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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. [.LM.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 introduce the report on the scientific activity of the Frank Laboratory of
Neutron Physics for 2003. The first part is a brief review of the experimental and theoretical results
of investigations achieved in the main scientific directions — condensed matter physics, neutron
nuclear physics and applied research. The second part includes reports on the operation of the IBR-
2 pulsed reactor and realization of the IREN project. The third part is devoted to the IBR-2
spectrometers complex and computing infrastructure. The fourth part presents the investigations
that characterize the main directions of research in greater detail. The report completes with the list
of publications for 2003.

In 2003 the IBR-2 reactor operated, as planned, 2 cycles in strict accordance with the
approved working schedule. The modernization of the IBR-2 reactor has come to the final stage of
the basic equipment manufacturing. The manufacturing of parts of the new movable reflector
completed, its control assembling (without jacket) was performed and the start-up was carried out at
slow speed on a test-bench. Basically, the manufacturing of fuel elements completed, the
manufacturing of new reactor jacket continued. Also, the development of cold moderators for the
IBR-2 reactor was conducted.

At the same time, it should be noted, that the deficit financing of the IREN project resulted
in a considerable delay of its realization. At the end of 2003 Russian Research Center “Kurchatov
Institute” put forward the initiative to consolidate the efforts in order to complete the creation of the
IREN facility and to carry out a joint scientific program on it. The preparation of the quadripartite
agreement: JINR — RRC KI — MS — MAE, aimed at finding additional sources of funding for the
IREN project, was started.

On the neutron spectrometers of the IBR-2 reactor several interesting experiments to
investigate magnetic properties of various crystals were carried out. The obtained results are of
principal character. In the framework of studying the problem “The physics of seismic foci and
physics of rock failure” theoretical and experimental investigations of abnormal physical properties
of minerals at high temperatures and pressures were carried out. In the course of the year a
considerable modernization of the facility EPSILON was performed. On the spectrometer DIN-2PI
the work to complete the creation of experimental basis for neutron-physical experiments of matter
in the temperature region up to 3000 K were conducted. This will allow one to stimulate the
experimental investigation of atomic structure and dynamics of promising reactor materials under
conditions of operating and extreme temperatures.

In 2003 the investigation of nature of the space parity violation in interaction of polarized
thermal neutrons with lead nuclei was completed. As a result of the measurements carried out at the
IBR-2 reactor, it was conclusively shown that the space parity violating rotation effect of neutron
spin is caused by the presence of p-resonance in the isotope “°’Pb and not in the isotope “*‘Pb, as
was discovered in the previous works by other authors. In 2003 the work to investigate atmospheric
depositions of heavy metals was completed using the techniques of biomonitoring, NAA, GIS
technologies (project “REGATA”) in Central Russia, as well as in a number of European countries.
The results of these investigations were published in European Atlas (2003). Similar studies were
performed in South Korea, China and European part of Turkey. The data analysis to evaluate the
pollution of heavy metals and radionuclides in Chelyabinsk region continued.

The Frank Laboratory of Neutron Physics continues to be one of the leading neutron centers
of Europe and develops in spite of all the difficulties connected with severely limited funding.

A.V. Belushkin
Director
March 16, 2004



NMPEAVNCJ/TIOBUE

Bamemy BHHMMaHMIO TipennaraeTcss OT4€T O Hay4dHOM paestenbHocTH JlaGoparopuun
HerTponHoU ¢u3uku uMm. .M. @panka 3a 2003 rox. B mepBoii wactu mpencraBieH KpaTkuii 0030p
SKCIEPUMEHTAIbHBIX U TEOPETUYECKHX PE3YJIbTATOB MCCIEAOBAHUM, JOCTUTHYTHIX MO OCHOBHBIM
Hay4YHBIM HamNpaBJICHUSM — (PU3MKE KOHICHCHPOBAHHBIX CpEN, HEHTPOHHOW sIEepHOH (u3nKe u
MIPUKJIAIHBIM HCCTIEI0OBaHUsIM. BTopas 4acTh BKJIIOYAaeT OTUETHI O paboTe UMIYJIBCHOTO PEeaKkTopa
WNBP-2 u peanuszanuu npoekta MPEH. TpeTbs yacTh nocssiieHa KOMIUIEKCY criekTpomeTpoB MBP-2
U UH(OPMALMOHHO-BBIUUCIUTENFHON HHPpacTpykType. B deTBEpTON wYacTH mpeAcTaBICHBI
9KCIIEPUMEHTAJIbHBIE OTYETHI, KOTOpble Oo0jee MOJPOOHO OCBELIAIOT OCHOBHBIE HAIPaBJICHUS
uccienoBaHuil. 3aBepuiaeT oT4ET crucok myonukanmii 3a 2003 rox.

B 2003 roxy UBP-2 otpaboTai, kak ¥ MIaHUPOBAIOCH, 2 IUKJIA B CTPOTOM COOTBETCTBUU C
yTBEpKAEHHBIM TpadukoM. Moaepuuzanus peaktopa MBP-2 BcTynuna B 3aBepmaroniyro (asy
W3TrOTOBJIEHUS] OCHOBHOI'O 000OpYJOBaHMsI. 3aBEPLIEHO HM3TOTOBJIEHHE Y3JI0B HOBOT'O IOJBUHOIO
OTpa)kaTesi, BBIIIOJIHEHA €ro KOHTPOJIbHAsE cOopka (0e3 KoXkKyxa) U Ha CTEH/E OCYIIECTBICH MyCK
Ha TOHIDKEHHBIX o0opoTax. B ocHoBHOM 3aBepmieHo wusrotosiienne TBDOJIoB, mpomoimkanoch
W3TrOTOBJICHHE HOBOT'O KOpIlyca peakTopa. Bemach Takke pa3paboTKa XOJIOAHBIX 3aMeIUTEeNeH
st UBP-2.

B 10 xe Bpems ciemyeT OTMETUTh, YTO HeJocTaTouHoe ¢uHaHcupoBaHue npoekta UPEH
MPUBETIO K 3HAYUTEIBHOM 3anepkke B ero peanusauuu. B xonme 2003 r. PHIL «KypuaroBckuit
WHCTUTYT» BBICTYNWJI C WHULMATHBOM 00 OOBEAMHEHWW YCHIMN Ui 3aBEPIICHUS CO3AaHUS
yctanoBku UPEH u ocymiecTBiienust Ha He COBMECTHOM Hay4yHOM mporpammbl. Hadara padota mo
noAarotoBke yerbipexcropoHHero corjamenuss OUAN — PHIL KM — Mwunnayku — MunHatom c
L[ETbI0 U3BICKAHUS TOTIOTHUTEIFHBIX UCTOYHUKOB (pUHAHCHPOBaHUs 10 ipoekTy MPEH.

Ha weiitponneix  cnekrpoMerpax WBP-2  BBINOJHEHO  HECKOJIBKO  HMHTEPECHBIX
SKCIEPUMEHTOB IO MCCIIEIOBAHNIO MAarHUTHBIX CBOMCTB Pa3JIMUHbIX KPUCTAJUIOB. BbUIN MOTyUYeHbI
pe3yabTaThl, UMEIOITNE TPUHITMITHAIBHBIA XapakTep. B pamkax ucciaenoBanuii mpoonemsl «Pu3nka
oyara 3eMJICTPACEHHH W (U3MKa pa3pylIeHUS TOPHBIX MOPOJ» TMPOBENEHBI TEOPETHUECKUE U
9KCIIEPUMEHTAJIbHbIE HCCIIE0BAHUS aHOMAJIBHBIX (PU3NYECKUX CBOMCTB MUHEPAJIOB IPU BBICOKUX
TeMIlepaTypax U JaBjieHUusX. B TedeHue roja npoBe/ieHa 3HaYUTENbHAS MOJIEPHU3AIINS YCTaHOBKHU
OIICHUJIOH. Ha cnekrpomerpe JAWH-2ITM mpoBomunauce paboOThl MO 3aBEPIICHUIO CO3/AHUS
SKCHEPUMEHTAIBHON 0a3bl Ul HEUTPOHHO-(U3MYECKUX HCCIEAOBAaHMNA BEIleCTBA B 00JacTu
temnepatyp 10 3000 K, 4To mO3BOJUT aKTUBU3UPOBATH AKCIEPUMEHTAIBHOE M3YYEHHUE aTOMHOMU
CTPYKTYpbl W JMHAMUKH TEPCICKTHBHBIX PEAKTOPHBIX MATEPHAIOB B YCIOBUSX pPabOuuX U
JKCTPEMAJIbHBIX TEMIEPATYD.

B 2003 romy ObUIO 3aBepiIeHO HCCleOBaHUE TNpUpoabl 3ddekra HapymeHUs
MIPOCTPAHCTBEHHOW YETHOCTH IPHU B3aUMOJACHCTBUU MOJSPU30BAHHBIX TEIJIOBBIX HEHUTPOHOB C
saapaMu cBUHIA. B pe3ynbrate uamepenuii, nposeaeHHbIX Ha peakTope MBP-2, O6bu10 yoenutensHo
MOKa3aHO, YTO HapyLIAOIIMHA MPOCTPAHCTBEHHYIO YE€THOCTh 3((eKT BpalleHus CliMHa HEUTpOoHa
0GYCITOBIICH HATIYHEM p- pe3oHanca y u3otomna > Pb, a e y n3otona “*'Pb, kak 65110 0GHAPYIKEHO
B MPEIISCTBYIONMX paboTtax apyrux aBTopoB. B 2003 roxy ObLIM Takke 3aBepIlieHbl pabOThI 1O
VM3Y4YCHHIO aTMOC(EpHBIX BBIMAEHUN  TSHKENBIX METAUIOB C  TPUMEHEHUEM  TEXHUKH
onomonutopupoBanusi, HAA u I'MC texnomoruii (mpoekt «PEI’ATA») B llearpansuoit Poccuu, a
TaKkKe B PpAOC EBPOINMEHCKUX CTpaH. Pe3ynbTaThl 3THUX HCCIENOBaHUNA OIyOJMKOBAHBI B
EBpomneiickom Atnace (2003). Ananoruunsle pabotsl mpoBeaeHbl B HOxHoit Kopee, Kurae u
eBporeiickoit wactu Typrmu. [IpogomkeH aHanu3 JaHHBIX MO OLIEHKE 3arps3HeHui YensOuHcKon
00JacTH TSKEJIBIMU METaJUIaMU U PATUOHYKIUIAMH.

JlaGopatopus HeWTpoHHOH (uszuku uM. .M. ®paHka mpoaoinKaeT OCTaBaThCs OJHUM U3
BEIyLIUX HEUTPOHHBIX LIEHTPOB EBpOMBI M pa3BUBAETCs, HECMOTPS HA BCE TPYAHOCTH, CBA3aHHBIE C
HEJ0CTATOYHBIM (DMHAHCUPOBAHUEM.

16 mapma 2004 200a A.B. beaywkun
Hupexmop



1. SCIENTIFIC RESEARCH

1.1. CONDENSED MATTER PHYSICS

Diffraction. On HRFD, new experimental results on the magnetic and nuclear structures of
manganites with a colossal magnetic resistance were obtained. In particular, two series of samples
of the type (La;.yPry)o7Cag3MnO; (LPCM) each of which was enriched with the oxygen isotope %0
or "*O were investigated in detail over a wide interval of Pr concentrations. Qualitative coincidence
of phase diagrams for the two series, though with a shift in Pr concentration, was established. This
means that strong influence of isotopic replacement on LPCM macroscopic properties in the region
of mixed metallic and dielectric states, that was observed earlier, is, in the main, a percolation effect
but not the result of appearance of some principally new state. Neutron diffraction was used to
investigate the oxygen and fluoridated layered manganese oxides Sr,GaMnOs.F;.x with a structure
of the brownmillerite type. In such compounds, the number of Mn®" and Mn*" ions, that affects the
extent the mechanism of “double exchange” demonstrates itself, depends on the concentrations of
oxygen and fluorine and can be easily changed. The type of magnetic ordering in brownmillerites
depends on the structure of the buffer layer Ga(O,F)s and on the Mn orbital configuration. The
crystalline and the magnetic structures of the compound Sr,GaMnO,gF;,, where the Mn mean
charge is +3.8, were determined (Fig. 1).

On the diffractometer for high pressures DN-12, the structure of the pseudobinar system of
mercury chalcogenides HgSe(7Seo 3 was investigated at 9 GPa. A phenomenological model of the
phase transition from cubic structure of the blende type to hexagonal structure of the cinnabar type
observed in the compound under pressure has been suggested. The effect of high pressures, up to 4
GPa, and low temperatures, from 16 to 300 K, on the MnAs atomic and magnetic structure was
investigated (Fig. 2). It is found that in MnAs in the region of high pressures and low temperatures
there exists a new orthorhombic magnetic phase. Investigations of the atomic and magnetic
structure of the manganites Pr; ,SryMnO; (x = 0.50, 0.56) was conducted at 0 — 5 GPa and 16 — 300
K. It has been discovered that in the region of high pressures and low temperatures a new tetragonal
phase, that coexists with the initial orthorhombic phase, arises in PrysSrosMnO; and
Pr.44Sr956MnQOs. This pressure-induced tetragonal phase has an antiferromagnetic structure of the
C-type in Prg 44Sr 56MnO3 and exhibits no sign of magnetic ordering in Prg sSry sMnOs.

/ &

Fig. 1. The crystalline structure of SroGaMnOsF; (left). The MnO, planes and the Ga(O,F)s
octahedra are shown. The spin configuration in 6 Sr.GaMn(O,F)s (vight). The manganise are only
shown.
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Polarized neutrons and neutron optics. On the reflectometer REMUR, a spatial
magnetization distribution at the V(650A)/Cr bilayer interface, where an effective ferromagnetic
layer was discovered to exist, was measured. The data from reflectometric measurements of the
magnetization profile in periodic Fe/V structures were analyzed to determine the magnetic ordering
type of vanadium atoms in the vicinity of the interface (Fig. 3). To analyze the experimental data, a
program for the calculation of reflection coefficients involving a particular type of gaussian
nonideality of the interface structure has been developed.
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Fig.3. The nuclear N, and the magnetic profile M at 3K as revealed by neutron reflectometry for:
a) three contiguous layers V(504) /Fe(504) /V(50 A) of the periodic layered structure; b) bilayer
F€0_66V0_34(5014)/V(400 A))

Inelastic neutron scattering. On the NERA-PR istrument, a series of experiments of
neutron diffraction and neutron inelastic scattering was carried out using a setup for the
investigation phase transitions and dynamics of solid mesithylene. The obtained results were used
to calculate its moderating properties. It is shown that solid mesithylene can occur in the different
crystallographic modifications depending on the degree of cooling and thermal processing. The



generalized phonon density function of the different mesithylene phases has been obtained and
analyzed (Fig. 4).
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Small-angle scattering. On the YuMO instrument, complex small-angle neutron scattering
investigations of a number of nandimensional osystems were carried out. In particular, experiments
of the small-angle scattering of neutrons on colloid C60 fullerene water solutions were conducted
and analyzed. The specific parameters of colloid particles (size, polydispersivity, density, etc.) and
their dependence on the fullerene concentration were determined. A number of models of the
particles have been suggested basing on the obtained data and some complimentary methods.

Small-angle neutron scattering experiments on the solution C60/carbon bisulphide were
repeated confirming the existence of cluster-like formations in the solution. From the scattering
curves size distributions of the formations were obtained and it was determined how the
temperature and fullerene concentration affected them. In the framework of nucleation theory,
equations for a kinetic formation of clusters in the studied system were investigated. It is shown that
a series of simple expressions for the binding energy as a function of the number of particles in the
cluster corresponding, in particular, to the drop model of the cluster do not describe the cluster state
of fullerene in carbon bisulphide if nucleation theory is used.

In the framework of investigations of ferroliquids a simple method of testing industrial
ferroliquid samples, in the basis of which lies an analysis of small angle neutron scattering
intensities, has been suggested. The method allows aggregations in ferroliquids to be identified with
good confidence and their stability under different magnetic loadings to be judged.

The basic parameters of polycarboxyl dendrimers with different molecular architectures
were obtained (Fig. 5). At the same time, it was found that the solvent penetrates into the dendrimer
structure in the amount reaching up to 30% in volume. Analytical models for the determination of
the structural parameters of the protein RecA that forms filament complexes with DNA were
investigated. It has been shown that the structure of filaments is formed of two RecA proteins. The
effect of the n-decane on the thickness of the lipid bilayer in a unilamellar vesicle was investigated.
Precision measurements of small-angle neutron scattering curves have made it possible to discover,
in particular, that the bilayer thickness increased by 2.4 angstroms. In addition, the data together



with those from differential scanning calorimetry allowed explaining of nonmonotonous
temperature dependence of the structural parameters of polyethylenoxide/polypropelenoxide
copolymers in water solutions.

Fig.5. SANS curves for G(3)7
dendrimers in chloroform-d (1)
and in benzene-d6 (2), and for
G(4)7 dendrimers in benzene-d6
(3).w=4wt.% (1,2) and 1
wt.% (3). The fits are made
using uniform ellipsoid model.

O/ w |aul

Applied research. In the framework of studies in “the physics of seismic foci and physics
of rock failure”, theoretical and experimental investigations of anomalous physical properties of
minerals and rocks were conducted at high temperatures and pressures. On the experimental
complex SKAT-TKOS, measurements of the structure, texture as well as elastic, deformational and
thermal properties of polycrystalline quartzite were conducted under simultaneous action of a
deforming force and temperatures, from 20 to 620° C, making it possible to perform an analysis of
the temperature dependence of intra-lattice stresses. To elucidate the nature of the anisotropy of
seismic waves at different depths in the lithosphere, there was first conducted a complex
investigation of rocks from the different lithosphere depths at high all-round pressures and with an
instrument creating triaxial stresses at temperatures up to 600°C (Fig. 6). It is established that the
key factor that controls the elastic properties anisotropy of olivine-bearing mantle rocks at high all-
round pressures (over 200 MPa) is the crystallographic structure of olivine. The influence of the
form texture (oriented microcracks, pores, intergrain boundarier, etc.) on the elastic anisotropy of
olivine rocks has been determined.

The research program for EPSILON/SKAT focused on the following directions:
investigations of applied and residual stresses in polycrystalline materials (rocks and other
materials); texture analysis of materials (mainly geological), and obtaining of anisotropic physical
properties of rocks from their crystallographic textures. The investigated samples were dolomite
and anhydrite compositions, construction marble materials, rocks from the Eastern Alps, etc.

On the HRFD diffractometer, measurements of residual stresses in bimetallic (hardened
steel/zirconium alloy) uses in RBMK neutron reactors continued. The work was carried out together
with research institutes of MINATOM, RF. The instrument was also used to study TiNi alloy-based
materials under external nonaxial loading at different temperatures. The dependence of the
martensite transition temperature on the loading was obtained. The formation and growth of the
austenite phase with a characteristic distribution of stresses between the two phases depending on
external loading has been observed. A difference between the lattice parameters of the martensite
phase in freshly prepared samples and those used has been discovered
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Fig. 6. Calculated three-dimensional variations of the elastic properties of the amphibolite sample
K8752 based on the neutron diffraction measurements. The model composition of the rock sample
is displayed by the pie diagram.

By means of neutron diffraction on the instrument DIN-2PI, the structure of liquid
lead/potassium alloys was investigated. An analysis of neutronograms as a function of relative lead
concentrations points to the absence of specific Zintl clusters in alloys. This means that the
investigated alloy has much lower corrosion properties than pure lead and may be looked at as a
possible candidate for the role of an effective cooling agent in nuclear power stations.
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Fig.7. Beam polarization as a function of
neutron wavelength at different angles of current
rotators.

Principal methodological results. Tests
of the new head part of the spectrometer
REMUR were conducted on the neutron beam.
The tests have proved that the choice of a
concept of a head part with two different neutron
sources is right. Physical and technical proposals
for the modernization of the platforms for the
polarizers, the shielding of the spectrometer’s
detector, and the creation of the new movable
collimators were developed.



The reflection of neutrons from layered spin-precessors was investigated. The new magnetic
system, that allowed the realization of a spin-precessor with rotating current planes, has been
created. A two current m/2-rotators-based spin-precessor was investigated. It has been
experimentally shown that the neutron spin precession phase changes as a function of beam
divergence and rotation angle of the current planes of the rotators (Fig. 7). It is obtained that with
such a precessor the beam cross section 10x25 cm? can be used and objects with a correlation
length in the interval 10>+10* A can be investigated.

The possibility of the construction and draft project development of a polarized neutron
reflectometer with a vertical scattering plane on the second beam of the reflectometer REFLEX was
investigated. The instrument is expected to have a resolution of several percent, working
wavelength interval 1+10 A and a spectrum-averaged polarization of the incident beam on the level
not lower that 95%. The main objects of investigation with the new reflectometer will be surface
films on liquids.

On the spectrometer REFLEX II, a measuring technique using polarized neutrons that
employs larmor precession of neutron spin and is based on the use of current foils has been tuned.
The techtnique has been developed to use on the time-of-flight reflectometer. The larmor precession
technique combined with the time-of-flight method is a new direction that extends essentially the
experimental possibilities of the instrument.

On the diffractometer for high pressures DN-12, a collimation system for detectors has been
developed and tested. The effect to background ratio has been increased three times. A project of a
cooled beryllium filter for experiments of inelastic neutron scattering at high pressures has been
developed.

On the instrument EPSILON a system of 9 radial collimators each of which can be equipped
with nine detectors has been adjusted. A total of 42 new detectors are installed and as a result, the
total number of detectors is 78 today. In the course of measurements the diffraction spectra
registered by the detectors are added up by means of time focusing based on varying of the channel
width in dependence on the detector position. All the necessary calculations (recalculations) are
preformed in parallel. To raise the quality of experimental determination of materials’ elastic
properties, the effect of the number of grains in a polycrystalline sample and of the volume
distribution of grains on the accuracy of the obtained elastic property parameters was studied. The
new proposed model of calculation of the elastic properties of polycrystals was applied for the
investigation of important technological materials, such as copper, graphite, zirconium, etc.

On the instrument YUMO, the two-detector system started to operate effectively: sample
environment possibilities widened, the project for the creation of a facility with a magnetic field is
going on successfully, a number of new experimental data procession programs were written and
tested. The project of a small-angle X-ray diffractometer is being developed successfully.

On the spectrometer DIN-2PI, works to complete the experimental base for neutron physics
investigations of matter over the temperature region to 3000K were carried out. Heating of the
sample and keeping its temperature on the specified level during the course of measurements are
executed with the help of the thermostat TS-3000 installed in the vacuum chamber of the
spectrometer. The thermostat was designed and produced in Romania in accordance with the
technical proposal developed by FLNP and PEI. The thermostat was tested in the working
conditions. The new experimental possibilities of neutron physics investigations of matter at
temperatures to 3000K allow intensification of research in: atomic structure and dynamics of
advanced reactor materials under working or extreme temperatures in nuclear power facilities;
superionic conductors with a fluorite structure (of the type CaF;) in the region of the superionic
transition, advanced materials for thermonuclear reactors in the temperature region to 3000K,
peculiarities of the structure and dynamics of liquid-metallic systems with admixtures of carbon or
carbon modifications in the region of high temperatures, etc.



1.2. NUCLEAR PHYSICS WITH NEUTRONS
1. Introduction

In the course of the year 2003 two base facilities of FLNP, the IBR-30 booster and the IBR-2
reactor, were shut down and FLNP neutron nuclear physics work was, therefore, mainly carried out
at EG-5 in FLNP JINR and on neutron beams in other nuclear centers of Russia, Bulgaria, Poland,
Czech Republic, Germany Republic of Korea, China, France, USA, and Japan. In the main, the work
was of the result processing or methodological type. 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, 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

In 2003 in cooperation with ITEP (Moscow) and Lodz University (Poland) FLNP continued
experiments to search for the negative neutron p-resonance in lead isotopes with the aim of
explaining of the earlier discovered spatial parity violation effect that demonstrated itself as rotation
of spin of polarized thermal neutrons on their transmission through the sample. In the course of the
experiments the dependence of the radiative neutron capture cross section on the energy of lead
isotopes was studied to discover the expected deviation of the dependence from the law 1/NE due to
the existence of a negative p-resonance. Over the neutron energy interval 80 meV to 3 eV the
gamma spectra of radiative capture were measured for samples of lead enriched with the isotopes
*%pb and **’Pb. The results of the conducted experiments provide evidence of the existence of a
strong p-wave resonance below the neutron binding energy in the isotope *°’Pb but not in ***Pb as
expected from the results of previous works by an ITEP group. Insufficiently high performance of
the detecting equipment did not allow obtaining of the data for neutron energies above 3 eV.
Additional experiments using improved spectrometric equipment will increase the measuring
effectiveness and make it possible to obtain data for a wider neutron energy interval thus justifying
the necessity of repeating laborious measurements of the parity violation effect in the nuclei of the
isotopes 2*’Pb and “**Pb to verify the earlier obtained results.

1.1.2 Investigation of neutron spin nuclear precession

During the reported year works to create a polarized nuclear target setup were conducted.
The setup is being made on the basis of a 3He-4He dilution cryostat with a superconducting
solenoid. The cryostat was manufactured and assembled, nitrogen and helium tests were conducted,
the 3He-4He dilution tract was calculated and developed to have the temperature T= 30 mK. The
dilution tract with one continuous heat exchanger was tested and the temperature T= 120 mK was
obtained. Heat exchangers with a 2 mm copper powder layer (with a grain size of 40 um) baked on
two sides, which corresponds to the calculated 0.75 square meter of the heat exchange working area,
and 6 heat exchangers from cintered silver powder were manufactured. The silver powder used had a
purity of 99.99 and the grain size 0.12 um. Heat exchangers with a working area of 5, 8, 10 square
meters were produced. The structure of the dilution bath was designed and the one with a sample



polarized nuclear target was constructed. A press mold to produce polarized nuclear target plates is
designed and built. The plates with a thickness of 0.2 mm and a diameter of 14 mm will be produced
by the method of compressing the powder of titanium hydrate and zirconium hydrate at
2x10° g/em’.

1.2 Neutron-induced and spontaneous fission

1.2.1 Interference effects in resonance neutron-induced fission of >**Pu
Analysis of even and odd effects in the resonance neutron-induced fission of ***Pu

Within the framework of the new (Barabanov-Furman) approach to the description of
induced fission based on the spirality representation and R-matrix formalism an analysis of the
experimental data on P-even and P-odd angular correlations of fragments in the resonance neutron-

induced fission of *’Pu is completed. The approach has allowed the description of interference
effects in the differential fission cross section, such as the “forward-backward” anisotropy of
fragments separation on the unpolarized neutron beam and their “left-right” anisotropy on the
polarized beam, and the spin — opposite spin anisotropy due to nucleon-nucleon weak interaction
contribution. Employing the R -matrix formalism it is possible to describe the contribution of
interference between s- p-resonances to the observed angular correlations in a more complete and
strict manner. At the same time, an important role of inter-resonance interference in the energy
structure of the observed effects is indicated. It is what makes the new approach essentially different
from the simplified formalism proposed by Sushkov-Flambaum in 1982. In contrast to the Sushkov-

Flambaum formalism, the structure of the parity violating cross section foNC (E) 1is related to s-

resonances and correspondingly, the matrix elements of the weak interaction as a superposition enter
into the «impurity» fission width of s-resonances. Figurel shows the result of fitting of the P-effects
«forward-backward» and «left-right», and Fig.2 presents the results of a P-odd effect analysis.
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1.2.2 Experimental investigation of ternary fission

During the year 2003 processing of the results of the experiments of ***Cf ternary fission
conducted together with German physicists in Heidelberg and Darmstadt continued.

From the data of experiments with the spectrometer Crystal Ball multiplicities of neutrons
emitted from fission fragments were extracted for the different modes of ternary fission. In the case
of “He or °He emission corrections were made for neutrons emitted from the short-lived unstable
nuclei *He and "He. This resulted in a characteristic change of the neutron distribution form in
dependence on the energy of the light charged particle.

In the experiment employing germanium Super Clover detectors the preliminary results on
the anisotropy of y-quanta obtained for isolated 2" — 0" and 4" — 2" transitions of separate fragments
demonstrate a high degree of alignment of fragments spins comparable with that calculated under
assumption of complete alignment..

The use in the experiment of improved AE-E telescopes to identify light charged particles has
made it possible, for the first time, to carry out the separation in mass of particles heavier than Li in
the case of *>>Cf spontaneous fission (see Fig. 3) and in addition, to investigate mass, energy, and
angular correlations of such particles and fission fragments. In 2004 the same telescopes will be used
in correlation measurements of ternary neutron-induced fission of *>*U on the cold neutron beam in
Grenoble.

dE (arb. units)

Fig.3 The identifying AE-E
plot for the separation of light
charged particles.
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1.3 Gamma-spectroscopy of neutron-nuclear interactions

1.3.1 Investigation of two-step gamma-cascades

Processing of the previously obtained experimental data on the cascade gamma-decay of
compound states (neutron resonances) of nuclei with a high level density by the method of
coinciding pulse amplitude summation continued. By now, under the program most detail and exact
data on the properties of excited states of the spherical 118Sn and deformed 185W compound nuclei
have been obtained practically down to the neutron binding energy Bn in them.



Information in the form of spectra that are extremely simple and most suitable for the
determination of most probable level density and radiative strength function values was obtained for
over half total intensity of all possible primary gamma-transitions in the two nuclei. No other
experimental method known today can give comparable information about nuclei with analogous
parameters for the excitation energy higher than about 1-3 MeV.

Like in earlier studied nuclei the cascade gamma-decay parameters (i.e., nuclear matter
properties) in the excitation energy region of about half neutron binding energy either in 118Sn or in
185W cannot be reproduced without taking into account changes in the structure of the nucleus in
the indicated excitation energy at least.

The conclusion is prompted not only by the existence of the step-like structure in the
dependence of the level density on the excitation energy around 0.5 Bn but also by a considerably
large increase in the total cascade populating intensity of levels in a number of nuclei below the
indicated excitation energy. In the framework of available developments of model representation of
the observed effects by Obninsk theoreticians, the observed effects can be qualitatively explained
under assumption of breaking of one or several Cooper pairs of nucleons, if the effective excitation
energy of the deformed nucleus is on the order of 3 MeV and somewhat higher in the region of
spherical nuclei, A=100, and the associated transition of the nucleus from excitation with dominating
vibrational components of the wave functions of its levels to dominance of multiquasiparticle ones.

1.3.2 Measurement of partial capture cross sections for the nuclei Fe, Yb, and Gd

In 2003 experiments to study the reactions 56Fe(n,w)”Fe, 56Fe(n,y)”Fe "Yb(n, y)mYb,
%3Gd(n, v)"*°Gd were conducted on the cold neutron beam in Budapest Neutron Center. Today, the
processing of the measurement results is under way. It is expected to obtain absolute partial capture
cross sections for the isotopes Fe, Yb, and Gd. The spectra of two-step cascades from the reaction
*%Fe(n,yy)’'Fe allow assessing of the radiative strength function in the region of soft (<2 MeV)
primary gamma-transitions. Work to process the data from previous experiments with silicon, iron,
and molybdenum nuclei conducted in the University of Oslo is completed. The level densities and
radiative strength functions of the nuclei were obtained. An unusual enhancement of the radiative
strength function was discovered for molybdenum and iron nuclei in the region of soft gamma-
transitions. Processing of the results of the experiment to study the reaction '"'Yb(n,yy)'"*Yb carried
out on the thermal neutron beam in the Los-Alamos National Laboratory in 2001 is completed. The
experiment has helped to confirm the magnetic nature of the observed pigmi resonance in the
radiative function of the nucleus '">Yb around E, ~ 3 MeV.

1.4 Astrophysical aspects of neutron physics
1.4.1 Analysis of alpha-width properties for the reaction TSm(n,a).

The properties of alpha-widths obtained by P Keller et al. (ORNL) by measuring the cross
section for the reaction '*’Sm(n,a) were analyzed. Of surprise is their result that in the energy
interval 300 — 700 eV, the mean values of the total alpha-widths of resonances with spin 4™ appear to
be larger than those of resonances with spin 3. Apparently, this is explained by mistaken
identification of the neutron resonances’ spin because in resonances with spin 4™ alpha-decay to the
ground state (most intense) is forbidden by the parity conservation law and the ratio of mean alpha-
widths must therefore be inverse as it is the case for energies below 300 eV as demonstrated in
Dubna works 30 years ago. Otherwise, to explain the result we will have to state that in the discussed
reaction spatial parity violation occurs and the contribution of the parity violating interaction is close
to 100%.



1.5 Nuclear data program
1.5.1 Investigation of resonance structure of fission-fragment and fissionable materials

In 2003 measurements with a chopper of Mo, Pb, Ti, W and Zr sample filters were conducted
on beam 6 of the IBR-2 reactor to extract neutron energies from the time-of-flight spectra of cross
sections in the thermal neutron energy range.

The time-of-flight spectra over the range 0.1-200 keV of Mo, Rh, Ho and W were analyzed and
total capture cross sections and transmissions were obtained with an accuracy of 0.2-0.5 % for
transmission and 2-10 % for cross sections. In the same energy region, the blocking coefficients of
capture and scattering cross sections were determined for Nb, Mo, and Pb.

The creation of SNM-30, a 4-n neutron detector on the basis of a battery of ‘He counters, to
investigate delay neutrons, total cross sections in the thermal neutron energy range and to determine
the value of v, started.

1.6 Fundamental properties of the neutron
1.6.1 Investigation of neutron diffraction on argon

At IBR-2, the experiment on the anisotropy of neutron scattering on argon gas at 50 atm and
on metallic vanadium or cadmium plates was completed. The scattering intensity ratio

R =1(30°)/1(150°) for neutrons with energies E = 0,002+ 0,07 eV was measured. For argon, a

clear diffraction pattern in good agreement with the data on its structural factor in the literature was
observed. The pattern reduced 50 times leads to two important conclusions 1) even at low
pressures, diffraction is a serious obstacle to reliable measurements of the n,e-scattering length b

2) the situation is much better at £ > 0,1 eV, where it is recommended to do such measurements.
Vanadium, which is frequently used as an isotropic scatterer, has first demonstrated a slight
anisotropy (R =0,97+1,06) as predicted by J.Mayers in Nucl. Instr. Meth. 221(1984)609. The

measurements with cadmium show that it has an appreciable reflectivity that is well described by
the obtained simple formula. The value of R is of the order of 0.02 — 0.03.
The new method for obtaining b, that bases on known (nearly linear) dependence of the

ne

diffraction intensity on the atom density in gas n, was developed. The method allows obtaining of
an n-independent b,, contribution per gas atom from the scattering data obtained with 1~ 2 A

neutrons at several scattering angles in the interval 5° —100° and several Ar, Kr or Xe pressures in
the interval 10 — 200 atm.

An experimental setup similar to that by Krohn and Ringo in the experiment of the 1960’s
was developed. The improved procedure consists in obtaining of the ratio R as a function of £ and
extending of the £ -range to 0.5—-1.0¢eV.

1.6.2 Experiments of the direct measurement of the neutron-neutron scattering length at the
pulsed reactor JAGUAR in the town of Snezhinsk, Russia

The background for the lower part of the channel (from reactor to detector)in the n-n
scattering experiment was calculated. The calculation yielded the geometry of the channel,
collimators and of the under-reactor shielding that satisfies the condition: the number of the
registered background events per pulse does not exceed 1% of the registered useful events. It is
established that the main contribution to the background is made by fast neutrons with energies from
100 KeV to 5 MeV. To verify the calculation, test measurements at JAGUAR will be conducted in
the first quarter of 2004. The geometry of the testing channel is essentially simplified compared to
the regular channel while shielding and collimation of fast neutrons are in full correspondence with



the regular geometry. The calculation for the testing channel shows that the fast neutron flux in the
testing channel does not practically differ from that in the regular channel.

1.7 Ultracold neutron physics, Neutron optics
1.7.1 Neutron optics

In 2003 preparation work to carry out a new cycle of measurements of UCN time focusing
was conducted. In particular, the new block of the UCN gravitational spectrometer was designed and
constructed in the main, the program for control of experiments with the spectrometer was modified
and the new diffraction gratings were calculated. Photomasks for the production of gratings by the
lithographic method were made. The experiments will be performed in the firs quarter of 2004.

The scheme of the future experiment of the observation of the new neutron optical effect —
changes in the UCN energy at transmission through an accelerated material plate, was determined.
The performed estimation work provides evidence of the feasibility of the experiment. The
experiment will be done with the UCN gravitational spectrometer. Work to calculate the magnetic
field of the spin-echo precession coil in the UCN spectrometer started

1.7.2 Investigation of the temperature dependence of the total cross section of neutron
scattering on a 4He atomic gas

A scattering theory study has shown that the scattering cross section is a product of the
dimensionless scattering probability and the cross section area of the scattered packet. If the
dimension of the packet does not depend on the incident neutron energy, the total neutron scattering
cross section on an atomic gas must depend on the temperature T by the law T but not T"? as in
the standard theory of scattering. To examine the dependence, an experiment of transmission of low-
energy neutrons through ‘He gas was carried out at the reactor in ILL (Grenoble, France). By
measuring the temperature dependence it is shown that it obeys the law T'?. This means that the
dimensions of the wave packet must depend on the neutron energy. Investigations in the direction
continue.

1.7.3 Development of high resolution UCN differential spectrometry

In ILL works devoted to the development of high resolution differential spectrometry of
superlow energy neutrons using, in particular, nonmechanical modulation of the neutron flux by thin
ferromagnetic shutters, continued. Work to prepare precision measurements of the UCN cross
section of liquid fluorine-polymers at 80-300 K was carried out.

2. Theoretical investigations
2.1 Theoretical investigations in reflectometry and Goos-Haenchen effect

It is shown that at total reflection the neutron exit point displaces relative to the neutron
entrance point in correspondence with known Goos-Haenchen displacement in light optics. The
displacement can only be determined for a neutron wave function limited in space or for a wave
packet. At total reflection the reflected particle diverts from the specular direction. The scheme of an
experiment to measure the diversion was discussed and it was shown how the wave packet width
could be determined from the measured diversion. The question of the measurement of the neutron
coherence length in the reflectometry of thin films was also investigated.



