
neutron energy and when approaching grazing incidence. It has been demonstrated that under
conditions of total internal reflection for one of the refraction indices the reflected and refracted
neutrons are completely polarized in opposite directions along and against the nuclear polarization
vector.

Numerical estimations for a liquid-hydrogen completely-polarized target have been
performed. At an angle of incidence of 85° and neutron energy of 10~ ¢V the angle between the
refracted neutron beams completely polarized in opposite directions is of the order of 1.5° and in
principle, the corresponding beams can be spatially split.

4. Applied research

4.1 Applied research at IREN

At the IREN facility the measurements of the flux of thermal, resonance and fast neutrons
were carried out using the activation technique. Activated samples (Au, Cu, In, etc.) were placed on
the moderator surface. Upon irradiation gamma-quantum spectra were obtained with the help of a
semiconductor high-resolution detector.

The resulting values were as follows: resonance neutron flux — 2.5-10° n-cm™s™; thermal
neutron flux ®,=2.0-10" n-cm™s™"; fast neutron flux @ st =2.0-10" n-cm™s™". These values are in

reasonably good agreement with the results obtained on the extracted neutron beam.

In addition, irradiation of geological samples from Mongolia was done to determine rare
metal content in the ore. The results of the measurements were forwarded to the Mongolian
Academy of Sciences. These investigations will be continued.

In 2009, works using IREN as a bremsstrahlung source were started. The FLNP specialists
have performed the calculations of gamma-quantum intensity and estimated the yield of Mo and
17mgn isotopes that can be used for medical purposes (G.G.Bunatyan, V.N.Nikolenko, A.B.Popov,
JINR Communications E6-2009-182). The results of the calculations are supported by the data
obtained at the microtron. The prospect of enhancing the isotope yield with an increase in electron
energy has been shown.

An experiment on irradiation of a number of elements by gamma-quanta has been carried
out. In this experiment an electron beam struck a 2mm-thick tungsten target. Gamma-quanta
produced as a result of electron deceleration hit Sn, Au, Cu, Zr samples. The aim of the experiment
was to determine the gamma-quantum flux. The obtained data are in qualitative agreement with the
data gained at the FLNR microtron. In addition, an attempt has been made to determine the yield of
the isomeric state ''"™Sn (T1,=14 days), which is of interest for use in medicine. This work has
been performed in cooperation with an employee of the research center NECSA of South Africa.
The obtained data call for more thorough investigation.



4.2 Nuclear-physical analytical techniques based on charged particle beams

In 2009, nuclear-physical analytical techniques on the basis of charged particle beams of the
EG-5 accelerator were used for important applied studies. In modern microelectronic and
semiconductor devices rectifying and nonrectifying (ohmic) junctions are formed using metal films
deposited on the surface of a semiconductor. After depositing a metal film on single-crystal silicon,
thermal annealing is usually applied in the course of which both heterodiffusion processes and
chemical reactions of interaction of metal atoms with silicon atoms resulting in the formation of
chemical compounds (silicides, intermetallides) are possible in the film-semiconductor system. The
physical and chemical structure of the phase interface formed in the process of annealing in many
respects determines electric properties of metal-semiconductor junctions. It is suggested that
refractory metals Nb and Ti be used for junctions of semiconductor devices.

As a result of the conducted investigation the phase formation processes and redistribution
of components in the Nb-film — single-crystal-silicon system have been studied.

Thus, nondestructive nuclear-physical analytical techniques make it possible to gain rather
important information on the chemical content and structure of nano-sized layers of the materials
used in modern technological processes for production of semiconductor and microelectronic
devices.

2500

Fig. 15. Rutherford backscattering spectrum of

Hyo6uit | . . .. . 7.

2000 E 2035 MoB /o helium ions from a sample containing a niobium
5 0 170° layer (170 nm) and a titanium layer (263 nm) on a
F 1500 1 silicon substrate.
Q
3
a i Kucnopog ]
g 1000 / KpemHuit Turak
X /
0
m

500 .

0

T
200 400 600 800 1000
Homep kaHana

4.3 Analytical research at the IBR-2 reactor

Preparation for accreditation of the NAA Sector

In 2009, within the framework of the project for technical cooperation with [AEA
«Harmonization of quality control systems according to ISO-17025 and international standards in
nuclear analytical laboratories of the Russian Federation» in the NAA Sector the preparation for
accreditation scheduled for 2011 after the IBR-2M reactor startup continued. The basic
documentation package was prepared, major repairs of the chemical laboratory were made, a part of
the equipment for the chemical laboratory and the radioanalytical complex REGATA at the IBR-2
reactor was purchased with IAEA financial support.
Development of the NAA Sector experimental base
IBR-2M Work to improve the spectrometric and service equipment of the REGATA facility and
chemical laboratory continued. Natural radiation background measurements in different rooms of
the Laboratory building including a bomb-proof shelter were conducted with the aim of finding a
place for carrying out measurements of natural and anthropogenic radioactivity of samples.




IREN A design of pneumatic transport system for NAA studies at the IREN facility was developed
by the FLNP Design Department in cooperation with «Development and Application Base in
Physics (DAB-Physics)», Sofia, Bulgaria.

Biomonitoring
In 2009 a series of studies and publications in the framework of the international program

«Heavy metal atmospheric deposition in Europe — estimations based on moss analysis» was
completed. These studies cover some regions in Central Russia (Vergel et al., 2009) and South
Urals (Pankratova et al., 2009), Belarus (Frontasyeva, Aleksiayenak et al., 2009), Bulgaria
(Marinova et al., 2009), Slovakia (Meresova et al., 2009), Serbia (Krmar et al., 2009), Croatia
(Spiric et al., 2009) as well as Mongolia (Baljinnyam et al., 2009) and Vietnam (Nguyen Viet et al.,
2009). A large methodical study on calibration measurements of element content in atmospheric
deposition and moss-transplants used for assessment of atmospheric deposition of heavy metals and
other elements has been completed and published. The work has been performed in cooperation
with the Institute of Physics in Belgrade, Serbia and the Norwegian University of Science and
Technology in Trondheim (Anicic et al., 2009).

Ecosystem condition assessment

In 2009 the two-year RFBR-Romania project «Geochronology and retrospective study of
pollution of unconsolidated sediments from oxygenated and anoxic territories of the Western Black
Sea» was successfully completed. The results of the performed investigations were printed in seven
publications in international peer-reviewed journals. A series of studies was submitted to the 2009
JINR Annual Competition in the category «Scientific-and-Technical and Applied Research» (Duliu,
Frontasyeva, Culicov et al., 2009). The cooperation with Mongolian scientists was continued within
the framework of the RFBR-Mongolia project «Development of a system of complex monitoring of
heavy metals and radionuclides in Mongolia using nuclear-physical analytical techniques». The
results were reported at several international conferences (e.g., N.Baljinnyam, Sh.Gerbish et al.,
2009). N.Baljinnyam's study won the First Prize at the Young Scientist Contest for Best Research at
the Central European International Conference ECOpole'09 in Piechowice, Poland. In 2009, the
State Prize of the Government of the Republic of Macedonia was awarded to the research work
conducted in the NAA sector in collaboration with the Macedonian and Slovenian specialists on the
creation of the geochemical Atlas of one of environmentally unsound areas in Macedonia. In 2009
the data of the Atlas were published as an article in «Journal of Hazardous Materials» (Stafilov et
al., 2009). In the framework of the joint study in cooperation with the Chair of Ecology of Dubna
University the effect of motor transport on the chemical composition of soils in territories adjacent
to highways has been investigated by the example of Dubna and Moscow (Sudnizyn et al., 2009).

Food products and human health

In 2009 at the reactor of the Moscow Engineering Physics Institute (Moscow) the analysis of
food products in the framework of the NAA Sector-NESCA (South Africa) project «Comparative
Nuclear Physics Analytical Studies of Consumption Effect of Food Products Grown in Some
Industrial Regions of Russia and South Africa on Children’s Health” continued. The results of
bioaccumulation of chemical elements by vegetables on technogenically polluted territories of the
Tula Region (Gorelov et al., 2009) are presented in the Agrochemistry journal. In 2009 in the
framework of the IAEA coordination program «Impact of Toxic and Potentially Toxic Elements on
Women of Reproductive Age in Developing Countries» work on multielement analysis of blood
samples of specially selected patients from one of the industrial districts in Moscow carried out in
cooperation with the RF State Medical University (Moscow), Analytical Center of Geological
Institute, RAS and the I.M.Sechenov Moscow Medical Academy was completed and published in
the journal «Public Health and Disease Prevention» (Ilchenko et al., 2009). These studies supported




the hypothesis of a correlation between concentrations of such toxic elements as lead, zinc and
stibium with the body mass index of examined patients.

Biotechnologies

Work in the field of biotechnological methods of removing toxic elements (mercury,
chromium, etc.) from the environment is carried out by the NAA Sector in collaboration with
E.Andronikashvili Institute of Physics (Tbilisi, Georgia) and I.Chavchavadze State University
(Thilisi, Georgia). New results on the use of natural bacterial strains extracted from basalt rock to
reduce toxic chromium (VI) to nontoxic chromium (III) were published in 2009. The element
composition of a series of Arthrobacter oxidans samples under the complex action of chromium
and mercury was determined by neutron activation at the research reactor at the Delft University of
Technology (Netherlands). The preliminary results were reported in December, 2009 at the
International Conference BioMicroWorld’2009 (Lisbon, Portugal). In 2009 work to master the
techniques of production and detection of nanoparticles of gold, silver and cadmium sulfide in
biomaterials started.

Materials science

Synthesis of fine-crystalline diamonds

In cooperation with the specialists from the Institute of Solid State and Semiconductor Physics of
NASB (Minsk, Belarus) a chapter of the book «Diamond and Related Materials» (USA) devoted to
the investigation of the behavior of defects in fine-crystalline diamonds under neutron irradiation in
the presence of catalysts (Dutov et al., 2009) has been prepared and submitted for publication. A
preparatory stage of work within the framework of the project of 2009-2010 to study the role of
trace impurities in the process of synthesis of boron nitride crystals has been carried out.

Radioecology
The method of moss-biomonitors was applied in Belarus for the first time to estimate

atmospheric deposition of radioactive nuclides 20 years after the Chernobyl accident. The
measurements of long-lived radioactive nuclides — nuclear fuel fission products — were performed
together with Slovakian specialists in the Low Background Laboratory of Bratislava University in
2008-2009. A part of the collected samples was analyzed by NECSA (South Africa) specialists. It
has been shown that '*’Cs activity levels in mosses collected in the territory of the Gomel Region
are 4 times higher than the background level. An increased content of '°Pb was also noted. The
results were presented at the S5th International Workshop on Biomonitoring of Atmospheric
Pollution (BioMAP-5) in Argentine (Frontasyeva, Aleksiayenak et al., 2009).

Training

On the basis of the REGATA facility, training courses were organized for senior-year
students of the University of Dubna and for students of International Summer Schools held by the
JINR University Center (from Bulgaria, Czech Republic, Slovakia in July and from the Republic of
South Africa in September-October, from Egypt in October-November). During the reported period
two term papers, one bachelor’s degree paper and one master’s degree paper were performed in the
NAA Sector. A Reference Manual on NAA for training courses at the REGATA facility
(Frontasyeva, 2009) has been prepared.



1.2. HEUTPOHHAS SIIEPHASI ®U3UKA

BBenenne

B 2009 B JIH® OUSUN Obina BBeAeHaA B CTPOH IepBas ouepeab WMITYJILCHOTO MCTOYHHKA
pezoHaHcHbIX HelTpoHoB MPEH. Omnpenenensl napaMerpsl 3TOH yCTaHOBKM B TEKyLIEH
KOH(Urypanuu, Hadaiauch pabOThl MO TMOATOTOBKE M MPOBEICHHMIO dKcrnepuMmeHToB Ha MPEH.
Taxoke IpoIoIKIINCh METOIUYECKUE pabOThl MO MOJArOTOBKE YKCIEPUMEHTOB Ha peaktope WBP-
2M, Bemuch wucciuenoBanus Ha yckoputene OI-5. OcHoBHas dYacTh (GyHIAMEHTAIBHBIX |
MPUKIAJHBIX HCCIENOBAaHUNA B OOJIACTH HEUTPOHHOM sJepHOW (U3MKKM NPOBOJWIACH HA
HEUTPOHHBIX My4YKaXx SACPHBIX IIeHTpoB Poccun, I'epmanunu, PecyOnuku Kopes, Kurtas, ®paniun.
PaGoTel BenMch B TPAJUIMOHHBIX  HANpPABICHUSAX: M3YYCHHE MPOIECCOB  HAPYLICHHUS
MPOCTPAHCTBEHHON M BPEMEHHOM YETHOCTH MPHU B3aUMOJICHCTBUU HEUTPOHOB C SAPAMU; U3YUCHUE
mpouecca JEJIEHUs; SKCIEPUMEHTAIBHOE M TEOPETHUYECKOE HCCIIEJOBAHUE DJIEKTPOMArHUTHBIX
CBOMCTB HEWTpoHa ® ero Oera-pacmaja; TamMMa-CIEKTPOCKONHUS  HEUTPOHHO-SIIEPHBIX
B3aUMOJICHCTBUM; CTPYKTypa AaTOMHOIO sI/Ipa; TMOJYYE€HHE HOBBIX JAHHBIX JUISI PEAKTOPHBIX
MPWIOKEHUH M Uil SOEpHOM acTpO(U3HUKHU; SKCIEPUMEHTHI C YJIbTPaxOJOAHBIMU HEUTPOHAMU;
MIPUKJIaIHBIE UCCIIEI0OBAHUS.

1. PazBurtue nepBoii ouepenu ycranosku UPEH

B suBape 2009 ronma ObL1 3aBepIIeH MOHTAX IOCJIETHET0 y4yacTKa 3JIEKTPOHOBOJA B MHUIIEHHOM
3ane ycraHoBkn WMPEH wu ocymiecTBieHa mnpoBOJKa Nydyka YCKOPEHHBIX JJIEKTPOHOB 0
HEpa3MHOKAIONIeW HEUTPOHONPOU3BOIALICH MHIICHH. B TedyeHue roga mpoBOIWIMCH PabOTHI MO
HaJaJKe M Pa3BUTHIO OTIENbHBIX CHUCTEM YCKOPHUTEIS W MUIICHHOIO KOMIUIEKCA, ONTHMH3ALMH
PEKUMOB  pabOThl MAarHUTOONTHYECKUX DJIEMEHTOB CHUCTEMbl TpPAaHCIOPTUPOBKU  ITydYKa.
[TapannensHo ocymiecTBiIsIach padoTa YCKOPUTEII HAa HEHTPOHHYIO MUIIEHb JJISl KCIIEPUMEHTOB
Ha BBIBEJICHHOM HEUTPOHHOM ITyuyke M MpUKIaAHbIX uccienoBaHuil. K xonmy 2009 rona Obuin
JOCTUTHYTBI CIEAYIOIINE apaMeTphl:
CpenHsist sHEeprusi yCKOPEHHBIX 31eKTpoHOB — 30 MaB;
NMnynbCHBIN TOK HA MUILIEHH — 3 A
— Yacrora noBTOpeHUst UMIYJIbCOB — 50 I'11;
VHTerpanbHblii BeIXos Helitponos — 7,7-10' n/c;

Ha pucynke 1 noka3aHbsl SKCIIEpUMEHTAIBHO W3MEPEHHBIE CIIEKTPbl HEHUTPOHOB Ha
nposieTHOH 6a3e 10 MeTpOB TPEThEero 3KCIEPUMEHTAIBHOIO KaHaa.



Neutron flux density at the sample position (IREN beamline #3) January -December 2009

—o— neutron flux density Jan 23 2009
—o— neutron flux density Mar 19 2009
—+— neutron flux density May 21 2009
—<— neutron flux density Dec 19 2009
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Puc. 1: ciektpanbHasi TNIOTHOCTH ITOTOKA HEHTPOHOB (M3MEpEHHs B MEPHOA SHBaph — Aekadpb 2009r.)

[Ipu paspaboTke HeHTpoHOIpoU3BOIALIEH HepazMHOXkawmeld mumenu B 2007-2008 r.r. Obuin

BBINIOJTHEHBI PACUYEThl JJIUTEIBHOCTH HEUTPOHHOTO MMITYJIbCA HA MOBEPXHOCTH 3aMEIIUTEINs JJIs

pa3HbIX AMANa30HOB YHEPrUM HEUTPOHOB U 3Heprernueckoro paspemenus UPEH s nponerHoit

6a3p1 10 meTpoB (pucyHku 2 u 3).
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Neutron Flux from Moderator Surface

Time, usec

Puc. 2: [InuTenbHOCTh HWMITyJhCAa HEHUTPOHOB HAa TOBEPXHOCTH 3aMEUINTENS TOJIIMHOW 5 cM mis
JIrana3oHoB sHepruu HetpoHos 1-10 3B, 10-100 3B u 100-1000 »B. J[nuTenbHOCTh UMITYTIBCA SIEKTPOHOB
200 uc. CrutonTHbIe KPUBBIC — aHATUTHIECKUI pacyeT, TOUKd — pacier MCNP.
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Puc. 3: CpaBHenue »HepreTuaeckoro paspemenus MbP-30 ma mponernoit 6a3ze 100 metpoB m UPEH nHa
nposetHoi 6a3e 10 MeTpoB. YUTEHO TONBKO HHEPreTHYECKOE pa3pelleHre, CBSI3aHHOE C JUIMTEIbHOCTHIO
AMITyJIbCa OBICTPBIX HEUTPOHOB U BIMSHUEM 3aMeITUTEIS.

OKcIepUMEHTaJbHAs OLIEHKa HSHEPreTHYecKOro paspelleHus ObUla BBINOJIHEHA B
skcriepumentax Ha WPEH (cm. pasgen «Okcnepumentst Ha WPEH») u  Mmoxer ObiTh
MPOMJLTIOCTPUPOBAHA CPABHEHUEM BPEMSIMPOJICTHBIX CHEKTPOB TraMMa-KBaHTOB IIOCIIE 3axBara
HEHTPOHOB siapamu ' Ta (PHCYHOK 4).
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2. DKcnepuMeHTAJIbHbIE UCCJIeI0BAHUSA

2.1 Ixcnepumenmut na HPEH.

Ha nyuke HeittpoHoB wucrounuka HWPEH mnpoBenensl H3MepeHUs pagudallMOHHOTO 3axBara
HEHUTPOHOB. JIETEeKTOPOM CIY>KMIJ KUAKOCTHBIN CHUMHTWILIATOP (71,y) — AeTekTop oobemom 250
JUTPOB, COJEpKAIIMi HIECTh HE3aBHUCHUMBIX CEKUMH. Perncrpupyromias 3J€KTpOHUKA MO3BOJISET
OpPraHU30BBIBaTh PEXHUM COBMAJCHUN JI000M KpaTHOCTH. B KkauecTBe MHIIEHEH B NEPBBIX
M3MEpeHUsX ObUIM HMCIIOJIb30BaHbl TaHTall, cepeOpo u mMeab. OnHOM U3 3a1ay ObLIO OmpeeeHne
IUIOTHOCTH TIOTOKAa HEUTPOHOB B AKCIEPUMEHTAJIbHOM MaBwiIboHE Ne 52, rae pacnosaraics
nerexktop. Ha Puc. 5 mokazan y4acTok criekTpa 1mo BpeMEeHH IPOJIeTa, CHATHIN (71, ¥ ) - IE€TEeKTOPOM
c cepebpsiHoil (honbroil B KadecTBe MUICHHW. J[s ompeneneHus TOTOKa HCIOIh30BAIOCH
COOTHOIIEHUE

Y N= F(E)gy%A

3nech ZN -4UCII0 OTCUETOB IO IUIONIAJIM PE30HAHCA 3a BpeMs U3MepeHus, F (E )- YHUCIIO0
HEHTPOHOB, MaJaBIIMX HA BCIO IUIOMIAIb MHIICHH 33 BPEMsI M3MEPCHHS, &, - 3 HEKTHBHOCTD
peructpauuu (n,y ) — peakuuu, I, u I' - paqnannonHas v mojiHas IMPHHA PE30OHAHCA, A — OIS
3aXBaYCHHBIX HEHTPOHOB, Ompe/einsemMas Kak QpyHKuus napamerpos pesonanca, I, I', A — Tabu.

napameTpsl.
N3BecTHBIE mapamMeTpbl PE30HAHCOB U TMOJIYYEHHBIE B M3MEPEHUU ITUIOMIAM PE30HAHCHBIX MHUKOB
TIO3BOJIMJIA OIIPECACIINUTD BEIINYUHDBL
D> N-T
F(E)e, = ~—

Y
I A
I[J'IH psAa pe30HaHCOB. OTCIO,Z[a 6BIJ'II/I MOJIYUCHBI 3HAYCHUS IIJIOTHOCTH ITIOTOKA HeI>’ITpOHOB B 3. 52
(L=58m).
0,22
9
E"

2
H/cM-cekdB

¢(E) =

DHepreTHuecKas 3aBHCHMOCTh MOTOKa Buaa E° XOpOIIO COracyercs ¢ pacdeTaMd u
aHAJIOrMYHBIMU U3MepeHusimu Ha MBP-30.

st Gonee AeTanmbHOM OIEHKM pa3peliaroiieil cnocoOHocTH B dKcrepumerTax Ha MPEH
rpu OoJiee BHICOKOM 3HEPTUU OBbLIU MPOBEACHBI U3MEPEHUs ¢ MEAHON MuUlIeHb0. M3Mepenus Obun
BBITIOJTHEHBI C JABYMsI MIMPHHAMH BPEMEHHBIX KaHAJIOB B O0JIACTH BBICOKHX JHEPIrHil HEUTPOHOB(1
MKkc u 250 HC). BumHO Xoporiee pa3penieHre pe30HaHCOB B 00JIACTH SHEPTUH J0 HECKOJIbKHX KOB
(cM. Puc. 6).
J1J11 KOMITJIEKCHOM MPOBEPKU pabOThl HEUTPOHHOTO UCTOUYHUKA U CUUHTHIUISIIHOHHOTO JIETEKTOpA C
Y-KOHBEpTEPOM Ha BpeMsmposieTHOW 6a3ze 60 M, ObUIO BBIIOJIHEHO H3MEpPEHUE MPOIYCKAHHS
HEHTPOHOB wepe3 obpaser '~ Ta TONIMHON 2 MM. 3aTeM CIIEKTDHI HEHTPOHHOH TPAHCMHCCH B
nuanaszone 10 450 3B Obutn mpoduTHpoBaHBl ¢ TOMOIIBI0 R-MarpuyHOoro opmanusma ¢ 1embio
MOJTyYEHUs TApaMETPOB HEUTPOHHBIX pe30HAHCOB. [lonyueHHbIe 3HaUeHUS TapaAMETPOB U3BECTHBIX
PE30HAHCOB XOPOILIO COOTBETCTBYIOT TaOJIMYHBIM 3HAUYEHUSAM. YYacTOK TPAHCMHCCHOHHOTO
cnektpa or 5 mo 100 3B mpencraBimen Ha Puc. 7. Takum o00pa3zoMm, 3SKCIEPUMEHTAIBHO
MIPOJIEMOHCTPUPOBAHA BO3MOXKHOCTh 3HAUUTEIBHOTO PACHIMPEHHUS SHEPTeTUYECKOro uara3oHa
M3MEpEHUIl HEUTPOHHBIX c€YeHUH 1o cpaBHeHMIO ¢ MIBP-30.
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2.2 HU3mepenue P-neuemnoit acummempuu évijiema y-K6aHmMoe peaKyuu "B(n,a))’Li * ' Li+y
boutn mpomoimkeHsl HccnenoBanus P-HeYeTHON acUMMETPUN SMUCCUU BTOPUYHBIX YaCTHUIL
B PEaKIMsIX C MOJSPU30BAHHBIMU XOJIOJHBIMH HEHTPOHAMM Ha JIETKHUX sIpax Li u '°B ¢ nensio
W3Y4YEeHHs] HEUTPAIbHOTO c1ab0ro TOKa B HYKJIOH-HYKJIOHHOM B3aMMOJEWUCTBUU. Pe3ynbTaThl Ha
TEKYyIIUHA: ACHUMMETpHUs BbUIETa TPUTOHOB B PEAKIIUU 6Li(n,oz)3H aéupfgdd = —(88 x21) - 10'8;
ACUMMETpHS BbLJIETa TaMMa-KBaHTOB B sIIEPHON peakluu 10B(n, a)7Li oy —>7Li(g.s.) a'%8 Podd =



+(0.843.9)-10"%. C ncronp30BaHuEM STHX BEITHUYHH B paAMKaX KJIaCTEPHOI MOJIE/TH Oblia H3BICUYCHA
KOHCTaHTa ciaaboro HeifrpampHoro Toka: fi° < 1.1 - 107 and £'% < 2.4 - 107 (90%
yp.znocToBepHOCTH). O6a 3THX pe3yIbTaTa MIPOTHBOPEUAT «Iyumemy» 3uadennio DDH f,”°" = 4.6
-107".

B okts6pe-nHos6pe 2009 r. ObUT MPOBENCH HOBBIN AKCIEPUMEHT MO U3MEPEHHIO alOBp—odd.
50-cyTouHOE M3MEpEHUE BBIOJHEHO Ha My4YKe XOJOIHBIX MOJSPU30BAHHBIX HEHTPOHOB peakTopa
NJUI, I'pero6ab. OCHOBHBIM OTIMYUEM 3TOTO AKCIEPUMEHTA OT MPEAbLIYIIUX ObLIO YIydIleHHE
TreOMETPUM: €CIM paHee OOpHas MHUILEHb YCTAHABJIMBAIACh HA HEHTPOHHOM IydKe Iepen
JNETEKTOpaMH IPsIMO B BO3AYXE, celuac MOMEIanach B 3allOJHEHHBIN T'€IUEM HEHTPOHOBOA. JTO
nmo3Bojimio Ha 20 TmTpPOIEHTOB CHU3UTH oOOmuid ¢GOH ©  yIy4IIUTh BIBOE€ TOYHOCTD.
[IpenBapuTenbHble pe3yibTaThl OCHOBHOTO 3KCIIEpUMEHTa (0€3 MONpaBoK Ha MOJIPU3AIMIO MTyUYKa
B cpemHmii KocuHyc yria Boitera): —(1.60+2.01)-10™. IIpoBemeH Takxke «HyIIb»-IKCIICPUMEHT:
—(1.01£1.25)-10®. Pesynbrarsr 06paGaThIBAIOTCA.

2.3 Hccneoosanus peakuyuii (n,p), (n,anvgha)

[Iponomkeno uzyuenue peakiuii (n,p), (n,ampda) Ha OBICTPHIX HEUTPOHAX. DKCIIEPUMEHTHI
MpOBOJATCS Ha yckopurenax Ban-ne-I'paada OI'-5 B Jlaboparopun Heitrponnoit ¢pusuku OUAN n
OI'-4,5 NuctutyTta QU3MKKN TsDKENbIX HOHOB [IeKMHCKOTO yHHBEpCUTETa COBMECTHO ¢ IlekmHCKuM
YHUBEPCUTETOM I[IPU Y4YaCTHUU COTPYIHUKOB Jlom3unckoro (ITompma) m  MOHroabCKOTro
HallMOHAJIBHOTO YHHBEpCcHUTETOB U OK-Pumkckoit HarmonansHoM taboparopuu, CIIIA.

JlaHHBIE O PEaKIMAX C BBUICTOM 3apsKEHHBIX YACTHII, BEI3BAHHBIX OBICTPHIMU HEMTPOHAMH,
IIPEICTABISAIOT 3HAYUTEIBHBIA MHTEPEC KAK IPU CO3JAaHUM KOHCTPYKLIMOHHBIX MaTEPHUAJIOB I
SJIEPHOM DHEPreTUKH, TaK W INPU HM3YUYEHUU MEXAHU3MOB SJACPHBIX PEAKUHUH U OIpENeICHUU
IIapaMeTpOB ONTHYECKOrO MOTEHIHANA.

AHaJTH3 CyIECTBYIONMX KCIEPUMEHTANBHEIX JaHHBIX JUIst u30TomoB 'Sm, '*Nd, **Mo
MIOKa3bIBa€T, 4YTO OOJbIlAs YacTh HPEJCTABICHA M TEIUIOBBIX W PE30HAHCHBIX HHEPIruit
HEHUTPOHOB, a Tak ke B obnmactu E,~14 M»aB. B To xe Bpems B obnactu sHepruil HeHTpoHOB 1-7
M>5B naHHBIX TpakTH4ecKd HeT. Pesynbprarom sToro (akra sBisieTcs OOJBIIOE PACXOXKICHHE
MEX]y OLICHKaMU CEYEHUH, MPUBOUMBIMU Pa3IMYHBIMU OMOIMOTEKAMH SIEPHBIX TaHHBIX.

B pamkax mporpaMMbl COBMECTHBIX HcciefoBaHUM Ha yckoputene OI'-4.5 HuctutyTa
¢u3uku Tsbkenblx MOHOB mpu IlexuHckom yHuBepcutere (Kutaii) ObiM mpoBeleHbI M3MEpEHMs
peakmmit 'PNd(n,a)'*Ce u Mo(n, «)*Zr npn sHeprusix meiitporo E,=4.0, 5.0 u 6.0 M3B,
peakuuun Sm(n, «)'*Nd mpu E,=5.0 u 6.0 M»B. IlomyueHsl »HEpreTMYECKHE CHEKTPBI
3apshKeHHBIX YacTull. OO0paboTKa NaHHBIX U TEOPETUYECKHe pacyeTsl OblIM 3akoH4YeHbl B 2009 .
by npoBeieHbl CpaBHEHUS MOJyUYEHHBIX HAMU YKCIIEPUMEHTAJIbHBIX TaHHBIX C CYLECTBYOIIUMHU
JAHHBIMH, OLICHKaMU W MojeNbHbIMU pacuetamu (Puc. 8, 9). Heo6xoqumo oTMeTuTh, 4TO aHamms3
HOBBIX JAHHBIX O CEUEHMSIX Ha OBICTPBIX HEUTPOHAX MPOBOAMIICS COBMECTHO C HMMEIOLIMMMCS
JAHHBIMU TI0 3TUM PEaKLMIM Ha PE30HAHCHBIX HEUTPOHAX.
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Puc. 9. Ceuenus peakuuii "Nd(n, 0)"*°Ce u '"Sm(n, a)144

CETONHALIHUN JE€Hb JaHHBIMU U OLIEHKAMU

Nd B CpaBHCHUH C CYHICCTBYIOIIUMHU HA

Takoke GbLIO IPOBEACHO M3MEPEHHE MOTHOro cedenns peakuun ° Zn(n,a)**Ni npu E, =6.0
MbB, 4To sABNSETCS MPOJODKEHHEM paboT IO HMCCIENOBAHHMIO HM30TONOB Zn (MCCIEIOBAHUS
peakimu **Zn(n,0)*'Ni mpoBeneHs! panee B oGmactu sHeprumii E,=2.5+6.0 M>dB). H3mepenus
TUTAHUPYETCS MPOJIOJDKUTD IPU APYTHX SHEPTUSAX HEHTPOHOB. 3HAUCHHUE CEUEHUS Gn o= 7.3%1.1 MO.

B okTtsa6pe-nosi6pe 2009 T. ¢ MCMONB30BaHUEM MOHU3AITMOHHBIX KaMep HayaThl U3MEPEHUS
MOJIHBIX CEYCHUN U COOTHOIICHHSI «BIIEPE/Ha3a» IS peaKiuu 149Sm(n, (x)146Nd.

2.4 Hoebtii 73kKcnepumenm no Haoa00eHuIo IQhghexma ycKkopaouezocsa eeuiecmea 6 HelmpoHHoul
onmucxe.

D¢ dexrom yckopstomierocs Bemectsa (OYB) Ha3pIBalOT ONTHYECKOE SIBIEHUE, COCTOSAIIEE B
M3MEHEHUU YacTOTHI BOJHBI MPU MPOXOKJIECHUU UYepe3 MPEeTOMISIIOIIMM o0pa3el, JBUKYIIUICS ¢
yCKOpeHHeM. B cooTBeTcTBHU ¢ OOLIMMM MPUHIMIIAMHU IPU 3TOM HM3MEHSETCS U HHEprus KBaHTa
M3ITyYEHUs WIN SHEPTUS MAaCCUBHON YaCTHULIbI, €CIIH pedb UJET O MOCIEIHEN.

CymectBoBanue DYB B HeHTpoHHOI onTuke ObLIO BHEpBbIE MpoAeMOHCTpUpoBaHO B 2005-
2077rr. B skcnepumenTtax rpynmsl JIH® u MuacturyTa Jlays-Jlamxkesena (I'peno6nb, @panmms) B
3TUX paboTax METOAaMH MPELU3UOHHOM CHEKTPOMETPUU PETUCTPUPOBAIIOCH U3MEHEHUE SHEPIUn
yibTpaxoogHbix HelTpoHoB (Y XH) mpomenmux yepe3 oOpasell, ABUKYIIUNUCS C YCKOPEHHEM
HECKOITBKO JIECATKOB M/c”. VI3MEHEHHE SHEPriy COCTABIIAIO IPH STOM BennunHy nopsiaka 1070 3B,
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[Tockonbky DYB Habmogancst 1O HACTOSIIET0 BPEMEHU TOJIBKO B OJHOM 3KCIIEPUMEHTE, TO
MPECTABISUIOCh MTPUHIIUIHAIBLHO BaKHBIM 3apErHCTPUPOBATH €0 KAKUM-JIMOO MHBIM METOJIOM.
Taxoit HOBBIN 3KCHIEpUMEHT U ObLT mocTasieH B 2009r. YibpTpaxoioaHble HEHTPOHBI MPOXOIUIN
yepe3 TOHKUN (2MM) KpeMHHUEBBIM o00pasel, COBEpILIABIIMM TrapMOHHYECKOE KojeOaHue B
MIPOCTPAHCTBE C YAaCTOTOM HECKOJIBKO JIECSTKOB KoyeOaHWH B CeKyHAy. MIHOBEHHOE YyCKOpPEHHE
o6pasma nocturamo Bemmumbbl 70 Mm/c’. Bemencteie SddeKTa yCKOPSIOMErocs BEIECTBa,
HEHTPOHBI, MPOIIEIINE Yepe3 ABMKYILIMNICA TaKUM 00pa3oM oOpa3zel] NepruoJUUECKH MEHSITU CBOIO
SHEPTHUI0 U CKOPOCTh. COOTBETCTBEHHO, U3MEHIIOCh M BPEMs IpoJieTa HEUTPOHOB OT oOpasma 110
JIEeTEKTOpa.

Takoe mepuoanvYeckoe W3MEHEHHE BPEMEHH IMpoJieTa MPUBOAWIO K MOAYJISIUU CKOPOCTH
cdeTa HEHMTPOHOB BCIIEACTBHE cl1ab0il BpeMeHHON (POKYCHPOBKH HEMTPOHOB, YTO MILTFOCTPUPYETCS
pucynkom 10.

[Tpobnema, oHaKO, cOCTOsIa B TOM, YTO MPHU NEPUOTUYECKOM KosebaHUU 00paslia MEHAJIOCh
HE TOJBKO €ro YCKOpPEHHE, HO M CKOpOCTh. BclencTBre M3MEHEHHS OTHOCHUTENIBHOI CKOPOCTH
HEHTPOHOB U 00pa3la Mpo3payHOCTh MOCIEAHEr0 MEHAIACh, YTO TAaKXKe MPUBOAMIO K MOIYJISALUU
MOTOKA.

[TosTOMy M3MepeHHsl BEUCh B ABYX reoMeTpusix. B mepBoii, aMIinTy1a MOAYJISILIMK CKOPOCTH
cdera ompenensiach AByMS d(PQPEeKTaMH — HUCKOMBIM I(PQPEKTOM YCKOPSIOIIEroCs BEIIeCTBA U
CHUCTEMaTHYECKUM CKOPOCTHBIM 3¢ ¢dexkToM. Bo BTOpoil reomeTpun MOTOK MOIYJIHPOBAJICS TOJIBKO
CKOpOCTHBIM 3¢ ¢ekToM. V3MepeHuss MpoBOIWIMCH Ui Habopa YacToT KoJjebaHus oOpasia,

IPHYEM BEIMYMHA MAKCHMAIBHOTO yckopenus a_, = AQ’ ocrapanack noctosuuoii (Q =2xnf, f -

yacrora kojebanus). Kpome Toro, mist Kolm4ecTBEHHONH 0OpaOOTKM pe3yNbTaToB IMPOBOAMIACH
CHelHalbHbIe SKCTIEPUMEHTHI J1s1 KaTMOPOBKYU TITyOMHBI MOAYJISIIUH.

Pe3ynbTarsl SKCIEPUMEHTA WIUIIOCTPUPYIOTCS pUcyHKoM 11. BuaHo, uro B orcyrcTtBun OYB
(cMHHME TOYKH) aMIUTUTYJa MOIYJSIUHU CYIIECTBEHHO MEHbIIE, YeM B CiIydae, KOTJa MOIYJISIUSI
MOTOKa omnpeaensieTcs oboumu ddpdexramu. PazHOCTh U3MEpPEHH B IBYX TeOMeTpusx (cM. puc.12)
xapakTepu3yeT cam 3P dekT yckopsromerocs BemecrBa. KomnuectBeHHass 00paboTka pe3ynbTaToB
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HECKOJIbKUX W3MEPEHUI CBUAETENBCTBYET O COTJACMM HM3MEpPEHHOH BenmuuHbl 3 dekra ¢
pacyeTHOM B npeaenax ToUHOCTH 15%.

Takum 00pa3oM, d3PPEeKT yCKOPSIOMIETOCs BEIIECTBA OBbLI 3apEeruCTPUPOBAH HOBBIM METOIOM,
YyBCTBUTEIbHBIM K HU3MEHEHHI0O BpeMeHH nposieta YXH mocne ux mNOpoxoxkIeHHs uepes
YCKOPSIOIIUNCS 00paserl.

2.5 Hccneoosanusn cmpykmypul aopa.

[Tpomomxkaercst paboTa 1Mo HAKOIJICHHUIO M aHATIH3Y HH(OPMAIMH O MapaMeTpax pasIHIHbIX
siIep P PHEPTUAX BO30YKACHUS HUKE SHEPTUU CBSA3H HEUTPOHA B HUX.

BrimonHsieTcss aHanu3 OMyOJMKOBAaHHBIX JaHHBIX IO WHTEHCHUBHOCTSM JIBYXKBaHTOBBIX
KacKaJioB MpH 3axBaTe MEIJICHHBIX HEUTPOHOB B paMkax pa3paboranHoil B JlyOHe MeTOauKU
0€3MOJIEIbHOIO ONPENENCHNs IUIOTHOCTH BO30YXACHHBIX YPOBHEW M paJMallMOHHBIX CHJIOBBIX
(GyHKIUH CBA3BIBAIOIIMX UX ramMMma-mepexojoB. [lpu 5TOM BBISABISIFOTCS UCTOYHUKH OIIUOOK U
OLICHUBAETCA MX BO3MOXKHAs BEJIMYMHA B IAHHBIX I10 AI€PHBIM IMapamMeTpaM ApYrux rpymnil.

Bemonuennsii B JIH® peaHanu3 JaHHBIX IO JABYXKBAaHTOBBIM KackaJaM IIpU 3axBaTe
TEIUIOBBIX HEUTPOHOB B Mo moKasalz, 4TO H B ITOM AIpe MIOTHOCTh YPOBHEM HMEET SIPKO
BBIPAXKEHHYIO CTYMEHYATYIO0 CTPYKTYPY, & CyMMa PaJUalldOHHBIX CHIOBBIX (DYHKIUN TUMOIBHBIX
AJIEKTPUYECKUX W MATHUTHBIX NEPEXOJO0B UMEET OYECHBb SPKO BBIPAKEHHBI MAaKCUMyM B OOJacTH
YPOBHEH NPEUMYLIECTBEHHO KOJUIEKTUBHOT'O THUIIA.

[TapameTpsl annmpoKCUMAalUY MJIOTHOCTH ypoBHEN Mozienbio B M CTpyTHHCKOIO 1 CHIIOBBIX
¢byHKMi - npeanokeHHoW B JlyOHE mMony(heHOMEHOIOTHUECKOH MOJENbl0 HE MPOTHBOpEYAT
AQHAJIOTMYHBIM JaHHBIM JJIi COCEJHUX YETHO-YETHBIX cepuyeckux sep. Pasnnume mapameTpoB
s7ipa, MPeACTaBISAEMBIX MPAKCKON IPYIION U HOPBEKCKOM KoJTabopalyei moTHOCThI0 00bICHEHO
OIMOKaMH B UCIIOJIb3yEMbIX MU METOJIMKAX aHAJIN3a JAHHBIX IKCIIEPUMEHTA.

OnyOnuKoBaHbl pe3yJIbTaThl peaHaln3a HAKOIJICHHBIX BO BCEM MHUPE SKCIEPUMEHTAIbHBIX
JJAHHBIX 0 MHTEHCHUBHOCTSAM IE€PBUYHBIX TaMMa-MEPEX0J0B C HMX YCPEIHEHHUEM IO MHOTUM
HEHUTPOHHBIM pe3oHaHcaM. Bo Bcex sifpax HaOmromaercsi CTyneHdYarass CTPYKTypa B IUIOTHOCTHU
ypoBHei. [Ipu 3TOM COMOCTAaBIEHNE €€ BEIUYMHBI C AHATIOTUYHBIMU JAHHBIMH, U3BJICUCHHBIMU U3
MHTEHCUBHOCTEN KacKaJ0B, YKa3bIBAET HA BO3MOKHOE 3aBBIIICHHUE INIOTHOCTU YPOBHEHN U3 pEaKLMU
(n,2y). YacTh 3TOr0 3aBbIILIEHUSI MOKET ObITh OTHECEHA Ha HEJOCTATOYHOCTh MOJydYeHHbIX B JIHD
9KCIIEPUMEHTAJIbHBIX JAHHBIX O 3aBUCUMOCTH CHJIOBBIX (DYHKIUH AUMOIBHBIX TaMMa-IEPEX0I0B OT
SHEPTUU BO30YXKACHUS sifipa (CTPYKTYphl BONHOBBIX (DYHKIMN ypOBHEH, CBSI3BIBAEMBIX TramMma-
TIEPEXO0JIOM).

