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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 2008. 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 directionsin greater detail. The list of publications for 2008 compl etes the report.

During 2008 the works on the modernization of | BR-2 were mainly focused on:

e Dismantling of al replaced equipment of the IBR-2;

e |nstalation of new equipment of the IBR-2M reactor;

e Manufacturing of new equipment for IBR-2M;

e Complex of cryogenic moderators (CM) of IBR-2M;

e Building and construction activities.

The IREN Project. The main tasks of the Frank Laboratory of Neutron Physics and the
Laboratory of High Energy Physics in 2008 were the completion of installation, testing and
commissioning of the equipment of the first stage of the LUE-200 accelerator. By June, 2008 work
on the installation of the equipment in the accelerator halls was completed. Starting at the end of
June, 2008 work to transport the beam and to train various systems of the accelerator was in
progress. On June 17, 2008 an electron beam with the specified parameters was obtained at the exit
of the electron source whereupon work to adjust the klystron and the modulator of the first
accel erating section began.

On December 15, 2008 the accelerated electron beam with a pulse current of 300-400 mA at a
frequency of up to 5 Hz was transported to the prototype target. Neutrons produced were detected
by a gas proportional neutron counter placed at a distance of 11 m from the target on the floor of the
target hall.

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.

In 2008 a start has been made on the manufacturing of the head part of the mirror vacuum
neutron guide within the framework of the realization of the project for construction of the DN-6

diffractometer for neutron diffraction studies of microsamples (beam 6b of IBR-2M).



For the GRAINS reflectometer to be installed on beam 10 of IBR-2M the manufacturing of
the head part consisting of a two-beam splitting system encased in a vacuum housing has started.
Section design is realized. The collimation system of the reflectometer, which comprises a massive
support for housing the setup unitsis under construction.

The technical design of a mirror vacuum neutron guide for the DIN-2PI spectrometer has
been completed and work to prepare an installation site for the neutron guide has been carried out.
The work on the mirror vacuum neutron guide is conducted in cooperation with PNPI RAS
(Gatchina).

The device for measuring low-temperature magnetoresistance at low temperatures has been
constructed. The device is intended for prompt analysis of Lal-xSrxMnO3 manganites, which are
ferromagnetics with a*“bad metal” behaviour.

The crystal and magnetic structures of the Pb2-xBaxFe205 solid solution series with X ~ 1
have been studied using x-ray and neutron powder diffraction, electron microscopy and M dssbauer
spectroscopy. These compounds belong to the type of anion-deficient perovskites, which are of
peculiar interest due to the coexistence of magnetic and ferroelectric properties.

The studies of high pressure effects on the crystal and magnetic structures of complex
magnetic transition metal oxides continued. The experiments with hexagonal frustrated manganite
YMnO3 exhibiting multiferroic properties have revealed that the diffuse magnetic scattering gets
significantly stronger and the ordered magnetic moments are drastically suppressed with increasing
pressure at |low temperatures.

Within the framework of the Helmholtz Association (Germany)-RFBR Joint Research Groups
(HRJRG) project «Study of structural aspects of biocompatible ferrofluids by scattering methods:
stabilization, properties control and applications» small-angle neutron scattering experiments using
the contrast variation method have been carried out with a number of water-based magnetic fluids
from various manufacturers including the Centre of Fundamental and Advanced Technical
Research (Timisoara Branch of RAS, Romania), Pierre& Marie Curie University (Paris, France),
Institute of Experimental Physics of SAS (Kosice, Slovak Republic). Also, in the framework of the
study of the mobility of brain cancer cells incorporating magnetic nanoparticles a search for a
proper source of magnetic nanoparticles has been conducted among water-based magnetic fluids
with sterical stabilization on the basis of double coating of magnetite with various surfactants
including citric (CA+CA), oleic (OA+OA), myristic (MA+MA) and lauric (LA+LA) acids. The
LA+LA stabilized magnetic fluid was demonstrated to be the most preferable source of magnetic

nanoparticles. From the viewpoint of structural peculiarities the given fluid has the |east aggregation



rate, which explains higher absorption of magnetic nanoparticles by the cancer cells in the given
case and might also be the reason of their lowest cytotoxicity for the cells.

Within the framework of the study of the coexistence of ferromagnetism (FM) and
superconductivity (S) in thin multilayers, data treatment and interpretation of the results obtained
for athree-layer system (S)/(FM)/(S), namely, for (Nb)/(Fe)/(Si, Mo) on silicon substrate have been
completed. For the first time it has been directly shown that in the three-layer system (S)/(FM)/(S)
at the transition of layers to the superconducting state the magnitude of exchange interaction in the
ferromagnetic layer decreases.

A new class of polymers produced by regulated synthesis (dendrimers) has been studied.
Using small-angle scattering data the spatial distribution of the scattering density for the dendrimer
type under study has been obtained. It has been demonstrated that a ssmple model of dendrimer
branch growth fails to explain the anisometry and spatial inhomogeneity of the polymer.

Magnetic elastomers (composite materials consisting of a polymer matrix and highly
polydisperse magnetic particles) have been investigated by small-angle neutron scattering and
small-angle X-ray scattering. It has been found that the polymer matrix is fragmented and has a
nanophase character, and the geometric sizes of nanophase areas depend on the concentration of
doped magnetic particles and the strength of the applied magnetic field during the synthesis of
material.

The detailed analysis of experimental data on quasi-elastic neutron scattering by water
dispersion of nanodiamonds has been performed. A clear slowing down in the diffusion mobility of
the molecules of hydration water as compared to that of the bulk water was revealed.

The fluid metamorphogenic (FM) model of seismotectogenesis has been substantiated using
the results of neutron and acoustic experiments on mono-crystalline and poly-crystalline quartz
samples in the region of polymorphous a-f transition. For the first time, the method of preferred
orientation description based on ODF-histograms and ODF-spectra has been used for estimating the
expected degree of anisotropy of various physical properties.

A series of studies on the martensitic transformation and fatigue properties of austenitic
stainless steels widely used in industry due to their remarkable mechanical, welding and corrosion-
resistant characteristics has been completed. Formation mechanisms of the martensitic phase in an
initially one-phase (austenitic) material have been determined. It has been shown that in some cases
there is alarge variance in elastic constants of phases constituting the material, which significantly
influences its strength properties.

In 2008 a number of experiments were carried out and some interesting results were

obtained in the field of nuclear physics.



Within the framework of preparation and carrying out of the experiment on the direct
measurement of neutron-neutron scattering cross section on the YAGUAR reactor (VNIITF,
Snezhinsk), the calibrations using noble gases (Ar, He) were carried out, which demonstrated the
operational capability of the facility and measuring technique. The obtained values of scattering
cross section for the gases coincide with the tabulated values. The first attempt to measure the
neutron-neutron scattering showed the presence of high background of thermal neutrons, which
exceeds the level of the expected effect by an order of magnitude. Further progress of the project
should be connected with the study of this phenomenon and efforts to decrease its influence in the
experiment.

Investigations of neutron interaction with nanoparticles were performed. The dependence of
angular distribution of neutrons reflected from the surface of diamond nanopowder was measured
for various wavelengths of incident neutrons at the angles of incidence of the neutron beam to the
surface of 2°, 3° and 4°. As a result of multiple scattering from nanoparticles the neutrons are
reflected from the surface with relatively narrow angular distribution, the maximum of which is
close to a specular angle. Thus, for cold neutrons with the wavelength A ranging from 4 A to 8 A the
guasi-specular albedo in the scattering plane at small angles of incidence (less than 6-9°) is
observed. The probability of such abedo may reach 30%.

Theoretical analysis and simulation of possible variants of the experiments to measure
neutron lifetime in material traps were performed. Additional detailed calculations of the generation
of ultracold neutrons in various moderators for the pulsed reactor TRIGA were carried out and, on
this basis, new experiments to measure neutron lifetime in magnetic traps were proposed. New
measurements of the generation of ultracold neutrons were performed at the pulsed reactor TRIGA-
Mainz in the stationary, pulsed and accumulation modes.

On the beam of the ILL reactor (Grenoble, France) in the framework of the collaboration
PNPI (Gatchina) — JNR — Germany — Finland the experiment to observe the rotation of the
fissioning nucleus under the action of polarized neutrons (ROT-effect) was carried out. The 239Pu
nucleus having spin ¥2 was chosen as a target. The effect was observed by measuring the angular
dependence of the escape of ternary-fission a-particles relative to the rotation axis of the nucleus
polarized by incident neutrons. The analysis of the obtained data will be performed in 2009.

In Strasbourg (France) in the framework of the collaboration JINR-France-Germany-Belgium
the experiment started to search for correlation of the neutron escape from 252Cf fission fragments
with the spins of the fragments. In the experiment the multi-detector facility DEMON to measure

neutrons and the ionization chamber CODIS to measure fission fragments are used. The search for



angular correlation between two neutrons emitted from one fragment is in progress. The results of
the experiment are expected in 2009.

Within the framework of collaboration with FLNR the treatment of the experimental data
obtained in 2006 on the IBR-2 reactor using the “Mini-Fobos’ facility to search for the ternary
collinear decay continued. A new technique of data treatment was proposed, which implies the
determination of charges of the detected fission fragments using the time of electron drift in the
Bragg chamber. The obtained results agree with the hypothesis on the existence of exotic modes of
fissioning nucleus decay.

In conclusion, it might be well to point out that great interest is being expressed by the INR
Member States in the work in the field of neutron investigations. It is also significant that in the last
few 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 JNR 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 for the investigation of the structure and dynamics of condensed
matter, obtaining of new data on the microscopic properties of condensed matter, experimental
verification of theoretical predictions and models, revealing of new regularities. In view of the
IBR-2 reactor shutdown in December, 2006 for the next stage of reconstruction, the tasks of the
Department personnel and work plans under the theme in 2007 - 2008 differed noticeably from the
traditional program of activities. Namely, the scientific work was transferred to the alied centersin
Russia and abroad. Out of fundamental and applied research activities developed by the employees
of the FLNP Department of Neutron Investigations of Condensed Matter (NICM), several major
scientific directions were chosen and preserved. Work in these directions was conducted in other
research centers (first of all in neutron and synchrotron centers) under the existing cooperation
agreements. The first stage of the modernization program for the spectrometers at the IBR-2 reactor
continued. The work under the theme was carried out by the employees of the FLNP NICM
Department structurally organized in the form of sectors (groups) according to the main research
directions.

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 arule, was documented by joint protocols or agreements. In Russia, particularly
active collaboration was with the thematically close organizations, such as RRC KI, PNPI, ISSP
RAS, IMP, IC RAS, and others.

The employees of the NICM Department are specialists in performing neutron scattering
studies of condensed matter using neutron diffraction from poly- and single crystals, small-angle
neutron scattering in systems with large-scale inhomogeneities, inelastic incoherent nuclear and
magnetic neutron scattering, reflection and scattering of polarized neutrons at interfaces. A list of
main scientific topics investigated using the above-mentioned techniques, includes:

e atomic and magnetic structure of strongly correlated electron systems — complex magnetic
oxides, multiferroics, etc.;

e structure and phase transitions in model biological membranes;

large-scale structure of non-crystalline materials: vesicules, polymers, dendrimers, colloidal

solutions, magnetic liquids, etc.;

molecular structure of biological objects;

properties of surfaces and nanostructures with reduced dimensionality;

coexistence of magnetism and superconductivity in layered structures,

melts with dynamic, structural and composition inhomogeneities;

dynamics of hydrogen-containing groups in organic compounds;

internal stresses in construction materials and rocks;

relation of texture and properties of rocks.



|. Scientific results

1.1.1. Atomic and magnetic structure of complex magnetic oxides

The crystal and magnetic structures of the Pb,BaFe,Os solid solution series with x ~ 1
have been studied using x-ray and neutron powder diffraction, electron microscopy and M 6ssbauer
spectroscopy. These compounds belong to the type of anion-deficient perovskites, which are of
peculiar interest due to the coexistence of magnetic and ferroelectric properties. Nowadays,
materials that simultaneously show ferromagnetism and ferroelectricity are generally called
multiferroics. In the diffraction experiments two structural phases (high- and low-temperature) with
a phase transition between them at T, ~ 540 K have been revealed. The phases differ in the
configuration of two mirror-related chains of FeOs trigonal bipyramids, which become ordered
below T.. It follows from the neutron diffraction data that below Ty =625 K Phb; 0sBag.gFe-0s
transformsinto an antiferromagnetically (AFM) ordered state with a propagation vector k = [0,%2,%]
(Fig. 1). At the same time the magnetic splitting in Mdssbauer spectra occurs only below 520 K.
This significant difference in the magnetic ordering temperatures measured by various methods has
been explained by a specific spin dynamic behavior resulting from essentially different
superexchange interactions between the magnetic moments of Fe atoms in FeOg octahedra and in
FeOs trigona bipyramids [1]. At high temperatures the spin relaxation time appears to be
significantly shorter than the *’Fe Mossbauer spectroscopy time scale. The work has been
performed in cooperation with the Laboratory of Inorganic Crystal Chemistry (Department of
Chemistry, Moscow State University) and the Laboratory for Neutron Scattering (Paul Scherrer
Institut, Switzerland).
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Fig. 1. lllustration of the antiferromagnetic ordering of the magnetic Fe moments for the Pb; osBagg2FexOs
compound (right half of the figure). The unit cell of the crystal structure of the low-temperature form of
Pb, 0sBay 92Fe,0s is presented at the left in the same scale (Fe atoms are shown as red balls).



The detailed neutron diffraction study of atomic and magnetic structure of 314-cobaltites
Sr3Y Co40105+5 (OF Sro75R025C002625+54) Wherein A-positions are perfectly ordered, has been
completed. The compounds with different oxygen contents (close to optimal, 6 ~0, and with
increased oxygen content, 6 = 0.2) have been found to have AFM structure of G-type with the
moments directed along the c-axis of the tetragonal unit cell [2]. Contrary to the earlier studies of
similar structures, it has been revealed that Co atoms occupying different positions in a unit cell
have different magnitudes of magnetic moments correlating with the oxygen surrounding of the
atom. Thus, for the first time a direct relationship between the charge and spin states of Co atoms
has been revealed for cobaltites (Fig. 2). The work has been performed in cooperation with the
Laboratory of Inorganic Crystal Chemistry (Department of Chemistry, Moscow State University)
and the Laboratory for Neutron Scattering (Paul Scherrer Institut, Switzerland).

Fig. 2. Crystal (left) and magnetic (right) structures of the SrzY Co,0105 compound. Big balls are the atoms
of Y (green), Sr (golden) and Co (at the centre of oxygen octahedrons) atoms. Oxygen atoms (small balls)
occupy filled (dark blue), partially filled (violet) and disordered (light blue) sites. The Co magnetic moment
in the layers with the filled oxygen sites (z~= 0.25 and z~= 0.75) is about 1.5 yg, whereas in the layers with
z=0andz=1/2 e~ 2.8 .

The studies of high pressure effects on the crystal and magnetic structures of complex
magnetic transition metal oxides continued. The experiments with hexagonal frustrated manganite
YMnO; exhibiting multiferroic properties have reveaed that the diffuse magnetic scattering gets
significantly stronger and the ordered magnetic moments are drastically suppressed with increasing
pressure at low temperatures (Fig. 3). The interpretation of this phenomenon is based on the
assumption implying the stabilization of magnetic liquid state with strong spin fluctuations under
pressure [3].

For the Lay33Cays7MnO3; compound studied in the temperature range of 10-300 K and at
high pressures of up to 5 GPa, the suppression of the “Wigner-crystal” antiferromagnetic ground
state and the stabilization of the C-type AFM state under high pressure have been observed [4].
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Fig. 3. The temperature dependence of magnetic diffuse scattering in YMnO; at different pressures (left).
The increase in its intensity at high pressures and low temperatures is connected with the formation of spin-
liquid state with strong fluctuations due to the symmetrization of the triangular magnetic lattice formed by
Mn-0O3 and Mn-O4 interatomic bonds (their temperature and pressure dependences are shown at the right).

1.1.2. Investigation of model and biological membranes

For the first time the information on the structural organization of lipid membranes on the
basis of phospholipids of S. Hygroscopicus actinobacteria has been obtained. A lipid fraction
separated from these bacteria forms on quartz substrates a multilayer membrane structure with
repeat distance do = 85.8+ 0.5 A and dy=83.5+ 0.5 A at ambient conditions T = 20°C, RH = 97%
and T =40°C, RH = 96%, respectively. At the same time, a part of lipids does not enter into the
composition of the bilayer and forms liquid micellar phase with the micelle sizes of 54.2+ 0.2 A.
These results give proof to the liquid crystal structure of the membranes formed by the separated
phospholipids of actinobacteria. The liquid crystal structure of such membranes makes it possible to
apply X-ray diffraction methods to study the changes in lamellar and lateral structures on cooling
the multilayer membranes in excess of aqueous solutions of cryoprotectants. Future investigations
into the processes of structural changes on cooling the membranes down to nitrogen temperatures
followed by heating will allow more effective selection of cryoprotectants for storage of bacteria.

Neutron diffraction has been applied to study the structural organization of lipid multilayer
membranes on the basis of ceramide 6 and mixture of six fatty acids. This composition models the
structure of the outermost layer of mammalian skin, the stratum corneum (SC). We used the
following acids most commonly occurring in the SC lipid matrix: palmitic acid (C16:0), stearic acid
(C18:0), arachic acid (C20:0), behenic acid (C22:0), lignoceric acid (C24:0) and cerotic acid
(C26:0) in the molar ratio 1.3/3.3/6.7/41.7/36/6.7. For this composition we determined the effect of
cholesterol sulfate on the hydration process and the structure of completely hydrated membranesin
the experiments to study the kinetics of membrane swelling in excess of water at 20°C. The
example of the measured dependences for the repeat distances of the membranesis shown in Fig. 4.
It has been found that the membranes based on the mixture of fatty acids have a structure similar to
that of the SC model membrane on the basis of palmitic acid. In addition, it has been reveaed that
the used composition of fatty acids accelerates the membrane hydration time by afactor of 1.5.

10
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Fig. 4. The time dependence of the repeat distance of membranes on the basis of ceramide 6 and a mixture of
six fatty acids with two different component weight ratios during hydration in heavy water at 20°C. Solid
lines are drawn in accordance with the exponential time dependence of the repeat distance.

1.1.3. Nanostructured materials

The structure of low-concentrated (volume fraction of magnetic dispersed material of the
order of 1%) magnetic fluids (magnetite nanoparticles in decahydronaphtalene) stabilized using
saturated monocarboxylic acids of different chain lengths (lauric, myristic, palmitic and stearic
acids) has been studied by means of magnetization analysis, electron microscopy and small-angle
scattering of non-polarized neutrons (Fig. 5) [5]. A comparison with the classical magnetic fluid
stabilized by unsaturated oleic acid has been carried out. It has been shown that unlike oleic acid,
the saturated acids stabilize magnetite nanoparticles of smaller sizes and with lower polydispersity.
For the studied saturated acids the mean size values and the polydispersity indices correspond to
nearly one size distribution function (Fig. 5a). The effective thickness of a stabilizing shell around
magnetite nanoparticles, which correlates with the chain length of the used acid, has been
determined on the basis of comparison of small-angle non-polarized neutron scattering curves
(Fig. 5b). Thus, it has been concluded that a significant contribution to the stabilization properties
of the shell is made by its elasticity, which is approximately the same for saturated acids, but differs
greatly from that of the oleic acid. The work has been performed in cooperation with the Centre of
Fundamental and Advanced Technical Research (Timisoara Branch of RAS, Romania), the
Budapest Neutron Center (Hungary) and the GKSS Research Centre in Geesthacht (Germany).

11
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Fig. 5. Small-angle neutron scattering study of structural differences of non-polar organic magnetic fluids
(magnetite nanoparticles in decahydronaphtalene) stabilized by a single layer of monocarboxylic acids of
different chain lengths and saturation (oleic (OA), stearic (SA), pamitic (PA), myristic (MA) and lauric
(LA) acids). (a) Experimental scattering curves for usual (nondeuterated) carrier. Because of small contrast
between the carrier and the stabilizing shell, neutrons are scattered only by magnetic nanoparticles. Due to
large nuclear contrast, magnetic scattering is insignificant. The inset shows the corresponding particle radius
distribution functions. (b) Experimental scattering curves for the carrier with 90% of deuterated analogue.
The effect of scattering by the shell is visible. For saturated acids (SA, PA, MA, LA) the modulation of
scattering depending on the acid, which testifies to the correlation between the shell thickness and the acid
chain length can be observed. As may be seen from (), radius distribution functions for magnetic
nanoparticles stabilized by the saturated acids are very close and differ noticeably from that of the
unsaturated acid OA.

Within the framework of the Helmholtz Association (Germany)-RFBR Joint Research
Groups (HRJRG) project «Study of structural aspects of biocompatible ferrofluids by scattering
methods: stabilization, properties control and applications» small-angle neutron scattering
experiments using the contrast variation method have been carried out with a number of water-
based magnetic fluids from various manufacturers including the Centre of Fundamental and
Advanced Technical Research (Timisoara Branch of RAS, Romania), Pierre & Marie Curie
University (Paris, France), Institute of Experimental Physics of SAS (Kosice, Slovak Republic).
Also, in the framework of the study of the mobility of brain cancer cells incorporating magnetic
nanoparticles a proper source of magnetic nanoparticles was searched among water-based magnetic
fluids with sterical stabilization on the basis of double coating of magnetite with various surfactants
including citric (CA+CA), oleic (OA+OA), myristic (MA+MA) and lauric (LA+LA) acids. The
main aspects of the given investigation were the structural characterization of magnetic fluids, their
stability in the cancer cell culture, toxicity and absorption by the cells. The structure analysis
comprising magnetization, transmission electron microscopy and small-angle neutron scattering
experiments showed that a part of magnetite particles in the fluids under study (size ~7 nm,
polydispersity 40%) forms stable aggregates with a mean size up to 40 nm depending on the type of
the surfactant layer. The magnetic fluids (volume fraction of dispersed magnetite within 1-3 %)
were added to the culture medium (Dulbecco modified Eagle medium Glutamax, 10 % fetal calf
serum), where brain cancer cell lines G44, G55-T2, G87, G112 (UMC Hamburg Eppendorf) were
incubated. The incorporation of nanoparticles into cells was determined via magnetic cell
separation, atomic absorption spectroscopy, fluorimetric measurements, as well as Berliner Blue
staining. The cytotoxicity of nanoparticles under study was found to be different for various
stabilization layers of the surfactants. The LA+LA stabilized magnetic fluid was demonstrated to be

12



the most preferable source of magnetic nanoparticles. From the viewpoint of structural peculiarities
the given fluid has the least aggregation rate (fig.), which explains higher absorption of magnetic
nanoparticles by the cancer cells in the given case and might also be the reason of their lowest
cytotoxicity for the cells.
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Fig. 6. Small-angle neutron scattering by magnetic nanoparticles dispersed in water and stabilized by double
layer coating of monocarboxylic acids of different chain lengths and degrees of saturation: oleic (OA+OA),
myristic (MA+MA) and lauric (LA+LA) acids () Experimental scattering curves. (b) Obtained volume
distribution functions for magnetic particles. The dashed line shows the calculation for separate particles
according to the electron microscopy data.

The process of fullerene cluster formation in nitrogen-containing solvent NMP (medium-
polar solvent) has been considered within the framework of the nucleation theory by analogy with
low-polar solvents [6]. It has been shown that as in the case of low-polar solvents, to explain the
stabilization of the cluster size in NMP, the limited growth model describing the formation of an
effective stabilizing shell around the clusters should be invoked. The most probable mechanism of
the formation of such shell is the appearance of donor-acceptor complexes Cgo/NMP, which
gradually restricts the growth of clusters. We have also considered the reorganization of fullerene
clusters on addition of water to the Ceo/NMP solution which, in particular, manifests itself in a
sharp increase in the intensity of small-angle neutron scattering for the sizes of the order of 10 nm.
It has been shown that critical changes in the solution that are experimentally observed on addition
of water cannot be described by a change in the concentration and thermodynamic characteristics of
the system. The work has been performed in cooperation with the Russian Research Center
«Kurchatov Ingtitute» (Moscow, Russia), Nationa Taras Shevchenko University of Kyiv,
A.A.Chuiko Institute of Surface Chemistry, National Academy of Sciences of Ukraine, (Kyiv,
Ukraine), M.V.Lomonosov Moscow State University (Moscow, Russia), Research Institute for
Solid State Physics and Optics of the Hungarian Academy of Sciences (Budapest, Hungary).

Fes04-based ferrofluid solutions have been studied using the uSR-spectroscopy method. The
experiments have been carried out on a polarized positive muon beam on the synchrotron with the
orientation of an external magnetic field in the transverse direction to the orientation of muon spin.
The experiments have been conducted in the temperature range from 26 to 300 K. It has been found
that the diamagnetic fraction is formed in the ferrofluid in about the same amount as in heavy water,
but the muon-spin relaxation rate in the ferrofluid is much higher than in heavy water. A significant
shift of the muon-spin precession frequency in the ferrofluid has been observed. It has been shown

13



that the shift of the muon precession frequency as a function of the external magnetic field is
described by the Langevin function typical of paramagnetic magnetization. The mean nanoparticle
radius has been estimated (<D> = 12 nm) [7].

A new class of polymers produced by regulated synthesis (dendrimers) has been studied in
cooperation with the N.S.Enikolopov Institute of Synthetic Polymeric Materials. Using small angle
scattering data the spatial distribution of the scattering density for the dendrimer type under study
has been obtained (Fig. 7). Using the contrast variation method it has been proved that dendrimer
molecules in solutions have no closed inner cavities impermeable to a solvent. The partial volume
of the dendrimer in solution has been determined. Homogeneous distribution of scattering density
has been shown. It has been found that dendrimers of the ninth generation are monodisperse within
experimental error. Experimental evidence of homogeneous distribution of the scattering length
density inside the dendrimers has been obtained. It has been demonstrated that a simple model of
dendrimer branch growth fails to explain the anisometry and spatial inhomogeneity of the polymer

8.

Fig. 7. The spatia distribution of the scattering density for the dendrimer from small-angle scattering data.

Magnetic elastomers (composite materials consisting of a polymer matrix and highly
polydisperse magnetic particles) have been investigated by small-angle neutron scattering and
small-angle X-ray scattering. It has been found that the polymer matrix is fragmented and has a
nanophase character, and the geometric sizes of nanophase areas depend on the concentration of
doped magnetic particles and the strength of the applied magnetic field during the synthesis of
material.

1.1.4. Physics of thin films

Within the framework of the study of the coexistence of ferromagnetism (FM) and
superconductivity (S) in thin multilayers, data treatment and interpretation of the results obtained
for athree-layer system (S)/(FM)/(S), namely, for (Nb)/(Fe)/(Si, Mo) on silicon substrate have been
completed. The theoretical analysis has shown that due to the proximity effects between (S) and
(FM) layers, various scenarios of their interaction are possible: the formation of domain structure,
"flowing" of magnetization from (FM) layer to (S) layer, a change in the direct and indirect
exchange interactions of (FM) layers. The practical importance of studying these systems is
connected with the prospect of development of devices for recording information simultaneoudly in
electric and magnetic channels. The measurements were carried out under a magnetic field of
500 Oe and in the temperature range of 2-60 K. For the first time the reorganization of the domain
structure and the decrease in the saturation magnetization in the domains at the transition of
Nb(500 A) layer and [Si(34 A)/Mo(34 A)] structure to the superconducting state (Fig. 8) have been
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simultaneously observed. For the first time it has been directly shown that in the three-layer system
(9/(FM)/(S) at the transition of layers to the superconducting state the magnitude of exchange
interaction in the ferromagnetic layer decreases [9].
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Fig. 8. Magnitization profile in Nb/Fe/[Si/Mo] multilayers at 15, 5 and 2K in a magnetic field of 500 Oe.
With decreasing temperature and at the transition of superconductors (Nb) and (Si/Mo) to the
superconducting state, the mean magnetization value decreases in the ferromagnetic Fe layer.

1.1.5. Atomic dynamics

Studies have been performed for isomers of dimethylbutanol CgH130H (2,2DM-1B, 3,3DM-
1B, 2,3DM-2B and 3,3DM-2B) consisting of globular molecules, which in solid state form
orientationally disordered crystalline phases. Calorimetric studies of polymorphism of these
compounds have revealed significant differences in the melting temperatures, as well as in the
kinetics and number of phase transitions observed during cooling and heating. Simultaneous
neutron powder diffraction studies and inelastic incoherent neutron scattering (1INS) investigations
have made it possible to identify glassy and crystalline phases, which can coexist at low
temperatures [10]. The preliminary interpretation of 1INS spectrais based on the quantum-chemical
calculations of the dynamics of isolated molecules using the B3LYP/6-311G** basis set in the
electron density functional theory (DFT). The calculated spectra of density of vibrational states for
isolated molecules Gga(v) are in qualitative agreement with the experimental spectra Gep(v) but do
not determine satisfactorily characteristic vibration frequencies of hydrogen bonds [11]. Computer
simulation of the structure and dynamics of molecular clusters of dimethylbutanol (DMB) isomers
has made it possible to determine lengths and characteristic vibration frequencies of hydrogen
bonds depending on the number of molecules and the structure of clusters. The comparison of
calculated and experimental spectra of density of vibrational states obtained for 2,2DM-1B isomer
is presented in Fig. 9. The formation of hydrogen bonds results in significant shifts of vibration
frequencies of hydroxyl groups OH of isolated molecules. Frequencies of out-of-plane vibrations of
hydrogen, y(C-O-H), increase approximately two times (100%). Frequencies of in-plane 3(C-O-H)
mode increase by approximately 30%, whereas frequencies of stretching v(O-H) mode decrease by
approximately 10%. The Gey(v) spectra obtained for cyclic tetramers of DMB molecules are
sufficient for satisfactory interpretation of vibrational bands observed in the inelastic incoherent
neutron scattering (IINS) spectra and infrared (IR) absorption spectra. The average length of
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hydrogen bonds for the calculated structures of cyclic tetramers of DMB agrees well with the
estimate of hydrogen bond lengths for frequencies of v(O-H) mode, which were determined from
infrared absorption spectra. All computer calculations were carried out in the Poznan
Supercomputing and Networking Center.
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Fig. 9. Example of comparison of experimental and calculated 1INS spectrafor 2,2-dimethyl-1-butanol.

The detailed analysis of experimental data on quasi-elastic neutron scattering by water
dispersion of nanodiamonds (concentration of particles ~80 mg/ml, average size of particles ~
8°nm, temperature of solution ~ 12°C) has been performed. The data analysis was carried out with
the use of the model according to which water in the dispersion was assumed to be a two-
component system comprising usual water (bulk water) and water immediately adjacent to the
surface of nanoparticles and experiencing their influence on its structural-dynamic properties
(hereinafter, hydration water). The relative fraction of this water was estimated to be ~ 3 %, which
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approximately corresponds to two-three layers of water molecules adjacent to the surface of the
nanoparticle. The analysis of diffusion processes in both water components was carried out on the
basis of the «stretched exponent» method, which makes it possible to evaluate a-relaxation effects
(diffusion processes leading to the distortion of the nearest surrounding of the molecule) in both
water components. A clear slowing down in the diffusion mobility of the molecules of hydration
water as compared to that of the bulk water was revealed. The intensity of diffusion processesin the
hydration water was found to be close to the parameters of the diffusion of supercooled water at a
temperature of {(15-20) °C (Fig. 10).
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Fig. 10. Dependence of mean a-relaxation time <tyw> in bulk and hydration water on neutron wave vector
transfer Q. The right ordinate is the relative fraction of hydration water < a > = (2.9 £ 0.3)%. Curves are
denoted by 1 — 4, where 1 — bulk water (<tw>(Q) = 9.0+Q ~2%), 2 — MD data for 7' = 11°C, 3 — hydration
water (<tw>(Q) =31*Q *"andy = 1.7 + 0.1 are obtained in therange 0.5 A*< Q < 1.4 A™Y), 4 —<ty> in the
supercooled water, MD datafor 7'=—20°C.

On the DIN-2PI spectrometer the collective modes in liquid lithium have been studied by
the inelastic slow neutron scattering method [12]. The measurements were carried out at 500 K
(Tt (L) =453.7K). From the experimental spectra the coherent scattering component was
extracted and analyzed. We obtained a part of a dispersion curve of collective atomic excitations for
lithium melt, which agrees within experimental error with the results of other authors. Figure 11
shows a generalized dispersion curve in rescaled units for liquid alkali metals from the experimental
works. It can be seen that the result for lithium is not contradictory to the genera picture. The whole
set of points forms a single dispersion curve, which supports the conclusion about the
microdynamic similarity of liquid alkali metals.

Inelastic neutron scattering spectra for uranium nitride (UN) have been obtained for a
temperature range from room temperature up to 1273 K. Uranium nitride is considered as a basic
material for creation of a combined fuel for fast neutron reactors, which hold much promise for the
development of large-scale nuclear power engineering. Figure 12 presents the functions of phonon
density of states of UN for several temperatures, which were determined from the experimental
spectra. Uranium nitride exhibits noticeable magnetic scattering, which was not taken into account
in the treatment of the experimental spectra, therefore these data are preliminary.
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Fig. 12. Functions of phonon density of states of UN at temperatures of 293 — 1273 K. Two regions of
vibrations with maxima at energy transfers ¢ ~ 14 MeV and ~ 50 MeV are observed. The first (acoustic)
region corresponds to the vibrations of heavy uranium atoms, the second (optical) one — to that of light
nitrogen atoms. With increasing temperature the vibration spectrum softens due to a shift of the optical part
to the region of lower energies and the transformation of the acoustic part of the spectrum.
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1.1.6. 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 fluid metamorphogenic (FM) model of seismotectogenesis has been substantiated using
the results of neutron and acoustic experiments on mono-crystalline and poly-crystalline quartz
samples in the region of polymorphous a-f transition. In this model the reason for destructions in
the seismic process is an increase in microstress values and decrease in the strength of solidsin the
course of solid-phase transitions. Model principles are given in the monograph [13].

Four types of the crystallographic quartz texture in natural rocks were determined using the
guantitative texture analysis. For the first time, the method of preferred orientation description
based on orientation distribution function (ODF) histograms and ODF-spectra has been used for
estimating the expected degree of anisotropy of various physical properties (Fig. 13).
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Fig. 13. Example of ODF-spectrum of crystalline quartz.

Complex investigations of biotite gneiss samples using neutron scattering and acoustic
methods have been carried out. Some contradictions between the values of the elastic wave velocity
found from the quantitative texture analysis data were revealed. The theoretical consideration [14]
of the interaction of anisotropic (textured) medium with propagating elastic waves made it possible
to establish several facts providing an explanation for the above-mentioned contradictions. In
particular, it has been shown that in the case of one anisotropy vector one purely transverse wave
and two waves with mixed longitudinal-transverse polarization can propagate in a textured medium.
When there are two anisotropy vectors, in the general case al waves have mixed longitudinal-
transverse polarization. In the general case the triple splitting of the refracted and reflected waves
takes place during the reflection from the interface between media with different directions of
anisotropy vectors and (or) parameters of anisotropy. In the general case the Snell law for the wave
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reflection in anisotropic media does not hold. Longitudinal oscillations take place in various modes
propagating with completely different velocities.

A rock type based on anhydride-dolomite minerals (" Zuckerdolomit") has been studied with
respect to correlations of intracrystalline residual strain and texture. The rock samples were
collected from the Piora Mulde deposit (Central Alps, Switzerland). The experiments were
performed using neutron time-of-flight diffraction. The texture of the composite rock (dolomite,
anhydride) is characterized by high sample symmetry (orthorhombic). As arule, internal stressesin
dolomite and anhydride have opposite signs corresponding to either compression or tension. Taking
into account that the elastic constants for both minerals can differ much depending on the direction
in crystal, one should expect the manifestation of a specific geomechanical behaviour of the studied
rock determined by the interactions between texture, elasticity and internal stresses. The analysis
has showed that the interaction of these factors results in brittle fracture of the rock if the elastic
waves propagate in the directions close to foliation planes [15].

A series of studies on the martensitic transformation and fatigue properties of austenitic
stainless steels widely used in industry due to their remarkable mechanical, welding and corrosion-
resistant characteristics has been completed. The experimental simulation of fatigue degradation
was performed using tension-compression cyclic loading in the plastic deformation region in the
frequency range of 0.1-100 Hz. Regions of characteristic frequencies, which have widely different
effects on steel, have been revealed. Formation mechanisms of the martensitic phase in an initially
one-phase (austenitic) material have been determined. It has been shown that in some cases there is
alarge variance (Fig. 14) in elastic constants of phases congtituting the material, which significantly
influences its strength properties.
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Fig. 14. Strain-stress relations in austenite (initially) stainless steel following high- and low-frequency
fatigue loading for axial (right) and tangential (left) components.
[I. Instrument developments
A start has been made on the manufacturing of the head part of the mirror vacuum neutron

guide within the framework of realization of the project for construction of the DN-6 diffractometer
for neutron diffraction studies of microsamples (beam 6b of IBR-2M).
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First experiments have been carried out on the reflectometer of the Budapest Neutron Center
to explore the possibility to develop next-generation neutron optical mirrors based on a special
principle of strengthening of Bragg scattering for a specified value of the wave vector. This
approach (developed in [16]) to the development of mirrors with high critical angle of total
reflection is an aternative to the widely used technique of construction of such mirrors with
aperiodic structure by magnetron sputtering. The reflectivity of new mirrors has been studied. The
model description of the reflection curves for the systems under investigation has shown good
agreement with the experimental data. The work has been performed in cooperation with the
Research Ingtitute for Solid State Physics and Optics of the Hungarian Academy of Sciences
(Budapest, Hungary) and the MIRROTRON Company (Budapest, Hungary).

In 2008 the project on the new multifunctional reflectometer GRAINS at the IBR-2M
reactor was continued. The set-up is intended for studies of various liquid-containing interfaces by
means of neutron reflectometry (including polarized neutrons for investigations of interfaces with
magnetic nanoparticles). The reflectometer will open up principaly new possibilities for
investigations in the field of nano-science at the IBR-2M reactor. Additional modes of the GRAINS
reflectometer comprise: (1) off-specular scattering and GISANS, which are measured
simultaneously in TOF regime with a 2D detector; (2) angular encoding in the horizontal plane,
which is provided by a Larmor precession region limited by current sheets in front of the sample;
(3) 3D polarimetry in reflection, which is provided by a Larmor precession region around the
sample position. The manufacturing of the head part consisting of a two-beam splitting system has
started. The collimating system of the reflectometer, which comprises a massive support for
housing the setup units (collimating dlits, deflecting mirrors) is under construction. A special guide-
way allows moving the set-up elements along the beam. The whole construction is enclosed in the
vacuum housing, where special entrances are organized for manual access to the elements of the
collimating system without dismantling of the housing. The manufacturing of the elements of the
collimating system including mirror deflectors (1 m long, supermirror, m=2) for non-polarized and
polarized beams has started. The aim of these devices is to deflect the neutron beam towards the
sample surface at a given incident angle in non-polarized and polarized modes, respectively. Such
deflection makes it possible to regulate the incident angle on the sample surface and also to separate
thermal and cold neutrons from fast ones, which pass through the mirrors without reflection, thus
avoiding the direct view of the reactor zone and reducing the background. During the year the
dismantling of channel 10 and making room for new equipment of the reflectometer was conducted.
The work on the project was carried out in the frame of the INR —-BMBF (Germany) Agreement in
cooperation with ILL (Grenoble, France), University of Halle, Technical University of Munich
(Germany) and Petersburg Nuclear Physics Institute RAS (Gatchina, Russia).

The technical design of a mirror vacuum neutron guide for the DIN-2PI spectrometer has
been completed and work to prepare an installation site for the neutron guide has been carried out.
The work on the mirror vacuum neutron guide is conducted in cooperation with the user
organizations. FLNP JINR and PNPI RAS (Gatchina). The mirror neutron guide being constructed
will make it possible to increase the intensity of cold neutrons (E <5 MeV) at the sample position
by afactor of 4-6 and at the same time to reduce the sizes of samples under study by afactor of 2-3,
which will mean significant improvement in quality of the DIN-2PI spectrometer and the upgrading
of its parameters to the level of the best foreign analogues.

The technical design of a mirror vacuum neutron guide for beam 7a of the IBR-2M reactor to
be constructed in accordance with the JNR-BMBF (Germany) Agreement has been completed. The
realization of this project will make it possible to solve two main problems: increase in thermal
neutron flux at the SKAT and EPSILON spectrometers and improvement in signal-to-background
ratio for these spectrometers. In addition, within the framework of the project an additional chopper
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to vary the used wavelength range (up to 14 A) is to be installed. The new layout of the
spectrometersis shown in Fig. 15.
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Fig. 15. The layout of neutron beams on channels 7A and 7B (NERA, SKAT, EPSILON spectrometers) with
a new neutronguide system. The abscissa is the distance from the moderator surface in meters. The ordinate
is the distance from the optical axis of beam line 7 in millimeters. A beam splitter is to be installed in the
head part. After the 14-meter mark the beams are formed by separate neutronguides. For beam 7A the former
neutronguide for the SKAT and EPSILON spectrometers at the IBR-2 reactor is shown.

The device for measuring low-temperature magnetoresistance at low temperatures has been
constructed. The device is intended for prompt analysis of Lay.xSrxMnOs; manganites, which are
ferromagnetics with a “bad metal” behaviour. The manganites are synthesized using the zole-gel
technology. Their magnetoresistance has been successfully measured in a magnetic field
Hmax = 1.2 T in the temperature range of 7 — 300 K.

22



1.1. PU3UKA KOHAEHCUPOBAHHBIX CPE/]

OCHOBHBIE LIENIM MCCIENOBAHUNA IO TEME COCTOSUIM B IPUMEHEHHUU METOJOB PaCCESHUS
HEHUTPOHOB Ul U3yYEHUSI CTPYKTYPhl M JUHAMHUKH KOHIEHCUPOBAHHBIX CpPEJl, MOJIYyYEHUHU HOBBIX
JaHHBIX O MMKPOCKOIIMYECKHX CBOMCTBAaX KOHJEHCUPOBAHHBIX CpEN, OSKCIEPUMEHTAIBHOU
MPOBEPKE TEOPETUUECKUX MPEJCKa3aHUN U Mojieiel, 0OHapy>KEHUH HOBBIX 3aKOHOMEpHOCTel. B
CBs3M Cc ocTaHOBKOW B nekabpe 2006 r. peaktopa MBP-2 ma mpoBemeHue ouepenHoro 3tama
PEKOHCTPYKIIMH, 3a/a4d KOJUIEKTHBA OTHena W TuiaHel pador mo teme B 2008 r. HECKOIBKO
OTJIMYAJINCH OT TPAJAULIMOHHBIX. A UMEHHO, SKCIIEpUMEHTaJIbHAsl Hay4yHas paboTa Obula epeHeceHa
B poxacTBeHHble IEeHTpsl B Poccunm um 3a pyGexxom. M3 (yHmaMeHTanbHBIX M MPUKIATHBIX
HampaBJieHud, pa3pabareiBaeMbix coTpyaHukamu otaena HUKC JIH®, Obumn  ocTaBieHbI
HECKOJIbKO OCHOBHBIX, pa0oTa MO KOTOpPBIM B JPYTHMX HAy4yHBIX IIEHTpax, MpPeXJae BCEro
HEHTPOHHBIX W CHUHXPOTPOHHBIX, OblTa oOOecledeHa CyIIEeCTBYIOUMMH COIVIAIIEHUSIMH O
corpyaHuuectse. IIpomomkancs mepBblil 3Tan mporpamMmbl MOJEPHM3ALMM CIIEKTPOMETPOB Ha
peaktope MBP-2. PaboTta mo Teme oCymiecTBIsIach CUJIaMU COTPYIHUKOB OTaena HEUTPOHHBIX
uccnenoBanuii konaeHcupoBanHeix cpen (HUKC) JIH®, cTpykTypHO OpraHM30BaHHOTO B BHJIC
CEKTOPOB (TPYIIIT) IO OCHOBHBIM HAYYHBIM HAIIPABJICHHUSM HCCIICJOBAHUI.

B pamkax uccnenoBanuii no teme corpynHuku otaena HUKC nopnepxuBanu mumpokue
CBSI3M CO MHOTMMHM Hay4HbIMHM oOpraHmszauusiMu B Poccum u 3a pyOexom. Kak mnpasuio,
COTPYAHUYECTBO O(GOPMIISIIOCH COBMECTHBIMH HPOTOKOJIAMH WJIM coryameHusMu. OcoOeHHO
aKTUBHOE COTpYyJHHMUYECTBO B Poccum Benock ¢ ONM3KUMM IO TeMaTHKE OpPraHU3alUsIMH, TaKUMU
kak PHIL KU, ITUAD, UDTT, UOM, UK PAH u np.

CoTpyaHuku oTIena HUKC SIBJISTFOTCS CIIEIIMAINCTaMU o MIPOBEJICHUIO
HelTpoHOrpaUyecKnX UCCIEI0BaHUNM KOHACHCHUPOBAHHBIX CpEJ C IOMOMIbIO JIU(PAKIUN
HEHUTPOHOB Ha IOJW- U MOHOKPHUCTAJIJIaX, MajOyIJIOBOIO pPAacCEsiHUSl HEUTPOHOB B BEIIECTBAX C
KPYITHOMACIITAOHBIMH HEOJHOPOJHOCTSIMHM, HEYIPYTOro SJIEpHOTO W MarHUTHOTO PacCEsHUs
HEHUTPOHOB, OTPaXCHUS M PACCESHUS INOJSPU30BAHHBIX HEWTPOHOB HA I'PAHMIAX pas3feiia Cpen.
Cnucok OCHOBHBIX HayUYHBIX TE€M, UCCIIEOBaHMS 110 KOTOPBIM BEJIHCH B paMKax NEPEUMCIIEHHBIX
METOJIUK, BKIIFOYAET:

® aTOMHAas U MarHUTHAs CTPYKTYpPa CUIbHO-KOPPEIUPOBAHHBIX IJIEKTPOHHBIX CUCTEM —

CJIO’KHBIX MarHUTHBIX OKCHIOB, MyJIbTU(EPPOUKOB H T.1I.;

® CTpyKTypa U (a30BbIe IEPEXObl B MOJCIHHBIX U OMOJIOTUYECKHX MeMOpaHax;
KpYNHOMAcCIITaOHas CTPYKTYpa HEKPUCTAIMUECKUX MAaTEPHAIOB. BE3UKYJI, IOJIUMEPOB,
JNEHIAPUMEPOB, KOJJIOWJHBIX PACTBOPOB, MATHUTHBIX KUJIKOCTEN U T.1.;
HA/IMOJICKYJIIpHAs CTPYKTYypa OMOIOrHYECKHX OObEKTOB,;
CBOMCTBA MOBEPXHOCTH U HAHOCTPYKTYP C OHWKEHHOW Pa3MEPHOCTBIO;
COCYIIIECTBOBAaHHE MarHeTU3Ma U CBEPXIIPOBOAMMOCTH B MHOT'OCJIOMHBIX CTPYKTYpax;
pacIuiaBbl C IMHAMMYECKON, CTPYKTYPHON M KOMIIO3ULIMOHHOM HEOJHOPOJHOCTHIO;
JUHAMHKa BOJIOPOACOAEPKAIIUX TPYIIIT B OPraHUUECKUX COECIUHEHMSIX;
BHYTPCHHUE HANPSDKEHUS B MaTepuaax KOHCTPYKIIMOHHOTO HA3HAYEHUS U TOPHBIX
IOpOJax;
® CBSI3b TEKCTYPHI U CBOICTB FOPHBIX IIOPOI.
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|. HayuHble pe3yjbTaThl
1.1.1. AToMHass © MATHUTHAsI CTPYKTYPAa CJI0KHBIX MATHUTHBIX OKCHI0B

ATOMHAsi W MarHuTHas CTPYKTypa cepHH TBepAblx pactBopoB Pb,BaFeOs ¢ x ~ 1
M3y4YeHa C MOMONIBI0 TU(PPAKIIMYA HEHTPOHOB M PEHTTCHOBCKUX JIYUYEH, AIIEKTPOHHONW MUKPOCKOIIHU
u MeccOay’pOBCKOW CHEKTPOCKONMHH. OJTH COCTaBBl OTHOCATCS K THITy aHUOH-AE(UIIUTHBIX
MEPOBCKUTOB, KOTOPHIE HMHTEPECHBI COCYIICCTBOBAHHMEM MArHUTHBIX W CETHETORJICKTPHYCCKHX
cBoiicTB. COeMHEHUS C TAaKOTO POZa COCYIIECTBOBAHHMEM B HACTOSIIEE BPEMs MPUHSATO HA3bIBATH
MyabTHQEepporkamMu. B 1udpaKkIMOHHBIX JKCIIEPUMEHTaX OOHApPYKEHBI JBE CTPYKTYpPHBIC (a3bl
(BBICOKO- ¥ HU3KOTEMIIEpaTypHasi) ¢ Mepexo0M Mex Ty HUMu nipu T¢ ~ 540 K. da3bl pazinuyarorcs
KOH(pUryparmei 1ByX 3epKaabHO-CBSI3aHHBIX IEMOYEK TPUTroHANBHBIX FEOs Ounupamu, KOTOpbie
YIOPSAOYUBAIOTCS HUXKE Tc. VI3 HEUTPOHHBIX NU(PAKIMOHHBIX JAHHBIX CIEAYeT, 4TO HIXKE Ty =
625 K B PbyosBaggFe;Os Bosumkaer antudeppoMarautHeiii (AFM) mopsaok ¢ BEKTOpPOM
pacnpoctpanenuss K = [0,%%4] (puc. 1). B To xe Bpemsi ObUIO OOHApY)KEHO, YTO MAarHUTHOE
pacuierieHlue MeccOayIpOBCKHX CIIEKTPOB BO3HUKAET TOJBKO INMpH Temrepatype Hmwke 520 K.
Cronp Oonplasi pa3HUIlAa B TEMIEpaTypax MArHUTHOTO YHOPSAOYCHHs, U3MEPEHHBIX DPa3HBIMU
MeToJaMH, Oblla OOBSICHEHA CIEeNU(PUYECKAM XapaKTepoM TUHAMHUKH CITHHOB, BO3HHKAIOIIEM
BCJIEJICTBHE CYIIECTBEHHO pPAa3HOTO CBEPXOOMEHHOTO B3aUMOJCHCTBUS MEXAY MAarHUTHBIMU
MOMEHTaMH aTOMOB kene3a, Haxomsmuxcsi B FeOs okrasapax um B FeOs TpuUroHAIBHBIX
ounmpamugax [1]. Tlpu BBICOKHMX TemImepaTypax BpeMsl pellaKcallid CIIHMHOB OKa3bIBacTCs
CYILLECTBEHHO MEHBbIIE, YeM BpeMeHHasi mKkana sddexra Meccbayapa st > Fe. PaGora BbImonHeHa
coBMecTHO ¢ Jlaboparopueii Heopranmdeckoit kpucramuioxumuu (Xumpax MI'Y) u Jlaboparopueii
paccesinus HelitpoHoB (PSI, HIseitmapus).
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Puc. 1. Wmtroctparust aHTH(GEPPOMArHUTHOTO YIOPSAJAOYCHHUS MOMEHTOB aTOMOB JKe€je3a B CTPYKTYpe
Pb; 0sBao2Fe,0s (cripaBa). DnemeHTapHas sfuelika KPUCTAUIMYECKOW CTPYKTYphl HHU3KOTEMIIepaTypHOU
(as3sl coeMHEHNS TIOKa3aHa CJIeBa B TOH e mmkaje (aToMbl Fe n3o6paXkeHsl KpaCHBIMU IIApaMH).
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3aBepIIeHO JAeTaIbHOE HEUTPOHHOE TU(PAKIIMOHHOE MCCIICIOBAHNE aTOMHOW U MarHUTHON
ctpykTypbl 314-k00anbTuToB Sr3Y C040105+5 (Mt Sro75R025C002625+5/4), B KOTOPBIX A-MTO3UIIMA
SIBJSIFOTCS. UICANTBHO YIIOPSAA0YECHHBIMU. B cocTaBax ¢ pa3HbIM COJepKaHHEM KUCIOopoa (OIH3KUM
K ontumaiibHoMy, 0 = O u yBenuueHubM, & =~ 0.26) ycranoBinen G-tunm AFM cTpykTyphl,
MOMEHTaMH, HANpaBJICHHBIMH BIIOJb C-OCH TETparoHaNbHON suciiku [2]. B oTiauume oT paHHHX
WCCIIeIOBAaHUM MOJOOHBIX CTPYKTYp OBUIO HaiineHo, uto arombl CO, HaXOASIIUECS B Pa3TUYHBIX
MO3UIUAX 3JEMEHTApHOU SYEHKH, UMEIOT Pa3IMuHyl0 BEJIMYMHY MAarHUTHOTO MOMEHTA, KOTOpas
KOppEeNHpYyeT ¢ KUCIOPOIHBIM OKpY>KEHHEM aToMa. Takum o0pa3oM, BHEpBBIE JJIsi KOOATHTUTOB
yCTaHOBJICHA MpsMasi CBSI3b MEXIY 3apsIOBBIM U CIMHOBBIM COCTOsiHHsMHU aToMoB CO (puc. 2).
PaGora BbimomHeHa coBMecTHO ¢ JlaGoparopuweld HeopraHmdeckoi Kpuctamwioxumun (Xumbak
MI'Y) u JIaboparopuceii paccesuus neiitporos (PSI, IIseitmapus).

Puc. 2. Kpucramiudeckasi (cieBa) U MarHutHasi (cmpaBa) cTpyKTypbl coctaBa St3Y C04010s. Bosipummmu
IrapaMu mokasansl aToMbl Y (3enensbie), St (3omotuctbie) U CO (B LIEHTPE KUCIOPOAHBIX OKTadPOB). ATOMBI
Kuciopona (Manele Imaphbl) 3aHMMAIOT 3alofHEHHBIE (CHHEE), YaCTUYHO 3amojHeHHBIE ((HOJIETOBBIE) U
pasynopsiioucHHble (CBETJIO CHHHE) mMo3uiu. MaruTHelii MoMmeHT CO B ClIOSX C 3alOJHEHHBIMHU
KucnopoanbivMu no3utusiMu (z ~ 0.25 u z= 0.75) cocraBisier okoio 1.5 Hg, Toraa kak B cinosix ¢ Z=0wu z =

U2 Yo = 2.8 Ug.

[Tpomomkamucy WCCIeIOBaHHUS BIMSHUS BBICOKOTO JaBJICHHS HAa KPHCTALITMYECKYIO |
MarHuTHYIO CTPYKTYPbI CIIOXKHBIX MarHUTHBIX OKCHIOB MEPEXOIHBIX METAJUIOB. B akcnepuMeHTax
C TeKcaroHaIbHBIM (PyCTpUpPOBAaHHBIM MaHTraHuToM YMNOs, nposABIAOMMM  CBOWCTBA
MyIbTH(EpporKa, 00HAPY)KEHO 3HAYUTEIbHOE yCHIIeHHE AU(QPY3HOr0O MAarHUTHOTO PACCESTHHUS U
pe3Koe ToaBlIeHHEe HHTEHCHBHOCTH MarHUTHBIX PEe(ICKCOB MPH MOBHIIICHUH JaBJICHUS B 00JIACTH
HU3KUX Temrepatyp (pue. 3). MHTepnperanus 3TOro SBICHHS OCHOBaHA Ha IPEIIOIOKEHHU O
CTa0WIN3alliy 1O/ JABIICHHMEM COCTOSIHUSI MAarHUTHOW KHIKOCTH C CHJIBHBIMH CIHHUHOBBIMHU
¢duykryauusmu [3].

B cocraBe Lap33Caps7MnNOs, uccnenoBannom B nmamazone temneparyp 10 — 300 K u
nasinennii O — 5 I'Tla, oOHapy»xeHO, 4YTO MOJA MJAaBJICHHEM HCXOJHOE aHTU(EePPOMArHUTHOE
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COCTOSIHHE THUIIa BHTHEPOBCKOTO KPHCTaIa TIOJNABISIETCS M IPOMCXOAUT  CTAOMITH3aLus
aHTU(eppOMarHuTHOro coctosiHus C-tuna [4].
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Puc. 3. TemneparypHas 3aBUCHUMOCTh MarHHUTHOTO nuddyszHoro paccesHus B YMNO; mpu pasinmdHbIX
naBieHUsIX (ClieBa). YBENMUYCHHE €ro MHTCHCHBHOCTH NPH BBICOKOM JABICHHM M HHU3KHX TEMIIEpaTypax
CBSI3aHO C BO3HUKHOBEHHUEM COCTOSIHUSI CIIMHOBOM JKUIKOCTH C CHIIBHBIMU (MIIyKTYalMsIMHU, 00yCIOBICHHOTO
CHMMETpH3aINeH TPEYTroJbHOW MarHUTHOW PEeIeTKH, C(HOPMUPOBAHHOW MeXaTOMHBIMU cBsizsmMu MnN-O3 u
Mn-O4 (1x 3aBHCUMOCTH OT TEMIIEPATyphl U JaBJICHHUS [TOKa3aHbI CIIPaBa).

