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Study of the aging behavior of materials important in nuclear en-
ergy field - Incoloy 800 HT and 304L steel- using neutron scatter-
ing techniques

Author: ION IONITA!

Co-authors: Alexander Kuklin %; Bogdan Venescu 3. Dmitri Soloviov %; GYULA TOROK *; Gizo Bokuchava 2;
MARIA BALASOIU °; Manuela Fulger °. Premsl Beran ’

! Institute of Nuclear Research, Pitesti, Romania

% Joint Institute of Nuclear Research, Dubna, Russian Federation

* Institute for Nuclear Research

* KFKI Budapest, Hungary

> Joint Institute of Nuclear Research, Dubna, Russian Federation, Horia Hulubei National Institute of Physics and
Nuclear Engineering, Bucharest, Romania

S Institute for Nuclear Research Pitesti, Romania

7 NPI Rez, Czech Republic
Corresponding Author: ionionita@lycos.com

The 800 HT Incoloy is widely used in power generation for steam generators tubing and high temper-
ature heat exchangers for gas cooled nuclear reactors and as a candidate material for fuel cladding
in GEN IV reactors. The 304L steel has a high ductibility. Low yield stress and high tensile strength
and is used widely in nuclear power plant.

There were manufactured 4 samples of Incoloy 800HTand 4 samples of 304L steel, all of 2x15x25mm
dimensions and standing a heat treatment of 60 days at 450, 500, 550 and 600 degrees respectively.
The samples were investigated by neutron diffraction and small angle neutron scattering at the FSD,
HRFD and MEREDIT diffractometers, YuMO-SANS and KFKI SANS spectrometers (in function at
IBR-2 reactor, Dubna, respectively Budapest). Lattice cell and peak width parameters changes for
both sample series (using neutron diffraction measurements) together with information on heat treat-
ment effects concerning precipitate size and volume distribution of alloying elements (using SANS
measurements) were found.

Structural properties of the above mentioned materials of significant importance in nuclear energy
field, revealed through high temperature heat treatment are described.

Key words: neutron scattering techniques, neutron diffraction, SANS, , Incoloy 800 HT, 304L steel

New Rietveld program suited for processing patterns recorded
with a inverse- space focusing neutron diffractometer equipped
with position sensitive detector

Author: ION IONITA'

Co-author: NICOLAE POPA °

! Institute for Nuclear Research

? Institute for Materials Physics Bucharest
Corresponding Author: ionionita@lycos.com
The efficiency of the neutron spatial focusing high resolution powder diffractometer (SFHRPD) can
be significantly increased by using a linear position sensitive detector (PSD) in place of a simple one.

This replacement requires a lot of modifications of the soft for data processing including the program
of Rietveld refinement.
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The principle and the design of the original SFHRPD described by Ionita et al. (1999) were conceived
later of 80, early of 90. It is based on a bent plate single crystal monochromator and a flat sample ro-
tated according to a certain function , being the Bragg angle. This dependence which is significantly
different from the traditional Bragg-Brentano law, imposed to operate modifications of the Rietveld
program. Two of them, rather minor, concern the calculation of the irradiated sample volume and
transmission on the Bragg angle . and the parameterization of the dependence of the peak shift
on according to Popovici and Stoica (1992). The third modification was imposed by the inappropri-
ateness for this particular instrumental geometry of the texture correction models working at that
time in the Rietveld method: the March —Dollase model (Dollase, 1986) and the model of spherical
harmonics dependent only on the crystal symmetry (Ahtee et al.,1989). In place was used the model
of texture correction representation by generalized spherical harmonics as reported by Popa (1992).
This pioneering work given rise to a new application of the Rietveld method namely the quantitative
texture analysis (Von Dreele, 1997).

Using a PSD in place of a simple detector a supplementary problem appears for the Rietveld program
because of a very peculiar dependence of the instrumental line breadth on the scattering angle. In
this scheme the range of the whole pattern is divided in segments of lengths equal to length of PSD
and for every segment the sample orientation is set to an angle such that the ideal focusing is realized
for the channel sitting the middle of the segment. Obviously for other channels the instrumental
breadth is larger, as larger as the distance from the middle channel is higher. The whole picture
looks like a garland . The FWHM for every segment of garland was fitted by least square with a
three degree polynomial as function of scattering angle .

For the final version of this program were modified the following modules:

was modified the module WIDTH.FOR giving insutrumental line width as a function of scattering
angle.

was modified the module ALFAT.FOR giving the sample orientation

Conclusions

The presented Rietveld program is really a valuable one able to process the diffraction data from a
diffraction pattern raised with a focusing neutron diffractometer equipped with a position sensitive
detector.

References

[1] Ahtee M, Nurmela M., Suortti P. & Jarvinen M. J. Appl. Cryst., 1989, 22, 261
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Pressure-induced polar phases in relaxor multiferroic PbFe0.5Nb0.503

Authors: Denis Petrovich Kozlenko'; Ngoc Toan Dang?; Sergei Ye. Kichanov'

Co-authors: Aleksei A. Kamynin 3. Boris N. Savenko !; Hanns-Peter Liermann *; Lenoid S. Dubrovinsky 3. Stanislav
A. Gridnev *; Wolfgang Morgenroth ; Yevgenii V. Lukin *

! Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia
* Institute of Research and Development, Duy Tan University, 550000 Da Nang, Viet Nam
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Corresponding Author: dangtoan2107@gmail.com
The structural, magnetic and vibrational properties of PbFe0.5Nb0.503 relaxor multiferroic have
been studied by means of X-ray and neutron powder diffraction, magnetic susceptibility measure-

ments and Raman spectroscopy at pressures up to 30 GPa. Two successive structural phase transi-
tions from the initial R3m polar phase to Cm and Pm monoclinic polar phases were observed at P
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= 5.5 and 8.5 GPa. Both transitions are associated with anomalies in pressure behaviour of several
stretching and bending modes of oxygen octahedra as well as Fe/Nb localized vibrational modes. The
G-type antiferromagnetic order remains stable upon compression up to 6.4 GPa, implying multifer-
roic properties of pressure-induced phases. The Néel temperature increases with a pressure coeffi-
cient (1/TN)dTN/dP = 0.012 GPa-1. The observed pressure-induced phenomena in PbFe0.5Nb0.503
are in drastic contrast with conventional multiferroics, exhibiting a general tendency towards a sup-
pression of polar phases and/or magnetoelectric coupling under pressure.

Vesicles self-assembly in the mixed phospholipid/bile salt systems

Author: Mikhail Kiselev'

! JINR
Corresponding Author: kiselev@nfjinr.ru

Phospholid vesicles are important delivery system in cell biology, medicine and pharmacy. Phos-
pholipid / bile salt vesicles used as drug delivery systems through the skin. The process of vesicle
formation in the scale of nano is not clear jet. The small size of the stable nano-vesicles requires the
large curvature of the lipid bilayer, which could be realized in the presence of detergent molecules.
Aqueous bile salt - phospholipid mixtures become more significant as model systems for the in-
vestigations of the self-assembly of amphiphilic molecules and the vesicles formation. Small-angle
neutron (SANS) and X-ray (SAXS) scattering were used to study the process of vesicle formation
in two mixed binary systems: dimyristoylphosphatidylcholine (DMPC) /sodium cholate (NaC) and
dipalmitoylphosphatidylcholine (DPPC)/ sodium deoxycholate (NaDC) [1-3]. Both DMPC/NaC and
DPPC/ NaDC systems demonstrate similar morphological transformations in the micelle to vesicle
transition.

One from the open and discussed problem in the micelle to vesicle transition is morphology of the
last structure before vesicle formation (ribbon —like structure or bicelles). Our results shows that
for the case of two types of phospholipids (DPPC and DMPC) and two types of bile salts (NaDC and
NaC) the last structure before vesicle formation has ribbon-like morphology [2,3].

1. P. Lesieur, M.A. Kiselev, L.I. Barsukov, D. Lombardo. Temperature induced micelle to vesicle
transition: kinetic effects in the DMPC / NaC system. J. Appl. Cryst. 33 (2000) 623-627.

2. M.A. Kiselev, D. Lombardo, P. Lesieur , A. M. Kisselev, S. Borbely, T. N. Simonova, L.I. Barsukov.
Membrane Self Assembly in Mixed DMPC/NaC Systems by SANS. Chemical Physics 345 (2008)
173-180.

3. M.A. Kiselev, M. Janich, A. Hildebrand, P. Strunz, R H.H Neubert, D. Lombardo. Structural tran-
sition in aqueous lipid/bile salt [DPPC/NaDC] supramolecular aggregates: SANS and DLS study.
Chemical Physics, 424 (2013) 93-99.

Wheel steel crystallographic texture investigation by neutron diffrac-
tion

Author: Tatiana Lychagina'

Co-authors: Anatoly Sanin ; Dmitry Nikolayev '; Julia Tatarko *
! JINR
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2 Dnepropetrovsk National University, Ukraine
Corresponding Author: lychagina@jinr.ru

Study of the factors controlling the structure and properties of wheel steel is a very important task
because it allows optimizing of steel composition and temperature regimes for mechanical proper-
ties improvement [1]. Texture formed as a result of railway wheel usage influences on their strength
and operating life [2]. Neutron diffraction is a powerful nondestructive tool for global texture inves-
tigation in the volume of the material [3].

In this work the crystallographic texture for a set of wheel steel samples with different regimes of
thermo-mechanical treatment and with and without doping by system Al-Mg-Si-Fe-C-Ca-Ti-Ce has
been measured by neutron diffraction. The texture measurements have been carried out by neutron
diffraction using time-of-flight technique at SKAT diffractometer situated at IBR-2M reactor (Dubna,
Russia). The three complete pole figures (110), (200), (211) of a-Fe phase in 5°x5"grid have been ex-
tracted from a set of 1368 spectra measured for each sample (see Fig.1). The samples were cut from
wheel hub and wheel rim. The samples from wheels before and after operation were investigated.
It was concluded that the modification of wheel steel results in the reorientation of texture compo-
nent and the heating destroys weak texture in wheels before operation.

1.Armstrong J. Wheelsets: A world view.- Railway age, 1981, v.82, U 22, p.41-55.

2 Krause H., Demirci A.H. The texture changes in the running surfaces of fcc metals as the result
of frictional stress. Proc. of 5-th International Conference on Textures of Materials (ICOTOM-5),
Aahen, v.2, Berlin, 1978, p. 389-400.

3.Brokmeier H.-G., “Neutron Diffraction Texture Analysis for Industrial Application”, Proc. of the
ICOTOM-11, International Academic Publishers, Beijing (China), 69-74 (1996)

Self-diffusion and relaxation in liquid Ga studied by quasielastic
neutron scattering

Author: Nikolai Blagoveshchenskii'

Co-authors: Alexander Puchkov !; Arkadii Novikov !; Mikhail Shamaev !; Vadim Savostin !

' IPPE
Corresponding Author: blag@ippe.ru

The results of liquid gallium investigation by quasielastic slow-neutron scattering are discussed. The
experimental data analysis allowed obtaining the temperature dependencies of the diffusion and re-
laxation characteristics of liquid gallium within temperature range of 313 —793 K. The comparison
of the experimental data and those of the up-to-date literature is held.

Liquid gallium is a medium with a number of unusual properties: the essentially expanded temper-
ature interval of liquid phase existence (303 —2500 K) and low vapour pressure for T < 1400 K make
gallium a possible candidate to a self-cooled target in the photon-neutron converter at the electron
accelerator beam. The remarkable possibility of photoneutron source creation without use of fission
materials and high estimated neutron flux in the center of Ga target permit to use liquid gallium as a
working substance in the device for the neutron-caption therapy [1]. The activity of radiated sample
of natural gallium mainly is due to Ga decay with decay period ~ 14 hours, and this is why the com-
pact gallium device is commonly ecological pure one. Moreover, the appropriate thermo-hydraulic
properties of gallium as a coolant allow operating with practical meanings of the consumption, ve-
locity rate, and temperature.

Except the liquid gallium applications, there is the scientific reason to investigate such an outstand-
ing substance. The structure factor S(Q) of liquid Ga possesses the asymmetrical shape of the main
peak, and the dispersion curve of Ga, e(Q), probably, is two-component [2]. Both the circumstances
allow regarding the liquid gallium as a matter having two essentially different densities, probably
linked with masses M and 2M. Really, the existence of gallium dimers has been shown at temper-
atures near 1000 K [3]. The study of self-diffusion in Ga appears to be very informative from this
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point of view, besides the applications mentioned above.
To study the diffusion and relaxation characteristics of liquid Ga is convenient by the use of quasielas-
tic neutron scattering, the ordinary method of condensed matter investigations.

[1] Yu.A. Kurachenko, N.KVoznesensky, A.A. Goverdovsky, V.I. Rachkov. Medicine Physics
2(2012) 29 (in Russian).

[2] I. Padureanu, A. Radulescu, A. Novikov et al. J.Rom.Phys. 48 (2003) 97.

[3] X.Gong, G.Chiarotti, M. Parrinello, E. Tosatti. Europhys.Lett. 21 (1993) 469.

Neutron scattering and computational studies of water retained
in grafene oxide.

Author: Ireneusz Natkaniec!

Co-authors: EF. Sheka %, EYu. Buslayeva 3. K. Druzbicki *; K. Holderna-Natkaniec °; S.P. Gubin 3; S.V. Tkachev
3

! Frank Laboratory of Neutron Physics, JINR, Dubna, Russia; Adam Mickiewicz University, Department of Physics,
Poznan, Poland

% Peoples Friendship University of Russia, Moscow, Russia
* Institute of General and Inorganic Chemistry, RAS, Moscow, Russia

* Frank Laboratory of Neutron Physics, JINR, Dubna, Russia; Jagiellonian University, Department of Chemistry,
Krakow, Poland

* Adam Mickiewicz University, Department of Physics, Poznan, Poland

Corresponding Author: inat@jinr.ru

Graphite oxide, which now is called graphene oxide (GO), is the product of chemical exfoliation of
graphite using strongly oxidized reagents. Synthesis of GO has been known for more than a century
and GO reduction still remains the way of choice for the large-scale graphene production [1]. Now
it is generally accepted that GO mostly contains hydroxyl (-OH) and epoxy (—O-) groups randomly
spread over its basal planes [2]. The most widely accepted model is the one by Lerf and Klinowski,
regarding the structure and hydration behavior of GO as studied by advanced methods of solid-state
nuclear magnetic resonance (CP MAS NMR) [3].

The studied graphene oxide sample was synthesized by S. V. Tkachev et al., at the Institute of General
and Inorganic Chemistry RAS in Moscow [4]. The powder sample, subjected to neutron scattering
studies, was obtained from the aqueous dispersions of the pristine GO after a severe centrifugation
and heating in a dry box for 6 days at 65-700C. The composition of the final GO keeping it at the
following level (mass %): C(58,0+1,0), H(1,5+0,5), O(39,0+1,0), N (0).

Neutron scattering study was performed at the high flux pulsed IBR-2 reactor of the Frank Labo-
ratory of Neutron Physics of JINR by using the NERA spectrometer [5]. The inverted-geometry
spectrometer NERA allows simultaneous recording of both inelastic incoherent neutron scattering
(IINS) and neutron powder diffraction (NPD) spectra. Experiments were performed at temperature
range of (293 —6) K. The NPD spectra have shown that a separation of the GO flakes depends on
humidity and average interlayer distance at room temperature change within the values (6.9 -8.1) A.
The integral intensity of IINS spectrum which correspond to separation of GO layers on the distance
8.1 A is twice higher than at the distance 6.9 A, what confirm presence of water molecules between
the layers of GO.

By combining the state-of-the-art ab initio calculations with IINS neutron scattering experiment we
were able to shed more light on the vibrational dynamics of GO and the interlayer water. We may
conclude that the proposed structural models have delivered satisfying qualitative description of the
related IINS spectrum, which was found to be mainly driven by the dynamics of the interlayer water
molecules. Despite of the static and configuration limitations, a sufficient overall reproduction of
the spectral features was found [6].

[1] C.K. Chua, M. Pumera, Chem. Soc. Rev., 43 (2014) 291-312.
[2] D. R. Dreyer, S. Park, C. W. Bielawski, R. S. Ruoff, Chem. Soc. Rev., 39 (2010) 228-240.
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[3] A. Lerf, H. He, M. Forster, J. Klinowski, J. Phys. Chem. B, 102(1998) 4477-4482.

[4] SV. Tkachev, EYu. Buslayeva, AV.Naumkin, S.L.Kotova, SV.Laure, S.P.Gubin, Inorg. Mat.,
48(2012) 796-802.

