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FRANK LABORATORY OF NEUTRON PHYSICS
OF THE JOINT INSTITUTE FOR NUCLEAR RESEARCH

The Joint Institute for Nuclear Research (JINR) is an international centre for
experimental and theoretical investigations in the fields of elementary particle physics,
nuclear and neutron physics, condensed matter research and related topics.

The JINR structure is determined by the fact that it is governed internationally and
has many research specializations. Current scientific and financial affairs of the Institute’s
Laboratories, common services as well as the work of specialized departments are guided by
the Institute Directorate.

The Frank Laboratory of Neutron Physics is one of the eight JINR Laboratories. It
was established in 1956, soon after the foundation of JINR.

In 1960 a principally new source of neutrons - the IBR fast pulsed reactor of periodic
operation - was created at FLNP under the leadership of Prof. D.I.Blokhintsev (11.01.1908 -
24.01.1979). The birth of this reactor gave rise to a new direction in the development of
research neutron sources.

An extended scientific program with this reactor was initiated under the leadership of
Nobel Prize Winner and Laboratory Director Prof. [.M.Frank (23.10.1908 - 22.06.1990) and
Deputy Director Prof. F.L.Shapiro (06.04.1915 - 30.01.1973). Since 1960, a whole family
of unique pulsed neutron sources for nuclear physics and condensed matter physics has been
developed and constructed. The latest in the family, the IBR-2 high flux pulsed reactor, was
commissioned in February 1984. The Laboratory was named after Prof. [.LM.Frank in 1992.
In the same year, in JINR the [.M.Frank Prize for Neutron Physics was established.

At present, the scientific activity of the Laboratory focuses on two fields of physics,
namely nuclear physics and condensed matter physics. The first involves investigations of
the neutron as an elementary particle and studies of compound states in neutron induced
reactions. The second investigates pressing problems in the physics and chemistry of solid
states, surfaces and liquids, and in molecular biology. Applied investigations are also

carried out using nuclear physics methods.



PREFACE

We would like to offer the readers the report on the scientific activity of the Frank
Laboratory of Neutron Physics for 2005. 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 operation
of the IBR-2 pulsed reactor and realization of the IREN project. The third part is concerned with the
development and creation of elements of neutron spectrometers for condensed matter investigations.
The fourth part presents the experimental reports that cover the main scientific directions in greater
detail. The report completes with the list of publications for 2005.

In 2005 the IBR-2 reactor operated ~ 1831 hours for physical experiments. Main results of
the IBR-2 modernization in 2005: (1) New fuel charge — works to create a working site for
assembling fuel elements into a fuel rod array were completed. The working site was approved to
be put into service by a commission of representatives of JINR, GSPI, VNIINM, NIKIET. At
present, the procedure of obtaining license for assembling fuel elements is under way. (2) Main
equipment of the IBR-2M reactor — in NIKIET the manufacturing of a new reactor jacket continued.
The manufacturing of an intra-jacket fuel-handling machine was completed. (3) In JINR EW the
haulage equipment to place moderators for the IBR-2M reactor was manufactured. (4) CSS of IBR-
2M. — in NIKIET the development of the design documentation of the AES actuating mechanism
was completed. A prototype of an actuating mechanism for an automatic controller was
manufactured in JINR EW. In SNIIP-SYSTEMATOM the development of ACSS was completed,
the manufacturing of a prototype is under way. Works to create a system to control technological
parameters were started (INEUM). (5) Complex of IBR-2M moderators — prototype works on
transportation of CoH/; balls. In NIKIET work on the preliminary design of the IBR-2M moderator
complex started. In HeliumMash works to manufacture CHF-700/15 continued.

The IREN project. In 2005 the main efforts and funds were focused on the completion of
preparation and carrying out of works to dismantle the IBR-30 reactor. The major part of the reactor
activated equipment was disassembled and transported to bldg. 117/b for temporary storage. By the
middle of November the drilling-out of uranium inserts from the moveable parts of the IBR-30 core
was completed. The removed fuel was evacuated for storage in DRFM JINR. On the 14" of
December at 11-45 an entry in the IBR-30 reactor logbook was made: «The last spent fuel assembly
was taken out from the reactor core and placed in the container for transportation to storage». Thus,
the more-than-forty-year history of the world’s first pulsed reactor of periodic operation IBR came
to its close. To the end the IBR reactor was one of the most powerful neutron sources for nuclear

physics. This is a great success of the FLNP technical departments.



In view of real financial possibilities of the Institute, the JINR Directorate has taken a
decision to realize a simplified variant of the IREN facility. Namely: to start up the first stage of the
IREN facility including an electron accelerator for 100 MeV and a non-multiplying neutron-
producing target with a test bench for applied investigations.

At the IBR-2 neutron spectrometers a number of interesting experiments were carried out. In
particular, neutron diffraction studies of manganites RgsSrosMnO; (R=Sm, Ndo77,Tbg2s and
Ndos544Tboass) aimed at establishing microscopic reasons for a giant oxygen isotopic effect
discovered recently in Smy sSrosMnO3; were conducted. At the DN-12 diffractometer the effect of
high pressures of up to 5 GPa on the crystal and magnetic structure of hexagonal manganite YMnOs
in a temperature range of 10 - 295 K was studied. At the YuMO spectrometer liquid dispersions of
detonation nanodiamonds were studied by small-angle neutron scattering. At the REMUR
spectrometer the phenomenon of coexistence of ferromagnetism and superconductivity in layered
structures, which is of importance both from fundamental and practical points of view, was
investigated. At the NERA inverted geometry spectrometer the comparison characteristics of
substances-candidates for neutron cold moderators at IBR-2: methane, methanol, mesitylene and
water, were studied. At the DIN-2PI spectrometer the neutron diffraction experiment to study the
microstructure of Li—N melts with a concentration of nitrogen impurity of 1.3 and 3.5 at.% and at a
temperature of 823 K was performed. The basic microstructural characteristic of the substance — the
total structural factor S(Q), as well as the partial structural factors Sqs(Q) of melt components and
corresponding radial distribution functions gup() and gcc(r) were obtained. A series of works,
which sum up almost a 20-year debate on one of the key problems of statistical physics —
interaction of fluctuating random surfaces, were completed by the physicists of the small-angle
neutron scattering group. For the first time the dynamics of a crystal lattice of the superionic
conductor AgCuSe was studied by inelastic neutron scattering. In a low-temperature phase the low-
energy modes were detected, which are most likely of acoustic phonon nature.

In 2005 the technical works to modernize the IBR-2 spectrometers complex continued. For
the most part, they concerned the detector systems of the spectrometers. In particular, at the FSD
Fourier specialized diffractometer work to construct the detector system continued (6 out of 14
detector modules are ready), test filling of two-dimensional detector for YuMO was carried out and
one-dimensional PSD with resolution of 1.8 mm was tested in actual operating conditions.

During the reported year a number of works were carried out and some interesting results
were obtained in the field of nuclear physics: in the framework of the experiments to search for
neutral currents in nucleon-nucleon interactions and to determine a weak m-meson coupling
constant at the PF1B cold polarized neutron beam (ILL, Grenoble) a regular 48-day run of

measurements of P-odd asymmetry (o,p;) of triton escape in the reaction °Li(n,ot)’H was conducted.



The works to test the equipment of the PF12 channel of the LANSCE neutron source (Los-Alamos)
and the equipment for the experiment to measure P-odd asymmetry of y-quanta in the reaction
np—dy aimed at determining a weak m-meson coupling constant were performed by the NPDG
collaboration together with the FLNP specialists. In the framework of the preparation of the
experiment of direct measurement of neutron-neutron scattering cross-section, the works to
calibrate the neutron detectors used in the test experiments at the YAGUAR reactor (VNIITF,
Snezhinsk) were carried out and the obtained data were refined. Using a new method of extracting
the n,e-scattering length b, from data of neutron diffraction by noble gases, the data obtained in
Grenoble were processed for different states of gaseous “°Ar and liquefied Kr. During 2005 the
experimental data in the framework of the nTOF collaboration — study of the nature of vibrational
resonances in neutron-induced fission and obtaining of fission cross-sections to solve problems of
ADS-systems and radioactive waste incineration — were processed. The data on level densities and
force functions of primary gamma-transitions for the nucleus excitation energy interval from ~5 to
~9 MeV were derived from the intensities of two-step quantum cascades measured by now in 51
nuclei (27<A<201) between the neutron resonance and the low-lying levels of the compound
nucleus. At the PF1B and PF2 beams of the ILL reactor (Grenoble) the studies of cold neutron
scattering from nanodiamond powder samples and from the structure of weakly bound nanoparticles
D,0 and D, in superfluid helium (gel) were carried out. A new experiment to observe a neutron
energy change in passing through the accelerated substance was carried out. The neutron energy
change was detected by the UCN gravitational spectrometer (ILL, Grenoble) with interference
filters in phase with the movement of the sample and was of the order of 2:10™° eV.

In 2005 work to study atmospheric depositions of heavy metals using biomonitoring, NAA
and GIS technologies on the territory of Russia and a number of other countries continued. New
results of NAA to determine chrome in bacterial samples of Arthrobacter oxidans granted by the
biochemists of the Institute of Physics of the Georgian AS were obtained. The analysis of 50
archeological samples of ceramics (early Neolithic age) from burial mounds of the Smolensk region
and from the Maikop burial mound in the Northern Caucasus was performed for the State
Hermitage (Saint-Petersburg). Works to study the effect of fission-spectrum neutrons on physical
properties of fine-grained diamonds obtained in the Institute of Solid State and Semiconductor
Physics NASB (Minsk) continued.

In 2005 the unification of all measuring equipment of DAQ and experiment automation
systems and its accommodation at the spectrometers in the IBR-2 experimental halls was
completed. The software was unified as well. Automation systems for spectrometers are composed
of standardized hardware and software modules. An experiment can be controlled from any

computer of the local area network. A serious technological basis (clean room, gas and test



benches) has been created, 1D and 2D MWPC-based position-sensitive neutron detectors have been
developed and tested. Much progress in the development of scintillation detectors with
ZnS(Ag)°LiF glasses for neutron diffractometry and in the creation of helium cryostats for a
temperature range of 6-300K has been achieved.

In summary it might be well to point out that the increasing interest of the JINR Member
States is observed to the works in the field of neutron investigations. It is also of importance 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 JINR Member States.

A.V. Belushkin

Director

March 9, 2006



1. SCIENTIFIC RESEARCH
1.1. CONDENSED MATTER PHYSICS

The problem under study and the main objective of investigations within the theme was the
application of neutron physics methods to study the structure and dynamics of condensed matter,
the obtaining of new data on microscopic properties of systems under study, experimental
verification of theoretical predictions and models and the revealing of new laws. Correspondingly,
work in the framework of the theme was carried out in two main directions: conducting of
experimental investigations at the IBR-2 spectrometers and of routine technical work aimed at
modernizing the available spectrometers and creating new instruments at IBR-2. This work was
performed by the specialists of the FLNP Department of Neutron Investigations of Condensed
Matter (NICM) structurally organized in the form of sectors (including the teams responsible for the
spectrometers) in basic research directions.

Experimental equipment. For the most part, the experiments were carried out at the FLNP
basic facility — the IBR-2 reactor. In addition, the physicists of the NICM Department participated
in a number of experiments in neutron centers of Europe. At the IBR-2 reactor the Department
employees were in charge of operation and development of instruments and performance of physics
experiments at 13 spectrometers: HRFD — High-Resolution Fourier Diffractometer, DN-2 —
multipurpose diffractometer for experiments on poly- and single crystals, SKAT — diffractometer
for texture investigations, EPSILON — diffractometer for internal stress investigations, FSD —
Fourier diffractometer for internal stress studies, DN-12 — diffractometer for experiments at high
external pressures, YuMO — small-angle scattering spectrometer, REMUR — polarized neutron
spectrometer, REFLEX-P — polarized neutron reflectometer, DIN-2PI — direct geometry inelastic
scattering spectrometer, NERA-PR — multi-crystal inelastic scattering spectrometer, KDSOG-M —
inverted geometry inelastic scattering spectrometer. At all spectrometers, except for KDSOG-M,
experiments are carried out in accordance with the user policy program. Below are the main
scientific results obtained during the reported year.

Main scientific results. Neutron diffraction studies of manganites Ry sSrosMnO; (R=Sm,
Ndy772Tbo 228 and Ndgs44Tboass) aimed at establishing microscopic reasons for a giant oxygen
isotope effect discovered recently in SmgsSrosMnO; have been conducted. It has been
demonstrated that in all studied compositions at low temperatures there coexist two crystal phases
with different types of Jahn-Teller distortions of oxygen octahedrons and different types of
magnetic ordering. The diffraction data have made it possible to suggest the scenario of the
observed phase transitions and to establish that the metal-insulator transition in the compositions
with Sm upon 'O for '°O substitution has a percolation nature, i.e. the substitution of oxygen
isotope results in a sharp decrease (from 65% down to 13%) in a ferromagnetic metal phase
volume. This work can be considered to be final in a series of studies concerned with the reasons
for a giant isotope effect in manganites — a change from low-temperature metal state to insulator
state upon '*O for '°O substitution. It has been found that in compositions with a doping level of
x=0.5, as well as in manganese oxides with x=0.3, the effect exists only if there is a phase-separated
state on a mesoscopic scale. The main reason for equilibrium phase separation is the occurrence of a
random stress field on incoherent boundaries of the coexisting phases.

At the DN-12 diffractometer the effect of high pressures of up to 5 GPa on the crystal and
magnetic structure of hexagonal manganite YMnOs; in a temperature range of 10 - 295 K has been
studied (Fig.1). At normal pressures in this compound at 7~7x=70 K a spin liquid state is observed
caused by magnetic frustration effects on a triangular lattice formed by Mn ions, whereas at 7<7Ty
an ordered triangular antiferromagnetic (AFM) state arises with a symmetry of irreducible
representation I'j. As the pressure increases up to 5 GPa, a decrease in the value of the ordered
magnetic moment of Mn ions from 3.27 down to 1.52 up is observed at 7=10 K and the



1.2. NEUTRON NUCLEAR PHYSICS

Introduction

In the course of the year 2005 the main work in the field of neutron nuclear physics in FLNP
JINR was carried out at the IBR-2 reactor, the EG-5 facility and on neutron beams in other nuclear
centers of Russia, Bulgaria, Poland, Czech Republic, Germany, Republic of Korea, China, France,
USA, and Japan. The studies were in traditional directions, such as the investigation of time and
spatial parity violation processes in the interaction of neutrons with nuclei, studying of the
quantum-mechanical characteristics and dynamics of the fission process, experimental and
theoretical investigations of the electromagnetic properties and beta-decay of the neutron, gamma-
spectroscopy of neutron-nuclear interactions, studies of atomic nucleus structure, obtaining of the
new data for reactor applications and nuclear astrophysics, experiments with ultracold neutrons, and
applied investigations.

1. Experimental investigations
1.1. Spatial and time parity violation in the interaction of neutrons with nuclei

1.1.1 Search for and investigation of the structure of subthreshold neutron p-resonances in
lead isotopes by the combined correlation gamma spectroscopy method

Works to search for and to study the structure of subthreshold neutron p-resonances in
isotopes with mass number A = (80-130) by the high-resolution correlation gamma-spectroscopy
method continued.

With the aim of testing the validity of the results obtained previously in the experiments to
search for the negative neutron p-resonance in lead isotopes, the reconstruction of the gamma-
spectrometer COCOS at channel Nel of the IBR-2 reactor has been carried out. As a result of
installation of newly purchased semiconductor gamma-quantum detector GMX30-PLUS and
specialized electronic blocks, the efficiency of the spectrometer has improved more than twice and
its operation speed has increased.

At the reconstructed gamma-spectrometer the experiments to search for the negative neutron
p-resonance in lead isotopes were carried out: two series of measurements with a natural mixture of
lead isotopes were conducted.

1.1.2. Preparation for investigations of T-noninvariance effects in neutron nuclear interactions

In 2005 in the polarized target sector the works to study samples to verify T-noninvariance
in nuclear interactions continued. Two single crystals of lanthanum aluminate LaAlO; with a
paramagnetic impurity Nd3+: 0.3% and 0.08%, received from Japan, were studied. The amplified
NMR signals were detected confidently on both crystals. A shift of the NMR lines of La and Al at
rotation of crystals in a magnetic field was also observed. Unfortunately, it turned out to be
impossible to observe thermo-equilibrium signals in a reasonable period of time. This is due to the
fact that for nuclei of the crystal as compared to a hydrogen target their concentration is less by a
factor of 2-3 and the difference of adjacent level population is less by a factor of 7 and 5,
respectively.

At present, the modernization of Q-meter is in progress. The instrument sensitivity is
expected to be improved by at least an order of magnitude.



1.1.3. Creation of the polarized proton target

The creation of the polarized nuclear target was completed. To polarize nuclei of the target
by the «brute force» method, a *He in *He dilution cryostat with a superconducting magnet was
constructed. A bench test of the cryostat with a magnet was performed. The following parameters
were obtained:

e minimal temperature on a sample T = 23 mK,

e magnetic field intensity H= 5.8 T at the homogeneity of a magnetic field in the center of

the magnet AH/H= 10"

The polarized nuclear target was transported and installed on beam Nel of the IBR-2 reactor.
Thus the creation of the «Kolkhida» setup intended to study the interaction of polarized neutrons
with polarized nuclei was completed. For the setup a new software data acquisition system has been
developed, which makes it possible to carry out measurements in an automatic mode for a number
of points in the range of currents of the polarizing magnet; to perform necessary operations in an
interactive operating mode; to visualize experimental data; to automatically control the quality of
experimental data; to conduct necessary tests of the equipment and programs.

At present, the commissioning works at the «Kolkhida» setup on beam Nel of IBR-2 are
under way. The beginning of nuclear precession (nuclear pseudomagnetism) experiments is
scheduled for the first quarter of 2006.

1.1.4. Current status of the KaTRIn project. Nuclear pseudomagnetism measurement procedure

In 2005 within the framework of cooperation with KEK (Japan) the prototype of a setup to study
nuclear pseudomagnetism was created. Its schematic view is given in Fig. 1.
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Fig. 1. The setup to study nuclear pseudomagnetism. Dimensions are in mm

The setup was assembled on beam H-8 of the KENS source and includes a neutron polarizer
and neutron polarization analyzer. Both devices are based on He cells with optical pumping.
Between the polarizer and the analyzer a solenoid is positioned inside which there are two crossed
radio-frequency coils spaced apart. On passing the polarizer, the neutron polarization P; is directed
along the beam axis. Radio-frequency coils make it possible to turn the neutron polarization vector
in an arbitrary direction and through an arbitrary angle.

If a guiding field in a big solenoid is H|, and a coil creates an oscillating field 2H, cos wt ,

the effective field in the rotating coordinate system which "sees" the neutron is:

H=H,-w/y+H,,



where v is the gyromagnetic ratio for the neutron. Then if we manage to choose RF field frequency
to be equal to the Larmor frequency of the neutron in a field /,, we obtain an optimal condition

H = H,. This means that in the passage through a coil in time ¢, to turn the neutron polarization
vector through, say, /2, it is necessary to fulfill a condition:

YHit,=m/2.

Of course, ¢, depends on neutron energy, but the amplitude H, can be modulated so that
the condition is met for neutrons in a desirable energy range. On passing through the first coil, the
neutron travels a distance between the coils in time ¢,, the polarization vector rotates with Larmor

frequency w, =yH, and the corresponding angle of rotation in the plane perpendicular to the
moving direction i1s ¢ =w,f,. Then if the operation of both coils is properly synchronized, it is

possible to return the neutron polarization vector to its former direction along the beam axis as
neutrons pass through the second coil: P, = F. If we place some material between coils, which
creates an additional field along the beam axis, the phase that the neutron acquires when flying
between coils, is no longer wyf,. This means that upon passing through the second coil, the

magnitude of neutron polarization will differ from that of the case considered above, i.e., P, # F,.

From the value and energy dependence of this deviation, the magnitude of an additional field
created by this material may be determined.

The second realization of this technique is to use a rotating field instead of oscillating one,
i.e., in place of one pair of turns in each coil to use crossed pairs to create orthogonal fields
H coswt and H,sinwt. The remainder of the consideration remains unchanged. The use of a

rotating field makes it possible to reduce the amplitude of the RF-field by half, which lowers power
requirements to RF-amplifiers.

Thus, the pseudomagnetism measurement procedure represents two consecutive
measurements of neutron polarization when the substance under study is not polarized and
polarized along the beam axis. The investigations of the parameters of the created setup and
consecutive measurements of neutron time-of-flight spectra with the RF-coils in the “off” and “on”
condition were carried out and their ratios were determined. Figure 2 illustrates some examples of
these ratios. Red lines — calculation (not fitting).
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Fig.2a. The first RF-coil in the spin-flipper mode (180-degree turn of neutron polarization). The
second coil is switched off. Rotating field
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Fig.2b. Both coils are in the mode of 90-degree turn of neutron polarization. Field phase in the
second coil is modulated from 0 to 2 in the range of 0.025-0.08 eV. Oscillating field

Both coils consist of two pairs of crossed rings of 10 turns each. The RF-field amplitude is
limited by the RF-amplifier output power and does not exceed 5 G. The magnitude of the big
solenoid guiding field is 20 G, i.e. the working frequency is w=w, = 60 kHz.

Cells with *He were under 2.8 atm each, the degree of *He polarization was 54% for the
polarizer and 24% for the analyzer. The H, amplitude was modulated by the law 1/¢, using
programmable synthesizers (Arbitrary Waveform Generator). In the future we intend to place a
small solenoid between the coils and to measure the ratios of time-of-flight spectra when this
solenoid is off and on. In addition, we plan to manufacture somewhat smaller RF-coils and to
enhance field H, by increasing the number of turns up to 15 in each crossed pair.

This procedure may also be used in the investigations of para- and ferromagnetic substances.
1.1.5. Investigations of parity violation in the systems with a small number of nucleons
Search for P-odd effect of triton escape in the reaction 6Li(n,oc)3H

In the framework of the experiments to search for neutral currents in nucleon-nucleon
interactions and to determine a weak m-meson coupling constant at the PF1B cold polarized neutron
beam (ILL, Grenoble) a regular 48-day run of measurements of P-odd asymmetry (c,p;) of triton
escape in the reaction °Li(n,a)*H (6, — neutron spin, p; — triton pulse) was conducted. A 48-section
ionization chamber with 24 °LiF targets absorbing more than 60% of neutron flux was used as a
triton detector (Fig.3). An integral (current) method of event registration, a technique of
compensation of reactor power fluctuations, as well as a technique with periodic switching of a
guiding neutron spin magnetic field on samples to eliminate possible false effects were applied. The
result with allowance made for corrections for neutron polarization and triton escape angle is o, = -
(9.342.5)-10®. A number of test experiments were also carried out. Judging from the sum of the

results from three cycles, an obvious effect is observed in the main measurements o = -
(8.6+2.0)-107.



Fig. 3. Layout of the experiment: (from left to right) polarizer, RF-spin-flipper with coils of guiding
field, multisectional ionization chamber, beam-stop.

Preparation for measurement of y-quantum asymmetry in the reaction np—dy

The NPDG collaboration together with the FLNP specialists carried out the works to test the
equipment of the PF12 channel of the LANSCE neutron source (Los-Alamos) and the equipment
for the experiment to measure P-odd asymmetry of y-quanta in the reaction np—dy aimed at
determining a weak m-meson coupling constant.

1.2 Induced and spontaneous fission
1.2.1 Measurement of delayed neutron yield at the IBR-2 reactor

On channel Nel1-B of the IBR-2 reactor the modernization of the «Izomer» setup with the
aim of development of works to obtain data on yields and decay constants of delayed neutron
groups in minor actinide fission was completed. As a result of the modernization, the parameters of
the setup were improved and its possibilities were enlarged. For the setup the following programs
were developed: a program to control the movement of Cd-filter; a program of synchronization of
data measurement process with changes of detection conditions; sorting of data files into groups
according to detection conditions; calculations of exposition time, etc.

At the modernized setup the measurements were performed and the data on the delayed
neutron yield in thermal neutron fission of **’Np isotopes were obtained.

1.2.2 Measurement of neutron multiplicity in neutron-induced fission of >’ Pu

In 2005 experimental investigations of neutron-induced fission of **’Pu and **°U continued.
The results of these investigations were reported at the International Conferences held in Russia,
France and the USA in 2005.

The experiments on measurement of fluctuations of Total Kinetic Energy (TKE) in
resonance neutron-induced fission of *°U were carried out in 1996-2000 at IBR-30. These



fluctuations were discovered in 1990 in Belgium at the GELINA setup and correlated well with the
dependence of fluctuations of prompt fission neutron multiplicity on resonance neutron energy,
which were revealed in the early seventies for uranium and plutonium nuclei. However, the
statistical accuracy of the data obtained in Belgium was poor because of weak resonance neutron
flux intensity, therefore independent verification of the results with better statistics was required. In
the experiments conducted at IBR-30 the statistical accuracy of measurements was improved by
more than 10 times and the obtained results coincided very closely with the results obtained in
Belgium. In addition, the procedure of experimental data analysis was modified using more exact
formulas to fit data obtained by Brosa, Muller and Grossman. The results obtained in Dubna have
convincingly proved the presence of TKE fluctuations of fission fragments in resonance neutron
energy region, which yet defied explanation within the framework of the available theoretical
models of nuclear fission at low energies.

At the GELINA setup (IRMM, Belgium) the joint experiments to investigate the resonance
neutron-induced fission of *’Pu nuclei, the fluctuations of prompt neutron multiplicity and the total
kinetic energy of fission fragments are performed. This work is carried out using modern digital
signal processing methods, when the form of pulses both from neutron detectors and from a fission
chamber is converted into a digital sequence, which is stored and analyzed in an off-line mode. The
obtained preliminary results show that the application of digital signal processing makes it possible
to qualitatively change the procedure of measurements.

1.2.3 Investigation of mass-energy characteristics of binary and ternary fission products

At the K-130 accelerator in Jyvéskyld (Finland) in cooperation with the FLNP specialists the
multiparameter experiment to measure mass-energy distributions of ***U a-particle-induced fission
fragments was carried out. The facility made it possible to detect time of flight and energy of each
fragment that allowed us to determine their masses independently. Fission fragments were detected
by two mosaics of silicon PiN-diodes located at a distance of about 0.5 m from the target. As a start
detector a microchannel plate positioned in the immediate vicinity of the target was used. Data
processing with the aim of searching for true ternary collinear decay in the fission is under way.
Preparation for a similar experiment on neutron-induced fission measurement on beam 6b at the
IBR-2 reactor with the use of "Mini-Phobos" detectors in cooperation with FLNR began.

Also, in Jyviskyld (Finland) an experiment to obtain total alpha-particle energy spectrum in
ternary spontaneous fission of *>Cf was performed. As in the first experiment, mosaics of silicon
PiN-diodes were used to detect light charged particles. The identification of particles was carried
out by the TOF-E method. As a start detector also a microchannel plate responsive to one of fission
fragments was used. To reduce background, an additional silicon detector registering the second
fission fragment and synchronized with the start detector was employed. As the first result, the total
o-particle energy spectrum with the lower limit of ~1 MeV was obtained. The deviation of the
spectrum shape from the Gauss distribution was observed in a low-energy region. Preliminary
estimates show that this deviation cannot be entirely explained by the emission of *He neutron-
unstable nuclei, which upon decaying are identified as a-particles.

1.2.4 Investigation of vibrational resonances in fission

In the course of the year the experimental data processing was carried out within the
framework of the nTOF collaboration program aimed at studying the nature of vibrational
resonances in neutron-induced fission and at obtaining fission cross-sections to solve problems of
ADS systems and of nuclear waste incineration.



1.3 Gamma-spectroscopy of neutron-nuclear interactions

The data on level densities and strength functions of primary gamma-transitions have been
derived from the intensities of two-step quantum cascades measured by now in 51 nuclei
(27<A<201) between the neutron resonance and the low-lying levels of the compound nucleus. This
has been done for the nucleus excitation energy interval from ~5 to ~9 MeV. These data have been
obtained for the first time without resorting to any nuclear models or unverified hypotheses. The
level densities and radiative strength functions obtained in this way have considerably fewer
(practically by an order of magnitude) systematic errors than any available analogous data.

The improved accuracy has made it possible to observe strong effect of the structure of the
nucleus on these main parameters of its cascade gamma-decay. So, the experimental values of level
density both in spherical and deformed nuclei of any mass are well reproduced by the sum of partial
level densities corresponding to the breakage of up to five Cooper pairs of nucleons and to the
excitation of up to ten quasi-particles in a nucleus in combination with the excitations of vibrational
type. The share of the latter in the region of half neutron binding energy exceeds the share of purely
quasi-particle excitations by a factor of 10-20.

The obtained results open up new opportunities for experimental and theoretical studies of
interaction and inter-transition of excitations of fermion and boson types in a nucleus. First of all
there appeared a real possibility of practical determination of correlation functions of individual
Cooper pairs of nucleons at various excitation energies of a nucleus. Great and principally
unavoidable systematic errors in experimental determination of level densities eliminate the
possibility of obtaining reliable information on the specified parameters of a nucleus using other
techniques developed to date.

1.4 Investigation of (n,p) and (n,a) reactions
Angular correlations in (n,p) reaction

Works to study angular correlations in the reaction 14N(n,p)MC continued. The theoretical
estimation of asymmetry effects in the "*N(n,p)'*C reaction was made within the framework of
mixing compound-state model (Fig.4). The contribution of resonances into a neutron energy region
of up to 1 MeV, as well as the effect of phases on the energy variation of asymmetry coefficients
(forward-backward, left-right and parity violation) were analyzed. The calculations give values of
forward-backward and left-right asymmetry coefficients of about 10" and 107, respectively. The
obtained parity-violating correlation coefficient is several orders of magnitude less than the
available experimental estimate.

For further experimental study of P-even asymmetry effects with unpolarized neutrons, a
number of works were carried out to reequip the channel at EG-5. In particular, a rotary table was
assembled making it possible to rotate the charged particle detector about its axis (to measure
forward-backward coefficient) and to move the detector relative to the neutron target, taking it out
of the direct neutron beam (to measure background).

At the EG-5 facility in FLNP the investigations of the *’Ne(n,0)'’O reaction were
performed. Neutrons were produced in the D(d,n)’He reaction using a gas deuterium target at a
deuteron energy Ed = 2 MeV. The obtained neutron energy range En=3.7 — 4.1 MeV covered a
group of neutron resonances of *’Ne. The detection and spectrometry of a-particles were carried out
by means of a two-section grid ionization chamber and an electronic multidimensional data
acquisition system. Gas Ne, filling the chamber, was the object of investigation. Some discrepancies
between the obtained data and the resonance positions recommended for this reaction in neutron
atlases were revealed. The investigations are planned to be continued using solid deuterium targets
as a neutron source in order to reduce the scatter.
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Works to construct a new gas deuterium target, as well as to manufacture a lithium target
and to purchase a tritium target are in progress. These targets are required to produce neutrons in a
wide energy range at the EG-5 facility.

At the EG-4.5 in the Institute of Heavy Ion Physics, Peking University, China,
measurements of cross sections of the **Zn(n,a))*'Ni and '°B(n,a))’Li reactions at neutron energies
of 4, 5, 6 MeV were carried out. The neutron source was the D(d,n)3He reaction on a gas deuterium
target. A two-section grid ionization chamber was used as an a-particle detector. The treatment of
the obtained multidimensional data is under way.

1.5 Fundamental properties of the neutron
1.5.1. Investigation of n,e-scattering

A new method developed in the Department of Nuclear Physics FLNP and described in
three publications (2003-2005) to extract the n,e-scattering length b,. from data on neutron
diffraction by noble gases was applied to process digital data on diffraction of neutrons with a
wavelength of ~0,7A. These data (obtained in Grenoble and sent to Dubna) contained sets of
structural factors S(g) for a gaseous isotope *°Ar of four different densities in the range of wave
vector g of up to ~10 A™ and for seven different states of liquefied Kr in the ¢ range of up to ~16
A

The experimental values of S(g) corrected by the authors for all kinds of distortion effects,
except for the n,e-scattering, were described by a diffraction damped sinusoid with addition of
monotonous ¢ contribution from the n,e-interaction.

In the case of *°Ar, in principle, the result of a "zero-experiment" was obtained, since the
n,e-scattering contribution is less than 0.2% of the nuclear contribution, whereas natural argon has



the n,e-contribution of ~1,9 %. Two mathematically different approaches to the solution of the
multiparameter task gave the following results:

b, =—(1.33+0.28+0.57)-10" Fm,
b, =—(2.15+0.49)-10" Fm,

though of poor accuracy, but of significance.
The preliminary result of the data analysis for Kr, which is unfinished yet:

bpe=—(1.36 £0.14)-10° Fm,

already approaches the level of the best (as to the accuracy) results.

In order to considerably improve the accuracy of determining the n,e-scattering length, a
new experiment is being developed for the same setup in Grenoble, where the data on *°Ar and Kr
have been obtained. The essence of the experiment is to conduct measurements with Ar, Kr and Xe
in turn with the same measurements with *°Ar as «normalizing» ones.

The construction of the setup to measure b, by scattering slow neutrons by gases Ar, Kr and
Xe of low pressure (~1 atm.) using the time-of-flight method on neutron sources in Troitsk and at
IREN-1 is in completion stage. It only remains to manufacture a rotating-positioning device.

1.5.2 Experiment of the direct measurement of neutron-neutron scattering cross-section

Works on preparation of the experiment on the direct measurement of neutron-neutron
scattering cross-section at the YAGUAR reactor (VNIITF, Snezhinsk) were continued. To verify
the calculations and to choose an optimum variant of under-reactor shielding, in 2004 a test
measurement was conducted.

In 2005 the works to calibrate the neutron detectors used in the test experiments at the
YAGUAR reactor were carried out at the neutron setup of the Institute for Physics and Power
Engineering (Obninsk). The performed calibrations allowed one to compare the results of
background measurements with the calculations. The measurements were carried out in three
different geometries of the collimation system. The measurement with geometry Ne3 is of particular
interest. In this case the fast neutron background at the bottom of the shaft should be close to the
background of a full-scale facility. The results of the calculations and measurements for the given

case are presented in Fig.5.
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As may be seen in Fig. 5 the results of the calculations made by the group from Snezhinsk
for a depth of more than 2 m are in complete agreement with the results of the measurements
(deviation at small depths is connected with the accuracy of description of the shielding geometry at
the level of the floor).

Thus, the test measurements demonstrate a high degree of reliability of the calculations
made. The calculations of backgrounds in total geometry of the experiment have shown that the
chosen geometry of the facility (Fig.6) will make it possible to carry out the nn-scattering cross-
section measurements without a dominant role of background.
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On the building of the YAGUAR reactor (Snezhinsk) the back flight base of the
experimental facility (Fig.7) was installed.

The working draft of the whole experimental facility has been completed. In the FLNP
experimental workshop the manufacturing of the lower part of the facility is in progress. The testing
of the vacuum equipment is under way.

In 2006 it is planned to complete the manufacturing of the experimental facility, to conduct
its assembling and adjustment at the YAGUAR reactor (Snezhinsk), to perform calibration
measurements (neutron scattering by inert gases).



1.6 Ultracold neutron physics, neutron optics
1.6.1 Investigation of interaction of cold and very cold neutrons with nanostructures

This study has been initiated by work [1] in which the idea of creation of a device for
thermolysis of cold neutrons into the region of ultracold neutrons was proposed. For this purpose it
was suggested that weakly bound nanoparticles in superfluid helium be used. The first step to
experimental investigation of the possibility of realization of such a source should be the
measurement of neutron scattering cross-section (double-differential scattering cross-section
contains the greatest amount of information) with nanostructural objects.

To study the interaction of neutrons with nanostructures and to investigate the possibility of
effective cooling of very cold and cold neutrons into the region of ultracold neutrons, the following
experimental equipment was designed and manufactured: helium cryostat (manufactured in ISSP
RAS, Chernogolovka), neutron velocity selector (to work with velocities of 30+180 m/s) and 2n-
detector of cold neutrons (manufactured in FLNP JINR, Dubna).

Figure 8 presents the external appearance of the 2m-detector encircling a sample, and
Figure 9 displays the external appearance of the helium cryostat.

Fig. 8



Fig. 9

The measurements were conducted on the PF1b and PF2 beams of the high flux reactor in
ILL (Grenoble). The probability of scattering neutrons with velocities from 30 m/s to 1000 m/s
depending on the scattering angle from the nanodiamond powder samples and on the structure of
weakly bound nanoparticles D,O and D, in superfluid helium (jelly) was measured. The
measurements with “jelly” samples show that the probability of neutron scattering from samples is
rather high and if the processes of energy transfer from the neutron to the sample proceed rather
intensively, than the jelly may be used for cooling very cold and cold neutrons into the ultracold
neutron region. The obtained experimental data would suffice to test the validity of the theory of
neutron diffusion in finely dispersed and nanodispersed media. The results also suggest that
nanodispersed materials such as nanodiamond powders may be used as effective reflectors of cold
and very cold neutrons when creating sources of these neutrons and in solving other experimental
problems.

Figure 10 demonstrates typical experimental dependences of counts of the 2m-detector
sections at various neutron energies and for various samples.
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1.6.2 Ultracold neutron optics

A new experiment to observe a neutron energy change as neutrons pass through the
accelerated substance was carried out. The existence of the effect follows from the validity of the
equivalence principle and detailed neutron-optical calculations. The data treatment is unfinished
yet, but it can be said with assurance that the specified effect was experimentally observed for the
first time. To illustrate the complexity of the experiment it will suffice to mention that the neutron
energy change detected in the experiment was of the order of 2-107'? V. The sample (silicon plate)
moved with sign-changing acceleration ranging up to 7.5g. A respective neutron energy change was
detected by the UCN gravitational spectrometer with interference filters in phase with the sample
motion.

A new experiment to test the validity of the 1/v law in the interaction of UCN with a sample
of natural gadolinium (radiative capture cross-section is of the order of 25 Mbarn) was conducted.
In the publication of 2003 it was reported that according to the obtained results the 1/v law is
accurate in this case to no worse than 6% in the neutron velocity range from 4 to 120 m/s. In the
new experiment the law 1/v was tested with an accuracy of the order of 0.1% but for the neutron
velocity range from 4 to 35 m/s.




1.6.3 Investigation of weak heating and generation of UCN

The total and differential cross-sections of very slow neutrons for liquid fluoropolymers at
80-300 K were measured to study the limits in UCN storage (experiment ILL 3-14-185). It is
necessary (and planned) to carry out measurements at lower temperatures of these and other
promising coatings for UCN storage.

The experiment (ILL 3-14-192) was conducted to study “weak heating” of UCN in the
process of reflection from a solid surface. A considerable heating effect into the peV energy region
was revealed. These works are to be continued.

The experiment (in cooperation with PSI and ILL) on the direct measurement of UCN
generation in gaseous, liquid and solid deuterium, oxygen and deuteromethane was performed in a
temperature range of 8-100 K. The results are being treated and compared with the calculations,
accurate in the incoherent approximation too. Measurements of density of states are planned at the
inelastic scattering spectrometer.

Test works were carried out to start up a source for UCN generation in a cold solid-
deuterium moderator at the pulsed reactor "TRIGA" (University of Mainz). The works are to be
continued.

2. Theoretical investigations

A method of analytical description of neutron reflection from media with diffuse interfaces
was developed to study magnetic field penetration and attenuation in high-temperature
superconductors. Using this method, the experimental data on the measurement of a reflection curve
of a particular multilayer system were processed. The analytical fitting was demonstrated to be 7
times faster than the standard numerical fitting.

The reflection of polarized neutrons from a magnetized mirror with a high coercive force in
a weak external field whose direction varies with respect to the mirror magnetization was
theoretically and experimentally investigated. The limiting energies of the mirror were
demonstrated to follow the quantum rules and to be independent of the angle between the external
and internal fields. The limiting energies were calculated for multilayer magnetic systems in which
magnetizations of adjacent layers are directed at a specified angle to each other and the dependence
of limiting energies on this angle was found as well.

A new method of calculating albedo neutron reflection from homogeneous and dispersive
media has been developed. It has wider area of application than the standard diffusion method. With
this method the efficiency of ultradispersed reflectors in neutron cold moderators has been studied.

In 2005 the investigation of radiative corrections to neutron beta-decay continued. In
particular, it has been found that the application of current algebra cannot provide correct
calculation of radiative corrections and their calculation should be made according to the modern
Standard Model.

Next year it is suggested that electroweak processes be investigated within the framework of
SM, in view of a sequential consideration of the hadron structure.

3. Applied research
3.1 Development of neutron detectors for space vehicles

In collaboration with the Space Research Institute RAS the specialists of FLNP and LRB
have developed a calibration technique for the detector LEND (Lunar Exploration Detector)
intended to measure neutron fluxes from the lunar surface with high spatial resolution aboard the
space vehicle LRO (Lunar Reconnaissance Orbiter) whose launching is scheduled for 2008. In
FLNP the models of polyethylene collimators were made and in LRB the calculations of the



sensitivity of the laboratory model of the device were performed. The calibration of the laboratory
model of the device was conducted.

3.2 Investigation of element compositions of various substances at the EG-5 accelerator

Experimental investigations at the charged particle beams of the electrostatic generator EG-5
were carried out in close cooperation with the specialists of other JINR Laboratories as well as with
the representatives of various Institutes of the JINR Member States.

In cooperation with the Institute of Physics of the Marie Curie-Sklodowska University
(Lublin, Poland) the investigations of silicon oxide layers implanted with germanium ions were
performed.

In cooperation with the Electrotechnical Institute SAS (Bratislava, Slovak Republic) the
investigations of layered semiconductor structures Si/HfO,/Ru annealed at various temperatures
were carried out by the RBS method. The depth profiles of elements for 34 samples both in an
initial state and upon annealing at temperatures of 800° C, 900° C and 1000° C were studied. By
way of illustration Figure 11 shows experimental (circles) and simulated (lines) spectra for the
sample in the initial state and upon annealing at a temperature of 1000° C. The ruthenium layer in
the initial state was 11 nm thick and the hafnium oxide layer was 3 nm with a layer of mixed
composition 6 nm thick in between.
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Fig.11. Rutherford backscattering spectra for the sample Si|HfO;|Ru in the initial state and upon
annealing at 1000 °C

In cooperation with the Electrotechnical Institute SAS (Bratislava, Slovak Republic) the
silicon carbide amorphous layers doped with nitrogen were studied using the technique of “recoil
protons” in combination with the RBS technique. The concentrations of silicon, hydrogen, carbon
and nitrogen in micron-thick layers were determined.

The investigations of element compositions of aerosols in the air of Ulan-Bator were
performed also using the PIXE and RBS techniques. The following trace elements were found in
the samples: F, Na, Mg, Al, S, Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, As, Sr, Zr, Ba.

The monitoring of the element composition of human teeth was conducted to control the
population health. The samples of teeth were analyzed by the PIXE and RBS methods for 20 main



and trace elements. The concentration of Fe, Zn, Cr and Cu in the samples sometimes exceeds the
control values more than 10 times. The monitoring strategy used in the present study identifies the
health risk factors determined by environmental pollution, especially by industrial emissions. Heavy
metal concentrations in human teeth reflect people exposure to certain atmospheric pollutants
during their lives. Significant correlations between the pairs of heavy metal concentrations in
human teeth point to the pollution sources typical for local industries and regional traffic networks.

3.3 Development of a setup for detection of hidden illicit substances

The applied investigations aimed at creating a setup to detect hidden illicit substances using
labeled fast neutrons were carried out. At present, a portable neutron generator with a built-in
silicon 9-pixel alpha-detector developed in cooperation with the specialists of the All-Russian
Research Institute of Automatics (Moscow) is used as a source of labeled neutrons. The neutron
flux intensity of ING-27 is 2x10" s™.

The energy resolution of registration of characteristic nuclear y-radiation generated on
irradiation of the substance under study by the flux of labeled neutrons at £, = 4.43 MeV averaged

over all 9 beams of labeled neutrons is 5.5%. Figure 12 gives the data on the measurement of
temporal resolution of the whole system (velocity of a 14-MeV neutron is 5 cm/ns).
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The experiments on identification of melamine shielded by various substances (paper, wood,
leather, steel) were conducted. The identification of melamine was carried out using the neural
network technique.

4. Analytical studies at the IBR-2 reactor
Methodical works

In cooperation with the Czech Technical University in Prague (Czech Republic) neutron
spectra were obtained at the pneumatic setup REGATA using multielement activation detectors.



Ecology
Biomonitoring

In 2005 in connection with the carrying out of the regular European simultaneous collection
of moss-biomonitors (moss-survey) the work to study atmospheric deposition of heavy metals using
the biomonitoring, NAA and GIS technologies (REGATA Project) on the territory of Central
Russia (Tula Region, Tver Region, Yaroslavl Region and southeast of Moscow Region), Bulgaria,
Romania, Slovakia, Poland, Serbia and Macedonia, and also Armenia (Sevan), Mongolia and
Vietnam was continued. The analysis of the samples collected in the summer of 2005 on the
territory of Belarus will be made in early 2006. The comparative analysis of various biomonitors
(lichens, bark) and soil from the area of the oil refinery in Constanta (Romania) was completed. The
zone of environmental impact of this refinery on the Black Sea resort of Romania was determined.

The works in a new (for us) direction of active biomonitoring using pure mosses exposed in
industrial areas with a high anthropogenic load attract increasing interest in the JINR Member and
Non-Member States. Such studies were carried out in industrial areas of Baia Mare (Romania),
Sofia (Bulgaria), Poznan (Poland) and Athens (Greece).

Ecological assessment

In cooperation with the National Institute of Physics and Nuclear Engineering (Bucharest)
and the University of Bucharest the preparatory works to the analysis of the bottom sediment
samples collected in the Danube delta were carried out. The analysis of the air filters from the
territory of Slovakia simultaneously with the samples of pine needles and biological materials of
animals (roe teeth) allowed us to make a better assessment of the degree of environmental impact of
a number of large industrial plants of Slovakia, in particular, the aluminium factory in Ziar
(Slovakia) on ecosystems of adjacent territories.

With the assistance of the Ecological Research Center of the Polish Academy of Sciences
within the framework of the Grant of the Plenipotentiary of Poland the assessment of environmental
impact of toxic elements on aquatic biota and humans in the area of the Mazur lakes (Poland) and
the Rybinsk reservoir (Central Russia) was made using the nuclear-physical analytical methods.

Foodstuff and human health

In cooperation with the Institute of Geology RAS within the framework of the IAEA
Coordination Program on technical cooperation the comparative analysis of element composition of
a number of foodstuffs grown in industrially contaminated areas was conducted. The results of
these works were reported at the IAEA Technical Cooperation Workshop (November 14-16, 2005,
Dubna).

In 2005 the analysis of the Romanian ecological samples (soil, water and air filters) and
human biosubstrata (hair, nails, teeth, etc.) was performed within the framework of the project
«Monitoring of health of the personnel occupied in the production of phosphoric fertilizers at a
number of factories in Russia, Uzbekistan, Poland and Romania» (European Program 35,
Copernicus). The results of these studies made it possible to establish a link between levels of toxic
element content in environmental objects and biosubstrata of personnel occupied in the production
of phosphoric fertilizers in Turnu-Magurel (Romania).

The study of heavy metal content in edible unsaturated fats conducted in the framework of
the Grant of the Plenipotentiary of Romania made it possible to experimentally establish a
correlation between metal content and oxidizing ability of fats.

Materials science
Archeology

The element analysis of 70 archeological samples of ceramics from burial mounds of the
Smolensk region and the Northern Caucasus was performed in the framework of cooperation with
the State Hermitage (Saint-Petersburg). The element composition of 65 samples of ceramics and 25



samples of Venetian glasses for the Historical Museum in Constanta (Romania) was determined
within the framework of cooperation with the Ovidius University in Constanta.

New materials

In the framework of the Grant of the Plenipotentiary of Belarus the data analysis to study the
effect of fission-spectrum neutrons on physical properties of fine-grained diamonds obtained in the
Institute of Solid State and Semiconductor Physics of NAS of Belarus (Minsk) was completed.



amplification of diffuse scattering at temperatures near 7y is also noted. The observed effects can be
explained in the framework of the model of coexistence of an ordered antiferromagnetic phase and
a spin liquid state without a long-range magnetic order, whose volume fraction rises with increasing
pressure due to the enhancement of frustration effects. In addition, the exposure to high pressures
results in spin reorientation of Mn magnetic moments and in a change in symmetry of AFM
structure, which may be described by a combination of irreducible representations '+ .

Intensity, arb. units

d-spacing, A

Fig. 1. Diffraction spectra of YMnQO; obtained at pressures P = 0, 2.5 and 5 GPa at a temperature of 10 K at
260=90° and treated by the Rietveld method. The difference curve is shown for P=5 GPa. Tics indicate the
calculated positions of structural (top row) and magnetic (lower row) diffraction peaks. The diffraction peak
from a high pressure cell is marked by "b". In the upper inset: pressure dependence of manganese magnetic
moment. The illustration at the right presents triangular AFM structures corresponding to the symmetry of
irreducible representation I'; and a combination of irreducible representations I;+I ;. The orientation of Mn
magnetic moments in neighbouring planes is shown in white and black colors.

At the YuMO spectrometer liquid dispersions of detonation nanodiamonds have been
studied by small-angle neutron scattering. Detonation nanodiamonds are formed as a result of
explosion of oxygen-unbalanced explosives in the absence of any additional sources of carbon. The
resulting nanodiamond crystals are extremely interesting and promising material for
nanotechnologies. However, they are hard to free from explosion by-products. This is due to the
formation of complex multilevel aggregation of nanodiamonds in the process of synthesis, which
involves elements different from carbon. Disperse nanodiamond powders (prepared in zirconium
mills) placed in various liquids form unusually stable colloidal solutions without addition of any
surfactants. This phenomenon may be effectively used to study the internal structure of
nanodiamond aggregates by small-angle neutron scattering. The obtained curves of scattering by
nanodiamonds in various solvents show similar behavior (Fig.2). Nanodiamond particles
(characteristic size of 5-6 nm) are organized in clusters structurally close to Gaussian polymers,
with a size of more than 120 nm. The internal structure of clusters does not depend on their
concentration in solution. The estimate of mean scattering density of clusters using contrast



variation in aqueous dispersions (light/heavy water) gives smaller value than the scattering density
of a pure diamond. This points to the existence of a component different from diamonds in an
elementary unit of aggregates. In particular, it can be a non-diamond shell which, on the one hand,
is responsible for aggregation of particles during explosion and then provides stability of disperse
particles due to interaction with a solvent.
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Fig. 2. Experimental curves of small-angle neutron scattering (circles) from detonation nanodiamonds
dispersed in various liquids. For convenience sake the curves for DMSO and C,H;OH are divided by 10 and
100, respectively. Parameter P reflects the fractal structure of nanodiamond clusters: 2.32 (H,0); 2.16
(DMSO); 2.93 (C,HsOH). Parameter P corresponds to the diffuse surface of nanodiamonds: 4.52 (H,0); 4.7
(DMSO), 4.49 (C,HsOH). The arrow points at the peculiarity of the scattering, by which the size of
nanodiamonds is estimated: 5.6 nm (H,0), 5.0 nm (DMSO), 6 nm (C,HsOH).

At the REMUR spectrometer the phenomenon of coexistence of ferromagnetism and
superconductivity in layered structures, which is of importance both from fundamental and practical
points of view, has been investigated. It is well known that ferromagnetic and superconducting
states cannot simultaneously coexist in homogeneous systems. But in inhomogeneous systems,
which is the case for layered nanosystems, this coexistence is possible. These studies are of much
practical importance, since they make it possible to develop essentially new nanodevices whose
operation logic is determined simultaneously by changes in magnetic state and temperature within a
small range. The experimental technique for studying this phenomenon is based on the generation
of a neutron field of standing waves by reflecting a neutron wave from a periodic structure, and on a
neutron polarization analysis and detection of specularly and diffusely reflected neutrons. Neutron
investigations have been carried out on the structure Pd(2 nm)/V(33 nm)/Fe(3 nm)/ 20x[V(3
nm)/Fe(3 nm)]/MgO over a magnetic field intensity interval of 0.2+4 kOe in a wide temperature
range. It has been found that in the range 1.6+3.5 K the superconducting state of the V(33 nm) layer
changes the magnetic ordering in the periodic structure and the magnetization profile at the
boundary between the Fe layer and the V(33 nm) layer. It has been also revealed that in the range
7+30 K the magnetic state of periodic structures varies with temperature. The latter is associated
with the ferromagnetism of interfaces. In a model diagram of magnetization distribution in
nanostructures, the number of bilayers with antiferromagnetic ordering is N; without it — N, (Fig.3).
The N, bilayers are immediately adjacent to a thick vanadium layer and are followed by the N,
bilayers. The calculations show that N; is in the range 2+8 and N, — in the range 18+12. Thus, a
thick vanadium layer changes the type of ordering in the nearest adjacent bilayers of the periodic
structure.



Fig. 3. Model diagram of the periodic structure describing the experimental data on the coexistence of
ferromagnetism and superconductivity in layered structures obtained at the REMUR spectrometer. Interface
areas comprised of a mixture of iron and vanadium atoms are shown in green.