1.1.2. UccnenoBanusi MOJAeJbHBIX M OMOJIOTHYECKHX MeMOpaH

BriepBeie monmyuena wuH(opMammsi 0 CTPYKTypHOH OpraHW3aluu JUIHIHBIX MeMOpaH,
MMOCTPOCHHBIX Ha OCHOBE (ochomunuaoB akTuHoOakTepuii S, Hygroscopicus. Jlunuanas dpaxis,
BBIICTICHHAS M3 THX OakTepuii oOpa3yeT Ha KBAapIEBBIX MOJI0KKAX MHOTOCIOWHYI0 MEMOPaHHYIO
CTPYKTYpy ¢ mepromoM mosropsemoctd 0o = 85.8 + 0.5A u dy = 835 + 0.5A npu BHemmHux
ycnoBust cpensl T = 20°C, RH = 97% u T = 40°C, RH = 96% cootBercTBeHHO. [Ipu 3TOM HacTh
JHINAZOB HE BXOAUT B COCTaB OMCIOS M 00pasyeT >KUAKYI0 MHUIEIUIPHYIO (asy ¢ pasMepaMu
munent 54.2 + 0.2 A. Dtu pe3ynpTarhl 10Ka3HIBAIOT KUIKOKPHCTATHUECKYIO CTPYKTYPy MeMOpaH,
MOCTPOCHHBIX W3 BBIACIEHHBIX (ocPomunuaoB akTuHoOakTepuil. JKuIKOKpUCTAIIHYECKas
CTPYKTYypa TaKHX MEMOpaH MO3BOJSIET IPUMEHHTh METOMIbI AU(PPAKIIUK PEHTICHOBCKHX JTydeH IIst
HCCIENOBaHUS W3MEHEHMM JIaMEJUIIPHOM M JIAaTEPAIBHOM CTPYKTYpbl IIPU  OXJIAXKIACHUHU
MHOTOCJIOHHBIX MeMOpaH B H30BITKE BOIHBIX PAaCTBOPOB KPHOIPOTEKTOPOB. bymymime
WCCIICIOBAHUS TMPOLIECCOB H3MEHEHUS CTPYKTYpPhl TPHU OXJOKIACHUM MeMOpaH J0 a30THBIX
TEMITEpaTyp € MOCIEIYIONIUM HarpeBOM MO3BOJIAT Oosiee 3 PEeKTUBHO MOAOUPATH KPUOTTPOTEKTOPHI
JUIsL XpaHEeHUs! OaKTepUH.

Judpaknuss HEHTPOHOB TMPUMEHEHA Il HWCCIAEAOBAHHUS CTPYKTYPHOM OpraHU3aluu
JUMHAIHBIX MYJIBTUCIONHBIX MeMOpaH Ha OCHOBE IiepaMuja 6 W CMECH IIECTH JKUPHBIX KHCIOT.
DTOT COCTaB MOJIEIUPYET CTPYKTYPY BEPXHETO CIIOSI KOXKM MIICKOTHTAIONMX Stratum corneum
(SC). beum wucmonb3oBaHBl HamOoNiee pacIpOCTpaHEHHbIE B JUNUAHOW Marpune SC
nanemutrHOBast (C16:0), creapunoBas (C18:0), apaxunoBas (C20:0), OGerenoBas (C22:0),
murHotieputoBas  (C24:0) wu  ueporunoBas (C26:0) KHCIOTBI B MOJBHOM COOTHOIICHHU
1.3/3.3/6.7/41.7/36/6.7. Jlns 3TOr0 COoCTaBa ONpEACICHO BJHMSHHE Cyiabdara XoJecTepHHA Ha
MPOLIECC TUAPATAIMH U CTPYKTYPY MOTHOCTBHIO TUAPATUPOBAHHON MEMOpPAaHbI B SKCIIEPUMEHTAaX IO
HCCTIEeOBAaHUIO KHHETUKH HaOyxaHusi MeMOpaHbl B n30bITKe Bobl ipu 20°C. [IpumMep n3MepeHHbBIX
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3aBUCUMOCTEH IS TeproAa TOBTOPSEMOCTH MeMOpaH ToKa3aH Ha puc. 4. YCTaHOBJIEHO, UYTO
MEMOpaHbl Ha OCHOBE CMECH J>KHPHBIX KHUCIOT HMMEIOT CTPYKTYpPY, CXOXKYI CO CTPYKTYpOi
MozenpbHOM MeMOpaHbl SC Ha OCHOBE MAJIbBMHUTHHOBOW KHCIOTHL. Kpome Toro, okasasoch, 4TO
WCTIOJIb30BAHHAS KOMITO3UIHS )KUPHBIX KHCIIOT YCKOPSIET BpeMsl TUApaTaliu MeMOpaHbl B IOJATOPA
pasa.

d(t) = 45.99 - 1.24%exp(-1/62) [A]

46,0

45,6

d(t) = 45.21 - 0.63%exp(-t/67) [A]

Q (0]
45,2 - OOQQQM

repeat distance, A

44,8 -

44,4 T T T T T T T T T T T T T
0 200 400 600 800 1000 1200

time, min

Puc. 4. I3MeHeHne Bo BpeMeHH IepHOa MOBTOPSIEMOCTH MeMOpaH OCHOBE liepamuia 6 M cMecH LIecTH
JKUPHBIX KUCJIOT C JBYMs Pa3IU4YHBIMU BECOBBIMU COOTHOILICHHUSAMH KOMIIOHEHT B MPOLECCE THAPATALUU B
mokenoir Boge npu 20°C. CIulOmIHBIE JIMHMM TIPOBENEHBI B COOTBETCTBHM C OKCIOHEHIUAILHOM
3aBUCUMOCTBIO IIEPHOJA OT BPEMEHHU.

1.1.3. HaHOCTPYKTYpHPOBaHHbIE MATEPHAJIbI

HccnenoBana cTpyKTypa CIIaOOKOHIICHTPUPOBAHHBIX (0OBEMHast JIOJS MAarHUTHOTO
JMCTICPTUPOBAHHOTO MaTepHaia mopsiaka 1%) MarHuTHBIX JKUIKOCTEH (HAHOYACTHIIBI MAarHETHUTA B
nekaruapoHadTaicHe), CTa0MIM3UPOBAHHBIX C MOMOIIBIO HACHINCHHBIX MOHO-KapOOKCHIIbHBIX
KHCJIOT Pa3HOU JUTHHBI (JTaypHHOBasi, MUPUCTUHOBAS, TAJILMUTUHOBAS M CTEAPUHOBAs KHCIOTHI) [5].
Hcnonp30BaH aHamM3 HAMarHMYEHHOCTH, JJIEKTPOHHAs MHUKPOCKONMS M MaJOYTJIOBOE PACCESTHUE
HenoJsipu30oBaHHbIX HelTpoHoB (Puc. 5). IlpoBeneHO cpaBHEHHE C KIACCHMYSCKOW MArHUTHOU
YKUJKOCTBIO, CTAOMIM3UPOBAHHON HEHACKIIIIEHHON OJICMHOBOM KHUCIOTOM. [Toka3aHo, 4TO B OTINYHME
OT OJIEMHOBOM KHUCJIOTHI HACHIIICHHBIE KUCIOTHI CTA0MIM3UPYIOT MarHETUT MEHBIIIETO pa3Mepa U ¢
MEHBIIEH MOIUANCIEPCHOCTHIO. J{J11 N3yUYEeHHBIX HACBIIEHHBIX KUCIOT CPEIHUE 3HAYECHHS pa3Mepa
Y UHJIEKCHI MOTHIUCIIEPCHOCTH COOTBETCTBYIOT MPUOIUZUTEIHHO OMHOW (DYHKIIMU pacrpeeeHUs
mo pasmepam (Pue. 5a). Ha ocHOBe CpaBHEHHS KPHBBIX MAaJOYIJIOBOTO — PACCEsHHS
HEeToJIsIpu30BaHHBIX HelTpoHOoB (Puc. 5b) onpenenena s¢pdexrrBHas TOMIUHA CTAOMIN3UPYIOILEH
000JIOUKH BOKPYI MAarHeTHTa, KOTopas KOppEeIUpYyeT C JJIMHOM HCIOJIb3YyeMOM KUCIOTHL. Takum
o0pa3oM, clielnaH BBIBOA O TOM, YTO CYIIECTBEHHBIM BKJIAaJ B CTaOWIHM3AI[MOHHBIE CBOWCTBA
000JI0UKH BHOCHUT €€ yNpyrocThb, KOTOpasi MpUOIIU3UTEIHLHO OJMHAKOBA JJI HACBIIIEHHBIX KHCIIOT,
HO CHJIBHO OTJIHMYAETCS OT TAKOBOHM Il OJIGMHOBOW KHCIOTHI. PaboTa BBIMOTHEHAa COBMECTHO C
HccnenoBaTenbCckuM I1IEHTPOM (YHIAMEHTAIBHBIX W TMPHUKIATHBIX HCCIENOBaHUNA PyMBIHCKOM
Axanemun Hayk (Otmenenue Tumwinoapbl, Pymbinus), BymanemrckuM HEHTPOHHBIM IEHTPOM
(Benrpus) u UccnenoBarensckum neatpom I'eectxaxra ['KCC (I'epmanus).
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Puc. 5. HccrenoBanue ¢ HUCHOIb30BaHUEM MAJOYIJIIOBOTO PACCESHHS HEHTPOHOB CTPYKTYPHBIX PA3IIHUMil
HEMO/SIPHBIX ~ OPraHMYeCKMX ~ MAarHUTHBIX ~ JKUAKOCTeH  (MarHeTUT B JAeKaruapoHadTaieHe),
CTaOMJIM3UPOBAHHBIX  OJMHOYHBIM  CJIIOEM  MOHO-KapOOKCHWJIBHBIX — KHCIOT — DA3UYHOW  JUIMHBI |
HaceiieHHoctd: onenHoBas (OA), creapunoBas (SA), nanmemutuHoBas (PA), mupuctunoBas (MA) wu
nmaypunoBas (LA) kuciorel. () OKCIepuMEHTanbHble KpUBBIE  pacCesHUs Uisl  OOBIYHOTO
(HeneiirepupoBaHHOr0) HocuTens. M3-3a  Majnoro KOHTpacta MEXIy OKHAKAM  HOCHUTENeM H
CTAOMIM3UPYIOIIeH 000J0YKON, paccesHHE NPEHMYIIECTBEHHO HMEET MECTO TOJIBKO Ha MAarHUTHBIX
HAaHOYaCTUIAX. BcTaBka MOKa3bIBaeT BOCCTAHOBJICHHBIC (YyHKIMH pacHpeneseHus 1o paguycy yactuu. (b)
DKCreprUMEHTAIbHbIE KpHUBbIE paccesHus i Hocutens ¢ 90% conepikaHueM JeHTepupOBaHHOTO aHAJIOTra.
I waceimennsix  kuenmor  (SA, PA, MA, LA) 3amerHa MOAyIANUMS pacCesHUS OT KHCIOTH,
CBUJICTEILCTBYIOMIAS O KOPPEJISAIUN MEXTy TONIUHON 000JIOUKH U JUIMHOM KUCIOTHI. [IpH 3TOM, KaK BUIHO
u3 (a), OGyHKIMH pacmpeieieHHsl [0 paauycy Ui MarHUTHBIX HAaHOYACTHI, CTaOMIM3MPOBAHHBIX
HACBHIICHHBIMU KUCJIOTaMH, OYCHb OJIM3KU U 3aMETHO OTIIMYAFOTCS OT TAKOBOM /ISl HEHACHIIICHHOW KHCIIOTHI
OA.

B pamkax mpoekta PODU — CoobmiectBo ['enbmrombua (I'epManms) MpoaomKaivuch
IKCIIEPUMEHTHI TI0 M3YyYCHHIO CTPYKTYpPBbI ClIa00 KOHLEHTpHpOBaHHBIX (¢ 1% oObeMHOI moneit
MarHMTHOT'O MaTephalia) MarHUTHBIX JKHUAKOCTEH, CTAOMIM3MPOBAHHBIX C MTOMOIIBIO HACKHIIICHHBIX
MOHO-KapOOKCHUJIbHBIX KHUCJIOT pa3HOW uinHbL. [IpoBeneH NOMCK MOJAXOASIIEr0 HCTOYHUKA
MarHUTHBIX HAaHOYACTHII CPEIU BOAHBIX MArHUTHBIX JKUIKOCTEH CO CTEPUYECKOW cTaOmiIM3alfei
Ha OCHOBE JIBOIHOI'O MOKPBITUS MarHeTUTa Pa3jiMYHbIMH MOBEPXHOCTHO-aKTUBHBIMH BEIIECTBAMHU
(TTAB), Bxirouast aumonnyo (CA+CA), omeunoByto (OA+OA), mupuctuHoByio (MA+MA) u
nayputoByto KucioTsl (LA+LA). CTpyKTypHBIH aHaau3, BKIIOYAOIINN B Ce0s1 SKCIIEPUMEHTBI 110
HaMarHW4Y€HHOCTH, IPOCBEUMBAIOUIEH 3JEKTPOHHOW MHUKPOCKONMU M MaJOyIJIOBOMY PacCCEsSHUIO
HEWTPOHOB, MOKA3aJ, YTO YaCTh HAHOYACTHUI[ MarHeTHTa (pa3Mep OKOJIO 7 HM, MOJHIUCICPCHOCTD
40%) B MccieayeMbIX CHCTEMax 00pa3yeT CTabuIIbHbIC arperatsl CO CpeaHUM pasmMepom 10 40 HM B
3aBUCHMOCTH OT THIa 00071049ku [TAB. MarauTHbIe XKUAKOCTH TOOABISIINCH B CPEy, B KOTOPOM
MHKYOMpPOBAIHUCH KIETKH paka MO3ra pa3IuYHbIX cepuid. [[poHMKHOBEHHE HAHOYACTHUI] B KJIETKH
OBUIO  ONpENeNIeHO 4Yepe3 MAarHuTHYIO Cemapanuio KJIETOK, AaTOMHYI abCOpOIMOHHYIO
CHEKTPOCKOMUIO, (IIIOOPECICHIINI0O W ONTHYECKUM aHaJIN30M C HCIOIb30BAaHUEM KpPACUTEINS.
OOHapy’KeHO, YTO KJIETOYHAs TOKCUYHOCTh MCCIEAYEMBbIX HAHOYACTHUI[ pa3jvyHa JJs pa3HbIX
ctabunmsupyromux crnoeB [TAB. [loka3aHo, 4TO MPenNOYTUTENBHBIM HCTOYHHKOM MAarHUTHBIX
HAHOYACTHI[ SBJISIETCS MarHUTHas >KUAKOCTh co craOuwnuzanueit LA+LA. C Touku 3peHus
CTPYKTYPHBIX OCOOCHHOCTEH OHa oOiajana HamMmeHblnel arperamueii (puc. 6), 4yTo O0OBSICHSICT
Jdyyllee MPOHUKHOBEHHWE MAarHUTHBIX HAHOYACTHIl B KIETKM M MOXET SBIATHCA NPUYMHOU
HaWMEHbIIIEH TOKCUUYHOCTH JJIs KJIETOK.
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Puc. 6. ManoyriioBoe paccestHie HEHTPOHOB Ha MarHUTHBIX HAHOYACTHIIAX, TUCIIEPTHPOBAHHEIX B BOAY W
CTaOMIU3UPOBAHHEIX JBOWHBIMH CIOSIMH MOHOKApOOKCHIIBLHBIX KHCIOT Pa3HOW JTMHBI U HACBHIIICHHOCTH:
onennoBoii (OA+OA), mupuctunorori (MA+MA) u naypunosoit (LA+LA). (a) DxcnepruMeHTanbHbIC
kpuBble paccesuus. (D) BoccranosneHHble GYHKIMK pacrpeaeiicHus Mo 00beMy JIsi MAarHUTHBIX YaCTHIL.
[IITpuxoBoi JUHHMEH TMOKa3aH pacyeT [Uis OTACABHBIX UYACTHMI[ COTJIACHO JAHHBIM JJIEKTPOHHOM
MHKPOCKOITHH.

B pamkax Teopum HyKJI€alMM [0 aHAJIOTUM CO CJIa0OMOJIAPHBIMH PACTBOPUTEISIMU
paccMmoTpeH [6] npouecc kimacrepoodpazoBanus dyuiepeHa Cegp B a30T-COEPIKAIIEM PACTBOPUTENC
NMP (pactBoputens cpemneit mossipHocTH). [loka3aHO, 4TO, Kak M B Cilydae CIa0OMOJISIPHBIX
pacTtBopuTenedt, s OOBSICHEHUs crabunm3amuu pasmepa kiactepoB B NMP  Tpebyercs
IIPUBJICUEHHE MOJEIN OTPaHWYEHHOro0 pOCTa, oOTBevaromeld QopMupoBaHuio 3(p(HEeKTUBHON
crabwimsupyronieir  000JI0OYKM  BOKpPYr KiactepoB. Hambomee BEpOATHBIM — MEXaHHU3MOM
¢dbopmHupoBaHUs TakoW OOOJOYKM BHUAWUTCS OOpa3oBaHME JOHOPHO-AKIENTOPHBIX KOMIUIEKCOB
Ceo/NMP, KkOoTOpOE TIOCTEIICHHO OrpaHUYMBACT POCT KJIACTEPOB. PaccMOTpeHa  TakKe
peopranuzaims KinactepoB ¢ysepeHa npu godasnenur Boxasl B pactBop Ceo/NMP, kotopas, B
YaCTHOCTH, IMpPOSABISAETCS B PE3KOM YBEIMYEHUM MHTEHCUBHOCTH MAaJOyIJOBOIO pPAaCcCEsHUS
HelTpoHOB Ui pazMepoB nopsaaka 10 um. IlokazaHo, 4TO KpUTHYECKHE M3MEHEHUS B PacTBOpE,
HaOJI0OaeMbIe SKCIIEPUMEHTAIBHO TpH T00aBJICHWHM K HEMY BOJbI, HE MOTYT OBITh OIHCAHBI
M3MEHEHMEM KOHLIEHTpAIMM U TePMOJANHAMHUYECKUX XapaKTePUCTUK cHcTeMbl. PaboTa BhIMOIHEHA
coBMecTHO ¢ Poccuiickum HaydHbIM IeHTpoM «KypuartoBckuit mHcTUTYT» (MockBa, Poccus),
KueBckuM HanumoHanpHBIM yHuUBepcuTeToM uM. Tapaca IlleBuenko, HWHcTtuTyTOoOM XuMHH
noBepxHoctd UM. A.A. Uyiiko HAH VYkpaunsr (Kues, Ykpanna), MOCKOBCKUM TOCYJapCTBEHHBIM
yauBepcuretom uM. M.B.JlomonocoBa (MockBa, Poccus), HMcciaemoBaTenbCKUM HHCTHTYTOM
¢bu3uKK TBepAOro Tena u onTuku Benrepckoii Akanemun (Byaanemr, Benrpus).

PactBopsb! dheppoxkunkocteit Ha ocHoBe FE30,4 riccnenoBanbl METOOM [LSR-CIIEKTPOCKOIHUH.
OKCHIEpUMEHTBl TPOBEACHBl HAa IyYKE MOJAPU3OBAHHBIX IOJIOXKUTEIBHBIX MIOOHOB, Ha
CUHXPOTPOHE C OPHMEHTALMEHd BHEIIHEI0O MAarHUTHOTO IOJS B IIONEPEYHOM HAIPABICHUU K
OpPHEHTAIlMM CIIMHA MIOOHA. OKCHEPUMEHTHhI ciaeiaHbl npu Ttemmnepatype ot 26 mo 300 K.
OOHapyKe€HO, 4YTO JMAaMarHuTHasT  KOMIIOHEHTa CYLIECTBYeT B (EPPOKHUIKOCTH B TOM K€
KOJINYECTBE, KaK U B TSKEJIOW BOJE, HO pejlakcalys CIIMHA MIOOHAa B (eppOXKHMIKOCTH MPOTEKaeT
obicTpee, yem B D,0O. Habmoganock Takxke CyIMEeCTBEHHOS CMENICHIE YaCTOThI IPEIeCcCHH CITUHA B
¢deppoxunkoctu. [IokazaHO YTO CMEIIEHHE YacTOThl MPELECCHU MIOOHA KaK (PYHKIUS BHEIIHEro
MarHMTHOTO TOJIsi OoNMMchIBaeTcsl (yHKIUe JlaHkeBeHa TUNMWYHOW JUIsl MapaMarHUTHBIX CHUCTEM.
Otuenen cpennuii paauyc Hanovactuil (<D> = 12 nm) [7].
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CoBmectHO ¢ VHCTUTYTOM  CHHTETUYECKHMX  MOJUMEPHBIX  MaTepUaloB  HMEHH
H.C.Enukomnonosa MIPOBCACHBI HCCICAOBAHHUA HOBOTO KJIacCa MOJHMMCEPOB, IIOJIY4YaCMBIX B
pe3yJibTaTe pEeryjupyeMoro cuHTesa - neHapumepoB. [lo skcnepumenTanbHbiM AaHHbIM MYPH
BOCCTAHOBJICHO TPOCTPAHCTBEHHOE pACIPEACIICHUE PACCEUBAIONICH IUIOTHOCTH HCCIEIYyEeMOro
THMa JAeHApuMepoB (puc. 7). MeromoM BapualMd KOHTPAacTa JOKa3aHO, YTO MOJICKYJIbI
JEHIPUMEPOB B PACTBOPAX HE COAEPKAT 3aAKPHITHIX BHYTPEHHUX IMOJOCTEH, HE JOCTYMHBIX
pactBopuTento. OnpeeneH mapuuaibHbIil 00beM JeHapuMepa B pactBope. [lokazaHo roMOoTreHHOE
pacmpeneneHue pacceuBaromieil TUIOTHOCTH. [lomydeHo, 4WTro aAeHapumepsl 9-of TeHepanuu
MOHOJUCIEPCHBl B TMpeAeNiaX SKCIepUMEHTaTbHOW omuOKku. IlomyueHsl sKcrepUMeHTaJbHbIE
A0Ka3aTeJIibCTBa TOr'0, 4YTO pacClIpCACIICHUC IINIOTHOCTHU IJIMHBI paCCCIHUsA BHYTPHU ACHAPUMCpPA
romoreHHo. Iloka3zaHo, YTO TPOCTOM MOJEIBIO POCTa JCHAPUMEPHBIX BETBEH HEBO3MOXKHO
OOBSICHUTh aHU30METPHIO M IPOCTPAHCTBEHHYIO HEOTHOPOIHOCTD JeHIpuMepa [8].

Puc. 7. TlpocTpaHCTBEHHOE paclpe/elicHHe PacCenBaIONIeH IMIOTHOCTH B JICHIpUMEpE, MOMYUYCHHOE W3
JaHHBIX MAaJIOYTJIOBOI'O paCCCsIHUA.

MeronamMu MajoOyIJIOBOIO pACCEsIHUS HEUTPOHOB M PEHITEHOBCKHUX JIy4edl IpPOBEACHO
HCCIIEIOBAHME MAarHUTHBIX 3JIACTOMEPOB — KOMIIO3UTHBIX MAaTEPHUAJIOB U3 IOJUMEPHON MAaTPULBI U
BBICOKOJIMCIIEPCHBIX ~ MAarHUTHbIX  yacTull. OOHapyXeHo, 4TO TOJMMEpHas  MaTpHla
(GparMeHTUpOBaHa M HUMeEET HaHO(pa3HbI XapakTep, NPU 3TOM T'EOMETPUYECKHUE pPa3Mephl
HaHO(a3HBIX 001acTeil 3aBUCUT OT KOHIIEHTPALMM BHEIPEHHBIX MArHUTHBIX YACTHUIl U BEIHMUUHBI
MarHMTHOTO TOJIs, IPUJIAraeMoro B IIPOLIECCe CUHTE3a MAaTepHaa.

1.1.4. ®u3uka TOHKHUX IJIEHOK

B pamkax Tembl cocymectBoBanus peppomarternsma (FM) u cepxnpoogumoctr (S) B
TOHKHX MYJIBTHCIIOSIX 3aBepIiieHa 00pabOTKa JaHHBIX U HHTEPIPETAIHs PE3YJIbTATOB, MOJYUYCHHBIX
Ha tpoiinoii cucreme (S)/(FM)/(S), a umenno, (Nb)/(Fe)/(Si, M0) Ha MOMIOKKE M3 KPEMHHS.
Teoperuueckuii aHanu3 mokasai, uyto Osaroaaps 3dpdekram Oauzoctu mexay (S) u (FM) crnosvu
BO3MOXKHBI Pa3/UYHbIC CIICHAPUH WX B3aMMOJICHCTBUS: (OPMHUPOBAHUE JTOMEHHOH CTPYKTYpBI,
«reperekanue» HamaramdenHoctd ot (FM) k (S) cioro, M3MeHEHHE MPSIMOTO W KOCBEHHOTO
oomenHoro B3aumopeiicteus (FM) cnoés. IlpakTuyeckas BaKHOCTh HM3YYCHHS TaKUX CHCTEM
CBsI3aHA C TIEPCICKTUBOM CO3[aHHs YCTPOMCTB 3amucH HHGOPMAIMH OJHOBPEMEHHO II0
JNIEKTPUYECKOMY M MArHUTHOMY KaHamaMm. VI3MepeHus: mNpoBeAeHbl B MAarHUTHOM IOJIC
HanpsbkéHHocThio 500 O m B amamazoHe Temmeparypel 2 — 60 K. BmepBbie ogHOBpeMeHHO
HAOJIO/ICHBI TIEPECTPOIKa JTOMEHHON CTPYKTYphl U MOHMKEHHE HAMArHUYCHHOCTH HACBHINICHUS B
nomenax npu nepexoze cnos Nb(500 A) u crpykrypsr [Si(34 A)/Mo(34 A)] B ceepxmposomsmee
cocrosiuue (puc. 8). BrmepBeie mpsiMo mokaszano, uro B TpoiHo# cucreme (S)/(FM)/(S) npu
nepexojie CI0EB B CBEPXIPOBOISIICE COCTOSIHUEC MPOUCXOAUT YMCHBIICHUE BETUYHHBI OOMEHHOTO
B3aMMOJICHCTBHS B (heppoMarHuTHOM ciioe [9)].

30



| —T=15k
T=5K
24 —7T=2K
(V)]
o |
=~ ]
=
=
- — _

Nb Fe Si/Mo
0 .
| ! 1|'l||f.»‘|)|f ! 1
0 500 3000 3020
z, A
Puc. 8. [Ipoduns HamaruudeHHoctr B Mynbtuciosx Nb/Fe/[Si/Mo] npu 15, 5 u 2 K B marautHOM Toste 500
D. Ilpm mMOHMKEHWH TeMIeparypsl W Tepexome ciaoés ceepxnpoBogunkoB (Nb) u (Si/Mo) B

CBEPXIIPOBOJIAIIEE COCTOSIHUE TPOMCXOJUT YyMEHBIICHHE BEIWYHHBI CpelHe HaMarHWYeHHOCTH B
(eppoMarHUTHOM CIIO€ JKene3a.

1.1.5. ATtomHas AMHAMHUKA

N3zyuensr u3omepsbl aumetuin-oyranona CgHi30OH, (2,2DM-1B, 3,3DM-1B, 2,3DM-2B u
3,3DM-2B), cocrosiiue U3 rIo0yJSIPHBIX MOJEKYJ, KOTOPbIE B TBEPAOM COCTOSIHUH OOpa3yroT
OpPHEHTAIIIOHHO HEYNOpPsIOUeHHbIe KpucTanieckue (aspl. Kamopumerprudeckne uccieIoBaHus
NOJUMOp(H3Ma ITUX COCIMHEHUH BBISBUIM 3HAYMTEJIbHbIE PAa3IMYMM TeMIIEpaTyp IUIABJICHUS, a
TaK)Ke KMHETHKH M 4ucia (a3oBbIX MpPEBpalICHUN, HAOIIOJAeMbIX MPH OXJIAXKICHUN W HarpeBe.
OnHOBpeMEHHbIE HCCIeI0BAHUSA AU(PPAKIIUN U HEYTIPYTOro HEKOT€PEHTHOI'O PacCesiHUs HEHTPOHOB
(HHPH) no3Bonumu uaeHTHGUIMPOBATH CTEKIOOOpa3HbIE W KpUCTALIMYECKUE (a3bl, KOTOpPHIC
MOTYT COCYLIECTBOBaTh HpH HH3KHMX Temmeparypax [10]. ITlpenBapurtenbHass WHTEpIpeTaLns
cnektpoB HHPH ocHOBaHa Ha KBAaHTOBO-XMMHYECKHX pacyeTax AUHAMUKHM H30JIMPOBAHHBIX
MOJIeKys, ¢ mnpuMeHeHuem Oasuca B3LYP/6-311G** B Tteopuu (yHKIMOHANTA 3JIEKTPOHHOM
wiotHoct  (DFT). PacderHble CHEKTPHl IUIOTHOCTH  KOJEOATENBHBIX  COCTOSHHNA  JUIS
U30JIUPOBAHHBIX MOJEKYN, Gea(V), MMEIOT KAyeCTBEHHOE COIJacHe C JKCIEePUMEHTAIbHBIMU
criekTpaMu, Gexp(V), HO HE yIOBIETBOPUTEIBEHO ONPEIEISIOT YaCTOTHI KOIEOaHHN XapaKTepHbIE IS
BoZOpoAHbIX cBszedl  [11]. KommbroTepHOE MOJACIUPOBAHHWE CTPYKTYpbl W JAMHAMHUKH
MOJICKYJISIPHBIX KJIaCTEPOB M30MepOB quMeTHiI-0OyTaHona (DMB) nmo3Bosiniio onpeaenuTs JIHHbL |
XapaKTepHbIEe YaCTOThl KOJI€OAHUI BOJOPOIHBIX CBA3EH B 3aBUCHUMOCTH OT KOJMYECTBA MOJEKYJ U
CTPYKTYpHI KiacTepoB. CpaBHEHHE pPACUETHBIX M OKCIEPUMEHTAIBHBIX CIIEKTPOB IUIOTHOCTH
KoJe0aTeNbHBIX COCTOSHUM TONy4YeHHBIX ansi u3zomepa 2,2DM-1B mpencraBieHo Ha puc. 9.
OOpa3oBaHue BOJIOPOIHBIX CBS3€H NPUBOMUT K CYIIECTBEHHBIM CIBHUTaM YacTOT KOJIeOaHWH
rUIpOKCHIIBbHBIX Tpynn OH u301MpoBaHHBIX MOJeKyd. YacTOThl BHE-TUIOCKOCTHBIX KOjeOaHMH
Bojgopona, Y(C-O-H), ysenmnumBatorcss mpumepro B nBa pasa (100%). Yacrorel koseOaHuii B
wiockoctu cBsizu, 6(C-O-H), yeenuuusarorcs npumepHo Ha 30%, Toraa Kak 4acTOThI PACTSHKECHHS
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cea3u, v(O-H), ymensimatorces mpumepro Ha 10%. Criektpsl Geg(V), MOTYUYCHHBIE TS IUKITHYCCKUX
TeTpamMepoB  Moaekyal DMB, nmocrarounsl Ui yJOBIETBOPUTENBHOM  MHTEPIPETALMU
KosiebaTe bHbIX MOJ0C HaOmogaeMbix B crektpax HHPH u mndpakpacuoro normomenus (MK).
CpenHsist JJIMHA BOJOPOJHBIX CBSI3€H JUISl PACUETHBIX CTPYKTYpP LMKIMYECKUX TeTpamepoB DMB,
XOpOIIIO COBMAgaeT C OICHKOH [UIMH BOJOPOAHOW CBsi3M 1o yacroraM Moasl  v(O-H),
ompeneneHHsiM  u3  crnektpoB  MK. Bcee  kommbroTepHBIE  pacdyeTbl  NMPOBEICHBI B
Cymnepkommnbrorepaom nentpe (PCSS) B [To3nanmu.
200 v v v v T v v T

2,2-dimethyl-1-butanol

150 + T=20K i
—e— glass
— —=— crystal
| M\/\f\-
o

20 : - '

cyclic tetramer cluster = == . :
200 gauche + 3xtrans molecules 2 - I =’ i

B3LYP/6-31G* - f

G

cyclic trimer of trans- molecules
B3LYP/6-31G*

GV

trans-trans dimer
B3LYP/6-311G**

G

200 2,2-dimetyl-1-butanol trans- molecule
‘ B3LYP/6-311G**

G(v)

150 -

i

Puc. 9. IIpumep cpaBHEHUS SKCIIEPUMEHTANBHBIX M pacueTHhIX crnektpoB HHPH mna 2,2-mumerwin-1-
OyTaHoJa.

[IpoBenen moOApoOHBI aHaMM3 HSKCHEPUMEHTANBHBIX JaHHBIX [0 KBa3UyNpyromy
paccessHUI0 HEHTPOHOB BOJHOM AMcCHepcueit HaHoaiMa3oB (KoHIeHTparws dactui ~ 80 mr/mi,
cpeaHHMi pasMep dacTuil ~ 8 HM, Temmeparypa pactBopa ~12°C). AHanu3 JaHHBIX BEICS C
WCIIONBb30BAHUEM MOJIEIH, COMVIACHO KOTOPOWM BOJA, BXOJAIAs B COCTAaB JIMCIIEPCHUH,
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Hpeanoaraiach IByXKOMIIOHEHTHON CHCTEMOH, BKITIOYAIOIIeH B ce0st 00braHyI0 (00BEMHYI0) BOIY
U BOAY, HENOCPEACTBEHHO MPUMBIKAIONIIYIO K MOBEPXHOCTH HAHOYACTHUIBl M UCIIBITHIBAIOIIYIO €€
BIMSHAE HA CBOM CTPYKTYPHO-IMHAMHYECKHE CBOiicTBa (Hamee, THApaTallMOHHAS BOJA).
OTHOcHTeNbHAS OIS 3TOM BOABI ObUIa olleHeHa Kak ~3%, YTO COOTBETCTBYET MPUMEPHO JIBYM —
TPEM CIOSM MOJEKYJ BOJBI, IPUMBIKAIOIIUM K IIOBEPXHOCTH HAHOYACTUIBI. AHaM3
1 y3HOHHBIX MPOIECCOB B 00EMX BOJHBIX KOMIIOHEHTaX BEJICS HA OCHOBE Merona «stretched
exponent», mo3BoJIsIOmEro oueHUTh d(PdexTsl o-penakcanud  (auddy3HOHHBIC POIECCH,
NPUBOJSIINE K pa3pyIICHHIO OJIVKANIIEro OKpYyKEHHsI MOJIEKYJIbI) B 00€MX BOJHBIX KOMIIOHCHTAX.
BBII0 yCTaHOBJIEHO, UTO MMEET MECTO SIBHOE 3aMeyieHHe TU(Qy3MOHHON MOIBIKHOCTH MOJIEKYJI
THIPATAlMOHHON BOJBI 10 cpaBHEHHIO ¢ 00beMHO# (puc. 10). IHTeHCHBHOCTD U PY3MOHHBIX
MPOIIECCOB B  TUAPATAIIMOHHONW BOJE OKa3ajlach Onu3ka K mapamerpam  auddy3uun
NepeoXIIaKACHHOM BO/IbI ¢ Temneparypoi -(15-20)°C.

100 4,0

D 60 |%_Tm

- RN

/\ | B -

40 16

P

Vv 10,8
0l . ——2ee2d 0

0.8 1.2 1.6 2.0
Q AO'l

Puc. 10. 3aBUCUMOCTD CpETHETO BPEMEHH 0, — pETaKcaruu <ty> B 00bEMHOH W THIpAaTalMOHHON BOJIE OT
nepeaavyy BOJHOBOIO BekTopa Hedtpona Q. [IpaBas och OpaWHAT: OTHOCHUTENBHAS JOJIA THAPATAI[MOHHON
BOZIBI - < 00 > = (2.9 = 0.3)%. O6o3HaueHs kpusbie 1 —4, rie 1 - o6pemuas Boaa (<tw>(Q) = 9.0vQ~2%), 2-
MJI maumsie mis T = 11°C, 3 - rugpararmonnas Boga (<tw>(Q) = 31*Q~ Yy vy = 1.7 £ 0.1, mony4eHs! B
o6mactu 0.5 A< Q<14 A'l), 4 - <1> B nepeoxyaxkacHuoi Boae, M/l nannsie s T = - 20°C.

Ha cnexrpomerpe JAMH-2IIM mMeTonoM HEYNpPYroro paccesiHus MeEIJICHHBIX HEHTPOHOB
UCCIICZIOBaHbl KOJUICKTHBHBIE MOABI B kuAKOM JjuTud [12]. V3MepeHusi mpoBeACHBI MpU
temneparype 500 K (T, (Li) = 453.7 K). M3 skcrnepuMeHTaIbHBIX CIEKTPOB BhIICICHA W
IIPOAHAIM3UPOBAHA COCTABIISIONIAs KOIEPEHTHOro paccesHusd. [loayueH y4acTok AucrnepcHOHHOU
KpUBOI KOJJIEKTUBHBIX AaTOMHBIX BO30YKIEHMHM [Js pacijiaBa JUTHs, KOTOPBI B Ipejaenax
OLIMOOK HKCIEPUMEHTA COTJIACyeTCs ¢ pe3yibTaTaMM Ipyrux aBTopoB. Ha pue. 11 B mpuBeneHHbIX
eMHUIIAaX TMOoKa3aHa 0000IleHHasl AUCIIEPCUOHHAs KpHUBas IJS JKUIKUX IIETOYHBIX METaNIOB W3
SKCHEPUMEHTAIbHBIX paboT. BuaHO, YTO pe3ynpTar As JTUTHA HE MPOTHBOPEUYMUT OOIIEH KapTHHE.
Bcest coBokynmHOCTE TOuek 00pa3zyeT €AMHYIO JUCIIEPCUOHHYIO KPUBYIO, UYTO MOJTBEPKIAET BBIBOJ O
MHUKPOJAMHAMUYECKOM MO0100MH JKUAKHUX IIETOYHBIX METAJJIOB.

W3mepeHbl CHEKTppl HEYNPYroro paccesiHuss HEWTpoHOB g Hutpuzaa ypana UN B
UHTEpBasie Temreparyp oT komHaTtHoU no 1273 K. Hutpun ypana paccMmarpuBaeTcst Kak 0a30BbIf
MaTepuall Uil CO3JaHMsT KOMOWHHPOBAHHOTO TOIUIMBA PEAKTOPOB Ha OBICTPBIX HEUTpOHAX, C
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KOTOPBIMH CBSI3bIBA€TCSl MEPCHEKTUBA PAa3BUTHUSl KPYMHOMACIITaOHOW saepHOM sHepreTuku. Ha
puc. 12 npuBeaeHbl GyHKIUHU TNIOTHOCTU (POHOHHBIX cocTostHMMA UN 171t HECKOJBKUX TeMIepaTyp,
BOCCTAHOBJICHHBIE U3 JKCIIEPUMEHTAJIBHBIX CHEKTpoB. Hutpun ypana oOnamaeT 3aMeTHBIM
MarHUTHBIM PAacCestHHEM, BKJIAJ KOTOPOTO HE YUYUTHIBAICA NMpU 00pabOTKE HKCHEPUMEHTATbHBIX
CIIEKTPOB, IO3TOMY 3TH JIJAHHBIE HOCST NPEABAPUTENBHBIA XapaKTep.
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Puc. 11. O606].LI6HHa}1 AUCTICPCUOHHAA 3aBUCUMOCTD IJIA KUJKUX IMICJIOYHBIX MCTAJJIOB B MPUBCACHHBIX
KOOpAnHATax.

0,03+

o
o
II\)

G(g), OTH. eq.
o

o

"

o
o
IO

0 10 20 30 40 50 60 70
e, MoB

Puc. 12. ®yuxmmn miotHocTH GoHOHHBIX cocTossHn UN mpu Temmeparypax 293 — 1273 K. HaGmrogarorcst
IBe 00NacTH KoleOaHWi ¢ MakCUMyMaMu TpH mepenadax sHepruu € ~ 14 mdB um ~50 maB. Ilepas
(akycTHyeckas) oTBedaeT KoJICOAHMSM TSDKEIbIX aTOMOB ypaHa, BTopas (OmnTHueckas) — JIETKHX aTOMOB
azora. C pocTOM TeMIepaTypbl IPOUCXOIUT CMATYEHHE CIEeKTpa KojeOaHWi 3a cYeT CABHra ONTHYECKOH
9acTH B 00JIaCTh MEHBIINX SHEPTUH M TpaHC(HOPMAIMU aKyCTHUECKOM YacTH CIIEKTpa.
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1.1.6. ITpuxkaagHbie padoThI

K mnpuknagaeim  pa6oram B ormene HUKC JIH®  TpamunuoHHO — OTHOCSTCS
9KCHEPUMEHTANbHbIE HCCIEIOBAaHUA TEKCTYphl TOPHBIX IIOPOJ M MHHEpAJIOB, BHYTPEHHUX
HalpsDKEHUH B HUX M OIpPEJENIeHHME BHYTPEHHUX HANpPsHKEHUH B OOBEMHBIX Marepuajgax Hu
U3JEeNuAX, BKIIOYas MHXKEHEpHbIE MaTepuajbl M JCeTald MAllluH U YyCTPOHCTB. B OCHOBHOM, 3TH
HCCIIEZIOBAHMSI BEAYTCS C MOMOIIBIO JUPPAKIIUU HEUTPOHOB.

Ha ocHOBe pe3ynbTaToB KOMIUIEKCHBIX HEHTPOHHBIX M aKyCTHUECKHUX SKCIHEPUMEHTOB
00pa310B MOHOKPUCTAJUTMYECKOTO U MOJUKPUCTAIIMYECKOro KBapla B 001acTH NOIUMOP(HOTO OL-
B mepexoaa obocHoBana (ongomeramopdorernas (OM) mozens ceficMoTekTorenesa. B takoi
MOJIeIM TPUYMHON pa3pylleHuss NpU CEHCMHUYECKOM TMpolecce SBISIETCS POCT BEITUYMHBI
MHUKpPOHAINPSHKEHUN U YMEHBIIIEHUE IPOYHOCTH TBEP/BIX TEJ B X0J€ TBEpAO(Da3HbIX PEBPALCHUH.
dopmynupoBKa MOEIH TIpUBeicHa B MOHOTpaduu [13].

C wucnonb30oBaHMEM METOJA KOJMYECTBEHHOTO TEKCTYpHOIO aHalM3a YCTAHOBJIEHbI
OCHOBHBIE YEThIpe THUIA KPUCTALIOrpadUuecKuX TEKCTYp KBapla B MPUPOIHBIX TOPHBIX MOPOJaX.
JUIs OLEHKM OXKHJAaeMOW CTENEeHM AaHMU30TPONMU pa3iIM4YHbIX (U3NYECKUX CBOWMCTB BIIEPBBIC
UCTOJIBb30BaH METOJ| ONHUCAHHS TNPEUMYIIECTBEHHON OPHEHTUPOBKU C IOMOIIBIO TOCTPOCHUS
ructorpaMm s pyHkimu pacrnpeaenenus opuentamuii (PPO) u ®PO-cniektpos (puc. 13).
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Puc. 13. [Ipumep ®PO-criekTpa KpHCTAITMIECKOTO KBapIia.

[IpoBeneHbl KOMIUIEKCHBIE HEHTpoOHOrpaduueckne W aKyCTHYECKHUE HCCIIEIOBAHUS
00pa310B OMOTUTOBBIX I'HEMCOB, KOTOPbIE BBIIBUIM IPOTUBOPEUHS MEXKIY 3HAUEHUSIMU CKOpOCTEH
YIOpYrUX BOJIH, U3MEPEHHBIX M PEKOHCTPYHUPOBAHHBIX HA OCHOBE JAHHBIX KOJIUYECTBEHHOI'O
TEKCTYPHOTO aHajamu3a. Teoperndyeckoe paccMmoTpenue [14] B3aMMOAEHCTBUS aHHU30TPOITHOM
(TeKCTypUpOBaHHOM) Cpelbl C PacHpOCTPAHSIOIIMMHUCS B HEH YNPYrMMH BOJIHAMH ITO3BOJIHIIO
YCTaHOBUTbH HECKOJIBKO (PAKTOB, OOBACHAIOIINX YKa3aHHOE MIPOTUBOpeune. B yactHoCcTH, OKa3aHo,
YTO TMpPU HAIUYUU OJHOTO BEKTOpPA AaHU30TPONMU B TEKCTYPUPOBAHHOM CpeAe MOryT
pacnpoCTpaHATLCS OJHA YUCTO IOIMEpeYHass BOJHA M JIBE BOJHBI CO CMEUIAHHOW MPOJOJIbHO-
nonepevyHon nossipusanueit. [Ipu Hanuuuu OBYX BEKTOPOB aHHU30TPOIIMU BCE BOJIHBI UMEKOT B
olmieM ciayyae CMELIAaHHYIO [POJOJBHO-TIONEepeyHyo mnoysgpusauuio. llpu oTpaxenun ot
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MOBEPXHOCTH pa3liesia Cpell, Pa3invalolMXcs HANpaBICHUSIMHA BEKTOPOB aHU30TPONMHUU U (WITH)
BEJIMYMHON TMapaMerpa aHU30TPOIHUH, MPOUCXOAMT B OOIIEM clydyae TPOWHOE pacCIICIUICHHE
NPEJIOMIICHHBIX U OTPaXEHHBIX BOJIH. 3akoH CHeJuIMyca MpH OTPaKEHUH BOJH B aHM30TPOITHBIX
cpenax B o0IIeM ciy4yae He BBINONHSETCA. [IpomonbHbie KoeOaHus COep:KaTcs B pa3HbIX MOJaX,
PacCIPOCTPAHSIOIIUXCS C COBEPIICHHO PAa3HBIMUA CKOPOCTSIMHU.

['opHble TOPOABI HA OCHOBE AaHTHAPHI-I0JIOMHTOBBIX MuHepaioB (“Zuckerdolomit")
M3y4YeHBI HA MPEeIMET KOPPEISIHH BHYTPUKPUCTAUIMICCKAX HANPSHKEHUH U TEKCTypbl. OOpasisl
nopoabl ObLIM M3BIICUeHBI M3 MecTtopoxaeHus: Piora Mulde (uenrpanbubie Anbiel, LBeitnapus).
DKCIIEpUMEHTHI MPOBEICHB HA HEUTPOHHOM JU(PAKTOMETPE C UCTIOIB30BAHUEM METOJ]a BPEMECHHU
nposieta. OCHOBHBIE COCTaBJISIFOINUE MOPOJBI (JOJTOMUT M AHTHUAPHUJ) XapaKTEPU3YIOTCS BBICOKOU
CUMMETpHEH CTPYKTypbl (TpUroHambHas © pOMOHYECKas, COOTBETCTBEHHO). BHyTpeHHME
HAnpsDKEHUST B JIOJIOMHTE M aHTHIPHUAEC HMMEIOT, KaK IMPaBWIO, MPOTUBOMNOJOXKHBIC 3HAKH,
XapakTepu3ysl C)KaTHe WM pacTshkeHue. [IpuHUMas BO BHHMaHHE TO, YTO YNPYIHe KOHCTAHTHI
000MX MHUHEPAIOB MOTYT CHJIBHO Pa3IM4yaThCs B 3aBUCUMOCTH OT HAMpaBICHHS B KpHCTaJUIE,
CIIEyeT OXHIATh TMPOSBICHHUS CHEIM(PHUISCKOTO T€0-MEXaHWYECKOTO TIOBEICHUS MOPO/IH,
OTIpEICNIIEMOT0 KOMOWHAIIMEH TEKCTyphl, YOPYrOCTH M BHYTPEHHUX HANpPsDKEHUH. AHamu3
MoKa3all, YTO B3aMMOJICHCTBHE 3TUX (AaKTOPOB MPUBOTUT K XPYIKOMY Pa3pyIICHHIO TOPOIBI, €CITH
yIPYTUE BOJIHBI PACIIPOCTPAHSIOTCS 110 HAIIPABICHHUSM, OJTM3KUM K TUIOCKOCTSIM criaitHocT [15].

3aBepiieH UK paboT MO MCCISAOBAHUIO MAPTEHCUTHON TpaHC(HOPMAIIMK M yCTATIOCTHBIX
CBOMCTB ayCTCHUTHBIX HEPIKABEIOMIMX CTajei, MIMPOKO HCIOIB3YEMBIX B TEXHHMKE H3-3a CBOHMX
BBIJAIONINXCS ~ MEXaHWYECKHX,  CBAPOYHBIX M aHTHKOPPO3HUOHHBIX  XapaKTEPHCTHK.
OKCepUMEHTANIbHAST ~ CUMYJIALUSA ~ yCTAJIOCTHOM  Jerpajalliil  MPOBOJIMIACH C  MTOMOIIBIO
UKJIMYECKUX HArPpy30K PacTsDKEHHE — CKaThe B TutacTHueckor odmactu ¢ wactoramu ot 0.1 g0 100
I'. BeisiBeHBI 00J1aCTH XapaKTEPHBIX YaCTOT, CUIBHO Pa3IHYaIONIUXCs 0 BO3EHCTBUIO HA CTaJb.
OrmpezienieHbl  3aKOHOMEPHOCTH 00pa30BaHUs MapTEHCUTHOW a3kl B HCXOJHO OJHO(MA3ZHOM
(aycrenutHoMm) wmarepuaie. Iloka3aHo, 4YTO B HEKOTOPBIX ClydasiX HMEETCS 3HAYMTEIbHOC
paccornacoBanue (puc. 14) B ynpyrux KoHCTaHTax (a3, o0pa3yronmx MaTepHall, 4TO OKa3bIBACT
3HAYUTENILHOE BIUSHUE HA €T0 MPOYHOCTHHIE CBOMCTBA.

Transverse Axial
500
S a00f
Z,
ﬁ 300k Martensite
7
8 200f
g
< Martensite HCF-LCF-sample no.13
100 Martensite fraction 19%
0 | 1 | 1 |
-2000 0 2000 4000

Elastic phase strain [10°9]

Puc. 14. CooTHomenus mehopMaIiis — HAIpsHDKEHHE B ayCTEHUTHOM (MCXOIHO) HEPIKABEIOIIEH CTaIH ITOCTIe
BBICOKO- M HHM3KOYACTOTHOM YCTaIOCTHOW HArpy3Kd Ui aKCHaibHOM (CripaBa) M TaHTEHIMAIBHOM (CiieBa)
KOMITOHEHT. Bo3HHKaloIass B X0jJ¢ LUKIUPOBaHHWS MapTeHCHTHas (ha3a MMeEeT APYTue, 4eM ayCTCHHWT,
yIPYyrue KOHCTAHTHI.
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1. MeTonnueckue pe3yabTaThl

Hauaro u3roroBiieHHE TOJOBHOM YacTH 3€pKajJbHOIO0 BAKYYMHOIO HEHTPOHOBOJA B pamMKax
peanu3aiyy MpoeKTa Co3aaHus TUPpaKTOMETpa Ui UCClieA0BaHus MUKpooOpasioB /IH-6 (kanan
6b UBP-2M).

[TpoBeneHbl mMeEpBbIE SKCIEPUMEHTHl Ha pediexkroMmerpe bynamemTckoro HEHTPOHHOTO
LIEHTpa B PAMKax MCCJIECIOBAHUS BO3MOXKHOCTU CO3JaHUsl HEUTPOH-ONTHUYECKHX 3€pPKal HOBOTO
MOKOJICHUSI, OCHOBAaHHBIX Ha CIECNHUAILHOM MPUHIUIE YCUJICHHS OpPA3TTOBCKOTO PACCEesTHUS s
3aJJaHHOTO 3HAYCHHs BOJIHOBOI'O BEKTOpa. DTOT moaxoi (pasButhiii B pabdore [16]) k co3manuio
3epKajl C BBICOKUM KPUTHYECKHM YIJIOM MOJIHOIO OTPA)KEHHUS SBIISIETCS AJIbTEPHATUBHBIM IO
OTHOIIICHHUIO K IIHPOKO HCIOJIb3YEMOI METOAMKE CO3JAaHUS MOAOOHBIX 3€pKall C alepruoJuuecKon
CTPYKTYpOM METOAOM MAarHeTpOHHOIO HambuleHMs. [IpoBeneHO wu3ydeHHe OTpa)kaTeIbHOU
CIIOCOOHOCTH HOBBIX 3epKajl. Mo/IeTbHOE ONUCAHUE KPUBBIX OTPAKEHUS AJI M3yYaeMbIX CHCTEM
MOKAa3aJ0 XOpoIlllee COBMAJCHHUE C OJKCIEPUMEHTAIbHBIMU JaHHBIMH. PaboTa BBITIONHEHA B
cotpynHuuectse ¢ MccnenoBaTenbCKUM MHCTUTYTOM (DUM3MKHM TBEPJOTo Teja U onTHUKU BeHnrepckoit
Axanemun (Bynaneurr, Benrpust) u komnanueit MUPPOTPOH (Bynanenir, Benrpus).

B 2008 unpomomkanach paboTa IO TMPOCKTY CO3MaHHS MHOTO(PYHKIIMOHAIHHOTO
pednexromerpa [PAUHC na peakrope MBP-2M. Ha HeM IIaHMpyeTCs M3ydeHHE Pa3sHOOOPa3HbIX
rpaHul] pasfena ¢ OKAAKUMHA (da3zaMu METOJOM pPe(ICKTOMETPpUH HEHUTPOHOB (BKIIOYAs
MOJISIPU30BAaHHBIC HEHTPOHBI I UCCIICIOBAHUS TPAHUI pa3jiesia ¢ MArHUTHBIMUA HAHOYACTHIIAMHU).
['POUHC OTKpOeT MNPHHIMIMAILHO HOBBIE BO3MOXXHOCTH B HCCICIOBAHHSAX HAHOCHCTEM Ha
peakrope WBP-2M. J[lomonHuTenbHbIE peXHMbI Ha peduiekToMeTpe BKIouaroT B ceds: (1)
BO3MOKHOCTH H3y4YCHHs He3epKalbHOro orpaxkeHus u paccesaus GISANS,; (2) yriosoe
KOJUPOBAaHUE B TOPHU3OHTAJIBHOW IUIOCKOCTM Ha OCHOBE JlapMOpOBCKOM mpeleccuu CIHHA
ueiirponos; (3) 3D momspuMeTpus Ha OCHOBE JIapMOpPOBCKOM MPEIECCHH CIIMHA HEHTPOHOB. Yike
HA4yaTO W3TOTOBJICHUE TOJOBHOM 4YacTH peQreKToMeTpa, KOTOpas COCTOMT W3 CHUCTEMBI
paciueryieHus: myyka Ha jBa. CraHa B MPOM3BOACTBO KOJUIMMAlMOHHASI CUCTEMa, BKJIIOYAIOIIAs B
ceOsi MAaCCHBHYIO TOJICTaBKY Ui Pa3MEIICHHS OTJACIBbHBIX Y3JIOB YCTAaHOBKU (KOJUTMMAI[MOHHBIC
IIeJH, OTKJIOHSoNME 3epkana). CreluanbHble HANPaBIsIONUE MO3BOJSIFOT MEPEABUIaTh Y3IIbI
BJIOJIb OCH Iy4Ka. Bcs KOHCTpYKLMsS pa3MellaeTcs B CHEIUAIbHOM BaKyyMHOM KOXYXE, IJI€
OpPraHM30BaHbI CIIEHUATbHBIE BXOBI ISl JIOKAJBHOTO AOCTYIA K 3JIeMeHTaM 0e3 MOJIHOM pa30opKu
KOHCTpyKUMU. Kak 3jeMeHThl KOJUIMMALIMOHHOM CHCTEMbl HA4aTO M3TOTOBJIECHUE OTKIIOHSIOIINUX
3epkan (mamHa 1 M, cymep3epkaino, M=2) sl HeMOJSAPU30BAHHOTO U TMOJIIPU30BAHHOIO MyYKOB.
Hasznauenue 3TuX 3JIeMEHTOB — HalpaBJICHHE HEUTPOHOB MEPBUYHOIO MyUYKa MO/ 33JaHHBIM yTJIOM
K TMOBEpPXHOCTH o0O0Opa3la, pacrojio)KEHHOT0 TOPU3OHTAIBHO. Takoe OTKIOHEHHE IO03BOJISIET
pEeryIHpoBaTh yroi MaJCHHUs Ha 00pasell, W OTIEISITh TEIUIOBBIE W XOJIOJAHBIE HEUTPOHBI OT
OBICTPBIX HEWTPOHOB, MPOXOASAIIMX Yepe3 3epKajia, He OTPakasCh, YTO HCKIIOYACT MPAMYIO
BUJIUMOCTb 30HBI PEaKTOpa M yiydmiaeT (OHOBBIE YCIOBHS Ha YCTaHOBKE. B TeueHue rona
MPOBOAMIIACKH pa3dopka kaHaima 10 1 0CBOOOKICHHE €ro 101 HOBOE 000PYI0BaHHE PedIICKTOMETpA.
PaGora BmImonHsiiace B pamkax weneBoro B3Hoca BMBF ([epmanus) coBmectHo ¢ WJIJI
(Tpenobnb, ®pannus), YauBepcureroM Xamie, TEXHHYECKUM YHHUBEPCUTETOM MIOHXEHA |
[leTepOyprckum UHCTUTYTOM siiepHOi pusuku um. b.I1.KoncranTuHoBa.