2.2 Optical potential and neutron stars

The optical potential of neutron with matter interaction is generated by the coherent
scattering length, which is positive for most nuclei. The scattering length itself is the result of a
strong interaction of the short-range type. Nevertheless, because of the extension of the free neutron
wave function, the optical potential is of the long-range type, which exhibits itself in such effects as
Bragg scattering ant total reflection. Since the optical potential is proportional to the density of
matter, for ordinary substances in terrestrial conditions it has a value of the order of 10”7 ¢V and
demonstrates a repulsion behavior at positive scattering lengths. Rather a small number of
substances have a negative scattering length. To them the potential exhibits an attraction behavior.
The neutron-neutron scattering has a negative length and since in neutron stars the density of matter
is many orders of magnitude larger than in ordinary matter, the neutron star is a deep potential well
for all neutrons. It is shown that the total energy of the neutron-neutron interaction due to the optical
potential may exceed the gravitational one. So, in some cases it can be conceived that the neutron
star will remain compact if the gravitation is switched off. A model of such a star is presented and
investigated.

2.3 Theoretical investigations of neutron [ -decay

During 2003, the Standard Model treatment of radiative corrections to neutron beta-decay has
been set forward. Electroweak interactions have been consistently taken into consideration amenably
to the Weinberg-Salam theory. The effect of strong quark-quark interactions is parameterized by
introducing the nucleon electromagnetic form factors and the nucleon weak transition current
specified by the weak form factors g V, g A, ... Besides the lifetime and the electron and proton
momentum distributions, the T-odd, P-even triple correlation of electrons and antineutrinos in the
beta-decay of polarized neutrons were investigated.

2.4 Calculation of the cross section for the formation of exotic neutron-excess A-hypernuclei

The calculation of the cross section for the formation of the neutron-excess hypernuclei ',
Be , '°; C, and '’,Li in the reactions (1~ ,K") and (K",x") in flight points to sizeable dominance of
the two-step process with recharging (e.g., 1 p — n'’n, n’p = K'A and np — K°A, K’p — K'n).
The second, less productive but possible, mechanism of the reaction is the one-step process T p —
K'>" through the formation of a virtual X~ hyperon admixture in the A-hypernucleus as an input
state. The first results on the formation of *C(n™ ,K")'?, Be and '’B(n” ,K") '°;Li obtained in KEK
(Tsukuba, Japan) evidence in favor of the correctness of our estimate of the ratio between the cross
section of the reaction (n~ ,K") and that of the corresponding ordinary process (1" ,K") on carbon
equal to 107, Our calculations of the differential cross section for the two-step process of the
reaction '’B(n”,K") '°ALi give extremely large values (cross section per zero angle — on the order 70
nb/sr). Also, in the experiment a considerable increase in the cross section of '°,Li is obtained.

In view of the start of experiments at the ¢-Factory DA®NE (Frascatti, Italy) estimates were
made of yields from the formation reaction of '*y Be and 'y C on remaining kaons taking into
consideration two possible formation processes. The calculation shows that in the given reaction the
contributions of the two mechanisms are comparable, which is why the reaction (K",x" ) on
remaining kaons is of special interest from the viewpoint of studies of the virtual ¥~ hyperon
admixture in A-nuclei.

3. Methodological developments towards expansion of spectrometers software

In 2003 the following was done in the direction of the spectrometers software development:
- possibilities of internet-aided access to the experimental data from a user PC were widened;



- a WMonitor program version that writes log files and sends warning messages to PC users
was developed to control the experimental data acquisition process;

- a WMonitor program version that will send warning messages as SMS to the mobile or as
vocal messages to the usual phone of the user started to be developed,

- a version of the program for reading count characteristics of helium counters (for the
spectrometer EPSILON) with a variant of high voltage source control via serial (COM) port was
developed;

- programs for high voltage source control via network were being developed;

- methods for remote control of applied programs continued to be developed in cooperation
with LIT.

With the aim of the development of the experiment automation systems (EAS) software the
working out of the unified program for sample environment control SetVector continued. This
program is a structure over the driving layer of the program. The use of it will allow the
minimization of the functions of the driving programs, shortening essentially of the time of EAS
development thanks to automation of EAS assembling from modules in .exe format, expansion of
EAS service for users, and raising of the reactor time use coefficient due to concurrent control of the
instruments operation.

4. Analytical investigations at the IBR-2 reactor
4.1 Modernization of the pneumatic facility REGATA

During the preventive maintenance of the IBR-2 reactor in 2003 a number of blocks and
devices in the pneumatic facility REGATA were modernized.

To raise the REGATA radiation safety, a system for emergency unloading of the irradiation
channels that makes it possible to unload high activity containers into one of the “hot” chambers in
the pneumatic facility was designed and constructed.

For the irradiation channels, a device for temporary storage of radioactive containers in the
ring corridor of the reactor has been designed and is presently under construction.

An automatic device for replacement of samples in the detectors has been developed. It will be
produced in 2004.

The development of the program for control of the spectrometric equipment, that involves
automatic certification of samples including all the parameters necessary for the calculation of the
concentration of elements and producing of tables of final results, completed. A number of service
programs of spectrometric data processing were improved.

4.2 Ecology

In 2003 works to study atmospheric depositions of heavy metals in central Russia (Tulskaia,
Tverskaia, laroslavskaia regions and north of Moscow region) and in a number of European
countries (Bulgaria, Slovakia, Romania, Ukraine, Poland, Serbia, Bosnia, Macedonia) using the
techniques of biomonitoring, NAA, and GIS (project REGATA), completed. The results are
published in the European Atlas (2003). Similar investigations were carried out in South Korea,
China and European part of Turkey. Analysis of the data on heavy metal and radionuclide pollution
in the Cheliabinsk region continued. A cycle of 17 publications on biomonitoring of atmospheric
deposition of heavy metals is submitted to the 2003 JINR Best Publication Competition.
Investigations of soil pollution with heavy metals or other toxic elements due to toad transport
(Minnesota, USA) completed.

A comparative analysis of the element content of a number of food products grown in the
condition of strong antropogenic impact was carried out in cooperation with the Geological Institute



of the Russian Academy of Sciences under the IAEA Coordination Program and Technical
Cooperation with JAEA.

In 2003 the final stage of the Project «Monitoring of workplaces and health of personnel at
some phosphate fertilizers production plants in Russia, Uzbekistan, Poland, Romania (European
program 5 Copernicus) was completed.

4.3 Materials science

Epithermal neutron activation analysis (ENAA) of synthetic fine-grained diamonds grown in
the Institute of Solid State Physics and Semiconductors of the National Academy of Sciences of
Belorussia was completed. The results were presented at the 5™ International Conference on the
Interaction of Radiation with Solid Matter (October 6-9, 2003, Minsk) and are submitted as an
article to the Journal Diamond and Related Materials.

4.4 Biotechnologies

In cooperation with a group of biophysicists from the Institute of Physics of the Academy of
Sciences, Georgia, studies in the biotechnology of the green-blue algae Spirulina platensis used in
pharmaceutical industry and in the new biological methods of water purification in water bodies
contaminated by toxic metals, continued. The ability of the spirulina biomass to adsorb and
accumulate such a high toxicity metal as mercury was investigated by the ENAA method. The
results of the investigation will be presented at the 7™ International Conference on Mercury as a
Global pollutant (June 2004, Slovenia). In 2003, a second patent for the production method of a
chrome-containing pharmaceutical on the basis of the green-blue algae Spirulina platensis was
received.



1. HAYYHBIE UCCJIEJOBAHUA

1.1. PU3NKA KOHAEHCUPOBAHHBIX CPE]]

Jdundpaxuusa. Ha ®J[BP nosryuyeHbl HOBbIE 3KCIIEPUMEHTAIBHBIE PE3YJIHTAThl IO MArHUTHOM
U SIIEpHOM CTPYKTYypaM MAaHTaHUTOB C KOJOCCATIbHBIM MAarHETOCOMpPOTHBICHHEM. B wacTHOCTH,
JeTaqbHO ObUIM M3ydeHbl JBe cepuu o0Opasnos (Laj.yPry)o7Cag3MnOs; (LPCM) B mmpokom
WHTEpBaJIC KOHLIEHTpAIuid Pr, Kax/plii U3 KOTOPHIX OBLI 000TAIEH U30TOIIOM KHCIOpOaa 0 wm
'80. BbI10 BBIBIICHO KAaYeCTBEHHOE COBMAnCHHE (a3OBBIX AMATPAMM STHX CEPHI, HO CO CIBHIOM
Mo KoHHeHTpamuu Pr. OTo o3Hayaer, uTo HaOJIOAaBIIEeeCsS paHEe CHIIBHOE BIIHSIHHE
M30TONHMYECKOr0 3aMelIeHHs Ha Makpockonudeckue cBoiictBa LPCM B obmacTu cMeIaHHOToO
METAJNINYECKOTO U JUAJIEKTPUYECKOIO COCTOSHUM, SIBISETCS B OCHOBHOM TEPKOJISIIMOHHBIM
s3¢dexkToM, a He CIEICTBUEM IMOSBICHUS MPUHIMIIHNAILHO HOBOrO cocTosiHus. C MOMOIIbIO
TupakM HEUTPOHOB HCCIEAOBAHBI KHUCIOPOAHBIE M (PTOPUPOBAHHBIE CIIOMCTHIE OKCHIBI
Mapranna Sr,GaMnOsFi.x co cTpykTypoii Tuma OpayHMWuUIepuTa. B 3THX COeTuHEHHSIX
KONMuecTBO MOHOB Mn®" u Mn +, BIIMAIONICE HAa CTENEHb MPOSBICHUS MEXaHHU3Ma ‘‘BOMHOTO
oOMeHa”, 3aBUCHUT OT COJACp)KaHUSA KHUCJIOpojaa W (TOpa W MOXKET OBITh JIETKO M3MEHEHO. Twum
MarHUuTHOTO YIOPSAIOYEHUS B OpayHMIIIJIEpUTAX OMpEAENseTcs KaK CTPYKTYpPOMl HEMarHUTHOTO
oydepunoro cmoss Ga(O,F)s, Tak u opOutampHON KOoHbuUrypammeir Mn. OmnpenencHsb
KPUCTAJUTMYECKAss MU MarHuTHasi CTPYKTypbl coenuHeHus SroGaMnOggF;,, B KoTOpoM cpemHuit
3apsa Mn cocrasiset +3.8 (puc.1).
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Puc.1. Kpucmannuuecxas cmpykmypa SroGaMnOsF; (cneea). Iloxazanvr niockocmu MnO; u
oxmasaopvl Ga(O,F)s. Cnunosas xougueypayus 6 SroGaMn(O,F)s (cnpasa). Tlokasanvlr monvko
UOHbBL MAP2aHya.

Ha nudpaxtomerpe ans Bbicokux naBienuit J[H-12 npoBeneHo ucciieioBaHUE CTPYKTYPBI
MCEeBJOOMHAPHON CHUCTeMBl XalbKOTeHHIOB pPTyTH HgSeo7Seps mpm nmaBnenusx mo 9 ITla.
[Ipennoxxena (eHoMeHOIOTHYECKAs MOJAETh CTPYKTYPHOTO (pa3oBOro mepexoma u3 KyOHMYEeCKOu
CTPYKTYpBHI THIIA c(pasiepuTa B reKCaroHaldbHYI0 CTPYKTYpY THUIIa KHHOBApH, KOTOPBIM HaOmoaaeTcs
B JJaHHOM COEJIMHEHUHU Mo JaBiieHueM. [IpoBeneHo uccnenoBanye BIUSHUS BBICOKMX JaBICHUN B
nuanaszone 10 4 I'Tla u Hu3kux Temneparyp B nuamnazone 16 — 300 K Ha aTOMHYI0 M1 MarHUTHYIO
CTPpYKTypy MnAs. YCTaHOBJIGHO CYIICCTBOBAHHE HOBOW OPTOPOMOHMYECKON MarHWUTHOW (a3wl
MnAs B 0651acTH BBICOKHX JIaBJICHUN M HU3KUX Temneparyp. [IpoBeneHo uccneqoBanue aToMHON U
MarHuTHON CTPYKTYypbl MaHTaHUTOB PriSryMnO; (x = 0.50, 0.56) B nuana3one masnenuit 0 — 5



I'Tla u Temnepatyp 16 — 300 K (puc.2). B o0nactu BBHICOKHX TaBICHHA M HU3KUX TEMIIEpaTyp B
ProsSrosMnO; u Prg44SrossMnOs 00Hapy»XKeHO BO3HHMKHOBEHHE HOBOW TETparoHaJbHOWU (a3kbl,
KOTOpasi COCYIIECTBYET C MCXOAHOW pomMOudeckor (a3oil. B HMHIynMpoBaHHOW JTaBICHHEM
TE€TparoHajabHON dbaze Pro 44Sr( 56MnO5 pu HU3KOH TeMIiepaTrype BO3HHUKAET
anTH(eppoMarHuTHBIA Topsaok C-tuma, Torma kKak B ProsSrosMnO; mnpu3HakoB MarHUTHOTO
MOpsIIKAa HE 00HAPYKEHO.

[P=0 GPa, — Afype AL'FIV'I,_ Puc. 2. Heumponocpammol
S 1 Pr 44579 56MnQOs,
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Ilonsipu3oBaHHbIe HeHTPOHbI W HeliTpoHHasi ontuka. Ha peduekromerpe PEMVYP
M3MEPEHO MPOCTPAHCTBEHHOE paclipesieeHie HaMarHMIeHHOCTH Ha rpanuie 6ucnos V(650A)/Cr,
rae oOHapykeHo Hamuune d(deKTHBHOTO (heppoMarHUTHOTO clios. [IpoaHamTM3WpOBaHbBI JTaHHBIC
pedaekToMeTpuYeCKUX HW3MepeHud mpoduis HaMarHUYeHHOCTH B mepuoaumveckux Fe/V
CTPYKTypax i ONpeneeHHs] TUIa MarHUTHOTO YIIOPSIOUYEHHUsT aTOMOB BaHa/AWs BOJMU3U TPAaHUIL
pa3aena (pue.3). [ns aHanM3a SKCHEPUMEHTANbHBIX JAaHHBIX pa3paboTaHa HporpaMmMa pacuéra
KOA(Q(QHUIUEHTOB OTPaXECHUS C BKIIOUEHHEM KOHKPETHOTO THIA TayCCOBOM HEUICaIbHOCTU

CTPYKTYpPHI TPaHUIl pa3fena.
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Puc.3. Aoepuviii (Ny) u maenumnwviti (M) npoguru npu 3K, nonyuenuvie 6 dKCnepumeHmax no
HelimpouHoli pegpnexkmomempuu: (a) mpu nocreoosamavnvix cios V(504) /Fe(504) /V(50 A)
nepuoouyeckotl croucmoti cmpykmypwl,; (b) 0sotinoti cioii Fey g6V, 34(5014)/ V(400 4 ).



Heynpyroe paccessnue HelitpoHoB. Ha ycranoBke HEPA-IIP mnpoBenena cepus
HKCIEPUMEHTOB 10 JU(PPAKIMU W HEYNPYyroMy pacCesTHHI0O HEWTPOHOB TIO HCCIIEIOBAHUIO
CTPYKTYpPHBIX (a30BBIX MEPEXOJ0B M JWHAMUKH aTOMOB TBepAoro mesutwieHa. Ha ocHoBe
TOJIyYeHHBIX PE3yJbTaTOB BBIMIOJHEHBI TEOPETUYECKUE PACUEThl €r0 3aMEJIAIOIINX CBOMCTB.
[TokazaHo, 4TO TBEpIBbIH ME3UTHIIEH MOXET CYLIECTBOBATb B PAa3HbIX KPUCTAIUIOTpapHUUECKUX
MoH(HUKAIUAX B 3aBUCUMOCTH OT CTETICHH OXJIXKICHUS M TepMHUYECKON 00padoTku. [lomydeHa u
MpoaHAIM3UPOBaHa 0000meHHass (YHKIUS TUIOTHOCTH (POHOHHBIX COCTOSIHMHM pa3IuyHbIX (a3
Me3uTuiIeHa (puc.4).

L LA L L B B
Mesitylene 1,3,5-(CH,),C H,

150 _
T=20K Phase |

100
Phase Il

Gexp(v)

50 n
Phase Il

1,3,5<(CH,),C H,
B3LYP/6-311"'G" ) ::.d-.____o_
“ ki A

Puc.4. Cnexmpot Geyy(V) KONEOAHUI 6 MBEPObIX
Gazax meszumenena u pacuumaHHvle CHEeKmpbl

0 100 200 300 400 500 600 G..,/(1) Ons 6Hympennux MOO MOAEKYbL.
wave numbers - v [cm™]

MausoyrJioBoe paccesinue HeiiTpoHoB. Ha ycranoBke IOMO mnpoBeneHbl KOMITJIEKCHBIC
HCCIEAOBaHUS psla HAHOPA3MEPHBIX CHUCTEM C HCIOJIb30BAHMEM MAJIOYTJIOBOTO PaCCESHUS
HEUTPOHOB. B 4YacTHOCTH, MPOBEAEHBI U MPOAHATU3UPOBAHBI SKCIEPUMEHTHI O MaJOyIJIOBOMY
paccesHUI0O HEHTPOHOB Ha KOJUIOMIHBIX pacTBopax Qymiepena C60 B Bome. OmpeneneHsl
XapaKTepHbIE MapaMeTPbl KOJJIOMIHBIX YacTHLl (pa3Mep, NOJUAMCIEPCHOCTh, MIIOTHOCTD U JIP.) U
UX 3aBUCUMOCTb OT KOHILIEHTpauuu ¢QysuiepeHa. Ha OCHOBaHMM MOJyYEHHBIX pPE3yJIbTaTOB H
JAHHBIX JOTOJHSIOIMIMX METOA0B MPEIOKEH P MOJEIEH YaCTHIL.

IToBTOpEHBI 3KCHEPUMEHTHI 10 MAJOYIJIOBOMY pACCEIHHIO HEHUTPOHOB Ha PACTBOpPE
C60/cepoyriiepoa, KOTOpbie TOATBEPAIN MPUCYTCTBUE KIACTEPHBIX 00pa3oBaHMii B pacTtBope. 13
KpPUBBIX paccesHUs MOJy4YeHbl (PYHKIMH paclpeiesieHUs] KIacTepoB MO pa3MepaM M BIUSHUE Ha
HUX TeMmIepaTypbl M KOHIEHTparuu ¢yinepeHa. B pamkax Teopuu HyKI€allMl pPacCMOTPEHBI
ypaBHEHHsI KHHETHYECKOTro o0pa3oBaHHs KJIacTepoB B jJaHHOW cucreme. [lokazaHo, uTO psin
MIPOCTBIX BBIPAKEHUH JUIsl SHEPTHM CBSI3M OT YMCJIA YAaCTHUI] B KJIacTE€PE, B YACTHOCTH, OTBEUYAIOLINX
KaleapHOM MOJENH KiacTepa, HE MOTYT OINHCaTh KJIacTepHOE COCTOsSHHE (ysuiepeHa B
CepoyIJIepo/ie NMPHU UCIIOIb30BAHUN TEOPUH HYKIICALIUH.

B pamkax wuccrnemoBanust (heppoKUAKOCTEH NPEASIOKEH MPOCTOH METOJ] TECTHPOBAHUS
MPOMBIIICHHBIX 00pa3ioB (eppoKUAKOCTEH HA OCHOBE aHAIM3a MHTEHCHUBHOCTH MAJIOYTJIOBOTO
paccesiHusl HEUTPOHOB. MeToj| MO3BOJISET C XOPOLIEH JOCTOBEPHOCTHIO BBIABIISITH arperanuio B
(beppoKUIKOCTSIX U CYyIUTh 00 UX CTAOUIBLHOCTH MPH PA3IHMUYHBIX MATHUTHBIX Harpy3Kax.



[TosydeHbl OCHOBHBIE IapaMeTphbl MOJUKAPOOKCUIIAHOBBIX JEHAPUMEPOB C pPa3IMYHOU
MOJICKYJISIPHOU apXUTEeKTypor (puc.S). Ilpu 3TOM yCTaHOBJIEHO, YTO PACTBOPUTENH MPOHHUKAET
BHYTpPb JACHJIPUMEPHON CTPYKTYpbl U €ro KojaumdecTtBo noxoauT 10 30% mo oObemy. M3yueHsl
AHAIUTUYECKUE MOJIETH JI ONpeleleHHs apaMeTpoB CTPYKTYyphl Oenka RecA, oOpasyromiero ¢
JHK ¢unamenTable komIuiekcsl. [lokazaHo, 4To CTpyKTypa (uiaMeHTOB (GopMupyeTcs ABYMs
RecA Oenkamu. MHccnenoBaHo BiHMSHME H-JCKaHAa Ha TONIIMHY JIUIATHOTO OWCIIOSN B
YHUJIAMEUIAPHON Be3ukyiae. [Ipenu3noHHbIE W3MEPEHMs] KPUBBIX MAaJOyIVIOBOIO pacCEsHMS
HEHUTPOHOB TMO3BOJIUIM, B YaCTHOCTU, OOHApPYXWUTh, YTO TOJIIMHA Oucios Bo3pacTraeT Ha 2.4
anrcrpema. Kpome TOro, 3T HaHHblE B COBOKYIIHOCTH C PE€3YyJIbTaTaMH 3KCIEPUMEHTOB IIO
middepeHInaIbHON CKAaHUPYIOMEH KaJIOPUMETPUH TIO3BOJNIMIM  OOBSCHUTH HEMOHOTOHHYIO
TEMIIEpaTypPHYIO 3aBUCUMOCTh CTPYKTYPHBIX rapameTpoB MOJIUATUIICHOKCU T/
MOJIMIPONUICHOKCUIHBIX COMOJMMEPOB B BOAHBIX PACTBOPAX.

Puc.5. Kpusvie manoyanosozo

paccesanusi 0l OeHOPUMEPOS
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Ipukaaansie ucciaenoBanus. B pamkax wuccrnemoBaHuii mpoOiembl “@u3mka odvara
3eMIICTPSICCHH ¥ (U3WKa pa3pylIeHUs TOPHBIX TMOPOJ~° TPOBEACHBI TEOPETHUECKHE U
9KCHEPUMEHTAIbHbIE HCCIEJI0BAaHUS aHOMAIbHBIX (DPU3MUYECKHMX CBONCTB MHHEpAJOB W TOPHBIX
IOpOJ TpU BBICOKMX TemIeparypax M JaBieHusX. Ha skcnepumentanbHOM koMmiuiekce CKAT-
TKOC mnpoBeneHsl M3MEPEHUS] CTPYKTYpbI, TEKCTYpBI, a TaKXe yNpyrux, AeHOpMarOHHBIX H
TEIJIOBBIX CBOMCTB IOJMKPUCTAJUIMYECKOTO KBAapUUTa MPU OJHOBPEMEHHOM BO3JEHCTBUU
negopmupyroniero ycuiaus u temmneparypsl oT 20 1o 620°C, mo3BojiMBIINE NPOAHAIM3HPOBATH
TEMIEPATYPHYIO 3aBUCUMOCTb BHYTPEHHUX PELIETOYHBIX HANpsOKEHWH. 11 BBIACHEHUS IPUPOJIBI
AQHM30TPONMH CEMCMUYECKUX BOJIH Ha pasHbIX TIyOMHaX JIUTOC(Ephl BHEPBHIE IPOBEICHO
KOMILUIEKCHOE UCCIIEZIOBAaHHUE MOPOJI C PA3HBIX INTyOUH JUTOChEpH! KaK MIPU BHICOKUX BCECTOPOHHUX
JABJICHUSAX, TaK M HAa YCTAHOBKE TPEXOCHOro cxaTusi ¢ Ttemmeparypoir g0 600°C (pwuc.6).
VY CTaHOBIIEHO, YTO OCHOBHBIM (DaKTOPOM, KOHTPOJHUPYIOIIMM AaHU3O0TPOINHUIO YIPYIMX CBOMCTB
OJIMBHHOCOJIEPXKAIMX MAHTUHHBIX TOPOJA MPHU BBICOKUX BCECTOPOHHHMX AaBleHHAX (Bbime 200
Mlla), sBnsercs Kpuctamuiorpaguyeckas TeKCTypa onuBHHA. ONpeneneHo BIHUSHHUE TEKCTYpPHI
(GopMbl (OpUEHTUPOBAHHBIE MUKPOTPELUHBI, OPBI, MEXK3EPEHHBIC I'PAHULIBI U T.II.) HAa YIPYIYIO
AQHM30TPOIHIO OJINBUHOBOM MOPOJIBI.

Hayunas mnporpamma Ha ycranoBke JOIICMJIOH/CKAT Obula CKOHLEHTpHpOBaHAa Ha
CIEIYIOIIMX HAMpaBICHUSIX: HCCIEIOBAaHUE IPWIOKEHHBIX W OCTAaTOYHBIX HAINpPSHKEHUH B
MOJUKPUCTAIMUECKUX MaTepuaiax (FOpHble MOPOJbl U APYrHe MaTepuallbl), TEKCTYPHBIA aHAIN3
MaTepuasioB (B OCHOBHOM TI€OJIOTMYECKMX) U MOJYyYCHHE aHU3OTPOIHBIX (PU3MUECKUX CBOMCTB
TOPHBIX TOPOJA TO KpUCTAJUIOTpapHUuecKuM TeKcTypaM. McciemyeMbIMu OOBEKTaMHU SIBIISUTHCH



KOMITO3HITUH JTOJIOMUTA U aHTHJIPUA, MPaMOPHBIE CTPOUTEIIbHBIE MaTEPUAJIOB, TOPHBIE TIOPOIBI U3
BocTounbix Anbi u zip.
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Puc.6. Paccuumannvle mpexmepHvle usmMeHeHus ynpyeux ceoticme oopasyos amgpoodoruma K8752
HA OCHOBe OAHHBIX NO HEUMPOHHOU Oupparyuu.

Ha pmudpakromerpe OJIBP mnpomomkamuch H3MEPEHHS OCTATOYHBIX HAMpPsDKEHUH B
OMMeTaJUTMYECKUX (3aKaJeHHas CTalb / CIUIaB IIMPKOHMA) KOHCTPYKLHUSAX, HCHOJB3YIOMUXCS B
HEHUTpOoHHBIX peakTopax PBMK. Pabora BBIONHSAIACHE COBMECTHO C HCCIIEIOBATCIbCKHUMH
uHctutyTaMu Munatoma P®. Ha 310l e yCTaHOBKE M3y4aJIMCh MaTepualibl HA OCHOBE CILJIaBa
TiNi npu BHemIHel HeaKCHAlIbHOW Harpy3ke M pa3Hod Temmeparype. [lomydena 3aBUCUMOCTH
TEMIIepaTyp MapTEHCUTHOTO Mepexo/ia OT BEJIMYMHbI Harpy3ku. Habmonanocs oOpazoBaHue U poct
ayCTEHUTHOM (a3bpl ¢ COOTBETCTBYIOIIMM PACHpPEEICHUEM HAIPSHDKEHUH Mexay IByms (azamu,
KOTOpOE 3aBUCENI0 OT BHEIIHEH Harpy3ku. OOHapyXkeHa pasHOCTb MEXKIY MapaMeTpaMH peLIeTKH
MapTEHCUTHOM (ha3bl B CBEXKETIPUTOTOBIEHHBIX U KCILTyaTUPYEMbIX 00pasIax.

[TocpencTBoM nudpakumu HeirpoHoB Ha yctanoBke JAMH-2ITM uccnemoBana cTpykrypa
KHUJIKAX CIUIAaBOB CBHHEI / KaJlWil. AHANIW3 HEUTPOHOTPAMM B 3aBUCHUMOCTH OT OTHOCHUTEIIbHOU
KOHIIGHTpAllMM CBHHIIA YKa3aJl Ha OTCYTCTBHE crnernupuuecknx “Zintl” kimactepoB B criaBax. ITo
O3HAYaeT, YTO U3ydyaeMbli CIUIaB 00J1aJaeT 3HAUUTEIbHO MEHBIIUMHU KOPPO3UHHBIMU CBOHCTBAMH,
YeM YHUCTBIH CBHMHELl M MOXET paccMaTpuBaTbCsl Kak BO3MOXHBIM  KaHAMAAT Ha
BBICOK03(D(PEKTHBHOE OXJTAXKAAOIIEE BEIECTBO ISl aTOMHBIX 3JICKTPOCTAHITHIA.

I'maBHble MeTOaMYecKHe pe3yJbTaThbl. [IpoBeeHBI MCIBITAHUS HOBOW T'OJIOBHOW 4YacTH
ciektpomerpa PEMYP Ha wHelitpoHHOM mnyuke. HcnblTaHusi NOATBEPAWSIA MPABUIBHOCTD
BbIOpaHHOW KOHIIENIIMU HOBOH T'OJIOBHOM YacTH C ABYMs Pa3IMYHBIMH MCTOYHUKAMH HEUTPOHOB.
PazpabGotansl Qusnueckue 0OOCHOBaHMA M TEXHMYECKHE IPOEKThl MOIECpPHH3AIMU IaTdopm
MOJSIPU3AaTOPOB M 3AIUMTHl  JIETEKTOpA CIHEKTPOMETPA M CO3JaHMsSI HOBBIX ITOJBHXKHBIX
KOJUIIMAaTOPOB.

HccnenoBaHo OTpakeHHME HEUTPOHOB OT CJIOUCTBIX cHuH-mpeneccopoB. Co3pgaHa HoOBas
MarHuTHas CHUCTE€Ma, KOTOpas II03BOJWIA pPEealu30BaTh CIUH-IPELECCOP C BPALLAIOIIMMUCS
TOKOBBIMH IUIOCKOCTSIMU. MccneoBaH CIMH-IIPELECCOpP Ha OCHOBE JIByX TOKOBBIX TU/2-pOTAaTOPOB.



DKCMEepPIMEHTABHO MOKA3aHO, 9TO (ha3a MPEeleCCHN CIIMHA HEWTPOHOB M3MEHSETCS B 3aBHCHMOCTH

OT yr7a pacXOAMMOCTH Tydka ¥ YIJIa ITIOBOPOTA TOKOBBIX IUIOCKOCTEH pOTAaTOpoB (pHc.7).
. 2

TTomydeHo, 9TO ¢ ITHM MPELECCOPOM MOKHO MCIIONb30BaTh CEUEHHE MydKa HEHTpoHOB 10x25 cMm
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IIpopaboTaHa BO3MOKHOCTh CO3JaHMA M pa3paboTaH 3CKU3HBIM MPOEKT peduieKToMeTpa
MOJIAPU30BAaHHBIX HEHUTPOHOB C BEPTUKAJIBHOM IUIOCKOCTBIO paccesHUs Ha BTOPOM ITyuyKe
cnexktpomerpa PE®JIEKC. [lpeanonaraercsi, 4To pa3pellieHHE YCTAaHOBKU JOJDKHO COCTaBIISATH
HECKOILKO TIPOLIEHTOB; pabounii uHTepBan AauH BoaH 1+10 A; cpeanss mo crnexTpy mosispusamnus
Ma/IA0IIEro MyYKa Ha ypoBHE He Huxke 95%. OCHOBHBIMU OOBEKTaMHU HMCCIIEOBAHUHN JIJIsI HOBOTO
pedrexToMeTpa SIBISIOTCS JICHKU Ha TOBEPXHOCTH KUAKOCTEH.

Ha cnexrpomerpe PE®JIEKC II mpoBeneHa oTiagka METOAUMKH HM3MEPEHUH C
MOJIIPU30BAaHHBIMU HEHTPOHAMHU € MCIOJIb30BAaHUEM JIAPMOPOBCKON NpPEIECCUU CIUHA HEWTpOHa,
OCHOBAHHOM Ha HCIOJb30BAHUU TOKOBBIX (oJbr. OCYIIECTBICHO pPAa3BUTHE ITONM METOJUKH Ha
CIEKTPOMETpEe MO BpeMeHU mpoiiera. JlapMopoBckas mpeneccuss B KOMOMWHALMM C METOAOM
BPEMEHU IIpoJieTa SBJIAETCS HOBBIM HAIPaBICHHMEM, KOTOPOE CYIIECTBEHHO pAaCIIUPSET
9KCHEPUMEHTAIbHbIE BO3MOKHOCTH YCTaHOBKH.

Ha nudpaxromerpe pns Boicokux agasnenuid JIH-12 paspaborana u  wucmbITaHa
KOJUTMMAIIMOHHASI CHCTEMa JUIsl IeTeKTOpoB. [Ipu 3TOM oTHOImEeHHe 3 ekt — POH yBETHMIMIOCH B
Tpu pasza. Pa3paboTaH MNPOEKT OXJAXKAAEMOTO OCpHIIIMEBOrO (MIbTpa I MPOBEACHHS
9KCHEPUMEHTOB 110 HEYIPYTOMY PACCEsTHUIO HEUTPOHOB MPH BBICOKHX JIABICHUSAX.

Ha ycranoBke DOIICHUJIOH otbrocTHpoBaHa cucteMa U3 9 paauanbHBIX KOJUIMMATOPOB,
KKIbIH M3 KOTOPBIX MOXKET OBITh OCHAILEH AEBATHIO IETEKTOpamH. Y CTaHOBJIEHBI 42 HOBBIX
JETEKTOpa, TaKUM 00pa3oM, TOJHOE YHCIIO JETEKTOPOB JOBeneHO 10 78. B xome uzmepeHuit
IU(QPaKIUOHHBIE CIEKTPbl, PEruCTPUpPYEMBble JIETEKTOPAMHU, CYMMHUPYIOTCS IOCPEICTBOM
BPEMEHHOW (OKYCHUPOBKH, KOTOpasi OCHOBaHA Ha BapHallUsAX IIUPUHBI KaHaja B 3aBUCUMOCTH OT
MO3ULMH IeTeKTopa. Bce He0OX01MMble BBIYMCIIEHUS BBIIOIHSIOTCS B NApaJUIeIbHOM pexume. s
yJIydlIeHHsT KadyecTBa OSKCIEPUMEHTAIBHOIO OIpPECNIEHUs] YIPYyTUX CBOWCTB MaTepHasoB
UCCIIEZIOBAHO BJIMSHUE KOJUYECTBA 3€pEH B MOJMKPUCTAIIMUECKOM OOpasllie M paclpeaeieHus
3epeH Mo oO0beMaM Ha TOYHOCTh IOJy4aeMBIX MapaMeTpoOB YNpPYrux cBOHMCTB. IlpeanoxxeHHas
HOBasi MOJIENIb pacyeTa yNpyrux CBOWCTB MOJIMKPUCTAIJIOB MPUMEHEHA B MCCIEA0BAHUAX Ba)KHBIX
TEXHOJIOTUYECKUX MAaTepUaJIOB: MeH, rpaduTa, HIUPKOHUS U Ap.

Ha ycranoBke IOMO Hauvana s¢ddexkTuBHO IeiicTBOBaTh JBYXIETEKTOpHAs CHCTEMa,



pacmMpeHsl BO3MOXKHOCTH CHCTEM OKpY)KEHHsI 00pasiia, YCHEIIHO BBITOJTHIETCS IPOEKT II0
CO3/IaHMI0 YCTAaHOBKM C MAarHUTHBIM IIOJEM, CO3JaH psiJ HOBBIX HporpaMMm oOpabOTKH
SKCHEPUMEHTAIbHBIX JaHHBIX. YCIEIIHO pa3BUBACTCS IMPOEKT IO CO3/JaHUI0 MAaJIOYIJIOBOIO
PEHTI€HOBCKOTO JTU(PPAKTOMETPA.

Ha cnekrpomerpe JWH-2IIM npoBoawnuch paboOThl 1O  3aBEPIICHUIO  CO3JIAHHS
9KCHEPUMEHTAIbHON 0a3bl JUIsl HEUTPOHHO-(QU3MYECKHUX HCCIEAOBAaHMM BellecTBa B 00JacTH
temneparyp o0 3000 K. HarpeB obOpasua g0 Hy»XHOW TemmepaTypbl W MOJAEpKAHHE €€ Ha
3aJJaHHOM YPOBHE B IIPOILIECCE M3MEPEHUsl OCYIIECTBISAETCS ¢ nomouipto Tepmocrara TS-3000,
YCTaHABJIMBAEMOI'0 B BAKyyMHON Kamepe ClieKTpoMeTpa. TepMocTar ClipoeKTUPOBaH U U3TOTOBJIEH
B PympiHuu mo texuudeckoMy 3amanuto JIH® u ®OU. IIpoBeneHbl WCObITaHUA TEPMOCTaTa B
pabouux ycnoBusix. HoBble 3KcrepUMEHTalbHbIE BO3MOXKHOCTH JUIsl HEUTPOHHO-(PHU3UUECKOTOo
uccinenoBanus BemectBa npu temmeparype 1o 3000 K mo3BoisT akTUBU3MPOBATH H3Yy4YEHHE
aTOMHOHW CTPYKTYDBI U JIWHAMHKH TEPCIIEKTUBHBIX PEAKTOPHBIX MATEPHAIOB B YCIOBHUSIX PabOUMX
U 9KCTPEMANIbHBIX TEMIEpaTyp AAECPHBIX IHEPTETUUECKUX YCTAaHOBOK, CYTIEPHOHHBIX IPOBOJHUKOB
¢ (mooputHOi cTpykTypoil (Tuna CaF;) B obOnacTu cymepHOHHOIO INepexoja, MEepCHEeKTUBHBIX
MaTepHalioB Ui TEPMOSAEPHBIX peakTopoB B obOmactu Temmeparyp ao 3000 K, ocobGennocreit
ATOMHOM CTPYKTYpbl U JUHAMHUKHU KUJIKOMETANIMYECKUX CHUCTEM C MPUMECSMHU YyTIepoAa U €ro
MoauuKaIuil B 00J1aCTH BEICOKHUX TEMIIEPATyp U Jp.