BrisiBieHa HEOOXOAMMOCTh B TMOJIYYCHUU W3 MUMEIOIIUXCS B MUPE JaHHBIX IO MapaMeTpaM
HEHUTPOHHBIX PE30HAHCOB O0Jiee TOUHOM MHPOPMAIIUU O CPEAHEM PACCTOSIHUM MEXITy HUMHU (OAUH
U3 HCTOYHUKOB CHCTEMATHUYECKON OIIMOKU OINpeAeNieHUs] TUIOTHOCTH YPOBHEM B OO0



CYIIECTBYIOIIEH B MUpPE METOAUKE OIMPEACIEHUS ITOTO sSIepHO-PU3NYECKOro mapamerpa). U, 9to
0oJjiee CyIIecTBEHHO, TpeOyeTcs J0Ka3aTeIbCTBO HAIHUMSA/OTCYTCTBUSL CYLIIECTBEHHOIO M3MEHEHUS
CTPYKTYpPbl HEUTPOHHBIX PE30HAHCOB C M3MEHEHUEM JHEPIHMM HEUTPOHOB WJIM HUX HEUTPOHHOU
mpuHel. Jas 3Toi menu paspaboTaHa W TECTHpPYeTCsl METOJUKa OIpeleieHus Hauboee

BEPOSTHOIO CPENHEr0 3HAYCHHMs HEHTpOHHOM aMrumTyabsl 4=’ u ee Hanboiece BEPOATHOM

n

nucrnepcuu. Pe3ynbrarel Takoro aHanu3a HeoOXOIUMBI 1711 PEIBAPUTEIHLHOTO BEIOOpA MUIIICHEH U
MOCHEAYIOMIE HWHTEPIpPETAlMN PE3yJabTaToOB npeamnosiaraemoro skcnepumenta Ha HMPEH mno
MOUCKY 3aBUCUMOCTH HMHTEHCHUBHOCTH TIOJHBIX TIaMMa-CIEKTPOB OT CTPYKTYypbl HEHTPOHHBIX
pe3oHaHcoB. HeoOXxonuMocTh NPOBEPKM M TAaKOM TUIOTE3bl CIENYyEeT M3 PE3yJIbTaTOB aHAIN3a
WHTEHCUBHOCTEW JIBYXKBAHTOBBIX KACKa/I0B.

2.6 Pabompul 6 pamkax noo20moeKu U NPO6EOCHUA IKCHEPUMEHIMA NO RPAMOMY U3MEPEHUIO
ceuenHusa pacceanus Heumpona Ha Heumpoune na peaxmope HAI'YAP (POALl-BHUHUT®,
2.CHexcunck)

B 2009 romy Obutn mpoBeneHbl pPabOThl CBSA3aHHBIE C WCCIEIOBAHHEM BO3MOXXHOCTH
YMEHBUICHUS JeCOpOIMM aTOMOB C IMOBEPXHOCTU KaMepbl NN-paccesHuss B MOMEHT HMILyJbca
peakTtopa. bpUT HM3rOTOBIIEH HKCIIEPUMEHTAIBHBIM CTEHJ, BKIIOYAIOIIMM CHCTEMY OTKAaYKH M
CHCTEMY M3MEpeHHs BaKkyyMa ¢ He0OXOAUMOI 3neKTpoHUKONH. CTeH/ MO3BOJISIET MOJyYyaTh BaKyyM
Ha yposHe ~7-107 MGap, MOCIMPOBATH UMITYIECHOE M3MEHEHHE BAKyyMa B 00BEMe (3a BpeMeHa
MeHee MHJUTHCEKyHbl) B auanasone (107+107) MOGap 1 perncTpupoBaTh 3T0 H3MEHEHHE BaKyyMa.
[IpoBeném OonplIoil 00BEM pabOTHI MO M3YUYEHUIO BO3MOXKHOCTEW JOCTHXKEHUS MPENeIbHOrO
BaKyyMa M BO3MOXKHOCTEH CUCTEMbI perucTpanuu n3MeHenus aasiuenus. B 2010 rogy mianupyercs
IIPOBECTU U3MEPEHMS C CO3JAHHOM CUCTEMOM perucTpaiuuu BakyyMa Ha peakrope SAI'YAP.

Pazpaborana ycTaHOBKa Ui WCCIEIOBAaHHMS IPOILECCOB JEra3allid IMOBEPXHOCTH TIOJ
JEICTBUEM ITydyKa IPOTOHOB. lccienoBaHMs pasMYHBIX THUIIOB IOBEPXHOCTEHW IUIAHUPYETCS
nposectu Ha OI'-5 B koHue 2009 — 2010 roxy.

2.7 Pabomul ¢ pamkax uccied06anusn 63aumooeticCmeus Hellmponoe ¢ HAaHOYaACMUYamu.

Ha nmyuke X0J10HBIX HEUTPOHOB OBLTH M3MEPEHBI U3MEPEHbI KOHIEHTpAllUs aTOMOB BOJIOPOJIa
B aJIMa3HOM HAHOIIOPOIIKE 0 M Iocje 00e3raXuBaHusl, IIOJHOE CEYEHUE PAcCesHUs Ha BOJOPOJE,
oCTaBIIEMCsl Tocie oOOe3raKMBaHWs U €ro TeMmiepaTypHas 3aBUCUMOCTh.  KoHIeHTpauus
M3MEpsIach 10 M3MEPEHUI0 OTHOCUTEIHHONH WHTEHCHBHOCTH MOTOKA XapPaKTEPUCTHUYECKHX ramMMa
KBaHTOB Nn(p,d)y peakuuu oT UccieayeMbIX 00pa3lioB U 00pa3iia MOIUITUIICHA.

[TomyyeHo, 4TO KOJUYECTBO BOIOPOAAa B HAHOMOPOIIKE J0 M TMOCIe 00E3raKMBaHUS MOXKET
ObITh BeIpaxkeHo oTHomeHusIMU CgH u CisH coorBercTBeHHO. [loHOE ceueHue paccessHUs aToMa
BOJIOpOJIa COCTaBIIsIET B 3ToM ciydae ~120 6apH. M3MeHeHHME 3TOTO ceyeHHs MpU U3MEHEHUU
temriepatypsl oT S00K 1o 80K He npessimaet 3%.

JIOTIOJTHUTENBHO OBUIM M3MEPEHBI CIIEKTPBI BO30YXKIEHUS aTOMOB BOJIOPOa B 00E3raKEHHOM U
HeoOe3raxxeHoM oOpasuax. [lomyueHHble pe3ynbTaThl YKa3bIBalOT HA TO, YTO BOJOPOJ, yIaJIsIeMbli
U3 TOpoIIKa MyTEM OTKAa4YkKM M MpOrpeBa, HAXOAUTCS B BHUJAE BOJBI aJCOPOMPOBAHHON Ha
MOBEPXHOCTU 00pa3ua. ATOMBI BOAOPOAA, HE YAAISIOIIMECS U3 MOPOUIKA OTKAYKOW U IMPOTrpeBOM
no 150°C Haxonarcss B XUMUYECKOW CBA3U C aTOMOM YIJIepoAa, HaXOMASIIUMCS B COCTOSTHUU sp3
TUOpUTA3AITIH.

Takum 00pa3zom, OXJIaKICHHUE IO TEMIIEPATyPhl )KUIKOTO a30Ta JIOBYILIKHU JJIsi OUY€Hb XOJIOIHBIX
HEHTPOHOB M3 aJIMa3HOIO HAHOIOPOIIKA C LENbI0 MOJABIEHHUS KaHajla MOTEPb NPEACTaBISETCS
HerenecooOpasHbpIM. st yBenMYeHHMS ~ BEPOATHOCTH  OTPAXKEHHS  HEOOXOAMMO  JIHOO
ylansTh/3aMelaTh XUMMYECKH CBSI3aHHBIM C yIJIEpOJOM BOJOPOJ JHOO BECTH INIyOOKOe
OXJIaXK/IEHHUE MTOPOIIKA 10 TEMIEPATYPHI )KUIKOTO TEITHSL.



3. TeopeTnueckue ucc/jie10BAHUA

3.1 O nHeitmpoHHBIX NOBEPXHOCHIHBIX 60TIHAX

Panee B nuTeparype ObUIO BBICKa3aHO MPEANOJOKEHHE, UYTO HEUTPOHBI MOTYT
CYyIIECTBOBAaTh B BUJI€ MOBEPXHOCTHBIX BOJH Ha rpaHUIaX pa3jiesia pa3IMuHbIX CPed, U 3TO MOKET
OOBSICHUTh M3BECTHYIO aHOMaJHMIO B KOX(QQUIMEHTe TMOTEPh YIbTPAXOJIOJHBIX HEUTPOHOB.
Hamnpumep, yTBepkaanoch, 4TO MOBEPXHOCTHAs HEUTPOHHAs BOJHA MOXKET CYyIIECTBOBaTh Ha
MOBEPXHOCTH IJICHKU C KOHEUHBIM ONTUYECKUM MOTEHIIMAIOM, KOTOpasi HalblJIeHa Ha MOJJIOKKY C
OCCKOHEYHBIM TIOTEHIIMAJIIOM, KaK IIOKa3aHO Ha pucyHke. OfHako U3 OOBIYHOTO YypaBHEHUS
[lIpenunrepa

A+ & —um)p@) =0

CleyeT, 4TO TIOBEPXHOCTHAs BOJHA HE

MOKET yAOBIETBOPUTH I'PAHUYHBIM YCIOBHSIM
u HETIPEPHIBHOCTA BOJHOBOW (YHKIUH U €€
MPOM3BOJHOM  Tak, YTOOBI TMPH  ITOM
BBITIOJTHSUICS 3aKOH COXpaHeHusl sHepruu. U3
nociacaAHero CciacayerTr, 4ro npu OTCYTCTBHUU

- TOTJIONICHUS (2 B BaKyyMe OHO OTCYTCTBYET)
| BOJIHOBOM BEKTOpP 4YacTULl 00s3aH OBITH
z
0 d CTpPOTO BEIIECTBEHHBIM.

Puc. 12.

B cnyuae moreHnuana, mOoKa3aHHOTO Ha PHUCYHKE, PELICHHE YPABHEHMs CYIIECTBYET, HO OHO HE
YIIOBJIETBOPSIET 3aKOHY cOoXpaHeHus sHepruu. CoCTOsIHMA, NOXO0XHE Ha MOBEPXHOCTHBIE MOTYT
CYHICCTBOBATH B INICHKAX C OTPULATCIIbHBIM MMOTCHIUAJIOM. O,Z[HaKO BOJIHOBAasd (1)}/HKI_II/I51 HCﬁTpOHa
B 9TOM CJIy4ae ONMCHIBAET HE IOBEPXHOCTHOE, a CBSI3aHHOE COCTOSHUE, KOTOPOE SKCIIOHEHIIUAIBHO
y6BIBaeT npu yaajJCHUMU OT IUICHKH B J0JIb HOpMaJIX U COOTBCTCTBYCT CBO60,Z[HOMy JBHXXCHUIO
BJIOJIb IIJICHKH.

bein HCCJIICAOBAaH BOIIPOC, YCM OTIHUYAKOTCA YIPYIruC H ISJICKTPOMAT'HUTHBIC BOJIHBI OT
HEHTPOHHBIX BOJH, M I[OYEMY B Cllydyae YHOPYTUX U 3JIEKTPOMATHUTHBIX BOJH MOBEPXHOCTHBIE
COCTOSIHUSL MOTYT CYyIIEeCTBOBaTh. [J1laBHOE pa3iuyue COCTOMT B (POPMYJIMPOBKE TI'PAHUYHBIX
ycinoBuil. Ecin B cilydae HEHTPOHHBIX BOJIH TPaHUYHBIC YCJIOBMS CIEAYIOT U3 CaMOI'0 YPaBHEHHS
Hlpenunrepa, TO B ciay4yae YHOPYTUX M O3JEKTPOMAarHUTHBIX BOJH TPaHUYHbIE YCJIOBUS
(hOpMYJITHPYIOTCST M3 JOTOJIHUTKIBHBIX TPEOOBAHMI: U3 HEMPEPHIBHOCTH HOPMATHHBIX KOMIIOHECHT
TEH30pa HaNpsOKEHUH JUIsl YyNPYrMX BOJH M U3 HEOOXOJUMOCTH YJOBJIETBOPUTH YpPaBHEHUSM
Makcseena 1iis IOJIEH B Cllydae 3JIEKTPOMarHUTHBIX BOJIH.



3.2 Ilpedensvt HYKNOH-HYKIOHHO20 MOHONOIbHO-OUNOIbHO20 83AUMOOCICHEU, U36/1eUeHHblE U3
oenonapuzayuu ya1ompaxoi00HblX HENPOHOE 8 106YUKaAX

B ¢usuke »srmeMeHTapHBIX YaCTHIl JaBHO
BEILyTCS IIOMCKH THIOTCTUYCCKOM
MCEBAOCKAIIPHOM YAaCTHIBI AaKCHOHA, KOTOpas
nopoxaaetr P- u T-HeueTHOE MOHOIIOJIb-AUIIOJIBHOE
B3auMozeiicTBue (on)gl (r) Mexay CIMHOPHBIMHU

9.9,

YacTUI[AMU M BEIIECTBOM . 371€Cb 6 -- BEKTOP
matpull [laymm, n = r/ 7 -- €IUHUYHBI BEKTOP BAOJb

10% R paamyca BEKTOpa MEXKIy MaTepUAlIbHOW YacTUIICH

107 | e U aKCHOHOM, g -- 0e30a3MepHas KOHCTaHTa
O.IZ aV MII'HBV m,'zl maV 0.2| meV 2DIEV

10" 10° 10° 10" 10°
%, CM OKCIIOHCHIUAJIBHO CIlaJaromass Ha pacCTOSIHUU A.

Puc. 13 [Toncku akcnoHa IIOKa HE YBEHYAINCh YCIIEXOM, U B
7a00paTOPHBIX HKCHEPUMEHTAaX YCTaHABIUBAIOT
rpaHully Ha BeIMYMHBI g U A. B Hacrosimeil paboTe HCCleOBaHO KaK BIHUSET aKCHOHHOE

B3aumozencTBus, u V(r) oc exp(—r/A) -- Gpynxuus,

B3aMMOJCHCTBHE Ha ACTIOSPU3ALMIO YJIBTPaXOJIOAHBIX HEMTPOHOB OT CTEHOK COCYJIOB XPaHEHUS
NpU HaIMYUH CcIaboro BHEIIHETO TOois. Pe3ynbraTel pacueTa NpHUBENM K HOBOW KpPHUBOWM,
XapaKTepU3yIoIleld IPaHUIly COCYLIECTBOBAaHUS g M A. DTa KpHUBasg Ha yKa3aHHOM PHUCYHKE

o0o3HaueHa THQpoil 6 B cCilydae €CiIM BEPOSTHOCTH IEPEBOPOTA CIIMHA HEHTpPOHA OIlCHEHA
BemmanHoOi 107 npu BHeutHeM mosie 50 I'c u mudpoit 7 xoraa BepoOSTHOCTH MEPEBOPOTA paBHA
4x10” u Bremmee mose pasro 0.01 Tc. IIpu 5TOM B 060MX CIy4asx MPUHAMATIOCK, YTO HEHTPOHBI
XpaHATCA B COCYZ€ CO CTEHKaMH TOJIIMHOM 1 cM M ux ckopocTh paBHa 3 m/c. [lo BepTHKanbHON
OCH OTJIOXKEH TapamMeTp, KOTOpblii oOo3HaueH 3aech g.[6]. KpuBble, oTMEUYeHHBIE APYyTrUMU

uudpaMu, MOKa3bIBaOT OrPAHUYEHUS, TT0JTyUYEHHbIE B IPYTUX paboTax.

3.3 Hccneoosanue 3Ihhekmoe npenomneHus u OmpaxceHus HeUmpoHoe 6 cpeode ¢
nONAPUIOEAHHBIMU AOPAMU.

Hccnenoansl 3(hPEeKThl MPETOMICHUS U OTPAKCHUS TMEPBOHAYATIBLHO HE MOJISPHU30BAHHBIX

MEJICHHBIX HEUTPOHOB B CpeJie C MOJSAPU30BAHHBIMU sAllpaMH. B Takoil cpene mydoK HEMTPOHOB
XapaKTepU3yeTcss OBYMs IMOKa3aTelIsIMU MPEIOMIICHHS, COOTBETCTBYIOIIMMHU TMPOCKIUSM CITHHA
HEUTpPOHA Ha BEKTOp MOJSpU3aLMH snep, paBHbiMu (+1/2) u (—1/2). [lokazano, 4To ¢ yuyeTom
sToro (¢akra, MPU HEHYJIIEBOM YIJIE MaJeHUS Ha TPAHUIy MEXKIY CPeIoill C MONSPU30BAHHBIMU
AIpaMH U BaKyyMOM, Iy4OK HE MOJSPU30BAHHBIX HEUTPOHOB MPOCTPAHCTBEHHO pacIleIlIseTcsl Ha
JIBA MyYKa HEHTPOHOB, MOJHOCTHIO TMOJIIPU30BAHHBIX B MPOTHUBOIOIOKHBIX HAMPABICHUSAX. YTOI
MEX/1y MPETOMIICHHBIMHU MOJIAPU30BAHHBIMU ITyYKaMH PACTET C YMEHBIICHUEM SHEPTUU HEUTPOHOB
U Tpu NOpUOTMKEHMHM K KacaTelpHOMY maneHuto. [loka3aHo, dYTO B YCIOBHSIX TOJHOTO
BHYTPEHHEr0 OTpaXeHHs [UIsi OJHOrO U3 TOKa3aTeslel MpeiOMIIEHUSI OTpPaXCHHbIE W
MIPEIOMIICHHBIE HEHTPOHBI MOJIHOCTHIO MOJSIPU30BAHbBI B MPOTHUBOIOIOKHBIX HATIPABICHUSX BJIOJb
Y IPOTHUB BEKTOPa MOJIIPU3ALIUY SIIEP.
[IpoBeneHbl YHUCIEHHBIC OLIEHKU IJisi Cilydas >KUJIKOBOJOPOAHOW MOJIHOCTHIO MOJISIPU30BAHHOM
mutmieHu. Ilpu yrine nanenus 85° u SHEPrUM HEUTPOHOB 10* 5B Yrojl MEXKIy Iy4KaMHu
MPEIOMIICHHBIX HEUTPOHOB, MOJHOCTHIO TMOJISPU30BAHHBIX B MPOTHBOIIOJIIOKHBIX HANPaBICHUSIX,
coctaBmsieT mopsaka 1,5°, 1 COOTBETCTBYIOLIHE MyYKH MOTYT ObITH B PHHIIAINE TPOCTPAHCTBEHHO
pa3zieneHsl.



4. IlpukaagHbie UCCIEI0BAHUSA

4.1 Ilpuknaonsie uccneoosanusn na ycmanoeke UPEH
Ha ycranoBke MPEH mnpoBogunmuce u3MepeHHs MOTOKAa TEIUIOBBIX, PE30HAHCHBIX U OBICTPHIX
HEHTPOHOB C MOMOIIBIO AKTUBAIIMOHHONW METOJUKH. AKTHBHpYeMble oOpa3isl (Au, Cu, In u ap.)
MOMEIAaNCh Ha MOBepXHOCTU 3amemnutend. [locne oOmydeHHs M3MEPSUIMCh CHEKTPbl ramMma-
KBaHTOB C TIOMOIIbIO MOJIYTIPOBOJHUKOBOTO JETEKTOPA C BBICOKUM PA3PELIEHUEM.

B pesynbraTe ObUIM MOJTYy4YEHBI CIEAYIOIIME 3HAYEHHS: MOTOK PE30HAHCHBIX HEUTPOHOB -
2.5-10° m-em’cex’'; TOTOK TemnmoBhIX HeiTpoHOoB @, =2.0-107 H-cMcek; MOTOK GHICTPBIX

HeiTpoHos @ o =2.0-10" memZcex’!. DTH 3HAYCHMS HAXOAATCS B HEIUIOXOM COTJIACHH C

pe3yibTaTaMu, OJIyYeHHBIMHA HAa BHIBEICHHOM ITy4YKe HEUTPOHOB.

Kpome, toro, Obl10 mpoOBEeAEHO OOJIyYEHHE TEOJOTHYECKHX OO0pasloB u3 MOHrommu ¢
LIETIBIO OMPEACIICHUs COJAEPKAHUS PEIKMX METAJJIOB B pyJle. Pe3ynbraTel u3MepeHuil nepeaaHsl B
Axanemuto Hayk MOHTOJIMU. DTH UCCIIEAOBaHMS OyIyT MPOI0IHKATHCS.

B 2009 romy Obun HauaTel paboThl ¢ ucnoib3oBanueM HWPEH kak wncToyHmMka
topmo3Horo uznydenus. Corpynaukamu JIH® Obutn mpoBeaeHbl pacueThl HHTEHCUBHOCTH TaMMa-
KBAHTOB M [OJTYYEHBI OLICHKH BBIXOA H30TOMOB ~'Mo 1 ' ™Sn, KOTOpbIE MOI'YT HCIIOIb30BATHCS B
menuuuHackux nensx (I.I. bynarsn, B.H. Huxkonenko, A.b. TTonos, Coobmenusst OUAN E6-2009-
182). Pe3ynbTaThl pacyeToB IOATBEPKAAIOTCA JaHHBIMHU, IOJyUYE€HHBIMU Ha MUKpOTpoHe. [lokazana
MEPCIIEKTUBHOCTD YBEJIIMYEHHSI BBIX0/]a H30TONOB C YBEIMUYEHUEM SHEPTUHU AJIEKTPOHOB.

beut mpoBeneH 3KCHEpUMEHT MO OONYYCHHIO psijia dJIEMEHTOB raMma-KBaHTamu. B sTom
9KCIIEPUMEHTE 3JIEKTPOHHBIM MYy4YOK TMoMajaid Ha MHUIIeHb U3 BOJbppaMa TONIUHON 2 MM.
[Tony4yeHHble B pe3yibTaTe TOPMOXKECHHUS IJIEKTPOHOB raMMa-KBaHTHI MOMAJand Ha oOpasmbl Sn,
Au, Cu, Zr. llenpto dKcepUMEHTa OBLIO OMpeaeieHUE IMOTOKa ramMmma-KBaHTOB. IlomydueHHBIC
JTAHHBIE HAXOJATCS B KaUECTBEHHOM COTJIaCUU C JaHHBIMH, MOJIyYEHHbIMH Ha MHUKpoTpoHe JISIP.
Kpome Ttoro, Oplna caemaHa TOMBITKA OMpENENEHUs BBbIXOAA H30MeEpa 7mgn (Typ=14 nmm.),
MIPEICTABISIONINM UHTEPEC ISl UCTIONB30BaHUS B MEIMIIMHE. DTa paboTa Obllia MPOBEIeHA BMECTE
¢ cotpyanukoMm uccienoBarenbckoro 1meaTpa NECSA u3 FKOAP. TlomydyeHHbie naHHbie TpeOyroT
0oJiee TIIATENLHOTO UCCIETOBAHUS.

4.2 Hoepno — puzuueckue ananumuyecKkue MemoOUuKu Ha 6aze NYUKo8 3aparxceHHbIX YaCmuy.
H,Z[GpHO — (bH?)PI‘ICCKHG AHAJIUTUYCCKHUEC MCTOAUKHN HA 63.36 Hy‘IKOB 3ap$I)KeHHbIX qacTull oT
yckopurenst OI' — 5 B 2009 roay uCHoiab30BaIuCh ISl PELICHHUS BaXXHBIX MPUKIAAHBIX 3a1ad. B
COBPEMEHHBIX MHUKPOUIEKTPOHHBIX U  IMOJYNPOBOJAHUKOBBIX MNpUOOpax BBIIPAMISIOIIUE U
HEBBIIPSAMIISIONMNE (OMHYECKHE) KOHTAKTHI (DOPMHUPYIOTCS C UCIOJIB30BAaHWEM IUICHOK METAJIJIOB,
HAHCCCHHBIX Ha HOBerHOCTL HOHynpOBOI[HI/IKa. HOCJIC OCAXKIACHUA MeTaHJIquCKOﬁ INICHKHW Ha
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MOHOKPHCTAITTMUECKUN KPEeMHUNH OOBIYHO MPOU3BOIAT TEPMHUECKUI OTXKHI, B XOJ€ KOTOPOTO B
CHUCTeME IUIEHKa — TMOJyIPOBOJHUK BO3MOXHBI, Kak Ipolecchl rerepoauddysuu, TaKk u
XUMHYECKHE PEaKIMU B3aUMOJACHCTBHUS aTOMOB MeETajlla ¢ aTOMaMd KpPEMHUS, MPUBOMASIINE K
00pa3oBaHWI0 XUMHYECKUX COCAMHEHHH (CUIUIUIOB, MHTepMeTaumaoB). CdhopMupoBaHHAs B
X0 OTXHra (PU3MKO - XMMHUYECKas CTPYKTypa Mex(a3HOH TIpaHHIBI BO MHOTOM OIpEEiseT
JNIEKTPUYECKUE  CBOMCTBA  KOHTAKTOB  MeETalll —  MOJYNPOBOAHMK. B KOHTakTax
MIOJTYTIPOBOTHUKOBBIX MTPUOOPOB IMpeIaraeTcsi UCIoJIb30BaTh TyromiaaBkue Metayisl Nb u Ti.

B pesynbTaTe mpoBeneHHOTO MCCIIEeNOBaHUS ObUIA M3YUYEHBI MpoIecchl (ha3000pa3oBaHus U
nepepacipeaesieH|s] KOMIIOHEHTOB B CHcTeME MIeHKa Nb — MOHOKPUCTAJUIMYECKUNA KPEMHUH.

Takum oOpa3oMm, HepazpylIalolIMe SIepHO — (PU3UUYECKHE AHATUTHYECKUE METOJUKU
MO3BOJISIIOT TOJYYUTh BECbMa BAXKHYIO HH(POPMALMIO O XHUMHYECKOM COCTaB€ M CTPYKType
HaHOPA3MEPHBIX CJIOEB MaTepUasOB, UCIOIb3yEMbIX B COBPEMEHHBIX TEXHOJIOIMUYECKUX IMpoLeccax
MIPOU3BOJICTBA MOJIYTPOBOAHUKOBBIX 1 MUKPOAJIEKTPOHHBIX MTPUOOPOB.

4.3 Ananumuueckue uccinedosanusn na peakmope UbP-2
IHoaroroBka k akkpenuTanuu cekropa HAA

B pamkax mnpoekra TexHuueckoil koomepauuu ¢ MAI'ATO «l'apmoHu3anus cuctemsl
KOHTpOJiE KadecTBa B cooTBeTcTBUM ¢ [SO-17025 w MexayHapoAHBIMU CTaHIApTaMHU B
naboparopusix Poccuiickoit denepanuu, HCIONB3YIONMX AAEPHO-(DU3NYECKHE aHATUTUYECKHE
metonb» B 2009 1. B cextope HAA npoaomkanack NOAroTOBKA K aKKpeAUTAlMU, TUITAHUPYEMON Ha
2011 rog mocne mycka peakropa MBP-2M. TloaroroBineH OCHOBHOW MakKeT JAOKYMEHTOB, CIEIaH
KanuTIbHBIA PEMOHT XHMHYECKOW Jabopatopuu, mnpu ¢GuUHAHCOBOM moanepkke MATATO
npuobpereHa yacTb OOOPYJOBaHUS Ui XHMHYECKOH 1abopaTopud M pagroaHATUTHYECKOTO
komiuiekca PEI'ATA na peaktope UBP-2.

Pa3BuTHe 3xcniepuMeHTanbHOM 0a3bl cekTopa HAA

HUBP-2M bbutu npooiKeHbl padoThl 110 yCOBEPUICHCTBOBAHUIO CIIEKTPOMETPUUECKOTO U
cepBucHoro obOopyaoBanusi yctaHoBku PEI'ATA u xumwuueckoit maboparopuu. IlpoBeneHs
U3MEpeHusl 3HaueHUil (oHa ecTecTBEHHOM paAMOaKTUBHOCTH B PA3JIMYHBIX MOMEILEHHUIX
1abopaTopHOTO KOpITyca, B TOM 4Yuciie B OomOoyoexkumnie JIHD, ¢ menpro BeIOOpa Mecta yis
NpOBEICHUS U3MEPEHUI IPUPOAHOI U aHTPOIIOT€HHON paAMOaKTUBHOCTH 00pas3IIOB.

HUPEH CosmectHo ¢ «ba3oii pazsutust u BHenpenus no ¢usuke (bPB-¢dusuka)», Codus,
Bonrapus, u Kb JIH® pa3paboran TeXHHYECKHIA MPOEKT HA U3TOTOBIEHUE THEBMOTPAHCIIOPTA IS
nposeneHuss HAA na ycranoske IPEH.

buomMoHMTOPUHT

B 2009 romy 3aBepmieH IUKI paboT W MyONHMKaIMii, BBIMOJHEHHBIX B paMKax
MEXTyHapOIHOH mporpaMMbl «ATMoc(hepHbIe BHINAICHUS THKEIBIX METAJUIOB B EBporie — oneHKH
Ha OCHOBE aHalu3a MXOB-OMOMOHHUTOPOB». OTHU pPAa0OOThl OXBaThIBAIOT HEKOTOPbIE PETHMOHBI
Hentpansuoit Poccuu (Bepreas u np., 2009) u FOxnoro Vpana (ITankpatoBa u ap., 2009),
benopyccun (Frontasyeva, Aleksiayenak et al., 2009;), bomrapuu (Marinova et al., 2009),
Crnoakuu (Meresova et al., 2009), Cepoun (Krmar et al., 2009), Xopsaruu (Spiric et al., 2009), a
takxe Monronuu (bamkunusm u 1p., 2009) u Beetnama (Nguyen Viet et al., 2009). 3aBepeiena u
ormyOJMKOBaHA OOJbIIAasi METOAWYEcKas paboTa Mo KaTMOPOBOYHBIM HM3MEPEHUSIM COACPIKaHUS
JIEMEHTOB B aTMOC(HEpHBIX OCagKaX M MXaX-TPaHCIJIAHTaX, HWCHOJIb3YEMbIX JJIsi OLIEHKU
aTMOC(EpPHBIX BBINAICHUHA TSHKEIBIX METAJUIOB M JPYTUX AJIEMEHTOB, KOTOpas Oblja BBHIMOJHEHA
coBMecTHO ¢ MHctutyToM ¢usuku B benrpane, CepOus, 1 HopBexckuM YHHUBEPCUTETOM HAyKH U
TexHonoruu B TpoHaxeiime (Anicic et al., 2009).

Onenka cOCTOSIHUS IKOCUCTEM
B 2009 rony ycnemHo 3aBepiieH AByXJeTHUH NpoeKT PODU — PymbiHckas Akanemus
HayK «['€0XpOHONOrMsl W M3y4YEHUE PETPOCIEKTHBHBIX 3arpsi3HEHUI HE3aTBEPAEBIIUX JOHHBIX



OTJIOKEHUH U3 KUCIOPOAOCOACPKALIMX U OSCKHCIOPOIHBIX aKBaTOPUH 3amajHoi yactu YepHOro
MOpPS», Pe3yJIbTaTOM KOTOPOTO SIBUJIACH MyONuKanus 7 paboT B MEXIYHAPOJIHBIX pedepUpyeMbIx
xypHanax. Llukn pador nogan Ha Koukype OUSAU 2009 rona no pazaeny «Hay4uHo-TexHu4yeckue u
npukiagaeie padote» (Duliu, Frontasyeva, Culicov et al, 2009). IIpogomkeHo COTPYIHUYECTBO C
MOHTOJIbCKUMHM ~YY4E€HBIMH B paMKkax mnpoekra PODU-Monromus «Pa3paboTka cucTtembl
KOMIUIEKCHOTO ~MOHUTOPUHIA TSDKENBIX METa/lIOB W PAaJUOHYKIWAOB B MoHronuu c
UCTIOJIb30BAHUEM SIJIEPHO-(DU3UYECKUX aHATUTUYECKHX METONOB». Pe3ynbTarThl JOKIaAbIBAIUCH HA
HECKOJIbKMX MEXIyHapoJaHbIX KoHbepeHusax (Hamp., N. Baljinnyam, Sh. Gerbish et al., 2009).
Pabora H. bamxuaHAM Obljla OTMEUeHa NepBOM MpemMuel Ha KOHKYpce pabOT MOJIOJBIX YYEHBIX Ha
entpansHO-eBpoOIIelickoil MexayHapoaHoi koHpepenunu B IlbexoBurie, [lompma. B 2009 roxy
pabora cextopa HAA B corpynHudectBe ¢ Makenonueid u CioBeHHed MmO co3laHuI0 ATiaca
3arpsi3HEHUS] TOYB TSDKEIBIMU METaJUIAaMH OJHOTO M3 SKOJIOTMYECKH MNPOOJEMHBIX PETHOHOB
Maxkenonuu 6s1a ynocroena ['ocynapcrBennoit npemun [IpaBurenscrBa PecyOonuku Makenonus.
B 2009 romy marepuansl arjaca OomyOJWKOBaHBI B BHUJIEC CTaThU B MEXKIyHapOIHOM KypHaje
«Journal of Hazardous Materials» (Stafilov et al., 2009). B coBmectHO#i pabore c¢ kadempoit
sKosiornu YHuBepcutera /[yOHa M3ydeHO BIMSHUE aBTOTPAHCIOPTa Ha XMMHUYECKHH COCTaB MOYB
Ha TEPPUTOPHSX, IPUIETAIOIIUX K aBTOMArucTpaixsiM Ha npumepe [lyoHsr 1 Mocksbl (CyaHULBIH U
ap., 2009).
IIpoayKThl NMTAHMA M 310POBbe YeJI0BEKA

B 2009 rogy na peakrope MUDU (MockBa) mpoaoKeHsl paboThl 10 aHAJINW3Y MPOIYKTOB
nutaHus B cBaA3u ¢ mnpoektoMm cektopa HAA ¢ NECSA, HOAP: «CpaBHUTENbHOE H3y4YEHUE
BO3/ICHCTBUS Ha 3/10pOBbE JEeTEl MOTpeOJIeHUs MPOIYKTOB MUTAHMS, BBIPAICHHBIX B HEKOTOPBIX
MPOMBIIUICHHBIX paiioHax Poccum m FOxHOM Adpuku, ¢ HUCMONB30BaHUEM SACPHO-(HUZHICCKUX
aHAJTUTUYECKUX METOAOBY». B KypHane Aepoxumus TpeacTaBICHBI Pe3yNbTaThl OMOAKKYMYIISALUU
XMMHYECKHX BJIEMEHTOB OBOIIHBIMH KyJbTYpaMH Ha TEXHOTEHO 3arps3HEHHBIX TEPPUTOPHIX
Tynbckoit obnactu (I'openosa u ap., 2009). B pamkax koopauHanoHHON nporpaMmMmbl MAT'ATO
«Bo3zelicTBUE TOKCHYHBIX U MOTEHLIMAIBHO TOKCUYHBIX JIEMEHTOB Ha KEHILUH PENPOJAYKTHBHOIO
BO3pacTa B pa3BUBAIOIIUXCSA CTPaHaX» COBMECTHO ¢ POCCHIICKMM rocynapCTBEHHBIM MEIUIIMHCKUM
yHuBepcuteToM (MockBa), AHamuTHueckuM LeHTpoM ['eonmormueckoro wuHctutytra PAH u
Meaumunackorr Axagemuein um. W.II. CewenoBa B 2009 romy 3aBepiieHa U omyOJIMKOBaHa B
xkypHate  «OOImECTBEHHOE  3I0pOBRE UM NPOPWIAKTHKA» paboTa TO  OMPEICIICHUIO
MHOT03JIEMEHTHOT'O aHalln3a 00pa3IoB KPOBU CIEIUATBLHO MOJOOPAHHBIX MAIIMEHTOB U3 OJTHOTO U3
MIPOMBIIITIEHHBIX pailoHOB MockBbl (Mnbuenko u np., 2009). Oty ucciaenoBaHus MOATBEPIUIN
TUMOTE3y O KOPPENAlUUA KOHICHTPAIMil TaKMX TOKCHYHBIX DJIEMEHTOB, KaK CBHMHEL, IHHK H
CypbMa, C MHJEKCOM MAacChl TeJla 00CIeyeMbIX NAalUEHTOB.

buorexHoJsiorun

PaboTel 1O OHMOTEXHOJOTMHM OYUCTKH OKPYXAIOIIEH cpenbl OT TOKCHYHBIX 3JIEMEHTOB
(pTyTh, XpOM U JIp.) BeayTcs B cektope HAA coBMecTHO co crenpanucramMmu MHcTUTyTa QU3MKN
uM. O. AuapoHukamBwin U YHuBepcurera uMm. M. YapuaBamze (TOwnucu, I'pysus). B 2009 r.
OIyOJMKOBAaHbI HOBBIC PE3YJbTAaThl 0 HKCIIOJb30BAaHHIO MPUPOIHBIX INTAMMOB OaKTEpHH,
BBIJICIISIEMBIX M3 0a3aJIbTOB, JJIsi BOCCTAHOBIIEHUS TOKCHYHOTO XpoMma (VI) B HeTOKcH4HYyI0 hopmy
xpom (III). DnemeHnTHBIi cocTaB cepunm o00pa3uoB Oakrtepuil Arthrobacter oxidans npu
KOMIUIEKCHOM BO3JCUCTBUH XpOMa W PTYTH OBUI ONpENeIeH METOJ0M HEHTPOHHOI aKTHBAIlUM Ha
HCCIICIOBATENILCKOM peaktope YHuBepcutera B Jlenbdre, Hunepmanapl. [IpenBapurenbHbie
pe3yNbTaThI I0JI0KEHBI B 1ekadpe 2009 r. Ha MexayHapoaHoi koHpepenmmnu BioMicroWorld’2009
(JTuccabon, IMopryramus). B 2009 roay HauaThl pabOThI MO OCBOCHHIO METOJIWK TOJYYCHUS U
oOHapy>KeHHsI HAHOYACTHI] 30J10Ta, cepedpa u cynbduaa kaaMusi B OnoMaTepuaax.

MarepuajoBeaeHue
Cunmes MenIKOKpUCMALIUYEeCKUX AlIMA308



CoBMecTHO co crieruanucraMu MHCTUTYTa TBEPAOroO Tejda M MOIympoBOIHUKOB benapycu
MOATOTOBJICHA W claHa B TmedaTh rinaBa KHuUTHM «Diamond and Related Materialsy (CIIA),
MOCBSIIIICHHAST HW3YYCHHUIO TOBEACHHUS Ne()EeKTOB B MEIKOKPHUCTAUIMYSCKUX ajaMmas3ax Ioj
BO3JICICTBUEM HEUTPOHHOTO OOJyYeHHs] B MPUCYTCTBUU KaTanu3atopoB ([lytoB u mp., 2009).
BrIinonHeH noAroToBUTeNnbHBIN 3Tan pador B pamkax mnpoekra 2009-2010 rr. mo u3ydeHUro posu
MHUKpOTpUMecel B MpoIlecce CUHTE3a KPUCTAIIIOB HUTpHIa 6opa.

Panuoskosorus

Briepsoie Ha Ttepputopun benapycu OblT1 IpUMEHEH METOJ MXOB-OMOMOHHMTOPOB ISt
OIICHKU aTMOC(EPHBIX BBITIAJICHUN PATUOHYKIHIOB cirycTs 20 jeT mocine YepHOoOBUILCKON aBapyH.
W3MepeHust NOArOKUBYIIMX PaJMOHYKIUJOB — MPOAYKTOB JICIEHUS SACPHOrO TOIUIMBA — OBUIM
npoBeaeHsl B 2008-2009 rT. COBMECTHO CO CIIOBAIIKUMH CICIHMAIMCTAMU B HHU3KO()OHOBOM
naboparopun  bparucnaBckoro  YauBepcurera. Yacth mpo0® ObUla  IpoaHaIM3HpPOBAHA
cenmanuctaMu NECSA B FOAP. Iloka3zaHo, 4TO YpOBHHM aKTUBHOCTH Ycs B obOpasmax Mxa,
coOpaHHBIX Ha Teppuropud I'omenbckoil obnactu, B 4 pasza mpeBbImIaioT ¢GoHoBbIE. OTMEUEHO
TaKXe MOBBIIICHHOE COJEPKAHUE 21%p. I1n pe3yabTaThl ObUTH JT0JIOXKEHBI B ceHTs10pe 2009 r. Ha
5-0M MEXIyHapOJHOM COBEIIAHHH MO0 OMOMOHUTOPHMHIY BO3AYIIHBIX 3arpszHeHuil (BioMAP-5) B
Aprentune (Frontasyeva, Aleksiayenak et al., 2009).

Y4eOHblIii Iponece

Ha ©0aze ycranoBku PEI'ATA B 2009 romy mnpoBommics IIpakTHKyM i CTYyAEHTOB
cTapmux KypcoB YHuBepcurera «JlyOHa» wu crtymeHtoB MexayHapoansix Jlernux [llkom,
opranm3yembix YHI[ OUAN (uronp — Bonrapus, Yexus, CnoBakusi; ceHTSIOpb-OKTsIOpsr FOAP,
OKTAOph-HOsI0ps — Erumer). 3a orueTHbI nepuon Ha 0aze cektopa HAA ObutM BBITIOJIHEHBI JIBE
KYypCOBBIX, O/IHa OakalaBpcKasi U OJlHa Marucrepckas padora. [logrorosneno Yae6Hoe mocobue mo
HAA nns [Ipaktukyma Ha yctanoBke PEI'ATA (®ponrtacbeBa, 2009).



2. NEUTRON SOURCES
2.1. THE IBR-2 PULSED REACTOR

Starting in December 2006 after the reactor shutdown the modernization of IBR-2 was
conducted in accordance with the “Program of activities on the IBR-2 reactor during its temporary
shutdown (2007-2010)” in compliance with the quarterly plans approved by the FLNP chief
engineer.

Activities completed in 2009

1. Installation of the reactor vessel at its work site and of in-vessel components. Loading of
dummy fuel assembly cartridges into the reactor core.

2. Installation of the movable reflector MR-3 in the operative position.

3. Replacement of a cold trap for purifying sodium coolant in loop "A" of the second reactor
cooling circuit.

4. Installation of stationary reflectors and water moderators on the trolleys of the rolling shields.
5. Installation of executive mechanisms and control units of the reactor.

6. Manufacturing and installation of an additional storage facility for the IBR-2 used fuel in the
reactor hall.

7. Installation of equipment of the cryogenic helium refrigerator KGU-700/15 and helium
pipelines between the cryogenic refrigerator and the rolling shields.
Activities still in progress according to the plan

1. Installation and stage-by-stage adjustment of the operator console on the main control panel of
the reactor.

2. Installation and adjustment of communications and power electrical equipment of the reliable
power supply system, of the power supply system of the standby control board and the heaters
of the IBR-2M cooling circuits from the standby power supply system.

3. Installation of equipment and switching lines of the technological parameters control system
(TPCS) and the automatic safety and control system (ASCS-12R).

4. Preparation to the filling of the reactor cooling circuits with a liquid sodium coolant.

5. Manufacturing of a cryogenic moderator for beams 7-11 (CM 202).

6. Installation of an experimental stand for testing transportation modes of mesitylene balls to the
cryogenic moderator.