At the NERA inverted geometry spectrometer the comparison characteristics of substances-
candidates for neutron cold moderators at IBR-2: methane, methanol, mesitylene and water, have
been studied. The criteria were the amount of hydrogen in a substance, the appropriate density of
phonon states and radiation resistance. Solid methane at 7 <20 K is in a crystal phase II in a
partially (~25 %) disordered state. At low temperatures methanol can be either in crystal or
amorphous phases with either translational or orientational disorder. Mesitylene is a rather
promising substance for use in cold moderators due to a high content of hydrogen, good moderating
properties and radiation resistance. Figure 4 illustrates the comparison of densities of phonon states
obtained on the basis of single-phonon approximation from the incoherent inelastic scattering
spectra for the specified substances. On the basis of these data as well as the results obtained in the
course of the URAM-2 program, it may be concluded that mesitylene in glass-like state exhibits the
best characteristics for moderating neutrons at helium temperatures.

At the DIN-2PI spectrometer the neutron diffraction experiment to study the microstructure of
Li—N melts with a concentration of nitrogen impurity of 1.3 and 3.5 at.% and at a temperature of
823 K has been performed. The basic microstructural characteristic of the substance — the total
structural factor S(Q), as well as the partial structural factors S.g(Q) of melt components and
corresponding radial distribution functions gug(r) and gcc(r) (Fig. 5) have been obtained. It has
been determined that at a concentration of impurity component less than 4 at.% the so-called
“prepeak”, which is an indicator of existence of clusters of particular size in melts, is missing from
the structural factor of Li-N melts. The analysis of the partial structural characteristics of the melt
suggests that nitrogen impurity is present in Lipog7Noo13 and LigoesNoo3s melts as lithium nitride
LisN.
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Fig. 4. Comparison of densities of phonon states obtained on the basis of single-phonon approximation from
the incoherent inelastic scattering spectra for methane, methanol, mesitylene and water.
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Fig. 5. Partial structural factors of liquid lithium and nitrogen for Ligos;Nogi; and LigossNggss melts.
Triangles — structural factor of lithium Sy; 1,(Q), solid and open circles — Sy n(Q) for concentrations of 1.3
and 3.5 at.%, respectively.

A series of works, which sums up almost a 20-year debate on one of the key problems of
statistical physics — interaction of fluctuating random surfaces, has been completed by the physicists
of the small-angle neutron scattering group. A wide class of objects: from biological membranes to
strings in the contemporary field theory belongs to random fluctuating surfaces. This is one of the
reasons why the attention of contemporary theoretical physics is drawn to biological membranes, in
particular, to lipid membranes. As a result, new approaches have been developed to study



intermembrane interactions and to detect a universal constant on the basis of investigation of
temperature dependence of intermembrane interactions with the help of complementary use of
small-angle neutron scattering and high-resolution diffraction on a synchrotron source. The value of
the interaction constant has been obtained, which is 37*/256 and agrees with the theoretically
predicted one. It has been also shown that the transition from multilayer membranes to single ones
proceeds in accordance with the theoretically predicted model of two states. In addition, it has been
shown for the first time that the undulation forces make a significant contribution to the balance of
intermembrane interactions and what is more, these forces become dominant at distances of more
than 20 A.

For the first time the dynamics of crystal lattice of the superionic conductor AgCuSe has
been studied by inelastic neutron scattering. In a low-temperature phase the low-energy modes have
been detected, which are most likely of acoustic phonon nature. The density of phonon states G(g)
in a- and /~ AgCuSe is characterized by a non-Debye behavior. At the transition from 8 to a phase
the spreading of phonon state density spectrum and hardening of the spectrum as a whole are
observed.

Development activity. In 2005 the technical works to modernize the IBR-2 spectrometers
complex continued. For the most part, they concerned the detector systems of the spectrometers. In
particular, at the Fourier specialized diffractometer FSD work to construct the detector system
continued (6 out of 14 detector modules are ready), test filling of two-dimensional detector for
YuMO was carried out and one-dimensional PSD with resolution of 1.8 mm was tested in actual
operating conditions.



1. HAYYHbBIE UCCJUIIEJOBAHUA

1.1. PU3NKA KOHAEHCHUPOBAHHBIX CPE/]

OcHOBHas 1eNIb - UCCIEIOBAHUE METO/aMU HEHTPOHHOW (U3UKU CTPYKTYpPbl U JTUHAMUKU
KOHJCHCUPOBAHHBIX CpEN, IIOJYyYEHHUE HOBBIX JAaHHBIX O MHUKPOCKOIIMYECKUX CBOMCTBax
HCCIIEAYEMBIX CHCTEM, JKCIIEPUMEHTAIIbHAs MIPOBEPKA TCOPETUUYECKUX IMPEICKA3aHUNA U MOJEIEH,
oOHapy’KeHHE HOBBIX 3aKOHOMepHocTed. Pabora mo Teme cTpowsiach IO JBYM OCHOBHBIM
HaIIPaBJICHUSIM: NPOBEICHHE OHKCIEPUMEHTAIbHBIX HCCIECNOBAaHUM M TEKyllas METOAMYECKas
paboTa, HampaBJIeHHas Ha MOJAEPHU3ALMIO JACHCTBYIOLIUX CHEKTPOMETPOB U co3naHue Ha MBP-2
HOBBIX YCTAHOBOK.

B ocHOBHOM 3KcniepuMeHTHI Benuch Ha 6a3oBoii yctaHoBke JIHD - peakrope UBP-2, kpome
toro, corpyaaukn HOO HUKC yuacTBoBanu B BBIE3IHBIX dKCIIEPUMEHTaX B HEUTPOHHBIX LICHTpaXx
EBponbl. Ha peakrope MBP-2 coTpyaHuku oTaena oTBedald 3a 3KCIUTyaTallMio, pa3BUTHE U
npoBefeHue (uznueckux sxcrnepuMeHToB Ha 13 cnekrpomerpax: ®/IBP - dypbe-audpakromerp
BBICOKOTO paspemieHusi, JJH-2 — mHOTOIENEBON AudpakTOMeTp Al SKCIIEPHUMEHTOB Ha IOJIU- U
MoHokpucramnax, CKAT — pgudpakromerp a1 wuccinepoBanus Ttekceryp, OIICUJIOH —
Tr(paKkTOMETp ISl UCCIeOBaHUS BHYyTpeHHHX Hanpspkernid, @CJI — ¢ypre-nmudpakromerp s
UCCIIeZIOBAaHMUsI BHYTpPEeHHUX HampspkeHuid, [IH-12 - nudpakromerp A SKCHEPUMEHTOB MpHU
BBICOKMX BHEIIHMX JaBieHusx, IOMO - cnektpomerp ManoyrioBoro paccesusi, PEMVYP -
CHEKTPOMETp MOJIsipu30BaHHBIX HEUTPOHOB, PEDJIEKC-P - pednexromeTp Ha HOISIPU30BAHHBIX
HenTponax, AMH-2I1U - cnexktpoMerp Heynpyroro paccesHusi B npsimoir reomerpun, HEPA-IIP -
MHOTOKPHUCTAIIBHBIA crieKTpoMeTp Heynpyroro paccesHus, KJICOI'-M - cniekrpomeTp Heynpyroro
paccestHust B oOpaTHoi reomerpuu. Ha Bcex cmexktpomerpax, kpome KJICOI'-M, npoBeneHue
9KCIIEPUMEHTOB PETYJINPYETCS IPOrpaMMoi rosb3oBareneil. Huxke nepeuncisatorces, NoaydeHHbIE B
TEKYILEM IOy

OcHoBHbIe HayuyHble pe3yJbTaTrbl. [IpoBeneHbl HEWTpPOHHBIE JU(PAKIUOHHbBIE
HccieIoBaHus MaHTaHUTOB R sStosMnOs; (R=Sm, Ndg772Tbg 228 11 Ndos44Tbg 456), HampaBIeHHBIE
Ha BBIBJICHHE MUKPOCKOTTMYECKUX MPUYNH TUTAHTCKOTO KHCIOPOAHOTO H30TOMMMYECKOTO Y deKTa,
HEIaBHO OTKPBITOTO B Smy 5SSty sMnQO;. IlokazaHo, 4TO BO BCeX M3YUYEHHBIX COCTAaBaX MPHU HU3KOU
TEMIEPAType COCYIIECTBYIOT JBE KpUCTAINIMYECKHE (ha3bl C pPa3HbIM THUIIOM SH-TEJUIEPOBCKUX
UCKAQ)XEHUH KHUCIOPOAHBIX OKTa’IpOB M C Pa3HbIM THUIIOM MAarHUTHOTO YIOPSIOYCHHUS.
JudpakmonHble JaHHBIE TIO3BOJIMIM TPEAJIOKUTHh CICHApUW HaOmoJaromuxcs —(a3oBbIX
NePEeXO0J0B M YCTaHOBHUTbH, UYTO MEPEXOJA U3 METAUINYECKOTO COCTOSHHS B AMAJIEKTPUUECKOE B
cocTaBax ¢ Sm IpH 3aMeHe '°0 wa "*O sBnsercs MEePKOJISAIMOHHBIM, @ UMEHHO, 3aMEHa M30TOIa
KHUCJIOpOAa NPUBOAUT K pe3koMmy (¢ 65% no 13%) ymeHblieHuto oObema (eppOMarHuTHON
MeTaJuimdeckoi (as3pl. DTy paboTy MOXKHO CYHTATh WTOTOBOH IO TeMe H3yYCHHS NPUIHH
TMTAaHTCKOTO M30TONMHUYEecKoro »3(@ekra B MaHraHUTax — CMEHbl HHU3KOTEMIIEPATypHOTO
METaJUTHYECKOTr0 COCTOSHMS Ha AUAICKTPUUECKoe mpH 3amere 'O Ha '*O. YCTaHOBIIEHO, 9TO TaK
&Ke, KaKk M B OKCHJax MapraHua c ypoBHeM nonupoBanus x=0.3, B cocraBax ¢ x=0.5 s¢ddekr
CYLIECTBYET TOJBKO MPH HAIWYAHA (Ha30BO-PACCIOCHHOTO COCTOSHUSI Ha ME30CKOIMYECKOM
Macitabe pa3mepoB. OCHOBHOW NPUYMHONW PpaBHOBECHOTO (pa30BOr0 pacCIOEHHs SBISETCS
BO3HUKHOBEHHUE CIIy4allHOTO IOJISI HAIPSDKEHUM HAa HEKOT€PEHTHBIX I'PAHUIAX COCYIIECTBYIOLIUX
bas.

Ha nudpakromerpe /IH-12 nmpoBeneHo uccienoBaHUE BIUSHUS BBICOKOTO JABIEHUS 10 5
I'Tla Ha KpUCTAJUIMYECKYI0O M MarHUTHYIO CTPYKTypy TeKcaroHaJpHOro MaHranuta YMnO; B
temriepatypaoM auanazone 10 - 295 K (Puc. 1). IIpu HopManbHOM JaBICHUH B 3TOM COCAMHEHUH
npu 7~Tn=70 K HaOmromaercst cOCTOSHME CHMHOBOW JKMIKOCTH, OOYCIIOBIEHHOE 3(deKxTamu
MarHuTHOM (ppycTpanuu Ha TPEyroJbHOHM pemieTke, chopMHpOBaHHOW MoHaAMH Mn, a npu 7<Ty
BO3HHKAET YIOPSAAOYEHHOE TpeyrojabHoe aHTu(eppomarnuTHoe (ADM) cocTosiHME C CUMMETpHEn



HenpuBogumoro mnpenctasienus [, [lpum yBenmuuenun pasnenus no S5 ['Tla naOmromaercs
YMEHBIIEHUE BEJIUYMHBI YIOPSTOYEHHOIO MAarHUTHOTO MOMeHTa noHoB Mn nipu 7=10 K ¢ 3.27 no
1.52 pp, a Ttakke ycuneHue nud¢y3HOro paccesHus IpH Temieparypax Omm3kux K Ty.
OO6HapyxeHHbIe YPPEKTHI MOTYT OBITh OOBSICHEHBI B MOJICIH COCYIIECTBOBAHUS YIOPSAIOUYCHHON
aHTHU(EeppOMarHUTHOH (a3bl W COCTOSHUS CHUHOBOM KHUJAKOCTH 0O€3 JalbHEero MarHUTHOTO
nopsAJika, 00ObEMHasl Ol KOTOPOro BO3pacTaeT NpU YBEJIUYECHHUU JABJICHUS 32 CUET YCUIJICHHUSA
a¢pdextoB ppyctpanuu. Bo3aeilicTBue BBHICOKOTO NaBIEHHS, KPOME TOTO, MPUBOJUT K CIIMHOBOM
MEPEOPUCHTAIIMM MAarHUTHBIX MOMEHTOB Mn 1 u3meHeHuto cummerpun AOM cTpyKTypbl, KOTOpast
MOJKET OBITh ONKCcaHa KOMOMHALMEH HEMPUBOAUMBIX npeactaBiaeHuit ['1+1 .

Intensity, arb. units

d-spacing, A

Puc. 1. Jlugppaxyuonnvie cnekmpor YMnQOj, usmepennvie npu oasnenusix P = 0, 2.5 u 5 I'lla npu
memnepamype T=10 K npu 20=90" u o6pabomannvie memooom Pumeenvoa. Pasnocmuas Kpusas
nokasana ona P=5 I'Tla. [lImpuxamu yKazanvl paccuumanuvie NOJOHCEHUSI CMPYKMYPHBIX (8ePXHUL
pA0) U MACHUMHBIX OUDPAKYUOHHBIX NUKOS8 (HUNCHUU pso). Tu@dpakyuouHvlli NUK om Kamepwvl
8bICOK020 Oasnenus ommeyen Oykeou “b”. Ha ecmaske: bapuyeckas 3a8Ucumocms MAZHUMHO20
momenma — mapeanya.  Cnpasa  npedcmasnenvi  mpeyeonvvie ~ ADPM  cmpykmypel,
COOmMEEemMcmeyouue  CUMMEmMpUU  HEenpugooumozo  npeocmagienuss I} u  KomOuHayuu
Henpugooumvix npeocmasnenuti 1+ benvim u uepHviM yeemom NOKA3AHA OpuUeHmMayus
MACHUMHBIX MOMeHMO08 Mn 6 coceOHUX NI0CKOCSX.

MeTtomoM ManoyrioBOro paccesiHus HEUTPOHOB HCCIENOBAHbl JKHIKWAE JTUCIIEPCKUU
JIETOHAIMOHHBIX HaHOAaJIMa30B. JleTOHAIMOHHBIE HAHOIMAa3bl OOpA3yIOTCS B PE3yJIbTaTe B3PHIBA
KHUCJIPO/IO-HECOATAHCUPOBAHHBIX ~ B3pPBIBYATHIX ~ BEHIECTB B OTCYTCTBHE  KaKUX-JIHOO
JIOTIOIHUTENBHBIX HMCTOYHUKOB yriaepoaa. OOpasyromuecss KpHUCTaUIbl HAHOAJIMAa30B SBISIOTCS
KpailHE HWHTEPECHBIM M TMEPCHEKTUBHBIM MaTe€puajoM [JIsi HaHoTexHoyoruil. OJHaKo, OHH
TPYIHOOTAETUMBI OT MOOOYHBIX MPOAYKTOB B3pbIBa. JTO CBSI3aHO C OOpPa30BAaHUEM CIIOKHOM
MHOTOYPOBHEBOW arperanuyd HaHOaJIMa30B B MOMEHT CHUHTE3a, B KOTOPOW y4YacCTBYIOT 3JIEMEHTHI,
OTJIMYHBIE OT yriiepoja. JlucnepcHble HaHOAIMAa3HbIE MOPOILKH, TPUTOTOBIEHHBIE B IIUPKOHUEBBIX
MEJbHUIIAX, TIOMEIICHHBIE B PA3IMYHBIC KUAKOCTH 00pa3ytoT HEOOBIYHO CTAOUITbHBIE KOJIIOUTHBIE
pacTBOpBl 0€3 KaKUX-ITMOO A00aBOK MOBEPXHOCTHO-AaKTHUBHBIX BEIIECTB. J[aHHOE SBIEHUE MOXKET
ObITh A (EKTHBHO WCIOJIB30BAHO IS HCCICIOBAHUS BHYTPEHHEH CTPYKTYpBlI arperatoB
HaHOAJIMa30B [IOCPEICTBOM MAJIOYTJIOBOrO paccestHUsl HEUTPOHOB. [lomyyeHHbIe KpUBBIE pacCEesHUS
Ha HAHAOJIMAa3aX B PA3IMYHBIX PACTBOPUTENSAX  TOKA3bIBAIOT cxonHoe mnoBeneHue (Puc. 2).



Yactuupl HaHOAIMa30B (XapakTEpHbIM pa3smep 5-6 HM) opraHM30BaHbl B KJIAacTEPbl C pa3MEpOM
6onee 120 HM, O6IaM3KKE MO CBOEH CTPYKTYpe K rayCCOBCKMM MOJMMepaM. BHYTpeHH:s CTpyKTypa
KJIaCTEPOB HE 3aBUCUT OT MX KOHIIEHTpauuu B pacTBope. OlLieHKa cpegHel pacceuBarolien
IUIOTHOCTH KJIACTEPOB C MOMOIIBIO BapuallM¥ KOHTPAcTa B BOJHBIX JUCHEpPCHsX (JIerkas/Tsokenas
BOJa) JaeT 3HAueHHE MEHbIee, YEeM PpacCeMBaOlas IUIOTHOCTh YHUCTOrO anMasa. OTo
CBHUJIETEJICTBYET O CYIIECTBOBAHUU B AJIEMEHTAPHOHN €MHHULIE arperatoB KOMIOHEHTHI, OTJIMYHON
OT anMa3oB. B wacTHOCTH, 3TO MOXXET OBITH HealMa3Has 000JI0YKa, KOTOpas, ¢ OJHOH CTOPOHBI,
OTBETCTBEHHA 3a arperauyio 4acTHUIl BO BpeMs B3pbIBa, a 3aTeM, OOECIEeYMBAET CTAOMIIBHOCTH
JMCHEPCHBIX YacTHUI] Oy1arojiapsi B3aUMOJICHCTBUIO C PACTBOPUTEIIEM.

o H20
* o DMSO
C2H50H

0,01

0,1 1

B
g, nm

Puc.2. Dxcnepumenmanvuvie Kpugvle MaAl0y2108020 pACCESIHUS HEUMPOHO8 (MOYKU) Ha
O0eMOHAYUOHHBIX HAHOAAMA3AX, OUCNEPSUPOBAHHBIX 6 PAasIuuHble Hcuokocmu. [[nsa HaensaoHocmu
kpusvie 01 DMSO u C,HsOH noodenenvi, coomsemcmeenno, na 10 u 100. Jlunuu omeeuarom
noozonke 08yxcmeneHHou 3asucumocmvio. Ilapamemp P ompasicaem gppaxmanvuyro cmpykmypy
K1acmepog Hanoaimazos: 2.32 (H,0); 2.16 (DMSO);, 2.93 (C,HsOH). Ilapamemp P
coomeemcmayem oug@ysnoi nosepxnocmu Hanoaimazos: 4.52 (H;O);, 4.7 (DMSO); 4.49
(C,HsOH). Cmpenka ykazvieaem Ha 0COOEHHOCHb PACCESHUS, NO KOMOPOU OYEHUBAEMC S pa3mep
Hanoaimazos: 5.6 um (H,0), 5.0 um (DMSO), 6 um (C,HsOH).

Ha cnekrpomerpe PEMYVYP mnpoBeneHO wuccCienoBaHHE SBJICHUS COCYIECTBOBAHMS
dbeppoMarseTu3Ma ¥ CBEPXIIPOBOJMMOCTH B  CIIOMCTBIX CTPYKTypax, BaXXHOTO Kak C
(yHIaMEHTaJIbHOM, TaKk M C MPAaKTUYECKOM Todek 3peHus. M3BecTHO, 4TO (peppoMarHUTHOE U
CBEPXIIPOBOJIIEE COCTOSTHUS HE MOTYT COCYIIECTBOBAaTh OJIHOBPEMEHHO B OJIHOPOJHOM CHCTEME.
Ho B HeoTHOpPOHOM cucTeMe, Kakoi SBISIOTCS CIOMCTbIe HAHOCHCTEMBI, TAKOE COCYIIIECTBOBAaHHE
BO3MOXHO. [IpakThyeckass Ba)KHOCTh 3TUX HCCJIEIOBAaHUI CBsI3aHA C BO3MOXKHOCTBIO pa3pabOTKU
MPUHIUIHNAIBHO HOBBIX HAHOYCTPOWCTB, JIOTHKAa paOOThl KOTOPBIX ONpPEAEseTCs OJHOBPEMEHHO
W3MEHEHHEM MAarHUTHOIO COCTOSIHMSI W TeMIlepaTypbl B HEOOJbIIMX Ipenenax. B ocHose
HKCHEPUMEHTAIBHOTO METOJla MCCIEIOBAHUS SBJICHUS JIe)KAaT TeHepalus HEHTPOHHOTO IOJis
CTOAYUX BOJH MyTEM OTPaKEHUS HEUTPOHHOW BOJIHBI OT HEPUOAMYECKON CTPYKTYpHI,
MOJIIPU3ALMOHHBIA aHAJIM3 HEHTPOHOB M perucTpanus 3epkajibHO U IU(P(PY3HO OTpakEHHBIX
HeHTpoHOB. HeliTpoHHbIe McciieoBaHus OBLIH MpoBeaeHbl Ha cTpykType Pd(2 um)/V(33 um)/Fe(3
HM)/20x[V(3 um)/Fe(3 uM)]/MgO B uHTepBaje H3MEHEHHH HAMpPsSHKEHHOCTH MAarHUTHOTO TMOJIS
0.2+4 xOe B mupokoM uHTepBasie Temieparyp. OOHapykeHOo, uTo B HHTepBaie 1.6+3.5 K
CBEpXIIpoBOAsIiee cocTosHue ciost V(33 HM) uU3MEHsSeT MarHUTHOE YIOpSAOYEHHE B
MEePUOINYECKOI CTPYKType U NpOoQHiIb HAMArHUYEHHOCTH Ha IpaHMIIe ci10s xkene3a co cioeM V(33
HM). bputo oOHapykeHO Tarxke, uTo B amana3zoHe 7+30 K u3MeHseTcs MarHUTHOE COCTOSIHHE



MEPUONYECKON CTPYKTYphl B 3aBHCUMOCTH OT Temmeparypol. llocienHnee cBsI3bIBaeTCs C
(dbeppomMarHeTU3MOM TpaHUI] paszena. B MonenbHO# cxeme pacmpeneneHUs HAaMarHWYeHHOCTH B
HaHocTpykType (Pue. 3) dmcino OWCIo€B, B KOTOPBIX CYIIECTBYET aHTHU(EPPOMArHUTHOE
yrnopsiiodeHre paBHO Nj, a B KOTOPbIX OHO OTCYTCTBYeT — Ny. [Ipu aToM, N; Guciion mpuieramT K
TOJICTOMY CJIOI0 BaHamusi, a N, Ouciou cinenayroT 3a N; Oucnosimu. Pacu€rel mokasbiBaiot, uto N
HaxoJuTcs B nuamna3zoHe 2+8, a N, — B nuana3one 18+12. Takum oOpa3om, TOJCTHIN cI0W BaHAAUS
W3MEHSET THUIl YIOPSJAOYEHUSI B OMMKAWUIINX MPUIETAIOMUX K HEMY OHCIOSX MEePUOIUYECKOM

CTPYKTYDBI.

Puc. 3. MooenvHas cxema nepuoouueckou CMpYKmMypul, ONUCLIBAIOWAs IKCNEPUMEHMAbHbLE
OaHHble MO  COCYUWeCMBOBAHUIO  (heppoMacHemusmMa U C8EPXNPOBOOUMOCTNU 6  CIOUCHbIX
CmpyKkmypax, nonyyeHwHvle Ha cnekmpomempe PEMYP. 3enénviv ysemom  nokazawvl
unmep@eiicHvle 061aCMU, COCMOAWUE U3 CMECU AMOMO8 Jicene3d U 8aHAOUSL.

Ha cnektpomerpe oOpatHoit reomerpun HEPA BbINOJIHEHO U3yuYeHHE CpPaBHUTEIbHBIX
XapaKTEPUCTUK BEUIECTB — KAHAMIATOB /I XOJOJHBIX 3ameyurened HeiTpoHoB Ha MBP-2:
MeTaHa, METaHOJIa, ME3UTEJIEHA U BOAbl. KpuTepusamu sIBISUIMCH KOJIMYECTBO BOAOPO/IA B BELIECTBE,
MOJIXO/SAIIAs IIOTHOCTh (DOHOHHBIX COCTOSIHMU M paJMalliOHHast CTOWKOCTb. TBepAbIi MeTaH npu
T < 20 K nHaxomurcs B Kpuctajuindeckod ¢asze II B uwactuuHo (~25%) pa3ynopsaodeHHOM
COCTOSIHMM. MeTaHoJI NpU HU3KOM TeMIepaType MOKET HaXOJUThCS B KPUCTAUIMYECKOW WK
amopHO# (a3ax ¢ TPaHCIALMOHHBIM WJIN OPUEHTALIMOHHBIM OecriopsakoM. Me3uTusieH sBisercs
BEeChbMa IEPCIEKTUBHBIM BEIECTBOM ISl MCIIONB30BaHMUSA B XOJIOJHBIX 3aMEUIMTENAX Onaronaps
BBICOKOMY COZACPXKAHHMIO BOJOPOJA, XOPOIIMM 3aMEUIAIOIIMM CBOWCTBAM M paguallMOHHOU
croiikocteio. Ha Puc. 4 cpaBHMBaIOTCS MIIOTHOCTH (POHOHHBIX COCTOSIHUM, OJTYyYCHHBIE HA OCHOBE
OJHO(OHOHHOTO MPHUONMKEHHUS U3 U3MEPEHHBIX [UIs YKa3aHHBIX BEIIECTB CIEKTPOB
HEKOI'€pEHTHOI'0 HEyNpyroro paccesHus. OCHOBBIBAsCh Ha 3THUX JIaHHBIX, a TAK)KE PE3yJIbTaTOB,
MOJYYEHHBIX B Xoze mporpamMmbl YPAM-2, MOXHO NOpHUATH K BBIBOJY, YTO I 3aMeJICHUS
HEHTPOHOB IPU T'eIUEBBIX TEMIIEPATypax HAWITYUIIUMH XapaKTePUCTUKAMH 00JIajaeT ME3UTUIICH B
CTEKJIONOX00HOM COCTOSTHUU.



140 T T T T T T T T T T T T
L —-— solid methane (ph. l)-CH,  T=24K |
120 L —=— solid methanol (o) - CH,OH  T=20K -
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100 —-— water (Ice Ih) - H20 T=24K i

NORM - samples: V=10ml, d=1mm
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Puc. 4. Cpasnenue niomunocmetl QOHOHHBIX COCMOAHUL, NOJYYEHHbIX HA OCHOBE OOHOQOHOHHO20
NPUONUdCEHUs U3  USMEPEHHbIX Ol Memand, MemaHold, Me3UmuileHa U 600bl CHeKmpog
HEeK02epeHMHO20 HeYNnpy2020 PaCCesHUAL.
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Puc. 5. Ilapyuanvhvie cmpykmypHovle ¢Hakmopbl HCUOKO2O JIumus U azoma Oas PAchidgos
Lig9s7No.o13 U Lig.965No.035. Tpeyeonorhuxku — cmpyxmypuwiti ghaxmop aumus Si; 1i(Q), 3anoinenHvie u
He3anoaHeHHble Kpyorcouku - Sy n(Q) ona konyenmpayuii 1,3 u 3,5 am.% coomeemcmeeHHo.

Ha cnekrpomerpe JIMH-2ITM BbImoONHEH HEUTPOH-IU(PAKIMOHHBIA SKCIEPUMEHT —T10
HCCIIEZIOBAaHUIO MHUKPOCTPYKTYpbI paciuiaBoB Li—N ¢ koHieHTpauueil npumecu azora 1.3 u 3.5
aT.% u temneparype 823 K. ITomyueHa oCHOBHass MUKPOCTPYKTYpHasl XapaKTEPUCTUKA BEIIECTBA —



HONHBIN CTPYKTYpHBIN (aktop S(Q), a Takke HapuuagbHble CTPYKTypHbIe (GaKTopbl Sep(Q)
KOMITOHEHT PacIllaBa U COOTBETCTBYIOIIME (QYHKIHUH PaJHaIbHOTO pacupeneneHus gqp(r) U gcc(r)
(Puc. 5). YcraHoBieHO, YTO TpH KOHIEHTPAllMU NPUMECHOTO KOMIOHEHTa MeHee 4 ar.% B
CTpyKTypHOM (hakTope pacmiaBoB Li—N OTCYTCTBYeT TaK Ha3bIBAEMBIH «IIPEANHK», KOTOPBIN
SBJISIETCSl TPU3HAKOM CYIIECTBOBAaHHS B pacIUlaBe KJIacTEpOB OMPEIENIEHHOTO pa3Mepa. AHaiu3
MapIHaIbHBIX CTPYKTYPHBIX XapaKTEPHCTUK pacIulaBa [aeT OCHOBAHHE MPEANONIOKHUTh, YTO
MpUMECh a30Ta MPHUCYTCTBYeT B pactuiaBax Ligog7Nooi3 ¥ LigoesNooss B popme HUTpuaa TUTHS
LizN.

CoTpyIHMKaMH TpPYHIbl MaJlOyTJIOBOTO PAcCesHUs HEHTPOHOB 3aBEpLIeH LUK padoT,
KOTOPBIA TOABOAUT HWTOT MoYTH 20-JIeTHMM nebaTtaM MO OJHOM M3 KIIOYEBBIX NPOoOIeM
CTaTUCTHYECKOW (M3MKU - B3aUMOJCHUCTBUIO (IYKTYHPYIOLIMX CIIydalHBIX MoBepxHocTed. K
CllydyaliHbIM  (MIyKTYMPYIOIIMM TOBEPXHOCTSM IMPUHAUIEKUT IIUPOKUH Kiacc OOBEKTOB: OT
O6M0JIOTHYEeCKUX MEeMOpaH 10 CTPYH B COBPEMEHHON TEOPHH TMOJIA. DTO SBISETCS OJHOW U3 MPUUUH
BHUMAaHMs COBPEMEHHOW TEOPETHUECKOW (M3UKM K OMOJIOTMYECKMM MeMOpaHaM, B YaCTHOCTH, K
JUNUAAHBIM MeMOpaHaMm. B pesynbprare ObUIM pPa3BUTHI HOBBIE MOJIXOABI Ul HCCIEIOBAHUS
MEXMEMOpaHHBIX B3aUMOJICHCTBUI M ONpEAEICHUsl YHUBEPCAIbHON KOHCTAHThI, OCHOBAaHHBIE Ha
UCCIICZIOBAaHUH TEMIEpaTypHOH 3aBUCHMOCTH MEXKMEMOpPAHHBIX B3aMMOACHUCTBHHA C IMOMOIIBIO
KOMIUIEMEHTAPHOT'O MCII0JIb30BaHMsI MAJIOYTJI0BOTO PACCESHUS TEMJIOBBIX HEHTPOHOB M TUPPAKLIUN
BBICOKOI'O pa3pelleHHss Ha CUHXPOTPOHHOM HcCTOuYHUKE. IlolyueHO 3HaueHHE KOHCTaHTBI
B3aUMOJICUCTBUSI paBHOE 3752/256, COBMAJAIONIEEe C TEOPETHUYECKH MpeacKa3zaHHbIM. [lokazaHo
TaKXke, YTO Nepexo] OT MYJIbTUCIONHBIX K OMUHOYHBIM MeMOpaHaM MPOMCXOJUT B COOTBETCTBHUHU C
TEOPETUYECKH NPENCKAa3aHHON MOJENBIO IBYX COCTOSSHHNM. KpoMe Toro, BiepBbIe MOKa3aHO, KaKOBa
WCTUHHAs BEJIMYMHA OHIYJIALIMOHHBIX CHJ - OHU JEHUCTBUTEIIBHO BHOCAT 3HAUMTEIBHBIA BKJIAJ B
OanaHc MeXMEMOpaHHBIX B3aUMOJICHCTBHI U, 00JIee TOTO, AT CHIIBI CTAHOBSATCS IOMUHUPYIOIIUMHA
Ha paccTosHuAX Gombmre 20 A.

BrnepBble uccienoBaHa JAMHAMUKAa KPUCTANIMYECKOW PEIIETKH CYNEPUOHHOIO IPOBOJHUKA
AgCuSe MeToI0M HEyNpyroro paccestHus HeWTpoHOB. B Hu3koTemmnepatypHoi (a3e oOHapysKeHbI
HU3KOIHEPreTUYeCKHEe MOJbl, KOTOpbIE, MO BCEH BUAMMOCTH, UMEIOT HPHUPOIY AaKyCTUUYECKUX
¢oHoHOB. IInoTtHOCTh (oHOHHBIX cocTtostHMA G(g¢) B o- um [ AgCuSe xapakrepusyercs
HenebaeBckuM moBeneHueM. [lpu mepexone oT B k o (ase HabmogaeTcs pasMbITHE CIEKTpa
IJIOTHOCTH (DOHOHHBIX COCTOSTHUI U y>)KECTOUEHHUE CIEKTPA B LIETIOM.

I'1aBHbIe MeToAMYECKHEe pPe3yabTaThl. B 2005 T. mpoaomkalIuch METOIUIeCKHe paboThI
M0 MOJEPHU3AIMH KOMIUIEKca CreKTpoMeTpoB peakropa MBP-2. B ocHOBHOM OHM 3aTparuBaiu
JNETCKTOPHBIC CHCTEMBI CIHEKTPOMETPOB. B dYacTHOCTH, Ha CHEIHATU3UPOBAHHOM (ypbe-
mudpakromerpe OCJ] mpogomxanack KOMIUIEKTalUsS IETEKTOPHOM cucTeMbl (ToToBel 6 u3 14
JNETCKTOPHBIX MOJIYJICH), TIPOBEJCHBI MPOOHBIC 3aNOJHEHUS IABYMEpHOro jaerekropa mis KOMO,
WCTIBITAH B PEATbHBIX YCIOBUAX OJHOKOoOpaAuHATHBIN [TY/] ¢ paspemennem 1.8 mm.



1.2. HEUTPOHHAS SIAEPHAS ®U3UKA
BBeaenune

B teuenne 2005 ocHoBHBIE pabOTHI B 00IacCTH HEUTpPOHHOU simepHOW (uszuku B JIHD
uM. 1. M. ®panka npoBoaunuchk Ha peaktope MBP-2, ycranoBke OI'-5, Ha HEUTPOHHBIX MyYKaXx
Ipyrux siaepHbiX 1eHTpoB Poccun, bonrapuu, [lonbmu, Yexuu, ['epmanuu, Pecnybnuku Kopes,
Kuras, ®panuun, CIHIA, u Snonuu. HMccrnenoBanus MNPOBOAWINCH B TPaAHIIMOHHBIX
HaIPaBJICHUSAX: U3yYEHHUE MPOLIECCOB HAPYIIECHUS IPOCTPAHCTBEHHOW U BPEMEHHOM YE€THOCTH IIPH
B3aUMOJCHCTBUM HEUTPOHOB C sAJIpaMH; HU3y4YEHHE KBAaHTOBO-MEXAHMUYECKHX XapaKTEPHUCTHK,
SHEPreTUKU U TUHAMUKHU MpOLiecca IEICHUs; IKCIIEPUMEHTAIbHOE U TEOPETUYECKOE UCCIIEOBAHNE
AJIEKTPOMArHUTHBIX CBOMCTB HEHTPOHA M €ro Oera-pacraja; raMMa-CIIEKTPOCKONHs HEHTPOHHO-
SIEPHBIX B3aUMOJEHCTBUM; CTPYKTypa aTOMHOIO $pa; IOJy4eHHE HOBBIX JAHHBIX JUIA
PEaKTOPHBIX NPUIOKEHUH W IS SIIEPHOM acTpOU3MKH; SKCHEPUMEHTHI C YJIBTPAaXOJIOIHBIMH
HEUTPOHAMU; IIPUKJIAHBIE UCCIICOBAHHUS.

1. 3KCHepI/IMeHTaJILHI)Ie HCCJICI0BaAaHUA

1.1. Hapywenue npocmpanHcmeeHHOU U GPEMEHHOU YEemHOCMU NpU  63aUMOOeiCMEUul
Helmponoe ¢ A0pamu

1.1.1 Iouck u wuccnedosanue cmpykmypvl HOONOPO20GHIX HEUMPOHHBLIX P-PE3OHAHCO8 HA
U30MONAX C6UHUA MEMOOOM KOMOUHUPOBAHHOU KOPPENAUUOHHOU 2AMMA-CHEKMPOCKONUU

boumn  mpomomkeHbl pabOTHl B HANpPaBICHUU IMIOMCKA U HCCIEAOBAHUSA CTPYKTYPHI
MO/IMIOPOTOBbIX HEWTPOHHBIX pP-pPE30HAHCOB Ha M30TOMax ¢ MaccoBbIM uuciaoM A=(80-130)
METOJIOM KOPPENSLMOHHON TaMMa-CIIEKTPOCKOITUU BBICOKOTO Pa3pelIeHHs.

C uenpl0 NPOBEPKU MOITYYEHHBIX PAHEE SKCHEPHUMEHTAIBbHBIX pPE3YJbTaTOB IO TIOUCKY
OTPHUIATENILHOTO HEMTPOHHOTO P-PE30HAHCA W30TOIMOB CBUHIA MPOBEACHA PEKOHCTPYKIUS TaMMa-
cnektpomerpa COCOS nHa kananme Nel peaktopa MBP-2. B pesynbTaTe BKIIOYEHHS B COCTaB
CHEKTPOMETPa BHOBb MPUOOPETEHHOTO MOIYNPOBOJHUKOBOTO JeTeKTopa ramma-kBanToB GMX30-
PLUS u crnenmaan3upoBaHHBIX JJIGKTPOHHBIX OJIOKOB BO3pocia 3((HEKTHBHOCTh CIICKTPOMETpa
OoJjiee yeM B JIBa pa3a, M YBEIHUUIOCH €ro OBICTPOACHCTBYE.

Ha pexoHCTpyHpOBaHHOM ramMMa-CIIEKTPOMETPE MPOBOAUIUCH IKCHEPHUMEHTHI 1O MOMCKY
OTPUIATEILHOTO HEUTPOHHOTO P-PE30HAHCA Y U30TOMOB CBUHIIA: TIPOBEACHHI IBE CEPUH U3MEPEHUI
Ha €CTECTBEHHOI CMECH N30TOINOB CBUHIIA.

1.1.2. Iloozomoeka K uccnedosanuto T-neunsapuanmuvix 3¢phexmoe ¢ HewmpoHHo-a0epHbIX
63aumooeiicmeusnx

B 2005 romy B cekTope NONSPU3OBAHHBIX MHUIICHEH NPOAOIKATUCHL pPaboOThl 1O
WCCIIEZIOBAaHUIO 00pa3oB Uil TMPOBEPKH T-HEMHBAPHMAHTHOCTU B SIEPHBIX B3aUMOICHCTBUSX.
HccnenoBanuch ABa MOHOKpHCTaia amoMuHara jantaHa LaAlO3 ¢ mapamMarHUTHON MpPUMECHIO
Nd3+: 0.3% u 0.08% mnomyueHnsle u3 SnonHun. YBepeHHO Habmomanuch ycuiaeHHble SIMP
curHayibl Ha oboux kpuctamax. Habmomanocek take nepememenne SAMP nunuit La u Al npu
BpallleHUH KpHUCTaula B MarHUTHOM moje. K coxajleHuto, OKa3aJloCch HEBO3MOXKHBIM, C
MpUEMJIEMBIMH 3aTpaTaMH BPEMEHH, HAOII0JaTh TEPMOPABHOBECHBIE CUTHANBI. DTO OOBSICHSIETCA
TEM, YTO Ui SAAEp KPUCTalIa, IO CPABHEHUIO C BOAOPOJHON MUIIEHBIO, UX KOHLEHTpaLus B JBa-
TPU pa3a MEHbIIE W Pa3HOCTh 3aCEICHHOCTH COCEIHMX YpOBHEH MeHblle B 7 W S5 pas,
COOTBETCTBEHHO.

B mHacrosmee Bpems mnpoposikaercss MoaepHuzanus Q-merpa. Oxugaercs yIydlleHUE
anmnapaTypHON 4yBCTBUTEIBHOCTH, II0 KPalHEN Mepe, Ha MOPSIOK.



1.1.3. Co30anue nonapu3o6anHoil NPOMOHHOU MUULEHU

3aBepLICHO CO3/1aHUE MOJSPU30BAHHOMN SIEPHOM MMILEHU. Snpa Mmomisipu3yroTcs METOIOM
«rpy0oii cuibhy. st 3TOro OBUT CO3MaH KPUOCTAT PACTBOPCHHS *He B *He co CBEPXITPOBOISIINM
MarHuTOM.
IIpoBeneHO CTEHAOBOE HCIBITAHWE KpuocTata ¢ MarHuToMm. [lomydensl crenyromue
IapaMeTpsl:
e MUHHMMAaJbHas Temreparypa Ha oOpasue T = 23 MK;
e HanpsHKEHHOCTh MarHuTHoro nosst H = 5,8 T npu ogHOPOAHOCTH 1OJIS B LIEHTPE MarHurTa
AH/H = 10",
3aBeplIcHa NEPEeBO3Ka M MOHTaX MOJIIPU30BaHHOMU sAnepHON MuleHH Ha kaHaie Ne 1 UBP-2 u tem
CaMbIM 3aBEpPIICHO co31aHue YycTaHOBKM «Konxmaa», NpenHa3sHA4eHHOW I MCCIIEIOBaHUS
B3aMMOJCUCTBHSl TOJISIPU30BAHHBIX HEHUTPOHOB € MOJSAPU30BaHHBIMU sApaMu. [l ycTaHOBKHU
pa3zpaboTaHa HOBasi MPOrpaMMHasi CUCTEMa PETUCTPALMU JAHHBIX, MO3BOJIAIONIASl BBIOJHATh: B
aBTOMATHUYECKOM PEKUME H3MEpPEHMs I psAfa TOYEK B JMANA30HE TOKOB MOJSIPU3YIOLIETO
MarHuTa, HEOOXOJUMBIE OMNEepaldil B HWHTEPAKTHBHOM pEXHME pPaOOTHI, BH3YaIH3AIUIO
9KCIIEPUMEHTAJIbHBIX JAHHBIX; aBTOMATUYECKUI KOHTPOJIb KA4ECTBA IKCIIEPUMEHTAJIBHBIX TaHHBIX;
HEOOXOIUMBIE TECTHI 000PYIOBaHHS U MIPOTPAMM.
B nanHbI MOMEHT BeyTCsl IyCKOBBIE paboThl ycTaHOBKHU «Konxuna» Ha kanane Ne 1 UBP-
2. HayaJio 3KCiepuMEHTOB M0 SIAEPHOM Iperieccuu (SAepHOMY IICEBIOMArHeTU3My ) 3arjgaHupOBaHO
B niepBoM kBapraiie 2006 r.

1.1.4. Cmamyc npoexkma KaTRIn. Memoouxka usmepenus a0epHozo ncee0omMazHemusma

B 2005 r. coBmectHo ¢ komneramu u3 KEK (Slnonus) Opina co3gaH mpOTOTUN yCTaHOBKU
IUIs UCCIIEI0OBAHUS IEPHOro IceBioMarneTn3Ma. CxeMaTHUECKU OHa [T0Ka3aHa Ha puc.l.
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Puc.1. ycmanoska 0151 ucciedoganusi 10epHo2o ncesdomacHemuzma. Pazmepol 6 mm

VYcranoBka coOpana Ha mnyuke H-8 wucrounmka KENS wu Bkimowaer HEHTpOHHBIN
MOJISIPU3ATOp M aHAJIM3ATOp HEHUTpOHHOU mojspusanuu. O6a yCcTpoicTBa BBIMOJHEHB Ha OCHOBE
sueek “He C ONTHYECKOH HAKAUKOIM. Mexnay NONApU3aTOPOM M AHAIU3ATOPOM YCTAHOBIIECH
COJICHOMJl, BHYTPH KOTOPOTO pAaCIOJOKEHBl JBE CKPCIIEHHBIE PpPaguO4YacTOTHBIC KaTYIIKH,
paszeneHHble MPOMEXyTKOM. Ilocne mpoxoxkaeHus moaspusaropa, HEUTpPOHHAs momspusauus b
HalpaBJICHA BJAOJb OCH Iy4yka. Paino4acTOTHbIE KaTYIIKH MO3BOJIAIOT IPOU3BOAUTH IOBOPOT
BEKTOpPa HEUTPOHHOMU MOJISIPU3ALMHU B IPOU3BOIBHOM HAIPABJICHUH U HA TPOU3BOJIBHBIN YIOJI.

Ecnu Benyiee nose B 00IbIIOM COJIICHOUE PAaBHO [, a KaTyllIKa CO3JaeT ocyuiiupyoujee

nosie 2H, coswt , To 3¢(eKTUBHOE I0JIe BO BpaLIAlOIIEiics cucTeMe KOOPAMHAT, KOTOPOE «BUAUT
HEUTPOH €CTh:

H=H,-w/y+H,,
rie Yy - TUPOMAarHUTHOE OTHOIIEHHWE Juisi HeWrtpona. [lamee, ecnu mnogoOpaTh 4acToTy
Paavov4acTOTHOrO TOJSA TaK, YTO OHA PAaBHA JIAPMOPOBCKOM 4acTOTE HEUTpoOHA B moie H,, TO



MOJIyYUM ONTUMANbHOE ycioBue [ = H,. 3Ha4uT, 4TOOBI IPU IPOJIETE Yepe3 KATYLIKY 33 BpeMs £,
MOBEPHYTh BEKTOP HEHTPOHHOM MOJISPU3ALINYI, HAIPUMED Ha 7/ 2, HY’KHO BBIIIOJHUTD yCIOBHE!
YHit,=n/2.

Pasymeercs, f, 3aBHCHUT OT DHEPIMU HEHUTPOHA, HO aMIUIMTYAy [1, MOXXKHO MOIYJIHPOBAThH
TakK, 4TOOBI YCJIOBHE BBINOJHSIOCH JJISi HEHTPOHOB B JKellaeMOM JuarazoHe sHepruil. Ilocne
IIPOJIETA Yepe3 MEPBYI0 KaTyLIKy, HEUTPOH MPOXOAMUT MPOMEKYTOK MEXIY KATyIIKaMH 332 BpPEMs
{p, TP OTOM BEKTOP MOJSIPU3ALMU BpPAIACTCI C JIAPMOPOBCKOM dYactoTou w,=YH,, a

COOTBETCTBYIOIIMM YroJl IOBOPOTA B IJIOCKOCTH IMEPIECHAMUKYJIIPHON HAIPABJICHUIO IBUKCHUS:
¢ =w,t,. Tenepsp, ecau NpaBUILHO CUHXPOHU30BaTh paboTy 00EMX KaTyIIEeK, TO MOXHO BEPHYTb

BEKTOp HEHUTPOHHON NOJIAPU3AIMU K NPEKHEMY HAIpaBICHUIO BIOJIb OCH Iy4dKa IMPU MPOJIETE
HEHUTPOHOB 4Yepe3 BTOPYIO KaTywmky: P, =F. Eciu ke IOMECTHTh MEXIYy KaTylIKaMU HEKHH
MaTepuan, KOTOPBIA CO3/1aeT IOMOIHUTEIBHOE TI0JIE BIOJIb OCH My4YKa, TO (aza, KOTOPYIO HEUTPOH
npuoOpeTaeT NpH MpoJeTe MEXKIY KaTylIKaMH, yKe He OyneT paBHa Wf,. 3HA4WT, IOCIE

MIPOXOXKACHUSI BTOPOW KaTyLIKH, BEJIMYMHA HEUTPOHHOM moJspu3aluu OyJeT OTIMYaThCs OT
paccMOTpeHHOro ciydas, T.e., P #F. Ilo Benu4nHe M DHEPreTUYECKOM 3aBUCHUMOCTH 3TOTO

OTKJIOHEHHSI MOKHO OIPEAETUTh BEIMYMHY JONOJHUTEIBHOTO IO CO3JaBaeMoOro 3TUM
MaTepUaIOM.

Bropas peanuzanusi JaHHOW METOAMKH — UCIOJb30BaTh eépaujaroujeecs TOJIE BMECTO
ocyunupyrowezo, T.e., BMECTO OJIHOM Napbl BUTKOB B KAXKJI0M KaTyIIKE UCIOJIb30BAaTh CKPEIICHHBIE
napsl, 4ToObl CO37]aTh OPTOrOHANIBHBIE MO H, coswt n H,sin wt . Bece ocTanbHOe paccMOTpeHHe

ocraercd 0e3 wu3MeHeHudd. lcnonb3oBaHue epawarowezocsi TONSL TO3BOJIAET YMEHBIIUTh
ammutyay PU-nons B 2 pasa, 4to cHukaeT TpeboBaHus K MouHoCTH PU-ycunureneil.

Takum oO0pa3oMm, MeTOAMKAa M3MEpPEHHUs IICEeBJOMAarHeTH3Ma IpeAcTaBiseT co0oil 1Ba
MIOCJIEZIOBATEIbHBIX M3MEPEHHUsT HEUTPOHHOM IOJIApU3ALMM, KOTJAa HCCIEAYEMOE BEIECTBO HE
MOJSIPU30BAHO W IOJIIPU30BAHO BIOJIb OCH IIy4yKa. DBbUIM IHPOBEACHBI HCCIENOBAHMS CBOWCTB
CO3/1aHHOHM YCTaHOBKH M IIOCJIEIOBATEIIbHbIE U3MEPEHUSI HENTPOHHBIX BPEMAIPOJIETHBIX CIIEKTPOB
C BBIKJIIOYEHHBIMU M BKJIIOUeHHbIMM PU-karymikamu u ompezaeneHsl ux oTHomieHus. Ha pmue.2
MIPUBEJICHBI HEKOTOPBIE MPUMEPHI TaKMX OTHOLIeHUH. KpacHble TuHNM — pacueT (He MOArOHKA).
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Puc.2a. Ilepsas P kxamywxa 6 pedcume cnun ¢aunnepa (nosopom HelumpoHHOU NOJAPUAYUU HA
0
180°). Bmopas kamywka vikniouena. Bpawaroweecs none
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Puc.26. Obe xamywku kamywka 6 pescume nogopoma Heumponnou nonapuzayuu na 90°. Pasza

nosis 60 6mopou kamyuike mooyaupyemcs om 0 0o 2 ¢ ouanazone 0.025-0.08 5B. Ocyuniupyrowee
none

O0e KaTyIIKH COCTOAT M3 JIBYX Map CKpeUIeHHbIX KoJell o 10 BUTKOB Kaxkaas. AMIUTUTY1a
PaAMOYaCTOTHOTO TOJSI OTPAHUYMBAECTCS] BBIXOJIHON MOITHOCTHIO PYU-ycunuTens U He MpeBBIIIACT
5 Tec. Bemnmumna Bemymero mois Oombimoro coneHomma 20 I'c, 1., pabowas wyactoTa
w=w, =60 k'L

Sueiiku ¢ “He cojepxkanu 2.8 aTM Kaxzaas, CTENEHb MNOJIApU3aLNU SHe 6bu1a 54% s
nojsipusaropa U 24% pans aHanmzaTtopa. AMmuuTyna H, MomyaupoBanack 1o 3akoHy 1/t, c
MOMOIIBIO0 MPOTpaMMHPYEMbIX cuHTe3aTopoB (Arbitrary Waveform Generator). B panbheiimem,
JUISL UMUTALUY TICEBIOMAarHUTHOTO TOJIS Mbl HAMEPEHBI MIOMECTUTh MEKIY KaTyIIKaMU MaJleHbKHMA
COJICHOUJ] U U3MEPSTh OTHOILICHUS BPEMSIIPOJIETHBIX HEUTPOHHBIX CIEKTPOB, KOT/Ia 3TOT COJICHOU]
BBIKJIIIOYEH W BKJIOYeH. Kpome Toro, mMbl coOupaeMcs H3rOTOBUTh HECKOJIbKO MeHbline PU-
KaTyIIKU ¥ yBEJIUYUTD 10J1€ [1,, yBEIIMYMB YMCIO BUTKOB J0 15 B KaK0l CKPELICHHOM mape.

Mertoarka Takke MOKET ObITh HCIOJIB30BaHA IPU UCCIIEIOBAaHUHU Napa- U (peppoMarHUTHBIX
BEILECTB.