1.2. HEUTPOHHAS SITIEPHASI ®U3UKA

1. BBenenue

B Tteuenne 2003 roma o6e 6azoBbie ycraHoBku JIH® — Gycrep UBP-30 u peaktop MBP-2
OBUTM OCTaHOBJICHBI, B CBS3M C YEM OCHOBHBIE pa0OTHI B 00IACTH HEUTPOHHOH SIIEPHON (PH3UKH B
JIHO nm. .M. ®panka npoBoawiIMch Ha ycCTaHOBKe OI'-5, Ha HEUTPOHHBIX IIyyKax IpYyrux
snepHbix 1eHTpoB Poccun, Bonrapum, Ilonsmm, Yexuu, I'epmannn, PecyOmmku Kopes, Kuras,
@panuuu, CIOA, u SAnonun. bonbmas yacte paboT HOocwiia 0OpabOTOUYHBIA MIIM METOAMYECKUIL
xapakrep. MccnenoBanus NMpOBOAWINCH 110 TPAJAWLHMOHHBIM HAlPABJICHUAM: M3Y4YEHHE IPOLIECCOB
HapyLIEHWs IPOCTPAHCTBEHHON U BPEMEHHOM YETHOCTH IIPH B3aUMOJEHCTBUU HEUTPOHOB C SIAPAMU;
W3YyYECHHE KBAaHTOBO-MEXAaHMYECKMX  XapakTepUCTUK M  JWHAMHMKM  IIpoliecca  JIEJICHUS;
JKCIEPUMEHTAJIbHOE U TEOPETUYECKOE UCCIIEIOBAHUE JIEKTPOMAarHUTHBIX CBOMCTB HEMTPOHA U €0
Oera-pacmaga; raMMa-CIieKTPOCKONHs HEHTPOHHO-SICPHBIX B3aMMOACUCTBUI; IONyYEHHUE HOBBIX
JAHHBIX JUIS PEaKTOPHBIX NPWIOKEHUH W JUId SAEPHOM acTpOPU3MKH; SKCIHEPUMEHTHI C
YIABTPAXOJIOJHBIMU HEUTPOHAMH; IPUKJIAIHBIE UCCIICIOBAHNUS.

1. DKkcnepuMeHTAIbHBIE HCCIEI0BAHUSA

1.1. Hapywienue npocmpancmeeHHOU U 6PEMEHHOU YemHOCmU npU 83auMoOeiicmeuu
HellmpoHoe ¢ a0pamu

1.1.1 Tlouck u mccje0BaHHE CTPYKTYPbI MOANOPOrOBbIX HEHTPOHHBLIX P-Pe30HAHCOB HA
H30TONAX CBMHIA  METOAOM KOMOMHHUPOBAHHOW  KOPPEISIHMOHHON  ramma-
CNEKTPOCKONMUM

B Teuenue 2003 roma coBmectHO ¢ cotpyanukamu UTO® (r. MockBa) u JloazuHckoro
yauBepcurera ([lompmra) OBUTM  MPOJOIDKEHBI IKCIEPHUMEHTHI MO TOWCKY OTPUIATEIHLHOTO
HEHTPOHHOIO p-pe30HaHCa y M30TONOB CBHHLA C LEJIbI0 OOBACHEHHS OOHApY)KEHHOTO paHee
spdeKxTa HapyHIEHUS TMPOCTPAHCTBEHHON YETHOCTH, TMPOSBUBLICTOCS BO BPALICHUH CIIMHA
NOJISIPU30BAaHHBIX TEIUIOBBIX HEHTPOHOB MpH MPOXOXKIEHUMM UX dYepe3 oOpazen. B xone
SKCIIEPUMEHTOB M3y4ajach 3aBUCUMOCTb CEUEHHs PaJMAllMOHHOIO 3axBaTa HEHTpOHA OT dHEPruu
M30TOMAMH CBUHIIA [/Isi OGHAPYKEHUS OXKHIAEMOT0 OTKIOHEHHS ITOi 3aBHCHMOCTH OT 3aKkoHa 1/VE,
CBA3aHHOIO C CYLIECTBOBAHUEM OTPHULATENIBLHOIO p-pe3oHaHca. /i mHTepBaia SJHEpruil HEUTPOHOB
ot 80 MdB 1o 3 5B m3MepsMch raMMa-CIeKTpbl PaJMAIlMOHHOTO 3axBaTa Ha oOpasllax CBHHIIA,
oGoram@uusix m3otomamu  'Pb  u  ““’Pb. PesymbraThl NpOBEACHHBIX  KCIIEPHMEHTOB
CBHUJIETEJILCTBYIOT O HAJMYUU CUIIBHOTO P-BOJIHOBOI'O PE30HAHCA HUXKE YHEPIUU CBSA3M HEUTpOHA y
msororma “’'Pb, a me y **'Pb, Kak OKHZATOCh HA OCHOBAHMM JAHHBIX MPEIMICCTBYIOMIMX PaboT
rpymmbl UTO®. B cBs3u ¢ HEIOCTAaTOYHBIM OBICTPOJICHCTBHEM PETUCTPUPYIOIICH anmaparypsl B
3TUX M3MEPEHMAX HE yNAIOCh IMOJYYUTh JAHHBIX Ui O00JAacTH SHEPrHil HEHTPOHOB BbIIe 3 3B.
IIpoBeneHne MOMOIHUTENBHBIX HKCIEPUMEHTOB C MCIOJIB30BAaHHMEM YCOBEPIIEHCTBOBAHHOIO
CIIEKTPOMETPUYECKOTO 000pyIOBaHMS IO3BOJUT YBEIMYUTH 3(P(PEKTHBHOCTH H3MEpPEHUH U
MOJIyYUTh JaHHbIE Ul 0ojee HIMPOKOro JAMana3oHa SHEPrUil HEWTPOHOB U, TEM CAMBIM, B IOJIHOMN
Mepe 00OCHOBaTh HEOOXOAMMOCTh IOBTOPEHHS TPYAOEMKUX H3MepeHud 3(dexra HapyleHus
YETHOCTH B Apax M30TonoB - Pb i “**Pb ¢ 1e/bio MpoBEpKH paHee MOMyYeHHBIX Pe3yIbTaTOB.

1.1.2 UccaenoBaHue siiepHOil Mpeneccuy CNUHA HEHTPOHOB

B Teuenue roma Bemuch pabOTHl MO CO3AAHUIO YCTAHOBKM MOJSPU30BAHHOM siepHOM
MUIIIEHU. YCTaHOBKa co3faeTcsi Ha 0a3ze kpuoctata pactBopeHusi 3He-4He co cBepxmpoBoasimm
COJICHOMJIOM. bbUIM 3aBeplieHbl HM3rOTOBJIEHHE W cOOpKa KpuOcTaTa, MPOBEJIEHBI A30THOE U
reJIMeBOE WCIBITAHUS, paccuuTaH U paspaboraH TpakT pactBopeHus 3He-4He s momyuenus



temneparypsl T= 30 wMK. bBbpul uHchBITaH TpakT pacTBOPEHUS C OJHHUM HENPEPHIBHBIM
TEINIOOOMEHHUKOM U moiydyeHa Temmeparypa T= 120 mK. M3rotoBneHbl TeI000MEHHHUKH, B
KOTOPBIX C JIByX CTOPOH Hal€ueH CJIOW MeTHOro nopouka (pasmep 3epHa 40 MKM) TOIIIHUHON 2 MM,
9TO COOTBETCTBYET PAacUeTHOH IUIOMmany TeroobMena 0,75 M%, a Takke 6 TEMIOOOMEHHHKOB U3
CIIEYECHHOTO cepeOpsiHoro mopomika. Vcmons3oBaH cepeOpsiHbIl MOPOIIOK YHUCTOTHI 99,99 ¢
pasmepamu 3epeH 0, 12 mMxm. M3rotoBieHs! TEIUIOOOMEHHUKH C IUIOMIAIAMH TeIioooMeHa 5, §,
10 M. PaspaboTaHa KOHCTPYKIMS M CO3JaHA BAaHHA PACTBOPCHHS C OOPA3LOM IOJSPH30BAHHOM
aaepHod MumeHH. Pa3paboTaHa KOHCTPYKUIMS M co3/laHa Ipecc-¢popma Ui HM3TOTOBJICHUS
IUTACTUHOK IOJIAPU30BaHHOMN sinepHON MuieHu. [lnactunku tonmuuaoi 0,2 MM 1 quametpom 14 mm
OyAyT MOJIy4YeHbl METOJOM IPECCOBKH MOPOLIKOB T'MIPUIOB TUTaHA M LIUPKOHUS IMOJ JAaBICHUEM
2x10° r/em’.

1.2 Heitmponno-unoyuyuposannoe u ChOHmMaHHoe 0ejieHue
1.2.1 UnTepdepeHIMOHHDIE SIBJIEHUS B JIeJIeHUH py Pe30HAHCHBIMM HEHTPOHAMMU
239 .
AHann3 YeTHBIX U HEUETHBIX YQPEKTOB B IeTCHUH ~ Py pe30HAHCHBIMU HEUTPOHAMH
B pamkax HoBoro (bapabanoBa-dypmaHa) moaxo/aa K OMUCAHUIO BBIHYKJICHHOTO JICTICHUS,

OCHOBAHHOTO Ha MPEACTABICHUU CIUPATBHOCTH U R -MaTpuyHOTO (popManmns3ma, 3aBepIlICH aHAIN3
JKCIEPUMEHTAIbHBIX JAHHBIX O P-4eTHBIX M P-HEYETHBIX yITIOBBIX KOPPEIALUAX OCKOJIKOB IpU

JeneHMH Py PE3OHAHCHBIMH  HEWTpPOHAMH.  DJTOT  TOAXOJ  TO3BOJMI  ONMCATh
uHTepdepeHimonHbie 3GhekTs B qudPpepeHnaTbHOM CEUCHUH ICJICHNs TaKue, Kak aHU30TPOITHIO
pasieTa OCKOJKOB «BIEpe- Ha3aa» Ha HEMOJISIPU30BAHHOM ITyYKE HEHTPOHOB M MX aHU30TPOIHIO
«JIEBO — MPaBO» Ha MOJSAPU30BAHHOM ITy4Ke, a TAaK)K€ aHM30TPOIHIO MO CIHUHY — MPOTHUB CIIMHA,
00yCIIOBJICHHYIO BKJIAJJOM HYKJIOH-HYKJIOHHOTO cllaboro B3ammojeicTBus. Mcmonb3oBanue R -
MaTpUYHOTO (opManu3Ma Mo3BOJseT OoJjiee MOJHO U CTPOro OMHUCHIBATh BKJIAJ MHTEPPEPEHLUHU S-
p-pe3oHaHCOB B HabOmogaemble yTioBble Koppemsiuu. [Ipm 3ToM ToKa3zaHa BaxkHas pOJIb
MEKPE30HAHCHON WHTEpPPEpPEHIIMU B SHEPTETHUECKOW CTPYKType HabmomaeMbix 3¢GEHEeKToB. ITO
CYIIECTBEHHO OTIWYAaeT HOBBIM MOAX0A OT ympoineHHoro (opmanusma CymkoBa-drambayma,

npemioxkeHHoro eme B 1982 r. B ommune ot momxoma CymkoBa-Ddnambayma CTpPyKTypa HeE

COXPAHSIOIIET0 YETHOCTh CEUYEHUS O':;NC(E) MpUBSA3aHA K S-pE30HAHCAM, COOTBETCTBEHHO U

MaTpUYHBIC SJIEMEHTHI CJIa00TO B3aUMOJACHCTBHUS CBOCH CYIEPHO3ULIUEH BXOASAT B «IIPUMECHYIO»
JeNUTENbHYIO IUPUHY S-pe3oHaHcoB. Ha puc.1 npencrasien pesynbrat GpurupoBanus P-agpdexron
«BIIEPEN — Ha3ad» U «JIEBO — MPaBO», a HA PHUC.2 TIPEACTABICHBI PE3yJIbTaThl aHaU3a P-HeueTHOTO

addekra.

1.2.2 DkcnepuMeHTAIbHbIE HCCJIeJ0BAHUA TPOMHOIO JeJIeHUs

B Teuenne 2003 r. mpogosmkanack o0paboTKa pe3ysbTaToB 3KCIEPUMEHTOB MO M3YUYEHHIO
CIIOHTAHHOT'O TPOMHOIO JAEIEHUS 252Cf, npoBeJeHHBIX B [ eiinensOepre u JJapMinTaare COBMECTHO C
HEMELKHMHU (PU3UKaMU.

W3 maHHBIX SKCIEpPUMEHTa C UCTOJIb30BaHuEM criekTpomerpa Crystal Ball 6pumn m3BieueHsr
3HAYEHUS] MHOKECTBEHHOCTH HEUTPOHOB, UCITYCKAEMBIX U3 OCKOJIKOB JIEIICHHUS, U PA3JINYHBIX MOJ
TpoitHoro aeneus. B ciyuae Beutera “He n *He 6blma cieaHa MONpaBKa HA HEHTPOHEI, KOTOPHIE
HCITYCKaJIMCh M3 KOPOTKOXKMBYIIMX HecTaOHbHbIX sep “He n 'He. DTo NpHBENO K XapaKTEPHOMY
U3MEHEHHI0 (hOpMBI HEUTPOHHOTO PacHpeeeHNs B 3aBUCUMOCTH OT SHEPTUU JIETKOW 3apsKEHHON
YaCTHLIBI.

B oskcnepumente ¢ ucmonb3oBaHMeM —repmaHueBbix  Super Clover  1eTeKTopoB
TIpeiBapUTENbHBIE PE3yJIbTAThI O AHW30TPOIHH Y-KBAHTOB, MOTyYEHHBIE IS H30JUPOBAHHBIX 2  —
0" u 4" — 2" mepexoJ0B OTAENBHBIX OCKOIKOB, IEMOHCTPUPYIOT GONBIIYIO BBICTPOEHHOCTh CITHHOB



OCKOJIKOB, CPaBHUMYIO C TCOPECTUYCCKUMU pacuCTaMH, IMPOBCACHHBIMU B MPCANIOJI0XKCHUN IIOJTHOM

BBICTPOCHHOCTH.
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[IpuMeHeHre B JaHHOM SKCHEpPUMEHTE ycoBeplleHCTBOBaHHBIX AE-E TeneckonoB s
UACHTU(PUKAIMN JIETKUX 3apsDKEHHBIX YACTHIL MTO3BOJHUT BIIEPBBIE MPOBECTH pa3zeiieHHe M0 Macce
qacTHI, TsoKenee Li, Iuist ciydast crioHTaHHOTO fAeteHms - Cf (cM. pue. 3), a TakKe MCCIeI0BaTh
MacCOBbIE, YHEPTETUYECKHE U YTJIOBbIE KOPPEISALUUA 3TUX YaCTHUI] U OCKOJIKOB neneHus. B 2004 r.
IJJAHUPYETCS. UCIOJIb30BAHUE 3THUX K€ TEJIECKOIOB I KOPPEISLUMOHHOTO HU3MEPEHUS] TPOMHOTO
HEUTPOHO-UHIYLIUPOBAHHOIO JIEJICHUS U Ha Iy4Ke XOJIOHBIX HEUTPOHOB B I peHolre.
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1.3 I'amma-cnekmpockonusa HelimpOHHO-A0EPHBIX 63AUMOOCHUCMEUTL

1.3.1 UccnenoBanune AByXKBAHTOBBIX TAMMa — KACKA/10B

[Tpomomxkanace 00paboTka TOJYYEHHOH paHee SKCIEepUMEHTAIbHOW HH(pOpPMAUu o
IpoLecce KackaJIHOoro y-pacraja KOMIayH]l COCTOSHUN (HEUTPOHHBIX PE30HAHCOB) SJEP C BHICOKOM
IUIOTHOCTBIO YPOBHEH C MOMOIIBI0 METOAa CYMMHPOBAHHS aMIUTUTY COBMAIAIONIUX UMITYIHCOB. B
paMKax 3TOW MPOrpaMMbl K HACTOSAIIEMY BPEMEHH IOJly4eHBbl HauOoyee NeTalbHbIE W TOYHBIC
JIaHHBIE O CBOMCTBAaX BO3OYKICHHBIX COCTOSHMI cdeprudeckoro ''°Sn u neopmupoBanHoro > W
COCTaBHBIX SJIep MPAKTUYECKHU JIO SHEPTUH CBSI3M HEUTPOHA Bi,.

[Tonyuena wundopmanust ans Oonee, 4YeM TMOJOBUHBI CYyMMapHOW HMHTEHCHUBHOCTHU BCEX
BO3MOYKHBIX MEPBUYHBIX Y-TIEPEXOAOB s 000UX siAep B (hopMe MPOCTHIX CHEKTPOB, MOAXOISAIINX
I OoTpefieNieHnsl Haubosiee BEPOATHBIX 3HAaYCHHUH MIOTHOCTU YPOBHEH U paJuallMOHHBIX CHIIOBBIX
¢bynkumid. Hukakas iHasi METOIMKa SKCIIEPUMEHTA, U3BECTHAS B HACTOSILEE BPeMsl, HE MOXKET J1aTh
COTIOCTaBUMOM MH(POPMAIIMH O TTOJOO0HBIX SApaxX BIIIE YSHEPTrUuu Bo30yxaeHus 1-3 MaB.

Kak u B paHee M3ydeHHBIX fApax, MapaMeTpbl KacKaJHOTO y-pacmaia (TO €cTh CBOWCTBA
SJIEpHOM MaTepuH) B O0JIACTU SHEPTrUU BO30YXKAECHUS OKOJIO TMOJOBHHBI SHEPIUU CBSI3U HEUTpPOHA
kak B ''®Sn, Tak u "W He MOryT GBITh BOCIIPOM3BEICHHI B pacueTe 6e3 ydera pe3sKoro H3MEHCHHUS
CTPYKTYPHI sijipa B yKa3aHHOU 00J1aCTH BO30YKICHUS.

K takoMy BBIBOJly TMPHUBOJUT HE TOJBKO HAJIWYHE CTYMEHYATOH CTPYKTYpPhl B 3aBUCHMOCTH
IUIOTHOCTA YPOBHEW OT »Heprum Bo30yxkaeHus okojao 0.5Bn, HO W BecbMa 3HAYUTEIHHOE
YBEJIMYEHUE CYMMAapHOM KacKaJHOM 3acelsieMOCTH YPOBHEW psAna siaep HUKE 3TOW sHepruu. B
paMKax MMEIOUIMXCS pa3padOTOK MOJIENBHOTO ONUCAaHHWS IUIOTHOCTH YPOBHEH  TEOpeTHKaMu
OOHMHCKA Ka4eCTBEHHOE OOBICHEHHE HaOMIOAaeMbiXx AS(OPEKTOB MOXKET OBITh IOJIYyYECHO B
MIPEIOI0KEHNH O Pa3phIBE OJHOM MM HECKOJIBKUX KYNEPOBCKUX Map HYKJIOHOB NpU dPPEKTUBHOMN
sHeprun BO30yXaAeHHS okojo 3 M»dB B aedopMHpoOBaHHOM sApe M HECKOJbKO OOJBINEH B
cepuueckux sapax u3 obmactu A=100. C 3TuM cBsI3aH mepexo. Aapa OT BO30YKAECHUS COCTOSHUIN
C JOMHMHUPYIOIIMMU BUOPAIMOHHBIMH KOMIIOHEHTAMH BOJIHOBBIX (DYHKIMHA K TOMHHHPOBAHHUIO
COCTOSIHUI ¢ MHOTOKBa3N4aCTHYHBIMU KOMITOHEHTaMH.

1.3.2 U3mepenne napuuajbHbIX cedeHuil 3axBara 14 saaep Fe, Yb nu Gd

B 2003 r. GbUIM NPOBEACHBI SKCIEPHMEHTHI 10 H3ydeHHMIo peakumii ~ Fe(n,yy)’ Fe,
Fe(n,y)"Fe "'Yb(n, y)'*Yb, °Gd(n, v)"*°Gd ma myuxe xomomHeIx HeiiTpoHOB Bymamemrtckoro
HEeHTpoHHOTO LIeHTpa. B HacTosmiee Bpems uaET o0paboTKa pe3yabTaToB u3MepeHuil. [lnanupyercs
MOJTy4uTh a0CONIOTHBIC TapIMaibHbIe Ce4YeHHs 3axBaTa Ha u3oTomax Fe, Yb m Gd. Cnektpsr
JIBYXKBAaHOBBIX KacCKaJOB U3 PEAKLUU 56Ff:(n,w)57Fe [IO3BOJIAT OLICHUTh 3HAYEHUE PaAUalMOHHOU
criioBOM (DyHKIMH B 001acTé MATKHX (<2 M5B) mepBHUHBIX TaMMa-TIepexo/10B. 3aBepiieHa padboTa
1o o0paboTKe NaHHBIX U3 MPEAbLAYIINX SKCIEPUMEHTOB MPOBEAEHHBIX, B YHUBepcuTeTe I.0cCiio Ha
apax KpeMHus, jkeine3a U MoaubOnaeHa. [lomydeHbl MIOTHOCTH YPOBHEW [UIsl 3TUX sJep H
panuanuoHHble cuiioBble QyHKUMU. OOHApYKEHO HEOOBIYHOE YCHIJIEHHE PaJMAllMOHHOW CHIIOBOM
(GYHKIIMA B O0JIACTH MATKHAX TaMMa-TIEPEXOJOB JUIsl sAep MOJHMOACHA M JKele3a. 3aKOHYeHa
06paboTKa pe3yNbTaToOB AKCIepuMeHTa ' Yb(n,yy)'°Yb, BBINONHEHHOrO Ha IyYKE TEILIOBBIX
HeiitponoB  Jloc-Anamocckoii HanmonanbHOM naGopatopur B 2001 r. C moMoOmIbIO 3TOTO
HKCHEPUMEHTA YJAJIOCh MOATBEPAMTh MArHUTHYIO MPUPOJY HAOII0aeMOro MUIMH PE30HAHCa B
paaraliOHHON CHUIIOBOM (PYHKIIMH IS SIpa 12yb B 061acTH E,~ 3 M»B.



1.4 Acmpogu3zuueckue acnekmol HelMPOHHOU hu3uKu
1.4.1 Anasn3 cBOMCTB a1b(a-IIMPHH B peaKIUu “TSm(n,a)

bbun mpoananu3upoBaHbl cBOMCTBA alib(a-mupuH, noaydeHHsle [1.Kémiepom u ap. (ORNL)
B M3MEPEHHSAX CEUCHHs peakiun '+ Sm(n,o). Y IHBICHHE BBI3BAI PE3yNbTAT aBTOPOB, COCTOSIIHIA B
ToM, 4uT0 B uHTepBane »Hepruii 300 — 700 »B cpennue 3HauCHHS MOJHBIX alb(a-IMIUPUH IS
PE30HAHCOB CO CITMHOM 4~ OKa3aJMCh OOJIBIIMMHU, YeM B pe3oHaHcax co cnuHoM 3. T[lo-BumuMomy,
3TO OOBSCHSETCA OMMOOYHON CHMHOBOW HMIEHTU(UKAaLMEHl HEHTPOHHBIX PE30HAHCOB, TaK KaK B
pe3oHaHcax co cnuHOM 4 anbda pacrmaa B OCHOBHOE COCTOsiHHME (HanOoyiee WHTEHCHUBHBIN)
3aIpeleH 3aKOHOM COXPAaHEHHs YETHOCTH M MO3TOMY OTHOIIEHHE CPEeIHHUX allb(a-IIUPHUH JTOJIKHO
OBITh OOPATHBIM, KaK 3TO UMEET MecTo st sHepruid Hike 300 3B, uTo ObLTIO MPOIEMOHCTPUPOBAHO
B ayOHeHckux paborax 30 ner Hazan. B mpoTuBHOM citydae, st OOBSICHEHHSI 3TOTO pe3ysbTara
npuaeTcs KOHCTaTHPOBATh, YTO B ITOM peakUuM 3apUKCHUPOBAHO HApyLIEHHWE MPOCTPAHCTBEHHOMN
YETHOCTH, IPHYEM BKJIA]] B3aUMOCHCTBUS, HAPYIIAIOLIET0 YeTHOCTD, 61130k K 100%.

1.5 Ilpozpamma adepnwvix 0annwvix

1.5.1 HccaenoBanue Ppe30HAHCHOW CTPYKTYPbl HEHTPOHHBIX CeYEHHMH OCKOJOYHBLIX M
AeJUTEJbHBIX MATEPUAJIOB.

B 2003 r. Obuti mpoBeIeHBI U3MEPEHUS ¢ TIpephIBaTesieM 00pa3ioB-¢uinsTpoB Mo, Pb, Ti, W u
Zr Ha 6° nyuke peakropa WBP-2 nans usBiaeueHus M3 BpPEMANPONETHBIX CIIEKTPOB CEYEHMN
paccesiHusI B TETUIOBOM 00JIacTH YHEPTU HEUTPOHOB.

[IpoBenén ananmu3 BpeMsAnpos€THBIX cnekTpoB B obmactu 0.1-200 k3B Mo, Rh, Ho u W nu
MOJTy4€HBI MOJIHBIE, 3aXBaTHBIE CEYEHHSI U MPOIycKaHus ¢ TouHocThio 0.2-0.5 % (B mpomyckaHHsIX)
u 2-10 % (B ceuenusx). Jns Nb, Mo u Pb B Toii ke sHepreTmueckoil o0nacTd OmpeaeIeHb
KO3 PUIUEHTH! pe30HAHCHON OJIOKMPOBKH B 3aXBAaTHBIX CEUECHUSIX U CEUEHUSAX PACCESHUS.

Hauaro co3nanue 4-n HEHTPOHHOTrO JAETEKTOpa HAa OCHOBE OaTapen *He cuéTunkos (SNM-30)
JUIS MCCIIEZIOBAHUS 3aIla3/IbIBAIOIIMX HEUTPOHOB, MOJIHBIX CEYEHUI B TEIJIOBOW 001acTH HEUTPOHOB
U OTIPEZIEIICHUS BEJIMUUHBI V.

1.6 ®ynoamenmanvHole c0iicmMea HellMPoOHA
1.6.1 UccnenoBanusi AupaKkiuy HEMHTPOHOB HA aproHe

Ha UWBP-2 Obm1 3aBepiieH JKCHEPUMEHT TI0 aHW3OTPONMH PACCESHHUS HEHTPOHOB
ra3oo0pa3HbIM apronom npu 50 aTM., a TaKKe METaUNIMYECKUMU TUIACTUHAMU BaHAAUSA U KaaMHUsl.
3Mepsanock OTHOIIEHWE WHTEHCHBHOCTel paccesHus R =1(30°)/7(150°) nns HeliTpoHOB C
sneprusmu E = 0,002 +0,07 3B. [{ns aprona Habmonanack oTyeTauBas AM(pakmoHHas KapTuHa,
XOPOIIO COBMAAAIONIAs C TUTEPATYPHBIMH JAHHBIMHU T10 €T0 CTPYKTYpHOMY (hakTopy. OcnabieHHas
B 50 pa3, oTa KapTUHA TMpHBENa K JIBYM BaXKHBIM BBIBOJAM: 1) nake NMpuU HHU3KOM JaBIICHUH
IU(paKkLus — CepbEe3HOE MPENATCTBUE Ul HAJEKHOIO M3MEPEHHs [UIMHBI n,e-paccesHus b, ;
2) curyanms ¢ audpaxnueid mHoro syume npu E > 0,1 3B, roe u cnemyer nemats M3MepeHHs.
YacTto HCHONB3yeMbI B KadyeCTBE HM30TPOMHOIO pacCceUBaTelsi BaHAIWN BIEPBBIC IPOSBUI
Hebonpmyto (R =0,97+1,06) aau3oTponuio, KoTopas npeackasbiBagack B padore J.Mayers. Nucl.
Instr. Meth. 221(1984)609. W3Meperus ¢ KajMueM TOKa3ald ero 3aMmeTHyio (~107)

OTPaXKaTEIbHYI0 CIIOCOOHOCTh, KOTOpPAsi XOPOIIO OMHCHIBACTCS MOJyYEHHOW MPOCTON (hopMyIioii.
Benuuuna R nopsnka 0,02 — 0,03.



bbul pa3BUT HOBBII MeTOA MoONy4deHUs! D, ,, OCHOBaHHBIM Ha W3BECTHOM (MOYTHU JIMHEWHOIN)

ne?’

3aBUCMMOCTH MHTCHCHUBHOCTHU ,I[I/I(i)paKI_II/II/I OT IUIOTHOCTH aTOMOB rasa # . OTOT MECTOA IIO3BOJACT
BBIJICIINTD HC33BHC$IIHPII>'I OT 7 OTHOCHTCIBbHBEIN BKJIaJg bne Ha OJWH aToM ras3a Hu3 JaHHBIX IIO

pacCesHMIO, M3MEPEHHBIX Ha HEHTPOHAX C UIMHON BOJHBI A~ 2 A mIpu HecKkoNbKHX yriax

paccesnus u3 unteppana 5° —100° u Heckonbkux maBnenusx Ar, Kr umu Xe us unteppana 10 —
200 atm.

Pa3pabotana ycraHoBka, nojo0Has yctaHoBke KpoHa u PUHro U3 M3BeCTHOTO 3KCIIEpUMEHTa
60-x roJ10B. Y COBEPIICHCTBOBAHNE METOJUKH COCTOHT B MOJyYEHHH OTHOIICHHUS R Kak (QyHKIMH
oT £ u pacumpenuun auanazona £ o 0.5 — 1.0 3B.

1.6.2 JDxcniepuMeHT MO NMPSIMOMY HM3MEpPEHUIO JJMHBbI paccesiHUMs HelTPOHA HA HeWTPOHe Ha
My abcHOM peakTope AI'YAP (CHexXuHCK)

IIpoBenensl  pacueTsl (OHOB  JUIS HWDKHEHM 4acTM  KaHana (0T peakTopa 10
JIETEKTOpa) SKCIIEPUMEHTA MO N-n paccesHuto. B pe3ynbprare pacyeToB monydeHa reoMeTpus KaHana,
KOJUIMMATOPOB M 3aIMTHI 0]l PEAKTOPOM, YIOBJIETBOPSAIOLIAS YCIOBHUIO: YUCIIO PETUCTPUPYEMBIX
(OHOBBIX COOBITHI 3a BCHBIIIKY HE MpeBbIIaeT 1% OT uncia perucTpupyeMbIX MOJIE3HbIX COOBITHH.
YcTaHOBIEHO, YTO OCHOBHOM BKJIaA B (POH BHOCAT ObICTpbIE HEUTPOHBI ¢ sHEprusimu ot 100 k3B 1o
5 Mb3B. Jlng npoBepkM NpaBWIBHOCTH pacdyeToB B mepBoM kBaptane 2004 r. mumaHupyeTcs
MIPOBEJIEHUE  TECTOBOro  u3MepeHuss Ha  peakrope AI'YAP. T'eomerpuss  TecToBOro
KaHajia 3Ha4UTEJIbHO YIPOLIEHA IO CPAaBHEHHUIO CO IUTATHBIM KAHAJIOM, HO 3alllUTa W KOJUIMMaLus
1U1s OBICTPBIX HEUTPOHOB MOJIHOCTHEO COOTBETCTBYIOT IITaTHOM reomeTpuu. [IpoBeneHHbIe pacyeTsl
JUIs TECTOBOT'O KaHaJla IMOKa3ajH, YTO MOTOK OBICTPHIX HEHTPOHOB B TECTOBOM KaHalle MPaKTHYECKU
HE OTJIMYAETCSA OT INTATHOI'O KaHaJa.

1.7 @u3uka ynompaxoi00HbiX HEUMPOHO8, HEIIMPOHHAA ONMUKA
1.7.1 HeiliTpoHHas1 ONITHKA

B Teuenue 2003 r. mpoBoaMSiach MOATOTOBKA K HOBOMY IIMKJIY M3MEPEHUU MO BPEMEHHOMH
doxycupoBke YXH. B wactHOoCcTH, ObUT CKOHCTPYHPOBAaH U B OCHOBHOM HM3TOTOBJIEH HOBBIN y3el
IPaBUTAIMOHHOTO  crmekTpomeTpa Y XH, wmomuduimpoBaHa mporpamMma,  yIpaBIIsSOIIAs
AKCIIEPUMEHTAMHU CO CIIEKTPOMETPOM, PACCUUTAHBI HOBbIE AU(PPAKIIMOHHBIE pelieTku. VI3roToBIeHbI
(doTomabI0HbI )T MPOBEACHUS TUTOTpaPUIecKuX paboT Mo M3rOTOBJICHUIO perieTok. [IpoBeneHue
AKCIIEPUMEHTA IUITAHUPYETCs B epBoil mojoBuHe 2004r.

Omnpenenena cxema OyIyIIero OSKCIEPUMEHTA MO HAOMIOIEHUI0 HOBOTO HEWTPOHHO-
ontudeckoro 3¢dekra — wu3MeHeHue HHeprun YXH mnpu NPOXOKACHHH Yepe3 YCKOPEHHYIO
IUIACTUHKY BenlecTBa. CleNaHHbIE OLEHKU CBUAETEILCTBYIOT O BO3MOYKHOCTHU OCYLIECTBIICHUS
ombITa. DKCHEPUMEHT OyJeT MPOBOAMTHCS C TpaBUTAMOHHBIM crnekTpomerpom Y XH. Hauara
paboTa 1o pacyeTy MarHMUTHBIX IOJIEH B KaTyIIKe NMPELeCCHH CIIUH-9X0 criekTpoMeTpa Ha Y XH.

1.7.2 UccaenoBanue TeMnepaTypHOi 3aBUCUMOCTH MOJIHOTO CeYeHUsI paccesiHUsI HEUTPOHOB
Ha aToMapHoM rase 4He

[Ipyu wuccrnenoBaHuM TeOpuUM paccesiHUs ObLIO IOKa3aHO, 4YTO CEYEHHE pacCesHUs
npeacTaBisier co0oil mpou3BeneHue Oe3pa3MepHON BEPOSTHOCTH pPACCESHHS HA TONEPEUHYI0
IUIONIab PacceMBaeMoOro makera. B ciydae, eciau pasmepbl IakeTa HE 3aBHUCAT OT DJHEPIUU
MAJAl0IIEr0 HENUTpOHA, IOJHOE CEYEHHE pPACCEsHUs HEHUTpOHAa HAa OJHOATOMHOM Ta3e JOJDKHO
3aBUCETh OT TemIiieparypsl T Mo 3aKOHY T2, a me T2, kak s10 CIeayeT U3 CTaHAApPTHON Teopuu
paccesHus. UtoObl mpoBeputh 3aBucuMmocTh Ha peaktope B WL (I'penoGnb, ®panums) Obut
IIPOBEACH 3KCIIEPUMEHT IO MPOIYCKAHWIO HEUTPOHOB HHU3KHUX HDHEPIUHA Tra3oM *He. N3smepenune



o 1/2
TEMIIEPaTYPHOI 3aBUCUMOCTH OKa3aji0, YTO OHa cieayeT 3akoHy T '~. DTo 03HayaeT, 4To pa3mMepsl
BOJIHOBOTO TMaKeTa JIOJDKHBI 3aBUCETh OT YHEPrHMU HEUTpoHA. VcciienoBaHus B 3TOM HalpaBICHUU
MPOJIOJDKAIOTCS.

1.7.3 Pa3pat6orka nuddepenuuaibHoi ciekrpomerpun Y XH BbIcOKOro paspemenust

[Tponomxkanuce padotsl B ILL no pa3sutHio auddepeHnnanbHoi cieKTpOMETpUN BBICOKOTO
pa3pemeHuss HEHTPOHOB CBEPXHU3KUX SHEPrHi, B YAaCTHOCTH, C NMPUMEHEHHEM HEMEXaHWYECKOW
MOJTYJISIIUH ITOTOKA HEUTPOHOB C MCIIOJIb30BaHUEM TOHKUX (DeppOMarHUTHBIX 3aTBOPOB. [IpoBeeHbI

MIPUTOTOBJICHUS JJIS MPEIU3UOHHBIX u3MepeHui ceueHnit Y XH mis Kuakux GTop-moJMMepoB Ipu
80-300 K.

2. TeopeTuueckue MccjIeI0BAHUS
2.1 Teopemuueckue uccnedoeanusn no pegiekmomempuu u yppexmy I'ooca-Xenxen

[lokazaHo, 4TO MpU MOJHOM OTPAKEHUHM TOYKA BBIXOJA HEHUTPOHA CMEIIEHAa OTHOCHUTEIBbHO
TOYKM BXOJAa B COOTBETCTBUM C M3BECTHBIM cMelleHHMeM ['ooca-XeHXeH B CBETOBOW OINTHKE.
CMmenieHre MOXET OBITh OMNPEEICHO TOJNBKO [UIsi OTPAHUYEHHOW B MPOCTPAHCTBE BOIHOBOI
GyHKIMM HEHTpOHAa WM A BOJHOBOrO makeTa. [Ipy HEMONHOM OTpaXEHUH MPOUCXOTUT
OTKJIOHEHHE OTPAKEHHOW 4YacCTULIBl OT 3€pKaJbHOrO HampaBieHus. PaccMoTpeHa cxema
JKCIIEPUMEHTA M0 M3MEPEHUI0 OTKJIOHEHMsSI M II0Ka3aHO, KaK IO H3MEPEHHOMY OTKJIOHEHHIO
ONpeAENuTh IIUPUHY BOJHOBOrO makeTa. lMccienoBaH Takke BOMPOC 00 H3MEPEHUM UIMHBI
KOT€PEHTHOCTH HEUTPOHA MPU Pe(PICKTOMETPUU TOHKUX TUICHOK.