3aBepIIeH TEXHUYECKHM MPOEKT 3€PKAJbHONO BAaKyyMHOI'O  HEUTPOHOBOAA A
cnektpomerpa JWH-2IIM1 wu mnpoBeneHsl pabOThl MO MOJATOTOBKE padoyeil IUIOMaIKu MAJis
YCTaHOBKM HEWTpoHOBona. Pabora BeneTcs B KoolepalMd € OpraHU3alUsMU-TIOIb30BaTEIISIMU:
JIHO OUSN u TIUSI® PAH ([atumua). Co3maBacMblii 3epKabHBI HEWTPOHOBOJ TMO3BOJUT
MOBBICHTh MHTEHCHBHOCTH X0JIONHBIX HeHTpoHOB (E < 5 M3B) Ha o6pasiie B 4 — 6 pa3 u npu 3TOM
YMEHBIIUTh pa3Mephl UCCIIETyeMbIX 00pa3loB B 2 — 3 pasa, 4To OyJIeT O3HayaTh CYyIIECTBEHHOE
yiydmeHue kadectBa cnekrpomerpa JAMH-2ITM u npubamkeHne ero XapakTepHUCTUK K JTYUIIHM
3apyOeHBIM aHAJIOTaM.
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[TogroroBneH K yTBEP)KACHUIO TEXHWYECKHH MPOEKT 3€PKAIBHOIO  BAKyyMHOT'O
HeliTpoHoBoa s KaHana /A Ha peakrope UBP-2M, xoTopslii OyeT cTpOUThCS B COOTBETCTBHH C
cornamrenuem OUSIN — BMBF (I'epmanus). Peanusaiust 5TOro mpoeKTa MO3BOJUT PEIINTH JIBE
TJIaBHBIC 331a4M. YBEJIMYCHHE TIOTOKA TEIIOBBIX HEHTpoHOB Ha ciekTpoMeTpax SKAT u EPSILON,
yIy4lIieHrue cOooTHomeHus: 3¢gdekr — (HoH a1 3TUX crnekTpoMeTpoB. Kpome Toro, B pamkax
MPOEKTa MPEeayCMaTPUBACTCS YCTAaHOBKA JOMOJHHUTEIBHOTO MpEephIBaTells, ¢ MOMOIILIO KOTOPOTO
MOXHO OyZeT BapbHpOBaTh pabouMii JUana3oH MO JJIMHE BOJHBI,  UMEHHO, CTAHET BO3MOYKHBIM
ero pacumpenue 10 14 A. Hopas cxema pa3MelleHns CIEKTPOMETPOB TI0Ka3aHa Ha pHc. 15.
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Puc. 15. Pa3Bojka HEWTpOHHBIX My4YkoB Ha kKaHamax /A u 7B (cmekrpomerpst NERA, SCAT, EPSILON) ¢
TTIOMOIIIFI0 HOBOW HEUTPOHOBOIAHOW CHCTeMBI. 1o ocum abCIcC yka3aHO PacCTOSHUE OT 3aMEUIHTENS B
Metpax. Ilo ocu opauHAT — cMeleHne Myyka OTHOCUTENIBHO LEHTPANbHOM JMHUK B MM. B roioBHoi wactu
MperonaraeTes ycraHoBka equnoro yana (splitter) mns pasmenenus myukos. ITocne otmeTkun 14 M myuyku
(hopMHPYIOTCS OTIACIHHBIMA HEUTpOHOBOAAMH. JIyia myduka 7A TOKa3aH HEWTPOHOBOJ, ACHCTBOBABIIHMIA Ha
peaktope MBP-2, Ha koTopoMm pacnonaranuch criekrpoMetpbl SCAT u EPSILON.

N3rorosneHa ycraHOBKa IJisi U3MEPEHUs] HU3KOTEMIIEPATyPHOT'O MarHUTOCOIPOTUBJICHUS B
o0JacTl HU3KUX TeMmIepaTyp. YCTaHOBKa MOTpeOOBajach JJsi ONEPATUBHOIO aHallM3a CBOWCTB
MaHTaHUTOB THIA L 81-xSrMNO3, KoTopBhIE ABISAIOTCS (DeppOMarHeTUKaAMH CO CBOWCTBAMH “TIOXOTO
MeTamia” . Cunre3 MaHT'aHUTOB BBITIOJIHSJICST IO 30/Ib-T€Ib  TEXHOIOTHH. Hx
MarHeTOCONPOTUBIIEHUE OBLIO YCIIENTHO H3MepeHO B o€ Hmax = 1.2 T B auanazone temneparyp 7
- 300 K.
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1.2. NEUTRON NUCLEAR PHYSICS

I ntroduction

In 2008, at the Frank Laboratory of Neutron Physics the main investigations in the field of
neutron nuclear physics were carried out on neutron beams of nuclear research centers in Russia,
Germany, Republic of Korea, China, France and at the EG-5 accelerator in FLNP. The studies were
conducted in the following traditional directions: investigation of time and spatial parity violation
processes in neutron-nuclear interactions; studies of quantum-mechanical characteristics, energy and
dynamics of fission; 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. Concurrently, the preparation of experiments at the first stage of
the IREN facility and at the IBR-2M reactor in FLNP was conducted.

|. Experimental investigations

1.2.1 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)

Calibration measurementswith inert gases.

Calibration measurements with inert gases are needed to perfect the technique and to test the
reliability of the obtained results. The idea of the measurements is to measure a well-known cross
section of thermal neutron scattering by an inert gas at the facility for measuring nn-scattering cross-
section. If the obtained result coincides with the table one, it means that the measurements are carried
out methodically correctly and this technique can be used for measuring the nn-scattering cross section.
It should be noted that our information about the detector efficiency is not quite accurate. Thus, we
should proceed from the assumption that we do not know the efficiency of the detector. Therefore
measurements should be carried out with different gases. For example, using “He, the detector
efficiency is determined and using Ar, the scattering cross-section can be measured.

Figure 1 shows the results of calibration measurements using “He and Ar.

180 ‘
160 /i:/
140
120 R
Y 100 /Zf
2 &0 Fig. 1. The results of calibration measurements. The
60 ordinate axis is the detector count per 1 MJ reactor
0 energy, the abscissa axis is the gas pressure at 20°C.
2] 2,/ Black circles are the measurements with “He and an
Background . . . . . .
IS atfulelutelols iulietuleted Sulalelululul ialaliaieieh ---- open circle — with Ar, solid line is the linear
0 50 100 150 200 approximation of the experimental data.
P, mb

The presented data shows clear linear dependence of the detector count on the gas pressure,
which points to the methodical correctness of the conducted measurements.

The table scattering cross sections are or(*He) = (0.79+0.02) b, or(Ar) = (0.656 + 0.003) b. The
experimentally obtained cross section on Ar is o5(Ar) = (0,642 + 0,024) b, which is in good agreement
with the table value.
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First attempt to measure n-n scattering cross section

The equation for calculation of the number of nn-scattering events in the nn-scattering pool of
the reactor JAGUAR can be written as:

Now ~ [ %ﬁ’r)amdtdv,

where t is the time, V is the volume of the nn-scattering pool, O(t,1) is the therma neutron flux
density, vo = 2200 m/s, onnis the nn-scattering cross section.

As is seen from the equation the number of the nn-scattered neutrons is proportional to the
product of squared flux density and pulse duration. The neutron flux density is proportional to the
reactor power. As a result, the dependence of the number of neutrons detected during a pulse on the
energy of the pulse alows one to understand what the source of the detected neutrons is. For example,
the number of neutrons scattered on the walls of the channel or on the edges of the collimator isalinear
function of the pulse energy but does not depend on the pulse duration. Since the pulse duration in the
JAGUAR reactor is about inversely proportional to its energy, the dependence of the number of nn-
scattered neutrons on the pulse energy will be nearly cubic.

5000

4000 ?@
i 3000 T -
s N
£ 1 ;éé Fig. 2. The dependence of the number of neutrons
g 2000 —tt 0o counted per pulse on the JAGUAR reactor pulse
~§ v’ Y energy. Black points — experimental data; dashed
3 1000 al . line — linear dependence: N ~ E; solid line —
47 7 0 quadratic dependence: N ~ E% open circles —
% ’//// & calculated dependence of the number of scattered
0 & 7 T

T T T T T T T T T T neutrons taking into account true pul se shape.
Reactor pulse energy (E), MJ

Figure 2 shows the dependence of the number of neutrons counted during a pulse on the
JAGUAR pulse energy. In the Figure all the calculated functions are reduced to the experimental value
at 31 MJ. It is seen that the experimental data are close to quadratic dependence and are noticeably
different from both linear dependence and the one for nn-scattering. The difference from linear
dependence reflects the fact that in the nn-scattering pool the number of objects, on which neutrons are
scattered, changes. In the case of quadratic dependence the number of such objects is proportional to
the energy pulse or fluence, but not to the neutron flux density, which means the objects are
accumulated in the nn-scattering pool during the pulse. Most probable candidates as such objects are
the gas molecules flying off the walls under the action of reactor radiation. In other words, we observe
radiation desorption here.

The radiation desorption can be suppressed by degassing the nn-scattering pool surface just
before the reactor pulse and by using low-absorption materials as a wall material. Work to investigate
radiation desorption in the instrument for nn-scattering cross-section measurements is planned to be
carried out next year.

1.2.2. Experiment to study cold neutron quasi-specular reflection off the nanopowder surface

Sequential scattering of particles/quanta at small angles in the medium — small-angle scattering,
results in the fact that if a beam of particles/quanta falls on the medium at a grazing angle, the angular
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distribution of the reflected particles/quanta has a pronounced maximum at an angle close to the
incident one. A similar situation must also take place for neutrons if they fall on a medium with
effective small angle scattering at a small angle. Nanoparticles with a size of a few nanometers can
effectively scatter cold neutrons at small angles. At the same time, smallness of the neutron wavelength
in comparison with the particle, which provides for smallness of the angle at scattering, alows one to
consider the interaction of neutrons with nanoparticles in the powder as that with individual particles.

We tried to determine experimentally the parameters of the discussed phenomenon in the
reflection of neutrons off a nanodiamond powder. To this end, we measured the dependence of the
angular distribution of neutrons reflected off the surface of a diamond nanopowder for different
wavelengths of incident neutrons at an angle of neutron beam incidence on the surface of 2°, 3° or 4°.
The experimental lay-out is shown in Fig. 3. The sample in the form of a prism 15 cm long, 5 cm high
and 4 cm deep is placed inside a special cryostat. The surface of the powder is covered with a 100 pm
thick aluminum foil. Scattering on the walls of the cryostat is negligibly small in comparison with that
on the sample. The neutron beam has an outlet diaphragm 15 mm high by 0.3 mm wide. The scattered
neutrons are registered within the angle +12° of the incident beam in the vertical plane.

Fig. 3. The experimental lay-out.

The results of measurements are shown in Figs. 2, 3, and 4. As expected, multiple scattering on
nanoparticles results in neutron reflection off the surface with a relatively narrow angular distribution
whose maximum is at an angle close to the specular reflection one. The smaller the incident neutron
wavelength, the wider the angular distribution of the scattered neutronsis. If the angle of neutron beam
incidence increases, the angular distribution becomes wider as well. Thus, for cold neutrons with the
wavelength A from 4 A to 8 A at small angles of incidence (smaller than 6 - 7) quasispecular albedo in
the scattering plane is observed with a probability of ~25%. For wavelengths smaller than 4 A the
quasi-specular albedo is suppressed by Bragg scattering, and for A larger than 8 A the angular
distribution becomes too wide to speak about the quasi-specular effect. For neutron incidence at angles
larger than 6 -7 the probability of quasi-specular reflection is commensurable with that of scattering at
angles much larger than the specular reflection angle.
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Fig. 4. The dependence of the reflected neutron flux
on the polar angle for neutrons with energieslying in
different energy intervals (indicated in the Figure) at
agrazing angle of neutron incidence on the surface of
3°. The experimental dependence is approximated to
the logarithmically normal distribution whose
dispersion is chosen as a width parameter of the flux
15 angular distribution.
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detector on the neutron wavelength at different
angles of incidence and temperatures.

Black points — angle of incidence 2°.
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For large angles and large A (when the transverse component of neutron velocity exceeds

~50 m/s) such quasispecular albedo exceeds the probability of reflection off the existing supermirrors
(reflection off which is also quasispecular at such velocities)

The measurements were done twice: at room temperature with a preliminarily prepared sample
(long pumping-out and outgasing at 150°C), and at -150°C. At sample cooling the channel of inelastic,
practically isotropic, scattering on carbon and hydrogen impurity atoms must be suppressed. Contrary
to expected, cooling of the sample resulted in an increase of reflection probability due to the
quasispecular component in the main.

1.2.3. Experiments with ultracold neutrons

On the UCN beam built at the reactor TRIGA in the University of Meinz, time-of-flight
measurements to investigate the properties of cBN — boron nitride with a cubic structure, as a material
with a high boundary energy for UCN chambers, were conducted.
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Fig. 7. The experimental lay-out.
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The material is very strong, nonmagnetic, has a high electric resistance, including that to surface
currents, and may therefore be a very promising material for building chambers to search for EDM of
the neutron.

For a known boron nitride density of 3.5 g/cm® it is expected that the boundary energy is
324 neV for amaterial with a natural content of boron isotopes, and E=351 neV for a material enriched
with the isotope B-11.

The investigated materials were deposited on the surface of 380 monocrystalline plates by the
method of magnetron sputtering. The layer thickness was 300 nm.

By analyzing time-of-flight spectra obtained with and without a sample the boundary energies
of boron nitride, E=305+15 neV, and of nickel used for calibration, E=240+15 neV, were determined.

118 =v==10.1{14) m/s
.- alhok 225 <v=65(07)ms
1000 o 2-dic teflon 0F g eyeef 1 (07
= 3 - d(S0)=0.94 mm b 3 3-5s =y==61(07)mis
sy DLC 4 -d{Si)=2 mm s 4: 693 =-\|'-l==l5.9 (G..B) mis
5 - d(Sij=4 mm 0,01 4% 5:10-17 s <v==5.7 (0.7) mfs
: 6 - d{Si)=8 mm ¥. 6 18-20 5 <v==56 (0.8) m/s
104+47 7 - d{Si}=16 mm
0 %2 8 1E3
@ 1) g 7- 30458 <y==54 (0.7) mis
b= Rk oe = 8: 46-69 5 =v==5.3 (0.8) m/s
= i » el 3 ] - 70- ays= )
R 011 Nt 0 i aes Do iAIL .,;@5:{ 3 1E4 9:70-100 s <v=>=5.1 (1.1) m/s
A "«*m.‘ IR Y T 3. o
T4 ‘Q?‘_"_“?: :.;qu:: ”'t-:ﬂ - g
0,01 b e o < 1E5
Th Sk ﬁ‘q o - @
1E-3 . T T . S .
0] 20 40 50 8O 100 120 1E-6 §
storage time, s
T T T T T T T T T 1
Fig. 8. 0 2 4 6 B 10 12 14 #5 18 2
od ti . Ei d(Si), mm
Figure 4 The typical measured time dependent count rate (DLC sample foil): 1 — the .
UCN flux density measured through 2.5 mm diameter hole in the sample foil. 2 — the FI g 9
count rate through the DLC foil at the 100 @m Al substrate. no additional absorber.
3.7 — the count rate through the DLC foil with different Si absorbers between the Figre 8 The newtron count rate (relative to the incident UCN flux) for the teflon sample
scatterer and the neutron detector. The time shown from the moment of opening of  as a function of 5i thickness after subtracting the confribution of up-scattering to
the UCN valve after the filling time 20 seconds. the thermal energy range. The inferred neutron mean velocities and half-widths of

the Gaussian distributions (in brackets) for corresponding storage time intervals are
shown in the insert. The straight lines connect the experimental points.

On the beam of the ILL reactor, measurements of the UCN “low heating” effect were conducted
with copper, teflon, and diamond-like carbon samples. Spectra of heated neutrons at energies from
UCN to thermal and also, evolution with time of UCN spectrain the trap were measured. The method
of “calibration absorbers’ for the measurement of neutron spectra was developed. Monocrystalline
silicon plates and rhodium foils were used as absorbers. Neutron spectra were determined from
absorption curves in the monoenergy and in a more detailed approximation.

Figure 9 exemplifies the detector count rate as a function of time for different absorbers and
absorption curves from which the energy of stored or heated neutrons is determined.

It is found that different materials give different spectra of heated neutrons and also, that the
spectrum of heated neutrons extends to the peV energy region.

1.2.4. Neutron-nucleus interaction mechanism studies

Studies of the interaction mechanism of neutrons with nuclei are of importance from the
viewpoint of understanding the laws of nature. Neutron reactions with emission of charged particles
have not been adequately investigated so far. Investigations of reactions with neutrons, (n,p), (n,t),
(n,apha), carried out in many laboratories supply valuable information about the mechanism of nuclear
reactions and the structure of the atomic nucleus, including that about the role of single-particle and
many-particle components in the process of compound nucleus excitation and in discovery of effects of
selective intensification or decay of collective-cluster states of nuclei with respect to pure statistical
distribution. Neutron beams with an energy of afew MeV do not only allow one to do averaging over a
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large number of initial states of excited nuclei but also to raise the Coulomb barrier penetrability of the
nucleus for the reactions (n,p), (n,t), (n,apha) in comparison with resonance neutron induced reactions
by several orders of magnitude as well as to observe changes in decay characteristics with increasing
excitation energy of the nucleus as the region of giant dipole resonances is being approached. It is
planned to conduct experimental investigations of the reactions (n,p), (n,t) or (n,apha) on limit light
(6Li, 9Be, 10B), light (14N, 20,21Ne, 24Mg, 28Si, 35Cl), medium A~40-70 (39K, 54,57Fe, 58N,
63Cu, 64, 67Zn, 95M0), and on heavy A~150 (143Nd, 147,149Sm) nuclei over awide range of neutron
energies from a few keV to 6.5 MeV. Comparison of the presently available data shows that in the
energy interval 3 to 10 MeV experimental data are not numerous and there is considerable discrepancy
between values cited by different authors. In the majority of cases such reactions were investigated
with the help of the activation method, which appears to be insufficient for reliable separation of direct,
pre-equilibrium and compound processes. We use the method of direct detection and spectrometry of
emitted particles in neutron beams. The method alows direct measurement of spectra of emitted
charged particles, determination of the total cross section of the reaction, and of the angular distribution
of reaction products.

The experiments are carried out at Van de Graaf accelerator EG-5 in the Laboratory of Neutron
Physics of the Joint Institute for Nuclear Research and EG-4.5 of the Institute of Heavy lonsin Beijing
University in collaboration with Lodz (Poland) and Mongolian national universities.

In 2008:

- A system of targets to obtain fast neutrons on the EG-5 channel was developed (and in presently in
the process of manufacturing in the FLNP experimental workshop (EW));

- Design drawings of the ionization chamber to be operated at EG-5 and IREN were made;

- Design drawings of the «proton telescope» for EG-5 were made;

- An article on the measurement of the reaction 64Zn(n,a) at neutron energies 2.54; 4.00, and 5.50 MeV
was written and published in the journal Nucl.Sci.Eng.

- The reaction 147Sm(n,a)143Nd measurement data at neutron energies 5.0, 6.0 MeV were processed
and the corresponding article was written and accepted for publication in the journal Applied Radiation
and Isotopes

(attached to this annual report);

- The reaction 143Nd(n,a)140Ce measurements at En=4, 5, and 6 MeV were conducted; data
processing started;

- The reaction 95Mo(n,8)92Zr measurements at npu En=4, 5, and 6 MeV were conducted; background
measurements are under preparation.

1.2.5 Preparation of first-stage experiments at |REN

In the course of the year experiments for the first stage of operation of the neutron source IREN
were prepared.
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a) The measuring module of the gamma-spectrometer «KOKOS» was modernized, which increased
essentially its operation speed: a new USB-1 interface was designed and built and a new program for
experimental data storage, «L ada», was written.

b) Fast time analysis blocks with a channel width of 10 — 20 ns for time-of-flight neutron spectrometry
were designed, built, and tested. Fast time analysis system software for registration of 4 TOF spectra,
«TOF _usb», was developed. The system is designed for investigation of IREN neutron beam
parameters. Also, additional algorithms were developed and included in the given program with the
aim of conducting precision experiments.

1.2.6 Gamma-spectrometry of neutron-nuclear interactions

Analysis and interpretation of experimental data on the intensity of two-quanta cascades
following thermal neutron capture by different nuclei continued.
Semi-phenomenological function approximation of the sums of radiation strength functions of primary
dipole gamma-transitions over the primary gamma-transition energy interval 0.5 < E; < B,-0.5 MeV is
done with a high accuracy for a large number of nuclei. As a basic hypothesis there is used a
hypothesis that experimental data can be presented as a superposition of two strongly different
functions. A smooth function describes changes in the probability of gamma-quanta emission due to
excitation of fermion-type nuclei, pronounced peaks are due to excitation of boson-type nuclei.

The approximation resulted in a self-coordinated consistent picture of processes occurring in the
nucleus for practically all nuclei in the periodic system and confirmed the earlier result of level density
analysis showing that the parameters of the cascade decay of the neutron resonance are determined by
coexistence and interaction of a superfluid and an ordinary phase in a heated nucleus.

It is obtained that the form of radiation strength functions in the investigated nuclel is adynamic
guantity (changing in a cyclic manner as the mass of the nucleus changes), and the value of
k(E1)+k(M1) for particular energies of gamma-transitions and particular nuclei is determined by the
structure of decaying or excited levels at least at energies down to the neutron binding energy B,. The
result defines the smallest area of excitation of nuclei where it is necessary to account for and from
where one can get information about the dynamics of changes in the transition of the nucleus from
Bose- to Fermi system on heating.

The same experimental data continue to be used to obtain new spectroscopic data on deformed
nuclei over a much larger excitation energy interval than that accessible to conventional nuclear
spectroscopy and also, to verify different models of the nucleus. In particular, it is found that total
experimental gamma-spectra of two even tin isotopes are reproduced most accurately in the calculation
if just step-like density of levels and strength functions accounting for intensification of the strength
functions of primary and secondary gamma-transitions to the excitation region corresponding to such
structure of the excited level spectrum of the nucleus, are used. Although due to some peculiarities of
the experimental method for measurement of the two-quanta cascade intensity, both level density and
strength functions are determined more accurately than using any other competing technique, there
exists a necessity to reveal main sources of systematic errors and reduce them essentially. In particular,
it is necessary to develop new independent methods for determination of such parameters of the
nucleus.

Independent confirmation of existence of a considerable step-like structure of the level density
was obtained by reanalysis of published to date experimental data on primary gamma-transition
intensities averaged over neutron resonances at 2 and 24 keV. The distribution of intensity dispersion
from the average wasfirst approximated over different energy intervals of primary gamma-transitions
within the framework of the representation that their intensities depend on the excited level structure
and their random deviation dispersion is not described by a y? distribution with one degree of freedom
(as assumed before).
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The level densities and radiation strength function sums determined in this way confirm
characteristic features of similar data obtained from intensities of two-quanta cascades of thermal
neutron capture for nuclel with 40<A<200. Also, they allow estimation of the sign and value of their
resulting systematic error which is mainly due to very strong dependence of radiation strength
functions of cascade gammartransitions on the structure of the excited nucleus. The conclusion is
correct at least for excitation energies smaller than half neutron binding energy. Comparison with
model representations of level density shows, for example, that the nucleus *"*Yb is in the superfluid
state for most excited nuclei below 3.5-4 MeV at least. Furthermore, preliminary information about the
ratio of the number of levels with prevailing components of the quasiparticle- to those of phonon-type
was first obtained down to the same excitation energy of the even-even deformed nucleus (the
dependence of vibrational amplification of the density of quasiparticle levels on the excitation energy
was determined).

Combined analysis of experimental data on two-quanta cascade intensities promises an increase
in the accuracy of determination of the properties of the nucleus at energies below the neutron binding
energy at least.

1.2.7. Measurements of the nuclear charge of fission fragments on miniFOBOS

Searching for and investigation of rare, including many-body, decay modes of weakly excited
nuclei is still an urgent problem in experimental nuclear. It is just the region of excitation energies
where earlier unknown manifestations of nuclear system clusterization can be expected. Reliable
identification of unusual decay channels implies simultaneous measurement of an as large as possible
number of different parameters of the process, including mass and energy of decay products, their
angular distribution, neutron multiplicity, etc. It is natural that measurement of the nuclear charge of
the formed fragmentsis quite desirable.

In a series of experiments to search for triple collinear cluster decay (TCCD) of heavy nuclei the
two-shoulder gas-filled-detector-based time-of-flight spectrometer of charged particles of nuclear
reactions mini-FOBOS was used. The spectrometer allows measurement of the velocity vector and
energy of fragments. Knowing velocity one can determine so-called primary masses of fragments from
binary fission (Mtt), and known velocity and energy alows determination of the mass of the fragment
after neutrons are emitted (Mte). The energy of fragments is measured using big ionization chambers
(BIK) earlier operated on the spectrometer 4r-spectrometer FOBOS.

Measurement of the nuclear charge of fission fragments by measuring the time of their track
drift in the chamber is technically a more difficult problem than measurement of energy. Charge
resolution directly depends on electric field homogeneity and uniformity of gas mass in the working
volume of the chamber. To secure the second condition it does not suffice to stabilize the pressure and
composition of the gas mixture. Additionally, thermostabilization of the chamber is required. The
enumerated conditions were created in the experiment for investigation of the reaction “°U(n,,f) on the
wide-aperture spectrometer miniFOBOS on the IBR-2 reactor beam. For calculation of the nuclear
charge of fragments on the basis the data obtained in the experiment two variants of charge calibration
were developed. Model tests showed that the charge parametrization used in calibration alows
satisfactory reproduction of the nuclear charge of fission fragments in a wide energy range. The
charges of light ions from He to C predicted within the framework of the given approach appear to shift
two charge unitsto alarger side.

215228 Parameter investigations of the TIMEPI X detector in radiation registration from ***Cm and
Cf

In FLNP JINR, investigations of pixel detectors MEDIPIX and of their application in nuclear
physics, particularly in fission studies, are carried out in collaboration with the Polytechnic Institute
(Prague). The MEDIPIX detector is two silicon plates one of which is a sensor of bombarding particles
and the other consists of alarge number of pixels each of which is a spectrometric tract that includes an
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amplifier, a discriminator and a counter. The two plates are connected to each other in every pixel by
means of the “bump-bonding” method.

In JNR, investigations were conducted of whether it is possible to measure fission fragments
and charged light particles (from the spontaneous radiation sources 244Cm and 252Cf) with detectors
of two types, MEDIPIX2 and TIMEPIX. As soon as a particle fals into the sensitive layer of the
detector a so-called charge sharing effect takes place in which the charge is shared between severa
pixels and a cluster is formed as a result. The size of the cluster depends on the specified thresholds as
well as on the energy and charge of the bombarding particle. In the detector MEDIPIX2 one can see a
two-dimensional picture showing distinct difference between the size of the cluster for alpha particles
and that for fission fragments. In addtion, after appropriate calibration we succeeded in measuring the
two-hump curve of the energy distribution of fission fragments on the basis of cluster sizes alone.
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The new type of MEDIPIX detectors, TIMEPIX, alows registration of the discriminator
operating time in each pixel. With proper tuning this time can be converted into amplitude and the
charge in the pixel can be measured. As a result, a three-dimensional picture is obtained (see on the
right). This makes it possible to determine the energy of the bombarding particle more precisely. The
possibility of particle identification by charge and mass, and also by the angle at which the particle falls
into the detector with the help of such three-dimensional “snaps’ of each event isinvestigated

In futureit is planned to use the detectors of the type to study rare nuclear fission modes.
[1. Theoretical investigations
1.2.9. Neutron scattering on proton studies

The amplitude spin structure of s-wave elastic scattering of slow neutrons on free protons is
investigated in theory. A formula for the effective scattering cross section of a polarized slow neutron
on a polarized proton is obtained and it is shown that in the effective cross section, triplet (total spin
S=1) and singlet (total spin S = 0) scattering contributions add together incoherently. At the same
time, the maximum value of the integral cross section omax ~ 37.1 barn corresponds to anti-parallel
spin orientation ( P, P, = —1, where P, and P, are polarization vectors) and the minimum value of
omin~ 3.64 barn —to parallel spin orientation (P, P, = +1) of totally polarized neutrons and protons.

If at least one of the nucleons is not polarized and also, in the case of mutually perpendicular
polarization of the vectors (P, P, = 0), the integral cross section of s —wave elastic neutron-proton
scattering is~ 20.4 barn at zero energy.
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For comparison, low-energy s —wave scattering of polarized neutrons, which is only possible in
the singlet state if identity is taken into account, is analyzed.

A significant difference, | b ™ / b (™) | ~ 1.4, between the singlet length of s wave np-
scattering b ™ = —a ™ (0) = -23.7 Fmand the length of s- wave nn- scattering b(™) =—a ™ (0) =
—17.0 Fm (which, at first glance, must coincide because of isotopic invariance) is explained by the fact
that the scattering length becomes very sensitive to nucleon interaction potential parameters if the
nucleon scattering amplitude module is much larger than the radius of force action. In this case, the
notion of isotopic invariance is actually applicable not to scattering amplitudes but to potentials of
neutron-proton and neutron-neutron interaction that must differ by not more than (2 + 3) %, which,
nevertheless, results in a difference between the corresponding amplitudes of several tens of percent.
Thisis confirmed by the calculation in the framework of spherical rectangular well model: a changein
the depth or width of the well by only (1.5 + 3) % results in a considerable change in the scattering
length.

[11. Applied research

1.2.10. Analytical investigations at the reactor | BR-2

Preparation for NAA Sector accreditation

Harmonization of QA/QC Systems According to ISO and International Standards in Nuclear
Analytical Laboratories of the Russian Federation

In the framework of the project for technical cooperation with IAEA «Harmonization of Quality
Control Systems according to 1SO and international standards in nuclear analytical laboratories of the
Russian Federation» (RUS7003) the NAA Sector held three IAEA workshops at which IAEA experts
gave instructions on how to organize accreditation, including preparation of documentation, equipment,
laboratory rooms, and personnel training. In 2008, an extensive documentation package was prepared, a
program for rebuilding the chemical |aboratory was developed and part of the necessary equipment was
purchased with IAEA financia support. The project allowed three members of the sector to work as a
trainee in accredited nuclear physics laboratories in Germany, Belgium, Austria, and the Netherlands in
late 2008 and early 2009.

NAA Sector experimental base development

IBR-2M. In 2008 work to improve spectrometric and service equipment of the facility REGATA at the
reactor IBR-2 continued. Semi-conducting germanium detectors and a set of electronic blocks of
Canberra make were purchased. The detector is calibrated with respect to efficiency and the obtained
data are included in the program for element concentration calculation. Background measurements in
different rooms of the laboratory building, including bomb-proof shelter, were conducted with the aim
of finding a place for natural radioactivity measurements of the sample. To reduce the background,
germanium detector shielding was taken for temporary use and was assembled. The program package
for experimental data processing is being updated. On the basis of design documentation earlier
developed by FLNP DB new irradiation channels for REGATA at the reactor IBR-2M were built by
JNR Experimental Workshops in 2008. A delivery pipe to fill detectors with liquid nitrogen was
manufactured and assembled. Under Technical Cooperation Project, IAEA supplied a lyophilizer (low
temperature drying device) for sample preparation; in near future sample homogenizing equipment
(ball mill), etc. will be purchased.

[REN. In the reported period possibility of NAA experiments at the new neutron source IREN was
estimated theoretically. Flux density distributions of thermal, resonance, and fast neutrons around the
target were calculated and an optimal site for irradiation channel positioning was found. Together with
«Development and Application Base in Physics (DAB-Physics)», Sofia, Bulgaria, and JINR DB a
design of pneumatic system for NAA studies at IREN was devel oped.
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Biomonitoring

In 2008 a cycle of studies and publications in the framework of the international program
«Heavy metal atmospheric deposition in Europe — estimations based on moss analysis», completed.
The work covered some regions in Central Russia, South Urals, Belarus, Bulgaria, Slovakia, Poland,
Romania, Serbia, Macedonia, Croatia, and Greece as well asin Mongolia and Vietnam. The results for
the European part are reflected in aregular issue for 2008 of the Atlas “ Spatial and Temporal Trends in
Heavy Metal Accumulation in Mosses in Europe (1990-2005)” published by the UN Commission for
Transboundary Transfer of Air Pollution in Europe.

In collaboration with Opole University (Poland) there was carried out an integrated study to
assess the environmental condition over an “anomalous territory” in the west of Poland characterized
by an increased radioactive background due to Chernobyl accident and impact of industry. The first
results were published in the Polish journal «Ecological Chemistry and Engineering» in 2008.

In 2008, in collaboration with the Institute of Physics in Belgrade, Serbia, and the Norwegian
University of Science and Technology in Trondheim an extended methodological investigation in
calibration measurement of element content in atmospheric precipitation and moss-transplants used for
assessment of deposition of heavy metals and other elements was conducted. The related article is
accepted for publication in the international journal Environmental Pollution (IF 3.2).

Work to study atmospheric pollution over the territory of the Udmurt Republic using the moss-
biomonitor analysis method is completed. The related article is accepted for publication in the Russian
genera science journal «Regional Ecology Problems». In the work the moss-biomonitor method was
first applied to assess the situation in the region of a chemical weapon destruction polygon.

Ecosystem condition assessment

Under the auspices of the RFFI-Romanian Academy project «Geochronology and retrospective
study of pollution of unconsolidated sediments from oxygenated and anoxic territories of the Western
Black Sea», retrospective assessment of pollution in the region was carried out in 2008. Six
publications were prepared together with Romanian colleagues. RFFI approved prolongation of the
project for 2009.

In 2008, many-year collaboration with Mongolian scientists in the field of ecology resulted in a
landmark project «Development of a system of complex monitoring heavy metals and radionuclides in
Mongolia based on nuclear and related analytical techniques» with financial support of RFFI and
Mongolia.

In collaboration with Macedonia (University in Scopje) an atlas containing maps of distribution
of a number of heavy metals around the lead-zinc industrial plant in the town of Velesis published in
2008.

The results of multielement NA-analysis of a collection of aerosol filters for different years
obtained from Bratislava are reflected in the article accepted for publication in one of the most
prestigious international journalsin ecology “Atmospheric Environment” (IF 2.6) in 2008.

Food products and human health

In 2008 at the reactor of Moscow Physics Engineering Institute (Moscow) food product analysis
in connection with the NAA Sector-NICSA (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 are presented as a review of
investigations conducted in JINR and NECSA, South Africa.

In 2008, 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
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analysis of blood samples of specialy selected patients from one of the industrial regions in Moscow
carried out in collaboration with the RF State Medical University (Moscow), Analytical Center of the
Geological Institute, RAS and |.P.Sechenov Medical Academy, completed. The study confirmed the
hypothesis that there exists correlation between such toxic elements as lead, zinc and antimony and
Body Mass Index in the examined patients. The results are reported to the International Congress of
Epidemiologists in Brazil in September, 2008 and are published in the journa “Public Health and
Disease Prevention”, Moscow in 2008.

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 (Thilisi, Georgia). New results on the use of natural bacterial strains extracted from
basalt rock to reduce toxic chromium (V1) to nontoxic chromium (I111) published in 2008. It is found
that as toxic chromium (V1) load in the bacterium Arthrobacter oxidans increases the concentration of
other elements changes essentially in the direction of either increase or decrease. The results are of
importance for biochemists working in the field of biotechnologies.

Material sciences
Fine-crystalline diamond synthesis

The investigation of the behavior of defects in fine-crystaline diamonds under the action of
neutron radiation in the presence of a catalyst conducted together with specialists from the Institute of
Solid State and Semiconductor Physics of NASB, Minsk, Belarus, completed and the results are
presented as a separate chapter in the book «Diamond and Related Materials» (USA) in print.

Radioecol ogy

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. M easurements of
long-lived radioactive nuclides — nuclear fuel fission products — were performed together with
Slovakian specialists from the Low Background Laboratory of Bratislava University in 2008. Part of
the collected samples was analyzed by NECSA (South Africa) specialists. It is shown that **'Cs activity
levelsin mosses collected in the territory of the Gomel region are 4 times the background. An increased
content of “°Pb was also noted. The results were presented at “The 22nd Task Force Meeting of the
UNECE ICP Vegetation” in Germany in February 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 JNR
University Center (from Bulgaria, Czech Republic, Slovakia in July and from the South African

Republic in September-October). In the period of report two term papers, one bachelor’ degree paper
and three master’ s degree papers on investigations performed in the NAA sector.

Organization of Scientific M eetings

- Second Workshop in the framework of the Project for Technical Cooperation between |AEA
and NAA Sector FLNP «Harmonization of Quality Control Systems according to 1SO and
international standards in nuclear analytical laboratories of the Russian Federation» (May 26-
30, 2008, Dubna;

- A third IAEA workshop of the same name (October 27-31, 2008, Dubna).
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1.2. HEUTPOHHAS SITEPHASI ®U3UKA

BBenenue

B teuenne 2008 ocHOBHBIEC pabOTHI B 00acTH HEHTPOHHOM saepHoi pusuku B JIHD nm. 1. M.
@paHKa NPOBOAMIMCH HA HEUTPOHHBIX IMyuyKax saepHBIX LeHTpoB Poccum, I'epmanuu, PecryOnuku
Kopest, Kuras, ®pannuu, a takke Ha yckopurtene OI-5 B JIH®. MccnenoBanus mpoBOIMINCH B
TPAJMLMOHHBIX HANpPABICHUIX.: M3YyUYEHUE IPOLECCOB HAPYIIEHUS NMPOCTPAHCTBEHHONM M BPEMEHHOMU
YETHOCTM INPU B3aUMOJEHWCTBUM HEUTPOHOB C SApPAMH; H3YYEHHE KBAHTOBO-MEXaHUYECKUX
XapaKTEPUCTHK, YHEPIETUKU U IUHAMUKH MPOILECCA AEJICHUS,; SKCIIEPUMEHTAIBLHOE U TEOPETUUECKOE
UCCJIEIOBAaHUE DJIEKTPOMArHUTHBIX CBOMCTB HEWTpOHAa M €ro Oera-pacraja; raMMa-CHeKTPOCKOIHS
HEUTPOHHO-SAJCPHBIX B3aUMOJEHCTBUI, CTPYKTypa aTOMHOIO sJpa; NOJYYEHUE HOBBIX JAHHBIX JUISA
PEaKTOPHBIX MPWIOKEHUH W Ui sIIepHOW acTpO(U3MKHU;, HKCIEPUMEHTHI C YJIbTPaXOJOJHBIMU
HEUTpOHAMM, NpUKIAagHbIe HcciaenoBaHus. IlapamiensHo Benmach NMOATOTOBKA AKCIEPUMEHTOB Ha
nepBoii ouepenu ycranoBku MPEH, a takxe Ha peaktope UBP-2M B JIHO.

|. IxcnepruMeHTATIbHBIE HCCIETOBAHUSA

1.2.1 Pabomsr ¢ pamkax noo2omoeéKu u nPOEEOCHUA IKCHEPUMEHMA RO NPAMOMY UIMEPEHUIO
ceueHus paccesanus Heumpona Ha neumpone Ha peaxkmope ATI'YAP (P®AI-BHUHHT®,
2.CHeIHCUHCK)

KainépoBouHble H3MepeHNsl HA HHEPTHBIX ra3ax.

KamnOpoBouHble W3MEpeHHsT Ha Ta3ax HYXHBI Ui OTpabOTKM METOAWKA W TPOBEPKH
JIOCTOBEPHOCTH TMOTyYaeMbIX pe3ynbTaToB. CMBICT U3MEPEHUN COCTOUT B TOM, YTOOBI Ha YCTaHOBKE
JUTST U3MEPEHHS CeUeHHs NN-paccessHusl W3MEPHUTh XOPOIIO M3BECTHOE CEUCHHE PACCESTHUS TETUIOBBIX
HCHTPOHOB Ha WHEPTHOM Ta3ze. Eciu MoilyueHHOE 3HAYEHHE COBMAJNET C TAOJMYHBIM, TO 3HAYMT,
U3MEpPEHUs MPOBEJICHBl METOAMYECKH BEPHO, U 1O 3TOH K€ METOAMKE MOXKHO M3MEpSTh cedeHue Nn-
paccessausi. Hy»kKHO OTMeTHTB, 4TO Hamie 3HaHue 00 d(PPEKTUBHOCTU JAETEKTOpa HE COBCEM TOYHOE.
[TosTOMy HYXHO HCXOOUTh M3 TOro, 4TO 3((EeKTUBHOCTh JETEKTOpa HaM HE MW3BECTHa.
COOTBETCTBEHHO M3MEPEHHS HYKHO MPOBOJHMTH Ha pa3IMYHbIX razax. Ha omHoM rase, Hampumep Ha

*He, onpenensiercs >hdeKTHBHOCTS JeTeKTOpa, a

180 | Ha Al U3MepsieTCsl CeUeHUE paccesHusl.

160 /i/ Ha puc. 1 npencraBneHbl pe3yJibTaThbl
140 KaJIHOPOBOYHBIX M3MepeHuii Ha “He u Ha Ar.

120 s

100 /TJFIE Puc. 1 Pezynomamut kanudpogounsvix usmepenuit. Ilo ocu

opounam omnodxcen cuem demexmopa na 1 M/xc
IHEP206bIOENICHUA PeaKmMOopa, RO ocu adcyucc — oaesienue
2aza npu 20°C. Yepnvre mouxu — usmepenusn na “He,

40 ceemnas mouka — na Al ,CRI0WNAA TUHUA — TUHEHaAsA
20-:/@/ ARRPOKCUMAUA IKCNEPUMEHMATbHBIX OAHHbBIX.

80

N,MJ™

60

Background

_______________ R
0 T
0 50 100 150 200
— W3 mpencTaBaeHHBIX JaHHBIX BUHA YETKAasI
JWHEWHas 3aBHCUMOCTh CueTa JCTEeKTopa OT
JIABJICHUS Ta3a, YTO YKa3bIBACT HA METOIUYCCKYIO MPABHIBHOCTD MPOBEACHUS U3MEPEHHIA.
" . PUe) — -
Tabnuunbie 3HaueHus ceuenuii paccesuus: or( He) = (0.79£0.02) 6, or(Ar) = (0.656 + 0.003) 6.
[TonyueHHOE 3KCTIEPUMEHTAIbHOE cedeHue paccesiHust Ha Ar: o5(Ar) = (0,642 + 0,024) 6, uto XopoIio

COrjIaCyeTcAd C TaOJIMYHEBIM 3HAYEHUEM.

IlepBas nmonbITKAa U3MEPEHHUS CeYeHUs N-N paccessHHS.
®opmyiry nns pacuera yuciaa NN-paccessHUil B MoJIoCcTH NN-paccestHust peakropa SAI'YAP moxHO
3aIucaTh B BUJE:
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Ny ~ [ %?F)anndtdv

I'me t — Bpems, V — o0beM moJIOCTH NN-paccestHus, O(t,F) = mnoTHOCTP TMOTOKA TEIUIOBBIX
HEUTPOHOB, Vo = 2200 m/c, Gpn— ceueHne NN-paccesiHus.

N3 otoit  ¢dopMynsl BHUIHO, YTO YHUCIO NN-pacCESHHBIX HEHUTPOHOB NPOMNOPLUOHAIBLHO
IIPOM3BEICHUIO KBaJpara IUIOTHOCTH IOTOKa Ha JUIMTENBHOCTh HMITysbca. IInoTHOCTH moTOKa
HEHUTPOHOB  NPOINOPLMOHAIBHA  MOIIHOCTH  PEaKkTopa, MO3TOMYy II0 3aBUCUMOCTH  4YHUCIA
3apErMCTPUPOBAHHBIX 332 UMILYJIbC HEMTPOHOB OT DHEPIUU UMIIYJbCA MOYKHO IOHSTH, YTO SBJIAETCS
HMCTOYHUKOM PETUCTPUPYEMBIX HEHTPOHOB. Tak, HaIpUMep, YUCIO HEHTPOHOB PAaCCEsTHHBIX Ha CTEHKAX
KaHajla WM Ha Kpasx KOJUIMMAaTOpOB MMEET JMHEMHYIO 3aBHUCUMOCTb OT 3HEPIMHM HMMITyjbCa U HE
3aBUCHUT OT €ro JJINTENbHOCTH. T.K. AJIUTENbHOCTh UMIysbca peaktopa SAI'YAP mpubnausutenbHo
00paTHO MPOIMOPIUOHANIBHA €r0 SHEPrHH, TO 3aBUCUMOCTh 4YHCIa NN-pacCEesHHBIX HEHTPOHOB OT
SHEPIUU UMITYJIbca OyneT Om3Ka K KyOHUecKO 3aBUCUMOCTH.

Puc. 2 3asucumocms uucna cocuumanmuslx 3a
UMRYJIbC HEUMPOHO8 OMm IHEPZUNH UMRYIbCA
peaxkmopa AI'YAP. Yepnuvie mouku —sxcnepumen-
4000 : manvHble OAHHbIE; WMPUXO06AA TUHUA — TUHEIHAA

. ?ﬁ saseucumocmo. N ~ E; cnnownasn nunusa —
i i /g': Keadpamuunaa 3aeucumocms. N ~ Ez; ceemJivle
MOYKU — paAcuemnan 3agucumocms uucaa NN-
+7 DPACCEAHHBIX HElIMPOHOB C YUEenOM PeaibHOl (hopmbl
é UMNYIbCOB.

5000

3000 o 4

2000

L - /| Ha Puc. 2 mpencraBneHa 3aBHCHUMOCTH
1000 I *>5 YUCIa COCUMTAHHBIX 338 WMITYJbC HEHNTPOHOB
e B T /c) OT sHepruu ummyisca peakropa JAI'YAP. Ha

S9TOM PHCYHKE BCE€ pPAaCUETHBIE 3aBHCHMOCTHU
MIPUBEJICHbI K SKCIEPUMEHTAIbHOMY
sHavenuto npu 31 MJDkx. Kak BugHO,
JKCIIEPUMEHTANIbHbIE  JaHHbIE ONU3KH K
KBaJPaTUYHON 3aBHCHMOCTH W 3HAYWTEIHHO OTIMYAIOTCS KaK OT JIMHEWHOW 3aBUCHMOCTH, TaK M OT
3aBUCUMOCTH Jis NN-paccesiHusi. OTiMuMe OT JMHEHHOM 3aBUCHMOCTH YKa3blBaeT Ha TO, YTO B
MOJIOCTH JIJIsE NN-paccestHUsl MEHSETCS YHCI0 O0OBEKTOB, HA KOTOPBIX paccenBaroTcs HEHUTpoHBI. [Ipu
KBaJIPATHYHOM 3aBUCUMOCTH YHCIIO TAKUX OOBEKTOB OyA€T MPOMOPLIHUOHATEHO SHEPTUN UMITYIIbCA, UITU
(roeHcy, a He TIOTHOCTHU MOTOKAa HEUTPOHOB. T.€. 3TH OOBEKTHI B TEUEHNE UMITYJIhCA HAKATUTUBAIOTCS
B MOJIOCTH n7s NN-paccesHus. Hambonee BeposiTHas kKaHAWZaTypa IJis HUX — MOJIEKYJBl rasa,
CJIETAIONIUE CO CTEHOK II0J] BO3JIECUCTBHEM H3Iy4YeHHUs peakTtopa. MHade roBopsi, Mbl HaOrOgaemM
paJvallMOHHYIO JeCOPOIIHIO.

[TonaBnenue paauaMOHHON JECOPOIMM BO3MOKHO 00€3rakMBaHUEM IMOBEPXHOCTH TMOJIOCTH NN-
paccesiHds HEIMOCPEACTBEHHO IMepe] HMMIIYJbCOM peakTopa M 3aMEHOM MaTepuaja CTEHOK Ha
HU3K0AO0COPOIIMOHHBIE MaTepuaibl. PaboThl MO HCCIEIOBAHUIO pPAJAMAIMOHHON JecopOuuu Ha
YCTaHOBKE ISl UBMEPEHUs CeueHus1 NN-paccesiHus IIIAHUPYETCs IPOBECTU B CIAEAYIOIIEM TOAY.

Detector count (N), n/pulse
\
\
\
oM

7 |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Reactor pulse energy (E), MJ

0

1.2.2. DKkcnepumenm no uzyuenuro Kea3u3epKaibHO20 OMPANCEHUA XO0JI00HBLIX HEUMPOHO8 Om
nO08EPXHOCMU HAHONOPOWKA

[TocnenoBarenbHOE paccesHHE YACTUI/KBAHTOB Ha Majlble YIJIbI B Cpele — MajoyIJIOBOS
paccesHie MPUBOAUT K TOMY, YTO MPU MaJCHUM My4YKa YaCTHUI/KBAaHTOB Ha CPEAy IOJ CKOJB3SIIHM
yIJIOM, YIJIOBOE PACHpE/ICiCHHe OTPAXKEHHBIX YACTHI/KBAHTOB MMECT BBIPAKCHHBIH MAaKCUMYM IIpH
yrie, OJIM3KUM K YTy NajeHus. AHaJIOrMYHasi CUTYalus J0JDKHA OBbITh M JUIsl HEUTPOHOB NPU MaJeHUN
HEHTPOHOB O] MAJIBIM YTJIOM Ha cpeay ¢ 3((EeKTUBHBIM MAJOYTJIOBBIM paccessHueM. HanouacTHiisl ¢
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pa3MepoM B HECKOJIBKO HAaHOMETPOB MOTYT I(PQPEKTHBHO pacceMBaTh HAa Mable YTJIBI XOJOJTHBIE
HEUTpoHBl. B TOXE Bpems MajocTb [UIMHBI BOJIHBI HEHTpOHAa MO CPAaBHEHHMIO C YaCTHUIIOH,
o0ecrieynBarOImas MaJloCTh yIJia TpPU pPACCeSTHUM, TO3BOJISIET pPAacCMATPUBATh B3aMMOJICHCTBHE
HEUTPOHOB ¢ HAHOYACTHUIYAMH B MTOPOIIKE KaK C HE3aBUCUMBIMU YaCTHILIAMHU.

MBI TOTIBITANTUCh IKCTIEPUMEHTAIBHO OMPEISIUTh TapaMeTPhl JAHHOTO SIBJICHUS MPH OTPAKCHUN
HEHTPOHOB OT MOPOLIK aHAHOAIMa30B. {5l 3TOro M3MEpUiIM 3aBUCUMOCTb YIJIOBOTO PacCHpeeseHHs
HEHTPOHOB, OTPAXEHHBIX OT MOBEPXHOCTH aJMa3HOTO HAHOIOPINKA, JJS Pa3IMYHBIX JUTMH BOJH
naslalolIMX HEHTPOHOB MU yIilax MajeHus HEUTPOHHOTIO My4Ka Ha moBepXHOcTh B 2°, 3° u 4°. Cxema
U3MepeHus okazana Ha puc. 3. O6paser] OblT H3rOTOBJICH B BUJE MPHU3MBI, rabapuThl KoTOpoi 15 cM B
JUIMHY, 5¢cM B BbICOTY M 4cM B IIyOMHY M NMOMEUIEH B CHEMalbHbIN KpuocTaT. I[loBEepXHOCTH
TIOPOIIKA 3aKphiTa aTroMUHUEBOW Qonbroi tommmHon 100 mxM. PaccesHue Ha cTeHKax KpuocraTa
npeHeOpe)KkuMo Maslo ¢ paccesHueM Ha oOpasue. Ilydoxk HEHTpOHOB MMeN BBIXOJHYIO Auadparmy
15mm B Beicoty u 0.3 MM B mmpuHy. PaccesHHbIe HEHTPOHBI PETHCTPHPOBAINCH B yrie +12° ot
Na/IaloIero Myyka B BEPTUKAIBHON MIIOCKOCTH.

0.5mm 147 Puc. 3 Cxema u3mepeHus.
thirknaced > N I I
_N _ a <euron

PesynbpTatel u3MepeHwii mpeactaBieHbl Ha pwuc. 2, puc.3 u puc.d. Kak u oxuganocs, B
pe3yJibTaTe MHOTOKPATHOTO PACCESHHS HA HAHOYACTHIIAX HEUTPOHBI OTPAXKAKOTCA OT MOBEPXHOCTH C
OTHOCUTEJIBHO Y3KMM YIJIOBBIM pAacCIpeleJI€HUEeM, MAaKCUMYM KOTOPOTO HaXOIWUTCS IIOJ YIJIOM
OJIM3KUM YTOJI 3€PKaJIbHOTO OTpaXkeHus. UemM MeHblIIe JUTHHA BOJIHBI MTAJAI0NUX HEHTPOHOB, TEM IIHUPE
YIJIOBOE PACHPEACIICHUE PACCEIHHBIX HEUTPOHOB. 1Ipu yBennuennu yria rnajaeHuss HEUTPOHHOIO Iy4Ka
VTJIOBOE pacIlpe/ieiCcHHe TaK ke ymupsiercs. Takum oOpa3oM AJis XOJIOJHBIX HEUTPOHOB C JJTMHHOU
BonHbI A 0T 4 A 110 8 A HaGmomaeTcs KBa3m3epkanbHOE B TIOCKOCTH PAcCEsHUS alb0e0 Ha MAbIX
yrmax manenus (MeHbme 6-7) ¢ BeposTHocThIO ~25%. Ilpm jumHAax BonH MeHbie 4 A
KBa3M3epKaIbHOE aNb0eno MOJABICHO OPEroBCKMM paccesHMeM, a mpu A Gomsme 8 A yrmosoe
pacrpeesieHue CTAaHOBHUTCS CIMIIKOM IMUPOKHAM, 4YTO OBl TOBOPUTH O KBasuszepkaibHOCTU. [Ipm
NaJeHUH HEHUTPOHOB TMOJA yriamMu OombiieMu 4eM 6-7 BepOSTHOCTh KBA3UyNpPYroro OTpaskeHUs
CTAHOBUTCSI COM3MEPUMOMN C BEPOSTHOCTHIO PACCESTHUS HAa YTIbl MHOTO OOJIBINE yria 3epKaJbHOTO

OTpaXKEHUS.
Puc. 4 3aBHCHMOCTDH MOTOKA OTPAKEHHBIX

005 Grazing angle of the beam - 3 deqrees HeliTPOHOB OT MOJISIPHOTO YIJIa ISl HEHTPOHOB ¢
A JHEPrusiMHU B Pa3INUHBIX AHANA30HAX (YKA3aHO

004 AN HA KAPTHHKE) NPH CKOJIL3SMIEM yIJle NaJieHus
OO HeHTPOHOB HA MOBepXHOCTh 3°. DKCNepUMeH-

0,03}

TaJbHbIE 3aBUCHMOCTH aNIIPOKCMMHPOBAHBI
JIOTHOPMAJIbHBIM pacnpeaeieHneM, Tucnepcus
KOTOPOro BHIOPaHA B KaUeCTBE XapAKTEPUCTHKH
HIMPHHBI YIJI0BOT0 pacnpee/eHUs MOTOKA.