1.1.5. Hccneoosanuna napyuieHus 4emHoCmMu 6 MAa0OHYKIOHHBIX CUCHEMAX
IHoucku P-neverHoro 3¢gexra BblJIETAa TPUTOHOB B PeaKIMU SLi(n,a)’H

B pamkax OSKCIEpUMEHTOB MO TIOMCKY HEHUTPAJIbHBIX TOKOB B HYKJIOH-HYKJIOHHBIX
B3aMMOJICHCTBHUAX W OIPENEICHUIO cIa00il T-ME30HHON KOHCTAHTHI CBSI3W HA IMYyYKE XOJIOIHBIX
nonspu3oBaHHbix HelTpoHoB PF1B (MJIJIL, I'peno6ns) mpoBeneH odepennoit 48 cyTOUHBINM ceaHc
n3mepeHuii P-neuetHoit acummeTpun (Gpp;) BbUIETa TPUTOHOB B PeaKlUU 6Li(n,oc)3H (on — cruH
HEUTpPOHA, Py — HMIYJIbC TPHUTOHA). B KadecTBe AETEKTOpa TPUTOHOB HCIOJIb30Badach 48-
CEeKIIMOHHAsl MOHU3AIlMOHHAs Kamepa C 24 MHUILECHSIMHU 6LiF, noryiomasmumu - 6onee  60%
HeUTpoHHOro TmoTOKa (puc.3). IlpumeHssics HMHTETpaNbHBIA (TOKOBBIA) METOJl PETUCTPAIH
COOBITHH, TEXHUKA KOMIICHCAUU (PITYKTyaluii MOIIHOCTH PEaKTOpa U METOAMKA C TIEPUOTUYECKUM
MEePEKITIOYEHNEM BEIYyIIEro HEHTPOHHBIA CIIMH MAarHUTHOTO MOJs Ha oOpa3uax Juisl yCTpaHEHUS
BO3MOXHBIX JIO)KHBIX 3P (eKTOB. Pe3ynbraT ¢ y4eToM MOIMPaBOK HA TMOJISIPU3ALNI0 HEHTPOHOB H
yriia BbUIETA TPUTOHOB ¢ = -(9.3i2.5)-10'8. beul mpoBeneH Takke psA KOHTPOJIBHBIX



IKCIIepuMeHTOB. [1o cymMMe pe3yibTaToB TpeX MHKIIOB HaOJFOmaeTcs SBHBIH 3(h(HEKT B OCHOBHBIX
H3MepeHnsIX ¢ = -(8.6+2.0)-107.

Puc. 3. Cxema sxcnepumenma: (cresa-manpaso) noaapusamop, PY-cnun-gnunnep ¢ kamywxamu
8edywe2o nojs, MHO20CEKYUOHHAS UOHU3AYUOHHAS Kamepd, OuM-cmon

IloaroroBka M3MepeHHus ACHMMETPHH Y-KBAHTOB B peakuuu np—>dy

Konnabopamueit NPDG ¢ yuyactuem corpyannkoB JIH® npoBeneHbl paboThl 1O MPOBEPKE
obopynoBanus kaHana PF12 ueiitponnoro ucrounnka LANSCE (Jloc-Anamoc) u anmapatypsl Jis
IKCIIEPUMEHTA 10 U3MEPCHHUIO P-HEUeTHOW acMMMETPHH Y-KBAaHTOB B peakiuu np—»dy C Imeibio
ompeenaeHus c1abon mT-MEe30HHONW KOHCTAHTHI CBSI3H.

1.2 Boinyscoennoe u cnonmannoe oejenue
1.2.1 H3mepenue évixooa 3anazoviearoumiux Heimponoe na peakmope UbP-2

Ha kanane Nell-b peaktopa MBP-2 3aBepmiena MoaepHuzanus ycTtaHoBku «M3omep» ¢
LENbI0 Pa3BUTHS padOT MO TMOJYYCHHUIO JAHHBIX O BBIXOJAaX M IMOCTOSHHBIX pacmajia TPy
3ama3/bIBalOIMX HEUTPOHOB B JIE€JICHUM MHUHOPHBIX aKTUHUAOB. B pesynbpTate MoaepHU3aLMU
ObUTH YJIy4YIIIEHBI TMapamMeTpaMu YCTAaHOBKHM M paCIIUPEHBl €€ BO3MOXKHOCTU. [l yCTaHOBKHU
pa3paboTaHbl MPOrpaMMEl: yrpasicHus nepemenicaneM Cd-GuiabTpa; CHHXpOHH3AIUU TIpoIecca
W3MEpEHUs] JAaHHBIX C W3MEHEHHEM YCIIOBUN pPETUCTpAlliu; COPTUPOBKH (ailloB JaHHBIX Ha
TpYyHIIbI IO YCIIOBUAM PETUCTPAallU, BBIYUCICHUA BPECMCHHU SKCIIO3UIIUHU U IIP.

bolmn mpoBeneHbl U3MEPEHUsT HA MOACPHU3UPOBAHHOW YCTAHOBKE M MOJYYEHBI JTAHHBIE O
BBIXO/JI€ 3alla3abIBalOIINX HGfITpOHOB IIpH ACJIICHHUU U30TOIIa 237Np TCIIJIOBBIMH HCﬁTpOHaMH.

1.2.2 HU3mepenue MHOICECMEEHHOCIMU HEIIMPOHOE8 8 HEelMPOHHO-UHOYYUPOBAHHOM OeleHUU
239
Pu

B 2005 rony mnpoaomKaluch SKCHEPUMEHTAIbHBIE HWCCIEAOBAHUS HWHAYLHUPOBAHHOTO
pe30HaHCHBIMU HeWTpoHamu JenenHus snep Ilnyronus-239 u  Ypana-235. Pesynbrathl



WCCIIEZIOBAaHNH OBUIM JTOJIOKEHBI Ha MEXIyHApOIHBIX KOH(EepeHIHIX, MpoBeACHHBIX B Poccum,
®pannuu u CLIA B 2005 roay.

OxcnepuMeHThl 1o u3Mepenuto ¢aykryauuit [lomHoit Kunernueckoit Ouepruu (IIKD) mpu
BBIHYKJICHHOM PE30HAaHCHBIMU HEUTpPOHAMU NeJeHHH ypaHa-235 Obutd BIMONHEHB B 1996-2000
Ha WBP-30. Takwme ¢mykryanuun Obumm oOHapyxkeHbl B 1990 romy B benbrum Ha ycTaHOBKE
I'EJIMHA wu Xxopomo KOppeTupoBald C 3aBUCUMOCTBIO (IYKTyalliii MHOKECTBEHHOCTH
MIHOBEHHBIX HEMTPOHOB JIE€JICHUS OT SHEPTUU PE30HAHCHBIX HEUTPOHOB, OOHAPYKEHHBIX B Hayaje
1970-x romoB s saep ypaHa M IUTyToHUsA. OOHAKO CTAaTUCTUYECKass TOYHOCTb JIaHHBIX,
noJiyueHHbIX B benbrum, Oblla HEBBICOKA H3-3a CJIA0OW HMHTEHCHUBHOCTU IOTOKAa PE30HAHCHBIX
HEHTPOHOB, MO3TOMY TpeOOBAJIOCh HE3ABHUCUMOE MOATBEPXKIEHHE pEe3yibTaToB ¢ OoJblIeh
cTaTucTukou. B axcriepumenTax, BeimosHeHHbIX HA BP-30, cTaTucTnyeckas TOUHOCTh U3MEPEHUM
Obuta moBblieHa Ooisie, yeM B 10 pa3 u moiydeHHbIE pe3yibTaThl OYEHb XOPOLIO COBMNAIM C
pesyibTatamMu, moiydeHHbIMH B benprum. Ilommmo sToro Obuia MoauduuIupoBaHa MpoIEIypa
aHau3a OHKCHEPUMEHTANbHBIX JaHHBIX C MHCIOJb30BaHMEM Oojee TOYHBIX (opMyn s
(GbuUTHpPOBaHUS JAaHHBIX, MOJYYCHHBIX B pabortax bpospl, Miomnepa u I'poccmana. PesynbraThl,
nonyuyeHHesle B [/lyOHe, ybenutenbHo nokasanu Hanuuue ¢uykryanuil [TIKD ockonkoB nenenus B
PE30HaHCHOM 00JIaCTU SHEPruil HaJETAIOIIUX HEUTPOHOB, KOTOpBIE MOKAa HE yJAaeTcs MOJHOCTBHIO
OOBSICHUTh B paMKax CYLIECTBYIOIIMX TEOPETUUYECKUX MOJENeH JeNeHus sSAep NpU HU3KHUX
SHEPTUsX.

Ha ycranoske GELINA (IRMM, benbrus) npoBoasTcsi COBMECTHBIE 3KCIIEPHUMEHTHI I10
HCCIEN0BAaHUIO0 MHIYLIUPOBAHHOIO PE30HAHCHBIMM HEUTPOHAMHU JIEJICHUS slEp >%py, ¢bykTyanuit
MHO>KECTBEHHOCTH MTHOBEHHBIX HEUTPOHOB U MOJHON KMHETHYECKON YHEPIUM OCKOJIKOB JICJICHMS.
Orta paboTa BBITONHSAETCS C TPHUMEHEHHEM COBPEMEHHBIX METOJOB LU(GPOBOH 00pabOTKU
CUTHAJIOB, Korjga (opMa MMITyJIbCOB, KaK C JETEKTOPOB HEHTPOHOB, TaK M C Kamephl JAEJICHUS B
npeobpasyercss IU(GPOBYIO IMOCIEIOBATEILHOCTh, KOTOpas 3allOMHUHACTCS W aHAJTU3UPYIOTCS B
pexxume off-line. IlomyueHHble npeaBapuTeNbHBIE PE3yJbTaThl MOKA3bIBAIOT, YTO INPHUMEHEHHE
upoBoil 00padOTKK CUTHAJIOB MO3BOJISIET KAUECTBEHHO U3MEHUTh U CaMy IPOLEIYPY U3MEPEHHI

1.2.3 Hccneoosanue maccoeo-InepeemuiecKux XapaKmepucmuk npooOyKmoe 080UH020 U
mpoiino2o oenenus

Ha yckoputene K-130 B r.lOBsckiona (OunnsHaus) mnpu ydacTuu coTpyaHukoB JIHD
IIPOBEJIEH MHOIONAapaMeTPUUECKUN OSKCIEPUMEHT II0 M3MEPEHHUI0 MacCOBO-3HEPIETUYECKUX
pacrpe/eeH i OCKOIKOB JeTeHns > U, HHIyIMPOBAHHOTO a-4acTHIAMH. Y CTAHOBKA MO3BOJISIIA
PETUCTPUPOBATh BPEMS IPOJIETA M DHEPIHIO0 KAKIOTO OCKOJIKA, YTO IO3BOJISUIO ONPEAEIUTh HX
Macchl HE3aBUCUMBIM 00pa3oM. OCKOJKU [ENEeHUS PErucTPUPOBAINCH ABYMS MO3aMKaMHU U3
KpeMHHEBbIX PiN-110/10B, pacnionoKeHHBIMU Ha paccTOosHUU okojo 0,5 M ot mMumienu. B kauectse
CTapTOBOrO JETEKTOpPAa HCIONb30BajJaCh MHUKpPOKaHaJdbHAs IUIACTHMHKA, pACIOJIOKEHHAs B
HETNOCPECTBEHHOM OIM30CTH OT MUIIeHU. Benercss 06paboTka JaHHBIX C LENbIO MOMCKAa UCTUHHO
TPOMHOIO0 KOJUIMHEApHOro pacmaja B JeneHuM. Havamach NOAroToBKa K MPOBEICHUIO
aHAJIOTHYHOTO 3KCIIEPUMEHTA 10 U3MEPEHUIO HEUTPOHHO-MHIYLIMPOBAHHOTO JIJICHUS Ha My4Ke 60
peaktopa UBP-2 ¢ ucnonp3oBanueM netekropoB « Munn-®odoc» copmectHo ¢ JISP.

Taxxe B r.}OBsckronst (OuHISHIUS) OBUT MPOBEACH SKCIEPUMEHT MO0 U3MEPEHUIO TIOJTHOTO
SHEPTETUUYECKOTO CIEKTpa aiab(ha-dacTHI] B TPOMHOM CITOHTAHHOM JICJICHUU 2Cf. Kak u B MEPBOM
HKCIEPUMEHTE, HCIIOJIb30BANINCh MO3aMKH W3 KpeMHHEBBIX PiN-IHO7ZOB — B 3TOM ciydae uis
pPEruCTpaliK JIETKUX 3apsHKEHHBIX YacTll. Mnentudukamnus yactuil mpooauiaack metogoM TOF-
E. B kauecTBe CTapTOBOrO JETEKTOpAa TaKXKE HCIOJb30BajJaCh MUKpPOKaHAJIbHAsl IIJIACTUHKA,
pearupyiomias Ha OAMH M3 OCKOJKOB JEJIeHUs, a JUId yMEHbIIeHHS (QoHa ObLI yCTaHOBJIECH
JIOTIOJIHUTENIbHBIM KPEMHHMEBBIM JI€TEKTOP, PErUCTPUPYIOIIUNA BTOPOM OCKOJIOK [JEICHUS U
BKJIFOYEHHBIN B CXEMY COBIIQJICHUS CO CTAapTOBBIM JETEKTOPOM. B KauecTBe mepBOro pesyibpTaTa
ObUI TOJyyeH TOJIHBIM SHEPreTUYecKUi CHEeKTp O-4acTHIl ¢ HIKHEeW rpanHuned ~1 Mb»B.
Habmogeno  oTkioHeHune  GOpMBI  creKTpa  OT  ['ayCCOBCKOTO  pacmperefieHHs B



HU3KO3HepreTuueckoi obnactu. [IpenBapuTenbHble OLEHKU MMOKA3bIBAIOT, YTO TAKOE OTKIOHEHHE
HE MOXET OBITh IMOJHOCTBIO OOBSCHEHO HCIyCKaHMEM HEHTpOHHO-HecTaOmIbHBIX snep SHe,
KOTOpBIE MOCIIE paciaia HIASHTU(YUIUPYIOTCS KaK Ol-4aCTHUIIBI.

1.2.4 H3yuenue 6udpayuoHHbIX PE30OHAHCO8 6 0eleHUU

B Teuenne 2005 r. mpoBoamiach 00paboTKa NaHHBIX HSKCHEPUMEHTOB IO IMPOrpaMMme
kojutaboparuu nTOF  —  wu3yueHune mpupoasl BUOPAIMOHHBIX PE30HAHCOB B JICJICHUH,
WHAYLMPOBAHHOM HEHTPOHAMHU M TOJyueHHE CEYEHUIl NeneHus ajis pemeHus mnpodinem ADS-
CUCTEM U CXKHUTaHUs SAEPHBIX OTXOJIOB.

1.3 I'amma-cnekmpockonus HelmpoOHHO-A0EPHBIX 83AUMOOCIHCMEUTL

N3 wum3mepeHHBIX K HacrosimiemMy BpemeHH B S1 samgpe (27<A<201) wmHTEHCHBHOCTEH
JByXKBaHTOBBIX KacKaJOB MEXJy HEHUTPOHHBIM pE30HAHCOM W HHU3KOJIEKAIIUMU YPOBHIMHU
COCTaBHOTI'O sJIpa M3BJICYEHBI JAHHBIE IO IJIOTHOCTSIM YPOBHEW M CHJIOBBIM (DYHKIMSIM IIEPBUYHBIX
raMMa-Tepexo/IoB. DTO CIENIaHo Ul HHTEepBaJla SHEPTUHU BO30YKIACHHUS sSApa MUPUHON OT ~5 710 ~9
M>»sB. Takue maHHBIC BIEpBBIE TOJYYCHBI O€3 TMPHUBICUYCHUS JIOOBIX SACPHBIX MOJCTEH WIH
HemnpoBepsieMbIX Tunore3. HaiinenHsle TakumM 00pa3oM IUIOTHOCTH YPOBHEH M paJHalliOHHBIC
CHJIOBbIE (DYHKIIMM UMEIOT 3HAYUTENBHO (IPAKTUYECKU - HAa MOPSI0K) MEHbILINE CUCTEMATUYECKNE
MOTPEUIHOCTH, YEM JII0OBIE UMEIOIIMECS aHATIOTUYHbIE JaHHbIE.

Jly4mas TOYHOCTh MO3BOJIMIA HAONIONATh CUJIBHOE BIMSHHME CTPYKTYpbl sfpa Ha 3TH
OCHOBHBIE IIapaMeTpbl €ro KacKaJHOro TIaMMa-pacnajga. Tak, 3KCIEpUMEHTAJIbHbIE 3HAUEHUS
IUIOTHOCTH YPOBHEH U B cheprueckux, U B JePOPMHUPOBAHHBIX sJIPAX JIFOOON Macchl 0OUE€Hb XOPOLIO
BOCIIPOU3BOJATCS CYMMOMW NMaplyalbHBIX IUIOTHOCTEN YPOBHEHN, COOTBETCTBYIOIUX Pa3phIBy 10 S-
TH KYNEPOBCKUX Iap HYKJIOHOB M BO30YKAEHHUIO B siape 10 10-TM KBa3sHYacCTHIl B COYETAaHUM C
BO30YX/IEHUSIMH BHUOpAIIMOHHOTO THMA. J[oNs MOcleAHMX B paiioHe IMOJIOBHHBI SHEPIHU CBS3U
HelTpoHa B 10-20 pa3 npeBbIIIaeT JOII0 YUCTO KBa3MYACTUUHBIX BO30YKICHHM.

ITosrydyeHHBIE pe3yabTaThl OTKPBIBAIOT HOBBIE BO3MOXKHOCTH Ul 3KCIEPHUMEHTAIBHOIO H
TEOPETUYECKOI0 H3Y4YEHMsI B3aUMOJEHCTBUS UM B3aUMoOIEpexojJa B SApe BO30YKICHHM
¢epmMuoHHoro u 0030HHOrO TUNOB. Ilpexxae Bcero - MOSBWIACH peajibHash BO3MOYKHOCTh
MIPaKTUYECKOIO OINPEAETICHUS] KOPPEISALUOHHBIX (YHKIMH WHAMBHUIyaJbHBIX KYNEPOBCKUX Map
HYKJIOHOB NIPU DPA3JIMYHBIX SHEPrusix Bo30yxkaeHus sapa. OuyeHb OoJblliMe M NPUHLUIHAIBHO
HEyCTpaHseMble CHCTEMATHUYECKHE IMOTPEIIHOCTH 3KCHEPHUMEHTAIbHOIO ONPEJENICHUs MJIOTHOCTH
YPOBHEH MCKIIIOYAIOT BO3MOXHOCTb MOJYYEHHs JOCTOBEpHOM HHPOpManuu 00 yKa3aHHBIX
napameTpax spa UHbIMH, pa3pabOTaHHBIMH K HACTOSIIEMY BPEMEHH METOIUKAMH.

1.4 Hccneoosanue peaxyuii (n,p) u (n,a)

YrioBble Koppesinuu B (n,p) peakuuu

TIpofoIIKaIuch PaGoTHI 1O HCCICIOBAHUIO YITIOBBIX Koppesimuil B peakmuu | N(n,p)'*C.
IIpoBenena TteopeTnueckas OIEHKA A(PPEKTOB aCUMMETPUU B PEAKLUHU 14N(n,p)MC B paMKax
MOJICIM  CMEIIMBAIONIUX KOMMAyHA-cOCTOSTHUN simpa  (puc. 4). Ilpoananmu3upoBaH BKJIaJ]
pPE30HAHCOB B 00JacTh HSHEPrHMM HEHUTPOHOB 10 omHOro MpeB, a Takke BiaMsHue ¢a3 Ha
SHEPTEeTUYECKHUI X011 KO3 (HUIIMEHTOB aCHMMETPHUH (BIepe-Ha3al,, IEBO-TIPABOM U HECOXPAHCHHE
4yeTHOCTH). PacdeTsl Aai0T BeMMYMHBI KO(UIIMEHTOB aCHMMETPHH BIIEpE-Ha3a]] U JIEBO-TIPaBOH
nopsiiKa 10" u 107 , coorBeTCTBEHHO. Koaddumment koppensainu, HECOXpaHSIONEH YETHOCTD,
II0JIy4€H Ha HECKOJIBKO MOPSAKOB MEHBIIIE UMEIOIIEHCS SKCIIEPUMEHTAILHON OLICHKHU.
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Puc. 4

Jns nanpHeMero SKCrepuMeHTaIbHOro u3ydeHus P-ueTHbIX 3¢d(exToB acuMMeTpuu Ha
HETOJISIPU30BAHHBIX HEHTPOHAX MpoBeleH psl padoT mo nepeoOopyoBaHUIO KaHana Ha OI-5. B
YaCTHOCTH, CMOHTUPOBAH ITOBOPOTHBIN CTOJI, MO3BOJISIOIINI TOBOPAYUBATH JETEKTOP 3apsKEHHBIX
YacTHIl KaK BOKPYT CBOEH ocu (HEOOXOIMMO ISl M3MEPEHUN COOCTBEHHO KOd((UIIMEHTa BIepe/-
Hazajl), TaKk ¥ CMENIaTh AETEKTOP OTHOCUTEIBHO HEUTPOHHON MHUIIEHH, BBIBOJS €r0 U3 MPSIMOIO
IMy4Ka HEUTPOHOB (IIsl U3MepeHuit hoHa).

Ha ycranoske OI'-5 JIH® nposenensl mccaenoBanus peakmun - 'Ne(n,o)'’O. HeiAtpoms:
MIPOU3BOAWINCE B PEAKLIUU D(d,n)3He C HCIOJIb30BAHUEM Ta30BOM JNEUTEPUEBOM MMUILEHU IIPU
sHepruu neiTpoHoB Egq =~ 2 M»aB. Ilony4yaemslii mpu 3TOM Iuana3oH SHEpruil HeWTpoHoB E,=3.7 —
4.1 M»sB oxBarbiBajl IpyIiy HEUTPOHHBIX PE30HAHCOB *'Ne. Peructpamust u cnekrpoMerpus o.-
YaCTHUL[ OCYLIECTBISUIACH € IOMOIIBIO JBYXCEKLUMOHHOM MOHU3ALMOHHONW KaMepbl C CETKOM M
AJICKTPOHHOU CHUCTEMOM cOopa MHOTOMepHOH mHpopManuu. OOBEKTOM HCCIIEIOBAHUS CITYKHII Ta3
Ne, nanonssoomuii kamepy. OOHapyKeHbl HEKOTOpPbIE HECOOTBETCTBUS MEXIY MOJYyYCHHBIMH
JAHHBIMU M PEKOMEHAYEMBIMH B HEWTPOHHBIX aTJiacax IOJIOKEHUSIMU PE30HAHCOB I 3TOM
peakuuu. Ilnanupyercs NpoAOIKUTH JAIbHEHIIME HCCICNOBAHMS C HCIIOIb30BAHMEM TBEPABIX
NeTepueBbIX MUIICHEN B KaUeCTBE HCTOYHUKA HEUTPOHOB C LIETBI0 YMEHBILIEHUS 3TOro pa3dpoca.

[TpoBoasiTCst pabOTHI 10 KOHCTPYUPOBAHUIO HOBOM T'a30BOM JEHTEpHUEBOI MUIIICHH, a TAKKe
W3TOTOBJICHUIO JIUTHEBOW MUIIEHH M MNPUOOPETEHUIO TPUTHEBOW MHUIICHU. OTH MHUIICHH
HEOO0XOAUMBI IS TIOTY4YEHHUs Ha ycTaHoBKe DI'-5 HEUTPOHOB B IMIMPOKOM JTMANa30HE SHEPTHil.

CoBmectHO ¢ corpyaHukamu IlekuHCckoro yHuBepcuTera Ha yckoputene OI-4.5 B
Wucturyre ¢Gu3uMkn TsDKENbIX HMOHOB mpu  llekuHckoM yHuBepcutere, Kurtail, mnpoBeneHb
m3mepennst cedenns peakumit *'Zn(n,0)°'Ni u '’B(n,00)'Li. VICTOYHHKOM HEHTPOHOB SIBIISIACK
D(d,n)3He peakuus Ha ra3oBOM JEUTEpUEBOM MHMILNEHU. B Xone u3MepeHuil HUCIOJIb30BAINCH
sHepruu HeWtpoHoB E,=4, 5, 6 M»3B. B kauecTBe nerekropa o-4acTUL] IMPUMEHSIACH



JIBYXCEKIIMOHHAs WOHW3alMOHHAsI Kamepa C ceTkod. [lomydeHHass MHOTOMEpHAs WH(OpMAIHS
HAXOJUTCS B CTaUU 00pabOTKH.

1.5 @ynoamenmanvnvie ceoiicmea Heimpona
1.5.1. Hceneoosanue n-e pacceanus

Pa3paborannsiii B HOO®DS JIH® u onucanssiii B Tpex myOnukamusax 2003 — 2005 r.r. HOBbIN
METOJ WU3BIEUCHUS [UIMHBI Nn,e-paccesHust b,, W3 [aHHBIX 1O AMQPAKLUU HEUTPOHOB Ha
OaropoHBIX ra3ax ObUI MPUMEHEH AJs1 00padOTKU HMU(PPOBBIX JaHHBIX MO AU(PAKINUNA HEUTPOHOB
¢ mmHoi BomHbl ~0,7A. Dtu namHble, momydeHHble B I'peHoGjie W mpuciaHHbie B JyOHy,
colepali HabOpbl CTPYKTYPHBIX (HakTopoB S(g) I ra3000pasHOro M30TOMA “CAr HeThIpex
Pa3sHBIX IUIOTHOCTEH B JMAMa30HE IEPEJaHHOrO BOJTHOBOrO BekTopa ¢ 10 ~10 A u mms cemu
pa3HbIX COCTOSAHUN CxMKeHHOro Kr B quama3one g a0 ~16 Al

OKcepuMEHTalIbHblE 3HaueHus S(q), WCIpaBIECHHbIE aBTOPaMHU Ha BCEBO3MOYKHBIE
uckaxarwoume 3(QexTs, Kpome n,e-paccesHus, ONUCHIBAINCH AU(PPAKIMOHHON 3aTyXaromien
CHHYCOUOH ¢ 00aBJIeHMEM K HEil MOHOTOHHOTO C ¢ BKJIaJa OT N,e-B3auMOJICHCTBHUS.

B ciyudae *°Ar (aKTHUECKH TONy4EeH PE3YJIbTAT «HyNb-IKCIEPUMEHTa», MOCKONBKY y HEro
BKJIaJ] n,e-paccesHus cocrapisieT MmeHee 0,2% oT siepHOro, Torjaa Kak €CTeCTBEHHBIH aproH UMEET

n,C-BKJIajg ~1,9%. I[Ba MAaTEMaTUYCCKU PA3HBIX MOAXO0/Ja K PCIICHUIO 3TOH MHOFOHapaMeTqueCKOﬁ
3aa4M OaJIM TaKUC PC3yJIbTaThbl:

b, =—(1,33£0,28+0,57)-107 dm,
b, =—(2,15+0,49)-10" dm,

XOTSI U MQJIOM TOYHOCTH, HO 3HAYaIllKE.
[IpenBapuTenbHBII pe3yabTaT €le He 3aKOHYEHHOTO aHaIn3a JaHHbIX 0 Kr TakoB:

b, =—(1,35+0,03)-10" dm,

4TO YKC BBIXOOWUT HA YPOBCHB JIYUIIHUX IO TOYHOCTHU SKCIICPUMCHTAJIbHBIX PC3YJIbTATOB.
C HEJIBbHO CYHIECCTBCHHO YJIYYHIUTh TOUYHOCTH MU3BJICKACMOI'0 3HAYCHUA bne p33pa6aTBIB8.J'IC$[

HOBBII 3KCIIEPUMEHT JIs TOM e yCTaHOBKM B I'peHo0sie, Te moayyaluch y>Ke JaHHbIE 10 Ar
Kr. Cytp skcniepumenTa 3akirodaercss B mpoBeneHun usmepenuil ¢ Ar, Kr u Xe nmoouepenHo c
TAKHMH K€ U3MEPEHUSIMU C °Ar B KauecTBe «HOPMHMPOBOYHBIX).

[Tponomxkanack paboTa 1o U3TOTOBJICHUIO YCTAaHOBKHU AJISI U3MEPEHUs b, IIyTeM pacCestHus

MeIJICHHBIX HelTpoHOB Tazamu Ar, Kr u Xe Huskoro naeienust (~1 arMm.) ¢ HUCIOIb30BAHHEM
METOJla BPEMEHHU IIpoJieTa Ha HEUTPOHHBIX McTouHMKax B TI.Tpomnke u Ha MPEH-1. Ocranocs
U3TOTOBUTH TOJBKO MOBOPOTHO-IOCTUPOBOYHOE YCTPOUCTBO.

1.5.2 Dxcnepumenm no npamomy uzmepenulo ce4enus pacceanus HelmpoHa Ha HellmpoHe

[TponomxkaroTcst paboThl MO MOATOTOBKE 3KCIEPUMEHTA MO MPSMOMY HM3MEPEHHUIO CEUECHUS
paccesHusi HeiTpoHa Ha HellTpoHne Ha peaktope AI'YAP (POAL-BHUNUTO®, r.Caexunck). s
MIPOBEPKU MPABUILHOCTH PACYETOB M BHIOOpPA ONTHUMAIBHOIO BapHaHTa 3aIIMTHI O] PEAKTOPOM B
2004-oM romy OBIJIO BBIITOJHEHO TECTOBOE M3MEPEHHUE.

B 2005-om romy ObUTM MpoBeneHb U3MEPEHHs] HAa HEUTPOHHOUW ycTraHOBke Dusmko-
Ounepreruueckoro Wuctutyra (OOHMHCK) A8 HEUTPOHHBIX JETEKTOPOB, HCIOJB30BAaHHBIX B
TecToBbIX M3MepeHusix Ha SI'Y APe. IIpoBenennble kanuOpOBKU MMO3BOJIMIM CPAaBHUTH PE3yJIbTaThl



n3MepeHuit (GoHOB ¢ pacu€éramu. M3MmepeHHs TNPOBOAMIOCH B TPEX pasHBIX T'€OMETPHIX
KOJIJTMMALIMOHHOM cuctembl. Hanbonpmmii naTepec npeacrasiser uaMepenue ¢ reomerpueit Ne3. B
3TOM ciy4yae (oH OBICTPHIX HEWTPOHOB Ha JTHE MIAXTHI JOJDKEH OBITh ONMM30K K (OHY B ciydae
nojHoMacIiTabHo yctaHoBkU. Ha pue. 5 mpuBeneHsl pe3ynbTaThl pacuyéToB U M3MEPEHUH JUis
JAHHOTO CIIydYasl.
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Kak BugHO U3 pucC. 5 pe3ynbraThl pacy€ToB rpymniibl 3 CHeXXHHCKA HA MIyOHHAX Oolee 2 M
MOJIHOCTBIO COBMAJAIOT C pe3yJIbTaTaMu M3MEPEHHH (OTKJIOHEHHE Ha MajblX ITyOMHAX CBSI3aHO C
TOYHOCTHIO OMMCAHUS TEOMETPUH 3aAIUTHI HA YPOBHE T0J1A).

TakuM 00pa3oM, TECTOBbIE H3MEPEHHS MOKA3bIBAIOT BBICOKYIO CTEMEHb JOCTOBEPHOCTH
MPOBOANMBIX pacuéToB. Pacdyérel (oHOB B MOMHOW T€OMETpUM JKCHEPUMEHTA IMOKa3ald, YTO
BbIOpaHHAsi TEOMETPHS YCTAHOBKH (PHUC. 6) MO3BOJIUT MPOBECTH U3MEPEHUSI CEUEHUS NN-PACCESHUS
0e3 TOMUHHUPYIOIIeH ponu GoHa.

Ha 3manum peaktopa SAI'YAP (r.CHexWHCK) yCTaHOBJICHA 3aiHsas TpoiéTHas Oasza
HKCIEPUMEHTAIbHOIN YCTaHOBKH (pHC. 7).

Co3nman pabounii MPOEKT TMOJHOW SKCIEPUMEHTAIBHOW YCTAaHOBKH. B 11€Xe OIMBITHOTO
JKCIIepUMeHTanbHoro mpousBoAcTBa JIH® BemyTcst paGoThl MO HM3TOTOBJICHHIO HIDKHEH YacTH
ycTaHoBKH. [IpoBoauTCs TECTHpPOBaHNE BaKyyMHOI'0 000pYJOBaHUS

B 2006 romy mmaHupyeTcsl 3aKOHYUTh HW3TOTOBJICHHE SKCIIEPUMEHTAIbHOW YCTaHOBKH,
nmpoBecTd €€ MOHTaX U Hamaaky Ha peaktope SAIYAP (r. CHeXHWHCK), OCYIIECTBHUTH
KaTMOPOBOYHBIC U3MEPEHUS - PACCESTHHE HEHTPOHOB Ha MHEPTHBIX ra3ax.
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1.6 Du3uka ynempaxon00HvIX HEMPOHO8, HEUMPOHHAA ONMUKA

1.6.1 H3yuenue e3aumooeiicmeus Xon00HbIX U 04€Hb X0JI00HbIMU HEUIMPOHOE C
HanoCmMpyKmypamu

JlanHoe wmccienoBaHue OBLUIO WHHUIIMMPOBAHO PAOOTOM, B KOTOPOM BBICKA3bIBAjach HCS
CO3/IaHUS YCTPOUCTBA JJISl TEPMOJU3AIMU XOJIOIHBIX HEUTPOHOB B 00JIACTh YIBTPaXONOAHbIX. Jliist
ATOM IENM TpeIarajoch MCIOJIb30BaTh CIA00CBSI3aHHBIC HAHOYACTHIBI B CBEPXTEKYYEM TEIHU.
[lepBpIM mIaroM K 3KCIEPUMEHTAILHOMY W3YYEHHIO BO3MOXKHOCTH pEaTu3alliu IMOJA00HOTO
HWCTOYHUKOM JOJDKHO OBIJIO CTaTh H3MEPECHHE CEUCHHsI PACCESTHUS HEUTPOHOB (HAHMOOJBIIYIO
MH(OPMALIUIO COACPKUT MBAXKABI AU PepeHIInaIbHOe CeUeHUE PACCesHUsl) C HAHOCTPYKTYPHBIMU
00BEKTaMH.

Jlis  uccnemoBaHusT B3aMMOJICHCTBUS HEHUTPOHOB C  HAHOCTPYKTypaMHU U U3YUYCHHS
BO3MOXHOCTH 3(PPEKTUBHOTO OXJIAXKICHUS OYEHBb XOJIOJHBIX M XOJIOJHBIX HEHTPOHOB B 00JacTh
yIBTPaxXOJIOAHBIX OBUIO pa3pabOoTaHO M M3TOTOBJICHO JKCIEPUMEHTAIbHOE O000pyIOBaHUE:
resmeBsid kpuoctaT (u3rotosieH B UGTT PAH, UepHoronoBka), cenekTop CKOPOCTE HEUTPOHOB



(mnst paboTel co ckopocTsimu 30180 m/c), 2m-IETEKTOp XOJOMHBIX HEUTPOHOB (M3TOTOBJICHHI B
JIH® OUSIU, yOHa).

Ha puc. 8 mpencraBnen BHeWIHUN BuA 27-IE€TEKTOpa OKpYyXKarolero obpasei, a Ha puc. 9
BHEIIHUI BU/JI T'CIIMCBOI'O KpHUoCTaTa.




Wsmepennss mpoBoamnuch Ha myukax PFlb u PF2 Bwicokomorounoro peakropa WJLJI
(I'peno6ub). M3mepsinach BEpOSTHOCTb paccesHUS HEUTPOHOB co ckopocTsimu oT 30 m/c a0
1000 m/c B 3aBUCUMOCTH OT yIJla paccesiHus Ha CTPYKType ci1adocBsa3aHHbIX HaHodacTHil D,O u Da,
HaXOJALIMXCS B CBEPXTEKyueM TIeluM («Keam») UM Ha oO0pas3liax HaHOAJIMa3HBIX IOPOLIKOB.
N3mepennsi ¢ oOpasaMu «KelW» MOKa3bIBAIOT, YTO BEPOSTHOCTh PACCESIHUS HEHUTPOHOB Ha
o0pa3iax J0CTaTOYHO BEJUKA M €CJIM MPOLECChl Nepeayd SHEPriuu OT HEMTpoHa K 00pasily UIyT
JIOCTaTOYHO MHTEHCHUBHO, TO (OKEJIb» MOXKHO HCIIOJIb30BATh JUJISl OXJIAKJIEHHUS OYEHb XOJIOJHBIX U
XOJOAHBIX HEHUTPOHOB B 00JACTh YNbTPaxXoJOAHBIX. [lOMyyeHHOro H3KCIEPUMEHTAIBHOTO
MaTepualia JOCTaTOYHO JJsi TPOBEPKH MPABHIBHOCTH Teopun JUQGQPy3un HEHTPOHOB B
MEJKOJMCIIEPCHOM M HAHOJUCIEPCHOM cpene. Pe3ynpTarbl Takke IOKa3bIBAIOT, UTO
HAHOJIMCIIEPCHBIE MaTepuaibl, TAKHUE KaK HAHOAJIMa3HbIM IOPOIIOK, MOTYT HCIIOJIb30BAThCS Kak
3¢ deKTUBHBIE OTPAXKATEIN XOJOJHBIX U OYEHb XOJOJHBIX HEHTPOHOB IPU CO3/IaHUH HCTOYHHMKOB
TaKUX HEUTPOHAX U MPHU PEUICHUH JPYTUX IKCIEPUMEHTANbHbBIX 3a/1a4.

Ha pwuec. 10 npencraBieHbl TUNMHYHBIE ASKCHEPUMEHTAIBHBIE 3aBUCUMOCTH CUETa CEKUIMM 27-
JIETEKTOpa MPH Pa3IMYHBIX SHEPIUIX HEUTPOHOB U JUISl pa3IMYHbIX 00pa3IoB.
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1.6.2 Onmuka y1ompaxoio00HbIX HEUIMPOHOE

BhInoTHEH HOBBIM AKCIIEPUMEHT MO HAOMIOIECHUI0 M3MEHEHHUS JHEPrUM HEUTpOHA MpH
MPOXOXKJACHUN 4epe3 yckopeHHoe BemiectBo. CymectBoBanue d3(dexra crmeayer U3
CIPaBETMBOCTH TMPHUHIIMIA SKBUBAJICHTHOCTH U JETAIBHBIX HEHTPOHHO-ONTHYECKUX pPaCUYETOB.
O6paboTka pe3yJbTaTOB €Ile HE 3aKOHYECHA, OJJHAKO MOXXHO C YBEPEHHOCTBIO YTBEPXKIATh, UTO




yKka3aHHbIH 3 ekt BrepBbie HAOMOAEH B OMbITe. UYTOOB MPOMUTIOCTPHPOBATH BCIO CIIOKHOCTH
JKCIIEPUMEHTa MOKHO yKa3aTbh, YTO U3MEHEHHE YHEPTHH HEHUTPOHA, 3apETUCTPUPOBAHHOE B OIIBITE
cocTapnso BenuunHy nopsaka 2x107'° 3B, ITpu 3toM 06paselr — KpeMHHeBas IIACTUHA, JBUrAJICs
CO 3HaKOIIEPEMEHHBIM YCKOPEHHEM, TOCTUTraBIIeM BeauuuHbl 7.5g. COOTBETCTBYIOlIEE N3MEHEHNE
SHEPTMM  HEUTpOHA  PETUCTPUPOBAIOCH  TPABUTAILMOHHBIM  criekTpomMerpom YXH ¢
nHTEepEePEHITMOHHBIMY (PUIBTPAMH B (pa3ze ¢ IBMKEHHUEM 00pasIia.

[ToctaBneH HOBBI OKCIEPUMEHT IO TMPOBEPKE CIPABEATUBOCTH 3aKkoHa 1/v  mpu
B3auMozeicTBun Y XH ¢ o0pa3inoM ecTeCTBEHHOTO TaJlouHUs (CEYCHUE PaJMaIlMOHHOTO 3aXBaTa
nopsaka 25 M6aps). B my6mukaruu 2003 rona coo0mianoch, 4To B COOTBETCTBUU C MOTyYEHHBIMH
pe3ynbTaTaMu 3aKOH 1/v BBINONHSETCS B 3TOM ClIy4ae ¢ TOUHOCTBIO HE Xyxke 6% Mpu U3MEeHEeHUH
CKOpOCTH HEHTpoHa B auanas3oHe 4-120m/cex. B HOBOM s3kcrniepuMeHTe 3akoH 1/v ObUT poBEpeH ¢
TOYHOCTHIO Topsiaka 0.1% HO 171 MHTEpBaIa U3MEHEHUS CKOPOCTEH oT 4 10 35M/Cexk.

1.6.3 Hccneoosanun manozo nazpesa u 2enepayuu YXH

N3mepeHsl nosHble M UG GEpeHINAIbHbIE CEUCHHS OY€Hb MEUICHHBIX HEHUTPOHOB IS
xunkux (mroopononumepos mpu 80-300 K ¢ menpio u3yuyeHus HpeAesbHBIX BO3MOXKHOCTEH B
xpanennn YXH (axcn. MJIJT 3-14-185). HeoOxonumbl (M TUTAHHPYIOTCS) U3MEPEHUS TIpH Oosee
HU3KHUX TEMIEPATypax 3TUX U JPYTHX NEPCHEKTUBHBIX MOKPBITUH 1715 XpaHeHus Y XH.

[TpoBenen skcnepument (MJIJI 3-14-192) mo uccnenoanuto "manmoro Harpea" YXH mpu
OTpaXEHUM OT TBEpAOM mnoBepxHocTH. OOHapyxkeH 3HauuTeNnbHBIH 3(dekT HarpeBa B MKIB-
obmyacTe sHepruid. ['0TOBUTCS MPOAOIHKEHUE 3THX PadOT.

[TpoBenen sxcniepument (coBmecTHO ¢ MuctutyTom Ilaynsa [lepepa u NJIJI) no npsmomy
mmepeHuto reHepanun Y XH B ra3000pa3HbIX, XKUIKUX M TBEPIBIX ICHTEPHH, KHUCIOPOIE H
neiirepomerane B quanasoHe temmeparyp 8-100 K. Pesynbprarel 00pabaThiBalOTCsS U CPAaBHUBAIOTCS
C pacueTaMy, TOYHBIMH U B HEKOT€PEHTHOM NpuOImkeHun. [lnanupyroTcst n3MepeHus mIoTHOCTU
COCTOSIHMI Ha CIIEKTPOMETPE HEYIPYTOr'0 PaCcCEsHUS.

IIpoBeneHbl TeCTOBBIE PabOTHI MO 3allyCKy HMCTOYHUKA A reHepauuu Y XH B XoiogHOM
TBEPJO-ACUTEpUEBOM 3aMeauTene Ha uMiysibcHoM peakrope "TRIGA"(YHuBepcuter r. MaiiHn).
PaboTs! OyayT MpoaOIKEHBI.

2. TeoperuuecKkue MCCIeT0BAHUS

PazpaGotan MeTOJl aHaJIUTUYECKOTO ONMCAHUS OTPaKEHUS HEHUTPOHOB OT Cpel ¢
Pa3MBITBIMU TPAHHULIAMM pa3jieia C LEIbI0 M3YYEHUs IIPOHMKHOBEHUs U 3aTyXaHHUs MAarHUTHOIO
I0JIs1 BHYTPH BBICOKOTEMIIEPATYPHBIX CBEPXIPOBOAHUKOB. C MOMOIIBIO 3TOr0 MeTo/1a 00paboTaHbl
JKCIIEPUMEHTAIIBHBIE JAHHBIE 10 U3MEPEHUIO KPUBOM OTPaKEHUs KOHKPETHOM MHOTOCIIOMHOMN
CHUCTEMBI, U ITOKa3aHO YTO IO CPABHEHMIO CO CTAHJAPTHOM YMCIICHHOM IOATOHKOW aHAJIMTHYECKas
IIOJTOHKA OKa3bIBaeTCs B 7 pa3 ObICTpEeE.

TeopeTnuecku 1 3KCIEPUMEHTAIBHO UCCIE0BAHO OTPAXKEHUE TOJIIPU30BAHHBIX HEUTPOHOB
OT HAMarHWM4YeHHOTO 3€pKaja C BbBICOKOM KOAPLUUTUBHOM CHIION B cllaboM BHEUIHEM IOJE,
HallpaBJIEHUE KOTOPOrO0 BapbUPYETCs 110 OTHOLIEHUIO K HAMarHMYEHHOCTH 3epkana. [lokazano, 4to
IPAaHUYHBIE SHEPTUH 3epKaja ONPEAEIA0TC KBAHTOBBIMU IIPABUIIAMU U HE 3aBUCAT OT yIJIa MEXKIY
BHEIIHUM M BHYTPEHHMM INIOJSIMM. PaccuuTaHbl TIpaHUYHBICE DSHEPIUM Ui MHOTOCIIOMHBIX
MarHUTHBIX CUCTEM, B KOTOPBIX HAMAarHMYEHHOCTU COCEIHMX CJIOEB HAIIPaBJIEHBI IO 3aJaHHBIM
YIJIOM APYT K JApYyTY, U HallieHa 3aBUCUMOCTb IPAHUYHBIX SJHEPTUH OT 3TOTO yIia.

Pazpabotan HOBBII METOM IS pacueTa aab0eqHOTO OTPAKEHHUSI HEUTPOHOB OT OJHOPOIHBIX
U JMCIIEPCHBIX CPell, KOTOPBIA UMeeT OoJiee HIMPOKYI0 00JacTh MPUMEHUMOCTH, YEM CTaHIAapTHBIN



mudy3nonnsii  meron. C  MOMOIIBIO  3TOrO  MeTona  uccieaoBaHa  3(PQeKTHBHOCTD
YIABTPAAUCIIEPCHBIX OTPaXKaTeIel B XOJIOJHBIX 3aMEUTUTEIISAX HEHTPOHOB.

B Teuenue 2005 roma mpoaoOIDKUIOCH HCCIEIOBAHHWE DPATUAIIMOHHBIX TOIMPaBOK K OeTa-
pacnagy HeWTpoHa. B 4acTHOCTH, OBUTO BBIICHEHO, YTO NMPHUMEHCHHE alreOpbl TOKOB HE MOXET
o0ecreynTh KOPPEKTHOE BBIUYMCICHHUE pAJUAllMOHHBIX TMOMPAaBOK, M MX pacyeT JO0JDKEH
MIPOBOJIUTHCS COTJlacHO coBpeMeHHol CranmaptHod Mognenu. B ciepyromem romy npesaraercs
MPOJOJKUTh MCCIIEOBAHUE DJIEKTPO-Cliadbix TmpoueccoB B pamkax CM, wumMes B Bumy
MOCJIETIOBATEIBHBIN YUET CTPYKTYPHBI aIpOHA.

3. IlpuknaaHble uccjieI0BaAHUA
3.1 Paspabomka HeuimpoHHbIX 0emeKmopoe8 011 KOCMUUECKUX Annapamoes

B xomnabopauuu ¢ MucTuTyTOM KOCMHUueckux uccinenoBanuit PAH rpynmoii B coctaBe
corpyanukoB JIH® u JIPH Oputa monroroBinena mMeroauka kanuOpoBku aerekropa LEND (Lunar
Exploration Detector), mpeaHasHau€HHOro A HM3MEpPEHHs] IMOTOKOB HEWTPOHOB OT JyHHOMU
MIOBEPXHOCTU C BBICOKMM IPOCTPAHCTBEHHBIM pa3pellieHueM Ha OOpTy KOCMMUYECKOIO armapara
LRO (Lunar Reconnaissance Orbiter), 3amyck kotoporo HameueH Ha 2008 rox. B JIH®
W3rOTOBJIEHBl MakKeThl MOJUATWIECHOBBIX KoJuiuMartopoB, B JIPb mpoBeneHel pacuersl
YyBCTBUTEIBHOCTH J1abopatopHoro makera npubdopa. [IpoBeneHsl KaauOpoBKH J1aOOpPaTOPHOIO
MakeTa nmpudopa.

3.2 Hccnedosanue 31eMeHmMHBIX COCABO8 PA3TUYHBIX euyecme Ha yckopumene I1-5

OKCHepUMEHTAJIbHbIE  HMCCIEOBAHHUA  Ha  MydKax  3apsHKEHHBIX ~ YacTUIl  OT
3JEKTPOCTaTUUECKOro reHeparopa OI-5 npoBOaMAMC, B TECHOM  COTPYOHUYECTBE C
NpeACTaBUTeNsIMA  Apyrux Jyabdoparopuit OUSM, a Taxke mnpeacTaBUTEISIMUA Pa3TUIHBIX
WHCTUTYTOB CTPaH-y4aCTHHII.

Tak, coBMecTHO ¢ coTpyaHukamu Mucturyta @usnku YHuBepcureta uMeHu Mapuu Kropu-
CxuonoBckoit JI. Monukoii 1 M.KynMKOM BBINOJHEHBI UCCIIEI0BAaHUS OKHUCHBIX CIOEB KpPEMHUS,
MMIUTAHTUPOBAHHBIX NOHAMU T€PMAHMS.

CoBMECTHO C COTpyAHMKaMHu OnekTpoTexHuueckoro Muctutyrta CroBaukoi AkaaeMuu
Hayk B bparucnase [[. Maxaiinukom mTpoIoJpKamuch uccieqoBanusi MerogoM RBS cromcthix
MOJIyIPOBOTHUKOBEIX  cTpykTyp Si/HfO,/Ru, mnoaBepraBmmxcsi OTKUTY TPH  Pa3TUYHBIX
TEMIEPATYPHBIX YCIOBUSAX. BTN BBIMOIHEHBI UCCIENOBaHUS TITyOMHHBIX Hpoduie 3JeMeHTOB
st 34 00pasioB, KaKk B MCXOJHOM COCTOSHUH, TaK U MOCJE OTXKUTa MPU TeMIIepaTypax 800° C,
900° C u 1000° C. B kauectBe mpumepa Ha puc.ll MOKasaHbl SKCIEPHMEHTANbHBIE (TOUKH) H
CUMYJUPOBAHHBIC (TUHUH) CIIEKTPHI AJISl UCXOJHOTO M OTOXIKEHHOTO MPHU TEMIEpaType 1000° C
oOpa3uoB. TonmHa ciost pyTeHHUs B UCXOJHOM COCTOSIHUM COCTaBisia okosio 11 HM, a TonmuHa
cnost okucu rahpHus — 3 HM, NPUUEM MEXKAYy HUMH HaXOIWICS CJIOW CMEIIAHHOTO COCTaBa
TOJIIIMHOM OKOJIO 6HM.
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CosmectHo ¢ E. T'ypanoM u3 Dnektporexumdeckoro MuctutyTta CroBankoi AkaneMuu
Hayk B bpatucnaBe mnpoBOAWINCH WCCIACAOBAHHUS KapOWII-KPEeMHHUEBBIX aMOP(QHBIX CJOEB,
JOTIMPOBAHHBIX A30TOM, C MCIOJb30BAHUEM METOJIUKH «IPOTOHOB OTAAaYW» B COYETAHUU C
Metoaukoi RBS. Beumn ompeneneHsl KOHIIEHTpallUM KPEMHHMsI, BOJOpPOJA, yIiepoaa W a3oTa B
CJIOSIX MUKPOHHOM TOJIIIUHBI.

HccnenoBanust 3JI€MEHTHOTO cOCTaBa ad’po3ojieil B Bo3ayxe r. Ynan-baropa — Obuin
BBITIOJTHEHBI coBMecTHO ¢ III. I'»pOumem ( Mouromus ) u L. AmapraiiBaH Takke C MOMOIIBIO
Meronuk PIXE u RBS. B cocraBe wuccinenoBaHHBIX 00pa3loB OOHAPYXKEHBI CIEIYIOIIHE
mukpornpumecu: F, Na, Mg, Al, S, Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, As, Sr, Zr, Ba.

[IpoBeeH MOHHMTOPWHI 3JIEMEHTHOTO COJCpPXKAHUS YEIIOBEUECKUX 3yOOB ISl KOHTPOJIS
310poBbsl HaceneHus. OOpasipl 3y0oB Obutn nmpoaHanusupoBanbl PIXE u RBS meromamu s 20
TJIABHBIX M trace syeMeHTOB. KoHIeHTpamwms >kene3a, IIMHKA, XpoMa W MeOd B oOpasiax
IPEBBIIAIOT KOHTPOJIbHBIE 3HaueHust nHoraa B 10 pa3. Ctpareruss MOHUTOPHHTA, HCIIONIb3yeMasl B
HACTOSIIEM HCCIEOBaHWHU, ompenenser (akTopsl pucka 3a00yieBaHUN, O0YCIOBICHHBIX
HEKOTOPBIMU BHJAMM 3arpsi3HUTENCH, 0COOCHHO MPOMBIIUICHHBIM 3arpsizHeHueM. OrpeeneHHble
aTMocQepHbIe 3arps3HUTENH, BbIpabaThiBa€Mble MPOMBIIIICHHOCTHIO, UMEIOT BBICOKHH YpPOBEHB
yaepkaHusl B 4enoBeyeckux 3y0Oax. CyliecTBEHHbIE KOPPEISALMHM MEXIy NapaMud KOHLEHTpauun
TSDKETIBIX METAJJIOB B 3y0ax SIBJISIOTCS yKa3aTeNsIMH MCTOYHHKOB 3arps3HEHUS, XapaKTEPHBIX IS
MECTHOM MPOMBIIIIEHHOCTH U PErMOHAJIBHBIX aBTOTPAHCIIOPTHBIX CETEH.