[5] I.Natkaniec, D.Chudoba, L..Hetmanczyk, V.Yu.Kazimirov, J. Krawczyk, L.L.Sashin, S.Zalewski, Jour-
nal of Physics: Conference Series, (2014) in print.

[6] K. Druzbicki, I. Natkaniec, Chemical Physics Letters, 600 (2014) 106-111.

AGGREGATION IN MIXED NONIONIC C14E7 AND ANIONIC CsDS
SURFACTANTS MICELLAR SOLUTIONS

Author: Aldona Rajewska'

Co-authors: Dmitry V. Solovjov '; Krystyna Medrzycka

! FLNP JINR, 141980 Dubna, Russia
% Technical University Gdansk, 80-952 Gdansk-Wrzeszcz, Poland

Corresponding Author: aldonar@jinr.ru

The aim of this experiment was investigated of aggregation in mixed of two surfactants - nonionic
C14E7 (heptaethylene glycol monotetradecyl ether) and anionic CsDS (cesium dodecyl sulfate) mi-
cellar solutions in heavy water at 250C by small angle neutron scattering (SANS) method. The
variations in the size and shape of micelles with composition was observed in heavy water dilute
solutions of non-ionic surfactant (c1=0.17%,c2=0.5%,c3=1%) as result of surfactants headgroup steric
and electrostatic interactions [1-3] when nine different amounts of anionic surfactant CsDS was
added to these solutions.

Thermal analysis of new thioester derivatives of terpenoids

Author: Magdalena Ordon'

! Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia; Siedlce University of
Natural Sciences and Humanities, Institute of Chemistry, Siedlce, Poland

Corresponding Author: meg1988@op.pl

I present the properties of a new series of thioesters: 4-(4-nonyloxybenzylothio) benzoates modified
menthol (90SBm), thymol (9OSBt) and carvacrol (90SBc). The chemical structure and purity of all
substances were established by 1H NMR, 13C NMR and FT-IR spectroscopy. Polymorphism was
characterised by differential scanning calorimetry (DSC), polarizing optical microscopy (POM) and
transmitted light intensity (TLI).

Only one of all presented compounds —~90SBm has polymorphism of crystal phases Cr2-Crl. Re-
placement of the cyclohexyl ring of menthol part on aromatic ring which is in thymol and carvacrol
in these thioesters does not affect the appearance of the mesophases. Probably isopropyl group of
terpenoids is steric hindrance and makes the arrangement of molecules in the layers impossible. All
samples are stable and do not decompose after the transition to the isotropic phase.
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This paper reports the results of residual stress studies in surveillance specimens reconstituted by
electron, laser beam and arc stud welding techniques. The studied specimens were reconstituted
using a Leybold Heraeus electron beam welding unit, 45 kW continuous wave (CW) CO2 laser and
KOKO stud welding machine. The material used in this study was 18MND5 steel. The Charpy
impact tests showed good agreement between the original and reconstituted specimens. In order to
evaluate feasibility of various welding methods the residual stress in test Charpy specimens welded
by various techniques were analyzed using high resolution neutron diffraction on FSD diffractometer.
The lowest level of the residual stress was found for electron beam welding specimen as compared to
laser beam welding and arc stud welding specimens. This confirms well known fact that among all
the welding methods the electron beam welding technique results in lowest level of residual stress
in welded joints.

Summary:

In recent years nuclear power plants (NPP) have been confronted with problems connected with guar-
anteeing the safety and reliability of the nuclear reactor pressure vessel (RPV), which has acquired
paramount importance. During the reactor operation, the vessels are exposed to intense neutron fluxes
which results in severe changes in their physical and mechanical properties manifested mainly as in-
creased brittleness. Special programs have been established for monitoring and control of the vessel
metal condition by means of witness specimens made of the same material as the reactor vessel. The
monitoring programs define the number of witness specimens, the periodicity of extraction, the testing
method, the data registration and processing. The results of the witness specimens tests allow one to
confirm (or not) the conformance of the actual radiation defects condition in the reactor vessel with the
pre-defined one, together with the degree of embrittlement of the metal.

Charpy, Cv, specimens are used to assess the RPV embrittlement. The surveillance capsule assemblies
in each capsule contain typically 12 Cv and 3 tensile specimens. However, to address future plant life
management, especially for older NPP’s, it is necessary to obtain more statistics on the pressure vessel
embrittlement. Reconstitution technology allows performing additional Cv or fracture toughness tests
on a limited amount of available material and can contribute to a better characterization of the material
and, therefore, to a better evaluation of the embrittlement degree of RPV steel due to neutron irradiation
[1].

In practice, several techniques such as electron beam welding (EBW) [2], arc stud welding (ASW) [3],
laser welding (LBW) [4,5], projection welding [6] are used for reconstitution technology.

More than 30 years ago, the electron beam welding was used successfully at Siemens/KWU for recon-
stitution of Charpy test specimens [2]. Electron beam welding gives high quality welds and could be
taken as a reference welding method.

The arc stud welding technique was developed in 1980s to the application of arc stud welding on broken
Charpy halves at Batelle Columbus Laboratories [2]. This technique was adopted and improved recently
by several research institutes: SCK«CEN, Mol Belgium; VIT Energy, Espoo, Finland; Research Center
Rossendorf, Dresden, Germany; AEA Technology, Harwell, UK. The procedure consists of welding of
two conical end tabs to the central remnant piece (insert) of test material under well-controlled temper-
ature conditions.

CO2 laser welding was first applied for reconstitution of Charpy specimens by M. Manaham et all [4].
In [5] it is demonstrated that welding by a powerful CO2 laser system can be successfully applied for
welding of broken Charpy halves.

The results reported in [6] on the application as a reconstitution techniques of projection welding and
upset butt welding are similar to those of arc stud welding.

It should be noted that the reconstruction technology should not significantly alter the structure and
mechanical properties of the material to maintain the representativeness of the data. Therefore it is nec-
essary to control the level of residual stresses after welding in the reconstructed surveillance specimens.
However, during fusion welding residual stresses are definitely generated in almost any welded joints.
Usually residual stresses are formed in welded structures as the result of differential contractions which
occur as the weld metal solidifies and cools down to the ambient temperature. The use of a concentrated
heat input, e.g. electron or laser beam welding, allows one to reduce residual stress level occurring dur-
ing welding. At present in the literature there is lack of information about residual stress distribution
after arc stud welding and electron and laser beam welding.
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Therefore, the main aim of this work was the experimental determination of residual stress distribution
in the test Charpy specimens reconstructed by electron beam welding (EBW), laser beam welding (LBW)
and arc stud welding (ASW) methods using high resolution neutron diffraction.
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HENTPOHHASA CIIEKTPOMETPUSA HEJIMHEMHBIX IITEJIEBBIX

KOJIEBAHUM KPUCTAJJIMYECKOW PEILIETKW HUTPU/IA YPAHA
ITP1 BBICOKUX TEMIIEPATYPAX
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MeTomaMu KOMIIBIOTEpPHOT'O MOJ€JIMPOBAHMS U pacCesHUS HEMITPOHOB ICCIIeAyeTCsI MUKpOAMHAMUKA
BBICOKOAMILINTYXHBIX HEJIMHEIHBIX KOJIeOaHNII KPUCTALINIECKUX ABYXaTOMHBIX PEIIeTOK TUIIA
HUTpUAA ypaHa npu TeMieparypax 600 0C-2500 oC BOIM3M IOPOrOB AMCCOLMALINY U PA3PyILIEHS
TOIIJIMBHOTO MaTepuaa. B cneKTpaabHOI eIy MeKIy IT0I0CaMM YaCTOT aKyCTUUECKIUX M O T UeCKUX
($hOHOHOB OOHAPY’KeHBI pe30HAHCHI TAPMOHMUECKIX IIOBEPXHOCTHBIX KOJIeOaHNUIl HOBOTO THUIIA U
3aIIOJIHAIOIIAsA Ie]lb II0J0Ca MX FeHETUUECKUX IPOAOJIKEHMII - HEeJIMHEHbBIX II0BEPXHOCTHBIX
koseGannii. Ha HeiitponHoM criektpomerpe AVH-2I1V B mieny o6Hapy»XeHbI pe30HaHC U I10J10Ca
9TUX ITOBEPXHOCTHBIX KOJIeOaHMIT, a TaKXKe BBICIIIVE 00epTOHBI ONITHUecKuX Kosebanuii. [lokasaHo,

YTO COJMTOHBI M OMCONIMTOHBI MHULUHUPYIOT 00pasoBaHue I CXJIONbIBAHME AMHAMUYECKUX IIOP

C reHepalyell TaK/MxX [TOBEPXHOCTHBIX KOJeOaHMII Ha IpaHNUIax II0JIOCTe, MCIIapeHye aTOMOB I
aTOMHBIX KJIaCTepOB, 00pa3oBaHue TPEILVH I pa3pylieHne Matepuaia. [lokaszaHo, 4To MaccomepeHoc
a30Ta B TPEILLMHAX I I10 TPAHMIAM 3€PEH MOKET OCYIECTBIAThCA MUK-POAMHAMIYECKMM MEXaHIU3MOM
cépdunr —nuddysnn aToM0oB a30Ta Ha BBICOKOAMILIN-TYXHBIX CONMTOHHBIX BOJIHAX.
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Analysis of charging/discharging processes in Li-ion batteries by
neutron diffraction
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Ex-situ and in-situ neutron diffraction experiments were performed at HRFD time-of-flight (TOF)
diffractometer (IBR-2 long-pulsed reactor, JINR) to characterize the entire battery system based on
LiFePO4 and V-added LiFePO4 electrodes during electrochemical cycling and to find additional infor-
mation about crystal structure of electrodes. Another purpose of this work was checking possibilities
for in-situ experiments with real Li-ion batteries at the IBR-2 pulsed reactor. An important advan-
tage of TOF method is the possibility to work at the fixed geometry of the experiment, which allows
selecting the optimal battery orientation relative to the directions of the incident and scattered neu-
tron beams and, thus, to minimize the difficulties associated with complex internal structure of the
battery. It was shown that charge/discharge process of Li-based real Li-ion battery can be effectively
studied by TOF technique at the IBR-2 pulsed reactor.

Three full charge/discharge cycles were realized at room temperature (~17°C) with slow rate. The
step-like appearance of several LiCn phases was observed and the volume fractions of LiFePO4 and
FePO4 structural phases at different states of charge were determined. The analysis of changes in
cathode material microstructure when doped with vanadium showed a significant increase in the
density of defects, which correlates with better electrochemical properties of V-added LiFePO4 com-
pared to pure LiFePO4.
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The structural aspect of luminescent properties forming in com-
posite phosphors Y3A15012:Ce3+/Lu203 and Lu3A15012:Ce3+/Lu203:
neutron diffraction results
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! Joint Institute for Nuclear Research
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Corresponding Author: ekich@nf jinr.ru

The crystal structure and spectral luminescent properties of composite phosphors Lu3Al5012:Ce3+/Lu203
and Y3Al5012:Ce3+/Lu203 synthesized by colloid chemical approach have been studied by means
of neutron powder diffraction and optical spectroscopy methods. We found the formation of stable
defect structures on the phase boundary between phosphors Lu3Al5012:Ce3+, Y3A15012:Ce3+and
Lu203. In the study of Y3Al5012:Ce3+/Lu203 significant enhancement of integral luminescence
intensity and shift of its maximum to longer wavelength region was revealed on Lu20O3 doping.

We found, that the modification of luminescent properties by Lu203 doping in Lu3A15012:Ce3++Lu203
is drastically different is comparison with Y3A15012:Ce3++Lu203 due a redistribution of optically
active Ce3+ ions between initial Lu3Al5012 and lutetium oxide Lu203 phase during the colloid
chemical synthesis, resulting in suppression of luminescence intensity. The obtained results demon-
strate that oxide doping effects on structural and luminescent properties of “garnet+oxide”system
have a complex character, and one needs to take into account several factors. They include not only
diffusion processes of Ce3+ ions between system components, but also possible formation of new
structural phases and stable defect regions at phase interface, and optically active or inactive state
of activator ion in a specific structural environment.
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The magnetic structure of HoCo2 and ErCo2 compounds studies
at high pressures
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The magnetic properties of RCo2 compounds, where R is a rare-earth or yttrium were intensively
investigated from both experimental and theoretical point of view. At ambient temperature, these
have a cubic structure with space group Fd3m, but below the Curie temperature Tc, the cubic struc-
ture becomes distorted. When R is nonmagnetic (R=Y, Lu and Sc) the compounds are an exchange-
enhanced paramagnet and exhibit metamagnetic behavior in externally applied magnetic field only,
but the RCo2 compounds with R=Gd, Tb, Dy, Ho, Er, Tm are ferrimagnetically ordered. The moment
on the cobalt sites close to ~1.0 pB over the RCo2 series and is described as being induced by the
molecular field exerted by the localized 4f moments. The pressure studies on RCo2 compounds can
give additional information on the magnetic behavior of cobalt in ordered phases.

In this work, studies of ErCo2 and HoCo2 compounds have been performed by neutron diffraction
at high pressures up to 5 GPa and in temperatures range from 10 K to 300 K. At ambient conditions,
both compounds have a cubic structure with space group Fd3m. At cooling down to temperature
80 K in HoCo2 and at 37 K for ErCo2 compound structural phase transition from cubic Fd3m to
tetragonal I41/amd and rhombohedra R3c, corresponded, have been observed, which is also accom-
panied by magnetic transition from the paramagnetic state to the ferrimagnetic. The Curie tempera-
ture decreasing and Co magnetic state suppressing for both compounds at high pressure have been
found.

Work is supported by grant RSF number 14-12-00182
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Neutron Imaging Station at IBR-2

Authors: Anton Rutkauskas'; Boris Savenko'; Denis Kozlenko!; Evgeny Lukin!; Gizo Bokuchaval; Sergey Kichanov!

! Joint Institute for Nuclear Research
Corresponding Author: lukin@jinr.ru

New neutron imaging station has been developed and started at beemline 14 of IBR-2 high flux pulsed
reactor recently. It consists from beam shater, vacuumed neutron guide with builtin collimation
sistem, rotation table and neutron detector based on CCD camera. The obtaned neutron flux is
aproximetly 510”6 n/cm”2/s at the sample position. The achievable spatial resolution is about 200
um due to high L/D ratio equaled to 200. The current state of the instrument and recent experimental
results, covering neutron imaging of technological, natural heritage and geophysical objects are
reviewed.
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One of the major problems of condensed matter physics is the investigation of the high pressure
effects on the structure and properties of pharmacological components. Synthetic drug fluconazole
C13H12F2N60 is the object for the research due searching for polymorphic transformation in it. Flu-
conazole is highly active component in pharmaceuticals against a variety of fungal pathogens that
cause systemic mycoses. Investigation of structural changes in fluconazole at high pressure is very
important due modeling of tableting processes, which can effect on the quality of final product.

In our work we have been prepared by means of the energy-dispersive X-ray diffraction experiments
at pressures up to 4 GPa on the beamline F2.1 (HASYLAB-DESY, Hamburg) using the multianvil X-
ray system MAX80. In additional, a Raman spectra at ambient temperature and pressures up to 4.4
GPa were collected using a LabRam spectrometer (NeHe excitation laser) with wavelength of 632.8
nm, 1800 grating, confocal hole of 1100 mkm, and a 50x objective.

The X-ray diffraction and Raman spectroscopy data indicates polymorphic phase transition from
initial form-I of fluconazole to new high-pressure form-II at pressures of 1.6 GPa. We choose struc-
ture model for new pressure induced phase as triclinic symmetry with P1 space group. The lattice
parameters of form-II have been obtained. The baric coefficients for lattice parameters and unit cell
volumes of both polymorphic forms of fluconazole have been calculated.

This work was supported by RFBR grant N14-02—-00353-a.
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Aqueous solutions of magnetoferritin: structure and applications
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Magnetoferritin represents a synthetic derivate of ferritin, iron storage protein, with external di-
ameter of 12 nm. It consists of magnetite or maghemite in the core surrounded by protein shell
of apoferritin. Nanosize, superparamagnetic behavior and biological origin provide to magnetofer-
ritin significant potential for application in nanotechnology, industry and biomedicine (as a drug
carrier in targeted transport, a standard in diagnosis of various diseases, a contrast agent in MRI).
The structure of such biological complex in aqueous solution was investigated by small-angle neu-
trons (SANS), including contrast variation, and X-rays (SAXS) scattering for different loading factors
(average number of iron atoms per complex). With the LF growth, the scattering curves exhibit a
higher polydispersity, relative increase in the total scattered intensity, a partial smearing and a shift
of the match point in the SANS contrast variation data (Fig. 1) which are pointed out to correspond-
ing effective increase in the relative content of magnetic material against the protein moiety of the
shell. It was obtained that at LFs above 156, the apoferritin shell undergoes structural changes as
compared to the native hollow state of apoferritin. It could be expected that the structure of the
magnetoferritin package was changed due to the magnetic core presence and the shell stability is
affected by iron oxide. The obtained results are important for understanding of synthesis procedure
and further application of magnetoferritin.
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19

We present the data of neutron diffraction experiment on natural pyrrhotite from the two different
impacts performed at different temperature on DN-2 spectrometer (high intensity data) and Epsilon
diffractometer (high resolution data). Our results are compared with results obtained from synthe-
sized pyrrhotite and samples from other impacts.