Problems

There was an unforeseen delay in the delivery of electronic equipment of the automatic safety
and control system (ASCS-12R). The designer and manufacturer of the given equipment failed to
fulfill contractual obligations to deliver the equipment by September 01, 2009 and postponed the
final delivery of the certified complex ASCS-12R by 9 months, until the end of June, 2010. For this
reason the beginning of work on the physical start-up of IBR-2M is scheduled for September, 2010.
Building and construction activities to ensure safe operation of the reactor

1. The greater part of the work to prepare the territory in the immediate vicinity of IBR-2 to make
a local protected zone for physical protection of the reactor has been fulfilled.

2. The repairs of the rooms and the roof of the reactor cryogenic area have been completed.
Construction works in the rooms for a reliable power supply system have been completed.
4. The repairs to the rooms for the primary and standby control panels of the reactor as well as to

w



the rooms for the measuring equipment of the reactor diagnostics system have been finished.

Financing in 2009

In 2009 the financial plan allowed for 1380 k$ on the reactor modernization. The real
financing of works on the modernization project corresponded to the approved plan.

In 2010 the planned expenses on modernization will be 960 k$. In addition, a total of 1246 k$
is planned to be allocated on the creation of the system of physical protection of IBR-2M.

2.2. 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.



2. ACTOUYHUKHU HEMTPOHOB

2.1. AMIIYJIbCHBIA PEAKTOP UBP-2

Paboter mo monepuuzanuu MBP-2, Haunnas ¢ gexabpst 2006 r. mociie OCTaHOBKH PEaKTOpa,
BeayTcs B coorBercTBUU ¢ «lIporpammoii pab6or Ha peaktope MBP-2 B pexume BpeMEHHOTO
octanoBa (2007-2010 r.r.)» o KBapTaJbHBIM IUIAHAM, YTBEPKAAEMbIM TJIaBHBIM HHkeHepoM JIHD.

Pabotsl, 3aBepmiennsie B 2009 r.

1. 3akoHYeH MOHTaX KOpIyca peakTopa Ha padbouee MECTO W BHYTPHUKOPIYCHBIX YCTPOMCTB.
IIpoBenena 3arpy3ka B akTUBHYO 30HYy KacceT-ummutatopos TBC.

2. YcraHoBka nonBmxkHOro otpaxkaress [10-3 B pabodee mooxkeHue.

3. 3aMeHa XOJOJHOW JIOBYHIKM Ul OYMCTKM HATPUEBOIO TEIJIOHOCUTENS MNETIH «A» 2-T0
KOHTYpa OXJIAXKACHUS peaKTopa.

4. MoHTax CTalMOHapHbIX OTpa)kaTeJlel M BOASHBIX 3aMEUINTEIECH Ha TEJIEKKAX OTKATHBIX

3aIuT.

MOoHTaX UCTIIOJTHUTEIbHBIX MEXaHU3MOB U OPTaHOB PETYJIMPOBAHUS PEAKTOPA.

6. HM3roroBieHne W MOHTaX B PEAKTOPHOM 3ajieé JOIOJHHUTENBHOIO XpaHWIMIIA s
orpabotanHoro toruea UBP-2.

7. Monrax obopynoBanus xonoauiabHoi yctaHoBku KI'Y 700/15 u renueBbIX TpyOONIpOBOJOB Ha
Y4aCTKE MEXAY KPUOT€HHOW MAIIMHON M OTKaTHBIMU 3aIlUTaMHU.

e

PadoTsbl, npoao/LKaomuecs Mo mIaHy

I. MoHTax M mnodsranHas HajJagka IyJbTa OINEpPATOpa HAa OCHOBHOM IIyJIbTE YIIPABICHUS
pEaKTOpPOM.

2. MoHTax 1 HajnaJKka KOMMYHUKALUHA U CUIIOBOTO 3JIEKTPOOOOPYIOBaHMSI CUCTEMbI HAJIEKHOIO
MUTAHUS, CHCTEMBbl 3JIEKTPOCHAOXKEHMsS PpEe3epBHOTO INMTA YIpaBJIEHHs M HarpeBaTenei
KOHTYpoB oxJyiaxaeHus UBP-2M ot cucteMbl pe3epBHOTO 3JE€KTPONUTAHUS.

3. MoHTtax 00OpyIOBaHUS U KOMMYTALMOHHBIX JIMHUHA CHCTEMBI KOHTPOJII TEXHOJIOIMYECKHX
napametrpoB peakropa (CKTII) m aBTOMAaTu3MpoBaHHOW CHUCTEMBI KOHTPOJISI M 3alllUTHI
(ACY3-12P).

4. IloaroroBka K 3alOJHEHUIO KOHTYPOB OXJIQXACHUS peakTopa >KUJIKMM HATPUEBBIM

TEIJIOHOCUTEIIEM.

N3roroBneHue KpUoreHHoro 3ameanurens Juist nmydkos 7-11 (K3 202).

6. MOHTaX OKCHEPUMEHTAIBHOTO CTeHIA JUIsi OTPabOTKH PEXHUMOB TPAHCIIOPTUPOBKU
ME3UTUJICHOBBIX HIAPUKOB B KPUOTEHHBIN 3aMEJIUTEb.

e

IIpo6aemsl

Bo3nukna HempeaBHIEHHas 3aJiepKKa C IIOCTaBKOM  3JIEKTPOHHOTO  00OpYIOBaHUS
ABTOMATHM3MPOBAHHOMW CHUCTEMbl yIpaBieHUs W 3amurthl peakropa WBP-2M  (ACVY3-12P).
Pazpa®oTuuk M NpPOM3BOIUTENb JAHHOTO OOOpPYAOBaHMS HE CMOT BBINOJIHUTH KOHTPAKTHBIE
o0s3aTenbCTBa MO mocTaBke anmaparypsl k 01 centsiops 2009 r. u nepeHec cpok OKOHUATETbHON
noctaBku cepTudunupoBanHoro komruiekca ACY3-12P na 9 mecsnes, Ha konen utonst 2010 r. Ilo
9TOM MpUUKHE Hayano padot no ¢puszndyeckomy nycky MBbP-2M mnanupyercst Ha cenTsiops 2010 T.

12.



CrpouTtesibHbIe pad0ThI /151 o0ecnevyeHusi 0€30MAaACHOM IKCILUIyaTaAllMl PeaKkTopa

1.

[98)

BrimonnHeHa ocHOBHAs 9acTh paboT MO MOATOTOBKE TEPPUTOPHUH, NMPHUIICTAIONMEH K KOMIUICKCY
WNBP-2 nns ycTpoiicTBa TOKAIBHOM 3alUIIIEHHON 30HBI 1Jisi 00ecredeHus] PU3NIESCKON 3aIIUThI
peakTopa.

3aBepIleH peMOHT NOMEIICHU 1 KPOBJIM KPUOTE€HHOTO YYacTKa peakTopa.

3aKOHYEHBI CTPOUTENIbHBIE PAOOTHI B TOMEIIEHUSX ISl CHCTEMBI HAJIEKHOTO TTUTAHUSI.
3akoHUYEHBI PAOOTHI 0 PEMOHTY MOMEIICHUNH OCHOBHOTO U PE3EPBHOTO MYJLTOB YIPaBICHUS
PEaKTOpPOM, a TaKXKe MOMEIICHUS ISl pa3MEIICHUSI U3MEPUTEILHOTO 000pYA0BaHUS CUCTEMBI
JTUArHOCTUKHU COCTOSIHUS PEaKkTopa.

IInan pador Ha 2010 r.

1.

e

3aBeplICHHME  MOHTaXka,  MUCIBITAHUSA, HajgaJAka M [OpPUEMKa B OKCIUIyaTalHIo
aBTOMATH3HPOBAHHOW cucTeMbl ympasineHus u 3aumtbl UBP-2M (ACY3 12P), ocHOBHOTrO
PE3EPBHOIO IyJIBTOB YIIPABJICHHS PEAKTOPOM.
Hamagka W UCHBITAaHMA  SKCIEPUMEHTATBHOIO  CTEHAAa JUIsI  OTPaOOTKH  PEXKHUMOB
TPaHCIIOPTUPOBKU ME3UTUIICHOBBIX IIAPUKOB.
M3roroBneHre KPUOT€HHOTO 3aMEAIUTENs Ui HEMTpoHHBIX MyuykoB 2-3 (K3 203). MonTax
TpyOONpPOBOJIOB MOAAUN ME3UTHIIEHA JIJIsl KPUOT€HHOTO 3ameanuTens myykoB 7-11 (K3 202) u
JUIs. KPUOT€HHOTO 3aMeJUIMTEINs IMy4KoB 2-3 (MpH MOJI0KUTENbHBIX pe3ybTaTaX UCIBITAHUN Ha
AKCIIEPUMEHTAJILHOM CTEHJIE).
[ToaroToBka k (huznyeckoMy MycKy peakropa:

¢ HajaJKa ¥ KOMIUICKCHBIE MCIBITAHUS BHOBb CMOHTHMPOBAHHOIO TEXHOJIOIMYECKOIO H

AIIEKTPUYECKOTO 00OPYIOBAHUS M AIEKTPOHUKH;

¢ [IOATOTOBKA HEOOXOIMMOM OpPraHN3alMOHHON U TEXHUYECKOU JOKYMEHTAITUH;

¢ KOMHUCCHOHHas mpuemka peakropa MBP o roroBHOCTH K (hu3mycKy.
®uznueckuii myck UbP-2M.
Coznanmne cuctembl (usndeckor 3amutel MBP-2M B cooTBeTcTBUM C COBPEMEHHBIMU
IIPABUJIAMH.

®uHaHCHPOBaHHE PadOT 10 MOJAEPHU3ALMH

OUHAHCOBBIM TJIAHOM Ha paboThI 1O MojJepHU3anuu peakropa B 2009 r. mpeaycMaTpuBainuch

pacxonsl B pazmepe 1380 k$. PeanbHoe puHaHCHMpOBaHME pabOT COOTBETCTBOBAIO YTBEPIKICHHOMY
TUTAHY.

B 2010 r. mraHoBble pacxonsl Ha MojaepHu3aimio coctaBit 960 k$. JlomomHuTensHO

iaHupyetcs Beiaenenue 1246 k$ Ha co3ganue cuctemsl pu3nueckoi 3ammthl IBP-2M.

2.2. YCTAHOBKA UPEH

B cootBerctBue ¢ pemenueM gupekiuu OUMAUN no peanusanuu MPEH B Heckonbkux

3TanoB, ObLIN 3aBEPILIEHBI KOHCTPYKIIHS 3IEKTPOHHOTO YCKOPUTENSI U KOMILJIEKC HEpa3MHOXKAIOIIeH

memieHb. C Hagasmam 2009 1. npoBOAUTCS SKCIIEPUMEHTHI HA HOBOM YCTaHOBKE.



3. NOVEL DEVELOPMENT AND CONSTRUCTION OF EQUIPMENT FOR IBR-2M
SPECTROMETERS COMPLEX

In 2009, 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-2M
spectrometers complex.

Cryogenic moderators

The conceptual design, development of technical documentation, manufacturing and
mounting of the main parts of a full-scale stand of the technological system of the cryogenic
moderator (CM) have been accomplished. The stand is a full-scale model of the future CM system
with a copy of the CM camera, technological system and the system for delivery of mesitylene
beads (Figs. 1-4). The stand cooling system comprises two coolant loops connected by a heat
exchanger. In the first coolant loop, helium is driven by a helium blower through the heat exchanger
and the CM chamber. In the second coolant loop, helium is forced through the heat exchanger by a
helium refrigerator (500 W, 15 K). As a result of simultaneous operation of the helium refrigerator
and the helium blower in the CM chamber the required temperature is achieved and mesitylene
beads are transported by the flow of gaseous helium from the charging device to the CM chamber.

Fig. 1. The main elements of the full-scale model of the technological system of cryogenic moderators (1 —
chamber of a cryogenic moderator with vacuum shielding, 2 — heat exchanger with a helium blower, 3 —
cryogenic pipes from/to a helium cooler, 4 — place for a charging device, 5 — cryogenic transport tube).

In the FLNP Department of Spectrometers Complex a special integrated control system for
monitoring different parameters of the stand and the respective software complex have been
developed. The system includes various sensors (15 pieces altogether), a gas blower motor drive
controller and a controller of the step motor of the dispenser of balls into the system. The system
makes it possible to control the main parameters of the moderator stand:

- transport of balls through a pneumatic conveying pipe (controlled by an original method
based on gas-dynamic effects);



- filling of the moderator chamber with beads (monitored with a web-camera through quartz
glasses);

- gas flow rate;

- pressure and temperature of helium.

Fig. 3. Model of the cold moderator chamber. Fig. 4. The inner part of the cryogenic moderator
chamber model.

At present, the manufacturing of the elements of the stand has been completed and the
process of assembling and testing has started.

Test beam

A technical project for construction of a test beam on channel 13 of the IBR-2M reactor has been
developed; the assignments to develop equipment units for the channel have been given to the
Design Department. The requirements specification for a biological shield (Fig. S illustrates the
suggested location of the shield) has been prepared as well. In October 2009, PNPI (Gatchina) came
up with a suggestion to install the FSS Fourier diffractometer (which will be turned over to PNPI by
GKSS in view of the FRG-1 reactor shutdown) on channel 13 of the IBR-2M reactor. This
suggestion will most likely be accepted. This means that beam 13 will be used both for testing



various elements of spectrometers and for carrying out a limited number of experiments on the FSS
diffractometer. From a practical point of view the gained benefit, in case the suggestion is accepted,
is quite appreciable, since this will make it possible to considerably save on the equipment of the
channel and possible "expenses" (experiments on FSS) will be insignificant, because FSS will not
be included in the IBR-2 user program. Besides, the expected workload of the channel with testing
experiments will hardly exceed 50%. Thus, one or the other decision of the question on installation
of FSS will significantly affect the cost and time of realization of the project.
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Fig. 5. Suggested location of the biological shield.
Neutron beam-forming systems

In cooperation with the German Institutes and PNPI (Gatchina) within the framework of the project
aimed at constructing curved mirror neutron guides for the EPSILON and SKAT spectrometers on
beam 7a of the IBR-2 reactor the work to design and manufacture mechanical and optical units of
the neutron guides has continued. In particular, the designs of a vacuum system and a background
shield of the EPSILON and SKAT spectrometers and of a docking part of the neutron guide of the
NERA-PR spectrometer have been developed, the documentation has been worked out and the
manufacturing of the disk background chopper and three drum A-choppers is nearing completion.

The reconstruction of the supporting column of IBR-2 (Fig. 6) and a biological shield of the
head part of beam 7 to accommodate three neutron guides on the channel has been completed. The
equipment from the embedded pipe of the ring corridor wall has been dismantled. In NPO «Atom»
the posts and beam-positioning support pillars of the neutron guide head part (Fig. 7) have been
produced. In JSC «Komtrast» the manufacturing of 92 vacuum casings for the curved neutron
guides for the EPSILON and SKAT spectrometers is in progress.



Fig. 6. Reconstruction of the supporting column in bldg.117 for laying curved neutron guides
for the EPSILON and SKAT spectrometers.

Fig. 7. The beam-positioning support pillars of the neutron guide head part of beam 7.

At present, the assembly of the head part (splitter) of beam 7 and the adjustment of
mechanical units of the choppers have started.

Cryogenic stand

A test cryostat (Fig. 8) for working with closed cycle cryocoolers has been developed. The
manufacturing of a control panel of the helium circulation system for additional refrigerators that
can be placed in this cryostat is in progress.

The cryogenic stand is used to test and adjust cryogenic systems. At present, the
modernization of the cryostat for the inelastic neutron scattering spectrometer (beam 7b, IBR-2) is
under way. The cryostat shaft (70 mm in diameter) allows for fast cold sample change. The
expected final temperature is 4.5 K.



Fig. 8. A test cryostat of the cryogenic stand (1 — cryostat, 2 — cryostat trestle, 3 — cold head, 4 — control
panel of the gas circulation system, 5 — He-3 storage tank).

Development of control systems of choppers

In FLNP the control system of choppers based on the VFASI-series variable-frequency electric
drives from Toshiba (Fig. 10) has been developed, manufactured and debugged for the disk
background chopper (Fig. 11) and three drum A-choppers of the EPSILON, SKAT and NERA-PR
spectrometers. The electric drive has a built-in microprocessor, which realizes the control algorithm
according to the speed of rotation and the moment of rotation on the motor shaft. An incremental
magnetic coding sensor for measuring speed, accelerating the disk and forming signals carrying
information on an opened state of the chopper is installed on the motor axis. A phase controller CC-
07 enables a chopper disk (drum) window position phase to be regulated with respect to the reactor
start. The brief characteristics of control parameters are given in Table 1.

Table 1

No Parameter Background chopper A-chopper
1 Motor power (kW) 22 2.2
2 Rotational speed (rev/min) 300 150 75
3 Starting current (A) 12 5 5
4 Rated current (A) 10 3 4
5 Accuracy of phase equalization (us) 50 50 100
6 Start-up and equalization time (min) 10 10 10




Fig. 10. An electric drive from Toshiba (22 kW) for a background chopper (left) and two electric drives (2.2
kW) for A-choppers (right).

Fig. 11. A disk background chopper of beam 7 of IBR-2M.

A control system of choppers based on microcontrollers with CAN interface has been developed.
As a result, control over each chopper is exerted by a computer of the respective spectrometer. A
chopper controller is connected to the CAN bus and to a PC (via a “USB-to-CAN compact”
converter).

The performed development work and tests have demonstrated the possibility of using
variable-frequency VFAS]1 drives and control systems to replace outdated EKT2 on the choppers of
other IBR-2M spectrometers.

Calculations of spectrometers

Calculations of neutron spectra and optimization of beam geometry from moderator to sample for
the EPSILON-SKAT spectrometer (beam 7a) have been completed. This will allow the neutron flux
at the sample position to be increased by 20-30%. Preliminary calculations for beam 10 (GRAINS)
have been made as well. The simulation of the instrument and its elements has been performed and
recommendations to increase the neutron flux have been given. New modules for the VITESS
software package have been developed:



e module for simulating the attenuation of a neutron beam passing through various elements of the
medium (including gases) or combinations of elements (alloys, air);

e module for simulating moving slits and gratings (work has been performed in cooperation with
JCNS-Munich, Germany).

Detectors

The anode and cathode electrodes have been manufactured, the position-sensitive detector for
the GRAINS spectrometer has been assembled and filled with a gas mixture. The tests of the
detector and the measurement of its characteristics have been carried out on beam 5 of the IR-8
reactor in the RRC «Kurchatov Institute» (tests were conducted with the available De-Li-DAQ
board).

The detectors were filled with a test mixture 70 mbar *He + 2000 mbar CF4 + 2400 mbar

*He. A series of measurements with pin-hole and slit cadmium masks has been made at various
values of anode voltage and different levels of discrimination of input signals. The PSD counting
characteristics were measured with the pin-hole and slit exposure of the detector. Optimum
operating modes of the detector were chosen and the coordinate resolution (no more than 2 mm for
both coordinates), inhomogeneity of the gain factor (no more than 10%) and the detector efficiency
were measured. Also, using the detector the profiles of beam 5 of the IR-8 reactor (Fig. 12) and of
the IREN facility (Fig. 13) were obtained.
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Fig. 12. A profile of direct beam 5 of the IR-8 reactor. Fig. 13. A profile of the IREN facility beam
in the thermal spectrum range.

A new high-speed neutron counter with a peak load of up to 3-10°n/s (see Fig. 14) has been
developed. The counter is a rectangular parallelepiped made of duraluminium of dimensions
250x80x40 mm® and with internal working volume of 150x30x20 mm”. The anode is a multi-wire
frame coupled to the common electrode brought out through a vacuum connector outside. A
pressure-optimized mixture of *He u CF, is used as a working gas. DAQ electronics, PC interface
and software for the counter have been developed as well. The counter has been tested on the
SuperADAM reflectometer (ILL, Grenoble, France).



Loading capability for ADAM-TOF pencil detector measured on IN22
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Fig. 14. Loading capability of the counter.

The development of a new ring-shaped multi-section MWPC-based detector for the DN-6
diffractometer has started. At the first stage it is proposed that one ring-shaped detector be
constructed and installed at a scattering angle of 90°. The advantages of the new ring-shaped gas
multi-section detector as compared to the previously used ring-shaped detector based on SNM-17
gas counters are:

— large size of the detector working volume will allow the count rate of scattered neutrons

to be increased several times;

— shared working volume makes it possible to have practically the same efficiency for all

sections;

— rectangular geometry of counting sections should improve the homogeneity of detection

efficiency;

— smaller sizes of "dead zones” of the detector.

The detector is a ring, which is divided into 32 sections. Each section accommodates an
electrode system consisting of a wire anode and two cathodes, which limit the sensitive area of the
detector. The entrance window for neutrons will be the surface of the inner ring of the detector.
Thin insulated drift electrodes are glued to the entrance window and the rear wall. At the center
there is an anode plane with six thin (10-20 um) tungsten wires wound around it, which are oriented
along the chords of the detector ring. This makes it possible to obtain coordinate resolution along
the beam. Anode wires are spaced ~10 mm apart. The total number of measuring channels is
36x6=192. Negative high voltage ~ —3—4 kV is fed to the drift planes. Signals are picked up
directly from the anode. This scheme allows us to discard the use of coupling capacitor, thus, saving
space inside the hermetically sealed volume of the detector and improving its reliability. The
working gas mixture consists of a neutron converter (*He) and a quenching gas (CFy).

The design parameters of the detector are presented in Table 2 and its external view is
shown in Fig. 15.



Table 2. Basic design parameters of the detector.

Ne Parameter Value
1. Width of entrance window, mm ~70
2. Number of anode wires in a section 6
3. Covered angle, deg. 360
4, Number of sections 32
5. Number of measuring channels Up to 192
6. | Efficiency, % (A=4A) ~70
7. Radius of inner ring, mm >300
8. Radius of outer ring, mm ~400
9. Thickness of entrance window, mm ~7
10. | Material of the detector case Al-Mg alloy
11. | Thickness of sensitive volume, mm ~40

Fig. 15. Sketch drawing of the ring-shaped multi-section detector (external view).
Electronics and computing

Requirements specifications have been approved and the development of electronic blocks
for acquisition and accumulation of raw data on the EPSILON, HRFD and DN-6 diffractometers
has been started. These diffractometers will employ different detector systems (EPSILON — up to
128 helium neutron counters, HRFD — up to 200 scintillator plates with ZnS/6LiF coating and light
collection using wavelength shifting fibers, DN-6 — ring-shaped multi-section MWPC-based
detector with 32 sections and up to 192 measuring channels) but the common feature, which all of
them share, is that all these systems can be considered as a set of point detectors with fixed spatial
geometry. This makes it possible to apply a common approach to the design of data acquisition
systems for the above-mentioned spectrometers, i.e. to design identical (from the viewpoint of
hardware) electronic blocks, in which all functions, both common (encoding of the detector number,
registration of time of flight) and specific to each concrete diffractometer, are realized on the level
of microprograms, which are executed in FPGA of respective block.



A new test program has been developed and a high-speed DAQ block for 1D and 2D
MWPC detectors with delay line readout has been tested. According to the results of the tests, all
FPGA microprograms were optimized for operation in various data accumulation modes, redesign
of printed boards was performed and the order for their production was placed. The above-
mentioned test program is a basis for creation of a standard interface to the Sonix+ software
package.

A schedule for conducting maintenance work on the IBR-2 spectrometers according to
which the modernization and repair of electronic equipment and the preparation of spectrometers to
the reactor start-up will be carried out. This work is already in progress on four spectrometers.

In 2009, new equipment of external communication channels for 10 Gbit/s operation was
installed in the JINR local area network. This, in its turn, requires partial replacement of the existing
switching equipment in the central and peripheral segments of the FLNP network. The analysis of
possible changes in the network architecture and of characteristics of the equipment available in the
market has been made with due regard for prospects of further evolution of the network. In view of
limited financing it has been decided to purchase one intellectual multilevel router of WS-3560
series, which can operate in different configurations of Fast Ethernet and Gigabit Ethernet and
provide high level of accessibility, scalability, safety and control. A limited set of communication
modules for this router will be purchased as well. The corresponding contract is in the realization
stage. After this equipment is tested, it will be installed in one of the IBR-2M experimental halls.
During the reported year a large amount of work to support and modernize the FLNP network
infrastructure has been performed.



3. IEPCIIEKTUBHBIE PABPABOTKH U CO3JAHUE OBOPYIOBAHUS
AJISA CHEKTPOMETPOB UBP-2M

B 2009 r. paboThl 10 TEME BEIUCh B HECKOJIBKUX HANPABICHUAX, CBSI3aHHBIX C CO3aHUEM U
MoOJIepHU3aIell 000pyIOBaHUS, SJICKTPOHHBIX CHCTEM COOpa M HAKOIUICHUS IaHHBIX, a TaKXKe
MH(POPMAITMOHHO-BBIUUCIUTEIHFHOM HHPPACTPYKTYPHI KOMILIEKca criekTpoMeTpoB BP-2M.

XoJ10aHbIE 3aMeJIUTeIU

BrIONHEHO KOHIENTYyalhbHOE MPOSKTUPOBAHUE, pa3padoTaHa TeXHUYECKas JOKyMEHTAIIHS,
W3TOTOBJIEHBl M CMOHTHPOBAHbl OCHOBHBIE Y3JIbI MOJHOMACIITAOHOTO CTEHJA TEXHOJOTHYECKOM
cuctembl kpuorenHoro 3amemnutens (K3). Ctena sBiseTcs moJIHOMACIITAOHONH MOJIETBIO Oy myTieit
CHUCTEMBI KPUOT€HHOI'0 3aMEeIUTENs ¢ Konuel kaMmepsl K3, TEXHOIOrnYeCKOl CUCTEMBI U CUCTEMBI
TPaHCIOPTUPOBKH ME3UTHIICHOBBIX IIapukoB (Puc. 1-4). Cuctema oXJIaKAeHUS CTEHA BKIIIOYAET B
ce0s1 IBa KOHTypa KPUOTECHHBIX TPYO, OOBEIMHEHHBIX MOCPEACTBOM TEIUIOOOMEHHUKA. B mepBom
KOHTYpE, TN [UPKYJIUPYET MOCPEACTBOM MOOYAUTENS ABMKCHUS XOJIOIHOTO TeHs (Ta30yBKH )
yepe3 TeIIOOOMEHHUK U Kamepy 3ameanuTens. Bo BTOpOM KOHType, Tefuil LUPKYJIHPYeT depes
TEIUI0O0OMEHHUK MTOCPEJICTBOM  XOJIOAMIBHOM renueBoit yeranosku (XI'Y-500, 500 Br,15 K).

T I'|I T 1

Puc.1. ['naBHBle »JIEMEHTH MOJHOMACIITAOHOM MOJENHM TEXHOJOTMYECKOH CHCTEMBI XOJIOJHOTO
3ameuTens (1- kamepa XOJOAHOTO 3aMeUTENs ¢ BaKYyMHOH 3allIUTOH, 2- TEIUIOOOMEHHUK C TeTHeBOU
ra3oAdyBKOW, 3- KPHUOTEHHBIM TpyOONpOBOA  W3/B TEIHWEBOTO OXJAAWUTENSA, 4- MECTO IS 3apsSIHOTO
YCTpPONCTBA, 5- KpUOTE€HHAas TpaHCIIOpTHAs TpyOa).

B pesynbrate omHOBpemeHHOW paboTel XI'Y W ra3oQyBKH JOCTHraercs HeoOXoaumas
TEMIEPAaTypa B KaMepe 3aMeUINTENs] U MPOUCXOAUT TPAHCIOPTUPOBKA ME3UTHIICHOBBIX LIAPUKOB
ra3000pa3HbIM IeJIMeM OT 3arPy304HOTO YCTPOWCTBA B KAMEPY 3aMEITUTEIIS.

B ormene HOOKC paspaborana crenuainbHas HWHTETPUPOBAHHAS CHUCTEMa KOHTPOJIS
Pa3IMYHBIX MMapaMeTPOB CTEHJA C KOMILIEKCOM COOTBETCTBYIOIIETO MPOTPAMMHOTO 0OECICUeHUs.
B coctaB cucteMbl BXOAAT pa3iMnyHble JaTYUKU (BCero 15 mT.), KOHTpOIUIep MPUBOAA YIPABICHUS
JBUTATEJIEM Ta30yBKH U KOHTPOJUIEP YIPABJIEHUS IIArOBBIM JABUTATENIEM J103aTOpPA MOCTYIICHUS
«mapukoB» B cucreMy. (Cucrema mNO3BOJIIET KOHTPOJIMPOBATh OCHOBHBIE IIApaMETPhl CTCHIA
3aMEUINTEIIs:



® JIPOXOXKIACHUC MAPHUKOB HYEpPC3 MHCBMOTPAHCIHOPTHYKO MaArucrtpajib (perHCTppreTc;I
OpUTrHHAJIbHBIM METOJI0M, OCHOBAHHBLIM Ha Ira30JUHAMHUYCCKUX 3(1)(beI<Tax);

® 3arOJIHEHUE MApUKaMU KaMepbl 3aMeuiuTelis (HaOloJaeTcs NMpu TOMOIIM BeO-KaMepsl
yepe3 KBaplEeBbIe CTEKIIA);

® CKOPOCTH I'a30BOTO MOTOKA;
® JaBJICHHE M TEMIIEPATypPy TeIHsl.

Puc.3 MaxkeT kamephl XOJI0JHOTO 3aMeITUTENS Puc. 4 BHyTpeHHsIsl yacTh MakeTa KaMephl
XOJIOIHOTO 3aMEUIUTEIIS.

B HacTosiee BpeMs 3aBEpIICHO M3TOTOBJICHUE JJIEMEHTOB CTEHIAa W HAYaThl PabOTHI MO €ro
cOOpKe 1 IpOBEpKe.



TecToBBII My4Y0K

Pa3paboTan TexHWYECKHUU MPOEKT CO3JaHMs TECTOBOro mydka Ha 13 xaname MBP-2M, B
KOHCTPYKTOpCKOE OIOpO JaHbl 3agaHusl Ha pa3paboTKy Y3JI0B 00OpyJIOBaHHS KaHaia.
[ToAroToBiaeHO TakXke TEXHUYECKOE 3a/laHne Ha MPOEKTUPOBaHUE OHOIOrHuecKoi 3amuThl (Ha Puc.
5 mokazano mpennaraemoe pasmerineHue 3ammThl). B okTabpe 2009 r. w3z [MUAD (Iatumna)
MOCTYNIIIO TIpeasioxkeHne 00 ycraHoBke Ha 13 kanane UBP-2M ®ypwe-gudpakromerpa FSS,
koTopbIil Oyaer nepenan [INAD uz GKSS B cBsi3u ¢ octanoBkoii Tam peaktopa FRG-1. BepositHo,
3TO MpeIoXKeHue OyaeT IPUHATO.
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Puc. 5. [Ipeanaraemoe MecTo pa3MerieHus ONOJIOTUYESCKOHN 3aIUTHI.

OTo o3Hayaer, 4ro 13 my4ok OyJeT HCIONB30BAThCS KaK JUISl MCIBITAHUS Pa3THYHBIX
JJIEMEHTOB CIEKTPOMETPOB, TaK M JJIsl MPOBEACHHUS OrPAaHUYEHHOTO 4HCJIa 3KCIEPUMEHTOB Ha
mudpakromerpe FSS. B mpakTtuueckoMm MjiaHe BbIr0Ja OT NPUHATHS JAaHHOTO MPEIIOKESHHUS
COCTOMT B TOM, YTO MOKHO CYIIECTBEHHO COKOHOMHUTH Ha OOOpYJIOBaHHM KaHaja, a BO3MOXHbIE
«u3nepxkkm» (dxcrnepumentsl Ha FSS) neBenmmku, T.k. FSS He Oyzer BKiIodeH B mporpammy
nonb3oBareneit UbP-2, k ToMmy ke okumaeMas 3arpy3ka KaHaja padoTaMH 10 TeCTUPOBAHUIO BPS
mu npeBbicUT 50%. Takum o0pa3oMm, TO WIM HMHOE pelieHHe Bompoca o pasmemieHuud FSS
CYILLIECTBEHHO MOBJIMSET HA CTOUMOCTb U CPOKU peasn3alliy MPOEKTa.

Cucrembl (pOpMHPOBAHUS HEMTPOHHBIX MYYKOB

B pamkax mpoekra CO3JaHHsS W30THYTBIX 3€pKAJbHBIX HEHMTPOHOBOAOB CIEKTPOMETPOB
OIICUJIOH u CKAT na kanane 7a peakropa MBP-2 coBmectHo ¢ uncturyramu ©OPI" u [TUAD r.
larynHa mnpojomKanuch paboThl MO MPOEKTUPOBAHMIO M M3TOTOBJIICHUI0 MEXAHWYECKUX U
ONITUYECKUX Y3JIOB HEHTPOHOBOMOB. B wacTHOCTH, pa3pabOTaHbl MPOEKTH BaKyyMHON CHCTEMBI U
¢donoBoii 3amutel cnektpomerpoB IICUJIOH u CKAT u ydacTka CTBIKOBOYHOTO HEHTPOHOBOJA
cunexktpomerpa HEPA-IIP, pa3paborana JoKyMeHTalus ¥ 3aKaHYMBACTCSI U3TOTOBJICHHUE IHCKOBOIO
(hoHOBOTO TIpephIBaTENs U TpeX OapabaHHBIX A-TIpepbIBATECH.

3aBepiieHa peKOHCTPYKIHs Hecyried koioHHbl BP-2 (Puc.6) u OMOJOTrHYeCcKOol 3aluThI
TOJIOBHOM 4acTH 7-ro KaHajla JJid pa3MELICHHs Ha KaHale TpPeX HEUTPOHOBOIOB. J[eMOHTHpPOBaHO



o0opymoBaHue W3 3aKiIaJHON TpyObl cTeHBI KosbleBoro kopumopa. B OO0 «HIIO «ATtom»
M3TOTOBJICHBI CTOWMKH M IOCTHPOBOYHBIE ONMOPHI TOJOBHOM uyactu HedTpoHoBoaa (Puc.7). B 3A0
«KomTpact» npoaomkaercss U3rotopiicHue 92 BaKyyMHBIX KOKYXOB H30THYTBIX HEHUTPOHOBOJOB
st cnekrpomeTpoB DIICUJIOH u CKAT.

Puc. 6. PexoHCTpyKIMs HECyIIeH KOIOHHBI 31anust 117 1S MPOBOJKY H30THYTHIX HEHTPOHOBOIOB
CIIEKTPOMETPOB Drcuitod u CKar.

Puc. 7. CToliku ¥ FOCTUPOBOYHBIE ONOPHI TOJIOBHOM YacT HEMTPOHOBOA 7 KaHana.

B Hacrosmiee BpeMsi HAUMHACTCS MOHTaXX TOJIOBHOM YacTH (CILUTUTTEpa) 7 KaHAlla U HajaJaKa
MEXaHUYECKUX Y3JIOB MpepbIBaTEICH.

Kpuocrenn

Pa3paboran TecTOBBIN KpHUOCTAT Ui pabOThI ¢ KPHOKYyJepaMu 3aMKHyToro nukia (Puc.8).
B craguu wW3roTOBIEHUS HAXOAWUTCS IYJbT YIPABICHUS CUCTEMOW IUPKYJSALMUM Telnus JUis
JIOTIOJTHUTEIBHBIX pepHKepaTopoB, KOTOPHIE MOTYT pa3MelaTbCs B ’TOM KpUOCTaTe.



Puc. 8. TecroBsiii kpuocTat kpuocteHaa (1 — kpuocrar , 2 — cToiika KpUOCTaTa, 3 — XOJIOIHAsI TOJIOBKA, 4 —
IIyJIBT YIIPABJICHUS CHCTEMOM IUPKYJIAINA Ta3a. 5— 0aK XpaHEHUS Tenns-3).

Ha xpuocrenae BeayTcss paboThl MO HalaJke KPHOTEHHBIX cucTeM. B Hacrosiiee Bpems
MIPOXOAUT MOACPHHU3AIMIO KPUOCTAT JUIs HEYIIPYTOTO paccessHusl HEUTPOHOB 7-0 KaHaja peakTropa
HUBP-2 (Puc. 9). Kpuoctar comepuT maxty auamerpoM 70MM A7isi ONEPAaTUBHON XOJOTHOM
nepesarpy3ku oopasnoB. Oxunaemas KOHeuHas TeMmeparypa - 4.5 K.

Puc. 9. laxTHsIi kprocTat (1 — kprocTaTt, 2 — X0JIOAHAS TOJIOBKA, 3 — KOMIIpeccop, 4 — BAKYyMHBIH 1TOCT, 5
- cUCTeMa KOHTPOJISl U YIIPABIICHUS TEMIIEPATypoil).

Pa3BuTHe cucTeM KOHTPOJISI U yIIPaBJeHHs NMpepbIBaTeIAMU.

B JIH® paszpaborana, U3roTOBJICHA U OTJIAXKEHA CUCTEMa YNpPaBJICHUS MPEphIBATEIIMUA Ha
0a3e yacTOoTHBIX djekTponpuBosioB cepun VFAS1 ¢upmer Toshiba (Pue. 10) mns muckoBoro
¢onoBoro mpepsiBatenss (Pue. 11) u Tpex OapabaHHBIX A-TIpephIBaTeNel CHEKTPOMETPOB
OIICUJIOH, CKAT u HEPA-IIP. DiekTponpuBOJ UMEET BCTPOCHHBIM MUKPOIIPOILIECCOP, KOTOPBIA
peayu3yeT alropuTM YIMpaBiIeHUs 10 CKOPOCTH BPAILLEHUS M IO MOMEHTY Ha Baiy asurarens. Ha
OCH [JBUTATENsl YyCTAHABIUBAETCS HWHKPEMEHTHBI MAarHUTHBIA KOJUPYIOUIMM HaTyvkK s
M3MEPEHUs] CKOPOCTH U YCKOPEHHUs AMCKAa U (POPMHUPOBAHUS CHTHAJIA, HECYIIET0 HH(pOpMAIHIO 00
OTKPBITOM cocTostHUM TipepbiBatens. Kontpomnep ¢aszupoBkun CC-07 1mo3BOJISET peryaupoBaTh



¢a3y mosiokeHUs1 OKHa jaucka (OapabaHa) mpepbIBaTessi OTHOCUTENBHO CTapTa peaktopa. Kparkue
XapaKTePUCTUKHU NTapaMeTPOB yIpaBiieHUs npuBeaeHbl B Taour. 1.

Taba. 1
No [TapameTp DOHOBBIN NIpephIBATENb | A-TIpEpHIBATEIh

1 Mowmnocms dsueamens (kBm) 22 2,2

2 Yacmoma spawenus (06/mun) 300 150 75

3 Ilycxosoii mok (A4) 12 5 5

4 Homunanvnwiti mox (4) 10 3 4

5 Tounocmv  cmabunuzayuu  gazol 50 50 100
(mxc)

5 Bpems 3anycka u cmabunuzayuu 10 10 10
(mun)

Puc.10. Dnexrponpusoxn ¢upmsr Toshiba 22 kBt mnst ponoBoro npepriBatens (cnesa) u aBa
aneKTporpuBoaa 2,2 KBT mis A-mipephiBaTeneii (crpasa).

Puc.11. {uckoBelii ¢poHOBBIH MpepbiBatens 7 kanana MBP-2M.

Beimonnena  pa3paboTka  cHCTEMBl  KOHTPOJIS — IpepbIBaTeNeil, OCHOBaHHOM  Ha
mukpokoHTpoiuiepax ¢ CAN wuHTepdeticom. B pesymprare, KOHTPOJIb KaXKIIOTO MpPEephIBATEIs
OCYUIECTBIISIETCS KOMIIBIOTEPOM COOTBETCTBYIOIIErO crexkrpoMerpa. KoHTpomiep ympasiieHus



npepbiBatenieM noakimodaercs k muHe CAN m k [IK (uepe3 mpeoGpazoBarens «USB-to-CAN
compacty).

HpOBCILCHHLIC HCIBITAHUA ITIO0Ka3aJini BO3MOXHOCTL HMCIIOJIB30BaHUSA YaCTOTHBIX IIPHUBOJOB
VFAS] u cucrem ynpaBineHus miga 3aMeHbl ycrapeBmmx OKT2 Ha mnpepeiBatensx Ipyrux
cunexkrpomerpoB MBP-2M.

Pacuersl cnekTpoMeTpoOB

3aBepiIeHbl pacyeThl CIEKTpa HEUTPOHOB U ONTUMHU3ALMS TEOMETPUU IYYKOB OT
3amemurens no obpasua s crnekrpomerpoB EPSILON-SCAT (kanan 7a). DTO TMO3BOJHT
YBEJIMYUTh MOTOK HEUTpoHOB Ha oOpaszine Ha 20-30%. BrimonHeHbl Takke MpeaBapUTEIbHBIC
pacuerl Juist  kaHana 10 (GRAINS). IIpoBeneHo MoaenupoBaHME YCTAaHOBKM M €€ OTIEIbHBIX
JJIEMEHTOB, JaHbl PEKOMEHJAIMM IO YBEJIWYEHHIO MOTOKAa HeHTpoHOB. Pa3paboTaHbl HOBBIE
MOJIyJIU IporpaMMHoro obecnedenus s nmakera VITESS:
® MOAyIb AN MOJAETUPOBAHUS 3aTyXaHHs HEHUTPOHHOrO Iydyka NIpHU TMPOXOXKIECHUH dYepes
pa3IMYHbIC 3JIEMEHTHI Cpebl (BKIIIOYAast ra3bl) MM KOMOMHAIIUH 3JIEMEHTOB (CILIaBbl, BO3IYX);
® MOJYJb JIJIs1 MOAEIMPOBAHUS ABMKYIIMXCS I1eJel u pereTok (paboTa BBIMOIHEHAa COBMECTHO C
JCNS- Muenchen, Germany).

JerexkTopbl

N3rotoBneHsl aHOAHBIA U KaTOJHBIE 3JIEKTPOJIbI, MPOU3BENEHBI COOpKa M 3aroJHEHHE
ra3oBOM CMEChIO TO3UIIMOHHO-YYBCTBUTEIBHOTO JeTekTopa st crnekrtpomerpa GRAINS.
HcnpiTanue netekTopa M U3MEpPEHHE €ro XapaKTepUCTHK ObLJIO MPOBENEHO Ha 5 MydyKe peakTopa
NP-8 B PHII «KypuaTtoBcKuii HHCTUTYT» (MCHBITAHUS MPOBOAMIIKCH C CyIIECTBYIOLIEH muaToi De-
Li-DAQ).