0,02}

Differential reflectivity dR/d6

0,01 |

0,00 =

5 10
Polar angle 6, deg
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A Grazing angle 2° Puc. 5 IToJ10:xeHEe MAKCMMYMa B pacnpeaesieHun
6| © Grazing angle 3° NOTOKA OTPAYKEHHbIX HEHTPOHOB OT MOJISIPHOTO

Grazing angle 4°

Grazing angle 2° Yria B 3aBUCHUMOCTH OT JJIMHBI BOJITHbI
grazing angle 3 HETPOHOB, MPH PA3IMYHBIX YIJIaX MAeHUs U

Grazing angle 4°

ar é 1 TemIueparype.
! b

® >0

OTKpbITHbIEe TOUKH — Pe3yJIbTAThl H3MepPeHuil
IIPU TeMIepaType *KUAKOro a30Ta, 3aKpalleHHbIe
TOYKH — pe3yJIbTaThl U3MepPeHu il npu

1L KOMHATHOM TeMIepaType.

Mode of polar angle distrebution, deg.

6 7 8
Neutron wavelength &, A

0,35

Puc. 6 3aBucUMOCTH BEPOSITHOCTH OTPaKeHHs B
JAeTEeKTOP OT /JJIMHbI BOJHbI HEHTPOHOB NpPHU
PA3JIMYHBIX YIJIaxX NaJeHusi U TeMIepaType.
Yépuble TOYKH — yroJ mageHus 2°.

Kpacubie Touku — yroJ nagenus 2°.

Cunne TOYKH — yroJ najgenus 2°.

OTKpbITHbIE TOUKH — Pe3yJIbTAThl H3MepPeHuil
NP TeMIepaType *KUAKOI0 a30Ta, 3aKpalleHHbIe
TOYKH — pe3yJbTaThl U3MePeHuii npu
KOMHATHOM TeMIepaType.

Reflectivity to the detector

.6 . 7.8.9 .10.11.12.13.14.15
A A

s Oosbiux yriioB W Oonbiux A (KOraa mornepeyHas COCTAaBIISIONIAs CKOPOCTH HEHTpOHa
npeBbimaeT ~50 M/S Takoe KBa3HM3EepPKAIbHOE albOEI0 IMPEBHIIACT BEPOATHOCTH OTPAKEHHUS OT
CYUIECTBYIOIIMX cynep3epkan (OTpakeHHE OT KOTOPBIX IPHU TaKUX CKOPOCTSX TaKkKe HMeeT
KBa3U3epKaJIbHBIN XapaKkTep)

W3mepeHuss mpoBOAMIMCH JBAXKIBI: NMPH KOMHATHOM Temrmeparype Ha oOpasle IMociie ero
[IPEIBApUTEIILHON MMOATOTOBKM (IUIMTENbHONM OTKauku u obesrakuBanuu mpu 150°C), a 3atem mpu
temneparype -150°C. Ilpu oxnaxneHun oOpas3la KaHal HEYNpyroro MPaKTHYECKH H30TPOIHOTO
paccesHUST Ha YIJIEpOA€ H TNPHMECHBIX aToMaxX BOAOPOAa [OJDKeH OBITh TOJaBiieH. B
MIPOTUBOIOJIOKHOCTh HALTUM OXKUJAHUSAM, OXJIQXKIeHHE 00pa3ia MPUBEO K YBEIMYCHHUIO BEPOSITHOCTH
OTPaKEHHMsI, B OCHOBHOM, 33 CYET KBa3M3EPKAITBHON KOMIIOHEHTHI.

1.2.3. Ixcnepumenmul ¢ y1bmpaxonooHblMu HelUmMpPOHAMU

Ha cozmannom myuke YXH Ha peaktope TRIGA B YHuBepcurere r.MaiiHIl IpOBEICHBI
BPEMAIPOIETHBIE U3MEPEHUS 110 HccienoBanuio cBoicTB CBN — HuTpuaa 6opa ¢ kyondeckoi
CTPYKTYpOH Kak Marepuaiia Jijis nocrpoeHus kamep Y XH ¢ BbICOKOM rpaHUYHOM SHEPTHEH.

Chopper Detector
Cascade-U
Fuoil holder f
L |
A ,-'
Y {
\ |
\ 100 Ormim v
Neutrons
|
" |
|

Puc. 7 Cxema 3kcniepuMeHTa
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DTOT Marepuan O4eHb NMPOYCH, HE MarHUTEH, HMEET BBICOKOE AJIEKTPHUECKOE COMPOTHBIICHHE,
B TOM YHCJI€ U TIO0 OTHOIIECHHIO K TOBEPXHOCTHBIM TOKAM U TOTOMY MOXET OBITh MEPCHEKTHBHBIM
MaTepUajIoM JUIsl TOCTPOEHMsI kKamep A1 norcka I/IM HelTpoHa.

[Ipn u3BecTHOM TIOTHOCTM HUTpUAa Oopa 3.5 rlem’ M OXKUJIaeM BEIUYMHY TPAaHUYHOU
sHepruu 324 H3B 115 BemiecTBa ¢ €CTECTBEHHBIM CO/IEPKaHUEM M30TOINOB 00pa, a It 000TralEHHOTO
no u3otory B-11 3nauenus E=351 uaB.

Hccnenyemple MaTepuanbl HAHOCWIIMCH Ha TIOBEPXHOCTh MOHOKPHCTAUTMYECKUX IUIACTHH
tommuHor 380 MK METOZOM MarHeTPOHHOTO ocaxcaeHus. TommuHa ciioéB 6pu1a 300 HM.

Ha ocHoBe aHanm3a BpeMsIPOJIETHRIX CIIEKTPOB ¢ 00pa3iioM u 6e3 oOpasiia ObLIN ONpeIeTIeHBI
rpaHuYHble dHepruu Hutpuaa 6opa: E=305% 15 usB u ucHOIB3yeMOro s KaauOpOBKU HHUKEJIS:
E=240* 15m3B.

118 =v==10.1{14) m/s
2228 =y==6A5(0.7)mis

1-small hole — teflon 3355 <v>=6.1(07) mis
1000, g oy 4605 <v==50(08)ms
3 -S54 mm 5 10-17 s <v>=57 (07
DLC 4 -d{Si)=2 mm L b 107 5 <v>=57 (0.7) s
1004 5 - d{Si}=4 mm f: 18-20 5 <v>=56 (0.8) m/s
& - d{Si)=8 mm o
10 s o 1E34 _
I ST o 73045 <v>=5.4 (0.7) mis
= 8 46-69 s <v==53 (0.8) m/s
3 1E44 3:70-100 5 =v==5.1 (1.1) m/s
5]
o
=
= 1ES,
©
=
-
1E-3 . . . LME_SE 1855
1] 20 40 60 80 100 120
storage time, s T T T T T T T T T !
9 ! 0 2 4 6 & 10 12 14 1JE 18 20
Puc. 9 d(Si), mm
Figure 4 The typical measured time dependent count rate (DLC sample foil): 1 — the Puc. 8
UCH flux density measured through 2.3 mum diameter hele in the sample foil. 2 —the L . B
count rate through the DLC foil at the 100 jim Al substrate. nio additional absorber. Figre 8 The newtron count rate (relative to the incident UCN flux) for the teflon sample
3.7 — the count rate through the DLC foil with different i absorbers between the 3 function of St thickness after subtracting the cmzmbut.ic.:u of up-scattering to
scatterer and the neutron detector. The time shown from the moment of opening of the thermal energy range. The inferred neutron mean velocities and halfiwidths of
the UCN valve after the filling time 20 seconds. the Gaussian distributions (in brackets) for corresponding storage time intervals are

shown in the insert. The straight lines connect the experimental points.

Ha myuke peakropa NJIJI npoBeneHsr n3mepenus «Majaoro HarpeBa» Y XH Ha oOpasuax menw,
Te(JIOoHa U anMa3onoA00HOro yriaepoaa. Mi3MepeHsl CrieKTphl HarpeThIX HEHTPOHOB MPHU DHEPIUSX OT
YXH 1o TemioBbIX a TakKe SBONIONMS BO BpeMeHHU criekTpoB YXH B snoBymike. Pa3paboran meron
«KaIUOPOBAaHHBIX MOTJIOTUTENICH» Ui U3MEPEHHs CIIEKTPOB HEHTPOHOB. B kadecTBe morioTureneit
NPUMEHSIIMCh MOHOKPUCTAJUINYECKHUE TUIACTHHBI KpeMHUs U poaueBbie (onbru. CrieKTpsl HEUTPOHOB
OTIpEeIISIINCH U3 KPUBBIX MOTJIOIIEHNS B MOHOOHEPTETHUECKOM U OoJiee AeTaaTbHOM MPUOIMKEHUSX.

Ha puc. 8 moxa3zaHbl: mpuMep CKOpPOCTH cyeTa JeTeKTopa B (DYHKIMM BPEMEHHU JJIsl pa3HbIX
MOTJIOTUTENIEW W KPUBBIE MOTJIOIICHUS], U3 KOTOPBIX OMPEAEIAETCS SHEPIUsl XPAHALIMXCS U HArPeThIX
HEUTPOHOB.

OO6Hapy>keHO, YTO pa3Hble MaTepualbl AT pa3HbIE CHEKTPbl HArpeThIX HEHTPOHOB, a TaKXkKe, UTO
CIEKTp HAarpeThIX HEUTPOHOB MPOCTUPAETCS B 00JIaCTh MK3IB-3HEpruii.

1.2.4. H3yuenue mexanuszma 63aumooeiicmeus HelmpoHos ¢ A0pamu

W3yuenne MexaHW3Ma B3aWMOJICHCTBHS HEHTPOHOB C sipaMU INpPEACTaBiIseT OOJIBIION MHTEpeC A
NIOHMMAHMsA 3aKOHOB npuponbpl. K HacTosdmemMy BpEMEHHM HEWTPOHHBIE pEaKkIUd C BBUIETOM
3apsHKEHHBIX YacTHUI] ObLUTH MCCIIeI0BaHbI HelocTaTouHo. MccnenoBanue peakuuii (n,p), (n,t), (n,ansda)
Ha HEHTpOHaX, MNPOU3BOASIIMXCA B PA3JIMYHBIX JAOOPAaTOPHSIX, HAOT LEHHYI HHQPOpPMALHI0 O
MEXaHU3ME MMPOTEKAHUS SACPHBIX pEakUUil U CTPYKType aTOMHOIO $1pa, B YaCTHOCTH, CBEJIEHHUS O
POJIM OJHOYACTUYHONW M MHOTOYAaCTHUYHBIX KOMIIOHEHT B BO30YXIE€HUM KOMIAyHA-AJ€p U BBIIBICHUU
3(pPEKTOB CENEKTHBHOTO YCHIEHHS M pachafa KOJJICKTUBHO-KJIACTEPHBIX COCTOSHUM  sizep
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OTHOCHTEIIFHO YHCTO CTAaTUCTUYECKOTO pacrpeneneHus. Vcnoiap3oBaHHWE IyYKOB HEHTPOHOB C
9HEeprueil B HECKOoJIbKO M5B mo3BosiIeT HE TONBKO MONYYHTh YCPEAHEHHE IO OONBIIOMY YHUCITY
HaYaJIbHBIX COCTOSTHUH BO30YKICHHOTO SIJpa, HO M MOBBICUTH HA HECKOJIBKO TIOPSIIKOB IIPOHUIIAEMOCTb
KyJIOHOBCKOTO Oapbepa simpa mis peakmuii (N,p), (Nt), (Namsda) mo CpaBHEHHIO ¢ pEaKIUAMH,
BBI3BAaHHBIMH PE30HAHCHBIMH HEUTPOHAMH, & TaK JKe MPOCICANTh N3MEHEHUE XapaKTEPUCTHK pacraja
C YyBEIMYEHHEM OJHEepPruu BO30OYXKIEHHUs fAapa MO Mepe NpUOMDKEeHUS K O00JacTH THUTaHTCKUX
JIMTIOJIBHBIX PE30HAHCOB. [ImaHMpyeTcss TpoBEIEHHE SKCIIEPHUMEHTAIBHBIX WCCIEAOBAHUA peaKIuit
(n,p), (n,t) wau (n,ansda) Ha mpeaenbHO Jerkux sapax (6Li, 9Be, 10B,), nerkux (14N, 20,21Ne, 24Mg,
28Si, 35Cl), a tak *xe Ha sapax cpeaneit maccel A~40-70 (39K, 54,57F¢, 58Ni, 63Cu, 64, 67Zn, 95M0)
u Tsokenbix A~150 (143Nd, 147,149Sm)B mIMpPOKOM JHMana3oHe SHEPrUM HEUTPOHOB OT HECKOJIBKUX
k3B u oka 1o 6.5 M»B. CpaBHeHHE CYIIECTBYIOMUX JAHHBIX TTOKA3bIBACT, UTO B UANA30HE dHEPTUI
or 3 10 10 M»sB skcnepuMeHTaNbHbIE JaHHbIE HEMHOTOYHCIIEHHBI, U CYIIECTBYIOT 3HAUUTEIbHbBIE
pPacXOoXkJICHUS MEXIAYy 3HAUYCHUSMHU, MPHUBOJUMBIMH PA3HBIMH aBTOpaMHU. B OOJBIIMHCTBE CITydacB
WCCIIEIOBAHMS STUX PEaKIHii BEIHCh C UCIOJIIb30BAHUEM aKTHUBAIMOHHOTO METO/A, KOTOPBIN OKa3alcs
HEJIOCTATOYHBIM JUIS HAJIE)KHOTO DPAa3JECHUs] MPSAMBIX, MPEAPABHOBECHBIX M KOMIAYHA-TIPOIECCOB.
Hamu ucnonp3yercss MeTol MpsSIMOi perucTpaiiy U CIeKTPOMETPUN BBUIETAIONINX YaCTHUI] Ha MydKax
HEUTPOHOB, MO3BOJISIOMINN HETIOCPEACTBEHHO MOIYYaTh CHEKTPHI BBUICTAIOIINX 3apsDKEHHBIX YaCTHII,
OTIpeIeNIATh OJHOE CEYeHHE PeaKLuii, yII0BO€e paclpeieleHue MPOIYKTOB peaKIHii.

DKCIepuMEHTBl MPOBOAATCS Ha ycKkopuTensix Ban-me-I'paaga DI-5 B JlaGoparopum
HeirponHoi ¢puzuku OUSN u OI'-4,5 MHctuTyTa PU3NKH TKenbIX HOHOB [IeknHCKOro yHuBEpcUTeTa
COBMECTHO ¢ [leKMHCKMM YyHUBEpCHTETOM H mpu cotpyaHudectBe ¢ Jlomsuuckum (Ilonbina) u
MOHT0JIbCKMM HAIlMOHAJILHBIM YHUBEPCUTETAMHU.

B 2008 r.:
- Pa3paborana crcremMa MHIICHEH ISl MOMyYeHHs ObICTPHIX HEHTPOHOB Ha KaHane DI'-5 (B craguu
usrorosiieHus B OI1 JIHD);
- [lonrotoBnens! ueprexxu MonnzanmonHoi kameps! 1uig padotsl Ha O1'-5 u UPEH,;
-IToAroToBIEHBI YEPTEKH IIPOTOHHOTO TeJIecKoma» ais padboTsl Ha DI-5;
- [To u3mepenusm peakuuu 64Zn(N,a) npu sHeprun HerpoHos 2,54; 4,00 u 5,50 MaB noarorosieHa u
omyOnukoBaHa ctathsi BkypHaie Nucl.Sci.Eng.
- 3akoHueHa oOpaboTka m3Mepenuii peakiuu 147Sm(N,a)143Nd npu sueprum Hewrponos 5,0 u 6,0
MbB, noaroTosieHa 1 IpUHATA K NedaTH cTaThs B xypHane Applied Radiation and Isotopes
(cM. mpuaraemyro K OTYETY CTaThIO);
-IIpoBenennr uzmepenus: peakiuu 143Nd(n,a)140Ce mpu En=4, 5 u 6 M»5B; nauata o0OpaboTka
JTAHHBIX;
-[IpoBenensr m3mepenust peakuun 95Mo(n,a)92Zr npu En=4, 5 u 6 M>»B; roroBurcst usMepeHue
(doHa;

1.2.5. IlIoozomoska skcnepumenmos Ha nepeoit ouepeou UPEH

B teuenue roga npoBoauiuch pabOTHI 1O MOJATOTOBKE K SKCIEPUMEHTaM Ha MepBOM ouepenu
HeWTpoHHOro ucrounuka MPEH.

~lofx|| Puc. 10 MarocTpaTHBHOE OKHO BH3YaIH3aLUU
[Eontrot T — H3MEPSIEMOro creKkTpa nporpamMmbl «T Of _usb».
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a) OcymecTBieHa MOJCPHH3ALUS W3MEPUTEIBHOIO MOAyJsi ramma-crekrpomerpa «KOKOC»,
MO3BOJIMBILAS CYLIECTBEHHO YBEIMYHMTH €ro ObICTpOAEHCTBHE. pa3pab0TaH M HM3TOTOBIIEH MHTEpdeiic
noj USB-1 u co3ana HOBasi mporpaMMa HaKOIICHUS! SKCIIepUMEHTaIbHOM nHpopmarmu «L ada.

0) Pa3paboTaHbl, H3rOTOBJICHBI M UCIIBITAHBI OJIOKH OBICTPOrO BPEMEHHOTO aHAJIN3a C IIMPHHON KaHalla
10 — 20 HC M1 TpOBeNEHHs CIEKTPOMETPUM HEHTPOHOB IO BpeMeHW mposiéra. Paspaborano
IpOrpaMMHOE OOECIIEYeHHUE CUCTEMBI C OBICTPHIM BPEMEHHBIM aHATU30M g peructpaiuu 4-x TOF
criektpoB «TOF_ush». Cucrema npeaHa3HadyeHa JUis UCCIICI0BaHMs TapaMETPOB My4YKa HEHTPOHHOTO
ucrounuka MPEH. IToMumo 3T0ro, pazpaboTaHsl 1OMOIHUTENIBHBIE AITOPUTMBI U BKJIFOUEHBI B TAHHYIO
NPOTPaMMY JUTSI BEITIOJTHEHUS TPEIM3HOHHBIX SKCIIEPUMEHTOB.

1.2.6. 'amma-cnexkmpockonusn HelmpoHHO-A0EPHBIX 63AUMOOEIICHEUTL

[Iponomxaincs aHamu3 M MHTEPIPETALMs AKCIEPUMEHTAIbHBIX JaHHBIX MO MHTEHCUBHOCTSAM
JIByXKBaHTOBBIX KaCKa/I0B MIPH 3aXBaTe TETNIOBBIX HEUTPOHOB PA3IMUHBIMHU SIPAMH.

CyMMBI paIMallMOHHBIX CUJIOBBIX (DYHKIMN JUIOIHHBIX IIEPBUIHBIX raMMa-TIePEX00B
anMnpOKCUMHUPOBAHBI C BBICOKOM TOYHOCTBIO MOy (PEHOMEHOIOTHYECKOM 3aBUCHMOCTBIO

B 00JIaCTH 3HEPTH NepBHYHBIX ramma-tepexooB 0.5 < E; < B;-0.5 M»aB mnst 6obmioro koimyecTsa
anep. B kxauecTBe OCHOBHOM TMIOTE3bl UCTIOIB30BaHA TUIIOTE3a: IKCIIEPUMEHTAIbHbIE JAHHBIE MOXKHO
NPEJCTaBUTh B BHUJIE CYNEPIIO3UINH JIBYX CHIBHO pasnuyaromuxcs GyHkiuii. [lmaBHO n3MeHstomascs
(GyHKUMS — ONHCHIBAET H3MEHEHHE BEpPOSTHOCTH HSMHUCCHUM TaMMa-KBaHTa, OOYCIIOBJIEHHOE
BO30YKICHUSAMHU s7jpa PEPMUOHHOIO THUIIA, IPKO BbIPAKEHHBIE MMUKH - O0YCIIOBJIEHBI BO30YKIECHUSIMU
spa 0030HHOTO THIIA.

Pe3ynbTarhl anmpokcUMaluy Aajdud BHYTPEHHE COTJIACOBAHHYIO M HEPOTHUBOPEUHMBYIO KAPTUHY
MPOUCXOSIINUX B SIIPe MPOIECCOB MPAKTUYECKHU I BCEH MEPUOAUYECKON CHUCTEMBbI U MOATBEPAUIU
MOJTyYE€HHBIM paHee MpU aHajdu3e IUIOTHOCTH ypOBHEH pe3yJsbTaT: MapamMeTphbl IMpolecca KackKaJHOTo
raMma-pacraza HEUTPOHHOIO PE30HAHCa ONPEAEIAIOTCA COCYIECTBOBAHUEM U B3aUMOJICHCTBHEM B
HArpeToM spe CBEPXTEKyUeil U OOBIYHOM ero ¢assl.

[Tomyueno, yto ¢opMa pagualMOHHBIX CHJIOBBIX (YHKIUI B UCCIEIOBAaHHBIX sIpax SBISIOTCS
JMHAMHYECKON BEMUUMHON (LIMKIMYECKH M3MEHSIOUICHCS NMPU W3MEHEHUH MAacChl sep), a 3HAUCHHS
K(E1)+k(M1) mms KOHKPETHBIX OSHEPruii raMMa-TIepeXOJ0B W KOHKPETHBIX SIIEP OIMPEACIITIOTCS
CTPYKTYpO# pacmafaromnierocs u Bo30yKIaeMOro YpPOBHEH, MO KpaiHeW Mepe, 0 DHEPTUU CBS3U
HeliTpoHa By. Pesynbrar onpenenser HauMeHbIIHE pa3Mepbl 00J1acTH BO3OYKIACHUH sapa, B KOTOPOM
HEOOXOIMMO YYMTBIBaTh M U3 KOTOPOHM MOXHO MOJy4yaThb MH(OPMAIMIO O JUHAMUKE W3MEHEHHS
mpolecca nepexoza sjapa u3 003e- B pepMu-CUCTEMY IPU €ro HarpeBaHUH.

OTH Ke 3KCIEpPUMEHTANIbHBIE TaHHBIE NTPOIOJIKAIOT UCIIOJIb30BaTHCS KaK JJIsl IOJy4EHUs] HOBOM
CHEKTPOCKOMuYeckoi nHpopMaluu o 1eOpMUPOBAHHBIX SAPax B 3HAUUTEIHHO OOJIbIIEM WHTEpBAJE
SHEpPTruil BO30YXXKIEHMS, YEeM JOCTYHHO TPAAULMOHHOW SJEPHONW CHEKTPOCKONHUH, TaK M Ui
TECTUPOBAHUS Pa3IMYHBIX MoAeNel siapa. B yacTHOCTH, MOJIy4eHO, YTO AKCIEPUMEHTaIbHbIE TIOJHbIE
ramMMa-CreKTphI JBYX YETHBIX MU30TOIOB 0J0BA BOCIIPOU3BOASATCS B pacyeTe ¢ HauOoJbIIeld TOUHOCTHIO
MIPU UCTIOJIB30BAaHUU UMEHHO CTYNEHYaTOW TUIOTHOCTH YPOBHEH M PaIMallMOHHBIX CHJIOBBIX (DYHKIIMIA,
VYHUTHIBAIOIINX YCHUJICHHE CHIIOBBIX (DYHKIIMN MEPBUYHBIX U BTOPHYHBIX KACKAIHBIX TaMMa-TIEPEX0I0B
B 00J1aCcTh BO30YKIEHUI, COOTBETCTBYIOIIEH ATOM CTPYKTYpe CIIEKTpa BO30YKIEHHBIX YPOBHEH siapa.

XoTs B CHIy METOJMYECKHUX OCOOEHHOCTEH HSKCIEpHMEHTa MO W3MEPEHUI0 HMHTEHCHBHOCTH
JIByXKBaHTOBBIX KaCKaJIOB U IUIOTHOCTh YPOBHEH, 1 CHUJIOBBIE (DYHKIIMU ONPEAETSIOTCS C HauOOobIIen
TOYHOCTbIO 10 CPABHEHUIO C KOHKYPHUPYIOIIMMU METOIUKAMH, CYILIECTBYET
HEOOXOJUMOCTh B BBISIBJICHHHM OCHOBHBIX MCTOYHHKOB CHCTEMAaTHYECKHX IIOTPEIIHOCTe H B
CYIIECTBEHHOM YMEHBIICHUHM WX BEIWYUHBL. B dWacTHOCTHM — pa3paboTKe HOBBIX M HE3aBUCUMBIX
METOJIMK OMPEEIICHUs ITUX TapaMeTPOB sJIpa.

He3zaBucumoe moATBep kaeHNE HAIWYHS 3HAYUTEIBHON CTYNEHYaTOH CTPYKTYpHl B IUIOTHOCTH
YpOBHEH TMOJNy4eHO TMpH peaHaliu3e OIMyOJMKOBAaHHBIX K HACTOSILIEMYy BpEeMEHU JaHHBIX 00
HKCHEPUMEHTAIBHBIX HMHTEHCHUBHOCTSIX MEPBUYHBIX TaMMa-IepPexo0/0B, YCPEIHEHHBIX 10 HEUTPOHHBIM
pe3oHaHcaM B paiioHe WX sHepruii 2 m 24 x3B. Pacnpenenenue pazdpoca 3TUX HHTECHCHUBHOCTEH
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OTHOCHUTEJIbHO CPEHEr0 3HAUEHUs BIEPBbIE AaNMpPOKCUMHUPOBAHO B PA3IMYHBIX MHTEpPBajax SHEPruit
NEPBUYHBIX raMMa-IIePEXOA0B B MPEACTABIEHUHU O TOM, YTO UX HHTEHCUBHOCTHU 3aBUCST OT CTPYKTYPbI
BO30YKIIaeMOTO ypOBHsI, a JUCIEPCHS WX CIyYallHBIX OTKJIOHEHHWH HE OIHCHIBACTCS )
pacrpeeneHieM ¢ OJHOU CTeNeHbI0 CBOOO b (KaK TO MPEIIoIaracTest 10 CUX 1op).

OmnpeneneHHbIe TAKUM 00pa30M IUIOTHOCTH YPOBHEW U CYMMBI PaJHallMOHHBIX CHIIOBBIX
GYHKIMH TONTBEPkKJAIOT XapaKTEpHble OCOOCHHOCTH AHAJIOTMYHBIX JIAHHBIX, H3BJICUYEHHBIX U3
MHTEHCUBHOCTEH JBYXKBAHTOBBIX KaCKa/J0B PaJHallMOHHOIO 3aXBaTa TEIJIOBBIX HEUTPOHOB VIS SIIEP C
40<A<200, 1 MO3BOJIAIOT TaK € OLEHUTh 3HAK U BEIUYMHY UX PE3YJIbTUPYIOLIEH CHCTEMaTHYECKOM
MOTPEIIHOCTH, OOYCIIOBIEHHON NPEXAE€ BCEro OYEeHb CHJIBHOM 3aBUCHUMOCTBIO PaJAMALMOHHBIX
CHJIOBBIX (DYHKIIMI KacKaJHBIX raMMa-NepPeXxoa0B OT CTPYKTYpPbI BO30YKJa€MOT0 YPOBHS. 3aK/II0ueHHe
CIIPaBEJIMBO, BO BCAKOM Ciyd4ae, JUIsl SHEPTuil BO30Y>KJIEHHS, MEHBIINX IOJOBHUHbBI 3HEPTUU CBS3U
HeiTpoHa. COIOCTaBIEHUE C MOJEIBHBIMM IIPEACTABICHUSAMHU O IUIOTHOCTU YPOBHEH I10Ka3bIBaET,
HATIPUMEp, 9TO sAPO YD HAXOZMTCS B CBEPXTEKYdeM COCTOSIHHHM JUISi OCHOBHOW HYacTH
BO30YKJIEHHBIX YpOBHEMH 1o KpaiiHeil mepe Hike 3.5-4 MaB. bonee Toro, BriepBbie yaanoch MoayyuTh
[IpeJIBapUTENbHY0 HH(POPMAIIUIO O COOTHOUIEHUH YUCIIA YPOBHEN C JOMUHUPYIOLIUMU KOMIIOHEHTaMHU
KBa3MYaCTUYHOIO M (OHOHHOTO THUIA JO O3TOM ke DHHEpPruu BO30YKIEHHUS YETHO-YETHOTO
nepopmupoBanHoro sapa (ompeaeneHa 3aBHCHMMOCTH KO3 QHUIMEHTa BHOPAIMOHHOTO YCHIICHUS
IUIOTHOCTH KBa3UYACTHYHBIX YPOBHEH OT SHEPIHU BO30YIKICHNUS).

Hcnonb30BaHne COBMECTHOIO aHalM3a AKCIEPUMEHTAIbHBIX JAHHBIX 110 WHTEHCUBHOCTSM
JIBYXKBAaHTOBBIX KackaJloB OOEIIAaeT MOBBICUTb TOYHOCTH OINpPENAETICHUs CBOMCTB siapa, Mo KpaiHei
Mepe, HUKE SHEPTUU CBSI3U HEHUTpPOHA.

1.2.7. HU3mepenue adepnozo 3apaoa 0cKo1Koe oenenus na ycmanoeke munu®@ObOC

[lonck W wuccregoBaHWE pENKUX, B TOM YHWCIIE MHOTOTENBHBIX, MOJ pacraga ciaabo
BO30YKJIEHHBIX SJI€p OCTAETCs aKTyalbHOM 3a/1auel SKCIIepUMEHTANbHOM saaepHoi ¢pusnku. imenHo B
TOH oO0NacTH »dSHEpruii BO3OYXKIEHHS MOXXKHO OXHJIATh paHee HEU3BECTHBIX IPOSIBICHHUM
KJIacTepu3aluu SAepHbIX cucteM. Hanexxnas wuneHtudukanus HEOObIUHBIX KaHAJIOB pacmaja
NpernonaracT OAHOBPEMEHHOE H3MEPEHHE BO3MOXKHO OOJIBIIETO YHWCla Pa3IMYHbIX [apaMeTpOB
mpolecca — Macc U SHEPruil MPOAYKTOB pacrajia, UX YIJIOBBIX paclpeaeseHuil, MHOKECTBEHHOCTH
HEUTpOHOB M T.1. EcTecTBEHHO, BeCchMa jKeJaTelIbHO M3MEPEHHUE SACPHOTO 3apsiaa O0pa3yIoIIUXCs
(dbparmeHTOB.

B cepuu 3KkcriepuMEHTOB 1O MOUCKY TPOWHOTO KOJTHHEeapHOTo kiactepHoro pacnaaa (TKKP)
TSOKENIBIX SIJIEp HCIOJIb30BAJICS JIBYX IUICYEBOM BPEMSIMPOJIETHBIM CIEKTPOMETP 3apsKEHHBIX
npoaykToB siaepHbix peakuuii MUHUPOBOC Ha 0a3e ra3oHanoJHEHHBIX JETeKTOPOB. CHEKTpOMETp
MO3BOJIIET HU3MEPSATh BEKTOpAa CKOPOCTH (PparMeHTOB M MX OJHepruu. Yepes CKOPOCTH MOXKHO
OIIPEJICTINTh TaK Ha3bIBAEMBbIC IEPBUYHBIE MacChl OCKONKoB (Mtt) OunapHoro npenenus, a depes
CKOPOCTH M SHEPTMU - MAacChl OCKOJKOB mociie copoca neitponoB (Mte). Jlinst u3MepeHus: SHepPruu
(dparmMeHTOB ciyxar Oonbinue wuoHu3anmoHHele kKamepbl (BUK), wucnonp3oBaBmmecs B 4n-
criektpomerpe POBOC.

W3mepenue siepHOTO 3apsa OCKOJIKOB JICJCHHUS 1O BpeMEHHU apeida oOpa3oBaHHOTO HMH
TpeKa B MOHM3AIMOHHOM Kamepe MpeAcTaBisieT cO00i TEXHHUYECKH Oojiee CIIOKHYIO 3ajady, 4em
U3MEpEHUe DJHepruu. PaspemieHune no 3apsAay HENOCPEACTBEHHO 3aBUCUT OT OJHOPOAHOCTH
AJIEKTPUYECKOTO TIOJNISI M TOCTOSHCTBA MAacChl raza B pabodeM oObeme kamephl. st oOecrniedueHwmst
BTOPOTO M3 YCJIOBUI HEAOCTATOUYHO CTAOMJIM3UPOBATH TOJIBKO JIABIEHHUE U COCTAaB ra30BOM cMecH —
JIOTIOJIHUTENBHO HeoOxoauma TepMocTaOuiau3anusi Kamepbl. [lepeuucrnenHble yciaoBus ObUId
oOecrieyeHbl B OKCIEpPUMEHTE Ha IMIMpokoannepTypHoM cnektpomerpe MuHUPOBOC 1o
ncenenosannio peakuun ~>U(N,f) Ha myuke peakropa MBP-2. s BBIMHCICHHS SAEPHOTO 3apsija
(parMeHTOB MO MOJYYEHHBIM B SKCIIEPUMEHTE JaHHBIM ObLIO pa3paboTaHO J1Ba BapHaHTa KaTMOPOBKU
no 3apsay. TecTUpoBaHUE HAa MOJENBHBIX JIaHHBIX MOKa3alio, YTO KCIIOJIb30BAHHAS MapaMeTpu3alius
3apsja B paMKax Mpoueaypbl KaaTHOPOBKU MO3BOJISET YAOBICTBOPUTEIFHO BOCCTAHABIUBATD SACPHBIN
3apsii OCKOJIKOB J€JICHUS B IIUPOKOM dHEpreTHYecKoM Auanas3one. [IpenckaspiBaeMble B paMKax 3TOTO
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nmoaxoaa 3apsAaAbl JIETKUX HOHOB OT He J0 C oka3bpIBaIoOTCs CMCIICHHBIMU B 6OJ'II)IHyIO CTOPOHY
HpI/I6J'II/I3I/ITeJ'IBHO Ha ABC 3apsAA0BbIX CAUHUILIBI.

1.2.8. Hccneoosanue ceoiicme demexmopa TIMEPI X npu pecucmpayuu uznyuenusn usz
ucmounukos ***Cm u *>°Cf

B JIH® OWAU comectHo c Ilonmurexuuyeckum wuHcTHTyTOM (r. Ilpara) Bemytcs
uccienoBaHusl MUKceNbHbIX AeTekTopoB MEDIPIX u BO3MOXHOCTH MX MPUMEHEHHS B 0O0JIACTH
sanepHo (pU3MKH, B YaCTHOCTH, IJIs1 M3y4deHus nporecca nenenus. Jerekrop MEDIPIX mpeacrasnser
co00il JBE KpEMHHUEBBbIE IUIACTUHBI, OJHA W3 KOTOPBIX SIBISETCS CEHCOPHOM 4YacThi0, B KOTOPOi
PETHCTPUPYIOTCS HAJICTAIONIME YACTHIBI, a JPyras COCTOMT W3 MHOXECTBA IMHKCENICH, KaXKIbId U3
KOTOPBIX SIBIISIETCS CIIEKTPOMETPHUUECKUM TPAKTOM, BKIIFOUAIOUIUM B c€0sl YCHUIIUTENb, JUCKPUMUHATOP
U cyeturk. O0e IIaCTHHBI COSTMHEHBI MEXKIY OO0 B KaXKI0M MHUKcese metoaoM “bump-bonding”.

=

o

a-particles ‘Fragments

Puc. 11 PacnipesienieHne 3HEpruy B KjacTepe s ajib(ha-4acTUI[ U OCKOJIKOB JCICHUS.

B OUSAN uccnenoBanachk BO3MOXKHOCTbh U3MEPEHHSI OCKOJIKOB JICJICHUS! U JIETKUX 3apsiKEHHBIX
yacTull (M3 CHOHTaHHBIX HCTOYHHMKOB 244Cm um 252Cf) ¢ momompio JBYX THIIOB JIETEKTOPOB:
MEDIPIX2 u TIMEPIX. Ilpu monagaHuy 4acTUIBl B YyBCTBUTEIBHBINA CIIOW JACTEKTOpPA, BOZHHKAET
TaKk Ha3bIBaeMbld 3(pQekT pacnpenencHus 3apsaa (charge sharing effect), nmpu xoropom 3apsin
pacrpenensercss Ha HECKOJBKO IuKcened, (opMupys TakuM oOpa3oM Kiactep. Pa3smep kiactepa
3aBUCHT OT YCTaHOBIIEHHBIX IOPOTOB, a TAaKXXe OT 3apsijia W JHEPrHMH HaleTarouleil Jactuibl. B
nerekrope MEDIPIX2 MoxHO Habmt01aTh IBYMEPHYIO KapTHHKY, Ha KOTOPOM YE€TKO BHHA Pa3HUIIA B
pasMmepe kiactepa ans  anbda-yacTHIl W JUIS  OCKOJIKOB JieneHus. bonee Toro, mpoBens
COOTBETCTBYIOIIYIO KaTHOPOBKY, YIalOCh HW3MEPHUTh JIByrOpOYyI0 KpPUBYIO DHEPreTHYECKUX
pacnpeeieHuii OCKOJIKOB JICTICHUS, HCIIOJIb3YS TOJILKO Pa3MephI KIIacTepPOB.

Hoeeiii tim  MEDIPIX  nmerektopor - TIMEPIX mo3BomsieT perucTtpupoBaTh BpeMs
cpabaThIBaHUS TUCKPUMHUHATOPA B KaxaoM mukcene. [Ipu coOTBETCTBYIONUX HACTPOHKAX 3TO BpeMs
MOXHO KOHBEPTHPOBATh B aMIUIATYay, TaKUM 0Opa3oM H3Mepsis BEIMUYMHY 3apsjia B IIHKCEIe.
[TonydaeTrcss TpexMepHash KapTHHKAa (CM. pUC crpaBa). DTO TO3BOJsAET 00Jee TOYHO ONPEaCATH
SHEPTHUIO HAJETAIOMIEH YacTUIbl. BemyTes nccnenoBaHus Mo BO3MOKHOCTH HICHTH(PUKAIIAN YaCTHI] TIO
3apsAy U Macce, a TakKe MO ONMpPEIeTICHUIO YIJla BXOXKACHUS YacTULIbI B JETEKTOP, UCIONIb3Ys TaKOTO
poJia TPeXMEPHBIE KCHUMKI KaXKJIOTO COOBITHS.

B mepcriekTrBe MuaHUpPYETCs] UCIOJIB30BaHHUE TAKOTO POJa JIETEKTOPOB B IKCIEPUMEHTAX IO
W3YYCHHIO PEAKUX MOJI JICTICHUS SIIIED.

I1. TeopeTuueckue uccjie0BaHus
1.2.9. Hecneoosanue pacceanusn Heiilmpona Ha RPONOHE

Teopernueckn wuccieqoBaHa CIUHOBAas CTPYKTypa AaMmIUIUTYJbl S -BOJIHOBOTO YIPYIoOro
paccessHUsI MEIJICHHOTO HEHUTpoHa Ha cBoOOJHOM mporoHe. [lomydena dopmyna s 3ppekTUBHOTO
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CEUCHMsS] PACCESHUS MEIUICHHOTO TMOJSPU30BAHHOTO HEWTpPOHA HAa TOJSIPU30BAHHOM IPOTOHE W
MI0Ka3aHo, 4TO B 3 (PEKTUBHOM CEYSHUH BKJIAIbI TPUILUIETHOTO ( MOMHBIA ClIMH S=1) ¥ CHHIJIETHOTO
( momueiii ciud S=0) paccesHUs CKJIAABIBAIOTCS HEKOTEPEHTHO. [Ipr ’TOM MaKCHMMaIbHOE 3HAUCHHE
UHTETPATBHOTO CEYEHHUS Omax & 37,1 6apH COOTBETCTBYET aHTHIAPAIICIBHON OpUEH-TAUU CTUHOB (
Pn Po=—1, rne P, and P, —BekTops! monsipu3anuy ) , a MUHUMAaIbHOE 3HAUCHUE  Omin~ 3,64 OapH
— Tapauie’apHON opueHTanun ciimHoB (P Py =+1)

TIOJTHOCTBIO TOJIIPU30BAaHHBIX HEUTPOHA M MPOTOHA . B cityuae, koraa XoTs Obl OJJMH M3 HYKJIOHOB HE
HOJIIPU30BaH, a TaKKe B CIydae, KOrJa BEeKTOPHI MOJSIPH3ALIH B3aUMHO TepneHanKysipasl (P Pp
=0) , uHTEerpaJibHOE CEYCHUE S -BOJIHOBOTO YIPYTOro paccesHus HEHTPOHA Ha MPOTOHE NP HyJIEBOM
sHepruu coctaBisier = 20,4 6apH .

Jlnst cpaBHEHUs!, BBIMIOJIHEH TaKXKe aHAIN3 HHU3KOIYHEPTETUYECKOTO S -BOJHOBOTO DPACCESHHS
MOJIIPU30BAHHBIX HEUTPOHOB, KOTOPOE C YYETOM TOXKACCTBEHHOCTH BO3MOXKHO TOJILKO B CHHIJICTHOM
COCTOSIHUH.

Cymecrsennoe pasmane — | b ™ /b (™) | ~ 1,4 — Mesxny CHHIICTHON UIMHON S BOIHOBOTO
np- paccestrnst b ™ = —a ™ (0) =— 23,7 dm u wmHOH S BonHOBoro Nn- paccesums b(™M)=—a
(nn) (0) = - 17,0 ®m ( KOTOpble, Ha MEPBBIA B3IJISA, MODKHBI ObUTM ObI COBHAAATh BBHUILY
U30TOMMYECKOW WHBAPUAHTHOCTH ) OOBSCHSACTCS TEM, YTO JUIMHA PAcCEsHUS CTAHOBHUTCS OYCHb
YYBCTBUTEIHHONW K MapaMeTpaM IMOTEHIIMAada B3aUMOJICHCTBUS HYKIOHOB MpPH YCIOBUH, YTO MOJIYIb
aAMIUTUTYABl PAcCesiHUS HYKIIOHOB CHJIBHO TPEBOCXOIUT paauyc ACUCTBUS cwil. B 3ToM cimywae
MOHATHE M30TONMUYECKOW MHBAPUAHTHOCTH (DAKTHUECKH MPUMEHUMO HE K aMIUIUTYyJlaM paccesHus, a
MMEHHO K IOTEHIMAJIAM HEUTPOH-IIPOTOHHOTO M HEUTPOH-HEUTPOHHOI'O B3aWUMOJECHCTBHUS, KOTOPHIE
JIOJDKHBI OTiMYaThesi He Oomee yem Ha ( 2 + 3 ) % — npuBodst, TeM HE MeHee, K OTIHYHIO
COOTBETCTBYIOIIUX AaMIUIUTYJ HAa HECKOJIbKO JECATKOB TPOICHTOB. OTO MOJITBEPKIACTCS
NPOBEICHHBIMU pacuyeTaMH B MOJIENH CHEPUIECKON MPSMOYTOILHOW MBI | U3MEHEHUE TITYOHHBI HITH
mMpuHbI siMbI Beero Ha (1,5 + 3) % npuBoauT K BechbMa 3HAYUTEIbHOMY H3MEHEHUIO JUTMHBI PACCESHHS

[11. [IpukagHbIe HCCAETOBAHNS

1.2.10. Ananumuueckue uccneoosanus na peakmope UbP-2

IHoaroroBka k akkpeauTanuu cekropa HAA

B pamkax npoekra Texnuueckoii koonepauuu ¢ MAI'ATO «I["apMoHM3a11s CUCTEMBI KOHTPOJIS
kadectBa B coorBercTBUM ¢ 1SO-17025 m MexayHapoIHBIMH CTaHAapTaMu B J1abOpaTopusix
Poccuiickoit @eneparuu, UCHONB3YIOIUX SAEPHO-(DU3NUecKie aHanuTuaeckue Meroasn» (RUS7003),
cektop HAA mnposen tpu Paboumx copemanust MAI'ATD, Ha KOTOphIX OBUIM 3aciyIIaHbl JIEKITHH
skcrieproB MAI'ATD 1o opraHM3allMOHHBIM BOIIPOCAM aKKPEAUTALWUH, BKIIOYAIOIIMM IOATOTOBKY
JOKYMEHTAIMi, 00OpyJ0BaHUs, MOMEIICHHH M TpeHWHTra mnepcoHana. B 2008 romxy mnoarororiieH
OOJBIION MaKeT JOKYMEHTOB, IUIAaH PEKOHCTPYKIMM XMUMUYECKOH jJabopaTopuu M mpuoOpeTeHa MpH
¢bunancoBort mogaepkke MAI'ATD yacte HEOOXOIUMOTro OO0OpPYAOBaHHUSA. DTOT MPOEKT OOECTIECUMIT
CTOKUPOBKY TPEM COTPYAHMKAM CEKTOpa B AKKPEAWTOBAHHBIX SIEPHO-(PU3MUECKUX J1abopaTopusix
I'epmanuu, benbruu, Apctpuu u Hunepnanaos B konte 2008 u magane 2009 rr.

Pa3BuTne 3xcniepuMenTanbHol 6a3bl cekTopa HAA

HUBP-2M B 2008 romy mpoaosbKaiuch pabOThI MO yCOBEPIICHCTBOBAHUIO CIEKTPOMETPHUUECKOTO U
cepBucHoro obopymoBanust ycraHoBku PET'ATA wa peaktope UBP-2. [Ipuobperens
MOJTYTIPOBOJHUKOBBII TePMAHUEBBI JETEKTOP W s AJNEKTPOHHBIX OyokoB ¢Gupmer Canberra.
[IpoBenena kamuOpoBKa zeTekTopa 1Mo APGEKTUBHOCTH C 3aHECEHHEM TIONIYYEeHHBIX JaHHBIX B
porpaMMy pacyeTra KOHLEHTpauuid sieMeHToB. [IpoBeneHbl u3MepeHuss (OHOB B PazIHMUHBIX
MOMEMICHUSX JTa0OPATOPHOTO KOPITyca, B TOM YHCIEe M B O0MOOYOEKHIIEe C IEeNbI0 BRIOOpa MeCTa JIIst
NPOBEICHUSI M3MEPEHUI EeCTECTBEHHOM paJAMOaKTHUBHOCTH 0O0Opa3uoB. s ymeHblieHHs (OHa BO
BPEMEHHOE T0JIb30BaHUE OJyYeHa U cOOpaHa 3alluTa repMaHueBOro JeTekTopa. CoBepIIEHCTBYETCS
HaKeT mporpaMm st 00paboTKM 3KCIIepUMEHTaNIbHBIX JaHHBIX. [To pa3pabotannoii panee B Kb JIHD
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KOHCTPYKTOpPCKOH nokymeHTanuu B OnbiTHOM mpom3BojactBe OMAN B 2008 roay ObuTH M3rOTOBIICHBI
HOBble KaHanbl oOmydyeHus ans ycraHoBku PEI'ATA Ha peaktope MBP-2M. Usrorosnena wu
CMOHTHPOBaHAa MarucTpanb JUisl 3alOJHEHHs JE€TEKTOpOB >XUIKUM a3oToM. MAI'ATD B pamkax
npoekTa TeXHUYeCKOil Koomepaunn mocTaBuiio JTruoduinnzaTop (Cymika mpu HU3KO# TemiepaType) s
MpoOONOATOTOBKH; B Onmxkaiiiiee BpeMsi OyneT NMpHOOpPEeTeHO O00OpyAOBaHHE ISl TOMOTEHU3AIMH
00pas3ioB (apoBasi MEJIbHHUIIA) | JP.

HUPEH 3a ortueTHblii mepuoja Obula MpoOBeJeHA TEOpPEeTHYEcKas OLIEHKAa BO3MOXHOCTH MPOBEIEHUS
HAA Ha HoBOoM ucrounuke HeWtpoHoB MPEH. Bbeumm paccuutansl pacnpeneneHus: IUIOTHOCTEH
MIOTOKOB TEIUIOBBIX, PE30HAHCHBIX U OBICTPBIX HEMTPOHOB BOKPYTI MMIIEHHM U BHIOPAHO ONTHMAJIbHOE
MECTO PACIOJIOXKEeHHs KaHajoB oOmydyenus. CoBMecTHO ¢ «ba3oil pa3BUTHS M BHEIPEHUS Mo (pu3mKe
(BPB-¢usuka)», Cocdwust, bonrapus, u Kb JIH® mpoBenena pa3paboTka TEXHHYECKOrO MPOEKTa Ha
U3rOTOBJIEHHE ITHEBMOTpaHcnopTa 1y nposeaeHus HAA Ha ycranoske IPEH.

buomoHuTOpPUHT

B 2008 roay 3aBepiiieH UK pabOT U MyOIUKalMi, BHITOJTHEHHBIX B PAMKaX MEXIyHapOIHON
porpaMMbl «ATMOC(epHbIE€ BBITAJACHUS TSKENbIX METANIOB B EBpomne — OLIEHKM Ha OCHOBE aHajIu3a
MXOB-OMOMOHHUTOPOB». OTH pabOThl OXBATHIBAIOT HEKOTOphle pernoHsl lLlenTpanbHoil Poccun,
IOxnoro VYpama, benopyccun, bonrapuu, Cnoakuu, Ilonbmu, Pymemaun, CepOuu, Makenonuw,
Xopsatuu u ['penuu, a takke Monrosunu u BeetHama. EBporieiickast 4acTb pe3yabTaToB OTPa)KEHA B
ouepearoM Boeimycke 2008 roga Atnaca “Spatial and Tempora Trends in Heavy Metal Accumulation
in Mosses in Europe (1990-2005)", usnaBaemoro Komuccueit OOH mo TpaHCTpaHUYHOMY MEPEHOCY
BO3JIyLIHBIX 3arpsi3HEHHN B EBpore.

CosmectHo ¢ YHuBepcureroM B Onouie (Iosblia) BBIMOTHEHO KOMIUICKCHOE HUCCIIEI0BAHHE O
OLICHKE COCTOSIHHSI OKpYXalolled cpeapl Ha «aHOMallbHOM TeppuTtopuu» Ha 3anazne Ilonbim,
XapaKTepU3YIOIEHCs MOBBIIIEHHBIM PaJIMOAKTUBHBIM (POHOM BcieAcTBUE UepHOOBUIHCKON aBapuu U
TEXHOTEHHOTO BO3JEHCTBHS MpoMbIIUIEHHOCTH. [lepBbie pe3ynbrarel omyoOnukoBanbl B 2008 romy
noasckuM xypHaioM «Ecological Chemistry and Engineering.

B 2008 romy coBmectHo ¢ Muctutytom ¢usuku B benrpane, Cep6us, u HopBexckum
YHUBEpCUTETOM HAayKU U TexHOoJOoruu B TpoHaxeiime BbIMOIHEHA OoblIas MeToauYecKast paboTa 1o
KaTMOPOBOYHBIM HM3MEPEHHSM COJEpKAHUS D3JEMEHTOB B aTMOC(EpHBIX oOcagkax M MXax-
TpaHCIUIaHTaX, UCIOJb3YEMBIX ISl OLIEHKH aTMOC(HEpHBIX BBIMAIEHUIN TSAKENbIX METAUIOB U JIPYTHX
aneMeHTOB. PaboTa npuHsITa B edaTh MEXIyHapOIHBIM KypHasioM Environmental Pollution (IF 3.2).

3aepmierHas B 2008 rogy pabota mo M3y4eHHIO aTMOC(EpHBIX 3arpsi3HCHHN Ha TEPPUTOPUHU
Yamyprckoit PecryOnuku — OleHKM HAa OCHOBE aHAllM3a MXOB-OMOMOHUTOPOB — TPUHSATA B TeYaTh
POCCHICKAM OOIIECTBEHHO-HAYYHBIM KypHAJIOM «lIpobiemvl pezuonanvHou dsxonoeuu». B 3To#
paboTte BHepBbIE METOJI MXOB-OMOMOHUTOPOB OBLII IPUMEHEH JJISl OLIEHKH SKOJIOTUYECKON CUTYyallH B
pailoHe MOJUTOHA M0 YHUYTOKEHUIO XMMHUYECKOTO OPYKHSl.

O1neHka COCTOSIHUSA IKOCHCTEM

B pamkxax mnpoekra POD®U — PymbiHckas Axangemuss «['€OXpOHOJIOTMST U HU3y4YEHHUE
PETPOCTIEKTUBHBIX 3arpsi3HEHUI HEe3aTBEPACBIINX JOHHBIX OTJIOKEHHH U3 KHCIOPOJOCOIEPKAIIUX U
OeCKHUCIOPOAHBIX akBaTOpui 3amagHol wactu YepHoro wmops» B 2008 mnpoBeneHa OleHKa
PETPOCTIEKTUBHOTO 3arps3HEHUsT 3TOro peruoHa. COBMECTHO ¢ PYMBIHCKOH CTOPOHOM IMOJTOTOBJICHBI
mects myonukauii. PODU noanepsxkan npoanenue npoekra Ha 2009 ro.

MHoroeTHee COTPYIHHYECTBO C MOHTOJIBCKMMH YYE€HBIMH B OOJIACTH DKOJOTHH IPHUBEIO B
2008 rogy k srtamHoMy MpoekTy «Pa3paboTka cHcCTeMbl KOMIUIEKCHOIO MOHHUTOPHHIA TSDKENbIX
METAJUIOB M PAAMOHYKIUIOB B MOHTOIHMU C UCIOJNB30BAaHUEM SIIEPHO-(PU3MUECKUX aHATUTHYECKUX
MeTOI0B», (huHaHcupyemMoMmy PODU-Mouromus.

B corpynuudectBe ¢ Makenonueii (Yuusepcurer B Cxomnbe) B 2008 roay moaroToBieH U CAaH
B Ie4arth ATJiac KapT paclpelesieHusl psiia TsHKENbIX METaUIOB B pallOHE CBHUHIIOBO-IIMHKOBOTO
KoMmOuHara B I. Benec.
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Pesynbrarel MHOrO37MeMeHTHOrO HAA KOJJIEKIIMM a’pO30JIbHBIX (DHIBTPOB PA3HBIX JIET,
MONTyYeHHBIX U3 bpatuCnassl, oTpaxkeHsbl B cTaTtbe, NpuHATONH B 2008 rogy K omyOIMKOBaHUIO B OTHOM
U3 HanOoJiee TPECTHXKHBIX MEKIYHAPOIHBIX AKOJOrMYECKUX KypHasoB “Atmospheric Environment”
(IF 2.6).

IIpoayKThl NMTAHUS U 310POBbE YeT0BEeKa

B 2008 roay Ha peakrope MU®U (MockBa) MpoaoKeHbl pabOThI MO aHAIU3y MPOAYKTOB
nuTaHus B cBsi3u ¢ mpoektoM cektopa HAA ¢ NECSA, HOAP: «CpaBHuTenbHOE HW3yYeHHUE
BO3/ICHCTBHUS Ha 370pOBbE JeTed MOTpeOeHUs MPOAYKTOB MHUTAHMs, BBIPALIEHHBIX B HEKOTOPBIX
MPOMBIIICHHBIX paiioHax Poccum u FOkHOW Addpuku, ¢ HCMOIB30BaHHEM  SICPHO-(PU3NIECKUX
aHAJIMTUYECKHX METOJI0B». Pe3ynbTaThl aHanu3a NpOIyKTOB MHUTAHHUsS MOJATOTOBJIEHBI B BHIE 0030pa
pabort, BeimosieHHbIXx B OSSN u NECSA, FOAP.

B pamkax xoopauHaunoHHOW mnporpammbel MAI'ATD  «Bo3neicTBUE TOKCHYHBIX U
MOTEHIIMAIBHO TOKCHYHBIX DJIEMEHTOB Ha JKCHIIUH PEMPOAYKTUBHOTO BO3pAcTa B PAa3BUBAIOIINXCS
CTpaHax» COBMECTHO C POCCHIICKHM TroCyIapCTBEHHBIM METMUIMHCKUM yHuBepcuteroM (Mocksa),
AnanmutnyeckuMm neHtpom ['eomormueckoro nucturyta PAH u Menunmnckoit Akagemueit um. M.I1.
Ceuenoa B 2008 romy 3aBepiieHa paboTa MO OMPEIEICHUI0O MHOTORJIEMEHTHOIO aHaln3a 00pa3iioB
KPOBHU CHENHATBHO MOAOOPAHHBIX MAIIMEHTOB M3 OJHOTO M3 MPOMBIIUICHHBIX pailoHOB MOCKBBI. OTH
UCCIIEIOBAHMS TTOATBEPIMIIN THIIOTE3Y O KOPPEJALUU TAKMX TOKCUYHBIX 3JIEMEHTOB, KaK CBUHELL, IIMHK
U cypbMa, ¢ uHAekcom Macchl Tena (Body Mass Index) oOciemyembix mMmarueHTOB. Pe3yabTaThl
JojoxeHsl Ha BcemupHoM KoHrpecce smuaemuonoroB B bpasunmun B centsOpe 2008 roma u
omyOsimkoBanbl B 2008 roxy B kypHaie “ Obwecmesennoe 300posbe u npoguiakmuxa 3a601esanuil’
Mockaa.