STRUCTURE OF WATER MAGNETIC FLUID AT THE INTERFACE
WITH SILICON BY NEUTRON REFLECTOMETRY

Author: Igor Gapon'

Co-authors: Leonid Bulavin !; Mikhail Avdeev %; Olaf Soltwedel *; Peter Kopcansky 4. Viktor Petrenko 2
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? Joint Institute for Nuclear Research

3 Max-Planck Institute for Solid State Research, Stuttgart, Germany

* Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia

Corresponding Author: gapon@jinr.ru

Recently it was observed by small-angle neutron scattering (SANS) that comparatively small and
compact aggregates of nanoparticles in the initial water-based magnetic fluid (MF), where nanomag-
netite (characteristic particle size below 10 nm) is coated with double layer of sodium oleate (length
about 2 nm), transfer to large and developed associates after poly(ethylene glycol) (PEG) is added
to the system with the ratio above 1:1 with respect to the magnetite content [1]. In the given work
the structure of magnetite/sodium oleate/d-water MF at the silicon interface before and after PEG
addition was investigated by neutron reflectometry. The volume fraction of magnetite in the studied
ferrofluids was about 1 %. The ratio PEG/magnetite was 1.5 w/w.

Despite rather strong diffuse scattering still the specular reflectivity curves for the aqueous ferroflu-
ids before and after PEG addition can be excluded from 2D scattering maps and compared with the
reflectivity curve from the D20-silicon interface. A deviation of the neutron reflectivity curves from
the Fresnel behaviour is observed for both ferrofluids which is connected with formation of some
layer of colloidal particles at the silicon interface. The additional band in the reflectivity curve for
the magnetic fluid after PEG addition observed in a q-range of 0.4-1 nm-1 indicates to different ad-
sorption layers of nanoparticles for the two kinds of ferrofluids. The detailed analysis to obtain the
quantitative information about the scattering length density profile of the adsorbed nanoparticles
is in progress. Mainly, it concerns the fact that a significant effect of SANS contributing to the off-
specular scattering was concluded. It should be taken into account at the raw data treatment while
the reflected signal is extracted from the raw 2D data. The task is to get the size characteristic of the
adsorbed aggregates, as well as their composition, and to compare the results with those for the ag-
gregates in bulk known from the previous SANS experiments. It should be noted that no response of
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the system on the presence of an external magnetic field (up to 500 Oe) could be observed, which is
probably due to a comparatively small concentration of magnetite in the studied ferrofluids.

[1] M.V.Avdeev, A V.Feoktystov, P.Kopcansky, G.Lancz, V.M.Garamus, R Willumeit, M.Timko, M.Koneracka,
V.Zavisova, N.Tomasovicova, A.Jurikova, K.Csach, L.A.Bulavin // J. Appl. Cryst. 43 (2010) 959-
969.
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Co-authors: Anexcannp Tymanos %; Opuit Jlucmukus 2

! IPPE
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[pencraBieHsl HaplanbHble YacTOTHBIE pacnpeneaerys ([IYP) aroma Bogopoa MOJIEKYJIBI BOIHI,
afcopOMPOBAHHOI HA IOBEPXHOCTY a9POCIIIA U B KaToHUTe (MoH00OMeHHoi1 cmoite) CTK-7, monyueHHbIe
€ IIOMOIIBIO HEYIIPYTOI'O paccessHN HEMITPOHOB.

Hcnonp3oBanmch 06pa3um aspocuiia co CTENEHBI0 TUApaTaluy B MHTepBase oT 4,9 % mo 900 %
(crenenp rupparamuu ¢ = [(m(H20) / m(Si02)]«100 %, rme m —o01ias Macca COOTBETCTBYIOILIMX
MOJIEKYJI B 00pasLe).

O6pasen; monoodbmennoit cmoiubl CTK-7, rungpaTipoBaHHO KaK B TSDHKEJIO, TaK 1 B JIETKOI BOJe
JIMeJI CTeNeHb rImapaTaumm oKoyo 90 %.

V3MepeHNUs CIIEKTPOB HEYIIPYTOTO PacCessHNUS HEMTPOHOB 00pa3LiaMu IIpyt KOMHATHO TEMITEPATYpPe
nposoauiauck Ha cuekrpomerpe JWH-2IIM nina HauanbHOM sHeprunu HeiitpoHos E0=4,2 M3B.
IlocpencTBOM MTEpaALIMOHHOI IIPOLIEAYPHI C ITOMOIBI0 KoMIIIekca ITporpamMmM PRANA ¢ yuerom
MHOTO(GOHOHHOTO ¥ MHOTOKPATHOTO PACCESIHIIS 113 9KCIIEPUMEHTAIBHBIX QB IbI- U depeHIMaTbHbIX
ceueHnit 6puT0 onpeeneno ITYP komebaHmit aToMOB BOKopo/a g(€) B 06,1aCT MEXXMOJIEKYJIIIPHBIX
KoJIeGaHMII AT BOABL, afCOPOMPOBaHHOI Ha TOBepxXHOCTY aspocuia u B Katnmonute CI'K-7. IIpoBenen
cpaBHUTeNbHBIN aHanu3 [TYP ¢ ncrnonb3oBaHMEM JaHHBIX, ITIOJTYUEHHBIX AJIS UMCTOM BOJBL.
Hab6iromatoTcs o61me depThl pacripeneeHys YacToT KoteGaHmil afcopOupoBaHHO U 06 beMHO
BOJIBI: UETKO BBIpa)KEHA I10JI0CA 3aTOPMOKEHHBIX BPALEHMIT (JIMOpait) Ipu SHEPrUy KoJiebaHmit

€ = 70 M3B u moJyioca 3aTOPMOYKEHHBIX TPAHCIALVOHHBIX KOJeGAHMIT MOJIEKYJI BOIBI BMECTE C
oKpyxeHMeM (g = 5-7 MaB).

[lna aspocmita co creneHbio ruapatanuy 4,9 % 1o CpaBHEHUIO C UNMCTOM BOAON ¥ IJIS TUAPOTeNs

IUISL TIepeauyl SHepIUM € IPUMEPHO 6 U 25 M3B 10 OTHOIIEHUIO KO JIBAY U aIcoOpOMpPOBAHHOI
aspocmioM Bofe mpu remmneparype 10 K o6Hapy»keHO CyIlleCTBEHHOE YMeHbIIIeHIe MHTEHCUBHOCTI

B HM3KOUACTOTHOI TPAHCISLMIOHHON 00JIACTY, UTO CBIIETEIHCTBYET O 3aMETHBIX HAPYIIEHNIX B
CeTKe BOOOPOJHBIX CBA3EIL.

JIn6parmonnas mosroca ITYP agcopOmpoBaHHOI BOOBI I10 CPAaBHEHNIO C 06'beMHOT BOJOII CMelleHa

B CTOpOHY 60Jiee BBICOKIX 9HEPTHIL, UTO MOKeT ObITh Pe3yJIbTATOM BO3MYII[eHMSI OIVDKHEN YIIOPSIAOUeHHOCTI
M YCUJIEHN S MEKMOJIEKYJIIPHOTO CMJIOBOTO ITOJIA.

Ha ocnose ITYP paccunraH paa MUKPOIMHAMIYECKUX M TEPMOAMHAMUUECKUX XapaKTePUCTUK
ancopOMpOBaHHOI BOJBI, KOTOpPbIE ObLIN CPAaBHEHBI C JAHHBIMIU JIs 00beMHOI BOABL: aBTOKOPPENISIMIOHHAs
(YHKLMS CKOPOCTY IIPOTOHA, CpeAHEKBAAPATUUHAS aMILINTY /A KojlebaHuit aroMmos (paxrop [lebas-
Yomnnepa), cpeHsist CUIIOBast IIOCTOSTHHAS MEXaTOMHOI'O B3aMMO/IEIICTBIS, CPeIHSISA KIMHEeTIUeCKast
9HEPTIUA, TEeIJIOEMKOCTbD.

21

The crystal and magnetic structure of nanostructured mangan-
ites La0.67Sr0.33MnO3 at high pressure and temperature.
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22

Apart from potential application, the complex manganites are attractive for great number of sci-
entific research. It is widely accepted that interplay between magnetic, transport and electronic
properties in these compounds results from a complicated balance of the ferromagnetic (FM) double
exchange and the antiferromagnetic (AFM) superexchange interactions coupled to lattice distortion
effects and orbital degrees of freedom. Due to strong correlation between magnetic and transport
properties of Lal-xSrxMnO3 compounds, the knowledge of relationship between magnetic and crys-
tal structure or nanostructured features, which can be obtained from high pressure investigations, is
very essential for understanding the nature of physical phenomena observed in these nanostructured
compounds. Due to correlation between order parameters, knowledge of the structural evolution
of magnetic phase under pressure is also important to understand a mechanism of formation of un-
usual magnetic properties of this compound.

In our work, the magnetic and structural properties of nanostructured manganites La0.67Sr0.33MnO3
with nanoparticle size 20 nm and 50 nm have been studied at pressure up to 5.7 GPa and in the tem-
perature range 4-300K at neutron diffractometer DN-6 on pulse high-flax reactor IBR-2. The high
pressure will obtain using sapphire anvil cells and close-cycle refrigerator will used for low temper-
ature experiments.

As result, in manganite La0.67Sr0.33MnO3 with particle size 50nm the some portion of AFM phase
at the low temperature 4 K at ambient pressure have been observed. In both compound the magnetic
phase transition from ferromagnetic (FM) to antiferromagnetic (AFM) state at high pressure have
been found. The unit cell parameters and volume, magnetic moments of FM phase as function of
pressure and temperature have been obtained.

The work was supported by RSF grant N 14-12-00182.

Residual stress investigation in the crack region of the gas pipeline
tube

Author: Igor Papushkin'

Co-authors: Gizo Bokuchava '; Vyacheslav Sumin '

! FLNP JINR

Corresponding Author: piv@nf jinr.ru

23

The main objective of this study was to determine the crack reasons of gas transport tube during
its long term operation. The residual stresses near the crack region were measured by three meth-
ods: high resolution neutron diffraction, magnetic anisotropy and the Barkhausen noise technique.
Neutron diffraction data indicate practical absence of the residual stresses in the studied region. On
the contrary the magnetic methods of MMA and Barkhausen noise give a strong signal at the outer
surface near the crack.

FORMATION AND GROWTH OF CLUSTERS IN NON-POLAR AND
POLAR FULLERENE SOLUTIONS: EXPERIMENTAL AND THEO-
RETICAL ASPECTS
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The properties of fullerene solutions remain an interesting field of research in modern physics, chem-
istry and medical science. A lot of non-trivial effects are observed in fullerene solutions, such as
cluster formation, solvatochromic effects, non-linear dissolution processes, and others. For the last
several years our research group has performed experimental and theoretical studies of solutions of
C60 and C70 of different polarity.

Inseparable with the cluster formation of fullerene in polar and low polar solvents is the solva-
tochromic effect. It has been explained to be the consequence of complex formation between solvent
and fullerene molecules. The dissolution processes and solvatochromic effects in fullerene solutions
where studied by UV-Vis spectroscopy and SANS experimental methods. For non-polar solutions,
the kinetics of C60 dissolution where studied by UV-Vis and modeled by classical laws. The cluster
growth in non-polar solution is explained to be a consequence of non-equilibrium preparation. The
effect of excess radius of gyration, observed by SANS in fullerene solution in CS2, is explained. The
cluster size in polar fullerene solutions was measured to be in the range of 10-100 nm by SANS.
The description of kinetics of cluster growth in this work is made via different models originally
based on the theory of nucleation. These theoretical models reveal the kinetics of cluster growth on
the whole time scale of cluster state evolution for polar fullerene solutions. In addition, the small
angle neutron scattering curves for fullerene solutions are modeled with the use of the cluster-size
distribution functions.

24

Micelle formation in surfactant solutions in the presence of poly-
mer by small-angle neutron scattering

Author: Viktor Petrenko’

Co-authors: Leonid Bulavin %; Mikhail Avdeev '; Oleksandr Ivankov !; Vasil Garamus *

! Joint Institute for Nuclear Research, Dubna, Russia
? Taras Shevchenko Kyiv National University, Kyiv, Ukraine

3 Helmholiz-Zentrum Geesthacht, Geesthacht, Germany
Corresponding Author: vip@nf.jinr.ru

Mixed polymer-surfactant systems are very interesting not only for academia researchers but also
for industry. Polymer and surfactants are very often used in combination in cosmetic, medici-
nal, and pharmaceutical preparations. Particularly, complex surfactant-polymer solutions are used
for the synthesis of highly stable and controllable water-based ferrofluids (magnetic fluids (MF)).
Poly(ethylene glycol) (PEG) is frequently used for increasing of biocompatibility of MF. At the
same time, the introduction of PEG into initially stable MF can result in their structural reorga-
nization. Such effect was recently observed [1] by small-angle neutron scattering (SANS) in MF
where nanoparticles of magnetite (size below 10 nm) are placed in water and coated by double layer
of sodium oleate (SO). In particular, comparatively small and compact nanoparticle aggregates (size
at level of 40 nm) in the initial samples transfer to large (size above 120 nm) and developed (fractal
dimension 2.5) associates after PEG is added to the system with the ratio above 2:1 with respect to
magnetite content [1]. It should be noted that smaller amount of added PEG did not lead to aggre-
gates reorganization.

The goal of the given work is to reveal by means of SANS the structure and interaction in complex
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aqueous micellar solutions of surfactant (SO and dodecylbenzene sulfonic acid (DBSA)) with PEG.
SO and DBSA are actively used for stabilization of aqueous MF.

First step in such study was investigation of pure aqueous solutions of PEG [2] and surfactants [3]
themselves. Some part of the polymer molecules in concentrated polymer solutions is found to form
aggregates with size exceeding 30 nm. The form-factor of Gaussian coil is used to describe low con-
centrated PEG solutions. The interparticle interaction effect is well observed for PEG solutions with
concentration higher than 3% where. In pure surfactant solutions a typical increase in the micelle
size with the growth in the surfactant concentration within a range of 0.06-0.52 mol/1 (2-17 vol. %).)
is found, which can be related to the transition from spherical to rod-like micelles. The obtained data
are used for estimating surfactant micelle concentration in water-based MF stabilized with DBSA.
Despite the fact that PEG addition into surfactant solutions should effectively increase the distance
between micelles, a decrease in the micelle interaction radius takes place, which points to some kind
of screening. Effect of screening of interaction takes place at PEG addition above 5 vol. %.

The obtained results are important specifically for understanding the synthesis procedure of highly
stable water-based magnetic fluids with controllable properties.

25

Development of the neutron sonde microscopy for the investiga-
tions of magnetic microstructures

Author: Sergey Kozhevnikov'

Co-authors: André Thiaville 2; Florin Radu 3; Frédéric Ott *; Thomas Keller °; Vladimir Ignatovich L Yury Khay-
dukov®
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3 HZB, Berlin, Germany

* LLB, CEA/CNRS, Saclay, France
> MPI KFK, Stuttgart, Germany

Corresponding Author: kozhevn@nf jinr.ru

To investigate local magnetic microstructures with high spatial resolution, the narrow neutron beam
(sonde) of micron width is needed. Therefore different focusing devices are developed (refractive
lenses, curved crystal monochromators, diffraction gratings, etc.). But these devices have restrictions
and cannot produce a neutron beam narrower than 50 mkm. Planar waveguides are more simple
and effective devices which transform a conventional neutron beam into a very narrow (about 0.1
mkm) and slightly divergent (about 0.1°) neutron microbeam. It is tri-layer film structure where the
middle guiding layer (channel) with low neutron optical potential is enveloped by two layers with
high potential. We present experimental results on the investigations of planar waveguides, neutron
channeling in waveguides and application of the polarized neutron microbeam for the investigation
of a magnetic amorphous microwire.