3.3 Pazpabomxka ycmanoeKu 011 00HAPYHCeHUA CKPbIMbIX 3aNPeujéHHbIX 6eUlecme

IIpoBoguInCy NPUKIAIHBIE MCCIIECJOBAHMS, HAIIPABICHHBIE HA CO3JAHHUE YCTAHOBKH IUIA
OOHapy>KEHHsI CKPBITHIX 3alpemEHHBIX BEUIECTB C HCIOJIH30BAHUEM ITYYKOB OBICTPBIX MEUYEHBIX
HEHUTPOHOB. B KauecTBe MCTOYHMKA MEUYEHBIX HEHUTPOHOB CE€HYac MCIOJIB3YETCS IMOPTAaTUBHBIN
HEHTPOHHBIA TEHEPATOpP CO BCTPOSHHBIM KPEMHHEBBIM 9-TH TMHKCEIBHBIM ajb(a-IeTeKTOpOM,



pa3paboTaHHBI COBMECTHO C COTpyAHHKamu Bcepoccuiickoro Hay4HO-HCCIen0BaTenbCKoro
WNuctutyra ABTomMatrku (MockBa). UHTEeHCMBHOCTH HEUTPOHHOTO TOTOKA, co3aaBaemoro MHI-27,
-1
cocrasmsier 2x107 cex™.
OHepreTu4eckoe paspelieHue CIEKTPOMETPUYECKUX KaHaJoB perucTpanuu
XapaKTePUCTHIECKOTO SACPHOTO Y-U3ilyueHus Ha iubun E, = 4,43 MbB, ycpennentoe no scem 9

MydykaMm ‘“‘MeuYeHbIX” HEUTPOHOB, BO3HUKAIOLIEIO NpHU OOJYyUYEHUH HCCIEAYyEeMOro BEIIeCTBa
MIOTOKOM MEYEHBIX HEHUTPOHOB cocTaBisieT 5,5 %.; Ha pmuc.12 mokaszan pe3ysbTaT HU3MEPEHHs
BPEMEHHOTO pas3perieHusi Bcel cuctembl ( ckopocTh 14 M»pB-HOro HEHWTpoHa COCTaBiIsSET
5 cM/HCek.)

' [,=3.27£0.11 ns | /ndf  183.2/125
- PO 2445:83
300 - p1 -6.817 + 0.048
C | p2 1.393 + 0.045
250 p3 110.1+ 3.1
= - p4  -0.3629 0.1751
= 2000 p5 3.853:+0.157
e = p6 2.803 + 0.734
S 150
o =
= =
2 100—
= .
= C
50
O
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Puc. 12. Bpemennoti cnexmp a-y coenadenuii nonyuenHoli npu oobayyenuu obpasya uz C
3 . o

pasmepom 10x10%x10 cm™ nomokom wuetimponog c¢ duepeueu 14,1 M>B.Cnrownas nunus —

pesynvmam umuposanus

BoinmonHeHsl  3KCHEpPUMEHTH MO  WACHTU(DUKAIMK  MeJIaMHHA, 3KpaHHPOBAHHOTO
pa3nMYHBIMKM BemiecTBaMu (Oymara, JpeBecHHa, Koxka, cTanb). MpeHtudukanus MemamuHa
OCYUIECTBIISJIACh C MPUMEHEHUEM METOUKU HEHPOHHBIX CETEH.

4. AHaJMTHYeCKHe ucciae10BaHus Ha peakTope UBP-2
Metoauyeckue padboTbl

CoBmectHO ¢ coTpynHukamu Texnmueckoro VYumBepcutera B IIpare (Yemickas
Pecny6iinka) n3MepeHsl CeKTpbl HEUTpoHOB B KaHanax oOmydenus [ITY PEIATA ¢ nmomomisio
MHOT'O3JIEMEHTHBIX AKTUBALIUOHHBIX JETEKTOPOB.

Jkosorus
buomonumopune

B 2005 roxy B CBsI3M C MPOBEACHUEM OYEPEIHOTO €BPOIEHCKOTO OJHOBPEMEHHOTO cOOopa
MXOB-OMOMOHUTOPOB (MOSs-survey) ObUIM TPOAOKEHBI PabOThl MO H3YYCHHIO aTMOCHEPHBIX
BBITIAJICHUN TSDKETBIX METAJJIOB C NMPUMEHEHHWEeM TEeXHUKH OmomonutopupoBanms, HAA u T'HC



texHonoruit (mpoextr PEI'ATA) na tepputropun Llentpansnoit Poccun (Tymnbckas, Tsepckas,
SpocnaBckas u 10ro-BocTOK MockoBckoi oOnacreit), bonrapuu, Pymbiaun, Cnoakuu, [lonbiy,
CepOun n Makenonun, a takke Apmenun (Cean), Monronnu u BrerHama. AHanu3 oOpasIios,
coOpannbix erom 2005 roga Ha Tepputopuu benopyccun Oyner mposeneH B Hadaine 2006 roxa.
3aBeplleH CPaBHUTENBHBIA aHATN3 Pa3IMYHBIX OMOMOHUTOPOB (JIHMIIANHHUKOB, KOPHI IEPEBbEB) U
NOYBBI U3 paiioHa HedTenepepabdaTsiBatomiero 3aBoaa B Koncranne (Pymbinus). Onpenenena 30Ha
BO3/ICHCTBHS STOTO 3aBOJIa HA OKPYXKAIOIILYIO CPeIy KypOpTHOH 30HBI YEpHOMOPCKOTO MOOEPEKbs
Py™mbIHum.

Bce Gonpimmii mHTEpEC B cTpaHax yyacTHUIAX U HeydacTHUIaXx OVSIU BI3BIBAIOT paboOTHI B
HOBOM JJIsi HAc HAaNpaBJICHUU AKTUBHOIO OMOMOHUTOPHMHIA C HCHOJIb30BAHMEM YHCTBIX MXOB,
ACKINOHUPYEMBIX B MPOMBINUICHHBIX paiioHaX ¢ BBICOKOW aHTPONOTeHHOM Harpyskoi. [lomoOHbie
HCCIIeIOBaHMsI IPOBEJIEHBI B paiioHe ropoioB baita Maps (Pymbinus), Codust (bonrapus), [To3nans
(ITompma) u Adunsr (I'perus).

Oyenka cocmosinus IKocucmem

CoBmectHo ¢ H®UH (byxapect) u byxapecTckuMm VYHUBEPCUTETOM IPOBEICHbI
MOJITOTOBUTEINIbHBIE PA0OTHI K aHATTN3y 00pa3I0B JOHHBIX OTIIOKEHHUN, COOpaHHBIX B AeibTe JlyHas.
AHanu3 BO3IyIIHBIX GUIBTPOB ¢ TeppuTOpuu CIOBaKMM OAHOBPEMEHHO ¢ 00pa3lamMH XBOM COCHBI
U OHMOJIOTWYECKOr0 MaTepHuajia KMBOTHBIX (3yObl KOCYJM) TIO3BOJIMJI JIydlle OIEHHTh CTETEeHb
BO3/ICUCTBUS psifia KPYIHBIX MPOMBIIUICHHBIX 00bEKTOB Cl0BakMM, B YaCTHOCTH, 3aBOja IO
IPOU3BOJCTBY antoMuHus B 3uape (CrioBakusi) Ha SKOCUCTEMbBI IPUIIETAIOIINX TEPPUTOPU.

[Ipu yuactum LlenTpa skonornueckux uccienaoanuii [lonsckoli AkaneMun HayK B paMKax
I'panra II1 ITonpmm ¢ UCnoab30BaHUEM SACPHO-PU3UIESCKUX AHATUTUIECKAX METOJIOB IPOBEICHA
OLIEHKA BPEJHOr0 BO3/AECUCTBHS TOKCUYHBIX 3JIEMEHTOB Ha aKBaJbHYIO OMOTY M YeJOBeKa B palloHe
Masypckux o3ep (ITonbima) u Peibunckoro Bogoxpanwmia (Llenrpansuas Poccust)

1Ipooykmul numanus u 300pogve uenosexka

CoBmectHO ¢ ['eomornueckum nHCTHTYTOM PAH B pamkax KoopauHanmoHHO#N mporpaMMbl
MAT'ATO u TexHuueckoil koomepauuu ¢ MAI'ATD mnpoBeneH CpaBHUTENbHBIA aHAIU3
3JIEMEHTHOTO COCTaBa psijia NMPOIYKTOB MUTAHUS, BBIPAIICHHBIX B YCIOBUSAX IPOMBIIIJICHHOTO
3arps3HeHus. Pe3ynbpTarhl 3TUX paboT 0JI0KEeHBI Ha 3aBepuiaromieM PaGouem coBemiaHuu Mo
Texanuaeckoit koorneparun MAI'ATO B Hosi6pe 2005 rona B [lyOne.

B 2005 roay BBINONHEH aHAJIW3 PYMBIHCKUX AKOJOTHMUECKHMX OOpa3loB (IIOYBa, BOAA U
BO3JyIIHBIE (GUIBTPHI) U OMOCYOCTpaTOB YesloBeKa (BOJIOCHI, HOTTH, 3yObI U Jp.) B paMKax MPOEKTa
«MOHUTOPHUHT HAa pabOYMX MECTAX U 370POBBE MEPCOHANA, 3aHATOrO B MPOU3BOJICTBE (HOCPOPHBIX
yaoOpeHuit Ha psne 3aBoaoB Poccum, Y36ekucrana, Ilompmm u Pymbraunm» (EBpometickas
[Iporpamma 5, Komepuukyc). Pe3ynbTaThl 3THX HCCIEAOBAaHUN TO3BOJIWIN YCTAHOBUTH CBSI3b
MEXJy YpPOBHEM COJAEpkKaHHUS TOKCHUHBIX 3JEMEHTOB B OOBEKTaX OKpYXalollel cpeapl H
O6uocyOcTparax mepcoHana, 3aHATOro B Ipou3BoJcTBe dochopHbIx ynodpenuit B Typuy-Maryperne
(PymbramS).

W3ydyenne comepkaHusi TOKENBIX METAIOB B THIIEBBIX HEHACHIIICHHBIX KHpax,
nposeneHoe B pamkax rpanTta I[III PyMbiHMM, TO3BOJWIO 3KCHEPUMEHTAIBHO YCTAaHOBUTH
KOPPEJSILUIO COACP)KaHUS METANIOB C OKMCIUTEIBHOM CITOCOOHOCTBIO KHPOB.

buorexHoJsioruu

[Iponomkensl coBMecTHBIE paboThI ¢ Tpynmoi onopuznkoB Uucturyra dusuku AH I'pysun
no OuorexHonoruu Oakrepuit Arthrobacter oxidans, BblIENIeMBIX W3 NPUPOAHBIX 0a3zaiabTOB U
WCTIOB3YEMBIX JUISI H3MEHEHHs BaJICHTHOCTH XpoMa (repeBoja TokcuuHoro Cr-VI B HEeTOKCHYHYIO
dopmy Cr-III. 3aBepmena obpabotka pesynpraroB HAA u AAC o0pa3ioB OHOMAacChl CHHE-
3esieHon Bojopociu Spirulina platensis u BeifeneHHoro u3 Hee C-pukormaHuHa, TIPU HArpy3Ke
MUTATENILHOMN cpeibl OMOTEHHBIMHU U TOKCUYHBIMH 3JIEMEHTAMH.



MarepuajioBeeHue
Apxeonozus

[TpoBenen riieMeHTHBIN aHanu3 70 00pa3oB kepaMuk u3 KypraHoB CMOJICHCKOH o0acTu u
CeBepnoro KaBkaza B pamkax coTpyaHuuecTBa ¢ ['ocymapcTBeHHbIM OpmuraxeM. OnpezneieH
JJIEMEHTHBIM cocTaB 65 o00pa3loB KepamMHK © 25 00pa3loB BEHEIMAHCKUX CTEKON JUIS
Ucropuyeckoro mysess B Koncranne (PymbiHusl), B pamMKax COTPYJIHHYECTBA C YHHBEPCUTETOM
Osunus B Koucraniie.

Hogvie mamepuanv

B pamkax rpanta IIII Benopyccuu 3aBeplieH aHaiu3 JaHHBIX 0 H3YUYEHHMIO BIIMSHUS
HEHTPOHOB CHEKTpa JeJeHHs Ha (U3NYECKHE CBOMCTBA MEJIKOKPUCTAUTMYECKUX —aliMa3oB,
noiydeHHbIX B WHcTuTyTe (Qu3uku TBepaoro Tena M mnonynpoBonHukoB HAH benopyccun
(MuHCK).



2. NEUTRON SOURCES

2.1. THE IBR-2 PULSED REACTOR

In the year 2005 the IBR-2 reactor operated 2091 hours for physical experiments (see Table 1).

Table 1
The operation parameters of the IBR-2 reactor in 2005
Cycle Ne 1 2 3 4 5 6 7 8
Time of evel 17.01- | 14.02- | 14.03- | 11.04- | 16.05- | 17.10- | 14.11- | 05.12- || TOTAL:
tme of cycle 28.01 | 26.02 | 25.03 | 22.04 | 28.05 | 28.10 | 25.11 | 16.12
. Operation for physical 266 | 258 | 266 | 255 | 274 | 267 | 243 | 262 | 2091
experiment, hr
2. Operation of MR-3, hr 274 296 275 270 299 274 273 273 2234
3. Generated power, MW hr 401 393 401 387 414 402 369 396 3163
4. Number of emergency
0 3 0 2 1 1 2 1 1
shutdowns (AES) 0
5.Due to:
5.1. Voltage drops 2 1 1 1 2 1 8
5.2. Instrumental malfunction
. 1 1 2
or failure
5.3. Electronic equipment
failure

5.4. Personnel error

Main results of the IBR-2 modernization in 2005:

1) New fuel charge.

- Works to create a working site for assembling fuel elements into a fuel rod array were
completed. The working site was approved to be put into service by a commission of
representatives of JINR, GSPI, VNIINM, NIKIET.

- At present, the procedure of obtaining license for assembling fuel elements is under
way.




2) Main equipment of the IBR-2M reactor.

In NIKIET the manufacturing of a new reactor jacket continued.

The manufacturing of an intra-jacket fuel-handling machine was completed.

3) In JINR EW the haulage equipment to place moderators for the IBR-2M reactor and shielding
technological plugs were manufactured.

4) CSS of IBR-2M.

In NIKIET the development of the design documentation of the AES actuating
mechanism was completed.

Prototypes of actuating mechanisms for an automatic controller and CR were
manufactured in JINR EW.

In SNITP-SYSTEMATOM the development of ACSS was completed, the manufacturing of
a prototype is under way.

Works to create a system to control technological parameters were started (INEUM).

5) Moderator complex for IBR-2M.

Prototype works to transport balls made from CoH;, continued.

In NIKIET a preliminary design of the IBR-2M moderator complex was started.
In GSPI development of an engineering design of moderators was started.

In Geliimash the manufacturing of CHF-700/15 continued.

The financial provision of works on the IBR-2 modernization in 2005 is presented in Table 2.



State of financing of the IBR-2 modernization in 2005 (k$) as of 30.12.2005

A A o

Moderator complex for the IBR-2M reactor

Construction of an ACSS prototype.

Assembling of fuel elements into a fuel rod array.

Completion of manufacturing of the reactor jacket.

Development of an engineering design of the moderator complex.

1995-2004 2005

Plan 2190 650

JINR Fact 1791 540
% 81,7 83

Plan 1970 400

Rosatom Fact 1746 400
% 88,6 100

Plan 4160 1050

Total: Fact 3537 940
% 85 90

Plans for 2006

Continuation of works on rolling shieldings and stationary reflectors of IBR-2M.
Completion of works to manufacture CHF-700/15 in «Geliimashy.

Completion of development of a preliminary design of the moderator complex.

Table 2

Neutron-physical calculations and optimization of material and geometry of cold
moderators. In the course of 2005 the work to optimize the position of cryogenic moderators at the
IBR-2M reactor was carried out, and their combination with the configuration of moderators for
thermal neutrons was also carried out. As a result, the problem to meet requirements of researchers
on the extracted beams on neutron spectra was solved. For some channels the presence of more cold
neutrons in the spectrum is required, for the second ones — of thermal ones and for the third ones —

of mixed ones.

Thus, neutron spectra for channels 1, 2, 4-6, 8 and 9 will include more cold neutrons (Fig.1).
Fig.1 and others illustrate the data of neutron flux density from one neutron generated in the reactor

at the distance of 4.5 m from the moderator.
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Fig. 1. Differential neutron spectra for research beam Ne5 normalized to one neutron of the source.
Squares — the result of using mesitylene cryogenic moderator in the best configuration without
beryllium, circles — the result of using room temperature water instead of cold moderator.

Distribution of neutron flux density on the surface of cryogenic moderator of the direction
of channels 4-6 is presented in Fig. 2 (a, b).
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Research channels 7 and 10 will have a mixed neutron spectrum (Fig.3).

1E6 5

Q _0—0—b—
O O—Q—
2 1E-7 A /'/Qio\o\
& BT ok o e\
@ b M " A A
£ ] /0/2 w’ N Is
A - N

£ - A \
S A " N \
“ 1E8 - A
= E s \u
0 3 e A o
< ./. a \;\.
® e N o
> A ~o
 1E-94 -
2; E \A\
o
S KA

1E-10 — — —

1E-3 0.01 0.1 1

Energy, eV

Fig. 3. Differential neutron spectra for channel 7 normalized to one neutron of the source. (Squares
— pre-moderator only, circles — optimal configuration of moderators (cold one+comb-like thermal
one), triangles — spectrum obtained only from the cold part taking into account a partial shading of
the water moderator comb)

For research channel Nel1 additional optimization of the thermal moderator was carried out.
The thermal moderator will be arranged orthogonally to the given channel, that will increase the
integral density of thermal neutron flux ~ by a factor of 3 (Fig. 4).
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Fig. 4. Differential neutron spectra for channel 11. (Squares — pre-moderator only, circles —
presence of the optimal moderator configuration)

The method of calculating neutron spectrum was validated by comparison with the
experimental data obtained on the JESSICA facility (Juelich, Germany).

New result, which has never been obtained before, is that a post-moderator in the form of a
«frame» (water reflector around a plain moderator with the size of surface 18x18 cm) gains by a
factor of 2 in the surface-average density of vector flux of the neutron escape, i.e. the same gain as
the famous comb-like moderator gives (distribution of neutrons along the surface see in Fig. 2).
Earlier it was considered that such configuration of moderator is effective only for a small surface
on the order of 5xX5 cm. Moreover, simultaneous use of the comb-like moderator and the «frame»

increases the gain up to 2.4.



Ball cold moderator. In 2005 the design principle of a cold moderator was proposed and
developed, based on the usage of balls of frozen mixture of mesitylene and m-xylene providing for
the maximum possible cold neutron flux (at a level of the solid methane moderator being designed
for the second target of the ISIS source) on IBR-2M at long-term continuous operation.

The ball cold moderator is able to operate at the temperature of 20 K-30 K without reloading of
the working substance no less than three-five days in the fast neutron flux up to 2 10" n/cm?s.
Solid balls of mixture of mesitylene and pseudocumene or m-xylene are periodically replaced in the
moderator chamber by means of their defrosting and sink of the waste substance as a liquid. Such
mixture in the frozen state has an amorphous structure, which is important in many respects — both
for an increase of the cold neutron yield and for obtaining of regular homogenous balls. The
moderator chamber has the form of a parallelepiped with the walls of the aluminum alloy; sizes of
the chamber — 20 cm high, 4 cm thick and its width is from 15 to 20 cm (for different moderators).
The chamber is surrounded by an aluminum casing to create vacuum heat insulation. The tube of
cold helium supply and the tube of ball supply come from above to the chamber. Bottom of the
chamber is made in the form of a net with the size of cells smaller than the size of balls (5 mm). The
tube of cold helium removal and the tube of sink of waste liquid mesitylene go off from below the
chamber.

At the beginning of work the cooled chamber is filled with balls, which are delivered by the
cold helium flow with the temperature of 30-80 K (the most suitable temperature will be chosen
after completing the investigations of ball transportation). The balls are cooled by this helium with
the input temperature 20-22 K in the process of normal operation. After a lapse of time when the
mesitylene burnout starts influencing the cold neutron yield (approximately 3-5 days; this time will
be determined in the course of physical start-up of the moderator), the helium flow is interrupted,
mesitylene is melted by nuclear heat and is poured out into a vessel for a subsequent utilization. The
chamber and the whole cooling path are cleared from the mesitylene remainder by a flow of thermal
helium and the operation cycle is repeated. A possible schematic diagram of cooling and circulation
of balls is given in Fig.5.
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Fig.5. Diagram of ball supply and cooling of cold moderator. 1 — moderator chamber, 2 — channel
of pneumatic loading of balls, 3 — lock of ball supply, 4 — device of ball generation, 5 — helium heat
exchanger, 6 — helium coolant circulator, 7 — cold helium tubing of the secondary coolant circuit, 8
— collecting vessel for liquid mesitylene, 9 — cold helium tubing of the primary coolant circuit.



Operating life of such ball moderator will be practically unlimited in contrast to the
traditional block solid methane moderator; for example, at the ISIS source in the Rutherford
Laboratory a methane moderator is replaced completely twice a year.

Data processing of irradiation experiments of solid mesitylene in a cylindrical steel casing
using the COSMOS-M program package made it possible to determine the range of internal stresses
in solid mesitylene. It was obtained that the internal pressure in mesitylene 70-75 bar corresponds to
the observed pressure 10 bar on the cylindrical steel casing after irradiating by the dose of 10.8
MGy at the temperature of 130 K when the accumulated radiolytic hydrogen starts to yield.
Hydrogen yields when ruptures of a material occur, i.e. stresses exceed the tensile strength of a
material. Hence, the tensile strength of solid irradiated mesitylene at 130 K is 70-75 bar. Conversion
for the irradiation conditions on the future reactor IBR-2M gives value of the internal pressure 62-
67 bar/day at 33 K in mesitylene. The strength of molecular crystals is considerably higher at low
temperatures. Therefore, there are reasons, according to the data on non-irradiated molecular
crystals, to suppose that at 33 K the tensile strength of solid irradiated mesitylene will be no less
than 270-300 bar. In that case it will be exceeded only after the irradiation for 4-5 days for the balls
in the zone of the largest neutron flow and after 7-8 days — for the moderator-average flow.

Replacement of balls in the moderator chamber will have to be done no more than two
times during a two-week operation cycle of the reactor. The reason for the ball replacement most
likely will be the measure of degradation of cold neutron flux due to the mesitylene burnout.

Schematic diagram of helium cooling of the cold moderator is given in Fig. 6.
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Fig. 6. Diagram of helium cooling of the cold moderator



Cooling of the moderator is double-circuit. Helium circulates by means of a special coolant
circulator BNHeP-25 of the firm Barber-Nicols with the productivity up to 100 nm”/hr along the
primary coolant circuit where the chamber is located. Each of the moderators has its own coolant
circuit with a coolant circulator and a path of ball supply. The cooling helium facility is a source of
the cold in the secondary coolant circuit. Since it is planned to install three cold moderators on the
IBR-2M, there will be three primary coolant circuits and two secondary ones, respectively, with
cooling helium facilities CHF-500 and CHF-700 with the cold productivity 500 and 700 Wt,
respectively, at the temperature of 15 K. Each cooling helium facility gives the cold into primary
coolant circuits through its own heat exchanger. Helium heating includes the following
components:

e Nuclear heat in the moderator
e Heating in coolant circulators
e Heat penetration into tubes, heat exchangers and rectifiers.
Nuclear heat in mesitylene balls and in aluminum of the chamber is calculated using the MCNP-
4 program and equals to 0.15 Wt/cm® in mesitylene and 0.05 Wt/g in aluminum. It will constitute
150-170 Wt for the dimensions of the moderator 15x20x4 cm.

Heating of helium in coolant circulators, in accordance with the equation of adiabatic
process at the change of pressure for 10%, will be on the order of 1 degree, which is equivalent to
the thermal power of about 60 Wt.

Heat penetration into tubes depends on their performance, let us assume quite a real value —

1.0 Wt/m. Summing up heat generation along the whole cooling path of moderator of the right and
left direction (on the 2-nd and 8-th neutron beams), we will obtain 530-570 Wt, including the
nuclear heat.
Summing up heat generation along the whole cooling path of moderator of the central direction (on
the 4-th — 6-th neutron beams), we will obtain about 300 Wt. Thus, for both loops heat generation is
smaller than the designed cold productivity of cooling helium facilities. For the direction of the 4-6
beams installation of a post-moderator made of cold beryllium is possible; in this case heat power
increases for ~ 100 Wt and will be ~ 400 Wt. The minimal calculated temperature of mesitylene on
the ball surface (on the helium inlet to the chamber) equals to Ty (0)+5.5 K; the maximal
temperature of mesitylene (on the outlet of the chamber) - T, (0)+10.5 K. Based on the condition
not to exceed the critical temperature of hydrogen 33 K, we obtain the upper limit of helium
temperature on the inlet of the moderator chamber 22 K.

Ball transportation and test-bench for development of the transportation. As was
mentioned above, the supply of mesitylene balls will be performed pneumatically — by a cold
helium flow. Characteristics of the supply path are determined by the following conditions:

e The ball speed should not exceed the top speed, at which they may break down at a blow
with the wall of a transport tube or chamber (assessed value — 4 m/s, determined by
throwing cold balls from certain height on the metallic surface).

e Time of the chamber filling should not exceed 0.5 — 1 hour;

e Stopping up of balls in the transport tube should be eliminated.

The last condition is fulfilled if the tube diameter exceeds 2.2 of the ball diameter. This is due to
geometrical reasons: any spatial placement of balls in this case will be unstable. The tube diameter
will be 16 mm at the ball diameter 7 mm (maximum allowable diameter due to heat extraction
reasons).

At the maximal length of the path 25 meters, ball diameter 7 mm, volume of the moderator
chamber 1.2 litre and the total number of balls N = 3000 let us take on the average value of ball
speed to be equal to 2 m/s. Then at the time of filling 1 h the number of balls located simultaneously
in the tube should be no less than 10, and at the time of filling 0.5 h — 20. These figures seem
reasonable — at the distance between balls 1-2 meters the mode of gas flow is not disturbed, since
this distance is on the order of 100 diameters of the tube, which is quite enough to restore stable
mode. All the balls will behave as if there is one ball in the path. This makes it possible to simplify
the experiments of ball transportation on the test-bench. The experiments have shown that
simultaneous motion of 10 balls does not change distinctly their speed.



Fig. 7. Diagram of the test-bench for experiments of ball transportation. Notation: 1 — compressed-
gas cylinder, 2 — reducer, 3 — throttle flap, 4 — flowmeter, 5 — lock of ball loading, 6 — straight
transport tube about 5 m of length, 7 — curved part of tube (up to 1 m of height), 8 — track of a ball
after escape from the tube, 9 — digital camera in the video mode and illuminating.

Comparison of the calculated coefficient of resistance and the experimental one. The
comparison was carried out on the basis of the experiments to retain balls in an inclined tube (45°)
by a nitrogen flow of room temperature. Input data: tube diameter — 14 mm, diameters of balls and
their densities: 5 mm — 2.3 gr/em’, 6 mm — 1.7 gr/em®, 8 mm — 1 gr/cm’. The calculation of
resistance coefficients was performed for the laminar regime of ball streamline. It was obtained that
the experiments are in good line with the theory. However, this does not cause optimism because of
the following reasons:

e The error of experimental values of the coefficient of resistance is £+ 20 %;
e The comparison is performed for the ball speed equaling to zero; it is not clear whether the
theory works at the non-zero ball speed or it is necessary to use a more general approach.

In consequence of what has been said, it is proposed to carry out experiments to measure
speed and acceleration of a ball in the process of moving along the tube. And it is necessary to
investigate straight parts, as well as curves and inclines. On the basis of these data it will be possible
to draw an unambiguous conclusion concerning which equation should be applied to calculate the
ball motion. It is sufficient to measure the «acceleration-speed» function for straight tube in a wide
range of ball speed and this will be sufficient for the subsequent calculation of ball motion in any
tube configuration (at the same diameters of a tube and a ball and the same gas flow as in
experiment). The ball speed is measured simultaneously at several points using digital cameras in
the video mode, Fig.8.

Schematic layout of ball generator is given in Fig. 9.

Obtaining of balls, diagram of generator. The technique of obtaining solid balls of mesitylene
is based on freezing of liquid mesitylene drops in nitrogen. The fundamental parameters to obtain a
homogenous solid ball are a short time of being of a ball in nitrogen and also an addition of certain
amount of m-xylene into the liquid solution. The latter gives an amorphous structure, more strong in
regard to cracking. The principle of mass generation of mesitylene balls has been worked out.



Fig. 8. Balls of solid mesitylene; large points of ruler — in centimeters.

Conclusion

Main results of works on the project of the moderator complex for IBR-2M in 2005 and
conclusions:

1. The proposed principle of operation of mesitylene moderators (usage of solid balls of
mixture of mesitylene and m-xylene, their transportation by cold helium, periodic melting of
balls and their replacement without a break in the reactor operation) is quite realizable and
can provide for a practically unlimited resource of moderator operation.

2. Density of the cold neutron flux on the moderator surface of mesitylene balls with the
temperature 20 K will reach 3 10'® n/cm?®/s/srad/ A at 4 A, which is a record value for the
European sources.

3. Itis possible to provide for helium temperature 20-22 K to cool three mesitylene moderators
with the help of two cooling facilities — CHF-500 and CHF-700.

4. Requirements specification (together with NIKIET and GSPI) has been worked out for
implementation of the preliminary design of the moderator complex for the IBR-2 reactor.



Fig. 9. Schematic diagram of generator of large amount of balls. 1 — vessel with liquid solution of
mesitylene and m-xylene; 2 — regulator of level of liquid; 3 — droppers; 4 — pump for liquid
nitrogen circulation; 5 — vessel with inclined bottom and outlets for nitrogen sink; 6 — tank-
collector of balls.



2.2. The IREN Project

The main efforts and funds have been focused on the completion of preparation and carrying
out of works to dismantle the IBR-30 reactor.

In order to secure the positive ecological assessment of the IBR-30 decommissioning
project, a system of key wells to control the condition of groundwater has been designed and
created in the DLNP area. The final training of the staff to perform specific technological operations
of dismantling the reactor equipment and defueling has been conducted. Due to the painstaking
work of the FLNP administration and the laboratory technical subdivisions in the middle of October
it became possible to start the reactor decommissioning. A major part of the reactor activated
equipment was disassembled and transported to bldg. 117/b for temporary storage. By the middle of
November the drilling-out of uranium inserts from the moveable parts of the IBR-30 core was
completed. The removed fuel was evacuated for storage in DRFM JINR. By the end of the year it is
planned to complete the defueling of the main reactor core and to transport the spent fuel for storage
in DRFM JINR. The completion of disassembling of the rest of the IBR-30 reactor equipment is
scheduled for the first half of 2006.

Some progress has been made in the construction of the LUE-200 linac. After the purchase
of a missing part of a special copper tube, the works to wind the coils of a solenoid for a magnetic
focusing system (suspended in September, 2004) were resumed. By the beginning of the 4-th
quarter these works were completed. The conducted magnetic measurements have shown that the
parameters of the manufactured coils conform to the design values. Until the end of the year the test
assembling of the magnetic focusing system will be completed on the LPP test bench. After that, the
system will be transported to bldg. 43 of FLNP for assembling and adjustment at a regular place.

The assembling of the modulator M350 has been completed in the accelerating hall of bldg.
43. At present, the testing of the modulator systems and the preparation for its startup are in the
completion stage. The vacuum tests of the magnetic spectrometer equipment have been successfully
carried out. Works on its test assembling on a test bench are started.

Computational investigations to model the electron beam dynamics in the accelerating tract
of the LUE-200 have been conducted with the purpose of optimization of the focusing system and
minimization of particle losses, the criteria of allowing for errors of magnetic fields in the
accelerator tract have been determined.

A large volume of work on detail designing of the water-cooling system of the linac LUE-
200 has been performed by the specialists of JINR and GSPI. Its completion is scheduled for the
end of the year.

The work on a working draft of a power supply system for the accelerator has been started.

The development of the project of reconstruction of the LUE-200 control room and rooms in
bldg. 43 intended to house the power-supply and water-cooling systems has been completed. The
works to repair and reequip the above-mentioned rooms have been started.

In the third — fourth quarters the invoices under the contracts with BINP, Novosibirsk, have
been paid at last. This gives us hope that the equipment necessary for the completion of the
assembling and complex adjustment of the LUE-200 equipment will be delivered in 2006.

Unfortunately, we failed to perform works on the LUE-200 linac planned for 2005 in full
measure, because of delay or lack of planned financing. Nevertheless, the necessary reserve to carry
out the tasks specified in the JINR Topical Plan for 2006 has been created with an ultimate aim to
start up the first stage of the IREN facility with a non-multiplying neutron-producing target and a
test bench for applied investigations by the end of 2007.



2. HEUTPOHHBIE UCTOYHUKHU
2.1. AMIIYJIbCHBIA PEAKTOP UEP-2

B 2005 r. UBP-2 otpabotan Ha puznyeckuii sxkcnepumert 2091 yac (cm. Tadaumy 1).

Taonuua 1
DKCIuTyaTallMOHHBIE TTOKa3areu paboTel peakropa MBP-2 B 2005 r.
Ne nukiia 1 2 3 4 5 6 7 8
B 17.01- | 14.02- | 14.03- | 11.04- | 16.05- | 17.10- | 14.11- | 05.12- || BCET'O:
pemst HKIa 28.01 | 26.02 | 25.03 | 22.04 | 28.05 | 28.10 | 25.11 | 16.12

1. HapaGotka Ha pu3nueckuit
IKCIICPUMEHT, Yac

266 | 258 | 266 | 255 | 274 | 267 | 243 | 262 2091

2. Hapab6ortka I10O-3, yac 274 | 296 | 275 | 270 | 299 | 274 | 273 | 273 2234

3. Duepronapabotka, MBt-uac | 401 393 | 401 387 | 414 | 402 | 369 | 396 3163

4. KonuvecTBO cpabaThIiBaHUM
aBapuitHOM 3amuThl (A3)

5.Ilpuuunbl cpabatpiBanmii A3:

5.1. Tlocanku HampsKEHUS 2 1 1 1 2 1 8

5.2. HewcnpaBHOCTH B OTKa3bl
o0opyaoBaHus

5.3. COou B 37€KTPOHHOI
ammaparype

5.4. OmmOku nepcoHana

OcHoBHbIe pe3yJbTaThl 10 MoAepHu3anun UBP-2 B 2005 r.:

1) HoBas TorumBHas 3arpyska.

- 3apepmieHbl paboThl MO co3gaHuio ydactka coopku TBIJI B TBC. Yuactok npuHAT B
3KcIuTyaTanuio komuccueit us npeacrasureneit OUAU, I'CITM, BHUMHM, HUKUDT.

- B Hacrosmee Bpems uaet nporeaypa mo noayueHuro JiuieH3un Ha coopky TBOJL.




2) OcHoBHoe o6opyznoBanue peakropa UbP-2M.

- B HUKUIT npononxkanoch U3rOTOBIEHUE HOBOTO KOPITyCa PeakTopa.

- 3aBepuUICHO U3rOTOBJICHUE BHYTPUKOPILYCHOT'O MIEPErPY30UHOr0 yCTPOMCTBA.

3) B OIl OMSUM u3roToBieHbl OTKAaTHBIE YCTPOWCTBA AJS Pa3MELICHUs 3aMeUINTENeH peakTopa
NBP-2M u 3amuTHBIE TEXHOJIOTUYECKHE MPOOKH.

4) CVY3 UBP-2M.

B  HUKUDT 3aBepmieHa  pa3paboTka  KOHCTPYKTOPCKOH  JOKYMEHTAIMH
UCIIOJTHUTENBHOIO MEXAHU3MAa aBAPUINHON 3aIUTHI.

N3roTtoBneHb! ONBITHBIE 00pa3Ibl UCTIOTHUTENBHBIX MexaHu3MoB AP u KO.

B CHUUII-CUCTEMATOM 3aBepmiena pa3pabotka ACY3, BeaeTrcss H3roTOBIEHUE
OTIBITHOTO 00Opa3sIia.

Hauartnl pa6OTBI no CO3JaHUK0 CHUCTEMbI KOHTPOJA TCXHOJOTHUYCCKUX IIapaMCTPOB
(MHDYM).

5) Kowmmnekc 3amemureneit UBP-2M.

[Ipomomkanuce MakeTHbIe pabOTHI IO TPAHCHOPTUPOBKE MIapuKkoB U3 CoHjs.
B HUKUOT nauaT TeXHUYECKHUI IPOEKT KoMIuiekca 3ameuurencii UbP-2M.
B I'CIIM Hauvata pa3paboTKa TEXHOJOTMUECKONW YacTH MPOEKTa 3aMeITUTENEH.
B I'enuiimanie npopomxkanock uzrorosnenue KI'Y-700/15.

dunaHcoBoe obecnieueHue padot o mojepuuzanuu MbP-2 B 2005 r. BuaHO U3 TadauubI 2.



NS kWD =

Tabauuya 2

Cocrosiaue ¢ punancupoBanrem mozaepuusau UbP-2 B 2005 r. (k$) na 30.12.2005 r.

1995-2004 2005
[Tnan 2190 650
OUSIN daxt 1791 540
% 81,7 83
[Inan 1970 400
PocaTrom daxkr 1746 400
% 88,6 100
[Inan 4160 1050
Bcero: ®daxkt 3537 940
% 85 90
Ilinansl Ha 2006 1.
Coopka TBDJI B TBC.

3aBepilieHUe U3rOTOBJICHUS KOPITyca peakTopa.

Coznanue onbITHOTO 0Opaszia ACY3.

[Iponomxenne paboT MO OTKATHBIM 3alIUTaM U CTallMOHAPHBIM oTpakarensim MBbP-2M.

3aBepmienue padot B «I enuitmamey o uzrorosneHuro KI'Y-700/15.

BLIHYCK TEXHUYCCKOTO ITPOCKTA KOMIIJIICKCA 3aMeIInTeIeH.
Pa3pa60TKa TEXHOJIOTHYECKOMN YacTu IMPOCKTAa KOMILJICKCA 3aMeIInTeIIeH.



Kommnuekce 3amensuredeit ais peakropa UBP-2 M

Puc.

n/cm”2/eV

HeiiTpoHHoO-pu3nyeckue pacyersl
XO0JOAHBIX 3aMennureneil. B teuenne 2005 roma Obuta mpoBeseHa paboTa MO ONTUMM3ALMU
pa3MelIeHus] KpUOTEHHBIX 3amenuteneil Ha peaktope MBP-2M, a Takke coderaHue HuX C
KOH(Urypanuei 3amemuTeneid s TEIIOBBIX HEUTpOHOB. B pesynbTare pemieH Bompoc B
YIOBJIETBOPEHUH TPeOOBAHUI HMCCIenoBaTesei Ha BBIBEJCHHBIX MyYKax IO CIIEKTpaM HEHTPOHOB.
JU1si HEKOTOPBIX KaHAJIOB MPUCYTCTBUE B CIIEKTPE HEHTPOHOB OO0JjblIE XOJOAHBIX, JUIS APYTHX
TEIUIOBBIX U JJI TPEThUX CMEIIAHHBIX.

TakuMm 00pa3zoM, CIEKTpbl HEUTPOHOB Il KaHAOB 1, 2, 4-6, 8 u 9 OynyT UMETh B CBOEM
cocTtaBe 0oJbIIe X0MOAHBIX HEUTpoHOB (Puc.1). Ha 3TOM 1 npyrux prcyHKax NMpUBEICHBI JaHHBIC
JUISl TUIOTHOCTH IIOTOKA HEUTPOHOB OT OJJHOTO HEUTPOHA, POKIEHHOIO B PEAKTOPE, Ha PaCcCTOSIHUM
4.5 wMetpa OT 3aMeJIUTES).
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n oNTUMM3allUd MaTepuaga H

HalpaBJIeHUs1 KaHAJIOB 4-6 MpeACTaBlIeHO Ha pUCyHKe 2 (a, 0).
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1. Juggepenyuanvuvie cnekmpovl HeUmpoHO8 O UCCIe008AMENbCKO20 nyuka Nes,
HOpMUPOBAHHbIE HA OOUH HeumpoH ucmounuxa. Keadpamwi — pesynrbmam uUcnonvb306anus
ME3UMUTIEHOB020 KPUOLEHHO20 3aMednumens 6 Haunyuwel Koungueypayuu 6Oe3 Oepuinus;
OKPYIHCHOCIU — Pe3YIbmam UCHONIb308AHUsL 600bl KOMHAMHOU MeMnepamypbl Ha Mecme X0J100H020
3ameonumens.

PacnpeﬂeneHI/Ie INIOTHOCTH IIOTOKA HefITpOHOB Ha MOBCPXHOCTHU KPUOTCHHOI'O 3aMCAJIUTCIIA

n/cm”2

2.600E-5
2.800E-5
3.000E-5
3.200E-5
3.400E-5
3.600E-5
3.800E-5
4.000E-5
4.200E-5

reoMeTpuH




chb, E<0.005eV

n/cm”2
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Puc. 2. Pe3ynomamol pacuemog pacnpeoeieHus UHmMe2paibHblX NI0MHOCMell HOMOKA Meniossix a)
U XONOOHBIX 0) HeUmpOHO8, HOPMUPOBAHHBIX HA OOUH HEUMPOH UCMOYHUKA, HA NOBEPXHOCMU

X0100H020 3amedaumens. Ilo X — omxnaovieaemcs wupuHa 3ame()ﬂumeﬂﬂ, no Y — evicoma.

UccnenoBarensckue kaHansl 7 1 10 OyIyT UMETh CMEIIaHHbIA crieKTp HeiTpoHos (Puc.3).
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Puc. 3. Jluppepenyuanvhvie cnekmpovl HemMpoHO8 Oas 7 KAHALA, HOPMUPOBAHHbIE HA OOUH

HelmpoOH UCMOYHUKA. (K6AOpamvl — MONbKO Npeod3amedumens, OKPYICHOCMU - ONMUMATbHAA

KoH@ueypayus 3amedrumeneti (X0J100HbIU+epebeHuamvlil MenioBoll), mpeyeoibHUKU — CHeKmp

NONYYEHHBI MONBLKO C XOA0OHOU 4ACmU C YYemoM YACMUYHO2O 3AMeHeHUs. 2PeOHAMU B00SHO20

3ameonumeris,)

Hns  uccnepoBatenbckoro kaHama Nell mnpoBeneHa ONOJHUTENbHAS —ONTUMH3ALUS
TEIUIOBOTO 3aMEJIUTENIs, KOTOPBIM OyJeT pacrlojoKeH OPTOTOHAJIBLHO JAHHOMY KaHally, 4TO
YBEJIMYUBACT HHTETPATBHYIO INIOTHOCTH MOTOKA TETJIOBBIX HEUTPOHOB ~ B 3 pasa (Puc. 4).
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Puc. 4. Jupgepenyuanvnvie cnekmpwi Hetimponos 011 11 kanana. (xéadpamei — MOAbKO

npeosameorumetb, OKPY*CHOCMU - HATUYUE ONMUMATbHOU KOHpuU2ypayuu 3amedrumereli)

MeTtonuka pacuera CeKTpa HEHTPOHOB OOOCHOBaHA CPAaBHEHHUEM C HKCIEPUMEHTAIbHBIMU
JTaHHBIMU NoayueHHbIMU Ha ycraHoBKe JESSICA (FOnux, I'epmanus).

HoBbiM, paHee HUKEM HE MOJyYEHHBIM PE3YJIbTATOM SBIISIETCS TO, YTO MOCT3aMEJIUTEND B
BUJIE «paMKW» (BOJASHOM OTpa)kaTellb BOKPYT IUIOCKOTO 3aMEUIMTENS C pa3MEpPOM IOBEPXHOCTH
18%18 cM) maeT BBIMTPHINT B CPEAHEH IO MOBEPXHOCTH IUIOTHOCTH BEKTOPHOTO TMOTOKA YTEUKH
HEHUTPOHOB B 2 pa3a, T.e. CTOJIBKO XK€, CKOJbKO W3BECTHBIM T'peOCHYATHI 3aMeIUTENb
(pacmipeneneHrie HEUTPOHOB IO TMOBEPXHOCTH CM. Ha puc. 2). PaHee cuuTanoch, 4To Takas
KOHGUrypamus 3ameurens dpQGeKTHBHA JTUIIb Ui MAJOH MOBEpXHOCTH mopsaka 5x5 cm. K
TOMY JK€, OJJHOBPEMEHHOE HCII0JIb30BAHUE TpeOEHYATOro 3aMEeUIUTENS U «PAaMKH» YBEIUYHUBAET
BBIUTPBILI 710 2.4.

IlapukoBblii X0M0aHbIH 3amemanTeab. B 2005 roxy Obul mpenoxkeH W paspaboTaH
IMIPUHLIMI KOHCTPYKIUHM XOJOJHOIO 3aMEIJINTEINsA, OCHOBAHHBIA HA HCIIOJIB30BAHHWU IIAPUKOB U3
3aMOpPOKEHHOM CMECH ME3WTHJIEHA W Mm-KCHIojia, OOECIeUMBAIOMINN MpereTbHO-BO3MOKHBIN
MIOTOK  XOJIOZAHBIX HEHTPOHOB (HAa YPOBHE INPOEKTUPYEMOIO TBEPIOMETAHOBOTO 3aMeEUINTENs
BTOpoO#i MumeHu uctounuka ISIS) na peakrope UBP-2M mpu 1ymTensHON HepephIBHOI paboTe.

[ITapukoBBIH XOJOIHBIN 3aMeTUTENb criocoOeH padorark mpu Temneparype 20K-30K 6e3
nepe3arpy3ku pabouero BelIecTBa HE MEHee TpeX-ISTH JIHEH B MOTOKE OBICTPHIX HEHTPPOHOB 110 2
10" m/cm’/c. TBepaple IMAPHKHM M3 CMECH ME3HTHICHA C TCEBIOKYMONOM HIIM /-KCHIOIOM
NEPUOAUYECKH CMEHAIOTCS B KaMepe 3aMEUIMTENsl  IyTeM HX pa3sMOpakKMBaHMs M CIIMBa
O0TpabOTaHHOI'O BEILECTBA B BUJAE >KUIKOCTH. Takas cMech B 3aMOPOKEHHOM COCTOSIHUM HMEET
aMOp(HYIO CTPYKTYpY, YTO BaXHO BO MHOTMX OTHOIIEHUSX — KaK JJIs yBEJIMYEHHUS BbIXOJA
XOJIOJHBIX HEWUTPOHOB, TaK W JUIsl TOJY4YEHUS MpaBWIbHBIX OJHOPOIAHBIX mIapukoB. Kamepa
3aMelnuTenss uMmeer (GopMy mnapaisenenunesa co CTeHKaMM M3 allOMHHHEBOro cruiaBa AMr;
pasmepsl kamepbl— 20 c¢cM BbIcOTa, 4 cM ToNIMHA W mUpuHA OT 15 g0 20 cM (Wit pasHBIX
3amennuTeneit). Kamepa okpykeHa Takke aJlOMHUHHEBOM O0OJOYKON Ui CO3/1aHUS BaKyyMHOMU
teron3oisinui. K kamepe cBepXy MOAXOAUT TpyOa MOoABOAA XOJOIHOTO Telnus U TpyOka mojmaun
IapuUKOB. /IHO KaMmepbl BBINOJHEHO B BHJE CETKH C pa3MEpOM S4EEK, MEHbILIE, YEM pa3Mep
mapukoB (5 MMm). CHU3Y OT KaMephl OTXOAUT TpyOa OTBOJA XOJIOJHOTO TelHs U TpyOa IUIs CiiuBa
AKHJIKOTO OTPaOOTaHHOTO ME3UTUIICHA.

B Havane paboThl OXJTaXJACHHAS Kamepa 3allofHACTCs MIapuKaMH, KOTOPBIE JOCTABIISIOTCS
MOTOKOM XoJiofiHOro renust ¢ temmneparypoir 30-80K (nanbonee anexkBaTHas TemmnepaTypa Oyaer
BBIOpaHa MO OKOHYAHUIO MCCJIEJAOBAHHM MO TPAHCIOPTY IIAPUKOB). ITUM K€ T€IIUEM C BXOJHOM
temneparypoit 20-22 K mapuku oxnaxaaioTcs B mpolecce HopManbHOM paboTsl. [lo ucreuenuto
BpEMEHH, KOTJa BBITOpAaHHWE ME3UTHUJIEHA YK€ HA4YHET CKa3bIBaThCS HA BBIXOAE XOJIOAHBIX
HEUTpOHOB (mpuMepHO 3-5 nHeH; 3To BpeMs OyJeT ompeAesieHO BO BpeMs (PU3MYECKOro MmyckKa



3aMeIIUTeNs ), MOTOK Teliusl MPEphIBAIOT, ME3UTUJIEH pacIUIaBiIsAeTCs SACPHBIM — TEIJIOM U B
KHUIOKOM BHJAC CJIIMBACTCA B CEMKOCTH IJIsd HOCHC}IYIOHIGI;'I YTUIA3aluu. KaMepa U BECb TPAKT
OXJIQX/IEHUS] OUYMINAIOTCS OT OCTATKOB ME3UTHJIEHA MOTOKOM TEIJIOro TeHs, M LHKJI paboThl
IIOBTOPACTCA. HpI/IHHI/IHI/Ia.TIBHaﬂ BO3MOXHad CXCMa OXJIAXKIACHUA U HUPKYJAHUNW IIApUKOB JJaHA Ha
pHuCyHKe S
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Puc.5. Cxema nooauu wapuko8 u OXAaA*COeHUs  XO0N00OH020 3ameonumend. | — kamepa
s3ameonumens, 2 — KAHAL NHEGMAMUYECKOU 3a2pPy3KU Wapurkos, 3 — w3 nooadu wapukos, 4 —
YCMPOUCMB0O 2eHepayuu Wapukos, 5 — 2enuesvlii. menjioooOMeHHuK, 6 — cenuesas 2a3o0yeka, 7 —
mpyoonpo8oo Xol100HO20 2elus 6mopo20 KOHmypa, 8 — CIUBHASI eMKOCMb Ol HCUOKO2O
mezumunena, 9 - mpyoonposoo Xoni00H020 2enusi Nepeo2o KOHMypd.

Pecypc paboThl Takoro mapuKOBOTO 3aMeIUTENsI OyJeT MPaKTUYECKH HE OrpaHUYEH, B
OTJIMYUC OT TPAAUITUOHHOT' O 6J'IO‘-IHOI‘ O TBCPAOMCTAHOBOT'O 3aMCIVINTCIIA; HAIPpUMEP, HA UCTOYHHUKE
ISIS B Pezepdopaosckoit JlabopaTopun METaHOBBIN 3aMEITTUTENH TTOJTHOCTHIO 3aMEHSIETCS TBAYKIBI
B rona.

OO6paboTka J@HHBIX 00JTydaTeNnbHbIX JKCIEPUMEHTOB TBEPAOTO0 ME3UTHJICHA B
HWIMHAPUYECKOH cTanbHOM 000510uKe ¢ mpuBieyeHneM nakera nmporpamm COSMOS-M no3Bonuna
YCTaHOBHUTH JUANa30H BHYTPEHHUX HANPSDKEHUM B TBEPJOM MeE3UTHIIEHE. BbIIO MOydyeHo, 4To
Ha0JII01aeMOMY JIaBJICHUIO Ha CTAIBHYIO HWIMHAPUYECKYIO0 000704Ky B 10 Gap mocie oOmydeHus
nozor 10.8 MIp npu Ttemneparype 130 K, korga HauWMHaeT  BBIXOAUTh HAKOILJICHHBIN
PalMOMUTHYECKUI BOJOPOA, COOTBETCTBYET BHYTpPEHHEE aaBieHHe B MesuTmieHe 70-75 Oap.
Bopopoa BbIXOIUT Toraa, Korja MOsIBISIOTCS Pa3pbiBbl MaTepuana, T.e. HANPSDKEHUS NMPEBBIIIAIOT
npeaesl MPOYHOCTH MaTepuana. 3HauuT, Ipeesl MPOYHOCTH TBEPAOro OOIyYEHHOrO ME3UTHIICHA
mpu 130 K — 70-75 6ap. Ilepecuer Ha ycioBust obmydeHus Ha Oymymiem peakrope MbP-2M naet



3HaYEHUE BHYTPEHHErO JaBlieHUss B Me3utuieHe 62-67 Oap/cytku mpu 33 K. IIpounocts
MOJIEKYJISIPDHBIX KPHCTAJUIOB 3HAUYMTEIBHO BBIIIE MpU HU3KUX Temmeparypax. Iloatomy ectb
OCHOBAHHUs IoJaraTh, ONMUPasCh Ha JAHHBIE 0 HEOOIYUYEHHBIM MOJIEKYJISIPHBIM KPUCTAJUIaM , YTO
npu 33 K mpeznen mpo4HOCTH TBEPIOTO 00ydeHHOro Me3uTHiieHa Oyaer He meHee 270-300 Gap. B
TaKOM ciy4ae, OH OyJIeT NMPEBBIIIEH TOJIBKO Mociie 00Iy4YeHus B TeueHHe 4-5 CyTOK /sl IapUKOB B
30H€ HAWOOJBILEro MOTOKAa HEHTPOHOB, M MOCie 7-8 CYTOK - JUI1 CPEIHEro IO 3aMEUINTEII0
MOTOKA.
CMeHy WIapuKOB B KaMepe 3aMeUINTeNsl HyXHO OyJIeT Npou3BOAMTH HE dyame 2-X pa3 B
JIBYXHEJIEJIbHOM IIMKJIe pa0OThl peakTopa; OCHOBAaHMEM K 3aMEHE IapHKOB, CKOpee BCero, Oyaer
CILy’KHTb Mepa JIerpaJaliiy MOTOKa XOJOAHbIX HEHTPOHOB BCIEACTBHE BHITOPAHUSI ME3UTHUIICHA.
[IpuHnunuanbHass cXemMa TIeMeBOr0 OXJAXKJICHHsS XOJIOJAHOTO 3aMEMJIUTENs [aHa Ha
pHUCyHKe 6.
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Puc. 6. Cxema 2enueso2o oxaaxcoenusi Xon100H020 3aMeO0AUMEs.