2.2 Onmuueckuit nomenyuanl u HeMpPOHHbIE 36€30bl

OnTtudeckuii MOTEHIMA B3aUMOJCUCTBUS HEUTPOHA C BELIECTBOM IMOPOXKIAEH KOT€PEHTHOU
JUIMHOW paccestHus, KOTopas A OOJBIIMHCTBA AA€p MMEET MOJOXKHUTENbHYI0 BenuunHy. Cama
JUIMHA  pacCesHHWs  €CTb  pe3yJibTaT  CWIbHOTO  B3aMMOJICHMCTBHS,  KOTOPOE  HMMEET
KOPOTKOJICUCTBYIOIIMM XapakTep. Tem He MeHee, caM ONTHUYECKUW TMOTEHLIHal B CHILY
MPOTSHDKEHHOCTH BOJTHOBOM (DYHKITMM CBOOOJIHOTO HEMTPOHA MMEET NabHOACHCTBYIONTUI XapaKTep,
4TO TposiBiIAETCS B TakuxX 3(ddexrax kak OpIrroBckoe U MOJNHOE OTpakeHue. IlocKombKy
ONTUYECKUI MOTEHIMA MPONOPLUMOHAIECH TUIOTHOCTH BEIECTBA, TO ISl HOPMAJIBHBIX BEIIECTB B
3eMHBIX YCIIOBUSAX OH HMeET BEIHUMHY mopsiaka 107 5B, U mpH MOT0KHTEIbHON JIMHE PACCESTHUS
UMeeT XapakTep OoTTaJkuBaHus. JIMIIb HEOOJBIIOE YHUCIO BEIIECTB UMEET OTPULIATEIbHYIO JIHHY
paccesHus. [l HUX MOTEHLMAI UMEET XapakTep NpUTsKeHHs. HeUTpoH-HEHTpOHHOE paccesHue
XapaKkTepU3yeTCsl OTPUILIATEILHOM IJIMHOM, U MOCKOJIBKY B HEUTPOHHOM 3BE3/I€ MJIOTHOCThH BEIIECTBA
Ha MHOTO TIOPSIJIKOB ITPEBOCXOAUT OOBIYHOE BEIIECTBO, TO HEUTPOHHAS 3BE3/1a MPECTABIsIET COO0M
rIyOOKyl0 TMOTEHUMAIbHYIO0 SMYy JUIsi BceX HeHTpoHoB. [loka3aHo, uTO TmoONHas SHEprus
B3aMMOJCICTBUSL HEHUTPOHOB 3a CYET ONTHUYECKOrO0 IOTEHLHAla MOXET IPEBOCXOJIUTH
IPaBUTALMOHHYIO. 3HAYUT B HEKOTOPBIX CIy4yasx Mbl MOXKEM IpEACTaBUTH ceOe, YTO HEUTPOHHAas
3Be€3/1a OCTAHETCs] KOMIIAKTHOM Jlake IPH BBIKIIOYEHUU IpaBUTalMU. PaccMoTpeHa monenb Takoi
3BE35I U €€ CBOMCTBA.

2.3 Teopemuueckue uccinedoganus [} -pacnaoa Heiimpona

B Teuenue 2003 roma mpomomKalHMCh WCCICAOBAHMS PaJUAllMOHHBIX TOMPABOK K Oera-
pacnany HeHTpoHa B cooTBeTcTBUU co CranmapTHoW Monenbio. DnekTpociadblie B3auMOACHCTBUS
MOCJIEZIOBATEIbHO YUTEHbI corylacHO Mojenu  BaitHOepra-Canama. BnusiHMe CHUIIBHBIX KBapK-
KBapKOBBIX B3aUMOJICHCTBUI MapaMeTpU3yeTcsl IyTEeM BBEIEHUS JJIEKTPOMArHUTHBIX (OpM-



(GakTOpoB HYKJIOHOB M HYKJIOHHOTO cIa0Oro TOKa Hepexoja, KOTOPBIM ompernernsercss ciaaObMu
¢dopm-dakropamu g V , g A .. Hapsagy co BpeMeHeM XHM3HM HEMTpOHAa U HUMILYJIbCHBIM
pacipenerseHueM IEKTPOHOB U NMPOTOHOB B OeTa-pacnaje HEeHTPOHA, UCCIIEeIOBATUCH T-HedYeTHbIE,
P-deTHble TpOliHBIE KOPPEALMH JIETPOHOB M AHTHHEHTPUHO B OeTa-pacnaje MOoJspHU30BaHHOIO
HEUTpPOHA.

2.4 Pacuemui ceuenuil 00pazo6anus IK30MuYeCKux HelmpoH-u3obtmounvix A-cunepsaoep

PacueTsl cedeHmit 00pa3soBaHMs TUIIEPSACP ¢ HEHTPOHHBIM m30bITKOM 4 Be , 4 C, u '*ALi
peakmusx (1 ,K") u (K',n" ) Ha IeTy moka3anu 3HAUMTEILHOE JOMHHHUPOBAHHE ABYXCTYIEHUATHIH
mporecca ¢ mepesapsaKoi (Hampumep, T p — nn, ©'p — KA n wp — K°A, K°p — K'n). Bropoii,
MeHee MPOTyKTHBHBIH, BO3MOJKHBIA MEXaHH3M PeakKIlHMi - OJHOCTYIeHYaThlil mponecc T p — K'E~
yepe3 oOpa3oBaHWE MPHUMECH BUPTYaTbHOTO X THUIEPOHA B A-TUMEpsipe B Ka4eCTBE BXOJHOTO
coctosinus. IlepBrie pesynbrathl skcriepumenTa B KEK (Llyky6a, Sinonus) mo ob6pa3zoBanuio 2C(n
K%\ Be nn ""B(n” ,K") '’ALi moarBepxaioT Haury oLeHKy OTHOLICHHS ceuenus peakiun (1 K1)
K CEUCHHIO COOTBETCTBYIOIIEro oObraHoro mporecca (n' ,K') Ha yrmepoge — 107, Hamm pacuers:
g depeHInaTbHOTO CeYEHUs JBYXCTYIEHYATOro Mpolecca peakiuu IOB(TE_ ,K+) 1OALi Iaan
AKCTpPEMaNIbHO OOJBINIOE 3HAUYCHHE (CeUeHUE Ha HYJIEeBOU yron mopsaka 70 nb/sr). B akcnepumMenTe
TAKIKE TIOYUEHO 3HAYNTETBHOE YBETHUCHNE CEUCHHS TS | ALi.

B cBs3u ¢ Haganom skcniepuMeHToB Ha ¢-abpuke DADNE (Dpackaru, Urtanus) caenaHsl
OLICHKH BBIXOJOB B PeaKiun o0pasoaHmst - Be n '®4 C Ha OCTAHOBMBIIMXCS KAOHAX C yYETOM
IBYX BO3MOKHBIX TpOIecCOB 0Opa3oBaHuUs. PacueTsl mMoka3pIBarOT, YTO B JAAHHOW peakuuu oda
MEXaHHM3Ma Jal0T CPAaBHUMEIH BKIaj, 4To AenaeT peakimio (K',m° ) Ha OCTAHOBMBIIMXCS KAOHAX
0COOEHHO HMHTEPECHOM C TOYKHM 3pEHHMS W3YyYEHUS NMPUMECH BUPTYaJbHOTO X THUIEpoHa B A-
THIIEPSIIpaXx.

3. Meroauyeckue pa3padOTKH 110 Pa3BUTHIO IPOrPAMMHOI0 00ecredYeHusi CIEKTPOMETPOB

B 2003 r. mpoBoamimch cleAyrompe padoThl MO Pa3BUTHIO MPOTPAMMHOTO oOecredeHus
CIIEKTPOMETPOB:

- pacimMpeHbl BO3MOXHOCTH CETEBOIO JOCTyHa K 3KCHEPUMEHTaIbHbIM JAaHHbIM ¢ PC
M0JIb30BATEIS;

- JUI KOHTPOJISL MpOLecca HAKOIJIEHUSI SKCIIEPUMEHTAIIBHBIX JIaHHBIX pa3padoTaHa Bepcus
nporpammbl WMonitor, BeayIiel MpoOTOKOJ M BBLAAIOLICH Mpeaynpexaatonye coodmenus Ha PC
10JIb30BATENS;

- HauaTa pa3paboTka Bepcuu nporpammbl Wmonitor ¢ nepeadeil TpeBOKHBIX COOOIIEHUH B
Buje CMC Ha MOOWITBHBIH Telle(hOH B TOJIOCOBBIX COOOIIEHUH Ha OOBIYHBIN TelIe(hOH MOIh30BATEIIS,

- pa3paboTaHa BepcHsl MPOTPAMMBbl CHATHUSI CUETHBIX XapaKTEPUCTUK I'EIMEBBIX CUETUMKOB
(nns cnextpomerpa EPSILON) ¢ BapuaHTOM yIpaBiieHHSI BBICOKOBOJIBTHBIM HCTOYHHKOM Y€pe3
nocnegoBarenbHblii  (COM) nopr;

- pa3zpabatbIBasiach IPOrpaMMa ypaBieHUs! BBICOKOBOJBTHBIM HCTOUHUKOM IO CETH;

- copmecTtHO ¢ JIUT mpopomkeHa pa3paboTka METOI0B  TUCTAHLIMOHHOTO yHpaBJIeHUs
paboTOM MPHUKIAIHBIX TPOIPAMM.

C uenpio pa3BUTHS NPOTPAMMHOTO OOECIEUYEHHUs] CUCTEM aBTOMATH3allMHM SKCIIEPUMEHTOB
(CAD) mpomomxkanack pa3paboTka yHHU(PHIMPOBAHHON TNPOTPaMMBI YIIPABICHHUS OKPYKEHUEM
obpasua SetVector. JlaHHas nmporpamma siBiisieTCsl HAJICTPOUKOM HaJl ApaiiBEpHBIM CIIOEM MPOrPaMM.
E€ npumeHeHue mMO3BOJIUT MUHUMHU3HUPOBATh (PYHKIMHM JpailBEpHBIX MPOrpamM, CYIIECTBEHHO
COKpaTHUTh cpoku pa3pabotku CAD Gnaromapst aBTomaTu3anuu npouecca coopku CAD u3 moxynei
B (¢opmare .exe, YBEIMYUTHh MpPEIOCTaBIsgeMblid monb3oBaresiv CAD cepBHC, TOBBICHTH
KO3(Q(QUIMEHT HCHOJIb30BAHUSA PEAKTOPHOIO BpPEMEHM 3a CUeT MapajuIe]bHOTO BbIMOJIHEHUS
onepauui yrnpaBJIeHUs! yCTPONCTBAMM.



4. AHauTHYeCcKHe HcciaenoBanns Ha peakTtope UBP-2
4.1 Mooepnuszayus nneemamuueckozo mpancnopmmnozo ycmpoiicmea PEI'ATA

Bo Bpemsi mnaHoBo-mpenynpenuTensHoro pemonrta peakropa MBP-2 B 2003 rogy Obuia
IIPOBeJIeHa MOJAEpHU3anus psaaa y3iaoB u ycrpoicts [ITY PE['ATA.

C menpio MOBBIMICHUS paaralmoHHONW Oe3omacHocTH yctaHoBku PEI'ATA paspaborana u
Co3/laHa CHCTE€Ma aBapUUHOW BBIIPY3KH M3 KaHAJIOB OOIYy4EHHs, IMO3BOJISIONIAs OCYLIECTBIATH
BBIIPY3KY KOHTEHHEPOB C IMOBBILIEHHOW aKTUBHOCTBIO B OJIHY U3 «ropsunx» kamep IITVY.

Jlnis kaHasoB 00JTydeHus pa3paboTaHO U HAXOJIUTCS B CTa/IUU U3TOTOBJICHUS YCTPONCTBO /s
BPEMEHHOI'O XpaHEHUs! aKTUBHBIX KOHTEHHEPOB B KOJILLIEBOM KOPUIOPE PEAKTOPA.

Pa3zpaGotaHo ycTpoHCTBO JUIsi aBTOMAaTHUYECKOW CMEHbI OOpa3loB Ha JIETEKTOpaXx.
Nsrorosnenue mianupyetcs B 2004 roxgy.

3aBepiieHa pa3paboTKa MpOrpaMM YNpaBIEHUS CHEKTPOMETPHUYECKONW ammapatypoi c
aBTOMATUYECKOM macmopTu3aiieil o0pas3os, BKIOYalOIed B ceOsl Bce HEOOXOIUMBIE MapaMeTpbl
Ul pacyeTa KOHIEHTpAaLMP 53JIEMEHTOB  C BblAade TaOMuI] OKOHYATENbHBIX pE3yJIbTaTOB.
Y coBepiIEHCTBOBAH P CEpPBUCHBIX NPOrpamMm IS 00pabOTKN  CIIEKTPOMETPUYECKON
UH(pOpMALIUH.

4.2 Ixonozua

B 2003 romy ObutH 3aBepiieHbl pabOTHI IO U3YyUYEHHIO aTMOC(EPHBIX BBIAICHUH TSKEIBIX
METAJJIOB C MpPUMEHEHHeM TeXHHKU OuomonutopupoBanus, HAA u I'MC Ttexnonoruii (mpoekt
«PET'ATA») B llentpansuoit Poccuu (Tynbckasi, TBepckas, SpocnaBckas u CeBep MoCKOBCKoOM
obrnactu), a Takxke B psne eBponerickux ctpal (bonrapus, CnoBakus, Pymbeinus, Ykpauna, [lonbia,
Cep0Ous, bocuust, Makenonust). Pe3ynbTarel 3THX HcciaenoBaHul omyOiauKoBaHel B EBponelickom
ATtnace (2003). Ananoruuynsie padotsl ipoBenensl B KOxxuol Kopee, Kurae n eBponeiickoit yacTu
Typrun. [Ipogomken aHanu3 JaHHBIX MO OICHKE 3arps3HeHus YensOMHCKON 00aCTH TSKEIBIMU
MeTaljlaMd U paguoHykiauaamu. Lluxn u3 17 omyOnuMKOBaHHBIX pabOT MO OMOMOHUTOPUHTY
aTMOC(EpHBIX BBINAJCHUHA TSHKETIBIX METAJUIOB MPEACTaBICH Ha KOHKYpC HayudHbIX pabor OMSN
2003 roxa.

3aBEpLICHO HCCIIEIOBAaHUE 3arpsA3HEHMs I0YB TSDKEIBIMH METallaMH U JpYyTUMU
TOKCHYHBIMH AJIEMEHTaMH 101 BO3JICCTBHUEM aBTOAOPOKHOTO TpaHcmopta (Munnecota, CIIIA).
CoBmectHO ¢ ['eonormueckum wuHctutyToM PAH B pamkax KoopauHannoHHONH pOrpaMMbl
MATI'ATD u Texuuueckor koomepauuu ¢  MAI'ATD mnpoBeneH CpaBHUTEIBHBIA aHAIU3
JJIEMEHTHOTO COCTaBa psga NPOAYKTOB IHMTaHUS, BBIPALIEHHBIX B YCIOBUSAX CHJIBHOTO
AHTPOIIOI€HHOT'O BO3JEHCTBHUA.

B 2003 roay BBINOJHEH 3aKIIOYUTEIBHBIM 3Tam paboT MO MpoekTy «MOHHTOPUHT Ha
pabounx MecTax M 3/I0pOBbE MepCcoHaa, 3aHATOTO B MPOU3BOJCTBE (pochopHBIX yaoOpeHuit Ha psje
3aBojoB Poccuu, Y36ekucrana, [lonsimm u Pymerauny» (EBpomneiickas [Iporpamma 5 Konepuukyc).

4.3 Mamepuanoeeoenue

3aBepLIEH  SNUTEIUIOBOM  HEHUTPOHHBIM  AKTUBALMOHHBIM  AHAlIM3  CHHTETHYECKHX
MEJIKOKPUCTANIMYECKUX ~aJIMa30B, BbIpallleHHbIX B HMHcTUTyTe (u3MKM TBeproro Tena u
nosynpoBoaHukoB HAH benapycu. Pe3ynbraThl 10510KEHBI Ha 507 MexayHapoaHOi KoH(pepeHIHs
10 B3aWMOJICHCTBUIO M3JIyUYCHHUS ¢ TBepAbIM TeiaoM (MuHCK, 6-9 oktadps , 2003 r.) u HampaBiieHa
ctaths B )KypHan Diamond and Related Materials.



4.4 Buomexnonozuu

[Tpomomxkensl coBMecTHBIE paboThl ¢ Tpymmoi ouodusuko Mucturyra ¢puszuku AH I'py3un
no OMOTEXHOJOTMM  CHUHe-3eJIeHOW  Bojpopocnu  Spirulina  platensis, ucmonb3yeMoil B
(bapMarneBTHUECKON MPOMBIIIICHHOCTH U B Pa3pa0dOTKe HOBBIX CIOCOOOB OMOJIOTHYECKOW OYMUCTKH
BOJIOEMOB, 3arpsi3HEHHbIX TOKCHMYHBbIMH MeTaiamu. C nomompbio OHAA — uccnenoBanachk
CIIOCOOHOCTh OMOMACChl CUPYJIMHBI aKKyMYJIHPOBATh U aJICOPOUPOBATH TAaKOW BHICOKOTOKCHYHBIH
METalll, KaK PTyTh. Pe3yNbTaThl STHX HCCIENOBAHMH OYIyT mojoxkeHbI Ha 7°" MexIyHapoaHo#H
KOH(EepeHIIMH Mo PTYTH Kak TiodampHOMY mosumoTanty (CnoBenus, uronb, 2004). B 2003 romy
MOJIy4eH BTOPO MaTeHT Ha crocol MmoxydeHus papManeBTHIeCKOro XpOMCOAepiKalllero npemnapara
Ha OCHOBE CHHE-3eJIeHOM Bostopociu Spirulina platensis.



2. NEUTRON SOURCES
2.1. The IBR-2 Pulsed Reactor

Modernization. In 2003.the IBR-2 reactor operated for physical experiment ~ 681 hours.

2003 main IBR-2 modernization results:
1) MR-3 — chief goal of the year

Manufacturing of the MR-3 elements is completed
Test assembling of MR-3 without a jacket on the FLNP testing stand is performed

MR-3 startup in the air at a rate of up to 360 rot/min (60% of nominal rate) is
conducted. The testing results are positive.

Test assembling of MR-3 with a jacket is under way (see Figs. 1 and 2).

Fig. 1. The new movable reflector MR-3 for the IBR-2 reactor (main and auxiliary reactivity

modulators).

Fig. 2. The IBR-2 reactor personnel at work to assemble the MR-reflector with a jacket on the
testing stand in FLNP JINR.



2) New fuel loading
- Manufacturing of TVELs is completed by the industrial enterprise “Maiak”.
- The components of the fuel element assemblies (TVS) are manufactured and site-delivered.
- The project of TVELs assembling into TVS is under way in GSPI.

3) Basic reactor equipment

- Manufacturing of the new reactor jacket continued.

- Work to execute design plans and documentation for roll-away shieldings and stationary
reflectors continued.

4) Control and emergency system (SUZ)

- Agreement with SNIIP SYSTEMATOM for the development and manufacturing of SUZ
electronic equipment is signed.

- Development of SUZ executive mechanisms continued in NIKIET.

5) Helium facility
- Development of the new Cold Helium Facility (CHF) for future cold moderators of the

reactor is completed.
In 2003, to execute the reported works a sum of 617 k§ (JINR — 285 k$, MAE — 332 k§) was

spent. The total sum invested in the IBR-2 modernization amounts to 39% of the total project cost
(see Table 1).

Table 1
IBR-2 modernization financing schedule
1995-
1999 2000 | 2001 | 2002 | 2003 | Total
scheduled | 550 190 | 700 | 250 | 250 | 1940
(k$)
JINR factual 602 193 233 130 | 285 | 1443
(k$)
implement.. | 109 102 33 52 114 74
percent
scheduled - 300 300 | 450 | 450 | 1500
(k$)
MAE factual - 342 301 423 332 | 1398
(k$)
implement, - 114 | 100 94 74 93
percent
scheduled | 550 | 490 | 1000 | 700 700 | 3440
(k$)
Total: factual 602 535 534 | 553 617 | 2841
(k$)
implement. | 109 109 53 79 88 83
percent




2003 2004

No Work
10 11 12 1 2 3 4 5

1. | Jacket shipment from NIKIET

| MR-3 with jacket assembling
on testing stand

3. | Stand testing

MR-3 dismantling to move to
bldg. 117

MR-3 assembling at standard
site by reactor

6. | MR-3 testing

Reactor startup in stationary
mode and pulsed mode

Fig. 3. 2003-2004 working schedule to realize MR-3.

2004 Plans

1. After finalizing the assembly of MR-3, its stand testing will be performed, then MR-3 will be
assembled at a standard site by the reactor, and the IBR-2 startup with the new reflector will
take place in mid-2004 (see Fig. 3).

2. Shipment of a new fuel loading from “Maiak” and organization of a working area for
assembling of TVELSs into fuel cassettes in JINR.

3. Continuing of works to manufacture the new IBR-2M reactor jacket and other basic equipment
of the reactor.

4. Development of executive mechanisms and SUZ electronic equipment for IBR-2M.
5. Development of the technical proposal for new moderators and start of their designing.

6. Manufacturing of CHF.

Development of a complex of wide spectrum neutron moderators («combi-moderators»)
for the IBR-2M reactor under modernization. In the current year the investigation of radiation
properties of hydrogen-bearing materials (methane, methane hydrate, aromatic hydrocarbons, water
ice and ice with admixtures of atomic hydrogen acceptors) at the URAM-2 installation at low
temperatures (20-40K) completed and the analysis of experimental data was performed. Of the main
results there should be noted two phenomena nobody had observed before:

e spontaneous chain reaction of radicals recombination (RRR) in irradiated water ice (Fig.4),

e and a sharp decrease in the thermal conductivity of ice under irradiation (Fig.5).
Spontaneous heating of ice to 150-200K was at radiation dose 2-8 MGy (5-20 hours of irradiation
by fast neutron flux 3 10'* n/em*/s). Introduction of certain hydrogen acceptors did not influence
much the conditions of the RRR development. It was shown for the first time that the RRR
phenomenon is typical for numerous frozen compounds, in which one of the products of radiolysis
are radicals. Of the studied materials RRR are not possible only in aromatic hydrocarbons.
Accumulation of energy of radical recombination occurs with the rate 20-24 J/g/hr in water ice




(5.4%%0.4% from the absorbed dose) and 12-14 J/g/hr in solid methane (1.6%%0.2% from the
absorbed dose). The important result for practice is that in aromatic hydrocarbons (mesithylene
CoH\; etc.) radicals accumulate by a factor of 100 slower and the generation rate of radiolytic
hydrogen is smaller by a factor of 10-20, than in methane.
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Fig. 4. Time dependence of temperature at Fig. 5. Change of ice thermal conductivity
spontaneous energy release in irradiated water (ordinate axis, Wt/m/K) at irradiation by fast
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temperature of methane. Abscisssa axis — time in

sec, ordinate axis - temperature in Kelvins.

An analysis of the effectiveness of cold neutron producing and the possibility of realization
of cold moderators with various moderating materials was carried out. The conclusion was made
that, from the practical point of view, mesithylene mixtures with other aromatic hydrocarbons are
preferable. Taking into account real working conditions, the yield of cold neutrons from such
moderator will not be less than that from the solid methane moderator and at the same time it will
be stable.

The earlier proposed concept of combi-moderators for the IBR-2M reactor, which provide a
necessary spectrum of neutrons for each of the spectrometers using this moderator, was confirmed
by way of calculation. The combi-moderator for beams: 7, 8, 10 and 11 (Fig. 6) of the IBR-2M
rector was optimized. The mesithylene-based cold moderator with the size of approximately
20x15x3 cm (with 3 cm water premoderator) is planned to be installed higher than the median plane
of the reactor and with a shift in horizontal direction relative to the axis of the 8-th beam. This will
provide a free «view» from the 7-th beam to the cock-like water moderator. For the 11-th beam a
tangent cock-like moderator with a density of neutron flux of about 50% of this value for the 7-th
beam will be installed.

The density of cold neutron flux from the mesithylene-based moderator is expected to be
equal to 2 10" n/cm?/s/eV/sr at L = 4 A and 0.5 10" n/cm?/s/eV/sr at & = 9 A, which is three times
higher than the flux from a liquid hydrogen moderator ISIS (England).



like water), 8 (cold), 10 (wide-spectrum) and 11
(hole water).

As a result of works in 2003 a basis for designing the moderator complex at the IBR-2M
reactor, providing a maximum effectiveness of the spectrometers, was created.

Investigation and diagnostics of reactor state. In 2003 the works devoted to the
investigation and diagnostics of the reactor went in the following main directions:

Monitoring of the primary parameters of the reactor during its operation at power
transmitting part of the data onto the neutron beam users’ WEB page.

Monitoring of the reactor noise state and experimental investigation of reactor stability with
the help of neutron noises. It is noted that the dynamics of the reactor have not practically changed
compared with that from detail investigations of the dynamical characteristics of the reactor in
2002.

Works were carried out to improve the algorithms and software of the new methods for data
analysis based on neutron networks and of image recognition methods. It is shown to be possible to
predict slow changes of the degradation type (with a period of over a month) occurring in the
movable reflectors in the vibrational state and correspondingly, in power pulse energy noises using
neutron networks.

Reactor dynamics models were being improved. Calculations in the modeling of power
transitional processes for the different external reactivity perturbations taking place in the process of
regular operation of the reactor for a power of 1450 kW were done. It is shown that the presently
chosen parameters of the system for automatic power regulation (AR) are not optimal (Fig. 7). The
investigations show that the AR system is, at present, a basic link in the reactor feedback chain
providing for stable operation of the reactor at nominal power as well as during routine operations
of increasing or decreasing the power.
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A variant of the dynamics model of powerful pulsed subcritical systems with an electron or
proton accelerator as an advanced pulsed neutron source has been developed. A physically
realizable variant of a hypothetical source combining a source based on a nonmultiplying target of
the ISIN- (Great Britain, Chilton) or MLNSC-type (USA, Los Alamos) and a subcritical
multiplying assembly with parameters similar to those of the IBR-2 reactor zone is shown. Such a
combination gives a 20 times increase in the power of the source retaining the neutron pulse
duration.

Preliminary calculations of the specifics of fuel burning in IBR-2 were conducted taking
into account its actual cyclic character of operation. The results reveal dependence of the buildup of
some actinides on the reactor operation mode.

Theoretical investigations of the time resolution of vacuum fission chambers as an advanced

detector for the measurement of the form of short neutron pulses completed.
8. Works are being carried out to develop a block for the measuring of axial vibrations of movable
reflectors using several reflector blade position sensors. It should be noted that axial vibrations of
the reflectors contribute considerably to power pulse energy fluctuations and stable operation of the
reactor depends greatly on the MR vibration level.

Works are being conducted to prepare IBR-2 startup operations.

2.2. The IREN Project

The main task of the IREN project in 2003 was a decommissioning of the reactor IBR-30. It
is a mandatory condition to get a license for construction of the IREN facility. JINR directorate
assigned nominally the special grant (80 K$) for decommissioning of the IBR-30 reactor and the
separate grant (50K$) for the project itself.

The first one allowed fulfilling of the task in principle. But, actually, in spite of many efforts
to realize the special JINR director order and the respective time-table the decommissioning of IBR-
30 has not been finished in 2003. Meanwhile, most of items of this time-table were realized (bld.
117/6 for storing of activated constructions of the reactor is completed and technically equipped, all
devices necessary for dismantling of the reactor are manufactured and tested, all containers intended
for transportation and storing of reactor fuel load are manufactured and obtained, the first stage of
personnel training is completed), the absence of some dosimetric equipment and debts for
construction of bld. 117/6 did not permit us to get license for exploitation of this storage and for its
use for some operation with fuel load. So the dismantling of IBR-30 will be able to start only next
summer if dosimetric equipment is paid, delivered and installed in the first quarter of 2004 and
before starting of the works the license for storage is received. The work for dismantling of the
reactor is permitted to carry out only at warm time. It is essential to note that the present license for
decommissioning of the IBR-30 will expire on 31/12/2003 so now we have sent an application to
get a new license from Russian GOSATOMNADZOR.

The second main task of the IREN project was to complete a working out of a first part of
the technological project of the facility. It was fulfilled with large delay by the Moscow design
institute GSPI. We have obtained very recently the part of the general project necessary for
approving in the respective Russian authorities. The activity aimed at getting permission for siting
of the IREN source at JINR is started on the basis of the obtained project. But we did not obtain
from NIKIET, Moscow, the technological drawings of the multiplying target necessary to claim a
tender for manufacture of the hardware of this target. This documentation is practically ready but it
could not be delivered to JINR without of the respective payments. Very similar situation is with
the technical project of the control system of the IREN source. It is completed by a special Moscow
organization OKSAT NIKIET on credit but up to now JINR has not paid for it.

The third main task defined for current year, namely a startup of LUE-200 assembling, has
large delay due to very insufficient and irregular funding. But as in the case with the IBR-30 some
progress based mainly on internal resources is achieved. Many efforts have been made to create the
first variant of the electron source. Now this device is being tested at a special full- scale test-bench.
Some elements of LUE-200 magnetic focusing system were manufactured during last months at



JINR. The measurements of their technical characteristics confirmed their matching with the
designed ones. But completion of manufacture of the whole system is impeded by lack of financing.
A cosmetic repair of the accelerator halls in bld. 43, FLNP, and modernization were completed in
June including installation of a new lifting device and creation of the additional hole into the floor
of higher hall. All constructions of the girder have been obtained at last. Its assembling was started
in November 2003 in bld. 43 with large delay after completion of precise geodesic measurements at
the site of the linac. A design work of most elements of the accelerator has been finished and many
of them are actually manufactured at JINR workshops. But due to permanent and deep under-
financing manufacturing and assembling of the linac goes with large delay.



2. HEUTPOHHBIE NCTOYHUKH
2.1. UmnyabcHblii peakTop UBP-2

Monepuusanus. B 2003 r. UBP-2 orpabotan Ha ¢pusndeckuit skcnepuMenT ~ 681 yac.

OcHoBHbI€ pe3ynbTarsl 10 MoaepHu3aunuu MbP-2 B 2003 r.:
1) TIO-3 — rnaBHas 3aja4a roja
- IlomHocThIO 3aBepLIEHO N3roTOBIEHUE Y3108 [10-3.
- Ha crenne JIH® BoimonHena konTposibHas coopka I10-3 6e3 koxyxa.

- Ocymectsiaen nyck [10-3 na Bo3ayxe 1o 360 06/mMuH (60% 0T HOMHHATBEHBIX 00OPOTOB),
PE3YJIbTATHI HUCHBITAHUH IT0JI0KUTEIILHEIE.

- Bepnercs xonTponbHas coopka [10-3 ¢ koxxyxom (cM. puc. 1 u 2).

Puc. 1. Hoswiti noosudicusiii ompasicamens 110-3 peakmopa UBP-2 (ocnosHoti u 0onoiHumenshwii
MOOYIAMOPbL PEAKMUSHOCUL).

Puc. 2. Ilepconan peakmopa UBP-2 evinoansiem cO0pKy nOOBUINCHOZO OMPANCAMENSL C KOHCYXOM
110-3 na ucnoimamenviom cmenode JIH® OUAU.



2) Hosas TomnmBHas 3arpy3ka
- HaIlO «Mask» 3aBepuieHo usrorosyienue TBOJlos.
- HMBroToneHsI ¥ MOTyYEHBI KOMIUIEKTYIOIIUE ACTAIH JUIsl TeIUIoBbIaemstonmx coopok (TBC).
- Bepnerca B I'CIIN npoekt yuactka coopku TBOJI B TBC.

3) OcHoBHOe 000pyIOBaHHE PEAKTOpa
- IIponomxanock U3roTOBIEHHE HOBOTO KOPITyca peakTopa.
- Ilponomxanace paboTa MO BBITYCKY KOHCTPYKTOPCKOM JOKYMEHTAllUM Ha OTKaTHbIE
3aIUTHI, CTALIMOHAPHBIE OTPAXKATEIIH.
4) CV3

- 3akmouen porosop co CHUUII-CUCTEMATOMoM Ha pa3paboTKy U H3TrOTOBIICHHE
3JIEKTPOHHOU armapaTtypsl CY3.

- Ilpomomxanack pa3paboTKa UCTIONHUTENBHBIX MexaHn3MoB CY3 8 HUKUOT.

5) TenueBasi ycTaHOBKa
- 3aBepuieHa pazpabotka HoBoM XI'Y i Oy aylIMX XOJOIHBIX 3aMEUINTENIeH peakTopa.

Ha ofGecniedenue mepeduciieHHBIX BhIme padoT B 2003 Owu1o m3pacxomosano 617 k$. (OUSN —
285 kS, MAD — 332 k$§). Bcero B moxpepuuzammto WBP-2 Bnoxeno okono 39 % oT momiHOi
CTOMMOCTH TpoeKTa (cM. Tab. 1).

Tabnuya 1
I'padpux punancupoBanusi mogepuusanun UbP-2
1995-
1999 2000 | 2001 | 2002 | 2003 | Bcero
TJTaH 550 190 700 250 250 1940
(k$)
onsin (haxt 602 193 233 130 285 1443
(k%)
HPOLCHT 109 102 33 52 114 74
BBINIOJHCHUS
ILTaH — 300 300 450 450 1500
(k$)
MAD thaxt — 342 301 423 332 1398
(k$)
IIPOLERT — 114 100 94 74 93
BBIITOJIHCHMU S
ILIaH 550 490 1000 700 700 3440
(k$)
Bcero: (haxt 602 535 534 553 617 2841
(k$)
HPOTCHT 109 109 53 79 88 83
BBIITOJIHCHMS
IInansl Ha 2004 r.

1. Tlocne oxonuarenbHO# cOopku I1O-3 mpoBecTH CTEHIOBBIC UCTBITAHUS, BBIIOJIHUTH MOHTAX
I10-3 Ha mwTaTHOM MecTe OKOJO peakTropa U ocymecTBuTh nyck MBP-2 ¢ HoBeiM I10-3 B
cepenune 2004 r. (cMm. puc. 3).



No 2003 2004
/' HanmenoBanue pador
wn 10 | 11 | 12 1 2 3 4 5 6
1 [Tony4yenue koxyxa u3
" HUKUDT
) | Coopka I10-3 Ha cTeHze ¢
" | KO)KYXOM

3. | UcoplTanusg Ha CTEHAE

HemonTax [10-3 u nepesos B
30. 117

Mourax [10-3 Ha mrratHoM
MECTE OKOJIO peaKkTopa

6. | Ucobrtanus I10-3

Ilyck peakropa B
7. | cTayMOHApHOM U
HNMITYJIbCHOM PCKUMax

Puc. 3. IInan pabom no I10-3 na 2003-2004 ee.

2. Iomyuenue HOBO# TomnuBHOM 3arpy3ku ¢ [10 «MASIK» u opranuzauus B8 OMAU yuactka no
coopke TBDJIoB B TEIIOBBIACISIONINE KACCETHI.

3. Ipomomxenne pabOT TO HM3rOTOBICHHIO HOBOTO Kopmyca peaktopa WBP-2M u nmpyroro
OCHOBHOT'O 000PYA0BaHMsI PEAKTOPA.

4. Pa3paboTka UCHIOJHUTENbHBIX MEXAaHU3MOB U IEKTpoHHOH anmnapaTypsl CY3 UBP-2M.
5. Pa3paboTka TEXHHYECKOIO 3aJlaHUsI HAa HOBbIE 3aMEIJIUTENN U Ha4alo UX MPOEKTUPOBAHMSL.

6. MWsrorosienmne XI'VY.

Pa3paboTka KoMILIeKca 3aMe/l/IuTe/ieil HeTPOHOB IIMPOKOro cnekrpa aas UBP-2M.
B TekymieM romay 3aBepIICHO HCCIICAOBAHUE paIMAlMOHHBIX CBOWCTB BOJOPOAOCOICPKAIIIX
MaTepuaaoB (MeTaH, THUAPAT METaHa, apOMAaTHYECKUE YTJIEBOIAOPOJbI, BOISHOW JIeq W JIed C
no0aBKaMH aKIENTOPOB aTOMAPHOTO BOJOPO/ia) Ha ycTaHOBKe YPAM-2 npu HU3KUX TemIepaTypax
(20-40K) u cpeman aHaiU3 HKCICPUMEHTANBHBIX JAaHHBIX. M3 TJIaBHBIX pe3yJIbTaTOB MOXHO
OTMETHTB JIBA SIBJICHHS, paHEe HUKEM He HAOII0JaBIINECS:

® CIOHTAaHHYIO IIETIHYIO peakiuio pekoMOuHanuu pagukanoB (PPP) B oGiydaemoM BoasHOM

apae (puc.4),

® 1 pe3KOe CHM)KCHHUE TETUIOMPOBOIHOCTH JIbJIa 1o 00yueHueM (puc.S).

Crnonrannsiii HarpeB Jpaa A0 150-200K Bo3Hukan npu no3e obmyuenus 2-8 MI'p (5-20 yacos
0GMIydEeHHsT TOTOKOM OBICTPBIX HelTporoB 3 10'2 m/cm?/c). BBemeHHE HEKOTOPBIX AKIIEITOPOB
BOJIOpOJia MaJio BIUAIO HA ycnoBus pa3Butusi PPP. Brepsrie Obu10 moka3aHo, uto siBjieHue PPP
XapaKTEepHO ISl MHOTMX 3aMOPOXEHHBIX COEMHEHUN, B KOTOPBIX OJIHUM U3 NMPOTYyKTOB paguoIn3a
ABIAIOTCS pajgukanbl. 13 u3ydenneix BemiectB PPP He BO3MOXHBI TOJNBKO B apOMaTHYECKUX
yrieBojopoaax. HakormieHue sHeprur peKOMOWHALUM PAAUKATIOB HAET CO CKOpocThio 20-24
Jx/r/aac B BomsgHOM by (5.4%+0.4% ot mornomenHoi mo3b1) U 12-14 JIx/r/dac B TBepaom
Mmetane (1.6%10.2% ot mnornomenHoil 1o3bl). IlpakTudyeckn BakKeH TOT pe3yJbTaT, 4YTO B
apomaTuueckux yrieogoponax (mesutuinen CoHjx 1 np.) paaukaibl HaKaJuBalOTCSA B COTHIO pa3
MEIJICHHEE, @ CKOPOCTh T€HEepaluu paguoiIuThdeckoro Bogopoaa B 10-20 pa3 MmeHblle, yeM B
METaHe.