26

CTpyKTypHO-AMHAMITYECKOe JMICCIeJOBaHNe MOA(PUIVIPOBAHHOTO
PEAKTOPHOI0 YPaH-OKCHMHOTO TOILINBA

Authors: Alexander Puchkov!; Valera Sudarev!; Vladislav Semenov’

! Insitute for Physics and Power Engineering

Corresponding Author: valera.sudarev@yandex.ru
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C ucnonp3oBanueM HeilTpoHHBIX criekTpoMmerpoB HRFD u DIN-2PI Ha peakrope MBP-2 (OVAN,
Hy6Ha) B uHTepBaie Temeparyp 20-1000 XC nsmepeHs! CTpyKTypHO-IMHAMIYECKIE XapaKTePUCTUKIA
(Tvm M mapaMeTphl KpMCTAIMYeCKOI PellIeTKI, pa3Mep KPUCTAJUINTOB, yPOBeHb MIKPOAedOpMaIlIIiL,
IJIOTHOCTH (POHOHHBIX COCTOSIHIIL) MOAMGUINIPOBAHHOTO PEAKTOPHOTO ypaH-OKCUIHOTO TOILINBA.
AHayornuHbIe JaHHbIE II0JIyYeHbl U1 00pasL[0B ABYOKICH YPaHa, M3TOTOBIEHHBIX II0 CTAHJAPTHOI
TexHoyoruy. IlomydeHHbIe JaHHBIE MCIIOJIB3YIOTCA JUIA aHAINM3a CBOMCTB MOAM(UIIMPOBAHHOIO
TOILJIABA.

27

IIporpaMMHBIII HIPOAYKT AJist on-line 00paboTKM IKCIIepUMEHTATBHBIX
paHHBIX ciiekTpomerpa JMH-2ITN

Authors: AV. Puchkov'; I. Anisimov’

! Institute for Physics and Power Engineering (IPPE)
Corresponding Author: litstat@gmail.com

Crmcox cOBpeMEeHHBIX IIPOrPaMMHBIX IIPOAYKTOB, KOTOPBIE MOT'YT OBITh MICIIOJIB30BAHbI JISI BU3YaIM3aLII
¥ TEepBUUYHON 00pabOTKM 3KCIEPVMEHTATIBHOM MHGOpMALMI, TI0JIyYaeMOll Ha CIIEKTPOMETpPax
HEYIIPYyroro paccesHus, oommpen. OqHAKO, MX aJanTals AJI UCIOIb30BAHNS Ha CIIEKTPOMETPE
OUH-2I1U1 tpebyer cyiecTBeHHbIX gopaborok. Kpome toro, Takoe mporpaMMHoe obecIieueHIe,

KaK IIPaBILJIO, IBJISETCS IUIATHBIM. B pesyiibraTe aHanm3a COBpeMEHHBIX O€CILIATHBIX IIPOTPAMMHBIX
MIPOAYKTOB OBLIO IIPUHATO PEILleHMEe Pealn30BaTh 06paboTKy SKCIEPUMEHTATIbHBIX AaHHBIX Ha
ocuoBe 6ubnmoreku ROOT. B Hacrosiiiee Bpems pa3paboTaHa IepBasi BepCusi IPIIIOKEeHNsI, B KOTOPOIL
peaNn30BaHbl CTAHAAPTHBIE IIPOLIENYPhI 00pabOTKM JAHHBIX, I03BOJISIIOLINE BBIIIOIHATH on-line
00paboTKy 9KCIIEpMMEHTAIBHBIX CIIEKTPOB O YPOBHS 3aKOHA paccestHus (IMHAMIYECKOTO CTPYKTYPHOTO
dakropa) S(Q,w).

Crenyroias Bepcusi IPIIIOKEHNS Oy IeT YUNTHIBATh KOHCTPYKUMOHHYI0 0COGEHHOCTH CIIEKTPOMETPa
JH-2I1Y - qucKpeTHBII AMANa30H YIJIOB AeTEKTUPOBAHISI M HATIMUIE, BCIEACTBIIE 3TOTO, « MEPTBBIX»
30H B 00JIaCTV AMHAMMUYECKNX IIepEMEHHBIX —IIepefayyl UMITyJIbca I SHepruy HeilTpoHa. Taxoe
OTpaHMUEHMEe 3aUaCTyI0 CYILLECTBEHHO CHIDKAET IIOJHOTY 3KCIIEPUMEHTANbHON MHpOpMAIIN 1,
COOTBETCTBEHHO, ITOJIHOTY aHANM3a MCCIEAYEMOTO SIBIEHNA. 1109TOMY Ipemaraetcs MOJydYuTh
nHPOPMALNIO B HEIIPEPHIBHOM [yalla30He AMHAMNIUECKNX IIePEMEHHBIX IIyTeM IIPOBeNeHNs 2-X
9KCIIEPUMEHTOB C OJHIM I T€M K€ 06pasI[OM, HO € JBYyMS pa3IMYHbIMU 3HAUEHUIMY HaYaIbHOI
9HEPTUM HeNTPOHOB. IIpaBMIIBHBIN BHIOOp 3HAUEHNI HAYAIBHOI SHEPIUY HOJLKEH 00eCIeunTh
[IepeKphITIE JCCIeyeMbIX AMANla30HOB Ilepefay MMITyIbca 1 SHepruy. lIpo6iema cocTouT B
ob6benrHeHNy MHPOPMAIMK, IOTYUEHHO B pA3HBIX IKCIIEpUMeHTax. PelieHe 310 MpobaeMbl
rorpeGyeT pa3paboTKM CIIOCOGOB ONTUMAIBHOIO MCIIOIb30BAHNS JAHHBIX, [TOJIYUYEHHBIX C PA3ITUHBIM
paspeleHreM I CTaTICTIUECKOI TOUHOCTBIO, M peLlleHNsI 3ajay 9KCTPAIIOJISAIVIN 9KCIIEPMEHTAIBHBIX
3HAUEHMNIL, TOUHee, BBIOOpa MeTOa UX 9KCTpanosauuy. Pe3yapraToM pa3paboTKi TaKOt METOUKI
CTaHeT BO3MOKHOCTB ITOJIyUeHIS AMHAMIYECKOTO CTPYKTYPHOTO paKTopa NCCIeyeMOro BeIecTBa

B BUIJie KapThI MHTEHCUBHOCTH B HEIIPEPhIBHOM AMalia30He IHAMIUECKIX IlepeMEHHbIX, OTPaHINUeHHOM
MMHUMATBHBIM ¥ MaKCUMAaJIbHBIM YIJIAMI PACCESHUS HEITPOHOB.

28

Nonreciprocal unpolarized neutron reflection in noncoplanar mag-
netic field of two magnetic mirrors in the external field

Author: Dmitry Tatarskiy'
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It is known the unpolarized neutron scattering in systems with noncoplanar magnetic induction
spatial distribution can be nonreciprocal [1]. In this work we investigate system consisting of two
magnetic mirrors in external magnetic field. The nonreciprocal effect in this system is expected to
be about of 50% of the initial neutron beam intensity.

The mirrors prepared by magnetron sputtering of CoFe thin film on smooth glass substrates. Thick-
ness and roughness are controlled by x-ray small angle reflectometry and atomic force microscopy.
Magnetic properties investigated by the longitudinal magneto-optic Kerr effect and magnetic force
microscopy. The thickness is in the range 110-125 nm and roughness is about 3-5 nm. The coercive
force of mirrors is 150-200 Oe. The remanent magnetization is 720 Oe.

The mirrors are placed parallel face to face to each other but their remanent magnetizations are per-
pendicular. The external magnetic field of 10-30 Oe is perpendicular to mirrors surfaces. So that the
magnetizations and the external field are perpendicular to each other. In this system the mirrors
are perpendicular “polarizer’and “analyzer”correspondingly which detect the neutron beam spin
polarization precession in the external field. The neutron reflection experiment is made at the Spec-
trometer of polarized neutrons REMUR of the high flux pulsed IBR-2M reactor of the Joint institute
for Nuclear research.

It is shown the reflectivity of unpolarized neutrons in such system is strongly depends on the mag-
nitude and direction of the external magnetic field. The reflection becomes nonreciprocal when the
mirrors are magnetized perpendicularly to each other.

This work is partly supported by RFBR (grant Ne 14-02-31809) and young scientists grant from
“OPTEC”company.

[1] D.A. Tatarskiy, O.G. Udalov, A.A. Fraerman, JETP 115, #4, 626 (2012).
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On the stability of magnetic fluids under excess of surfactants

Author: Anatolii Nagornyi'

Co-author: Viktor Petrenko

! National Taras Shevchenko University of Kyiv

2 Joint Institute for Nuclear Research
Corresponding Author: avnagorny@jinr.ru

Magnetic fluids (MF) or ferrofluids are colloidal suspensions of magnetic nanoparticles coated with
surface-active agents (surfactants) to prevent aggregation under various conditions. The character-
istic size (~10 nm) of magnetic nanoparticles in a colloidal system corresponds to a single-domain
state, thus determining a superparamagnetic behavior of the system, a specific property, which is
very useful for different technological and biomedical applications of ferrofluids [1,2].

Aggregation stability of ferrofluids is significantly determined by the interaction of surfactants with
the solvent. The concentration of surfactant molecules in solution is one of the important factors
affecting on the stability of MFs, especially in the case when magnetic liquid systems contain some
excess of stabilizer molecules. The optimal amount of surfactant in the MFs at which ferrofluids
shows the most possible stability as colloidal liquid system is selected in practice. The present work
was carried out within the framework of systematic investigations of the influence of surfactant ex-
cess on the structure of the different types MFs [3-7].

The method of small-angle neutron scattering (SANS) is one of the most informative in the structural
studies of multicomponent nanosystems and particularly magnetic fluid [8]. The structural param-
eters of the classical magnetic fluids based on decalin at different excess of oleic and myristic acids
in MFs volume (up to 20 vol.%) were determined by SANS as well as the structure parameters of
polar ferrofluid stabilized by oleic and dodecylbenzenesulfonic acids were obtained. On the basis of
further comparison of behavior oleic and myristic acids in the MFs and their solvents in decalin it
was analyzing the changes in the interaction between the free (non-adsorbed) surfactant molecules
in the presence of magnetic nanoparticles. In the case of polar MF the interparticle interaction in
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the system was considered by analyzing the effective structure factor.

However, ferrofluids are stable in respect of the formation of large aggregates of the magnetic
nanoparticles in the studied range of the surfactant concentration. Comparison of the results with
previously reported data for similar MFs based on benzene [3-5] is carried out in the work as well.
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HcToKM coBpeMeHHOI KpucTaiorpagumn
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O61enpr3HaHHBIMY UCTOPMUIECKIIMY COOBITUSIM, ITOJIOKMBILIIMY HAUAJI0 PEHTTE€HOCTPYKTYPHOMY
aHaJN3y ¥ COBpEMEHHOII Kpucratorpadun, crany gudpakinmoHHble akcriepuMeHTs! M. o Jlays

1 BBIBOJI OTIL{a U ChIHA BparroB ypaBHeHUs qudpakumy peHTTe HOBCKIX JIydell Ha KPUCTALINIECKO
perrerke. OqHAKO, CIIPABEAIINBOCTY PAIH, CIeyeT HAuaTh OTCUET III0XY COBPEMEHHOI Kpucraiorpadun
¢ PefOPOBCKMX MPOCTPAHCTBEHHBIX IPYIII, 63 KOTOPBIX COBpeMeHHas KpuUcTaIorpadus HEMbICINMA.
Hapsiny ¢ umenamu ®enoposa, Jlays u Bperros Heo6x0oquMo HAIIOMHUTE O BKJIafle B COBPEMEHHYIO
kpucramnorpaduio pycckoro mnpogeccopa I'B. Bynsda. OO ycroBusx, B KOTOPBIX CO3aBaJIACh
coBpeMeHHast Kpucrauiorpadus, o Ipolecce CO3MaHVSI HABOW BETBM HAYKM, O JIOOSIX-TBOPLIAX
OymeT UATK peub B JOKJIase.

Hoxuan moceamaercsa ony Kpmcrannorpa(bmm, KaklM o0baBieH 2014 . Opranusanmeit O6beaMTHEHHDBIX
Harquii.

31

CprKTypa N MAarde€Tm3M TYHHEJIIbHbIX MHOTOCJIOMHBIX HAHOCUCTEM
Fe/MgO/Fe
Author: Elena Yakunina'
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Mynsrucnoiasie Hanocucremsl Fe/MgO/Fe, 6naronaps HabaogaeMoMy B HuX 3G PeKTy TYHHETBHOTO
margetoconpotusieHns (IMC), mpeacTaBisioT 6OJIBIION TEXHOIOTMUECKUIT U HayYHbII MHTEpeC,

TaK KaK MOTYT JCIIOJIb30BaThCs B KAaueCTBE 3JIEMEHTOB yCTPOJICTB CIIMHTPOHMKMU. ['MranTckme
M3MeHEeHNs COIIPOTUBIIEHNS IIPY KOMHATHOI TEMIIepaType IO AeVICTBIEM IPIIIOKEHHOTO MATHIUTHOTO
IoJIs1, KeJIaroT ucciaegoBanms B obnactyu TMC-cucreM ogHUM 13 Hanbosiee BOCTpe6OBaHHBIX HAllpaBIeHNUI
B (pu3uKe KOHIEHCUPOBAHHOTO COCTOSIHMS. B HacTos11IeM HOKIIaze coob1iaeTcst 00 MCCiIe JOBAHMAX
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3aBUCcUMOCTY MarHUTHBIX cBoiicTB I'TMC cucremsr Fe/MgO/Fe or tommuubl npocioiiku MgO.

32

Kpucranangeckas cCTpyKTypa I MATHUTHBIE CBOJICTBA JBOMHBIX
NEPOBCKITOB

Author: Vitalii Turchenko’
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CrnosxHble MarHUTHBIE TIEPOBCKUTHI ¢ 0611eit popmymnoit A2B'B’06 (rme A= La; Pr; Sr; Ba u 1.11., a

B'u B”= W; Co; Mn; Fe; Mo u T.1.) o61afaror YHUKaIBbHBIMU (PU3MUECKUMI CBOJICTBAMI: BBICOKOIL

CTEIIeHBI0 CIITHOBOI IIOJIAPU3AIINY 3JIEKTPOHOB IIPOBOAMOCTH, 3HAUNTEJIHBIM TyHHEJIBHBIM MarHINTOPE3VICTIBHE
3¢ dexTOM B CIabbIX MATHUTHBIX ITOJISIX IIPY KOMHATHON TEMIIEPATYpe, BHICOKMMY 3HAUEHVSIMI

TeMIlepaTyphl Kiopy, UTO OTKpBIBaeT INIMPOKME IEePCIEeKTUBBI MX MPAKTUUECKOTO NpPUMEHEeHUs

B YCTPOJCTBAaX CIMHOBOJ 3JIEKTPOHMKM (CIMHTPOHMKM) [JIS CO3[MaHMs CIMHOBBIX KJIAITaHOB U

CEHCOpPOB MarHUTHOTO IT0JIs1. BenuunHa BIMsSHMS cCIMHOBOTO 3¢ QeKTa TaAKMX MATEPUATIOB CUIBHO

3aBUCUT OT CTEIIeHM IOJNIpM3alyy U INIOTHOCTY COCTOSHMII Ha ypoBHe Pepmu, Ha KOTOPYIO, B

CBOIO OUepelb, KpUTIUeCKOe BINIHIIE OKAa3bIBAIOT KaK BaJIEHTHOE COCTOSHIIE, TAK M CPeTHUIT pa3zMep

KaTnoHoB B'm B”.

Summary:

[l yTOUHEeHIS KPUCTAUINYECKOI M MATHUTHOM CTPYKTYPbI OBLIN IPOBEeHbI HEIITPOHHbIE MCCIIeJOBAHIIST
o6pasioB Ha Pypre qudppakromerpe Boicokoro paspeurenns (PIABP) na nmmnyiascaom peakrope VIBP-

2 B [lybue. CornacHO HaHHBIM HEMTPOHHON qupakumm (CM. pUC.) BCe MCCIEeLOBAHHBIE 0OPA3LIbI
onHogaszusle. IIpn 3amerierny noHOB Ba monamu Sr HabnrogaeTcs M3MeHeH e TUIIA KPUCTaINYeCKOIT
peterku: Ky6nueckuit (Fm-3m)—pom6ruecknit (Fmmm)—rerparonansusii (I4/m). [Ipu aTom, 06veM
3JIEMEHTAPHOI AUYETIKY U 3HAUEHUs TeMIepaTypbl Kiopyu —yMeHbIIAI0TCS.