OxnaxaeHue 3aMelIuTeNss — JIBYXKOHTypHoe. [lo mepBHYHOMY KOHTYpY, B KOTOPOM
HaxOJUTCS Kamepa, Teui IUPKYJIUpyeT crenuaibHoi razonyBkoid BNHeP-25 dupmber Barber-
Nicols mpousBoautenbHOCTHIO 10 100 HM /gac. JUIs KaKIOTo U3 3aMeUINTENeil — CBOM KOHTYp C
ra3ofyBKOM M TPaKkTOM IOJAYM IIAPUKOB. BO BTOPUYHOM KOHTYpE MCTOYHHMKOM XOJIOJa SBIISIETCS
XOJIOMJIbHAS renueBast ycTaHoBKa. Tak kak Ha peakrope UBP-2M npenycMarpuBaeTcs yCTaHOBUTH
TPU XOJOAHBIX 3aMEeJIUTENs, OYJIeT COOTBETCTBEHHO TP MEPBUYHBIX KOHTYpa U JIBa BTOPUUYHBIX C
XOJIOAWIIbHBIMU TenreBbIMU  ycTaHoBKamMu XI'V-500 u KI'Y-700 ximanonpou3BOAUTENIbHOCTHIO
cootrBercTBeHHO 500 1 700 BT nmpu Temneparype 15 K. Kaxxnas xomoauinbHas reiveBasi yCTaHOBKA



OTJIAaeT XOJIOJ B IEPBUYHBIE KOHTYPHI Yepe3 CBOM TernooOMeHHUK. HarpeB renust ckiapiBaeTcs U3
CJIETYIOIINX COCTaBIISIOLINX:

e JSlagepHoe TEmIO B 3aMEIJIUTEIIE

e Harpes B razogyBkax

e [lputok Temna B TpyOax, TEIIOOOMEHHUKAX M BEHTUJISX.

SlnepHoe Temio B MIapUKaxX ME3WTHUJICHA W B alIOMUHUU KaMephl PACCUYUTAHO IO MpOrpaMme
MCNP-4 u pasHo 0.15 Br/em® B wmesurmnene u 0.05 Br/r B amomunnn. JUis pa3sMepos
sameqnuTest 15 na 20 Ha 4 cm 310 cocrasurt 150 - 170 Br.

HarpeB renusi B ra3omyBKax, COIJIaCHO YpPAaBHEHHUIO aJMa0aTHUECKOro Impolecca MpH
n3MeHeHnn nasieHus Ha 10%, coctaBuT mopsaka | rpamyca, 4TO SKBUBAJIEHTHO TEIUIOBOM
MoIIHOCTH oKoJio 60 BT .

[Tputok Tera B TpyOax 3aBUCUT OT WX UCTIOTHEHHS; IPUMEM BIIOJHE peaTbHOE 3HAUCHUE —

1.0 Br/m. CymMMupysl TEIUIOBBIZEICHUE 1O BCEMY TPAKTY OXJIAXACHHUS 3aMEJTUTENICH MPaBOTro U
JI€BOr0 HampaBieHUW (Ha 2-0if W 8-0if HEHTpoHHBIE Myd4kH) , nmoiayduMm 530-570 BT, BirOuas
SJIEPHOE TEILIO.
CyMMupysi TEIUIOBBIIEJICHUE [0 BCEMY TpaKTy OXJAXACHUS 3aMEJIUTENs UEHTPaIbHOTO
HarpaBJieHus (Ha 4-0i1 - 6-0i1 HEHTPOHHBIE MTyYKH) , ToryduM okosio 300 Bt. Takum oOpazom, st
o0enx meTedb TEIUIOBBIACIICHHNE MEHbIIE MPOCKTHON XJIaJ0MpPOU3BOAUTEIBHOCTH XOJIOAMWIBHBIX
reJIneBbIX yCTaHOBOK. [[s1 HampaBieHus 4-6 Mydkd BO3MOKHA YCTAHOBKA MOCT-3aMEIJIUTENS U3
XOJIOHOTO OepHJUTHSI; B TOM CIy4ae TeIIoBas MOIIHOCTH Bo3pacTtaeT Ha ~ 100 Bt u cocTaBuT ~
400 Bt. PacueTtHas mMuHuUMAangbHas TeMIepaTypa ME3UTHICHA Ha MOBEPXHOCTH IMapuka (Ha BXOE
renus B kKamepy) paBHa Ty (0)+5.5 K;  makcumanbHas TemrmepaTypa Me3UTHIICHA (Ha BBIXOJE U3
kamepel) - Tye (0)+10.5 K. Hcxons u3 yciioBuss HE NPEBBILIEHHS] KPUTUYECKON TeMIepaTyphl
Bopopoza 33 K, mony4yaem BepXHUH Mpeaen TeMIepaTypsl reiusi Ha BXOJE B KaMepy 3aMeTUTeNs
22 K.

TpaﬂcnopT HIAPUKOB U CTCHA AJsL OTpﬂﬁOTKI/I TpaHcmopTa. Kaxk ckazano BBIIIIC, ITOAAa4Ya
IIapruKOB ME3UTUJICHA B KaAMEpPy 3aMCIJINTECIIA 6y,[[eT OCYHICCTBIIATHCA MHEBMATUYCCKU — ITIOTOKOM
XOJOJHOTI'O I'CJins. XapaKTepI/ICTI/IKI/I TpaKTa nmoaa4yu ONpeCACIIA0TCA CICAYIOIUMHU yCIOBUSAMU:

e CKOpOCTh IIAPUKOB_HE JOJDKHA MPEBBIIATH MPEACIbHONM CKOPOCTH, MPU KOTOPOW OHH
MOTYT pa3pyLIUTHCS NPU yIape O CTEHKY TPaHCHOPTHOM TpyObl MM Kamephl (OLICHOYHOE
3HaueHue — 4 M/c, OompeleNeHHOEe MO OpOCaHHIO C OIpeNeIeHHONW BBICOTHI XOJOJHBIX
LIAPUKOB HA METAJUITMUYECKYIO TOBEPXHOCTB).

e Bpewms 3anonHenus kamepsl He JODKHO npesbimath 0.5 — 1 yaca;

e JlomxHa OBITH HCKITIOUEHA 3aKyIIOpPKa IIAPUKOB B TPAHCIIOPTHOM TpyoOe.

[Tocnennee ycimoBue BBITIOJNHSIETCS, €CIIA TUaMeTp TPyObl MpeBbImaeT 2.2 quaMerpa Iapuka. ITo
ClIeZlyeT U3 TeOMETPUYECKUX COOOpa)KeHHUH: J1I000e MPOCTPAHCTBEHHOE pa3MEIICHUE IIAPUKOB B
3TOM ciydae Oyner HeycTtonuuBo. Ilpu nuamerpe mapukoB 7 MM (MaKCHMAaJIBHO JOITYCTHMBII
JMaMeTp M0 COOOpakeHUsIM TEIUIOCheMa) JHaMeTp TPyObl cocTaBUT 16 MM.

[Ipn MakcuManpHOM UTMHE TpakTa 25 METPOB, AUAMETPE IMIAPUKOB 7 MM, 00beMe KaMephl
3amemnurens 1.2 nutpa u nosHoM yucie mapukoB N = 3000 npumMem cpeliHee 3HaYEHUE CKOPOCTH
IapuKoOB paBHbIM 2 M/c. Torna npu BpeMeHHU 3aloJIHeHUs1 | 4ac 4Mciio MIapuKOB, OJHOBPEMEHHO
HaxoAAUIMXcs B TpyOe, HomKHO ObITh He MeHee 10, a mpu Bpemenu 3anonnenus 0.5 gaca — 20. Otu
UUQPBI BRITISIAAT pa3yMHO — IIPU PACCTOSTHUU MEXY IIapukaMu 1—2 MeTpa He HapyllaeTcs pekum
TEUEHUs Ta3a, TaKk Kak 3To paccrosHue nopsaka 100 quamerpoB TpyObl, YTO BIIOJIHE JOCTATOYHO
JUTS BOCCTAHOBJIEHHUsI CTaOMIIBHOTO peknma. Bee mapuku OyayT BecTu ceOst Tak, Kak eciu Obl B
TpakTe ObUI OJIMH MIAPUK. ITO MO3BOJSAET YHIPOCTUTH SKCIEPUMEHTHI 10 TPAHCIIOPTY IIAPUKOB HA
cterze. ONbITH MMOKa3alu, YTO OJHOBpEeMeHHOe JBMkeHue 10 mapukoB He M3MEHSET 3aMETHO HMX
CKOpPOCTH.
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Puc. 7. Cxema cmenoa ons onvimog no mparcnopmy wapukos. Qoosnavenus: 1 — 6anion co
corcamuim 2azom, 2 — pedykmop, 3 — OpoccenbHblil 6eHmuib, 4 — pacxooomep, 5 — winio3 3az2py3Ku
wapuxos, 6- npamas mpancnopmuas mpyoa OnuUHoOU oKoao 5 m, 7 — uzoeHymas yacms mpyowt ( 00
1 m svicomoti), 8§ — mpaekmopus wapuka nocie gvliema us mpyowsi, 9 — yugposas ghomoxamepa 6
pedrcume 8udeo U nooceemxa.

CpaBHeHHe PACYETHOTO M IKCHEPUMEHTAJBHOI0 K03((PHUIHEHTOB CONPOTHBJIECHMHSI.
CpaBHeHHE OBLTO CIENaHO HAa OCHOBE JKCIEPUMEHTOB IO YACPKAHHUIO MIAPHKOB B HAKIOHHON
Tpy6e (45”) moTokom a30Ta KOMHATHO# Temmeparypsl. Mcxonubie ganneie:  Jlpamerp Tpy6bs — 14
MM, AHAMETPHI [IAPUKOB M MX IUIOTHOCTH: 5 MM — 2.3 r/em’ , 6 MM — 1.7 r/em’, 8 mm — | r/em’ .
Pacuer k03((UIIMEHTOB CONPOTUBICHHS NeNaics s JJAMUHAPHOTO PeKUMa 0OTEKaHUs IIapUKa.
[Tonydyeno xopomiee corjiacue 3KCIEPUMEHTOB ¢ Teoprei. OJTHaKO 3TO HE BBI3bIBAET ONTUMH3MA 110
CJICAYIOUIMM IPUYHHAM:

e [lorpenrHOCTh KCIIEPUMEHTAIBHBIX 3HAUYCHUH KOA(PUIIMEHTA CONMPOTHBIICHHS COCTABISET
+20 %;
e (CpaBHEHHUE CIENaHO AJISi CKOPOCTH IIapuKa paBHOM HYyNIO; HE SICHO, paboTaeT Iu Teopus

IIPU HEHYJIEBOM CKOPOCTH IIAPUKOB WIJIM HAJI0 UCIIOIB30BaTh Oosiee 00N MOAXOI.

BcenenctBue ckazaHHOTO, IMpeaNojaraeTcs clelaTh SKCIEPUMEHTHI TI0 U3MEPEHHUIO CKOPOCTH U
YCKOpeHHs IIapHKa B TIpoliecce ABIXKEHHUS 1o TpyOe. [Ipuuem mccrmenoBaTh Hago Kak INpsIMbIC
YYaCTKH, TaK M H3THObl M HAKJIOHBL M3 3THX JaHHBIX MOXXHO OyAET chelaTh OJHO3HAYHOE
3aKJIIOYCHHE O TOM, KakOoe€ ypaBHEHHE HAJ0 NPUMEHATh Ui pacueTa IBIMKCHUS IIapHKa.
JlocTaTouHo M3MEpUTh (YHKIHIO «YyCKOPEHHE-CKOPOCTbY» JJsl HpSAMOMl TpyObl B LIMPOKOM
JMana3oHe CKOPOCTH IIapHKa, U 3TOro OyJIeT JOCTATOYHO IS MOCIEAYIOUIEr0 pacyeTa JBHKECHHS
mIapuka B JI000H KOH(UTrypamuu TpyObl (IpU TeX e JUaMeTpax TpyObl M IIapuKa U TOTO Ke
pacxoma rasa, 4To M B dKcnepuMeHTe). CKOpOCTh IIApUKOB M3MEPSETCS Cpa3y B HECKOJIBKUX
TOYKaX C IMOMOIIbIO HU(POBBIX POTOKaMep B pexuMe Bueo (puc. 8).

[IpuHIMNMaIEHOE YCTPOMCTBO reéHepaTopa MAapUKOB JaHO Ha pHC. 9.

IlosryyeHne 1IapuUKoOB, cxXeMa  TreHepaTropa. MeTol TOIy4YeHUS TBEPIbIX IIAPHUKOB
ME3UTWJIEHA OCHOBaH Ha 3aMOpPaXMBAHMM  Kalelb KUAKOTO ME3UTHWIEHa B  a30Te.
[IpyHIMNUATBPHBIMU TIApaMEeTpaMu JJIsi TOJY4YEHHUS OJHOPOJHOTO TBEPIAOTO IIAapHKa SBISETCS
KOPOTKOE BpeMsl HAXOXKJICHUs IIapuKa B a30Te, a TakKe J0OaBJICHHE HEKOTOPOTO KOJIMYECTBA M-
Kcuionla B OKuAKUM pactBop. llocnennee naetr amopdHyo CTpyKTypy, Oojee MNpOUYHYHO B



OTHOIICHHUU PACTPECKUBAHUS. bein pa3pa60TaH MNPpUHIUII TCHEPAIIUU MACCOBOTIO KOJIMYCCTBA
IIapruKOB ME3UTUJICHA.

Puc. 8. llapuxu meepooco me3umuiena, KpynHole OeleHus TUHelKU — 8 CAaHMUMempax.

3akjiao4eHue

['maBHBIC pe3ynbTaThl PabOT MO MPOEKTYy KomIuiekca 3amemnauteneit mis MBP-2M B 2005

roay U BBIBOIBI:

1.

[IpennoxkeHHbld OpUHLUI PAOOTHl ME3UTHIICHOBBIX 3aMeUIMTeNe (HMCIOJb30BaHUE
TBEPJbIX MIAPUKOB U3 CMECH ME3UTUJICHA U M-KCHUJIOJIA, UX TPAHCIOPTHUPOBKA XOJIOJIHBIM
rejiieM, MEepUoIMYecKoe pacIljlaBieHHe IIApUKOB M UX 3aMeHa 0e3 mepepbiBa B padore
peaKkTopa) BIIOJIHE PEeaTH3yeM U MOXKET 00eCIeuuTh NPAaKTUYeCKU HEOTPAaHWYCHHBINH pecypc
paboOTHI 3aMEITTUTENCH.

[1n10THOCTh TMOTOKA XOJOJHBIX HEUTPOHOB Ha MOBEPXHOCTH 3aMEIIMTENII W3 IIIAPUKOB
MesuTHIeHa ¢ Temmeparypoil 20 K Gyner mocrurats 3 10" w/em? /c/cp/anrctpem mpu 4
AHTCTpeMax, YTO SIBJIIETCS] PEKOPIHBIM 3HAUECHUEM IS €BPOINEUCKIX UCTOYHUKOB.

MosxHo obecnieunth Temmneparypy remus 20-22K mist oxjakIeHHs TPeX ME3UTHICHOBBIX
3aMeIUTeNeN IpY HAIMYUH JIBYX XOJ0AWIbHBIX MamuH — XI'Y-500 u KI'V-700.
CocraBneno Texaudeckoe 3amanue (copmectHo ¢ HUKUOT u I'CIIN) Ha BeIoNTHEHHE
TEXHUYECKOTO MTPOEKTa KOMIUIEKCa 3ameanureneit i peakropa MbP-2.



Puc. 9. Ilpunyunanvnas cxema 2emepamopa Maccogoz2o Koauuecmea wapuxos. 1 — cocyo c
HCUOKUM PACMBOPOM ME3UMUNEHA U M-KCUloaa;, 2 — pecyiamop YpPoeHs dcuokocmu, 3 —
KanenoHuysl, 4 — HaAcoc 0N YUPKYIAYUU IHCUOKO20 aszoma, S5 — cocyO ¢ HAKIOHHbIM OHOM U
omeepcmusl OJisl CIU6a azoma, 6 - eMKOCMb-KOIEKMOP WAPUKO8.



2.2. llpoext UPEH

OcCHOBHbBIE YCHUJIMSI M CpPEACTBA OBLIM COCPENOTOYEHBbI HAa 3aBEPILIEHUU IOJATOTOBKH M
MPOBEIEHUH paboT 1o JeMoHTaxy peaktopa MBP-30.

Jns monydyeHus TMOJIOKUTEIbHOW 5SKOJOTMYECKOW OSKCHEPTU3bl IMPOEKTa BBIBOJAA U3
skcrryaranuu MBP-30 Obla cipoekTHpoBaHa M CO3[aHA CETh OMOPHBIX CKBAXKUH ISl KOHTPOJIS
COCTOSIHMSI NMOA3E€MHBIX BOoJ Ha Iuwiomanke JISII. beumn mpoBeneHs! 3aBepHIarolue TPEHUPOBKH
MepCcoHaNa MO BBIMOJIHEHHUIO OTAETBHBIX TEXHOJOTHYECKUX OIepalfii JeMOHTaxa 000pyJoBaHUS
peakTopa U pasrpy3Kd aKTHBHOU 30HBI. biarogapst HacToitunBoi padore pykoBozacTBa JIHO u ee
TEXHUYECKUX TOJpa3eJieHH B CepeAMHE OKTAOpA yAaloch HayaTh JIEMOHTaX pPEaKTopa.
3HaunTeNbHAS YACTh AKTHMBHPOBAHHOTO OOOPYAOBaHHs peakTopa ObUIa JEMOHTHpPOBAaHA U
nepeBe3eHa Ha BpeMeHHOoe XpaHeHue B 34. 117/6. K cepenune HosOps Oblia 3aKOHYEHA
BBICBEPJIOBKAa YpAHOBBIX BKJIAJbIIEH M3 TMOABIKHBIX 4YacTe axTuBHOM 30HBI WBP-30.
OcB0o0OX/IeHHOE TOIUIMBO ObIIO 3BakyHpoBaHO Ha xpaHeHue B OP/IB OUSU. K konumy rona
IUIAaHUPYETCS 3aBEpUIMTh pa3rpy3Ky OCHOBHOM aKTUBHOM 30HBI pEaKkTopa U IEPEBE3TH
oTpaboTaHHoe TOIUIMBO Ha xpaneHue B OPJIB. OkoHuaHue TeMOHTa)ka OCTalIbHOTO 000pYA0BaHUS
peaktopa MBP-30 3amnanupoBano Ha niepByto nosoBuny 2006 roxa.

OmnpeneneHHblii mporpecc ObIT JOCTUTHYT M B co3jaHuM JuHaka JIYD-200. Ilocne
npuOOpEeTeHUs] HEJOCTAIOIIeH YacTH CHEeNHaIbHONH MEOHONH TpyOKHM OBLTHM IPOOKEHBI
ocTaHOBJIEHHbIE B ceHTs0pe 2004 roma paboThl MO HAMOTKE KaTYIIEK COJICHOMJAa MarHUTHOU
doxycupyromieir cuctembl. K Hauany 4-ro kBapTaia 3T paOoThl ObUTH 3aBepiieHbI. [IpoBencHHBIC
MAarHUTHbIE U3MEPEHUSI TTOKA3aJId COOTBETCTBUE MAPAMETPOB M3TOTOBJIEHHBIX KATYIIEK MPOCKTHBIM
3HaueHus M. J[0 KOHIIa Tofa OyJeT 3aBepIilieHa KOHTPOJbHAs COOpKa MarHUTHOUW (hOKYCHPYIOIIEH
cuctembl Ha creHae JIOY, mocne yero cucrema Oynet mepeseseHa B 371. 43 JIH® mns cOopku u
HaJaJK1 Ha IITaTHOM MECTE.

3aBepiieHbl paboThl MO MOHTaXy Monyisatopa M350 B yckoputenbHOM 3aie 31.43. B
HaCTOSIEe BPEMsI 3aBEpILIAETCS TECTUPOBAHME CHUCTEM MOJIYJIATOpAa M MOJArOTOBKA K €ro IyCKY.
VYcnemHo 3aBepUIMICh BaKyyMHbIE HUCHBITAaHUS OOOPYJOBaHHMS MAarHUTHOTO CHEKTPOMETpA.
HauunaroTcst paboThI 110 €ro KOHTPOJIBHOU COOpKE Ha CTEH/IC.

bblmun mpoBeneHbl YHUCIEHHBIE HUCCIENOBAHMUS MO MOJCIMPOBAHUIO JUHAMUKH ITydKa
3JIEKTPOHOB B yCKOpHUTENbHOM TpakTe JIYI-200 c 1enpo OnTUMH3AIMNA CUCTEMBI (POKYCUPOBKHU U
MHUHHMMH3ALUU TIOTEPh YACTHII, ONPEACIICHBl KPUTEPUHU yueTa MOrPELIHOCTEN MAarHUTHBIX MOJIEH B
TPaKTe YCKOPUTEJIS.

bonbmias pabGora Obina mpoBeneHa cnemuanuctamu OMSAM u I'CIIM mo pabodemy
MIPOCKTUPOBAHUIO CHCTEMBI BoIoOXIaxaeHHs yckopurtens JIYD-200. [lnanupyercs ee 3aBepIieHue
K KOHILy roJia.

Hauata pabota no co3anuio pabo4ero NpoeKTa CUCTEMBI AJIEKTPOCHA0KEHUST YCKOPUTEIIS.

3aBepIlIeH MPOEKT PEKOHCTPYKIMU TMOMelIeHus1 MmyJbToBod JIYD-200 m koMHAT mid
pa3MeIeHusi CUCTEM JICKTPOIHUTAHUS U BOJOOXJIaKACHUs B 3/1. 43. HauaTsl paboThI 10 pEMOHTY H
epeodopyI0BaHUI0 YKa3aHHBIX TTOMEUICHH.

B Tperpem — yeTBepTOM KBapTasiax ObLIHM, HAKOHEL, OIUIaYeHbl cyeTa 1o gorosopam ¢ MAD,
HoBocubupck, uyTo mo3BosseT HaaesaThes Ha moctaBky B 2006 romy o6opyaoBaHus, HEOOXOAMMOTO
IE: 3aBEPLICHUS MOHTaXa u KOMIUIEKCHOM HaJIaJIKu 000pyI0BaHUS
JIY2-200.

K coxanenuto, He yJaloch B MOJIHOM OObEME BBIOJHUTH paboThl yckoputens JIYD-200,
HamedeHHble Ha 2005 roa, B OCHOBHOM, M3-3a 3aJ€PKKHA WJIM OTCYTCTBUS 3aIUIAHUPOBAHHOIO
¢unancupoBanus. Tem He MeHee, CO3AaH HEOOXOMUMBIM 3aaed [Uis BBINOJHEHHS 3aj]ad,
npeainoxeHHbix B [ITIT 2006 rona, ¢ koHeYHOH 1enbl0 Mycka K KoHIYy 2007 roa nepBoi ouepenu
ycranoBku MPEH ¢ Hepa3sMHOXkarolmein HEUTPOHHO-NPOU3BOIAIICH MHUILICHBIO W CTEHIAOM s
MPUKIIAJHBIX UCCIEA0BAHUM.



3. DEVELOPMENT AND CREATION OF ELEMENTS OF NEUTRON
SPECTROMETERS FOR CONDENSED MATTER INVESTIGATIONS

In 2005 work in the framework of the theme was focused on the following main activities:
- creation of neutron detectors;
- development of sample environment systems;
- development of data acquisition systems and computing infrastructure.

3.1. Creation of neutron detectors

In 2005 pilot models of 1D detector and 2D monitor were constructed and tested on a test
bench with a source and at the IBR-2 beams. Both detectors are based on multiwire proportional
chambers with delay line data readout. This allowed us to unify to a maximum extent the readout
electronics (preamplifiers, discriminators, etc.) and data acquisition electronics (data conversion and
filtering, histogramming, etc.) as well as basic program modules and interfaces. Data accumulation
and visualization are carried out on personal computers.

The methodical studies conducted earlier and the prototyping of individual units made it
possible to plan with a high degree of reliability the following characteristics of the 2D monitor and
1D detector (Table 1):

Table 1
2D monitor 1D detector
Gas mixture 50 mbar He’+950 mbar CF, | 2000mbar He’+1000mbar CF,
Efficiency 0.1% 40%
Sensitive area 100x100 mm? 200x80 mm?*
Coordinate 4x4 mm?> 2 mm
resolution
Count rate up to 10° events/s up to10° events/s
Differential <5% <5%
nonlinearity
Readout Delay line Delay line

The trials of the monitor and 1D detector performed during two spring and three autumn
cycles at IBR-2 have verified the specified characteristics.

3.1.1. 2D monitor

The 2D monitor is a multiwire proportional chamber. The overall dimensions of the
chamber are 320x320x23 mm, the thickness of the entrance and exit windows is 1 mm (Fig.1). This
thickness value has been chosen on the one hand to minimize the influence on an incident neutron
flux, and on the other hand to make it possible to endure mechanical loads under changes of
atmospheric pressure. High voltage of positive polarity is fed via an MHV connector. Five BNC
connectors serve for signal output. The detector has 2 gas connectors of the "Swagelock" type and
this permits the use of the detector in a flow operating mode.

In the chamber volume two cathode and one anode electrodes are positioned. Each of the
electrodes is a textolite frame with a cut-out window with wound fine wires of gold plated tungsten.
The thickness of anode wires is 10 um and of cathode wires — 50 um. The anode wire spacing is
2 mm. The anode wires are connected by a common bus. The cathode wire spacing is 1 mm and the
cathode wires are connected together in pairs and brought out to the delay line, each element of
which delays signals by 2.9 ns. The cathode spacing is 12 mm, the anode is positioned in the
middle.
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Fig.1. 2D monitor case.

To detect neutrons, the chamber volume is filled with a mixture of neutron converter gas
He’ and quenching gas CF;. (For high fluxes N can be used as a neutron converter). The quenching
gas is necessary to reduce the path length of charged particles formed as a result of interaction of
neutrons with the converter, as well as to suppress secondary effects. The total pressure of the gas
mixture is 1000 mbar, the partial pressure of He® is from 1 to 50 mbar depending on a maximum
load. Figure 2 illustrates the result of uniform exposure of the monitor during the test trials using a
neutron source.
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Fig.2. Uniform exposure of the 2D monitor.

The coordinate resolution was measured in the following way. The detector with a cadmium
mask was placed in a neutron beam. The mask is a cadmium plate 1 mm thick with the cut slits 0.5
mm wide. The slit spacing is 10 mm. The obtained spectra were summed over the Y-axis (with the
resulting integrated spectrum over the X-axis). The peaks were approximated by the Gauss
distribution, full width at half maximum was determined. The coordinate resolution measured by
this method proved to be no worse than the planned 4 mm (3.7 mm at the centre, 3.9 at the edges).
Also, during the measurements the profiles of beams 6b and 10 were obtained. These spectra are
presented in Figs. 3 and 4.
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Fig. 3. Measurement of beam profile (beam 6b) of the IBR-2 reactor. Gas mixture — 50 mbar
He’ + 950 mbar CF,. Measurement time — 5 min. Voltage across the anode —+3300V.
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Fig. 4. Measurement of beam profile (beam 10) of the IBR-2 reactor. Gas mixture — 50 mbar
He' + 950 mbar CF,. Measurement time — 15 min. Voltage across the anode —+3300V.

The specified gas mixture composition is intended for work in medium-intensity beams (10*-10°
neutronxs/cm”). To work with high fluxes (10°-10® neutronxs/cm?) the possibility to use N, as a
converter gas is to be studied.

For visual evaluation of the detector performance a cadmium mask with letters "JIH®" and
its image obtained with the help of the detector are given in Fig.5.
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Fig. 5. Exposure measurement using a cadmium mask "JIH®". 50 mbar He’ + 950 mbar CF,. Measurement
time — 15 min. Voltage across the anode — +3300V.

3.1.2. One-dimensional PSD

Figure 6 presents a photo of the 1D detector case made by the same technology on the basis
of a multiwire proportional chamber. In the chamber volume there are cathode, anode and drift
electrodes. The thickness of anode wires is 10 um and of cathode wires — 50 pm. The anode wire
spacing is 2 mm and the cathode spacing is 1 mm.

Figure 7 illustrates the result of uniform exposure/illumination of 1D detector filled with a
test mixture during measurements with a neutron source. The obtained differential nonlinearity is no
more §8%.
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Fig.7. Uniform exposure of 1D detector (+U=+3600V, -U=-2000 V).

During the 6™ cycle of the IBR-2 reactor (October 17-28, 2005) test and routine diffraction
measurements were carried out at the TEST spectrometer (beam 6b) and the HRFD diffractometer
(beam 5). A block scheme of the measuring channel is given in Fig.8.
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Fig.8. Block scheme of the measuring channel

The detector characteristics were measured on beam 6b of the IBR-2 reactor. The 1D
detector was filled with a gas mixture composed of neutron converter gas *He and quenching gas
CF, (partial pressure of *He — 2.5 bar and of CF4 — 1.5 bar) and placed in a scattered beam at a
distance of 80 cm from the scatterer. The whole detector except for an entrance window was
covered with cadmium, and the window was screened by a mask with 9 vertical slits 0.55mm wide
(slit spacing — 20 mm).

A typical coordinate spectrum of the detector is presented in Fig. 9. For the anode and drift
voltage parameters specified in the figure the coordinate resolution in the center of the detector was
2.0 mm and along the edges — 2.4 mm (measurement time — 15 hr).
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Fig.9. Coordinate spectrum of PSD with a slit mask. +Hv=3500 V —Hv=—1500V

The coordinate resolution dependence on anode and drift voltages was studied as well
(Fig.10).
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Fig.10. Coordinate resolution dependence on anode voltage (left) and on drift voltage (vight) for the third
slit at the left. Measurement time — 2 min.

Thus, an increase in anode and drift voltages improves the detector coordinate resolution.
+Hv=4200V —Hv=-3000V were chosen as working values. The coordinate resolution at the center
of the detector was 1.6 mm and at edges — 1.9 mm. With further increasing voltages, the detector
may fail to operate in a proportional mode.

At HRFD using the 1D detector the diffraction spectra of (LagPro9)o7Cao3sMnOs
(manganite with CMR effect in which an AFM phase occurs at low temperatures) were obtained at
7=10 K and 290 K. Spectrum accumulation time was about 2 hr. The measured distributions are
presented in Fig.11.
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Fig.11. Diffraction spectra of LPCM-90 obtained at room temperature (at the left) and at low temperatures
(at the right). The horizontal axis is the time channel number (channel width is 64 us) and the vertical axis is
the detector position channel number (channel width is 0.32 mm). +Hv=4000 V —Hv=-2000 V. The detector
is positioned at 20=30° with L,=103 cm, correspondingly diffraction spectra are obtained in the dy, range
from 3.4 to 12 A. In the figure they are slant lines in accordance with the Wulf-Bragg law, a vertical line in
the vicinity of the 55" channel is a fast neutron pulse. At T=290 K only nuclear peaks are visible in the
spectrum, at T=10 K there appear diffraction peaks (dy, ~ 8 and 11 A) connected with magnetic ordering.

The total time of measurements with the 1D detector on beam 5 was about 180 hr. During
the experiments the electronics and software operated trouble free in all measuring modes.

3.2. ZnS/°LiF-based scintillation detectors for the FSD diffractometer

Sixteen additional modules of the ASTRA detector along with the mechanical positioning
system have been tested and installed at the diffractometer (Fig. 12).

Fig.12. Sections N 7,6,5 of the F'SD detector located at the left of a sample

Counting characteristics of the scintillation counters of the 6-th section are presented in Fig. 13. The
detector control system on the basis of programmable microprocessor has been developed and
installed at the diffractometer. The system makes it possible to control a built-in high-voltage
source, to adjust the detector in an automated mode and to control the event selection logic. All



electronic modules of the system are interconnected into a shared network and connected to a
computer via CAN interface. A program to control, adjust and measure characteristics of individual
modules has been designed and debugged. The detector system has been put into trial operation.
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Fig.13. Counting characteristics of scintillation thermal neutron counters of the 6" section of FSD detector

3.3. Development of control systems of actuating mechanisms
and sample environment systems

In 2005 work to automatize actuating mechanisms for the IBR-2 spectrometers continued.
At the YuMO spectrometer a device for moving PSD along the neutronguide and a device for
vertical and horizontal positioning of PSD have been put into service (Fig.14).

Fig.14. A system for moving and positioning of PSD.



At the REMUR spectrometer a device for moving a diaphragm, a control device for two
goniometer axes and for moving a pivoting platform on the basis of high-current motors DBM120
have been installed.

During the last few years the electronics controlling the speed of rotation and the
synchronization of chopper rotation phase with a reactor start has been almost completely renewed,
namely, almost all choppers are controlled using microcontroller-based electronics. At the same
time the situation with the service reliability of power electric drives of disk background choppers
operating at beams N4, 5, 7, 8 (2 pieces) and N10 of the IBR-2 reactor deteriorated drastically.
These drives (EKT2D-63/380 40 kW) were installed in 1982 and require much labour inputs and
routine attention to provide for the necessary level of performance reliability. The number of
failures in the operation of choppers because of electric drive malfunctions increases gradually. In
this connection in 2005 a new power electric drive EKT4 was purchased and put into trial operation
at beam 10 of IBR-2 (Fig. 15). It provides the accuracy of chopper phase stabilization of 185-200

us.

Fig.15. Power electric drives EKT2 (left) and EKT4 (right).

For beams 6a and 6b test-bench trials of drum choppers to suppress background
(manufactured by the JINR Experimental Workshops) and of chopper control systems (Fig.16) have
been carried out. The accuracy of phase stabilization is 25-50 ps.

Fig.16. Beam chopper of channel 6b on the basis of direct current electric drive (left) and control system
(right).
For the NERA-PR spectrometer a cryostat with a refrigerator on pulsed tubes PT405

(Cryomech, USA) with a working temperature range of 250-3 K has been developed and tested. At
present, a temperature of 2.8 K has been obtained (Fig.17).



Fig.17. Refrigerator-cryostat RC2.5-300.

3.4. Development of data acquisition systems and computing infrastructure

In 2005 works within the framework of this project were carried out in accordance with the
long-term plan of development of DAQ systems of the IBR-2 spectrometer complex and computing
infrastructure.

Among the most important results in the current year are the purchase of a new central
server Sun Fire X4200, bulk storage device Storage Array (6.4 Tbyte) and acquisition of two high-
speed network switches Cisco 3750 (1 Gbit).

As is known, at present the central file-server Enterprise 3000 of the firm SUN Microsystem
(two processors ULTRA SPARC 250 MHz, RAM — 250 Mbyte, HDD — 200 Gbyte) is the only
powerful computer and provider of shared disk space in the FLNP LAN. The server has been in
service for 8 years, which resulted in the following problems:

e at present, the support of processors of the given type is not provided any longer, and
consequently, the operating system Solaris 2.6 cannot be updated with fresher versions
(Solaris 2.10 and higher);

e Dbecause of small capacity of the shared disk memory, the users have to store a part of
experimental data on their personal computers, which frequently results in data loss and
complicates the processing procedure;

e cxtension of the shared disk space is a problem, since disk manufacturers have changed over
to faster interfaces;

¢ in case of failure of one of the disks, problems arise with providing safety and reliability of
information storage.

In addition, the cost of providing service and upgrading of the SUN equipment currently in
use on the basis of RISK architecture (Enterprise 3000, Sun Workstations) is unacceptable for us. At
the same time, a sharp increase in computing power of computer systems based on X86 architecture
and evolution of AMD-64 platform are observed. These factors have predetermined the replacement
of basic servers of the FLNP computing cluster by modern powerful systems on the basis of Intel
Pentium IV Xeon and AMD Opteron 64.

In 2005 e-mail processing, spam and virus filtering were performed by a dedicated server on
the basis of Intel Pentium platform under the operating system Solaris 9. Web service is also being
transferred to an analogous server. In the near future the installation of a new central server Sun
Fire X4200 (AMD-64) with OS Solaris 10 is planned, thus making it possible to use maximally the
advantages of 64-bit architecture and multi-core processors. The installation of the server and Mass
storage will allow us to solve the above-mentioned problems. The available server Enterprise 3000



will be used for work with applications written for the old operating system till it exhausts its
resource completely.

Along with the installation of servers, it is planned to create a new architecture of FLNP
LAN and to change over to Gigabit Ethernet for main backbones (Figs.18, 19).
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At present, the central switch of FLNP LAN Cisco 8510CSR is connected to the JINR
network via two links with total throughput of 200 Mbit/sec. Under conditions of ever increasing
traffic and load on the routing equipment, this connection cannot provide stable service for users
any more. Besides, CSR8570 does not make it possible to effectively control data transfer at virus
and DDOS attacks. A change-over of the available switches of the network core to routing switches
Cisco 3750, the installation of interface with 1Mbit/sec to CSR8510 and the application of high-
speed communication in the main FLNP LAN links will make it possible to solve the specified
problems, to enhance the reliability of network operation and to provide connection with the JINR
network and other networks at Gigabit rates.

In 2005, an Intel Pentium dual-processor server for data acquisition systems based on
application of VME-PCI adapters was installed as well. Practically all network equipment was
unified, including the segment of bldg.117 (EPSILON spectrometer). At two spectrometers
uninterruptible power supplies were installed. The program package Sonix+ was put into operation
at the REMUR spectrometer. In the framework of Sonix+ complex:

e anew version of modules responsible for script interpretation was developed;
e anew spectrum visualization program Spectra Viewer for data from 1D and 2D detectors in

Sonix+ format was designed;

e work to improve the package components, script libraries, etc. was carried out.

Along with the above-mentioned installation of DAQ and control electronics for scintillation
detectors at the FSD spectrometer, work to develop and test the DAQ board software for MWPC
detectors has been carried. In particular, two versions of FPGA programs for operation of the board
with one-dimensional detectors and with a built-in monitor counter have been designed and tested.
The development of new DAQ electronics with USB interface for multi-counter systems is in
progress.

Electronic and software support was constantly provided during the IBR-2 reactor cycles.



3. PABPABOTKA U CO3JIAHUE SJIEMEHTOB HEUTPOHHBIX
CIIEKTPOMETPOB JIJ1s1 UCCJIEJOBAHMUA
KOHIEHCHUPOBAHHBIX CPE/]

PaboThI 10 TeMe BEJIMCH B CIICAYIONIMX OCHOBHBIX HANIPABJICHUSX

—  CO3JaHH€ HEUTPOHHBIX JIETEKTOPOB;

—  pa3BUTHUE CHCTEM OKPY>KEHHs 00pasia;

—  pa3BUTHE CHCTEM cOOpa JIaHHBIX M BEIYUCIUTEILHOW HHPPACTPYKTYPHL

1. Co3nanne HEHTPOHHBIX /1eTEKTOPOB

B 2005r. nszrotoBnens! onbITHRIE 00pasnbl 1D nerexkropa m 2D MOHHMTOpa W TPOBEICHBI
WX UCIBITAHUE HA CTEHJIE ¢ MCTOYHMKOM W Ha mydkax MBP-2. O6a perekTopa BBITIOJIHEHBI Ha
OCHOBE MHOTOINPOBOJIOYHBIX IPOMOPIUOHAIBHBIX KaMep €O ChEMOM HMH(OpPMALUU C JIHUHUU
3aJIep’KKUA. DTO MO3BOJIMIO B MAaKCUMAJIbHOM CTENEHH YHU(PHUIMPOBATH JIEKTPOHUKY CUHUTHIBAHUS
(mpeycwIIUTeNN, TUCKPUMHUHATOPHI | JIP.) ¥ HAKOTUICHHUS JaHHBIX (TIpeoOpa3oBaHue U QUIbTPALUS
JTAHHBIX, TUCTOTPAMMHUPOBAHUE U JIp.), & TAK)KE OCHOBHBIC TIPOTPAMMHBIC MOIYJIM U HHTEP(EHCHI.
Hakormuienue u BU3yanusanus JaHHBIX OCYIIECTBIISETCS HA IEPCOHAIbHOM KOMIIbIOTEpE.

[IpoBeneHHbIE paHee METOAWYECKUE UCCIIEAOBAHUS U MAKETHPOBAHHUE OTACIBHBIX Y3JIOB
MO3BOJIMJTM C BBICOKOH CTEMEHBIO JOCTOBEPHOCTH IUIAHUPOBATH CICAYIONINE TEXHUYIECKUE
xapakrepuctuku 2D moruTopa u 1D nerexropa (Taba. 1):

Tabauuya 1

2D MOHMTOP 1D nerekTop
["a3oBas cmech 50 m6ap He’+950m6ap CF, | 2000 m6ap He'+1000mGapCF,
D¢ deKTHBHOCTD 0.1% 40%
YyBcTBUTENIBHAS 00/1aCTh 100x100 mm” 200x80 Mm”~
Koopx. paspenienue 4x4 MM° 2 MM
CkopocTh cueTa 110 10° co6./cex. 1010° co6./cexk.
Jlndbdep.HEOTHOPOTHOCTH <5% <5%
Chem curnaia JIuHUY 3a]IepKKU JIuHus 3aJICPIKKU

Ucnbrtanuss monutopa u 1D gerekTopa, MpoOBEIEHHbIE B TEYEHUE JBYX BECEHHHX U TPEX
OCeHHUX IUKIJIOB Ha MIBP-2, moaTBepAnin yKazaHHbIe XapaKTePUCTHUKH.

1.1. 2D monuTOp

2D MOHHMTOp MpeACTaBisieT OO0 MHOTOMPOBOJOYHYIO IPOTOPIMOHAIBHYIO Kamepy.
Buemnue rabaputsl kamepsl cocTaBisitoT 320x320x23 MM, TOJIIMHA BXOJHOTO M BBIXOJHOI'O OKOH 1
MM (Puc.1). Ota undpa O6buta BeIOpaHa Ui TOTO, YTOOBI, C OJHON CTOPOHBI, KAK MOXHO MEHBIIIE
BJIMATh Ha NaJAIOIIMi HEHTPOHHBIH HOTOK, M, C JPYroil CTOPOHBI, YTOOBI JETEKTOp ObUI CIOCOOEH
BBIJICP)KMBATh MEXaHWYECKHE HArpy3KH, BO3ZHHKAIOIIUE MPH HW3MEHEHUH aTMOC(HEpHOrO IaBIICHHUS.
Beicokoe HampsikeHHe IOJI0XKHUTEIbHOM MOJIPHOCTH mojaercs uepe3 pazseM MHV, mis BeiBoga
curHaioB ciyxar 5 pazsemoB BNC. [letexkTop mMeer 2 ra3oBbIX pa3zbema tuma «Swagelock», urto
MO3BOJISIET MCIIOJIB30BATh €0 B IPOTOYHOM PEXUME PabOTHI.
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Puc.1. Kopnyc 2D monumopa. Puc.2 Pasnomepnas 3aceemka 2D monumopa.

B oO0beme kamepbl pacroyioKeHbl JBa KAaTOJHBIX W OJWH aHOJHBIN 3JIeKTpoabl. Kaxmpiii u3
AJIEKTPOJIOB TIPEJACTaBIsIeT CO00M TEKCTOJUTOBYIO PAMKY C BbI(pE3epOBAaHHBIM OKHOM, B KOTOPOM
HaTSHYThl TOHKHE IPOBOJIOKM M3 IO30J0YEHHOro Bojb(ppama. TonuHa aHOIHBIX MHpoBojoyek 10
MHUKpPOH, KaTOJIHBIX — 50 MUKpPOH. AHOJHBIE MPOBOJOYKM HAMOTAHBI C IIaroM 2 MM U COEIUHEHBI
0011el MMHON, KaTOAHbIE TPOBOJOYKH HAMOTAHBI € IaroM B 1MM, 0ObeAMHEHBI 110 JIBE U BHIBEICHBI Ha
JUHUIO 3aJIEpKKU, OJHO 3BEHO KOTOpOHM 3ajepkuBaeT Ha 2,9 Hc. PaccrosiHme Mexay kaTogaMu
cocTaBisieT 12 MM, aHOJ PacIoJIOKEH rocepeanne./Jisi perucTpauuu HEHTPOHOB BHYTPEHHUH 00BEM
KaMephl 3all0JIHEH CMEChIO, COCTOsIIe M3 ra3za-koHBeprTepa HeWTpoHoB He3 u racsmero rasa CF4.
lacsammii ra3 HEOOXOIUM JUIsl YMEHBIIEHUS JUTMHBI Mpo0era 3apspKeHHBIX YacTHII, 00pa3yIoUIMXcsl B
pe3ynbTaTe B3aUMOJICHCTBHS HEHUTPOHOB C KOHBEPTEPOM, a TakXKe Ui IOAABICHUS BTOPUYHBIX
s dexros. [lomHoe maBmenne razoBoit cmecu 1000 mmwmmnbap, nmapuanbHoe naBieHne He3 cocrasuser
or 1 mo 50 mwmubap, B 3aBUCHMOCTH OT MaKCHMaJIbHOW 3arpy3ku. Ha puc.2 mokaszaH pe3ynbTar
pPaBHOMEPHOM 3aCBETKM MOHUTOpPA B XOJI€ TECTOBBIX UCIBITAHUI C MOMOIIbIO HCTOYHUKA HEUTPOHOB.

OrneHKa KOOPJIMHATHOTO paspelleHusl Ha IMydkax Oblla MpOBEIeHa CIEAYIOMIMM CIOCOO0OM.
JleTexkTop ¢ KaaMUEBOH MacKOW IOMEIIaics B TOTOK HEHUTpOHOB. Macka TMpeAcTaBisieT CcoOOM
KaJIMUEBYIO TUIACTUHY TOJIIUHON 1 MM C pope3aHHBIMU B He miensimu mupunou 0,5 mm. Paccrosinue
Mexay mensMu — 10 mm. [lomydeHHBIE CHEKTPbI CYMMHPOBAJIUCH BIOJb OCH Y (MOJydalyics
WHTETpaJbHBIA CIEKTp 1o ocu X). [Iuku anmpokcMMHpOBAIHMCH pacmpeneineHuemM [aycca,
olpesieNsuIach ero MupHUHA Ha nosryBeicoTe. KoopauHaTtHoe pa3pelienne, H3MEpeHHOE 3TUM METOJIOM,
0Ka3aJloCh HE XYK€, YeM 3aruianupoBaHHbie 4MM (3,7 MM B 1ieHTpe, 3,9 MM 1o kpasm). Tak ke B Xxo/e
u3MepeHuii OblIM mosyudeHsl mpoduau mydkoB N66 u N10  peaktopa WBP-2. Dtu cnextpsl
npezcTaBieHbl Ha puc.3,4. YKa3aHHBIM BbIIIE COCTaB Ta30BOW CMecH MpeaHa3HaueH Juid padoThl B
mydkax co cpexmeii muTencmsHocThI0 10%-10° HefiTpor*cek./oMm®. s paGoT B Mydkax BBICOKOM



. 2
unrencusHocTH (10°-10° HeliTpor*cek./cM?) TUIAHUPYETCS HCCIIEOBATh BO3BMOKHOCTD HCIIOB30BAHHS
azora N, B KauecTBe ra3a-KoHBepTepa.
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Puc.3. Hamepenue npoduna nyuka N66 peaxmopa HBP-2. Tazoseas cmecy 50mbap He' + 950mbap
CF4. Bpems usmepenus 5 munym. Hanpsowcenue na anooe +33008B.

L Mean x 147.4
L Mean y 1466
250 —
200 -
150/
100 -
50 e
£ 1
o L L e | HER e L 1 L L L 1 | " PR T | L L L | "
0 50 100 150 200 250

Puc.4. Hsmepenue npoguns nyuxa N10 peaxmopa UBP-2. I'azosas cmecwy 50mbap He’ + 950mbap
CF,. Bpems usmepenus 15 munym. Hanpsiocenue na anooe +3300B.
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Puc.5. Uszmepenue 3aceemku ¢ kaomuegou mackou «/ IH®» na 10 nyuxe UBP-2. 'azosasn cmecw
50mbap He’ + 950mbap CF,. Bpems usmepenus 15 munym. Hanpsiocenue na anode +3300B.

1.2 OpnoxoopaunatHbiii ITY/]

Ha puc.6 nokazana ¢gororpadus kopmyca 1D perekropa, BBIIOJIHEHHOTO 110 TOW K€ TEXHOJIOTUU
Ha OCHOBE MHOTONPOBOJOYHOW MPOMOPIUOHATBLHON KaMmepbl. B 00beMe KaMepbl PacIiONIOKEHBI
KaTOJHbIM, aHOAHBIA W JpeidoBbIi anekTponapl. TonmmHa aHOMHBIX MpoBojodYek 10 MHKpOH,
KaTogHbIX — 50 MUKPOH. AHOJIHbIE MPOBOJIOYKH HAMOTAHBI C IIAroM 2 MM M KaTOJHBIE - | MM.

Puc.6. Kopnyc 1D oemexmopa.



Ha pmuec.7 nokazan pe3yibTaT paBHOMEPHOU 3acBeTkr 1D JieTekTopa ¢ TECTOBOM CMEChIO B XOJI€
UCHBITAaHUM C TMOMOIIBI0 UCTOYHHMKA HEHUTpoHOB. [lonydennas auddepennmanbHasi HEOHOPOIHOCTD
He Gozee 8%.

1000

100

KonuyecTBo cobbiTuin

T T T T T T T T T T T T T T T T T T T T T
-2500 -2000 -1500 -1000 -500 0 500 1000 1500 2000 2500
Homep kaHana

Puc.7. Pasnomepnas 3aceemxa 1D oemexmopa (+U=+3600 B, -U=-2000B).

B 6 nukne peakropa MIBP-2 ¢ 17 no 28 okTs6ps 2005 roaa Ha cnexkrtpomerpax TECT (66 xanan
peakropa) u ®JIBP (5 kanam) OblIM IpOBENCHBI TECTOBBIE U paboune M3MepeHus AU(PaKIHOHHBIX
CHEKTPOB.bI0K-cXeMa N3MEepPUTENBHOIO TPAKTA IOKa3aHa Ha PUC.8.
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Puc.8. brok-cxema uzmepumenbHo2co mpaxkma.

XapaKkTepUCTHKHU JIETEKTOpa M3MepsUIiNch Ha 60 kaHaie peakropa WMBP-2. 1D nerektop ObL1
3aMOJTHEH Ta30BON CMECHIO, COCTOSIICH M3 Tasa-KOHBepTepa HeiiTpoHoB "He u racsmero rasa CFy
(mapuuanpHOE JaBJICHUE *He - 2,5 6ap u CF4 — 1,5 6ap), u ycraHOBIIEH B PacCesSHHBIA My4YOK Ha
paccrossauu 80 cM OT paccenBaTens. Bech neTekTop, KpoMe BXOJHOTO OKHA OBbUT 3aKPBIT KaJMHEM, a
Ha OKHO ObllIa YCTAaHOBJICHA Macka ¢ 9 BepTukanpbHbIMU IIensMu. [llupuna menu cocrabisa 0,55 M,
paccTosiHue MEeX Iy meiasiMu - 20 M.

TUnU4HBIA KOOPIMHATHBIN CHIEKTP AETEKTOpa MpeAcTaBieH Ha puc.9. [Ipu yka3aHHBIX Ha pUCYHKE
napamMeTpax aHOJHOTO M Aper(oBOro HampspKeHUM KOOPAMHATHOE pa3pellieHHe B LIEHTPE JETEKTOpa
coctaBuio 2,0 MM, a Ha Kpasix Jetekropa 2,4 MM (Bpemst Habopa 15 yacoB).
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Puc.9. Koopounamusiii cnekmp I19]] co wenesoii mackou. +Hv=3500 B —Hv=-1500

bruin cHATHI 3aBHCHUMOCTH KOOPAUHATHOT'O Pa3pCHICHUA ACTCKTOPA OT aHOJHOIO0 H
npeiidoBoro HanpspkeHUH (puc.10).
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Puc.10. 3asucumocms KOOPOUHAMHO20 pazpeuienus om aHOOHO20 Hanpsdicenus (cresa) u
Opetighosoco Hanpsidcenus (cnpasa) Onsi mpemvell cleda weau Ha macke. Bpewms nabopa 2
MUH.