BbuorexHogornmu

PaboThl 10 OMOTEXHOJIOTUU OYUCTKU OKPY)KAIOIIEH CpeIbl OT TOKCHYHBIX 3JIEMEHTOB (PTYTb,
XpoMm H 7p.) BemyTcs B cektope HAA coBmecTHO co cnemnmanuctamu MHcTuTyTa usuku um. D.
AunnponukamBwin  (TOwmucu, [py3us). I[loAroToBieHsl K TeYaTH HOBBIE PE3YJbTaThl IO
UCIIOJIb30BAHUIO MPUPOIHBIX MITAMMOB OaKTEpHi, BBIACISEMBIX U3 0a3albTOB, JUII BOCCTAHOBJICHUS
tokcuuHoro xpoma (V1) B Herokcuunyw ¢opmy xpom (lI1). Beuto ycraHoBieHO, 4YTO mpH
yBEIMYMBAIOLINXCS HArpy3Kkax Oakrepuit Arthrobacter oxidans rokcuunbiM xpomom (V1) cymiecTBeHHO
U3MEHSIETCS COJICpIKaHKNe JPYTHX DJIEMEHTOB, IPHYEM KaK B CTOPOHY YBEJIHUYCHUS, TAK U YMCHBIICHUS.
OTH HKCIEPUMEHTHl HMEIOT OOJIbIIOe 3HAa4eHWE Uil OWOXMMHUKOB, pPabOTalOUIMX B 00JacTH
OMOTEXHOJIOTHH.

MarepuaJioBeieHue

Cunmes MEIKOKPUCTNANIUYECKUX AIMA3Z08

BeInonHeHHOE COBMECTHO €O CrienuanucTaMu MHCTUTYTa TBEpAOro Teina M MOyIPOBOJIHHKOB
benapycu wccienoBaHue O TOBEICHMM Je(PEKTOB B MEIKOKPHUCTALIMYECKUX —alMa3ax ToJ
BO3JICCTBUEM HEHTPOHHOTO OOJIydeHWs B MPUCYTCTBHU KaTalW3aTOPOB HAILIO 3aBEPIICHHE B BHUIC
otaenbHOI raBbl B kaure «Diamond and Related Materials» (CILIA), Haxozsmieiics: B me4aTH.

Paagunosxkogorus

Bnepsrie Ha Tepputopun bemapycu OblT IPUMEHEH METO] MXOB-OMOMOHHTOPOB [UISl OLIEHKH
aTMOC(EepHBIX BBINIAAeHUH paarnoHykanaoB ciycts 20 et nmocine YepHoObUIbCKOM aBapuu. M3mepeHus
JIOATOKUBYIIUX PaJMOHYKIMJIOB — MPOAYKTOB JAEJICHUS sIIEPHOTO TOILUIMBA — ObUIH MpoBeaeHsl B 2008
TOZly COBMECTHO CO CJIOBAI[KUMH CHEIHaInCTaMH B HHU3KO(QOHOBOH nabopatopum bparmciaBckoro
VYuusepcurera. Yacte npo0 Obuta npoananusupoBana crnenuanuctamu NECSA B FOAP. Ilokasano,
9TO YPOBHH aKTHBHOCTH “>'CS B 00pasiiax Mxa, COOpaHHBIX Ha TeppuTopii I'oMernbckoii oGmacty, B 4
pasa TpeBbIIAIOT (hOHOBbIE. OTMEUEHO TAKKE MOBBIMICHHOE COACPIKAHHE 2 PD. DTH pesynbTaThl
Oynyt nonoxensl Ha “The 22nd Task Force Meeting of the UNECE ICP Vegetation” B 'epmanuu, B
despainie 2009 rona.
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Y4eOHbIi nponecc

Ha 6a3e ycranoBku PET'ATA B 2008 rony npoBoauics IlpakTukym st CTYJEHTOB CTapIIUX
KypcoB YHuBepcurera «JlyoHa» u crynentoB MexmyHapoaasix Jlernux IIkon, oprannszyemsix YHI]
OUSU (urons — Bonrapust, Yexusi, CnoBakusi; ceHTIOpb-okTss0ps — FOAP). 3a oTueTHbIil mepuoa Ha
06aze cekropa HAA Obutn BBINIOJNHEHBI JBE KYpPCOBBIX, OJHAa OakajaBpCKas W TPU MaruCTEPCKUX
paboThI.

Opranu3anus coBelIaHN

- Bropoe pabouee coBenianue B paMKkax nmpoekTta TexHudeckoi koonepanuu cekropa HAA JIHD
¢ MATI'ATD «['apMoHHM3alusi CHUCTEMbl KOHTPOJs KadecTBa B Jaboparopusix P,
UCTIONIB3YIONIMX SIePHO-PHU3HUECKUe aHanuTuIeckne Metoabl (26-30 mas 2008, [IyoHa).

- Tpetbe onnonmenHoe copemianne MAT'ATD (27-31 oxtsi6pst 2008, JlyOHa).
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11.

1.2

2.1

2.2.

2.3.

3.2.

3.3.

2. NEUTRON SOURCES
2.1. ThelBR-2 pulsed reactor

In 2008 the following works on the IBR-2 modernization were performed:
Dismantling of all replaced equipment of the | BR-2 was completed:

In accordance with the project of NIKIMT (Research and Development Institute of
Construction Technology) two rolling shieldings (RS), which house stationary reflectors
(SR) with control and emergency protection blocks, water moderators and pneumatic rabbit
systems (overal weight of each RS is about 10t) were moved one after another to a ring
corridor. The dismantling of RS was complicated by a high level of induced activity
(~ 1000 R/h) and space-limited working conditions. Specia protection devices manufactured
in INR EW and FLNP were used to reduce the level of radiation. In January-February, 2008,
both RS were successfully moved to a storage by the personnel of the FLNP Mechanical and
Technological Department (MTD).

In the first quarter of 2008 the equipment in the reactor control room (control panel and
cabinets for electronic safety control system equipment) was dismantled.

Installation of new equipment of the IBR-2M reactor:

After the RS of IBR-2 were removed (see 1.1.), new RS-1IM and RS-2M of the IBR-2M
reactor with new stationary reflectors SR-1 and SR-2 were installed. This work, which lasted
from January till June, 2008, demanded significant operational development of the
equipment to meet the specifications of the design documentation (DD) and under hazardous
radiation conditions called for efficient organization of work. Upon installation, the
operation of RS- 1M and RS-2M was tested and the mating of SR-1 and SR-2 with each
other as well as of shutters 1 and 9 with RS-1M and RS-2M, respectively, was checked. The
work was conducted by the MTD personnel.

The preparatory work on the installation of the reactor vessel was performed: necessary
installation devices as well as components for the Na-collector jacket were manufactured; a
contract with the specialized organization "Energospetsmontazh” on welding the vessel with
the sodium collector was concluded.

The preparation of a reserve control room was completed and the installation of equipment
started.

Manufacturing of new equipment for IBR-2M:

In the middle of November, 2008 the manufacturing of the reactor vessel in NIKIET
(N.A.Dollezhal Research and Design Institute of Power Engineering) was completed and on
17.11.2008 it was delivered to JINR. The delay in delivery of the vessel for 6 months made
it impossible to complete welding operations for the vessel and sodium collectors by the end
of 2008.

Manufacturing of 3 grooved water moderators was completed. The inclined moderator
(beams 4-6) underwent geometrical try-on tests in its regular place in the central part of the
reactor biological shielding. The mating of the moderator with the stationary reflector was
tested showing positive results.

Manufacturing of all executive mechanisms of the safety and control system (SCS) was
completed.
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3.4.

3.5.

4.2.
4.3.

4.4.

4.5.

4.6.

5.1
5.2.
5.3.

For the most part the manufacturing of equipment of automatic safety and control system
(ASCS) and anew control panel was completed.

In INEUM (1.S.Bruk Institute for Electronic Control Machines) the equipment of the
technological parameters control system (TPCS) was manufactured and passed factory
acceptance tests. The equipment was delivered to FLNP and its installation started.

Complex of cryogenic moderators (CM) of IBR-2M.

In 2008 the design documentation for CM 202 for beams 7-11 was worked out. A contract
with the NPO “Atom” (Research and Production Association "Atom") on manufacturing
CM 202 was concluded.

In NIKIET the development of design documentation for CM 203 for beams 2-3 started.

The GSPI (State Specialized Design Institute) completed the technological project (1% stage)
for the CM complex.

The design documentation on mesitylene supply pipelines for CM 202 and CM 203 was
completed in the FLNP Design Bureau and forwarded to the NPO “Atom” for production.

In the NPO “Atom” the manufacturing of rolling shieldings for the installation of CM 202
and CM 203 was compl eted.

The NPO “Geliymash” (Research and Production Association of Helium Engineering)
delivered the equipment for cryogenic helium refrigerator KGU-700/15. The metal
constructions for the installation of KGU-700/15 are being assembled. A contract with
"Energospetsmontazh” on assembling of cryogenic pipelines for CM 202 and CM 203 was
concluded. In NPO “Geliymash” the manufacturing of cryogenic pipelines and two cryostats
IS nearing completion.

Building and construction activities:

Preparation of the reactor reserve control room was compl eted.
The main construction work in rooms of reliable power supply system was carried out.
The most part of the planned activities in the reactor control room was performed.
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2.2 ThelREN Project

The main tasks of the Frank Laboratory of Neutron Physics and the Laboratory of Particle
Physics in 2008 were the completion of installation, testing and commissioning of the equipment
of the first stage of the LUE-200 accelerator. By June, 2008 work on the instalation of the
equipment in the accelerator halls was completed. Starting at the end of June, 2008 work to
transport the beam and to train various systems of the accelerator was in progress. On June 17,
2008 an electron beam with the specified parameters was obtained at the exit of the electron
source (Fig. 1) whereupon work to adjust the klystron and the modulator of the first accelerating
section began.

Kamepa 1
47-11:04 17.06:2008

Fig. 1. An electron beam image captured by a fluorescent screen of the diagnostic box after the electron
source (June 17, 2008).

By the end of November, 2008 the adjustment of HF systems of the accelerator was
completed and an accelerated electron beam was transported through the first section. For
independent verification of the results, a prototype tungsten target was manufactured and placed in
the diagnostic box chamber at the exit of the first accelerating section. On December 5, 2008 the
accelerated electron beam was transported to the prototype target and at the same time, in the time
windows synchronized with the start of the accelerator the measuring module developed by the
specialists from the FLNP Nuclear Physics Department detected high-energy gamma-quanta and
neutrons. The presence of hard gamma-quanta and neutrons was independently confirmed by the
data from the radiation monitoring equipment.

As acontrol experiment the measurements of gamma-quanta and neutrons were carried out
by placing a diagnostic fluorescent screen in the electron beam at the exit of the source. During the
experiment there were no gamma-quantum and neutron counts in the corresponding detection
channels as compared to the case when electrons from the source were injected to the accel erating
section.

By December 15, 2008 the stage of transportation of the accelerated electron beam to the
prototype tungsten target located in the ceiling between the lower accelerating hall and the target
hall of the facility was completed. Using the focal length of quadrupole lenses and the measured
value of the displacement of the beam center of gravity depending on the current in the correcting
magnets, the average energy of the accelerated electron beam was estimated to be 20 MeV. On
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December 15, 2008 the accelerated electron beam with a pulse current of 300-400 mA at a
frequency of up to 5 Hz was transported to the prototype target. Neutrons produced as a result of
interaction of bremsstrahlung gamma-quanta with the substance of the target, were detected by a
gas proportional neutron counter placed at a distance of 11 m from the target on the floor of the
target hall. The duration of fast neutron burst was estimated and time-of-flight spectra with time
channél widths from 20 ns to 8 us were accumulated. For half an hour of the measurements at a
frequency of 5 Hz the statistics of detector counts in the time channels amounted to two hundred
counts in the resonance neutron energy region.
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Fig. 2. Time-of-flight spectrafrom the prototype target detected by helium proportional counter in
polyethylene (black circles), without polyethylene (red triangles) and in cadmium (green triangles); sharp
changes in counts correspond to changes in time channel width.

At present, the installation of electron guide and focusing elements in the target hall has
been completed and work to transport the beam to a regular non-multiplying target has started.
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2. ACTOYHUKHA HEMTPOHOB

2.1. UmnyascHblii peaktop UBP-2

B 2008 r. mo mogepau3zanmu MBbP-2 BeimonHeHs! crieaytomme padoTh:

1. 3aBeplueH 1eMOHTAaK Bcero 3aMmeHsieMoro odopynosanus UbBP-2:

1.1

1.2

B cootBerctBun ¢ mpoekrom HUKUMT e ortkatabie 3amutbl (O3), Ha KOTOPBIX
pa3MenIaliich CTaIllMOHAPHBIE OTPaKaTeIH ¢ OJOKaMH PEryJIMpOBaHUS M aBApUWHON 3aIIUTHI,
BOJSHBIC 3aMeIuTend W mHeBMomouThl (00muii Bec kaxkmoit O3 okomo 10 1) ObutH
MOCNIEOBATEILHO BBIABUHYTHI B KOJIBIIEBOM Kopumop. Pabora mo HX JEMOHTaxXy
OCJIOXKHMJIACh BBICOKOW HaBeaeHHOW akTHBHOCTHIO (~ 1000 p/uac) uW CTeCHCHHBIMH
YCIIOBUSMU ISl BBITIOJTHEHHS pa0boT. [[Jsi CHIDKEHUsT YPOBHS M3Ty4YeHHs] ObUTH MPUMEHEHBI
crienuaabHbIe 3alUTHBIC Tpucriocodnenus, nrotoriennsie B OI1 OMAN u JIH®. B sHBape-
derpane 2008 r. 06e O3 ObUIH YCIEIIHO MepEHECeHBI B XpaHWHIe nmepconanom MTO.

B | xB. 2008 r. ObUIO JEMOHTHpPOBAHO OOOpPYAOBAaHWE B TYJIHTOBOH pEaKTOpa: ITyJBT
YIpaBJICHUS ¥ IIKA(BI AIEKTPOHHOH anmapaTypbl CHCTEMBI YIIPABJICHUS U 3aIUTHI.

2. MonTax HOBOro odopyaoBanus peakropa UBP-2M:

2.1

2.2.

2.3.

[Mocne ynanenust O3 UBP-2 (cm. 1. 1.1.) ObUT BBIMOJHEH MOCIEAOBATEIEHO MOHTAX HOBBIX
03-1IM u O3-2M peaktopa UBP-2M ¢ HOBbIME cTanoHapHbIMU oTpaxkaTtensimu CO-1 u
CO-2. Dta pabora, npomopkaBmascs ¢ sHBaps mno wutonb 2008 r., morpeboBana
CYIIECTBEHHOW JTOBOJKH OOOPYIOBaHHS sl OOECIeYeHHs] TEXHUYECKUX TpeOOoBaHUMI
KOHCTpYKTOpcKO#t nokymenrtaruu (KJI) u ueTko# opraHuzaiuu paboT B yCIOBHSX CIOXKHOMN
paauanuoHHoi obcranoBku. [Tocne montaxa O3-1IM u O3-2M 6b1TH OnpoOOBaHbI B paboTe,
npoBepeHa compsiraemocth  (Mating) CO-1 u CO-2 apyr ¢ apyroMm, IpoBepeHa
compsiraeMocTh 1-ro u 9-ro mubepoB ¢ O3-1IM u 0O3-2ZM coorBercTBeHHO. Pabora
BBINOJHsUIack nepcoHanom MTO.

BrimonHeHsl MOATOTOBUTEILHEIC pa6OTBI K MOHTaXy KOpIIyCa pe€aKTopa. H3TrOTOBJICHBI
HGO6XOI[I/IMI)I€ MOHTAXXHBIC HpI/ICHOCO6J'I€HI/I$I, ACTalIM I KOXYyXa KOJUJICKTOpPA, 3aKJIIIOYCH
AOTOBOpP CO CHCHI/IaHHSHpOBaHHOﬁ OpFaHI/I3aHI/Ieﬁ ((SHCPFOCHeI_[MOHTa)K» 0 CBApKe KOpIryca €
HAaTPUCBBIM KOJIJICKTOPOM.

3aBepieHa MOAroTOBKa MOMEIICHHS PE3EPBHOTO ITyJIbTa, HAYaT MOHTaX 000PY10BaHMUS.

3. U3roroBienue HoBoro obopynosanuss UbP-2M:

3.1

3.2.

3.3.
3.4.
3.5.

B cepenune Host6pst 2008 r. 3aBepuImiioch U3rotoBieHue kopmyca peakropa B HUKUIT, a
17.11.2008 r. xopmyc 0b11 nocraBiner B OUSIN. 3agepxka ¢ mocraBkoit kopmyca B 2008 r. Ha
6 MecsI1IeB He TIO3BOJISIET B TIOJTHOM 00BheMe BBITOTHUTH 10 KoHia 2008 1. cBapKy Kopiryca ¢
HATPUEBBIMHU KOJUIEKTOPAMH.

3aBepiIeHO M3rOTOBICHHE 3-X BOASHBIX TpeOeHuYaThIX 3ameuuTeneii. HakiaoHHBIH
3ameuTenb (myuku 4-6) mporien TeoMEeTPUYECKY MPUMEPKY Ha IITaTHOM MeCTe B
3alIMTHOM MaccHuBe peakTopa. IIpoBepeHa compsraeMocTb 3aMeUIMTENs CO CTALMOHAPHBIM
OTpakaTeseM, MOJYyUYECHHBIE PE3YJILTATHI II0JI0KUTEIIbHBIE.

3aBepIleHO U3TOTOBJICHHE BCEX UCTIOTHUTENBHBIX MexaHu3MoB CY 3.
B ocHOBHOM 3aBepiieHO U3roToBieHue ooopyaoBanust ACY3 1 HOBOTO ITyJbTa.

Nsroroeneno 8 MHOYM o0opynoBaHue cUCTEMBbI KOHTPOJISL TEXHOJIOTHYECKUX MTapaMEeTPOB
(CKTII), mpoBenena 3aBoackas npuemka CKTII, o6opyaoBanue nocrasieHo B JIH®, Hauat
€ro MOHTaX.
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4. Kommiekc kpuoreHHbIx 3amemmntesei (K3) UBP-2M.

4.1.

4.2.
4.3.
4.4,

4.5,

4.6.

B 2008 r. 3aBepmien Boimyck KJ[ K3 202 mns myukoB 7-11. 3akmiouen morosop ¢ HITO
«Atom» Ha uzroroBienue K3 202.

B HUKUOT navara pazpadotka K/ no K3 203 myst myukos 2-3.
I'CIIU BeimycTri TexHonornveckuit mpoekt (1 sram) kommekca K3.

3apepmeHa K/l mo tpybonposogam momauu mesutwieHa B K3 202 u K3 203 8 Kb JIHO®.
K/l nepenana B HITO «ATom» 17151 MI3rOTOBIICHUS.

B HITIO «ATom» 3aBeplieHO M3TOTOBIEHHE OTKATHBIX OJOKOB aiisi pasmemnieHus B Hux K3
202 u K3 203.

Ot HIIO «[enuiimanr» mosydyeHo oOopyaoBaHHEe XOJoawibHOW ycTanoBku KI'Y-700/15.
Bezaercst MOHTaX METATIOKOHCTPYKIMi st ycraHoBku KI'Y-700/15. 3akmtoueH 10roBop ¢
«DHEPTOCIEeMOHTaX>» Ha MOHTaX KPHOTCHHBIX TpyOompoBomoB it K3 202 u K3 203.
B cragun 3aBepmienus uzrorosienue B HIIO «['enuitman» KpHOTeHHBIX TPyOONpPOBOIOB U
2-X KpUOCTaTOB.

5. CrpourtenbHble padoThI:

5.1
5.2.

5.3.

3aBeplieHa MOAr0TOBKA MOMEIIEHUS PE3EPBHOIO ITyJIbTA.

BEITIomHEeHB OCHOBHBIE CTPOUTCIIBHEIC pa6OTBI IO IMMOMCUICHUAM OJI1 CHCTEMbI HAACKHOI'O
INUTaHUA.

Brinonnena 60mbIas 4acTh 3aIUIaHUPOBAHHBIX padOT MO MyJIHTOBON peakTopa.
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2.2. llpoext UPOH

I'maBHbIME 3a7auamu Jlaboparopuu HeiiTponHoU Gu3uku u Jlabopatopun GpU3MKH 4acTHIL
B 2008 romy sBIISIIOCH 3aBEPIICHHE MOHTa)Ka, TECTUPOBAHHE W 3aIyCK OOOpPYIOBaHHUsS IEPBOM
ouepeau yckoputens JIV3D-200. K uronto 2008 roga Obutn 3aBepiieHbl pabOTHI 1O MOHTAXY
obopynoBaHus B yckoputenbHbIX 3anax. C xonna utons 2008 roma Bemach paboTa Mo MpoOBOAKE
My4YKa U TPEHUPOBKE pa3IM4YHBIX cucTeM yckoputens. 17 uions 2008 rona Obul MOMyUYEeH MyYOK
ANIEKTPOHOB C 33JJaHHBIMHU NIapaMeTpaMH Ha BBIXOJE MCTOYHHKA AeKTpoHOB (Puc. 1) mocie dero
Hayvajach paboTa 10 HACTPOMKE KIMCTPOHA U MOAYJIATOPA MEPBON YCKOPSIONIEH CEKIINU.

Puc. 1. wusobpaxkeHHe TMydKa OSJICKTPOHOB Ha JIIOMHHO(GOPE MHATHOCTHYECKOrO OOKca Mocie
ucTouHuKa 37ekTpoHoB (17 uronst 2008r.)

K xonny nosi6ps 2008 rona Obi1a 3aBepiieHa HacTpoiika BU cuctem yckopurens, U my4ok
AJIEKTPOHOB B PEXHMME YCKOPEHHS OBLI MPOBEICH uYepe3 MEpBYIO ceKmuio. [yl He3aBUCHUMOTO
MOJTBEPXKICHUST 3TUX peE3yJbTaTOB ObUla W3rOTOBJIEHA BpPEMEHHAs MHUILIEHb U3 BOJb(ppama,
KoTOpas ObUIa pa3MemieHa B KaMepe IUarHOCTHYECKOro OOKca Ha BBIXOAE W3 MEPBOH
yckopuTenbHol cekumu. [Istoro nekadps 2008 roga ycKOpeHHBIN MyYOK 3JIEKTPOHOB ObLT MOJaH
Ha BPEMEHHYIO MHUIIEHbB, IPU 3TOM, H3MEPHUTEIBHBIM MOJTyJIEM, ITOJITOTOBJICHHBIM CIEIIHATHCTaMHU
HOO®A JIH®, BO BpeMEHHBIX OKHAX, CHHXPOHM30BaHHBIX CO CTapTOM YCKOPHTEI,
PETUCTPUPOBAINCH JKECTKUE TaMMa-KBaHTBI W HEUTpOHBI. Hammume XKeCTKMX ramMma-KBaHTOB U
HEHTPOHOB OBUIO HE3aBUCUMO IOJATBEPXKACHO JAHHBIMHU, IOJYYEHHBIMH OT ammapaTypbl
JO03UMETPUIECKOTO KOHTPOJIA.

B kauecTBe KOHTPOJIBHOTO 3KCIEPUMEHTA OBLIIM BBIOIHEHBI U3MEPEHHs FTaMMa-KBaHTOB U
HEHTPOHOB TIPU TEPEKPHITUU ITyYKa 3JEKTPOHOB HA BBIXOJE W3 MCTOYHHUKA JHATHOCTHYECKUM
momuHopopoM. Ilpu >ToM cyer ramMma-KBaHTOB M HEWTPOHOB B COOTBETCTBYIOLIMX
PETUCTPUPYIOMINX KaHAJaX OTCYTCTBOBAJ IO CPABHEHHUIO CO CIydaeM, KOTJa 3JEKTPOHBI OT
HCTOYHHKA MOJAaBAJIUCh B YCKOPSIOIIYIO CEKIIHIO.

K 15 nexabps 2008 roma ObUT 3aBepIieH 3TaIl MPOBOJKH ITyYKa YCKOPSHHBIX AJICKTPOHOB
70 TPOMEXYTOUYHOM BOJIb()PAMOBOM MHIIEHH, Pa3MELICHHOW B TMEPEKPHITUH MEXIY HWKHUM
YCKOPHUTEIBHBIM W MUIICHHBIM 3aJIaMU yCTaHOBKH. [10 OKyCHOMY pacCTOSHHIO KBaIpyHOIbHBIX
JMH3 U W3MEPEHHOM BEJIMYMHE CMEIIEHUS LEHTpa TSHKECTH Iydyka B 3aBUCHMOCTH OT TOKa B
KOPPEKTHPYIOIUX MarHUTax Obla OIEHEHa CPETHsS SHEPrHs My4yka YCKOPEHHBIX JJIEKTPOHOB,
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koTopas cocrasmia 20 MaB. IIsraanamaroro nexadps 2008 roga mydok YCKOPEHHBIX AJIEKTPOHOB €
uMmynbcHbIM TOkOM 300-400 MA mipu wactoTe 10 5 11 BEIBOIMIICS Ha MPOMEKYTOYHYIO MUIIICHb.
HeiliTponsl, o0pa3oBaHHble B pe3yibTaTe B3aUMOJCHCTBUS TOPMO3HBIX TraMMa-KBaHTOB C
BEIIECTBOM MUIIIEHH, PETUCTPUPOBAINCH Ta30BBIM TPONOPLMOHATLHBIM HEMTPOHHBIM CUETYHUKOM,
pacronaraBmumMcsi Ha pacctossHuM 11 MeTpoB OT MHIIEHH Ha TOJy MHIICHHOTO 3ana. beura
OLIEHEHA JUTUTEJIBHOCTh BCIIBILIIKU MO OBICTPBIM HEHTPOHAM U HAKOIJIEH BPEMSIPOJICTHBIN CIIEKTp
C MMPUHON BpeMeHHbIX KaHaioB oT 20 HC 10 8 MKCK. 3a moivaca u3MepeHui mpu gacrtore S 'y
CTaTUCTHKA OTCYETOB BO BPEMEHHBIX KaHajaX COCTaBMJa IO JIBYyXCOT OTCYETOB B O0JIACTH
PE30HAaHCHBIX HEUTPOHOB.
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Puc. 2: BpemsinposieTHbIE CHEKTPHl OT MPOMEKYTOYHOW MUILIEHH, 3apPETHCTPUPOBAHHBIC T'€IHEBHIM
MPOMOPLUOHATBHEIM CYETYNKOM B MOJUITUIICHOBOM 4exiie (YepHbIe KPY>KKH), O3 MOIUITUICHOBOTO
yexya (KpacHbIe TPEYroJbHUKH) U B KaIMUH (3€JeHbIC TPEYTOJIbHUKH); PE3KHE N3MCHEHHS BEITNINHBI
OTCYETOB COOTBETCTBYIOT U3MEHEHHUIO IIIMPHUHBI BPEMEHHOIO KaHaJIa.

B nacrosiiee BpeMs 3aBepIllIeH MOHTaX 3JEKTPOHOBOJA U (POKYCHPYIOLIUX 3JIEMEHTOB B
MHUIIIEHHOM 3aJIe ¥ HayaTa padoTa 10 MPOBOJKE MTyYKa Ha IITATHYIO HEPA3MHOXKAIOIIYO0 MUILIECHb.
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3. DEVELOPMENT AND CONSTRUCTION OF ELEMENTS OF NEUTRON
SPECTROMETERS FOR CONDENSED MATTER INVESTIGATIONS

In 2008 within the framework of the theme the following main results were obtained:

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 neutron guides continued. In particular, additional vacuum housings,
supporting platform and installation-loading mechanism for a single-volume demountable vacuum
housing of the head part of the neutron guide system (splitter, see Fig. 1) for beam 7 of IBR-2M
were developed and manufactured. In PNPI optical elements for the head and curved parts of the
neutron guide were produced as well.

Fig. 1. Splitter housing at a vacuum test site.

In the JNR Experimental Workshops (JNR EW) 44 beam-positioning support pillars for
curved neutron guides were manufactured (Fig. 2). Also, the drawings of posts and beam-
positioning support pillars of the head part were forwarded to JJINR EW and put into production.
The head part of the neutron guide on beam 7b (NERA-PR spectrometer) was dismantled and the
shielding of the chopper in the reactor ring corridor was partialy disassembled. The technical
project of reconstruction of the supporting column in bldg. 117 was prepared.

Fig. 2. Beam-positioning support pillars for curved neutron guides
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It has been suggested that a test beam for testing neutron detectors and other elements of
spectrometers be positioned on IBR-2M channel 13. The parameters and infrastructure of the test
beam were determined and the preparation of the technical project started. The design parameters
of beam 13 are: neutron guide cross-section — 314 cm?; neutron flux on the moderator surface —
~2x 10% n/ cm? /s, at adistance of 10 m —up to 10% n/ cm? /s.

Cryogenic investigations

Under the contract with the RRC «Kurchatov Institute» a bore cryostat for cooling high-
pressure sapphire anvil cells for working in the temperature range of 6.5-300 K was designed and
manufactured (Fig. 3). The diameter of the cryostat orifice opening for loading high-pressure cells
is 120 mm, which corresponds to the cell sizes and makes it possible to place them in either a
vertical or horizontal position. The temperature is measured and controlled by Scientific
Instruments Model 9700 temperature controller and silicon diodes DT470. The cryostat also uses
SUMITOMO SRP-062B cryocooler.

Multi-Gauges

&[=[=]0)
peed
Hos!

Fig. 3. General view of the cryostat and auxiliary equipment.

Work on the FLNP cryogenic test stand (Fig. 4) continued. In 2008 the basic element of the
test stand — CRYOMECH PT403 cryocooler — was purchased and installed. The main components
of the cryostat, which makes it possible to carry out tests in the temperature range of 2.5 — 300 K,
were designed and manufactured as well.

Tests of vacuum explosion welded joints of titanium - nickel-chromium stainless steel were
carried out. The joints were subjected to thermocycling treatment in the temperature range of 6-
300K under ssimulated real-life conditions. This work is of crucial importance for accelerator
engineering, which uses superconducting magnets and resonators operating in liquid helium, and
also opens up new prospects for ultra-low temperature engineering.

Control systems of actuating mechanisms

The software was upgraded and the SMC-32-CAN controller developed in FLNP for the
control systems of actuating mechanisms on the IBR-2M spectrometers was tested:

e The control module with controlled parameters (current pulse duration and pause
duration) for direct-current motors was embedded into the Sonix + software package;
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e To improve the accuracy of actuating mechanisms, the encoder installed on the step
motor shaft was incorporated in their design, which significantly enhances the
resolution.

Fig. 4. Cryogenic test stand.

The investigations demonstrating the possibility of using TOSHIBA VFAS1-4370PL drives
for phasing the rotation of motors with power up to 500W were carried out. Corresponding
recommendations to replace obsolete and worn-out drives EKT2 used in beam choppers on the
IBR-2 spectrometers were made. A stand to test characteristics of choppers was assembled. Work to
introduce control systems of actuating mechanisms on the spectrometers of the IR-8 reactor in the
RRC «Kurchatov Institute» was performed.

Gasdetectors

The prototype of a position-sensitive neutron detector based on a multi-wire proportional
chamber with individual data readout from each wire was constructed. The detector uses
36(X)*18(Y) cathode wires spaced 1mm apart. Signals are read out via 8-channel current
preamplifiers and discriminators; there are also analog outputs. Amplitude spectra of signals from
the wires were obtained. Pulse width is about 200 ns. The prototype of the detector was prepared for
stand tests.

In cooperation with INRNE BAS (Sofia) a curved PSD intended for x-ray and neutron
diffraction studies was designed and constructed. It is a curved 1D gas-filled position-sensitive
detector based on a multiwire proportional chamber with delay line data readout.

The detector ishoused in asteel case. A panel with a system of electrodesisfixed to its front
wall. Signals are output via BNC connectors; high voltage is supplied via SHV connectors. There
are two Swagel ok connectors on the detector case, which makes it possible to use it in a continuous-
flow mode of operation. The front wall is detachable, and when the device is used as an x-ray
detector the entrance window is an aluminum plate 0.1 mm thick, when detecting neutrons the
thickness of the entrance window is 7 mm. For greater rigidity the entrance window is buried in the
detector case. The cathode and anode wires are spaced 1 mm apart. The prototype model of the
detector is shown in Fig. 5.

As well as the 1D and 2D PSD developed earlier in FLNP, the given detector uses unified
electronic blocks:
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e NIM crate with Phillips Scientific PS715 constant-fraction discriminator,
Iseg NHQ206L 2-channel HV power supply and fast charge-sensitive preamplifiers;

e Personal computer with abuilt-in PCI DAQ board.
At present, the prototype of the detector is being tested at the stand.

Fig. 5. Prototype model of the curved PSD.

In 2008 two MWPC position-sensitive detectors were manufactured: for the GRAINS
spectrometer (financed by the grant of the Hungarian Academy of Sciences) and for the monitoring
system of the IBR-2M reactor cold moderators (financed by the grant of the Federal Agency for
Science and Innovations of the RF Ministry of Science and Education). The basic characteristics of
the detectors and a photo of the detector case are presented in Fig. 6. Tests of the 2D PSD for
controlling the level of mesitylene in the cold moderator chamber were successfully carried out at
the reactor of the Obninsk Branch of the Karpov Institute of Physical Chemistry.

Type 2D MWPC
Active area 200x200 mm?
Resolution 2.0x2.0 mm?
Wavelength range 04-12A
Efficiency (\=2A) 65 %

Position determination | Delay lines

Fig. 6. 2D PSD for the GRAINS spectrometer and the monitoring system.

Scintillation detectors

The design documentation on the detector system for the DN-6 diffractometer was prepared.
A number of works were performed to equip the STOIK diffractometer at the IR-8 reactor in the
RRC «Kurchatov Institute», in particular, control system electronics and software on the basis of
step motors and CAN network were developed. A 10-channel high-contrast detector with a
resolution of 2 mm was put into operation.
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Development of LAN, DAQ electronics and software

Work to lay and install fiber-optic communication lines between bldg. 119 and experimental
halls 1,2 and the IBR-2M control room was completed. The installation of the corresponding
communication equipment in 2009/10 will allow 1-10 Gbit/s data transfer rate in the given segment
of the network. An optical cable was laid in the IREN network segment as well and a 100 Mbit/s
switch was put into service; access to the Internet was provided to the first top-priority users. Lower
level network switches in buildings 42 and 42a were upgraded.

Firmware programs were developed and two sets of electronic blocks for the IBR-2M
spectrometers were manufactured and debugged with a programmable event generator. Drivers and
program interfaces for the Sonix + software package were devel oped.

The development of the Sonix+ software package proceeded both by including new
hardware control modules and by improving the user interface and visualization means. Service
possibilities of the WebSonix remote control system were extended.

In cooperation with HZB, Berlin, the work on the integration of the DeLiDAQ software
package (acquisition and accumulation of data from PSD) to the CARESS and SPEC packages
continued.

In cooperation with the Julich Research Center the development and preliminary testing of
the PHASE SPACE TRANSFORMER module for the VITESS software package were performed
and work on computer simulation of a backscattering spectrometer started. The parameters of a
number of other VITESS modules (SPACE, SPACEWINDOW_MULTIPLE, etc.) were improved
and new options (consideration of neutron attenuation by air at various temperatures and humidities,
simulation of geometrically non-ideal neutron guides, etc.) were added. Using the above-mentioned
modules the simulation and optimization of the beam-forming system for channel 7a of the IBR-2
reactor were performed. Work on simulation and development of neutron spin-echo spectroscopy
with rotating/pulsating magnetic fields continued. Computer simulation for a new neutron
reflectometer for the planned European Spallation Source (ESS) started.
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3. PABPABOTKA U CO3JJAHME 2JIEMEHTOB CIIEKTPOMETPOB
JJIA UCCIIEJOBAHUSA KOHAEHCUPOBAHHBIX CPE/]

B 2008 roay mo Teme mosrydeHsI CIeAYIOIIMe OCHOBHBIE PE3yJIbTATHI:
Cucrembl pOpMUPOBAHUS HEHTPOHHBIX MyYKOB

B pamkax mpoekta co3naHusi M30THYTBIX 3€pKAJIBHBIX HEUTPOHOBOJOB CHEKTPOMETPOB
OIICUJIOH u CKAT na xanane 7a peakropa UbP-2 coBmectHo ¢ uncturyramu OPT" u [TUAD
r. 'aTunHa mpopomkamuch paboOThl MO MPOEKTUPOBAHUIO W U3TOTOBICHHMIO MEXAaHUYECKHX U
ONTUYECKUX Y3JIOB HEUTPOHOBONOB. B dacTHOoCcTH, pa3paboTaHbl U  U3TOTOBJICHBI
JIOTIOIHUTENIbHBIE BaKyyMHbIE KOXyXa, Hecymas IiaThopMa M MOHTaXXHO-3arpy304HbBIN
MEXaHU3M  OJHOOOBEMHOTO  pa30OpPHOTO  BaKyyMHOTO  KOXyXa TOJIOBHOM  4YacTH
HeHTpoHOBOAHOMN cuctembl (cruturrepa, Puc.l) 7 xanama UBP-2M. B TINSI® u3rotoBicHbI
TAKXKE€ ONTUYECKHUE AIIEMEHTHI JUIsl TOJIOBHOW U M30THYTHIX YaCTE HEUTPOHOBOIA.

Puc.1.Koxyx cnnurrepa Ha yyacTKe BaKyyMHBIX HCIIBITAHUH.

B OIl OUAN wusrorosnensl 44 (OCTUPOBOYHBIE OINOPHI M30THYTHIX HEHTPOHOBOOB
(Puc.2), a Tarke caaHbl B MPOU3BOJCTBO YEPTEKH CTOCK M FOCTHPOBOYHBIX OMOpP TOJOBHOI
yactu. [IpousBe/ieH IEMOHTaX TOJIOBHOW YaCTH HEUTPOHOBO/A Ha KaHajie Ne76 (criekTpomerp
HEPA-IIP) ¥ yacTHYHBIN IEMOHTAX 3alIUTHI MPEPHIBATEIs. B KOJBLEBOM KOPUIOPE PEaKTopa.
[loaroroBieH TeXHUUECKUN MPOEKT PEKOHCTPYKIMHU HECYIIEH KOJIOHHBI B 31aHuu 117.

Puc.2. KOcTrpoBouHBIE ONOPHI H30THYTHIX HEHTPOHOBOAOB
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Ha 13 xanane WBP-2M mnpemiokeHO  cO31aTh TECTOBBIM IMy4YOK JUIsl TPOBEICHUS
UCTIBITAHUN HEUTPOHHBIX JIETEKTOPOB M JPYTUX 3JIEMEHTOB CIEKTPOMETpoB. I[IpoekTHble
nmapamMeTphl Iydka: Ce4eHHue HeWTpoHoBoma — 314 cM?, HEWTPOHHBIN TOTOK C IMOBEPXHOCTH
samemmuTens — ~2x 10% Heiitp./ cM2 /c, Ha paccrosauun 10M — 10 108 ueirp./ cm? /c.
Omnpenenena HHPPACTPYKTypa TECTOBOTO MyUyKa M Ha4aTa MOATOTOBKA TEXHUUYECKOTO MPOEKTA.

KpI/IOFeHHbIe HccJIeaJ0BaHuA

[To xontpakty ¢ PHI[ «KypuaToBCKHMiI HMHCTUTYT» BBINOJIHEHAa KOHCTPYKTOpPCKast
pa3paboTKa M H3rOTOBICH HIaXTHBIH Kpuoctar (Pue.3) Uit oxJlakaeHHsT Kamep BBICOKOTO
JaBJIeHUs] ¢ canUpPOBBIMU HAKOBAJIBHSAMHU Uil pabOThl B auanazoHe Temmeparyp 6,5-300K.
JluameTp MPOXOAHOTO OTBEPCTHUSI KPHOCTATa Ul 3arpy3KH KaMep BBICOKOTO IaBJICHUS PaBEH
120MM, OH COOTBETCTBYET pa3MepaM CaMUX KaMep M IMO3BOJISIET pacrojiaraTb KaMephl Kak B
BEPTUKAJIBHOM, TaK W TOPU3OHTAIHHON OpHEHTaluu. KOHTPOIb M HM3MEpPEHHE TEeMIIepaTyphl
OCYIIECTRIISIETCS MpU ToMoIK KoHTpoutepa Scientific Instruments moxenu 9700 u kpeMHHEBBIX
mnonoB DTA470. Ins oxmaxnmeHuss B KpuocTare npuMeHeH kpuokyiep SRP-062B ¢upwmer
SUMITOMO.

Puc.3. O0Ommii BU KprOCTaTa U BCIIOMOTATENILHOTO 000pYA0BaHUS

[Tpomomkanuck paboThl 1O co3manuio KpuorenHoro crenga JIH® (Puc.4). B 2008 r.
npuoOpeTeH Y YCTaHOBJIEH OCHOBHOM »diieMeHT cTeHia — Kpuokysnep PT403 ¢upmb
CRYOMECH, 0pumn TakXe CKOHCTPYMPOBAHBI M M3TOTOBJICHBI OCHOBHBIE JCTAJIM KPHOCTATa,
MO3BOJIAIOIIETO TPOBOAMUTH TECTHI B Auama3one temmneparyp 2.5 — 300K.

[TpoBeneHBl HWCIBITAHUS BAaKyyMHBIX IIIBOB THUTaH - HEPXKABEIOIIAass XPOMOHHUKEJICBas
CTaJlb, BBIMOJIHEHHBIE TP MOMOIIM B3pbIBa. [Ipy 3TOM MTPOU3BOIMIOCH TEPMOLUKINPOBAHNE
mBOB B auamnazone temmepatyp 6-300K B ycrmoBusx, MMUTHPYIONIUX peanbHbIe. JlaHHas paboTa
UMEEeT pelIarollee 3Ha4eHUe IS YCKOPUTEIbHOW TEXHUKH, UCTIONB3YIOLIeH CBEPXITPOBOIAIINE
MarHuTBl M PE30HATOPHI, padOTaroIIMe B KUIKOM TEIUH, a TaKXKe OTKpPHIBACT HOBBIC
MEPCIIEKTUBBl B TEXHUKE CBEPXHU3KUX TEMIIEPATYP.

CucremMbl yYHnpaBJI€HUA UCITOJTHUTCJIbHBIMHA MEXaHU3MaAMHU
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MonepHu3upoBaHO  MporpaMMHOE  oOecredeHre W TPOBENEHBl  HWCIBITAHHS
paszpaboranHoro B JIH® kontpomnepa SMC-32-CAN g cucteM  ynpaBieHHs
WCTIOJTHUTEIBHBIMUA MEXaHU3MaMH Ha criekTpoMeTpax UBP-2M:

® B COCTaB KOMILIEKca SONiIX+ BBEICH MOAYJIb YIPABICHUS IBUIATENSIMUA TOCTOSHHOTO
TOKA C PEryJIMPyEeMbIMHU TapaMeTpamMu (JUIMTENbHOCTh UMITYJIbCa TOKA U [UTUTEIbHOCTD
nay3bl);

e ]ISl TOBBINICHHS TOYHOCTU HMCIOJHUTEIBHBIX MEXaHU3MOB B MX KOHCTPYKIHIO BBEICH
DHKOJEP, YCTAaHABIMBAEMbIii Ha BajJy IIAaroBOr0 JBHIATelNs, YTO  CYIICCTBEHHO
yIy4lIaeT pa3pericHue.

Puc.4. KpuoreHnsiii cTeH

[IpoBenensl wucciaenoBaHMs, IOKA3aBIIME BO3MOXKHOCTh HCIIOJIB30BAHUS MPUBOIOB
VFAS1-4370PL ¢upmbr TOSHIBA mist ha3upoBkr BpallleHUs JABUTaTeed ¢ MONIHOCTBIO 0
500BT. CuenaHbl COOTBETCTBYIOIINE PEKOMEHIAIMH 110 3aMEHE YCTapeBIINX U BHIPAOOTABIINX
pecypc nipuBosioB DKT2, ucnons3yeMbIx B MpephIBaTENSIX IMyYKOB Ha criekTpomeTpax MBP-2.
CobOpaH cTeHn Ui TPOBEPKH XapaKTEPUCTHK MpephiBareneii. BeimonmHeH psg paboT 1o
BHEJJPEHHUIO CUCTEM YTNpPaBJICHHs UCTIOHUTEIHHBIMU MEXaHU3MaMH Ha CIIEKTPOMETpaxX peakTopa
NP-8 B PHII «Kyp4aToBCKHIl HHCTUTYT>.

I'azoBbIe NeTEKTOPBI

Co3mgan nporotun MWPC nerextopa C MHIMBUAYAIBHBIM CHEMOM HH(pOpPMALUU C
kaxmoit uuth. Jlerekrop comepkut 36(X)* 18(Y) kaTOAHBIX HUTEH, HAMOTAHHBIX C ITaroM 1mm.
CpeM CHUTHAJIOB OCYHIECTBISIETCS uepe3 8-KaHalbHbIE TOKOBBIE TNPEAYCHIUTENH U
JTMCKPUMUHATOPBI, UMEIOTCS TAaKKE aHAJIOTOBBIC BHIXOZBI. [I0IydeHbl aMIUIMTYIHBIE CHEKTPHI
curHasioB ¢ Huteil. [llupuna ummynscoB oxono 200 He. [IpoToTun aerekropa MOATOTOBIEH K
UCTIBITAaHUSM Ha CTEHJE.

B corpyannuectBe ¢ INRNE BAS, Sofia pazpabdoran u m3roroBieH u3ornyteid [TU/I,
MpeaHa3HauYeHHbIN JUIs PEHTTCHOBCKOW W HEWTpoHHOU audpaxtomerpun. OH TPEACTABISIET
cO00il WM3OTHYTHI OJXHOKOOPAWHATHBIA Ta30HANONHEHHBIN TO3UIIMOHHO-YYBCTBHTEIBHBIH
JICTEKTOP, BBINOJHEHHBI HA OCHOBE MHOTOIIPOBOJIOYHOW IPOIOPIMOHAIBHONW Kamephl. CheM
CUTHAJIOB OCYIIECTBIISICTCA C JIMHUU 3a7CPIKKH.
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KOHCTpYyKTHBHO 1€TEKTOD BBIMIOJIHEH B CTAILHOM KOpIIyCe, K IepeIHEN CTEHKE KOTOPOTo
KpenuTcsi cOopKa C CUCTEMOW 3JeKTPOJOB. BBIBOI CUIHAJIOB OCYIIECTBISIETCA Y€pe3 pa3beMbl
BNC, Bricokoe HanpspkeHue mogaercs uepes pazbembl SHV. Ha koprmyce nerekropa umerorcs 2
pazbema Swagelock, uto mo3BossieT UCIOIBb30BaTh €r0 B MPOTOYHOM pekuMme. [lepenHsis cTeHka
ChEeMHasi, MpU paboTe B KAYECTBE PEHTTEHOBCKOTO JETEKTOpPAa BXOJHBIM OKHOM SIBIISICTCS
IIOMUHUEBast TNIACTUHKA, TommuHoN 0,1MM, mpu perucrpauuu HEMTPOHOB TOJNIIMHA BXOJIHOTO
OKHa OyJeT cocTaBisATh /MM. [y OONbIIei >KECTKOCTH BXOJIHOE OKHO YTOIUICHO B KOpITyce
nerekropa. lllar HaMOTKM aHOJHBIX M KaTOAHBIX HHUTEH paBeH lmm. OmNbITHBIA 0Opasen
JeTeKTopa nmokasaH Ha Puc.5.

Puc.5. OnsiTHbI 00pasen uzornytoro [T4/]

Tak xe kak u B paHee paspaboranHbix B JIH® 1D u 2D ITY/I, B naHHOM JIETEKTOpE
UCTIONB3YIOTCS] YHU(DHUIIMPOBAHHBIE SJICKTPOHHBIE OJIOKM M MTPOrpaMMHOE 00ecTrieueHHe:

* NIM xpeiir, nuckpumMHuHATOpP ¢ TOUHOM BpeMeHHO# npussi3koit Phillips Scientific PS715,
B/B uctounuk nuranus |seg NHQ206L , ObicTponeiicTByOMIHE 3apsi0-4yBCTBUTEIbLHBIC
IpeTyCHIIUTEIH,

*  IEepCOHATBHBIN KOMITBIOTEP cO BcTpoeHHoi miaroit PCI DAQ.

B HAaCTOAICC BPEMSL OIIBITHBIM o6pa3eu ACTCKTOPA ITPOXOAUT TECTOBLIC UCIIBITAHUS HA CTCHAC.

B 2008 r. wsroroBnenst aa MWPC TIIY/[: mns cnektpomerpa GRAINS
(bunancupoBanue u3 rpanta Benrepckoit Akamemun Hayk) u Ui CHCTEMBI MOHUTOPHHTA
XOJNIOMHBIX 3ameuTencii  peaktopa WBP-2M  (punHancupoBanue 10 ['OCKOHTpakTy ¢
denepanbHbIM areHTCTBOM [0 Hayke W WHHOBauusM MunoOpHayku P®D). OcHoBHbIC
XapaKTepUCTHKH JEeTeKTOpoB M (ororpadus Kopryca aeTekropa mokazaHsl Ha Pue.6. Ha
peakrope ¢pmwimana HUMOXU um. Kaprosa, r. OGHHHCK yCHEIIHO MPOBeAEHbI ucnbitanus 2D
Y]], npegHasHaueHHOro M KOHTPOJII YpPOBHS ME3UTWIEHa B KaMepe XOJIOAHOIO
3aMeUTUTEIIS.

2D MWPC
Tun
PabOouas obmacTh 200x200 MM
Paszpemienne 2,0x2,0 MM : :\ : \"\ A
L | L8 ] WV
JluanasoH JUIMH BOJH 04-12A = A

Dddextnrocts (A=2A) 65%

JInnnn ATTTTTTIRTAR

OrnipenenieHne Mo3UINI
3aJICPIKKH

Puc. 6. Isyxxoopmunarasiii [TY]] muist ciekrpomerpa GRAINS 1 cucteMbl MOHUTOPHHTA
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CI[I/IHTI/IJIJIHIII/IOHHBIE AETEKTOPbI

Odopmnena pabouas JOKYMEHTALUsi Ha U3rOTOBJICHHE JETEKTOPHOM CHUCTEMBbI
mudpakTomerpa [IH-6. BeimonaeH psig paboT 1Mo OCHAIICHUI0 000pyJ0BaHUEM AU(PPAKTOMETpPA
CTOUK Hna peakrope MP-8 B PHL| «KypuaToBCckuii MHCTUTYT», B YAaCTHOCTH, pa3pabOTaHbI
AIIEKTPOHHKA U MPOTPaMMHOE 00ECIIEYeHNE CUCTEMBI yIPaBJICHUS TUPPAKTOMETPOM Ha OCHOBE
maroBbix asurateneii u cetu CAN. Beenen B sxcrutyaranuio 10-kaHaabHbIN 1€TEKTOP BBICOKOH
KOHTPACTHOCTH C Pa3pelIeHueM 2MM.

Pa3BuTHe 10KAIBHON BHIYHCIUTEIBHON CeTH, JJTEKTPOHUKHU CHCTEM cOOpa IaHHBIX U
NMPOrpaMMHOIo o0ecreyeHnst

3aBepiieHbl pabOThl MO MPOKIAJKE M MOHTaXy BOJOKOHHO-ONTHYECKHX JIMHHUM CBS3H
Mexay 3maHueM 119 u skcnepumeHTanbHbIMU 3amamMu 1,2 u mynbrom ympasienus MBP-2M.
[Tocne ycTaHOBKH COOTBETCTBYIOIIETO KOMMYHHKAMOHHOTO obopyaoBanus B 2009/10 r.r. ato
TI03BOJIUT PaboOTaTh B JaHHOM CErMEHTE ceTH €O ckopocThio 1-10 I'out/c. B cereBoM cermenTe
ycranoBkr MPEH Taxoke nposiokeH onTudeckuii Kabelb | BBEICH B AKCIUTyaTaI[UI0 KOMMYTATOP

Ha 100 MowuTt/c; OCYIIECTBICHO MOAKIIOYEHUE TMEPBOOYCPEIHBIX IOJIb30BATEIEH CETH.
BrImostHeHa MOJIEpHHA3AIHS CETEBBIX KOMMYTAaTOPOB HUYKHETO YPOBHS B 3aHusX 42 u 42a.

Paspaboransl firmware nporpaMmbl, a Takke H3rOTOBICHBI J(BA KOMIUICKTa HOBBIX
AIIEKTPOHHBIX OJOKOB miisi cekTpomeTpoB MBP-2M u BhINOJIHEHA WX OTJIaZKa C TEHEPAaTOPOM
coObIThii. Pa3paboTansl apaiiBepbl 1 IporpaMMHbIe HHTEphEHCh K SONiX+.

[Mpomomxkanuch paboOTHI MO Pa3BUTHIO0 KOMILIEKCa SONiX+, Kak 3a CYET BKJIFOYCHUS] HOBBIX
MOJyJel JAns  yOpaBieHUs  yCTpOWCTBaMHM, TaK W 3@ CYET COBEpLICHCTBOBAHUS
MOJIb30BATEIBCKOTO  WMHTepdeiica W CpeACTB BU3yalnu3alMd. PacliMpeHbl CepBHCHBIC
BO3MOKHOCTH CHCTEMbI yaieHHOTO yrpasienus WebSonix.

CoBmectHo ¢ HZB, Berlin nponomkamuce paboOThl MO WHTErpPAIMU MPOrPAMMHOTO
xomiutekca DeLiDAQ (c6op u Hakorutenue ganubix ¢ [TY]]) ¢ makeramu CARESS u SPEC.

B corpynnuuectBe ¢ uccnenoBarensckuM neHTpom FZ-Juelich Beimonnens! pazpaboTka
u mnpenBapurensHoe TectupoBanue wmoxayias PHASE SPACE TRANSFORMER  nmns
nporpammHoro kommiekca VITESS u nauatsl pa®oThl MO MOJETUPOBAHHMIO CHEKTPOMETPA
obOpaTHOro paccesHus. YIIydlleHbl mapameTrpsl psga apyrux wmoayieit VITESS (SPACE,
SPACEWINDOW_MULTIPLE u ap.) u noGaBiieHbl HOBbIE BO3MOXKHOCTH (Y4eT 3aTyXaHHs Ha
BO3/lyXe IpHU pasHbIX TeMIepaTypax M BIAXKHOCTH, MOJCIUPOBAHHE TI'€OMETPUYECKU
HEHJICATBHBIX HEWTPOHOBOAOB W Jp.). C IMOMOINBIO BBINICYKAa3aHHBIX MOJYJIEH MPOBEICHBI
MOJICIMPOBAHUE M ONTHUMU3AIMS CUCTEMBbl ITPOBOJKH IMydYKa I KaHama /a peakropa UBP-2.
[IponomkeHs! paboTHI 10 MOJETMPOBAHUIO M PA3BUTHIO HEMTPOHHOW CIIMH-3XO0 CIEKTPOCKOIHH
C  BpAaINAIONMMUCS/MYIbCHPYIOIMMH  MAarHATHBIMH ~ noissMu.  Hawater  paGoTel 1O
MOJICIIMPOBAHUIO HOBOTO HEHTPOHHOTO pediaexkToMeTpa Ui IUIAHUPYEMOTO E€BPOINEHCKOro
HMCTOYHHMKA HEUTpOHOB ESS.
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4. EXPERIMENTAL REPORTS

4.1. CONDENSED MATTER PHYSICS

1. High Pressure-Induced Spin Liquid Phase of Multiferroic Y MnQOs.
D. P. KoZenko, |. Mirebeau, J.-G. Park, |. N. Goncharenko, S. Lee, Junghwan Park, and B. N.
Savenko.

2. Heynpyroe paccestHue MeJUICHHBIX HEHTPOHOB HUTPHUIOM YypaHa Ipu TeMmmeparypax 293 —
1273K
B.A.Cemenos, B.M.Mopo3zos, A.B.Ilyuxkos, K.A.Ko3znos, E.JI.Aloposckuii

3. Structural Phase Transitions of Pyridinium Perchlorate at High Pressures.
S.E.Kichanov, D.P.KozZlenko, B.N. Savenko, J.Wasicki, W.Nawrocik, P.Czarnecki, C. Lathe

4. Autocorrelative Microdynamics of Liquid Lithium And Lithium—Hydrogen Melt: The
Inelastic Neutron Scattering Study
N.M. Blagoveshchenskii, A.G. Novikov, V.V. Savostin

5. Structural Aspects of Ferrogfluids Stabilization By Mono-Carboxylic Acids
Avdeev M.V., Feoktystov A.V., Aksenov V.L., Vekas L., Rosta L., Garamus V.M., Willumeit R.