JleTeKTOpbI GBLIH 3aIIOIHEHBI TECTOBOM cMechio 70 MGap “He + 2000m6ap CF4+ 2400 Mbap
“He. BbUT BBINOTHEH MK W3MEPEHHH C TOUCUHBIMH M IIETCBHIMH KaJIMHCBBIMH MACKAMH IPH
Pa3IMYHBIX 3HAYEHHUSIX AHOJHOTO HANPSDKEHHUS U PA3JIUMYHbIX YPOBHAX AUCKPUMHUHALUUA BXOIHBIX
curHasnoB. CHATBI cueTHble XapakTtepuctuku [TY]] mpu TouedyHoll W I1IeIeBOM 3aCBETKE JAETEKTOPA.
BriOpaHbl onTUManbHbIE PEKUMBI pa0OTHI JETEKTOpA U U3MEPEHBI KOOPIWHATHOE pa3pelieHue (He
0osee 2 MM 110 00€UM KOOpIMHATAM ), HEOTHOPOAHOCTh KodduiuenTa ycuinenus (ae 6omee 10%),
3¢ GeKTUBHOCTH eTekTopa U Ap. C MoMOoLIbIo IeTeKTopa OblI TakKe U3MepeH Npoduib 5-ro myuka
peakropa UP-8 (Puc. 12) u ycranosku UPEH (Puc .13).
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Pa3paboran HOBBIN BBICOKOCKOPOCTHON CUETYHMK HEUTPOHOB C MPEAETHHON 3arpy3koi 10
3-10° Heitrporos/cex (cM. Puc. 14). KOHCTPYKTHBHO CUESTUHK IPECTABISET COOOM IPSIMOYTOIBHHK
U3 OpamiOMHHHS ¢ rabaputamm  250x80x40MM° M ¢ BHYTPEHHHM paGOdYHM O0OBEMOM
150x30x20MM°. AHOZIOM CIY>XUT MHOTOHUTEBas paMKa, OObEIWHEHHAs B OOUIUH SJEKTPOJ,
BBIBE/ICHHBIN Yepe3 BaKyyMHBIH pa3beM Hapyxy. B kadecTBe pabodero rasza HCHOJIb30Bajach
ONTUMH3MPOBAHHAS 110 JABJICHUIO CMECh *He u CF.. PazpaboTtana Takxke 3JIEKTPOHHUKA CheMa H
perucTpanuu JaHHBIX OT cuyerdynka, nHTepdeiic k PC u nporpammuoe obecrnieuenue. Vcnbitanus
cdyeTurka ObLIH TpoBenieHbl Ha peduiekTomerpe SuperADAM (ILL, Grenoble, France).

Loading capability for ADAM-TOF pencil detector measured on IN22
3,5x10° - . : . . . ; .

| Slit size N
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Puc. 14. 3arpy3o4uHasi CIOCOOHOCTh CUETUHKA.

Hauata pa3paboTka HOBOTO KOJIBIICBOTO CEKIIMOHHMPOBAHHOTO JIeTeKTOopa Ha ocHoBe MWPC
s nudpakromerpa JIH-6. Ha mepBom sTame mnpennaraercs coO3JaHHE OJHOTO KOJIBLIEBOTO
JIETEKTOpa MJI1 YCTaHOBKM moj yriioM paccesHus 90°. IlpeumymiecTBa KOJIBIIEBOTO Ta30BOIO
CEKI[MOHUPOBAHHOT'O JIETEKTOpa 10 CPABHEHUIO ¢ paHee mpuMeHsBmuMcs Ha JIH-12 xonbpreBbiM
JETEKTOPOM Ha OCHOBE Ta30BbIX cyeTunkoB CHM-17:

— Oousblve pasMmepsl pabodero oObeMa JETEeKTOpa MO3BOJAT B HECKOIBKO pa3 yBEIUYUTh
CKOpPOCTb CUE€Ta pPACCESIHHBIX HEUTPOHOB;

— o0mwmii pabounii 00beM MO3BOJISET UMETh MPAKTUYECKU OAMHAKOBYIO 3(P(HEKTUBHOCTH IS
BCEX CEKITHH;

— TMpsAMOYrojibHasE TE€OMETPHUs CUYETHBIX CEKUUH JO/DKHA YIYYIIUTh OJHOPOJHOCTb
3G PEKTUBHOCTH JETEKTOPA;

— MEHBIIINE pa3Mephl “‘MEPTBBIX 30H” JETEKTOPA.

KOHCTpYyKTUBHO JETEKTOp MpeacTaBisieT co00il Konbllo, KOTopoe pa3douro Ha 32 cexuuu. B
KaX/1011 CeKLMHU pacloyio’KeHa 3JIEKTPOIHAsE CUCTEMA, COCTOSINAsl U3 MPOBOJIOYHOTO aHOJA U JIBYX
KaTol0B, OrPaHUYMBAIOIIMX UYBCTBUTEJIBbHYIO 00JACTh JETEKTOpa. BXOJHBIM OKHOM JUIs
HEHTPOHOB OyneT SIBJIATHCS MOBEPXHOCTh BHYTPEHHEro Koiblia Aerekropa. Ha BXoaHOe OKHO U
3aHIOI0 CTEHKY HaKJIEWBAIOTCS TOHKHE H30JUPOBAHHBIC Apei(oBbIE 3IeKTpoabl. B 1meHTpe
HaXOJUTCS aHOAHAs MJIOCKOCTh, C HAMOTAaHHBIMU Ha Hee 6 ToHKUMU (10-20 MKkM) Bosib(hpamMOBEIMU
MIPOBOJIOYKAMH, KOTOPbIE COPUEHTUPOBAHBI MO XOpAAM JETEKTOPHOTO KOJbLA. DTO IMO3BOJISIET



MOJTyYUTh KOOPJAWHATHOE pa3pelieHne BAOJb Mydka. PaccTosiHue MeXay aHOAHBIMU HUTAMHU ~10
MM. OOImee KOJIMYECTBO HM3MEPHUTENBHBIX KaHanoB = 32x6=192. Ha npeiidoBbie MIOCKOCTH
MO/IaeTCsl OTPHUIATENILHOE BBICOKOE HampsbkeHue ~ -3-4 kB. CheM cHrHama OCYIIECTBISICTCS
HampsiMyto ¢ aHoja. [lomobHast cxema MoO3BOJISIET OTKA3aThCsl OT MCIOJIB30BAaHUS Pa3AeUTENbHbBIX
€MKOCTEH, TeM CaMbIM, YKOHOMS MECTO BHYTPH T€PMETHYHOTO OObEeMa JETEKTOpa U IOBBINIAS
HaJeXHOCTb. PaGouasi ra30Basi CMeCh COCTOMT M3 KOHBepTepa HeiitporoB (*He) u racsmero rasa
(CF4).

[IpoekTHpie mapameTphl JeTekTopa mnpuBeacHbl B Taldj. 2, BHEMIHUN BHI JETEKTOpA
nokasas Ha Puc. 15.

Tab. 2. OcHOBHBIC MPOEKTHHIE TAPAMETPHI ICTEKTOPA:

Ne | [Tapamerp 3HaueHue
1.| llupuHa BXOAHOTO OKHA, MM ~70
2.| KonnuecTBO aHOAHBIX MPOBOJIOYEK B CEKIIUU 6
3. IlepekpbIBaeMblil yro, rpagycoB 360
4| Ynuciao ceKmun 32
5. Unciio u3MepUTENbHBIX KAaHAJIOB 192
6. DddexTuBHOCTD, % (A=4A ) ~70
7. Pagnyc BHYTpEHHET0 KOJIblIa, MM >300
8. Paguyc BHEIIHETO KOJIBLIA, MM ~400
9. TonmuHa BXOJHOTO OKHA, MM ~7
1( Marepuan xopmyca cruiaB Al-Mg
1] TonmuHa 4yBCTBUTEIBFHOTO 00BEMa, MM ~40

Puc. 15. DcKku3HbII NPOEKT KOIBIIEBOTO CEKIIMOHUPOBAHHOTO ACTEKTOpa (BHEIITHUM BUI).

JIEKTPOHMKA, KOMIIbIOTHHT

CornacoBaHbl TEXHUUECKUE 3aJ]aHUS U HadaTa pa3padOTKa IEKTPOHHBIX OJOKOB I cOopa
U HaKoIUICHMs ChIpbIX JaHHbIX Ha audpakromerpax EPSILON,HRFD u DN-6. Ha »stux
mudpakToMeTpax OyIyT MCIONB30BaThCs pasinuyHble nerekTopHbie cuctembl (EPSILON — no 128
reJINEBBIX HEUTPOHHBIX cueTuukoB, HRFD — no 200 COMHTWUISIIMOHHBIX IJIACTHH C IOKPBITHEM
ZnS/’LiF u cOopoM cBETa C IOMOLIBIO CIEKTPOCMEIIAIONINX BOIOKOH, DN-6 — KOIbIEBO



CEeKLIMOHUPOBAHHBIN JETEKTOP Ha OCHOBE MHOTOIIPOBOJIOYHOM IPONOPLUOHAIBHOU KaMephl C
YUCJIOM CEKIHMK — 32 W YHCIIOM M3MEPUTEIBHBIX KaHAJIOB — 10 192), HO 0OmUM AJIT HUX SBIISICTCS
TO, YTO BCE 3TU CHCTEMbl MOTYT PAacCMATPUBATHCS KAK HEKHI MAcCCHUB TOYEYHBIX JETEKTOPOB C
(bUKCUPOBAHHOW MPOCTPAHCTBEHHON T'€OMETpPUEH. DTO TMO3BOJISIET MPUMEHUTh €IUHBIN MOAX0a K
CO3MaHMI0 cHcTeM cOopa MaHHBIX JUIS YKa3aHHBIX JAH(PPAKTOMETPOB, T.€. MPOEKTUPOBATH
OJIMHAKOBBIC C TOYKM 3peHus hardware 35ekTpoHHBIE OJIOKH, B KOTOPBIX BCce QYHKIIMH, KaK OOIIHe
(komupoBaHME HOMEpA JETEKTOpa, PETHCTpAIHs BPEMEHH TMPOJIETa), TaK U CHEIUPUIESCKUE s
KOHKPETHOTO H(PpaKTOMETpa, PeaIn3yIOTCsl Ha YPOBHE MHUKpPOIIpOrpamMM, BhIoJIHAeMbIX B FPGA
COOTBETCTBYIOIIETO OJIOKA.

Pa3paborana  HOBasg  TecToBag ~ IporpaMMa M 3aBEpLIEHO  TECTHPOBAHHE
osicTpoeiicTBytomero DAQ 6moka st 1D u 2D MWPC nerexkTopoB co cheMOM HH(OpMAIUH €
TMHUAN 3a7epkku. [1o pe3ynbTaTaM TeCTUpOBAHUS ONTUMU3UPOBAHBI Bce MUKponporpaMmbl FPGA
JUTSE pa0OThI B Pa3IMUHbIX PEKUMAX HAKOIUICHHS JAaHHBIX, BBHITIOJHEHA TIEPETPACCUPOBKA MTEYATHBIX
IJIaT ¥ pa3MeIleH 3aKa3 Ha MX M3rOTOBJICHHE. YKa3aHHAs TECTOBas Mporpamma sBIIIETCS OCHOBOM
JUISL CO3JIaHMsI CTaHIapTHOTO MHTepdeiica k makeTy Sonix+.

Pa3zpaboran man-rpadguk npoeacHUs MpoduiIakTHIECKUX padboT Ha cnekTpomeTpax MbP-
2, B COOTBETCTBUU C KOTOPHIM OYIYT OCYIIECTBIISATHCS MOJIECPHHU3ALMSA U PEMOHT 3JIEKTPOHHOTO
000py/0BaHUsl U MOATOTOBKA CIIEKTPOMETPOB K IYCKy peakTopa. OTHU pabOThl yKe BeIyTcs Ha
YETBIPEX CIEKTPOMETPAX.

B 2009 r. B nokanpHO#M BeruuciutenbHol cetn OMSAN ycranoBieHo HoBoe 000py10BaHue
BHEITHUX KaHAJIOB CBSI3U JIJIsl paboThI Ha cKopocTsx A0 10 I'6ut/c. D10 B cBOIO ouepenb TpeOyer
YaCTMYHOM 3aMEHbl CYIIECTBYIOIIETO KOMMYTAIIMOHHOTO OOOpYJIOBaHMS B LIEHTPAJIbHOM H
nepugepuiinbix cermentax cetu JIHO. IIpoBenen aHann3 BO3MOXKHBIX M3MEHEHUH B apXUTEKType
CeTHM W XapaKTEpUCTUK  JIOCTYITHOTO HAa pBIHKE OOOpYIOBaHHS  C Y4EeTOM TEPCHEeKTUB
TABHEUIIIETO Pa3BUTHSL CETH. B yCloOBUSX orpaHmueHHOro (MHAHCHPOBAHUS MPHUHITO pPEIICHHE
MPUOOPECTH B TEKYIIEM TOAY OJWH HHTEUIEKTYaJbHBIi MHOTOYPOBHEBBINM MapipyTusarop cepun WS-
3560, ciocoOHbIH paboTaTh B pa3Hbix KoH(purypanwmsx Fast Ethernet u Gigabit Ethernet 1 o6ecneunBaromuit
BBICOKHI YpPOBEHBb JOCTYITHOCTH, MAacIITaOMpOBaHMs, 0E30MAaCHOCTH W yIpaBieHus. byaeT mpuoOpereH
TaK)Ke OrpaHMYEHHBIM HA00p KOMMYHHUKALIMOHHBIX MOIYyJNEW Il 3TOr0 MapHIpyTH3aTOpa.
CoOTBETCTBYIOUINI KOHTPAKT HAaXOAMUTCS B CTaauu peanusauuu. Ilocne wucnbiTaHuil ykazaHHOE
o0opyaoBaHue OYJET YCTAaHOBICHO B OJHOM M3 dKCIepUMEHTaNbHbIX 3a510B UBP-2M. B Teuenue
rojia BBITIOJTHEH OOIBIION 00heM padoT 1Mo MOAJEPKKE M MOJICPHHU3ALNHN CETEBON HHMPACTPYKTYPHI
JIHO.



10.

11.

12.

13.

14.

15.

16.

4. EXPERIMENTAL REPORTS

4.1. CONDENSED MATTER PHYSICS

Combined Investigations of Ferrofluids with Neutron and Synchrotron Radiation Scattering.
M.V. Avdeev, A.V. Feoktystov, V.L. Aksenov, L. Vekas, A.V. Porokhova, Y.V. Zubavichus, A.A.
Veligzhanin, L. Rosta, V.M. Garamus, R. Willumeit

Mass Spectrometry Study of Fullerene C60 Solutions.
M.V. Avdeev, O.A. Kyzyma, T.V. Tropin, S.V. Snegir

Small Angle Neutron Scattering Investigations of Ferrofluid — Elastomer Composites.
M. Balasoiu, 1. Bica, A.V. Rogachev , A.l. Ivankov , J. Plestil, L. Almasy, B. Vatzulik, A.L
Kuklin

The Study of Structure Aspects of Optical Properties in the Nanosystem GeO,-Eu,0s3-Ag.
A.V. Belushkin, S.E. Kichanov, D.P. Kozlenko, E.V. Lukin, B.N. Savenko, S.K. Rakhmanov,
G.P. Shevchenko, V.S. Gurin, G.E. Malashkevich, V. Haramus, D.K. Pogoreliy, K.M. Podurets

Investigation of Liquid Lithium Relaxation Time by Means of the Memory Function
Formalism.
N. Blagoveshchenskii, A. Novikov

SANS and SAXS Study of Laser Pyrolysis Carbon Nanostructures.
R. V. Erhan, M. Balasoiu, E. Barna, 1. Morjan, E. Anitas, J. Plestil, Yu.S. Kovalev and A. L
Kuklin

Pressure Induced Changes in Magnetic Structure of BiMnOj;.

S.E. Kichanov, D.P. Kozlenko, B.N. Savenko, 1. Mirebeau, O.L.Makarova

Extraction and Mass Spectroscopy of Aggregates in Cq/N-Metyl-2-Pyrrolidone and Its Mixture
With Water.

O.A. Kyzyma, M.V. Avdeev, V.L. Aksenov, L.A. Bulavin, M.V. Korobov, S.V. Snegir

Is Solvatochromism Related to Fullerene Cluster Formation in Cgo/N-Methyl-2-Pyrrolidone?
O.A. Kyzyma, M.V. Avdeev, V.I. Petrenko, V.L. Aksenov, L.A. Bulavin, M.V. Korobov, V.M.
Garamus

Elastic Properties of Reactor Graphite GR-280 and Their Anisotropy from Neutron Diffraction
and Ultrasonic Measurements.

T. Lokajicek, P. Lukas , A.N. Nikitin, LV. Papushkin, V.V. Sumin, R.N. Vasin

Crpyxkrypa ruapunoB CeNi; mocie aecopOoiuy BoI0po/Ia.

C.A. Jlywnukos, HU.A. boopuxos, A.M. Banazypos, B.I1. I naszkos, B.A. Comenkos

Using Individual Spectra Simulation for Study of Pole Figures Errors.
T'A. Lychagina, D.1. Nikolayev, F. Wagner, C. Scheffzuek

Neutron Reflectometry Mode at Mond Diffractometer of IR—8 Reactor.
N.F. Miron, A.B. Rubtsov, V.A. Somenkov, V.I. Bodnarchuk, S.P. Yaradaikin

Small-Angle Neutron Scattering From Very Diluted Magnetic Fluids.
A.V. Nagornyi, V.I. Petrenko, M.V. Avdeev, V.L. Aksenov, L.A. Bulavin

SAS Study of the Structure and Properties of Carbosilane Dendrimers.
A.V. Rogachev, A.Yu. Cherny, A.N. Ozerin, A.M. Muzafarov, E. Atatarinova, V.1. Gordeliy, A.L
Kuklin

Pe3yibTaThl MEepBOro CHHXPOTPOHHOTO HCCIICOBAHUS CTPYKTYPHI MHOTOCIOWHBIX BE3UKYII
cMmecu cuHroMuesneH/HpochonumuabL.
H.IO. Pabosa, M. A. Kucenés, O.B. Hatioa, A.B. 3abenun, A.M. Banazypos



17.

10.

11.

12.

13.

The Upgrade of Package for Preliminary Treatment of Small-Angle Scattering Spectra.
A.G. Soloviev, T.M. Solovieva, S.A.Kutuzov, A I. Kuklin

4.2. NEUTRON NUCLEAR PHYSICS

. Heavy Metals in the Environmental Objects of Non-Ferrous Industrial Region of Mongolia, the

Town of Erdenet.
N. Baljinnyam, Sh. Gerbish, G. Ganbold, S. Lodoysamba, M.V. Frontasyeva, S.S. Paviov

Investigation of Periodic Multilayers.
V. Bodnarchuck, V. Ignatovich, S. Yaradaykin, L. Cser, T. Veres

INAA for Studying Hg (II) Accumulation by Arthrobacter Globiformis.
M.V. Frontasyeva, S.S. Paviov, Il Zinicovscaia, N. Tsibakhahsvili, L. Mosulishvili, F.
Kirkesali, I. Murusidze, P. Bode, and Th.G. van Meerten

Cross Section Measurement for the *Mo(n, o) *Zr Reaction at 4.0, 5.0 and 6.0 meV.

Zhang Guohui, Zhang Jiaguo, Wu Hao, Liu Jiaming, and Chen Jinxiang, Yu.M. Gledenov, M.
V. Sedysheva, G. Khuukhenkhuu, P. E. Koehler, P. J. Szalanski

Level Density, Radiative Strength Functions from the (#n,,2y)Reaction and Main Properties of

the **Mo Nucleus.
V.A. Khitrov, A.M. Sukhovoj

Investigation of Light Element Contents in Subsurface Layers of Silicon.
A.P. Kobzev, J. Huran, D. Maczka, M.Turek

Extraction of the Neutron-Electron Scattering Length from the Neutron Diffraction Data
Measured on Noble Gases.
L,V. Mitsyna, V.G. Nikolenko, S.S. Parzhitski, A.B. Popov, G.S. Samosvat

An Influence of Hypothetical Extra-Short-Range Interaction on the Scattering Anisotropy of
Cold Neutrons by Noble Gases.
A.B. Popov

Measurement of Neutron Total Cross-Section and Resonance Parameters of Xenon.
V.R. Skoy, T.F. Wang, G.N. Kim, Y.D. Oh, M.H. Cho, L.S. Ko, W. Namkung

Multicrystal Scintillation Detector for Investigation of Angular Correlations in (n,y) Reactions.
V.R. Skoy, Guinyun Kim, Manwoo Lee, and Kyung Sook Kim

Neutron Activation Analysis for Air Pollution Study in Croatia.

Z. Spiric, M.V.Frontasyeva, S.S. Pavlov, S.F. Gundorina, T.M. Ostrovnaya

Neutron Emission in Fission of **Cf(SF).
Sh. Zeynalov, F.-J. Hambsch, S. Oberstedt, 1. Fabry

DSP Algorithms for Fission Fragment and Prompt Fission Neutron Spectroscopy
O. Zeynalova, Sh. Zeynalov, F.-J. Hambsch, S. Oberstedt, I. Fabry
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Complex investigations of the size regulation effect for magnetite nanoparticles in
ferrofluids with non-polar organic carriers and stabilization by monocarboxylic acids, have been
completed. They included diffraction and small-angle scattering of synchrotron radiation
(Kurchatov Center of Synchrotron Radiation and Nanotechnology), as well as small-angle
scattering of non-polarized (RISSPO HAS, Hungary) and polarized neutrons (GKSS, Germany). It
is confirmed that replacing of non-saturated oleic acid (Cig) used in the classical stabilization
procedure with saturated acids from a series of lauric (C;,), myristic (Ci4), palmitic (Cy¢), stearic
(Cig) acids results in a decrease in the effective size of stabilized magnetite [1]. In particular,
diffraction and small-angle scattering of synchrotron radiation (Fig.la,b) show a difference in the
size of the coherent scattering region of magnetite between samples stabilized by oleic acid and
saturated fat acids. The combined use of the two methods allows us to conclude reliably that the
revealed effect is related to the change in the size of the dispersed magnetite, but not with the
differences in the possible aggregation. The small-angle neutron scattering data (Fig.1c¢) obtained
for the samples in the deuterated solvent again show a great difference in the curves for oleic acid
and saturated acids. Also, a modulation of the scattering over the length of the used surfactanf is
observed. In addition to the parameters of the particle size distribution the thickness of the
surfactant stabilizing shell is obtained. The numerecal data of the fits are gathered in Table 1. The
principle scheme of the found effect is presented in Fig.3. As a result, it has been shown that the
characteristic magnetite size can be changed within interval of 5 — 8 nm by using various surfactant
mixtures.

Table 1. Results of the synchrotron and neutron analysis of the magnetic particle structure in the studied
MFs including the mean magnetite size from the widening of diffraction peaks (Dgis;), parameters of the
log-normal size distribution of magnetite (D, o), effective thickness of the surfactant shell ().

Sample Dyifrr, nm D, nm o, nm h, nm
OA 8.6 7.31 2.88 1.40
LA 5,7 5.30 1.51 1.85
MA 5,0 5.16 1.47 1.55
PA 5,1 5.51 1.57 1.35
SA 49 5.2 1.49 125
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Fig.2. Schematic representation of the effect of the change in the magnetite size in
ferrofluids when replacing oleic acid (OA) with saturated fat acids (LA, MA, PA, SA).
Dashed lines in the right image denote the boundaries of the surfactant shell depending on
the used acid.

The work has been performed with the support of the Helmholtz (Germany) -RFBR grant, Joint
Research Groups (HRJRG-016).

[1] M.V.Avdeev, D.Bica, L.Vekas, V.L.Aksenov, A.V.Feoktystov, O.Marinica, L.Rosta, V.M.Garamus,
R.Willumeit. Comparative structure analysis of non-polar organic ferrofluids stabilized by saturated mono-
carboxylic acids. J. Colloid Interface Sci. 334 (2009) 37-41.
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The laser desorption/ionization mass spectrometry (LDI MS) and its variations is a well-
proven method for detecting molecule types in different systems including biomolecules (proteins,
peptides, sugars), large organic molecules (polymers, dendrimers), as well as synthetic structures
and nanomaterials [1]. Mass spectrometry is often used in studies of fullerenes and their derivatives
[2,3]. In the given paper we apply LDI MS to fullerene Cg dissolved in different solvents and then
dried. Here, we find that in addition to this typical mass spectrum of Cg in molecular state for the
precipitated fullerene some features exist depending on the initially used solvent. They correlate to
some extent with a tendency of Cgy towards the formation of aggregates in the solutions, which is
determined by the solvent polarity [4]. The aggregates (size 10-100 nm) can appear in these
solutions under non-equilibrium conditions. The examples based on the results of dynamic light
scattering, electron microscopy and small-angle neutron scattering are the solutions of Cgg in carbon
disulfide [5], toluene [6], benzene [4]. The aggregation effect is more pronounced in polar solvents
like pyridine [7], N-methyl-pyrrolidone [8], benzonitrile [4]. The larger aggregates (size up to 500
nm) appeared within about one month after the dissolution of Cg are rather stable with respect to
shaking and ultrasonication indicating that the binding in them is quite strong. In the current study
the solutions of Cg are based on the solvents with various polarity including carbon disulfide (CS,,
£=1.6), toluene (TL, &= 2.4), benzene (BZ, £=2.7) and N-methyl-pyrrolidone (NMP, &= 32).

Saturated solutions of fullerene Cgp (Fullerene Technologies, purity > 99.5%) in benzene,
toluene, carbon disulfide and NMP (all from Merck, purity > 99.5%) are prepared by stirring for
four days at room temperature. The UV-Vis spectra repeat well the standard dependences for these
solutions. Laser desorption/ionization time-of-flight mass spectrometry is performed on the Bruker
Daltonics Autoflex II instrument. Both the positive and negative ion extraction modes are used. LDI
MS experiments are performed on fresh (right after the preparation) and old (one month after the
preparation) solutions. Between these experiments the solutions are kept in dark at room
temperature.

The spectra for the samples prepared from all solutions are compared in Fig. 1. Mass
spectrum of Cg in the molecular state contains the only peak at m/z = 720.6 Da [9]. Here, one can
see that besides this pronounced peak the spectra have additional peculiarities, which depend on the
initially used solvent. In the case of Cgo/CS, (Fig. 1 (a)) there is also a small peak at m/z = 736.6 Da,
which we relate to ions [CeO]". The signals from other possible fragments are of the order of the
background level. The spectra from the samples Cq/BZ (Fig. 1(b)), Ceo/TL (Fig. 1(c)) and
Ceso/NMP (Fig. 1 (d)) represent the sets of peaks differing by 24 Da due to the fact that the excited
fullerene loses even number of carbon atoms under laser desorption/ionization. In all these samples
the lower masses are identified as ion fragments Csg, Csg,...Cag, Wwhich are a result of decomposition
of the excited molecular ions stabilized by the detachment of C,, with n=1,2,...6.

The significant difference between Ceo/CS; (non-polar), Ce/BZ, Ceo/TL (low polarity) and
Cs0/NMP (polar) can be seen for higher masses. In Ceo/BZ (Fig. 1 (b)) and Ceo/TL (Fig. 1(c)) there
is a group of peaks close to m/z = 1440 Da, which can be described by desorption/ionization of the
Ceo dimer. These signals are less intensive than the [C6O]+ signal by about three orders of magnitude,
but are still well distinguished against the background. In the case of Cso/NMP (Fig. 1 (d)) several

1



peak groups corresponding to multiples (up to 10) of the Cgp mass are determined. Now, the signals
from dimers are only three times smaller than the signals from [C60]+.
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Fig. 1. Mass spectra of ful-lerene Ceo for different solutions: (a) — CS,; (b) — BZ; (¢) — TL; (d) — NMP.
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In fact, the clear dependence of the signals from aggregates on the used solvent type indicates
that these aggregates exist in the samples before the laser desorption/ionization. The similar
asymmetry of the peak distribution in the observed groups points to their common origin for the
three solvents. If one takes into account that the solutions Cg/NMP reveal quite intensive
aggregation right after the dissolution, the discussed peak groups can be well associated with the
aggregates appeared in the initial solutions. In this connection, the difference in the ion formation
between dimer of Cep/TL and Ceo/NMP for the mass range of 1000-1600 Da (Fig. 2) can be well
explained in terms of the aggregate decomposition. It can be described by the formula [2Cso-Can]’,
where n is the number of atoms emitted by the exited ion under stabilization. For Cg/BZ, Cgo/TL
and Ceo/NMP nisequalto 1,2, ...,7and 1, 2,..., 12, respectively. It means that the stabilization of
the desorbed and exited dimer ions goes via the detachment of carbon pairs with the possibility of
further decomposition into two parts 2Cg-Can = (Ceo-Csj) + (Ceo-Cax), where j + k > 7 for Ceo/BZ
and Ce/TL. In contrast, the aggregate fragmentation in C¢o/NMP (Fig. 2 (a)) is much deeper with |
+ k> 12. The most abundant ion signals for C¢o/NMP and Cgo/TL are related to the ions [2C60-C10]+
and [2C60-C2]+, respectively. It is possible that the ablation of the molecules in Cg/BZ, Cgo/TL goes
via desorption of intact exited monomers, dimers and trimers. The next step is the ionization and
stabilization by emitting C,, (N < 7). As for the C4o/NMP system desorption/ionization processes are
differing from the other systems and might be connected with intermolecular interactions that have
strong impact on the signal formation (Fig. 2).

The effect of the solution age on the mass spectra also supports the relation of the obtained
mass spectra with the aggregates in the initial solutions. If the spectra for Cgo/CS,, Ceo/TL, Cso/BZ
do not show any change with respect to the fresh and old (one month) solutions, the spectrum for
the sample Cso/NMP prepared from the old solution (Fig. 3) is totally different as compared to the
sample prepared from the fresh solution. The characteristic groups of peaks for small aggregates
disappear, and the only pronounced signals with low intensity again correspond to single Cgo ions
and its fragments in the low mass range. This correlates well with the time increase in the aggregate
size in C¢o/NMP revealed by dynamic light scattering and small-angle neutron scattering [10].

It is interesting to follow how the peak groups corresponding to the aggregates change with
increasing laser fluence (Fig. 4). The character of the spectrum for Ceo/CS; solution does not
depend on the laser fluence. For the systems Cq0/BZ and Cg/TL we can clearly see an increase in
the peak intensity of the group corresponding to dimers. In the case of C¢/NMP the effect of the
fluence increase is the most pronounced. In addition to a clear increase in the initial groups of peaks
in Fig. 2 (d), new groups corresponding to higher aggregates (containing up to 10 molecules of Cg)
appear. This shows that the laser energy is now enough for desorption of quite large molecules.

As it was mentioned in the Introduction part, the fullerene crystals (fullerites) are
characterized by comparatively weak Van-der-Waals bonds between Cgy molecules. This means

2



that the fullerene aggregation in solutions is more complicated process in comparison with
crystallization. The chemical interaction with the solvent should be involved to explain the
formation of new type of bonds, which, in fact, transforms in some cases initially molecular
solutions of Cep to colloidal systems. The development of the specific fullerene-solvent interaction
is supported by solvatochromic effects in these solutions, as well as by characteristic IR and Raman
spectra.
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Fig.2. Mass spectra of | Fig.3. Mass spectrum of positive Flg 4. Mass spectra of positive
positive ions of fullerene | ions of fullerene Cq for Cso/NMP | ions of fullerene Cgy for Cso/NMP
Coo for (a) — Ceo/NMP (n one month after solution | obtained under laser fluence: (a) —
1,2,...12); (b) — Cs/TL (n | preparation. 110 mj/cm?; (b) — 70 mj/cm’.
=1,2,...7).

The correlation between aggregation in solutions of Cgp and mass spectra from dried samples
is observed. It is concluded from (i) the comparison of solutions with different polarities; (ii) the
ageing effect for the solution, where the aggregates certainly form and develop with time. This
suggests the binding of Cgy molecules into the aggregates, which is weakly affected by laser
desorption/ionization parameters. It takes place not only in large aggregates (aggregate numbers
above 10000), but also in small associates (aggregate numbers below 10). We suppose that the
found effect has prospects for developing mass spectrometry research of liquid-containing systems.

References

[1] Khitrov GA, Strouse GF. J. Am. Chem. Soc. 2003; 125 (34): 10469.

[2] Fati D, Vasil’ev YV, Wachter NK, Taylor R, Drewello T. Int. J. Mass Spectrom. 2003; 229: 3.

[3] Manil B, Maunoury L, Huber BA, Jensen J, Schmidt HT, Zettergren H, Ceberquist H, Tomita S,
Hvelplund P. Phys. Rev. Lett. 2003; 91: 215504.

[4] Nath S, Pal H, Sapre AV. Chem. Phys. Lett. 2000; 327: 143.

[5] Tropin TV, Avdeev MV, Aksenov VL. Fullerenes Nanotubes Carbon Nanostruct. 2008; 16:
616.

[6] Torok G, Lebedev VT, Cser L. Phys. Solid State. 2002; 44: 572.

[7] Mrzel A, Mertelj A, Omerzu A, et al. J. Phys. Chem. 1999; 103: 11256.

[8] Alfe M, Apicella B, Barbarella R, et al. Chem. Phys. Lett. 2005; 405: 193.

[9] Yeretzian Ch, Beck RD, Whetten RL. Int. J. Mass Spectrom. Ion Proc. 1994; 135: 79.

[10] Aksenov VL, Avdeev MV, Tropin TV, Kozhemyakina NV, Avramenko NV, Rosta L. Physica
B. 2006; 385: 795.




Small angle neutron scattering investigations of ferrofluid — elastomer
composites

M.Balasoiu*?, I.Bica®, A.V. Rogachev' , A.l. lvankov* , J.Plestil*, L.Almasy®, B.Vatzulik®,
A.1.Kuklin?

.*National Institute of Physics and Nuclear Engineering, Bucharest, Romania
2Joint Institute of Nuclear Research, Dubna, Russia
3West University of Timisoara, Department of Electricity and Magnetism, Timisoara, Romania
*Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, Prague
>Paul Sherrer Institute, Villigen, Switzerland
email balasoiumaria@yahoo.com

The interest in rubber-like smart active material devices in recent years stimulates an
increasing number of efforts on both basic and applied research aspects for new elastomer
technology. Magnetic elastomers belong to a specific class of so-called smart materials because
they can respond to changes in their environment. They are composed of magnetic particles and
a low-permeability matrix. Applying an external magnetic field, a structure will be formed inside
the material or the structure embedded in the material will be changed [3-5].

In this work, the variation of the ferrofluid-elastomer microscopic properties due to
particle concentration variation and application of a magnetic field during the polymerization
process is investigated by means of SAXS and SANS methods.

The magnetic elastomer (ME) is produced by using the procedure described in Ref.[1]. It is
composed from (in vol. %): 60%-70% silicone rubber (SR) (RTV 3325PC-Bluestar Silicones

SAS); 1% silicone oil (SO), Merk type, with viscosity of ~200 mPas and density of ~ 1040 kg °
m'3 ; 5% catalyst (C), 60R (Rhone-Poulenc) type; 34%-24% Fe30 4 ferrofluid [2] based on

transformer oil (Fig.1).
A small angle X-ray scattering (SAXS) experiment on magnetic elastomers samples was
performed on the Rigaku SAXS spectrometer at IMC, Prague, in the Q, momentum transfer
-1

value range of 0.004 - 1.1 A (Fig.2).
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Fig. 2 SAXS experimental curves from sample
P12, P15, P22, P25, P32, P35 and a simple
elastomer P1, obtained at Rigaku spectrometer at
IMC, Prague.

Fig.1 Example of magnetic elastomer samples.

A small angle neutron scattering (SANS) experiment on magnetic elastomers samples
was performed on the SINQ time-of-flight spectrometer SANS Il, in the Q, momentum transfer
-1

value range of 0.015- 1.8 nm (Fig.3)
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Fig. 4 Representation of the structure factor of
the magnetic elastomer samples with 5.88%
(P12), 3.9% (P22) and 1.27% particle volume
concentrations (P32) polymerized in ZF.

Fig. 3 SANS experimental curves for the
magnetic elastomer samples with 5.88% (P12),
3.9% (P22), 1.27%  particle volume
concentrations (P32), for the elastomer matrix
(P1) and the form factor curve.

Fig. 5 Representation of the structure factor of
the magnetic elastomer samples with 5.88%
(P13), 3.9% (P23) and 1.27% particle volume
concentrations (P33) polymerized in magnetic
field of 28 mT.

From structure factor functions, S(Q) (Fig.4 and Fig.5), the particle correlation lengths are

obtained (Table 1).

Tablel
Samples| Particle [PolymerizationfCorrelation
volume field [mT] length
concentration| [nm]
[%]

P12 5.88 0 9.17
P22 3.9 0 8.49
P32 1.27 0 8.16
P13 5.88 28 8.97
P23 3.9 28 8.49
P33 1.27 28 8.49
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As preliminary results the following are
remarked: (i) with the particle concentration,
the correlation length in the composite is
slightly increasing; (ii) the application of a
transversal magnetic field (28 mT) during
the polymerization process induces smaller
modification than the particle concentration
variation on the ferrofluid-elastomer XY
microstructure.
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Introduction

At the present time one of the topical problems in optoelectronics is a search for nanosystems,
which under excitation with light could efficiently radiate energy in a given spectrum range with
minimal losses [1]. The promising materials are nanostructured oxide systems synthesized by
colloidal chemical methods and containing rare-earth and noble metal ions [2-4]. Their physical and
functional properties depend on both the chemical composition of oxide matrixes and nanosystem
active components and the structure parameters of all nanosystem constituents. In our work most
attention is focused on the research of crystal structure and structure aspects of cluster formation in
GeO, xerogels containing europium and silver. The xerogels with compositions of

95Ge0,—5Eu;03, 94.9GeO,—5Eu,03-0.1Ag and 99.9GeO,—0.1Ag were annealed in air up to

To = 850°C and investigated by means of X-ray diffraction and small-angle neutron scattering.

Experimental

The small-angle neutron scattering experiments were carried out with the spectrometer SANS-1
[5] on the research reactor FRG-1 (GKSS, Germany). The X-rays diffraction experiments were
performed with the powder diffractometer at the experimental station “Mediana” (synchrotron

radiation source “Siberia-2”, RRC “Kurchatov Institute”) [6].

Results and discussions
It was determined that the 99.9GeO,—-0.1Ag system synthesized at 7o = 150°C is amorphous and
at To > 200°C is crystallized into hexagonal phase with P3,21 symmetry. The 95GeO,—5Eu,03 and



94.9Ge0,—5Eu,03-0.1Ag systems obtained at 7o = 150-800°C also have hexagonal structure with
P3,21 symmetry.

The formation of polydisperse clusters in the 95GeO,—5Eu,03; and 94.9GeO,—5Eu,05-0.1Ag
systems was revealed in the annealing temperature range of 350-550°C (Fig.1). The cluster size
distribution functions were calculated and it was found that silver doping results in an
approximately twofold decrease in their average size. This fact can be explained by the breakage of
clusters because of the formation of Eu—O—Ag chemical bonds. An increase in the relative intensity
of luminescence excitation lines 7F0 — 5L6 and 7Fo — 5H6 of Eu®" ions confirms this fact. At a high
annealing temperature 7o = 850°C the dissociation of the formed clusters was observed, which may

be connected with the formation of a new phase of europium germanate.
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Fig.1. The neutron scattering curves xerogels with compositions 99.9Ge0,-0.1Ag (@), 95.0Ge02-5Eu203 (b) u
94.9Ge02-5Eu,05-0.1Ag (¢) and annealing temperature T,,=150 (1), 550 (3) u 850 °C (2).

References

[1] H.Chandler, Mater.Sci.Eng.R., V.49 P.113-155 (2005).

[2] B.Long, Z.Lide, W.Xiaoping, Solid State Commun., 104(9), 553 (1997).

[3] S.T.Selvan, T.Hayakawa, M.Nagami, J. Phys. Chem. B., V. 103, P. 7064 (1999).

[4] H.Nabika, S.Deki, Eur. Phys. J. D., V. 24, P. 363 (2003).

[5] H.B.Stuhrmann, N.Burkhardt, G.Dietrich, R.Jiinemann, W.Meerwinck, M.Schmitt, J.Wadzack,
R.Willumeit, J.Zhao, K.H.Nierhaus, Nucl. Instr. & Meth., A, 356, 133 (1995).

[6] V.L.Aksenov, V.P.Glazkov, S.E.Kichanov, D.K.Pogoreliy, K.M.Podurets, V.A.Somenkov,
B.N.Savenko, Nucl. Instr. & Meth. A, 575, 266-268 (2007).



1

INVESTIGATION OF LIQUID LITHIUM RELAXATION TIME BY MEANS
OF THE MEMORY FUNCTION FORMALISM
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Previously [1], our experimental data on quasielastic neutron scattering by liquid lithium were
analyzed with use of the diffusion phenomenological model. The average resident lifetime 1
describing the atom relaxation in existing neighboring has been estimated.

However, it is interesting to illuminate the relaxation processes in liquid lithium by the memory
function (MF) formalism [2,3] exploiting.

The equation of an atomic movement in liquid (Langevin equation) generalization,

mdV | dt = -mTV(¢)+ R(?) (1)

can be held by means of memory function 77(#) formalism, the latter being introduced as time-
dependent friction coefficient analog through the expression of mean force by the integral taking
into account the memory on last particle dynamics as the 7(?) and V(?) convolution:

mdV | dt = —ij(t — W (2)dr + R() )

Here R(?) — random force component, with zero average value, non correlated with a velocity
V(t) of particle (mass m).

Note that the equation (2) corresponds to the description of the real atom movement better than
the equation (1) does, where the friction is established only by up-to-moment value of the
particle velocity. In such the way liquid having the atom velocity V(t), must restore its
equilibrium corresponding to this value of the velocity, the memory effect with respect to
previous dynamics being destroyed.

For the velocity autocorrelation function (VACF), Y(t) = < V(0)V(t) >/ < V(0)V(0) > we have:

d‘P/dt:—jF(t—r)‘P(r)dr, or d‘P/dt=—jF(r)‘P(t—z‘)dz‘ 3)

As far as relaxation is possible as inner interatomic one, and as neighboring (cluster) relaxation,
the model of MF becomes two-component:

L(Q,0) =T(0,0)*[a, *exp(-t/7,)+(1—a,)*exp(-t/7,)] 4)

Here 7, — fast relaxation time (p — process); 1, — slow relaxation time (o — process); oq and

(1- aq) — their weights; I'(Q,0) = O’ (Squared Einstein energy) [2,3].

Firstly, we shall execute the numerical solution of Volterra equation (3) for VACF by the
method developed in [2,3] based on recurrent relations for memory function, and try to estimate
the relaxation times for liquid lithium with use of VACF obtained in experiment [4].