[MpoBenen ananu3 3((HEKTHBHOCTH IPOU3BOJCTBA XOJOJIHBIX HEUTPOHOB W BO3MOKHOCTH
peann3alny XOJIOAHBIX 3aMEUIMTENIEH C Pa3sHbIMU 3aMEUISIOIIMMU BEIECTBAMHU U CIENaH BbIBOJ,
YTO C MPAKTHYECKOW TOYKHU 3PEHUS MPEAINOYTUTEIbHBIM SIBIISIETCS CMECh ME3UTHUJICHA C IPYTUMHU
apoMaTHYeCKUMH yrieBoaoponamu. Ilpu ydere peanabHBIX YCIOBHUU PaOOTHI, BBIXOJ XOJOJHBIX

HEHTPOHOB M3 TAKOTO 3aMeUTHTENS He OyIeT yCTyIaTh TBEPI0-METAHOBOMY H B TO K€ BpeMs OyaeT
CTaOWJIbHBIM.
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Puc. 4. Bpemennoti xo0 memnepamyp npu Puc. 5. Usmenenue mennonpoeoonocmu 1v0d
CHOHMAHHOM 8blOeNleHUU dHepauU 8 ooayuaemom (ocb  opounam, Bm/m/K) npu  obayuenuu
800AHOM Nb0Y. 1- memnepamypa ObICIMPLIMU HEUMPOHAMU, NO OCU abcyucc —

oxnaxcoarowezo eenus, 2 — memnepamypa noziowerHas 003a 6 eo. 0.4 MIp).
MEOHOU CMEeHKU Kancyivl. 3 — memnepamypa

memana. Ocb abcyucc — 8pemsi 8 CeKYHOAxX, 0Cb

opounam - memnepamypa 8 aOCONOMHBIX
epadycax Kenveuna.

PacueTHbIM myTeM MOATBEp:KJI€HA MPEUIOKEHHAs paHee KOHLEHIUS KOMOU-3aMeIuTenei
s UBP2-M, koropble oOecriednBalOT HEOOXOAMMBIN CIEKTp HEHUTPOHOB i KaXAOro U3
CHEKTPOMETPOB, HCIOJIB3YIOIMUX ATOT 3aMEAIUTENb, ONTUMU3UPOBAH KOMOH-3aMEIIUTeNb s
nmyukoB peakropa WMBP-2M: 7-ro, 8-ro, 10-ro u 11-ro (puc.6). XonoaHblil 3aMeIUTENb U3
Me3uTuIeHa pazMepoM npuMepHo 20x15x3 cMm (¢ 3-X CAaHTUMETPOBHIM  BOISHBIM
Ipei3aMeIUTENEM ) IPEANOAraeTcss yCTaHOBUTD BbIIIE MEMAHHON MJIOCKOCTH PEAKTOPA, a TAKKE
CO CIBUIOM B TOPU30HTaJbHOM HAIpPABICHUM OTHOCUTEIBHO OCH &-ro mydka. Tem cambiM
obecrieynBaeTcsi CBOOOHBIN «IIPOCMOTpP» OT 7-TO MydYKa Ha IpeOeHYaThIi BOASHON 3aMeIUTENb.
Jnst 11-ro myuka OyJeT yCTaHOBJIEH KacaTeldbHbI TpeOeHYaThId 3aMETUTENh C IJIOTHOCTBIO
MOTOKa HEUTPOHOB 0K0JI0 50% OT 3TOM BeNMUUHBI AJs1 7-ro mydka. [[IOTHOCTh MOTOKA XOJOIHBIX
HEITPOHOB U3 ME3HTEICHOBOTO 3aMEUINTEIs oXmaaeTcs pasHoit 2 10" w/em?/c/s>B/cp mpu A = 4

A u 0.5 10" n/em*/c/sB/cp mpu A = 9 A, 4To B 3 pasa BBIIIE IIOTOKA M3 JKHAKOBOIOPOLHOTO
sameiuartens ISIS (Aurms).



Puc.6. Kombu-3ameonumens 0nsi nyukos: 7-20
(epebernuamsiii 800aHOU), 8-20 (X0nr00HbLL), 10)-
20 (wupoxoco cnexmpa) u 11-20 (OvipouHvlil
B005HOLL).

B pesynaprate pabor 2003 roma co3maHa ©0asza JUIs TMPOSKTHPOBAHMS KOMILIEKCA
3amemnuteneii Ha UBP-2M, obecnieunBaioniero MakCuMaibHY0 3()()EeKTUBHOCTh CIIEKTPOMETPOB.

HccnenoBanue M JAMArHOCTHKA COCTOSIHUS peakTopa. PabGoThl mo uccineaoBaHUIO U
nuarHoctuke peakropa B 2003-M rofy B BETHCH B CIEAYIOIIMX OCHOBHBIX HAIlIPaBICHUAX:

MonuTOpUpOBaHHE OCHOBHBIX IApPaMETPOB peaKkTopa MpU ero paboTe Ha MOLIHOCTU C
BbIavelt yactu nHpopmanuu Ha WEB-cTpanuIly 1715 osib30BaTeNe HEUTPOHHBIX MTyYKOB;

MonuTOpHUpOBaHKE IIIyMOBOT'O COCTOSIHHMSI PEAKTOpa M AKCIEPUMEHTAJIbHOE HCCIEA0BAaHNE
CTaOUJIBHOCTU PEaKTOpa C MOMOIIBI0O HEUTPOHHBIX IIyMOB. OTMEUEHO, YTO AMHAMUKA pPEaKkTopa
MPAKTUYECKH HE W3MEHWIACh IO CPAaBHEHHUIO C pe3yjbTaTaMH MOAPOOHBIX WCCIICOBAHHIMA
JTMHAMUYECKUX XapaKTEPUCTUK PeakTopa, mpoBeneHHbIX B 2002 r.;

[IpoBounucek pabOTHI IO COBEPILIEHCTBOBAHUIO aJITOPUTMOB U IIPOTPAMMHOTO 00ECTICUCHHS
HOBBIX METOJIOB aHajlM3a JaHHBIX HA OCHOBE HEHUPOHHBIX CETe M METOJ0B pPACIO3HABAHUSA
o0pa3oB. [loka3aHa BO3MOXHOCTh MpEACKa3aHUsl MEJIEHHBIX U3MEHEHUH JerpaJalliOHHOTO THIIA
(c mepuomom Oonee wMecsia), MNPOUCXOIANIAX B BHOPAIIMOHHOM COCTOSIHUM TTOJBHKHBIX
oTpaxkaTeiel M, COOTBETCTBEHHO, B IIyMax OSHEPrUM HMMIYJbCOB MOIIHOCTA C MOMOUIBIO
HEUPOHHBIX CETEH;

CoBeplICHCTBOBAIUCh, ~ MOJEIM AUHAMUKH  peaktopa. [IpoBeneHsl pacueTsl 1O
MOJIETTUPOBAHUIO TEPEXOAHBIX MPOIECCOB MOIIHOCTH MPU PAa3IMYHBIX BO3MYIICHUAX BHEIIHEH
PEaKTUBHOCTH, MMEIOLIMX MECTO IPU HOPMAaNbHOM pabore peakTopa Ha MomHOcTH 1450 kBT.
[TokazaHo, 4YTO BBIOpaHHBIE B HAcTOSIlEe BpeMs MapaMeTpbl CUCTEMbl aBTOMATHYECKOIO
peryivpoBaHusi MOIIHOCTU (AP) He sIBIIAIOTCS MOJIHOCTBIO ONTUMaNIbHBIMU (pHUC. 7). UccnenoBanus
MOKa3bIBAIOT, yTo cucteMa AP B HacTosiiiee Bpems SBIISIETCS OCHOBHBIM 3BEHOM B LIEMIU OOpaTHOM
CBSI3W peakTopa, oOecrmeuyuBalomias CcTaOWIbHYI0 paboTy peakTopa Kak Ha HOMHUHAJIBHOU
MOIIIHOCTH, TaK U B IITATHBIX OMEPALMSIX MOIbeEMa U CHUKEHHS MOIITHOCTH;
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Puc. 7. Ilepexoomnwvie npoyeccor mownocmu UBP-2 npu ckauxe peakmusnocmu - 0,1 [, npu cpeoneii
mowHocmu peakmopa 1,450 MBm u pacxode mennonocumens 90 m?/u; t — epems 8 cekyHOax.
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Pa3paboran BapuaHT MOJAEIN TUHAMUKN MOUIHBIX UMITYJIbCHBIX MOAKPUTHUYECKUX CUCTEM C
JJIEKTPOHHBIM WJIA IPOTOHHBIM YCKOPHUTEIEM KaK OJHOTO W3 IEPCIEKTHBHBIX HMITYJIbCHBIX
WUCTOYHUKOB HEWUTpOHOB. [lokazaH Qu3MUecKn pealm3yeMblii BapHAHT THUIOTETHYECKOTO
UCTOYHMKA, OOBEIMHSIONIET0 MCTOYHMK Ha OCHOBE HepasMHOXawomed wmumenu tuma ISIS
(Bemuko6puranus, Yunron) 1 MLNSC (CILA, Jloc-AnaMoc) U MOAKPUTHIECKON Pa3MHOMKAIOIIIEH
cOOpKOl ¢ mapameTpaMu akTHBHOW 30HBI peakTtopa MBP-2. B Takoii komOMHAaIMKU MOUTHOCTH
HCTOYHUKA Bo3pacTaeT B 20 pa3 Npu COXpaHEHUU JJIUTEIbHOCTH HEUTPOHHOTO UMITYJIbCA.

ITpoBeneHbl mpeaBapUTEIbHBIE PACUETl MO OCOOCHHOCTSM BbIropanusi tomiausa MBP-2 ¢
Y4E€TOM PEaJbHOr0 IMKIMYECKOTO XapakTepa ero paldoTbl. Pe3ynbTaThl pacdeToB IOKa3bIBAIOT
3aBHCUMOCTh HAKOIUIEHUS! HEKOTOPBIX aKTUHHUJIOB OT peXrUMa paboThl peakTopa.

3aKOHUYEHBI TEOPETUUECKHUE UCCIIE0BAaHUS 10 BPEMEHHOMY Pa3peleHUI0 BaKyyMHBIX KaMep
JieNIeHUs] KaK OJHOTO U3 MEPCIEKTUBHBIX JIETEKTOPOB JJIi TOUHOIO M3MEpPEHHs (OPMBI KOPOTKUX
HEUTPOHHBIX UMITYJIbCOB.

Benytcs paboTtbl mo pa3paboTke OJ0Ka H3MEPEHHUs OCEBBIX KOJICOAHHMN IMOABMIKHBIX
OTpakaTeler C HCIOIb30BAHMEM HECKOJBKMX JAaTYMKOB IIOJIOXKEHHUS JIOMACTEM OTpa)kaTenei.
OTMmeTuM, YTO OCEBbIE KOJIEOaHUS OTpakaTelaell BHOCAT 3HAYUTENbHBIN BKJIAJ B KoJeOaHUs
SHEPrUU MMITYJIbCOB MOIIHOCTH U CTaOuibHas paboTa peakTopa BO MHOTOM 3aBUCUT OT YPOBHS
BuOpanuii I10.

BenyTcst paboThI 110 MOATOTOBKE K MPOBEACHUIO MMyCKOBBIX paboT Ha BP-2.

2.2. llpoext UPEH

OcnoBHoit 3amaueit mpoekta MPEH B 2003 romy Opln1 memonTtax peakrtopa MBP-30, urto
ABIISICTCS 00S3aTENIbHBIM YCJIOBUEM Ul TOJNYYEHHUS pa3pelieHus Ha CTPOUTENHCTBO YCTAaHOBKH
WNPEH. JIupexuus OWSIM HOMWHAIBHO BBIICIHIA CHEHHAIbHBIA rpaHT (80 k$) Ha meMoHTax
peaktopa bP-30 u otnenbHbii rpanT (50 k$) HA caM POEKT.

[lepBBIii TpaHT MO3BOJSUT B MPUHIUIE BBIIOJHUTH JaHHYIO 3amady. Ho, dakruuecku,
HECMOTps. Ha OOJbIIME YCWIHS pealn30BaTh CHEIHMATIbHBIN mpuka3 aupekropa OUAU u
COOTBETCTBYIOIIHI T1aH-Tpaduk, AemonTax MbPa-30 ne 6wt 3akondeH B 2003 roay. Mexay Tem,
OOJNIBIIMHCTBO MYHKTOB IUTaHA-Tpaduka ObUIM BBINOJIHEHBI (CTPOUTENbCTBO 3n1aHus 117/6 nns
XpPAaHEHUS] AKTHUBUPOBAHHBIX JJIEMEHTOB pEAaKTOpa 3aBEPIIEHO M MPOBEIECHO €ro TEXHUYECKOE
OCHAIlleHHe, BCE crenuarbHOe O0OpYIOBaHUE, HEOOXOAMMOE Ui JIEMOHTaXa peakTopa
W3TOTOBJIEHO M UCIIBITAHO, BCE KOHTEHHEPHI, IPEIHA3HAYCHHBIE JIJI1 TPAHCIIOPTUPOBKH U XPAHEHUS
TOIUIMBHOM 3arpy3Kd peakTopa M3rOTOBJIEHBI M IOJIYUYEHBI, MEPBBIM ATall TPEHUPOBKHU IEpCOHAIA
3aBepui€H). OTCyTCTBHE HEKOTOPOTO JIO3UMETPUUYECKOTO 000pYIOBaHUS U J0IrH 3a
CTPOUTENBCTBO 3/1aHUs 117/6 He MO3BONMIM HAM TMOJNYYUTh JUICH3HIO HA SKCIUTyaTalHiO 3TOr0
XpaHWJIUIIA U €ro KMCIOJIb30BAHUE JIsI HEKOTOPBIX ONEpaluid ¢ TOIJIMBHOM 3arpy3koil. Takum
obpazom, nemoHTaxk IMBPa-30 MokeT OBITh HayaT TOJBKO CIEAYIOIIUM JIETOM, €CIIU
J03UMETpruYeckoe 000pyaoBaHue OyaeT OIIadyeHo, JOCTAaBICHO U YCTAaHOBJIEHO B IIEPBOM KBapTaie
2004 rona u 10 Havana paboT OyJeT MmojyuyeHa JHIEH3Us Ha XpaHuiauine. PaboTel o g1eMOHTaxy
peakTopa pa3penieHo NpPOBOAUTH TOJNBKO B TEUIOE BpeMs rojaa. BaXHO OTMETHTh, YTO
CymiecTBytomasi nuieH3us Ha aemoHtax MbPa-30 ucrtekaer 31/12/2003, mosromy ceidyac Mbl
OTOCTIaJIH 3asiBJieHre Ha noryyeHue HoBoi nuuen3uu ['OCATOMHA /I30Pa P®.

Bropoii ocHoBHOI 3amaueii mpoekta PEH Obuo 3aBepieHue pa3paboTKu yTBEp:KAaeMOn
gactu pabodero mpoekra ycraHoBkd. OHa Obla BBIONHEHa ¢ Oonbmoi 3amepxkkor ['CIIU,
MockBa. CoBceM HENaBHO MBI MOMYYMIH 3Ty YacTh pabO4yero MpoekTa, KOTOPbI HEoOXOIUMO
COTJIaCOBBIBATh B COOTBETCTBYIOUIMX POCCUMCKMX HWHCTaHUUWAX. Havara nedarenpHOCTh 1O
MOJIy4eHUI0 paspenieHuss Ha pasmenienne ucrounnka VMPEH B OUSIM Ha Ga3ze momxy4yeHHOTO
npoekra. Ho wmbl no cux nop He nomyuwin u3z HUKWOTa, MockBa, KOHCTPYKTOPCKOM
JOKYMEHTAllMd TO0 pPa3MHOXAIOUIeH MMUIIEHH, HEOOXOIUMOHM [isi OOBSBICHUS TEeHAEpa Ha
M3TOTOBJICHUE KOPITyCa 3TOM MMILECHM. Y Ka3aHHas JOKYMEHTAIMUs MPAKTUYECKU I'OTOBA, HO OHA JI0
cux nop He nonyyeHa OUSAM u3-3a J0JIroB MO COOTBETCTBYIOIIEMY KOHTpakTy. OdeHb MOX0Xa
cutyauus u ¢ texunueckuM npoektoM ACKY ucrounuka UPEH. IIpoekT BbINosHEH crienuanbHON



Mockosckoit opranuzanueii OKCAT HUKUIT B kpeaut, Ho 1o cux nop OUSAU 3a Hero He
3aIIaTUIL.

Tperbst ocHOBHas 3a1aya, onpeenéHHas Ha TEKYIUH roJl, a MUMEHHO 3ammycK JuHaka JIY -
200, BeIMONHSIACK C OONBIION 3alepKKOM H3-3a HEIOCTaTOYHOIO M HEPEryJsipHOTrO
¢bunancupoBanus. Ho, xak u B cimyuae ¢ peakropom MBP-30, HEKOTOpHIH Mporpecc AOCTUTHYT B
OCHOBHOM 3a CYET BHYTPEHHUX PECYPCOB. BBIIO MOTpayeHO MHOTO yCHIIMI Ha TO, YTOOBI cO31aTh
MepBBI BApUAHT UCTOYHMKA AIEKTPOHOB. Ceiuac 3TO yCTPOMCTBO UCHIBITHIBAETCS Ha CIELIMAILHOM
nojHoMaciiTabHoM creHae. Hekoropele smeMeHTsl MarHUTHON Qokycupytomeil cucremsl JIYO-
200 ObuIM M3rOTOBJIEHBI B TeueHHe nocinenHux mecsaueB B OMSAN. M3mepeHus ux TEXHUYECKUX
XapaKTepUCTUK TOATBEPAWIA COOTBETCTBME IIPOEKTHBIM mapamerpam. Ho 3aBepuicHue
W3rOTOBJIEHUSI BCEH CHCTEMbI 3aTPYyJIHSAETCS HENOCTAaTKOM (uHaHcHpoBaHMA. B wHioHe ObLI
3aBEpIIEH KOCMETHMYECKHMH PEMOHT M MOJEpHU3aLMs 3al0B yckoputens B 3aanuu 43, JIHO,
BKJIOYasl YCTAHOBKY HOBOI'O MOABEMHOIO YCTPOMICTBA M CO3JaHME JIONOJHUTEIBHOTO MpoéMa B
MIOJTy BEpXHero 3ana. Bce KoHCTpyKIuM GepMbl TMHAKa ObUIM HAaKOHEL Noiy4yeHbl. E€ cOopka Oblia
Havata B HOsOpe 2003 roma B 3manum 43 ¢ OONBIION 3aAep)KKON IMOCIE 3aBEPIICHHS] TOYHBIX
reofie3uuecKkux u3MepeHuil Ha wmecre ycraHoBku JIYD-200. KoncTpykTopckas pa3paboTka
OOJIBIIMHCTBA DJIEMEHTOB YCKOPHUTENS K HACTOALIEMY MOMEHTY 3aBeplIeHa, W OHHU
m3rotaBnuBaoTcss B OIl OUSAM. Ho BBuAy TNOCTOSHHOIO M CEPHE3HOrO HEAOCTATKa
(buHaHCHPOBAHMSI, N3TOTOBJICHHE U MOHTAX JIMHAKA YT C OOJIBIION 3a1ePIKKOM.



3. THE IBR-2 SPECTROMETERS COMPLEX
AND COMPUTING INFRASTRUCTURE

In 2003, work under theme 1012 was carried out in the following main directions:

- creation of neutron detectors;

- development of sample environment systems;

- development of data acquisition systems and network infrastructure;

- current modernization and routine maintenance of the IBR-2 spectrometers complex.

1. Creation of neutron detectors
1.1 Gas detectors
1.1.1. Infrastructure

A large amount of work to create technological and electronic infrastructure for
manufacturing and testing detectors has been performed:

o Preparation for the commissioning of a clean room is being completed. Some works on the
assembling of detector elements are already being carried out in it (Fig. 1).

Fig.1. Assembly of MSGC detector in a clean room

. Stand for creating anode and cathode planes for neutron detectors on the basis of multiwire
proportional chambers (MWPC) was created and the manufacturing of electrodes for MWPC
detectors with individual signal readout from each wire and with delay line data readout was
started.

o Electronic stand for testing two-coordinate detectors with delay line data readout was
assembled. It includes an amplitude analyzer and NIM crate with 5-channel constant fraction
discriminator, blocks of controlled delays and a high-voltage power supply. The structure of
the stand also comprises a personal computer with a built-in data acquisition (DAQ) and
accumulation card developed in cooperation with HMI, Berlin. All mentioned equipment was
adjusted and first test measurements with >2Cf source on a real detector manufactured in ILL,
Grenoble were performed.

1.1.2. Development and manufacturing of detectors



An original design of MSGC detector with a "virtual" cathode was developed and the
prototype of the detector (Fig. 2) was manufactured; readout electronics was adjusted and
measurements were carried out. At present, the stability of detector operation is being
checked. Electronics for a coordinate microstrip detector with determination of coordinates by
the charge division method was assembled and prepared for testing.

Fig.2. MSGC detector with a “virtual” cathode

MWPC detector with a sensitive area of 20x20cm® and planned coordinate resolution of
2.5 mm (Fig. 3) was developed and manufactured. Determination of coordinates is realized
by wire number coding. Together with the University of Magdeburg, a principal electric
circuit of the block for calculation of the center of mass of the event cluster in the detector
space

(64x64 wires) was developed and simulated in FPGA environment. The accuracy of
determination of the center of mass is 0.5 pixels. A simplified version of the encoding block
(24x24 pixels) was developed and manufactured.

The same casing will be used for creation of a two-coordinate detector of 20x20 cm? with
delay line data readout. Cathode planes with delay lines, anode planes and preamplifiers are
in the manufacturing stage. The manufacturing of the casing and assembling of the detector,
as well as the beginning of test trials with DAQ electronics are planned for I-II quarters of
2004.



Fig.3. Two-coordinate MWPC detector (20x20 cm’)

2.1. Scintillation detectors

Work in this direction has been successfully carried out for several years. In 2004 the

following results were obtained:

At the FSD diffractometer to reduce the cost of detectors, investigations were conducted and
the construction of scintillation counters was elaborated permitting a changeover to domestic
photomultipliers. The main elements and units (Fig. 4) of 2 sections (16 working modules) of
the ASTRA wide-aperture scintillation (ZnS) 90°-detector with time focusing were
manufactured. In cooperation with the State Optical Institute (St.-Petersburg) the first stage of
investigations of new scintillation ZnS-based materials was completed. These materials will
make it possible to improve characteristics of scintillation ZnS-screens, as well as to abandon
expensive purchases of ZnS-screens abroad.

A prototype of the module (Fig. 5) for the scintillation (ZnS) 90°-detector of the DN-12
spectrometer was manufactured and tested on channel 12 of the IBR-2 reactor. The prototype
was designed on the basis of the "rough" time focusing method, which allows a considerable
increase in a solid observation angle, using scintillation plates of small area. The tests
demonstrated a complete compliance of the detector parameters with the calculated values.
According to the results of the tests, the 90°-detector assembled entirely of modules of a new
type (ring of 16 modules) will provide an 8-fold increase in statistics gathering rate as
compared to the available ring 90°-detector on helium counters working on channel 12.



Fig.4. Section of the ASTRA scintillation 90 *detector with time focusing and the measuring
equipment

Fig.5. A prototype of the module for the scintillation (ZnS) 90 “detector of the DN-12 spectrometer

2. Development of sample environment systems

A microcontroller block for controlling step motors was developed to create multichannel
control systems of actuating mechanisms of spectrometers on the basis of PC. The system
comprises: controller, commutators-amplifiers of step motors SMD-D2A and a power supply unit
for motors 32B*2A. Communication with PC is carried out using RS232 protocol.

For the DSD spectrometer of the IVV-2M reactor (Sverdlovsk branch of NIKIET) a central
platform of stress-diffractometer with a linear scanner (Fig. 6) was manufactured. The central



platform provides rotation of the linear scanner as a single whole around a vertical axis and rotation
of a rotary platform with the detector around the same axis. All control systems are constructed on
the basis of step motors and controlled by the experimental program.

Fig.6. Control system of sample position on the
basis of a scanner and platform with a rotary
"arm" for placing the detector at the DSD
spectrometer

Fig.7. Top loaded closed cycle cryostat on the basis of two-stage cryogenerator CoolPower 100T

A top loaded cryostat was developed for carrying out diffraction experiments on thermal
neutron beams in the temperature range from 8 to 300 K (Fig. 7). In the cryostat the closed cycle



refrigerator of Leybold firm is used on the basis of cold head CoolPower 5/100T and compressor
CoolPak 6000. The replacement of a sample does not demand the removal of the cryostat casing or
disassembly of the cryostat. The shaft, whose bottom end is connected by means of a heat
exchanger to the second stage of the refrigerator, is intended for sample changing. The sample
volume — a vanadium glass is shunted by a copper heat conductor, which equalizes temperature
across its volume. A drift diameter of the shaft is 19.2 mm, however at the level of the heat
exchanger it is tapered to 18.1 mm. The greatest possible diameter of a sample is limited to the
diameter of 17 mm.

A self-contained sorption refrigerator for working at a temperature of 0.3 K was developed.
The refrigerator is designed as an insert 80 mm in diameter, which is submerged in a helium
cryostat. It keeps the temperature of a sample at 0.31 K for 20 hours after condensation of *He at a
useful heat load of 10 uW. Recondensation time is 0.5 hours.

Work to modernize the microcontroller-based control systems of choppers for the NERA-
PR, SKAT and DIN-2 spectrometers (three choppers) was conducted. The software of chopper
control systems was significantly modernized.

3. Development of data acquisition systems and network infrastructure

In the FLNP local area network Access Control Module Catalist 8510 for controlling and
analyzing traffic, as well as a new mail server based on two Intel compatible processor with OS
Solaris were installed and put into operation.

Work to develop FLNP Web-server and information system HIPNS (hypertext information
system on neutron sources and neutron instruments) continued. HIPNS provides users with data
about neutron sources and spectrometers, as well as about investigations carried out on these
sources. The XML-version of the HIPNS system using the Apache Cocoon technology was
realized. Required pages are automatically generated from the database, which was created for
several IBR-2 spectrometers. In 2003 a new two-processor PC Web-server was purchased and
installed.

In cooperation with HMI, Berlin, testing of DAQ electronics for MWPC detector with delay
lines was completed. The changes improving speed of operation and time resolution were made in
the electric circuit, and 10 boards for JINR and HMI were manufactured in ILFA firm, Hamburg.
The first version of software for the board was developed. It includes event selection algorithms
(realized in FPGA), programs for controlling data flows in various operating modes of the board
(these programs are run by a digital signal processor installed on the board), program driver of the
board, programs of preliminary processing and user programs on PC. Electronics and software
were successfully tested with a real detector using a source (in HMI and in FLNP) and on the
BER-II reactor in HMI. The analysis and visualization of data were carried out using ROOT and
PV-WAVE packages. At present, works on optimization of the programs are conducted.

The combined control system of the NERA-PR spectrometer (graphic interface on PC with
retention of control programs in VME) was given to users for operation testing from the end of
October 2002 till February 2003. This operation testing has demonstrated stable work of the
hardware, operating system Windows XP and the created software. Work to adapt all control
programs to Windows is in the completion stage. Simultaneously at the SPN (REMUR)
spectrometer a similar problem of changing over to a new control system on the basis of VME-PCI
adapter is being solved. The scheduled completion date of works is the end of I quarter, 2004.

The SONIX software complex was adapted for work at the FSD spectrometer, installed,
tested and put into operation. Works to install the adapted SONIX software complex at the HRFD
spectrometer were started as well.



During the reported year a number of digital and analog electronic blocks for the IBR-2
spectrometers (spin-flippers for the SPN spectrometer, preamplifiers, spectrometric amplifier, etc.)
were developed and manufactured. On demands of users works on current modernization and repair
of the equipment, as well as on optimization and routine maintenance of the software, were carried
out.

The maintenance of trouble-free operation of the spectrometers during the IBR-2 cycles and
preventive servicing during the reactor shutdown also required great efforts.

Within the framework of main directions of works under theme 1012 (detectors, sample
environment systems, data acquisition systems, local area network) long-term development projects
for 2004-2008 were prepared.



3. KOMIUVIEKC CIIEKTPOMETPOB UBP-2
N UTHOOPMALINOHHO-BBIYNCJ/IMTEJIBHASA NTHOPACTPYKTYPA

Pa6oTer mo Teme B 2003 1. BEIUCH MO CIEAYIONTIM OCHOBHBIM HAIIPABICHUSM

- CO3/1aHUE HEUTPOHHBIX JETEKTOPOB;

- Pa3BUTHE CUCTEM OKpY>KEHUS 00pasLa;

- pa3BUTHE CUCTEM cOOpa JAHHBIX U CETEBON MH(PACTPYKTYPHI;

- TEKyIIlasi MOAEPHU3AIMS U SKCIUTyaTallusl KOMIUIeKca criekrpomerpoB UBP-2.

1. Co3naHune HeliTPOHHBIX /IETEKTOPOB

1.1 I'azo6bie 0emekmoput

1.1.1. Hudpacrpykrypa.

Brimonnen Oosblioit 00beM paboOT MO CO3JaHMIO TEXHOJOTHYECKOM W DIEKTPOHHOM

UHGPACTPYKTYphl JUIsl U3TOTOBIIEHUS U TECTUPOBAHUS JETEKTOPOB:

1.

3aBepuraeTcs MOATOTOBKA K CAa4ye B OKCIUTyaTalMIO YUCTOrO TOMenIeHus. B HeM yke BemyTcs
HEKOTOpbIe pabOThI IO COOPKE 3JIEMEHTOB JETEKTOPOB (pHuc.1).

Puc. 1. Coopra MSGC demexmopa 8 uucmom nomeujeHuu

CoznaH cTeH] Il HAMOTKM aHOJHBIX M KAaTOAHBIX IUIOCKOCTEM HEHTPOHHBIX JIETEKTOPOB HA
OCHOBE MHOTOITPOBOJIOYHBIX MponopimoHaIbHBIX kKamep (MWPC) u HauaTo H3roTOBJICHHE
anekTpooB 1t MWPC n1eTekTopoB ¢ MHAWBUIAYATbHBIM CHEMOM MH(POPMALIUU C KKIONH HUTH
U CO CUMTBIBAaHHEM MH(POPMALIUU C IMHUN 3a7EPKKH.

CoOpaH 3JE€KTpOHHBIA CTEHJ Ul WUCHBITAaHHUS JIBYXKOOPAMHATHBIX JIETEKTOPOB C JIMHUSAMHU
3agepxkku. OH BKIIIOYaeT B ceOs aMIUMTYIHBIA aHanm3atop U NIM kpedT ¢ S-xaHaabHBIM
JTUCKPUMHUHATOPOM C TOYHOM BpEMEHHON NpUBSA3KOH, OJOKaMM YHpPaBISEMbIX 3alepKeK U
BBICOKOBOJIbTHBIM HMCTOYHMKOM NUTaHUs. B cocTaB creHJa BXOAWUT TaKXKe MEPCOHAIbHBIN
KOMITBIOTEp CO BCTPOCHHOM IuIaToil cOopa u HakoruieHus naHHbIX (DAQ), pazpaboTanHOi B
corpyanuuectse ¢ UI'M, bepinH. Bes ykazanHas anmapaTypa OTIa)keHa U POBEJCHBI IIEPBBIC
TECTOBbIE M3MEpeHHs ¢ UCTOUHHKOM - Cf Ha pealbHOM JeTeKTope, M3roToBieHHOM B MJIJI,
['peno6b.

1.1.2.Pa3paboTka ¥ U3roTOBJIEHUE JETEKTOPOB

Brimonnena opurunaneHas paspabotka MSGC nerexktopa ¢ “BHUPTyaldbHBIM™ KaTOIOM M

M3TOTOBJIEH TMPOTOTUI JETeKTopa (PHC.2), HACTPOEHAa 3JIEKTPOHMKA CUMUTBHIBAHUS CHTHAJIOB H
MpoBeJieHbl u3MepeHus. B Hacrosiiiee BpeMsi MpoBepsieTcsl CTaOWIBHOCTH pabOThl AETEKTOpA.



CoOpaHa 1 OATOTOBJICHA K TECTHPOBAHUIO AIEKTPOHUKA IJIsl OTIPENICIICHUSI KOOPAWHAT COOBITHI B
3TOM JIE€TEKTOPE METOJIOM AEJICHUs 3apsija.

Puc. 2. MSGC demexkmop ¢ 8UpmMyanbHbIM KaAmooom

2. Pazpaboran u msrorosnen MWPC nerektop ¢ 4yBcTBHTENbHOW oOmacTeio 20x20cM? u
IUTAHUPYEMBIM KOOPAMHATHBIM pasperieHuemM 2.5.mm (puc.3). OmpeneneHue KOOpIUHAT
peanusyercs IMyTeM KOJUPOBAaHUS HoOMepa «cpaloTaBuieil» mHpoBojouku. COBMECTHO ¢
VYuusepcureroMm, MarneOypr paszpaboTaHa NpUHIMIIKAIBHAS cXeMa OJI0Ka JUIs BBIYUCICHUS
[EHTpa Macc Kiactepa COOBITHS B MPOCTPAHCTBE JeTeKTopa (64x64HUTH) W MPOBEICHO €e
mozenupoBanue B FPGA. TouHocTs ompezneneHus neHTpa macc coctasisger 0.5 numkcena.
Pazpabotana 1 H3roToBlieHa yHpoILeHHas Bepcus 0s1oka KoupoBanus (24x24nukcena).

Puc. 3. /lsyxxoopounamuwiti MWPC oemexkmop 20x20 cm?



3.

TouHo Takoi e Koprmyc OyJeT HCIOIb30BaThCS JUISI CO3MAHUS JBYXKOOPIAMHATHOTO

netektopa tonanasio 20x20cM? co cuMThiBaHHEM WHGOpMAIuu ¢ JUHUN 3aaepxkku. KatomHbie
IJIOCKOCTH C JIMHUSIMU 3a/IPKKHU, AHOJHAS IUIOCKOCTh M MPEIyCWIMTENW HAXOIATCS B CTaauu
M3TOTOBJICHUS. M3roToBIeHHE KOpITyca U cOOpKa IETEKTOpa, a TAaK)Ke HA4alo TeCTOBBIX UCIIBITAHUN
¢ DAQ anexrponukoil mnanupytores Ha I-1I k. 2004r.

2.1. CyunmunnayuonHHuvle 0emeKmopul

PaboThl B 3TOM HampaBieHHWU YCIEIIHO BeAyTCsS B TEUYEHHUE HecKoimbkux Jyer. B 2003r.

MOJIy4EHBI CIEAYIONINE Pe3yIbTaThl:

Hna nudpakromerpa @CJI ¢ 1enpio CHIKEHUS ce0ECTOMMOCTH JIETEKTOPOB BBHITOTHEHBI
WCCIIEIOBAHUS U 10pa0bO0TKa KOHCTPYKIUH CHUHTWUISIIUOHHBIX CYETYMKOB, 00ECIICUHUBIINE
Mepexo/i Ha OTeYeCTBEHHbIE (POTOYMHOXKHUTEIH. V3roTOBIIEHBl OCHOBHBIE JETAd U Y3Jbl
(pmc.4) 2-x cexrmit (16 pabounx Moxyiieif) mupokoanepryproro 90° CHEHTHIIAIMOHHOTO
(ZnS) nerexktopa ¢ BpemeHHou (okycupoBkoit ASTRA. CoBmectno ¢ I'OU (Cankr-
[letepOypr) BBHIMONHEH TMEPBBI 3Talm  HMCCIAENOBAHUNA HOBBIX CHUHTHIUISALMOHHBIX
MaTepuanoB Ha OcHOBe ZnS. J[aHHbIE MaTepuaibl MO3BOJIST YIYYIIHTh XapaKTEPUCTUKHU
CIMHTHWIUTSIIIMOHHBIX ZNS-7KpaHoB, a TaK)Ke OTKA3aThCS OT JOPOTOCTOSAMIMX 3aKyHOK ZnS-
9KPAHOB 32 PyOEHKOM.

0 . .
Puc.4. Cexyua 90° cyunmunnayuonnozco Oemexkmopa c 6pemennou ¢hoxycupoexou ASTRA c
UMepUmenbHoU annapamypoul OJisk CHAMUSA XapaKmepucmux

WsrotoBnen u ucnbitaH Ha 12-M kaHane peaktopa WBP-2 ombiTHBIN 00pazen momyms
(puc.5) ws 90° cumeTHILIIMORHOTO (ZnS) KeTekTopa crektpomerpa JH-12. O6pasers 61
CIPOEKTUPOBAH HAa OCHOBE METOJa «rpy0oi» BpeMeHHOW (DOKYCHUPOBKH, MO3BOJISIFOIINNA
3HAYUTENIHO YBEJIMYUTH TEJICCHBIM yrojl HaOMIOJCHMS, UCIOIb3ys CHUHTUUISIIIHOHHBIC
TUTACTUHBI Malloil momaau. VcnpiTaHus TpoAeMOHCTPUPOBAIIM COOTBETCTBUE MapaMeTPOB
JETEKTOpa pacueTHbIM 3HadeHusiM. CorjacHO pe3yJibTaTaM MCHBITAHUM, TOJHOCTHIO
COOpaHHBIN U3 MOJYJIei HOBOTO THIIA 90° neTekTop (Komiblio u3 16-u Moayneit), obecrneyut
8-KpaTHOE yBEJIMYEHHE CKOPOCTH Habopa CTAaTHCTUKH MO CPABHEHUIO C JCUCTBYIONIMM Ha
12-M xaHajie KOJIbIIEBLEIM 90° JIETEKTOPOM Ha T€JIMEBBIX CUETUHKAX.