6. Investigation of Periodic Multilayers
Bodnarchuck V.1., Ignatovich V.K., Yaradaikin SP., Czer L, Veres T

7. SANS Contrast Variation on Water-Based Magnetic Fluids Stabilized by Different
Monocarboxylic Acids
Feoktystov A.V., Avdeev M.V., Bulavin L.A., Vekas L., Garamus V.M., Willumeit R.

8. Contrast Variation in Small-Angle Neutron Scattering by Water-Based Ferrofluid With
Surfactant/Polymer Stabilization

Feoktystov AV., Avdeev M.V., Bulavin L.A., Garamus V.M., Kopcansky P., Timko M.,
Koneracka M., Zavisova V.

9. Solutions of Dodecylbenzene Sulfonic Acid in Polar Carrier Studied by Small-Angle Neutron
Scattering.
V.1.Petrenko, M.V.Avdeev, V.L.Aksenov,V.M.Garamus,L.A.Bulavin, L.Rosta

10. Analysis of the Structure of Water-Based Ferrofluids by Small Angle Neutron Scattering
V.l1.Petrenko, M.V.Avdeev, A.V.Feoktystov, V.L.Aksenov, L.A.Bulavin, L.Rosta, V.M.Garamus,
L.Vekas

11. Study of Proximity Effects in Superconductor/Ferromagnet Interface Using Waveguide
Enhancement of Neutron Standing Waves

V.L. Aksenov, K.N. Zhernenkov, Yu. N. Khaidukov, Yu.V. Nikitenko, L.Bottyan, F. Tancziko, D.
Merkel, B. Nagy, L.Dedk, D.L. Nagy, E. Szlagyi, Zs.E. HorvathL. KissA. Csik, K. VadG.
LangerA. Rihm

12. Phase State and Structure of the Ceramide 6 Based Model Membranes of the Stratum

Corneum
M.A. Kiselev, A. Ruettinger, N.Yu. Raybova, S. Dante, Th. Hauss
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13. Neutron Wave Resonances and Off-Specular Scattering from Waveguides
SV. Kozhevnikov, F. Ott, A. Paul, L. Rosta

14. X-ray investigation of comb-like liquid crystal polymers, oriented by a strong magnetic field
for SANS measurements
A.l.Kuklin, A.Yu.Cherny, V.G.Cherezov, SKostromin, A.V.Rogachev, V.P.Shibaev

15. Neutron Diffraction Study OF Texture Evolution OF ECAPed Magnesium Alloys
T.A. Lychagina, D.l. Nikolayev, H.-G. Brokmeier, W. Gan

16. Correlation of Spin and Charge Ordering in Sr3Y C040105+5, 6=0.02 and 0.26
D.V. Sheptyakov, O.A. Drozhzhin, V.Yu. Pomjakushin, SYa. Istomin, |.A. Bobrikov, E.V.
Antipov, A.M. Balagurov

17. Successive Structural Phase Transitionsin ProsSrosCoOzin the Range 10-1120 K
A. M. Balagurov, I. A. Bobrikov, D. V. Karpinsky, I. O. Troyanchuk, V. Yu. Pomjakushin,
and D. V. Sheptyakov

18. Melting Behavior of Water Confined in Carbon Nanopores; Structure of the Confined Ice.
M.Jazdzewska, M.Siwinska-Bartkowiak, A.l. Beskrovnyy, SG. Vasilovskiy

19. Residual Strain and Texture of an Anhydrite-Dolomite-Specimen (central Alps)
Ch. Scheffzuek, K. Walther, A. Frischbutter, R. Naumann, and 1.V. Brovkin

20. ABTOKOppEIAIMOHHAS MHUKPOJWHAMHUKA JKHUIKOTO JIUTHS W paciulaBa JIMTUH—BOJOPO:
HCCJICIOBAHUE METOJIOM HEYTPYTOro pacCessHUsI HEUTPOHOB.
H.M. bnazcosewenckuii, A.I'. Hosuxos, B.B. Casocmun

4.2. NEUTRON NUCLEAR PHYSICS

1. Elemental Content of Indigenous Bacteria under Different Cromium Loadings
M.V. Frontasyeva, SF. Gundorina, T.M. Ostrovnaya, |. Zinicovscaia, N.Ya. Tsibakhashvili'?, L.
Mosulishvili, E. Kirkesali, T. Kalabegishvili, S. Kerkenjia, H-Y. Holman

2. Precise Approximation of Sums of Experimental Radiative Strength Functions of Dipole
Gamma-Transitions IN THE Region E, =B, FOR THE Atomic Masses 40 < A < 200
Sukhovoj A.M., Furman W.1., Khitrov V.A.

3. Epithermal NAA for Marine Geoecol ogy
C. Cristache, O. Culicov, M. Toma, M.V. Frontasyeva, SS Pavlov, O.G. Duliu, G. Oaie

4. Heavy Metals AND Ree IN Bottom Sediments AND Dreissenids OF THE Rybinsk Reservoir
Goryaynova Z.1., Paviov D.F., Frontasyeva M.\V.

4.3. NEUTRON SPECTROMETERS FOR CONDENSED MATTER
INVESTIGATIONS

1. Optimization of a Moderator-Neutron Guide System for Spectrometers of Beam 7a of the
IBR-2M Reactor.
Manoshin SA., Belushkin A.V., Kulikov SA., Shabalin E.P., and Zhuraviev V.V.
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HEVTIPYTOE PACCESIHUE MEJIJIEHHBIX HEMTPOHOB HUTPUJIOM
YPAHA T1IPU TEMITIEPATYPAX 293 — 1273K

B.A.Cemenos?, B.M.Mopo3os?, A.B.ITyukos®
& Srate Scientific Centre — Ingtitute for Physics and Power Engineering, 249033, Obninsk,
Kaluga Region ,Russia

K.A.Kosnos®, EJLSInposekuii®
b Joint Institute for Nuclear Research, Dubna, Russia

Hutpun ypana paccMatpuBaeTcs B HacToOsIIee BpeMsi Kak 0a30BbIil MaTepuan JUisl CO3/IaHus
KOMOMHHPOBAHHOTO TOIUTMBA PEAKTOPOB Ha OBICTPBIX HEHUTPOHAX, C KOTOPBIMHU CBSI3bIBACTCS
MEPCIICKTHBA  Pa3BUTHS  KpPyMHOMAcIITaOHON  simepHO#  sHepretuku  [1].  Tlostomy,
HEHUTpoHOTpaUUeCKHe HCCICNOBAHUS, NAIONUE NPSIMYI0 HWH(OPMALKUI0O O MHUKPOCKOMUYECKUX
rapaMeTpax BeIleCcTBa, UMEIOT HE TOJbKO Hay4yHOe, HO M OOJIbLIOE MpakTU4yeckoe 3HaueHue. B
pamkax oOmell 3amauM MO CO3JaHUIO0 0a3bl HEUTpoHOrpadHUUECKUX IaHHBIX IS SIIEPHBIX
TOIUIMBHBIX MAaTepuaioB, ObUIM H3MEPEHBI CIEKTPhl HEYNPYroro paccesHUs HEHTPOHOB IJis
nutpuaa ypana UN B untepBase temneparyp or komHatHoi 10 1273K.

UN umeer kyOnueckyro kpucrammndeckyio pemeTky tumna NaCl ¢ mocTossHHO#N perieTku ag
=0,4890 um (mpu 300K) u paccrossHuem mexay aromamu ypana d = 0,345 um. PeHTreHoBckas
IJIOTHOCTh paBHa 14,4 rlem®. TermnonpoBOAHOCT, HUTPHIIA YpaHAa Ha TOPSIOK BBHIIIE, YeM Y
OKCHJIHOTO TOIUIMBA, YTO TMO3BOJIAET CHHU3UTH pabouyue TeMmIepaTypbl B TETUIOBBIICISIOIINX
3JIeMEHTax akTUBHOW 30HbI peaktopa. UN ob6nagaer MarHUTHBIMU CBOMCTBaMH, KOTOpPbIE 3aBUCAT
OT TeMIlepaTyphl, NABICHHs, PAaTUAIMOHHOTO OOMydYeHUs. DTO CO3JAaeT MPEANOCHUIKH I KX
MPUKJIAJHOTO  HWCIOJB30BaHUSA, B YAaCTHOCTH, CO3/IaHHS HOBBIX MAarHUTHBIX METOJOB

HEpaspyIIaIEro KOHTPOJII HHUTPUIAHOTO SAEPHOTO TOIUIMBA B YCIOBHSAX PaHAI[MOHHOTO
obyuenus [2].

4
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& —o— 203K
4-X:|.04 - l? —eo— 623K
g 923K s
i 310" i —e—1273K
L||_J 2x10* F \ ?‘ ? 'b
¢ o
= 1x10° (\.\ ;
x10° L
0 , ! ! , l !
200 300 400 500 600 700

Number of channel (8 usec)

Puc.l. DxcniepuMeHTalIbHbIE CIIEKTPbl HEUTPOHOB, paccesHHbIX UN. YureHsl a3 exTsl paccesHus
HEHUTPOHOB KOHCTPYKIIMOHHBIMHM MaTepHajiaMi TEPMOCTaTa U KOHTEHHEPOM.

W3mepenus BoimosiHeHbl coBMecTHO ¢ JIHD® OUAN nHa cnexkrpomerpe JAWH-2ITN ¢
ucnosp3oBanueM Tepmoctata TS3000K [3]. OOpasibl MOHOHHTPHUAA YpaHa ObLIM U3TOTOBJICHBI B
BHUMHM wum.A.A.bouBapa [4] B Buae Tabmerok UN gumamerpom 7,9 MM, TrepMETHYHO
3allaKOBaHHbIX B  TOHKOCTEHHblE KOHTEWHHepbl U3  HepkaBetouled cramu.  OOpaszern,
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cOPMHPOBAHHBIA W3 TMATH TAaKUX KOHTCHHEPOB, pacmojarajics Ha CTOJIHMKE BHYTPHU
WTMHIPUYIECKOTO TAaHTAIOBOTO HAarpeBares, KOTOPhIH, B CBOIO OYepe/b, ObUT OKPYKEH YETHIPhMSI
MWIMHAPUYIECKUMH TETUIOBBIMU KpaHaMH U3 JHCTOBOTO TaHTana ToinmuHoi 0,05 mM. M3mepenus ¢
UN Obuti BeImoNHEHBI Mpu TemmepaTypax 293, 623, 923 u 1273K. [IpenenvHas Temieparypa
JMMHATHPOBAJIaCh MarepuanoM obonouku (HepkaBeromiast cranp I1-823). IlpeasaputensHO
00paboTaHHbIE CIIEKTPHI PACCEIHHBIX HEUTPOHOB, MPOCYMMHPOBAHHBIE 110 BCEM YIJIaM PacCesHHS,
npuBeneHsl Ha puc.l. M3 3TUX CIIEKTPOB ¢ MCHOJIB30BaHKWEM IporpamMMmHoro komruiekca SLOWN
[5] BmepBble BOCCTAHOBIICHBI (YHKIMH IUIOTHOCTh (POHOHHBIX coctosiHMi UN amst BeICOKMX
temriepatyp (puc.2). OCHOBHBIC IETadM CIEKTPa, MOJYYCHHOTO i KOMHATHON TeMIIepaTyphl,
HAaXOMSATCS B COIVIACHUU C JaHHBIMH paboThl [6]. Hutpun ypana o0iagaeT 3aMETHBIM MarHUTHBIM
paccessHueM, BKJIAJ] KOTOPOTO HE YYUTHIBAJICS HA JAHHOM 3Tare 00pabOTKH SKCIIEPUMEHTAIBHBIX
CIIEKTPOB, TOTOMY 3TH JaHHBIE HOCST MPEIBAPUTEIbHBINA XapaKTep.

—e— 293K

003 . 6ok
£ 923K
S 0,02 —+—1273K
o]
E ®
0,01}
O

0,00 ] \ ] ] \ ]

L L | L | L L
O 10 20 30 40 50 60 70
g, meV
Puc.2. ®ysxkimu 1wioTHOCTH (oHOHHBIX coctosHM UN mpu  BBICOKMX TeMmIepaTypax.
Hab6monarorest aBe obmactu kosebaHU ¢ MaKCUMyMaMH TIpH Tiepenadax 3Hepruu € =~14mdB u
~50mM3B. TlepBas (akycThueckas) OTBeyaeT KOJICOAHHSIM TSDKEIbIX aTOMOB ypaHa, BTOpas
(omtuueckast) — JerKUX aTroMoB a30Ta. C poCcTOM TeMIepaTypbl MPOUCXOAUT CMSTYCHUE CIIEKTpa

KojeOaHui 3a CUeT cIBUra ONTHYECKON YacTh B 00JACTh MEHBIIMX SHEPruil U TpaHchopManuu
aKyCTUYECKOM YacTH CIEKTpa.
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The hexagonal manganites RMnOs (R = Ho, Er, Tm, Yb, Lu, Y, Sc and In) are unique class
of materials, exhibiting multiferroic phenomenon in combination with frustrated low dimensional
magnetism on triangular lattice. In these compounds, the ferroelectric transition temperature T¢ ~
600 - 900 K is much higher in comparison with the antiferromagnetic (AFM) ordering temperature,
Ty ~ 70 — 130 K [1]. In the hexagonal RMnOs structure of P6scm symmetry Mn ions are located at
the centers of MnOs bipyramids and they form a natural 2D edge-sharing triangular network
separated along the c-axis by a noncoplanar layer of R atoms. The distance between the nearest Mn
atomsis~ 3.5 A in the ab plane and ~ 6 A aong the c-axis, respectively. This then leads naturally
to geometrically frustrated magnetism with strong in-plane Mn-O-Mn antiferromagnetic
superexchange interactions, while the Mn-O-O-Mn superexchange between adjacent triangular
planes is about 2 orders of magnitude weaker.

Recent high pressure studies found that the ordered Mn magnetic moments of YMnO; and
LuMnO; are strongly suppressed at low temperatures, implying significantly enhanced spin
fluctuations in both compounds at high pressures [2]. However, latest muon spin relaxation (uSR)
experiments observed Ty of YMnO; to increase with pressures up to 1.4 GPa, while no evidence of
the spin liquid state was found below Ty [3]. These somewhat contrasting observations clearly show
that the nature of the magnetic state of YMnOs at high pressures, especialy the relationship
between the pressure-enhanced Ty and the spin-fluctuations, still remains unanswered.

In neutron diffraction patterns of YMnOs, measured at the G6.1 diffractometer (Orphee
reactor, Laboratoire Leon Brillouin, France) at different pressures and temperatures, a broad diffuse
scattering appears at 40 < 26 < 80° for temperatures well above Ty = 75 K. Upon cooling the
diffuse scattering gets stronger and reaches a maximum at Ty (Fig. 1). Below Ty, however, the
magnetic diffuse scattering is rapidly suppressed and, at the same time, new magnetic peaks (100)
and (101) appear at d = 5.31 and 4.82 A, respectively, indicating an onset of the triangular 120°
AFM state of I'; symmetry. At high pressure of P = 6.7 GPa we observed a substantial decrease and
a vigble relative change in the intensities of the magnetic peaks at low temperatures. Our
subsequent analysis using Rietveld refinement duly found that at 6.7 GPa the ordered Mn magnetic
moments get further reduced from 3.2 to 1.6 pug and, simultaneously, undergo a pressured-induced
reorientation in the ab plane as reported in the previous studies for a smaller pressure range [2].The
angle ¢ between the Mn magnetic moments and the hexagonal axes decreases continuously from
90 to 38° with increasing external pressure from 0 to 6.7 GPa. It implies that the symmetry of the
triangular AFM state of YMnO; changes from a pure I'; (¢ = 90°) to a mixed I'1+I; irreducible
representation.

Of particular notice isthat at high pressures the temperature evolution of the diffuse
scattering is drastically modified (Fig. 1). For example, it is aimost negligible above Ty a P = 6.7
GPa whereas it becomes stronger and reaching a maximum near Ty a ambient pressure (Fig. 3a).
However, under high pressure it increases gradually on cooling below Ty and reaches a maximum
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intensity at the lowest measured temperature of our study, T = 1.5 K. This striking difference in the
temperature dependence of the diffuse scattering between ambient pressure and 6.7 GPa (Fig. 1) isa
very strong piece of evidence supporting the idea of the coexistence of the suppressed long-range
order and the pressure-induced spin liquid ground state in Y MnQOs at high pressures.

How can we understand these experimental observations? In the hexagonal crystal structure
of YMnQO;3 there are two types of in-plane bonds, Mn-O3 and Mn-O4, whose values control the
delicate balance of the dominant Mn-O3-Mn and Mn-O4-Mn superexchange AFM interactions
within the Mn triangular network. In order to study the pressure dependence and, in particular, the
temperature dependences of the in-plane Mn-O bonds, we measured neutron diffraction datafor T <
80 K and P = 0 and 5 GPa with the DN-12 spectrometer. Interestingly enough, we observed in these
new data that the Mn-O3 and Mn-O4 bonds become very close to one another at ambient pressure
and T = 80 K, where the diffuse scattering reaches a maximum, with the difference being just about
0.005 A above Ty (Fig. 1). As one can see in the figure, upon cooling below Ty the onset of the
AFM triangular state is accompanied by a noticeable splitting of these two bonds. The difference
between their lengths reaches a value of 0.09 A at T = 10 K. This splitting in the Mn-O bonds then
lifts up the geometrical frustration effects in the ordered phase at ambient pressure. In marked
contrast to the ambient pressure data, the splitting of Mn-O3 and Mn-O4 bonds is less pronounced
below Ty at high pressure of 5 GPa: the difference of 0.04 A at T = 10 K is smaller than half of the
corresponding value at ambient pressure. The reduced distortion of Mn-O3 and Mn-O4 bonds leads
to a further symmetric and ideal triangular network of the Mn spins and so enhanced frustration.
The enhanced geometrical frustration effects can then explain the observed appearance of the strong
spin fluctuations at low temperatures and a sharp decrease in the ordered magnetic moment [4].
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Fig. 1. (a). Temperature d@pendemfés of2@he mﬁegratéa mtéﬁsty QSf dlffuse scattering peak in
YMnO; at P = 0 and 6.7 GPa. (b) Temff&ature dependenced 6KMn-03 and Mn-04 bond distances
below and in vicinity of Ty in YMnOgz at P=0and 5 GPa.
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Introduction

Pyridinium salts belong to the group of molecular-ionic crystals with hydrogen bonds, which
exhibit a reach variety of interesting phenomena such as structural phase transitions, ferroelectricity
and dynamical orientational disorder of the pyridine cations [1-4]. The existence of ferroelectricity
was discovered in pyridinium tetrafluoroborate PyHBF, (CsHsNHBF,) [1], pyridinium perchlorate
PyHCIO4 [2], pyridinium perrhenate PyHReO, [3] and pyridinium periodide PyHI Oy [4].

In the recent study of the P-T phase diagram of PyHCIO, by dielectric and NMR measurements
[5] at pressures up to 0.4 GPa and low temperatures tree phases were observed. At ambient
pressures and T>245 K the pyridinium prechlorate PyHCIO, exhibits paraelectric phase | with the
rhombohedral structure (space group R3m). At T=232 K the phase transition in to paraelectric phase
[l was observed. Under pressure, alinear increase of the transition temperatures to phases |1 and 111
was found. However, the direct structure studies of phase Il and 111 of the pyridinium perchlorate
PyHCIO4 wasn't performed.

In order to study structural modifications of deuterated pyridinium perchlorate we have
performed energy dispersive X-ray diffraction measurements at high pressure up to 3.5 GPa in
temperature range 297 — 380 K.

Experimental

The (dsPyH)CIO, salt was prepared by alowing the ds-pyridinium base (95%) dissolved in
80% ethanol to react with perchloric acid. The substance obtained in this way was recrystallized
three times.

The X-ray diffraction experiments at high pressures up to 3.5 GPa in temperature range 294 —
380 K were carried out using the multianvil X-ray system MAX80 at F2.1 beamline of storage ring
DORIS 1. Diffraction patterns were recorded in an energy dispersive mode using white
synchrotron X-rays from the storage ring DORIS-1I1. The Bragg angle 26 was fixed at 9.093°,
counting times for each diffraction pattern were about 7 min. The refinement of X-rays diffraction
patterns were made by means of Fullprof [6] program.

Results and discussions

At ambient conditions the rhombohedral phase | with space group R3m was evidenced and its
calculated lattice parameters were a=8.675(9) A and ¢=8.497(4) A. This result agrees well with
experimental data from Ref. [5]. At high pressure P>0.5 GPa the some changes in diffraction
patterns were observed. These changes were corresponding with the phase transition from phase | to
phase Il in deuterated pyridinium perchlorate at high pressure. With a further pressure increase,
sharp changes of diffraction patterns were indicated for P > 0.9 GPa, evidencing appearance of the
phase IIl. The program VMRIA [7] were used for structure of high pressure phase Il and 111 solving
and its lattice parameters obtaining. The diffraction peaks for the phase Il and Il1 can be properly
indexed within the monoclinic structura model of Cm and Pm symmetry, respectively. The
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expected unit cell parameters of phase Il at P=0.5 GPa are a=8.286(8) A, b=14.758(7) A,
c=8.605(8) A and =90.9(6)° A and the phase Il parameters are a=7.948(7) A, b=14.444(9) A,
c=8.526(9) A and =93.2(9)°. The unit cell volume as function of pressure was fitted by the Birch-
Murnaghan equation of state [8]. The calculated values of bulk modules are By = 15(3) GPaand B’
= 4(1) for the phase I; Bp =6(2) and B’ = 4(1) for the ferroelectric phase Il and By = 11(3) GPa, B’ =
4(1) for high pressure phase 1.

The addition temperature experiments shown shift of temperatures of phase transition from
phase Il to Il and from 11 to | at high pressure. The changes of temperature of phase transition from
phase | to phase Il is described T,.,=245K+79.6(4)xP (GPa) and from monoclinic phase 11 to phase
[ Ty.1=233K+64.4(4)xP (GP4d). The temperature range where ferroelectric phase exist increase
from 12 K at ambient pressure to 42 K at pressure P=2.0 GPa. The P-T phase diagram of deuterated
pyridinium perchlorate constructed on the basis of the obtained experimental data and data from
Ref. [5] are shown in Fig. 1.
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AUTOCORRELATIVE MICRODYNAMICSOF LIQUID LITHIUM AND
LITHIUM-HYDROGEN MELT: THE INELASTIC NEUTRON SCATTERING STUDY
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Engineering, Obninsk, Russia

Among numerous microdynamic characteristics of matter the valuable role plays the so called
velocity autocorrelation function (VACF), which describes the correlations between velocities of
particle at two different times, t; = 0 and t, = t. VACF is widely discussed function of the matter.
The VACF can explain mainly by its theoretical manipulation access, and for the other hand, VACF
is the direct output of molecular dynamics (MD) simulation. Time dependence of VACF follows
from the frequency spectrum, g(w), of the substance in such away [1]:

<V(OV() > ]"

IIIVACF (t) = <\?2 (0)

cth(—) cos(wt)dw . ()

0

Fig.1 represents the VACF of liquid lithium atoms at different temperatures. It is seen that at
t > 0.12 ps atom «forgets» its primary velocity. The local minimum of VACF disposition marks the
time of «nearest neighbors» regime, and allows the characteristic interatomic oscillation frequency
to be determined, as well as average oscillation energy of atomsin the liquid onder investigation.

For the comparison Fig. 2 contains the VACFs of liquid lithium for different temperatures
obtained by the present study, and VACFs from MD-simulation [2] at approximate temperatures.

Fig. 2 reveals three main divergencies of the experiment from modeling. Firstly, experiment
shows more weak VACF vs. T dependence. Secondly, the minimum of VACF corresponds to the
more high oscillation energies inferred from experimental data than from MD-simulation. Thirdly,
the experimental curves possess more deep minima. These divergencies we understand as the result
of some inadequacy of interatomic interaction potential explored in MD-simulation.

Fig. 3 and 4 represent the VACF describing by the simple one-or-two component formula[3]:

(O ~ Y exp(- ) cosSh @
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Fig. 1. VACEF of liquid lithium atoms at different Fig. 2. VACEF of liquid lithium atomsin
temperatures. comparison with VACF from MD-simulation
at approximate temperatures [2].
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As it seen from Fig. 3 and 4, the use of two components of formula (2) approximates the
experimental curve VACF better than the use of one component. The ty value of expression (2)
usually treats as particle life-time in the given surroundings, or by another words, can be called as a
time of structural relaxation.

As a contemporary liquids theory regards, the fluctuation relaxation process mechanism is
twofold: fast, linked with the binary atom-atom collisions, and slow, taking place through the atom-
neighboring (clusters) interaction [2]. Hence, there exist aso two different times of structural
relaxation, related with the fast and slow mechanisms, correspondingly.

Our data treatment procedure includes the separation of neutron scattering spectra into the
inelastic and quasi-€lastic components with next their separate analysis. So, al the analysed VACFs
do not contain any diffusion effects, being of pure oscillatory nature. As a matter of fact, one can
suppose that the characteristic time to extracted from the VACF s decomposition (2) is related to the
fast (i.e. binary) process.

Difference of the frequency spectra of lithium and hydrogen in the Li—H alloy [4] absolutely
reflects itself in the lineshape of VACF shown in Fig. 5. The difference of relaxation times for
lithium and for hydrogen in the Li—H alloy [4] demonstrates that the nearest neighboring in pure
lithium is more long living than it takes place in Li—H alloy.
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Fig. 5. Comparison of the VACF for lithium (1) and for hydrogen in the Li—-H melt (2). T = 557°C.
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Colloidal stability of magnetic fluids (MFs), especially at a high volume fraction of
magnetic nanoparticles, ¢, is a complex issue connected to the synthesis procedure, including
the nature of surfactant(s) and carrier liquids used. In this work we report our recent results on
structural studies of stabilization factors in MFs based on non-polar organic carriers.

It iswell known [1] that one of the best molecules for stabilizing magnetite nanoparticles
in organic non-polar liquids is oleic acid (OA), a non-saturated mono-carboxylic (fatty) acid,
which has a Cig—tail with adouble bond kink in the middle. Despite wide use of this surfactant in
stabilization procedures of magnetic fluids, still there is no full understanding what factors
responsible for the resulting stabilization distinguish oleic acid from its straight-chain saturated
analogue, stearic acid, which is always considered as a poor stabilizer. Here, we investigate the
structure of magnetic fluids based on decahydronaphtalene (DHN) and stabilized by various
chain length molecules from a series of saturated and straight carboxylic acids, namely lauric
(LA), myristic (MA), pamitic (PA) and stearic (SA) acids with Cip, Cia, Cis, Cis- talls,
respectively, and compared them with the classical fluid stabilized by OA. Magnetization
analysis and small-angle neutron scattering are used to find out and compare the particle size
distribution in the studied MFs and the effective thickness of the surfactant (acid) shell. This
work is a continuation of [2].

All studied fluids were prepared by the same procedure [3,2] standard for OA
stabilization. Magnetite nanoparticles, Fe;O4, were obtained by the co-precipitation in agueous
solution of Fe** and Fe** ions (salts FeSO,.7H,0; FeCl3.4H,0) in the presence of NH4OH sol.
25% (temperature 80-82°C). A surfactant from the above mentioned series with a significant
excess (30 vol. %) was added to the system right after the co-precipitation starts following its
chemisorption on the magnetite surface. Then, several steps including washing with magnetic
decantation, flocculation, re-dispersion in light hydrocarbon and filtration were performed to
remove residues of salts, free surfactant in solution and large aggregates of non-dispersed
magnetite particles, respectively. Finally, magnetite particles coated with a single surfactant
layer were extracted by flocculation with acetone and, then, re-dispersed into the required
carrier, DHN (Merck, chemically pure). The particle concentration in the MF strongly depends
on the acid used. Despite the fact that exact quantitative analysis of the dispersing efficiency is
quite a difficult topic for colloidal solutions, qualitatively we conclude that as compared to OA
such efficiency is just several times less for MA, and more than 10 times less for other saturated
acids (LA, PA, SA). Again, qualitatively, SA is the worst stabilizant among the considered
saturated acids. Repeating the above procedure in the case of saturated acids severa times
(depending on dispersing efficiency) we succeeded in concentrating the samples up to ¢m within
6 - 10 %. It is important that the final flocculation-redispersing cycle was additionally performed

94



until free surfactants were completely removed from the fluids. The ratio between volume
fractions of magnetite and covering surfactants was determined from the density measurements
and constituted ~1:1 for OA sample and between 1:2 and 1:3 for samples with saturated acids.
All of the fluids were stable at least ayear after preparation.

The main structural difference revealed for the fluids with saturated acids as compared to the
OA case concerns the size distribution function of the stabilized magnetite nanoparticles. First, it
was judged from the magnetization curves (Fig.1l). They were treated in terms of the
polydisperse Langevin approximation [5] with the log-normal distribution of the magnetite core
radius R:

Dn(R)=(1/(27)*SR)expl-In(RIR0)/(2S)], )

where Ry, Sare the varied parameters. Because of the low volume fraction of magnetite both the
concentration effect and the magnetic interparticle interaction were not taken into account.

The SANS curves from solutions in DHN are given in Fig.2. In this case the scattering from
the surfactant layer is amost matched, because the values of the mean scattering length density
for the surfactants and carrier are close [4]. Also, the nuclear scattering dominates strongly over
the magnetic part, which is a result of the large contrast between magnetite and carrier [4]. So,
the curves in Fig.2 correspond to the nuclear scattering from magnetite and are treated in the
frame of the model of homogeneous polydisperse spheres [4] with Dy(R) asin Eq.1.

The difference in the data of magnetization analysis and SANS can be seen for Dn(R). It is
most significant for the case of the OA stabilization. In [2] this difference was related to the size
dependence of the thickness of the non-magnetic layer. However, there is no clear reason for
such effect. The discussed difference can aso reflect the magnetic interaction effect, which
concerns both the magnetization analysis and SANS. In the first case, it influences the used
Langevin approximation. The larger the particles dispersed in the liquid (OA sample), the
stronger the interaction; hence, a larger deviation in the parameters of the Langevin
approximation can take place. In SANS the attraction between particles results in appearance of
the structure-factor increasing the apparent atomic size of the particles and making it different
from the magnetic size.
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Fig.1. Magnetization curves (points) for magnetic fluids stabilized by various mono-carboxylic
acidsin DHN, ¢, = 1.5 %. Lines are results of polydisperse Langevin approximation. Inset shows
corresponding particle size distributions of magnetite (magnetic size).

Fig.2. Experimental (points) SANS curves for MFs in DHN normalized to ¢ = 1.5 %.
Lines are the results of approximation by the model of poly-disperse independent
spheres. Inset shows the corresponding particle size distributions of magnetite (atomic
size).
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Fig.3. SANS curves for MFsin 90 % d-DHN. (a) curves are normalized to ¢m = 0.6 %. (b)
approximation by the model of independent core-shell particles with polydisperse core; for
convenient view the curves are additionally divided by factors of 10 (SA), 50 (PA), 200 (MA),
1000 (LA).

Table 1.
Sample Ro (nm) S h (nm) L (nm)
magnetization | scattering | magnetization | scattering | (Scattering)
OA 2.70 3.40 0.39 0.38 1.40 2.3
SA 2.50 2.55 0.22 0.28 1.85 2.3
PA 2.40 2.48 0.22 0.28 1.55 2.1
MA 2.40 2.65 0.22 0.28 1.35 18
LA 2.30 2.51 0.22 0.28 1.25 16

The thickness of the surfactant layer around magnetite can be deduced from SANS data for
90% d-DHN solutions in Fig.3. In this case, due to a significant contrast the scattering from the
layer contributes much in the curves making their behavior quite different from the previous case
with usual DHN. The modulation of the scattering with the chain length of the saturated acids is
clearly seen in Fig.3a. Since the particle size distribution does not change much with the
surfactant, and the scattering length densities of the saturated acids are very close, the surfactant
chain length is the only factor determining the difference in the curves for saturated acids. The
given data differ from those in Fig.2, where no modulation on the surfactant length takes place.
Again, the curve for the fluid with the OA stabilization in Fig.3a shows qualitatively different
behavior as compared to saturated acids, which confirms the conclusion about the difference in
the Dn(R) function for the two cases. In Fig.3b all curves are fitted to the core-shell model for
particles with poldisperse cores [4, 6]. Here, the magnetic scattering contribution is neglected. As
it was shown previoudly, [7, 6, 8], it is difficult to model this contribution because of the
complex magnetic correlations. Nevertheless, its effect is small for g > 0.1 nm™. At smaller o
values it results in systematic deviation of the experimental data from the model curves (see
Fig.3b). Together with the thickness of the shell, h, the dimensionless parameter r7=-(p1 - ps)/
(p1-po) comprising the scattering length densities of magnetite, po = 6.9x10% cm™, shell, p; = 0
cm, and solvent, ps = 6.545x10™ cm™, was varied around the calculated value of —0.95. Also,
the parameters of the Dy(R) function were free only over 5 % vicinities around values taken from
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the data in Fig.2. The resulting h-values are presented in Table 1. They confirm the conclusion
that the thickness of the surfactant layer correlates with the surfactant length, L, whose value
calculated according to Tanford’s formula [9] is given in Table 1 for comparison. Taking into
account the fact that saturated fatty acids of various chain lengths stabilize magnetite
nanoparticles with approximately the same Dy(R), one can conclude that this Dn(R) is not
determined by the acid length, but rather the acid organization on magnetite surface. Our data
show that a stabilizing layer of a saturated acid possesses worse elastic properties than the layer
of OA. The other reason, which can affect the stabilized particle size distribution, as well as the
dispersing efficiency of the acids, is connected with chemical factors during the preparation.
Thus, the possible micelle formation in intermediate water solutions can decrease the number of
free surfactant molecules required for full coating of magnetite surface. The critical micelle
concentration is inversely proportional to the molecule length, which correlates with the worst
dispersing efficiency of the longest SA. Also, the addition of the surfactants during the synthesis
of the studied MFs is performed using concentrated solutions of the acids in light hydrocarbon.
The nematic interaction between the elongated acid molecules can affect the number density of
free surfactant in solution. The careful consideration of these two points is the subject of our
further research.
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Introduction

Neutron supermirrors are used in many physical experiments now. 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 O < 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 ~ 1 intheinterval O
< k < nk; is called Mn mirror. It became a usual practice to fabricate M2 and M3 mirrors.
However there are many attempts to produce mirrors with higher n also. The last record belongs
to Japanese [1] who prepared mirror M6.7.

Last time al the mirrors were prepared in aperiodical fashion, which meant that
thicknesses of layers in bilayers varied with the bilayer number. The algorithm for thickness
variation was proposed by Hayter and Mook [2]. 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 [3], 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
quality of interfaces and therefore of the whole supermirror.

Experiment

The goal of the given work is to investigate at the Budapest Neutron Center 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.

For that purpose we measured at the neutron reflectometer of KFKI reflectivities of 4
samples containing 1, 2, 4 and 8 Ni/Ti bilayers on a boron float glass substrate. The scheme of
the experiment is shown in Fig. 1. In this experiment the incident beam was monochromatized
by crystal of pyrolytic graphite and had wave length 4.28 A. The sample mirror could be rotated
to change the grazing angle @ of the incident neutrons, and the detector was stationary and wide
enough to percept al the reflected neutrons in agiven range of @ variation.

From fitting of measured data to theoretical curves we could find the parameters of
samples and resolution of installation. Variation of parameters of samples shows how far the
technological conditions are varied from sample to sample. Comparison of angular distribution
of the incident beam at the reflectometer and angular distribution of the reflected beam gives
information on intensity of diffuse scattering and its dependence on number of bilayers.
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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 picture. The position sensitive detector is 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 A and presumable
resolution.

In Figure 2 in linear scale are shown the results of fitting experimental datafor 2, 4 and 8
periods with the formula[3]:

k+6_’ de
R(k)= | IR —+n,, 1
(k) JJNJp)Zﬁ )

where
Re(P)=Ry(P)+Ti(P) - ﬁrsz(pp;r) (0)

is the reflection amplitude from a periodic chain of N periods evaporated over a semiinfinite
substrate, and the substrate reflection amplitude is
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Fig. 2. Fitting of the reflectivity data for periodic chains of bilayers evaporated on a thick float glass substrate. The
fitting function is given by Eqg. (1). The data were obtained in Hungary at the reflectometer with wide stationary
detector. The results are shown in linear scale for @) 2; b) 4; c) 8 bilayers. The solid curves are theoretical curves
with parameters found from fitting.

Eg. (1) takes into account the final resolution of the installation, scheme of which is shown in
Fig. 2, and possible existence of background, nb, in the system. The resolution 6 and background
N were two fitting parameters. Besides them we took as fitting parameters the real parts of all
the potentials up, Uy, the potential of substrate usin terms of that of Ni, and thicknesses of Ni and
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Ti layers in units of AJ/2z of Ni. Imaginary parts of the potentials were put to table ones. The
results for fitted parameters are presented in the first three lines of the Table 1. The last column
of the table shows y? of the fitting. The pictures in Fig. 2 show a good fit of all the samples,
however the thicknesses of the Ni layers are more than 20% higher and thicknesses of the Ti
layers are more than 20% lower than in the project. The Ni potential was found to be dlightly
lower than is expected, which can be explained by presence of some oxygen or nitrogen
impurities. The resolution & ~ 3.5 % and background n, = 0.003 are also quite acceptable. The
worst was the value of the x% It is especially high in the case of the 8 periods sample.

Table 1. Fitted values of real parts of potentials u’ for Ni (b-barrier), Ti (w-well) and substrate (s), their thickness|,
resolution 8, 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 rea part of Ni optical
potential u'y; = 0.245 peV, and unit of length is the reduced critical wavelength AJ/2r = 92A for Ni.

N |u' u u u u u'' | lw ) Nb Ve

b w s b w s

0.964 | -0.258 0.452 0.00014 | 0.00012 | 0.0001 | 1.121 | 0.59 | 0.036 | 0.003 25

2
4 10934 |-0.388 0.446 0.00014 | 0.00012 | 0.0001 | 1.182 | 0.525 | 0.033 | 0.003 114
8 10993 |-0.242 0.398 0.00014 | 0.00012 | 0.0001 | 1.061 | 0.649 | 0.035 | 0.0089 | 349

Perhaps, so high value of »* could be explained by taking into account the off-specular scattering
that we not regarded in our model. Unfortunately we can not measure the off-specular scattering
on our samples in BNC and the checking of its influence on the fit is a deal of the future
experiment.

Conclusions

The experiment confirms the rightness of algorithm given in [3] for the samples with few
periods. At the same time the experiment clearly shown that achieving of the good agreement
between the experimental results and theoretical model is possible with taking into account both
the specular and diffuse off specular reflection on the sample imperfections.
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Magnetic fluids are colloidal dispersions of magnetic nanoparticlesin liquids. To prevent
aggregation of the particles because of the dipole-dipole interaction (especially in the magnetized
state under external magnetic field) particles are usually covered with a stabilizing surfactant
layer [1]. For polar magnetic fluids the double stabilization, conventionally the formation of the
additional second layer, is required [2]. The first layer forms due to chemisorption of surfactant
polar heads on the surface of the magnetic particles. The second layer is the result of the physical
sorption: tails of the second layer’s molecules are turned to the tails of the first layer’s molecules,
thus polar heads are turned outside, which makes it possible to dissolve the particles in polar
carriers. Such kind of double-layer stabilization requires some excess of the surfactant molecules
in the solution, so that exchange of molecules of the second stabilization layer with free
molecules in the solvent isin equilibrium. This type of magnetic fluidsis promising for synthesis
of biocompatible magnetic systemsto be used in various medical applications.

The initial concentrated magnetic fluids were synthesized in the Laboratory of Magnetic
Fluids at the Center of Fundamental and Advanced Technical Research of the Romanian
Academy of Sciences (Timisoara, Romania). The samples were water-based magnetic fluids
with magnetite nanoparticles stabilized by myristic (MA) or oleic acids (OA). The volume
fraction of dispersed magnetite, ¢m, constituted 11% in the LA sample and 13% in the MA
sample. Fluids showed good stability (at least in one year after preparation) in the absence of
external magnetic field.

To perform contrast variation measurements samples were diluted ten times with
different mixtures of light water (H,O) and heavy water (D,0) in a way that the D,O content in
the final sample was varied from 0% up to 90%.

The measurements were done at the SANS-1 instrument at the steady-state reactor FRG-
1 of the GKSS Research Centre (Geesthacht, Germany). As buffer solutions the corresponding
mixtures of H,O/D,0 with the same D,O content were used.

The contrast variation method in SANS experiments is based on detecting changes in the
scattering from the system when varying the contrast, a difference between mean scattering
length densities (SLDs) of the particles and the carrier. In the classical generalized approach for
monodisperse non-magnetic particles [3] the SANS intensity is analyzed in terms of the basic
functions (g-dependent coefficients in the expansion of | over the contrast). For polydisperse and
magnetic particles in magnetic fluids the scattering can be treated [4] in sSimilar manner:

1(q) = I5(a) + ApI (a) + (A5)*1 . (a) , (1)
where

Ap = p,— ps 2
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is the modified contrast, the difference between the effective mean SLD of the particles, p,, and
SLD of the liquid carrier, p,; and I (q), I,(q), I.(q) are the modified basic functions which
contain information about the nuclear and magnetic SLD distributions within particles, aswell as
the polydispersity function. The term (Aﬁ)zrc(q) prevails in the scattering intensity at
sufficiently large contrast and corresponds to the average particle shape. The contrast
independent term 1 _(q) comprises the residual nuclear scattering at the effective match point and
magnetic scattering contribution, which is determined by the magnetic SLD of the particles. The
fcs(q) is the cross-term. In the general case, the choice of p, is arbitrary [4]. It does not affect

the fc(q) function, which is the most transparent for interpretation.
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Fig.1. SANS contrast variation on magnetic fluids with double-layer stabilization by lauric acid
(LA) (@) and myristic acid (MA) (b). Percent volume fraction of D,O in the solvent is indicated.
Volume fraction of dispersed magnetite in the samples, ¢, is~1.1% (LA) and ~1.3% (MA).

All scattering curves measured at various D,O content are presented in Fig.1a (LA) and
Fig.1lb (MA). We failed in fitting the experimental curves to the model of separate core-shell
particles imitating spherica magnetite cores coated with surfactant shell. This indicates a
significant aggregation effect on the scattering, which differs much the studied type of magnetic
fluids from those based on non-polar carriers and stabilized by a single surfactant layer [5]. The
scattering from the aggregates does not make it possible to treat the obtained curves with the
Guinier approximation. As the choice of effective match-point is arbitrary, here we used another
method which connects this choice with the inner structure of the considered systems. We have
found minima positions in the dependencies of scattering intensities on D,O content in the liquid
carrier at different g-values. The found dependences of the minimum positions as a function of q
are given in Fig.2. The important observation is that for the MA sample the minimum does not
change at g-interval of 0.06 — 0.3 nm *. From the well-known relation between direct and
reciprocal spaces, D ~ 2r/q, one can conclude that the aggregates in this sample can be
considered as homogeneous at the scale of more than 20 nm. The corresponding effective match
point, 51 % of D,0, gives the mean aggregate SLD of 2.93 x 10'° cm 2. For the LA sample the
situation is different. No g-interval where the match point does not change is distinguishable, so
in this case we deal with quite polydisperse aggregates whose mean SLD depends strongly on
the aggregate size.
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Fig.3. Experimentally obtained shape scattering modified basic functions for each of magnetic
fluids. The line shows fits of the curves according to obtained p(r) function (a); Pair distance
distribution functions of particles found from shape scattering modified basic functions for both
magnetic fluids (solid lines) compared with the pair distance distribution functions found from
the curves with 0% D,O content (dashed lines) and from the TEM measurements of the separated
particles (doted lines) — MA: Do= 6.08 nm, S=0.20; LA: Do=7.42 nm, S=0.23 (b).

To find the modified basic functions we solved system of equations of type (1) using
value of contrast at q = 0.09 nm %, The most informative of the modified basic functions is the

I~C(q) function (Fig.3a). From the comparison of I~C(q) for the LA and MA samples one can see
that particles of the LA magnetic fluid have larger sizes than those of the MA fluid. It is clearly
supported by the Indirect Fourier Transform (IFT) [6] of the fc(q) functions, which produces the

pare distance distribution (PDD) function p(r) shown in Fig.3b. For polydisperse systems this
function reflects mainly the particle size distribution. The maximal value, where p(r) is non-zero,
corresponds to the maximal aggregate size, which is 49 and 33 nm for the LA and MA samples,
respectively, in full agreement with above conclusion. DLS measurements on the same samples
[7] conducted to average hydrodynamic sizes of 77 nm for LA and 48 nm for MA double layer
stabilized magnetic fluids, which include the stabilizing layer contribution and show the same
difference between the two kind of magnetic fluids; average size ratios are 1.5 (SANS) and 1.6
(DLS), respectively. The radius of gyration, Ry, calculated from the p(r) function, 15.2 + 0.2 nm
(LA) and 10.2 + 0.1 nm (MA), is connected with the radius of gyration of the particle shape, R,
and volume, V., in away Ry> =< R V¢* >/< V>, where brackets denote the averaging over the
particle radius distribution Dn(R) [4]. Assuming the quasi-spherical shape of the aggregates,
which alows one to use the relation R = (3/5)R?, one obtains the characteristic radii of the
particles (< R? V2 >/< V2>)"2 to be equal to 19.5 + 0.3 nm and 13.8 + 0.1 nm for the LA and

MA magnetic fluids, respectively. In Fig.3b the PDD functions from [_(q) are also compared
with those obtained for the scattering curves at zero content of D,O. The later case is determined
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only by the scattering from magnetite. Additionaly, the calculated PDD functions for single
magnetite nanoparticles in the magnetic fluids are shown. The calculations were based on the
data [8] of the transmission electron microscopy (TEM).

From Fig.3b one can see a significant difference in the organization of aggregates in the
two fluids. If for the LA sample there is an observable difference in PDD functions from fc(q)

and from the H20 curve, for the MA sample the PDD functions of the two kinds almost
coincide. For the LA sample the difference in the maximal size of the two PDD functions, about
3.5 nm, can be related to the effective thickness of the surfactant layer around magnetite
nanoparticles. As to the MA sample, we suppose that here one deals with the homogeneous
agglomeration with quite small effective thickness of the surfactant around single magnetite
nanoparticles. The estimate of the volume fractions of magnetite gives &n = 0.44, which means
that the surfactant content in the aggregates does not exceed 56 %. Using the Dn(R) function
from TEM for single magnetite particles we obtain that the maximal effective thickness of the
surfactant around magnetite, which satisfies the obtained surfactant content, is restricted by 1.3
nm. This value is very small, which mean that particles in aggregates are nanomagnetite covered
with one incomplete layer of myristic acid. In opposite, the LA magnetic fluid can be considered
as more close to the non-polar organic magnetic fluids [5] with the core-shell particle structure,
where the surfactant covers completely the magnetite surface and forms the stabilizing shell.

Conclusions

Structure analysis based on contrast variation in small-angle neutron scattering on water-
based magnetic fluids sterically stabilized with short-chain length lauric (C12) and myristic
(C14) acids revealed that the fluids differ principally with respect to the aggregate formation. In
the LA sample quite polydisperse associations of magnetite nanoparticles coated with double
surfactant layer (effective thickness about 3.5 nm) mainly appear. The MA sample is
characterized by the formation of homogeneous and less polydisperse aggregates as a result of
the non-full covering of magnetite with the surfactant. The reason for this can be connected with
the possible formation of micelles of mono-carboxylic acids in water, which decrease the
number of free surfactant molecules required for full coating of magnetite surface. The critical
micelle concentration is inversely proportiona to the molecule length [9], which correlates with
the worse stabilization for the longer MA.
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The key parameters of the behavior of magnetic particles in ferrofluids (fine liquid
dispersions of magnetic materials stabilized usually with surfactants) are related to the nature of
their surface. Magnetic fluids are very promising in the use of future medical applications. In
such biocompatible systems the chemical composition of the surface is especially important to
avoid the action of the reticuloendothelial system (RES), which is a part of the immune system,
in order to increase the half-life of magnetic fluid in the blood stream. Coating the magnetic
particles with a neutral and hydrophilic compound — poly(ethylene glycol) (PEG), the circulatory
half-life increases from minutes to hours or days [1]. The object of investigations in the present
study isthe water based magnetic fluid stabilized with double layer surfactant/polymer [2].

The investigated magnetic fluids were synthesized in Instute of experimental physics of
Slovak academy of sciences (Kosice, Slovak Republikc). The samples were magnetite
nanoparticles coated with double layer of soidium sats of oleic acid (Ci7H33COONa). An
additional layer of PEG was formed on so stabilized nanoparticles.

The magnetic fluid was investigated by small-angle scattering of non-polarized neutrons
(SANS). The contrast variation with H/D substitution was used to reveal features of the internal
structure of the ferrofluid at the scale 1-100 nm. The initial sample (volume fraction of magnetite
about 2%) was dissolved with the ratio 1:4 by different mixtures of light/heavy water to achieve
the D,0O contents of 0, 10, 20, 30, 40, 50, 60 and 70% in the fina fluid. The H,O content in the
initial solution was estimated to be 95% from the mass density measurements (1.02 g/ml). Pure
H.O/D,0O mixtures with the same D,O contents as in the experimental samples were used as
buffer solutions. The studied fluid shows good stability in the absence of the external magnetic
field. No significant changes in its properties were observed within period of one year after
preparation.

Experiments were carried out on the SANS-1 small-angle instrument at the FRG-1
steady-state reactor of the GKSS Research Center (Geesthacht, Germany) [3]. No external
magnetic field was applied to the samples.

The studied ferrofluid shows a complex multi-level and multicomponent structure. The
experimental data were treated in terms of approach [4], which takes into account these aspects
in addition to the classical contrast variation technique [5]. The advanced basic function
approach takes the following view:

1(q) = I5(q) + ApI(q) +(A5)*T . (a), (1)
where

Ap = Pe—Ps (2)
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is the modified contrast, the difference between the effective mean scattering length density
(SLD) of the particles, p,, and SLD of the liquid carrier, p,. The modified basic functions

I.(q), I(q), T4(g) comprise information about the nuclear and magnetic SLD distributions
within particles, as well as the polydispersity function [4]. Among three basic functions the most
transparent for interpretation is I.(q) =<1.(q) >, the average of the scattering shape function
l(q) of the Stuhrmann’s type [5]. The corresponding term (A5)*1.(q) prevailsin the scattering
intensity (1) at sufficiently large contrast. The other basic function fs(q) describes scattering at
the effective match point (Ap=0). It comprises both the residua nuclear scattering and
magnetic scattering. Finally, the T (q) contribution is a cross-function. In the general case, in
contrast to the other two basic functionsit can take negative values.
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Fig.1. Changes in the SANS curves with the contrast variation on the studied ferrofluid. Percent
volume fraction of D,O in the solvent isindicated. Volume fraction of dispersed magnetite in the
samples, ¢, islessthan 0.5%.

Fig.2. Dependence of the effective match point on g-value for the studied magnetic fluid.
Two specific regions are distinguished.

The experimental SANS curves at different D,O content in the carrier are presented in
Fig.1. The change in the character of the curves repeats that seen in similar experiments [6] on a
water-based ferrofluid with nanomagnetite sterically stabilized by a double layer of
dodecylbenzenesulphonic acid (DBS). Samples with the small content of D,O in the solvent
(below 30%) show signal mainly from magnetite, because of the dlight contrast between water
and sodium oleate/PEG layer. The behavior of these curves differs from the scattering by single
separated nanoparticles and corresponds rather to large (characteristic size more than 120 nm)
aggregates. A specific feature clearly appears at g-values above 0.5 nm™* a high D,O content
(above 50%), which corresponds to significantly smaller particles consisting mainly from H-
components of the ferrofluid.

Because of the large size of the mentioned aggregates no specific Guinier regime can be
resolved in the initial parts of the curves. In this case the effective match point of the system
(effective content of D,O when the scattering is minimal) cannot be related to forward scattering
intensity. Nevertheless, as it was noted [4] that the choice of this parameter for polydisperse
systems is entirely arbitrary. Here, we have built dependences of scattering intensities on D,O
content in the solvent at different values of g and found out their minima (i.e. effective match
points). The full g-dependence of the effective match point is shown in Fig.2. Two regions where
it does not change much can be seen. They can be related to match points of about 45 and 5%
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corresponding to two kinds of particles in the fluid, which are aggregates containing magnetite
particles and, most probable, micelles of free surfactant in the solution. Using the value of the
match point, 7, and the scattering length densities (SLDs) of light water (pnz0 = — 0.56 x 10%
cm ?), heavy water (oo = 6.34 x 10" cm?) and of magnetite (p = 6.9 x 10" cm ?) we
estimated the volume fraction of magnetite in the aggregates as 37%. This value is close to that
concluded for water based fluid with double DBS stabilization [6]. Since the SLDs of sodium
oleate and PEG are ailmost the same, it is impossible to say from the mean SLD what fractions
take these components. Also, the empty space in the aggregates, which also has zero SLD,
should affect the mean SLD.

The shape of both the aggregates and micelles can be analyzed by the basic functions
approach (1). To define the modified contrast (2) we used the D,O content dependences of the
scattering intensities at g = 0.09 nm™. The found minimum gave the effective match point of
44.6% of D,O content (corresponding SLD 2.517 x 10" cm™®).

Fig.3. Experimentally obtained shape
aggregates scattering modified basic function.
Different scattering levels corresponding
to two different kinds of particles are
indicated. The line shows fit of the
curve, which takes into account the
power-law  type  scattering  from
aggregates (low g-values) and scattering
from micelles (large g-values). Inset
shows PDD for the “micelle part” of the
scattering curve. Parameters of the IFT
fitare Ry = 1.59 + 0.05 nm, 1(0) = (0.021
——— — +0.001) x 10 © cm®.
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As it was mentioned above, our main god is the I (q) basic function (Fig.3). It clearly

shows two different scattering levels. The first level (small g-values) reflects the power-law type
scattering ~q 2>, which is a linear dependence in the double logarithmic plot in Fig.3. The
obtained exponent (—2.5) indicates the presence of fractal aggregates with the dimension of 2.5
(mass fractals). Their size, as it was mentioned above, exceeds 120 nm that is why their Guinier
region is out of the instrument resolution. The second level (large g-values) shows well-defined
Guinier regime for significantly smaller particles. After subtracting the extrapolated power-law
scattering at large g-values the second level can be treated well by the Indirect Fourier Transform
(IFT) procedure [7] to obtain the pair distance distribution (PDD) of small particles. The
resulting PDD is given in the inset to Fig.3. Parameters of the IFT fit are indicated in the caption
to Fig.3. We relate the obtained PDD with spherical micelles formed as a result of the excess of
the stabilizing agents (surfactant and PEG) in the solution. The micelle radius, ~2.1 nm,
correlates well with the length of the sodium oleate, thus indicating that this molecule is
responsible for the micelle formation.

Conclusions

Despite the good stability of the studied sample its inner structure is far from the general
concept of the ferrofluid structure. Significant aggregates are seen in the SANS curves which are
large (size more than 120 nm) fractal clusters. The origin of these clustersisto be clarified. It is
well known [8-10] that in water-based ferrofluids with the double sterical stabilization two types
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of aggregates are observed. The first type is the temperature stable comparatively small and
compact (several magnetite particles) aggregate, formed presumably during the dispersing
procedure. The second type is large (predominantly fractal) agglomerates, which form with time
in the ferrofluids after preparation. Specific features of such aggregates are that they are
destroyed at various rates by the temperature increase [8] and can change their structure under
the effect of the external magnetic field [11]. In the given case, we can see that in the SANS
curves only one type of the discussed aggregation (large clusters) dominates. Its sensitivity to
temperature and external magnetic field should be measured in further experiments.