Takum o00pa3oM, yBETUYEHHE AHONHOTO U JApPeH(OBOrO HANPSDKEHUH  yiydinaer
KOOpPJIMHATHOE pa3pelleHue ACTeKTopa. B kauecTtBe pabouymx 3HAUYCHHWA OBUTH BBIOpAHBI
+Hv=4200 B —Hv=-3000 B. Ilpu 3TOM KOOpAMHATHOE pa3pelIeHUE B IIEHTPE AECTEKTOpa
coctabwio 1,6 mMm, a Ha kpasx gerekrtopa - 1,9 mm. IIpu nanpHeilem yBeIHMYEHUU
HANPSOKEHUH IETEKTOP MOXKET BBIMTH U3 MPOMOPIUOHAIBHOTO peXuMa.

OnmauM u3 skcriepuMeHToB Ha 5 kaHane WMBP-2 Obuto m3mepeHue MuQpaKkIIumOHHBIX
cnektpoB (Lag Proo)o7CapsMnO; (manranutr ¢ CMR sddekrom, B KOTOPOM NpU HHU3KOM
temneparype Bo3HukaeT A®M ¢aza) npu 7=10 K u 290 K. Bpems HakoIuIeHUSI CIIEKTPOB
COCTaBIISIO OKOJIO 2 yacoB. Ha pue. 11 nmokazaHbl H3MEPEHHBIE paCIPeICICHHUS.
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Puc.11. Jugppaxyuonnvie cnekmpor om LPCM-90, usmepennvle npu komuamuou (ciesa) u
HU3KoU (cnpaea) memnepamypax. Ilo 2opu3oHmanvHOU ocu — HOMEpP BPEMEHHO20 KAHAA
(wupuna xaunana 64 mxc), no 6epMUKAILHOU OCU — HOMEP NOZUYUOHHO20 KAHALA 0emeKmopa
(wupuna xanana 0,32 mm). +Hv=4000 B —Hv=-2000 B. /lemexmop pazmewen npu 20=30° c
L,=103 cm, coomeemcmeeHHO OUPDpaKyuoHHvle CNeKmMpbl PecUCMPUPYIOmcst 8 Ouanasoue duy
om 3.4 00 12 A, na pucynxe onu npedcmaenarom HAKIOHHBIE NONOCHL 8 COOMEEMCMEUL C
3axkoHom Bynvgha-bpezea, éepmukanvhas noioca 6 paiouwe 55 Kamaia — UMnyabC ObICMPbIX
Hetimponos. Ilpu T=290 K 6 cnekmpe 6uoHvl monvko sioepHvle nuxu, npu T=10 K 6 cnekmpe
nosensiomes. ougpakyuonnvie nuxu (mpu dyg = 8 u 11 A), cesazannvie ¢ mazHumuvim
YNnopso0oUeHueM.

Oomee Bpemst u3MepeHus: o0pas3IoB Ha 5 kaHane coctaBmiio okojo 180 gacos. [Ipu aTom
JJICKTPOHMKA W TIPOrpaMMHOE oOecrnedeHre paboTaqyd CTaOWIBHO BO BCEX PEKHUMAaX
U3MEPECHUM.

2. CHHHTHJUISIMOHHBIE 1eTEKTOPHI HA OCHOBE ZnS/°LiF I audpakTomerpa
OCA

[llectHanuate nONOJHUTENBHBIX Moayned nerekropa ACTPA wucneitanbl u
YCTaHOBJICHBI Ha JAH(PPAKTOMETPE COBMECTHO C MEXAHWYECKOW CHCTEMOU FOCTHPOBKH
(puc.12).CyeTHple XapaKTEPUCTUKUA CHUHTHIUISIMOHHBIX CYETYUKOB O-H CEKUUHU
noka3zanbl Ha puc.13. Paspaborana u ycraHoBleHa Ha JIU(PAKTOMETpPE CHCTEMA
yOpaBlieHUsl JeTeKTopa Ha 0aze MporpaMMUPYeMOro MHKporporeccopa. Cucrema
MO3BOJISIET  yNPABJSITH BCTPOCHHBIM  HMCTOYHHUKOM  BBICOKOTO  HAIPSDKEHUS, B
ABTOMATU3MPOBAHHOM pEeXHME HACTpauBaTh JETEKTOP W YMNPaBIATH JOTHKOM oTOopa
coObITHiA. Bce 3JIeKTpOHHBIE MOy CHCTEMbl OOBEAWHEHBI B OONIYIO CETh U
coenuHEHbl ¢ KommbioTepoM Ha ocHoBe CAN wuHTepdeiica.PazpaboTana u oTiaxkeHa
mporpamMma i yOpaBJICHHUsS, HACTPOMKM W U3MEPEHUs] XapaKTEPUCTUK OTACIIbHBIX
Mojynei. JleTekTopHas cucTema cliaHa B ONBITHYIO SKCILTyaTaIuio.



Puc.12. Cexyuu Ne 7, 6, 5 oemexmopa @ C/[ pacnonoscentule ciesa om obpasya.
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Puc.13. Cuemnvie xapaxmepucmuku CYUHMULIAYUOHHBIX — CHEMYUKOE MENI0BbIX
Helmporos exoosuue 8 cocmas cexyuu Ne 6 oemexmopa ©@CJI.

3. Pa3BuTHe CHCTEM YINpaBJIeHUsl WCHOJHHTEIbHBIMU MEXaHU3MAMHU W CHCTEM
OKpY’KeHHs1 00pa3ua



B 2005 romy Oblna mpoAOKEHA aBTOMATH3AIUSl WCIIOJIHUTEIBHBIX YCTPOWUCTB JUIS
cnexrpomerpoB MBbP-2.Ha cnekrpomerpe FOMO BBeneHo ycrpolictBo nepememenus T4/
JIETEKTOpa BJIOJIb HEUTPOHOBOIA U YCTPOMCTBO BEPTUKAIBHON U TOPU3OHTAIIBHON FOCTHPOBKHU
ITY/] nerextopa (puc.14).

Puc.14. Cucmema nepemewyenus u ocmuposku I9/] oemexmopa FOMO.

Ha cnextpomerpe PEMVYP ycraHoBieHBl yCTpOWCTBO mepeMelnieHus auadparmsl,
YCTPOMCTBO ympaBieHHs 2-Ms OCAMU TOHHOMETpa U NEpPEeMEUICHHUEM IOBOPOTHOMN
1atopMbl HA OCHOBE CUIILHOTOYHBIX aBurareneit JJbM 120.

B mocnemnue HECKONBKO JIeT ObLIa IMOYTH IOJHOCTHIO OOHOBJIEHA HIIEKTPOHHKA
yIOpaBJIEHUS CKOPOCTbIO M CHUHXPOHHU3alMM (a3bl BpalLIeHUs INpepbIBaTelIed CO CTapToOM
peakTopa, a MMEHHO, NOYTH BCE IpEpbIBATENIM NEPEBEIEHBl HA YIIPABICHUE C ITOMOIIBIO
MHUKPOKOHTPOJIIEPOB. B To ke BpeMsi pe3ko 00ocTpuiiach CUTyalMs ¢ HaJIe)KHOCTbIO pabOThI
CHJIOBBIX 3JICKTPOIIPUBOJIOB TMCKOBBIX (JOHOBBIX MpephIBAaTENCH, padOTAIOMNX HAa KaHaax 4,
5,7, 8 (2 mr.) u 10 peakropa NBP-2.0tu mpuBogst (OKT2/I-63/380 na 40 kBT)
ycraHoBieHsl B 1982 romy um TpeOylOT OONBIIMX TPyZO3aTpaT IO MPOQHIAKTHKE,
00CITy>)KHBaHUIO U 00ecreueHNI0 He00X0AUMOM Hae)KHOCTH padoThl. KomnuecTBo 0TKa30B B
paboTe mpepbiBaTeNel M3-3a HapyLIeHUs pabOThl AJIEKTPONPUBOAA MOCTENEHHO pacTeT. B
cBs3u ¢ 3TUM B 2005romy ObLT MpHOOPETEH W BBEJCH B OMBITHYIO JKcIUTyaranuio Ha 10
kaHane WBP-2 HoBblil cunoBoil anekrponpuBon OKT4 (pue.15). TouHocTs cTaOunuzanuu
da3zbl mpepobiBaTens coctaBmia 125-200 mkc.



Puc.15. Cunosvie snekmponpueoowvt IKT2 (cnesa) u IKT4 (cnpasa).

Jlns kaHanoB 6a ¥ 60 NpoBeeHbl CTEH/I0BbIE UCTIBITAaHUS OapaOaHHBIX MpepbIBaTeNei
it nonasienuss pona mpomssoactBa OIl OUSM m cuctem yrpaBiieHHs TPEPHIBATEISIMH
(puc.16). Tounocts cTabunuzanuu ¢assl coctaBuia 25-50 MKc.

Puc.16. Ilpepvisamens xanana 66 nHa b6aze 1eKmponpusooa NOCMOSHHO20 MOKA (cresa) u
cucmema ynpaesienus (Cnpasa).

Hns  cnextpomerpa HEPA-IIP paspabotan u wucnobitan kpuoctaT (pue.17) c
pedpmxepatopom Ha wummyabcHbIX TpyOkax PT405 (Cryomech, USA) nmns paGoTel B
nuanasone temmeparyp 250-3 K. B Hactosiniee BpeMs nosrydeHa temneparypa 2.8 K.



Puc.17. Pegbpuxxepamop-kpuocmam RC2.5-300.

4. PasBuTHe cHcTeM cO0PA JAHHBIX H BHIYHCIUTEIbHOH HHPPACTPYKTYPHI

B 2005 r. paGoTsl MO JaHHOMY HAIPABJICHHUIO BBINOJHSIMCH B COOTBETCTBUHU C
MPUHSATHIM PaHEe JOJTOCPOYHBIM TUTAHOM Pa3BUTHSI KOMITBIOTEpHOW MHPpacTpykTypsl JIHD
U cucTeM cOopa JaHHBIX C KOMIUIEKca criekTpoMeTpoB MBP-2.

K uumcmy nHambosnee BaXHBIX pe3yJbTATOB B TEKYIIEM TOXIYy CIEAyeT OTHECTH
npruoOpeTeHre HOBOro IieHTpaibHoro cepBepa Sun Fire X4200,ycTpoiicTBa MaccoBoi mamsTu
Storage Array (6,4 TByte), u 1ByX BBICOKOCKOPOCTHBIX ceTeBBIX KoMMyTaTopoB Cisco 3750
(1 Gbit).

Kak wu3BecTHO, B HacTofllee BpeMsl €IWHCTBEHHBIM MOIIHBIM BBIUYHCIUTEIEM U
MOCTABIIUKOM 001Iero AUCKoBOro mnpoctpanctBa B LAN JIH® sBnsercs meHTpaabHBIN
taiin-cepsep Enterprise 3000 ¢pupmsr SUN Microsystem (nBa mpoueccopa ULTRA SPARC
250 MHz, RAM - 256 MByte, HDD — 200 GByte). CepBep HaxoauTcs B dKCIUTyaTaluu 8
JIeT, YTO MPUBEJIO K BOSHUKHOBEHUIO CIEAYIOMIUX MTPOOIIeM:

- Ha JaHHBII MOMEHT TOJJAEpXkKa MPOLECCOPOB JAHHOTO THMA MpeKpalleHa,
COOTBETCTBEHHO, OOHOBJICHHE OIEpalMOHHON cucTeMbl Solaris 2.6 Ha Oosee cBexue
Bepcuu Solaris 2.10 1 BbIlIe HEBO3MOXKHO;

- BBHIY HeOospmoro o6béma oOmIel AMCKOBOW MaMsTH, IOJIb30BAaTEN BBIHYXKICHBI
JIep’KaTh  4acTb OKCIEPUMEHTaJbHOW HMH(POpPMAIMM HAa CBOMX MEPCOHAIBHBIX
KOMITBIOTEpaxX, YTO YacTO NMPHUBOJUT K IOTEpPE JAHHBIX M YCIOXKHSET IMPOLEAYypy HX
00paboTKu;

- pacmmpeHue OOIIEro JTUCKOBOTO IPOCTPAHCTBAa 3aTPyAHEHO BBHIY Hepexoja
MIPOU3BOJAUTENICH TUCKOB Ha 0oJsiee ObICTpbIe HHTEP(EHCHI;

- BO3HUKAIOT TPYIHOCTH ¢ oOecreuyeHHeM HaAEKHOCTH W O€30IacHOCTH XpaHEHHUs
uHGOpPMaIU TPU BBIXO/E U3 CTPOS OJTHOTO U3 JIUCKOB.

Kpowme Toro, ucnons3zyemoe B HacTosiiiee BpeMs: ooopyaoanue SUN Ha ocHoBe RISK
apxutektypbl (Enterprise 3000, Sun Workstations) wumeer HempuemseMyo g Hac
CTOMMOCTh OOCTYXHMBaHHS M pa3BUTHiI. B TO ’xe BpeMsi  INPOUCXOAUT pE3KUH pOCT
MPOU3BOJUTENLHOCTH BBIYMCIUTENBHBIX CHUCTEM, IMOCTPOCHHBIX HAa OCHOBE apXUTEKTYpbI
X86, u pazsutue miatGopmsel AMD-64. D11 GakTopbl U NpeIONpPeAETIIN 3aMEHY OCHOBHBIX
cepBepoB BbIUMCIUTENbHOTO Kiactepa JIH® coBpeMeHHBIMH MOUIHBIMH CHCTEMaMH Ha
ocHoge Intel Pentium IV Xeon u AMD Opteron 64.



B 2005 r. oOpabGoTka 3JIEKTPOHHOW IMOYTHI, (PHIBTpAIMs CliaMa W BUPYCOB ObLIA
BbIHECEHA Ha BbI/IEJIEHbIN cepBep Ha miuatgopme Intel Pentium nox ynpasnenuem OS Solaris
9. Web cepBuc Takke NEpeBOAWTCS Ha aHAJOTHYHBIA cepBep.B Ommkaifmee Bpems
IUTaHUPYETCs YCTAaHOBKAa HOBOro IeHTpasbHOro cepBepa Sun Fire X4200 (AMD-64) ¢ OS
Solaris 10, 4TO TO3BOJIMT MaKCHMAaJbHO WCIIONB30BaTh NpeuMyliecTBa 64-pa3psaHoit
apXUTEKTYpPbl 1 MHOTOSJIEPHBIX MTPOLECCOPOB. Y CTaHOBKA cepBepa U Mass storage mO3BOJIUT
pemmmTh Ha3BaHHBIC BbIIe Tpobiembl. CymectByromuii cepBep Enterprise 3000 Oyxper
UCIIOJIb30BaThCsl 10 TOJIHOTO H3HOCA JuIs paboThl ¢ MPUIIOKEHHUSMHU, HAIMCAHHBIMU MOJ
CTapylo ONEPAIOHHYIO CUCTEMY.

Hapsiny ¢ ycraHOBKOI cepBepoB, IUIaHUPYETCS CO3/4aHue HOBOM apXxuTekTtypbl LAN
JIH® u nepexon Ha ucronb3oBaHue Gigabit Ethernet Ha OCHOBHBIX MarucTpaiasix CeTH
(puc.18,19). B nacrosimee Bpems meHTpaibHbli KommyTatop cetu JIHO Cisco 8510CSR
coeMHEH C ceThio MHCTUTyTa OBYMS JMHKaMU C oOwLIed mpomyckHoO# crnocoOHocThio 200
Mbit/sec. Takoe NOIKIIOUYEHHE YK€ HE MOXKET 00ECHEUUTh YCTOMYMBOE OOCITY)KUBaHHE
HOJIb30BaTENEed B YCJIOBUSX IOCTOSHHOIO yBEJIMYEHHUs 00bEMa Tpaduka M Harpy3ku Ha
MapmpyTtusnpyroimiee odopynoBanue. Kpome toro, CSR 8510 He mo3Boiser 3¢G¢deKTUBHO
yHpaBiATh Nepenavyeil TaHHbIX Ipu BUpYcHBIX 1 DDOS-arakax Ha cetb. IlepeBon sinpa cetu
Ha MapupyTtusupytomue kommytaropbl Cisco 3750, ycraHoBka mHTepdeiica 1Mbit/sec B
CSR8510 u ucnosip30BaHUE BBICOKOCKOPOCTHBIX COEAMHEHUN HAa OCHOBHBIX JUHKax LAN
JIH® moMoXeT pemuTh yKa3aHHbIE MPOOJEeMBbI, MOBBICHTH HAIEKHOCTh pabOTHI CETH H
oOecnieunTs cBs3b ¢ ceTbio OUSN u npyrumu ceTsiMu Ha TUTAOUTHBIX CKOPOCTSX.
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Puc.18. Texywas kongueypayus LAN JIH® (yenmpanvhoe 50po).
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Puc.19. Hosasa apxumexmypa LAN JIH®.

B 2005 r. yctaHoBieH Taxke AByXmpoueccopHblii cepBep Intel Pentium anst cucrem
cOopa maHHBIX, Oaszupyromuxcs Ha npumeHenun VMI-PCI apantepoB. YHUbUIIEIPOBAHO
NpakTUYeCKH BCE ceTeBoe 00OpyJOBaHME, BKIOYas cerMeHT 3maHus 117 (cmekrpomerp
EPSILON). Ha nByx cmekTpomeTpax yCTaHOBJICHBI MCTOYHUKH OecrepeOOMHOro MUTaHUS.
[IporpammusbIii koMIuleke Sonix+ BBEAEH B dKCIUTyaTaluio Ha crekrpomerpe PEMVYP. B
paMKax KOMIUIeKca Sonix+:

- pa3paboTraHa HOBast BEpCHs MOJyJICH, OTBEYAIOIINX 32 HHTEPIPETALNIO CKPHIITA;

- paspaboTaHa HOBas MporpaMma BHU3yaJIM3allui CHEKTPOB Spectra Viewer Ui JaHHBIX C
1D u 2D netrextopoB B ¢popmare Sonix+;

- MPOBOJAMJIOCH COBEPIICHCTBOBAHNE KOMIIOHEHTOB KOMIUIEKCA, OMOITMOTEK CKPHUIITOB U T.1I.

Hapsny ¢ ynomsHyTOH BbIIIE 3J€KTPOHUKON PEeruCTpalluy TaHHBIX U yIIPaBICHUS s
CHMHTWJUISIIIMOHHBIX  JIETEKTOPOB,BBIIIOHEHB Pa0OTBl 1O Pa3BUTHIO M TECTHPOBAHUIO
nporpaMMHOro oOecrmedeHus IaTel cbopa gaHHeIXx g MWPC  nerextopos.B
YaCTHOCTH,pa3paboTaHbl W McHbITaHbl aBe Bepcun FPGA mporpamm s paOoThl IaThl ¢
OJTHOKOOPAMHATHBIMHM JIE€TEKTOPAMHU U CO BCTPOCHHBIM MOHHUTOpPHBIM cueTynkoM.Benercs
pa3paboTka HOBOW 3JeKTpoHWKH cOopa maHHBIX ¢ USB  wmHTepdeiicom s
MHOT'OCYETYUKOBBIX CHCTEM.

Bo Bpems uuxinoB MBP-2 mocTosiHHO ocymiecTBisiach 3J1€KTPOHHAs W IMPOTrpaMMHast
HNOJJEPKKH IKCIIEPUMEHTOB.



4. EXPERIMENTAL REPORTS

4.1. CONDENSED MATTER PHYSICS

Diffraction

Structural Origin of the Giant Oxygen Isotope Effect in Rey sSrosMnO; Perovskites
A.M.Balagurov, L. A.Bobrikov, V.Yu.Pomjakushin, D.V.Sheptyakov, N.A.Babushkina,
O.Yu.Gorbenko, A.R.Kaul

Determination of Magnetic Moments and Hyperfine Magnetic Fields in ScFe, Laves Phase
Compound
M. Wiertel, Z.Surowiec, A.1.Beskrovny, J.Sarzynski, M. Budzynski

High-Pressure Effects on the Crystal and Magnetic Structure of the Frustrated Antiferromagnet
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The “giant” oxygen isotope effect in complex manganese oxides — transition from
metallic to insulating ground state upon '°O — 'O substitution — continues to be one of the
most intriguing phenomena in physics of these compounds. Here we report on the preliminary
results of diffraction experiments with (Nd;.,Tby)1.,.Sr,MnO3; (NTSM hereafter) samples for y
=0.228 (S1 sample, <r,>=1.229 A) and y = 0.456 (S2 sample, <r,> = 1.221 A. The second is
the analogue (the same <rs>) of SmygsSrosMnO3; (SSM hereafter) compound, in which the
giant isotope effect has been recently discovered [1]. We show that at low temperature in both
compositions, two phases with the same crystal symmetry but with different type of magnetic
ordering coexist. These results allow us to reconsider the diffraction data for SSM and to find
the structural origin for the giant isotope effect in this compound.

Neutron diffraction patterns were collected at HRFD (pulsed reactor IBR-2, Dubna),
HRPT and DMC (both at SINQ source, PSI) instruments. The first two are high resolution
diffractometers with Ad/d = 0.001, which promotes analysis of coexisting phases and peak
broadening effects. DMC was used for the measurements of magnetic intensities.
Additionally, S1 sample was measured at SLS synchrotron light source (PSI) at several
important temperatures.

At room temperature, the crystal structure of NTSM and SSM can be well described in
conventional Pnma space group (P1 phase). At low temperature diffraction patterns contain
additional peaks from another Pnma phase (P2), one of the features of which is much shorter
b-axis length than in the P1 phase. The appearance (at cooling) of the P2 phase takes a very
broad temperature range: in S1 sample the first indication appears at about 250 K, while the
well-defined narrow diffraction peaks are seen at temperatures below 170 K.

In Fig. 1 the temperature dependences of the lattice parameters, Mn-O bond lengths,
and Mn-O-Mn angles for both phases in the S1 sample are shown. For the P1 phase these
parameters are safely refined for all temperatures, while for the P2 phase it could only be done
for 7< 170 K. In the P1 phase, all Mn-O distances are close to each other; on the contrary, in
the P2 phase, the MnOs octahedra are strongly distorted (6,7~ 0.03 A) with Mn-O1 (out-of-
plane) bond shorter than the two others. The sample volume occupied by the P2 phase does
not change significantly with temperature and amounts to about 40%. Diffraction peaks
belonging to the P2 phase are broad up to 150 K (~1.7 times broader than those of the P1
phase) and get even broader at higher temperatures. At the moment it is not clear, what exactly
is the reason for this broadening — internal microstresses (Aa/a = 0.0035), short coherent
lengths (L = 100 — 700 A) or continuous distribution of the lattice parameters across the
sample. The same behavior was found for the S2 sample with y = 0.456. The essential
difference is that the second structural phase appears at lower temperature (7 < 150 K) and
occupies a smaller part of sample volume (< 25%).
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Fig. 1. Temperature dependences of the unit cell
parameters (b'= bA2) (a), the Mn-O bond lengths (b),
and the Mn-O-Mn valence angles (c) in the PI
(diamonds) and P2 (crosses) phases of the S1 sample.
The symbol sizes are larger (a) or comparable (b, c) with
the experimental errors. The vertical dashed line
indicates the onset temperature of the long range FM and
AFM order. The definite refinement of the structural
parameters P2 phase is only possible below 170 K.

At low temperature neutron diffraction data show appearance of the FM order in the P1
phase and AFM, (ferromagnetic planes coupled antiferromagnetically along b) order in the P2
phase in both S1 (7c= Tx~= 200 K) and S2 (7c = Tn = 100 K) samples. At 7 < 50 K in the P1
phase (Nd,Tb) magnetic moments are also ordered in the same direction (along the c-axis) as
Mn moments. The temperature dependences for these magnetic components are presented in

Fig. 2. One may see that the FM

and AFM, structures appear simultaneously and their

temperature behavior is similar. It means that the volume fractions of the phases are about
constant down to helium temperature. At 7= 10 K, the values of magnetic moments in both
phases are close to the nominal value of 3.5 pg for compositions with Mn®"/Mn*" = 1/1, which
means that the long range magnetic ordering occupies practically the whole sample volume.
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normalized on the phase fraction in the sample.
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The new data obtained with NTSM allowed us to reconsider the refinement of SSM
diffraction patterns introducing the two crystal phases. Indeed we have found that in both SSM
samples with '°0 and 'O isotopes, two crystal phases coexist, their parameters are very close
to that of the NTSM-S2 sample. In the SSM compound with 10, which is metallic, the P1
phase with regular MnOg octahedra and Mgy = 3.5 £ 0.2 pg occupies around 65% of sample
volume. In the insulating '*O compound the relative volume of the P1 phase is only about 18%
and the long range FM order is absent. As in the NTSM, the P2 phase of this compound has
the AFMa magnetic ordering type below 7n= 100 K with Mapm= 2.59 £+ 0.02 ps.

The new data on the P1 and P2 phases in SSM samples confirm the percolative nature
of the metal-insulator transition in the Sm-compounds upon '°O for '*O substitution due to a
sharp (from 65% to 18%) decrease of the ferromagnetic metallic fraction. Instead of the
coexisting FM and AFM clusters, only the AFM long range order survives upon the isotope
substitution. The same phenomenon has been earlier found for the (Lag2s5Prg75)0.7Cap3MnOs
[2] compound, where the AFM-I phase is of the CE-type. The last means that the '°0 — '*0
driven metal-insulator transition in manganites does not depend on the specific nature of the
AFM structure and related orbital order.

This work was supported by the Russian Foundation for Basic Research (projects 02-03-
33258, 03-02-16954). Neutron diffraction experiments were performed on HRFD (IBR-2,
Dubna, Russia), HRPT and DMC (Swiss spallation neutron source SINQ, Paul Scherrer
Institute, Switzerland) instruments.
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DETERMINATION OF MAGNETIC MOMENTS AND HYPERFINE
MAGNETIC FIELDS IN ScFe, LAVES PHASE COMPOUND.
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From a few years we have investigated quasibinary alloys A(Fe;xMy), or (A xA’x)Fer-type.
They are treated by us as a kind of a model phase in which magnetic, electrical and mechanical
properties are modified by means a gradual Fe/M substitution. Recently we have begun a study of
Sc(Fei.xMy), series with M= Al, Cu or Si. The initial alloy for them is ScFe, Laves phase. It is
known that this phase may crystallize in one of the structure: the cubic C15 (cF24), hexagonal C14
(hP12) or C36 (hP24) [1]. It depends strongly on details of the sample preparation. At high
temperatures (1453 < T < 1838 K) this alloy should crystallize in the last from above mentioned
types of structures [2]. We produced ScFe, in polycrystalline form by arc melting exactly
stoichiometric amounts of Sc and Fe of 4N purity, in an inertial argon atmosphere. In order to
achieve sufficient homogeneity the sample was remelted a few times. XRD, magnetization,
Mossbauer spectroscopy and ND measurements were performed. Powder x-ray and neutron
diffraction revealed that our ScFe, sample has C36 (hP24, space group P63/mmc) crystal structure
in which Fe atoms occupy three crystallographically nonequivalent positions: 6g, 64 and 4f
(Wyckoff notation). They form the sublattice of regular tetrahedra linked alternately by their apexes
or by their bases. Only a few weak peaks of foreign phases were detected in this sample. They are
identified on the basis of ND spectra as Sc,0s3, Fe,Os, Fe;O4 and pure a-Fe and taken into
consideration in the final fitting. The content of these admixtures not exceeds 4 -6 at. %.

From the temperature dependence of magnetization for the ScFe, sample shown in Fig. 1 the
Curie temperature was determined. It is equal approximately 642 K and is by 100 K higher than T¢
for C14 version of this compound. It is interesting that these structures are almost identical. The
latter has only the parameter ¢ two times smaller than the former. The observed increasing of
magnetization of the sample with temperature below T¢ and it appearance again above T¢ is
probably related to the increasing of the oxides and pure iron contents in the sample during of the
sample heating.
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Fig. 1. The AC magnetization of ScFe, measured at v=229 Hz in a field of 10 Oe. The heating
rate- 100K/min.



The ScFe, was reported to be ferromagnetic [3] but the electronic structure calculations [4] for
these compounds gave the Fe magnetic moments values of about 1.5 pg and an antiparallel
moments of about -0.5 ug induced at Sc sites as a result of the hybridization of the 3d Fe and 3d Sc
bands. The [001] direction is the magnetic moments ordering axis in ScFe;.

The neutron diffraction (ND) experiments were performed with the DN2 time-of-flight powder
diffractometer at the fast pulsed reactor, IBR-2 in the Frank Laboratory of Neutron Physics, Joint
Institute for Nuclear Research. The diffraction patterns were refined by the FULLPROF Rietveld
refinement program. A convolution pseudo-Voigt with double exponential function was chosen to
generate the line shape of the diffraction peaks. In the final run such parameters as background
coefficients, unit-cell parameters, pseudo-Voigt parameters, positional coordinates, isotropic
thermal factors were refined from the ND data. In the obtained ScFe, neutron diffraction patterns
three pairs of peaks with the strong dependence of their intensity on temperature were founded (see
Fig. 2). The pairs of the (102) and (112) peaks at d ~ 3.80 A, of the (111) and (101) peaks at
d~4.16 A and of the(110)and (100) peaks at d ~4.29 A come from practically pure magnetic

scattering. Nuclear scattering contributions to these peaks from different atoms at different
crystallographic sites cancel each other out to a large extent. This fact allows us to determine the
magnitude of the Fe and Sc ordered magnetic moments.

ScFey

C36 -structure
Ferrimagnetic

Intensity [arb. u.]
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Fig. 2. The change of the neutron diffraction peaks (102), (112), (111), (101), (110)and (100)
with temperature for polycrystalline ScFe, sample. The most strong peak (222) for the Sc;0;
(Ia 3 space group) admixture of about 4 at. % is marked on the lowest pattern. The points represent
experimental data, the full lines show calculated pattern. The short vertical marks below the
diffraction pattern at 10 K indicate the calculated nuclear Bragg position (upper row) and the
magnetic ones (lower row) and the lower curve the difference between observations and
calculations for 10 K.



The initial model of magnetic structure had been accepted on the basis of the data from NMR
measurements [1], theoretical calculations [4] and from the results of the °’Fe Mdssbauer
spectroscopy measurements performed by us.

The selected Mossbauer spectra are shown in Fig.3. At temperature below Tc the experimental
pattern was good fitted with three subspectra (sextets) for >'Fe atoms located at respective
crystallographic positions. At high temperature spectra apart from one paramagnetic doublet the
sextet of weak intensity for pure Fe is visible. It indicates firstly, that quadrupole splitting parameter
value equals of about 0.21(1) mm/s is the same for all three Fe positions, and secondly that at
temperature above about 650 K pure Fe, magnetite and hematite precipitation occurs in accordance
with AC-magnetization and neutron diffraction measurement results.
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Fig. 3. The Mdssbauer spectra measured for ScFe, compound at 300 and 700 K respectively. The
black full lines represent the calculated pattern, the points the observed one and the others colour
full lines show fits for spectra components at respective Fe positions in the crystal lattice.

The Table 1 collected the main results of our investigations of ScFe, compound. Careful analyses of
the neutron diffraction patterns confirm the occurrence of magnetic moments at Sc positions
antiparallel to Fe magnetic moments. In the temperature range from 10 K to 650 K we estimated the
values of Sc moment at 4e and 4f sites in crystal lattice. They are similar at these two types of
positions and change from about —0.7up at the lowest temperature to zero for temperature above
Tc. Such estimation for Sc moments is in a good accordance with results of the theoretical
calculations carried out by authors of paper [4] mentioned above. On the other hand the magnetic
moments values determined in our measurements are about 30 % bigger than that estimated in
NMR measurements [5] for ScFe, with C36 structure. However in our investigation the magnetic



moments of Fe atoms and the hyperfine magnetic fields at their nuclei were determined
independently, while in the paper [5] other procedure was used.

Table 1. Magnetic moments of Fe atoms, the hyperfine magnetic fields at *’Fe nuclei and the lattice

parameters a and c in the intermetallic ScFe, compound at different temperatures.

T[K] | Hre [1] Hre [44] Hre[ 425] Bur[T] | Bue[T] | Bur[T] Lattice
€ € € hf hf

(6h) 4 (60 | Fe(oh) | Fetdp) | Fe(6e) | Dot

10 1.983(25 1.831(25 1.715(30 4.945(8)
29 (&) G0 16.167(12)

100 | 1.943(28) | 1.791(30) | 1.652(28) 4.953(9)
16.189(10)
200 | 1.896(13) | 1.749(13) | 1.524(13) 4.960(10)
16.224(14)

303 1.771(9 1.521(9 1.311(9 19.5(2 18.3(2 16.8(3 4.969(9)
©) ©) €) 2 (2) (3) 16.246(10)

453 | 1.450(38 1.320(37 1.100(34 16.0(3 15.5(1 14.7(2 4.971(9)
(38) (37 (34) 3) ) (2) 16.247(13)

623 | 0.571(29 0.521 (26) | 0.311(32 9.5(1 8.9(2 8.1(1 4.990(8)
(29) (26) (32) ey (2) (D 16.306(10)

650 | 0.000(30) | 0.000(29) | 0.000(30) 0 0 0 4.997(8)
16.400(11)

First the hyperfine magnetic fields were measured by means of NMR. Then accepting for ScFe; a
value of hyperfine coupling constant for the Laves compounds based on Fe with Y and Zr, the
values of magnetic moments were estimated. On the basis of data given in the table we can
determine the hyperfine coupling constant between Fe magnetic moments and hyperfine magnetic
fields at °’Fe nuclei. For example this constant at room temperature is equal about 12 T/pg. It is
considerably lower than the value accepted in [5] which is equal about 14 T/ug, This is a reason of
some discrepancy between our results and the results of NMR measurements.
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High-Pressure Effects on the Crystal and Magnetic Structure of the Frustrated
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The hexagonal manganites belong to unusual type of magnetoelectric materials showing
coexistence of ferroelectric behavior and magnetic ordering and the ferroelectric transition
temperature 7¢c ~ 600 - 900 K is found to be much higher in comparison with
antiferromagnetic (AFM) ordering temperature of 7y ~ 70 — 130 K [1]. Magnetic properties of
RMnO; manganites depend substantially on the ionic radius of R cation ». A rich variety of
magnetic properties of hexagonal manganites reflects the modification of the balance between
different in-plane and inter-plane magnetic interactions due to changes of the geometry of
Mn-O-Mn network upon variation of the » value [2]. Apart from the variation of ionic radius
of R cation, interatomic distances and angles in the structure can be modified directly by
application of high external pressure. In order to study the interplay between modifications of
the crystal structure and relevant changes of the magnetic structure of the hexagonal
manganites, we have performed neutron diffraction experiments at high external pressures up
to 5 GPa with YMnO; compound, which possesses no magnetic moment at the R sublattice
and does not exhibit spin-reorientation transitions at ambient pressure.

At ambient pressure, below 7y = 70 K in YMnO; a triangular AFM state of I'; [3]
irreducible representation occurs and it coexists with a minority spin-liquid state. At high
pressure, a spin-reorientation phase transition was observed and the triangular
antiferromagnetic structure evolves from I'; to I'j+I"; representations [4]. The value of Mn
magnetic moment at 7 = 10 K decreases from 3.27(8) pp to 1.52(9) pp and the enhancement
of diffuse scattering above 7n occurs with the pressure increase from 0 to 5 GPa. Both
observations indicate the increase of the spin-liquid state volume fraction and suppression of
the ordered AFM phase.

Fig.1. Neutron diffraction
patterns of YMnQOs measured at P
=0, 25 and 5 GPa,T = 10 and
80 K at scattering angles 20 =
90° and 45.5° (inset) and
processed by the Rietveld method.
Experimental points (symbols),
calculated profiles (lines) and
difference curve (for P = 5.0
GPa, bottom) are shown. Ticks
below the data points represent
the calculated positions  of
nuclear  (upper  row) and
magnetic (lower row) diffraction
peaks of YMnOs;.
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The distortion of triangular atomic arrangement of Mn and O ions mediating the
difference in the strength of nonequivalent in-plane superexchange interactions is reduced at
high pressure. As a result, the enhancement of geometrical frustration effects occurs, which
subsequently leads to the decrease of the ordered Mn magnetic moment value and the increase
of diffuse scattering above 7. Such observations indicate the suppression of the ordered
AFM phase and the increase of the volume fraction of the spin-liquid state at high pressure.

[1] T.Katsufuji, M.Masaki, A.Machida and et.al., Phys. Rev. B 66, 134434 (2002).

[2] J.E.Greedan, M.Bieringer, J.F.Britten and et.al., J. Solid State Chem. 116, 118 (1995).
[3] A.Munoz, J.A.Alonso, M.J.Martinez-Lope and et.al. Phys. Rev. B 62, 9498 (2000).
[4] D.P. Kozlenko, S.E. Kichanov, S.Lee and et.al. JETP Lett., 82, 193 (2005).



Neutron diffraction studies of a Bi s3Lip29Nb20y at the high temperature.

S.G. Vasilovskijl, Al Beskrovnyl, V.G. Simkinl,
M. Sarrionz, L. Mestres®, M. Herraiz’

! Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia
*Departament of inorganic chemistry, University of Barselona, 08028, Barselona, Spain

Arivillius phases (compounds with chemical formula (4 202)2+(A " 1BnO3n+ 1)2', n=1,2,3,5and
8) are known as ferroelectric materials, structurally related to perovskites. Structures of this type
show hide variability of physical properties when substituting of cations of metal. This opens
greater possibilities at syntheses of new material. Except the ferroelectric properties, the Aurivillius
phases are studied as potential ionic conductors that can be used, e.g., in the manufacture of lithium
accumulators.

Crystal structure of the new Aurivillius phase Bi 53Lip20Nb,Og was investigated at room and
low temperature (10 K) earlier [1, 2]. The crystal structure described by a space group Cmc2;, with
lattice parameters of an orthorhombic unit cell as a=24.840(5), b=5.449(6), ¢=5.450(9) A. The
phase transition in this temperature range was not observed.
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Fig. 1. Dielectric constant € of Biy 53Lip290Nb,O9 Fig. 2. Arrhenius plots conductivity for
vs. temperature for different frequencies. Biy 53L10.20Nb, 0.

Variation of the dielectric constant (¢’) as the function of the temperature for different
frequencies during the heating run was carried out (Figure 1). There are two anomalies in the
behaviour of this constant; the first one of approximately 573 K and the second one at 873 K. the
maximum corresponding to the first one shifts to lower temperatures with decreasing frequency.
This kind of behaviour of the dielectric constant is typical of materials with a diffuse phase
transition, and is also found for different ferroelectric material. For temperatures above 873 K a
further increase of the dielectric constant was observed as the increasing electric conductivity leads
to a dielectric breakdown.

Measurement of conductivity also has been executed (Figure 2). The plot is not linear and a
slope changes around the same temperatures where the dielectric permittivity plots show anomalies.
That may be attributed to a structural phase transition. In other side, at initial state the Aurrivillius
phases describe is [4/mmm space group.

The measuring executed at high temperatures (up to 850 K) on a diffractometer with the
medium resolution DN-2, have shown, nonlinear dependence of change of parameters of a unit cell
with growth of temperature.

Because of this peculiarity, the crystal structure investigation of Bi,s3Lip20Nb,O9 at high
temperatures was perform at the high resolution Fourier diffractometer.
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Fig. 3. Neutron diffraction spectrum of Bi; 53Lip20Nb,O9 measured on a high-resolution Fourier
diffractometer (dots) at T=1000 K. The solid line shows the same spectrum processed by the
Rietveld method. Vertical lines indicate the calculated positions of the diffraction spectra. Below,
the difference (experiment minus calculation) curve normalized to the mean square deviation at the
point is shown.

The structural phase transitions are not observed up to 1000 K. The crystal structure is
orthorhombic with space group Cmc2;, lattice parameters of a unit cell as a=24.9942(2),
b=5.4974(1), ¢=5.5003(1) A. Rietveld refinement was performed (Figure 3).
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Introduction

Elastic anisotropy is an important property of most rocks constituting the Earth crust and
upper mantle. Anisotropy in the geological materials has various sources. Most important is lattice
(crystallographic) preferred orientation (LPO) due to the anisotropic properties of the rock-
forming minerals and the texture of the polycrystalline aggregates. In addition, oriented
microcracks, grain shape preferred orientation (SPO), and (at in situ conditions) presence of
partial melt may also be of importance.

This paper reports results of experimental and theoretical investigations on two gneiss
(K8802, K9002) and two amphibolite (K8752, K11345) cores samples recovered from the Archean
basement of the Kola superdeep borehole SG-3 near Zapolyarny (Russia). The sample numbers
indicate the depths of sample recovery in meters. We used two different methods to determine the
seismic anisotropy and to discriminate between the contribution of oriented cracks and the lattice
preferred orientation (LPO) of the minerals to bulk anisotropy. First, we measured P- and S-wave
velocities in three orthogonal directions as a function of pressure and temperature, and second, we
calculated 3D-velocities from measured LPO (texture) and the known single-crystal properties. The
LPO of the rock-forming minerals was measured by TOF neutron diffraction. A main focus of the
investigation is to elucidate the relationship between the crystallographic fabric and the elastic
properties (velocity anisotropy, shear wave splitting and shear wave polarisation) and to discuss the
role of propagation and polarization directions in anisotropic (foliated) rocks.

Seismic laboratory measurements

The seismic measurements were done in a multianvil pressure apparatus using the ultrasonic
pulse transmission technique with transducers (lead zirconium titanate) operating at 2 MHz (Kern,
1982). A state of near-hydrostatic stress is achieved by pressing six pyramidal pistons in the three
orthogonal directions onto the cube-shape specimens (43 mm edge length). One end of each piston
next to the specimen is surrounded by a furnace, and heat is transmitted from the pistons to the
specimen. Thus a very homogeneous temperature distribution is obtained within the large-volume
specimens. A schematic diagram of the transducer/buffer/sample assembly for the measurements of
velocities at pressure and temperature is shown in Figure 1 (refer to Kern et al. (1997)).

The special arrangement of the apparatus allows simultaneous measurements of
compressional (P) and orthogonally polarised shear wave velocities (S1, S2) in three perpendicular
directions of the sample cubes. Due to the oblique orientation of the foliation plane to the core axis
and the limited core diameter (60 mm), it was not possible to prepare cubes with the standard 43
mm edge length, using foliation (XY plane) and lineation (X) as the reference frame. In this
investigation we therefore used the sample reference frame A, B, C which is basically related to the
borehole axis: [C] is parallel to the borehole, and [B] and [A] normal to it, with a rough relationship
of [A] to lineation.

Measurements were done over a range of pressures up to 600 MPa at room temperature and
from room temperature up to 600 °C at 600 MPa confining pressure. Each set of experimentally
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Fig.1. Schematic of the transducer/piston(buffer)/sample assembly for velocity measurements at
pressure and temperature.

determined data comprises three P-wave velocities, six S-wave velocities, and the pressure (and
temperature) dependent linear (and volumetric) strain. As an example, Figure 2 shows the
directional dependence of P- and S-wave velocities as a function of pressure for the amphibolite
sample K8752. In all samples, the velocity vs. pressure relations for P- and S-waves show typical
slopes: a steep, non-linear velocity increase up to about 200 MPa, giving way for linear behaviour at
higher pressures. A strong correlation between the slopes of the velocity versus pressure curves and
volumetric strain curves (not shown here) indicates that the non-linear increase in velocity is mainly
due to closing of microcracks. The “crack-closing pressure” is indicated by the transition from non-
linear to linear behaviour. At 600 MPa where most of the cracks are closed, Vp is highest parallel to
A, intermediate parallel to C, and lowest parallel to B (Fig. 2a). Interestingly, there is no difference
in velocities for the two S-waves propagating parallel to A (Fig. 2b). By contrast, marked
differences in shear wave velocities are observed for S-waves propagating parallel to B (Fig.2¢) and
C (Fig. 2d), with highest values for the C direction.

Raising the temperature has an opposite effect on wave velocities, because differential
thermal expansion of the minerals causes grain boundaries to widen and new cracks to open. It is
important to note that microfracturing, induced by the rapid thermal change of volume of the
mineral phases will be increasingly suppressed as pressure is raised until at some value of several
hundred MPa it does not take place (Kern, 1982). Thus, a confining pressure of 600 MPa is high
enough to prevent thermal cracking, so that the temperature dependence of wave velocities (not
shown here) is also almost linear up to about 600°C. The linear parts of the velocity vs. pressure
and the velocity vs. temperature curves represent the intrinsic rock properties (matrix properties).
These are controlled by the volume percentage of major minerals, their single crystal elastic
properties, and their lattice preferred orientations (LPO).

The P- and S-wave velocities measured in the A ,B, C directions of the sample cubes do not
necessarily represent the maximum and minimum velocities. Consequently, the corresponding
calculated coefficients of velocity anisotropy A* = [(Vmax — Vmin)/Vmean)] x100 (%) are not in
any case the extreme values of velocity anisotropies. Anisotropy is almost highest at low pressures
resulting from a constructive interference of the effects caused by effective oriented microcracks
and by lattice preferred orientation of the major minerals (LPO). Increasing pressure reduces the
effect of cracks in a non-linear slope approaching nearly constant values at high pressures. The
residual, nearly pressure-independent part of seismic anisotropy is mainly due the LPO of major
minerals. The experimentally determined coefficients A* of P-velocity anisotropies (600 MPa) of
the amphibolite samples are 8.27 % (K8752) and 0.86% (K11345), those of the gneiss samples 2.71
% (K8802) and 2.74 % (K9002).
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Fig.2. Directional dependence of P- and S-wave velocities (S1, S2) in amphibolite K8752 as a
function of pressure. a) P-wave velocities; b) S-wave velocities in [A]; ¢) S-wave velocities in [B];
d) S-wave velocities in [C].

Neutron diffraction and quantitative texture analysis

We applied neutron diffraction for the determination of textures of the major rock-forming
minerals. The measurements were carried out by means of the texture diffractometer SKAT of the
pulsed reactor IBR-2 at Dubna (Russia), using the time-of flight (TOF) method (for details see
Ullemeyer et al., 1988).

The TOF measurements were carried out on the same sample cubes (43 mm edge length)
that were used for the laboratory seismic measurements. Because the samples are composed of low-
symmetry minerals (triclinic plagioclase, monoclinic hornblende and mica, trigonal quartz) the
texture determination of such polyphase rocks is not trivial due to the complex diffraction patterns
exhibiting many overlapping peaks (Nikitin and Ivankina, 2004). Nevertheless, due to the high
resolution of the SKAT diffractometer a sufficient number of pole figures of the main rock-forming
minerals could be extracted from the diffraction spectra. From the experimental pole figures we
derived the orientation distribution functions (ODFs), and recalculated the pole figures for the
predominant mineral phases. Pole figures are presented as normalised density distributions and
plotted as equal area projections on the BC plane of the sample reference system.

As an example, Figure 3 presents the ODF-derived pole figures of hornblende and
plagioclase of the amphibolite samples K8752. The crystallographic preferred orientation of
hornblende is most pronounced in sample K8752, compared to the plagioclase. The hornblende pole
figures of sample K8752 are characterized by unimodal concentrations of the (001)-, (010)- and
(100)-normals. The coexisting plagioclase minerals show maximum concentrations of the (001)-
and (100)-normals on great circles, and the poles of the (010) planes occupy broad maxima.
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Fig.3. Principal pole figures of hornblende and plagioclase for the amphibolite sample K8752,
recalculated from TOF neutron diffraction measurements. Equal area projection. The modal
composition of the rock is displayed by the pie diagram.

Numerical calculations of elastic rock properties

The numerical calculations of Vp and Vs distributions of the polycrystals were carried out
by means of the computer program BEATREX (Wenk et al., 1998), and the averaged bulk sample
velocity distributions were determined by summarizing the velocity distribution of the aggregates
according to the volume fractions of the constituent minerals.

In order to compare directly fabric anisotropy (pole figures) with velocity anisotropy, we
present P- and S- wave velocities and shear wave splitting in the form of contour sterograms. The
calculated three-dimensional variations of Vp and Vs1-Vs2 of the mineral aggregates (100 vol.-%)
(a) and the corresponding data of bulk Vp and shear wave splitting (b) of the amphibolite sample
K8752 are shown in Figure 4a. In Fig. 4b (right) we have rotated the diagrams along with the
sample reference frame A, B, C to bring them in accordance with the standard setting X,Y,Z used in
structural geology. The diagrams indicate that large variations in P- and S-wave velocities can occur
as functions of the relative angle of the incoming propagating wave with respect to the orientation
of the material anisotropy.

In the amphibolite sample K8752 (Fig.4) P-wave velocities are highest subparallel to
lineation within the foliation and lowest normal to foliation. On the Vs1-Vs2 diagram an overall
rhombic symmetry is apparent. The foliated amphibolite exhibits market shear wave splitting within
the foliation plane with the fast split shear wave parallel to foliation. Normal to foliation (parallel to
7), a second shear wave will practically not be generated.

The marked Vp-anisotropy (6.81 %) calculated for the amphibolite sample K8752 is mostly
caused by the strong LPO of the anisotropic hornblende minerals (Fig. 4) and their high volume
percentage. Interestingly, the Vp velocity distribution calculated from the LPO of the constituent



plagioclase minerals give hints for a dissolution of the bulk Vp-anisotropy because it superimposes
the hornblende pattern in a deconstructive way.
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Fig 4. Amphibolite K8752. Calculated velocity surfaces of Vp and Vsl-Vs2 for the mineral
aggregates (a) (100 vol.-%) and of the whole-rock (b), together with the orientation of the
polarization plane of the fast split shear wave. The corresponding reference systems are indicated in
the lower line. In the rotated stereograms (Fig. 4b, right) the XY-plane indicates foliation and X
lineation.

Comparison of measured with calculated velocity data

As an example and for a more detailed comparison of experimental with calculated data we
will discuss the anisotropic response to foliation tilt for elastic wave propagation on amphibolite
sample K8752, exhibiting the largest P-wave anisotropy (measured as well as calculated). The
discussion is based on the LPO-related velocity profiles calculated for the XY-, ZY-sections
(Fig.5a) and for the BA-, CB- sections (Fig.5b), respectively.

From the sections referring to the structural frame X, Y, Z (along the symmetry planes of the
velocity surfaces) presented in Fig. 5a it is clear that the maximum difference in shear wave
velocities (shear wave splitting) occurs for shear waves propagating parallel to foliation
(perpendicular to the foliation normal) with particle motion for the fast shear waves parallel to
foliation (XY -plane) and for the slow shear waves (XZ-plane) normal to foliation. For the two shear
waves propagating normal to foliation (parallel to Z) the difference in velocities is very low. The
propagation of the elastic waves generated and recorded in the A, B, C directions by the sending
and receiving transducers (Fig.5a) were generally not parallel to the inherent rock symmetry planes.

In Figure 5b we compare the LPO-based calculated velocity profiles for the AB- and AC-
sections with the P- and S- wave velocities measured in the three directions A, B, C. It is evident
that the variation of measured P- and S- wave velocities as well as the relative variation in
differences of shear wave velocities with propagation direction is similar to that calculated for the
three propagation directions, although the absolute values are different. Vp is highest in A,



intermediate in C and lowest in B as is seen on the profiles for the calculated velocities. Also the
differences in measured shear wave velocities are qualitatively consistent with those calculated for
direction B and direction C.
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Fig.5. Amphibolite sample 8752. Velocity profiles for Vp and Vs1-Vs2 along YX and ZY (a) and
BA and CB (b) of the calculated velocity surfaces presented in Fig. 4b. The schematics (top)
indicate the reference system X,Y,Z and the reference system A,B,C in its relation to foliation and
lineation. a) Propagation angle from X and Y; b) Propagation angle from A and B. Velocities
recorded by the receiving transducers are indicated in Fig. 5b: Vp by triangles; Vsl and Vs2 by
open squares and open circles.

Highest shear wave velocities were measured for the shear wave with particle motion parallel to
lineation, and slowest for shear waves with particle motion normal to lineation. There are however,
marked differences between measured and calculated shear wave velocities for direction A. The two
receiving transducers recorded the same high velocities for Vs-CA and Vs-BA, that is, there is no
difference observed between both S-velocities, although the difference in the LPO-based calculated



shear velocities (shear wave splitting) is at maximum in direction A. This can be explained by the
fact that in the experiment the particle motion of the two shear waves propagating parallel to A
(sub-parallel to lineation) is at about 45° to foliation for both S-waves. Consequently, there is no
difference in shear wave velocities recorded by the two receiving transducers. These findings
convincingly demonstrate the role of particle motion for S-wave propagating through anisotropic
rocks, in addition to the propagation direction.

Conclusions

We have measured compressional (Vp) and shear wave velocities (Vsl, Vs2) on two
amphibolite and two gneiss samples from the Kola superdeep borehole in three orthogonal
directions which were in general not parallel to inherent rock symmetry axes or planes. The
experimental data are compared with 3D-velocities calculations based on lattice preferred
orientation (LPO) of the main rock-forming minerals obtained by TOF (Time Of Flight) neutron
diffraction analysis allowing the investigation of bulk volumes up to several cubic centimetres due
to the high penetration depth of neutrons. The pole figures exhibit moderate to strong
crystallographic preferred orientation of the constituent minerals. The crystallographic fabric is
most pronounced in the amphibolites.