33

HccienqoBaHne MaTHUTHON CTPYKTYpPBI cBepxperneTok Fe/Cr/Gd
MeTOAaMI NOJIAPN3ALMOHHON HEMITPOHHOI U Pe30HAHCHON PEHTT€HOBCKOM
MAaTHHUTHOM pedIeKToOMeTpun

Author: Marina Ryabukhina®
Co-author: Evgeny Kravtsov '
! Institute of Metal Physics, Ural Division of the Russian Academy of Sciense, Yekaterinburg
Corresponding Author: ryabukhina@imp.uran.ru
W3BecTHO, UTO IpY NpsIMOM 00MeHHOM B3auMoperictBuu cioeB Fe 1 Gd nx MarHMTHbIE MOMEHTHI
BBICTPaMBAIOTCA AaHTUIIAPAJUIENBHO. B ICKyCCTBEHHOI MarHUTHOII CICTeMe, COCTOAIIIel 13 HAHOPa3MepPHBIX
cioeB Fe, Cr u Gd, MO’KHO YIIpaBJISITH B3aMMHOI OpMEHTAlMell MAaTHUTHBIX MOMEHTOB cJioeB Fe

n Gd, usmenss tonmHy antupeppomarauTHoro cios Cr. B Hacrosieir pabore MbI 06cyx)xaeM
MIpMMEHEHVIEe MEeTOAa IIOIAPU3aLMIOHHON HEMTPOHHOI 11 p€30HAHCHOI PEHTT€HOBCKOJ MAarHUTHOI
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pediexroMeTpuu [ OIpeReeHNs MAaTHUTHO CTPYKTYPHI BHYTPU TOHKMUX (peppOMArHMUTHBIN
CIJIOEB.

35

1%J.I/%KTPOXI/IMI/I‘—IECKI/II;I CHUHTE3 HAHOCTPYKTYP COCTABA
1/Fe

Author: Aprem Kosnosckuit'

Co-authors: [Jana Epum6erosa '; [Imurpuit [llmumac *; Kaitpar Kagpipxanos '

' EHY um. JLH. Tymunesa
Corresponding Author: artem88sddt@mail.ru

OpmHUM 13 acIIeKTOB Pa3sBUTYA HAHOTEXHOJIOT I ABJISIOTCS METOIBI ¥ MEXaHM3MBI CMHTe3a HAaHOCTPYKTYP.
OpuuM u3 Hanbosee MPOAYKTUBHBIX METOOB SIBJISIETCS METOM Ia0JIOHHOTO CMHTE3a, B KOTOPOM
IIPUIMEHSIOTCS IIOPIICTHIE MaTepMabl B KaueCcTBe MaTPILIBI (B HAIlleM CIydyae —TpeKOBble MeMOPAHEI).
JlaHHBIT METOX ITO3BOJILET CUHTE3MPOBATH HAHOPa3MePHbIe 00BEKThI PasINUHOI HGOPMBI I pa3MEPOB,
KOTOpbI€ MOXXHO OUeHb TOUHO KOHTPOIMPOBATE.[1-4]

JI71s1 oIy ye Hus MeTaJTMYeCKNX HAHOTPYOOK 1 HAHOIIPOBOJIOK yXOOHO MCII0JIb30BATh METO/ JIEKTPOXMMIUECKOTO
ocaxxpeHnsa. OcaxmeHNe MaTepyanoB B IIOPHI IIPOMCXOAUT ITyTeM IIPOIYCKAHUSA IIOCTOSHHOTO

TOKa Uepe3 pacTBOP JIEKTPOJIUTA, UYTO II03BOJIAET II0JIYyUaTh KOMIIO3UTHBIE HAHOCTPYKTYPBI, TJIaBHBIM
JOCTOMHCTBOM 3TOTO METO/1a BJISETCSI BO3MOKHOCTb KOHTPOIMPOBATh CKOPOCTD OCAKAEHN METAILIIOB

B IIOPBI, ITyTeM M3MeHeHNs BeIMUMHBI CYJIbI TOKA M ITPUJI0KEHHOT0 HAIIpSKeHNd, a TaK sKe BpeMeHN!
ocakaeHus1. Peryaupys stu mapaMeTpbl MOKHO IIOJYUNTh HAHOpa3MepHbIe 00BEKTHI € XKeJlaeMOoil

CTPYKTYpPOIL.

Summary:

B manHOIT paboTe pacCMOTPEHO MONYyUEHNE U UCCIIENOBAHE CTPYKTYPhI YIIOPSAAOUEHHBIX MACCUBOB

Ha OCHOBE HUKEJIS 1 JKejle3a. YIIOPSIIOUeHHbIE MaCCUBBI HAHOIIPOBOJIOK 3 9TUX MATEPUAIIOB 00IaTai0T
YHUKAJIbHBIMU MATHUTHBIMY cBoTicTBaMu[5]. B manpHeriieM 1x MOKHO IIMPOKO IPUMEHATH B TEXHUKE,
OHM SIBJISIOTCS MTEPCIIEKTMBHBIM HAIPABIE€HUEM B CO3[AHII MATHUTHBIX METAMATEPUAJIOB ¥ BO3MO>KHOCTBIO
VX TIpUMeHEeHs.[6]
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Neutron and optical investigations of multi-component crystalline
Y3Al15012:Ce3+/Lu203 and Lu3Al5012:Ce3+/Lu203 luminophors
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Author: Cepreit Camoiienko'
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Corresponding Author: samoilenko_pp@mail.ru

The peculiarities of crystal structure and spectral-luminescent properties of compound oxide Y3A15012:Ce3+/Lu203
and Lu3AI5012:Ce3+/Lu203 systems are investigated by neutron diffraction and optical spectroscopy

methods. The influence of injected oxide on structural and luminescent properties of these systems

is discussed. This influence is complex and depends not just on formation of stable defective garnet

structure and Ce3+ ion diffusion from matrix to oxide, but also on interaction between oxide and

matrix that progresses with new phases formation.

37

Complementary Vibrational Analysis of Bromanilic Acid: 2,3,5,6-
Tetramethylpyrazine Co-Crystal

Author: Katarzyna Luczynska'

Co-author: Kacper Druzbicki '

! Joint Institute for Nuclear Research
Corresponding Author: k.luczynska@ichtj.waw.pl

Organic electronic materials including semiconductors, dielectrics and conducting polymers are
emerging family of materials with applications similar to their inorganic counterparts, but of much
greater potential ease of integration with silicon and other inorganic matrices. One of the most
promising organic ferroelectric materials are two-component crystals formed by hydrogen donor
and acceptor molecules. The family of bromanilic and chloranilic acid complexes reveals very promis-
ing properties which are extensively studied since last decade.

Here, we present the complementary studies of bromanilic acid complex with tetramethylpyrazine
synthesized at our laboratory. The crystal structure was solved with single-crystal X-Ray diffraction
giving basis for theoretical topological analysis. The optical vibrational spectra were recorded in
the middle- (FT-IR; FT-RS) and low-frequency (FT-FIR) range. The low-energy transfer range was
explored by time-domain Terahertz spectroscopy. Finally, the Inelastic Neutron Scattering (INS)
studies were performed revealing the closer insight into the vibrational proton-dynamics.

The complex experimental studies have been deeply supported and interpreted by applying theoret-
ical solid-state computations. The high-quality plane-wave density functional theory computations
(DFT) were performed in periodic boundary conditions at the generalized gradient approximation
(GGA) level. The lattice-dynamics was probed with linear-response computations, providing both
optical and neutron vibrational spectra. In addition to the zone-center computations, the phonon-
dispersion relations were calculated across the high-symmetry points throughout the reciprocal
space. The theoretical results stay in excellent agreement with the experimental data allowing for
full understanding of the structural and vibrational properties of the title system.

38

HccaemoBanue crpykrypHoro nepexona T1FeS2(Se2) mpu Huskux
TeMIIepaTypaX MeTOZOM IHOPOIIKOBOI AN paKIUy HEHTPOHOB

Authors: Afag Madadzada'; Elmar Asgerov1
! Frank Laboratory of Neutron Physics, JINR

Page 22



International Conference "Condensed Matter Research at the IBR-2” / Book of Abstracts

Corresponding Author: madadzada@jinr.ru

Kpucrammnueckue crpykrypst TIFeS2 n TIFeSe2 uccienoBanmcs MeToq0M HEMTPOHHOM AUpPaAKIINA

B TemriieparypHoM muamnasone 10-320 K. Ilpu komHaTHOI TeMmeparype cTpykTypsl B TlFeS2 n
TIFeSe2 061amaloT MOHOKJIMHHOI CUMMeTpHe ¢ IpocTpaHcTBeHHOII rpymoit C2/m. B TIFeS2 npu
remmneparype T ~ 200 K nwabrronaercs antudeppomaruutsas ¢asa. dasossiit nmepexon B TIFeSe2
Bo3HMKaeT Ipu TeMiieparype T ~ 290 K. [TonydyeHsI 3aBUCHMOCTY ITapaMeTPOB 11 00beMa 371eMEHTaPHOI
SUENKY OT TEMIIEPATYPBbL, PACCUNTAHbI KO UIIMEHThI TEMIIEPATYPHOTO PACIINPEH NS U K03()PMUIMEHTHI
JIMHENHBIX PacCIIVPEHNIT IS KaKI0TO 3 ITapaMeTpOB.

39

Spectroscopic and crystallographic investigations of nitro deriva-
tives of ortho-hydroxy acetophenones

Author: Aleksander Filarowski'

Co-authors: Agnieszka Kwocz %; Dorota Chudoba *; Lukasz Hetmanczyk *; Przemyslaw Szklarz 2

! Frank Laboratory of Neutron Physics, JINR, Dubna, Russia; Faculty of Chemistry, University of Wroclaw, Wroclaw,
Poland

% Faculty of Chemistry, University of Wroclaw, Wroclaw, Poland
% Frank Laboratory of Neutron Physics, JINR, Dubna, Russia

* Frank Laboratory of Neutron Physics, JINR, Dubna, Russia; Faculty of Chemistry, Jagiellonian University, Krakow,
Poland

Corresponding Author: aleksander.filarowski@chem.uni.wroc.pl

The report will present the complex investigations of the phase transition and intramolecular hydro-
gen bonding in nitro derivatives of ortho-hydroxy acetophenones. The phase transition was inves-
tigated by diffraction of neutron scattering, roentgenographic, calorimetric and spectroscopic meth-
ods. The assignments of vibrational spectra recorded in matrix condition, as well as IR, Raman and
INS methods of 5-chloro-3-nitro-2-hydroxyacetophenone and 5-methyl-3-nitro-2-hydroxyacetophenone
were accomplished. Quantum-mechanical calculations of two possible processes —isomerization of
hydroxyl group and rotation of nitro group were carried out. In conclusion, the nature of the phase
transition will be analysed.

40

Spectrometer NERA: results of modernization and proposals for
further development

Author: Igor Sashin'

Co-authors: Dorota Chudoba !; Ireniush Natkaniec '; Lukash Hetmanczyk 1. Slavek Zalewski !

! Joint Institute for Nuclear Research
Corresponding Author: sashin@nf jinr.ru

The main objectives of the modernization program of the NERA spectrometer (replacement of the
100-m neutron guide) were realized and after modernization of the IBR-2 core the spectrometer was
commissioned in September, 2012. A new type of cold neutron source operating at the tempera-
ture of 30K was installed in the sector of six horizontal channels. The cold source in complex with
water moderator allows one to effectively use incident neutrons in wide range of the wavelengths.
Unfortunately the transmission of the new bent Ni-mirror guide limits the wavelength of thermal
neutrons to about A = 0.8 A; as a result the neutron energy transfer for INS spectra is practicably
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limited to 127 meV (1000 cm-1). The gain factor (2012/2005) for the water moderator regarding the
average thermal neutron flux at the sample position is 1.2, which is not high. Commissioning of the
cold moderator significantly changed the spectral distribution of incident neutrons. The gain factor
cold moderator / water moderator in the range of wavelength 2 A < A < 7 A increases from 1 to 7,
what provides much better conditions for measurements of neutron powder diffraction (NPD), low
energy part of the inelastic neutron scattering (INS) spectra (up to 20 meV) and quasielastic neutron
scattering (QENS) spectra in a high resolution mode with near back-scattering crystal analyzers.
Up to now, the neutron flux density at the sample position is about 106ncm-2s-1; the solid angle for
INS ~ 0.2 sr; the solid angle for QNS ~ 0.05 sr;

It can be stated that the spectrometer NERA is much inferior for luminosity existing world analogues
and planned spectrometers of this type (for example, the solid angle of LAGRANGE is about 2.5 sr).
In this paper the proposals for further modernization spectrometer NERA (increasing luminosity
and resolution enhancement) are discussed.

41

The magnetic and neutron diffraction studies of La1-xSrxMnO3
nanoparticles prepared via molten salt synthesis

Author: Zdenek Jirak’

! Institute of Physics AVCR
Corresponding Author: jirak@fzu.cz

The ferromagnetic Lal-xSrxMnO3 nanoparticles (x = 0.22 - 0.47) have been prepared from the flux
of sodium nitrite at ~ 500 °C. The advantage of this fast and facile method is the high yield of ~
50 nm particles without a very fine fraction that is common for an alternative preparation using
sol-gel precursors. The single perovskite phase of the synthesized crystallites is confirmed by XRD
patterns and their exact chemical composition is determined by XRF spectroscopy. The transmission
electron microscopy shows that the manganite grains do not form typical sintering bridges and are
easily separated by application of ultrasound. Compared to bulk material, there is some reduction of
the perovskite cell volume detected by XRD, which becomes more pronounced for larger strontium
contents. The nanoparticles exhibit also rather low magnetization and decreased Curie temperature.
A detailed neutron diffraction analysis has been performed for the as-prepared and post-annealed
samples of the x = 0.37 composition, as well as for a comparable sol-gel product. The results suggest
that the anomalous behavior of the molten salt synthesized nanoparticles might originate in the
overdoped outer shell resulting from the oxygen chemisorption at the surface of particles and from
an increased Sr concentration in the shell compared to the interior. This overdoping is a source of
compressive surface stress that drives the x = 0.37 ground state towards a mixture of FM and A-type
AFM ordering.

42

Small-angle scattering from multiphase systems: Investigation
of the crossover between Porod and fractal regimes

Author: Eugen Anitas'

Co-authors: Alexander Cherny '; Alexander Kuklin ?; Vladimir Osipov *

! JINR, BLTP
2 JINR, FLNP

Corresponding Author: eanitasro@gmail.com

Small-angle scattering (SAS) intensities observed experimentally are often characterized by the pres-
ence of successive power-law regimes with various scattering exponents whose values vary from -4
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to -1. The existing models explaining the crossover positions (that is, the points where the power-
law scattering exponent changes) involve only one contrast parameter, which depends solely on the
ratio of the fractal sizes. Here, a model that describes SAS from a multiphase system with a few con-
trast parameters is described, and it is shown that the crossover position depends on the scattering
length density of each phase. The Stuhrmann contrast variation method is generalized and applied
to experimental curves in the vicinity of the crossover point beyond the Guinier region. The contrast
variation is applied not to the intensity itself but to the model parameters, which can be found by
fitting the experimental data with the suggested interpolation formula. The model supplements the
existing two-phase models and gives the simple condition of their inapplicability: if the crossover
point depends on the contrast then a two-phase model is not relevant. The developed analysis allows
one to answer the qualitative question of whether one fractal ‘absorbs’another one or they are both
immersed in a surrounding homogeneous medium like a solvent or solid matrix. The models can
be applied to experimental SAS data where the absolute value of the scattering exponent of the first
power-law regime is higher than of the subsequent second power-law regime, that is, the scattering
curve is ‘convex near the crossover point.