Secondly, we shall use the computative design developed in [5,6] for the analysis of
experimental data on quasielastic neutron scattering in supercooled water. In this case

r0) =0, + 2(” ]Q% 5)
m



Q,’ :4’””wrzd{qﬁ”(r)+2(¢'(”ﬂg<r) , ©)
3m

0 r

where n — atomic density, g(7) —radial atom-atom pair distributive function, ¢’ (r) and ¢" (r) —
first and second derivatives of the interatomic potential, correspondingly.

Resulting expression for the scattering function S(Q,w), corresponding to the lineshape of the
quasielastic peak,which one can derive directly [5,6] has the simple but somewhat tedious form:

A,1'(0,0)4
S(0,w) = - 0 (Qz )4, ; , where (7)
4| ATQOAT [ Ad,
A, A,
a,o l-a,)o
AO{I‘BTjQz , 4, =T(Q,0)-— 2 ,2—(2 QL to
m o +r, o +7,

-1
apt, s (1- a, )T,

=
Il

2 2
2 2 > 2 s A3 = FZ (QDO)AZ + Al
o +7, 0 +7,

Note that fitting of VACF by damping cosine expression [7], ¥(t) = sech(t/t)*cos(wt) gives the
value of 1 =0.035 ps. It is the orientational value of fast relaxation time.
For the numerical solution of Volterra equation (3) the model description [4] yields Qo = 21.85
meV and accurately corresponds to the Einstein energy Egp = 22.4 meV estimated from the
elementary excitation spectrum of liquid lithium analysis [8]. As a result of memory function
analysis, the value of the fast relaxation time, t, = 0.023 ps has been estimated. The attempt to
infer the second, slow component (t,) of relaxation time failed (ap=1). Fig.1 demonstrates a
good description of model VACF with respect to the experimental data. The absence of t, in the
description of memory function we connect with omitting of quasielastic component during the
VACF extraction from experimental frequency spectrum [4].
Situation differs when we deal with memory function concerning the quasielastic scattering
itself, that a priory contains the slow component 1, . Keeping the parameter Q,” (6) fixed equal
Q¢* =Eg* =[22.4 meV]* =(1152 ps'2 ) (from the dispersion curve of liquid lithium analysis [8]),
we steadily get fitting by use of the expression (7). Fig.2 demonstrates the fitting result for some
values of Q. The average values at the interval Q = 0.65 — 1.87A°" of weight aq and relaxation
times are:

<a, >=0.974+0.005;< 7, >=(0.5910.08) pS;< 7, >=0.033pS (8)

As expected, the diffusion component weight became ~ 3%. The main contribution to MF is due
to the fast binary term. At the time, one can mark the proximity between estimated value of
<1,>=0.59 ps, time 19 = (0.6 £ 0.1) ps estimated in [1], and qualitative accordance with T, ~
0.3 ps from the paper [9].

At the next step of fitting g =0.974 and Q" = 1152 ps™ were fixed, while 1, and 1, were kept
free. The average fast relaxation time became <1, >=0.032 ps (fig.4) and well coincides with
the start value of primary fitting value, 1, = 0.033 ps. The average slow relaxation time became
<1,>=0.53 ps (fig.5).

Despite estimation of 7, and t,1is in good accordance with results of other authors [9], we hadn’t
reveal the Q — dependence of t, and t,. Perhaps it is connected with our experimental data
restrictions.
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The latest research advances of physical and chemical properties of carbon nanostructures
show that these could be the basis of notable advances in nanoscale electronic devices [1],
environmental pollution control [2], electro-magnetic interference shielding [3], reinforcement of
light-weight materials, energy storage [4], catalysts / catalysts supports [5] and field emission [6].
Nanostructured carbon powders can be produced using different techniques like: resistive heating
of graphite [7], ablation of carbon-containing materials [8], graphite vaporization [9] and
pyrolysis of hydrocarbons.
Carbon soot synthesis by laser pyrolysis of hydrocarbons has the background into the resonance
between the laser radiation and at least one of the reactant composing gas mixture [10].
Due to the fact that nanosized soot particles scatter at low angles, we have chosen small-angle
neutron scattering [12] like an appropriate additional method to analyze the bulk information
from the soot samples.
The purpose of this article is to obtain a correlation between the parameters of synthesis process
and the phase composition of carbon nanopowders investigated.

The studied samples were synthesized at National Institute for Laser, Plasma and
Radiation Physics, Bucharest, Romania by the laser induced pyrolysis of ethylene [13]; the soot
samples containing carbon nanostructures were: C,H,/C,H4 and CoHo/SFe.

The small-angle scattering experiments were carried out on YuMO small-angle time-of-flight
spectrometer [14] at the IBR-2 pulsed reactor, Joint Institute for Nuclear Research, Dubna,
Russia in two detector system [15,16] with PSD detector in second position [17].

The small-angle X-ray scattering measurement was performed at Institute of Macromolecular
Chemistry, Prague, Czech Republic on Rigaku 2D multi-wire proportional counter [20].

For the measurements the soot was introduced in quartz 2 mm Helma cells, the experiment was
performed at room temperature (~ 20 °C) controlled by a Lauda thermostat within 0.5 °C.

The hydrocarbons laser pyrolysis leads to carbon nanodisperse powders in which is
revealed the presence of three types of carbon: amorphous carbon, carbon with small graphitic
sheets or fullerene-like structures. The transmission electron micrograph (TEM) investigation
showed that curved structures (spherical shape nanoparticles) are general feature of the
morphology of carbons [11].



The graphics (Fig.1, Fig.2, Fig.3) showed are in log/log scale with absolute intensity on Y
direction.
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Figure 1. Scattering curve for C,H,/C,H, (solid | Figure 2. Scattering curve for C,H,/SFs (solid
square) and linear fit. triangle) and linear fit.

We observe the straight line in Q-range at least Qmax/Qmin One order. It means we can describe
the result for the 3.3 £ 0.1 slope in terms of surface fractal model [18].

In Fig. 1 are presented covers for the C,H,/C,H,4 samples obtained by laser pyrolysis technique
described above. A part of the cover shows that the straight line is in 0.12 A up to 8 x 10° A (Q
range). The small deviation near straight line is within statistical errors.

The same behavior of covers can be observed in Fig. 2 for C,H,/SFs and in small Q-range the
start at 0.1 A corresponds to a particle size about 63 A. For first sample the size is about 60 A
also.
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Figure 3. Comparison between SANS and SAXS
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Differences of fractal dimension are observed for the studied samples.
The slope coefficient is 3.3 £ 0.1 for C,H,/C,H,4 sample and 4.4 + 0.1 for the C,H,/SF¢ sample;
the comparison between them shows different structure organization of samples.



The 3.3 + 0.1 coefficient of the slope show surface fractal model-like with fractal dimension D =
2.7 £ 0.1, in agreement with HREM measurements [13] where it is revealed the non-smoothly
surface of the aggregates.

One of the approaches for the next coefficient 4.4 from Fig.2 could be described in terms of
porosity samples [19]. This result requests further investigation including TEM or HREM
analysis.

From Fig. 1 we can see the point on Q-scale where exists a deviation of scattering curve from the
straight line. The position of this point, which corresponds to ~ 60 A, could be explained by the
size of particles which construct the whole fractal system.

This size determined could be used like estimation.
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Introduction

RMnOs3; compounds are intensively studied due to the coupling of electric and magnetic
properties (multiferroic materials). BiMnOjs is one of the most studied multiferroic materials among
perovskite-type oxides at ambient pressure [1]. Below 500 K, its structure is a highly distorted
perovskite type monoclinic one with space group C2/c resulting in the off-centering Bi 65 lone
pairs. The ferroelectric (FE) phase transition temperature Teg = 500 K of BiMnOj is coincident with
the structural phase transition temperature to this monoclinic phase. Below T¢ = 100 K, a
ferromagnetic state is realized in BiMnQOj;. An observation of magnetodielectric anomaly implies a
strong coupling of FE and magnetic properties [2]. Some recent reports have shown the orbital
ordering and superexchange interaction responsible for the FM state in this system, which is in
contrast difference with the A-type AFM state of relevant LaMnOs compound. The recent magnetic
susceptibility measurements demonstrated that FM ground state in BiMnOs is extremely unstable
with respect to application of high pressure, and it is fully suppressed above P = 1 GPa [3], while
above this pressure a new magnetic phase appears below T¢; = 90 K. In order to clarify the nature

of the pressure-induced magnetic state of BiMnOs3, we performed neutron diffraction experiments.

Experimental

Neutron powder-diffraction measurements were performed with the G6.1 diffractometer using a
setup for high-pressure experiments at the Orphée reactor. An incident neutron wavelength was
4.74 A. Sample with a volume of ~Imm® was loaded into a sapphire anvil high-pressure cell. As a
pressure transmitting medium, NaCl was admixed to the sample. The pressure was measured by the
ruby fluorescence technique. All our experiments were carried out in the pressure range of 0-2.7

GPa and the temperature range of 1.5-300 K.

Results and discussions
For additional background removal the low temperature spectra were subtracted to high

temperature spectra. The subtracted diffraction patterns measured at T=2 K in pressure range 0-2.7



GPa were presented at Fig. 1. At ambient pressure the ferromagnetic phase FM are exist in BiMnOs

as were observed at previous experiments [4].
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Fig. 1. The background subtracted neutron diffraction patterns of BiMnOj at different pressures at low temperature
T=2 K.

At high pressure P=1.2 GPa the additional magnetic peaks at 20 ~ 26 and 83° were appearing.
This fact is clear shown the existing of additional antiferromagnetic AFM phase in BiMnOj at high
pressure. The calculated propagation vector of this AFM phase is described as k=[-1 0 1].
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The specific behavior of fullerenes dissolved in polar solvents is of current interest [1,2]. The
important feature of this type of fullerene solutions is the aggregate formation in neat solvents and
their mixtures, which besides the fundamental viewpoint also has prospects for practical
applications [3]. In this work we study aggregates appeared in the solution of fullerene Cgp in N-
methyl-2-pyrrolidone (NMP) [4,5]. Previously, it has been shown that quite large (size up to 500
nm) and polydisperse stable aggregates are formed during about 1 month after the solution
preparation. It is worth mentioning that the growth of the aggregates is accompanied by smearing of
the UV-Vis spectrum with time (time-dependent solvatochromism), although the connection
between the two effects is not clear. Some reorganization of the aggregates with respect to the size
distribution function is concluded from small-angle neutron scattering (SANS) after water (miscible
with NMP in any proportion) is added to the system [6]. Namely, the disaggregation takes place [7].
Again the sharp solvatochromism is observed as well; still, its reason is also an open question.
Similar effects characterize solutions of Cgy in pyridine [6]. Here, we follow the aggregation
changes in the system Cgq/NMP and its mixture with water using the combination of the solvent
extraction and mass spectroscopy performed at different time stages. As the second phase
(extraction medium), hexane is used. We use it for structure diagnostics of the first phase. In
particular, we show that the extraction is sensitive to the aggregate development, so it can be used
in the analysis of the aggregation processes in the studied systems. Additionally, some correlation
between the formation/change in the aggregates and mass spectroscopy data is established. It
supports the results of the extraction analysis.

Fullerite Cg (Fullerene Tekhnologies, purity > 99.5%) is added to NMP (Merck, purity >
99.5%) and stirred for one hour at room temperature in dark place. The extraction of Cg is
performed during one month after the dissolution with the time step of about one day. Hexane
(Merck, purity > 99.5%) is added to Cso/NMP with hand shaking; then the system is left as it is for
ten minutes in a vertical quartz cell, which results in the separation into two phases (Co/NMP plus
Cso/hexane) with a distinct interface. The UV-Vis spectrum of the Cgo/hexane solution is obtained
using Helios UV-Visible spectrophotometer (wavelength range 200-1000 nm, 10 mm path length).
Water is added in one-month-old solution Cg/NMP with volume fraction of 50% in the final
mixture. The hexane extraction is repeated for the new system during one day after the mixing with
the time step of 1 h.

Laser desorption/ionization time-of-flight mass spectroscopy (LDI TOF MS) is performed on
the Bruker Daltonics Autoflex II instrument. All kinds of fullerene solutions are deposited onto a
standard steel target; then the solvent is evaporated.

Spectra of Ce extracted by hexane from Cgq/NMP solution (Fig.1) repeat those reported [8]
for Cgo dissolved directly in hexane. To follow the influence of the age of the initial Cqo/NMP
solution on the extraction, the corresponding changes in the absorbance at A =253 nm are shown in
the inset to Fig.1. One can see that the fullerene extraction drops and almost stops after one month.
Taking into account that this time coincides with the characteristic period of the aggregate



formation in the initial C4o/NMP solution, it is reasonable to conclude that the observed decrease in
the extraction is related to the aggregation process, i.e. the fullerene is transformed to the hexane
phase only as separate molecules (monomers), whose number finally reduces to zero with the
cluster growth in time. The final stop of the extraction indicates that all fullerene dissolved in NMP
comes to the aggregated state in the sufficiently old solution. The extraction resumes and increases
after water is added to one-month-old solution Cey/NMP (Fig.2). It strongly evidences that the
disaggregation in the system Cgo/NMP/water [9] is a result of detachment of individual fullerene
molecules from large aggregates, which initiates the extraction. In fact, we observe the dissolution
of the aggregated fullerene in the mixture NMP/water.
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Fig.1. UV-Vis absorption spectra of extracted Cg in Fig.2. Time variation (starting in 10 min after
hexane added to Cqy/NMP solution at different time preparation) in absorbance of extracted Cg in

(7 (1), 10 2), 19 (3) and 25 (4) days) after hexane added to Cqo/NMP/water solution.
preparation of solution. Inset shows variation of
absorbance at wavelength of 253 nm with time.

By comparing the absolute values in Figs.1,2 one can see that the maximal value of Cg
adsorption in hexane after water addition is almost twice less than that in fresh NMP. This is
consistent with the fact that the direct extraction constant should decreases for the mixture
NMP/water as compared to the fresh NMP solution. Really, let us denote the cases “fresh NMP”
and “NMP/water” by indexes | and Il, respectively. Then, in the linear approximation one can write:

CiLi= k| Cal, (la)

Cin = Ku Co, (1b)
where C;, C; are the concentrations of free Cgp monomers in the first and second phases at the
extraction, respectively; and k is the extraction constant, which is determined by the saturation

concentrations of free monomers in both phases, ¢,"* and ¢;*, as

k=c™/cy™. (2)
In case | the concentration C;; coincides with the total fullerene concentration, Cff’,t , of Cgo 1n the
first phase (NMP):

¢, =c. 3)

In case Il the concentration C; takes a part, X;; < 1, of the total concentration in the first phase
(NMP/water), cl“’,tI , which is followed from the existing of aggregates in NMP/water observed in

SANS experiments [17,18]. Then,
Cn = Xllcltf)ltl = Xclt,(:t /2. (4)
Here, we use the fact that the initial system is dissolved twice by water, so the total fullerene

concentration is divided by 2. Substituting (3), (4) in (1) and taking into account the observed above
ratio Cy = 2Cy one obtains:



x=ky/k <1 (5)

ki <k (6)

From the k definition (2) we see that the concentration distribution in case Il shifts towards the
hexane phase (decrease in the extraction constant) as a result of the worse solubility of Cg in the
mixture NMP/water in comparison with neat NMP.

Mass-spectra of the samples from various stages of the studied system are given in Fig.3. For
fresh C¢o/NMP (Fig.3a) the spectrum is a set of peaks differing by 24 Da due to the fact that excited
fullerene loses even number of carbon atoms under the laser irradiation. The peaks are grouped
around mass values, which are multiples of the molecular weight of Cgo (720 Da). Thus, besides
single fullerene, the clusters of two, three, four, etc. fullerene molecules are detected. One can see
that the observed spectrum correlates with the cluster formation in the solution at the beginning
stage of the aggregation process. Furthermore, the influence of the aggregation on the mass spectra
is clearly confirmed by the spectrum from old Cso/NMP (Fig.3b) where such peak groups disappear,
and significant decrease of the peak corresponding to single Cg is observed. Both changes in the
mass-spectrum reflect well the formation of large tight aggregates accompanied by a decrease in the
number of Cg, monomers in the solution. The addition of water to old Cg/NMP results in a
significant increase of the peak corresponding to single Cgo (Fig.3c). At the same time, small
clusters like in fresh Cg/NMP are not observed. So, one can conclude that single fullerene
molecules from the aggregates are really dissolved in the mixture NMP/water, as was supposed
above.

The explanation for the found dissolution Csp in NMP/water is that fullerene molecules at the
interface of the aggregates in NMP interact with the solvent and form donor-acceptor complexes,
which exhibit higher solubility in the mixture NMP/water than in pure NMP. Still, their solubility is
less than the solubility of free Cg in fresh NMP solutions. Such complexes were assumed [4] to be
responsible for the time solvatochromism in Cso/NMP. Another evidence of the formation of these
complexes is that fullerene itself is not dissolved when added to the same NMP/water mixture. It
can be noted that the time behavior of the system Cg/NMP/water reflected in the extraction analysis
(Fig.2) is somewhat similar to that for C¢/NMP (Fig.1), but at a different time scale. In the given
case the monomer concentration grows only for several hours after the water addition showing that
the new dissolution process (disaggregation of the initial clusters) takes some time. Then we can
observe its decrease, which suggests that the clusterization starts again in the solution
Ceo/NMP/water.
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Fig. 3. Mass-spectra of fresh C4o/NMP (a), old Cso/NMP (b) and C¢/NMP/water (C).
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Fig. 4. Schematic view of various stages of fullerene extraction to hexane. 1. Molecular Cq is extracted to
hexane from molecular solution Cs/NMP; both solutions turn to mauve of different intensity. 2. Cg is not
extracted to hexane; all Cgy in Cqo/NMP (brownish yellow) is in aggregated state. 3. Molecular Cg is
extracted to hexane (which turns to mauve) from solution Cg/NMP/water (which remains brownish yellow).
4. Cqp is not extracted to hexane; all Cqy in Cqo/NMP/water (brownish yellow) is in aggregated state.

The proposed extraction method allows us to conclude about the relative change in the
concentration of non-aggregated fullerene molecules during the aggregate growth and
reorganization in the system Cq/NMP and Ce/NMP/water, respectively. The prospects for using
this method in the study of the cluster growth kinetics in various solutions should be mentioned.
The impact of the aggregation in the studied systems on the mass-spectra of the dried samples is
observed. The mass-spectrometry measurements fully support the conclusions based on the
extraction data.
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The solutions of fullerene Cgp in nitrogen-containing solvents (pyridine, N-methyl-2-
pyrrolidone (NMP), benzonitrile and acetonitrile) are characterized [1-3] by the time
solvatochromism, which is the time evolution of photoluminescence, Raman and UV-Vis spectra.
Often, this effect is accompanied by the formation of fullerene clusters (size up to 500 nm) in the
solutions [1,2], so one can assume [2] that the reason of the solvatochromism is directly determined
by the cluster growth. This implies that new bonds between fullerene molecules in the clusters
appear, which change the mentioned kinds of spectra. On the other hand, the solvatochromism can
be related to the formation of some complexes between fullerene and solvent molecules, such as
donor-acceptor complexes between fullerene and nitrogen (oxygen) in the solvent (NMP) molecules
[4]. In the given work we consider these two possibilities from the viewpoint of the cluster
reorganization after dissolution of the system. In particular, such reorganization is observed [5-7]
for Cso/NMP solutions (above 40% of water in the final mixture) as a comparatively sharp increase
in the small-angle neutron scattering (SANS). This points out the fact that the large clusters destroy
at some extent and clusters with characteristic sizes between 10 and 100 nm appear. It is interesting
that some sharp solvatochromism takes place at the water dilution as well. It was shown [6] that
water addition leads to the decomposition of fullerene clusters in the solution, which is a result of
the detachment of monomers from the clusters. Here, we repeat the dissolution of the cluster
solution Co/NMP using pure NMP. As it will be shown below, this also results in some changes of
UV-Vis spectra, while the SANS signal, which is reflecting the formation of the new clusters of the
previous case, does not increase.

Fullerene (Fullerenovye Tekhnologii, purity > 99.5%) was dissolved in NMP (Merck, purity >
99.5%) to obtain the Cg/NMP system. Then the solution was stirred for one hour at room
temperature. UV-Vis absorption spectra were obtained using Helios UV-Visible Spectrophotometer
(wavelength range of 200-1000 nm, quartz cells with 2 mm light pass). The spectra were obtained
right after the solution preparation, several days after preparation and one month later. The new
solution (several days after preparation) was dissolved with pure NMP. The volume fraction of
added NMP was varied from 20 to 70 vol. % with respect to the final solutions. SANS experiments
were carried out on the SANS-1 instrument at the FRG-1 steady-state reactor of the GKSS Research
Center, Geesthacht, Germany. The scattering intensity (differential cross-section per sample
volume) was obtained according to the standard procedure on the solutions in quartz plane cells
with 1 mm neutron flight pass. The small scattering signal above the background allowed us to
estimate only the integral scattering intensity over the g-interval of 0.1-1 nm™.

The time smoothing of the characteristic peak of fullerene Cgp at 330 nm wave length in the
UV-Vis spectrum of Cgo/NMP (fig.1) repeats well the solvatochromic changes reported earlier
[5,6]. The level of the SANS intensity from the old solution is extremely low (about 0.01 cm™). It is
the same as it was observed previously [5] and corresponds to quite large (size more than 150 nm)
fullerene clusters. The dissolution of Cso/NMP system with pure NMP results in solvatochromism

1



(fig.2), which is similar to that observed after the system is dissolved with water. One can see (fig.
2) that the characteristic peak is almost smoothed for C¢/NMP solution with several days later after
preparation. It is interesting that, as follows from fig. 2, even slight dissolution (about 30%) of
above mentioned Cgq/NMP system leads to a solvatochromic effect (growth of the characteristic
peak of fullerene Cg at 330 nm wave length in the UV-Vis spectrum). In contrast to the dissolution
with water, in the given case the SANS intensity does not show any increase for all dissolution
rates. Vice verse, it decreases in according with the dissolution rate, thus proving that the detected
signal is the tale of the scattering curve from large fullerene clusters. This means that fullerene
clusters do not change their structure after the dissolution of the system with NMP.

Absorbance. a.u.
A

Anm

Fig. 1. Change in the UV-Vis spectrum of the
Cso/NMP solution with time: solid line
corresponds to fresh Cq/NMP and dashed line
is the solution one month later after
preparation.

Fig. 2. Absorption spectra of the Cgo/NMP
system (several days after preparation) before
(solid line) and after (dashed line) dissolution
with NMP. Absorption spectra are normalized
to the fullerene Cgo concentration.

Thus, we observe the solvatochromism without any reorganization of the clusters. This
experiment proves that the reason of the solvatochromic effects in the system Cg/NMP does not
relate to the cluster formation, but rather to formation of some complexes between fullerene and
solvent molecules (e.g. donor-acceptor complexes). Addition of water and NMP changes the
solvent organization at the interface with the cluster surface, which varied in time after the
preparation of the solution. Despite the similarity of the effects for the two solvents there are some
significant differences. It seems that the effect of water is much stronger. Water molecules destroy
the donor-acceptor bonds NMP-Cg and form their own complexes. This is confirmed by two new
bands in the UV-Vis spectra at 440 and 660 nm [2]. Also, the detachment of single fullerene
molecules from the clusters [6] after the addition of water suggests the formation of such complexes
whose chemical potential is smaller in the solution as compared to pure fullerene molecules
showing the tendency towards aggregation after they are placed in NMP.
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In the course of operation of nuclear reactors graphite blocks of the core undergo a form
change and the graphite itself acquires induced anisotropy of elastic, strength and thermal
properties. The ascertainment of regularities of changes occurring as a result of influence of heat
and irradiation is necessary for forecasting the terms of trouble-free operation of graphite stack.
Measurements of lattice preferred orientation and ultrasonic velocities in the samples cut from the
graphite block (made of GR-280 graphite) of the RBMK reactor have been carried out in order to
study the anisotropy of its elastic properties and elucidate the mechanism of swelling of graphite
blocks under the action of thermal fluxes and neutron irradiation.

GR-280 graphite is composed by middle grade coke particles and pyrolised pitch. The coke
particles accounts for almost 80% of its weight. The formation process of the reactor block is
extrusion, which in most of the cases tends to align the graphite grains in a certain direction. A
graphitization process ends at a temperature of approximately 2400°C. Physical properties of GR-
280 differ on 20-40% depending on the direction in the block. There exist two reasons for the
anisotropy of the physical properties: lattice preferred orientations (LPO or “crystallographic
texture”) of graphite and preferred orientations of non-spherical pores and cracks (so-called “shape
texture”). The influence of each of those factors on the anisotropy of bulk elastic properties of GR-
280 graphite was studied by combined use of neutron diffraction and ultrasonic methods.

Neutron diffraction texture analysis of graphite sample GRA2 has been carried out using the
SKAT spectrometer for quantitative texture analysis functioning on channel 7a of the IBR-2 reactor.
The cell parameters of graphite were found to be a = 2.46852(4) A and ¢ = 6.73473(7) A. The cell
volume is 35.541 A’ and theoretical density 2.245 g-cm™. The measured density of samples is 1.765
g-em™, which means the void volume fraction of 21.4%. There was noted no presence of the
rhombohedral phase of graphite.

Recalculated orientation distribution function (ODF) of graphite grains is shown on Fig.1.
The texture of graphite is weak; most of the orientations have corresponding ODF-values close to 1.
Low ODF-values (< 0.6) form only 8% of the orientation intensity, occupying 18% of the
orientation space. For high ODF-values (> 1.8) those numbers are correspondingly 10% and 5%.

To calculate bulk properties of the given polycrystalline material well known Voigt, Reuss,
and GEO (geometric mean) models were used [1]. Single-crystalline graphite elastic constant were
considered according to work [2]. Calculated longitudinal wave velocities in graphite material with
measured texture are close to 10 km/s (Fig.2). High intrinsic anisotropy of graphite leads to
coefficient of elastic anisotropy of 17%.

The ultrasonic method used in this study to measure bulk elastic properties of the graphite is
based on the measurement of ultrasonic velocity in different directions in the spherical sample.
Such a method makes it possible to estimate overall bulk elastic properties (at different pressures),
including the influence of cracks and pores, and not only the contribution of crystal structure as it is
for the neutron diffraction. Measurement of anisotropy of longitudinal ultrasonic velocity (Fig.2)
was carried out at various values of pressure (from 0.1 MPa up to 150 MPa). Frequency of



propagating waves was 1 MHz, which means the wavelength of order ~ 1 mm. That is sufficiently
higher than the presumed size of inhomogenities in graphite.
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Fig.1. ODF of graphite in
sample GRA2, y-sections,
linear scale contours,
stereographic projection.
3 min. Minimum value of ODF
1S fmin = 0.03, maximum
fnax = 3.56, texture index
F, = 1.19. Reference
coordinate system of the
sample K, is shown, X,
axis 1is parallel to the
extrusion direction.
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Fig.2. Longitudinal wave velocities Vp in of graphite possessing the same ODF as in the GRA2
sample calculated via geometric mean (leftmost figure, Vp values are 8.74...10.34 km/s), and
measured at different pressures (0.1, 20 and 150 MPa), linear scale contours, stereographic
projection.

The ultrasonic measurement coincides qualitatively with the results of texture analysis. The
maximal value of the ultrasonic velocity (the “+” sign) coincides with the extrusion direction. The
minimal one (the “-“) lies in the plane which is perpendicular to this axis. The maximal velocity
value is = 30% greater than minimal at the atmosphere pressure; = 15-16% greater at the pressure of
20 MPa and = 10.5% greater at the pressure of 150 MPa. But quantitatively ultrasonics and neutron
diffraction at this point differ greatly (Vp’s at 150 MPa are 3 times lower than the calculated ones).
Such behavior of the ultrasonic velocity testifies to the great contribution of pores and cracks to
bulk elastic properties of graphite. The pores and basal cracks common for polycrystalline graphite
are to be included into the refined model of elastic properties.
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Phys. Rev. B. 2007. V. 75. Nel5. 153408.



Crpykrypa ruapuaos CeNi; mocse gecopouum Boaopoaa
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Kpucrannmueckyto cTpykTypy uHTepMetamumueckux coeanHenuit (MMC) RTs (R —
penxko3eMenbHbI MeTami, T — nepexoAHblii MeTasul) MPUHATO ONUCHIBATh KaK COCTOSALIYIO U3
6mokoB coctaBa RT, (ctpykrypHslii Tunm MgZn,) u RTs (ctpykryphsiii Tun CaCus), nociaoitHO
HAJIOKEHHBIX BIOJb OCH z. OJHUM U3 MHTEPECHBIX M €II€ HE J0 KOHLA IMOHSTHIX SBJICHHI,
npucymx coeaunenussM RT; (¢ R-La, Ce, Pr, Nd), sBnsiercss HeoObIuHO OOJbIIas aHU30TPOTIHS
paCHIUPEHHS] KPUCTAITMYECKON PEIISeTKH MPU UX B3aUMOACHCTBUU C BOJopoAoM. C 3TOW TOUKH
3peHHs OCOOBIN MHTEpec MPEJCTaBISAIOT TMAPUAbI Ha ocHOBe MHTepMmeramnuaa CeNis, Takxke
BXOJSLIME B TPYyHNIy «aHU30TPONHBIX TUApUAOB» [l] u oTiMyaroniyecss OCOOEHHO
3HAYUTENbHBIM PACHIMPEHUEM BJOJIb z-0CH peweTkH (Ac/c coctaBisger noutd 30%). brnounas
CTpyKTypa ruapuioB coeauHeHud RT3 M COOTBETCTBEHHO HEPABHOBEPOSATHOE 3arlOJHEHHUE
BogopoaoMm no3unuii B 6mokax RT, u RTs paccMarpuBaetcs kak oHa U3 BO3MOXHBIX MPUYHH
AQHU30TPOIHOIO PACHIMPEHUS] PEIIETKH IpPU TOCIEI0BATEIbHOM YBEIMUYEHUU KOHLEHTPALUU
BoJopoaa B cTpykrype RTs.

Panee B Hamieit paGorte [1] ObUTO MPOBEACHO WCCIEAOBAHWE CTPYKTYpPHI THIPUIIOB
CeNizHy, monydenHbIX pu aGcopOIMK pa3HOrO KOJIMYECTBA BOJOPOA, BILIOTh 10 X = 5.2. bbuio
[IOKa3aHO, YTO HE3aBHUCHUMO OT KOHLEHTPAalUUu BOAOPOAA, HW3YUYEHHBIE THUIPUIBI HMEIOT
CTPYKTYPY HCXOJIHOTO COEIMHEHMs C aHHW30TPONHO PACIIMPEHHOM 3JIeMEHTapHOM sueiikoil u
HECKOJIbKO H3MEHEHHBIMHM TO3ULHUAMU METAIMYECKUX aTOMOB. AHM30TPOIHS pPACIIMPEHUS
peLIeTKH MaKCUMallbHa IPU HU3KOM KOHIIEHTPALMU BOAOPO/A, & C YBEIMYEHHUEM X pacCIIUpEHUE
CTaHOBHTCS Oosiee OJHOPOAHBIM. He MeHee MHTEpeCHBIM SIBISETCS MCCIECIOBAHUE CTPYKTYPHI
coctaBoB CeNisHy, momywaromuxcs necopOuuei Bojoposna U3 THAPUIOB ¢ Oosee BBICOKON
UCXOJHOW KOHILIEHTpauued. B Hacrosimeit paboTe H3JI0KEHbI pe3yJbTaThl HEUTPOHHBIX
TU(PaKIMOHHBIX KCIEPUMEHTOB, MPOBEICHHBIX Ha M3Y4YEHHBIX paHee B pabote [1] oOpasuax
TUJIPUIOB NIOCIIE YaCTUYHOM 1eCOpOIUH U3 HUX BOJOPOA.

U3 ucxoansix ruapuaoB CeNisHj g, CeNisHs 3, CeNisHs, ¢ momomipio TepmonecopOmuu
ObuTH oTy4eHsl coctaBbl ¢ x = 0.7, 0.8, a cocraBel ¢ x = 1.0, 1.8, 3.4 u 3.8 ObuIH MOTYYCHBI
pas3oXeHUEeM Ha BO3ayxe. XOTs Be3fe Ul ONPEAeICHHOCTH TOBOPUTCSA O THAPHIAX, OOiblIas
gacTh 00pa3noB ObUTa MPHUTOTOBIIEHA C 3aMEHOW BOJOpOAa Ha aeWTtepuil. HeilrpoHOrpaMMmer
nu3Mepsuch Ha audpaxromerpax AMCK (peaxtop MP-8, PHI] K1) u ®/IBP (peaktop MBP-2,
OUAN). Ilpumep m3MepeHHOTO W 00paboTaHHOTO MO MeToxy PurBenbaa audpakimOHHOTO
CIIEKTpa MpHUBEJIEeH Ha puc. 1.

AHanu3 HeWTpoHOrpapuUeCKNX AAHHBIX, NOMy4YeHHbIX i TuapunoB CeNisHy ¢ x = 0.7
u 1.0, mokasas, 4YTO HX CTPYKTypa COXpaHHWJA T'€KCArOHAJIbHYI) CHUMMETPHIO HCXOJHOTO
uatepmerauaa CeNis (P6s/mmc) ¢ mapaMeTpamMu perieTkd MpaKTUYECKH COOTBETCTBYIOLIHM
napamMeTpaM pelIeTKH MCXOAHOTO HHTepMeTaluaa. B 3Tux cocraBax aToOMbl BOJOpOJA
3aMONHAIOT IMYCTOTHl CTPYKTypHOro ¢parmenta RT, W mycToTsl Ha TpaHUIE MEXIY
¢parmentamu RT, u RTs. [Ipu aTom B o6pastie ruapuna CeNisHp 7 mycTOTBI Ha rpaHUIle MEXITY
¢parmentamu RT, u RTs 3amomnensr HezHauwtenbHOo 1o cpaBHeHHIO ¢ CeNisH;p. 310
yKa3bIBaeT HA NPEANOYTUTENBLHOE 3alI0JHEHUE BOAOPOAOM IIyCTOT B CTPYKTYPHBIX (pparmMeHTax



RT,. Bo3moxHOH PUYMHON TAaKOTO pacrmpeaesieHus Boaopoaa B matpuile ruapuaoB CeNisHy 7
u CeNizH; sBusercs xumudeckoe Biusaue Ce, coaep)kaHHE KOTOPOTO OOJbIlie B OrpaHKe
nyctoT RT,, 1 KOTOpBIN poYHEE YAECPKUBAET ATOMBI BOJIOPO/IA B ATUX IMMyCTOTAaX.
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Puc. 1. Jludpakumonnsiii crnektp ruapuna CeNisHpg, w#u3MepeHHbII Ha HEHTPOHHOM
madpakromerpe HRFD. Iltpuxm yKa3pIBalOT TMOJIOKEHUsI TMUKOB OCHOBHOW M JIBYX
JIOTIOJIHUTENBHBIX (a3 (moapoOHee B TEKCTE).

Pesynbratel uccnenoBanus obpasua rugpuna CeNisHog mokazanu mpucyTCTBUE B HEM
tpex (a3 (puc. 1). OcnoBHas ¢daza (okomo 75%) mpexacraBiseT coOOM HMCXOIHBII
HMHTEPMETAIU C TeKcaroHaJbHbIM CTPYKTypHbIM TunoM CeNi; (P6s3/mmc). Bropas dasa
(oxomo 20%) wumeer pomOHUeckyro CTpykTypy (Pmcn) wucxomnoro ruapuma CeNisHjsg.
[IpucyrcTtBue  sTux 1ByX (a3 yka3plBaeT Ha TO, YTO  TEKCaroHalbHas CTPYKTypa
METAJTHYECKOW MATpPHIIBI SBISICTCS OO0Jiee YCTOWYMBOW TNPU CPABHCHHH C POMOWYCCKOM
matpuei. Tpetbs ¢a3za co ctpykrypoit Ce;Niy siBisiercs npumecHoi. [lonydyeHHble TaHHbBIE 110
pacmpeelIeHHI0 BOJIOPO/Ia B OCHOBHOM (ha3e ¢ reKcaroHajdbHOW CTPYKTYPOU IMOKa3bIBAIOT, YTO B
Oosblllel CTETEHW BOAOPOJ JIOKAIW30BaH B IYCTOTaX CTPyKTypHoro ¢parmenta RT, u B
HE3HAYNTEIILHOM KOJINYECTBE Ha rpaHuie Mexay ¢pparmentamu RT, u RTs.

B pesynbrare HeliTpoHOorpaduueckux usmepeHuit oopasuos ruapuaoB CeNizHy c x = 1.8,
3.4, 3.8 OBUIO YCTAaHOBJICHO, YTO CTPYKTypa W mapamerpsl pemerku ruapuaa CeNisHjg
MPAKTUYECKH TaKue ke, Kak y ucxogHoro uHTepMeramnuaa CeNis, a ruapuasl CeNizHsz4 u
CeNisH; g IMCIOT aHU30TPOITHO PACHIMPEHHYIO PEIIETKY C YBEIMYECHHBIM TMapamerpoMm c. [Ipu
necopbuuu Bogopoma w3 ruapuma CeNisHs, mo cocraBa CeNisHsg B ero crpykrype
0CBOOOXKIaeTCs OKTadIpuueckas nmo3umus 64 ¢pparmenta RTs. OcranpHbIe 3aHSATBIC BOIOPOIOM
no3uuu B CeNisH; g Takue ke, kak u B ruapuae CeNisH; 3 [6] ¢ pasnuuuem B 3aceleHHOCTH.
[Tpu manpHeimen gecopouu 10 coctaBa CeNisHj 4 mponcxoauT ocBoOokaeHNe TO3UIHH 241,
6moka RTs. lecopbuus no cocraBa CeNisH; g mpuBoaut k BakanTHO# no3uiuu 4f; 6moka RT, u
CHUKEHUIO 3aceieHHOCTH no3unmii 24/; 6moka RT, u 12k, Ha rpanune mexay 6moxkamu RT; u
RTs. Ilpu mepexome ot CeNizHszs x CeNisH;g mpoucxomuT peskoe CHIKEHHE O0bema
KPUCTAJUTMYECKON PElIeTKU TUAPHJIA, COMPOBOXKIAAIONIUECS YMEHBIIIEHHEM TapameTpa c. Takoe
MOBE/ICHHUE TIPH JIeCOPOIMH CBS3aHO B MEPBYIO OYEpEdb C OCOOEHHOCTSMHU KPUCTALTUYECKON



CTPYKTYpBI THIpHAA, HMelomeld OnouHoe ctpoenHue. [Ipu ocBOOOXKIaeHWUM MyCTOTHI 4f; OT
BOJZIOPOJIa €€ PACIONIOKEHUE BJIOJIb OCH Z CIIOCOOCTBYET CIKATHIO TETpad/ipa, U COOTBETCTBEHHO,
Bcero (parmenta RT, Ttakxke Bmonbs ocu z. Jlepopmanuu pemeTkn B 5TOM HaNpaBlICHUU HE
npensTcTBYIOT GparmeHThl RTs, KoTOphIe He 3amoiHeHbl BOA0poaoM. CHIKEHUE 3aCEICHHOCTH
B mo3unuu 24/ Takke TMPUBOAUT K cCxkaTuio (parmeHta cTpykTypsl RT,. BTOopbiM BaXHBIM
(hakTopoM SBISETCS XUMHUYECKOE B3aMMOJCHCTBHE BOJOPOJA C METAUIMYECKUMHU aTOMaMH
OrpaHKH MyCTOT. B cocTaB orpanku myctoTsl 4f; BXoauT Tpu aroMa Ni u ogud atom Ce, U 3TO
CIOCOOCTBYET €€ IepBOOYEPETHOMY OCBOOOKICHUIO MIPU CpaBHEHHUH ¢ mycToTamu 24/, u 12k,
cojepxammux B orpaHke mo asa aroma Ni u Ce u cuibHee yaepKuBamux Bogopoxd. OmHaxo,
CHIDKEHHE 3acelieHHOCTH no3unuit 24/, u 12k, comepxkammx Oonbmie Ce u oOnagaronimx
O0onpIIMMHA  O0BEMHBIMU  A((DEeKTaMH, COOTBETCTBEHHO MPUBOJUT K OOJBIIEMY CXKATHIO
crpykrypHoro ¢pparmenta RT,. Takum obpazom, B ruapunax CeNizHy (x = 1.8, 3.4, 3.8) no mepe
CHIDKCHHUS KOHIICHTPAIIMK BOJIOPOAA, OCBOOOXKICHUE IMO3HUIIUNA OT BOAOPOJA B TIEPBYIO OUEPElb
MPOUCXOIUT B CcTpyKTypHOM Onoke RTs, 3atem Ha rpanune mexnay Omoxkamu RT, u RTs u B
no3uiusax omoka RT,.

CpaBHeHue o0O0BEeMHBIX J(PPEKTOB TpHU THUAPUAO0OpPA30BAHUU TOKA3bIBACT, YTO B
ruapuaax ¢ Hu3koil koHnentpanumed  CeNizHy (x=0.7, 0.8, 1.0, 1.8) oHM mnpaxTuuecku
OTCYTCTBYIOT, a B rupuaax ¢ Oomnbineil konuentpammein CeNizHy (x=3.4, 3.8) usmeHeHue
o0beMa pEHIeTKH NPUMEPHO COOTBETCTBYET OOBEMHBIM 3¢ (dekTaM TuApUI000pa3oBaHHS
CeNisH; 3. Takum o0pa3om, BHE 3aBUCUMOCTH OT crocoOa momydenus runpuna CeNizHy (x =
0.7, 0.8, 1.0, 1.8), mpu HHU3KON KOHIIEHTpPALMX BOJOPOJA yBEIUYCHHE O0OBEMa PELICTKU MpPU
CPaBHEHHUU C MHTEPMETAITUAOM MPAKTUYECKU HE MPOUCXOIUT, HECMOTPS Ha TO, YTO BOJOPOJ
3aIOJIHSIET MYCTOTHI B peIlIeTKe CTPyKTypHOro 6moka RT, ¢ Gonbmum copepxanuem Ce. 1o
yKa3bIBae€T Ha TO, YTO HAXOMSIIUHCS B aTOMApHOM COCTOSIHUM BOJOPOJA B MEXKIOY3IHUSIX
pEIIeTKH UMeeT HeOOJIBIIION TOJIOKUTEIIbHBIN 3apsi H*"
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Using Individual Spectra Simulation for Study of Pole Figures Errors

T.A. Lychagina®, D.I. Nikolayev !, F. Wagner? and C. Scheffzuek'?

! Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Moscow
region, 141980, Russia

2 Letam, University of Metz, Metz, France

® Freie Universitat Berlin, FB Geowissenschaften, Malteserstrasse 74-100, 12249 Berlin, Germany

The neutron diffraction experiment is one of the methods for obtaining information about
crystallographic texture. The spectrometer for quantitative texture analysis (SKAT) is successfully
operated at the 7A channel of IBR-2 reactor (FLNP, JINR, Dubna) since 1997 [1]. Neutron spectra
are measured at SKAT to be used for pole figures extraction. Pole figures (PFs) contain
experimental information about crystallographic texture. The requirements for the accuracy of PFs
are growing in correlation with the complication of the investigated problems. Thus it is very
important to study sources of the PF’s measurement errors to look after their minimization. It is
necessary to underline that pole figures measurement errors have an integral character, i.e. they
include all factors like experimental layout, neutron statistics, grain statistics, external noise etc.
The local peak fit approach gives us a tool for pole figure intensity and pole figure measurement
errors determination [2-3]. Pole figures measurement errors do not depend on ODF reconstruction
methods and are not connected with any further computations with pole figures, so they are of
"pure" experimental kind. In our previous investigations [2-3] it was established that the qualitative
distribution of PF measurement errors is similar to the distribution of peak width determination
errors, or in other words a determining role in the PF measurement errors plays the errors of the
peak width determination. This statement is the starting point for the present work. To check this
conclusion spectra simulations have been done. The purpose of such simulations is to be convinced
that such behaviour of pole figure errors is a property not only of the spectrometer SKAT. It can be
checked up by means of spectra simulations because the errors entered into the spectra at the
simulations are not connected with a special measurement process. Investigation of pole figure
measurement errors were carried out for a set of Mg+4.5%Al+1%Zn samples.

The analysis of simulated spectra allowed us to confirm the main influence of the peak width
determination error on the pole figure error (see Figure)[4]. This conclusion is drawn on the basis of
comparison of errors distributions. Additionally, we simulated individual spectra using model pole
figures and extracted pole figures and pole figures errors from those spectra. For this case we also

confirmed the same qualitative behaviour of pole figure measurement errors and peak width



determination errors. The model pole figures were calculated on the basis of normal distributions
[5]. Beside, we simulated the experimental errors (noise) directly in the spectra because actually the

spectra contain the primary experimental information.
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Figure a) Pole figures (0002) for Mg+4.5%Al+1%Zn sample. The intensities are given in mrd (multiples of random
distribution). b) The relative pole figure errors. c¢) The errors of peak amplitude. d) The errors of peak half —width.

So we can state that a decreasing of the pole figure errors can be reached by reducing of the peak
width errors. One way to decrease the peak width error is to enlarge the peak width. But in this case
the experimental resolution may be deteriorated. However, it can be done if the resolution in the
diffraction spectrum is not so important (e.g. for texture investigations of samples with a sufficient
number of isolated diffraction peaks). Similar results concerning pole figure measurement errors

can be expected for data collected with X-ray measurements using position sensitive detectors.
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NEUTRON REFLECTOMETRY MODE AT MOND DIFFRACTOMETER OF
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The instrumental basis of the IR-8 reactor for condensed matter research has been succesfully operating
during two last decades. However, until recently there were no instruments intended for investigations in
physics of surface phenomena and layered structures. A new reflectometry mode at the acting MOND
diffractometer is aimed to improve the situation.

The MOND diffractometer provides good ratio of the fast neutron flux to background (about 40) for
performing reflectometry measurements. For realization of the reflectometry mode the modernization of
MOND included: (1) installation of two additional collimating slits and a separate table for plain samples; (2)
installation of the new detecting system (based on detector SNM-31). The scheme of the reflectometry mode at
the MOND difractometer is shown in Fig.1, and its basic parametres are given in Table 1.

Fig.1. Scheme of reflectometry mode at MOND diffractometer (IR-8): 1 — double
monochromator, 2 — first slit, 3 —monitoring detector, 4 — sample table of MOND, 5 — detector
of MOND, 6 - second slit, 7 — sample position, 8 — sample table of reflecometer, 9 — detector
SNM - 31, 10 —optical concentrator of neutron flux.

Table 1. Basic parameters

Wavelength range, A 1-26
AMA, % 1
Slit size, mm
first 0,5
second 0,3
Collimation base, mm 3500
Sample-detector distance, mm 1025

The measured experimental background curve (Fig.2) is approximated well by polynomal dependence.
It was taken into account when obtaining the testing reflectivety curves given in Fig.3. They show the



reflectivty of the air/solid interfaces for the silicon substrate (Fig.3a) and curbon film with thikcness of about
200 A (Fig.3b). As one can, the theoretical curves repeat well the experimental ones. The found
value of the scattering length density (SLDs) for silicon, 2.196x10° A is within 5% deviation from
its tabular value of 2.073x10° A, For carbon film, in addition to the found SLD of 7.56x10° A
the thickness of the film is specified as 179.2 A.
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Fig.3. Testing reflectomtry curves (points) obtained at the new mode. Red lines are theoretical curves.

a) silicon substrate; b) carbon film.

To summarize for the moment the reflecotmetry mode of the MOND diffractometer (IR-8)
is available for testing measurments (specification of layer thicknesses and roughness in simple
structures). Further steps such as an increase in the flight base for improving the signal/background
ratio, and modernization of mechanical units for decreasing k-step are required. To expand
possibilities of the instrument it is possible to install a position sensitive detector, which will allow
one to study off-specular neutron scattering and also reduce the influence of mechanics on the

experiment.
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Ferrofluids (magnetic fluids) are liquid dispersions of magnetic nanoparticles covered with
surfactants for preventing their coagulation in different conditions. Structure investigations of
ferrofluids are of great interest from both the fundamental and application viewpoints [1,2].

The characteristic size (~10 nm) of magnetic nanoparticles in ferrofluids corresponds to a
single-domain state, thus determining a superparamagnetic behavior of the magnetic fluids. One of
the most discussed features of such magnetic nanoparticles is a possible non-magnetic layer on their
surface, which can explain a lower, as compared to the bulk state, value of the specific
magnetization of colloidal magnetic systems [3,4]. In our previous SANS experiments (both non-
polarized and polarized modes) on classical ferrofluids under magnetic field it was shown [5,6] that,
despite non-correlated particle locations in low concentrated samples (volume fraction of magnetic
material of about 1%), still the correlation in orientation of magnetic moments of the particles take
place, which results in higher (than expected) values of the apparent magnetic particle size. In the
absence of the external magnetic field this causes a deviation of the experimental SANS curves
from the model calculations for non-interacting particles at small g-values [7]. Taking into account
the high polydispersity of the magnetic nanoparticles in the studied ferrofluids (nanomagnetite
obtained by the precipitation reaction coated with a single layer of mono-carboxylic acids in non-
polar organic carriers), the modeling of the structure-factor faces difficulties. In this case a decrease
in the particle concentration is a natural way for eliminating the structure-factor effect.

The possibility of the small-angle neutron scattering experiment on very diluted magnetic
fluids (magnetite volume fraction ~ 0.1%) for determining their structural parameters from the
Guinier approximation, is considered in the present report. The accent is made on the experimental
observation of a non-magnetic layer on the surface of magnetic nanoparticles dispersed in a liquid
carrier. The main idea of the work is to use for this purpose very diluted magnetic fluids, where, on
the one hand, the structure-factor effect is minimal because of the dipole-dipole interaction, and,
from the other hand, the SANS curves can be still resolved. The relevant parameters are defined
from model calculations, and the regime of the experiment on the contrast variation is selected.

An expression for the Guinier invariants (radius of gyration, R,, and forward scattering
intensity, /(0)) are obtained in the context of the core-shell particle model for the nuclear scattering
length density profile and the model of spherical particles for the magnetic scattering density profile
assuming no interaction between particles. The Guinier invariants can be written as:

10)=1,(00+(2/3)L,0) =n(ApY: [V () +1-V(r+8)] +Q2/ InplV2(r—h)
(1)
e B[ V@) +17-(r+8)-V(r+8) + ) V(W (r+0) |+ 21 D) -(r=hY -V (r—h)
05 B [V +-V(r+8)] +213) 02V (r—h)

where Ap is the difference between the scattering length density of the magnetic core and surfactant
layer; # and J are the contrast and thickness of the surfactant shell; 4 is the thickness of a non-
magnetic layer on the surface of magnetic nanoparticles; n is the concentration of magnetic
nanoparticles; p,, is the magnetic scattering length density; V(7) is the spherical volume restricted by




radius 7. The calculations are made for magnetite-oleic acid-benzene ferrofluid which is a typical
non-polar magnetic system. Figure 1 show calculated deviations of the Guinier invariants as
functions of different structural parameters varied in the vicinities of typical values.
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Fig.1. Dependence of relative deviation of radius of gyration (a) and forward scattering
intensity (b) on variation of different structural parameters. Regions of 5% deviation are
marked.



Monodisperse magnetic particles with sizes R=3 nm and R=7 nm were considered. Varying
parameters are thickness of the non-magnetic layer (4), magnetic scattering length density (p,),
thickness (d) and scattering length density of the surfactant shell (p;). Taking into account the fact
that the match point for the discussed model particles lays in an interval of 30-70% of the volume
fraction of the deuterated component in the liquid carrier (depending on model parameters) the
simulation is made for the cases corresponding to highest SANS signals, which are 0% (fully
protonated carrier) and 100% (fully deuterated carrier). The task was to select the conditions of the
SANS contrast variation experiment for determining structural features of the particles in ferrofluids
with the 5% accuracy of about, which is a typical precision of the SANS experiments.

From Fig.1 we can say that the case of fully deuterated carrier with “large” magnetic particles
is the most informative. Since SANS signal on very dilute ferrofluids is comparable with the
incoherent background of neutron scattering on systems with high hydrogen content, it is preferred
to perform the contrast variation in the x-range of 0.75 — 1.0 (75% - 100% deuterated solvent) for
magnetic fluids with “large” particles (for example: the stabilization of magnetite by oleic acid in
non-polar carriers). Also we can deduct that the Guinie invariants are insensitive to an uncertainty
mp;.

The number of experimentally required points over the contrast was evaluated from our
numerical calculations. Thus, for each ferrofluid we can measure 7-10 different contrasts with the
step of Ax=0.04 (4%) in the x-range of 0.75 — 1.0. The absolute values of the Guinier parameters for
large particles and three values of non-magnetic layer (2 = 0, 0.5 and 1.0 nm) are presented in fig.2
for the illustration of possible SANS experiment.
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Fig.2. Expected x-dependences for the squared radius of gyration (a) and forward scattering
intensity (b) in diluted sample (0.1%) of a model ferrofluid at different /-values.

The work is partially done in the frame of the project RFBR-Helmholtz (HRJRG-016).
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Dendrimers constitute a new class of polymers with monodisperse structure, shape, and size
due to a certain number of generations, resulting from well-controlled synthesis in a step-wise
method [1,2].

The dendrimers has a compact structure (2-10 nm) with a large number of the functional end
groups in the surface layer. The dendrimers can be considered as both macromolecules and
particles simultaneously. Because of good solubility and low viscosity, the dendrimers attract
substantial attention in basic and applied researches. For example, they can be used as a
“laboratory” for studying the dimension size effect [3] and investigated in material science as a
nanoobject with many promising application in biology, pharmacology, and chemistry.

However, direct microscopic methods yield very limited information about dendrimers’ size
and shape [4-6]. A more detailed information about the structure can be obtained with the help of
small angle X-ray and neutron scattering. SANS experiments were performed at the YuMO
instrument (JINR, Dubna, Russia) [7,8].

The mean values of the scattering length density of the dendrimers were obtained with the
method of SANS contrast variation [9], see (Fig.1).
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The value of mean scattering length density for 5-7 generations is 0.4x10'® cm™. Within
experimental errors, this value is consistent with theoretically calculated values.
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It was shown that small angle scattering
homogeneous globular particles [10] (Fig.2).
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Fig. 2 SANS curve for G*’9 dendrimer fitted
with the model scattering curves of uniform
ball and uniform ellipsoid.

The volume, shape and size of several generations of dendrimers were obtained by SAS data
[11-14]. It was shown that the dendrimers are monodispersive objects in size and they have

anisometric shape (Fig. 3, 4).
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dendrimers of several generation numbers is

reconstructed by using modern mathematical methods [14]. It was shown with the SANS contrast
variation method that the studied dendrimers are identical in overall size and scattering length

density distribution (Fig. 5 a, b).

The behavior of contrast variation curves shows that all the dendrimers are chemically identical
and the dendrimers in the solution are monodisperse with respect to the scattering length density
inside the inner volume of dentritic macromolecule. Thus, Fig. 5b shows that the scattering length
density is homogeneous within the experimental errors inside the dendrimer branches.
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The obtained data about the detailed structure of the polycarbosilane dendrimers show that the
model of linear growing and branch architecture cannot explain the anisometry and the scattering
length density distribution of the macromolecules.

It was established that the high generation dendrimers share a number of traits with the low
generation dendrimers, namely, globularity, monodispersity, and the shape anisometry. The inner
structure of higher generation of dendrimers is more complicated than that of lower generation.

In conclusion, the spatial structure of several generations of regular hyperbranched polymers
(polycarbosilane dendrimers) is studied by means of small-angle neutron and X-ray scattering.
Comparative analysis of sizes, volumes, and shapes is done for all the generations from third to
ninth. The mean values of the scattering length density of the dendrimers are obtained with the
method of SANS contrast variation and compared with theoretically calculated values. It is shown
that within experimental errors, the scattering length density is uniform inside the dendrimer
branches. The permeability of the solvent inside the dendrimer is discussed [10], and the volume
fraction accessible to the solvent is estimated. The structure peculiarities of the dendrimers open
good prospects of exploiting dendrimer macromolecules as universal functional nanomaterials.
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PE3YJIbTATBI IEPBOI'O CHHXPOTPOHHOI'O NUCCJIIENOBAHUSA
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Metogom peHTreHoBckod mudpaknum Ha craHnud  Jukcun B HTK KIHOCHUuHT, PHIL
«KypuaTtoBckuii MHCTUTYT» HCCIIEJOBAHBI BOJHBIE PACTBOPHI MYJBTHCIOWHBIX BE3UKYJ CMECU
c(UHrOMHUENIeH/ TUIaTbMUTOMI(POCHATHANIXOTUH/ IUTATEMUTOMI(POCHATU NI TAHOIAMUH
(SM/DPPC/DPPE), Bxonsiiel B X COCTaB CIIM3UCTON 000JIOYKH POTOBOM MOJIOCTH YesoBeka [1,2].

I, oth. en. Ha puc. 1 MPEICTABIICHBI
' TUQGPAKITUOHHBIC CIIEKTPBI OT CTPYKTYPBI
100000 5 MHOTOCJIOIHBIX BE3UKYII cMmecu
dbochommnuioB " chuHTrOMUETHA
10000 4 iii PLZSM/DPPC/DPPE C Ppa3sHbIM
COOTHOIIICHUEM KOMITOHCHT, H3MEpPEHHBIC
IIPY KOMHATHOM TeMIeparype.

1000 ii Cucrema  SM/DPPC/DPPE  mpu
MAaCCOBOM COOTHOIIIEHHU KOMIIOHEHTOB 1/1/1,
100 - ; 1/2/1, 1/2/2 xapaktepusyercs JTaMeUIPHON
— 1 CTPYKTYpOHl C TEpUOJOM TOBTOPSIEMOCTH
00 02 04 06 14 16 cootercTBenHo 72,8 A, 70,7 A m 71,7 A.
g. A’ Ilpu yBenudyenuu maccoBoit nomu DPPE mo
Puc. 1. Juipaxyuonnvie  cnekmpor  om 40% (B cmecu PL1=1/2/2) wyacTtp numnuaa
AamennsApHol (q < 0.64") u aamepanvhou (q ~ o0pa3yeT OTIeNbHYI0 JaMeuspHyo ¢azy (d
15 Af'l) CMPYKMYpbl MHO2OCTIOUHbIX ~ 8E3UK)]L ~ 56 A) " MHBEPTHPOBAHHYIO
cmecu  gocghonunuoos  u  cuHeomMuenruHa reKCaroHaabHYIO bazy (@ ~ 56 A),
PL=SM/DPPC/DPPE c 6eco6om BEposTHee Bcero B coctae ¢ SM u DPPC,
coomuoutenuem komnonenm (i) PL2=1/2/1, (ii) IIOCKOJIbKY 3HAYCHUE napameTpa a
PLI=1/2/2 u (iii) PL3=1/1/1, usmepennvie na HECKOJILKO TMPEBBINIAET 3HAYECHUE MapaMeTpa
cnekmpomempe  [lukcu npu  KoHyenmpayuu WHBEPTHUPOBAHHOW TI'eKCArOHATBHOW  (pa3bl,

aunudos 6 6ooe 20% (ona PLI u PL2) u 10% o6pazosanHoit uncTeiM DPPE (a ~ 52 A).
(ona PL3) npu xomunamuou memnepamype. Judpakust 0T  yrIIeBOJAOPOIHBIX
Bepmuxanervimu JIUHUAMU ommeyenbl eMoYeK cMecHu 1/2/1 naer nBa
NON0J4CeHUs OUPDPAKYUOHHBIX NUK08 cmecu PL2. Hepa3peIICHHBIX HKa ph ¢ = 1,48 + 0,01 A~

"'u 1,50 + 0,01 A, uro coorBercrByer
JIBYMEpHOIl KBa3UTeKCaroHanbHOH pemeTke ¢ mapamerpamu a = 4,25 A, b = 4,19 A. Cnextp ot
cmecu 1/2/2 Taxxke conepuT HepaspemieHHble nuku npu 1,49 £+ 0,01 Al u 1,51 + 0,01 A,
COOTBETCTBYIOIIME TapaMeTpaM KBAa3WUTEKCATOHAJIILHON YMAKOBKHU YTJIEBOJAOPOJHBIX IEMOYEK a =
422 A u b = 4,16 A. Yeenmuuenune nonmu SM MPUBOJUT K Pa3yNOPANOYMBAHUIO LIENIOYEK CMECHU
1/1/1, 1st KOTOPOI XapaKTePeH MHUPOKHUIA IHK B ITOTOKeHHH ~ 1,495 A,

JIureparypa

[1] Squer C.A, Critical Reviews in Oral Biology and Medicine, 2(1), (1991) 13-32.
[2] Squer C.A., Cox P, Wertz P.W., Journal of Investigative Dermatology 96, No.1, (1991) 123-
126.



THE UPGRADE OF PACKAGE FOR PRELIMINARY TREATMENT OF
SMALL-ANGLE SCATTERING SPECTRA

A.G. Soloviev", T.M. Solovieva?, S.A Kutuzov”, A 1. Kuklin®

U The Laboratory of Information Technologies, JINR, Dubna, Moscow reg., Russia
2) Dzhelepov Laboratory of Nuclear Problems, JINR, Dubna, Moscow reg., Russia
% Frank Laboratory of Neutron Physics, JINR, Dubna, Moscow reg., Russia

A successfully operating modernized spectrometer YuMO (4-th channel of IBR-2), see [1],
has been equipped with a new software package for preliminary treatment of experimental data. The
basic procedures there (see Ostanevich Yu. M., Bezzabotnov V. Yu., (1992), unpublished; a short
description can be found in the site [2]) were left virtually unchanged. Nevertheless, the new
package has modern design and implementation, but more importantly, it has several novel features
[3,4]. A significant expansion of the user base of YuMO spectrometer requires not only a user guide
for its software, but also a solution of a few problems related to treatment of experimental data [5].

The modernization of this tool is not yet complete. Therefore, at present we will refrain from
discussing a number of important issues. First of all, that concerns the formats of raw data, and
integration of the data coming from different detectors in the two-detector version of the
spectrometer [1,6]. The new package SAS was synchronized with the software of the spectrometer
YuMO [7], and its development will continue with the modernization of this device.

The raw files produced by the spectrometer, contain scores from all rings of the scattering
detectors (see the diagram below) grouped according to different channel numbers. A preliminary
data-treatment package must convert the channel number, first, into the wavelength, and then into
the neutron momentum transfer. It also must convert detector counts into the coherent scattering
cross-sections.

The first task is solved by a straightforward conversion of the channel number, first, into the
time of flight, and then, for known values of the moderator-detector distance, sample-detector
distance, and of the radius of the corresponding ring, into the transferred momentum. The solution
of the second task requires, in addition to the measurements of neutron scattering by the sample
under investigation, additional experiments with standard scatterers. For that purpose, water, for
instance, is placed instead of the sample in many small angle instruments.

An important feature of the spectrometer YuMO is not only its geometry (which, in fact, is
axially symmetric) and the presence of a hole in the central part of the detectors for the direct beam
passage, but also the presence of a standard scatterer (metal vanadium) in front of every detector.
Using these scatterers, the cross-section is periodically calibrated during the neutron scattering
experiments with the relative systematic error not exceeding 10%. It turns out, that for weakly
scattering samples (scattering cross-section less than 10 cm™) an additional measurement of sample
transmission, is not necessary. That gives us an opportunity to conduct a preliminary treatment of
experimental data simultaneously with the measurements, directly in the absolute intensity scale.

The neutron fluxes on the samples are very significant, and the dead-times on the
proportional He’-detectors are of the order of microseconds. Therefore, one has to perform a dead-
time correction.

Investigations using small angle neutron scatterings (SANS) are performed on reactors
(sometimes referred to as “stationary”), and on accelerators. The pulse reactor IBR-2 combines the
advantages of stationary reactors (first of all, the high neutron flux) and the periodicity of particle
flow, similar to accelerators. Therefore, one can set up neutron experiments in an entirely different
way than it is done on the stationary reactors, where a narrow segment around a particular
wavelength is cut from the thermal neutron energy spectrum (the Maxwell distribution). The actual
“cutting out” is performed either with the help of a wave selector, or with the help of a perfect
crystal.



Only the time of flight method (TOF) allows one to exploit all the advantages of such a
reactor. Since the velocity of thermal neutrons is not great, it is possible to analyse the neutron
wavelength using its time of flight (TOF). This idea led to creation of neutron spectrometers based
on time-of-flight measurements: after slowing down to thermal energies, a beam of neutrons
emitted by a pulsating source is directed at a sample, where it is scattered, and is registered by
detectors.

The main changes of SAS-package are:
e program for converting of raw data to format of SAS
e program for converting of raw PSD data without azimutal anysometry to format of
SAS
adapted of SAS program to this changes
options for averaging on logarithmic or square-law scales
advanced smoothing procedure based on spectrometer resolution [4]
operations with histograms unified [8]
storing parameters in configuration file unified [9]
support for processing spectra with both 256 and 1024 channels
support for using sas as a C++ class library
modern visualisation [10] and cross-platform GUI

In current version SAS main window presented in figs. 1 and 2.

SAS =lof x|

File 5A5 Options Help

Channels: v Advanced normalization
0z220106a_0.003 Begin |31 110 Trm @& Use sample transmission
W Use pure vanadivm data
Solvent [|oz220106a_0.001 End [190 I o
= | | [T -I_M £ Standard normalization an:
Time of delay [3 5 resctor starts
direct beam detector

Famy | Car| Mar | Ave | Info ® both above

v Averaging

@-minimum 0.0
@madmum 03
@ Cl-points  [130
O C-step 0.02

C-grid

& Linear < Logatithmic
3 Square-law

Fings used in calculations:
[l v
1 2 3 4 5 6 7 8

R
[MlogxAxis [ Log Y Axis
Background... W Grid

|Ringsto display in Raw, Cor, Mor spectra:
Y 2 2 2 I I Y
1 2 3 4 5 68 7 8

[ “anadium data

Save

50 100 150 =00 ¥ Smoothing

|sas--begin:51 --end=140 --delay=3.5 -n -t -p --g-min=0.0 --g-max=0.3 --g-points=150 -k 1 -5 --sample=0z2201 DEa_|D0ne!

Fig.1. View of screen for “Raw” option. Dependence of count as a function of channel
function.



SAS =lof x|

File SAS Options Help

Channels: [ Advanced normalization
0z220108a_0 003 Beginfaa |NTI | | | | [ | | (7| Use sample transtnission
0z2201062_0.001 End [200 JOECL | | | | | | | 7| Hse puse vanadiun data

# Standard normalization oo
Time of delay [3.5 reactor stasts
ditect heam detector
Raw | Cor| Mor| Ave | Info ® hoth above

¥ Averaging

G-minimum lﬂﬂi
Grmaxirum [0.6
® C-points  |200

& Q-step 0.02

2-grid

@® Linear < Logarithmic

© Souare-law

Rings used in calculations:
Vi v v ¥ ¥V
12 3 4 5 6 7 8
e

[ Log # Axis W Log Y Axis
Background... [ Gnd

|Rings to display in Raw, Caor, Mor spectra:
720 i P v Y I I
1 2 3 4 5 68 7 8

[ %anadium data

0 0z i 55— W smoothing

|sas --begin=44 --end=200 --delay=3.5 --g-min=0.0 --g-max=0.6 --g-points=200 -5 --sample=0z2 201065 _0.003 --50I\|D0ne!

el
Fig.2. View of screen for “Ave” option. Dependence of scattering cross-section as as a function
of module of scattering vector q.

References

[1]. Kuklin A L, Islamov A.Kh., and Gordeliy V.I., Neutron News, vol. 16, 3, pp.16-18, (2005).
[2] http://wwwinfo.jinr.ru/programs/jinrlib/sas-1x/index.html

[3] A.G.Soloviev, T.M.Solovieva, A.V.Stadnik, A.H.Islamov and A.I.Kuklin. SAS. The Package
for Small-Angle Neutron Scattering Data Treatment. Version 2.4. Long Write-Up and User’s
Guide. Communication of JINR P10-2003-86, Dubna, 2003.

[4] Soloviev A.G., Litvinenko E.I., Ososkov G.A., Islamov A.H. and Kuklin A.I

Application of wavelet analysis to data treatment for small-angle neutron scattering.

Nuclear Inst. and Methods in Physics Research, A. 502/2-3 (2003) 498—500.

[5] http://wwwinfo.jinr.ru/programs/jinrlib/sas/index.html

[6] Kuklin A.L et al. Optimization two-detector system small-angle neutron spectrometer YuMO
for nanoobject investigation. Surface. 2006, Ne6, pp.74-83 (rus).

[7]. A. S. Kirilov, E. I. Litvinenko, N. V. Astakhova, S. M. Murashkevich, T. B. Petukhova, V. E.
Yudin, V. L. Gordelii, A. Kh. Islamov, and A. I. Kuklin, Evolution of the SONIX Software Package
for the YuMO Spectrometer at the IBR-2 Reactor, Instruments and Experimental Techniques
(Pribory i tekhnika eksperimenta) 3, 2004, Volume 47 (6 issues), 334-336.

[8] http://wwwinfo.jinr.ru/programs/jinrlib/htl/index.htm

[9] http://wwwinfo.jinr.ru/programs/jinrlib/rc/index.html

[10] http://wwwinfo.jinr.ru/programs/jinrlib/gluplot/index.html




HEAVY METALS IN THE ENVIRONMENTAL OBJECTS OF NON-FERROUS
INDUSTRIAL REGION OF MONGOLIA, THE TOWN OF ERDENET

Baljinnyam N., Gerbish Sh. , Ganbold Gl., Lodoysamba Sl.,
Frontasyeva M.V, Pavlov S.S.

FLNP JINR, E-mail: baljan@nf.jinr.ru

'Research Centre of National University of Mongolia, Ulaanbaatar
E-mail: lodoysamba@num.edu.mn

Introduction

Long-term collaboration of the Mongolian and JINR specialists in the field of applying
nuclear and related analytical techniques to the environmental studies resulted in a series of joint
publications which served the purposes of monitoring heavy metals and radionuclides in
different ecosystems of Mongolia. Such cities as Ulaanbaatar, Erdenet and Darkhan are
experiencing the ecological stress due to insufficiently well-thought industrial activity of mining
and mineral raw materials producing enterprises responsible for more than 70 % gross product in
the economy of Mongolia. In 2008 a project «Development of a system of complex monitoring
heavy metals and radionuclides in Mongolia based on nuclear and related analytical techniques»
was approved for financing by RFBR (Russian Fund for Basic Research) — Mongolia.This
project aims at the development of a system of complex monitoring heavy metals and
radionuclides in Mongolia to control the state of the environment, to provide rational use of
natural resources and to prevent hazardous impacts on human and animals’ health of the main
anthropogenic sources.

The concept of this project is based on (i) assessment of contamination of the
environment with radionuclides over the territories affected by their impact; (ii) investigation of
B7Cs distribution in soil and terrestrial vegetation (moss, lichens), as well as of such natural
radioactive elements as U, Th, and 4OK; (ii1) assessment of contamination of the environment
with heavy metals of industrially developed areas of Mongolia (Erdenet, Ulaanbaatar). The moss
(Paltegera) was used to assess the atmospheric deposition patterns of heavy metals and other
toxic elements over a large territory affected by non-ferrous industry in the town of Erdenet. Its
impact on pasture animals (goats and sheep) was studied through analysis of such inner organs as
lung, spleen, liver, kidney, and heart. A total of 37 elemental concentrations in these samples
were determined by instrumental neutron activation analysis (INAA) using epithermal neutrons
at the IBR-2 reactor, FLNP, JINR, Dubna (Ganbold G. et al., 2006). The distribution of biogenic
elements and heavy metals in water samples were investigated by means of total reflection X-ray
fluorescent analysis (TXRF) at Nuclear Research Centre of the National University of Mongolia,
Ulaanbaatar (Gerbish Sh. et.al. 2008).

The results obtained evidence for strong accumulation of element-pollutants typical for
non-ferrous industry in the town of Erdenet: Cu, Cr, Fe, Ba, etc. along with other trace elements
and rare earths for the first time determined in these environmental objects.

Study area

Erdenet is the second largest industrial and mining city with 100 thousand populations in
Mongolia. Erdenet Mining Corporation is one of the biggest ore mining and ore processing
factory in Asia. Erdenet Mining Corporation (EMC or Erdenet) was established in accordance
with an agreement between governments of Mongolia and Russian. It started its operation in
1978. The main mineral deposit, extracted by the Corporation was the Erdenetiin-Ovoo area
which locates 400 kilometers northwest from Ulaanbaatar, 180 kilometers east from Darkhan
city, 60 kilometers northern from Center of Bulgan aimag and 140 kilometers from Russian An
ore-processing plant was commissioned in 1981 and Erdenet began exporting copper (30%) and



molybdenum (50%) concentrates. Today the Erdenet Mining Corporation (EMC) extracts 25.5
million tons of ores and produces 500 thousand tons of copper and 2 thousand tons of
molybdenum concentrates per year. Fig.1 shows a part of the EMC map.
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Materials and Methods

Sampling. This study is the first attempt to evaluate levels of atmospheric deposition of
heavy metals and some trace elements near industrial and mining city Erdenet, using specific
types of lichen biomonitors growing in the arid climate of Mongolia.

The lichens (Parmelia separata) were used to study the atmospheric deposition of trace
elements. It was shown that the suggested types of lichens could be used as suitable biomonitors
to estimate the concentration levels of heavy metals and trace elements in Erdenet atmospheric
deposition. Lichen samples collected at sites located 10—15 km from the EMC. The results are
compared to the data of atmospheric deposition of Morocco (Senhou A., et al. 2002) and the
clear area of Mongolia (Ganbold G. et. al., 2005) (Ulaan taiga).

Monitoring studies of concentration of heavy metals and trace elements in the silts of the
inflow rivers and soils are important for assessing the effect of contamination by pollutants from
industrial, urban and agricultural areas. The samples of silts and soils were collected from the
Hangal and Govil inflow rivers, which are mainly contaminated by anthropogenic pollutants
from industrial, urban and agricultural areas of Mongolia in 2002-2003 years. The samples
analysis of heavy metals, minor and trace elements must be useful to estimate sufficiently the
pollution area and river’s water. Water samples were collected from rivers near EMC,
technological and tap water of the Power plant, the hotel, and drink water from the Shaft of the
town Erdenet. Samples of inner organs of 6 pastured animals (goats and sheep) aged 2—7 years
were collected from the area (around Erdenet) polluted by thin (~70 micron) white dust of the
storage Slag-heap tail veterinary of the municipal units.

Analysis. Instrumental Neutron activation analysis (INAA): INAA using epithermal
neutrons at the IBR-2 reactor were performed at the Frank Laboratory of Neutron physics, Joint
Institute for Nuclear Research, Dubna (Frontasyeva M. V. et. al., 2000).

We have determined chemical, toxic elements and some heavy metals in lichen, soil, silt and
inner organs samples of around Erdenet by INAA with detection limits within the range of 0.01-
10 g/g.

Total reflection X-ray fluorescent analysis (TXRF): TXRF techniques were performed at
Nuclear Research Centre of the National University of Mongolia, Ulaanbaatar. We have
determined contents of some heavy metals and toxic elements in water samples around Erdenet
by total reflection X-Ray Fluorescence techniques (Wobrauschek P. 1998).



Results

INAA has sensitivity and accuracy for the complex monitoring measurement of heavy
metals and trace elements for studying the environmental. Comparison of the results has shown
that the mean content of some elements (Mg, Cl, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, As, Sr, Zr, Mo,
Ba, Cs, La, Dy, W, Au, Th) in lichen samples collected from the polluted area (Erdenet town) id
higher than in lichens from the Morocco area (south-western Africa) and from the clean area
(Khubsugul, Ulaan Taiga). Out of 41 determined elements biogenic or essential macroelements
(Na, K, Mg, Ca, Cl) were found; biogenic or essential microelements (Fe, Cu, Zn, Mn, Cr, Se,
Co, V, Ti, Ni, As); non-biogenic or other elements (Hg, Sb, Ba, Sr, Cs, Al, Rb, Zr, Nb, Au, Br,
Sc, La, Tm, Hf, Ta, W, Th, U and some REE: such as Ce, Nd, Sm, Eu, Tb, Dy) were determined
in samples of sediments and soils.

A total of 39 elements were determined in soil and river silt samples from polluted area
and river around Erdenet town. Concentrations of some heavy toxic metals in water of river such
as Ti, Cr, Mn, Fe, Ni, Cu, Zn, As, Br, Sr u Pb exceed the MPMCL accepted in Mongolia. The
level of Mn content in the technological water (Ne 1, 2) from the Power plant and Zn conten in
tap water are higher than MPMCL accepted in Mongolia. The results of this study show that
water around Erdenet town is polluted by the industrial liquid waste from the Erdenet Mining
Corporation.

A total of 35 elements were determined by INAA in the samples of inner organs from
goats and sheep inhabiting the area around the storage of slag heap tail in the town of Erdenet.
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Introduction

Neutron supermirrors are nowadays used in many physical experiments. They are multilayer
systems usually composed as a set of bilayers every one of which consists of two materials with
high and low optical potentials. The supermirrors increase the angular or wave length range of
total reflection comparing to mirrors consisting of a single material with high optical potential. If
the single material gives total reflection for normal component K of the incident neutrons in the
range 0<k<k. where K. is the limiting wave number for the given material, the supermirror can
increase the interval up to nk.. A multilayer system that gives reflectivity near 1 in the interval
O<k<nk, is called Mn mirror. It became a usual practice to fabricate M2 and M3 mirrors.
However there are also attempts to produce mirrors with higher n. The last record belongs to
Japanese [1] who prepared mirror M6.7. Last time all the mirrors were prepared in aperiodical
fashion,which means that thicknesses of layers in bilayers vary with the bilayer number. F.
Mezei and P.A. Dagleish performed the first experimental study of such supermirror in 1977
[2]. The algorithm for thickness variation was proposed by J.B. Hayter and H.A. Mook in 1989
[3]. According to this algorithm the change of thicknesses of neighboring bilayers is very small
and does not match interatomic distance. It leads to creation of unavoidable roughnesses on
layers interface. There exists also another algorithm proposed in [4], according to which the
supermirror is to be produced as a set of periodic chains with some number N of identical
bilayers. The variation of thicknesses of neighboring chains in this case is larger, which may help
to improve the quality of interfaces and therefore of the whole supermirror.

The goal of the given work is to investigate how well we can control the thickness and
quality of periodic multilayer systems prepared by Mirrotron Ltd, Budapest. In other words we
want to see how well the neutron reflectivity of produced systems match theoretical
expectations, how large is diffuse scattering because of technological imperfectness and whether
we can explain and control them.

Below we present results of measurements of reflectivities of fabricated multilayers and
compare them to theoretical ones [5].

Methods and materials
Three samples of periodic multilayers with 2, 4 and 8 bilayers of Ni and Ti evaporated on boron
float glass were prepared by the company Mirrotron Ltd, The thickness of Ni layers was 84 and

Ti — 70 A . Reflectivities of these samples and of pure float glass were measured at a neutron
reflectometer of KFKI of Budapest Neutron Center. The scheme of the experiment is shown in
Fig. 1.
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Fig.1. The scheme of the neutron reflectometer at KFKI. The sample mirror can be rotated around an axis
perpendicular to the plane of the Fig. The position sensitive detector os stationary and sufficiently large to register
all the reflected neutrons, when grazing angle is sufficiently small according to experimental requirements.
Collimation angle was 0.5 mrad and the neutron beam was monochromatic with wave length 4.28 Angstrem and
presumable resolution 3%.

Results and discussions

Fitting of the data was performed with 7 parameters. They were real parts of Ni (u’y), T1 (u’y)
and glass (u’s) potentials in units of the Ni one, the thickness of the Ni (ly) and Ti (ly) layers (in
units of critical wavelength of Ni), relative momentum resolution () and background (ny).
Imaginary parts of potentials were fixed to theoretical ones.

The result of fitting is shown in Fig.2 and fitted parameters are presented in Tabl. 1
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Fig.2. Linear scale fitting with 7 parameters of reflectivities of samples with 2-, 4-, and 8-bilayers Ni-Ti evaporated
upon boron float glass

Table 1. Fitted values of real parts of potentials u’ for Ni (b-barrier), Ti (w-well) and substrate (s), their thickness I,

Resolution O , background n, and ;(2 for periodic chains with N=2,4,8 bilayers. Imaginary parts u’’ of the
potentials were fixed. The results are given in dimensionless units. The unit of energy is equal to real part of Ni
theoretical optical potential 0.245ueV and unit of length is the reduced critical wavelength ﬂc / 27 =92

Angstrom for Ni. The parameters at the 4-th line were obtained for zero background, and parameters of 5-th line
were obtained for predetermined background n,=0.003. It is interesting to see that the fitting with smaller number

parameters (6 instead of 7) gave smaller )(2 .

IN[ o [ wf, [ W, | w [ wf | wWf [ & [ L | 0 | m [X*]
2 10.964 | -0.258 | 0.452 | 0.00014 | 0.00012 | 0.0001 | 1.121 | 0.59 | 0.036 | 0.003 | 25
4 10.934 |-0.388 | 0.446 | 0.00014 | 0.00012 | 0.0001 | 1.182 | 0.525 | 0.033 | 0.003 | 114
8 10.993 | -0.242 | 0.398 | 0.00014 | 0.00012 | 0.0001 | 1.061 | 0.649 | 0.035 | 0.0089 | 349
8 10.963 | -0.421 | 0.415 | 0.00014 | 0.00012 | 0.0001 | 1.169 | 0.54 | 0.036 0 209
8 10.972 | -0.349 | 0.408 | 0.00014 | 0.00012 | 0.0001 | 1.13 | 0.579 | 0.036 | 0.003 | 151




Since the y° in fitting was too high we decided to measure separately reflectivity of the empty

glass mirror. Fitting of the glass mirror reflectivity with 4 parameters: real and imaginary part of
glass potential, resolution and background, -- led to the result: u=0.408-0.003i, 6 =0.04 and

n, = 0.0024. However y° =31 was too high.

To improve fitting we decided to include into consideration roughness of the glass
surface which is introduced via Gaussian smoothing of the glass interface, and we took into
consideration randomness of atomic distribution in the glass matter and correlation of atomic
positions. In total with background and resolution with the fixed complex optical potential found
from previous fitting we obtained y* =8.5. This value is also high, however it is considerably
lower than previous 31. The result of fitting is shown in Fig. 3.
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Fig. 2. a) Result of fitting in logarithmic scale of reflectivity from boron glass with function ;(2. The glass

potential u=0.408-0.0031 was fixed. We see some structure near the potential edge. b) ;(2 distribution for such

fitting. We see some fluctuations near the edge. Without introduction of roughness and disorder this fluctuation is
much higher.

Conclusions

Cooperation of theoreticians and experimentalists in research of multilayer systems is found to
be very fruitful [5]. We see that technology of preparation of such systems by Mirrotron Ltd,
Budapest is good, but it can be further improved after analysis of surface imperfection and their
correlation with parameters of producing systems. This analysis can be performed with new
experiments aimed at investigation of diffuse scattering and angular distribution of reflected
neutron with better angular resolution.
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Introduction

Mercury is one of the most toxic metals in the environment because it binds to and
inactivates essential thiols that are part of enzymes and proteins (Zeroual et al. 2001). To
detoxify mercury in the environment bacteria can be used (Bruins et al. 2000). Both Gram-
positive (S. aureus, Bacillus sp.) and Gram-negative bacteria (E. coli, P. aeruginosa, Servatia
marcescens and Thiobacillus ferroxidans) demonstrate resistance to Hg(ll) (Zeroual et al.2001,
Bruins et al 2000). The following mechanisms are postulated to explain their resistance to
metals: (1) exclusion by permeability barrier; (2) intra- and extra-cellular sequestration; (3)
active transport efflux pumps; (4) enzymatic detoxification; and (5) reduction of cellular targets
sensitivity to metal ions (Bruins et al. 2000). It was established recently that some strains of
basalt-inhabiting Gram-positive bacteria of Arthrobacter genera can reduce and detoxify of
Cr(VI) with high efficiency (Tsibakhashvili et al. 2009, Tsibakhashvili et al. 2008). Instrumental
neutron activation analysis (INAA) was used to test the capability of one of these bacterial
strains — Arthrobacter globiformis — to detoxify Hg(ll), by (1) accumulation of Cr(VI) in A.
globiformis in the presence of Hg(ll); (2) accumulation of Hg(Il) in bacterial cells; and (3)
effects of Hg (I1) and its mixture with Cr(\V1) on the elemental composition of bacteria.

Materials and Methods

Sample cultivation and preparation for analysis. The bacteria were grown in the
following nutrient medium: 10 g of peptone, 1 g of yeat extract, 2 g of caseic acid hydrolysate, 5
g of NaCl, and 1 liter of distilled water. Cr(V1) as [K.CrO4] and Hg(Il) as [Hg(NO3), -H,O] were
added to the bacterial cell cultures at an early stationary phase of their growth. Our batch
experiments were conducted with various initial concentrations of Cr(V1|) and Hg(ll) to obtain
the accumulation curves. Specifically, two sets of experiments were performed. In the first set
the concentration of Hg(lI1) varied within the range of 50-5000 ug/l. In the second set a 500 pg/l
concentration of Hg(ll) was added to the bacterial cells at each given concentration of Cr(VI)
within the range of 50-1000 mg/l. After being cultivated for 5 days the cells were harvested by
centrifuging (10,000 rpm, 15 min, 4° C), rinsed twice in a 20 mM phosphate buffer and analyzed
by INAA method. To prepare bacterial samples for NAA, wet biomass was placed in an
adsorption-condensation lyophilizer, dried, and pelletized to 5 mm pieces (~0.5 g) by means of a
titanium press form.