The formation of spherical micelles of sodium oleate in the studied system is evidenced
by the SANS contrast variation, which is a result of the excess of the stabilizing agent. The
comparison of their properties with those in pure agueous solutions of the surfactant is the aim of
our further research.
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The given experiment is the continuation of the study of factors determining the stability of
ferrofluids - fine liquid dispersions of magnetic nanoparticles coated with surfactant molecules [1].
The surfactant content in ferrofluids determines the stability of these systems. In practice, there
exists an optimal content, deviations from which result in the deterioration of the ferrofluids quality.
One can note that this problem is general for colloidal solutions. For organic non-polar ferrofluids
with a single surfactant layer around magnetic nanoparticles the presence of the free surfactant
molecules in the carrier worsens the ferrofluids stability. In polar ferrofluids with double
stabilization the surfactant excess is necessary, still the knowledge of its optimal value is required.
Thus investigation of the behavior of surfactant moleculesin the solutionsis very helpful for further
research of ferrofluids stability. The goal of present work is the study of the behavior of
dodecylbenzene sulfonic acid, C1gH3,S03, (DBS) in polar solvents (d-water). DBS surfactant is a
component of various technical ferrofluids with double stabilization. The second surfactant layer in
these fluids is formed by the physical adsorption under the surfactant excess. Small-angle neutron
scattering (SANS) was used to find out the character of interaction in the system, structural
parameters and possible micelle formation in solutions of free surfactants. The work was also
initiated by recent detection from SANS contrast variation experiments on water based magnetic
fluids with DBS as second surfactant shell that some aggregates with gyration radius 1.9 nm
together with magnetic particles and their aggregates appear [2]. Since there is an excess of DBSin
bulk of ferrofluids (water) it was supposed that aggregates with gyration radius of 1.9 nm are
micelles of DBS, which initiated the current work on the study of micelle formation of DBS in
water. We found alack in the literature data on this question.

Small-angle neutron scattering (SANS) was used to conclude about structural features of DBS
micelles at different acid concentration in solution. Scattering curves obtained at SANS instrument
of the Budapest Neutron Center are shown in Fig.1l. The expression for scattering intensity in
standard form was used:

1(@) =n(Ap)’V*P(@) (), @

where P(q) is particles form factor (sphere, elipsoid), and Sq) is structure factor responsible for
interaction between micelles.
For calculation of the particles structure factor §g) the Hayter-Penfold model (charge
spheres) was used:
U(r) = 7zeD2 W2 w forr>D
aq) eff ~ 0,eff r eff

U(r)=oo, for r < D

2
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Results of fits are given together with the experimental datain Fig.1. Solid lines correspond to
modeling by equation which was shown earlier with simultaneous approximation form- and
structure factors (program FISH). The peaks on the curves reflect the micelle interaction. The
obtained parameters are presented in the Table 1. As it is seen the micelles have spherical shape at
low concentration. Then, with an increase in the acid concentration the micelles become ellipsoidal.
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Table 1. Parameters derived from the SANS data

Fig. 1. Experimental SANS curves from
solutions of DBS in d-water with various
volume fractions of the acid: (a) low volume
fractions of DBS; (b) intermediate volume
fractions (c) high volume fractions
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DBS05 | 061 18 1 18 20 2.4 54
DBSL 0.28 18 1.08 23 35 26 59
DB 24 18 115 21 24 2.8 62
DBS3 35 17 13 22 20 2.7 59
DBSA 5 17 15 22 18 31 69
DBSS 74 17 17 23 16 35 78
DBSG 9 16 2 24 15 34 76
DBS9 15 16 2.4 26 15 41 92
DBS12 19 16 25 26 15 43 9%
DBSI5 25 16 2.4 25 15 41 92
DBSI8 27 16 23 25 14 3.9 83
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To summarize, we conclude that micelle formation of DBS was detected in SANS
experiments on solutions of DBS in d-water. Micelle structure parameters including the aggregation
number and charge of micelle were obtained. The increase in the micelle size is found at the
increase in the acid concentration in DBS/water solutions.

The work is partially done in the frame of the project RFBR-Helmholtz (HRIRG-016).
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The investigation of ferrofluids (magnetic fluids) has fundamental, as well as applied interest
for technical [1] and medical [2] applications. The prospects of ferrofluids in medical applications
are determined by development in the synthesis of highly stable magnetic fluids in water. In
contrast to classical ferrofluids based on non-polar organic carriers (single surfactant layer around
magnetic particles is used for stabilization), the synthesis of stable water-based magnetic fluids is
more complicated task. This case requires formation of the second stabilizing surfactant layer,
which can be formed as result of the surfactant excess. In its turn, the surfactant excess can lead to
the formation of micelles, which are unfavorable for stabilization procedure of magnetic particles.

In the given work the structure parameters of a number of water-based magnetic fluids are
obtained by small-angle neutron scattering (SANS). Various combinations of surfactants were used
in the stabilization procedure. Thus, the size distribution functions of colloidal particles are obtained
when SANS is applied to the system based on light water. The degree of particles clusterization is
derived from the comparison of the SANS results with the data of electron microscopy. The best,
from the structural viewpoint, surfactant combinations are revealed.

Magnetic fluids were synthesized at the Center of Fundamental and Advanced Technical
Research, Timisoara Branch of Romanian Academy of Sciences, in accordance with recently
developed technique [3]. The different surfactants such as dodecylbenzenesulphonic acid (DBS),
oleic (OA), myristic (MA) and lauric (LA) acids were used for the sample stabilization. Some
information about the samplesis presented in Table 1.

The experimental SANS curves for investigated ferrofluids 1-6 (Table 1) are shown in Fig. 1.
Qualitatively, experimental curves have similar characters. Still, some difference allows us to
conclude about various structural organizations of the fluids. From the given SANS data we obtain
directly the information about structure of magnetic particles, since the contrast between surfactant
and water carrier is minimal. Thus, the size distribution function of magnetic particles (called
hereafter Dy(R), the volume distribution function as a function of particles radius) can be obtained
from the analysis of the SANS curves. The direct approximation to experimental data the model
separate non-interaction spherical particles with lognormal size distribution does not give reliable
results. This fact indicates that particle clusters form in the ferrofluids. The rate of clusterization in
the fluids can be concluded from the D\(R) functions obtained by the indirect Fourier transform
(program GNOM) and given in Figs.2 and 3.
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Table 1. Description of the investigated water based ferrofluids

Magnetic e Saturation Volume fraction of Density, p,
N m{;?erial Stabilization layers magnetization, M, Gs | magnetic material, ¢ g/crz3 g
1 CoFe, Oy DBS+ DBS 70 0.0165 1.066
2 FesO, DBS + DBS 55 0.0160 1.066
3 FesO, OA + OA 50 0.0125 1.051
4 FesO, MA + MA 30 0.003 1.026
5 FesO, LA +LA 100 0.024 1.101
6 FesO, MA + DBS 128 0.030 1.125
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Fig. 1. The experimental SANS curves for
systems 1-6 (Table 1) in the double
logarithmic scale. For convenience view the
curves are divided by 10 (system 2), 100
(system 3), 1000 (system 4), 10000 (system
5), 100000 (system 6).

The clusters in the systems 1 and 2 where two DBS layers were used for stabilization have a
complex structure. Namely, two characteristic particle radii (approximately 6 and 16 nm) can be
distinguished. The first value exceeds dlightly the mean radius of magnetite (between 4-5 nm),
which is formed in the condensation reaction (data of the electron microscopy). This fact allows us
to conclude that in such systems the magnetite particles are dispersed into water as small compact
aggregates (aggregation number ~10), which is typical for water-based magnetic fluids with double
stabilization [4,5]. At the same time, the presence of relatively small quantity of large compact
clusters with characteristic radius of 16 nm is revealed, which differs these fluids from the previous
ones where large fractal formations were observed [4,5].
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The systems 3-5 (two layers of monocarboxylic acids are used for stabilization) are closer to
the general concept of ferrofluids as systems of isolated magnetic particles covered by a surfactant
shell. It is seen (Fig. 3) from the comparison of the obtained D\(R) functions with the model
function for the separate magnetite nanoparticles revealed in the experiments on the transmission
electron microscopy [6]. Large clusters (characteristic radius 10-20 nm) are present in the systems
in addition to separate particles (radius of about 5 nm). As one can see, the system 5 with double
stabilization by lauric acid is the closest to the distribution function Dy(R) of separate particles.

The cluster organization for the system 6 is more complicated in comparison with cases
discussed above. We failed in obtaining of reliable Dy(R) function, which indicates that wider size
distribution of primary and secondary clusters take place.

From the analysis of structure parameters of water-based ferrofluids with double stabilization
synthesized by method [3] we can conclude that complex cluster formation in the magnetic fluids
takes place in the case of stabilization by DBS. The primary clusters (radius about 6 nm) are
associated into secondary aggregates (characteristic radius about 16 nm). The use of
monocarboxylic acids for stabilization results in more stable ferrofluids from the viewpoint of
structure. The observed characteristic radius of magnetic particles in such systems is about 5 nm
and coincides with characteristic radius of magnetic nanoparticles, which are formed in the
condensation reaction. Only some part of magnetic particles (depending on the used acid) isin large
clusters with characteristic sizes of 19-20 nm. Thus, lauric acid (12 CH-groups) is the best
surfactant for stabilization among three investigated mono-carboxylic acids. The given work shows
the possibility for using mono-carboxylic acids in the synthesis of highly stable water-based
ferrofluids. The important aspect of the given investigation is the biocompatibility of short chain
length acids (lauric and myristic acids), which makes it possible to use the corresponding magnetic
fluids in medical applications.

The work is partially done in the frame of the project RFBR-Helmholtz (HRIJRG-016).
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Due to their incompatible nature, singlet superconductivity (S) and ferromagnetic (FM)
order do not coexist. The exchange field, in a magnetically ordered state, tends to align spins of
Cooper pairs in the same direction, thus preventing a pairing effect [1]. Conversely, ferromagnetic
ordering is unlikely to appear in the superconducting phase. The energy for ferromagnetic ordering
decreases and, instead of ferromagnetism, a non-uniform  magnetic  ordering
(‘cryptoferromagnetism’) may appear in bulk materials [2]. However, due to the great progress of
high-quality hybrid S’FM preparations, coexistence of S and FM can easily be realized in thin film
heterostructures. On the one hand, Cooper pairs can penetrate the FM layer and in the interface
region of afew nanometers may induce superconductivity even in the presence of arelatively large
exchange field. On the other hand, magnetic order penetrates the SC layer and various novel FM
and SC states may form with spatial oscillations and non-monotonic temperature variations with
promising novel applications of structures like -Josephson junctions, and S/FM spin-valves.

An S layer has been reported to affect the magnetic properties of the FM with scenarios —
beside cryptoferromagnetism [2-4]— of magnetization leakage from FM into S layer [5,6], as well as
a change of indirect exchange coupling of neighboring FM layers through S layer [7]. It is rather
difficult to experimentally verify these theoretical predictions. Thisis why only a few experiments
have been performed to study the influence of superconductivity on FM. In Refs. [3,4], for example,
the observed reduction of magnetization below T. in an S/FM bi-layer was interpreted as a
cryptoferromagnetic effect, however, the experiment could also be interpreted as a consequence of
magnetization leakage (an ‘inverse proximity effect’), namely, by an induced negative
magnetization in S layer and a suppression of the magnetization in the FM layer.
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In order to judge upon the interpretations one has to perform experiments with methods of

depth resolution matching the layer thicknesses, like Polarized Neutron Reflectometry (PNR). PNR
is senditive to the magnetic depth

Cu(32nm)/V(40nm)/FM/MgO profile M(r). In order to be able

‘ — Onm)/FM/MgO ..
ViAonmY/ENIM to observe such proximity effects,

/\ samples of layer systems with
100. o ultraithin FM layer and possibly
3 I / w |e with reduced exchange coupling
strength (as manifested by a

decreased Curie temperature Teyrie)
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Fig. 1. Density of neutron flux inside a waveguide structure  ( Waveguide') regime is to be used.
Cu(32 nm)/V (40 nm)/57Fe(0.5-1.5 nm)/MgO with and without N order to enhance standing
Cu layer at Q = 0.009 A-1 (solid black and dashed red lines, ~ Wwaves, we place the S/FM
resp.). SLDs of materials are schematically shown by  interface between two layers with
rectangular and incoming and reflected beams are shown by ~ high scattering potentials. Such
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arrows. optimization study has been
performed for several candidate
materials [8]. Accordingly, using the Cu(32 nm)/V (40 nm)/°’Fe(0.5-1.5

nm)/MgO structure, one can increase the neutron flux by two orders of magnitude (Fig.1) near the
SIFM interface (at Q = Qwe (0.009 A™ in the present case). Such a flux increase leads then to an
enhancement of quasi-secondary radiations (spin-flip scattering and diffuse scattering) at the same
value of Q.

Several Cu/V/°"Fe/lMgO(001) samples (size ~20x10x2 mm?®) with FM layer thickness dsy = [0.5
+4] nm, have been prepared in the KFKI Research Institute for Particle and Nuclear Physics,
Budapest by molecular beam epitaxy (MBE) and, using magnetron-sputtering, further multilayers
have been prepared in the Institute of Nuclear Research in Debrecen. To check structural, magnetic
and superconducting properties of the samples, various experimental techniques were used, such as
small- and wide-angle X-ray scattering, Rutherford backscattering (RBS) (of helium ions),
Secondary Neutral Mass Spectrometry (SNMS) and SQUID magnetometry. Measurements have
shown good quality of majority of the samples with layer structure close to nominal. The SQUID
measurements allows to define magnetic properties of FM layer as well as superconducting
properties of S layer. Saturation magnetization and coercivity of the FM layer at T~ 10K were
found to be Mg = [0.2-1.4] kOe and H;= [0.04-0.18] kOe, respectively.he superconducting
transition temperature T¢ of the S layer for different samples were found to be between 3 and 3.5K.

In order to check the waveguide properties of the samples, room-temperature PNR
measurements were performed on selected samples at the NREX+ reflectometer [9] of FRM-II,
Munich, Germany. The presence of waveguide regime was searched for in the spin-flip channel.
Spin-flip scattering originates from magnetization in FM layer non-collinear with the direction of
the external magnetic field H. In order to induce such a magnetization in our samples, the samples
were magnetized to saturation then rotated by 90° for the reflectometric experiment in a magnetic
field, H, with 0 < H < H. In Fig. 2a, polarized neutron reflectivities in the different spin states for
the sample with dey = 1nm are shown in black (R* ™) and red (R").

The presence of the waveguide mode is proved by the dip in the R** and the peak in the R™
reflectivity curves at Q = 0.008 A, at a value closed to the expected one.The change in the relative
intensity at the dip and the peak are 74% and 10%, respectively.By fitting the reflectivity curve
using the FitSuite code [10], the absolute value of the magnetization and the angle between the
external field and the magnetization of the FM layer were found to be M = 0.9 + 0.2 kOe and 35° +
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57, respectively. The intensity of the peak and the dip are very sensitive to the change of the
magnetization vector.
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Fig. 2. @) Neutron reflectivities for different scattering channels from the sample
Cu(32 nm)/V (40 nm)/Fe(1 nm)/MgO measured at RT in amagnetic field of 12 Oe.
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To prove this we performed low-temperature measurements on ADAM reflectometer [10] of
ILL reactor. The scheme of the experiment is the same as it’'s described above. On fig. 2b area of
spin flip (- +) resonant peak as a function of temperature in the vicinity of Tc is shown. A 3% drop
of intensity (statistical error makes 1%) in the range of temperatures T =106 +1] Tcis
observed. This means that non-collinear part of FM magnetization decreased on 1.5%. Reason of
this decrease will be discussed el sewhere.

In conclusion, strong waveguide enhancement of neutron standing waves have been
foreseen by simulation and observed in various Cu/V/Fe/MO layer structures. Two series of
samples were prepared by molecular beam epitaxy and by magnetron sputtering. The samples were
well characterized by different techniques. Low temperature PNR measurements on
Cu(32 nm)/V (40 nm)/Fe(1 nm)/MgO sample in the vicinity of resonant peak allow to say that there's a small
drop of FM magnetization (of about 1%) in the temperature range T = [0.6 + 1] Tc.
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Fund (OTKA) and the National Office for Research and Technology of Hungary under Contract
Nos. MTA-DUB/01, K62272 and NAPVENEUS 05, respectively. One of the authors (Yu. Kh.)
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The stratum corneum (SC), which is the outermost layer of the mammalian skin, has been in
the focus of research for more than 30 years. The composition of the SC lipid matrix is completely
different in comparison to cell membranes. The major lipids found in the SC are ceramides,
cholesterol and its derivatives as well as free fatty acids [1], whereas cell membranes are mainly
composed of phospholipids. The SC forms a continuous sheath of protein-enriched corneocytes
which are embedded in an intercellular multilamellar lipid matrix. The SC represents the main
barrier for substances leaving the skin, for example water, in addition to also acting as a barrier for
substances which penetrate the skin such as drugs. Therefore, for any investigation of drug
penetration through the SC and for the development of new delivery systems, it is essential to know
its internal nanostructure and hydration behaviour on a molecular level. A series of experimental
studies had to be carried out before it was accepted that the lipid part of the SC plays extremely
important role in the barrier function of the skin.

Model membranes of SC are appropriate subject for the investigations by neutron diffraction.
Firstly performed neutron diffraction experiment on a SC lipid model system composed of synthetic
lipids as ceramide 6 (Cer6), cholesterol, palmitic acid and cholesterol sulphate characterized the
internal membrane nanostructure by restoring a Fourier synthesis [2]. As a main result a low
hydration of approximately 1 A of the intermembrane space was detected which allows the fully
extended conformation of ceramide 6. It was stated that the fully extended conformation creates an
extremely strong intermembrane attraction which tighten adjacent bilayers to a steric contact. These
insights lead to the suggestion of the armature reinforcement model as an independent theoretical
model about the SC lipid matrix organization on a molecular level [3].

Investigations of the phase transitions in the SC model membranes could give important
experimental information for the testing of the armature reinforcement model. Structural
thermotropic phase transitions in the model SC membrane based on the ceramide 6 were
characterized by neutron diffraction at V1 diffractometer of BENSC HMI. Two membranes were
used. First one - mixed membrane with composition Cer6/Ch/6_FA/ChS, where 6 _FA consists of
fatty acids with chain length: C16:0, C18:0, C20:0, C22:0, C24:0, C26:0. Second one — two-phase
membranes with composition Cer6/Ch/TA/ChS, where TA is Tetracosanoic Acid (C24:0). Fig. 1
presents the Fourier profiles of the main phase of Cer6/Ch/TA/ChS membranes at different

temperature. Membrane structure is nearly the same at 30°C and 50°C. Structural phase transition
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between 50°C and 80°C changes membrane structure mainly in the region of the polar head groups.
Phase transition is not reversible, which is demonstrated by Fourier profile at 20°C (back cooling).
Similar results were obtained for Cer6/Ch/6_FA/ChS membrane. Structural phase transition was
detected at 57°C. Fourier analysis was done for T=20°C, 32°C, 57°C, 80°C, and again at 20°C. Fig.
2 demonstrates the membrane structure at T=20°C, 80°C, and back at 20°C. Transition is not
reversible for the time of 12 hours. About 2-3 days is necessary for the full transformation of the
membrane structure to the initialy state at 57% relative humidity. Increasing of humidity decreases
the time for membrane equilibrium. Our data shows that structural phase transitions in SC model
membrane exist. Important property of the transition is slow molecule diffusion or slow

conformation changes in the lipid structure [3].
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In carefully designed thin films hetero-structures, it is possible to create x-ray or neutron
standing waves (NSW) which are resonantly enhanced. The theory of the neutron resonances in
multilayer structuresis described in [1]. During the last decade, resonant structures have been studied
for various purposes. NSW in neutron wave-guides have been used to create sub-micron beams [2].
The use of NSW has also been experimentally developed for the investigation of thin films [3]. The
thin layer to be investigated is placed inside the resonator at a position corresponding with the
maximum amplitude of the NSW. The interaction between the neutrons and the investigating layer is
thus strongly increased. This has been used to measure neutron spin-flip and beam-splitting for
magnetically non-collinear layers [4,5] or generate secondary characteristic radiation (y-rays with Gd
layer [6,7] or a-particles with for Li [8]). It is also possible to use NSW to enhance the neutron
interaction with interfacial roughness [9]. This was demonstrated in the system Fe/Cr/Fe where off-
specular neutron scattering due to the interface roughness was measured [10]. This system was
designed so as to have resonances near the Fe/Cr and the Cr/Fe interfaces. In this work we have
investigated the interaction between neutron standing wave and the interfacial roughness in wave-
guide structures of the type Py(permalloy)/Ti/Py. In such structures, off-specular neutron scattering is
also strongly enhanced. We have more specifically investigated the regime of multiple resonances in
the resonator layer. We have performed both fixed wavelength and Time-of-flight reflectometry
characterisations of these systems. In the following we compare the experimental data obtained using
both methods.

We have more specifically investigated tri-layer structures of the type Py(permalloy)/Ti/Py
(Fig. 1a) where the resonator layer (Ti) with a low optical potential U is sandwiched between two
permalloy layers with a high optical potential (Fig. 1b). Such a structure can be considered as a
neutron wave-guide. It is possible to trap neutrons in the Ti layer which can then travel over
macroscopic distances inside the layer (several mm). The different propagation modes of the neutrons
inside the guide layer correspond to the resonant states. In such a structure, some neutrons can
eventually channel down to the sample edge and create a submicron cross section neutron beam.
Though the beam is very divergent it is aso coherent and could be used for the investigation of
nanostructures in biochemistry and semiconductor nanotechnology [2,11]. In our case, we will focus
on the enhanced off-specular neutron scattering on the interface roughness of the guiding layer. Thisis
actually a secondary effect of NWG. Nevertheless it is interesting since it demonstrates that it is
possible to study single rough interfaces using neutron reflection which is often not possible in normal
systems due to a very low scattered intensity.

The notations in Fig. 1 are the following: 4 — the neutron wavelength, § — glancing angle, k —
neutron wave vector, p — projection of the neutron wave vector on the z-axis, Q — momentum transfer,
d — thickness of guiding layer. Q, and Q, are the projection of the momentum transfer vector on the

axis X and z. The subscript i corresponds to the incident beam (initial) and f corresponds to the
reflected or refracted beams (final). There are three key scattering directions. specular reflection at
6, =0, ,thehorizonat & =0 and thedirect beam at 6, = -6, . For the refracted beam between the

120



b)

P P
Pi Y Y

Py glass
Ti
Py

glass

Ti

AN

" direct 6= - 6,

Fig. 1. @) Neutron waveguide structure; b) optical potential in the neutron waveguide.

horizon and the direct beam we have 6, <0 and p, <0. The scattering wave-vector Q is related
to the incidence and reflection angles by the relations:

Q, =Ky —k, :27”((;053f —cosai)z %(ei -0 Xai +9f) (1)
2r

Q=k, —k =
Qz :kfz_kiz 27(§n9f +S‘n€f)z27ﬂ-(9i +9f)

The projections p, ; of the scattering wave-vectors are given by:

2 27 2
7”@ P, =kf2=77[sm6'f z%ﬁf (2)
The resonances take place (see Ref. [2]) when the phase @ of the neutron wave function in the layered
structure is equal to 2zn, wheren=0, 1, 2, 3... is the resonance order. The main contribution into the

phase comes from the guiding layer:

2r .
p| KZ l I

®=2p,d=27n 3)
Then from egs. (2)-(3) we obtain the resonance conditions:
g_n 9 _n (4)
A 2d A 2

The program SimulReflec [12] was used for the calculation of the neutron wave function density of
“+” gpin state in the magnetic structure Py(10 nm)/Ti(70)/Py(50)//glass. In Fig. 2, the distribution of
neutron wave density is shown as a function of the layer thickness z and the incidence angle & for a
neutron wavelength A = 4.52 A. Three resonances n=1, 2, 3 are seen in the guiding Ti layer at the
incident glancing angles 6, =0.25", 6,=0.4" and &, =0.55". The maximum of WF density reaches
values up to 10 to 30. The maximum of the neutron wave function density for the different resonance
orders can be changed by tuning the parameters of the system (the optical potentials and the thickness
of layers).

In order to perform the characterization of the wave-guides, we have used two different
reflectometry techniques. fixed wavelength and time-of-flight. We have used the fixed wavelength
(A = 4.52 A) HADAS polarized reflectometer at the Forschung Zentrum Julich [13] which is equipped
with a 2D detector and a multislit supermirror polarisation analyzer and the time-of-flight EROS
neutron reflectometer in non-polarized mode [14] at the Laboratoire Léon Brillouin, CEA Saclay. The
specular reflectivity of polarized neutrons “++” measured on HADAS is presented on Fig. 3. There are
three dips corresponding to three resonances n=1,2,3. The fitted dructure is
PyO,(15 A)/Py(78)/Ti(710)/Py(510)//glass with an interface roughness =10 A. The magnetization
M is 0.8 pg/at. for the upper Py layer and 0.9 pg/at. for the bottom one. The regular dynamical
reflectivity calculation cannot account for the resonance dips amplitude (10-15% of the total
reflection). The diffuse off-specular scattering at one resonance position only represents about 2 % of
the specular signal and thus can aso not account for the dips amplitude.
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In order to fit the data, we introduced an artificially high absorption in the Ti guiding layer (60 times
the tabulated value of 6.09 barn). This should be considered only as a trick to lose neutrons. However,
we think that the neutrons are actually lost because they channel aong the sample (over a distance up
to 3 mm), exit at the edge of the sample and are lost for the specular reflectivity. This is difficult to
account for in present reflectivity modelling programs.

The off-specular diffuse scattering signal measured on HADAS is presented on Fig. 4 in the
coordinates(@,,6,) . The diagonal line 6, = 6; corresponds to the specular reflection. One can note that

the diffuse scattering is enhanced along three vertical lines at #i,= const and three horizontal lines at
6= const corresponding to the resonances conditions n=1, 2, 3 (Eq. 4). The scattered intensity is
further increased at the intersection of different resonance orders (circles on Fig. 4). The diagonal lines
of increased intensity correspond to Bragg-sheets (black rectangles). The intersection between resonant
off-specular scattering and Bragg-sheets gives the enhancement in the resonant off-specular scattering
(intersection between white lines and rectangles). The off-specular reflection due to neutron
resonances has non-magnetic origin. We have observed the same off-specular scattering effect in non-
magnetic neutron waveguide Cu(10nm)/Ti(65)/Cu(50)//glass.

On Fig. 5, the resonances and the off-specular scattering in reflection and refraction was
measured in time-of-flight mode on the EROS reflectometer in non-polarized mode. The sample was
saturated in the applied magnetic field 100 Oe and measured in the remanent state. On Fig. 5, off-
specular scattering is presented: a) in the instrumental coordi nates(/LHf); b) in the(p, p,) coordinates

and c) in the intermediate coordinates (p, — p;, p, + p;)- Theincident glancing angle is ¢, = 0.7°. One

can see that Fig. 5b isvery similar to Fig. 4 for the neutrons scattered above the horizon. There are off-
specular reflection lines for the resonances at p; = const (vertical white lines) and ps= const (horizontal
white lines). In Fig. 5c it is seen that there are Bragg-sheet lines (black rectangles). In the instrumental
coordinates (Fig. 5a) the off-specular scattering signal is more difficult to interpret. The resonant
reflection at 4, = const corresponds to p;=const: 11=16A, 1,=8A and 13=5.5A. Thisis close to
the resonance conditions (4) with the resonator width d = 700 A. The inclined white lines correspond
to pr=const where the reflection glancing angle 6; depends on the wavelength. The wavelength
dependence leads to the widening of the resonance lines and Bragg-sheet shown in Fig. 5a. The
intersections between different resonances are marked by the circles in Figs. 5b and 5c and by the
ellipsesin Fig. 5a. Below the horizon, the arrow indicates the optical refraction of the neutron beam in
the glass substrate. This critical wavelength 11 A corresponds to the glass substrate nuclear potential of
95 neV. The transmitted diffuse scattering differs from the usual optical refraction. In Fig. 5c, the
black rectangle indicates Bragg-sheet scattering at p; + pr= const. The resonances p; = const (vertical
white lines in Fig. 5b) interfere with Bragg-sheet scattering and refracted beam (white rectangle). This
leads to enhanced neutron scattering. Other type of transmitted beam is marked in Fig. 3a by the dotted
line 6(°) = -0.616; — 0.0644 (A). The origin of this beam may be neutrons transmitted above Bragg
diffraction condition for the neutron wavelength.
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Fig. 4. Experimental off-specular
scattering intensity “++”  from a
waveguide Py(10nm)/Ti(70)/Py(50)//glass
measured on HADAS in the (@ ,6+)
representation.

Fig. 5. Off-specular scattering (experiment) from Py/Ti/Py in TOF modeat 6;=0.7°in
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The presented results will be published in [15].
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At present, there is a growing interest in study of liquid crystalline polymers. Comb-like
polymers with mesogenic molecules represent a large class of polymers that display liquid-
crystaline properties. A lot of information is available on the properties of such polymers, both
in dilute solutions and the bulk phase [1,2]. Investigations of the liquid-crystalline (LC) polymers
are performed by various methods, such as X-ray diffraction, NMR spectroscopy, and optical
diffraction. These measurements are mainly concerned with the structural changes due to new
orientations, caused by strong magnetic field. However, so far the conformation of the main
macromolecular chain has not been studied yet.

The labeling method allows us to extract direct information on the conformation of a single
macromolecule from the neutron scattering data. Small Angle Neutron Scattering (SANS)
method, used for this purpose, gives us the anisotropy parameter, that is, the ratio R, /R . Here

R and R, areparallel and perpendicular mean square projections, respectively, of the radius of

gyration of the main chain [3]. They are nothing else but “principal moments of inertia” of the
main chain around the symmetry axis R, and around a perpendicular axis R, .

The first investigation, carried out by Kirste [3] and Keller [4], showed that the polymer coil
of the liquid-crystalline (LC) polymer is not isotropic but has an axial symmetry. As discussed
above, the anisotropy implies the difference in R, and R, . In turn, this leads to a strong

anisotropy of the scattering data in Guinier-region.
In order to obtain R, and R, , we should measure the sample turned at various angles with

respect to the neutron beam [5]. Technically, it is more convenient to polarize the sasmple in the
form of apill at 45° with respect to the normal of the “pill” and to make the experimental run for
each turn of the “pill” about the normal [6]. One can consider the polymer coil as an ellipsoid,

then the parameters R, and R, arerelated to theradii of the ellipsoid: a=b= \/ERl and
c= \@R] . For the studied L C-polymer, we obtain [6] a = b= 61,7+0.4Kand c=13.4+2KC.
In Ref. [7], R, and R were determined. However, the measurements were made with a

detector having no azimuthal sensitivity, which leads to significant experimental errors. So far, a
full description of coil parameters has not been performed yet.

The main purpose of this paper is to determine the smectic phase parameters for the LC-
polymer. In particulary, we experimentally obtain the data for the oriented comb-like LC
polymers in strong magnetic field using X-ray diffraction method. From these data we extract the
values of the lattice structure parameters.

We use the polymers consisting of 50% deuterated chains and 50% protonated chains,
chemical formulais (C3DsC0O3H23)n.

The samples were oriented in strong magnetic field (12 Tesla-up to 20 Teda, see Fig. 1) in the
Institute of Atomic Energy (Kurchatov Institute). At the beginning and the end of melting-frozen
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process, we shake the samples by strong magnetic field up to 20 Tesla. The temperature and
magnetic field evolution are represented in Fig. 1.

The results of X-ray diffraction experiment (DRON, FLNP, JNR) are depicted in Fig.2.
Availability of the third Bragg pick, shown in the diagram, indicates that the process of
orientation in strong magnetic field is well achieved. Using the Bragg equition with 1=1.541C
one can calculate the periodicity 34,5+0,2 A for the comb-like L C-polymers.
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Fig. 1. Temperature and magnetic field  Fig. 2. X-ray scattering curves for the L C-polymer
evolution during the sample preparation

Concluding, by means of X-ray diffraction we experimentally determine the period of the
smectic layers. The method of obtaining R, and R. with the SANS experiment will be discussed
elsewhere.
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Deformed magnesium aloys find wide application in various branches of mechanical
engineering and, first of all, in aerospace, automobile and electronic industries. Though they have
high specific strength, plasticity of semifinished products from these aloys (especialy at
temperatures of deformation below 250°C) is not rather high [1]. It is connected in many respects to
features of the structure and texture formation at plastic deformation of the given aloys. The
situation can considerably be improved if to find ways of deformation of magnesium products
allowing to generate in these materials the equiaxed fine-grained structure during deformation and
diffuse or tilted basal texture. One of the promising ways of this problem decision is application of
the severe plastic deformations with help of equal channel angular pressing (ECAP)[2-5]. The
ECAP process consist of extruding a lubricated sample through two channels of equal and
indentical area of cross-section. The process can be repeated multiple times. There is no change in
area of cross-section due to the process.

The texture formed after ECAP for Mg-4.5%Al-1%Zn (MA2-1) aloy has been investigated.
The bar extruded with backpressure at 345°C was input for ECAP. The ECAP was carried out up to
four passes following the routes A (a sample orientation is not changed after each pass), C (after
each pass a sample is rotated about its longitudinal direction by 180°) and up to six passes following
the route B, (after the first two passes under the route C a sample is rotated about its longitudinal
axis by 90° clockwise, then remaining two passes are achived again under the route C). The ECAP
procedure was carried out using a specially designed die with an angle 90° between two channels of
sguare cross section (20x20mm) without any rounding of the corners. In each route the sample had
to be turned by 90° around its transverse axis in order to set the deformed sample back into the die.
The first pass was carried out at 260°C. Then temperature having been decreased up to 240°C for
the fourth pass. E_D isthe extrusion direction (the direction of ECAP). The texture of the 8 samples
was investigated by measuring the (002), (100), (101), (110) pole figures using the TEX-2 neutron
diffractometer at the FRG-1 neutron source (GKSS Research Center). The samples size was
10x10x10mm. The all samples were measured so that the extrusion direction (the direction of
ECAP) is in the center of the pole figures. The exposure time was about 40 hours for the 4 pole
figures.

It was measured four complete pole figures (PFs) (002), (100), (101), (110) for each sample.
The measurements for samples made in accordance with routes A, C and B, were carried out. The
experimental PFs measured for route A are given in Fig. 1. The fist row presents the PFs for the
input extruded sample. In the second row it can be seen the PFs for sample after one ECAP pass.
The initial texture (for input sample) is characterized by two strong axial components (basal and
prismatic). The intensity of basal component is about 10mrd, and the intensity of prismatic
component is about 18mrd. It should be underlined that the one prismatic texture component for
common magnesium (AZ31, AZ61, MA2-1) alloys samples after extrusion is typical. The reason
for the second component is backpressure combining with extrusion. After the first pass we observe
the moving of the basal component (the intensity maximum) on the angle about 45° respectively to
extrusion direction. After the second pass in route A this component moved on the angle about 90°
respectively to extrusion direction. After the fourth pass in the route A the intensity of this
component increased from the 6.06mrd (after the second pass) up to 8.97mrd. The moving of the
texture components during the route C is rather close to one in the route A. The difference is
velocity of intensity redistribution. So during the route C the maximum of basal texture component
on the angle about 45° respectively to extrusion direction is more stable then in the route A. It
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presents on the PFs for the samples after second and fourth passes as well in the route C. The
maximum of this texture component increased from 6.35mrd after the second pass up to 8.42mrd
after the fourth pass.

As for the route B, we also observe the same component moving after the fourth pass. The
maximum of this component increased from 8.61mrd after the fourth pass up to 11.9 mrd after the
sixth pass.

The obtained results give information for the further improvement of ECAP technology aimed
to required texture for MA2-1 alloy.
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Figure 1: The experimental pole figures for the input sample and the samples in the route A of
ECAP. The all samples are from alloy MA2-1. The extrusion direction (ED) is in the center for the
all PFs. The position of the sample coordinate system (extrusion direction, transverse direction,
normal direction) is the same for the all samples.
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Correlation of spin and charge ordering in Sr3Y Co40195+5, 6=0.02 and 0.26
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Quite recently, the new perovskite-related cobaltites SrixRxC0Osy, 0.1<x<0.5,
0.2<y<0.4, R=Y, Sm-Ho were discovered [1]. In the crystal structure of these compounds
(possessing tetragonal unit cells with parameters a and c related to the parameter of cubic
perovskite aper as a~ 2 x 8per; C~4 X 8per, SP. Or. | 4/mmm), there are three different sites for the
A cations occupying two 4e positions and one position 8g. It was found that Y or rare-earth
cations preferentially occupy one of the 4e sites. Thus an idealized description of the chemical
composition would then be Sr3R;C04012.y and this type of structure is now frequently referred to
asthe 314-phase [2].

From the room temperature neutron powder diffraction data it was established [2] that
Sro.7DY03C00:6; is a G-type antiferromagnet with magnetic moments of Co atoms parallel to the
c-axis of the tetragonal structure and the refined magnetic moment value of 1.2 g at room
temperature for Co-atoms. Independently the G-type long-range antiferromagnetic ordering has
been found for Srpe7Y033C00.79 in Ref. [3]. The average for al Co-atoms low-temperature
value of magnetic moment was found to be equal to 2.0 (3) us, Which corresponds to the
intermediate spin state of Co*".

In this report some results of a new neutron diffraction study of atomic and magnetic
structures of the Y-314 phases Sr3Y Co40105+ (Or Sro7sR025C002625+5:4) With two different
oxygen contents. close to ideal (“asprepared” sample, 6=0.02) and a higher one (“oxidized”
sample, 6 =0.26) are presented. For both compounds the G-type AFM state was confirmed with
different long-range magnetic moments for different Co-sites and without any indications for the
long-range ferromagnetic order with substantial moment magnitudes.

The Sr3Y Co40105+5 Sample (“as-prepared” sample, about 6 g) was synthesized from the
intimately mixed stoichiometric amounts of SrCO3, Coz04 and Y03 pressed into pellets and
heated at 1150 °C for 24 h, then regrinded and reheated at 1170°C for 48 h. In order to prepare
the 314-phase with higher oxygen content, the “as prepared” sample (about 3 g) was placed in
alumina crucible and heated at 600°C for 12 h under oxygen pressure of 150 atm. The oxygen
content of the samples determined by iodometric titration corresponds to the formula
Sr3Y Co40105+5, With 6~0.02 and 0.26 for the “asprepared” and “oxidized” samples,
correspondingly. Neutron diffraction patterns were collected with the powder diffractometers
HRPT and DMC (both located at SINQ spallation neutron source, PSI Villigen). The refinements
of the crystal and magnetic structure parameters were carried out with FullProf program suite,
with the use of itsinternal tables for scattering lengths and magnetic form factors.

The crystal structures of Sr3Y Co4O105+5 (“asprepared” and “oxidized” samples) were
refined at 298 K using neutron diffraction data from HRPT diffractometer and the structural
model from Ref. [4]. In our refinements, we considered the differences in neutron scattering
lengths of Sr (bs =7.02fm) and Y (by = 7.75 fm) to be too tiny in order to refine their possible
mutual substitutions. Hence, we have positioned the smaller Y** cations exclusively in the A-
positions 4e (0,0,~0.14) with the lowest effective coordination number. The two other A-
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positions are occupied in our refinement model exclusively by the Sr** cations: 4e (0,0,~0.62)
and 8g (0,0.5,~0.13).

Upon cooling, the magnetic peaks appear in the neutron diffraction patterns of both
samples in a similar manner. This is illustrated for the “oxidized” compound in the Fig. 1. The
positions of all magnetic Bragg peaks marked by numbers coincide with those of the nuclear
ones. 1 —with (110), 2 —with (112), 3 —with (312)/(116), 4 —with (332)/(316). The peak marked
with * corresponds to the (1/2,1/2,1/2) magnetic diffraction peak of the CoO impurity and is not
within the metrics of the Y 314 compound.
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Fig. 1. The evolution of the neutron diffraction pétterns (taken with DMC powder neutron

diffractometer, 1=2.45A) of the “oxidized” S3YC0401076 compound with temperature. The
magnetic peaks are marked with numbers 1-4.

Since the positions of magnetic peaks coincide with those for the allowed nuclear
reflections, we conclude that the propagation vector of the magnetic structure of 314-phase is
k =(0,0,0). Using the determined propagation vector, we have performed the symmetry analysis
of the possible magnetic ordering schemes which has been carried out with the program SARAh-
2K. An important assumption done was that for both magnetic Co sites, the ordering occurs with
one and the same irreducible representation (IR). This leaves out exactly three IR’s, for which
the decomposition for both Co sites has nonzero coefficients. An important finding is that the
magnetic moments on the two sites are really different. The refined c-components of magnetic
moments of the two sorts of atoms (Col and Co2) are in roughly the 2:1 proportion. The
presence of a peak (110) at 2@~ 26.3° (marked as “1” in the Fig. 1) unambiguously proves that
the Co ionsin different sites (Col and Co2) are in fact carrying different magnetic moments (its
calculated intensity would drop to the exact zero if the moments on two Co sites were assumed
egual). We note here that in the earlier papers, this very feature has been overlooked. In fact, in
the Figure 5 of Ref. [3], the (110) peak is obviously absent at 350 K and definitely present at
10 K, but it is not modeled by the proposed in magnetic structure model with equal for all Co
ions magnetic moments, and is certainly visible in the difference curve for the 10 K refinement.

We have to admit that from the diffraction data it is not possible to deduce which exactly
of the two atoms — Col or Co2 possesses the larger magnetic moment magnitude since both
possibilities provide roughly the same refinement quality. However since the Col atoms in
oxygen deficient layers have a lower coordination humber (on average 4.5), one can assume
higher magnetic moments for them in comparison to the Co2 atoms in the octahedral
coordination. The magnetic ordering in both samples occurs in the same manner, so al the
considerations given above, are also valid for the “as prepared” sample as well. The temperature
dependences of magnetic moments for both sublatticesin al the samples are shown in the Fig. 2.
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Fig. 2. Refined magnetic moments on the Col (squares) and Co2 (circles) sites for the
investigated compounds: S3YC040105, (* as prepared” , panel a) and S3YC0401076 (“ oxidized” ,
panel b). The lines are guides to the eye. Filled circles correspond to the results obtained with
DMC diffractometer (1= 2.45A), opened ones — to the results from HRPT diffractometer
(A=2955A).

In summary, we have prepared Sr3Y Co40105+5 compounds with the so called “ 314-phase”
structure (I 4/mmm, a= 2xape; C~4 X aper) POssessing different oxygen content corresponding to
6=0.02, 0.26 and studied the temperature evolution of their crystal and magnetic structures by
neutron powder diffraction. In contrast to the previous studies, refinement of the crystal structure
of the “as-prepared” (6=0.02) 314-phase revealed different distribution of oxygen atoms in
oxygen-deficient layer over both the O2 and O2' positions. The main reason for this could be a
considerable disorder of Sr** and Y>* in the crystal structure and the degree of disorder could be
associated with the amount of oxygen in O2' position.

Oxidation of the 314-phase leads to the decrease of the Ty from ~342 (£7) K for the
“as prepared” Sr3Y Co4O105, compound to ~299 (£5) K for the “oxidized” Sr3Y Co401076 ONe.
Our detailed study of the magnetic structure confirmed the G-type AFM ordering, with the
magnetic Co moments being aligned along the c-axis of the tetragonal cells. An important
correction to the previous results is that we have experimentally observed ordering of different
spin states of Co over octahedral and oxygen-deficient layers with the magnetic moments of the
Co ions in the oxygen-deficient layers being significantly higher than those of the Co ionsin the
“completely filled” octahedral coordination. Thus, for the first time we demonstrate a direct
correlation of the spin and charge ordering in these novel cobaltites.
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A fast growing interest to complex cobalt oxides (cobaltites) is caused by their peculiar
magnetic and transport properties which are determined by the strong correlation between atomic
structure of a particular compound and various ordering types. long range magnetic, charge or
orbital order. In certain complex oxides Ln;\MxCoOs;5, where Ln is a lanthanide and M is an alkali
earth element at certain relations between the ion radii of Ln and M, the ordered location of these
elements and oxygen vacancies in the unit cell also appears. The feature of the magnetic structures
in cobaltites is their relation with a particular spin state of the Co ion, which depends on its charge
state, configuration of the CoOg octahedra, and can vary with the temperature [1].

An interesting and may be even specia case of LngsSrosCo0s is ProsSrosCo0s (below,
PSCO). The magnetic investigations [2] show that two phase transitions are observed in the Pr-
containing compound at Tc ~ 226 K and Ta =~ 120 K, whereas compounds with other rare earth
cations exhibit only one high-temperature transition at which the ferromagnetic ordering appears.
Both transitions are manifested in the temperature dependence of the specific heat (in zero magnetic
field), but only the transition at Tc is manifested as a change in the slope of the temperature
dependence of the electric resistance. Below this temperature, the resistance decreases smoothly; for
this reason, PSCO was classified as a metallic ferromagnet in the entire temperature range below
Te.

Noticeable anomalies were observed in the elastic properties of ProsSrosCoO; at Ta [3], which
indicate the rearrangement of the structure. Nevertheless, the crystal structure of the low-temperature
phase of PSCO and, correspondingly, the nature of the second magnetic phase transition at Ta
remained unclear. We attempted to solve this problem by using high resolution neutron and
synchrotron radiation diffraction. In addition, the experiments in a wide temperature range (10—
1123 K) make it possible to reconstruct the complete sequence of structural transitions in
ProsSr05Co0s.

The Pros5Sr05C003 powder was synthesized using the normal ceramic technology. To anayze
the crystal symmetry, we used the diffraction data obtained on a neutron Fourier diffractometer
(HRFD) at the IBR-2 pulsed reactor, Joint Institute for Nuclear Research (Dubna, Russia). The
neutron spectra were measured in a wide temperature range (10-773 K) normaly in the heating
regime. In addition, PSCO was studied on high-resolution powder diffractometer on the synchrotron
radiation source DORIS (DESY, HASYLAB, B2 line). The measurements on the DORIS were
performed at room temperature and at higher temperatures up to 1123 K. The data were analyzed by
means of the MRIA and FullProf programs.

The high-temperature structure of PSCO corresponds to ideal perovskite (space group
Pm3m) with the unit cell parameter a ~ 3.85-3.88 A. The structural transition to the rhombohedral
phase (space group R-3c) occurs near 800 K. The structure is rhombohedral down to T ~ 330 K,
whereas clear attributes of the orthorhombic structure appear below this temperature; i.e., the two-
phase state is formed. The orthorhombic structure of PSCO is well described in the space group
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Imma. A rapid decrease in the volume fraction of the R-3c phase and the corresponding increase in
the volume of the Imma phase occur in the temperature range from 300 to 290 K, which corresponds
to the minimum detected in [3] in the temperature dependence of the Y oung modulus. Down to T~
120 K including Tc, no significant rearrangements of the structure are observed except for the
disappearance of the traces of the rhombohedral phase at T ~ 200 K. The fraction of the Imma phase
begins to rapidly decrease at 120 K and a new phase appears. We have to interpret the symmetry of
this phase as atriclinic. Attempts to refine neutron or synchrotron spectra (even in the Profile Matching
regime in the FullProf program) at any other symmetry (monoclinic or monoclinic + orthorhombic)
did not provide satisfactory result. The description of the diffraction spectrum profile in the low
temperature range (10 — 120 K) can be radically improved only with the reduction of the unit cell
symmetry to triclinic. In this case, the ¥* value decreases by a factor of 3 or 4. According to the
neutron data, the volume of this low-symmetry phase in the sample heated from 10 K decreases
sharply (by 20%) in the range from 90 to 110 K, but its noticeable amount is clearly observed up to
150 K. The temperature dependences of lattice parameters for all observed phases are shown in Fig.
1

According to the above data, the crystal symmetry at Ta ~ 120 K is reduced from orthorhombic
to triclinic and, correspondingly, the interatomic distances and valence angles change. These changes
can be estimated by comparing the cell anisotropy parameter v = b/(a® + ¢?)? before and after the
trangtion. The CoOg octahedra in the orthorhombic phase have an amost regular shape (al Co-O
distances are approximately equal to each other) and v = 0.994; in thiscase, ¢ > a= b, where b' =
b/\2. The relation between the parameters in the low-symmetric phase is different, b' > a = ¢, and the
noticeable anisotropy of the unit cell with v = 1.016 appears (Fig. 2); this anisotropy indicates at |east a
certain ordering degree of the gy orbitals of cobalt along the b axis. The attendant changes in the
interatomic distances and valence angles give rise to the rearrangement of the magnetic interactions
and to the appearance of an anomaly in the temperature dependence of the magnetic susceptibility at

Ta~120K.
5.52 ] AL B LA B L AL BN L BN AL L LR L 1.02 4 i ' Tamso—lT 1
oL ] ] I
g 5487 c > 1.01 - |
T 1y s T !
S 54T Lo R 3 ] ]
% J % 1.00 9] 7
S s4a0]1 © 3 . ]
ke ] a ®
7 1e : 3 0.99 .
o 5.36'_ b’
i 18 ] ]
5.32 ] L I R B L B AL B R IT,'PE"?m'T' 0.98 J J J
0 200 400 600 800 1000 1200 0 100 200 300
T,K T,K
Fig. 1. Temperature dependence of the reduced linear Fig. 2. Anisotropy v = b/(a® + c2)1’2 of the ProsSrgsCoOs
parameters (for Z = 4, b’ = b/2) of the unit cell of unit cell for the (O) orthorhombic and (T) triclinic
ProsSrgsCoO; for al phases under consideration: cubic (C, phases. The CoOg octahedra in the O phase have an
Pm3m), rhombohedral (R, R-3c), orthorhombic (O, Imma), amost regular shape. The values v > 1 refer to the
and triclinic (T, P1). The data for the cubic phase were prevailing ordering of the e, orbitals of cobalt along the
obtained on the synchrotron radiation source and the other b axis of the unit cell.

data, on the HRFD diffractometer.
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Melting behavior of water confined in carbon nanopores; structure of the confined ice.
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A.l. Beskrovnyy, S.G. Vasilovskiy
Frank Laboratory of Neutron Physics. Joint Institute for Nuclear Research, Dubna, Russia

Water confined in a nanoscale environment exhibit unique properties and has been the
subject of much attention. Of particular interest have been the effects of phase transitions on water
in confined systems, structure of water and ice in nanopores [1,2,3] and dynamical properties of
water in one-dimensional pores considered asamodel of water channels [4,5]

Structure of water in nanopores has not been as fully explored as that of bulk water. There are at
least 13 ice polymorphs of bulk water. The phase diagram of ice exhibits many different crystal
forms depending on local molecular correlations that influence the ordered arrangement of
hydrogen-bonded configuration. In addition to these stable structures there also a number of
metastabl e states, which depend on less ordered hydrogen-bond arrangements. The inter-relation of
these various structures has been a source of difficulties in establishing the complex behavior of the
solid state of confinement water.

We experimental studies of melting transition for D,O water confined in opened double wall
carbon nanotubes (DWNT) of average inner diameter of 2,4 nm. (average external diameter: of 7
nm) produced by NANOCYL Belgium, using differential scanning calorimetry (DSC) and
dielectric relaxation spectroscopy (DRS) The structure of the confined ice was determined by the
neutron diffraction experiment (ND). Because D,O water istypically used in neutron scattering to
avoid the complications of incoherent scattering and inelasticity corrections that arise when H,O is
used, D,O water for used in each experiments .

In our experiments we used the DWNT sample, which were heated to about 400K and kept under
vacuum (107 torr) for a few days to remove the air prior to and  during the introduction of D,O
(100% deuterium) purchased from Sigma.

DSC measurements. The melting temperatures were determined from the position of the
peaks of the heat flow signals on heating and were reproducible to within 0,5K. DSC scan
corresponding to the melting of D,O water in DWNT is presented at Fig.1a. The large endothermic
peak at 276.9K corresponds to the melting of the bulk D,O water in which DWNT are suspended,
so the pores are fully filed. In addition, a second peak at 271,4 K is observed, which can correspond
to the melting of D,O water in the DWNTSs; the melting temperature of D,0 adsorbed in DWNT is
shifted towards lower temperatures by about 5.5 K relative to that of the bulk water.

Neutron Diffraction experiments have been performed at DN-2 A sample in vanadium

container ( with diameter 5mm , height 15mm) was cooled to about 100 K and then warmed to 300
K. Structure refinement was carried out using FullProf program based on the multi-phase Rietveld
analysis method. At Fig.2 the neutron diffraction spectra at temperatures 280K, 276K and 220K
during a warming cycle for D,O water encapsulated in DWNT and the results of Rietveld
refinements are presented. At temperature 276K, dlightly lower than the bulk D,O water melting
point but higher than the pore melting temperature, the neutron diffraction spectrum is typical for
hexagonal ice (1h) with the space group P63/mmc. The characteristic triplet of hexagonal ice is
clearly visible at 3.44, 3.66, 3.89 A, with additional single peaksat the positions: 1.47, 1,72, 2.25,
2.67. At lower temperature, below the pore melting point there is a broader peak structure
characteristic of the cubic ice (Ic) with the space group Fd3m, where the additional peaks at the
positions: 1.04, 1,46, 1.83, 1,91, 3,67 A are observed. At temperature 280K D,O bulk and inside
the pores are the liquid and at the neutron diffraction spectrum only the peaks from dry DWCN are
visible.
Suppression of the crystal growth of ice in the cylindrical mesopores can be a vital factor for the
formation and the stability of cubic ice, which is a more packed form of ice (coordinate number |
=12) than the hexagonal ice ( | =8). In carbon nanotubes with diameter 2.4 nm the existence of
cubic form of ice can be also affected by similar reason.
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a)

The similar experiments performed for D,O placed in mesoporous carbon CMK-3, which is
the carbon replica of SBA-15 silicatemplate with pore size of 3.8nm, have shown the existence of
cubic and ice-1X crystal form of D,O in pores, below the pore melting point.
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Fig.2 The diffraction pattern for D,O in DWNT of 2,4nm diameter at temperatures: a).280K,
b).276K and c).220K
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RESIDUAL STRAIN AND TEXTURE OF AN ANHYDRITE-DOLOMITE-SPECIMEN
(CENTRAL ALPS)
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®Freie Universitaet Berlin, FB Geowissenschaften, 12249 Berlin, Germany
® Helmholtz Centre Potsdam, GFZ German Research Centre for Geoscience, 14473 Potsdam, Germany
“Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141 980 Dubna, Russia

A rock composite, consisting of the minerals anhydrite and dolomite ("Zuckerdolomit™") is known
for specia petrophysical behaviour. Fregquently, it was observed, that Zuckerdolomit respond
mountain releasing (mining, tunnelling) with a complete loss of cohesion within the grain structure.
This behaviour may be of eminent importance, because operators as well as materials may be at risk
of being buried. Zuckerdolomit is known inter aia from the central Alps between the Gotthard
Massif and Leventina gneisses.

Intracrystalline strain measurements were carried out at the diffractometer EPSILON-MDS, texture
was determined using the diffractometer SKAT (beamline 7A of the research reactor IBR-2, FLNP
at JINR Dubna).

M easurements were carried out on a cylinder specimen (30 mm &, 60 mm in length). The rock was
composed of ~55 % dolomite, ~36 % anhydrite, and <3% calcite.

A discriminating microstructural feature is the grain shape difference between its main components:
Dolomite grains are bounded straight linear, often 120°-angular. The only rarely twinned dolomite
has a grain size several orders lower than that of anhydrite. Furthermore, small marginal zones of
deviating crystallographic orientation may be interpreted as strain-induced. In contrast, the
anhydrite grains are arch-like (amoeboidic) bordered and interlocked among them, triggering a
more explicit schistosed structure than typical for the dolomite layers. Relating to the sample's
scale, foliation is parallel orientated to the plane of alternating stratification.