43

Alcohols, anesthesia, membranes, neutrons, excimers and MD
simulations

Author: Pavol Balgavy'

Co-authors: Daniela Uhrikova !; Jose Teixeira ?; Maria Klacsova !; Monica Bulacu *; Norbert Kucerka *; Peter
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¢ Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Moscow Region, Russia and Moscow Institute of Physics
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Corresponding Author: balgavy@fpharm.uniba.sk

Normal alcohols (CnOH, n is the number of carbons in alkyl chain) with n<14 are general anesthet-
ics. Lipid theories of anesthesia suggest the bilayer of biomembranes as their primary target: Bilayer
structural perturbations induced by anesthetics affect membrane protein conformations and result
in protein functional changes. In the bilayer, the OH group of CnOH is located on the level of phos-
pholipid polar groups and the CnOH alkyl chain extends into the bilayer hydrophobic interior. At a
constant CnOH concentration in the bilayer, the mismatch between shorter alcohol and longer lipid
hydrocarbon chains should result in a decrease in the bilayer thickness; this decrease should diminish
with the alcohol chain length increase up to the lipid chains length. Simultaneously, other physi-
cal properties of the bilayer must be affected. The aim of our investigations was therefore to study
bilayer thickness as a function of CnOH chain length n to test this hypothesis. The bilayer thick-
ness was obtained from small-angle neutron scattering (SANS) on unilamellar phospholipid vesicles
(ULVs). Bilayer structural perturbations were also followed by dipyrenylphosphatidylcholine ex-
cimer fluorescence probes (diPYmPC, m=4 or 10, pyrene moieties are attached to the m-th carbons
of both acyl chains) using multilamellar phospholipid vesicles (MLVs). The experimental data were
compared with coarse-grained molecular dynamics (MD) simulations.

Samples were prepared from dioleoylphosphatidylcholine (DOPC) with small amounts (4 wt %) of di-
oleoylphosphatidylserine (DOPS) and dipymPC (<0.07 mol %). DOPC, DOPS, diPYmPC and CnOHs
were mixed in CHCI3+CH3OH, the solvent was then removed by evaporation under a stream of
pure gaseous N2 and subsequent oil pump evacuation. Solid mixtures were dispersed in D20 + H20
by vortexing and brief sonication and MLVs thus prepared were extruded through 50 nm pores in
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2 stacked carbohydrate filters to obtain ULVs. The SANS spectra were measured on PAXE spec-
trometer in LLB Saclay with sample to detector distance 1.3 m and 5.05 m, A=0.6 nm at 25°C. The
fluorescence spectra between 360 and 650 nm were recorded using FluoroMax-4 (HORIBA Jobin
Yvon) fluorimeter with excitation at 345 nm, and excitation and emission bandwidths were 3 and 1
nm, respectively. The temperature was regulated to within £0.01°C by a Peltier thermocouple drive.
All MD simulations were carried out with the GROMACS molecular dynamics package, using the
MARTINI coarse-grained force field.

The extruded ULVs are polydisperse hollow spheres with a single bilayer separating the inside and
outside aqueous compartments. The measured normalized SANS intensity I(q) as a function of the
scattering vector q can be described by I(q)=NKT(q)®G(R)I(R,q q')dRdq’, where N is the number den-
sity of particles, T(q) is the resolution function, I(R,q) the structure factor of the ULV with radius R,
and G(R) the Schulz function describing the ULVs polydispersity. The bilayer is divided into three
strips corresponding to two polar headgroup regions and the bilayer center spanning hydrocarbon
region. The scattering length densities of polar and hydrophobic regions were calculated using the
known scattering lengths and component volumes of DOPC, DOPS and CnOH measured by densit-
ometry. From SANS data, we evaluated by fitting the bilayer thickness, D, and the lateral area of the
unit cell consisting of a phospholipid molecule and a particular fraction of the alcohol at the bilayer—
aqueous phase interface, AUC, as a function of CnOH:DOPC molar ratio and as a function of CnOH
chain length n at fixed CnOH:DOPC=0.4 molar ratio. As we predicted, the thickness D is decreased
due to CnOH and lipid chain length mistmatch; this effect is larger at higher CnOH concentrations
and diminishes with the CnOH chain length n. The interface area AUC increases due to CnOH in-
tercalation between lipid molecules. From the data, we have also calculated the molecular interface
area of CnOH, ACnOH, in bilayers. Anomalously small values of ACnOH were obtained for n<12 -
smaller than the chain cross-section area 20 A2 in solid rotator phases of n alkanes.

To characterize the structural changes induced in the bilayers by long aliphatic alcohols, we have
simulated a fully hydrated DOPC bilayer incorporating CnOHs at different concentrations and with
variable chain lengths n = 8, 12, 16. For different alcohol concentrations and alcohol chain lengths, we
have computed the area per lipid, the alcohol partial interfacial area, the bilayer thickness parameter
and the uniaxial order parameter S for the bonds of the lipid tails. All computational results give an
accurate description of the alcohol effects at the molecular level, being in good agreement with the
experimental data. The anomaly ACnOH is caused by the lipid headgroup, which interfacial area
is larger or equal comparing to the sum of hydrocarbon chains cross-section areas, so that a small
alcohol OH group is located underneath at the lipid glycerol fragment.

The ratio n=Iexc/Imon calculated for emission intensities of diPYmPC excimer probes at 375.5 and
475 nm for monomer (Imon) and excimer (Iexc) correspondingly was used as a measure of struc-
tural perturbation of bilayers induced by CnOHs. At constant CnOH:DOPC molar ratios of 0.25
and 0.4, the value of ) increases with the CnOH chain length from n=8 up to n=14-16 and than de-
creases nearly to the control value (MLVs without CnOH) for both dipy4PC and dipy10PC excimer
probes.

Additionally, the lateral pressure profile along the bilayer normal has been calculated using MD
simulations for different bilayers to capture the effects of alcohol localization in the membrane. Al-
though the effects of alcohols on structural and thermodynamic properties of the bilayers are rather
small, the bilayer lateral pressure profile changes significantly, especially in the center of the bi-
layer.

This study was supported by the VEGA 1/0159/11 grant, by the JINR project 04-4-1069-2009/2014
and by the SATA National Scholarship Programme (ID 7140).
Summary:

The interaction of normal alcohols with phospholipid membranes is studied using SANS, excimer fluo-
rescence probes and molecular dynamics simulations. The structural perturbations in membranes are
discussed with respect of general anesthesia.
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Simulations of Neutron Beam at 6a Horizontal Channel of IBR-2
Research Reactor by Monte-Carlo method

Author: Dimitar Neov'
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Corresponding Author: dneov@nf jinr.ru

Neutron beam calculations are indispensable when designing and modernizing of neutron scatter-
ing instruments is necessary. Among all methods available, Monte-Carlo simulations are employed
very often. They don’t rely on empirical knowledge of beam characteristics but rather on the high
computational power of the modern computers. A large number of neutrons are “created”virtually
at the place of source (moderator) and their trajectories simulated until they reach the guide end to
deduce the characteristics of the beam with a good statistics. We have chosen McStas software suit
for such a study.

The study is devoted especially to simulation of neutron beam after passing through the mirror
guide of horizontal channel 6a of research reactor IBR-2 at JINR, Dubna. Previous studies of the
same neutron beam did not yield a conclusive explanation of the discrepancy between the expected
and measured neutron intensities. These include integral intensities as well as resultant wavelength
distribution. New simulations did not solve the problem, but brought more knowledge by inves-
tigating the situation of neutron guide with focusing geometry. The position of the guide opening
relative to the cold moderator was accounted more precisely during these simulations as well. It was
shown that widening of the guide entry of up to 30% leads to increase of the overall neutron intensity
at the guide end connected with an increase of the long wavelength neutrons. Further increase of
the width of the guide entry however leads to decrease of the shorter wavelength neutrons, drop
of the overall intensity and occurrence of high inhomogeneity in space distribution of the resultant
beam at the end of the guide.
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Transformation of wormlike surfactant micelles to spherical mi-
croemulsion droplets studied by small-angle neutron scattering
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Surfactant molecules can self-assemble and form long wormlike (cylindrical) micelles. Surfactant
molecules are bound by weak non-covalent interactions within the micelle, therefore viscoelastic
micellar solutions are highly responsive to external stimuli, e.g. the addition of hydrocarbons. In
the present work we investigate the transition of wormlike micelles into microemulsion droplets
induced by hydrocarbon.

At very small hydrocarbon concentrations, the solutions have viscoelastic properties due to the pres-
ence of entangled wormlike micelles, what is confirmed by SANS data, which show that aggregates
with local cylindrical shape are present in the solution. Solubilization of hydrocarbon inside the
micelles has only minor effect on their persistence length.

At slightly higher hydrocarbon concentrations, a mixture of cylinders and spheres is present in the
solution, what indicates to the appearance of small spherical microemulsion droplets. As the hydro-
carbon concentration is increased, the volume fraction and radius of spheres increases [1].

Athigh hydrocarbon concentrations, cylindrical micelles are fully disrupted and only microemulsion
droplets are present in the solution.
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[1] Shibaev AV., Tamm M.V., Molchanov V.S., Rogachev AV., Kuklin A.IL, Dormidontova E.E., Philip-
pova O.E. Langmuir, 2014, 30(13), 3705
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3D laboratory measurements of P and S-wave velocities in biotite
gneiss and their correlation with the velocity calculation based
on neutron diffraction texture analysis
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The study demonstrates that calculated 3D velocity distributions based on neutron diffraction tex-
ture measurements provide a powerful tool for the interpretation of the directional dependence
(anisotropy) of experimentally determined P- and S-wave velocities. Neutron texture measurements
were performed on a spherical sample of biotite gneiss at the time-of-flight texture diffractometer at
JINR (Dubna, Russia). Quantitative texture analysis of the predominant minerals biotite (23.4 vol.-
%), plagioclase (36.9 vol.-%) and quartz (39.6 vol.-%) was done by combining the neutron diffraction
measurements and the WIMV method. The sample exhibits strong crystallographic preferred orien-
tation (CPO) of biotite and only weak CPOs of plagioclase and quartz. 3D velocity calculation based
on texture measurements confirms that the texture of the aligned biotite minerals controls signifi-
cantly the intrinsic anisotropy of the bulk rock, due to the extreme single crystal elastic anisotropy
of biotite. The calculated 3D velocity distributions for the spherical sample were compared with P-
and S-wave velocities measured in 132 directions on the sample sphere. Measurements were done
at the Institute of Geology AS CR in Prague, using an improved and modified equipment. Both,
the experimentally-derived and texture-based velocity surfaces of the bulk rock compare reasonably
well with respect to symmetry of P- and S-wave velocities distributions, to the position of P-wave
velocity maxima and minima and their relation to the foliation plane.
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Low temperature phase transition in [Ni(NH3)4](ReO4)2 studied
by infrared spectroscopy and neutron scattering

Author: Lukasz Hetmanczyk'

Co-authors: Edward Mikuli ; Joanna Hetmanczyk *

! Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research
? Faculty of Chemistry, Jagiellonian University

Corresponding Author: lukasz.hetmanczyk@uj.edu.pl

The hexaamminenickel(I) perrhenate belongs to the so called Werner type coordination compounds
which still remains as an interesting object for investigations. They attract attention because of their
rich polymorphism connected with changes in crystal structure and dynamics of complex cation and
anion.

The titled compound was investigated by DSC method. One reversible phase transition at Tc = 187.8
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K (on heating) was detected [1]. The X-ray powder diffraction pattern registered at room temperature

was indexed in monoclinic system (space group No. 14 P21/n) with the following lattice parameters:
a=11.98 A, b=12.34 A, ¢=7.80 A and K=90.48". Diffraction pattern registered below phase transition

temperature suggests that change of crystal structure take place.

The middle and far infrared spectra taken with the aid of vacuum fourier-transform spectrometer

Bruker Vertex 70v in the temperature range of 300 -9 K on cooling and heating (temperature step

10 and 25 K, respectively) show characteristic changes in the vicinity of phase transformation. The

splitting of bands at 1615 cm-1 and 1410 cm-1 connected with ligands NH3 vibrations is clearly ob-
served. The changes observed in the 3000-4000 cm-1 wavenumber region during cooling can be

attributed to hydrogen bond formation. The activation energy for NH3 reorientations determined

from temperature dependency of FWHM band at 1615 cm-1 in the high temperature phase is small

and is typical for amminacomplexes.

The incoherent inelastic/quasielastic neutron scattering spectra as well as neutron powder diffraction

patterns were measured simultaneously using the time-of-flight method on a NERA spectrometer

[2] at the high flux pulsed reactor IBR-2M in Dubna (Russia) at temperatures of T = 40, 155, 215

and 293 K. Additional reflexes visible in the NPD pattern the in the low temperature phase suggests

lowering of crystal symmetry.

The quasiealstic peak registered at 155, 215 and 293 K shows broadening. Taking into account the en-
ergy resolution of the NERA spectrometer, this implies that protons from NH3 ligands perform fast

(correlation time 10-12 —10-13 s) reorientational jumps around three fold symmetry axis above and

below phase transition. This is typical behavior for the orientationally disordered crystals (ODIC).
The QENS wings are not visible at 40 K. The IINS spectra obtained at 155, 215 and 293 K are very

diffuse because of a large dynamical disorder connected with the fast molecular reorientations, espe-
cially of NH3 molecules. The IINS spectra are compared with infrared data and with DFT calculations

performed for isolated [Ni(NH3)4]2+ cation.
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Neutron diffraction study of MgNi2D3
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Hydride and deuteride of a MgNi2 compound have been produced by high pressure synthesis, quenched
and recovered to ambient pressure. The hydrogen (deuterium) content was 2.2(1)wt.%H (4.3(2)wt.%D),
corresponding to H/MgNi2=3.2(1) (D/MgNi2=3.1(1)), as measured by hot extraction in vacuum. An
X-ray diffraction investigation has shown that the samples had an orthorhombic crystal structure
with the Fmmm(69) space group, a=4.55A, b=4.69A, c¢=8.80A, with the metal atoms at positions
Mg(4a) and Ni(8i). Neutron diffraction has shown the D atoms to be located at the 4b and 8f po-
sitions.
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Intermetallic binary magnesium alloys have for a long time attracted much interest as hydrogen storage
materials, because their hydriding/decomposing conditions are more favourable than those of MgH2, de-
spite the lower hydrogen mass content. Among many Mg-based hydrides, the most known is Mg2NiH4
[1]. It can be prepared from Mg2Ni, having the advantage of the congruent hydriding reaction with
respect to metal constituents. This compound was used as a hydrogen-accumulating material for re-
versible hydrogen storage systems [2].

The other stable intermetallic compound of the Mg-Ni binary system is MgNi2. This compound was
recently demonstrated [3] to form two hydrides with virtually the same composition MgNi2H3.2 under
a high hydrogen pressure in the GPa range. One hydride has a tetragonal crystal structure of the MoSi2
type, space group I4/mmm (No.139), a=3.27A and c=8.78A at ambient pressure. The structure of another
hydride was later assumed [4] to belohg to the orthorhombic space group Pmmm (No.47) without spec-
ifying the atomic positions, the proposed lattice parameters were a=4.60A, b=4.68A and c=8.78A .

In this letter, we report on the high-pressure synthesis of this orthorhombic phase and investigation of
its crystal structure by X-ray and neutron diffraction.

Neutron diffraction of a MgNi2D3 sample synthesized at a D2 pressure of 2.7 GPa and temperature 300XC
was studied with the DN-2 time-of-flight diffractometer [5]. The sample environment included a vana-
dium container and a closed-cycle helium refrigerator. An X-ray diffraction investigation has shown
that the sample had an orthorhombic crystal structure with the Fmmm (No.69) space group, a=4.55A,
b=4.69A, c=8.80A, the metal atoms at positions Mg(4a) and Ni(8i). Neutron diffraction has shown the D
atoms to be located at the 4b and 8f positions.
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Tetraaquacalcium perchlorate Ca(H20)42 and hexaamminecalcium perchlorate Ca(NH3)62, are a
particularly interesting molecular materials, because of the occurrence of reorientational motions
of the H20 and NH3 ligands, ClO4- anions and entire [Ca(H20)4]2+ and [Ca(NH3)6]2+ complex
cations.

The vibrational spectra of the Ca(H20)42 and Ca(NH3)d2, are investigated by means of infrared and
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inelastic neutron scattering spectroscopies together with density functional theory calculations.

At room temperature tetraaquacalcium perchlorate crystallizes in a triclinic crystal system, within
the space group No. 2 = P-1, with two molecules in the unit cell. The following unit cell constants: a
=5.578(5) A, b = 7.813(5) A, c = 11.761(5) A, alfa = 100.740(5)°, beta = 89.658(5)°, gamma = 91.069(5)°
were determined by us [1].