Puc.5. Onvimnwiii o6pazey modyas oas 90° cyunmunnsyuonnozo (ZnS) demexkmopa cnexmpomempa
JH-12

2. Pa3BuTHe cHCTEeM OKpYKeHusi oOpa3ua

Pa3paboraH MUKpPOKOHTPOJUIEPHBIM OJOK YNpaBICHHS I[IATOBHIMU JABUTATESIMH IS
CO3JJaHUsI ~ MHOTOKAHAJIBHBIX  CHCTEM  YIIPABJICHUS  HUCIOJHUTEIBHBIMH  MEXaHU3MaMH
cnexTpoMeTpoB Ha 0a3e [IK. B coctaB cucteMbl BXOAAT: KOHTPOIJIEP YIPaBICHUS, KOMMYTATOPHI-
YCWJIMTEH TIaroBeix japuratesiei SMD-D2A u 6ok murtanus ans nsurareneit 32B*2A. Cessb ¢
IIK ocymecTBisiercs o nporokoiry RS232.

His  cnexkrpomerpa JCJH peaktopa KMBB-2M  Ceepmiosckoro ¢ummana HUKWUIT
W3TOTOBJICHA IIeHTpajbHas miatgopma crpecc-aIudpakToMeTpa ¢ JTUHEHHBIM CKaHepoM (pHC.0).
Hentpanphas miardgopma obecrieunBaeT BpalleHHE JIMHEHHOTO CKaHepa, KakK IEeJI0ro, BOKPYT
BEPTUKAIBHON OCH M BpallleHHue MOBOPOTHOU MIIAT(HOPMEBI C IETEKTOPOM BOKpYT 3TOH ke ocu. Bee
CHUCTCMbI YHPaBJICHUA BBIIIOJIHCHBI Ha 6336 mraroBbIX I[BI/IFaTeJ'ICI\/JI noa ymnpasJICHUEM MPOIrpaMMBbI
JKCIIEPUMEHTA.

Puc.6. Cucmema ynpasnenus noioxicenuem
obpazya Ha baze ckanepa u naAmM@popmul ¢
NOBOPOMHBIM «NAE€HUOMY O pA3MEUeHUs
demexkmopa Ha cnekmpomempe J{C/[




Pazpaboran mIaxTHBI KpHOCTAT IJIsi MPOBEACHUS AKCIEPUMEHTOB MO IUPpPaKIUU Ha
IyyKax TEIUIOBBIX HEWTpOHOB B Juamna3oHe Temmeparyp 8 — 300 K (pme.7). B kpuocrare
WCIOJIb30BaH pedprkepaTop 3amkHyTOro mukia gupmel Leybold Ha ocHOBe XONOAHOW TOJIOBKH
CoolPower 5/100T u xommnpeccopa CoolPak 6000. 3amena oOpa3ua He TpeOyeT CHATHS KOXyXa
KpHOCTaTa U Kakoi-1100 apyroii pa3dopku kpuocrtata. it cMeHbI oOpasiia nmpeHa3HaYeH KaHal —
[IaxTa, HWKHUHA KOHEI[ KOTOPOH COEIMHEH MOCPEICTBOM TEINIOOOMEHHUKA CO BTOPOW CTYNEHBIO
pedpmxkeparopa. O0beM o0pa3iia — BaHAIUEBBIM CTaKaH 3alIyHTUPOBAH MEIHBIM TEIUIONIPOBOJIOM,
KOTODBII BEIpAaBHUBAET TEMIIEpATypy Mo ero oowvemy. [IpoxoaHoit nuamerp maxTel paBeH 19.2mwm,
OTHAKO HAa YypOBHE TEIUIOOOMEHHHMKAa HMMEETCSI KOHHMYECKOe ycedeHue 10 auamerpa 18.1mm.
MaxkcumanbHO BO3MOXHBIHN TuamMeTp oOpa3la orpaHMYMBaeTCs AUaMeTpoM B 1 7mm.

| ~—r-

Puc.7. Illaxmusiii kpuocmam 3aMKHYMO20 YUKIA HA 6a3ze 08YXCMYNEHHYAMO20 KPUO2EHepamopd
CoolPower 100T

PazpaboTan aBTOHOMHBIN COpOIMOHHBIN pedprkeparop it padoTel pu Temnepatype 0,3
K [15]. PedpuxepaTop BBINONHEH B BHJIE BCTaBKH JuaMeTrpoM 80 MM, MOrpy>kaeMoi B reJMeBbIN
kpuoctat. OH obOecneunBaer Temneparypy obpasua 0.31 K B teuenue 20 wyacoB mocie
KoHeHcarun ~He IIPU TOJIE3HOM TetoBod Harpy3ske 10 MkBT. Bpems pexonnencanuu 0,5 yacos.

BrimonHeHsl paboTHl 10 MOJEPHH3ALMU CHUCTEM YIIPABICHHS MpephIBaTeIsIMH Ha Oase
MUKpOKOHTposuiepoB i cnektpomerpoB: HEPA-TIP, CKAT u JAMWH-2 (Tpu npepsiBaTens).
Cyl11eCcTBEHHO MOIEPHU3UPOBAHO NIPOrPAMMHOE 00ECIIEYEHNE CUCTEM YIIPABICHUS IPEPbIBATENCH.

3. PazBurtue cuctem c60pa JaHHBIX U ceTeBOl HHPPACTPYKTYPbI

B nokaneHo# cetn JIH® ycTaHOBIEHBI M BBEICHBI B dKCILTyaTaluio Moysb Catalyst 8510
IUI. KOHTPOJIS M aHaln3a Tpaduka, a Takxke HOBbIN mail-cepBep Ha 6a3ze nByx npoueccopos Intel ¢
OTIepaIMoOHHOM cucTeMoit Solaris.

[Iponomxkanuce pabotsl no passutnio Web cepsepa JIH® u nHbopManMoHHON cUCTEMBbI
HIPNS (hypertext information system on neutron sources and neutron instruments),
IIPEIOCTABIIAIOIIEH I0JIb30BATENAM CBEICHUS O HEUTPOHHBIX MCTOYHMKAX M CHEKTPOMETpax, a
TaKKe O BBITMIOJHSAEMBIX HAa HUX HccienoBaHusx. PeanmzoBana XML Bepcusi cuctembr HIPNS ¢
ucrnonb3oBaHueM TtexHonorun Apache Cocoon. 3ampamivBaeMble CTPAaHUIBI ABTOMATHUECKU
TEHEPHUPYIOTCS U3 COJCPKUMOTO 0a3bl TaHHBIX, KOTOPAs CO3JaHa JUIi HECKOJIBKHX CIIEKTPOMETPOB
WBP-2. B 2003r. mpuobpeTeH 1 yCTaHOBIIEH HOBBIH IByXmpolieccopHbiii Web cepsep.



B corpymaudectse ¢ 'MU, bepnuH 3aBepiiieHO TECTHPOBAHKE JIEKTPOHUKH COOpA TaHHBIX
¢ MWPC nerekropa ¢ TMHUAMU 33€PKKHU. B TOKyMEHTalMIO BHECEHBI H3MEHEHHS, YTy ILAOIe
ObICTpOJIeiicTBHE M BpeMeHHOe paspemieHue, U Ha pupme ILFA, I'amOypr, nzrorosneno 10 muiat
s OWSAN m I'MU. Paspaborana mnepBas BepcHs IPOrpaMMHOIO OOecledyeHHs IUIaThl,
BKJTIOYAIOMIETO B ce0sl anropuTMbl oTOOpa coObiTHii (peanmu3oBanHbie B FPGA), mporpammsl
yHOpaBleHUs TNOTOKAaMM JAHHBIX B pa3IM4YHBIX peXHMax paboThl IUIaThl (3TH MPOrpaMMbl
BBITTOJTHSIOTCS] IU(POBBIM CUTHAIBHBIM MTPOIECCOPOM, YCTAHOBICHHOM Ha IUIATE), IPOTPaMMHBIN
ApaiiBep MiaThl, IPOrpaMMbl IpeABAPUTEIbHON 00pabOTKH M MOJIb30BATENbCKHE NMPOrpaMMbl Ha
[IK. DnexkTpoHMKa U MpOrpaMMHOE OOECHNEYEeHHE YCIEHIHO IPOTECTUPOBAHBI C peajJbHbIM
neTekTopoM npu padote ¢ uctounukom (B UI'M u B JIH®) u Ha peaktope BER-II B UT'M. Ananu3
U BU3yaJlM3alMs JaHHBIX OCYLIECTBIISIUCH ¢ Mcnoib3oBaHueMm nakeroB ROOT u PV-WAVE. B
HacTosIee BpeMs BeayTcst paOoThl 10 ONTUMHU3ALUH IPOTPaMM.

KomOunupoBannass cucrema ympasieHus crekrpomerpom HEPA-IIP  (rpaduueckuii
untepdeiic Ha PC ¢ coxpaneHueM ympaisitouiux nporpaMm Ha VME) Oblma mpenocraBieHa
MIOJIE30BATEIISIM B OIBITHYIO JKCIUTyaTaluio ¢ KoHma okTsops 2002 no despans 2003 roma. Orta
SKCIUTyaTalusl Moka3aja cTaOWibHYIO0 paOoTy, Kak ammapaTHOW 4acTH, TaK U ONeparMOHHON
cuctembl Windows XP u co3maHHOTO mporpamMmHOro obecredeHus. PaGoThl MO TOTHOMY
NepeBoly Mporpamm ympasieHus Ha rmiargopmy Windows HaxoasTcss B CTaJUM 3aBEpPLICHHUS.
OnHOBpEMEHHO pelIaeTcsl aHajloruyHas 3ajgada no nepeony cnexkrpomerpa CIIH (PEMVYP) na
HOBYIO cucTeMy ynpasiieHus Ha ocHoBe VME-PCI apantepa. Ilnanupyemsle cpoku 3aBepILECHUs
pabot — xonerr I kBaprana 2004 rona.

[IporpammMHBIif KOMIUIEKC Sonix aganTupoBaH Juid pabotel Ha crekrpomerpe DC/,
yCTaHOBJICH, WCIBITAH W TepelaH B OKcIuTyaTanuio. HauaTel Takke pabOTHl 1O TIEPEHOCY
agantupoBanHoro kommuiekca SONIX nHa cnektpomerp ©/BP.

B Tedenume roma pa3paboTaH M M3TOTOBJICH DS IMUQPPOBBIX M AHAIOTOBBIX SJIEKTPOHHBIX
6mokoB 1ysi criektpomerpoB MBP-2 (cnuu-daunmepsr mis cnexkrpomerpa CIIH, mpenycunurenu,
CIEKTPOMETPUYECKHI ycuiauTenb U 1p.). 1o 3ampocam moib3oBaresnel MpOBOIMIUCH PabOTHI MO
TEKyIleW MOJEPHHU3alUU U PEMOHTY ammapaTypbl, a TAKKe 10 ONTUMHU3ALUU U COIPOBOXKACHUIO
MPOrPaMMHOTO 0OecTIIeUeHusI.

MHoro ycunuii notpeboBano obecrieueHrne OecriepeOOHONW pabOThl CIIEKTPOMETPOB BO
Bpemst ceancoB MIBP-2 1 npoBezieHre npoguiakTHUECKuX padoT B IEPUO/] OCTAHOBKU PEakTopa.

ITo ocHOBHBIM HalpaBJEHUSM PabOT MO TeMe (IETEKTOPHI, CUCTEMBl OKpPYKEHHUSI 00pasIia,
CHCTEeMBI cOOpa JAaHHBIX, JIOKAJIbHAsI CETh) MOJATOTOBJIECHBI JOJITOCPOUYHBIE MPOEKTHI Pa3BUTHUS Ha
niepuona 2004/8 r.r.
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Neutron research of the high- and low- temperature phases

in Rb,KFeF; elpasolite.
A.V. Belushkin*, A.I. Beskrovnyi*, S. G. Vasilovskiy*, V. V. Sikolenko*,
K. S. Aleksandrov**, I. N. Flerov**, A..Tressaud ™.
*Frank Laboratory of the Neutron Physic, JINR, Dubna, Russia
** Kirensky Institute of the Physics, Krasnoyarsk, Russia

" Institut de Chimie de la Matiére Condensée de Bordeaux, Pessac, France

Fluorides with general formula Rb,KMFg belong to family of K;NaAlFs elpasolite. Crystals
of elpasolite type at high temperatures have cubic structure and belong to sp. gr. Fm3m. At decrease
of temperature in family of crystals Rb,KMFg there are structural phase transitions. Exception is
Rb,KAIFs for which structural changes it was not observed, and it remains cubic down to
temperature 77K. Temperatures of transitions and sequences low temperatures phases essentially
depend on the size of a trivalent ion in M>"

The recently neutron study of the elpasolite with large of ion radius M>" of Rb,KBiF, have
shown, that the crystal has two changes of crystal structure. At 360 K there is a transition in
tetragonal phase P4,/mnm, and at room temperature in the monoclinic structure with sp. gr. P21/n.
At diminution of the size of ion M*" (Tb, Ho, Y, Er) in crystals there is a trigger change of phase in
monoclinic phase Fm3m—P2,/n which is connected to rotational displacements of octahedrons KFs
and MFs. In crystals with the smaller sizes of ion M** (Sc, In, Lu), at depression of temperature the
sequence from two transitions is observed Fm3m—I4/m—P2,/n. The structure of crystals with
smaller radius of ion M*" (M?" = Cr, Ga, Fe) is insufficiently studied.

For investigation of the mechanism of the phase transition and definition of structure in a
low temperature phase, powder composition of Rb,KFeF¢ has been synthesized and his study with
neutron diffraction is lead. The temperature of structural phase transition is equal 170 K. The
entropy change and size of temperature shift of this transition under pressure much more surpass
analogous performances for trigger transitions. Symmetry of the low-temperature phase of
compounds with small cations M*" till now does not set, however it is supposed, that the change of
phase in them has other mechanism.

Structure of the cubic phase.

The previous investigations of Rb,KFeFs by X-ray powder diffraction have shown [1] that
structure is cubic with space group Fm3m at room temperature. A cell parameter is equal 8.865 A.
The atom were found on their special position: Rb (8c) (Y4, Y4, Y4), Fe (4a) (0, 0, 0), K (4b) (%%, Y,
%), F (24¢e) (x=0.24, 0, 0). The refinement of the crystal structure carries out with several alternative

models. In a first step of the refinement atom coordinates are fixed in they special position. In a



second step, F atoms have been distributed on rings lying in the planes orthogonal to the K-F-Fe
direction. After position refinement with anisotropic thermal vibration consideration, F has taken
position 96k. In this position F atoms are displacement to 4 equivalent states. For Rb three types of
displacement have been tested: along [100], [110] and [111] directions, leading to 6, 12 and 4 local
disordered position respectively. The difference between three types of displacement is very weak

and we can not choose from it.
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Neutron diffraction pattern of Rb,KFeFs and the Rietveld refinement profiles at 290 K (a) and 10 K
(b). The observed diffraction data are shown at point, and the calculated profile as a solid line. Tick
marks below the profile mark the positions of allowed reflections. Difference between the observed
and the calculated intensities, normalized on a root-mean-square deviation in a point, are shown at
the bottom.

Structure of the orthorhombic phase

The carried out Raman scattering researches in [2] have shown, that candidates for space
group of the low-temperature phase are P4/m, P/m, P112,/n or P1, but they are not necessary that
only ones. Hence, low-temperature phase symmetry was unknown.

We were the carried out indexing which has shown, that position of observably diffraction
peaks it is described as tetragonal space group P4/m (a=b=6.1534(1), c=8.8939(1) A), as
orthorhombic space group Pmnn (a=6.1567(3), b=6.1508(3), c=8.8942(3) A). The model of atoms
position in structure for these groups was selected. The structure’s refinement was carried out. For
P4/m group the parameters of the refinement are: y’=6.5, Rw=15 %; x°=3.2, Rw=13 for Pmnn

group. A great difference of y* value (more than twice), allows choosing the space group for low-

temperatures phase as Pmnn.

1. A. Tressaud et al. Phys. Stat. Sol. A98, 417 (1986).
2. M. Couzi, S. Khairoun, A. Treassaud. Phys. Stat. Sol. A98, 423 (1986).




STRUCTURAL STUDY OF THE LITHIUM ORTHOGERMANATES
IN THE SUPERIONIC STATE

S.N. Bushmeleval, AM. Balagurovl, R.V. Shpanchenkoz, V.L Voronin3, G.Sh. Shekhtman4,
D.V. Sheptyakov’

1
Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia

2Department of Chemistry, Moscow State University, Moscow 119992, Russia

I Institute of metal physics, Ural Branch of the Russian Academy of Sciences, 620219,
Ekaterinburg, Russia

* High Temperature Electrochemistry Institute, Ural Branch of the Russian Academy of
Sciences, 62021, Ekaterinburg, Russia

d Laboratory for Neutron Scattering, ETHZ & PSI, CH-5232, Villigen PSI, Switzerland

The solid solution based on lithium orthogermanates in the LisGeOs-LizAY0, (AVZP,V)
and Li;GeO4-LiBY'04 (BY'=S, Cr, Se, Mo, W) systems are considered as perspective solid
electrolytes with lithium-cation conductivity [1]. The electric conductivity of these compositions
assumes 10* S*em™”  at  room
: temperature while in the superionic
+U3?599Q;5\{15q state region (about 870 K) it exceeds
OF .l:k +U3m&0&5v\{1150 1 S*cm’l. Li3_75Geo_75V0,2504 and

(s

4

I k\ Liz 70GeossWo 1504 are the typical
Ak :
K specimens of these compounds. At

room temperature the V-containing

w_ 2}t compound has lower conductivity than
r_g | W-based one, however at the
33k temperature above 500 °C the situation

) is changed to opposite one (Fig.1). At

the present time there is no complete

A understanding of the nature of

superionic state in these compounds.

0 This situation is a result of a lack of

6b L e detail@d information about thermal

10 15 20 5 30 35 behavior and gtructural features of

these phases at high temperature.

107K’ The powder samples for

Fig. 1. Conductivity for orthogermanates. neutron diffraction investigation were

synthesized at the High Temperature

Electrochemistry Institute, Ural Branch

of the Russian academy of sciences. X-ray diffraction data at room temperature were collected at

the Department of Chemistry Moscow State University, neutron diffraction experiments — were

carried out at Frank Laboratory of Neutron Physics at IBR-2 reactor. The diffraction spectra

were measured in the heating regime at room temperature, 350 and 600 °C. The MRIA and

GSAS programs were used for structure refinement by Rietveld method. At room temperature

both diffraction patterns were indexed in the orthorhombic symmetry (S.G. Pnma). This is in

agreement with early studies of similar compounds [2]. The neutron diffraction spectra of the
Li; 7Gey7V(304 compound measured at room temperature is shown in Fig. 2.

Simultaneous fitting of X-ray and neutron diffraction spectra collected at room
temperature allowed to refine element distribution in studied samples. It was found that the
vanadium content is slightly higher than proposed one: about 30 % (instead of 25 %), and
lithium content decreases from 3.75 to 3.67. Thus our data revealed that the first sample has

‘L T




composition Lis7Gep7Vo304. A valence balance calculation using experimental ratio Ge/V
(0.7:0.3): w(O)V(O)+w(Ge)V(Ge)+w(V)v(V)+w(Li)V(Li)=0, where w(x) and V(x) content and
valence x element and results to lithium content of 3.7. This value is in a good agreement with

experimental data.
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Increasing temperature up
T=25°C to 600 °C results in a noticeable
| change of the neutron diffraction
pattern. (221) and (401) peaks
coincide each with other (Fig. 3)
and all peaks on the diffraction
pattern may be indexed in
hexagonal unit cell. However both
DTA and electric conductivity
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d, A phase transition. Except this the
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spectra for Li; 7Ge7V304 at room temperature. positional relationship of the atoms
in orthorhombic unit cell (i.e. there
60000 (221)/(401) }3 no hexagonal supergroups for
nma space group). Therefore we
N concluded that at high
temperatures the Lis7Gey7Vo304
compound has pronounced
40000 - f pseudosymmetry. Further
structural refinement was carried

out in Pnma space group.
(401) The lattice parameters for
_o0 —annO both compounds under
20000 - T=25"C T=600"C investigation linearly increase with
rising temperature. However an
increase of the temperature does
not affect on the heavy atom

ﬂ Q A (germanium, wolfram, oxygen)
0 positions inside the wunit cell,
T T whereas coordinates of the lithium
2.36 240 244 atoms are essentially changed.
d A
_ _ . . Based on results of
Fig. 3. Diffraction spectra of the Lis 7Ge 7V 304 sample structure refinement one may

measured at different temperatures. suppose that a conductivity of the
V-contained phase at room temperature for the most part is due to movement of lithium atoms
along the c-axis of the unit cell (Fig. 4). In the Liz7Gey s, Wy.1504 structure lithium atoms are
uniformly distributed inside the unit cell and preferred direction is absent.

The difference in the transfer mechanism can explain a higher electric conductivity in
Li; 7GepsaWo.1504 at the room temperature in comparison with that for Lis7Gep7Vo304. At
higher temperatures lithium atoms in both structures are lined up along the <010> direction of
the unit cell (Fig. 5). This results in a close values of electric conductivity (Fig. 1). However in
the Li3 7Ge7V304 structure lithium atoms are less ordered that is probably a reason for higher
conductivity value.
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Fig. 4. Crystal structure of Fig. 5. Crystal structure of
Liy7Geo7V304 at room temperature. Lip7Ge7V304at 600 °C.
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Layered complex manganese oxides, A2GaMnOs., (A=Ca, Sr) with the brownmillerite-
type structure, represent a new family of manganites with possible CMR effect. These compounds
contain single MnQO; layers separated by 3 cation-oxygen layers (AO)(GaO)(AO) rather than the
more usual 2, as in the Ruddlesden-Popper system. The oxygen content can be adjusted in the
range from 5.0 to 5.5, corresponding to a nominal Mn oxidation state between +3 and +4,
respectively. For the end members, the magnetic moments of Mn are coupled
antiferromagnetically (AFM) in the MnO, plane, but either anti- (G-type, Tng=180 K) or
ferromagnetically (C-type, Tnc=100 K) between planes for x=0 or x=0.5, respectively. The change
in the magnetic ordering type from G to C is driven by the strong diagonal 180° superexchange
AFM interaction between Mn*"-ions (t32g) in adjacent layers through additional oxygen atoms in
the GaO;.« layer (coordinating Ga-ions octahedrally). In the oxidized composition (x=0.5) there is
a contribution of short-range G-type antiferromagnetic correlations, which develops below 7yg and
which is partially suppressed below the transition to the AFM state at Tyc. A detailed report on the
end-member properties is given in [1].

The intermediate valence of Mn can lead to the activation of double exchange,
producing a FM metallic state. However, the oxygen index x cannot be continuously varied from 0
to 0.5 in single-phase compositions, owing to the presence of a miscibility gap. One of the
intermediate Mn-valence single-phase compositions, which we were able to synthesize has x=0.41,
which corresponds to Mn™** Its crystal structure can be satisfactorily refined in the Ammm SG
with lattice parameters a=8.00, b=5.40, c=5.36 A at T=300 K. In this case, the (8p)-oxygen
position in the GaO; layer is partially filled and disordered. This disorder implies a statistical
distribution of GaOgy-tetrahedra and GaOg-octahedra. An important feature of the diffraction
pattern is an anisotropic broadening of the Bragg peaks along the [100] direction, which is clearly
seen in high resolution neutron-diffraction data. This broadening is well modelled by anisotropic
micro strains along [100]. The reason for the strains is probably a distribution of octahedra and
tetrahedra in Ga-layers, since the Mn-Mn distance along the a axis is larger for Mn®", which
corresponds to the local tetrahedral Ga coordination.

The magnetic structure has a G-type AF-component below 140 K, and a C-type one below
110 K. This behaviour is similar to the one observed for x=0.5, but the G-type correlations for
x=0.41 are long-ranged. Whether these G- and C-type magnetic structures are spatially separated
remains open question.

Three fluorinated compounds Sr,GaMnOs,F;.x with x>0 were prepared. A nominal
oxidation state of manganese determined by iodometric titration for one of the samples amounted
to +3.8 (x=0.2). The low temperature crystal structure (Fig. 1) has an orthorhombic SG Pmmm
(a<c<b, y-axis is perpendicular to the MnO,-planes), however for one of the samples the structure
can be also represented as a pseudo-tetragonal similar to the oxygenated x=0.5 composition
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Fig. 1. Crystal structure of Sr,GaMnOsF. The Fig. 2. Spin configuration in Sr,GaMn(O,F)s.
MnO; planes and Ga(O,F)s octahedra are shown. ~ Only Mn-ions are shown.

(P4/mmm). The longest Mn-O distance is along z-axis, implying that the eg-orbitals of Mn’" are
directed along z. The Mn-moments are AFM-ordered below 7Tn=70 K with p(15 K)=1.5(1) pg.
Mn-spins are FM-coupled between planes, as expected for “diagonal” superexchange through
completely filled Ga(O,F), layers [1], but in-plane the Mn-spins form FM-rods along z-axis
coupled AFM to each other along x-axis, as shown in Fig. 2. This type of magnetic structure can be
well understood in frame of standard superexchange theory. The z’-orbitals are orientation
ordered, but there is no translational ordering of the orbitals due to the random distribution of the
Mn’". Having this orientation of the orbitals the suprexchange interaction along x-direction is
always AFM, while along the z-direction it can be both FM and AFM giving the average structure,
which is shown in Fig. 2.
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Manganites of perovskite type 4.4 :MnOs (4 - rare earth, 4’ - alkali earth elements)
exhibit rich magnetic and electronic phase diagrams depending on the 4 (4°) - site elements
and show an extreme sensitivity of magnetic, structural, electronic and transport properties to
variation of temperature, external high pressures and magnetic fields [1]. These systems have
attracted considerable interest with respect to the recently discovered colossal
magnetoresistance (CMR) effect.

The crystal and magnetic structures of the manganites Pr;,Sr,MnO; (x = 0.5, 0.56)
have been studied by means of powder neutron diffraction at high external pressures up to 4.8
GPa at the DN-12 diffractometer. At ambient pressure, both compounds have a tetragonal
structure (sp. gr. [4/mcm). At Ty = 215 K in PryssSroseMnO; a onset of A-type
antiferromagnetic (AFM) state accompanied by the structural phase transformation from the
tetragonal to the orthorhombic structure with Fmmm symmetry occurs. PrysSrosMnOs
exhibits an intermediate ferromagnetic (FM) state with a tetragonal structure at 7' < T¢ = 265
K and transforms to the A-type AFM state with the orthorhombic Fmmm structure at Ty =~ 175
K. Under high pressure, in originally pure A-type AFM Pr(44Stry5sMnO; a phase separated
state is formed, consisting of the mixture of the A-type AFM phase with the orthorhombic
Fmmm structure (Ty = 220 K) and C-type AFM phase with the tetragonal /4/mcm structure
(Ty = 125 K). In PrysSrosMnO; the application of high pressure leads to the noticeable
increase of transition temperature from FM to the A-type AFM state up to 7y = 230 K and the
formation of the phase separated state below = 150 K, consisting of the mixture of the A-type
AFM phase with the orthorhombic Fmmm structure and the tetragonal /4/mcm phase without
long range magnetic order. Anisotropy of the lattice compression leads to the marked apical
elongation of the MnOg octahedra in the tetragonal phase and creates favorable conditions for
appearance of the d(3z°-r") orbital polarization, prerequisite for the C-type AFM order.
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Abstract

To describe and explain the effects of bowing on marble facade panels neutron time-of-flight
diffraction was applied for residual macro-and microstrain determination on the mineral
calcite. The results were supplemented by the determination of the crystallographic preferred
orientation (texture) of calcite by neutron diffraction as well as studies on microfabric features
of the specimens using optic microscopy.

Experimental: Microstructure, Texture and Residual strain

Durability is an important property to characterize natural rocks for exterior use. Marbles for
instance frequently show a bowing of facade panels after a short time of exposure. This
bowing is generally accompanied with a reduction of strength properties [1]. For a better
understanding of the observed effect, three samples of marble (calcite CaCOs) were
investigated: a fresh broken marble (P1), a good conditioned facade panel (P2) and a strong
deformed facade panel (P3). The studied samples are characterised by a wide grain size
distribution, from medium to coarse grained: the medium grain size is between 1 and 2 mm
with a maximum of up to 6 mm. Domains with a coarser grain size exhibit a polygonal to
interlobate shape, and straight to slightly curved grain boundaries (Fig. l1a). Evidence of
crystal-plastic deformation is documented by deformation twins and undulatory extinction.
Furthermore, the fabric is characterised by a preferred grain boundary orientation more or less
parallel to the foliation (Fig. 1b).

Fig. 1: Thin section images from demounted panels: (a) section vertical to the foliation (weak
bowing of a good conditioned panel P2); (b) section vertical to the foliation (strong bowing of
a strong deformed panel P3): the open grain boundaries are clearly visible (arrows).

In thin sections from strongly bowed panels, open grain boundaries, which are connected to
intergranular microcracks, can be observed. The observed cracks are opened up to 0.5 mm
with a length up to 5 mm (Fig. 1b). Intracrystalline cracks along twin planes are more rare.
Apparently there is a correlation between the presence of microcracks and bowing. In contrast
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to the strong deformed sample, the fresh broken, undeformed sample does not show any
evidence of open grain boundaries. For P2 a warping of 0.2 mm/m was measured while for
sample P3 17.1 mm/m was observed.

The fresh broken Peccia marble sample (P1) was measured using neutron time-of-flight
diffraction at the texture diffractometer SKAT. The sample exhibits a strong crystallographic
preferred orientation. The (0006) pole figure of calcite shows an maximum normal to the
macroscopic foliation with a weak tendency to form a girdle distribution around a maximum
of the a-axis distribution in the foliation plane, while the (112 0) poles are arranged on a great
circle around the (0006) pole maximum (Fig. 2). The crystallographic a-axes corresponding to
the (112 0) poles are oriented within the foliation plane. The importance of calcite textures to
the contribution of physical weathering has been widely discussed. A general observation is
that the maximum deterioration is closely linked to the c-axis maximum. Only the texture of
the fresh broken sample (P1) is shown, because the texture of the good conditioned plate (P2)
and the strong deformed facade plate (sample P3) is similar.

c-axis a-axis
[0006] [1120]

=

max: 2.50 mrd max: 1.43 mrd

Fig. 2: Crystallographic preferred orientation (texture) of the fresh broken Peccia marble (P1),
measured by neutron-TOF-diffraction at SKAT, projection into the foliation plane.

The strain measurements were carried out at the diffractometer EPSILON-MDS at beam line
7A [2, 3]. Six Bragg reflections of calcite (0112), (1014), (0006), (1120), (1123), and
(0118) were investigated. Macroscopic internal strains (&= Ad/d) at all samples in relation to
the stress free state were determined by analysing the position of the Bragg peaks (Fig. 7).
The stress free state as the reference value were determined by measuring rock powder,
prepared by grinding up and annealing. Microscopic internal stresses, caused by dislocations
and other microscopic defects, could be observed by peak broadening (Fig. 7). The figures
show the dependence of macroscopic and microscopic strain in dependence on the detected
six Bragg reflections.

Macro- and microstrain data for the acquired direction perpendicular to the foliation plane are
shown in Figure 3. The (0112) Bragg reflections for all samples are characterized by a
positive strain. The microscopic strain shows no significant differences between the three
investigated samples. Only the good conditioned and the strong deformed facade panel show
positive strain at the (1014)-Bragg reflection, whereas the fresh broken facade panel shows a
negative strain. The good conditioned sample shows a positive strain of £=+(720£150)x107,
the strong deformed facade panel a lower tensional strain of & = +(380+140)x10®. All three
panels show comparable macroscopic positive strain values for the c-axis [0006]. The
microscopic strain is characterized by a lower FWHM for the fresh broken sample in contrast
to a little larger FWHM for good conditioned and the strong deformed sample. The a-[112 0]-
axes are characterized by the highest positive strain value at the strong deformed facade panel
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with &= +(980i170)x10'6, the fresh broken sample shows a tensional strain of
£=(200+140)x10°, whereas the good conditioned facade panel shows a negative
compressive strain of £= ~(420+180)x10°.
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Fig. 3: Macrostresses (left) and microstresses (right), measured by neutron time-of-flight
diffraction at EPSILON-MDS, perpendicular to the foliation plane.

In the acquired direction parallel to the foliation plane, also all three samples show
comparable macroscopic strain values for the c-[0006]-axis, the a-[112 0]-axis, the lattice
planes (112 3) and (0118), but with a tendency to compression in the strong deformed facade
panel. Microscopic strain by peak broadening were found at the strong deformed facade panel
(P3) on the a-[112 0]-axis with a full width at half maximum (FWHM) of (21.8 £ 1.0) time
channels*32 ps in relation to a FWHM of (17.8 + 0.3) time channels * 32 ps for the fresh
broken sample and the good conditioned facade panel.

The measured residual strain values acquired perpendicular to the foliation plane are higher
than in the direction parallel to the foliation plane. A dependence on the bowing process of the
plates may be concluded, because the samples are mainly bowed either concave or convex in
relation to the foliation plane. The observed texture is mainly characterized by a preferred
orientation of the basal (0006)-planes perpendicular to the foliation plane. The strong texture
of the Peccia marble is a significant evidence for plastic deformation.

This work was supported by the BMBF grants (03-DUO3X4 and 03-DU03G1).
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The neutron diffraction texture analysis of multiphase rocks from deep levels of the
lithosphere in a combination with traditional geophysical and geological methods is applicable
widely to study of different physical properties of rocks [1].

The results of experimental and theoretical investigations on two fine-to medium- grained
foliated biotite plagioclase gneisses (K8802, K9002) and two fine-grained amphibolites (K8752,
K11345) recovered from the Archean basement of the Kola superdeep well (SG-3) are presented. In
this investigation, the sample reference frame A, B, C is used 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. Two different methods are using to determine the seismic aisoptropy and to
discriminate between the contribution of oriented cracks and lattice preferred orientation (LPO) of
the minerals to bulk anisotropy, and to elucidate the relationship between the crystallographic fabric
and the elastic properties such as velocity anisotropy, shear wave splitting and shear wave
polarisation. First, P- and S-wave velocities in three orthogonal directions were measured as a
function of pressure and temperature, and second, 3D-velocities were calculated from measured
LPO (texture) and the known single-crystal properties. The LPO of the rock-forming minerals was
measured by TOF (Time Of Flight) neutron diffraction.

The measurements of compressional (Vp) and shear wave velocities (Vs) at pressure and
temperature were performed on oven-dried (120°C) cube-shaped specimens (43 mm edge length) in
a multi-anvil pressure apparatus using the ultrasonic pulse transmission technique with transducers
(lead zirconium titanate) operating at 2 MHz. The special arrangement of the apparatus allows
simultaneous measurements of compressional and orthogonally polarised shear wave velocities
(S1,S2) in three perpendicular directions. A detailed description of the experimental technique is
given by Kern et al.[2].

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
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 1 shows the directional dependencies of P-velocities for the
amphibolite sample K8752. In all samples, the velocity versus pressure relations for P-waves show
typical slopes: a steep, non-linear velocity increase up to about 200 MPa, giving way for linear
behaviour at higher pressures. Anisotropy is almost highest at low pressures resulting from a
constructive interference of the effects caused by effective oriented microcracks (shape texture) and
by lattice preferred orientation (mathematically expressed by the orientation distribution function
ODF) of the major minerals. Increasing pressure reduces the effect of cracks in a non-linear slope
approaching nearly constant values at high pressures. The pressure-dependent part of velocity
anisotropy must be attributed to oriented cracks and their progressive closure, and the residual,
almost pressure-independent part of seismic anisotropy is mainly due the ODFs of major minerals.
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Fig.1. P-wave velocities and anisotropy A-Vp of a) as a function of pressure at room
temperature; b) as a function of temperature at 600 MPa confining pressure.

Neutron diffraction was applied for the determination of lattice preferred orientation (LPO)
of the major rock-forming minerals. The measurements were carried out at the texture
diffractometer SKAT of the pulsed reactor IBR-2 (Dubna, Russia), using TOF method which is, in
particular, appropriate for the investigation of materials composed of low-symmetry minerals such
as samples under the investigation, because several pole figures can be measured simultaneously.
From the experimental pole figures the orientation distribution functions (ODFs) for the
predominant mineral phases were recalculated applying the WIMV method and the computer
program BEATREX [3]. The spatial distributions of P- and S-wave velocities for the mineral
phases were calculated from the ODFs and the corresponding single crystal elastic constants, 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.

The calculated three-dimensional variations of Vp, Vsl and Vs2 and shear wave splitting
Vs1-Vs2 of the prevailing rock forming minerals (hornblende, plagioclase and biotite) and the
corresponding averaged data of the bulk amphibolite sample K8752 are shown in Figure 2. The
stereoplot coordinate system corresponds to the reference frame A, B, C of the sample cube and the
experimental pole figures. In Fig.2 (right) we have rotated the diagrams along with the sample
reference frame A, B, C to bring them in accordance with the standard setting used in structural
geology: Z (top) = normal to foliation; Y (center) = parallel to foliation and normal to lineation, X
(E-W) = parallel to lineation. It is clear from the diagrams, that the Vp distribution of amphibolite
K8752 exhibits an overall rhombic symmetry. 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.2) 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.

P-wave velocities are highest subparallel to lineation within the foliation and lowest normal
to foliation. On the Vs1-Vs2 diagram of the amphibolite sample, an overall rhombic symmetry is
also apparent. The foliated amphibolite exhibits market shear wave splitting (Vs1-Vs2) within the
foliation plane with the fast split shear wave (see on the orientation of the Vsl-polarization plane)
parallel to foliation. Normal to foliation (parallel to Z), a second shear wave will practically not be
generated.
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Fig. 2. Calculated three-dimensional variations of the elastic properties of the
amphibolite sample K8752 based on the neutron diffraction measurements. The
model composition of the rock sample is displayed by the pie diagram.