Instrumental neutron activation analysis (INAA). The samples were irradiated using the
facilities of the 2 MW nuclear research reactor “Hoger Onderwijs Reactor” of the Reactor
Institute Delft, Delft University of Technology. Two irradiations and three measurements were
performed for the multielement determinations. First, elements based on short half-life



radionuclides were determined by irradiation for 30 s in the fast rabbit system, under a thermal
neutron flux of approximately 1.6x10" cm s™. Metallic zinc foils irradiated together with the
samples allowed determination of the neutron flux; the activity of the foil was measured after the
measurement of the sample. For the determination of elements based on radionuclides with
“medium” and long half lives, samples were irradiated 4 h under a neutron flux of approximately
5x10™ cm 2. The neutron flux was again estimated using Zn monitors. The elemental
quantification was based on the single comparator method. More details on the operation and
quality assurance in this laboratory can be found elsewhere (Bode 2000, Bode et al. 1997).

Results and discussions

In our previous study (Tsibakhashvili et al. 2009) it was shown that for A. globiformis
the accumulation of chromium, pronounced in the concentration range of 50-500 mg/I of Cr(VI)
loadings, is followed by a less intense uptake, and is described by the Langmuir-Freundlich
model. According to the present INAA results, the dose-dependent character of Cr(VI)
accumulation by A globiformis is not significantly affected by the presence of 500 pg/l of
Hg(ll). INAA measurements revealed that the accumulation of Hg(Il), similarly to the Cr(VI)
accumulation, also satisfies the Langmuir-Freundlich model (Fig. 1). The strong accumulation of
mercury by bacteria suggests that this undesirable element might be removed from the
environment by bacterial trapping and sequestration. As it is known, the cell curface of bacteria
consists of polysaccharides, proteins, teichoic acids, and lipids, which provide the amino,
carboxilic, sulfydryl, phosphate, and thiol groups that can bind metals (Salzman et al. 2002).

Model: Langmuir-Freundlich
B (bc)lln

4= ooy

n= 5161.41093 + 61.39692

b = 0.00057 + 0.00002

n=0.79353 + 0.01212
R?=0.99996

Here ¢ is the concentration of metal ions; Qmax
represents the maximum metal accumulation; b is the
affinity parameter of the isotherm reflecting the high
o Tum  aw  ww  wm  mw  affinity of the biosorbent for the sorbate, and n is the

Concentration of Hglll in the Nutrient Medium (ug/L) empirical parameter that varies with the degree of
heterogeneity
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Fig.1. Accumulation of mercury by
A. globiformis
Fig.2 illustrates that the production of bacterial biomass
was decreased by increasing of Hg(Il) concentration in the
nutrient medium. The content of different elements in
bacterial samples also varied depending of the Hg(ll)
concentration (Fig.3). The data presented in Figs. 2 and 3
illustrate that the concentration of 5000 pg/L of Hg(ll) is
critical for A. globiformis. At this concentration of Hg(ll)
the contents of both essential (Na, Al, Fe) and non-
essential elements (La) changed drastically along with
‘ ‘ . ‘ s ‘ decrease of the biomass of bacteria by factor a of 2. One
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Hg(1l) the structure of the bacterial cell wall was destroyed

Biomass (ug/g)
w w -~ -~ W w @ [=2] ~ ~
(=] w [=] o (=] w o w o w
T T T —T
«?
®
L]

Fig.2. Effect of Hg(Il) on the biomass
of A. globiformis



Besides, INAA measurements showed an increased content of Fe in bacteria under Hg
and Cr action (Fig.3), suggesting that Fe-containing biomolecules play a decisive role in
detoxifying of metals such as Hg by A. globiformis

o
i
S

20000 [ 2 NaGgig)] ey
® Na(u9/g) - 0.35 ® _La(ug/g) }
18000 |- 0,30
= =
S 16000 $ 025
s [ E %
g 14000 g 020
=] 3
€ £ 0,15
3 12000 3
5] [ ] 5]
@ & 0,10 |-
© [ ] ©
Z 10000 =
[ 0,05
[
8000 - 0,00
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Hg loading (ng/L) Hg loading (ug/L)
-
350 (19/9) § ® K (ug/g)
325 1 22000 [ ?
300 [ . s
S 275 | S 20000 - §
2 % 2
c - =
g 250 5 18000 |
2 225 - § e
3 200] £ 16000 |
(=} Q
g ¢ S
S 1751 s
w
sl 14000 |
125 12000 | §
1 1 1 1 1 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Hg loading (ug/L) Hg loading (ng/L)
Fig.3 Effect of Hg (I1) on the elemental composition of A. globoformis
Conclusions

INAA measurements revealed that the Gram-positive bacterial strain Arthrobacter
globiformis isolated from polluted basalts of Georgia possesses mechanisms by which Hg(ll) can
be taken up and accumulated from their environment. Such uptake mechanisms can reduce
mercury toxicity in environment.The mercury accumulation process fits well with the Langmuir-
Freundlich model. A concentration of 5000 pg/L of Hg(ll) was found to be critical for A.
globiformis. At this concentration level of Hg(ll) the structure of the bacterial cell wall was
destroyed.
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Cross section data for fast neutron induced charged particle emission reactions
are important in the research of nuclear reaction mechanisms, in the determination of
parameters of optical model potentials and in the application of nuclear engineering.
The Q value of the *’Mo(n, a)**Zr reaction is 6.39 MeV. Several measurements have
been performed for this reaction cross section [1-4], but almost all measurements exist
in the thermal and resonance energy regions. In the MeV neutron energy region,
however, there is only one experimental point at E, = 3.0 MeV with large uncertainty
[5]. As a result, there are very large deviations among different evaluated nuclear data
libraries such as ENDF/B-VII, JEFF3.1, JEFF3.1/A and JENDL3.3.

Cross sections as well as the forward/backward ratios of the “Mo(n, o))’*Zr
reaction in the laboratory system were measured at E, = 4.0, 5.0 and 6.0 MeV.
Experiments were performed at the 4.5 MV Van de Graaff of Peking University,
China. The setup of the present experiment is shown in Fig.1.

Mo Mo
\ / 23871 .
Deuteriu
BF m gas
long Deuteron
o beam target
5 Fission
chambe

Gridded ionization
chamber

Fig. 1. Setup of the experiment.

A twin gridded ionization chamber (GIC) was used as alpha particle detector
with the nearly 100% detection efficiency and 4r solid angle. It was constructed at the
Frank Laboratory of Neutron Physics. A mixture of Kr + 2.89% CO, was used as
working gas of the ionization chamber (pressure 1.37x10° Pa).

Neutrons were produced through the D(d, n)’He reaction by using a cylindrical
deuterium gas target (0.9 cm, length 2.0 cm, gas pressure 3.14-2.94 x 10° Pa).

The sample material is metallic molybdenum enriched in *Mo to 96.8%
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(thickness 5.0 mg/cm® @11.0 cm, the backing - aluminum foil 0.127mm in thickness).
The two samples are back-to-back attached to the common cathode of the GIC.

Two removable compound alpha sources were used for energy calibration,
adjustment and checking of the electronic system.

The absolute neutron flux was determined by a small >**U parallel plate fission
chamber. The mass and diameter of the **U sample are (547.2 + 7.1) ug and 2.0 cm,
respectively. The abundance of the **U isotope in the sample is better than 99.997%.
The working gas of the fission chamber was flowing Ar + 2.85%CO, gas slightly
higher than atmospheric pressure. A BF; long counter with moderator was also
employed as neutron flux monitor during the measurement.

Events in forward direction (0-90°) and backward direction (90-180°) from the
back-to-back samples were measured simultaneously, and cathode-anode two
dimensional spectra of alpha events for both directions were obtained. The anode
spectra of the **U fission chamber were also recorded to obtain the number of the
fission fragments.

Then the molybdenum samples were replaced by 0.127 mm aluminum foil and
the backgrounds were measured. The position and the condition of the gridded
jonization chamber, **U fission chamber, neutron source as well as the electronics
remained the same as for the foreground measurement.

The following equation was adopted for cross section calculation:

Ny Nosy

O-a = Kaf N (1)
Nf N95Mo

. . . 238 .
where oy, is the cross section to be measured; of is the standard ~""U(n, f) cross section

taken from ENDF/B-VIIL.O library at the relevant neutron energy point; N, and Ny are
the number of alpha events from the *°Mo(n, a)”?Zr reaction and the number of
fission counts from the > 8U(n, f) reaction, respectively; Nassy and Ngsumo are the
numbers of atoms of >*U and **Mo in the samples, respectively. K is the neutron flux
density ratio on **U and Mo samples which can be calculated numerically
according to the dimensions and positions of the samples with respect to the gas target
as well as the angular distribution of the D(d, n)’He reaction.

_1di+x

Ut 2zsing0)dedx gy

The expression of K is as follows: K =2 —— = (2)
1/ 14y ar
L/Zz j;g n 2xsindf (O)dgdx

where | is the length of the gas cell of the deuterium target; r; and r; are the radius of
the **U and Mo samples, respectively; d; and d, are the distances from the center of
the deuterium gas cell to the ***U and to the *’Mo samples, respectively; and f(0) is
the angular distribution of neutrons from the D(d, n)’He reaction.

Fig.2 shows the forward direction cathode-anode two-dimensional spectrum at E,
= 6.0 MeV. As shown in Fig. 3, after background subtraction the measured number of
alpha events from the *’Mo(n,o.) *Zr reaction was obtained.
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Fig. 2. Cathode-anode two-dimensional spectrum of

forward events at E, = 6.0 MeV.

Fig. 3. Anode spectrum of forward events
at E, = 6.0 MeV between 0° and 90° lines.

The results of our measurements are represented on the Fig. 4 and Table 1.

Table 1. Cross section data and
forward/backward ratios in the laboratory

105_ 777777 reference system for the “Mo(n, o) *Zr
s reaction.
;E: ' —— ENDF/B-VII.O
—————— JEFF3.1
\51 _ ,,,,,,,, JEFF3.1/A E. (MGV) On,o (mb) Forward/back
0" B éENiL?i386) -ward ratio
=  Szarka
. Prosent 4.0+0.23 0.70£0.07 1.07+0.14
0,1} 3 5.0£0.16 1.22+0.12 1.25+0.14
i 6.0%0.12 1.70£0.17 1.35%+0.14
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Fig. 6. Present cross sections compared with existing
evaluations and measurements.
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Level density, radiative strength functions from the (n, ,2y) reaction and main properties of
the **Mo nucleus
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The first data on level density p and radiative strength functions k of Mo  nucleus were

obtained by Oslo group from reaction (*He,«) and inelastic scattering *He[1]. Unfortunately,
reliability of the obtained by them unknown up to now strongest enhancement of k (at extrapolation
of E;’”m to zero) was not grounded by analysis of experimental errors. Although the method for

modeling the total y -spectra without random fluctuations was suggested in [2]. Its use showed that

the mentioned effect can be explained even by insignificant systematical underestimation of the
total y -spectra intensities which increases as decreases energy of decaying levels of **Mo [3].

Results [1] were alternatively tested in [4] using experimental intensities of two-step
cascades to 12 final levels of this nucleus. The experiment was performed on thermal neutron
beam in Rez. Unfortunately, the authors of the analysis did not take into account three points being
very important for obtaining reliable data on o and k for primary y -transitions from y -decay of
compound-nuclei with high level density.

1. Each experimental spectrum consists of two symmetrical parts containing both primary and
secondary cascade y -transitions. This makes difficult to compare experimental data with
calculation within given sets of dependences of p and k at given energy of their primary (or
secondary) transitions. At present the only possibility to solve this problem is known: the methods
of nuclear spectroscopy for determination of the most probable dependence of cascade intensity in
function of the primary transition energy [5].

2. The summed intensity of cascades and transition to ground-state always equals 100%.
Therefore, any deviation in intensity distribution of cascades terminating at arbitrary final level
shifts all or unknown portion of the rest of the data. This means that the regularly observed in
region 0.5B, very significant enhancement of strength functions of the secondary y -transitions [6]

distorts the p value obtained from cascade intensity.

3. Intensities of the two-step cascades can be reproduced with equal and minimal values of y? by
infinite set of p and k. Due to nonlinearity of equations their probable values are limited.

Moreover, this region does not include, in practice for all the studied nuclei [7], the values
predicted by the Fermi-gas model (for instance, in variant [8]). Therefore, any test of any sets of
models (like that performed in [4] of level density and strength functions must include the proof

that the minimum of ° corresponds to them.
General conclusion from analysis of the two-step cascade intensities [6] and [7]: all
generally accepted ideas of level density p, = D,* and radiative strength functions

k= F/(EfDl A?"*) as of monotonous dependences on y -transition energy E, and excitation E,

cannot reproduce the measured intensities of two-step cascades within precision of experiment.
Practically expected systematical error at the use of methods [5] and [6] in accordance with
results of analysis [9] can change values of found p and k with respect to desired values as a
maximum by 2-3 times if error in normalization of intensity varies in limits -25% to +25%.
Moreover, corresponding errors change magnitude and sign as changing energy of gamma-
transition and excitation of nucleus.
By now information on p and k for even-even spherical nuclei was obtained only for "Ge,

14cd and ***Te [10]. All the mentioned above stipulated to perform independent analysis of the



data published in [4]. Unfortunately, the method of decomposition [5] of experimental intensity
into components for which cascade transition with energy E, is the primary or secondary one and

for determination of cascade population P —i, = (i,i,) /i, —i, up to excitation energy ~5 MeV [6]

requires experimental spectra. Therefore, below is performed analysis only for the data presented
in [4] in Fig. 9.

For selection of sets of p with different parity and k of E1- and M1-transitions which
provide the best approximation there was used a variant of the Monte-Carlo method for solution of
systems on non-linear equations used earlier in [6] and [7]. Naturally, determination of limits of
intervals of desired parameters in this case cannot be precise - it is well known that the Monte-
Carlo method is ineffective at determination of low-probable events.

The obtained limits of intervals for values of random functions p =w(E,,) and k = ¢(E,)

reproducing all 11 experimental spectra with practically the same minimal y?*are considerably

wider than it can be achieved using method [5]. The width of intervals for values of parameters is
strongly increased by involving in approximation of cascade intensities to levels E, >1.5 MeV.

In practice, the found width of interval for possible values of pand k is overestimated by
order of magnitude relatively to potential possibilities of experiment. This conclusion follows from
comparison between results obtained by means of methods [6] and [7] for the same nuclei with
accounting for different quality of information accumulated in experiment in Rez and earlier (with
worse equipment) in Dubna and Riga. There is not observed clearly expressed very considerable [1]
or noticeably less [4] enhancement of strength functions at decreasing of primary y -transition
energy in parameters obtained by us. Their some increase, observed in approximately one quarter
of cases, can be connected, most probably, with overestimation of calculated cascade intensity with
the primary y -transitions energy not less than 2 MeV and, correspondingly, with underestimation
of intensity of secondary y -transitions with the same energy. A proof of presence or absence of this
strengthening cannot be obtained without the use of method [5]. One can suppose that indirectly, by
considerably bigger derivative from strength functions for energy of primary transitions being by 3
MeV higher than in [1], the first possibility is more probable.

At approximation, density of levels in ®Mo with different parity in region of B, was taken

equal and fixed to the data on neutron resonances. Densities below B, could have different value,
but their sum at E,, =2.6 MeV was compared to known density of discrete levels. Variation of
capture cross-sections ratio of thermal neutrons for two spin channels showed that ~ 33% of
captures in state J=2 provides for maximal quick decrease in parameter y”in iterative process and
simultaneously - acceptable reproduction of experimental intensities of cascades to levels E, > 2.4
MeV and ground state of this nucleus.

Experimental intensities of cascades to different final levels do not allow independent
determination of ratio between thermal neutron capture cross sections [11] for both spin channels.

So, almost equal total intensity of cascades to levels E, =2426 and 2438 keV (J” =2" and 57)

cannot be reproduced in calculation at any ratio of cross sections without the assumptions on strong
difference of level spin dependence from generally adopted law. If one does not take into account
possibility of mistaken determination of spins for these levels then the hypothesis of dependence of
the secondary y -transition intensities on structure of excited level seems to be more probable. The
effect is observed in calculation, for example, in the frameworks of quasiparticle-phonon nuclear
model [12]. Comparison between forms of the best approximating calculated intensities to the final
(phonon-less) state and the fist excited level (quadrupole phonon) shows their principal difference.
It appears itself as clearly expressed bump in centre of intensity distribution of cascades to level

E, =778 keV. Such dependence on wave function structure of cascade final level is essentially

averaged at determination of p =w(E,,) and k = ¢(E,) in the frameworks of methods [6] and



[7]. The threshold for approximation of the data in our analysis was taken equal to 0.9 by analogy
with [4]. The lowest level of negative parity is E, =2225 keV, therefore strength function of the

El-transitions can be reliably determined only for 0.9<E, <7 MeV. The sets of functions
p=w(E,) and k = ¢(E,) obtained for different initial data are presented in figures 1 and 2. These

functions provide the least practically achievable value of x> for all 11 experimental spectra.

The described process more effectively uses the experimental data like those presented in
[4], first of all, for both throwing away any mistaken model ideas of level density and strength
functions and for revealing of considerable systematical errors in corresponding data of the other
experiments. The use of any assumed functions p =w(E,,) and k =¢(E,) as the initial data for

iterative process allows one to search for arbitrary random solutions and to compare the values of
>t for them.

The values obtained for given nucleus in iterative process allow one undoubtedly to reject,
for example, ideas of Fermi-gas model for level density as not corresponding with experiment.
Analogous conclusion follows and for “low-energy tail” of radiative strength functions [1]. In spite
of considerable and inevitable uncertainty of their obtained values, the data presented in Figs. 1 and
2 are high-informative and reliable enough in order to get conclusions on properties of nucleus
%Mo which appear themselves in process of cascade gamma-decay of its compound state.

REFERENCES

1. A.Schiller et al., Phys.Rev. C. V.73, P.034311 (2006).
2. V.A. Khitrov, A.M. Sukhovoj et al., JINR preprint E3-2003-7, Dubna, 2003.
V.A. Khitrov, A.M. Sukhovoj et al., Proc. of the XI International Seminar on Interaction of
Neutrons with Nuclei, Dubna, 22-25 May 2003, JINR E3-2004-9, (Dubna, 2004) p. 107.
V.A. Khitrov, A.M. Sukhovoj et al., nucl-ex/0305006.
3. V.A. Khitrov, A.M. Sukhovoj, Proc. of the XVI International Seminar on
Interaction of Neutrons with Nuclei, Dubna, June 2008, JINR E3-2008-47,
(Dubna, 2008) p. 46.

4. M.Krticka et al., Phys.Rev. C. V.77, p.054319 (2008).

5. S.T. Boneva, V.A. Khitrov, A.M. Sukhovoj, Nucl. Phys. A.V. 589 P.293, 1995.

6. A.M. Sukhovoj, V.A. Khitrov, Phys. Part. Nucl. V.36, No.4, P.359, 2005.

7. E.V. Vasilieva, A.M. Sukhovoj, V.A. Khitrov, Phys. At. Nucl. V.64(2), 2001.

P.153;nucl-ex/011017.

8. W.~Dilg et al., Nucl. Phys. A, V.217, P.269, 1973.

9. V.A. Khitrov, Li Chol, and A.M. Sukhovoj, Proc. of the XI International Seminar on
Interaction of Neutrons with Nuclei, Dubna, May 2003, E3-2004-9 (Dubna, 2004), p.98;
nucl-ex/0404028.

10. A.M. Sukhovoj, V.A. Khitrov, JINR communication E3-2007-22, Dubna, 2007.

11. S.F. Mughabghab, Neutron Cross Sections BNL-325. V. Part A, Ed. by S.F.

Mughabhab, M.~Divideenam, and N.E. Holden, Academic Press, New York, 1984.

12. L.A. Malov, F.M. Meliev, V.G. Soloviev, Z. Phys. A, Bd.320, P.521, 1985.

13. V.M. Strutinsky, Proc. of Int. Conf. Nucl. Phys., Paris, P.617, 1958.

14. http://www.nndc.bnl.gov/nndc/ensdf.

15. A.M. Sukhovoj, W.I. Furman, V.A. Khitrov, Phys. At. Nucl. V.71, No.6, 2008.

16. S.G. Kadmenskij, V.P. Markushev, W.I. Furman, Sov. J. Nucl. Phys. VV.37. P.165, 1983.



Fig. 1. Line 1 - model values [10] thin curves - the best random functions of the density of
intermediate cascade levels, reproducing I, with practically the same least values . Points -

their mean value. Line 2 - approximation by model [13] with parameter g, depending on shell
inhomogeneties of one-particle spectrum, line 3 - the same for g =const. Lines 4 - partial densities

of two-, four- and six-quasiparticle levels. Squares - density of known levels from evaluated decay
scheme [14].
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Fig. 2. Thin curves - the best random functions reproducing 1, with practically the same smallest

values y 2. Points - their mean value. Solid curve - the best approximation by model [15], dotted
curve - contribution in strength function of model [16].
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Introduction

Demands of higher power, radiation hardness, operating frequency, temperature and
speed are potentially met by silicon carbide. This material has also additional attractive
properties such as wide band gap, high breakdown field, high electron saturation velocity. SiC
can be used as a thin buffer layer for the growth of diamond films on silicon substrates. The
significance of this material results from the fact that its electrical and optical properties can be
controlled by varying the carbon, silicon and hydrogen composition in the films. Plasma
enhanced chemical vapour deposition (PECVD) offers an attractive opportunity to fabricate
amorphous hydrogenated SiC films at intermediate substrate temperatures and it provides high
quality films with good adhesion, good coverage of complicated substrate shapes and high
deposition rate. Recently, Si-rich a-SiCy:H films have attracted new attention in the photovoltaic
community, since this material has shown an excellent electronic surface passivation of c-Si
comparable with thermal SiO, and low temperature amorphous silicon nitride (a-SiNy)
passivation [1].

Amorphous hydrogenated carbon (a-C:H) films are frequently deposited by PECVD. It
was recently shown that such layers have various optical and electrical properties [2]. PECVD
with an ionic density of 10%cm?® deals with hydrogenated carbon films while arc current
discharge provides ta-C films, i.e. tetrahedral carbon with highly fourfold coordinated carbon
(high sp® content). Introduction of hydrogen can be interesting when negative effects such as a
decrease of the level of sp® or a decrease of the hardness can be circumvented. The advantage of
bonded hydrogen is that it can diminish strain and stress during film deposition and increase the
deposited film thickness.

Experimental

A n-type silicon wafer with resistivity 2-7 QQ cm and (111) orientation was used as the
substrate for the a-C:H and a-SiC:H films. Prior to the deposition, standard cleaning was used to
remove impurities from the silicon surface, and 5% hydrofluoric acid was used to remove the
native oxide on the wafer surface.

The elastic recoil detection (ERD) method is the best way for the investigation of layers
prepared in this way because ERD characteristics, like depth resolution, sensitivity, limiting
measured thickness, are the most appropriate for this task. The ERD method is based on the
measurement of the recoiled proton spectrum. Protons are emitted from target bombarded by a
helium ion beam. The scattered helium ions are absorbed in a special filter and recoiled protons
loss a part of their energy and then are registered by a surface barrier detector. A helium ion
beam provided by a Van de Graaff accelerator is usually employed in the ERD method [3].

Results and discussion



PECVD silicon carbide films of different thicknesses were analyzed using two RBS and
ERD analytical method simultaneously. For data processing is used the SIMRA computer code
[4]. Fig.1 shows a typical RBS spectrum for a sample containing carbon and hydrogen atoms in
surface layer with a thickness of 1.35x10'® at/cm?®. In this figure one can see a part of the
spectrum of helium ions scattered by silicon atoms in the substrate ( 100 % silicon).
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Fig.1. Experimental (points) and calculated (line) spectra of helium ions backscattered
by a sample with a thick subsurface layer containing light elements.

The calculated spectrum was normalized to the experimental one by selection the number
of helium ions coming to the sample during the analysis. Thus, the number of helium ions 4;,
registered in one channel of the multi channel analyzer, having an energy width of 4E, can be
calculated [5]:

A;= Q0o (E,0)A2Nt/cosb; Q)
where @ is the total number of helium ions coming to the sample during the analysis; ¢(E,0) is
the differential cross-section of the recoiling process; 42 — the solid angle of the detector; 6 is
the angle between the direction of the beam and the normal to the surface of the sample;
Nrt/cos8; is the thickness of the layer, corresponding to an energy width AE of a single channel
of the analyzer. Moreover, the ion energy loss depends on the energy loss factor /S/ and of the
thickness x of the layer:
AE = [S]x (2)

If there is only one element in the layer, the ion energy loss may directly be calculated
using eq. (2). Because only one quantity, @, from equation (1) is unknown, we can determine it
after normalization of the experimental spectrum to the calculated one in the region where
helium ions were scattered by the silicon atoms of the substrate. This also allows to exclude the
systematic error of the measurement the solid angle of the detector as well as the systematic error
of the determination the number of incident particles coming to the target during the analysis. In
order to calculate the ion energy loss in the layer consisting of two elements, the Bragg’s rule is
used. Hence, the stopping cross-section of a compound ¢ 4,,%, consisting from 4 and B atoms
with the corresponding concentrations m and » is given by:

e1,B, =me' + ne® (3)

The part of the RBS spectrum corresponding to the surface layer containing hydrogen is
characterized by a lower yield of helium ions scattered on silicon atoms, because the atomic
concentration of Si atoms, Cg; is lower in this layer. In such case there is a possibility to
determine atomic concentration of hydrogen atoms Cy from the RBS spectrum taking into
account an additional condition:

CH =] - Cs,' ( 4 )



If this layer contains hydrogen and silicon atoms, there is a possibility to measure the
ERD spectrum only and to determine the depth distribution of H atoms. In this case one can
obtain the stopping power and determine the hydrogen concentration in the H and Si containing
layer using the same additional condition ( 4). When there are more then two elements in the
layer, the task of determination of the hydrogen content (using the ERD spectrum only) can not
be done correctly, because the stopping power of helium ions and the stopping power of recoiled
protons in this layer are changed due to the presence of the third element.
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Fig.2. ERD spectrum for the same sample.

In that case the task of determination of the element concentrations may be carried out by
computations taking into account the RBS spectrum together with the ERD one. Fig. 2 shows the
ERD spectrum measured simultaneously with the RBS spectrum presented in Fig.1. The yield of
recoiled protons in this spectrum is sufficient to determine the hydrogen concentration with a
good precision. In the RBS spectrum measured under an angle of 135° (see Fig. 1) there is rather
intensive yield of helium ions, scattered on Si atoms. Thus, combining both the ERD and RBS
spectra together and making use of equation (4), one can determine the concentrations of the
three elements in the layer with a satisfactory precision. The thickness of the surface layer was
also determined in the same experiment. It is equal to 1.35x10'® at./cm? with a precision of
5x10" at/cm?.

Conclusion

A special methodology for the determination of the concentration of light elements in the
subsurface layer of solids by the ERD method using a helium ion beam is discussed in this paper.
A SiCy:H sample was analyzed by the combination of the ERD and RBS methods. Such way
there is a possibility to improve the precision for the determination of the element content and of
the thickness for subsurface layers of silicon samples doped with light elements such as
hydrogen and carbon. The precision of the measurement of the element concentration for each of
the three elements (hydrogen, carbon and silicon) is close to 1 atomic percent.
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Investigations of the n,e-interaction for the purpose of extracting the neutron-electron
scattering length b,., which is directly connected with the fundamental physical value of
neutron mean squared charge radius, continued for a long time. There is a dozen of the most

precise experimental b,, values with errors <0.05-107fm by now, which were obtained by
different methods. However, in spite of their existence there were doubts about the validity of
their declared accuracy, as they differ by ~5 standard deviations. In all methods there are
principal troubles connected with the necessity of introducing large corrections in size of
order of the investigated effect. Thus, further investigations of this problem with the aim to
adjust b, value are desired and required as before. Besides there is intrigue in the fact that all
known experimental b,, values were scattered around the so-called Foldy scattering length in

the interval about +10%
2

b, =—+% = _1468-10° fm.
M.

2
C

More accurate definition of the b, value takes on special significance, because the
coincidence of b,, and b, values would be surprising for actual theoretical concept. Possible

equality of these two values signifies a non-trivial phenomenon, namely the charge
distribution of a neutron scattered on the outside charge becomes apparent through neutron
magnetic moment only.

From the point of view of comprehension of all introduced corrections the simplest
experiment to obtain b,. value is the slow neutron scattering by noble gas. Nevertheless, in
these experiments it is impossible to ignore the thermal motion of gas atoms and the
diffraction on nuclei of neighboring atoms even at low gas densities. The new method to
obtain b,, value proposed in Dubna permits to use much more dense gases and get rid of
difficulties connected with distorting effect of diffraction, while measuring the n,e-effect the
diffraction can be taken into account with satisfactory accuracy. Our method is based on two
facts:

1) diffraction and n,e-interaction contributions to scattering cross section have very
different dependences on the momentum transfer 7¢g (oscillating and monotonous);

2) diffraction contribution to the scattering is proportional to a gas density n (or even has
a term with #°), but the nuclear and n,e-scatterings do not depend on .

Investigations of the neutron diffraction in monatomic gases in quest of interatomic
interaction potentials are progressing in the last decades. As for gas densities, the pressures up
to hundreds atmospheres are used in these experiments. So, the effect of n,e-scattering in them
is essentially more than in the researches like.

According to conceptions accepted in literature we describe the neutron scattering
intensity per one target atom and unity neutron flux with the accuracy enough for our
purposes by the following expression



diq) _ o nC(q) T o
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where « is normalizing constant, B = 74,0, 21 (q) , q is the wave number of momentum
c

transfer,o, and o, are the total and coherent nuclear scattering cross sections, a,, is the
length of coherent nuclear scattering, Z is the number of electrons in atom,

f(g)= [1+3(q/ qo)z]_l/zis the electron form factor of an atom, ¢, is the Hartree-Fock’s
constant, which characterizes atomic properties. For taking into account the influence of the
atoms thermal motion on the neutron scattering distribution in expression (1) we used
kinematics description. The thermal motion effect is described by function F|
A+1D)* 7 &
F (V,,0,4) = g ) X
ANV U, 5[V +V> =2V, cos 6

_p A-1 2V0Vc056)2

0
y A+1 A+1 av. )
4(7 +1)2U§ (Vs +V? =2V, V cos®)
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In expression (2) 6 is the scattering angle of neutron in the laboratory reference frame, V| is
the initial neutron velocity, V is its velocity after scattering, 4 is the atom mass number,

U, = Jzk—j = 128.9\/2 [m/s], T is the gas temperature in K.
m

Function C(q) is connected with the structure factor S(g) by formula

Stg)-1=-"D_ ()
1-nC(q)
Here 7 is the gas density and C(q) is the correlation function.

The problem of b, value determination comes to accurate separating the n,e-
contribution from the diffraction waves with taking into account the thermal motion of atoms,
which is the main correction for experiments with gases.

Unfortunately, for diffraction description there is no strict theory yet, so in our
analysis we used different phenomenological expressions for convergent oscillations of the
correlation function C(g), such as

Cg) = (4 — dyn)exp(—Ayq)sin(=2

A4
where one or two of parameters 4; — As were sometimes fixed.

Testing the different phenomenological formulas for C(g) description including hard-
core model approach adjudicated that all considered variants with the exception of the last
one fit to the experimental data satisfactorily (with y* ~1 per points).

In order to test the proposed method of the bne value determination we used the

literature experimental data, where the structure factors S(g) were obtained for gaseous Kr,
isotope *°Ar and for liquid Kr.

+ 4s), 4



The fits the experimental structure factors for 17 gas densities n = (0.26-6.19)-10*'

cm” and 78 values of ¢ up to 4 A™" for gaseous Kr with the accuracy 3-10~ for all ¢ and all
n simultaneously were carried out with ten parameters: normalizing multiplier o, B and eight
parameters A, for describing functions Cy and C, by formula (4) (assuming that 4,=0) were

done. If & parameter was fixed the statistical error of b,, became to 3%. The more realistic

result obtained with free parameter a is placed in the first line of Table.
As *°Ar has an anomalously large scattering cross section o, =78 b, and n,e-effect

for it must be ~10 times less than for natural Ar, so extracting b,. value from the AT
diffraction data allowed us to make a check of our method sensitivity. We used S(g) data

obtained in the Institute Laue-Langevin in Grenoble for ¢ =(0.24—-10.1)A~" at four
densities of gaseous isotope *°Ar with the accuracy from 0.06% up to 0.2%. We could
describe these experimental data satisfactorily at ¢ >3 A~ only. Moreover, all the data for
the lowest density of argon were rejected because of large y 2 criterion. The weighted average

result for the other three densities is shown in Table (line 2) with the statistical and
systematic errors.

The b,. value was also obtained from the diffraction data of structure functions
S(g) measured in Grenoble for seven close densities of liquid Kr in the interval of g ~ (0.4 —

17) A~". In this case we made an attempt to apply our new method to liquid, in spite of there
is a problem of adequate consideration of thermal motion for atoms of liquid. Our analysis of
the data is based on assumption that authors have properly made corrections on the thermal
motion atoms. The wide range of ¢ and a lot of experimental information (~5000
experimental data points) allows us to verify different variants of b,, value extracting.

Having no possibility to describe diffraction for liquid correctly in the whole interval
of g we tried to escape safely a correlation between o and b,. in a variety of ways. In
particular, we made an attempt to reduce the normalization parameter in the fittings dividing
the working ¢ interval into six visible periods of the diffraction. In each of them we summed
up the experimental structure factors and separating n,e-contribution obtained three
independent b,. values from the three ratios of these sums. However, we did not get
acceptable error of b,, value in this case too.

We performed also the fit with one parameter B and seven parameters o, +a;, to all

data S (n,q) simultaneously at fixed 4, fitted before for each sample. This led to a very

good result with the error size of the order of 3 % (3-rd line of Table). Unfortunately, this
result can not be accepted as significant one because it depends on varying the limits of the
working g-interval. It can be evidently explained by insufficiently satisfactory description of
neutron diffraction in liquid state of Kr. Nevertheless, this example demonstrates future
prospects of obtaining b,. value with the good accuracy by means of performing similar
measurements with gaseous samples.

A problem of the extracted neutron-electron scattering length precision in the
proposed method depends not only on the statistical accuracy of the measured angle
distributions of neutrons scattered by gas but also on an extent of diffractometer isotropy —
the constancy of the product of detector efficiency and the solid angle at all angles. The
exclusion of the dependency of neutron probability registration by the detectors on a
scattering angle is fundamentally important task. In this problem was solved by normalizing
the angle distribution of neutrons scattered by gaseous krypton on such distribution of
neutrons scattered by vanadium. However, the order of vanadium isotropy is not known with



the accuracy, which would be sufficient for our purposes. To obtain b, value with the
accuracy ~ 2% the facility anisotropy must be less than ~3-107*, that is practically

impossible condition.

The only possibility to avoid this trouble is to perform relative measurements of two
noble gases with strongly different n,e-contributions to scattering cross sections, for example
Ar and *°Ar, which have n,e-contributions 1.7% and 0.2%, or Xe and Kr, whose ones are
2.1% and 1.2%, correspondingly.

High sensitivity of the new method to the n,e-scattering length extracting was also
shown in the work with 36Ar, where n,e-effect is 10 times less than for natural argon and
krypton.

Different versions of the b,, value determination by new method were applied in the
wide range of ¢ and a lot of experimental data for liquid Kr. It was shown that realization of
similar measurements with gaseous samples would permit to obtain the b,, value with the
accuracy ~ 3 %.

Furthermore, a principal possibility to obtain b, value with the accuracy ~ 2 % in
relative experiment was shown and discussed.

We had also the aim to draw attention of the neutron scientific community to use
proposal method on beams of ILL reactor.

Table
Target Fittings <b,>-1 0’ ,
fm
Kr for all ¢ and all n simultaneously —1,53+0,24
CAr averaged value of simultaneous fits for each n 1,33+0,28+0,57
Liquid Kr| simultaneous fit for all S(n,q) with individual fixed 4, —-1,35+0,03
and varied different ¢, for each sample
simultaneous fit for all S(n,q) with varied common 4, -1,39+0,12
and single «
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A possibility of obtaining a better constraint on the hypothetical new interaction is discussed
in [1] and compared with those usually quoted in the literature. The authors of this paper also
argue that one could avoid the influence of the n,e-interaction in the scattering of neutrons by
atoms by using very slow neutrons. In fact, the authors of [1] erroneously assume that the n,e-
scattering contribution is absent at the transferred momentum ¢ =0. On the contrary the

contribution of the n,e-scattering to the total amplitude is maximal actually at small Q.

However, in this case it does not depend on the scattering angle and in reality it does not
prevent from searching for other effects which introduce an anisotropy to the scattering of
very slow neutrons by atoms. We carried out calculations with the purpose to specify
behavior of the forward — backward scattering anisotropy of neutrons depending on the
velocity of neutrons after scattering taking into account parameters of the extra-short-range
interaction.

Here we are talking about the description of scattering of mono-energetic neutrons on
one-atom gas in view of thermal motion of atoms. In this case, let us remind the distribution
of scattered neutrons is described by the expression:

£ (Vy V.0, ) = —AED” v x
A*JzV,B, \/Voz +V?-2V,\V cosd
WERRYE A-1 2V)V 0059)2 (1

“ A+l A+l
4(i)2 B2(V. +V 2 —2V,V cos)
A+1
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where
V, is the initial velocity of a neutron,
V is the velocity of a neutron after scattering,

0 1is the scattering angle,
A is the atomic weight (number).

B, = ,/ﬁ :128.9\/f [m/s].
mA A

Without going into a detailed discussion on the origin of the extra-short-range interaction we
take advantage of the expression for the amplitude of this interaction given in [1]:
g’ ., 2mA* /i’
f (@) =-A>—nC——7, (2)
4z 1+(g)
q=2ksin(8/2),
which can be rewritten as
g’ mc* A’ . A 939.6 MeV (gA)?
27 he {1+[2ksin(8/2)A]} 27 197.3 MeV fm {1+[2ksin(6/2)1]*}’

fy (0) =-A 3)



where g is a dimensionless constant, and A is the size of the interaction region.

The differential cross section of neutron scattering taking into account smallness of a
hypothetical interaction and neglecting the n,e-interaction and Schwinger’s scattering
contributions will be proportional to the expression

do~ fg +2f,f,, 4)
and taking into account the thermal motion of gas atoms
do(V,,V,0,A) ~ (g +2f, f,)f, (V,.V,0,A). (5)

We are interested in the scattering anisotropy of neutrons depending on the initial velocity
and the velocity after scattering. The calculations of the following ratio

0
Ry V) = 2702 ) ©
do(V,,V,135")
were carried out analytically and using the Monte-Carlo method for argon gas at room
temperature and normal pressure.
The question on the relative signs of amplitudes f, and f, is not clear to us. It has an

important effect on the distribution of scattered neutrons. From figure 6 of paper [1] one can
conclude that the authors assumed the opposite signs for these amplitudes (curves with the f,

taken into account pass below those obtained in the absence of additional interaction).
Following this assumption we performed analytical calculations of scattering anisotropy of
neutrons by argon at the specified angles using the formula (6) for parameters in a range

g=0.3-107 -0.3-10° and A =1-100 nm, and also without taking into account additional
interaction (g =0).

The results of these calculations are presented in Fig. 1, which shows that the
anisotropy curves for the specified values of g only weakly depend on A and this dependence

practically disappears with reduction of the constant g downto g =0.3-107".
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Fig.1. Anisotropy of neutrons (scattered by argon atoms) with initial velocity V, =200 m/s
depending on their final velocity for the parameters specified in the figure.

The calculations by the Monte-Carlo method were performed for different sets of
values g u A and for initial velocities V, =20 and 200 m/s. To exclude the contribution

from the hypothetical interaction the constant g was set to zero. In figure 2 some results of
calculations of the scattering anisotropy of neutrons and their comparison with analytical ones
are given. We can conclude that the results of Monte-Carlo calculations are in good
agreement with the analytical ones. Monte-Carlo calculations for different sets of g and A

also confirm that at g <0.1-107° it is hardly possible to find a dependence of the anisotropy

on the A4 value. At the same time obtained as a result of the Monte-Carlo calculations of
distribution of scattered neutrons for final velocities and angles have allowed to extract
angular distributions of scattered neutrons for the chosen intervals of final velocities. Results
of calculations for initial velocity of neutrons V, =20m/s are shown in figure 3 .
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Fig.2. Comparison of some analytical anisotropy (curves) and Monte-Carlo results (points)
for argon,V, =200 m/s.

Figure 3 shows that contrary to the dependence of neutron scattering anisotropy from
the final velocity, the effects due to the presence of the extra-short-range interaction are more
apparent in the angular distributions. Thus it is favorable to carry out measurements with even
colder neutrons. The proposed technique of calculations of angular distributions allows to
estimate expected experimental effects depending on the initial velocity of neutrons and
chosen interval of final velocities. Naturally, if a realization of such an experiment becomes
possible it is necessary to search for an optimum of V, and AV to achieve necessary

statistics.
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Fig. 3. Angular distributions (Monte-Carlo calculations) for neutrons with initial velocity
V,=20m/s for g =0 (solid curves), g =0.1-10°, A =1nm (points), 2 =10nm (dotted
curves), A =100nm (dashed curves) for the chosen intervals of final velocities
AV =1-40m/s and AV =80-200m/s.
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Measurement of neutron total cross-section and resonance parameters of xenon [1]
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Neutron total cross-sections and resonance parameters are basic quantities of nuclear data,
which play an important role in the development and application of the nuclear science and
technologies. Precise measurements of neutron cross-sections are of great importance for the safe
design of nuclear reactors and for the evaluation of the neutron flux density and the energy spectrum
around a reactor. Resonance parameters of isotopic nuclei, which undergo a complex process of
evaluation and analysis based on experimental data of transmission measurement or capture
measurement, are finding an increasingly important role in practical applications that are concerned
with computations of reactor temperature coefficients, neutron reaction yields, self-protection
effects and related matters. Neutron resonance parameters also can provide reliable information for
a number of other fields, including fundamental science and medical application. Recent progress in
optical polarization technique of noble gases opens a wide range of their application in applied and
fundamental research. The ***Xe isotope is good for magnetic resonance imaging of human blood
system. The **'Xe isotope can be a good candidate of a polarized target for the test of time reversal
invariance.