Fourier transform middle infrared spectroscopy and inelastic/quasielastic incoherent neutron scat-
tering data for [Ca(H20)42 in the temperature range of 14-295 K and 21-290 K, respectively, are
reported. No significant changes (sudden splitting or changes in bands width) of the FT-MIR spectra
at the phase transitions range can be seen, which suggests that the phase transitions are proba-
bly not connected with a change of the symmetry. The lack of broadening of the infrared bands
connected with vibrations of ClO4- and [Ca(H20)4]2+ ions suggests that neither the ligands nor the
complex cation do not perform fast (picoseconds time scale, characteristic for infrared spectroscopy)
stochastic reorientational motions in the low and intermediate temperature phases. The G(v) spectra
obtained at 180, 225 and 290 K are very diffuse. This is due to a large dynamical disorder connected
with the fast molecular reorientations, especially with the disorder of the hydrogen atoms. The G(v)
spectrum obtained for the low temperature phase at temperature 100 K shows some separate peaks
characteristic for an ordered phase. However, a marked broadening of all these bands indicates some
kind of the orientational disorder present down to the low temperatures.

At room temperature hexaamminecalcium perchlorate crystallizes in the cubic system (Fm-3m space
group, No = 225) with unit cell parameter: a = 11.685 A and four molecules per unit cell [2]. The re-
sults of inelastic and quasi-elastic incoherent neutron scattering with simultaneous neutron powder
diffraction and of Fourier transform far and middle infrared spectroscopy measurements carried out
for Ca(NH3)62 between 20-220 K and 8.5-295 K, respectively, are reported. The far and middle in-
frared spectrum on cooling the substance indicates splitting of some degenerated vibrational modes,
which suggests lowering of the crystal structure at the phase transition temperature TC = 122.0 K,
revealed by us earlier using differential scanning calorimetry. In turn, lack of simultaneous abrupt
narrowing of some broad infrared bands suggests an existence of fast molecular reorientational mo-
tions, which do not change their character in the wide temperature range. On the other hand, the
quasi-elastic neutron scattering peak registered at 110 K and also at higher temperatures, shows dis-
tinct broadening, which is typical for dynamically, orientationally disordered crystals (ODIC). The
G(v) spectra obtained for the low temperature phase at temperature 20 K show some sharp and sep-
arate peaks characteristic for an ordered phase. However, a marked broadening of all these bands
indicates the existence of NH3 orientational disorder present even at lowest temperatures. The G(v)
spectra obtained at 110, 131 and 220 K are very diffuse, because of a large dynamical disorder con-
nected with the fast molecular reorientations, especially of NH3 molecules. All these facts suggest
that the discovered phase transition is associated with a change of the crystal structure without a
sudden change of the NH3 reorientational dynamics.

We performed quantum chemical calculations of normal modes using two approaches: periodic
boundary conditions (CASTEP code [3]) and isolated molecule (Gaussian 09 package, Revision B.01
[4]) -

We have obtained good agreement between calculated and experimental data (IR and IINS spec-
tra).

References

[1] J. Hetmannczyk, L. Hetmannczyk, A. Migdat-Mikuli, E. Mikuli, W. Nitek, J. Mol. Struct. 891
(2008) 233.

[2] J. Hetmanczyk, A. Migdat-Mikuli, L. Hetmanczyk, Annals Polish Chem. Soc. 2007. pp. 358-61.
ISBN 978-83-922424-7-5.

[3] S.J. Clark, M.D. Segall, C.J. Pickard, P.J. Hasnip, M.J. Probert, K. Refson, M.C. Payne, Z. Kristallogr.
220 (2005) 567.

[4] MJ. Frisch, GW. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, G. Scalmani, V.
Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov,
J. Bloino, G. Zheng, ]J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M.
Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J.A. Montgomery Jr., J.E. Peralta, F.
Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, T. Keith, R. Kobayashi,
J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J. Tomasi, M. Cossi, N. Rega,
J.M. Millam, M. Klene, J.E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E.
Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, JW. Ochterski, R.L. Martin, K. Morokuma,
V.G. Zakrzewski, G.A. Voth, P. Salvador, ].J. Dannenberg, S. Dapprich, A.D. Daniels, O. Farkas, J.B.
Foresman, J.V. Ortiz, J. Cioslowski, D. J. Fox, Gaussian 09, Revision B.01, Gaussian, Inc., Wallingford

Page 31



International Conference "Condensed Matter Research at the IBR-2” / Book of Abstracts

CT, 2010.
Acknowledgements

The research (FT-IR) was carried out with the equipment purchased thanks to the financial support
of the European Regional Development Fund in the frameworkof the PolishInnovation Economy
Operational Program (contract no. POIG.02.01.00-12-023/08).

This research was supported in part by PL-Grid Infrastructure.

The project was supported by grant of the Polish Plenipotentiary to JINR and JINR Directorate from
26.04.2012, Nr 235 p.9

50

IC(I/IHEéI‘I/IKA ®A30OBBIX IPEBPAILIEHUN B TOHKUX INIEHKAX
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MeromoM KIMHEMAaTIUeCKOII 3JIeKTPOHOrpaduu 1ccieoBaHbI Iporeccs pazoodbpazoBanms 1 pa30BbIX
I1epexoJ0B B TOHKIX ci1ogx Culn5Se8, 03BOMSIOIINIL IIPOU3BOAYTH HEIIPEPhIBHYIO CheMKY 00beKTa
IIpY pa3INYUHBIX YCIOBUAX TepMooOpaborku. [TokazaHo, UTO IOTyUeHHBIE IJIEHKM KaK MCITapeHeM
CUHTE3/MPOBAHHOTO COeIVIHEHNsI TaK Y IIPY TePMIUECKOr0 HAaIlbLIeHMS {BOIHBIX COeJMHEHIII COCTaBOB
Cu2Se 1 In2Se3 B cooTHOIIeHNM 1:5 06pa3yroTCcs aMOpQHBIe INIEHKN. YCTaHOBIEHBI KIMHETIUeCKIe
rmapaMeTphl KpUCTaLIu3auuy aMopHbIX ILueHOK coctaBoB Culn5Se8. OmpeneneHbI MEPHOCTb
pocTa KPUCTAJUIMKOB ¥ 3HAUEHNS 9HEPIUil aKTUBALMI 3apOBIIIe00pa30BaHNUs U JATbHETIIIIEro

UX pocTa.
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Among the materials that exhibit spontaneous electric polarization, sodium niobate can undergo
many different structural phase transitions with a change in the thermodynamic parameters and at
an external electric field. Both ferroelectric and antiferroelectric phases can be formed under certain
conditions, as a result of which the structure and physical properties of this compound are of great
interest. In addition, ferroelectric materials based on sodium niobate are promising for electronic
and optical devices and piezoelectric sensors as an environmentally safe alternative to lead contain-
ing ferroelectrics.

To obtain the baric dependences of the structural parameters of NaNbO3 and in wide pressure ranges,
neutron diffraction have been performed at high pressures up to 4 GPa at room temperature. The neu-
tron diffraction experiments were performed on a DN-12 spectrometer of the IBR-2 pulsed high_flux
reactor (Frank Laboratory of Neutron Physics, JINR, Dubna) using high_pressure cells with sapphire
anvils. The diffraction spectra were measured at the scattering angle 26 = 90°. The characteristic time
of measuring one spectrum was 10 h.
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At the ambient conditions, the NaNbO3 structure is tetragonal with the space group Pbcm (antifer-
roelectric phase), in this phase cell parameters are a = 5.534(7) A, b = 5.587(3) A and ¢ = 15.594(6) A.
At high pressure P = 2 GPa and room temperature structural phase transition from the orthorombic
antiferroelectric phase to the new high pressure phase have been observed. The symmetry of crystal
structure of nigh pressure phase of NaNbO3 and pressure dependences of the lattice parameters, unit
cell volume, and interatomic bond lengths have been obtained. It is seems that we found suppression
of antiferroelectric phase in NaNbO3 at high pressure.

The work has been supported by grant RFBR No. 14-02-00948-a.
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A modified approach to study anisotropy of elastic P and S-waves
on spherical rock samples: based on acoustic and neutron diffrac-
tion measurements
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The acoustic measurements and neutron diffraction study have been performed on a biotite gneiss
from the Outokumpu scientific drill hole. The calculation of the 3D velocity distribution of P- and
S-wave velocities based on neutron diffraction texture measurements were used to improve the
acoustic signal processing. The different numerical methods for recovering of 21 independent com-
ponents of the tensor of elastic (stiffness) parameters from the measured elastic wave forms are
presented.
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Neutron diffraction evidence of the stability of the y-phase in the
Ti-D and Zr-D systems

Author: Ilya SHOLIN'

Co-authors: Anatoly Beskrovnyy ?; Igor Bashkin '; Vladimir FEDOTOV
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2 FLNP JINR

Corresponding Author: sholin@issp.ac.ru

Monohydride gamma-TiH and gamma-ZrH were proposed (and generally accepted now) to be metastable.
Their formation was attributed to the mechanical stress in the lattice matrix at the eutectoid trans-
formation beta - alpha + delta.

Now we have well-aged (about 20 years) TiH(D)x and ZrH(D)x samples. We attempted estimating

the phase compositions of the bulk TiDx and ZrDx samples from the neutron diffraction measure-
ments on DN-2 in order to compare the phase composition of the same sample after long aging and
after heating to (or over) the eutectoid temperature.

We obtained a number of indirect experimental evidences that the gamma-phases have their stability
regions in the equilibrium T-C diagrams.
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Texture characterization of mantle peridotites (Balmuccia, Italy)
and its influence on seismic anisotropy
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In order to estimate the elastic anisotropy of the mantle peridotites, texture measurements were
performed on a number of samples from the Balmiccia massif (Ivrea zone, Italy) and the elastic prop-
erties were calculated from the mineral textures. Emphasis is placed on the relating preferred min-
eral orientations to ultramafic rock compressional (Vp) wave velocities and their anisotropies, and
using these relations to interpret seismic velocities. The ultramafic peridotites are mainly composed
of olivine and ortho- and clinopyroxenes with varying volume fractions Neutron texture measure-
ments were performed at the time-of-flight (TOF) texture diffractometer SKAT at Dubna, Russia.
Using the orientation distribution function (ODF) as a parameter characterizing the lattice preferred
orientation (LPO) of the constituent minerals, the seismic properties (3D velocity distribution of P-
waves) of bulk samples were calculated from the corresponding properties of major minerals. It
was shown that the elastic anisotropy of peridotites strongly depends on olivine crystallographic
textures. Moreover, the comparison of recalculated olivine pole figures (100), (010) and (001) with
the typical database of the olivine preferred orientations were important for meaningful interpre-
tations of the conditions of texture formation and texture forming processes in the Earth’s mantle.
Comparison of textures of experimentally and naturally deformed olivines allowed us to determine
that the texture formation process for the studied samples is the result of high temperature (1300-
1600°C) deformation along the slip system (010)/[100] and corresponds to the depths of 100 km and
deeper. The complete 3D P-wave distributions at confining pressures ranging from 0.1 to 400 MPa
were measured at the Institute of Geology AS CR (Prague, Czech Republic) and the experimental
patterns were compared with the patterns calculated from the elastic stiffness tensor of the samples
The texture-derived (modelled) P-wave velocity distributions reflect the experimentally determined
bulk rock anisotropy quite well. Known patterns of P-wave velocity distributions may help to re-
construct the kinematics of deformation processes during the upwelling of ultramafic rocks from
mantle into the Earth’s surface.
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The neutron TOF strain/stress diffractometer Epsilon-MDS for ma-
terial sciences and geosciences

Author: Christian Scheffzuek!

Co-authors: Frank Schilling 2. Kurt Walther 2
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Corresponding Author: christian.scheffzuek@kit.edu

The high resolution neutron time-of-flight diffractometer EPSILON-MDS for in situ strain / stress
determination is located at beamline 7A-1 of the long pulse neutron source IBR-2M. The main fea-
tures are the 20=90° geometry of nine detector banks and more than 100 meter neutron flight path
using curved mirror neutron guide. The instrument is designed for application on tasks in mate-
rial sciences and geosciences, like the determination of residual and applied intracrystalline strain.
Different gauge volumes can be investigated and strain scans can be carried out using a diaphragm
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system in the incident beam.

This diffractometer is equipped with an unaxial pressure device, which allows uniaxial deformation
experiments up to 100 kN (150 MPa) with sample dimensions of 30 mm in diameter and 60 mm in
length. An acoustic emission detection system for micro-crack analysis, a laser extensometer for
macro strain detection and a Paris-Edinburgh cell VX4 with pressures up to 8 GPa allows in situ —
experiments. This can be used for a wide spectrum of scientific applications in material sciences and
geosciences.

Some applications of residual and applied strain investigations in geological materials will be pre-
sented.
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Neutron diffraction texture analysis: application to minerals and
rocks

Author: Roman Vasin'
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Many materials, such as metals, ceramics, and rocks are polycrystals, formed by grains of different
size, shape and orientation. Crystallographic texture is the preferred orientation of grains within
the polycrystalline material. Specific textures are formed during crystallization, recrystallization,
plastic deformation/twinning, phase transitions, etc. and they influence physical properties of poly-
crystals. There are several possibilities to measure grain preferred orientations experimentally; and
one of them is to use diffraction methods. In particular, neutron diffraction is applied due to ability
to measure bulk samples to be able to provide sufficient grain statistics to quantitatively study pre-
ferred orientations in often coarse-grained samples of minerals and rocks. The recently upgraded
SKAT diffractometer (installed at the beamline 7 of the pulsed IBR-2 reactor, Frank Laboratory of
Neutron Physics, JINR, Dubna) allows to measure samples of up to 125 cm”"3 volume, possesses
good d-resolution to be able to resolve diffraction peaks of multi-phase rocks formed by several
low-symmetry minerals, and perfect angular resolution on the pole figure. Some examples of exper-
iments performed on SKAT, data analysis and obtained scientific results are given.
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FLNP JINR User programme at IBR-2 reactor after moderniza-
tion

Author: Dorota Chudoba’

Co-authors: Denis Kozlenko ; Valery Shvetsov !
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Corresponding Author: dmn@nf jinr.ru

The realization of the User Programme at FLNP JINR after IBR-2 modernization has been started in
2012. The spectrometer complex of the IBR-2 pulsed reactor at present consists of 11 instruments
available for scientific research: 6 diffractometers, 1 small angle neutron scattering spectrometer, 2
reflectometers, 2 inelastic neutron scattering spectrometers. There are also 4 new facilities under
realization: Diffractometer for studies of microsamples (DN-6), Multi-functional reflectometer with
polarized neutrons (GRAINS), the new Neutron Imaging Instrument at the Beamline 14 of IBR-2 for
radiography as well as tomography studies and finally the Fourier spectrometer for stress measure-
ments.

Present state and the plan of development of a User Programme at Frank Laboratory of Neutron
Physics, JINR are presented.
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Study of detonation nanodiamond dispersions by small-angle neu-
tron scattering
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Corresponding Author: tomchuk@jinr.ru

A spatial transition of the carbon state in detonation nanodiamond (DND) from diamond inside
the particle to a graphite-like state at the surface is proposed on the basis of small-angle neutron
scattering (SANS) analysis. The SANS contrast variation from concentrated dispersions of DND
fractal clusters in liquids (water, dimethylsulfoxide) reveals a shift in the mean scattering length
density of DND as compared to pure diamond, which is related to the presence of a non-diamond
component in the DND structure. At the same time, the diffusive character of the particle surface is
deduced based on the deviation from the Porod law. The two observations are combined to conclude
that the continuous radial density profile over the whole particle volume conforms to a simple power
law. The profile naturally suggests that non-diamond states are concentrated mainly close to the
particle surface.
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Hudpaxromerp RTD: Texymmii ctaTyc 1 HepcreKTMBHBIE HAIIPaBJIEeHMS
NccJIeTOBaHUI

Author: Stanislav Sheverev’
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Corresponding Author: stas@nf.jinr.ru
IIpenocTaBieHbI JaHHBIE O TEKYILIEM COCTOSIHIM I XapaKTE€PUCTIUKAX HEMTPOHOBOAA, 1eTeKTOPHOI
CHICTEMBI, CUCTEMBI OKpYXeHus obpasija 1 mporpamMMHOro obecriedenus: guppaxromerpa RTD

(Real-Time Diffractometer).
JlaHbI 3aKJIIOUEHNs O HAIPABJIEHUSIX M BO3MOXKHOCTAX JAIbHEIIEro pa3BUTs JudpakToMeTpa.
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The phase diagrams of the Ti-H(D) and Zr-H(D) systems are known to include two interesting fea-

tures, i.e., the p(bcc) <-> alhcp)+3(fee) and y(fco monohydride) -> a+d transformations. Both pro-
cesses occur at high rates characteristic of short-range hydrogen diffusion. However, there is a
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marked difference in generally accepted views on the thermodynamics of these transformations.
The former eutectoid transformation is accepted in the equilibrium phase diagrams [1,2]. The latter
one, peritectoid, is not represented in the equilibrium diagrams. This difference arose from inability
of the authors of the first description of the y-phase; [3] to produce samples containing more than
about 5 % y-phase. Therefore, they suggested that the y-phase is metastable and originates due to
mechanical stress of the crystal lattice after the eutectoid transformation. Now we disprove this idea.
We show that the &gamma-phase should be represented in the equilibrium diagrams on an equal
footing with other stable phases.