The numerical calculations based on the TOF-method give important information on the
different contribution of the various rock-forming minerals 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 polarisation.
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The mitochondria are organelles of the cell,
which  produce the energy by oxidative
phosphorylation. The oxidative phosphorylation is
one of the major processes providing living organisms
with energy. It has been established that swelling of
mitochondria is coupled with functional changes in
them. These changes are accompanied by
reorganization of mitochondrial membrane [1].
Earlier the influence of uncoupler on mitochondrial
structure has been investigated by method of small
angle x-ray scattering [2]. In our experiments small
angle neutron scattering (SANS) was used to study
structural changes of mitochondria in two types of
medium - isotonic and hypotonic.

SANS experiments with intact rat liver
mitochondria were carried out on the YUMO
spectrometer (reactor IBR-2, Dubna) [3, 4].
Measurements were made using the method of
contrast variation, when the mixture of various ratio
of H,O and D,0O was in the media. The method of
contrast variation allows one to separate the scattering
curves from protein and lipidic components of
mitochondrial membrane.

Determined scattering curves are presented in
Figure 1. In logarithmic coordinates the scattering
curves have linear sites both for initial and swelling
mitochondria. The slope of these sites is about —2,
which can be evidence of a fractal structure of the
mitochondrial membrane. In the case of hypotonic
D,0-medium the scattering curve has a structural
maximum at ¢=0.045 A’ (Fig. 1b), which

corresponds to the distance of about 140 A in real
space. In the case of isotonic medium scattering curve
has not this particular feature (fig. 1la). The
appearance of this maximum correlates with the

adjacency of outer mitochondrial membrane to inner one and with the cristea adhesion, that have been

intensity, cm”

intensity, cm™

0.14

0.01

0.1
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Figure 1 - Small angle scattering
curve for mitochondria placed in
isotonic (a) and hypotonic (b)
solutions.

discovered in our previous experiments on electron microscopy [1].

Data of electron microscopy and small angle neutron scattering enable to calculate the distance
between membranes of adhering cristea. This distance composes approximately 65 4. With the help of the
contrast variation method it was shown that the appearance of the maximum was determined by neutron
scattering from lipidic component of the mitochondrial membrane, while membrane proteins gather on

the membrane surface in groups. The location of the groups, in its turns, in cristea is disordered.
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SMALL-ANGLE NEUTRON SCATTERING STUDY OF STRUCTURAL
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LIon™®, M. V. Avdeev®, A Kuklin®, Y. Kovalev®,
M. Balasoiu®, A. M. Bondarab, C. Banciub, 1. Pasuk®

*Joint Institute for Nuclear Research, Frank Laboratory, Dubna, Russia
®Advanced Research Institute for Electrical Engineering, Bucharest, Romania

Introduction. The carbon composite materials are now one of the major structural materials
for many industrial applications due to a lot of advantages. Among them are the following: at
high-temperature the mechanical properties don’t change too much; they posses a low
density, a low coefficient of thermal expansion, as well as a good electrical conductivity, etc.
The coal tar pitch is a suitable precursor for preparation the advanced carbon material with
controlled properties.

The sample preparation. The coal tar pitch (CTP), was processed for QI removal using a
modified Soxhlet. Characteristics of selected CTP and fractionated coal tar pitch (FCTP).
FCTP was mixed with nanocarbon powder in amounts of: 0.1%(wt). The mixtures were heat-
treated (HT) at 440°C and 900°C, with a heating rate of 1°C in controlled atmosphere (3h
soak time for each final temperature).

Results and discussions. The aim of research was to investigate the influence of additive,
nanocarbon, and high temperature (HT) on the fractionated coal tar pitch at the nanoscale by
means of small-angle neutron scattering (SANS). The nanocarbon composites materials (NC),
coke and semi-coke were investigated. SANS measurements were performed at the YuMO
spectrometer at the IBR-2 pulsed reactor, Dubna.

The linear relationship for large g-values in double logarithmic plot of the obtained scattering
curves (Fig.1) indicates to the fractal structure of material. The fractal structure has a surface
fractal dimension. A smoothness effect of the additive and HT is observed. It is quite large for
HT resulting in about 20 % increase in surface fractal dimension Dg both for CTP and NC,
while the effect of the additive to Dg does not exceed 2%. The smoothness effect because of
the HT treatment can be explained by the volatile releasing process during carbonization. The
HT treatment also results in an increase in the absolute scattering intensity at small g-values
for both types of the studied materials, which reflects an increase in pores and staked
arrangements of the graphene layers with the temperature. Vice verse, the incoherent
background at large g-values decreases at HT, which corresponds to a lost of some amount of
hydrogen and to an increase in crystalline order.

The appearance of the scattering nonhomogeneities at nanoscale in the studied materials is be
due to the incomplete crystallization, the absorption of amorphous mater or of same molecule
of the graphene sheets or/and the variation in size of the interlayer spacing, the diameters of
basal planes and the number of the stacked layers inside the crystalline clusters.

Conclusions: first results of the present study shows the importance of the nanoscale for the
carbon materials in their production and control over the properties. In particular, one can see
that the temperature formation of MS is higher in NC, which acts as an active site during the
formation of mesophase following an increase in the number of crystalline microdomains. In
this way new materials are more suitable for electrical purpose.
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Fig.1. Obtained SANS curves.

Table 1. Results of fit of function Aq™ + B to scattering curves in double logarithmic plot

Sample/THT(°C) Slope S Fractal Parameter A Parameter B Bulk
dimension Dg density
(g/cm’)
FCTP/440 3.5540.3 2.4540.3 1.67 0.13 1.076
NC/440 3.5740.02 2.4340.02 1.66 0.16 1.026
FCTP/900 3.76%0.02 2.23+0.02 2.35 0.07 1.166
NC/900 3.7840.02 2.22+0.02 2.70 0.08 1.165
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ON THE POSSIBILITY OF CLUSTER FORMATION IN
MOLECULAR SOLUTIONS OF FULLERENES

T.V.Tropinl, M.V.AVdeevl, V.B.Priezzhevz, J .W.P.Schmelzer2’3, V.L.Aksenov'

"Frank Laboratory of Neutron Physics, JINR, Dubna, Russia
Bogolubov Laboratory of Theoretical Physics, JINR, Dubna, Russia
3University of Rostock, Germany

First order phase transitions, condensation and cluster growth in matter play a major
role in various scientific and technological problems. The study of possible ways to describe
the time evolution of systems where aggregation processes take place, lead to the basics of the
kinetic theory. One of the modern approaches, which develop the description of such systems,
is the nucleation theory [1]. Solutions of Cgy are an example of a system, where the problem
to describe cluster growth processes arises. Fullerene clusters are detected in a number of
“Ceo/organic solvent” systems, as well as in triple systems “Ceo/organic solvent/polar
solvent”. Also, a variety of ways were developed to produce dispersions of Cg in water.

Solutions of fullerene molecules in organic non-polar solvents inhibit a variety of
unique properties, including solvatochromism and non-monotonous temperature dependence
of the solubility [2]. The latter was assumed [2] to be the result of the cluster state of Ceg
molecules in solutions. A phenomenological theory [2] based on this assumption and used the
liquid droplet model of clusters is in partial agreement with experimental observations. In
particular, previous [3] and recent [4] experiments on small-angle neutron scattering from
molecular solution of Cg fullerene in carbon disulfide (CS;) do not show clusters with the
size distribution function predicted by this theory.

The aim of the present work was to use the nucleation theory approach and to check
out whether simple models for cluster growth (in particular, the liquid drop model) may result
in a cluster state of fullerenes in molecular solutions of Cgp.

The nucleation theory describes the formation and growth of clusters in solutions.
Using different forms for the work of cluster formation AG(n), a set of kinetic equations is
obtained, which describes the time evolution of the cluster size distribution function f{n, ?).

An important parameter, which determines the evolution is the ratio ¢ (1) » » where ¢,(t) 1s
c
eq

the monomer concentration in solution and c,, is the concentration of segregating particles of

the ambient phase needed for equilibrium coexistence of both phases with a planar interface.
The cases when COU%OO <1 and Co(t%m >1 correspond to homophase and heterophase
eq eq

fluctuations, respectively, and should be treated separately.
The following expressions of AG(n) were considered:

(i) liquid droplet model: AG(n) = —nAu+a,n”"”;
(i) limited cluster growth: AG(n) = —Aun +a,n’” +kn”;
2
1 Q_(ns/s _ n)

dree, 1

iii) charged cluster model: AG = —nAu +a,n*"> +
(ii1) g U+a,

The typical thermodynamical parameters of Ce fullerene organic solutions (carbon disulfide,
benzene and toluene) were used when modeling the evolution of the f{(n, ) function. One
example of such evolution obtained for model (ii) is given in Fig.1.
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Fig. 1. Evolution of the cluster size distribution in time (in specific time units) obtained
numerically for model (ii) in the case of homophase fluctuations.

A special respect was given to the liquid droplet model (i). Both analytical and
numerical treatment of the corresponding kinetic equations results in the following
conclusions. In the case of homophase fluctuations a stable cluster size distribution in the
system is obtained in the form:

AG(n)

f(n,t)=Ade " .

The maximal mean cluster size that can be obtained in the system does not exceed <n> ~1.6.

In the case of heterophase fluctuations the system takes a long-time evolution, the final state
being one big cluster in equilibrium with ¢, monomers around it. The size of this cluster

depends on the initial supersaturation in respect with ¢, (Fig.3). The obtained conclusions

again are in disagreement of the SANS from solutions Ceo/CS;, which shows that liquid
droplet model cannot describe the observed clusters.

The modified liquid droplet model (ii) uses the potential arising in systems where the
cluster growth is strictly limited by some kind of interaction described by the additional term
with parameters £ and f. The corresponding evolution of the f{(n, ) function (Fig. 1) show that
in equilibrium the final cluster size distribution consists of a Gaussian peak of large clusters
and an exponential decay distribution of monomers, dimers, trimers and so on,. The position
of Gaussian peak, as well as the average cluster size does not depend on the initial value of
¢, - The analytical expression for the mean cluster size obtained for this model:

e )
0 Bk(p-1))

where wy — 1s the volume of a monomer (fullerene), is in agreement with numerical
solutions. This is in a qualitative agreement with the situation in the system Cgy/CS,, the
quantitative comparison is in progress.
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The last model (iii) takes into account the charge of monomers, O, suggested for
molecular solutions in [5]. This kind of potential can be brought to the form of AG(n) for
model (ii), and all the conclusions obtained above stay true for it.
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Methyl derivatives of benzene, such as toluene — CH;Cg¢Hs, m-xylene — (CH;),CsHy, and
mesitylene — (CH;);C¢H3, are commonly known as organic solvents with relatively low melting points:
180K, 225K and 227K, respectively. Melting point of p-xylene, equal to 286 K, is close to this value of
benzene, equal to 278 K. For all these molecules internal barriers for rotation of CH; groups with regard to
C-C bound is very low. The librational modes of methyls in solid p-xylene are mixed with the high wave-
number optical phonons at the cut-off spectrum of lattice modes at about 120 cm™ [1]. In the solid state of
toluene [2] and m-xylene [3], methyl librations are mixed with the low wave-number acoustic phonon
branches and form the librational band at about 50 cm™, which suggests low external barriers for rotation
of CHj groups in the solid state of these compounds. Mesitylene was assumed to behave similarly,
therefore, it has been proposed as a cold moderator at pulsed neutron sources [4]. However, our recent
neutron scattering investigation of this compound indicated three crystalline phases of mesitylene [5].

The vibrational spectra of crystalline toluene, m-xylene and mesitylene are characterized by
continuous phonon density of states with the parabolic dependence on the wave-number up to about 50
cm™, and the phonon cut-off energy at about 120 cm™. Except for the phase III of mesitylene, methyl
librational modes in solid toluene, m-xylene and phase I and II of mesitylene are mixed with the lattice
vibrations and increase the number of the low energy modes, which can effectively slow down neutrons to
low energies. In the disordered phase of toluene and mesitylene the bands at 50 cm™ are smeared out and
cause a non-parabolic dependence of the G(v) below this wave-number. Such behavior of these bands, as
well as the disappearing of the strong bands seen at phase III of mesitylene at 155 and 193 cm™, allows
one to assign these bands as corresponding to methyl librations. Other internal modes form discrete
spectra in the range of wave-numbers from about 200 to 1800 cm™, except for the C-H stretching modes,
which form a narrow band at about 3200 cm™.
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The additional density of states, over the parabolic dependence of the G(v) of ordered crystals,
called “boson peak”, is typical for all disordered or glassy substances. The orientational disorder of methyl
groups in solid toluene and mesitylene caused so-called protonic glass phase in solid state of these
substances. However, these glassy phases are not stable in all temperature range of solid phase of these
compounds.

The disordered solid phase II of mesitylene can be obtained when overcooled liquid is freezing at
slow cooling rate. This phase is not stable at low temperatures but at about 90K it passes the structural
phase transition to the low temperature phase III. This transition is reversible until phase II is not heated
over 180K. At about 190K phase II starts a transformation to the high temperature ordered phase I. The
growth rate of nucleations of phase I increases with temperature and at about 220K full transformation of
phase II to phase I need only some minutes. This transformation is not reversible and the structure of
phase I is stable from its melting point at 227K, down to the liquid helium temperatures. Phase II, in
presence of nucleations of the phase I, can be also overcooled to the liquid helium temperatures.
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Fig. 3. Comparison of the G(v) spectra of disordered Fig. 4. Comparison of the G(Vv) spectra of ordered
phases of toluene and mesitylene with its 3:2 volume crystalline phases of m-xylene and mesitylene with its
solution measured at 20K. 3:1 volume solution measured at 20K.

The IINS and neutron diffraction investigations of selected solutions have confirmed stabilization
of disordered solid phase by mixing of mesitylene with other methyl-benzene compounds. Some of these
results are presented in figures 3 and 4. It has been shown that solutions of mesitylene with toluene or m-
xylene form glassy solids, which are stable in the whole temperature range below the melting point. The
vibrational spectra of these glassy state solutions indicate that methyl librations are mixed with the lattice
vibrations and form the wide band with cut-off at about 120 cm™.

Additional density of states at low frequencies, over the parabolic dependence of the G(v) for
ordered crystals, typical for disordered solids can be seen in fig. 4. It makes solid solutions of the
investigated compounds preferable as potential moderators for cold neutron sources.
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The paper is devoted to the extraction of the partial structure factors (PSF) and
partial pair correlation functions g;(r) (PPCF) from the results of the neutron
diffraction experiments. For this purpose we use our earlier experimental results on
Pb-K melt with various concentrations of components Cpp, x ( fig. 1, see [1]).

The structure factor (SF) for Pb-K binary system can be written as:

S(0)=(Crybpy) Spupy, (Q) +2C, Ciebpy b Sy (Q) +(Cicby ) S (O) (D

Here bpy, and bk are amplitudes of coherent neutron scattering. In coordinate space

0

2,(") =1+ ——[S,(Q) ~11Qsin(Qr)dQ @)

(27[)2n0r 0

where ny is density. To minimize the influence of spurious oscillations at small
arising in the course of the procedure (2) two methods were used: the first, based on
the experimental SF correction [2], and the second, based on the maximum entropy
approach [3].

The PSF and PPCF, extracted from experiment, were analyzed by the
comparison with MD simulations results [1]. In so doing two model of the melt
investigated were applied. In the first one the Pb-K melt was assumed as the mixture
of free Pb and K atoms (atom-atom (AA) approach). The example of PPCF g;(r) for
the melt with the concentration Pbgg¢Ko 14 obtained in the frame of this model, is
shown in fig 2. The second model assumes the melt to be a mixture of Pb-K clusters
and free Pb atoms (cluster-atom (CA) approach). It follows from MD results [4], that
Pb-K melt along with the clusters of Zintle type PbsK4 (their existence is evident from
the presence of the prepeak in SF S(Q) at Q ~ 1 A, [5], see fig. 1) contains as well the
Pb-K clusters with variations of components Pb,,K, . So, besides the Zintle clusters
the possible variants of the Pb-K clusters Pb,K;, PbsKj3, PbsK,, and PbsK4 were
considered, the latters being assumed as scattering units with coherent amplitude b =
mbpy, + nbg. The examples of the experimental g;(r) for this AC approach are shown
in fig. 3 (gi2(r) — PPCF for free Pb atom — Pb-K cluster correlations) and fig. 4 (g2.(7)
— PPCF for Pb-K — Pb-K cluster correlations). As in the case of fig. 2, there exists
only far resemblance between MD and experimental results. It is desirable to explain
the possible origin of the main features demonstrated in these figures. The peak at r ~
7 A may be connected with the correlations “cluster — free Pb”. The peak at (7 — 8) A
reflects the correlations between Zintle clusters. The peaks at ~ (2-2.5) A, which are
absent in MD results can be understood presumably in the following way. Two Pb



atoms and two K atoms are situated at the vertices of tetrahedra. In this case the

shortest distance between scattering centers is V2 times less than interatomic
distance, i.e. 3.4/1.4 ~ 2.4 A. If the clusters converge through two neibouring free Pb
atoms, this distance can be estimated as twice of this value, i.e. = 5 A.

In general, one can point out some resemblance only between the positions of
the main features in MD data and PPCF curves extracted from experimental results, to
say nothing of their shapes.
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This year the first modernization stage of the polarized neutron spectrometer REMUR
completed. Today, the spectrometer allows carrying out high-luminosity investigations of neutron
reflection from surfaces, layered magnetic structures, and interfaces and experiments of small angle
neutron scattering on inhomogeneous magnetics for a wide interval of momentum transfer, Q =
3x107° + 5x107"A™.

The proximity effect at the superconductor-magnetic interface involving simultaneous
establishment of the superconducting and the magnetic state in the bilayer or periodic structure has
already been studied for a comparatively long time. In 1988, A.l.Buzdin and L.N.Bulaevskii [1]
predicted the effect of modification by superconductivity of the ferromagnetic order. Actually, it
was noted that in a thin ferromagnetic film a domain structure established. Contrary to [1] article [2]
points to that superconductivity leads to the establishment of a modulated magnetic structure.
Experimental studies of the effect of superconductivity on the ferromagnetic layer magnetization
were first conducted by Miihge and co-authors[3] who determined the effective magnetization in a
Nb/Fe crystalline layer by measuring the magnetic resonance. They discovered that the
magnetization fell as the temperature decreased below the critical temperature and the thinner the
layer the sharper the fall was. For a thinnest iron layer of 14A the magnetization drop was the
largest and amounted to 4%.

To reveal how superconductivity and magnetism co-exist on a nano-level, we have chosen
the layered structure Pd(15A)/V(400A)/FeyssVo34(50A)/ [10x(V(50A)/Fe(50A))/MgO where
simultaneously exists the periodic structure 10x[V(50A)/Fe(50A)], that is composed of
superconducting vanadium and ferromagnetic iron layers, and the bilayer V(400A)/
Feo,66V0,34(50A). The measurement at different temperatures of the dependence of the neutron
reflection coefficients R™(Q) and R™(Q) responsible for the processes without spin-flip has allowed
the determination of the spatial dependence of the magnetization (magnetization profile) in the
periodic structure and at the interface in the bilayer. At the same time, the given periodic structure is
a generator of short-period standing neutron waves [4], which also allows study of spatial variation
of the magnetization vector direction using the neutron reflection coefficients R™(Q) and R™(Q)
responsible for the neutron spin-flip processes.
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Fig.1. The nuclear N, and the magnetic profile M at 3K for: a) three contiguous layers



V(50A) /Fe(50A) /V(50 A) of the periodic layered structure; b) bilayer Feg 45V 34(50A)/V(400 A).

Measurements of neutron reflection were carried out at 293K, 7K, 3K, and 1.7K. Basing on
the fact that the temperature of superconducting transition in bulk vanadium is known to be 5.3K
and that it slightly decreases if in a nano-layer, it is assumed that the temperatures 3K and 1.7K lie
below the superconducting transition temperature for vanadium layers and the temperatures 7K and
293K are above it. However, the experimental data on neutron reflection coincide for the
temperatures 293K, 7K, and 3K and only differ for 1.7K.

Figure 1 shows the histograms of the spatial dependence of the nuclear scattering density
amplitude Np(nuclear profile) and of the magnetization M (magnetic profile) for the three
contiguous layers V/Fe/V of the periodic structure (Fig. 1la) and the bilayer
F 60_66V0,34(50A)/V(400A) (Fig. 1b) at 3K. In the Figure each separate section (structure sublayer) of
the histogram Ny is marked with the Cg. and L values with a slash between standing for the iron
percentage in the sublayer Cre and the sublayer thickness L. It is seen that there are just two
sublayers that have 100% iron and 100% vanadium content (Cg=0). The rest are a mixture of iron
and vanadium atoms. Next, from a comparison of the dependence N, with the dependence M it is
seen that in sublayers with a low iron concentration (15%, 10% or 8%) magnetization has a much
lower value than that which follows from the assumption of magnetization being proportional to the
iron atom concentration. The latter is due to the fact that in such sublayers vanadium atoms are
magnetized by iron atoms and get antiferomagnetically ordered with respect to them. For the bilayer
(Fig. 1b), we also have a 66% iron atom concentration in a 50A thickness sublayer while the
magnetization is only 35% of the iron atom magnetization, which means that antiferromagnetic
ordering is stronger than in the periodic structure sublayers. Thus, in a real Fe/V layered structure
we have a more complicated case when together with ferromagnetic ordering in the middle of the
iron layer there exists antiferromagnetic ordering at iron-vanadium interface.

Figures 2a,b show the magnetic profile for the temperature 1.7K. In the Figure each sublayer
is marked with effective manetization M. and L values with a slash between their. The Mg 1S
expressed in percentages the ratio of sublayer magnetization M and magnetization of iron atoms in
sublayer Cg.Mpe , where Mg, is magnetization of iron equal 21.6kOe. It is seen that in the periodic
structure sublayers with a low iron atom concentration, 15%, 10%, 8% and 0%, magnetization
drops by 1xOe, 0.9xOe, 0.7kOe¢ and 0, respectively. In the sublayers with a high iron atom
concentration, 81%, 88%, 100%, 90% and 83%, magnetization changes by —3kOe, -2xOe, 0, 0,
+2kO0e, respectively. Thus, there is direct evidence of that magnetization tends to decrease, although
in separate sublayers it does not change and even increases. It is, however, characteristic of the
sublayer with a 100% vanadium atom concentration that in it there is not observed diamagnetism
due to establishment of superconductivity. At the same time, in the bilayer (Fig. 2b) the sublayer
Feo 65 Vo.24 loses magnetization completely while the 400 A vanadium layer becomes diamagnetic.
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Fig. 2. The magnetic profile at 1.7K for: a) three contiguous levels V(50A) /Fe(50A) /V(50 A) of the periodic layered
structure; b) bilayer Fe g,V 34(50A)/V(400 A ).

The results of the first neutron investigations are unexpected to some extent, though they
can be explained. Unexpected is that in the periodic structure with thin vanadium layers in each of
which superconductivity cannot occur [5] (what is seen on the example of the 14A layer with a
100% vanadium concentration) changes in the magnetic profile are observed. A possible



explanation is that there establishes some superconducting state in the entire periodic structure
whose sum thickness of vanadium layers is on the order of 500 A. Unexpected is 100% suppression
of a 5xOe magnetization in the FeosVo34 sublayer It may be connected with strong
antiferromagnetic ordering that produces a weaker destructive effect on the superconducting pair
[6].

So, the obtained results make us sure that the unique possibilities for the measurement of the
nuclear and the magnetic profile of layered structures that provide the present polarized neutron
spectrometer REMUR will allow us to obtain new data to advance essentially in the solution of the
problem of superconductivity-magnetism coexistence.
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Introduction

At the beginning 1980°s the enhanced parity nonconservation (PNC) effects were predicted [1, 2, 3]
and experimentally observed [4, 5] in the processes of interaction of slow neutrons with nuclei. It was
shown the structure and properties of the nuclei cause the mechanism of this enhancement. Those effects
are mostly expressed close to the p-wave resonances. For example, for '**La total capture cross section of
the p-resonance with the energy 0.75 eV differs by 10% for polarized and unpolarized neutrons.

Later on detailed investigation of these effects for a number of nuclei was carried out in Los-Alamos
[6], where the dependence of the neutron total cross section vs. neutron helicity was measured. All the
results are in agreement with the theory treating PNC-effects as a result of mixing of compound states,
having different parity. In the considered case they are s- and p- resonance.

Besides PNC-effect at total cross-section there is another effect - neutron spin rotation, if neutron
polarization is perpendicular to the neutron momentum, by neutron flight through the target. Both effects
are described in the frameworks of the same theoretical model.

Lead is among those nuclei where neutron spin rotation was measured. The value of rotation angle
was obtained in [7]:

A = (2.24+0.33) - 10 rad/cm

The target was a natural lead, which consists of four isotopes. Additional experiment on natural lead
[8] confirmed that the effect is present. The obtained value in this experiment was

A = (3.5310.79) - 10 rad/cm.

The carried out measurement on an isotope 207Pb, which in a natural mix of 22 %, has shown, that
this isotope does not respond to this effect [8].

Further measurement was done with an isotope **Pb [9], which in natural lead only 1.4 %, and the
next value of rotation angle was obtained

A = (8%2) - 10 rad/cm

It was somewhat less than needed for interpretation of the effect but approximately, nevertheless,
could explain it.

In the frameworks of the simplified two-level model of the s- and p- resonance mixing spin-rotation
angle may be written as follows [10]:
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Here: X - is the neutron wave length, p - is the number of nuclei in cm’ of target, Wip - 1s the matrix
element of the mixing by the weak interaction between the states with different parity, I',’ u I',” — neutron
widths of s- and p- resonances, Es u E, — energy means of this resonances. Symbol (1eV) demonstrates
that this value is reduced to 1 eV of energy.

It is assumed in Eq. (1) that the total widths I'su I', << (E - Es) and ( E - E;), respectively.

Using known values of the parameters of s- and p- resonances of “*Pb [11], one may see that the
theoretical estimation of A is several orders less than was experimentally obtained. It is possible, that the
compound state corresponding to the p-resonance lies below the binding energy (so-called negative
resonance). It is obvious from Eq. (1) that the effect in thermal region at E < 0.1 eV is proportion to
VI./ E,, and \T,” / E,. Taking maximal value of this ratio ( E;=-3 keV u I, (1eV) = 1.3 ¢V ) [11] and
assuming also that for p-resonance the average width is I',” (1eV) =3 + 10”7 eV and E, = D/10 =100 eV
(where D is the average interval between nuclear levels which is about 1 keV for **Pb) one obtains Ap =
9-107 rad/cm, 1.e. 2 orders less than obtained in the experiment. Here we used Wy, =5+ 10 eV which is
slightly higher in comparison with the average value. The larger effect may be obtained, if T',” would be
essentially larger and E, smaller, respectively. For instance, if an increase I',’ by an order of magnitude
and arranging the resonance below binding energy by 5 eV, we obtained A = 6 + 10™ rad/cm. It becomes
nearer to the experimental value on ***Pb, while still not enough to explain the measurement on the
natural lead. Thus interpretation of the parity violation in lead may be related with the strong p-resonance
close to the binding energy. Therefore, observation of the “negative” neutron resonance is a principal
importance.

The purpose of experiment and estimation of expected results
We have proposed to investigate the energy dependence of the neutron capture cross-section o, (E)

and such way to carry out search of subthreshold resonance. It is known that o, (E) is described by the
Breit-Wigner relationship. At low neutron energy E << Egand I' << E, it may be rewritten as

) AR (1eV )T,
B =TS
s (2)
in the case of s-wave interaction, and as
A’ (leV)I'T
7z (e ) n-y V (3)
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in the case of p-wave resonance.

In expressions (2) and (3) Fno and Fnl are the reduced widths of s- and p- resonances, which do not
depend on the energy of neutrons. An important role in the p-wave cross-section plays centrifugal factor:
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Here: k = 1 /A — is the neutron wave number and R — is the radius of a nucleus. For lead the number
of Vi =3 10° E. It is seen from here that the energy dependencies of the neutron cross-sections for s-
and p- waves are different:

o (E)~1/VE o’ (E)~VE

and

It is seen that the p-wave contribution (or its upper limit) may be obtained from the measurements of
the energy dependence of the radiation neutron cross-section from thermal energy up to 1-3 eV.

The technique of experiment and results

The experiment carried out on the neutron beam of the pulsed reactor IBR-2 of FLNP JINR in
Dubna. The well fulfilled technique of time-of-flight for spectrometry of neutrons was used. As follows
from the experimental results above [8,9] the negative resonance most probable could be observed in
radiation neutron capture of **Pb. Thus, we used as a target lead enriched by an isotope “**Pb. It is
convenient to measure gamma-ray spectra from two targets simultaneously to decrease various systematic
uncertainties during the experiment. The first investigated target is enriched by isotope “**Pb and the
second one is a reference target having known 1/VE energy dependence of the capture cross-section.

As soon as an overlap of the gamma-peak from two components of composite target is absent it may
be possible to compare the squares under these peaks. So, on the base of this comparison an unambiguous
conclusion concerning the deviation of the energy dependence of the neutron radiation cross-section from
the 1/VE can be maid. At the initial stage of experiment as a reference target served copper, and further as
reference was the isotope “*’Pb. This isotope contained in the investigated sample and the lines
appropriate to it were intensive enough in a measured gamma-spectrum.

Gamma-ray spectroscopy of radiative neutron capture carried out with the Combined Correlation
Spectrometer (COCOS). Its peculiarity consists of the combination of lonely semi-conductor detector
(HPGe) with high energy resolution and several scintillation gamma-detectors (BGO) with high
registration efficiency. The possibility of registration of two and more coincidence gamma quantums and
the correlation analysis of multi-parameter experimental data allows essentially to suppress a background
and to improve a ratio “peak-background” in the measured spectrum. The high-energy part of the
spectrum from 5 to 8 MeV was analyzed in the carried out experiment. Here, the probability of formation
of electron-positron pairs due to gamma-ray interaction with a germanium crystal prevails the probability
of a photoeffect and Compton-effect.

This part of spectrum is presented in figure 1. It is a gamma-ray spectrum from radiation capture of
neutrons with energy 0.04 eV, registered by HPGe detector in coincidence with BGO registration of the
photon with energy 511 keV, accompanying of positron annihilation. The peaks marked on spectrum as S
and D, single and double escape, respectively, correspond to the direct transition from the top exited
levels on the ground levels for compound-nucleus **’Pb, ***Pb and **Cu.

Result of experimental data of processing several series of measurements with the enriched isotope
Pb total duration 575 hours shows, that the ratio of direct transitions intensities of target components
(”Pb/*®®Pb) does not grow with increase of neutron energy, as it was expected, but falls. The similar
energy dependence of analogous ratio (**Cu/*”*Pb) was observed in the control measurement with the
enriched sample on an isotope *°’Pb and copper as the reference.
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energy 0.04 eV for an investigated sample.

The experimental data of measurements are presented in figure 2. There are inverse relations
K(*®Pb/”Pb) and K (***Pb/**Cu) for six group of neutron energy. It is obtained after normalization on
the average meaning of these relations for two group neutron energy 8 and 20 meV, where the
contribution of a p-wave is negligible. This data are supplemented with the calculated result of neutron
capture cross-section ratio GY(WPb)/ GY(204Pb) as function of neutron energy with the presumable negative

resonance parameters satisfying observed effect of parity nonconservation in lead.
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Conclusion

The experimental data of the measurements shown that neutron capture cross-section ratio
07(207Pb)/ 07(204Pb) increases with the incident neutron energy. This is an indication of the existence of the
p-wave capture at an isotope “°'Pb. Thus, the result of the carried out experiment gives a possibility to
conclude that isotope °’Pb have a “negative” resonance, which could explain parity non-conservation
effect in the natural lead. So, it seems very interesting the more detailed study of the nature of the
observed PNS-effect in lead.

The work was supported by RFBR (grants 01-02-16024 and 02-02-16935) and INTAS (project 00-

00043).
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Introduction:

A polarized *He neutron spin filters are useful for numerous researches in fundamental
physics and applied physics with neutrons [1]. We will apply the polarized *He neutron spin filter
for testing time reversal invariance in the nuclear reaction. The present experiment is a
methodological preparation for the T-violation experimental, namely R&D for the experimental
apparatus which will be used in the forthcoming full-scale experiment. The experiments were
performed on KENS neutron beamline H-8.

Any noble gas nucleus of odd isotope is highly polarized by means of a rubidium optical
pumping [2]. In the optical pumping, circularly polarized photons of 795 nm in the wavelength are
absorbed at the rubidium D1 resonance. Upon the resonance absorptions, photon circular
polarizations are transferred to rubidium atomic electrons, and then rubidium atomic spins are
polarized in the direction of photons. Polarized rubidium atoms collide with noble gas nuclei of
non-zero spins. Upon the atomic collisions, the rubidium atomic polarization is transferred to the
*He nuclear polarization via hyperfine interactions.

Neutrons are polarized upon transmission through the polarized *He gas by the optical
pumping because of strong spin-dependent neutron absorption by the *He(n,p)’H reaction. The
neutron polarization is represented by the following expression:

pn = tanh(pHenHeGPL) 2 (1)
where n,, is a He nuclear number density, Py 15 @ *He polarization, and L is a target length.
Quantity o, is a polarization cross-section of the *He(n,p)°’H reaction, which is a difference

between cross sections for the parallel and antiparallel spin states of a neutron and *He nucleus
system. The polarization cross section depends on the neutron energy, E as

c p(E )~ 5370./0.0253/E barn. The neutron transmission is represented as

N =exp(-n,,0,L)cosh(p,,n,,0,L)= N, cosh(p,,.n,,0,L), )
where N, is a neutron transmission for unpolarized *He nuclei and o, is the total cross-section of
the *He nucleus. From Eq. (1) and (2), the neutron polarization is obtained as

p,=1-(Ny/N) (3)

Experimental Installation:

In the test of the time reversal invariance, polarized *He neutron spin filters are used as a
neutron spin polarizer and an analyzer. A prototype set-up for the polarizer and analyzer are shown
in Fig. 1. Two *He cells are placed in two solenoids of 34 G as the polarizer and analyzer. Each cell
is irradiated with a laser beam of 795 nm in wavelength. A neutron beam passes through the
polarizer and analyzer in the axis of the solenoids. The configuration of the apparatuses can be
changed easy and fast enough to fit the particular experiment. In fact, it represents the constructor
set of uniform parts. For example, we can place a spin flipper for a neutron spin manipulation
experiment as it is shown in Fig. 1. The solenoids are placed on revolving platform, which allows



rotate the entire installation around the upright axis and sets the angular position with accuracy
10.01 deg.

optics holder °He cell fl§pin optics holder
ipper neutron
= = == detector
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Fig. 1. Installation with the polarized *He cells in a KENS beam line. Position of the neutron
detector is not scaled.

As a container for polarized *He gas, we used a 3 cm diam and 4.65 cm length cylindrical
cell of quartz and a 3.6 cm diam and 4.65 cm length cell of sapphire. The both cells were filled with
*He gas at a pressure of 3 atm. together with small amount of rubidium and nitrogen gas. The cells
were placed in the two solenoids aligned along the neutron beam direction. The quartz and sapphire
cells have the advantage of clean surface for polarized *He gas and low neutron absorption. Each
cell had its own hot air supply line. The temperature of the cells was kept at about 195+1°C so that
an optimal rubidium atomic number density was obtained for the optical pumping.

Fig. 2. LDA FWHM narroing system. Mirror M1 guides zeroth-order reflection from grating to
the mirror M2 which reflects the light to a cell inside the solenoid. All lenses are used for shaping of
the laser beam profile.

For the optical pumping, we used 17 W laser diode arrays (LDA) of 795 nm in wavelength
as shown in Fig. 2. The LDA has a line width of 2~3 nm in FWHM and are much broader than the
Rb natural absorption line width. Therefore, a small fraction of the LDA power can be used for the
rubidium optical pumping. The effective laser power limits the rubidium atomic polarization and
then the *He nuclear polarization. There are two ways to improve this situation. First one is a brute



force, just to increase the laser power. We used two laser systems for single cell. We used almost
twice as much laser power. The second one is the application of a frequency narrowing system to
the LDA, which allows us to use full laser power [3]. We used an external cavity with a diffraction
grating and some optical lenses for the frequency narrowing. The grating has 2400 grooves/mm.
The first order diffraction from the grating is reflected back to the LDA and then form a cavity in
order to stimulate coherent photon emissions. The Oth-order diffraction is used for the extraction of
the laser beam. The result of the frequency narrowing is shown in Fig. 3. As shown in Fig. 3, the
width of the LDA is reduced to the rubidium D1 resonance width. The extracted laser beam is
guided through an optical lens system for a beam shaping for the *He cell irradiation.
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Fig. 3. The result of the frequency narrowing system.

Experimental Results:

The transmission enhancement, N, /N was measured by a neutron detector of '°B-loaded
liquid scintillator, which is placed at 12 m from the pulsed neutron source, as a function of a
neutron time of flight. From Eq. (3), the neutron polarization was obtained. The difference of
incident neutron intensities between Ny and N measurements was normalized by using the property
of the polarization cross section. The polarization cross section is almost zero, and then the
transmission enhancement, N,/N is almost unit at higher neutron energies above 120 eV. The

deviation from unity is less than 0.01. The results of neutron polarization for the quartz and sapphire
cells are shown in Fig. 4 and Fig. 5.
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Fig. 4 Neutron polarization with quartz cell. ~ Fig. 5 Neutron polarization with sapphire cell.

A *He pressure in each cell was extracted from neutron transmissions through each cell and
an identical empty cell, and then the 3He nuclear number density was obtained. The *He
polarization was determined by means of Eq. (1). The result of the *He polarizations are pp,



=(0.538+0.004 +0.O2Sys for the quartz cell and py. = 0.627 £0.002 +O.015_VS for the sapphire

stat — stat —
cell, respectively. In the both cases the single laser with the narrowing system was applied to the
LDA. The double laser pumping for the same quartz cell without the narrowing system provided pge.
=0.431+£0.002,,,,£0.02 . The error of the *He polarization in the quartz cell is bigger than in the

stat —
sapphire cell. The increase in the error arises from the uncertainty of *He pressure. The *He gas

diffuses through the cell wall. The *He pressure decreased at a rate, ~1% per day at 195°C. The
leakage was not found for the sapphire cell.