The crystallographic texture of anhydrite and dolomite was found to be fundamentally different.
The dolomite (0001) pole figure is characterized by a split peak maximum near [y], girdle-like
stretched over [z] and superimposed by a weak small circle structure. In contrast, the (010)-pole
figure of anhydrite is characterized by a dominant maximum in [x], - girdle-like stretched parallel to
the sampl€e’s (ss/sy). The distribution intensity is much sharper than those for dolomite. The residual
strain has been measured following a scan perpendicular to the foliation plane at seven points (a-g),
see Fig. 1. In tendency anhydrite- and
ool Bl dolomite values seems to be
B e .| contrarily aligned regarding
| 2oy v .| dilatation and compression. Changes
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anhydrite lattice spacing are more varying. In particular, regarding the first steps of deformation we
observed considerable variations of intracrystaline strain between dilatation and compression
before we got strain values, comparable to those for the dolomite lattice spacing as we reached the
period of experimental stop.

applied force (kN) . . AL :
0 5 0 15 00 o 270 Figure 2: Stralr_] stress Q|agram _for
Lo Sy 1.6 a 591h + 10min, uniaxial applied
] sa:lnpua:mLz —=—D(01712)| 3 g m"”{f‘ load (38 MPa) experiment on
- collimator: =0 D (0008) ' A « sen
1.2 —a-D(1014) IR Zuckerdolomit”.
i 2 -=v--D (1120) P
54 ._tfjf}ff’ | %: os AN oppositeness between strain evolution
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Los4 = from the results of the residua strain

87h
Sa—111h
strain (103)

L relations, may be possible but is not
~—ominf 00 doubtless to indicate. Most interesting are
Do S [ A the data, reflecting the evolution due to
P S % o4 the state of interruption of the

standstill without manipulations

experiment: A clear increased
08 compressive strain (of about 0.2¢10°%) for

the value representing the first state after
the 17 days interrupt (567 h) under unchanged experimental conditions (in the mean for dolomite
lattice spacing more distinct than due to anhydrite) has been detected. However, this increasing
compressive strain was combined with decreased stress (from 23.8 kN to 22.6 kN - deviatoric
loading). Respecting this specia state of the experiment there seems to be no significant differences
due to the behaviour of the treated dolomite- and anhydrite lattice spacing. Next the sample was
completely unloaded. The sample remained still intact (of course still within the pressure device) and
was measured again within this state of deformation during an exposition time of 24 hours (591 h).
Striking are the different effects of relaxation, comparing them regarding dolomite and anhydrite:
For all the five lattice spacings of dolomite we got relatively uniform values of medium intensive
decompression (~0.3+107%). For the anhydrite (112)-lattice spacing, however, we observed relatively
strong dilatation (~1.7+10°%). Starting from this state the experiment was continued increasing stress
again. Finally the sample was loaded during 10 minutes up to the maximum stress state, reached at
the end of the previous load cycle (34.1 MPaat 137 h). Only due to the attempt to add a further load
of about 4 MPa the sample was destroyed in a moment (at about 38 MPa). These results make us to
suppose, that the interaction between residual strain and texture of the main rock components may
determine the special petrophysical behaviour of "Zuckerdolomit".
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ABTOKOPPEJISIHUOHHASI MUKPOJIMHAMUKA KHJIKOI'O JIUTHUS U PACIIJIABA
JUTUN-BOJOPO: UCCJAEJOBAHUE METOJOM HEYIIPYT'OI'O PACCESIHUS
HEUTPOHOB

H.M. Baarosemenckuii, A.I'. HoBukos, B.B. CaBocTun

T'ocyoapcmeennwiit nayunwtit yenmp P® — Ousuko-3nepzemuyuecKuil UHCIMUMYm UMeHu
A.H. Jlennynckozo, 249034, Oonunck, Poccusn

Cpenu pasnuuHbIX MUKPOJMHAMHYECKUX XapAKTEPUCTHK BELIECTBA BAKHOE MECTO 3aHUMAET
aemoxoppensyuonnas cxopocmuas @yuxyus (AKC®D), KoTopas ONMCHIBACT KOPPEISILUU MEKILY
CKOpPOCTAMH YacTHUIIbI B JBa pa3IM4HbIX MOMeHTa BpeMeHH. AKC® sBisieTcs BeChbMa MIHPOKO
o0CyX/1aeMol MHUKPOJAMHAMHYECKOM XapaKTEepUCTHKON BellecTBa. JTO OOBICHAETCS TEM, YTO
AKC®, ¢ oaHOl CTOpPOHBI, AOCTYNMHAa [Jisi TEOPETHYECKOrO0 pacyera, a ¢ JAPYrol CTOPOHHI,
npeacTaBisieT co00W MPsSMOW pe3yNbTaT MpU MOJICKYJIsipHO-AruHaMudeckoM (M/]) MonenupoBaHui.
AKC® kak (QyHKIHMsS BpPEMEHH OIpPEICIIICTCS Yepe3 CICKTP 4acToT KojeObanuit atoMoB Q(w)
BEIIIECTBA CIIeAYIOIUM 00pa3zom [1]:

<VOV () >

\PACVF (t) = <V2(O) S

T ho ho
= ! 9(@) —cth(_, ) cos(w)de . 1)

Ha puc. 1 nokaszana AKC® aromMoB KUAKOr0 JUTHS NIPU pa3IUdHbIX TemmepaTypax. Buano,
gyro npu t > 0,12 nc atom «3a0bIBacT» CBOI HAYaJbHYI CKOpPOCTh. [lonokeHne MUHUMyMa
aBTOKOPPEISUOHHON (DYHKIIMM yKa3bIBaE€T XapaKTEPHOE BPEMs HAXOXKICHUS aTOMOB B PEXHUME
«ONMMKAUTIIMX COCENel», a TaKkKe IMO3BOJISET OMPEACIUTh JOMUHHUPYIONIYI0 YacTOTy KoJeOaHMid
aTOMOB B JKHMJKOCTH, YTO J€JaeT BO3MOXXHOH OIIGHKY CpeIHEeH SHEepruM KoyieOaHWi aToMOB
uccaeayeMon xunkoctu. [ns cpaBuenus Ha puc. 2 npuBeaeHsl AKCD niis )KuIKOro JTUTHS TPH
pa3NIUYHBIX TeMIepaTypax, HOJdy4YeHHbIe B HACTOSIIEH padoTe, u ¢ momouisio M/[-MoaenupoBanus
[2] st 6aM3KKX 1O BenmM4uHE Temreparyp. V3 puc. 2 BUIHBI TpH TIaBHBIX OTJIMYUS SKCIIEPUMEHTa
U pacyera: BO-TIEPBBIX, SKCIIEPUMEHT JIEMOHCTPUPYET 3aMeTHO Oosee cnadyto 3aBucuMocts AKCD
OT TEMIIEPATYPbI, BO-BTOPBIX, MoyiokeHHe MUHUMyMa AKC®, monyyeHHbIX U3 SKCIEPUMEHTATBHBIX
JAHHBIX, COOTBETCTBYET 0o0Jiee BBHICOKUM 3HEPrHsM KOJIeOaHHUN aTOMOB JKUJIKOCTH, W, B-TPETbUX,
JKCIIEPUMEHTAJIbHbIE KPHUBBIE UMEIOT Oosiee TiayOokui MHHHMYyM. CyLIECTBOBAaHHME 3THX TpeX
pa3nuuMii  ClelyeT IOHMMaTb KaK HEKOTOPYI HEaJeKBATHOCTh IOTEHIMANAa MEXATOMHOIO
B3aUMOJCHUCTBUS, UCIIOJIB30BAaHHOTO ITpy M/[-MOAeIMpOBaHNH.

Ha puc. 3 u 4 nemoncrpupyrorcss nonslTkd onucanusi AKC® ¢ momompio cpaBHUTENBHO
npocroil aHanutudyeckor moaenu: AKC® npencrasnsercs B BUJIE CYNEPIO3ULUN OJHON MU IBYX
rapMOHHK KoJsiebauwuii o gpopmyie [3]:

() ~ Y ep(-)cos( ) @

W3 mpuBeNeHHBIX PUCYHKOB BHUAHO, YTO HCIOJIB30BAHME CYNEPNO3ULMUHU JBYX TapMOHMK
MO3BOJSIET JOOMThes Jsyudmiero omnucaHuss Gopmbl AKCD 1o cpaBHEHUIO C HCIOJIB30BaHHEM
OJTHOKOMITOHEHTHOW Mozenu. Bemmumua to, momyuaemast mpu takom omnucanuun AKC®, oObraHO
TPaKTyeTCs Kak BpeMsl KU3HHM YacTULbl B JAHHOM OKpPY)KEHUH, YTO MHBIMH CIOBAaMH MOXXET OBbITh
Ha3BaHO BPEMEHEM KHM3HHU OKPY)KeHHS (BPEMEHEM CTPYKTYPHOH pellaKCcallnH).

B coBpemeHHOI TeopuH KUIKOCTH MPUHATO CYUTATh, YTO MPOLIECC peslakCaluy QIIyKTyaIuii
TUTOTHOCTH BKJIFOUAET B ce0sl IBa MEXaHW3Ma: ObICTPHIH, CBSI3aHHBIN C OMHAPHBIMH COYIApPEHUSIMH,
U MEUICHHBIM, WIyIIMHA dYepe3 B3aUMOJCHCTBHE [JBWKCHMS YacTULBl C MHMKPOIUHAMHKON
okpyxenus [2]. CoOTBETCTBEHHO, MPEANOIAraeTcs, YTO CYIIECCTBYIOT M J[Ba Pa3IMYHBIX BPEMCHU
CTPYKTYPHOM penakcaliii, OTHOCAIIMXCS K OBICTPOMY U MEJUIEHHOMY ITPOLIECCAM.

Hcnonp3oBaHHas B JaHHOW paboTe MeToIuKa OOpabOTKM SKCIEPHUMEHTANIBHBIX JTaHHBIX
BKJIIOYAeT B ce0sl pa3lielIeHue CIEKTpa PACCEsHHBbIX HEHTPOHOB HAa COOCTBEHHO HEYNPYTIYyI0 U
KBa3UyIpYyryl0 COCTaBIISIOIIME U UX Hocneﬂgf?}omnﬁ paszienpHbI aHanu3. B aToil  CcBA3M



anamusupyemple AKC® He comepxkar B cebe nuddy3noHHBIX 3((eKToB, a HOCAT UYUCTO
KosnebarenbHy0 mpupony. Ha ocHOBaHHMM 3THX COOOpaK€HHM MOXKHO THPEANOJIOKUTh, YTO
n3Bnekaemoe u3 ananuza AKC® Bpems top oTHOCUTCS K OBICTpOMY (T.€. OMHAPHOMY) MPOLIECCY.
Pa3nuure 4acTOTHBIX CIIEKTPOB [UIsl JIUTHS M BOAOPOAA B paciuiaBe JuTHs [4], HaXoauT cBoe
nosiHOe oTpakeHue u B popme AKC®, noka3aHHBIX Ha pucyHke 5. PazHuIla BpeMeH penakcanuu B
YHCTOM JIMTUU U PACIUIaBe JUTUH—BOAOPOJ CBUIETEIBCTBYET O TOM, UTO ONMXKaiilliee OKpyKeHue B
JUTUU OKa3bIBaeTCs OOJIee JONTOXHUBYIIHM, Y€M 3TO HMEET MECTO B PaCIIaBe JIMTHIH-BOIOPO/I.
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I ntroduction

Anthropogenic activity is a source of continual influx of heavy metal contamination into
the environment. A complex variety of abiotic and biotic processes affects their speciation and
distribution. Some of these processes can be applied to removing environmental pollutants.
Indigenous bacteria can be successfully used to either detoxify or immobilize toxic heavy metals.

These bacteria are under continuous investigation, and in-depth molecular understanding
has been developed for some of them. However, up to date the dependence between the ability of
bacteria to reduce or immobilize metals and their elemental compositionsis not clear yet.

This work is a continuation of our studies (Tsibakhashvili et al., 2004; 2006) where
epithermal neutron activation analysis (ENAA) had been applied to study elemental content of
Cr(V1)-reducer basalt-inhabiting bacteria.

In the present study the effect of Cr(VI) on the elemental content of these bacteria has
been examined. Specifically, we tested three Gram-positive bacterial strains of Arthrobacter
genera— A. oxydans (isolated in the USA from polluted Columbia basalt rocks), Arthrobacter sp.
(61 B), and A. globiformis (151 B) (isolated from the most polluted regions in the Republic of
Georgia).

Materials and M ethods

Sample cultivation and preparation for analysis. The bacteria were grown aerobically in
the following nutrient medium: 10 g of glucose, 10 g of peptone, 1 g of yeast extract, 2 g of
caseic acid hydrolysate, 5 g of NaCl, and 1 liter of distilled water. To provide the chromium
concentration of 35 and 200 mg/L, Cr(VI) [as K,CrO4] was added to the nutrient medium at an
early stationary phase of growth.

After being cultivated for 4 days the cells were harvested by centrifugation (10,000 rpm,
15 min, 4 °C), rinsed twice in 220 mM phosphate buffer and analyzed by NAA 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 titanium
press form.

Instrumental Neutron Activation Analysis (INAA) at the reactor IBR-2. Bacterial samples
of about 0.5 g were packed in aluminum cups for irradiation.

Samples were irradiated for 100 h and gamma-spectra of induced activity measured for
30 min — 2 hrsto provide sufficient counting statistics.

Quality assurance was achieved by relevant certified reference materials Lichen-336 and
Bottom Sediments SDM-2T.
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Results and discussions

The concentrations from 12 to 19 elements of the following set: Na, Al, Cl, K, Fe, Co, Zn,
As, Br, Rb, Sr, Sb, Ba, Th, Th, U was determined in the bacterial cells.

Data on chromium shows the high rate of Cr accumulation in tested bacterial cells (Fig. 1).
The chromium content in the control cells was less than 10 pg/g, while the same values in the
treated cells were much higher. For example, in Arthrobacter sp. it reached to 3 .10° pg/g after
exposure to 35 mg/L of Cr(VI) for 4 days. According to our recent studies (Codd et al., 2006;
Tsibakhashvili, Kalabegishvili et al., 2008), reduction of Cr(V1) to Cr(l1l) begins at the surface
of bacteria with the formation of Cr(V)-diols and the main part of reduced chromium (Cr(lll
hydroxide) is tightly bound to bacterial cells. Our current ENAA data provide evidence that one
part of chromium penetratesinside cells as well.

Redlly, in bacteria treated with chromate some similarity in the behaviour of the following
essential elements- potassium, sodium, chlorine was observed. First, exposure to Cr(V1) caused a
lower potassium concentrations in cells and the decrease of K content was almost equal at both
low (35 mg/L) and high (200 mg/L) concentrations of Cr(V1). Second, concentrations of sodium
and chlorine changed in a parallel way to each other, but in an opposite way to that of potassium.
Potassium is known to play an important role in maintaining cellular osmotic pressure; it is
involved in nonspecific activation of many enzymes, in bacterial energy metabolism (as the
coupling ion), and in the regulation of intracellular pH (Hoghes et al., 1989). Decrease of K
content, in other words extrusion of K from cells to maintain the acidity of their cytosol,
concomitant with increase of Na (and correspondingly Cl) content, suggests that, one part of
Cr(V)-diols (as well as Cr(V1) ions (via HPO,* channels)) were able to penetrate inside bacterial
cells. NAA measurement of iron content in bacteria supports this conclusion. As is known, iron
is the most important metal biologically (Hoghes et al., 1989). It is a many-functional constituent
of complex molecules. Figure below demonstrates that in the tested bacteria the Fe content
significantly increased in response to Cr(VI) loading, indicating that the bacterial protective
system was activated significantly against chromium toxic impact.

In A. globiformis, contrary to A. oxydans and Arthrobacter sp, the content of iron increased
almost linearly with increase of Cr(VI) dose. It seems that Cr(V1) transformation mechanism is
rather different in A. globiformis than in Arthrobacter oxydans and Arthrobacter sp., that agrees
with our recent datareceived by NAA and ESR (Tsibakhashvili N., Mosulishvili et al., 2008).

U, Rb, Nd, As were determined in all bacteria. These non-essential elements have no
beneficial function and have to be considered by cells as toxins, however behaviour of some of
them (for example, U) also illustrates that the permeability of bacterial cell wall changed after
treatment with chromium.
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Introduction

It is known that the different types of nuclear excitations co-exist, interact and influence
structure and parameters of a nucleus. There are quasiparticle and vibrational excitations. Thisis
the main conclusion of models QPNM [1] and IBM [2]. But, the majority of experiments carried
out by now gave direct and reliable information on structure of a nucleus only for too low
excitation energy (see, for example, [3]). Strength functions of y-transitions with energies E,,

k=f/A" =T, |E]A*°D, after decay of levels E < By, were experimentally studied to the

least degree. Main problems of experiment, which occur at determination of level density p and
k consist in necessity to: (a8) minimize the most serious systematical errors, (b) maximally
exclude model notions, which are inevitable at extracting of the process parameters from
registered spectra in indirect experiment. First of all, the latter refers to basic hypothesis [4] of
independence of cross section of reverse reaction on excitation energy of final nucleus.
According to calculation (see, for example, [5]), y-transition probabilities below E;~3 MeV and
experimental data [6] on cascade population of nuclear levels below 0.5B,, hypothesis [4] is
completely inapplicable in even-even deformed nuclei.

The current status of problem

The task of experiment was first solved by registration [7] of two-step cascade
intensities |, with the summed energy 5-10 MeV proceeding between the decaying compound-
state 1 and a group of low-lying levels f. Anaysis of two-step cascade intensities following
thermal neutron capture in fixed A4E energy intervals of their intermediate levels Ei=Bq-E; [8]:

in r‘if

1, (E) ;Z LT 1)
first revealed a possibility of model-free determination of p and k with high reliability. In
variant [9] it was done at using hypothesis [4]. In the version [6] it is made without its use in
region of low-lying levels (E <0.5By). In order to calculate cascade intensities and compare
them with the experiment, it is necessary to account for real specific of the studied process. In
certain energy interval AE; >> p.tof excited levels there is only the value of AL, (sum of

partial radiative widths) available for comparison with calculation. For any interval number j of
excitation energy, this sum may be aways mathematically presented as a multiplication of
certain average of partid width <T7; > and n; = pAE; number of excited levels. So, equation

(1) istransformed for any interval number j into:

<I;> <I| >
FARLEDY) yasiesry Bl yor vy @

Since this sum includes partial widths of y-transitions between levels of different
structure (see, for example, [5]), the average width of primary <I, > and secondary <TI,,> vy-
transitionsis an averagely weighted value for any j and i intervalsin the indicated representation.
It isdetermined by particular ratio of quasiparticle and phonon components of wave functions of
the studied nucleus levels, belonging to interval AE. It is necessary to account for this at
comparison of experimental and theoretical k values. System (2) includes N nonlinear
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equations and ~2N (or more) unknown parameters. So, it is impossible to determine p and k
unambiguous values from (2) even if al available information on considered nucleus is used.
However, it is possible to determine approximately or precisely interval of variation of the p and
k values, setting given values of |, and other parameters of given nucleus with the smallest v
Corresponding experiments have been carried out at thermal neutron capture for 51 nuclei.
All practically applicable [10] models of radiative strength functions consider nucleus as
a monocomponent object. Owing to the historically prevalent idess, it is viewed as a system of
Fermi-particles. Moreover, though model [11] considers nucleus only as Fermi-liquid, it
reproduces a sets of parameters of the cascade gamma-decay process with better accuracy than it
can be made by the simplest extrapolation [12] of cross section of reverse reaction into the
region of nucleus excitation below B,. By this reason, it is appropriate to use the notions [11] as
basic in the performed analysis, because they are based on the most realistic idea about nucleus
produced by theorists by now. A fraction of levels with purely dominating vibration
components of wave functions (at least lower than ~0.5B,) is very significant But, the existing
and used [10] models of radiative strength functions do not completely account this fact.
Therefore, at this stage of the analysis it is necessary to postulate the contribution of the
vibrational nucleus excitations into k(E1)+k(M1) values in a purely phenomenological way.
Below it is accepted that for a spherical nucleus fraction F; of partial radiative width of dipole
primary gammeartransitions with energy E,, specified by the quasiparticle excitations, is
described by model [11] with two free parameters. x and w. For the deformed one - by sum of
two Lorenz curves, respectively. Fraction Fy,, supposedly connected with the vibrational nucleus
excitations, is approximated by peak, shape of which is preset by two exponential functions:
Pexp(a (E-Ep)), Pexp(f (Ep-E)) for itslow and high energy tails:
K(ELE))+k(MLE,))=F +F;:
1 0.70,T¢(E? + kd4n®T?)
B R E.(E? - E2)’
F, = Pexp(a(E, - E,)) + Pexp(B(E, - E,))
Exponential dependence of form of its peaks F, successfully describes all the data
obtained by the present. Parameter x in (4) accounts for possible change in nucleus
thermodynamic temperature T in form T2 =xU/a, whereas parameter w - net effect of
changing in fraction ratio of quasiparticle and vibration types level density, both in the region of
neutron resonances, and intermediate (Ei<B,) levels of nucleus. Or it considers the fact of
changing in ratio of quasiparticle and vibtation components in the normalization of wave
functions of decaying and excited levels, respectively. Such conclusion follows from the strong
anticorrelation of amplitudes of local peaks in the experimental data on k(E1)+k(M1) and their
uninterrupted distribution (approximated by function Fy). In [9] k(E1)+k(M1) and p values are
simultaneously determined from cascade intensities with a noticeable systematical error. First of
all, the approximation of the experimental values of k(E1)+k(M1) sums from [6] is used in the
analysis. The results are presented in figs.1-3 for the main part of the studied by the present
nuclei. The value of the w parameter is to a greater or lesser extent determined by the structure
of the wave function of neutron resonance. This conclusion follows from well established by
theory the laws of nuclear states fragmentation which determine the type and value of compound

state wave function components. This implies that the w parameter may change from resonance
to resonance and, probably, correlate with values of their reduced neutron widths.

(4)

Conclusions

By the present the most reliable systematical experimental data on sums of the radiative
strength functions of dipole cascade gamma-transitions following thermal neutrons capture may
be approximated in the frames of the experiment uncertain in the 0.5 <E; <B;-0.5 MeV region
by a superposition of two components having rather different form of the dependence on energy
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of gamma-transition. At the present they may be interpreted only as a contribution of fermion
and boson nucleus excitations into the partial radiative width, respectively. Noticeable variation
of the obtained parameters of k(E1)+k(M1)=F(E;) dependence in nuclei of different masses may
be caused by strong influence of the structure of cascade initial level on the correlation of
contributions of nuclear normal and superfluid states into the probability of gamma-quanta
emission. This effect appears as an addition to the observed in [6] strong influence of the
intermediate level structure on this value. Correspondingly, the radiative strength functions of
primary gamma-transitions following decay of compound states may be determined by the
structure of levels connected by them at least up to the energy of neutron binding.
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The Black Sea represents a remnant of the Mesozoic Tethys Ocean. A continuous layer
of almost biologically dead water saturated with dissolved hydrogen sulfide is found between
180 m beyond sea level and the deepest bottom of 2,210 m. Only some anaerobic bacteria
inhabit this medium, and for this reason, bottom sediments are completely voided of
bioturbation that makes them ideal object for various stratigraphic investigations.

Some of the largest European rivers such as the Danube, Dnieper and Don viathe Sea of
Azov, flow into the Black Sea, carrying a considerable amount of pollutants, collected from
industrial countries [1]. Both atmospheric nuclear weapon tests and the Chernobyl accident
released into atmosphere a considerable amount of the radioactive **'Cs which presence in
sediments, due to its half-life of 30.4 years represents suitable marker for a recent absolute
geochronology [2]. Thus the investigation of the vertical distribution of pollutants in
correlation with the **'Cs profile in sediments [3] could be very useful in reconstructing the
history of pollution process affecting the Black Sea.

Sediments. The unconsolidated sediment core (atotal length of 50 cm) has been collected
from the abiotic zone of the Romanian Continental Shelf of the Black Sea, in the vicinity of
the town of Constanta, at depth of 600 m below sea level. A digital radiography showed the
presence of about 265 distinct layers, 1 to 3 mm thickness. For further investigations, the core
was sliced into 45 fragments which thickness gradually increased from 5 mm at the surface to
4 cm at the bottom. Each section was dried at 105 °C, ground and homogenized. The vertical
distribution of five potential pollutants Zn, As, Br, Sn and Sb as well as Sc as a reference
natural element in the core collected from the abiotic zone of the Black Sea was examined
along with the **'Cs content.

ENAA measurements. An amount of about 0.100 g of bottom sediment material was used
for multi-element epithermal NAA carried out at the reactor IBR-2, FLNP, JNR, Dubna.
Experimental procedure is described elsewhere [4]. Software developed at FLNP was used for
acquisition and processing of gamma spectra of induced activity [5]. Quality assurance was
provided by using IAEA standard reference materials SL-1, SL-3, and SI-7.

137Cs measur ements. The **'Cs activity of the uppermost 20 samples were measured at Horia
Hulubel National Institute of Physics and Nuclear Engineering -Bucharest for 20 h, using a
HPGe detector (Canberra) with a FWHM of 1.9 keV at *°Co 1332 keV and a relative
efficiency of 30%. Standard PC software OS2/Gennie for gamma spectra processing was
used.

137Cs vertical profile. Radiocesium vertical profile showed two maxima, one of them vas
very sharp and localized at a depth of 1 cm and the other very broad, almost undistinguished
at about 8 cm depth. As the two major radiocesium aeria pollutions took place in 1963
(atmospheric nuclear bombs tests) and 1986 (Chernoby! accident) and by taking into account
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the existence of a vertical migration of Cs ions in sediments, one could conclude that the
upper maximum corresponds to the 1986 Chernoby! accident. As the core has been collected
in 2004, a sedimentation rate could be assessed as ~ 0.5 mm/year.

To be unambiguously considered as a pollutant, a potentially harmful compound must fulfill
two criteria: (i) to exceed the legal limits, and (ii) to present an increased concentration near
the sediment surface [6]. Only five of 45 determined elements follow these criteria. The
results for these elements are given in the Table.

Table. Max (Cmax), Min (Cmin), UCC (Upper Continental Crust), normal (Cphorm);
min (Cgert,min) @d max (Cgert,max) aert concentrations (ug/kg)

Element Crax Cmin uccie] Chorm[7] Caertmin[7] | Calert, max [7]
Zn 145 53 71 100 300 700
As 16 8 15 5 15 25
Br 149 52 — 50 100 100
Sn 4.8 2.1 55 20 35 100
Sb 7.8 14 0.2 5 12.5 20

Heavy elements vertical profile. To exclude influence of mineral component of sediments,
the concentrations of elements in question were normalized to the relevant Sc concentration
considered as a naturally occurred element [8]. The distributions of these ratios along the
vertical profile of the core are presented in Fig. 1.

concentrations (ug/kg)
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It is obviously seen that al of them
demonstrate a sharp increase in the
concentration range corresponding to the
last 5-6 cm below the sediment surface.
Taking into account the sedimentation rate
discussed above, this interval could be
attributed to the last 90-100 years, i.e. to
the period of rapid industrialization of the
European countries.

It should be pointed out that in case of
Sn and As, their maximal concentrations
are observed at 1 cm below the sediment
surface that roughly corresponds to the
year of 1990, while the concentrations of

& Br/Sc
v 5n/5c
o Sh/Sc

other three elements monotonously
increases up to the sediment surface. Thus
the first criterion is fulfilled for al five
elements.

Fig. 1. Thevertical distributions of concentrations
of Zn, As, Br, Sn and Sb normalized to Sc

A box and whisker diagram for both average and extreme numerical values of the
elemental concentrations is given in Fig.2. It follows from the analysis of the data collection
that none of the elemental concentrations reached the intervention threshold. The normal
concentrations of Zn, As, Br and Sb are dlightly transcended, while the minimal aert
concentrations are surpassed only in few cases by As and Br. Therefore, only As and Br
satisfy the second criterion. The increased concentration of halogen Br is hardly be attributed
to any pollution process, but most probably to its “marine” origin” [9].
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This fact could be interpreted more rather by having a common source of pollution than
having similar chemical properties.

Conclusion. Epithermal Neutron activation analysis was used to investigate the vertical
distribution of the concentrations of potential polluting Zn, As, Br, and Sb in the upper 50 cm
of the sediments collected 600 m below sea surface from abiotic zone of the Black Sea.

All these elements presented towards superior limit of sediments increased concentration that
in the case of Zn, As and Sb were, in accordance with Romanian Environment Regulations,
greater than the normal ones, elements concentrations reached the intervention threshold.

By using Chernobyl **'Cs as time marker it was possible to establish that the region with
increased concentrations corresponds to the last 100 years. i.e. the period of the steadily
industrialization process in Europe.
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Introduction

The Rybinsk Reservoir, the largest artificial water body in Europe, is the main source
of drinking water for the towns located along its cost-line. The greatest potential risk of
environmental contamination to this man-made lake is posed by the town of Cherepovets with its
steel producing plant, largest in Europe.

Bottom sediments represent a sink for suspended matter including organic and inorganic
pollutants in the freshwater ecosystem. They are frequently used for determining the
contamination level of the water ecosystem as well as for assessing risk of potential
remobilization of pollutantsinto the ecosystem.

For biomonitoring purposes in the Rybinsk reservoir two species of bivalve mollusk
(Dreissena polymorpha and D. Bugensis) were used. These mollusks are characterized by their
sedentary life style, good filtration capacity and resistance to acute toxicity of pollutants (Klerks
et a., 1997; Pavlov, Frontasyeva, 2005).

The aim of the study is first of all to determine chemical elements, including heavy
metals and rare earth elements in tissues of the dreissenids and sediments in different
compartments of the reservoir. This can make it possible to assess the contamination level of
the reservoir as well as to evaluate the possibility of using dreissenids for monitoring fresh
water ecosystems.

Methods and materials

Sampling was carried out from research ships of the Institute of Inland Water Biology in
2005-2006 at different areas of the reservoir. Sediment samples were collected using bottom
sampler and dreissenids — using bottom drag.

Mollusk samples were frozen at -18°C for further sample preparation. Mollusks were
dissected into a soft part and a shell being preserved separetely.

Both sediment and mollusk specimens were dried at 40 C° and then homogenized with
the help of mortar and pastel. The specimens were packed into aluminum cups and polyethylene
bags for long and short irradiation, respectively, and analyzed for elemental composition using
instrumental epithermal neutron activation analysis (ENAA) at the IBR-2 reactor (JINR, Dubna).

Results and discussions

ENAA enabled identification of 31 elementsin bottom sediments and zebra mussels.

Concentrations of such elements like scandium, vanadium, manganese, barium, lanthanum,
samarium, hafnium, tantalum in the soft tissues of dreissenids differ insignificantly from those in
the shell. La, Sm, Hf, Ta content in the soft tissues is no more than twice as much as their shell
content, while Mg and Ba concentrations are a little higher in the shell. At the same time cobalt,
nickel, zinc, selenium and bromine concentrations in the soft tissues are 1-2 orders of magnitude
higher than those in the shell, while strontium and calcium contents in the shell substantially
exceed those in the soft tissues (Fig. 1 and 2). The last observed phenomenon is explained by the
fact that calcium is a bulk material for a mineral matrix of the shell and strontium actively
replaces calcium in this tissue.
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Fig. 1 Concentrations of some elements in the shell, soft tissue of the mollusks and bottom sediments
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Fig. 2 Concentrations of some elementsin the shell, soft tissue of the mollusks and bottom sediments

Bottom sediments concentrations for most elements are one order of magnitude higher
than those in the soft tissues of the mollusks. The reverse pattern is observed for Ca, Co, Ni and
Zn, whose concentrations in the soft tissues differ from those in the sediments insignificantly,
while Se and Br concentrations are ten times higher in the soft tissues than in the sediments (Fig.
1 and 2). This means that most elements consumed by the mollusk are not accumulated, but
cleared from its body (Wiesner et. a., 2001). Such elemental pattern also demonstrates
physiological importance of the above-mentioned elements being not toxicants but essentia
macro and micro components for the mollusk organism. However, it is well known that under
strong anthropogenic contamination microelements can accumulate in an organism in
concentrations exceeding their physiological levels. In such conditions the organism cannot
control the processes of element consumption and excretion. Thus it may be suggested that the
high concentrations of Zn, Co, Ni in the mollusk body are explained by the influence of
Cherepovets metallurgical complex.

No significant spatial differences were revealed in shell and soft tissue concentrations for
the majority of heavy metals except for zinc and cobalt, whose concentrations in the shell and
soft tissues sampled in close vicinity of Cherepovets exceed those from the other sampling
points. Though absolute metal concentrations in soft tissues are higher than those in shells, the
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latter reflects anthropogenic contamination much better. Trace metal content in the mollusk body
depends very much on numerous varying extraneous and intrinsic factors. As the element
turnover in the shell is much slower, the shell reflects long-term input trends.

Co

[

18

Cherepovets

Fig 3. Spatid distribution of Co and Zn in the zebramussel showing the element content in the soft tissue (left) and
in the shell (right).

Conclusions

The results of our study confirmed that bottom sediments are reliable objects for
monitoring heavy metals and rare earth elements in fresh water ecosystems. Mollusks and
dreissenids, in particular, may serve as contamination indicators. Nonetheless, the shell
composition reflects permanent source of anthropogenic pollution better than the soft tissue
composition does. The feasibility of ENAA for freshwater monitoring has been shown.
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OPTIMIZATION OF A MODERATOR-NEUTRON GUIDE SYSTEM FOR
SPECTROMETERS OF BEAM 7A OF THE IBR-2M REACTOR
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Abstract

Introduction

At present, the IBR-2 reactor is shut down for modernization, which implies complete replacement of
the reactor core, control and emergency units as well as the moderators. The building and biological
shielding will remain unchanged. The optimization of the reactor core has been completed and the
assembling is amost finished. The moderator complex has been configured and Monte Carlo
simulations have been performed. Some of the spectrometers will be rebuilt and new ones will be
constructed. The best utilization of neutrons provided by the complex of moderators in the existing
biological shielding requires accurate simulation of all elements of the spectrometers. Two
spectrometers are now situated at beam 7: SKAT (beam 7a) and NERA (beam 7b). It is shown in
Fig. 1.
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Fig. 1. Present layout of channel 7a of the IBR-2M reactor: 1 — moderator, 2 — background chopper, 3 — reactor building
wall, 4 —old neutron guide (beam 7a), 5 — vacuum tube, 6 — beamstop for beam 7a.

New extraction system should be optimized according to the geometry of the ring corridor and
beam hall of the IBR-2M reactor. It is planned that channel 7awill accommodate 2 neutron guides built
in the separate vacuum chambers. Due to the constructive features of the ring corridor the minimal
distance between the moderator and the guide entrance of channel 7 is around 6 m. Therefore, the
attenuation of the neutron flux between the moderator and the guide entrance has to be minimized.

M ethods and instruments
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1. New moderators for beams 7, 8, 10, 11

The VITESS software package [5] has been used for simulations of channel 7a. The ssimulation
of attenuation of the neutron beam was implemented in the VITESS software package [6, 7]. Three
modules were modified: the modules “space”’, “spacewindow” and “spacewindow multiple’. The
detailed description of these modules can be found in the VITESS help file.

The modernized IBR-2M reactor will start its operation in 2010. At the first stage it will work
with one cold moderator for beams 7, 8, 10, 11 and a common water grooved moderators for the others.
The cold moderator for these beams consists of water pre-moderators, grooved water moderators and a
cryogenic moderator based on a mixture of aromatic hydrocarbons (Fig.2 a,b). Optima geometrical
configuration of this complex has been chosen by the Monte Carlo simulations (MCNP code) [1]. The
cold moderator (15 cm wide, 20 cm high) is situated in the bottom part of the reactor core (44 cm high)
in a niche surrounded by water. Such a composition provides neutron spectrum in a wide range of
energy. This gives more flexibility for optimization of instruments at neutron beams. The neutron
spectrum has been calculated onto the virtual surface (Fig. 2b) situated at a distance of 15.2 cm from
the point of intersection of axes of the former beams 7a and 7b of this direction. The energy
distribution of neutrons at this planeis shownin Fig. 3.

Water pre-
moderator

Grooved water
moderators

Membrane of
cold moderator
for beams 7, 8
and 10

Flat water
moderator

Fig 2.(b) A part of horizontal cut of the IBR-2M
reactor with surroundings (1. Reactor core, 2. Cold
moderator, 3. Water premoderator and grooved

Fig 2.(a) View to the moderator from beam 7 moderator, 4. Virtual plane for spectrum calculation, 5.
Stationary reflector with control rods and emergency
system, 6. Biological shielding, 7. Direction of view of
beam 7, 8. Moveable reflectors)
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Fig. 3. The MCNP simulated spectra distribution of the neutron beam for channel 7 at the plane pos. 4 of Fig.2b at
the average power of the IBR-2M reactor of 2 MW.

2. Neutron Guides of channel 7a, LAYOUT

The new channel 7a will consist of two neutron guides. 7al and 7a2. The first neutron guide
will serve the spectrometer SKAT [2]; the second neutron guide will serve the spectrometer EPSILON
[3]. The existing channel 7b serves the spectrometer NERA and is not considered in the paper. The
length of each new neutron guide is about 100 m and consists of the following five parts:

1) Straight section of length 10.07 m.

2) Free space, 23.3 cm long for the second chopper.

3) Curved section of length 85 m and the radius of curvature of 13400 m

4) Straight section of length 9.61 m — for the first guide (EPSILON spectrometer) and 3.64 m — for
the second guide (SKAT spectrometer).

The coating of al sections of both guides is natural nickel. The cross section of guides is
rectangular and equal to 5 x 5 cm. The characteristic wavelength of the curved section is 1.6 A for both
guides and natural nickel coating. The last straight section decreases the inhomogeneity of the neutron
beam at the exit of the neutron guide for neutrons with wavelengths of more than a critical wavelength
of the curved section. The background chopper is installed between the moderators and the guides. The
new second chopper will be installed as well. The basic configuration of the guidesis presented in [4].

Another option of the geometry of the guides could be realized: the height of both guides 7al
and 7a2 increases up to 9.5 cm to reduce the number of reflections inside the guides and makes it
possible to achieve a 1.9 timesincrease in intensity at the guide exit.

The only difference between the new guides is the inclination angle of these guides relative to
the axis of channel 7a: for the first guide, the inclination angle is 0.8°; for the second guide, the
inclination angleis 1.65°. It is presented in Fig. 4.
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Fig. 4. Layout of the initial part of channel 7a. Point 1 isthe crossing point of the axes of the new guides 7al and 7a2.

Resultsand discussions
1. Influences of an air gap between the moderator and the entrance of neutron guides and the

extraction systems

The system with two guides described above was simulated by the VITESS software package.
The count rates at the exit of the guides are presented in Figures 5 and 6. Three options were
considered for channel 7a.

a) The real system, i.e. the attenuation of the neutron beam between the moderator and the
entrance of neutron guides was simulated. The distance between the moderator and both neutron guides
of channel 7ais5.94 m.

b) An additional 1.5 m long section was installed between the moderator and neutron guides.
This section was modeled by the polished stainless steel tube of 15 (width) x 18 (height) cm cross
section. The length of the section was based on the geometry of the guide hall and the ring corridor.
This section lies at a distance of 2.24 m from the crossing point of the guide central axis (see point 1 in
Fig. 4). The distance between the moderator surface and point 1is29.1 cm.

¢) Neither additional section nor an air gap was considered between the moderator and neutron

guide, i.e. the idealized system.

The additional section is evacuated. Due to this, aluminum windows at the entrance and at the
exit of the section were installed. The thickness of the windows was chosen to be 0.15 cm.
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Fig. 5. Neutron count rate at the exit of the first guide for three kinds of the extraction system. If the guide height is 9.5 cm
(instead of 5 cm), the shape of the curve is unchanged.
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Fig. 6. Neutron count rate at the exit of the second guide for three kinds of the extraction system.

One could see that the count rate at the exit of the first guide is larger for wavelengths less than
1.25 A. It can be explained taking into account small acceptance angles for such wavelengths despite
different inclination angles of the guide axes. But a significant distance (around 6 m) between the
moderator and the guides and the different inclination angle lead to the fact that for alarger inclination
angle, i.e. 1.65°, the guide accepts neutrons only from a part of the moderator surface. The horizontal
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size of the moderator should be increased in this case to improve the acceptance of the second neutron
guide for wavelengths lessthan 1.25 A.

The integrated fluxes for wavelength band of 1-13 A at the exit of both guides are given in
Table 1.

The local air conditions measured in the ring corridor and guide hall of the IBR-2M reactor
(temperature is 293 K, humidity is 65 %) are used for simulations. If the local air conditions are
changed: i.e. the temperature is 300 K and humidity is 85 %, the integrated flux at the guide exit would
have 2.5 % additional loss. For other local air conditions: i.e. the temperature is 283 K and humidity is
45 %, the integrated flux at the guide exit would have 0.9 % gain. If the additional section (see
extraction system (b)) is filled with argon, the integrated flux at the guide exit would have 1%
additional loss. If the thickness of the aluminum windows is decreased from 0.15 cm to 0.05 cm, the
integrated flux at the guide exit would have 2.2 % additional gain.

Table 1. Integrated fluxes at the exit of the guides 5 cm high for different extraction systems. If the height of the guidesis
increased to 9.5 cm, all fluxes at the guide exit should be doubled.

Flux at the exit, neutrons/cm?/sec First guide (inclination angle Second guide (inclination angle

0.8°) 1.65°)
Extraction system (a) 1.11 - 10’ 1.14 - 10’
Extraction system (b) 1.19 - 10’ 1.22 - 10’
Extraction system (c) 1.72 - 10’ 1.77 - 10’

Figure 7 shows the gain factor of the extraction system (b) relative to the extraction system (a).
The extraction system (b) gives very small gain: between 6 and 12 % for different wavelengths for both
guides. So such system should be reconsidered and optimized by the Monte Carlo simulations.

| | | | | |
1,12 First guide (angle 0.8 degree)
----- Second guide (angle 1.65 degree)

111 /\

1,10

1,09 AV

1,08 /\' -/

1,07 P

Gain factor
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1 2 3 4 5 6 7 8 9 10 11 12 13
Wavelength, A

Fig. 7. The gain factor of the extraction system (b) relative to the extraction system (a) for both guides.
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2. Optimization of the additional vacuum section between the moderators and the guides.
The optimization process consists of several steps:

1) Choose the shape of the cross section of the additional vacuum section.
2) Choose the coating material of the section.

3) Optimize the length of the section roughly.

4) Optimize the length of the section more carefully.

At the first step of the optimization, three variants of the section were considered with constant
height of 18 cm at the entrance and at the exit for all cases:

Case a): entrance width is 10.5 cm; exit width is 15.5 cm, so the section has divergent geometry
in the horizontal plane.

Case b): entrance width is 15 cm, exit width is 15 cm.

Case ¢): entrance width is 18 cm, exit width is 18 cm.

These parameters were chosen according to the design of the ring corridor and the guide hall of
the IBR-2M reactor. The intensity gain factor of (b) and (c) cases relative to the case (a) for both guides
are given in Fig. 8. So one can conclude that the case (a) is the worst case for wavelengths greater than
5A. Both (a) and (b) cases give practically the same gain for wavelengths greater than 5 A. So, either
case (b) or case (€) should be chosen, if the neutrons with wavelengths greater than 5 A are required.
Later for all simulations, the case (c) was chosen.

—— Vacuum section cross section 15x18 cm L=1.5m
- Vacuum section cross section 18x18 cm L=1.5m
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Fig. 8. The gain factor of (b) and (c) casesrelative to the case (a) for the first guide.
The influence of the coating of this section should be evaluated. Three types of coatings were

taken for the simulations:. polished stainless steel, natural nickel and nickel-58. The relative gain factors
are presented in Fig. 9. The base system is the section with polished stainless steel (m = 0.9) inside.
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Fig. 9. The gain factor for the first guide for different coatings of the section.

So, one can see that a very small gain (several percent) factor from the wavelength of 8 A could
be explained by an increase in the effective moderator sizes. The next important step is to optimize the
length of this section roughly. Three variants were considered:

1. The section becomes longer backward so that the distance between the exit of the section and
the entrances of the guides becomes 1 m. The new length of the section is 2.7 m instead of
15m.

2. The section becomes longer forward so that the distance between the entrance of the section and
the moderators becomes 1 m. The new length of the sectionis2.7 m aswell.

3. The section becomes longer backward and forward, so the distance between the exit of the
section and the entrances of the guides becomes 1m and the distance between the entrance of
the section and the moderators becomes 1 m. The new length of the section is3.9 m.

The gain factors relative to the system with the section 1.5 m long are presented in Fig. 10 and 11.
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Fig. 10. The gain factor for the first guide for different lengths of the section.
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Fig. 11. The gain factor for the second guide for different lengths of the section.

The gain starts to decrease from the wavelength of 6 A for variant 2 and variant 3 and the
saturation effect is observed. It could be explained by the reduction of the effective moderator sizes: the
section and neutron guide accept neutrons only from a part of the moderator. The most preferable
variant is variant number 3. But the distance between the exit of the section and the entrance of the
guides should be reduced as much as possible. The minimal distance between the section and the
guides is 69 cm because the thickness of the box with the chopper is 65 cm. So the total length of the
section becomes 3.9 m.

As the next step, the optimization of the coating of the section should be performed. Two
coatings are considered: polished stainless steel and natural nickel. The gain factors are presented in
Fig. 12. The gain factor is calculated relative to the system without the section, but the attenuation of
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the flux in the air gap between the moderators and the guides was included in the simulations (guides
with the extraction system (@), see Table 1).
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Fig. 12. The gain factor for the first guide for different coatings of the section.

So, one could see that natural nickel coating could improve the gain for wavelengths greater
than 8 A. So, the natural nickel coating is not really required for the section. No significant difference
was found between the first and the second guides.

The last and important step is to optimize the length of the section more carefully. The seven
variants were considered with different lengths of the section. Three effects are influenced on the gain
factor: acceptance solid angle of the section (depends on the wavelength), attenuation of the neutron
beam by air (depends on the wavelength as well) and effective moderator surface, which depends on:

a) the distance between the entrance of the section and surface of the moderator;

b) acceptance solid angle of the section, which depends on the wavelength.

Combination of these factors could be evaluated by Monte Carlo simulations. It is presented in
Fig. 13. The saturation point is clearly seen for each line. This point indicates that the effective
moderator surface (i.e. moderator surface where ALL neutron tragjectories are accepted by the section)
is dready larger than the real moderator surface. If the length of the section increases, this point shifts
to smaller wavelength values and decreases the gain factor. On the contrary, the distance, where
neutrons travel through the air, decreases and the gain factor increases. The increase of the gain factor
for longer wavelengths for all 7 variants could be explained by increasing acceptance solid angle of the
section. There is no saturation point if the distance between the entrance of the section and the
moderator surface is significant (see the gain factor for the section 301 cm long). Therefore, one can
see that the optimal length is between 380-400 cm. Further increase of the length of the section does
not give any extra gain factor for long wavelengths.
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Fig. 13. Gain factors for the first guide depending on the length of the section. Similar situation takes place for the second
guide. The gain factor is calculated relative to the system with the section of length 1.5 m asit is presented in Fig 4.

Conclusions

Generally, one option of the neutron extraction system optimization for the neutron guides of
7al and 7a2 is an additional section 270 cm long between the moderators and the guides, which
improves the flux at the exit of the guides by a factor of 1.075-1.125 for different wavelengths (see
Fig. 10, variant 1). This variant will be realized during the construction of the neutron guides.
Additional improvement (by afactor of 1.16-1.24, see Fig. 13) could be made by increasing the length
of the section towards the moderator so that the total length of the section becomes between 380-
400 cm. But the last variant could not be realized technically: the present beam shutter and walls
around will not be rebuilt and remain untouched. And the area has very high radiation levels. We
considered it only for optimization process and academic purposes. Either polished stainless steel or
natural nickel should be used as a reflecting surface for the section. Cross section of the section
between the entrance and the exit of the section should be fixed and equals to 15 (width) x
18 (height) cm. Distance between the exit of the section and the entrance of the guides is 69 cm in
order to install the first chopper with the thickness of the box of 65 cm. The vacuum section will be
filled with argon in order to reduce the thickness of both aluminum walls (at the entrance and at the exit
of the section) to 0.05 cm.
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6. PRIZES

JINR Prizes:

Experimental Physics Resear ch:

First Prize:
A.l. Frank, P. Geltenbort, M. Jentschel, D.V. Kustov, G.V. Kulin, V.G. Nosov, A.N. Srepetov.
“Prediction and experimental observation of effect of accelerated matter in neutron optics’ .

Second Prize:
SP.Avdeyev, A.Budzanowski, V.A.Karnaukhov, W.Karcz, V.V.Kirakosyan, V.K.Rodionov, H.Oeschler,
I.Skwirczynska. “ Experimental investigation of spinodal state of nuclear matter” .

Applied Physics Resear ch:

Second Prize:
Yu.V.Taran, J.Schreiber."Neutron diffraction studies of martensitic transformation and fatigue
properties of austenitic stainless steels".

JINR Prizesfor young scientists and specialists:

Experimental Physics Resear ch:

First Prize:
SE.Kichanov. “ Sudy of the structure and dynamics of pyridine salts PyHNO3 and PyHReO4 at high
pressures’ .

Applied Physics Resear ch:

Encouraging Prize:
O.A Kyzyma. "Organization of fullerene clustersin the system Cgo/N-methyl-2-pyrrolidone” .
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. SEMINARS

Date Authors Title
Pulsed Neutrons in Bariloche:
05.02.08 Rolando Granada Past Activities and Ideas for the Future
S.M.lgnatov T :
13.03. ’ -
3.03.08 M G .Mitel’ man Scintillation Solid-State Detectors
A.B.Popov, " : : , .
020408 | A.V.Strelkov, S\Q\ﬂgg’ é‘éf'gr?g’(fh Lushikov —Half a Century in
Y e.P.Shabalin
Models and codes for description of characteristics of
18.09.08 S.G.Yavshitz nuclear fission in the reactions with nucleons of
medium and intermediate energies
V.N.Shvetsov,
17.10.08 YuM.Chuvil*skl Seminar dedicated to the 70-th anniversary of
e A.L.Barabanov V1. Furman
A.A.Goverdovskii o
V.L.Aksenov
Extraction of the quantum ABC from the problem of
13.11.08 B.N.Zakhariev finding physical essence of new non-Cooper particle

pairing.
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8. ORGANIZATION AND USER INTERACTION
8.1. STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

Director ate:
Director:
A.V.Belushkin
Deputy Director:
V.N.Shvetsov
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
M echanical maintenance division
Head: A.A.Belyakov
Electrical engineering department
Head: V.A.Trepain
Design bureau
Head: A.A Kustov
Experimental workshops
Head: A.N.Kuznetsov

Scientific Departmentsand Sectors
Condensed matter department
Head: D.P.Kozlenko
Nuclear physics department
Head: Y u.N.Kopatch
Department of | BR-2 spectrometers complex
Head: S.A.Kulikov

Administrative Services
Deputy Director: S.V.Kozenkov
Secretariat
Finances
Personnel

Scientific Secretary Group
Tranglation
Graphics
Photography
Artwork
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NEUTRON INVESTIGATIONS OF CONDENSED MATTER

Sub-Division | Title | Head
Sector 1. Neutron Diffraction. Head: A.M .Balagur ov
Group No.1 HRFD A.M.Balagurov
Group No.2 DN-2 A.l.Beskrovnyi
Group No.3 DN-12 B.N.Savenko
Group No.4 Geomaterials A.N.Nikitin
Group No.5 SKAT Ch.Scheffzik
Sector 2: Neutron Optics. Head: M.V. Avdeev
Group No.1 Surfaces Y u.V.Nikitenko
Group No.2 Nanostructures M.V.Avdeev

Small angle scattering group.

Head: V.l.Gordeliy

Inelastic scattering group.

Head: |.Natkaniec

NUCLEAR PHYSICSDEPARTMENT

Sub-Division

Title

| Head

Sector 1. Correlation y-spectr oscopy and development of experimental

installations.

Head: N.A.Gundorin

Sector 2. Investigation of neutron properties.

Head: YeV.Lychagin

Sector 3. Neutron activation analysis.

Head: M.V.Frontasyeva

Group No.1 Analytica M.V.Frontasyeva
Group No.2 Experimental S.S.Paviov
Group No.4 Fission Y u.N.Kopatch
Group No.5 Proton and a-decay Y u.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 technol ogies A.SKirilov
Group No.4 Sample environment and choppers A.P.Sirotin
Group No.5 Cryogenic investigations A.N.Chernikov
Group No.6 Methodical developments S.G.Vasilovskii
Group No.7 Cold moderators S.A.Kulikov
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8.2. MEETINGS AND CONFERENCES

In 2008, FLNP organized the following meetings:

. International Seminar-School “ Pulsed Advanced Neutron Sources” PANS-II1 dedicated to the

centenary of the birth of D.I.Blokhinzev, Dubna, January 29 — February 4.

. IAEA TC 2nd Workhop “Harmonization of QA/QC Systems According to 1SO and
International Standardsin Nuclear Analytical Laboratories of the Russian Federation”, Dubna,
May 26-30.

. XVI International Seminar on Interaction of Neutrons with Nuclei ISINN-16, Dubna, June 11-
14.

. |AEA TC 3nd Workhop “Harmonization of QA/QC Systems According to SO and
International Standardsin Nuclear Analytical Laboratories of the Russian Federation”, Dubna,
October 27-31.

. International Seminar Dedicated to the centenary of the birth of 1.M. Frank, Dubna, October 23-
24,

In the year 2009, FLNP will organize:

XVII International Seminar on Interaction of Neutrons with Nuclei ISNN-17, Dubna, May 27-
30.

8.3. COOPERATION
List of Visitorsfrom Non-Member Statesof JINR in 2008

Name Organization Country Dates
L. Cser KFKI RIPNP, Budapest | Hungary 21.10-26.10.
K. Dufren IAEA Austria 19.09-20.09.
A. Faige IAEA Austria 14.01.-18.01.
28.10.-31.10.
P. Vermerke NRC, Mol Belgium 08.06.-14.06.
K. Walther Potsdam Geol. Res. Centr. | Germany 22.06.-27.06.
28.10.-07.11.
19.05.-30.05.
K. Ullemeyer University of Kiel Germany 09.07.-15.07.
07.09.-11.09.
17.04.-25.04.
08.10.-22.10.
16.11.-29.11.
25.05.-30.05.
K. Hoppstock Research Centre Julich Germany 26.10.-02.11.
A. Frischbutter Potsdam Geol. Res. Centr. | Germany 05.02.-09.02.
20.06.-29.06.
04.11.-08.11.
26.05.- 30.05.
H. Hemmpel University of Freiburg Germany 05.02.-10.02.
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F. Shilling Potsdam Geol. Res. Centr. | Germany 22.06.-24.06.
R. Lieckefett Potsdam Geol. Res. Centr | Germany 26.05.-29.05.
G. Spikermann Potsdam Geol. Res. Centr | Germany 19.11.-20.11.
K. Feldmann Research Centre Julich Germany 25.05.-29.05.
G. Zhang Ints. of Heavy lon China 09.06.-21.06.
Physics, Beijing
G. Tan Ints. of Heavy lon China 09.06.-21.06.
Physics, Beijing
P. Bode TU, Ddlft Netherlands 25.05.-01.06.
P. Bode TU, Ddlft Netherlands 09.03.-14.03.
M. Anicic VINCA Ingt, Belgrade Serbia 07.06.-18.06.
H. J. Lauter ILL, Grenoble France 14.06.-19.06.
H. J. Lauter ILL, Grenoble France 19.01.02.02
V. Lauter ILL, Grenoble France 19.01.02.02
A. Faanhof NECSA, Pretoria South AfricaRep. | 26.10.-02.11.
H. Boshoff NECSA, Pretoria South AfricaRep. | 09.02.-23.02.

8.4. 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 diplomaworksin FLNP. At the
University Centre of JINR the students from Tula State University, Belgorod State University, Tver
State University and other universities of Russia and JNR Member States write their term papers and
do summer and winter practical worksin FLNP.

On January 29 to February 4, 2008 the International Seminar-School on Pulsed Advanced
Neutron Sources (PANS-I11) was organized. In addition to scientific aspects, this Seminar was at the
same time a School for training young scientists in the advancement of various types of neutron
sources. The course attracted more than 40 students from Russian, Romanian and Vietnamese
universities. 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
a FLNP. On June 29 — July 20, 2008 Summer Student Practice in JINR Fields of Research was
organized. The main purpose of the Practice was to allow its participants to learn about the JINR
research programme and facilities. On September 11-27, 2008 the same Student Practice was organized
for polish students, and on September 22 — October 10, 2008 for the south african students.
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8.5. PERSONNEL

Distribution of the Personnel per Department as of 01.01.2009

Theme Departments Main staff
-1036- Nuclear Physics Department 46
-1069- Condensed Matter Physics Department 41
-1052- IBR-2 Spectrometers Complex Department 43
-0993- IREN Department 10
-0851- IBR-2 Department 42

Mechanical and Technical Department 43
Electric and Technical Department 30
Central Experimental Workshops 40
Nuclear Safety Group 4
Design Bureau 7
FLNP infrastructure:

Directorate 9
Services and Management Department 22
Scientific Secretary Group 5
Supplies Group 4

Total 346

Personnel of the Director ate as of 01.01.2009

Country People

Moldavia

Bulgaria

Vietham

Germany

Georgia

KPDR

Kazakstan

Mongolia

Poland

D[NV [OIININ|IFLIN|PF

Romania

N
w

Russia

©

Ukraine

TOTAL

&)
N
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8.6. FINANCE

Financing of the FLNP Scientific Research Plan in 2008 (th. USD)

No. Theme Financing plan, Expenditures In % of FLNP
$th. For 12 months, $th. Budget
I Condensed matter physics 5984.,4 6619,3 110,6
-1069- 1463,4 1761,0 120,3
-0851- 3484,3 3792,6 108,38
-1052- 1036,7 1065,7 102,8
I Neutron nuclear physics 1523,7 1750,3 114,9
-1036- 1077,3 1169,6 108,5
-0993- 446,4 580,7 130,1
[11 | Elementary particle physics 6,3 6,4 101,6
-1007-
TOTAL: 7514,4 8376,0 1115
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