Xenon isotopes *Xe and **'Xe have strong s-wave low-lying resonances at 9.5 and 14.4 eV,
respectively. The resonance at 14.4 eV is extremely strong and its peak cross-section achieves about
70 000 barns. It means that even a small distortion of a resonance shape owing to the Doppler
broadening provides a systematic error for the polarization determination. This problem may be
solved if one performs a measurement of total cross-section o, at room temperature. Then, one

needs to extract the resonance parameters taking into account a particular model of Doppler
broadening. After that one can recalculate the resonance shape for any desired temperature and use
it as a model of ,. Therefore, the measurements of nuclear data for the xenon gas are required

because of their insufficient accuracy.

A few measurements of the neutron total cross-sections and resonance parameters for xenon
gas are reported. In the present work, the total cross-sections of natural Xe have been measured in
the energy range between 0.1 and 40 eV by the neutron TOF method at the Pohang neutron facility
(PNF) [2]. The PNF consists of an electron linac, a water-cooled Ta target and a 12 m long TOF
path. The resonance parameters for Xe isotopes were determined from the fitting of transmission
rate by using the Multilevel R-Matrix code SAMMY [3] and compared with those of Mann et al. [4],
Mughabghab [5] and Landolt-Bérnstein [6]. Target cell for Xe We have performed an experiment
with two specially manufactured target cells. Both target cells are identical in material and
geometry, but one of them had a fill-in pipe with valve and a manometer as shown in Fig. 1. The
target cell, a stainless steel cylinder with an inner diameter of 5.45 cm and a height of 13.0 cm, was
filled with natural xenon gas at 14.1 psi pressure at 22°C. The 0.5-mm thick Al plate was used for
the window of the target cell. The thickness of xenon gas in target cell was 6.335x10" atom/barn.
The empty cell was filled with air.

The SAMMY code uses the Bayes’ theorem (generalized least squares) to fit the
transmission data to obtain resonance parameters. For the Doppler broadening and resolution
analysis, the MULTI method was applied: the free gas model was applied to the Doppler



broadening, and the convolution of Gaussian and exponential function was applied to the resolution.
We fitted the transmission of the natural Xe gas sample with the SAMMY code to obtain the
resonance parameters of each resonance peak in the neutron energy region from 3 to 30 eV, as
shown in the Fig. 2. The present data were fitted with the spin definition in ENDF/B-VII.0. The
resonance parameters were listed in Table 1 compared with those of Mughabghab, Landolt-
Bornstein and Mann et al., and the evaluated values based on ENDF/B-VI1.0 and JENDL-3.3. We
get the neutron width r, from the fitting but we listed calculated value of gr, in Table 1 to compare
with other measurements and with the evaluated values. The overall resonance parameters are
generally in good agreement with other measurements and the evaluated data from both JENDL-3.3
and ENDF/B-VII.0.
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Table 1 Resonance parameters of Xe isotopes.

Isotope | J I Represent Eres (8V) r (meV) gr, (meV)

12%e |05 |0 Present [1] 5.09+0.06 | 89.50+8.95 | 12.92+1.26
Mann et al. [4] 5.16+0.06 - 7.6+0.8
Mughabghab [5] 5.16+0.01 100 13.3+1.8
Landolt-Bornstein [6] 5.16+0.09 - 12.4+0.18
JENDL-3.3[7] 5.16 90.0 12.4
ENDF/B-VI1.0 [8] 5.16 100.0 13.3

2%e |10 |0 Present 9.66+0.01 | 143.66+10.38 | 5.82+0.17
Mann et al. 9.47+0.20 - 8.25+0.75
Mughabghab 9.570+0.008 140+30 2.4+1.7
Landolt-Bérnstein 9.5+0.2 110410 45+0.2
JENDL-3.3 9.5 110.0 4.5
ENDF/B-VII.0 9.57 109.0 4.62

2%e |05 |0 Present 10.1240.09 | 90.47+9.04 | 53.97+5.29
Mann et al. - - -
Mughabghab 9.88+0.01 100 42.3+6.0
Landolt-Bérnstein 9.88+0.20 - 39.5+0.6
JENDL-3.3 9.88 90.4 39.6
ENDF/B-VII.0 9.88 100.0 42.3

Blxe 20 |0 Present 14.4740.01 | 93.00+8.87 | 150.83+2.54
Mann et al. 14.1+0.4 - 175+25
Mughabghab 14.410+0.014 93+16 131.545.0
Landolt-Bérnstein 14.4+0.3 94+17 13545
JENDL-3.3 14.41 95.54 135.12
ENDF/B-VII.0 14.41 94.0 131.5




Fig. 1. Vessel with natural Xe.
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Fig. 2. Measured transmission ratio of Xe with a fitting result from the SAMMY code.
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Abstract—An improvement of method for the study of time
reversal (T) violation is described. It consists of measurement of
the forward-backward asymmetry in direct y-ray transitions after
unpolarized neutron capture in p-wave resonances. The
y-detector consists of 12 BGO crystals were tested equipped with
new high performance DAQ system based on flash ADC modules.

. INTRODUCTION

VIOLATION of T (time reversal) invariance was observed in
the decays and oscillation of K- and B-mesons only. No
evidence of T-violation in hadrons or nuclear reactions has
been found. The experimental check-up of T-invariance in
these reactions basically requires polarized beams and
polarized or aligned targets. This technique is complicate and
quite expensive, so no full-scale experiments were performed
yet.

However, it was shown [1] that measurements of angular
correlations in individual y-quanta transitions from unpolarized
neutron capture might give important information about certain
sort of T-violating interaction in nuclei. The feasibility of
experimental result presented in [1] was limited by capabilities
of those days technique. The efficiency of two Nal detectors to
detect 9 MeV y-quanta was relatively low, and the data
acquisition system did not observe direct y-ray transitions in the
vicinity of neutron p-wave resonance with desired precision.
Nevertheless, the measurements reported in [1] set the upper
limit of T-violation interaction in neutron reactions.

The progress in experimental technique during last 20 years
encourages us for significant improvement of results.

Il. MODELS OF T-VIOLATION IN NUCLEAR REACTIONS

There are many models, which introduce time reversal
violating interaction in nuclear reactions [2]. All of them are
divided in two sorts. First sort unites the models of T-violation
with simultaneous breaking of space parity (P). Second sort
contains the models, which break T-invariance but hold space
parity. The interaction, which might show itself in neutron
capture, belongs to the second sort. If one uses S-matrix
scattering formalism, then the experimental effect related to
T-violating, P-conserving interaction is connected with
quantity

83, S, (11 »13)-5, (13 >13)#0. @

Here, S,(Ij = 17j') is the scattering matrix element, which

corresponds to the transition of p-wave neutrons (I =1'=1) ina
resonance with spin J from a channel j=4 to a channel

j’=% and vice versa. Equation (1) means that T-violating

might leads to the difference of probabilities of transitions
between two p-wave states of compound nuclei. Let us
consider two neighboring p-wave resonances with amplitudes
of neutron widths /T, (lj) , and ./T,(Ij) respectively.

T-violating interaction may mix these resonances in a way [4]:

Fa0) > T () + 2T, ). @

where, iv, is the purely imaginary matrix element which

characterize the strength of T-violating interaction, and D is
spacing between two p-wave resonances.
Evaluation of (1) gives the result [1], [5]

8S, ~ |m(mu/rm(1g)*)¢ 0. 3)

This equation satisfied when the amplitude of neutron width
is a complex quantity as it follows from (2).

From other hands, (3) describes the interference between two
resonances. However, the angular correlations of y-quanta after
neutron capture arise owing the interference between neutron
resonances too (most often s- and p-waves) [6]. The methods
and technique are developed for investigations of these
correlations is a good opportunity to test the above model of
T-violation.

I1l. EXPERIMENTAL STRATEGY

The simplest way to understand the angular correlation of
y-quanta produced by neutron capture reaction is to measure a
forward-backward asymmetry. The sketch of basic
experimental arrangement is shown on Fig. 1.



Neutron Beam

Backward Detector

Fig. 1. Basic experimental arrangement for the forward-backward asymmetry
measurement.

Le us denotes the numbers of y-quanta have been absorbed
by forward and backward detectors as N_ =N(6) and

N, = N(r—0) respectively, where 6 is polar angle between the

neutron beam and axis of the forward detector. The
forward-backward asymmetry ., is expressed as:
Ne-N, (4

ted =
N +N,

We have mentioned that this correlation arises from the
interference between s- and p-wave resonances. Usually the
measurement is provided in vicinity of p-wave resonance,
which sits on a top of s-wave resonance wing. The dependence
of ., on neutron energy E in the vicinity of p-wave resonance

is characterized by a term

e(E)~ =", ®)

where E, and T, are the energy and total width of p-wave

resonance, respectively. We see, that the forward-backward
asymmetry 8FB(E) crosses zero at E = E, . If one assumes the

presence of T-violating, P-conserving interaction and take into
account Eq. (2), then the energy behavior of Eq. (5) will
become

E-E +AE r
g~ —— 2T AE, L.y, 6
FB rp T D T ( )
Thus, T-violating, P-conserving interaction shifts the

zero-crossing point of the curve e, (E).

However, to extract the shift AE, in Eq. (6) one needs to
define energy E, by an independent way. Fortunately that is
possible. Indeed, the theoretical expression for N_ + N, does
not depend on AE, [1]. Thus, if we have two sets of
experimental data N_ and N, we take their sum and extract

r,(Ij) , etc.
with fitting procedure. Then, we take the difference N. — N,
and fit it assuming only one free parameter AE, . All other
parameters are fixed by the previous fit. Thus, all we need is to
extract AE, from the same experimental data. This approach is

free from systematic errors which are connected with other
parameters, since we use exactly same data sets.

all necessary resonance parameters: E , I, ,

IV. CONFIGURATION OF GAMMA DETECTOR

The best condition for investigating the angular correlations
is to measure direct y-transitions with the energy of about 10
MeV (for heavy nuclei). The theoretical analysis for direct
y-transition is much more simple than that for cascades.
However, the vy-transition detector must be efficient for
high-energy y-quanta. For this purpose the Monte Carlo
simulation was performed with the same size of Csl and BGO
crystal. The simulation has been done for 10-MeV y-rays
generated at 10 cm apart from detector and randomly
distributed in direction. Fig. 2 shows the simulated pulse-height
spectra for Csl (5x5x15 cm?), and BGO (5x5x7.5 cm®) crystals
with 200,000 y-ray events. The numbers are the spectra areas
above 8 MeV. We see that for the given dimensions BGO
crystal is about 2 times more efficient than Csl.

Figure 1 is the Nal detector configuration used in Barabanov
et al. [1]. Since the asymmetry (e.,) does not depend on an

azimuthal angle (around beam axis), one can apply more
detectors to increase solid angle. We have employed a y-ray
detection system for measuring the angular correlations with 12
scintillation detector elements, each made of a BGO crystal
(Shanghai SICCAS High Technology Co.) with 5 cm x5 cm
active area and 7.5 cm length, coupled to a Hamamatsu H7195
photomultiplier tube, which is shown in Fig. 3. Eight (blue)
detectors are used for the measurement of asymmetry itself.
Four (yellow) detectors perpendicular to the neutron beam
direction will be used as the reference detector, for monitoring
additional spectroscopic information, and investigation of other
angular correlations [6].
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Fig. 2. The simulated pulse-height spectra for Csl and BGO crystals. The
numbers are the spectra areas above 8 MeV.



Fig. 3. Twelve-detector set for the measurement of forward-backward
asymmetry.

V. DETECTOR PERFORMANCE

The BGO crystals were wrapped several layers of Teflon
tape and were covered by white paper and black tape. One open
side of the BGO crystals was coupled with silicone optical
grease directly to the entrance window of a 2 inch
photomultiplier type Hamamatsu H7195.

We measured the light yield dependence of our BGO crystals
on temperature within a range from 16° to 26° C. We have
developed the crystal temperature compensation module based
on DS1820 sensor [7].

After correcting the temperature dependence of the light
yield, a good linearity of light response for y-ray sources was
obtained as shown in Fig. 4.
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Fig. 4. Linearity of light yield in BGO crystals.

The energy resolution of BGO detector was obtained by using
the several y-sources as shown in Fig. 5 (about 12 % for 1 MeV

y-rays).
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Fig. 5. Energy resolution of BGO crystals.

VI. DATA ACQUISITION SYSTEM

The 100 MHz flash-ADC-based data taking system has been
designed. The pulse signal generated when electron hit the
Ta-target is used as a start signal for 100 MHz flash-ADC.
Output signals from the BGO y-detectors are fed into two
8-channel flash-ADC (NFADC100) produced by Notice Korea.
The TOF data are stored in a data acquisition (DAQ) system.
The flash-ADC measures and stores both the arrival time and
the pulse shape of the prompt y-quanta from neutron capture
reactions and background signals. The arrival time of the
prompt y-quanta will give the information of the neutron energy
and the pulse shape that of the y-quanta energy.

Fig. 6 demonstrates the energy resolution has been obtained
with ®°Co source for our detectors attached to flash-ADC. We
could separate 1173.2 keV and 1332.5 keV peaks from ®Co.
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Fig. 6. Pulse height spectrum of ®Co source with BGO detectors attached to
100 MHz flash-ADC.
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Introduction

Since the first joint European moss survey in 1995 (Riihling et al, 1996), a gradually
increasing number of countries have joined this program. In the subsequent survey in 2000
(Harmens et al., 2004) 28 countries participated including Hungary, Slovenia, and Austria, all
neighboring countries to Croatia. Prior to the third joint European moss survey in 2005/2006 it
was therefore decided to include Croatia among the participating countries. The purpose of this
report is a presentation and discussion of the results obtained for mosses collected in Croatia in
2006. To the knowledge of the authors this is the first application in Croatia of biomonitoring
atmospheric deposition of metals, except for a local study of mercury and some other elements
from the petroleum industry undertaken in 1996-2004 using lichens (Hovart et al., 2000).

Materials and Methods

The following moss genera, Hylocomium splendens, Hypnum cupressiforme,
Brachythecium rutabulum and Homalothecium were found suitable for assessing atmospheric
deposition of key heavy metals and other elements in Croatia. This combination of species has
also already been used for biomonitoring purposes in some other European countries where other
recommended species were not available. Interspecies comparisons showed that Brachythecium
rutabulum and Homalothecium could be used along with Hylocomium splendens, Pleurozium
schreberi, and Hypnum cupressiforme.

= i Analysis. NAA was performed at the reactor
~IBR-2 at the FLNP, JINR, Dubna. In the
laboratory the samples were cleaned and air-
dried to constant weight at 30-40 °C for 48
h. Green—brown moss shoots repre-senting
the last three years” growth were subjected

J to analysis, as they  correspond
‘wm approximately to the deposition over the last
- three years. Previous experience from the
use of NAA in moss biomonitoring has
.+ shown that Hylocomium splendens samples
~  of 0.3 g are sufficiently large to be used
(s 'i;vitl-_hout homogenization (Steinnes et al.,
-1994). Details of gamma-spectrometry are
~ described elsewhere (Steinnes et al., 1995).
The Quality control of NAA results was
ensured by simultaneous analysis of the

SUETENI

BOSHIA AND HERZEGOVIA

Fig. 1. Sampling sites

Sampling. The sampling sites are shown on examined samples and reference materials
the map in Fig. 1. Sampling was carried out (RM) Lichen-336 IAEA and NORD DK-
during the period July — August 2006. A GIS-INTEGRO  software package with
total of 94 moss samples were evenly raster and vector graphics was used to

collected over the territory of Croatia. construct raster-based contour maps.



Results and discussion

Multivariate statistical analysis (factor analysis) was used to identify and characterize
different pollution sources and to point out the most polluted areas. The six factors are
interpreted as follows:

Factor 1 has particularly high values of Na(0.89), Mg(0.82), Al(0.95), Sc(0.95), Ti(0.97),
V(0.89), Cr(0.92), Fe(0.93), Co(094), Ni(0.87), Cs(0.86), Ba(0.72), Hf(0.96), Ta(0.93), Th(0.98),
U(0.96), and REE (rare-earth elements). Most of these elements are typical of crustal material.

Factor 2 is a typical pollution component associated with a point source: Zn(0.83),
As(0.60), and Cd(0.82) (Fig. 2).
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S Z:} Factor 3 has high loadings for Br(0.73) and
g s | 1(0.78). Factor 3 represents a natural process,
B o o0 i.e. the release of these elements as volatile
B:oo-:s0 | OTgano-halogens by marine organisms and
B.so.200 | SUbsequent deposition on land. The observed
B -0 | association of Se(0.57) with this factor is as
might be expected, since this element is also
subject to emission in volatile organic form by
marine organisms.

Factor 4, with high factor loadings for C1(0.85) and K(0.85), and Factor 5, with high
loadings for Mn(0.84), are probably not pollution-related, but connected to the normal nutrient
uptake of the moss.

Factor 6, with high loadings for Cu(0.64), Sb(0.52), and Hg(0.62), appears like a typical
pollution factor. The geographical distribution of Factor 6 is shown in Fig. 3, along with
distribution maps for Cu and Sb. The highest factor score is observed at site 93B located in the
center of Zagreb, but moderate to high values are also observed at sites 5, 9, 30A, 34, and 48. Cu
and Sb are known to be emitted from automobile traffic.

Factor 7, with relatively high positive loading for Pb, is strongly dominated by a high Pb
value at site 21 located east of the center of Zagreb, the source of which is not known.

As evident from the results obtained, it is clear that Croatia is considerably polluted
compared to many other countries in Europe. Still the situation in Croatia with respect to metal
deposition is markedly better than in some of its neighboring countries, in particular with relation
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Introduction

The digital signal processing (DSP) along with a twin Frisch grid ionization chamber (TGIC) was used to measure
the kinetic energy-, mass- and angular distributions of fission fragments in correlation with prompt fission neutrons
emitted in spontaneous fission of *’Cf. The experiment was basically adopted from Ref. [1] with some
improvements in instrumentation and data analysis, which allowed a significant quality improvement of the results.
The anode current caused by a fission fragment (FF) in the TGIC was amplified by a current amplifier and sampled
with a 10 bit, 80 Ms/sec waveform digitizer (WFD). The prompt fission neutron (PFN) time-of-flight (TOF)
spectroscopy was done using an analogue TDC after pulse shape discrimination using charge-to-digital (QDC)
conversion. The measurement of the FF characteristics both in coincidence and non-coincidence with the PFN
emission was done in the same measurement without readjusting the apparatus. A Cf-sample, on a 100 pg/cm® thick
Ni foil backing with an activity of ~500 FF/sec, was mounted on the common cathode of the TGIC, which operated
under normal conditions with as working gas P-10 at a constant flow of ~(50-100) ml/min. About 12*10°
coincidences between FF and PFN were acquired in the measurement, which is more than the double compared to

Ref [1].
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FIGURE 1. Experimental setup (léft), graph depicting PFN emission kinematics (right).

Experimental Analysis and results

The FF kinetic energy and the angle between a FF and the TGIC axis was analysed using DSP

algorithms described in Ref. [3]. The waveforms P;,[L] of 512 samples each, first pass a

differentiating filter to subtract the baseline. Then P[L] and P,[L] were digitally integrated in a

L=100 channel (~1.2 ps) window to obtain the total charge released by the corresponding FF
Tg+L

during deceleration in the TGIC using the formula Pi [L]= X Ai [k]. To measure the angle ©;
k=Tg

between the FF and the TGIC’s axis the drift time method, utilizing the drift time dependence on



Tg+L

> k*ALK]
O; of electrons released by the FF, was implemented: T,[L] = k=TT§+L— —T,, where Tg is the

2 ALK

k=Tg
trigger signal sample position. The trigger signal was obtained from the common cathode pulse
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Fig 2. a) Precision of FF angle measurement; b) FF kinetic energy distributions; ¢) FF mass distribution; d) Mass
distribution measured in coincidence with PFN for FF emitted toward the ND in comparison with mass distribution
for FF emitted in opposite direction (red line).

and referred to as the time instant of the fission event. The dependence of cos(®;) on the drift
time can be found using the following formulae:

D+0.5*d

* C PO >l<T90
Too :Ta Ty —T(E)=(Tyy =T, (E)) *cos(®), P* = ———

T +0*T
cathode-grid and grid-anode distances, respectively, W is the free electron drift velocity, Ty, Too
are the drift times for FF having ©; equal to 0° and 90°, respectively, o is the grid inefficiency,
P€, P° are the grid inefficiency corrected and uncorrected total charges collected on the anodes,
T is the drift time for the considered FF. The above formulae were obtained considering the drift
of electrons in the electrostatic fields created between the cathode-grid and grid—anode spaces of
the TGIC. The PFN kinetic energy was analyzed from the TOF measurement using the prompt
fission gamma (PFG) peak position as a reference point. The PFG peak position and its width
broadening dependence on PFG pulse height were measured and parameterized. Then the PFN
TOF distribution was considered as a distribution, satisfying to the following integral equation:

where D, d are the

b

f () :]EF(Z')h(t—r)dr, Th(t—r)dr =1,
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Fig 3. a) PFN TOF versus total light output plot demonstrates reference shift and broadening; b) PFN TOF
distribution illustrating the n-y separation and background subtraction.

where fs(t) is the measured TOF distribution after background subtraction. F(t) is the original
TOF distribution and h(t-t, A, 1) is the resolution function (RF). The RF depends on the total
light output (A) and on the flight path fluctuation due to the finite thickness of the neutron
detector (ND) (11). For each FF in coincidence with the ND the following values were recorded:
two FF kinetic energies FF,, FF,, PFN TOF value, total light output A and pulse shape
information. The pulse shape information was used to separate PFN from PFG and allowed to
suppress the PFG radiation by ~240 times. The remaining background was considered consisting
of two parts: random coincidences between the TGIC and delayed neutrons from the target and
the radioactivity of the surrounding materials which is a time independent background and
coincidences correlated with the fission events (when a fission event was detected by the TGIC,
but a PFN hitting the ND after being scattered by air or other surrounding material) and
uncorrelated coincidence (a fission event triggered the apparatus, but a PFN is detected from the
next fission occurring during the dead time of the apparatus). The random coincidence rate was
analysed using the following formula: R = N, * N, *A, where N, N, are the TGIC and the ND

counting rates, respectively and A is the resolution time of the coincidence unit. Correlated and
uncorrelated  background can be calculated using the following  formulae:

A ©
Nun(t)zNljr(f(t—f)—R)dr,Nclejr(f(a(t—r))—R)dz, where o>1 is a fitting
0 0

parameter. After these background contributions were subtracted the PFN TOF distribution was
converted to the PFN energy spectrum divided by ./E., and compared to a Maxwell

distribution N *exp(—E,q, /1.42), N :j f(t)dt to find the ND efficiency dependence on the
0

PEFN energy.

The results of the present measurement of PFN multiplicity distributions are in very good
agreement with those of Ref. [1]. The isotropic angular distribution of the PFN in the FF center-
of-mass reference system is confirmed (see left part of Fig. 4). For the first time, however, no
reduction of the neutron multiplicity at low TKE was observed (see middle part of Fig. 4). This
is expected from energy balance considerations. Also the PFN multiplicity as a function of FF
mass (see right part of Fig. 4) is in reasonable good agreement with Ref. [1].
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Introduction

In recent decades the DSP technology gained dominance in respect to the traditional analogue signal processing
technique in experimental nuclear physics due to the higher flexibility and an obvious economical reason. Hardware
modules provided diversity of signal analysis possibilities by modification of the signal processing software only. In
this work we present algorithms developed for investigation of correlations between prompt neutron emission and
the FF mass and energy distributions. The ***Cf target was mounted in the centre of the common cathode of a twin
Frisch-grid ionization chamber (GTIC) in such a way that each of the FF is stopped in the corresponding half of the
GTIC. Anodes pulses caused by FF were used to obtain mass-, kinetic energy and the emission angle of the FF with
respect to the cathode-plane normal. The anode current pulse after being integrated with a charge-sensitive pre-
amplifier (CSA) was converted to the step-like pulse with the height proportional to the FF kinetic energy released
during its deceleration in the TGIC working gas mixture. Since a portion of the FF kinetic energy is absorbed inside
the target layer and the target backing, the angle between cathode normal and FF (®-angle) was needed for the
correction of the measured FF kinetic energy. The GTIC cathode pulse was used as the time reference both for the
neutron time-of-flight (TOF) measurement and for the ®-angle measurement. The correlated anode pulses along
with the corresponding cathode pulse and the neutron detector (ND) signal were sampled with four 100 MHz WFD
having 12 bit amplitude resolution. The waveforms were analysed to obtain the following information about every
fission event: kinetic energy values for both FF, their ®-angles, prompt fission neutron (PFN) pulse shape and pulse
height information along with the corresponding TOF value. These data eventually are converted to FF masses and
kinetic energies, to PFN kinetic energy and the W-angle between neutron and the FF.

Experimental setup

The TGIC was mounted inside a stainless steel cylindrical vessel having a diameter of 285 mm and a height of 200
mm. As counting gas a mixture made of 90%Ar+10%CH,4 (P-10) was used in the TGIC at a pressure of 1.05 bar.
The continuous regeneration of the counting gas was kept at a constant flow rate of 30-50 ml/min. The cathode was
made of stainless steel having the diameter of 178 mm and a thickness of 2 mm. The circular hole in the cathode
centre was used to mount the “**Cf target with a source strength of about 500 fissions/s. Anodes were made from an
aluminium foil (0.1 mm thickness) glued onto the stainless steel ring with an external diameter of 178 mm, a width
of 20 mm and a thickness of 1 mm. Grids were made of stainless steel wires with a diameter of 0.1 mm and a pitch
of 2 mm stretched over the stainless steel disks, similar to those used for the anodes. The spot of the *>Cf target of
~10 mm is made by depositing **Cf nuclei on a nickel foil with a thickness of 100 pg/cm” and a diameter of 50 mm.
A simplified block diagram of the TGIC and the data acquisition system consisting of four WFD is presented in Fig.
1. Sampling of the detector pulses was performed with 12 bit pulse height resolution and 100 MHz sampling
frequency. Sampling was triggered when the common cathode pulse passes the selection criteria of the CFD. Four
simultaneously sampled waveforms were acquired for each fission event in the local random access memory of the
PC. Each of the waveforms consisted of L samples taken before and of M samples taken after the triggering. The L
and M values were programmatically configured before the data acquisition is started. Union of L+M samples
composed the sampled pulse of the corresponding detector output. Sequential unions were combined in blocks
containing 10000 fission events that were recorded to the PC hard disk.

Fission fragment analysis

Main data analysis was performed off-line by retrieving waveforms from the hard disk. Each fission event was fully
represented by the set of four waveforms A, A, K and N. The K-waveform was used as a time reference. The FF
fragment kinetic energy consumed during the ionization of the working gas of TGIC was proportional to the height
of the corresponding A;-, A,- waveform. Determination of the height of the step-like pulse performed using the
following signal processing described in more detail in ref. [1]. Anode pulse (V(t)-continuous form, V(k4) —
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Fig 1. Simplified block diagram of the xperimental setup(D =30 mm, d=6 mm).

sampled form) passed through the following differentiating filter:

Q(t) =V (HW (0) — jV(t)M = for W (t) = exp(—At)

(1)
Q(kA) = V<kA)——ZV(nA)exp( (k Atk=D),

The main aims of the dlfferentlatmg filter were: 1) subtract the non-zero basement from the waveforms; 2) to
localise the peak value of the pulse. Then the pulse Q(k4) was integrated in order to improve the signal-to-noise
ratio. In this work the following simple integration formula was implemented:

Tg+100

= D Q(ka) @),
i=Tg

where Tg is time reference of fission event and P; stand for two (i=1,2) anode pulse height values. Determination of
the ©;- and ©,-angles as schematically illustrated in Fig. 2 was done using anode waveforms V(kA4). Free electrons
drifting towards the corresponding anodes with the constant velocity W approached the anodes at different time
depending on the FF angle. Time T between the fission

= IL,
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- |
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Fig 2. Illustration of the fission-fragment angle determination: free electrons are drifting towards the anode on
electrostatic field created between cathode-grid-anode

Gas out

reference Tg and the time instant, when the anode pulse raised to the half of its full height could be found using the
following formula:



Too =T =Ty =T, (E)) *cos(®) 3),

T D+0.5*d
where T = Z KAl [KA]-Tg, T,, = W D and d — are the cathode-grid and grid-anode distances
k=Tg

respectively and lj(k4), i=1,2 were the current waveforms obtained from the corresponding waveforms V;(k4) as
was explained in ref. [1]  Function To(£) can be determined experimentally in calibration measurement by
preselecting the FF emitted with angle @=0. The measured FF pulse height first was corrected taking into account
grid inefficiency factor, characterizing incompleteness of anode shielding by the grid from the current, created by
moving charges in the cathode-grid space of the TGIC:

Po *T‘)O
Toy +0*T

where P© 5 P - are corrected and measured pulse height values respectively and c-is a grid inefficiency factor as

P¢ = 4),

defined in ref. [2]. Two dimensional function R( P, T) was constructed using the pairs of P®,T values are
presented in Fig. 3. Considering R( P€ = const, T) as function of argument T one got equation (1) with the fixed
value of P° , which provided the possibility to evaluate the values T, corresponding to cos(®) = 1. The procedure

was repeated for different values of P in order to obtain pairs of ( pc ,T), represented the samples of function

TO(PC). These samples were fitted with parabola, represented analytically the T, ( P°)- function. After the

described calibration procedure was implemented the equation (1) was used to determine the cos(®) using the
measured value of T. For each fission event the two cosine values were determined in each chamber and a
distribution function N(cos(®,),cos(®,)) was plotted as shown on the left hand side of Fig. 4. The right side

graph of Fig. 4 illustrates the precision of cosine measurement in the range 0.5<cos(®)<1.0 obtained as the
differences distribution of n(cos(®;)-cos(®,)). The cosine value used in the data analysis was evaluated as:

cos(®) =0.5*(cos(®,) +cos(O,) (5)
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Fig 3. Illustration of the cos(Q) determination

The cosine value used for correction of the FF pulse height due to the energy lose in the target and the backing
layers using the procedure developed in refs [3,4]. Final pulse height and mass distribution were plotted in fig. 5.

Prompt fission neutron time-of-flight spectroscopy

The flight path for PFN chosen to be 0.725m and the signals K and N were used for the TOF measurement. The time
marks were obtained using constant fraction time marking algorithm (CFTM), which widely used in commercially
available nuclear electronics module — constant fraction discriminator (CFD). This algorithm produced accurate time
mark independent on the signal pulse height provided the signal rise time did not depend on the signal pulse height.
In programmatic realization of the CFTM method one needed the signal interpolation between sampling points. The
Shannon interpolation polynomial is the natural interpolation approach in this case, providing most accurate result.

In practical implementations Shannon interpolation suffered from sampling noise due to the finite resolution of the
sampling ADC, therefore, linear, parabola or cubic interpolation schemes are frequently used instead due MORE



sampling noises immunity. To improve the sampling noises influence the waveforms passed through the low pass
the finite impulse response (FIR) - 4-th order CR-RC" -filter:

1 (tY t
B,(t,7) = [—j *exp(— ;) or in the sampled form

T*3\ ¢
V[i]=a,U[i]+bU[i — 1]+ b,U[i — 2] + b,UTi — 3]+ b,U[i — 4] + b,U[i — 5]
X =exp(-1/7), a, = (1-Xx)* (6),

b, =5x, b, =-10x*, b3 =10x’, b, =-5x*, b, = X’
where V[i] is the filter output, U[i] is input waveform and t is the shaping parameter. It should be noticed that
filtering improved significantly the differential nonlinearity of the pulse height measurement, making it even better
than one of the analogue signal processing module. The PFN spectroscopy was done using parabola interpolation
formula. Below the formulas for different interpolation polynomials are presented:

f(t, +A)=ft)+A*(f(t,,)— f(t,)) - linear interpolation

f(t, +A)=a(t, +A)’ +b(t, +A)+c

a— fteo —2f)+ ()
B 2 ’ - parabola

b=f(t.)- ft)-ak+1),
c=f(t,)—bk-ak’.

f(t, +A)=a(t, +A)’ +b(t, +A)* +c(t, +A)+d

a— f(t,,)-3ft,)+3ft)-f, )

T (k+2) =3k+1)’ +3K +(k=1)* "’

_f) -2+ ft)—a(k+D’ -2k +D° +k?)
2

c=f(t.,) - f(t.,)-b@k+3)-a(k+2)’ —(k+D%),

d=f(t,,)—ck+2)—b(k +2)> —a(k +2)*.

Because of high sensitivity of ND to the prompt fission gamma radiation a pulse shape discrimination procedure
was implemented to suppress the gamma background. The pulse shape discrimination method utilised a difference
between the falling edges of the pulses caused by neutrons and photons. One of the popular analogue method
performed the integration of the ND pulse inside two intervals - the narrow window of ~25 nsec width and the wide
window of ~250 nsec width refs. [5,6]. The beginning of both windows were adjusted to the beginning of the ND
pulse. In the present report we implemented the similar method and the pulse shape separation is illustrated in Fig.
6a where for each pulse two dimensional distribution was plotted in coordinates x and y calculated using the
following calculation:

b

, -cubic parabola

T 10*T
X = J. I(Hdt, y= J. I (t)dt, where I (t) - is interpolated signal (7
0 0
After the photons were suppressed by pulse shape analysis in the range of pulse heights from 0.05 to 5.0 V the TOF
distribution was created and plotted in fig. 6b. The reference shift and the width of the reference distribution
broadening are shown in Fig. 7. A similar effect was observed and reported in ref [7].

Conclusions

Digital signal processing (DSP) algorithms for FF and PFN spectroscopy were developed in our work. The
algorithms were implemented in the measurement of the 2Cf(SF) reaction using a complete digitization approach
with four 12 bit/100 MHz WFD. DSP algorithms were developed as recursive procedures performing signal
processing similar to those available in various analogue nuclear electronics modules such as CFD, pulse shape
discriminator (PSD), peak-sensitive analogue-to-digital converter (pADC), pulse shaping amplifier (PSA) or timing
filter amplifier (TFA). To measure the angle between FF and the cathode plane normal of the TGIC a new algorithm
was developed having advantage over the traditional analogue pulse processing schemes. Algorithms were tested by
comparing our results of DSP data analysis of the *>Cf(SF) reaction with data available from literature [9]
demonstrating the better quality of DSP over traditional analogue signal processing.
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10.03.2009 | E.G.Batyrbekov In-reactor nuclear-excited sources of coherent and
(National Nuclear non-coherent optical radiation with direct and
Centre of the Republic | combined pumping
of Kazakhstan)

03.04.2009 | Acad. V.M.Buznik Fluoropolymer nanomaterials
Innovation Technology
Center, RAS
«Chernogolovka»)

24.12.2009 | M.1.Mokrousov Development of scientific equipment for nuclear-

(researcher, Space
Research Institute,
RAS)

A.A.Vostrukhin
(engineer, Space
Research Institute,
RAS)

A.V.Malakhov
(engineer, Space
Research Institute,
RAS)

physical space experiments

Methods of design and development of software of
equipment for scientific space experiments in
nuclear planetology

Ground-based complex for nuclear-physical space
experiments




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
Scientific Secretary:
O.A.Culicov

Reactor and Technical Departments
Chief engineer: A.V.Vinogradov
IBR-2 reactor
Chief engineer: A.V.Dolgikh
Department of IREN
Head: V.G.Pyataev
Mechanical maintenance division
Head: A.A.Belyakov
Electrical engineering department
Head: V.A.Trepalin
Design bureau
Head: A.A.Kustov
Experimental workshops
Head: A.N.Kuznetsov

Scientific Departments and Sectors
Condensed matter department
Head: D.P.Kozlenko
Nuclear physics department
Head: Yu.N.Kopatch
Department of IBR-2 spectrometers complex
Head: S.A.Kulikov

Administrative Services
Deputy Director: S.V.Kozenkov
Secretariat
Finances
Personnel

Scientific Secretary Group
Translation
Graphics
Artwork




NEUTRON SCATTERING STUDIES 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 SCAT Ch.Scheffzik

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

Group No.1

Surfaces

Yu.V.Nikitenko

Group No.2

Nanostructures

M.V.Avdeev

Small angle scattering group.

Head: A.l. Kuklin

Inelastic scattering group.

Head: 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. Investi

gation 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.Paviov
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




8.2. MEETINGS AND CONFERENCES

In 2009, FLNP organized the following meetings:

1. XVII International Seminar on Interaction of Neutrons with Nuclei: «Fundamental
Interactions & Neutrons, Nuclear Structure, Ultra cold Neutrons, Related Topics» (ISINN-
17), Dubna, May 25-29.

2. 11 Advanced Courses of CIS Countries for young researchers, Ph.D. students and graduate
students on modern methods in investigations of nanosystems and materials Synchrotron and
Neutron Investigation of Nanosystems (SYN NANO), Moscow — Dubna, June 28 — July 13.

3. All-Russian Neutron School for Young Scientists and Students "Modern Neutron Diffraction
Studies: Interdisciplinary Research of Nanosystems and Materials", Dubna, October 12-20.

In the year 2010, FLNP will organize the following meetings:

1. XVIHI International Seminar on Interaction of Neutrons with Nuclei: «Fundamental
Interactions & Neutrons, Nuclear Structure, Ultra cold Neutrons, Related Topics» (ISINN-
18), Dubna, May 19-22.

2. 111 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-2010).

3. 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 will be available).

4. Anniversary workshop ““50 years from the IBR-1 reactor’s start-up™.

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. The students of the Neutron
Diffraction Department of MSU, of the Interfaculty Center «Structure of Matter and New
Materials» and of the Electronics and Automatics Department of MIREA (Moscow State
Institute of Radioengineering, Electronics and Automatics) perform their term and diploma
works in FLNP.
At the JINR University Centre the students from Tula State University, Tver State University
and other universities of Russia and JINR Member States (Czech Republic, Slovakia, Romania,
Poland) and Associated countries (Egypt, South Africa) write their term papers and do summer
practical work in FLNP.

Two scientific schools for advanced training of young scientists were organized in the
Frank Laboratory of Neutron Physics in 2009: the 1l Advanced Courses of CIS Countries for
young researchers, Ph.D. students and graduate students on modern methods in investigations of
nanosystems and materials "Synchrotron and Neutron Investigation of Nanosystems™ (SYN-
NANO-2009) (June 28 — July 13, 2009, Moscow — Dubna) and the all-Russian Neutron School
for Young Scientists and Students "Modern Neutron Diffraction Studies: Interdisciplinary
Research of Nanosystems and Materials" (October 12-20, 2009, Dubna). 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, being held every working day of the Schools.

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 Non-Member States of JINR in 2009

Name Country Dates

Hans Johen Lauter France 23.01.-31.01
Valeriya Lauter USA 23.01.-31.01
Klaus Ullemaer Germany 01.02-14.02
Kristina Holderna-Natkanec Poland 03.02-22.02
Matei Florek Slovakia 06.02-17.02
Klaus Ullemaier Germany 08.02-14.02
Deleg Sangaa Mongolia 15.02-22.02
Aleksandr Frishbutter Germany 17.02-27.02
Kurt Valter Germany 17.02-27.02
Batjargal Bombor Mongolia 15.03-20.03
Klaus Ullemaier Germany 15.04-25.04
Aleksandru Dobrin Sweden 04.05-07.05
Yurgen Schraiber Germany 22.05-25.05
Gohuei Chjan China 25.05-06.06
Aleksandr Ponomarev Ukraine 28.05-30.05
Tomas Vilpert Germany 03.06-11.06
Eiliv Staines Norway 11.06-18.06
Sergei Korneev Byelorussia 15.06-28.06
Andrei Potapenko Byelorussia 15.06-28.06
Anastasiya Safronova Byelorussia 15.06-28.06
Igor Zhuk Byelorussia 15.06-28.06
Karol Ondriash Slovakia 23.06-30.06
Ihab Abdel-Latif El Saied Egypt 24.06-30.06
Sergei Snegir Ukraine 28.06-05.07
Miroslav Kulik Poland 07.07-22.07
Pavel Shalanski Poland 11.07-23.08
Kristina Holderna-Natkanec Poland 03.08-23.08
Klaus Ullemaier Germany 12.08-22.08
Holger Titze-Yensch Germany 13.08-16.08
Angel Angelov Bulgaria 02.09-03.09
Eji Yanik Poland 13.09-20.09
Kurt Valter Germany 14.09-19.09
Aleksandr Frishbutter Germany 14.09-19.09
Klaus Ullemaier Germany 11.10-17.10
Oktavian George Duliu Romania 02.11-25.11
Yuzef Andjeevski Poland 08.11-15.11
Marian Kuruya Romania 23.11-25.11
Shandor Takach Hungary 29.11-12.12
Zoltan Syuch Hungary 29.11-12.12
David Yansen SAR 29.11-12.12
Gergi Rashschevski Bulgaria 30.11-06.12
Dariush Monchka Poland 30.11-12.12
Shagdarin Chadraabal Mongolia 06.12-13.12
Anka Irina Geboianu Romania 07.12-14.12
loana Daniela Dulama Romania 07.12-14.12
Dumitru Gabriel Dima Romania 07.12-14.12
Antoaneta Ene Romania 07.12-14.12
Klaus Ullemaier Germany 12.01.10-22.01.10
Stanislav Vratislav Czech Rep. 14.01.10-22.01.10
Maiya Dlouga Czech Rep. 14.01.10-22.01.10




8.5. PERSONNEL

Distribution of the Personnel per Department as of 31.12.2009

Theme Departments Main staff
-1036- Nuclear Physics Department 42
-1031- Condensed Matter Physics Department 37,75
-1052- IBR-2 Spectrometers Complex Department 37,55
-0993- IREN Department 12
-0851- IBR-2 Department 48

Mechanical and Technical Department 45
Electric and Technical Department 29
Central Experimental Workshops 38
Nuclear Safety Group 2,7
Design Bureau 5
FLNP infrastructure:
Directorate 8.5
Services and Management Department 26,5
Scientific Secretary Group 3,5
Supplies Group 4,5
Total 340

Personnel of the Directorate as of 31.12.2009

Country People
Armenia
Bulgaria
Moldova
Germany
Georgia
KPDR
Azerbaijan
Mongolia
Poland
Romania
Russia
China
Ukraine
TOTAL

o N
Qo [Rlo|~[A~IN(N[N(N|F(N(-




8.6. FINANCE

Financing of the FLNP Scientific Research Plan in 2009 (th. USD)

No. Theme Financing plan, Expenditures In % of FLNP
$ th. For 12 months, $ th. Budget
I | Condensed matter physics 7671,9 6207,1 80,9
-1069- 1906,5 1733,0 90,9
-0851- 4617,2 3609,2 78,2
-1075- 1148,2 864,9 75,3
Il | Neutron nuclear physics
-1036- 2045,9 1783,4 87,2
TOTAL: 9717,8 7990,5 82,2
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