Conclusions:

We have compared different methods of optical pumping for the *He polarization. The
application of the frequency narrowing system to the LDA showed better performance than the
direct increase in the laser power. The sapphire cell showed better performance in the *He
polarization than the quartz cell, in addition, the sapphire cell had no *He gas leakage.
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The unstable isotope '*’Pm represents an important branch point in the s-process reaction
path (Fig. 1). The resulting abundance ratio of 8Sm and "*°Sm is affected by three branchings at
the unstable isotopes "*'Nd, '*'Pm, '**Pm. In framework of the classical s-process, based on the
assumption of steady process with constant temperature and neutron density, the strength of
branching can be expressed in terms of the rate for f~decay and neutron capture of the branch
point nucleus as well as by the (o) N, values of the involved isotopes,

f = ﬂﬁ ~ (<O->NS )branched
P dg+, ((o)N,)

S Junbranched
The effective strength of the combined branchings at 4 = 147/148 is determined by the branched
and unbranched s-only isotopes '**Sm and *’Sm. These isotopes are shiclded against S-decays
from the r-process, hence, (o)N, = <0'>N®. The isotopic ratio is well defined [1], the cross

section ratio '**Sm/'*’Sm was measured with high accuracy [2]. Such a way, the effective
branching factor is known - f ;ﬁ = 0.870 £ 0.009. Since the f-decay rates of the branch point

nuclei "*'Nd, '*Pm, "**Pm are practically independent of temperature and electron density during
s-process [3], the expression can be solved for A, =n,(c)v,, choosing the neutron density 7,
such as to reproduce '**Sm and '"’Sm in solar proportions. However, the uncertainties lie
evidently in the cross sections of the branch point isotopes, for which only theoretical values
existed so far.

The stellar (n,y) cross section for '*’Pm was determined via the activation technique. The
quasy-stellar neutron spectrum was obtained by bombarding a thick metallic Li target with
protons of 1912 keV at the Karlsruhe Van de Graaff accelerators (Fig. 2). The sample was a
graphite pellet 6 mm in diameter and 0.4 mm in thickness, containing a mixture of '*’Pm and
7Sm (as a carrier). The sample was sandwiched between gold foils and placed on the lithium
target. The experiment was difficult because the relatively short '*'Pm half-life of 2.62 yr
enforced the sample mass to be restricted to 28 ng or 10'* atoms only. By means of a modular,



high-efficiency Ge Clover array (Fig. 3) the low induced activity could be identified in spite of
considerable backgrounds from various impurities (Figs 4 and 5). Both partial cross sections
feeding the 5.37 day ground state and the 41.3 day isomer in '*Pm were determined
independently, yielding a total (n,y) cross section of 709 = 100 mb at thermal energy of A7 = 30
keV. This is clearly smaller and at lest a factor of 2 more accurate than the recommended
theoretical value (1290 £+ 350 mb) [4].

The (n,y) cross sections of the additional branch point isotopes '*/Nd and '**Pm as well as
the effect of thermally excited states were obtained by detailed statistical model calculations.
Three different sets of calculations using the same Hauser-Feshbah statistical model but different
parameterizations have been considered: NON-SMOKER, EMPIRE-II, ENEA Code. The
calculations lead to different cross sections, however the ratios of these results, 148Pm/147Pm,
"pm/""Pm are consisted within 8%. In combination with the measured value of 147Prn, this
provides a reliable estimation of cross sections for '**Pm and '*’Pm. It has a significant impact on
the theoretical assessment of another important branch point isotope '**Pm. The uncertainty of
this cross section could be reliable reduced to 15%.

The present results allowed considerably refined analyses of the s-process branchings at 4

= 147/148. The classical analysis yields a neutron density n, = (4.94tg-§g) x10% cm™, what is in

conflict with recent studies of the branching at 4 = 191/192 [5] (n, = (7f8‘_§)x107). This

inconsistency confirms once more that the s-process mechanism must include a dynamic
component. In agreement with observations, the main s-process component is commonly ascribed
to He shell burning in thermally pulsing stars on the asymptotic giant branch (TP-AGB stars)
with masses 1.5-3 M_ [6]. During the interpulse period of a few times 10* yr the dominant
BC(a,n)'°0 reaction provides a relatively high neutron exposure at comparably low temperature
(kT = 8 keV) and neutron density (, < 10’ cm™). At the start of the next convective instability, a
sufficiently high temperature is reached at the bottom of the He-burning to marginally activate
the **Ne(o,,n)*’Mg source. This short burst of ~5 yr reaches peak neutron density of 1, < 10" cm’
3. Although this second burst represents only a few percent of the total neutron exposure, it
suffices to determine the final abundance pattern of the s-process branchings. In this stellar
model, the neutron density of *C(a,n) source is not sufficient for the reaction flow to bypass
"8Sm. Only in the second burst of **Ne(a,n) source, '**Sm is bypassed and even strongly
depleted (Fig. 6). However, during the final decline of the neutron density, the branchings to
"8Sm are restored, and the final value is established during the freezeout of the abundance
pattern. With the new cross sections, these models reproduce the observed abundance ratio
8Sm/*Sm to better than 1%. The effective parameters obtained by the classical analysis have to
be considered as local features. This emphasizes the importance of the decline of neutron density,
which leads to a stepwise freezeout of the abundance according to the particular cross section
situation in each branching.
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Fig 2. Sketch of the activation setup at the
Van de Graaff accelarator.

Fig 1. s-process path between Nd and Sm
partly bypassing '*Sm as a result of the
branchings at 4 = 147/148. The second s-only
isotope, *’Sm, experiences the full reaction
flow. An additional, very small branching to
“Pm has been omitted for better readability of
the figure but was considered in all analyses.
The half-lives reflect the stellar values.
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Fig 3. Schematic view of the HP Ge
spectrometer consisting of two fourfold
Clover-type detectors in close geometry.
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Fig 4. GEANT simulation of the decay of
“Smppy with the Clover system operated in
calorimetric mode. The complex response
illustrates the need for a detailed simulation,
since cascade corrections for summing-in and
summing-out effects no longer be handled with
codes for single Ge detectors.
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Fig. 5. y-ray spectrum of coincident events
from the activated '*’Pm sample. The spectrum
was obtained by off-line analysis of the data
taken with the Ge Clover array. Events due to
cascades from the decay of '**€Pm consisting
of the 915 and 550 keV transitions are
concentrated in the center, clearly separated
from the overall background and from
Compton-scattered events of the 1461 keV line
from *°K, which appear as the diagonal band in
the lower left part.

Fig. 6. Evolution of neutron density (right
scale) and of the abundances of "*Sm and
'%Sm in fractions of mass during the **Ne
neutron release in a typical advanced pulse
(pulse 15 of the standard AGB model). The
timescale starts at the moment when the
bottom temperature reaches 2.5x10° K. The
arrow indicates the freezeout of the '**Sm
abundance according to the criterion Xjeeze =
0.9Xinal.
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The well known ability of mosses to sorb and retain elements from wet and dry
deposition (Clymo, 1963) was successfully used during the last 30 years to identify and
monitor zones of heavy metal contamination by the collection and analysis of moss samples
(Buse et al., 2003). Since the introduction of the method (Riihling and Tyler, 1968), the most
popular variant has been passive monitoring, involving only two major steps: collection and
analysis of moss samples. This method has the advantage of the extensive character but does
not offer information about exposure of the moss to the pollutant agent during periods of less
than a year. The active biomonitoring with transplanted bryophytes in moss-bags, introduced
by Goodman and Roberts (1971), has the distinct advantage of a well-defined exposure time
(Steinnes, 1989).

This work is the first application of the moss-bag technique in Romania. In order to
optimize the assessment of atmospheric pollution in an industrial area using active
biomonitoring a novel sampling design was introduced, and transplants with two different
qualities of the moss Sphagnum girgensohnii were deployed in parallel in order to study the
uptake of a series of trace elements from the air over a defined time period. The site selected
for this experiment was Baia Mare, Romania (47°44' N, 23°20' E, altitude 228 m),
characterized by a sub-Mediterranean climate (an exception for a such latitude) and high
pollution with heavy metals from non-ferrous ores mining and metallurgy (Figure 1).
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Figure 1. Sampling points and place of transplant
Nine moss transplants from each of two background areas (Dubna, Russia and Vitosha

Mountain Natural Park, Bulgaria) were deployed in parallel on balconies about 24 m above
street level for 4 months (Figure 2).



Figure 2. T system used for deploying moss-bags

Conventional and epithermal neutron activation analyses at IBR-2 pulsed fast reactor
FLNP JINR Dubna, Russia (Frontasyeva and Pavlov, 2000), were used to determine the
contents of 36 elements in moss. The analytical quality control was ensured by carrying out
concurrent analyses of the standard reference materials.

A comparison of the two moss qualities used in the transplant experiment shows that the
moss from Russia (RU) was a better choice than those from Bulgaria (BG) because of
generally lower content of many elements of interest. Obviously the BG moss had a greater
content of soil particles than RU as evident from the markedly higher levels of elements such
as Al, Sc, Fe, REE, Ta, Th, and U. Moreover higher contents of V, Zn, As, Cd, and Sb in BG
may indicate some exposure of the growing site from the Sofia region, which is only about 25
km away from Vitosha Mountain. Nevertheless, the individuals of moss collected in Bulgaria
were drier and weaker than the moss in Russia, with a yellow-green color compared to green
of moss from Russia, indicating a worst development of the Sphagnum in Bulgaria than in
Russia.

In order to study the relative uptake of the different elements relative to the initial levels
in the transplanted moss an "Increment coefficient" I1C is introduced:

_IL(T.-U)
* U_S
where: IC, = increment coefficient for the element X;
Tx = concetration of element X in transplanted moss;
Uy = concetration of element X in unexposed moss
Sx = uncertainty of /C,

The investigated elements may be grouped in three groups as follows:

1. IC has a significant positive value (ICx >1), indicating a net uptake of element X relative
to the initial content.

2. IC4 has a significant negative value (ICx<0), indicating a net loss relative to the original
content of X.

3. ICy is not significantly different from 0 (0<IC<1).

Not surprisingly the group of elements with ICx >2 includes typical exponents of air
pollution in surroundings of Pb and Zn smelters (Se, As, Sb) and elements associated to wind
blown particles from dumps and ore transport by trucks. The next group (1<IC<2) contains
elements more likely to be connected with a crustal component absorbed by the moss in the
form of windblown soil dust. The group with ICy not significantly different from 0 most
probably represents elements lost from the moss at about the same rate as they are supplied
from the atmosphere.

The way IC values come out for RU and BG transplants, respectively is a very strong
demonstration of the necessity to start any field work with a “clean” moss.

The elements subject to major loss from the moss during the deployment period are
physiologically active elements such as Cl and the alkali elements Rb and Cs, which
presumably exhibit a behavior similar to that of K in the moss. These elements were lost in

IC

X




about the same proportion in RU and BG. A similar situation was noticed by Yurukova and
Ganeva (1997) for other two Sphagnum species, for Ca, Mg, Na and especially K. No
previous data on, Rb, and Cs in this respect were found in the literature. In the present case,
the mentioned elements were most probably removed from Sphagnum tissues due to a
combination of two factors: accumulation of heavy metals and desiccation/ hydration cycles.

When dry the Sphagnum moss becomes brittle and the small leaf fragments tend to fall
off the stem. In this way some of the leaf biomass may be lost and the final sample subjected
to analysis may have a different leaf/stem mass ratio than the original moss. It was therefore
considered necessary to determine this ratio in the employed mosses for the elements in
question. Samples of RU consisting of only leaf biomass were analyzed and compared to the
corresponding data for whole moss. The following trends are evident:
leaf content higher than whole moss: Mg, Al, Sc, Cr, Mn, Ni. Fe, Co, As, Se, Br, Rb, Mo,

Ag, Sb, I, Ba, REE, Hf, Ta, Au, Th, U;
no significant difference: Na, CI, K, Ca, V, Mn, Zn, Sr, Cd, In, Cs, I, W.

The second group includes elements active in moss physiology and elements with
similar chemical behaviour. These elements are mobile and presumably present in all cells in
the moss. The first group on the other hand may have been supplied to the leaf surface and
fixed there, and is thus transferred to the stem only to a limited extent. Since this group
contains most of the elements of interest from the pollution monitoring point of view it is
important that the leaf/stem ratio is not significantly changed during the transplant
experiment.

In conclusion, the moss-bags using Sphagnum girgensohnii demonstrate a good or very
good capacity of response to the environmental conditions for a majority of the 36
investigated elements. This capacity depends not only on the moss species as demonstrated in
some previous studies, but also on the initial state of the transplanted moss. The higher the
element concentrations are in the moss before exposure the lower are the values of the
increment coefficient defined in this work. Based on differences in element content between
leaves and whole moss it is clearly suggested that the moss samples used in a monitoring
campaign should retain a constant leaves-to-stem ratio over the exposure period. The success
of the active biomonitoring with moss-bags also depends on the instrumental method used to
determine the elements. This method should be able to detect concentrations not only in
exposed but also in unexposed moss with as small error as possible. NAA fully demonstrates
this capacity for a great number of elements.
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INTRODUCTION

Mercury and its compounds are widely used in various branches of industry,
agriculture and medicine penetrating the environment in one or another way. A considerable
anthropogenic part of the environmental pollution by Hg is contributed by Hg
pyrometallurgy, non-ferrous metallurgy, production of chlorine and caustic soda,
consumption of fuel, garbage etc.

Mercury holds the first position for toxicity among other heavy metals. Medico-
biological studies of the last decades showed the gravity of the «mercury hazard» related to
the transition of chronic poisoning by Hg vapor from the professional diseases into the disease
of population.

Thus, the necessity to study the peculiarities of Hg interaction with living systems is
obvious. A blue-green microalgae Spirulina platensis (S. platensis), which is widely used as a
basis for pharmaceuticals and also as a biologically active food additive for humans and
animals, is considered as a living system.

Algae are often used in water remediation from heavy metals [1-3]. The processes of
accumulation and adsorption of mercury by biomass of the blue-green alga S. platensis
depending on the Hg concentration in the medium, where the growth of spirulina cells occurs,
were studied.

MATERIALS AND METHODS

Experiments:

Cultivation of S. platensis was carried out in a standard Zaroukh alkaline water-salt
medium, mercury glycinate (HgNCH,COOH) was used as a nutrient loading.

In the first series of experiments to study the Hg accumulation by the S. platensis cells
the concentrations of nutrient medium loading by mercury constituted 100, 50, 5, 1, 0.1
ug Hg/L. Samples in all the series were taken every 24 hours.

In the second short-term series of experiments to study the Hg adsorption by
S. platensis concentration of nutrient medium loading was 500 pg Hg/L. Dynamics of the
adsorption processes, usually taking place during 1-2 hours, were studied during 1 hour.
Samples were obtained in 2, 10, 20, 40 and 60 minutes after the beginning of cultivation.

Analysis:

Mercury content in the samples was determined by epithermal neutron activation
analysis (ENAA) at the pulsed fast reactor IBR-2 (FLNP JINR, Dubna). Earlier we used the
technique of ENA analysis of S. platensis samples both to determine its background elemental
content and to study accumulation processes of some trace elements [4,5]. The samples were



irradiated for 5 days and their activity was measured twice in 4 and 20 days. The mercury
content was determined by y-line with the energy 279.1 keV of isotope “**Hg. Here the
influence of interference lines "*Se and '®*Ta was taken into consideration. The ENAA data
processing and determination of Hg concentrations were performed with the help of programs
used in FLNP JINR.

RESULTS AND DISCUSSION

The results of experiments to study Hg accumulation from nutrient medium by the
Spirulina platensis biomass at cell cultivation during 6 days at various Hg concentrations are
presented in Fig.1. In all the cases the exponential character of decrease of Hg content is

observed. The curves are well approximated by the function y=y,+Ae™".
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Fig. 1. Hg accumulation from nutrient Fig.2 . Hg(Il) adsorption by the Spirulina
medium by the Spirulina platensis biomass platensis cells.

at various loading during 6 days.

Such character of dependence seems to be clear, as the number of S. platensis cells
grows exponetially, the number of sites of Hg(Il) ion binding surpasses considerably the
number of Hg(II) ions in nutrient medium. This results in blocking of toxic Hg ions and their
removal from the nutrient medium. Such mechanism may serve as one of the important ways
for biosphere to «self-purify» from heavy metals with the help of microorganisms.

The results of investigation of Hg adsorption process by the S. platensis cells are
presented in Fig. 2. The experimental data obtained by ENAA method approximate well by
the polynomial of the third order: y=0.3586-0.02286x+0.00332x-0.0000406482x>. As seen
from the obtained curve, the maximum Hg content is adsorbed by the S. platensis biomass
within 50 minutes and then a diminution of concentration is observed. Similar character of
dependence of Hg(II) accumulation was also obtained in paper [6].

If we take into account that Hg content in control samples constituted approximately
0.007 ppm, than it turns out to be that in 50 minutes the S. platensis biomass accumulates
mercury in about 300 times more. Thus, at relatively low Hg concentrations (of the order of
100 pg/L) in the medium S. platensis can be used in the remediation of industrial and sewage
waters from mercury.

Here, it should be also noted, that the S. platensis biomass consisting of long trichoms
can be easily gathered (separated) by filtration, which makes the technological process
considerably cheaper and simpler.



CONCLUSIONS

1. By the ENAA method it is possible to control the rate of Hg assimilation from nutrient
medium by the S. platensis biomass in the course of its cultivation in open ponds.

2. At Hg concentrations of the order of 100 ug/L the S. platensis biomass in its natural state
may be used to accumulate Hg(Il) ions for the purpose of their removal from the
cultivation medium.

3. The S. platensis biomass is suitable for fast remediation of industrial and sewage waters
from mercury by way of biosorption and subsequent separation with the help of filtration.
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9. Kirilov A., et al. The NERA-PR Instrument Control Software: Experience of Using the VME-PCI Adapter. JINR
Communication, P13-2003-63, Dubna, 2003.

10. Kirilov A., Levchanovskii F., Prikhodko V. Data Acquisition Systems and Computing Infrastructure of the IBR-2
Spectrometer Complex: Present and Near Future. Proc. of the Inter. Conf. Computing in High Energy and Nuclear
Physics, March 24-28, 2003, La Jolla, CA USA (in press).

11. Kirilov A., Yudin V. The Implementation of Real-Time Database for Control of the Experiment in the MS
Windows Environment. JINR Communication, P13-2003-11, Dubna, 2003.

12. Litvinenko E. Visualization and Data Treatment Software Based on PV WAVE and IDL Packages. Book of
Abstracts of the XIX Inter. Symposium on Nuclear Electronics and Computing (NEC-2003). 15-20 September,
Varna, Bulgaria. JINR E10,11-2003-157, pp. 40-41.

13. Soloviev A., et al. Application of Wavelet Analysis to Data Treatment for Small-Angle Neutron Scattering. Nucl.
Instr. and Meth. (A). V.502, N 2-3, pp 500-502.

14. Soloviev A., et al. Comparative Study of Smoothing Techniques with Reference to Data Treatment for Small-
Angle Neutron Scattering. JINR Communication, E11-2002-293, pp 1-15, Dubna, 2003.

15. Trofimov V., Chernikov A. Autonomous Sorption Refrigerator Working at a Temperature of 0.3K. PTE, 4 (2003),
1.

16. Yudin V. The Program of the REMUR Spectrometer in the MS Windows Environment. JINR Communication,
P13-2003-12, Dubna, 2003.


http://www.sciencedirect.com/science?_ob=IssueURL&_tockey=%23TOC%235543%232003%23999329996%23433091%23FLA%23display%23Volume_67,_Issues_3-4,_Pages_185-598_(June_2003)%2BM10th_Tihany_Symposium_on_Radiation_Chemistry%2BMEdited_by_A._Kovacs,_E._Takacs,_LWojnarovits%23tagged%23Volume%23first%3D67%23Issues%23first%3D3%23last%3D4%23spans%3D2%23Pages%23first%3D185%23last%3D598%23date%23(June_2003)%23specissname%2310th_Tihany_Symposium_on_Radiation_Chemistry%23specisseditor%23Edited_by_A._Kovacs,_E._Takacs,_LWojnar

6. PRIZES

JINR Prizes:

In Experimental Physics Research:

Second Prize:

V.LAksenov, A.M.Balagurov, V.Yu.Pomyakushin, D.V.Sheptyakov, N.A.Babushkina,
O.Yu.Gorbenko. A.R.Kaul. A series of works “Magnetic and atomic structure of CMR-manganites:
phase immiscibility and isotope effects”

Second Prize:

E.P.Shabalin, E.N.Kulagin, S.A.Kulikov, V.V.Melikhov, A.A.Belyakov, V.V.Golikov,
A.V.Androsov, L.B.Golovanov, V.G.Ermilov, V.1.Konstantinov. A series of works “Radiation effects
in materials of neutron cold moderators”

In Applied Physics Research:

First Prize:

M.V.Frontasyeva, S.S.Paviov, S.F.Gundorina, E.V.Yermakova, O.A4.Kulikov,
T'M.Ostrovnaya, L.I.Smirnov, L.P.Strelkova, E.N.Cheremisina, V.P.Chinaeva. A series of works
“Biomonitoring of atmospheric deposition of heavy metals and other elements with the help of
neutron activation analysis at the IBR-2 reactor”

FLNP Prizes:

In Nuclear Physics:

First Prize:
Yu.M.Gledenov, Yu.P.Popov, J.Andrzejewsi, et al. «Measurement of cross-section in the reaction
"7Sm(n, @) in the energy region of neutrons 3 eV — 500 keVy»

Second Prize:
A.M.Sukhovoj, V.A.Khitrov, Ts.Panteleev. «Cascade gamma-decay of '**Smy

Third Prize:
V.P.Alfimenkov, N.A.Bazhanov, Yu.N.Kopatch, Yu.D.Mareev, L.Lason, V.V.Novitsky, L.B.Pikelner,
T.L.Pikelner, A.B.Popov, W.I.Furman, A.N.Chernikov, M.1.Tsulaya et al.
«Measurements and analysis of P-even and P-odd angular correlations of fragments at *’Pu
fission by resonance neutronsy

In Condensed Matter Physics:

First Prize:
M.V.Avdeev, V.L.Aksenov, M.Balasoiu. «Investigation of ferrofluids by small-angle neutron
scattering (5 articles)»

In Applied and Methodical Physics:

Encouraging Prize:
N.V.Astakhova, A.l.Beskrovnyi, A.A.Bogdzel, P.E.Butorin, S.G.Vasilovsky, N.A.Gundorin,
V.B.Zlokazov, S.A.Kutuzov, I.M.Salamatin, V.N.Shvetsov. «Development of a new method to create
systems of automation of experiments, as well as development and introduction of programs and
methods of local and remote control of experimentsy

The JINR young scientists contest and nuclear physics with neutrons:



In Condensed Matter Physics:
First Prize:
D.P.Kozlenko. «Pressure induced magnetic phase transitions in manganites».

I.M. Frank Stipend:

In Nuclear Physics:
Zh.V.Mezentseva

In Condensed Matter Physics:
M.V.Avdeev

In Methodical Investigations:
S.A.Kulikov



7. SEMINARS

Date Authors Title

6.02.03 D.Fursaev Introduction into the physics of black holes
(BLTP JINR)

6.03.03 L.I.Ponomarev Transmutation of minor actinides in accelerating-
(RRC KI) blanket systems

20.03.03 L.B.Pikelner First years of FLNP
E.P.Shabalin History of development of the pulsed neutron sources
(FLNP JINR) in FLNP

26.06.03 Yu.A.Kamyshkov Neutron-antineutron transition (current state of
(Tennesy Univ., USA) problem and the possibilities of experiment)

31.07.03 M Klein Neutron detector CASCADE: position-sensitive gas
(TU, Heidelberg, detector with a GEM-based solid-state converter
Germany) working at counting rates ~MHz/ piccell

13.10.03 V.M.Maslov Fission cross-sections of actinides by neutrons with
(JIENR, Minsk) the energy 100 keV-200 MeV

12.11.03 Review of the film about [.M.Frank

4.12.03 E.P.Shabalin Cold neutron moderator: problems and solutions
(FLNP JINR) (review of the works made in JINR)




INTERNATIONAL SEMINAR
dedicated to 95-th anniversary
of .M.Frank

October 23-24, 2003
Dubna, Russia

Organizing Committee

V.G.Kadyshevsky — Chairman
A.V.Belushkin — Vice-Chairman
V.A.Khitrov — Scientific Secretary
S.V.Kozenkov - Member
V.N.Shvetsov- Member

Program Committee

O.N.Krokhin — Chairman
V.L.Aksenov
A.l.Frank
W.I.Furman
V.I.Lushchikov
L.B.Pikelner
E.P.Shabalin

Local contact

V.A.Khitrov
Frank Laboratory of Neutron Physics
Joint Institute for Nuclear Research
141980 Dubna, Russia
Phone: +7-09621-65096
Fax: +7-09621-65085
E-mail: khitrov@nf jinr.ru

PROGRAM
of international seminar
dedicated to 95-th anniversary
of I.M.Frank

23 October 2003

11:00 — Opening ceremony (Academician
V.G.Kadyshevsky, Academician
O.N.Krokhin)

11:20 — 13:00 Participants’ presentations
devoted to I.M.Frank’s scientific
activity and life

13:00 — 15:00 Lunch

15:00 — 16:30 Participants’ presentations
devoted to I.M.Frank’s scientific
activity and life

16:30 — 17:00 Coffee break

17:00 — 18:30 Participants’ presentations
devoted to I.M.Frank’s scientific
activity and life

19:00 — Reception

24 October 2003

9:30 — 11:00 Excursion to FLNP

11:00 — Coffee break

12:00 — Trip to Moscow for laying flowers
on the tomb of I. M.Frank

Please, confirm your participation
not later than 10 September


mailto:khitrov@nf.jinr.ru

|.M.FRANK

The 95th
anniversary

Dates of life and activity
of I. M. Frank
23.10.1908 — 22.06.1990

1930 — graduated from M.V.Lomonosov Moscow
State University (MSU)

1930-1934 — State Optics University (Leningrad)

1934-1970 — Physics Institute of the USSR
Academy of Sciences

1935 — Doctor of Sciences (Phys. and Math.)

1936-1937 — [.M.Frank and [.Ye.Tamm gave a

theoretical explanation for the Vavilov-
Cherenkov radiation

Since 1940 — lectured and conducted research in
MSU, 1944 — Professor of MSU

1946-1956 — head of the Laboratory of Radioactive
Radiation of the Research Institute of
Nuclear Physics at MSU

1946 — Corresponding Member of the USSR
Academy of Sciences

1946 — laureate of the State Prize

1953 — laureate of the State Prize

1958 — laureate of the Nobel Prize in physics

1968 — Academician of the USSR Academy of
Sciences

1946-1970 — founded and directed the Laboratory of
Atomic Nucleus at the Physics Institute of the
USSR Academy of Sciences

1957-1988 — organized and headed the Laboratory
of Neutron Physics at JINR

1971 — laureate of the State Prize

1990 — emeritus director of the Laboratory of
Neutron Physics



Prominent scientist, laureate of the
Nobel and State Prizes, Academician
[.M.Frank made important contributions to
the formation and development of various
directions in physics in our country.

In  honor of his outstanding
achievements, the Laboratory of Neutron
Physics was named after I.M.Frank.

The name of I.M.Frank is primarily
associated with a new direction in physics —
electrodynamics of a moving charged
relativistic particle. In 1937 S.I.Vavilov,
[.M.Frank’s guru, who characterized him as
an extremely versatile physicist-
experimenter with remarkable theoretical
erudition, involved him in the research of
the luminescence of liquids (discovered by
P.A.Cherenkov) irradiated with radium
gamma rays. [.Ye.Tamm and I.M.Frank
theoretically explained the observed
phenomenon. In 1958 I.Ye.Tamm,
[LM.Frank and P.A.Cherenkov  were
awarded the Nobel Prize in physics as a
token of recognition of the great importance
of the experimental and theoretical work
done. This work became part of the gold
fund of world science. I.M.Frank took part
in fundamental investigations of
electrodynamics of moving sources in
refracting media. .M.Frank together with
V.L.Ginzburg opened a new important
direction in modern physics connected with
transitional radiation. All his life [.M.Frank
preserved interest in the research of effect
of optical properties of media on radiation
of a moving source.

One more field of science, to which
[.M.Frank made a fundamental
contribution, was nuclear and especially
neutron physics. The thirties and forties

were years of rapid development of
nuclear physics. In 1933 S.I.Vavilov
suggested [.M.Frank start research in this
area. In 1946 [.M.Frank organized the
Laboratory of Atomic Nucleus in the
Physics Institute of the USSR Academy of
Sciences, where together with his
colleagues he carried out a number of
important investigations in the fields of
nuclear and neutron physics. Precision
measurements of parameters of uranium-
graphite lattices were performed, a new
pulsed method for studying thermal neutron
diffusion was  suggested and the
phenomenon of diffusion cooling was
discovered, reactions on light nuclei with
neutron emission, as well as the interaction
of fast neutrons with nuclei and fission
processes were investigated. [.M.Frank also
initiated studies of fission processes
induced by mesons and high-energy
particles. Investigations in reactor physics
were conducted in close contact with
[.V.Kurchatov. Most of these works were
carried out under a special government
project. In 1946 [.M.Frank also participated
in the creation of the first Soviet uranium-
graphite reactor. Later [.M.Frank noted that
his specialization in the field of neutron
physics began from investigations in reactor
physics. It was under his leadership that in
Dubna at the Joint Institute for Nuclear
Research the pulsed reactors of periodic
operation — IBR, IBR-30 with injector and
IBR-2 — were constructed. This allowed the
scientists of the Laboratory of Neutron
Physics to obtain a number of new results
in the investigations in nuclear and
condensed matter physics. Of special note
is the role of [.M.Frank in the creation of
scientific traditions of the Laboratory,
which is now one of the leading neutron
centers in the world.



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: V.P.Popov
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
Nuclear Safety and applied research sector
Head: E.P.Shabalin

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.1.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.1.Bodnarchuk
Inelastic scattering group. Head: I.Natkaniec
Biophysics investigations group. Head: I.N.Serdyuk

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.1.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 Detectors E.S.Kuzmin

Sector No.1 Electronics V.1.Prikhodko
Group No.1 Analogous electronics A.A.Bogdzel
Group No.2 Digital electronics V.F.Levchanovsky
Group No.3 Software A.S Kirilov
Group No.4 Local networks G.A.Sukhomlinov
Group No.5 Technology A.B.Melnichuk

Sector No.2 Spectrometers A.P.Sirotin
Group No.1 Development G.A.Varenik
Group No.2 Samples environment A.P.Sirotin




8.2. USER POLICY

To accomplish the experimental program the IBR-2 reactor operated in the year 2003 only 2
cycles (681 hrs.) in the intervals 13-24 January and 10-28 February. After that the reactor was
stopped for the replacement of the movable reflector and installation of cold moderators.

All experimental facilities of IBR-2 were open to the general scientific community. Most of
experiments were performed on the application basis. Commissions formed from independent
experts selected the applications. Four expert’s commissions were organized as follows:

1. Diffraction, Chairman - V.A.Somenkov — Russia,

2. Inelastic scattering, Chairman - W.Nawrocik — Poland,

3. Neutron optics, Chairman - A.1.Okorokov — Russia, and

4. Small angle scattering, Chairman - L.Cser — Hungary.

The schedule of experiments at the IBR-2 beams was done by the Head of the Condensed
Matter Department together with instruments scientists on the basis of expert’s recommendations
and was approved by the FLNP Director or Deputy Director for condensed matter physics.

The experience accumulated in the last year concerning the user policy has revealed the
necessity to make some significant modifications in order to make this policy more functional. The
new user’s program will be posted on the laboratory web site not later than the middle of February
2004.

8.3. MEETINGS AND CONFERENCES

In 2003, FLNP organized the following meetings:

1. [ XI International Seminar on Interaction of Neutrons with | May 28-31 Dubna
Nuclei (ISINN-10)
2. | XII International Conference on Selected Problems of|June 8-11 Dubna

Modern Physics (organized together with BLTP)

3. |International Seminar Dedicated to 95-th Anniversary of | October 23-24 Dubna
[.M.Frank

In 2004, FLNP will organize the following meetings:

1. [ XII International Seminar on Interaction of Neutrons with | May 26-29 Dubna
Nuclei (ISINN-11)

2. |III German-Russian Meeting “Condensed Matter Physics |June 12-16 Dubna
with Neutrons”




8.4. COOPERATION

List of Visitors from Non-Member States of JINR in 2003

Name Organization Country Dates
V.Lauter ILL, Grenoble France 13.01-24.01
H.-J.Lauter ILL, Grenoble France 13.01-24.01
K.Bramnik TU, Darnstadt Germany 15.01-21.01
A.Skomorokhov TU, Darmstadt Germany 17.01-24.01
Yu.N.Grin’ ICFT, Dresden Germany 18.02-19.02
E.A Kravtsov Univ., Bohum Germany 19.02-01.03
A.Lloffe FZ Juelich Germany 24.02-27.02
V.Lauter ILL, Grenoble France 27.03-06.04
H.-J.Lauter ILL, Grenoble France 27.03-06.04
B.Smodis IAEA, Vienna Austria 06.04-10.04
V.Gavrilov IPE, Riga Latvia 07.05-15.05
E.Raitman IPE, Riga Latvia 07.05-15.05
G.Karr ENSTA, Paris France 12.05-12.07
K.Walther GeoFRZ, Potsdam Germany 19.05-12.06
A Frischbutter GeoFRZ, Potsdam Germany 26.05-12.06
J.R.Granada Centro Atomico Bariloche Argentina 04.06-15.06
M.Koshkun Istanbul Univ. Turkey 05.06-22.08
H.-J.Lauter ILL, Grenoble France 04.06-12.06
V.Lauter ILL, Grenoble France 06.06-12.06
M.-T.Rekveldt TU, Delft The Netherlands 07.06-15.06
M.-H.Kern Kiel Univ. Germany 16.06-19.06
M.Rudalics RISC, JK Univ., Linz Austria 20.07-31.08
H.-J.Sass FZ Juelich Germany 21.07-23.07
V.Lauter ILL, Grenoble France 21.07-27.07
H.-J.Lauter ILL, Grenoble France 21.07-27.07
M.-O.Klein Univ. Heidelberg Germany 27.07-01.08
G.Pepy LLB, Saclay France 19.10-29.10
V .Nesvizhevsky ILL, Grenoble France 28.10-30.10
K.Walther GeoFRZ, Potsdam Germany 03.11-14.11
A Frischbutter GeoFRZ, Potsdam Germany 03.11-14.11
H.Tiele GeoFRZ, Potsdam Germany 03.11-14.11
J.Wummel GeoFRZ, Potsdam Germany 03.11-14.11
E.Steinnes Univ., Tondheim Norwey 08.11-16.11
P.Geltenbort ILL, Grenoble France 12.11-14.11
D.G.Kartashov INFN, Pisa Italy 13.11-20.11
V.Gavrilov IPE, Riga Latvia 15.11-16.11
E.Raitman IPE, Riga Latvia 15.11-16.11
R.Matties Germany 17.11-21.11
V.Lauter ILL, Grenoble France 12.12-17.12




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 division of MSU and the students of the MSU Interfaculty Center «Structure of Matter
and New Materials» carry out their diploma work in FLNP. In the Center the students from the
Chemical Faculty of MSU, Higher College of Materials Sciences under MSU, Tula State
University, Tver State University and other universities of Russia and JINR member-states do the

8.5. EDUCATION

course.
8.6. PERSONNEL
Distribution of the Personnel per Department as of 01.01.2004
Theme Departments Main staff
-0974- Nuclear Physics Department 61
-1031- Condensed Matter Physics Department 41
-1012- IBR-2 Spectrometers Complex Department 46
-0993- IREN Department 14
-1007- Nuclear Safety Sector 15
-0851- IBR-2 Department 46
Mechanical and Technical Department 50
Electric and Technical Department 32
Central Experimental Workshops 38
Design Bureau 8
FLNP infrastructure:
Directorate 9
Services and Management Department 22
Scientific Secretary Group 5
Supplies Group 4
Total 391

Personnel of the Directorate as of 01.01.2004

Country People
Armenia 2
Bulgaria 1
Germany 2
Georgia 2
Kazakhstan 1
KPDR 5
Poland 3
Romania 6
Russia 21
Ukraine 2
TOTAL 45




8.7. FINANCE

Financing of the FLNP Scientific Research Plan in 2003 (th. USD)

No. Theme Financing plan, Expenditures In % of FLNP
$ th. for 12 months, $ th. budget
I |Condensed matter physics 4002.9 2817.6 70.4
-1031- 23553 1482.7 63.0
-0851- 914.7 960.9 105.0
-1012- 732.9 374.0 51.0
IT |Neutron nuclear physics 1054.7 944.1 89.5
-1036- 653.0 620.2 95.0
-0993- 401.7 323.9 80.6
III | Elementary particle physics
-1007- 6.0 5.3 88.3
IV | Relativistic nuclear physics
-1008- 40.4 10.5 26.0
V |TOTAL: 5104.0 3777.5 74.0




Modernization of the IBR-2 reactor

Assembling of a new movable reflector Testing of MR-3 on the test-bench
for the IBR-2 reactor on the test-bench

New movable reflector MR-3 in the jacket



Xl International Seminar on Interaction of Neutrons with Nuclei

Opening of the Seminar. FLNP
Director A.V. Belushkin

W.I. Furman and Yu.N. Kopatch

A. Laptev and P. Cennini

Yu.l. Chernukhin, V.A. Teriokhin,
A.V. Strelkov

N. Yaneva, L.B. Pikelner, Ts. Panteleev

S.G. Yavshits, G. Kim, O.T. Grudzevitch



International Seminar dedicated to 95-th anniversary of .M. Frank
October, 23-24, 2003
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AL Frank. Report “History of one family”

.M. Frank's relatives in his room

General photo of the Seminar's participants

V.M. Bolotovsky, Yu.N. Vavilov, L.B. Pikelner, A.V. Belushkin
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