The LPO-based numerical velocity calculations give important information on the different
contribution of the various rock-forming minerals (hornblende, plagioclase) to bulk elastic
anisotropy and on the relationship between the crystallographic fabric (LPO) and the seismic
properties of the rocks such as velocity anisotropy, shear wave splitting and shear wave
polarization. The directions of intrinsic maximum and minimum Vp and Vs as well as the elastic
birefringence (shear wave splitting) are controlled by the LPO of the rock-forming minerals and
closely related to the structural frame of the rocks (foliation, lineation).

Comparison with the measured velocities obtained for the three propagation directions that
were not in accordance with the structural frame of the rocks demonstrate the important role of
particle motion for S-wave, in addition to propagation direction. The study shows that shear wave
splitting in the foliated rocks is not properly measured with propagation and polarization directions
of the sending and receiving transducers that are not parallel and normal to foliation and lineation,
respectively.
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Fig. 1. Rontgenograms with X-ray diffraction reflections of calcium oxalate
monohydrate: (a) renal stone, (b) standard sample.

From the XRD investigated 61 renal stones we observed the next cases of
discrepancy with their diagnostic given by chemical analysis : eight renal stones marked
in the hospitals as urate stones, obviously do not coincide with the urate standard (Fig. 2);
they have rontgenograms and interplanar spasings entirely coinciding with Ca-oxalate
monohydrate standard (Fig. 1 b). Furthermore, five of the stones, marked in the hospitals
as oxalates, gave an unambiguously picture and interplanar spacings which are typical
solely for the cystine standard CgH1,N,04S,. Six stones, marked in the hospitals as
calcium oxalate monohydrate, show rontgenograms equal with calcium oxalate dihydrate
standard.

In general, our results revealed that in nearly 30 % the chemical analysis made in
the hospitals gives wrong diagnosis of the stone type.

Fig. 2. Rontgenograms with reflections of X-ray diffraction urate standard CsH4N403.

Additional advantage of the proposed by us method concerns the minimal weight of
the investigated renal stone. For chemical analysis the stone must be with weight higher
than 50 mg [1], while for X-ray diffraction analysis the stone can be under 50 mg,
including stones as small as 2 mg weight [2]. In this aspect, for the stones spontaneously
thrown out (usually being very small) the method proposed by us appears as only one
possible for determination of stone type crystalising in the kidneys of such patients.

Having in view so high percentage of renal stone disease, the present investigation
is very actual one. With the aim to prevent a recurrence of the stone formation, the exact



determination of composition and structure of the stone is very important. And the
presented method of XRD gives the necessary accuracy, relatively to the chemical
analysis:

Besides, chemical analysis is impossible for stones under 50 mg, which are the
stones thrown out by the natural way. For such patients XRD of stone identification
appears as single one to help the stone formers against the risk of recurrence of the
disease.

Neutron Diffraction

It is well known that the XRD can not reveal the presence of the phase in amounts
lower than 3 — 4 volume %. In this aspect the neutron experiments give additional
information about the available phases in content lower than 4 volume %. By this reason,
urate and oxalate (mineralogical name whewwelite) were investigated by neutron
diffraction with the aim to verify whether given stone could be of mixtured type (for
example, oxalatet+urate, oxalate+ cystine and so on).

The neutron diffraction spectra were obtained by neutron time-of-flight (TOF)
method on the DN-2 Neutron Diffractometer at the Fast Pulse Reactor IBR-2. Neutron
spectra of urate and oxalate are shown in Figure 3 and Figure 4, respectively.
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Fig. 3. Neutron spectrum of urate renal stone.



DETERMINATION OF RENAL STONES TYPE BY X - RAY AND
NEUTRON DIFFRACTION

M. Baeva , A.I Beskrovnyy , I.G. Shelkova**

“Institute of Solid State Physics BAS, Sofia, Bulgaria
**JINR, Dubna, Russia

By X-ray and neutron diffraction methods the type of stones formed in human
kidneys are investigated. X-ray structural investigations were realized in Solid State
Physics Institute BAS, Sofia, and neutron experiments were carried out at the
spectrometer DN-2 at IBR-2 pulsed reactor, JINR Dubna.

Introduction

The renal stone disease (urolithiase) is an illness with a social significance. It hits
hard predominantly the people in the active life of work (30-60 years). By the World
Health Organisation data this disease hits 4 % of population.

The physicians have a classification of the renal stones (made by quite approximate
chemical tests), which puts the stones into four basic groups: urates, oxalates, phosphates,
and cystines. In these groups different chemical compounds exist, which crystallize in
strictly different crystalline structures. Their mineralogical relation simply can be
determined by X-ray analysis. It is a method, which appears entirely objective concerning
the type of the urolithiase. This fact was the reason to develop XRD methods for stone
type determination in laboratory “X-ray diffraction” at Institute of Solid State Physics —
BAS. The samples submitted to us by the hospitals in Bulgaria have been taken by an
open surgery or by shock waves lythotripsy.

After such hard interventions, with the aim to prevent the illness recurrence (which
usually arises in 80 % after 3 —5 years) the patient is forced to carry out a prolonged
prophilaxis. The latter obligatory must be considered with stone type. It means that the
diets and drugs recommended for the patients suffering from a given type stone, appear
harmful to the patient with the other type stone formation.

X-Ray Diffraction

X-ray diffraction method was used for determination of the renal stone type.
Rontgenograms were obtained with CuK, radiation (A = 1.54 A) by flat-plate Debye
camera. The identification of the stones was made by a juxtaposition of the stone
rontgenogram with rontgenograms of pure chemical compounds - standards. As standards
we used pure chemical compositions (polycrystalline powders with particles size of 10
mkm). The rontgenograms of 4 standard substances and 61 renal stones were made. The
interplanar spacings d, values were calculated according to Brag equation. The
standards were polycrystals with equal particles size of about 10 mkm and due to this, the
intensity along the every Debye ring is equable. The inequality of the intensity along the
Debye rings (see Fig. 1a) is due to the particles with a size above 10 mkm available in
renal stones.
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Fig. 4. Neutron spectrum of oxalate renal stone.

The neutron spectra approve the data obtained by XRD. They showed that both
the oxalate and urate concrements usually consist of one type stone, i.e. they crystallize in
pure one form.

For to be able such conclusion to be made as some rule in the medical practice, a
greater amount of stones must be measured by neutron diffraction.
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Verification experiments on FSD diffractometer
A.M.Balagurov, G.D.Bokuchava, A.V.Tamonov, V.V.Sumin, I.V.Papushkin, S.G.Sheverev

Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia

Due to expanding the detector base by two detectors "ASTRA" and carrying out repair
works on the "TIRA-TEST" facility, it appeared to be necessary to verify the FSD stress-
diffractometer. This work included three stages:

Determining of the resolution function of the spectrometer with new detectors.

Testing of the loading machine "TIRA-TEST" to determine Young modulus of the
standard sample at the uniaxial loading.

Checking of the stress-scanner operation to determine the spatial distribution of
deformations on the samples subjected to a four-point bend.

1. Determination of Fourier diffractometer resolution function.

Measurement of the FSD resolution function was carried out in January, 2005.
Measurements were carried out on the standard polycrystalline sample NAC (Na,Al,CasF4)
NIST standard, which does not contain residual stresses at the speed of the Fourier chopper
rotation equaling 6000 resolutions per minute.

On the basis of the obtained data, the FSD diffractometer resolution function was
determined and is given below:

R = Ad/d = [(Aty/t)’ + (A0/tgB)” + (t/N)* + (AL/LY']? (1)

where Aty - width of a neutron pulse, ¢t = 252.778LA - total time of flight (in ps), L — flight path
from the source to the detector (in m), A - length of a neutron wave (in A), 6 - Braegg angle, to -
channel width of the TOF analyzer, N - number of channel of the TOF analyzer (accounting for
the delay). The first item represents uncertainty of the flight time, the second one includes all
geometrical uncertainties, connected with the process of scattering onto the different angles, the
third one is connected with the final width of the time channel, and the fourth one is the
uncertainty of the flight path.

Thus, the following values of the resolution function were obtained (Table 1).

Table 1.
Values of the resolution function (RF) for FSD different detectors.
Time part of RF at | Geometrical part | Total value of RF
d=2 A of RF atd=2 A
Back Scattering detector 1,461x107 1,701x107 2,243x107
ASTRA detector 1,506x107 3,251x107 3,582x107

Practically, the accuracy of determination of residual deformation of crystalline lattice is
approximately by one order higher than the accuracy of determination of the diffractometer
resolution function. Really, the results of processing by Ritweld method (Ritweld full profiled
analysis) of the measured diffraction spectra show that the accuracy of determination of the
crystalline lattice parameter a reaches 3,5x107 (for the case of measuring the iron powder a-Fe



the value of a=2,8665320,000104 is obtained, which corresponds to the accuracy of
determination of the residual deformation of crystalline lattice & = (a/a = 0,00010 / 2,86653 =
3,5(10-5), which determines an error of measurement of residual deformations of a crystalline
lattice in the direction of neutron scattering vector.

2. Determination of moduli of elasticity at the uniaxial tension.

Determination of moduluss of elasticity at the uniaxial tension of standard samples of
duralumin D-16 was carried out on the "TIRA-TEST" facility.

Samples are stretched in the loading machine “TIRA-TEST 2560 and the applied force is
measured by the dynamometer “DMS Kraftaufnehmer” - the device of the first class accuracy
DIN 51 221 Teil 1 (type STC-2t with the certificate of calibration Ne 32021/445. Calibration is
carried out by the technique of State Standard 8.287-78.). During the experiment deformation of a
sample is simultaneously measured by two methods. On the one hand, total deformation of
samples is measured by means of the nonexpendable extensometer "MiniMFA", which is
included in the “TIRA-TEST 2560 loading machine set, attached to a measured sample. And on
the other hand, deformation of samples in the elastic area is determined by change of the
crystalline lattice parameter of material (¢=4a/a) at the change of external loading (o=F/S,
where F - indications of the dynamometer of the loading machine, and § - the area of cross-
section of a sample).

The data of four such measurements are presented in Fig. 1.

Fig. 1 illustrates the dependence of deformation of a crystalline lattice of samples on the
imposed load for all four samples. According to the theory of elasticity, the dependence of total
deformation & on the imposed load o in the region of elastic deformations (for D16 up to
300MPa) should be a linear dependence. As is seen from Fig. 1 experimentally obtained
dependences of deformation of the crystalline lattice on the imposed load are well described by
linear functions in the region of elastic deformations. The deviation of total deformation from the
linearity in the region >0,005 testifies the beginning of transition of the deformation from elastic
into plastic region.

Here, determining an angle of straight lines inclination, it is possible to find the value of
Young modulus for the investigated material. Thus, the experiments resulted in the following
values of Young modulus for alloy D16 (Table 2):

Table 2.
Experimentally obtained values of Young modulus for alloy D16.
Ei, GPa 67,212 69,948 68,788 68,511
o 1.968 1.778 0.03 0.011

Calculation of the average experimentally obtained value of Young modulus gives value
with confidential borders of a casual error at the confidential probability P=0.95, <E>,, = 68,62 +
0,82 GPa, thus the error does not exceed 3,5 %. The obtained experimental value of Young
modulus is very well in line with the tabulated one Eapylar pi6 = 70 GPa.
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Fig. 1. Dependences of the D16 deformation of crystalline lattice on the imposed load
during experiments on uniaxial tension. Transition into the region of plasticity is shown on
sample Ne4.

Determination of the spatial distribution of the crystalline lattice deformations.

In order to display the opportunity of determination of the spatial distribution of
deformations, the experiment on a four-point bend plate is carried out by means of the neutron
method on the FSD diffractometer. According to the theory of elasticity, the dependence of the
found deformation ¢ on the coordinate z of the measured points, lying along the load line, should
represent a linear dependence, at the same time the curved side is in the state of pure tension
(without shift), and the concave one is in the state of pure compression.

The value of the measured deformation ¢ is determined by the following expression:
e=- 241K Galk — 4a°/k°)  (2),

where f is the value of plate deflection, measured by the deflection indicator (Fig. 10),
k — distance between lower bearing points

b — plate width
a — distance between lower and upper bearing points from one side of the device axis

h — plate height
I = bxh’/12 — moment of inertia of the cross-section.

The distribution of the deformation depending on z coordinate along the vertical axis is
determined by the following expression:

e =Pxaxz/IxE  (3)



At the same time, the dependence of the deformation € on z coordinate (distance to the
plate center), experimentally obtained on FSD, is presented on Fig.2. From this figure, it is well
seen that the experimentally obtained values of the deformation at different distances from the
plate center are well described by the linear function, which corresponds to the theoretical one.

o 17
é 7

0.0005 T

0.0015

Strain
o

-0.0005 i }:
-0.001 : Z
1 1T

-0.0015 rTT T T T T T[T TTT T T T T [T T TT [ TTTT [ TTTT[TTTI

=20 =15 -10 -5 u} 5 10 15 20
Dixtence from the xample centre, mm

Fig.2 Dependence of the plate deformation on z coordinate of the measured point. Point of origin
is located in the plate center.
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Abstract. The low-temperature inelastic incoherent neutron scattering (IINS) spectrum of
norethisterone was compared with that calculated by the density functional theory (DFT) method.
The quantum chemical calculations permitted proposing the assignment of the vibrational modes. In
particular, the dynamics of the methyl group substituted at C(13) of the steroid skeleton was
analysed on the basis of the neutron scattering spectra and temperature dependence of the spin-
lattice relaxation time ("H NMR).

Introduction

Norethisterone (19-nor 17-ethynyltestosterone) of the chemical formula C,yHy60, is built of a four-
ring steroid carbon skeleton: three cyclohexane rings are denoted henceforth as A, B and C, and a
single cyclopentane ring denoted as D. In norethisterone one methyl group is attached to the carbon
atom labelled (C13) (Fig. 1). In the molecules studied carbon atom C(17) is attached not only to the
hydroxyl group, but also to the ethynyl group lying nearly perpendicular to the steroid skeleton [1].
Substitution of the steroid ring with a methyl group at C(13) and with a hydroxyl OH and ethynyl
groups C=CH at C(18) in norethisterone leads to much stronger progestenic or female hormone
properties than those of progesterone.

Fig. 1. Structure of norethisterone molecule with used atoms notation.

The study was undertaken to establish the dynamics of protons, especially those in methyl groups
by the IINS, 'H NMR and quantum chemistry calculations. Molecular dynamics of the methyl
groups is affected by inter- and intra-molecular interactions. If the methyl group spins are strongly
coupled with the crystal lattice, then the phonon energy absorbed by the methyl group from the
crystal lattice permits overtaking the barrier hindering the rotation and it is further passed to the
lattice. The "H NMR method permits investigation of the internal dynamics of molecular groups
whose characteristic time of reorientation is of an order of 10 s. The process can be described by
two parameters: the height of the barrier for reorientation with respect to the triple symmetry axis of
C-C bond, E,, and the correlation time 1. [2,3]. The IINS method gives insight into internal
dynamics of molecule taking into regard the intensity of subsequent bands of normal modes [4].
Calculation of the vibrational spectra by quantum chemistry methods permits determination of the
frequency and intensity of the normal modes. This in turn allows also an interpretation of particular
bands in terms of molecular dynamics.



Experimental

The neutron scattering studies were performed on the inverted geometry NERA-PR spectrometer by
the time-of-flight method [5]. This spectrometer was operating on the pulsed reactor IBR-2 in
Dubna. The quantum chemical calculations were performed by the density functional theory (DFT),
B3LYP method [6]. The spin-lattice relaxation times were determined by the saturation method on
the '"H NMR pulse spectrometer, made in our lab, operating at the frequency of 30 MHz in the
temperature range from 100 K to 400 K.

Results

The inelastic incoherent neutron scattering spectra were recorded at two temperatures, 290K and
20K. The experimental spectra collected from 16 detectors, arranged at different angles of
scattering from the range 20° - 160°, were summed up. Next, the cryostat and cassette background
was subtracted from this total spectrum and it was normalised taking into account the amount of
incident neutrons. The IINS spectra were converted into the generalized phonon density of state
spectra Gexp(v) in one-phonon scattering approximation. The low-temperature Gexp(V) spectrum is
compared in Fig. 1, with that calculated for the isolated molecule by the DFT method. On heating of
norethisterone to room temperature the with of subsequent normal modes increases and the Gexp( V)
at 290K becomes much less structural.

0 200 400 600
1 1 1 1 1 1 1 1 1 1 1 1 1

norethisterone
20K

i

I
B3LYP 6-311 G** / GO3

G (V)

Gealv)

0 200 400 600
energy transfer (cm'1)

Fig. 3. Comparison of the phonon density of state spectra Gexp(V) of norethisterone obtained after
transformation in one phonon scattering approximation of the IINS spectra at 20 K, with the Gea(V)
spectra calculated by B3LYP method with 6-311G** basis set by Gaussian 03 programme. The
sticks showing the frequency and intensity of each normal mode [7] are convoluted with the
resolution function of the NERA-PR spectrometer [8].



The deformational in-plane vibration 6[C-C(3)-O] in the spectrum of norethisterone occurs at 440.2
cm™, while in the spectrum of ethisterone at 502 cm™ [10]. In the spectrum of norethisterone the
8[C-C(17)-0(23)] mode is observed at 577 cm™, while in the spectrum of ethisterone - at 327, 339
and 413 cm™. The reason for the occurrence of the bands assigned to O0[C-C-O] at different
frequencies in the spectra of these two compounds, seems to be the presence of intermolecular
hydrogen bonds: OH...O made by the carbonyl group C(3)O(3) and hydroxyl group C(17)-O(23)H
of neighbouring molecules, and CH...O formed between carbonyl group C(3)=0(3) and the ethynyl
group -C(20)=C(21)H.. The character of the bond CH...O in these two compounds is different. In
cthisterone it is a direct bond between the hydrogen of ethynyl group and oxygen O(3) of carbonyl
group (2.318 A), whereas in norethisterone it is a cooperative bond C(21)H...0(23)...0(3) (2.942
and 2.899 A). The singularities appearing in the lattice modes of the Gexp(Vv) spectra of ethisterone
[10] and norethisterone can be related to these intermolecular interactions as suggested by the
calculations performed for the dimer clusters [11].

100 5

norethisterone

0.1

T T T T

3 ® tooorrky' ° 12

Fig. 2. Temperature dependence of spin-lattice relaxation time - T; of norethisterone at 30.MHz.

The temperature dependence of the spin-lattice relaxation time shows a characteristic minimum that
can be interpreted in terms of the Bloembergen, Purcell and Pound theory of dipole-dipole
interactions [12]. The line presented in Fig. 2 was obtained by the fit of the following equation to
the experimental values:

1 T, 4t
—=C S+ S |- /1/
T l+wyr. 1+4w,7T;
The interpretation was made assuming a single process of relaxation characterised by the relaxation
constant C, and the correlation time described by the Arrhenius equation:

E
T.=T, exp(R}j . 12/

The activation parameters determined as 1:021*10'13 s, E.= 9.0 kJ/mol. The relaxation constant C
was calculated for the methyl group reorientations assuming the proton-proton distance of 1.79 A,
and permitted estimation of the relaxation time at the minimum as 0.15 s. This value is very close to
that measured at 105 K at 30 MHz being of 0.14 s. Therefore, it can be concluded that the methyl
group reorientation about the triple symmetry axis of the bond C(13)-C(18) is the effective
mechanism of relaxation.




Table 1. Frequencies of the out-of-plane torsional modes of the methyl groups in ethisterone and
norethisterone and the heights of barriers of the methyl group reorientations with respect to the
triple axis of the bond C-C.

Assignment of | frequency of bands in | Activation frequency of bands in| Activation
internal modes | Gexy(V) spectrum of energy [10] | Gexp(V) spectra of energy

ethisterone [10] norethisterone

[cm™] [kJ/mol] [cm™] [kJ/mol]
x[CC(18)H;] 74, 83, 187 6.7 189

<6.7" 9.0+0.9"

x[CC(19)H;] | 248 7.0°

278

289 10.8+0.8"

294

*-calculated value of activation energy
b_activation energy for methyl group reorientation determined from spin-lattice relaxation time
measurements.

The analysis of the bond lengths and torsional angles C(18)-C(13)-C(17)-C(20), C(18)-C(13)-
C(17)-0O(23) and C(18)-C(13)-C(12)-C(11) in the two molecules studied has shown that they take
similar values of -169.89°, -44.86°, -67.62° in ethisterone and -167.14°-42.41°, -69.20° in
norethisterone [ 1, 12, 16 ] therefore, the dynamics of the methyl group C(18)H;3 in the two
compounds is similar. However, it seems that the dynamics of the methyl group C(18)H3 seems to
be affected by the intermolecular hydrogen bond O...HO.
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Introduction

The hydrogen density and the vibrational density of states - G(v) of moderator materials play an
important role in neutron slowing down phenomena. The solid methane is one of the best materials from
this point of view and is used as the moderator medium of the cold neutron sources operating at the recent
medium power pulsed neutron sources [1, 2]. However, exploitation test of solid methane moderator on the
IBR-2 pulsed reactor, at the 2 MW average power, show many inconvenient technical problems caused by
irradiation effects [3, 4].

Radiation resistance of moderator materials at low temperature is the first priority task for design of
advanced cold neutron source. For investigation of irradiation effects on potential substances for cold
moderator materials, the URAM-2 cryogenic irradiation facility [5], was designed and constructed on the
IBR-2 pulsed reactor of the JINR at Dubna. The comparative studies on structure and dynamics of
materials-candidates for cold moderator are performed on the NERA inverted geometry spectrometer [6].

Solid methane at ambient pressure stay in the FCC orientationally disorder phase I, down to 20.4 K. In
this phase all CH4; molecules can easily rotate around center of mass and the low energy rotational
excitations of crystal lattice play most important role in deep neutron slowing down process. In phase II,
below 20 K, the CH4 molecules occupy different type of sublattices: 25% are orientationally disordered and
perform almost free rotation in week crystalline potential of cubic symmetry, while 75% are orientationally
ordered by strong potential of tetrahedral symmetry [7].

Methanol is a relatively simple substance, which molecules form one-dimensional chains of hydrogen
bonds. It is known to exist in at least three solid modifications: the ordered a-phase stable below 160 K, the
disordered B-phase stable till the melting at 175 K, and an amorphous or glassy phase, which transforms to
the o-phase at about 130 K [8,9]. An amorphous or glassy phase, which can be obtained by vapor
depositions at low temperatures or by fast cooling of liquid, shows translational and orientational disorder,
while the B-phase shows only orientational disorder of methyl groups.

Mesitylene or 1,3,5-trimethylbenzene is a well known organic solvent characterized by the relatively
low freezing (228K) and high boiling (437K) temperatures. Because of high content of hydrogen and the
assumed weakly hindered rotation of methyl groups in the solid phase this compound has been
recommended as cold neutron moderator [10] and used for construction of the TCNS cold neutron source at
the TRIGA Mark II pulsed reactor of the NETL in Austin [11]. However, the structure and dynamics of
solid mesitylene has not been well investigated. Liquid mesitylene freezes in a disordered phase II, which
at 90K transforms to the low symmetry ordered phase III [12]. Annealing of phase II at about 200K, it
transforms to the cubic symmetry phase I, which is stable from the melting point at 228K down to liquid
helium temperatures [13].

Liquid water is most popular moderator of the thermal neutrons sources. The p, T phase diagram, as well
as the structure and dynamics of solid phases of water are well investigated, see for instance ref. [14]. At
ambient pressure water freeze in hexagonal framework of hydrogen bonded H,O molecules, know as the
ice Th, which is stable down to liquid helium temperatures.

The vibrational spectra of neutron moderator materials

The experimental INS spectra of investigated materials transformed to the amplitude weighed density of
states G(v) are compare in Figure 1.
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Figure 1: Comparison of the G(v) spectra of solid methane, methanol, mesitylene and water calculated in
one-phonon scattering approximation from the INS spectra measured at 20K or 24K.

One can see that G(v) spectra of orientationally disorder phase I of methane differ significantly from the
solid phases of a-methanol, phase I of mesitylene and water ice Th. The characteristic feature ordered
crystalline phases is a parabolic dependence of G(v) ~ v* for acoustic phonon branches, in consistence with
the Debye theory of crystal thermo-dynamics. The G(v) of investigated materials, except the phase I of
methane, show such behavior below 6 meV. The optical phonons and internal vibrations of molecules
forms individual bands at higher energies in the G(v) spectra of crystalline materials.

Dynamics of disordered materials can be much better approximate by dumping oscillators, which
frequency distribution are given by the G(v) spectra. The characteristic feature of amorphous or glassy
materials, as well as orientationally disordered crystalline phases (protonic glasses), is lack of phonon
singularities in the frequency range of lattice dynamics, and non Debaye behaviour of G(v) at low
frequencies. These features one can see on the G(v) spectra of orientationaly disordered phase I of solid
methane in Figure 1, and in Figure 2 for glassy solid formed by freezing 1:1 volume solution of liquid
methanol and water.

Comparing the results of INS spectroscopy, lattice dynamics and quantum chemistry calculations of
vibrational spectra of different methyl derivatives of benzene [15-17], one can see that rotational dynamics
of methyl groups depend on molecule conformation and crystal structure. Among these compounds,
mesitylene molecule contains the highest number of methyl groups with low internal rotational barrier
around the aromatic ring. The most promising material as a moderator for cold neutron sources seems to be
the disordered phase II of solid mesitylene. However, orientationally disorder phase II of mesitylene is not
stable and transfer to phases I or III.

It was shown that solutions of mesitylene with toluene, m-xylene or 1,2,4-trimethylbenzene
(pseudocumene) freezes in a glassy solids, which are stable in all temperature range below the melting
point [17,18]. The amplitude weighted density of vibrational states G(v) of a glassy solids: the 3:2 volume
solution of liquid mesitylene and pseudocumene, the 1:1 volume solution of liquid methanol and water, are
compared to the G(v) of the orientationally disordered phase I of solid methane in Figure 3.
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solution. The G(Vv) spectra were normalized to the same number of hydrogen atoms and the
same number of incoming neutrons. The volume and thickness of investigated samples were
identical.



The G(v) spectra of a glassy materials of trimethylbenzenes or methanol-water solutions, below 50
meV, are much more similar to the G(v) spectrum of orientationally disorder phase I of methane, than
corresponding spectra of crystalline substances compared in Figure 1. However, maximum value of the
G(v) spectra at about 10 meV, normalized to the same density of hydrogen atoms, for methane is about
twice more higher than for other materials. Probably it is caused by large amplitudes of the rotational
oscillations of methane molecules in comparison to vibrational amplitudes of hydrogen atoms in other
materials.

Conclusions

Additional density of state over parabolic dependence in crystalline solids was observed in the
disordered solid phase of toluene and mesitylene. It is shown that solutions of mesitylene with toluene, m-
xylene and pseudocumene form glassy solids, which are stable in the whole temperature range below the
melting point. The vibrational spectra of glassy states of mesitylene in solution with toluene, m-xylene or
pseudocumene indicate relatively low barriers for methyl librations and, typical for disordered solids,
additional density of states at low frequencies, which makes these materials preferable as potential
moderators for cold neutron sources.

Spontaneous release of stored energy was detected in solid methane, water ice, hydrates of methane and
in frozen mixtures of water ice with atomic hydrogen scavengers. Negligible amount of energy is
accumulated in aromatic hydrocarbons, so as, they display no spontaneous self heating under irradiation
[19,20].

Based on the NERA and URAM-2 experiments we could make suggestion to use glassy states of
mesitylene solutions with similar derivatives of methyl-benzene compounds as neutron moderating media
at low temperatures.
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Abstract

The results of inelastic neutron
scattering (INS), Raman and infrared (IR)
studies on  2,3,5,6-tetramethylbenzene
(durene), tetramethylpyrazine (TMP) and
tetramethyl-1,4-benzoquinone (TMBQ) in
the solid state are reported. The observed
frequencies are analyzed on the basis of
DFT calculations. The low frequency
region, below 400 cm’, related to the
torsional and bending out-of-plane
vibrations of methyl groups, is of
particular interest. The detailed analysis is
possible due to the simulation of the INS
spectra by wusing the auntie-CLIMAX
program. It is shown that the observed low
frequency INS bands are dramatically
shifted, compared to the calculated ones,
towards higher frequencies. Although one
cannot exclude deficiencies of theoretical
methods as applied to low frequency

0]

CH, CH, CH3I\I;[CH3 CH, CH,
CH, CH, CH, N CH, CH, CH,
H

2,3,5,6-tetramethyl-1,4-benzochinone

2,3,5,6-tetramethylpyrazine

modes, it seems more probable the
interpretation based on an existence of
non-conventional C-Hn, C-H"N, C-
H O hydrogen bonds formed by the
methyl groups in crystalline phases.
Introduction

In this report we have chosen for
comparison three dynamically similar
molecules (of same Dy, symmetry)
containing four CH3 groups in the phenyl
ring (Fig.1). The molecules are
characterized by different either intra or
intermolecular  interactions in  the
crystalline lattice. The packing of the
molecules is very well known for 2,3,5,6-
tetramethylbenzene (durene) [1],
tetramethylpyrazine (TMP) [2,3] and
tetramethyl-1,4-benzoquinone  (TMBQ)

[4].

2,3,5,6-tetramethylbenzene

Fig. 1. Schematic view of investigated molecules.

In analysis of the solid state of
durene, one can distinguish the interaction
between methyl groups and m-electrons of
the phenyl rings (non-conventional C-H"'n
hydrogen bonds), while in the cases of

TMP and TMBAQ, there are interactions via
C-H "N and C-H O hydrogen bonds. We
will try to show the effect of the
unconventional hydrogen bonds on the
frequencies of the CHj torsional and C-



CH; wagging modes. The values of the
frequencies for the crystalline state will be
compared with those modeled by using the
DFT calculations. For more complete
recognition, we decided to compare the
INS results with those based on Raman
and Infrared (IR) spectra.
Experimental and calculation

Neutron scattering data were
collected at the pulsed IBR-2 reactor in
Dubna using the inverted time-of-flight
spectrometer NERA-PR [5] at 20 K. For
energies between 5 and 100 meV the
relative INS resolution was estimated to be
ca. 3%. The IR spectra were recorded at
room temperature in the KBr discs or in
Nujol as well as in Fluoroluble (low
frequencies) suspensions using either KBr
or Csl windows on a FT-IR Bruker IFS
113v spectrometer with a resolution of 2
cm'. The Raman spectra of powder
samples were recorded on a Nicollet
Magna 860 FT Raman Spectrometer.

Intensity
|

0 100 200 300 400

Energy transfer [cm™]
Fig.2. Calculated a) and experimental b) INS
spectra of TMBQ in the frequency range below 600
cm” compared with Raman c¢) and IR d) spectra.

500

600

Nd:YAG laser was the exciting source,
with a power of ca. 200 mW. The back
scattering geometry was applied. The
resolution was 2 cm”. The structure
optimization and frequencies as well as IR
intensities and Raman activities of the
molecules were calculated by using the
GAUSSIAN 98 program [6] on the B3LYP
level with 6-31G(d,p) basis set. The
corresponding modes were defined by
means of internal coordinates according to
Pulay et al. [7]. Mass weighted normal
vibrational coordinates were used to
calculate the INS spectral profiles by the
auntie-CLIMAX program [8].

The comparisons of experimental
INS spectra with those simulated by
auntie-CLIMAX program together with
Raman and IR spectra are presented in
Figs. 2-4. Calculated and experimental
INS, IR and Raman frequencies for three
investigated compounds are compared in

Tables 1-3.
] 2
] b
| J@LJUL
| M
0 o 1(;0 o 2(‘)0 o 3(‘)0 o 4(‘)0 o 5(‘)0 o 600

Energy transfer [cm™]
Fig.3. Calculated a) and experimental b) INS
spectra of TMP in the frequency range below 600
cm’' compared with Raman c) and IR d) spectra.



durene, TMP and TMBQ possessing the
same symmetry, allows us to distinguish,
among seven low frequency modes, four
ones, into which neat CH3 torsional
] a) vibrations contribute. These modes are
1 practically not visible in IR and Raman
1 spectra due to either selection rules or
] extreme low intensities. In contrast to IR
and Raman spectra these modes are
b) characterized by high intensities in the

-‘g spectra of inelastic neutron scattering.
Q
=] Table 2. Calculated and experimental frequencies for
] TMP.
7 Approximate Calculated Experiment
] assignments  B3LYP/6-31G** INS IR Raman
1 ©) ring torsion 86 130 na n.a
7 CH3 tors. 115 171 ---
] d) CHs s 117 171 na  na
] CH; s 134 190 -
] CHs qors. 150 190
i ring torsion 188 211 198
1 ring torsion 263 280 ---
] C-CH3 peng. 271 300 273
———————————————— C-CHj peng, 290 313 307
0 100 200 300 400 500 600 C-CH3 pend. 290 313 307
Energy transfer [cm'] C-CHj yage. 366 382 379
Fig.4. Calculated a) and experimental b) INS C-CH; g 456 463 455
spectra of durene in the frequency range below 600 ring def. 465 491 478
cm’! compared with Raman c¢) and IR d) spectra. C-CH3 peng. 510 536 528
ring def. 515 543 556
Table 1. Calculated and experimental frequencies for C-CHj wage. 592 616 na. n.a.
TMBQ.
Table 3. Calculated and experimental frequencies for
Approximate Calculated Experiment durene.
assignments  B3LYP/6-31G** INS IR Raman
ring torsion 65 120 - Approximate Calculated Experiment
CH; s, 75 145 n.a. n.a. assignments  B3LYP/6-31G** INS IR Raman
CH; ors. 85 172 — Ring torsion 114 115 n.a. n.a.
ring torsion 108 134 n.a. n.a. CH3 tors. 136 187 ---
CH; tors. 109 189 CHj ors. 138 197 -
ring torsion 114 196 --- CH; tors. 140 162 ---
CH3 yors, 117 163 - CHj tors. 162 169
C-CHj yage. 205 212 - Ring torsion 188 190 191
C-CHj3 pend. 303 304 298 Ring torsion 267 283 273
C-CH3 bend. 304 306 - C'CH3 bend. 288 288 -
C-CH3 bend. 314 315 - C'CH3 bend. 296 296 294
C-CHj yage. 322 342 --- C-CH3 pend. 307 300 -
C-CHj peng. 366 367 355 C-CH3 yagg. 349 359 356
ring def. 420 427 419 Ring def. 438 441 434
C-CHj yage. 435 439 C-CHj yage. 463 459 447
C=0 penq. 440 441 429 Ring def. 514 515 509
ring def. 444 444 439 C-CH3 pend. 529 530 ---
C-CH; 546 545 544 C-CH3 yagq. 595 597 n.a. n.a.
C-CH; yagp. 552 550 n.a. n.a.
The experimental INS spectra are very
Discussion well reproduced by using the auntie-
The analysis of modes related to the CLIMAX program based on calculated

torsional vibrations of the CH3 groups in



frequencies by means of the GAUSSIAN
98 program.

The experimental frequencies appeared, as
a rule, higher than calculated ones, that can
be interpreted either in the terms of the
limitations of the standard DFT
calculations or by assuming interactions of
the CH3 groups in the crystalline lattice.
These interactions can be treated in terms
of the unconventional hydrogen bonds of
the C-H...p, C-H...N and C-H...O type. The
influence of the unconventional hydrogen
bonds on the torsional CH3 vibrations
would be analogous to the conventional
hydrogen bonds, which lead to blue-
shifting of the d and g vibrations. The
analysis of the packing show that the
strongest interaction takes place in TMBQ
and weakest ones in durene that could be
expected from the comparison of
experimental and calculated frequencies
for the compounds studied.
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Inelastic neutron scattering on AgCuSe
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For a long time silver and copper chalcogenides attracted the attention of scientists
due to their exceptional physical properties. Recently, the high value of ionic conductivity in
AgCuSe has renovated the practical interest to this ternary superionic compound [1].

In the present communication we report results on neutron scattering experiments on
AgCuSe carried out with DIN-2PI spectrometer. The neutron scattering spectra of non-
superionic - and superionic a-AgCuSe were collected at 285 and 505 K. To reduce the
absorption and extend the kinematical range the high value of the incident neutron energy of
18.496 meV was chosen. A polycrystalline sample was placed in a slab sample holder and
mounted in a sample chamber at the angle 60° between incident beam and normal to the slab
(reflection geometry). The sample chamber was evacuated up to 10 mbar. Neutron scattering
data were collected simultaneously at 12 scattering angles in the kinematical range from 1.94
A" t0 5.50 A”!. The energy resolution of the spectrometer was about 5-8% and the range of
energy transfer varied from about —13 meV to 160 meV (negative values correspond to
neutron energy loss). Empty cans and vanadium normalization runs were also made. The
standard corrections for background from the empty container (taking into account self-
shielding of sample geometry), energy efficiency and relative efficiency of each detector were
made for time-of-flight data. Absorption cross section of the sample at the chosen incident
energy was nevertheless sufficiently high, that in conjunction with the slab-sample geometry
permit us to neglect multiple scattering effects. Finally, the dynamic structure factor S(Q,¢)
was derived from the time-of-flight data.

S(Q.¢) in B-AgCuSe could be described as consisting of two components. The first
one is a narrow elastic component at zero energy transfer, and the second one is a broad
inelastic component centred around elastic one (fig. 1). The absence of pronounced traces of
low-energy excitations in S(Q,e) spectra of B-AgCuSe should be noted. Such excitations in
non-superionic phases were clearly observed by neutron spectroscopy in Agl [2, 3], Cu,Se
[4]. The existence of such LE-excitations in Cu- and Ag-based superionics only just below the
superionic phase transition has been reported in [5]. Accordingly [6] the low-energy mode is
assigned to an optical phonon at the lowest frequency, originating from a transverse-zone-
edge acoustic phonon. It should be noted that for a number of ternary Ag-based superionics
with two kind of mobile ions and silver as the heavier mobile ion (for instance, KAguls,
RbAg4ls and NH4Aguls), the proportionality of the observed energy modes (about 2 meV) to
the square root of the mass of silver is evident [6]. Therefore, we can suppose the existence of
low-energy optic modes at an energy transfer of about 2 meV in -AgCuSe. However, the
low-energy modes in our experiment have not been observed in -AgCuSe probably due to
poor resolution.

The spectra of a-AgCuSe could be qualitatively compared with spectra of superionic
silver iodide [2, 7]: an increase of the low energy scattering is observed in the superionic
phase in these spectra. We suggest that an increase of the low energy intensity in S(Q,¢)
spectra is connected with an increase of the quasielastic scattering. The quasielastic scattering



in our case is a result from diffusive motion of copper and silver ions. Analysis of quasielastic
scattering was hampered by the overlap of the quasi- and inelastic contributions.
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Fig.1. The S(Q,¢) spectra for selected Q-values in B-AgCuSe at 285 K (left column)
and a-AgCuSe at 505 K (right column). Energy resolution is marked on the figure by pointer.
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The contrast variation technique in small-angle neutron scattering (SANS) experiments was
applied to a new type of magnetic fluids based on organic non-polar carriers (benzene, cyclohexane)
and stabilized by myristic acid C;3H,;COOH (surfactant from a series of fatty acids). The given
surfactant differs much from the classical oleic acid C,;7H33COOH used usually in such kind of
solvents. It is shorter by four carbon groups and does not have a specific double bond in the middle of
the molecule like oleic acid. As it was recently discovered [1], despite this difference a synthesis of
magnetic fluids stabilized by myristic acid is possible. In comparison with oleic acid, the given
surfactant reveals a lower efficiency in respect to dispersing of the whole size-interval (1-20 nm) of
magnetite particles used in the preparation. We believe it stabilizes partially this interval leaving in the
carrier only a fraction of smaller particles. Nevertheless, it should be pointed out that the resulting
nanofluids are as highly stable in strong magnetic field (up to 2.5 T) as the samples stabilized by oleic
acid.

Scattering curves obtained at the YuMO instrument for samples with the 0.8 % volume fraction
of magnetite and different relative content 7 of deuterated component in the carrier (benzene) are
presented in Fig.1. In Fig.2 the corresponding p(r) functions (Fourier transforms of the scattering
curves) obtained by the GNOM program [2] are shown. They were used to estimate reliably integral
parameters of the scattering curves: intensity in zero angle /(0) and visible radius of gyration R,. The
n-dependence of [(0) satisfies well the standard quadratic behavior (Fig.3). In polydisperse and
magnetic systems such as the studied fluid the intensity is not fully matched, so the residual value of
1(0) (here 0.13 cm™) in the minimum takes place. After works [3,4] we refer this point as the effective
match point and use it to determine the contrast

Ap:ﬁe_ps’ (1)

which is a difference between the scattering length density in effective match point, p,, and the
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Fig.2. Fourier transforms of scattering curves
Fig.1. Changes in the cross-section per sample in Fig.1 used to find 1ntegr.al parameters.
volume of the studied system as a function of Bimodal character of the functions reflect the

relative content of the deuterated component in the core-shell organization of studied particles.

solvent.



scattering length density of the solvent, p;. One can see that the minimum in Fig.3 takes place at 77 =
0.32. It is determined by the relative content of magnetite (scattering length density p ~ 7 x 10'° cm™)
and myristic acid (p ~ 0 cm™) in colloidal particles of the studied fluid. This value is about two times
less than the match point of the magnetic fluid with oleic acid (~ 0.6) [5], which means that the relative
content of the surfactant in the given fluid is higher. We explain this fact by a significantly smaller
characteristic size of nanomagnetite stabilized in the fluid with myristic acid. This is confirmed by the
analysis of the R, parameter as a function of inversed contrast (Fig.4). As it was shown [4] in this case
the corresponding expression takes the form:

VZRZ
<cc>+A B)/(1+ D2
(Ap)
Here, R. and V. are the radius of gyration and volume regarding the particle shape; 4, B, D are

parameters; and brackets <...> denote averaging over the particle size distribution. Equation 2 differs
qualitatively from the classical expression for monodisperse multycomponent particles:

R: =R +alAp-pB(Ap)’ (3)

R; =(

©<rE> Ap (Mp) . @

with parameters «, £. The additional parameter D in Eq.2 is defined as

_<(B-p)V2>

D 2
<V:>

, 4)
and characterizes average weighted of the size dependent mean particle scattering length density, p.

The fit of Eq.2 to experimentally found points (Fig.4) results in the value of 4.5 nm for the
characteristic radius of gyration R, for the particle shape. Assuming particles to be quasispherical one
obtains 5.8 nm for the mean particle radius. After subtraction of the surfactant length (1.4 nm) we
estimate the mean size as ~4.4 nm for magnetite particles in the studied fluid. It is almost two times
less in comparison with the same parameter in the fluid with oleic acid (~8 nm).

354

104 1
30
1 : 252 2
25 <VcRc>/<Vc>
8 :
20 /
o~
€
6 < 154
- ~ o
IS ] o
S 10 1 |
S 44 ]
5- 1
04
2 7 <4
-5
0 T T T T T T T T T T T " -10 T T T T T T T T T f T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 -10 -8 -6 -4 -2 0 2 4
n (2p)" x10™%cm?
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As one can see the B parameter in Eq.2 is the analogous of the £ parameter in Eq.3, which
characterizes the distance between centers of mass of different components in the particle. For
spherically symmetric core-shell particles £ = 0. In the general case of polydisperse particles this is not
true, but despite a significant particle polydispersity in the studied fluid the resulting parameter B
in Fig.4 is close to zero. Probably, we deal with the compensation of effects of polydispersity and
magnetic scattering in this case. Thorough analysis of this fact, as well as comparison of the A
parameter with the model values are in progress.
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Electromagnetic interference shielding (EMIS) is widely used for protection and stable
functioning of electronic devises, as well as for human protection. Carbon composites are one of the
basic materials exploited in the production EMIS [1, 2, 3]. Carbon materials show the fractal structure
in the meso-scale depending on theirs origins and production process (rate and the final temperature of
the heat treatment, pressure, etc.)[4]. In the current work SANS experiment, EM, OM and XRD were
used to reveal the structural changes of coal tar pitch during the first carbonization.

The samples were prepared at Advanced Research Institute for Electrical Engineering
Bucharest, Romania and are consisting of coal tar pitch (CTP) additivated with 1,5 % (wt.) single,
multiwalled carbon nanotubes and carbon nanofibres. The mixtures were carbonized at 420, 440, 460°C
temperatures in inert atmosphere with the purpose of studying the influence of the additives on the
mesophase formation and development. The samples carbonized at 460°C presented suitable crystalline
properties for EMIS purpose, all the sample attaining mesophase stage. The addition of nanotubes
fluidized the carbonic system during the pyrolysing process and increased the temperature of
mesophase formation. At this temperature, the bulk mesophase is already formed (Fig. 1a and 1b). It
was observed that the sizes of crystalline isochromatic areas were strongly influenced by the size of the
additive. The addition of single walled nanotubes provided the larger crystalline isochromatic areas. On
the other hand, the carbon nanofibres impeded the mesophase formation at this temperature (Fig. 1c).
The size and type of additive have an important effect on the mesophase formation and development.

SANS experiment was carried out on the YuMO spectrometer of the pulsed reactor IBR-2
Dubna, Russia. Determined scattering curves are presented in Fig. 2, in logarithmic coordinates the
scattering curve have power-law scattering behaviour with power law exponent less than 4. The results
suggest that the carbon materials present clusters characterized by the surface fractal properties. The
diameters of clusters (d=2m/q) are bigger than 125 A (which correspond to qma=0.05 A™), the upper
limits cannot be determined, because are beyond the instrumental limits of the detector. The surfaces
roughness is dependent of the type of the additive; it is rougher with the increasing of the additives
size.

The Guinier approximation for lamellar bodies was used to calculate the thickness of the basic
structural units. The plot Inlq” vs q° (Fig. 3) presents strait line behavior in the q range of 0.07 - 0.2 A~
!. The thickness of basic structural units was found for all the samples to be about 8 A. This suggests
that the basic structural units consist of three-polyaromatic planar molecules stacked parallel.

We can conclude that the additive effects are small at low length scales (large q range) and
became more important at large lengths scales, increasing the crystalline content in volume and quality,
improve in this way the electric conductive properties of materials.
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Fig. 1. Optical microscopy for the samples additivated with single, multiwalled carbon nanotubes and carbon nanofibers
carbonized at 460°C, at 300 X magnification.
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Introduction

Composites [1] are combinations of two or more materials with different properties. The
different materials work together to produce a new material which combines all of the properties
of the previously separate materials. Magnetic elastomers (ME) represent a new type of
composites consisting of micro or nano-sized magnetic particles dispersed in different polymeric
matrix. They are used for various technical applications such as artificial muscles, micropumps,
vacuum seals and pressure seals.

Materials

The samples were prepared from stomaflex creme, in which were embedded nano and
micro-magnetic particles: Fe;O4 (magnetite) and Fe,(CO)y (diiron nonacarbonyl). Stomaflex
creme — composition: paste — alfa omega poly(dimethylsiloxane) - [Si(CH3),0],, calcium
carbonate — CaCOs, pigments, taste ingredients and catalyst: dibutyl tin dilaurate, benzyl silicate,
pigments. Nano or microparticles foregoing bond to the polymer matrix. They are reinforced
(consolidated) in the matrix behind the cross — linking of monomers. The samples were
polymerized in the presence or in default of external magnetic field. The samples were
investigated by Scanning electron microscopy (SEM) and Small angle neutron scattering (SANS)
methods. SANS measurements were performed at the YuMO spectrometer of the IBR-2 pulsed
reactor, JINR, Dubna.

Experiments and results

SEM images of the samples with 50 wt % Fe,(CO)o microparticles are shown in Fig. 1.
The diiron nanocarbonyl microparticles appear to be polydisperse, spherical with the mean
diameter Dy,,=2.93 pum.

Fig. 1. a— Stomaflex creme with 50 wt % Fe2(CO)9 microparticles
b — Stomaflex creme with 50 wt % Fe2(CO)9 microparticles, polymerized in
the presence of external magnetic field, B=156,6 mT



The scattering curves from ME A and B are illustrated in Fig. 2, in logarithmic
coordinates. The scattered intensity I(q) is plotted as a function of the scattering angle 6 by q =
(4n/A) sin(6/2), where A is the wavelength. From the Guinier plot[2], In I(q) vs. q° of SANS
(0.0016 A% < q* <0.0031 A?), the radius of gyration Rg of magnetite nanoparticles from the both
magnetic elastomers where obtained, such as: in case of ME A — Rg =2.37 nm, and in case of ME
B-Rg=2.17 nm.

At higher q, both curves show two linear regions. When the scattering intensity 1(q)
follows the power law [3]:

I(q)~q"
its suggests the structure having a fractal nature. The characteristic of the fractal can be
determined from n value: 1< n < 3 for mass fractal and 3 < n < 4 for surface fractal. Fractal
dimensions d;, and ds for mass and surface fractals, respectively, are related to n by the following
equations:

dn = n, d= 2d — n, where d is the dimension of the Euclidian space of the system
considered. The fitted slope — n of -3.82 + 0.036 for ME A suggests surface fractal with the fractal
dimension of 2.18 + 0.036, also the fitted slope —n of -3.51 + 0.038 for ME B suggests surface
fractal with the fractal dimension of 2.49 + 0.038.
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Fig. 2. SANS curves for: - ME A: stomaflex creme with Fe;O4 nanoparticles
- ME B: stomaflex creme with Fe;O4 nanoparticles,
polymerized in the presence of external magnetic field
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by small angle neutron scattering

T.N. Murugova @, V.I. Gordeliy®**, A.Kh. Islamov®, A.L. Kuklin®, I.M. Solodovnikova®,
L. S. Yaguzhinsky".

"Faculty of Bioengineering and Bioinformatics, Moscow State University, Russia
@Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
"IBI-2, Forschungszentrum Jiilich 52425, IBI-2 Germany
&Centre for Biophysics and Physical Chemistry of Supramolecular Structures, Moscow Institute for
Physics and Technology, Dolgoprudny, Russia
" AN. Belozersky Institute of Physico-Chemical Biology, Moscow State University, Russia

It is well known that changes in volume of cells, organelles, bacteria stimulate specific
structural reorganization in them accompanied by alterations in function of their enzymatic systems.
Earlier influence of low-amplitude matrix swelling on ultrastructure of mitochondrial membrane was
studied. The ultrastructure is concerned with working of the membrane enzymes. Namely under
hypotonic conditions appearance of so called “dried cristae” with small gap between -ctista
membranes was found out in rat liver mitochondria [1,2]. This structural changes are accompanied
by rise of electron transport in respiratory chain, changes in pH-regulation of potassium transport and
in kinetic parameters of oxidative phosphorylation [3,4,5].

We conducted small angle neutron scattering (SANS) experiments with intact rat heart
mitochondria under isotonic and hypotonic conditions. The experiments was carried out on YuMO
spectrometer placed on beam 4 of pulsed reactor IBR-2 [6,7]. Mitochondria were placed in media
containing 1 mM MgSO,7H,0, 1 mM
KH>PO,, 20 mM tris, 10 mM KCI, 0.25
mM EDTA, 0.2 M sucrose (isotonic T,

%E = W30TOHMYECKas cpefia
3 ®  runoToHWYeckas cpega

medium) and 0.058 M  sucrose 1 Tl

1

(hypotonic medium), pH=7.5. The - ] .
temperature was 15 °C.

The SANS curves are different for
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medium the mitochondrial membrane forms lamellae placing quasi parallel with each other at



particular distance equaling 195 + 12 A (distance between centers of the lamelae). So the scattering
curve has the peak with maximum at scattering vector equals 0.032 + 0.002 A™' (Fig. 2A). In case of

hypotonic conditions (low-amplitude swelling) the curve has two peaks (Fig. 2B) with maximums at
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Fig. 2. Scattering intensity multiplied on Lorentz factor of plane q° against scattering
vector q for rat heart mitochondria in isotonic (A) and hypotonic (B) media.

0.034 + 0.002 and 0.053 + 0.004 A”, that corresponds to 185 + 11 and 119 + 9 A respectively. That
can indicate presence of lamellar structures with two characteristic distances between centers of
lamellae wich equal 185 and 119 A (for example, "dried cristae" and distance between otter and inner
membranes) or formation of non-lamellar structures in mitochondria. The last assumption arises from
the spacing ratio for the peaks that equals 1 : 1.6 + 0.1, that is appropriate to non-lamellar structures

such as hexagonal and cubic [8,9]. The electron microscopy will help to solve this ambiguity.
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About nucleus “superfluid-normal” state transition dynamics
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The general form of dependence of the most reliable modern values of the level density
on the investigated nucleus excitation energy points at [1,2| the presence of at least two
“step-like” structures below neutron binding energy with its faster increase in between than
it is predicted by a notion of a nucleus, as a system of non-interacting Fermi-particles. It
means that, at least, at two excitation energies the abrupt change in the excited levels wave
functions structure occurs in a nucleus. The unique factor, known by the present to be
capable of providing such a change is the breaking of nucleons Cooper pairs with addition
of two quasiparticles to the existing ones, as well as fast increasing the level density at
increasing excitation energy.

In modern theoretical notions [3], the level density at a given nuclear excitation energy U,
spin J and parity 7 is expressed through the density p,, only of the quasiparticle excitations
and its vibration and rotational (for the deformed nuclei) enhancement coefficients K, and
K, respectively:

p(U., J. 7t) = pgp(U. J, 1) Kyiry (U, J, 1) Kyt (U, J. ) = pop(U, J, ) Keon (U, J, 7). (1)

For the further analysis of the experimental data it is expedient to unite coefficients of
vibration and rotational increase in the level density in the general coefficient of its collective
enhancement K.,;. In the level density from the analysis [1,2] the basic contribution to
its value is brought by the effect of vibration. In an examined case the effect of rotational
enhancement of the level density for the deformed compound even-odd nucleus is less than the
experimental data error. By the order of magnitude in a neutron binding energy range, it is
expected that K., value for the complete level density is [3] in an interval: 10 < K.,; < 100.
There is no experimental information on dependence of K,;, on U, J, and w. Modern
theoretical ideas of this account admit a significant change in K,;;,» when changes U up to
the change of [4] its functional forms dependences on nucleus excitation energy. The presence
[1,2] of rather reliable experimental data for the sums of radiation strength functions of dipole
cascade transitions allows, basically, to solve this problem by creation of precise models of
strength functions. This opportunity is caused by known distinctions in values of partial
radiation width from a ratio of quasiparticle and vibration components in the structure of
excited (decaying) levels. However, currently, there are no theoretical models of such level
[3].

Therefore, the further analysis of the level density is possible to be carried out only within
the framework of zero assumptions of K,.,; independence on the nucleus excitation energy
in the interval of ~ 0.5 — 3 MeV up to B,,. For the first time, it allows one to receive direct
experimental information on partial density of quasiparticle excitations with various number
of quasiparticles in the specified excitation energy intervals for some nuclei with their masses
of 40 < A < 200.



The possibility of determining the partial level density p, with a given number n of the
excited quasiparticles for U nucleus energy excitation
(J + Deap(=(j +1/2)%/(20%)) ¢"(U — En)""

o= Nk (/202(n — 1) )

has been found by Strutinsky [5]. For the first time, he has obtained simple functional
dependence of the nucleus excited states density (the second coefficient in (2)).

Practically, for comparison with the experiment [1,2] within the framework of existing
[3] theoretical notions of a nucleus, it is necessary to choose value of the spin cutoff factor
o = f(n, U) for the given Cooper pair and excitation energy, together with the energy U — E,
of the excited quasiparticles. Density of single-particle levels g for the presented here nuclei
is known from the data on neutron resonances.

In first of the tested by us variants, the F,, = 0.25g(A2—A2)+de,,, functional dependence
suggested by A.V.Ignatjuk and Yu.V.Sokolov (see [3.4]) has been used. It is based on the
idea of existence of 0.25gA2 condensation energy in a nucleus at its transition from normal
to superfluid state. The maximal number of decayed pairs in this variant is limited to value
N = 5, basically, by possibilities of used fitting algorithm.

To correctly account the spin dependence of the level density is a serious problem because
of the ambiguity of [3] model notions of the spin cutoff factor. In both described here variants,
the functional dependence [6] suggested by Fu, has been used. The corresponding function,
written in language FORTRANTY7, is taken from file RIPL-2 [3] with necessary parameters.
As the breaking threshold Uy, for number N pair was selected only by comparing values of
expression (2) with the experimental density of levels, so its value, suggested in [6], has been
replaced with the best one obtained by us.

First of all, it is found out that in the representation [4] the experimental level density
requires accounting for not less than 5 partial densities for its reproduction. According to
the notions [5], the effect of pairing takes a share of nucleus excitation energy, which is equal
to 2Aq. For five breaking nucleon pairs the total energy of pairing is equal approximately to
10 MeV for the heaviest of the nuclei that are included in the analysis. This energy is more
than the neutron binding energy and, consequently, notions [4,7] seriously disagree with our
experimental data.

Within the framework of notions [4] about the form of Cooper pairs correlation functions
energy dependence of excited nucleus, a picture, corresponding to the basic statement [7],
is observable. This statement deals with the generalized model of a superfluid nucleus — its
phase-transition between superfluid and normal states (but at the essentially smaller energy
of such transitions).

Model approximation of correlation function A,,, presented in [3,4], is obtained on the
base of existing experimental data with very large systematical errors. Their basic distinctive
feature is that the speed of increase in the level density is smaller as compared to data of
[1,2]. It is true at least for excitation energy some higher than 0.5B,,. In this variant of model
notions, at the increase in excitation energy the smooth enough change in A,, can provide the
greater dp/dU value only when the expression (2) accounts for five and more breaking pairs.
An alternative opportunity consists in using other ideas of nucleon correlation functions of
Cooper pairs in the excited nucleus.

The smaller values of n can be obtained only with the more rapid decrease in A,,, than it
is predicts by [3,4], as increasing of the excitation energy U. And equation (2) cannot present
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any other opportunity. The number of variants of the functional dependences satisfying this
condition is great. In the second variant of the analysis for E, the following functional
dependence has been used:

U—-FE,=U—Aon[(U—Uw)/(pAo)]- (3)

The only ground for using such function for this purpose is a logarithmic dependence of
macrosystem thermal capacity in a point of second-order phase transition on its tempera-
ture. But such dependence is shown only in an ideal case. In case of a mixture of helium
isotopes, for example, the maximal thermal capacity decreases, whereas the degree of change
increases at the increase of 3He concentration. Therefore, dependence (3) can be accepted
as the utmost possible A,, estimation for pair number N at the energy U with an additional
condition [5] that maximum £, value is in £, < nfy/2. Such correction is essential only
for the second breaking Cooper pair and mainly for nuclei “Ge, W, 921y and ¥5Pt. If
presence of systematical errors in p is taken into account, the specified E,, increase does not
indicate its excessive divergence in various nuclei. It is also true for the known significant
fluctuations of pairing energy of last nucleons pair.

The best value of parameter p for all tested nuclei is about 2.2-2.3. Therefore, in the
second of the investigated variants, the pairing influences the level density p,,(U, J, 7) for
next breaking Cooper pair only in essentially limited, as compared to [3,4], energy interval
U < U < Uy, + pAg. L. e., it is practically equal to the known value of gap width in the
low-lying states spectrum of an even-even nucleus.

In the carried out variants of the analysis, the coefficient K., has been accepted as
independent on excitation energy U, spin and parity of levels and unchanging at the increase
of nucleus excitation energy. Its absolute value is almost completely determined by a ratio
of the experimental level density and the density of two or three quasiparticle excitations.
In a case, when this value for any number N > 1 Cooper pairs differs by some times, such
discrepancy is easily compensated by changes in Uy, within the limits of, several hundreds
keV maximally.

Examples of the best approximation of the experimental data [1,2| for 4 nuclei with
various parity of neutrons and protons are displayed in Fig. 1. It also shows the partial
level density obtained in the first variant of the analysis. In Figs. 2-7 the similar data are
presented for the most of the analyzed nuclei with partial densities obtained in the second
variant of analysis.

From these data quite unequivocally follows, that:

1. The first step-like structure in level density [1,2] is caused by existence of, at least,
two quasiparticles in nucleus of any type;

2. For the precise reproduction of the level density (comparable with an experimental
data error) it is required to postulate the breaking from three up to five and more such pairs;

3. From the data of approximation, presented on Figs. 2-7, it is visible, that in the second
variant of the analysis the experimental level density can be well reproduced at the account
of only 6 or 7-quasiparticle excitations. Moreover, representation of correlation functions as
(3) allows one to obtain small enough value of the level density of n-quasiparticle excitations,
having lower energy than Uy,.

4. The shell effects demonstrate itself to the maximum extent in near magic nuclei being
close to N=82 and 126. Their exhaustive reproduction is impossible within the framework of
used by us expression. More exact approximation can demand to revise the basic assumption



[5] about equidistant character of single-particle spectrum of near magic nucleus and to
account [4] for shell inhomogeneities of single-particle spectrum. It may also be required to
account for change in K.,; value for different nuclei and excitation energies, not taken into
account by performed analysis.

Despite of the specified ambiguity, volume and quality of the obtained [1,2| experimental
data presents extremely favorable possibilities for the greatest possible development of mod-
ern models of the level density. The obtained values of the most probable parameters of the
experimental data approximations can be used for p calculation in nuclei that are relatively
far from the magic ones. It may be done either directly or at interpolation of the data given
by Tables 1 and 2 [8], or by using the corresponding average values. It is certainly necessary
to develop new model ideas of the nucleon correlation functions energy dependence for near
magic nuclei in the whole region of F., < B, and about p vibration enhancement factor.

It is also necessary to reveal the degree with which the initial compound state structure
influences on the two-step cascade intensity and to estimate the p and k systematical error
connected to this circumstance.

The accumulated, up to the present, data file on two-step cascades following thermal neu-
tron radiative capture, points to the existence of systematical discrepancy in experimentally
obtained data for p and k and their model-calculated [7,9] values. Presence of significant
systematical discrepancy between the experiment and theory allows one to hope on the pos-
sibility of a substantial improvement in model notions about properties of a nucleus at its
excitation being lower than nucleon binding energy:.
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Levels in 100 keV

Fig. 1. It shows examples of the experimental data on approximation for nuclei **Te, 121,
18 Fr and " Lu by the partial level density in the first variant of the analysis. Full points
with error bars represent the experimental data [2], open points show the data [1]. A thin
dotted line indicates partial density, points display their sum. A solid line presents the sum

of the partial level density from the second variant of the analysis. Thin line stands for the
level density calculated within model [9].



Levels in 100 keV

Fig. 2. The same as in Fig. 2 for nuclei: *°K, %9Co, ™™Ge, 8Br, "4Cd. Here, the partial
level densities are shown as obtained from the second variant of the analysis.



Levels in 100 keV

Fig. 3. The same as in fig. 2 for nuclei: 18Sn, 1%4Te,
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s .



—
o
£

Levels in 100 keV

IN

Fig. 4. The same as in Fig. 2 for nuclei: **°Sm, %5158 Gd, 150Tb, 163164 Dy,
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Fig. 5. The same as in Fig. 2 for nuclei: *Ho, 1™ Tm, ™Yb, 1"Lu
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Levels in 100 keV

Fig. 7. The same as in Fig. 2 for nuclei: 1"1Os, %2Ir, ¥30s, 19Pt, 198 Au, 2Hg.
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On the possibility to estimate the n,e-scattering length from structure factors
for liquid krypton.

L.V.Mitsyna, V.G.Nikolenko, S.S.Parzhitski, A.B.Popov, G.S.Samosvat

The situation with existing set of experimental values of n,e-scattering length b

stimulates a search for the new approaches to experiments in order to obtain more reliable
estimates of b ,. We have demonstrated in [1, 2, 3, 4] the principle possibility to extract the b,

with good accuracy from the structure factor data measured for gas samples of different density
for argon-36 and krypton. The proposed approach was grounded on a possibility of separation in
measured angular distributions of scattered mono-energetic neutrons of the effects caused by the
diffraction (depended on the gas density) and the effects related to the contribution of n,e-
scattering (independent from the gas density). In present paper we have attempted to extract the
n,e-scattering length from S(g) obtained in [5] for seven liquid samples of krypton having
similar densities. Our approach is based on two assumptions:

- The authors of [5] did not make the correction for the n,e —scattering.

- They have properly made corrections for the thermal motion of atoms in liquids.
Therefore the usual expression

Sg) =1+ D 1)
1-nC(q)

where n is the sample density (in 10*' 1/¢cm’® units), C(g) is the correlation function describing

the diffraction effect, was modified to introduce in (1) the n,e-contribution in “nuclear” part (to
1) and in “diffraction” part (to nC(q)/(1-nC(q)))

nC
St@) =1+ B(@)+ D[ 4 (). @
1-nC(q)
Here
B — Sﬂacohbne ,
O-S
Z . . ) .
f(q) =—=———=—== is the atomic form-factor, ¢, is the constant calculated in
Ly
qy
Hartry’s-Fok’s approach ,
O-coh
y=—
o

We have assumed a possibility of the “phenomenological” choice of the correlation function
C(g) in the form

Clg) = (4, +ndy)exp(~Ag)sin(——L s 4,) )
A, + Aq
and during the S(g) fitting procedure the values A4, — A, are used as free fitted parameters
together with b,, and residual normalization coefficient C,. Since we could not describe the
S(g) by chosen function (3) with good > in the region of small ¢ the analysis was restricted
to the data region ¢ >3.5—4 A™'. The MINUIT program was used for fitting procedure. The

results of the joint fitting of S(g) for all seven samples in the region g >4 A~ (for 5068
experimental points) are:



C, =1.0010£0.0001
b, =—(1.39+0.04)-10" Fm
These results are shown in Fig.1. From this figure one can see that the S(q) data provide a poor
information in the region of large g because of their large errors. Therefore the fit was also

performed excluding the S(g) values in the region above ¢ =14 4~". In this case the fitting result
was

77 =3822/5068 . (4)

C,=1.0016+0.0002

b, —(186+0.16)-10° Fm 7 10014089 5)

S llllllllllllllllllllllllllllll
11 +’=3748/5068

10 11 12 13 14 15 16
o
q 1/A

Fig.1. The joint fit of S(q) for seven samples. The data only for three densities
n=14.57-11.86—-17.01 are shown. The points — experiment, the curves — fitting result.

Independent fits for three groups of samples of close densities have given results
displayed below.

A)n=14.57 - 14.47 - 14.25
b, =—(1.37+0.07)-107 Fm y* =831/2172

B)n=11.86 —11.28
b, =—(1.19+0.06)-10" Fm x* =799/1448

C)n=17.01 —16.83
b, =—(1.63+0.08)-10" Fm y° =963/1447

The arithmetic-mean estimate on three groups is equal to

b, =—(1.40+0.13)-10" Fm (6)

and agrees with the previous result (4).
In the described method of b, extraction from S(g) data we actually could not

overcome a necessity of taking into account a correction for the effect which masks the n,e-



scattering contribution: the diffraction waves in S(gq). These waves exceed by many times at

their maxima and minima the contribution from the n,e-scattering. The dependence of the n,e-
scattering on ¢ is a monotonous function described by the form-factor f(¢) . In order to observe

a quality of diffraction correction we have extracted the contribution of the n,e-scattering for
each sample after fitting by the formula (2) as

ox nC
5@ =5 (@)~ 1D, 1 Brig; . )

1-nC(q)
assuming that the contribution of Bf(g) term in square brackets is negligible. The errors of
S?(g)were attributed to these pseudo-experimental values. Fitting S,,(¢) was done using the
formula

8
Su@)=C, +=—b,, [(q) . ®)

N

krsne_oc05

24 '=224714088 (=2951/5060
00154 . - C.=0.0016+.0.0004  C;0-0009+-0.0001 |
¥ ©b_=-1.84+-0.05 b,=-1.38+-0.04
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q 1/A

Fig.2. Joint fitting of §,,(q) (errors are not shown) is presented. Two fitted curves over the

intervals g =416 A" and ¢ =4—14 A" are shown.

In Fig.2 joint fitting S, ,(q) for all seven samples are presented. The following result was
obtained
C, =0.0009£0.0001
b, =—(1.38+0.04)-10 Fm
In Fig.2 the fitting result is also shown when the less informative points with ¢ >14 4™ were
excluded. In this case we obtained
C, =0.0016+0.0004
b, =—(1.84+0.05)-10" Fm
From the observed point dispersion and the significant difference in the results (9) and (10) one
should conclude that the b,, errors are obvious underestimated.

2? =2951/5060 9)

x> =2247/4088 (10)



Unfortunately chosen function (3) for the structure factor did not allow to extract
“cleanly” the diffraction contribution. Attempts to use other function for C(g) with larger

number of free parameters or to fit over two intervals (Ag =3.5+9 and Ag=9+16 A™") did not
give a positive results.

Conclusions.
The obtained results demonstrate the possibility of extraction of the n,e-scattering lengthb, , from

S(q) data for liquid krypton. The close values (4), (6), (9) in different calculation variants were
obtained which reduce to the value

b, ~—(1.40+0.10)-107 Fm.
However, it is impossible to guarantee unambiguity of this result as it was mentioned above: we
could not completely exclude the diffraction influence; the results (5) and (10) depend on a
chosen interval ofg. Besides a correlation of values b,, and normalization factor C, was

remaining. It is obvious that the higher accuracy of S(g) data is required and it is necessity to

achieve a more reliable description of diffraction effects involving for this purpose physical
representations about a type of correlation function C(q).

The valuable fact, in our opinion, is that theS(q) data contain the n,e-scattering
contribution allowing to extract the n,e-scattering length with a rather good accuracy. The
present work indicates an expediency to measure the traditional angular distributions of scattered
mono-energetic slow neutrons from which the structure factors for noble gases or liquids are
obtained, but such measurements must be corrected for theb,, extraction (analysis one should

start with processing of the initial intensities of scattered neutrons).
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INTERACTION OF MICROALGAE SPIRULINA PLATENSIS
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Peculiarities of the interaction of the blue-green algae Spirulina platensis (S.
platensis) with separate metals (Se, Cr, I, Hg) [1] have been studied earlier by epithermal
neutron activation analysis (ENAA) at the IBR-2 reactor in the joint experiments with the
Georgian biophysicists. Also, a combined impact of two metals (Se and Cr) on the cells of S.
platensis in the process of their cultivation has been investigated [2]. The present study shows
how the nutrient medium loading with several metals influences on the growth of S. platensis
biomass in the process of its cultivation.

In the first case the Zaroukh nutrient medium in certain concentrations of biogenic
metals (Fe (2000 pg/L), Mn (2500 pg/L), Zn (250 pg/L), Co (45 pg/L), Cu (100 pg/L), Ni (50
ug/L)) was introduced simultaneously; in the second case the toxic ones (Pb (1500 pg/L), Cr
(200 pg/L), Cd (2000 pg/L), Ag (ng/L)) were introduced. Cultivation with biogenic metals
was carried out for 7 days and with toxic elements — for 4 days. Samples of S. platensis
biomass were taken for analysis every day. Moreover, a globular protein C-phycocyanin (C-
PC), which is the most valuable of all the proteins of the microalgae, was extracted by a
special technique from the S. platensis biomass after 7 and 4 days of the cultivation,
respectively.

Content of the studied metals in the obtained samples has been determined by
atomic absorption spectroscopy (AAS) using the Beckman-495 spectrometer. The results are
given in Fig. 1, where the dynamics of accumulation of biogenic and toxic metals by
S. platensis is observed.
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Figure 1

As seen from Fig. 1, at the nutrient medium loading with biogenic elements right
from the start the biomass accumulates Fe most efficiently, later on its concentration remains
practically unchanged. Ni, Mn and Co, which accumulate to a smaller extent, behave in much
the same way as Fe. The Cu concentration increases with time, while the Zn concentration
decreases. It is known from the literature that Zn and Ni compete for binding sites in
macromolecules [3]. Therefore, recrease of the Zn concentration is a consequence of the fact



that Ni occupies binding sites more efficiently. For toxic metals the tendency of growth of
concentrations of Pb and Cr is observed. The Cd content from the second day of cultivation
decreases. Ag is bound by the cells much more intensively than Cd, though its initial
concentration in the solution is by the order of three less than the Cd concentration.

For comparison of concentrations of the studied elements in the S. platensis biomass with
their concentrations in the C-PC pharmaceuticals, concentrations of these elements for C-PC
are shown in Fig. 1 (right graph). As follows from these data, the biogenic elements Fe, Zn,
Co and Cu are bound more strong with the C-PC protein than Mn and Ni. As for toxic
elements, Cd, Cr and Ag are bound more strong than Pb.

More elaborate multielement study of the behavior of biogenic and toxic elements in C-
PC has been obtained by ENAA for the samples irradiated at the nuclear reactor of the Texas
University (USA). The results of this study are presented in the Table below.

Table
<C-PC(bio)> <C-PC(tox)>
ppm Abs. error, ppm ppm Abs. error, ppm

Al 46 2 29 2
Ca 315 44 153 25
Cl 222 12 50 4
Co 0.34 0.02 0.13 0.01
Cr 20.1 0.7 12,8 0.4
Cu 1.1 0.8 35.9 1.2
Fe 572 15 80 5
Hg 0.024 0.008 0.047 0.011
K 1963 132 944 70
Mg 40 2 2.5 0.7
Mn 6 0.3 1.5 0.2
Na 1196 35 693 20
\ 0.18 0.02 1.19 0.02
Zn 11.5 0.6 6.3 0.3

These data allow one to conclude that the content of biogenic elements in the C-PC
pharmaceuticals extracted from the biomass grown in the medium with the presence of toxic
elements is lower than in the medium with the presence of biogenic elements. This
phenomenon could be explained by competition of metals for binding sites at the formation of
bonds: metal-protein, metal-DNA protein, etc.
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NAA AND AAS FOR AIR POLLUTION STUDY IN MACEDONIA
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For the first time the moss biomonitoring technique was applied to air pollution study
over the entire territory of the Republic of Macedonia, in the central part of the Balkan
Peninsula. This study was carried out in the framework of the International Cooperative
Programme on Effects of Air Pollution on Natural Vegetation and Crops coordinated by the
UNECE ICP Vegetation [1].

Mountainous and hilly relief of Macedonia, in spite of arid climate, is favorable for
collecting terrestrial moss Hypnum Cupressiforme, Campothecium lutescens, and
Homolothecium Sericium. Moss samples were collected in September-October 2002 in
accordance with the sampling strategy of the European moss survey program. The sampling
network included 73 sites evenly distributed over the territory of the country of 25713 sq.km.
A total of 44 elements Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Ga, As, Se,
Br, Rb, Sr, Mo, Ag, Cd, In, Sb, I, Cs ,Ba, La, Ce, Nd, Sm, Eu, Tb, Dy, Yb, Hf, Ta, W, Au,
Hg, Th, and U were determined by two complementary analytical techniques — INAA using
epithermal activation at pulsed fast reactor IBR-2, FLNP JINR, Dubna, Russia, and AAS in
Sts. Cyril and Methodius University, Skopje, Macedonia [2]. The large concentration range —
from 10 000 ppm for Al and K to 0.001 ppm for some rare earths — was covered.

Principal component analysis distinguished among the nine factors some pointing
toward natural crust, marine, and vegetation components. The other six factors reflect
anthropogenic origin of trace element deposition in the Macedonian moss samples: ferrous
and non-ferrous industries, oil refinery, fertilizer production and central heating stations.

Four areas are experiencing environmental stress: Veles, Skopje, Tetovo and
Kavadarci-Negotino, whereas agricultural south, south-west and south-east show median
European values for most of heavy metals and other element-pollutants. GIS technology
(geographic information system) is used for constructing black-and-white maps based on
factor scores along with colored maps of the distribution of some relevant elements for these
factors over the investigated territory. Example of geographical distribution of some elements
relevant to the industrial factor 2 (Ni, Zn, Se, Ag, Cd, In, Sb, Pb) is given in Fig. 1. This
factor appears to be connected with the lead-zinc smelter (Pb, Zn, Cd, Sb) in Veles and ferro-
nickel smelting plant (Ni and Ag) in Kavadarci. It is is also dominant further along the valley
of the river Vardar flowing from Skopje toward Veles and continuing south-eastwards toward
Greece. Along the river there is a highway connecting Serbia in the North with Greece in the
South. Influence of the exhaust gases from cars are more present in the cities, in Skopje in
particular where the concentration of cars is greatest. Indium and selenium are present
practically everywhere.

Particular interest represent data on atmospheric deposition patterns of uranium in
moss in the location of the uranium deposits in the Republic Macedonia (soil data) [3].
Distribution of uranium concentration in moss and soil over the examined territory is shown
in Fig. 2. The appearance of the observed anomalies can be explained by the presence of the
uranium minerals in some geochemical regions of Macedonia. Thus, their appearance in the
western part of the country (near the city of Bitola) is due to the combustion of large amounts
of coal (about 6 million tons per year) [4] in the thermo-electrical power plant in Bitola with



an air pollution from fly ash from using lignite as a fuel [5]. It should be mentioned that in the
coal locality of Suvodol significant uranium minerals (plehblenda) are present [3].
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Fig. 2. Comparison of atmospheric deposition patterns determined
by the moss technique and the location of the uranium
deposits in Macedonia (soil data) [3].

Minerals of uranium, especially plehblenda, are very soft ones and easily could blown
up into the atmosphere with dust to be later accumulated in moss growing in the surrounding
area with dry and wet atmospheric depositions.

Also, the appearance of the uranium anomalies in the region of the city of Strumica
(south-eastern part of the country) could be explained by the presence of significant amount
of uranium minerals in the granites deposit in the geological structure of this region [3]. It is
important to notify that in this region the exploitation of albitic granites (with a relatively high
content of U) is taking place. During the process of drilling and milling of the ore the
considerable amount of dust particles are blown into the environment.
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Lyuboshitz V.L., Lyuboshitz V.V. Spectrum of relative momenta of the neutron and proton at deuteron
peripherical breakup in the limit of very low momentum transfer. Report at XIII International Seminar on
Interaction of Neutrons with Nuclei. ISINN-13 (Dubna, May 25-28, 2005); Abstracts of ISINN-13, JINR E3-2005-
48 , Dubna, 2005, p.41.

Lyuboshitz V.L., Lyuboshitz V.V. Strangeness conservation and pair correlations of neutral kaons with close
momenta in inclusive processes. Poster presentation at the 18-th International Conference on Ultrarelativistic
Nucleus-Nucleus Collisions. Quark Matter 2005 (Budapest, Hungary, August 4-9, 2005); to be published in the
journal “Nukleonika” QM’2005 Poster Session Proceedings (in press).

Lyuboshitz V.L., Lyuboshitz V.V. Strangeness conservation and structure of pair correlations of neutral kaons with
low relative momenta in inclusive processes. Proceedings of XVII International Baldin Seminar on High Energy
Physics Problems. ISHEPP-XVII (Dubna, September 27 — October 2, 2004), Dubna, 2005 or 2006 (in press).
Lyuboshitz V.L., Lyuboshitz V.V. The nucleon charge transfer reaction n + p — p + n at zero angle and the role of
spin effects. Report at XI International Conference on Elastic and Diffractive Scattering. EDS’05 (Blois, France,
May 1520, 2005), allocated on the EDS’05 web site (address: http://Ipnhe-
theorie.in2p3.fi/ TRANSPARENTS/L yuboshitz.pdf); Proceedings of the EDS’05 Conference, 2006 (in press).
Lyuboshitz V.L., Lyuboshitz V.V. The process of Coulomb dissociation of weakly bound relativistic nuclei and
hypernuclei within the two-cluster model. Report at VIII International Workshop “Relativistic Nuclear Physics —
from Hundreds MeV to TeV”. RNP-2005 (Dubna, May 23-28, 2005); Proceedings of the International Workshop
RNP-2005, Dubna, 2006 (in press). Also presented at HEP2005 — International Europhysics Conference on High
Energy Physics (Lisbon, Portugal, July 21-27, 2005).

Magli R., Mitsyna L.V., Nikolenko V.G., Parzhitski S.S., Popov A.B., Samosvat G.S. Neutron-electron scattering
length deduced from neutron diffraction experiment on noble gas *°Ar. XIII International Seminar on Interaction of
Neutrons with Nuclei, Dubna, May 25-28, 2005, 8 pages (in press).

Mitsyna L.V., Nikolenko V.G., Parhitski S.S., Popov A.B., Samosvat S.G. New method to extract the neutron-
electron scattering length. The European Physical Journal C 40 (2005) 473-477.

Moreau et al. Measurement of capture cross-sections of **?"****%Zr isotopes at n_TOF. In Proc. Int. Conf. on
Nuclear Data for Science and Technology. Santa Fe, 26.09 - 01.10.04, part 1. Ed. Haight R. C., Chadwick M. B.,
Kawano T. and Talou P. In Proc. Int. Conf. on Nuclear Data for Science and Technology. Santa Fe, 26.09 -
01.10.04, part 1. Ed. Haight R. C., Chadwick M. B., Kawano T. and Talou P. p.p. 880-883.




28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Mosconi M. et al. Neutron capture cross-section for the Re/Os clock. In Proc. Int. Conf. on Nuclear Data for
Science and Technology. Santa Fe, 26.09 - 01.10.04, part 1. Ed. Haight R. C., Chadwick M. B., Kawano T. and
Talou P. p.p. 1335-1338

Oprea A.L, Gledenov Yu. M., Oprea C., Sedyshev P. V., Sedysheva M. V. Evaluation of the cross section in the
(n,) reaction with fast neutrons. ISINN-12. Neutron Spectroscopy, Nuclear Structure, Related Topics. (Dubna:
JINR, 2004) E3-2004-169, 205 — 208

Oprea A.l, Gledenov Yu.M., Khuukhenkhuu G., Oprea C., Sedyshev P.V., Sedysheva M.V., Szalanski P.J.
Evaluation of the forward-backward coeffitient in the "*N(n,p)'*C reaction. ISINN-12. Neutron Spectroscopy,
Nuclear Structure, Related Topics. (Dubna: JINR, 2004) E3-2004-169, 201 - 204

Oprea A.L, Oprea C., Gledenov Y.M., Sedyshev P.V. Calculation of angular correlations in the '“N(n, p)"*O
reaction up to 1 MeV neutron energy region. Proceedings of the ISINN-14, 2005, 7 p (in press).

Oprea C., Burca ., Cupsa D., Telcean I., Tomulescu 1., Tentis M., Radoviciu E., Teusdea A., Cadar D., Gergely 1.,
2005. Monitoring of pollution and biodiversity in Crisuri Basin by ecotourism. XXXV ESNA Congress, University
of Picardie Jules Verne, 29 August — 2 September, Amiens, France, Revue de Cytologie et Biologie végétales, 11
p. (in press).

Oprea C., Cadar D., Candea D., Ozunu A., 2005. Retrospective study of environmental pollution with heavy metals
in the Copsa Mica — Medias region, Proceedings of the ISINN-14, 8 p (in press).

Oprea C., Chernenko L.P., Cios M. and Oprea I.A., 2005. The influence of magnetoactivated water on plants.
University of Picardie Jules Verne, 29 August — 2 September, Amiens, France, Revue de Cytologie et Biologie
végétales, 20 p. (in press).

Oprea C., Filip S., Mitrut T., Gergely 1., Baluta A., Oprea I. A., Cadar D. Geochemical studies applied to the
exploration of water quality in the Crisuri Basin. Proceedings of the ISSIN-14, 2005, 8 p (in press).

Oprea C., Kobzev A. Analytical Methods Based on Ion Beams. Summer Student Practice in JINR Fields of
Research, JINR University Centre, Dubna, 12 July — 4 August 2005, publication on CD - ROM.

Oprea C., Kobzev A.P., Buzguta V., Oprea 1. A., Szodorai F., Cadar D. Determination of trace heavy metals in
human teeth using PIXE. Proceedings of the ISINN-14, 8 p (in press).

Oprea C., Kobzev A.P., Filip S., Burca I., Tentis M., Cadar D., Pater P., 2005. Biomonitoring of atmospheric
pollution in Transylvania public health and risk factor. XXXV ESNA Congress, University of Picardie Jules
Verne, 29 August — 2 September, Amiens, France, Revue de Cytologie et Biologie végétales, 16 p. (in press).
Oprea Cristiana, Nicolescu Carmen, Loghin Vasile, Gorghiu Gabriel, Hussain Aziz Saleh, Szalansky Pavel Jan,
2005. Modeling the human health and environmental impacts status at Targoviste city area using neural network
algorithms. Conference Integration of the New EU Member Countries into the GMES Programme, 12-14
December 2005 — Warsaw, Poland, 10 p, publication on CD — ROM.

Oprea Cristiana, Sedysheva Milana, Oprea Ioan Alexandru, Sedyshev Pavel, Loghin Vasile, Gorghiu Gabriel,
Nicolescu Carmen, Busuioc Gabriela, Muratoreanu George, Hussain Aziz Saleh, Szalansky Pavel Jan, 2005.
Analysis of the pollution agents through neural network algoritms. Conference Integration of the New EU Member
Countries into the GMES Programme, 12-14 December 2005 — Warsaw, Poland, 8 p, publication on CD — ROM.
Popov Yu.P., Gledenov Yu.M., Sedyshev P.V., Andrzejewski J., Szalanski P., Perekrestenko A.D., Goncharenko
O.N. Surprising resonances in the '*’Sm(n,o1)'**Nd reaction. ISINN-12. Neutron Spectroscopy, Nuclear Structure,
Related Topics. (Dubna: JINR, 2004) E3-2004-169, 95 - 101

Sharapov E.I., Furman W.I., Lychagin E.V., Muzichka A.Yu., Nekhaev G.V., Strelkov A.V., Shvetsov V.N.,
Chernukhin Yu.l., Kandiev Ya.Z., Levakov B.G., Litvin V.I.,, Lyzhin A.E., Mitchell G.E., Crawford B.E.,
Stephenson S.L., Howell C.R., Tornow W. An approach to the spatial-temporal analysis of the n-n collision rate in
the YAGUAR experiment. XIII International Seminar on Interactions of Neutrons with Nuclei. (submitted to
ISINN-XIII), JINR, Dubna, 2005.

Szalanski P., Marganiec J., Gledenov Yu.M., Sedyshev P.V., Oprea A., Brozowski R., Wasilewski M. Neutron
sources in massive stars — important topics during hydrogen, helium, and carbon burning. ISINN-12. Neutron
Spectroscopy, Nuclear Structure, Related Topics. (Dubna: JINR, 2004) E3-2004-169, 450 — 455

Tishchenko V.G., Kopatch Yu.N., Mutterer M., Gonnenwein F., Gagarski A.M., Jesinger P., von Kalben J.,
Kojouharov 1., Lubkiewics E., Mezentseva Z., Nesvizhevsky V., Petrov G.A., Schaffner H. , Scharma H.,
Speransky M., Trzaska W.H., Wollersheim H.-J. Recent Multi-Parameter Studies on Particle-Accompanied Fission
of #?Cf(sf) and *>U(ny,f). XIII International Seminar on Interaction of Neutrons with Nuclei, Dubna, May 25-28,
2005 (in press).

Zeynalov Sh., Furman V. and Hambsch F.-J. Investigation of mass-TKE distributions of fission fragments from the
235U(n,f)-reaction in resonances”, ISINN-13, 23-26 June 2005, Dubna, Russia



S

10.

NEUTRON SOURCES

1. Baranov .M., Voronin LI., Ermilov V.G., Kulagin E.N., Kulikov S.A., Melikhov V.V_, Pushkar R.G., Ro Du Min,
Shabalin D.E., Shabalin E.P.. Investigation of the process of radiolytic hydrogen outlet out of an experimental
element of the cold moderator on solid mesitylene. JINR Communications, P3-2004-212. (in Russian).

2. Idelchik L.E.. Reference book on hydraulic resistances. M., (in Russian). Mashinostroenie, 1975, 560 p. (in
Russian).

3. Malkov M.P., Danilov 1.B., Zeldovich A.G., Fradkov A.B.. Reference book on physicotechnical fundamentals of
cryogenics. M., Energoatomizdat, 1985, 432 p. (in Russian).

4. Rogovaia [.A., Kaganer M.G.. Journal of Phys. Chem., 1961, v. 4, No 11, p. 2135-2136. (in Russian).

DEVELOPMENT AND CREATION OF ELEMENTS
OF NEUTRON SPECTROMETERS FOR CONDENSED MATTER INVESTIGATIONS
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6. PRIZES

JINR Prizes:

In Experimental Physics Research:

Second Prize:

A.M.Sukhovoj, V.A.Khitrov. “Experimental model-free determination of main parameters of
cascade gamma-ray of compound nuclei from the region 39<A<201”

In Applied Physics Research:

Second Prize:

A.M.Balagurov, G.D.Bokuchava, E.S.Kuz’min, V.V.Sumin, A.V.Tamonov, Yu.V.Taran,
J.Schreiber. "Neutron Fourier diffractometry to study internal mechanical stresses in industrial
bulky products and new advanced materials”

Encouraging Prize:

I Natkaniec, A.Pawlukojc, K.Holderna-Natkaniec, A.Szyczewski, I.Majerz, K.Parlinski.
“Neutron spectroscopy and quantum-chemical simulation of hydrogen bonds and dynamics of
biologically active molecules™

FLNP Prizes:

In Nuclear Physics:

First Prize:

Yu.N.Pokotilovsky. “Investigation of low-temperature liquid fluoropolymers for coating
UCN trap walls and their application for measuring neutron lifetime”

Second Prize:
A.LFrank, G.V.Kulin, D.V.Kustov. “Neutron diffraction on a moving grating as a
nonstationary phenomenon”

Third Prize:
Yu.N.Kopatch. “New experimental studies of quaternary fission of *?Umyf) and

252Cf(Sﬁ 2

In Condensed Matter Physics:

First Prize:

A.M.Balagurov, 1.A.Bobrikov, V.Yu.Pomyakushin. “Magnetic structural phase separation
and giant isotope effect in Ry sSrosMnOs”

Second Prizes:
D.P.Kozlenko, S.E.Kichanov, B.N.Savenko. “High pressure effect on crystal and magnetic
structures of frustrated antiferromagnet YMnQO3”

M.A.Kiselev, N.Yu.Ryabova, A.M.Balagurov. “New data in the structure and hydration of
model lipid membranes of outer layer of the skin (stratum corneum) by the neutron diffraction
method”

Third Prize:



D.A.Korneev, V.K.Ignatovich, S.P.Yaradaikin, V.I.Bodnarchuk. *“Specular neutron
reflection from potentials with diffuse interfaces”

In Applied and Methodical Physics:

First Prize:

A.M.Balagurov, G.D.Bokuchava, E.S.Kuz 'min, V.V.Sumin, A.V.Tamonov. “Neutron Fourier
diffractometry for studies of reactor materials”

I.M. Frank Stipend:

In Nuclear Physics:
G.V.Kulin

In Condensed Matter Physics:
K.N.Zhernenkov

In Methodical Investigations:
A.V.Tamonov



7. SEMINARS

Date Authors Title
13.01.05 M.Litvak Study of Mars nuclear radiation on the basis of data
(IKR RAN) registered by the Russian device HEND installed on
board of the space vehicle 2001 Mars Odyssey
12.05.05 E.P.Shabalin On the construction of new pulsed neutron source in

(FLNP JINR)

the Rutherford Laboratory (England)




8.1. STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

Directorate:
Director:
A.V.Belushkin
Deputy Directors:
N.Popa
V.N.Shvetsov
Scientific Secretary:
V.A Khitrov

Reactor and Technical Departments
Chief engineer: V.D.Ananiev
IBR-2 reactor
Chief engineer: A.V.Vinogradov
Department of IREN
Head: V.G.Pyataev
IBR-30 booster + LUE-40 Group
Head: S.A.Kvasnikov
Mechanical maintenance division
Head: A.A.Belyakov
Electrical engineering department
Head: A.A.Yakovlev
Design bureau
Head: A.A.Kustov
Experimental workshops
Head: A.N.Kuznetsov

Scientific Departments and Sectors
Condensed matter department
Head: V.L.Aksenov
Nuclear physics department
Head: Yu.N.Kopatch
Department of IBR-2 spectrometers complex
Head: A.V.Belushkin

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

Scientific Secretary Group
Translation
Graphics
Photography
Artwork




CONDENSED MATTER DEPARTMENT

Sub-Division | Title | Head
Diffraction sector. Head: A.M.Balagurov
Group No.1 HRFD V.Yu.Pomjakushin
Group No.2 DN-2 A.l.Beskrovnyi
Group No.3 DN-12 B.N.Savenko
Group No.4 NSVR A.N.Nikitin
Group No.5 SKAT Ch.Scheffzuk
Small-angle neutron scattering group. Head: V.I.Gordeliy
Neutron optics sector. Head: V.L.Aksenov
Group No.1 REMUR Yu.V.Nikitenko
Group No.2 REFLEX V.I.Bodnarchuk
Group No.3 BIOPHYSICS INVESTIGATIONS I.N.Serdyuk
Inelastic scattering group. Head: I.Natkaniec

NUCLEAR PHYSICS DEPARTMENT
Sub-Division Title Head

Sector 1. Corre

ation y-spectroscopy and development of experimental
installations. Head: N.A.Gundorin

Sector 2. Polarized neutrons and nuclei. Head: Yu.D.Mareev

Group No.1 Polarized nuclear targets Yu.D.Mareev
Group No.2 Thermal polarized neutrons M.IL.Tsulaya
Sector 3. Neutron activation analysis. Head: M.V.Frontasyeva
Group No.1 Analytical M.V.Frontasyeva
Group No.2 Experimental S.S.Pavlov
Group No.2 Neutron spectroscopy Yu.N.Kopatch
Group No.3 Nuclear fission Sh.S.Zeinalov
Group No.5 Proton and a-decay Yu.M.Gledenov
Group No.6 Properties of y-quanta A.M.Sukhovoy
Group No.7 Neutron structure V.G.Nikolenko
Group No.8 Ultra-cold neutrons A.V.Strelkov
Group No.9 Neutron optics A.l.LFrank
Group No.11 Theory V.K.Ignatovich
Group No.12 Electrostatic generator-5 I.A.Chepurchenko

DEPARTMENT OF IBR-2 SPECTROMETERS COMPLEX

Sub-Division Title Head
Group No.1 Scintillation detectors E.S.Kuzmin
Group No.2 Gaseous detectors Ts.Panteleev

Sector No.1 Electronics V.1.Prikhodko
Group No.1 Analog electronics A.A.Bogdzel
Group No.2 Digital electronics V.F.Levchanovsky
Group No.3 Software A.S Kirilov
Group No.4 Local network G.A.Sukhomlinov
Group No.5 Technology A.B.Melnichuk

Sector No.2 Spectrometers A.P.Sirotin
Group No.1 Development of spectrometer elements A.P.Sirotin
Group No.2 Sample environment A.N.Chernikov




8.2. USER POLICY

In 2005 the experimental activity at the IBR-2 spectrometers went according to the users’
program elaborated in 2004. A short description of this program can be found in the previous
annual report and in a detailed form on the laboratory web site: http://nfdfn.jinr.ru/ibr-2/index.html .

A number of 256 experiments were performed, 193 with normal access (reviewed
applications) and 63 (~25%) with fast access. From these experiments only 27% were performed by
the laboratory staff, the rest of 73% by users from outside. The distribution of experiments on
instruments and countries is shown in the following table.

HRF [DN- [DN-2 [SCAT | NER [DIN- |KDSOG | REMUR. | YuM | Total
D 12 A 2P1 -M O

FLNP 11 4 14 2 2 3 8 24 68
Russia 16 2 25 10 5 6 18 84
Germany 1 6 1 2 2 2 14 28
Romania 2 2 2 15 21
Poland 1 5 7 2 4 19
Czech R. 3 1 6 2 12
Belarus 2 2 1 5
Slovakia 1 4 5
Ukraine 3 3
Hungary 2 2
France 2 2
Belgium 2 2
KPDR 2 2
Switzerlan 1 1
d
Latvia 1 1
U.S.A. 1 1
Total 31 15 52 22 12 11 14 17 82 256

8.3. MEETINGS AND CONFERENCES

In 2005, FLNP organized the following meetings:

1. |International Seminar dedicated to 90-th Anniversary of | April 5-6 Dubna
F.L.Shapiro

2. | Workshop “Investigations in Giant Pulses of Thermal April 27-29 Dubna
Neutrons at Pulsed Reactors and in Traps of Big
Accelerators”

3. | XIII International Seminar on Interaction of Neutrons with | May 25-28 Dubna
Nuclei (ISINN-13)

4. |1V Workshop on Investigations at the IBR-2 Pulsed June 15-17 Dubna
Reactor

5. | SAD International Workshop June 27-28 Dubna

6. |IAEA Technical Cooperation Workshop “Investigation of |November 14-16 |Dubna
Health Effects on Children from the Consumption of Food
Growth in Industrially Contaminated Areas”




In 2006, FLNP will organize the following meetings:

1. | XIV International Seminar on Interaction of Neutrons with | May 24-27 Dubna
Nuclei (ISINN-14)
2. |V Workshop on Investigations at the IBR-2 Pulsed June 15-17 Dubna
Reactor
3. |International Seminar “Crystallography at High Pressures” | September 28- Dubna
October 1
4. |International Workshop on Small-Angle Neutron October 5-7 Dubna
Scattering, dedicated to the 7-th Anniversary of
Yu.M.Ostanevich
8.4. COOPERATION
List of Visitors from Non-Member States of JINR in 2005
Name Organization Country Dates
O.Steinsvoll Institute for Energy Norway 14.01-30.01
Technology, Kjeller
V.Lauter ILL, Grenoble France 15.01-26.01
H.-J.Lauter ILL, Grenoble France 15.01-26.01
F. Tanczico KFKI RIPNP, Budapest Hungary 19.01-29.01
M. Major KFKI RIPNP, Budapest Hungary 19.01-29.01
L.Bottyan KFKI RIPNP, Budapest Hungary 19.01-29.01
Univ. Saints Cyril Macedonia 22.01-22.03
L.Barandovski &Methodius, Skopje
Univ. Saints Cyril Macedonia 22.01-22.03
0.Kuzmnovska &Methodius, Skopje
M.Anikin SUNY Health, Brooklyn USA 23.01-24.01
D.Temyakov SUNY Health, Brooklyn USA 23.01-24.01
Potsdam Geological Research | Germany 31.01-18.02
K.Walther Centre
Potsdam Geological Research | Germany 31.01-11.02
A. Frischbutter Centre
H.-J.Lauter ILL, Grenoble France 05.02-18.02
V.Lauter ILL, Grenoble France 05.02-18.02
Darmstadt Technical Germany 13.02-26.02
D.Trots University
K.Ullemeyer Freiburg University Germany 22.02-05.03
E. Klementyev Munich University Germany 22.02-25.02
M.Frager Juelich Res. Center Germany 13.03-27.03
A.loffe Juelich Res. Center Germany 14.03-17.03
Inst. Of Non-Destructive Germany 15.03-19.03
H.-J.Schreiber Insp.Methods
M.Anicic VINCA INS, Belgrade Serbia&Montenegro | 01.04-30.11
Inst. Of Non-Destructive Germany 12.04-15.04
H.-J.Schreiber Insp.Methods
K.Ullemeyer Freiburg University Germany 13.04-19.04




H.-J.Lauter ILL, Grenoble France 22.04-30.04
V.Lauter ILL, Grenoble France 22.04-30.04
K.Walther Potsdam Geol. Res. Center Germany 24.04-06.05
A Frischbutter Potsdam Geol. Res. Center Germany 24.04-06-05
G.Fioni CEA, Saclay France 25.04-27.04
D.Ridikas CEA, Saclay France 25.04-27.04
G.Pepy LLB, Saclay France 27.04-04.05
V.Sikolenko HMI, Berlin Germany 07.05-22.05
M. Major KFKI RIPNP, Budapest Hungary 17.05-24.05
F. Tanczico KFKI RIPNP, Budapest Hungary 17.05-24.05

Inst. of Heavy Ion Physics, China 24.05-14.06
Guohui ZHANG Beijing

Swedish Educational Sweden 24.05-27.05

Broadcasting Company,
K.-M.Sjoestroem Stockholm

Swedish Educational Sweden 24.05-27.05
Jan-Aake Toivo Broadcasting Company,
Wallenius Stockholm

Swedish Educational Sweden 24.05-27.05

Broadcasting Company,
Niclas Juho JENSEN Stockholm
B.Gebauer HMI,Berlin Germany 15.06-20.06

Darmstadt Technical Germany 20.06-24.06
D.Trots University
M.Hayn Heidelberg University Germany 10.07-29.10
V.Layec ENSTA, Paris France 16.07-17.08
K.Walther Potsdam Geol. Res. Center Germany 18.07-20.07
A.loffe Juelich Res. Center Germany 18.07-20.07
K.Walther Potsdam Geol. Res. Center Germany 15.08-26.08
L.Cser KFKI RIPNP, Budapest Hungary 02.09-09.09
1.Gladkih KFKI RIPNP, Budapest Hungary 02.09-09.09
C.-J.Broeders Karlsruhe Res. Center Germany 14.09-16.09
J.-U.Knebel Karlsruhe Res. Center Germany 14.09-16.09
G.Granget CEA, Saclay France 14.09-16.09
W.Gudowski RUT, Stockholm Sweden 14.09-16.09
D.Sheptyakov PSI, Villigen Switzerland 08.10-12.10
K.Ullemeyer Freiburg University Germany 10.10-21.10
A Frischbutter Potsdam Geol. Res. Center Germany 12.10-21.10
H. Rajashekara Goettingen University 16.10-29.10
V.Kozhevnikov University of Louvain Belgium 23.10-24.10
S.Lindert Leipzig University Germany 23.10-28.10
W.Gudowski RUT, Stockholm Sweden 06.11-09.11
G.Pepy LLB, Saclay France 06.11-17.11
K.Walther Potsdam Geol. Res. Center Germany 08.11-18.11
H.-J.Lauter ILL, Grenoble France 16.11-19.11
U.Kroner Freiburg University Germany 05.12-16.12
E.-R.Hilscher Freiburg University Germany 05.12-16.12
K.Ullemeyer Freiburg University Germany 11.12-20.12
V.Kozhevnikov University of Louvain Belgium 12.12-16.12




8.5. 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 neutron
diffraction department of MSU and the students of the MSU Interfaculty Center «Structure of
Matter and New Materials» do their diploma works in FLNP. At the Center the students from the
Chemical Faculty of MSU, Higher College of Materials Sciences of MSU, Tula State University,
Tver State University and other universities of Russia and JINR Member States do their course
works.

In June, September and February of 2005 a school and practical work on condensed matter
with neutrons were organized.

In February the practical work for the students of neutron diffraction division of Physical
Department of MSU was organized.

From the 3¢ to the 9™ of June the Summer School for the students of MSU, IATP (Obninsk),
SSPI (Sterlitamak), N-NSU (Niznii Novgorod) and so on (29 students and PhD students) was
held.

In September there was practical work for students of Technical University — “Ural
Polytechnical Institute (UPI)”, and students from Kostroma (KSU).

8.6. PERSONNEL

Distribution of the Personnel per Department as of 01.01.2006

Theme Departments Main staff
-1036- Nuclear Physics Department 58
-1031- Condensed Matter Physics Department 43
-1052- IBR-2 Spectrometers Complex Department 38
-0993- IREN Department 8
-0851- IBR-2 Department 47

Mechanical and Technical Department 46
Electric and Technical Department 30
Central Experimental Workshops 36
Nuclear Safety Group 4.5
Cold Moderator Group 8
Design Bureau 7
FLNP infrastructure:
Directorate 9
Services and Management Department 22
Scientific Secretary Group 6
Supplies Group 3
Total 365.5




Personnel of the Directorate as of 01.01.2006

Country

People

Armenia

1

Bulgaria

Vietnam

Germany

Georgia

KPDR

Kazakstan

Macedonia

Mongolia

Poland

Romania

O Nn|W|l—=|—= &[N |—=]|—=]—

Russia

N
O

Ukraine

|

TOTAL

=)
/]

8.7. FINANCE

Financing of the FLNP Scientific Research Plan in 2005 (th. USD)

No. Theme Financing plan, Expenditures In % of FLNP
$ th. For 9 months, $ th. Budget

I Condensed matter physics 47723 4513,5 94,6
-1031- 2684,2 2438,0 90,8
-0851- 1154,2 12494 108,2
-1052- 933.9 826,1 88,5

II |Neutron nuclear physics 1202.9 1455.4 121.0
-1036- 868.0 1081.0 124.5
-0993- 334.9 374.4 76.0

IIT | Elementary particle physics 6.1 29.7 486.8
-1007-

IV |Relativistic nuclear physics 44.9 28.6 63.7
-1008-

V |TOTAL: 6026.2 6027.2 100.0




International Seminar
on Interactions of Neutrons
With Nuclei

The opening ceremony of the Seminar.
FLNP Director A.V.Belushkin.

Working moment of the Conference
(Conference hall).

Discussion on UCN experiments.
V. Ye.Bunakov's report.



Discussion on UCN experiments.
Ye.V.Lychagin, A.Yu.Muzychka,
V.V.Nesvizhevsky, K.K.Protasov.

Group of scientists of the Neutron
Activation Analysis Sector.

Barbecue.



IBR-30 reactor dismantling

A.1.Grudinin and V.K.Pokrovsky
place a transport block with
an assembly onto a shielding container.

G.N.Pogodaev, V.D.Denisov
and A.I.Babayev discuss a plan
of dismantling the core

in the dosimetry room.

A.LBabayev, S.V.Kulikov

and A.1.Grudinin: measurement
of radiation doze on the
surface of the transport

block with an assembly.




V.G.Pyataev chooses a position
to extract the next assembly from
the reactor core.

V.G.Pyataev and V.D.Denisov place
the transport block onto a universal
device.

V.D.Denisov extracts a fuel
assembly from the core.



Shielding containers to
transport the IBR-30
spent fuel.

FLNP collective in the IBR-30 reactor
hall after the completion of the core
dismantling works:

V.I.Klopov, A.1.Babayey,

V.I. Furman, A.V.Sokolov,

1.8 Yarovoy, V.K.Pokrovsky,
V.D.Denisov, A.V.Belushkin,
G.N.Pogodaev, V.N.Zelenov,
S.V.Kulikov, A.I1. Grudinin.
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