We note several aspects for this statement.

First, we increased the amount of the monohydride &gamma-phase in the TiH<sub>x</sub> sam-
ples by an order of magnitude, up to 70-85 %. This was achieved due to a new synthesis technique [4]:
heating to room temperature of the metastable &chi-TiH<sub>x</sub> phase quenched under pres-
sure of about 60 kbar to liquid nitrogen. Our dilatometric and calorimetric measurements at normal
pressure and respective thermodynamic estimates [4,5] demonstrated that the high-pressure behav-
ior of titanium and zirconium monohydrides is essentially that of the equilibrium phases. They
remain stable at normal pressure below the peritectoid temperatures, Tp<sup>TiH</sup>=168°C
(205°C for TiD) and Tp<sup>ZrH(D)</sup>~330°C.

Second, we have chosen bulk samples for the present study. Compact medium allows minimizing
the effect of surface oxidation and does not prevent hydrogen diffusion. The effect of the preparation
technique of the powder samples on the monohydide phase is in progress now.

Further, we have chosen the time-of-flight neutron diffraction in order to use all advantages of this
technique, that is, high radiation penetrability, neglect of the surface effect, fixed angle geometry
with analysis and averaging over the detectors, higher statistics over grains and higher admissible
grain size compared to X-rays. In addition to the opportunity of determination of the hydrogen con-
centration in the a-, 8- and y-phases, further advantages of the neutron diffraction method appeared
due to overlapping of the X-ray diffraction lines of the phases involved, ordering of the hydrogen
sublattice of y-monohydrides, and the occurrence of the intense superstructural hydrogen-induced
peaks in the open ranges of the neutron diffraction pattern. This allowed use of DN-2, the high-flux
apparatus of medium resolution.

At last, to establish the thermodynamic equilibrium, we studied well aged (for about 20 years) bulk
TiD<sub>x</sub> and ZrD<sub>x</sub> samples of three compositions around the equiatomic one,
x=D/Me=0.78+1.35. The samples were prepared earlier from the high-purity ingots, now they were
shaped as parallelepipeds of the 8x8x30 mm size.

The diffraction data demonstrate a large increase of the content of monohydrides in all samples upon
aging, which proves their thermodynamic stability. Another fact found is that the phase diagrams
may be well studied using neutron diffraction on real bulk samples.

[1] A. San-Martin, F.D. Manchester, Bull. Alloy Phase Diagrams, 8 (1987) 30.

[2] E. Zuzek, ].P. Abriata, A. San-Martin, F.D. Manchester, Bull. Alloy Phase Diagrams, 11, (1990)
385.

[3] H. Numakura, M. Koiwa, H. Asano, H. Murata, F. Izumi, Scripta Metallurgica, 20 (1986) 213.

[4] L.O. Bashkin, V.Yu. Malyshev, M.M. Myshlyaev, Sov. Phys. Solid State 34 (1992) 1182.

[5] L.O. Bashkin, V.Yu. Malyshev, E.G. Ponyatovsky, Z. Phys. Chem. NF 179 (1993) 289.
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The linear polysaccharide chondroitin sulfate (CS) presents important biological functions, being the
major component of the proteoglycans (that play an important role in the molecular organization
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and mechanical properties of connective tissues).

We have investigated by small-angle neutron scattering the morphology of chondroitin sulfate in
aqueous solutions at LLB Saclay, PACE spectrometer and Frank Laboratory of Neutron Physics
Dubna, YuMo spectometer.

The results suggest that we have a fractal distribution that does not change with the variation of vol-
ume ratio chondroitin sulfate : calcium. From data we can see that the differences are insignificant
with increasing the temperature. When put CaCl22H20 in polymer solution appear a correlation
peak which disappear with increasing salt concentration.
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The radioactive wastes are generated in a variety of physical and chemical forms and after the treat-
ment must be immobilized in a form that is physically and chemically stable; the most known method
being the cementation in hydraulic Portland cement [1]. In the case of cementation, the chemical na-
ture and proportion of the precipitation products affect both the hydrolysis of the initial cement com-
ponents and the reactions of metastable hydration constituents as well as the mechanical strength
and the chemical resistance of the hardened cement system.

Solidification of radioactive wastes with hydraulic cement either with or without admixtures has
been practiced for many years. Water from the waste reacts chemically with the cement to form
hydrated silicate and aluminum compounds, which normally contribute towards the setting and
hardening of the cement mixture [2]. In the Radioactive Waste Management Department (DMDR)
from the IFIN-HH, Bucharest-Magurele, Romania, conditioning of the low and medium activity in-
stitutional radioactive waste is done by cementation in accordance with the limits for acceptance
for final storage at the repository from Baita, Bihor County [3]. The precipitation products and
their behavior during cementation are extremely hard to study because of the system complexity
(phase composition and structure) and the lack of nondestructive analytical methods. The Portland
cement paste remains fluid long enough to allow safe processing, and the set cement has adjustable
properties. Chemically, after mixing with water, cement produces a reacting matrix with a porous
microstructure [4]. Little is known so far on the chemical reactions taking place or, products that
are formed as cement mixes with solid or liquid waste and water. But, knowing how the microstruc-
ture develops is therefore desirable in order to assess the compatibility of radioactive streams with
cement and predict waste form performance during storage and disposal. In the present paper are
investigated selected matrices of special cement compositions by means of SANS method. These
samples are very important in the study of cement structure behavior by incorporating aluminum
radioactive waste.

Keywords: cements, porosity, SANS, radioactive wastes
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The spatial distribution of neutron beam Bragg diffracted from Si single crystal undergoing on ultra-
sound excitation and bending have been measured. The values of ultrasound wave amplitude and
uniform strain gradient were determined. For the perfect crystal, it was shown that at the same time
as the acoustic wave amplitude is increased, the front-face peak position remains unchanged and its
value grows linearly. For the strained crystal, the spatial distribution of diffracted neutrons inside
the profile is analyzed as well as the mechanism of anomalous decrease of diffraction intensity, de-
pending on acoustic wave’s amplitude and on the value of the uniform strain gradient.

New types of Pendelldsung fringes were observed. These effects observed at the first time, have a
different nature in the case of a perfect and deformed crystal. It is supposed that in the perfect crys-
tal this effect may be due to the appearance of the new “sound”extinction length, depending on the
amplitude of the ultrasonic wave, thus, it leads to the new interference interactions between neutron
wave and ultrasonic phonons. The influence of the crystal bending on the formation of the fringes
in Bragg spatial profiles was studied. It is established that within the framework of the dynamical
theory of the neutron scattering some asymptotic models valid for the case of Laue geometry can
be applied in the case of Bragg geometry also. Good agreement between experimental data and the
theory have been obtained.
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HUccnenoBanuch nHTepdepeHIMOHHbIe 3¢ deKThI IIPY paccessHNM HEMITPOHOB Ha yIPYTMUX KOJIeOaHsIX
COBEpIIEHHON M MICKa&)KEHHOJ KPUCTAJUIMUECKOI pellleTKe. B paGoTe mpuBemeHBI CIexyroLIe
9KCIepUMEeHTAIbHBIE JaHHBIE, [T0JyUeHHBIE BIIEPBEIE.

1) B ycoBusax HEMITPOH - aKyCTMUECKOTO pe30HAHCa B COBEPIIEHHOM MOHOKPUCTAJIe KPeMHIIS
HaOJIIONAINCh OMeHNMs MHTEHCUBHOCTY AM(PaKUMUy, KOHTPACT KOTOPBIX YMEHBIIAJICA C POCTOM
YacToTHI yiIbTpasByka (V3).

2) IlpuBeeHbI SKCIIEPUMEHTABHBIE VI TEOPETUUECKIIE PE3yIbTAThI UCCIIeXOBAHNS PACIIPOCTPAHEHNIS
cdepuueckoit HEMTPOHHOI BOJIHBI Uepes TOJICThIi obpasew. Vamepsinch mpoduiy MHTEHCUBHOCT
nudpaxiyy BHyTpu TpeyroiabHuka bopmana. IIpn HeGombIx aMILnTyAax Y3 BOJHBI HAGIIOqaNINCh
IIPOCTPAHCTBEHHBIE OMEH NS ITyUKa pacCestHHbIX HEMTPOHOB. [t 00BSICHEHNSI 10Ty YeHHBIX pe3yIbTaTOB
JCII0JIb30BaHa MOAUUUMPOBaHHAs AMHAMIYECKas TeOpUs pacCessHUA HEMITPOHOB B IIPUCYTCTBUN
Y3 Bo36yxaennit. C pocToM aMIuInTy bl Y3 BOIHBI TEPEXOL K KUHEMATIUECKOMY PEXIMY pacCestHIUs
He HaOJIIORAJICS, HECMOTpS Ha G0JIbIIINe qUHAMMIYECKIE HAIPSDKeHVSI KPYMCTAINYUECKOI PEIIeTKIA.
9T0 MO>KeT OBITh CBSI3aHO C 00pa3oBaHMEM CBEPXPEIIETKY C IIepPMOIOM CTOsTUell 3ByKOBOJ BOJIHBI.
[Tpu GonpIunx aMIIUTYAAX Y3 BOJTHBI OCUVILISIINY MHTEHCUBHOCT pas3pyuanucsk. IIponcxonmia
(bOKYCHPOBKa, T.€. pe3KOe Cy’>KeHIIE U pPOCT MHTEHCUBHOCTY JUPAKIUN B IEHTPE IIPOCTPAHCTBEHHOTO
npodmis [1]

3) Haburomanocs Y3 paspylieHne sKCTMHKIMOHHBIX OueHuit ComenkoBa-Illnnpiureiina yxe npu
HeGobILINX aMILINTyAax ¥ 3. 10T 3¢ ekt aHamornyeH nogasneHnio apdexra Bopmana B ycimoBumsix
PEHTTEH - aKyCTIMUYECKOTO pe3oHaHca [2].
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4) B ormume OT COBEPILEHHOTO KPUCTAILIA, IJe C POCTOM aMIUIUTYOBL YIbTPa3BYKOBOM BOJIHEI
HaOJII0aeTCsl POCT MHTEHCUBHOCTY AM(PAKIINIY, B M30THYTOM KPEMHIY MHTEHCUBHOCTD AUPPAKLIII

Pe3Ko IajiaeT y>xe Ipy HeOOIbIINX HAIIPS>KEHUSIX Ha ITbe3oIipeobpasoBareiie. B medopmupoBaHHOM
(M30rHYTOM) KpUCTAJLIE IIPU UACTOTaX Y3, MPEBBILIAIOIINX PE3OHAHCHYIO UaCTOTY, HaOI0naeTcs

Tak Ha3bIBaeMbIi - nedopmanmonnslit Pendellosung, T.e. OCHMIIMPYIOIITAS 3aBUCUMOCTb OTHOCUTETHLHOM
BeJIMUMHBI CIIafia MTHTEHCUBHOCTY ITyUKa HEMITPOHOB OT IpafyeHTa fedopmanmy, KoTopast He 00HapyKMBaeTCs
IIpY pe30HAHCHBIX UacTOTaX. JKCIepUMeHTaJIbHbIe Pe3yJIbTaThl HAXOAATCSI B XOPOIIIeM COTJIacun

C TEOpeTUUECKUMIY pacyeTaMIu.
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Magnetic and magnetorheological elastomers (ME’s and MRE’s) make specific classes of smart sub-
stances responding in a complicated way to the changes of external conditions. These composites are
soft elastomer matrices filled with nano- (ME’s) or microparticles (MRE’s) of ferromagnets, respec-
tively. Both types of the materials are quite new, and the work on understanding their properties in
dependence on the synthesis processes, composition, mechanical and magnetic fields, etc. is nowa-
days extensively progressing with regard to their nano- or microtechnology prospects.

In the literature one can find quite a big number of papers of the reinforcing effect of magnetic fillers,
where the problem is approached from the magneto-mechanical side. With the data like that, the
conclusions on the microscopic properties are deduced form investigations of the magneto-elastic
response of the composites under some conditions. The treatment like that does not help, however,
to understand the effects of the interactions between the filler particles and the polymer molecules
surrounding them on the submicroscopic, and thus fundamental, length scales. Meanwhile, small
angle scattering investigations are perfectly suited for that.

In the present paper we review our results on the microstructure properties of 2 types of elastomeric
matrix filled with: (i) a ferrofluid; (ii) iron microparticles and nanoparticles otained by means of
small-angle neutron and X-ray scattering (SANS and SAXS).

Keywords: magnetic elastomers, magnetoreologic elastomers, SANS, SAXS
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Thin Ti films are widely used in microelectronics, in optics, in technology of corrosion preventing
coating at present [1, 2]. For example, it is hard to overestimate their role in neutron optics. Polar-
izing neutron mirrors are made with a ferromagnetic metal layer (usually FeCo) with a low neutron
optical contrast for one of the spin components, which is sputtered onto the substrate. The interac-
tion potentials of a ferromagnetic layer for neutrons in the states with the spin projection “up”V+,
i.e. parallel to, and “down”V-, i.e. opposite to the layer induction are V+ =Vn+Vm, where Vn and Vm
are the nuclear and magnetic potentials, accordingly. The composition of the ferromagnetic layer is
chosen such that the potential of interaction for neutrons with spin “down”V- is close to 0. A non-
magnetic oxide layer formed in air on the surface of neutron mirror sets up a barrier for neutrons
with the spin “down”and significantly decreases the polarizing efficiency for cold and ultra-cold
neutrons. The unfavourable effect of oxidation on the efficiency may be reduced to a considerable
degree by depositing a thin Ti layer which, due to oxidation in air, forms an antireflection bilayer
Ti/TiO2 [3]. The Ti/TiO2 bilayer of thickness 5-10 nm was shown to be efficient for suppression
of the reflection of neutrons with the undesired spin. New polarizing coatings with antireflection
bilayer may allow creating highly effective polarizing devices even for cold and ultra-cold neutrons.
We have investigated of the oxidation kinetics of Ti films with thickness 5-40 nm and the oxidation
stability of the bilayer systems Ti/TiO2. Titanium films were deposited using magnetron sputtering
of titanium on glass substrates. The samples were annealed in air at temperatures T=20+300°C. The
thickness and the roughness of Ti and oxide layers were determined by neutron (reflectometer NR-
4M, PNPI, Gatchina, Russia and reflectometer REFLEX, JINR, Dubna, Russia) and X-ray reflectometry.
The results have shown a high sensitivity of neutron reflectometry to the oxide layer thickness on
the surface of Ti films [4-6].

The effective activation energy of oxidation was found to decrease with decreasing thickness of the
Ti film deposited. Thinner titanium films were found to be oxidized to a greater depth; yet the metal
layer was found to exist even in the thinnest (5 nm) samples. The latter was confirmed by the direct
method of measuring the electrical resistance of the films [5, 6]. The kinetics of oxidation of thin
Ti films is well described by a logarithmic function. The characteristic growth of the oxide layer at
a fixed temperature is indicating the applicability of the known model of Cabrera-Mott [7] for the
oxidation of thin Ti films.
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13. 2670-2679
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Fusion of the membranes plays an important role in physiological processes, such as exocytosis,
secretion, formation of secondary lysosomes. In addition, directional cell fusion by various fusion
agents in vitro is widely used to solve a number of problems in biomedicine and biotechnology.
According to the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory the fusion process of lipid
membranes is a result of van der Waals attractive forces and electrostatic repulsive forces. Addition-
ally, the hydrophobic interactions make a significant contribution in balance of the intermebrane
interaction at short distances and maintain neighboring vesicles in equilibrium at the distance of ~ 2
nm. Therefore, the reduction of the hydration repulsion leads to the membrane fusion. Indeed, the

decreasing of water reduces the repulsion of bound lipid bilayers and induces the steric contact of
membranes.

Dimethylsulphoxide (DMSO) is one of the fusion agents. The fusion of the membrane in presence
of DMSO is a result of the pore formation, thereby increasing permeability of the membranes, and
reduction of the membrane rigidity. However, it should be noted that the DMSO is toxic for living
cells. Diethylsulfoxide (DESO) is less toxic than the DMSO and glycerol.

In current work the influence of the DMSO and DESO concentration on the structure of the unil-
amelar vesicles (ULVs) DMPC was investigation by SANS at IBR-2, Dubna. It was shown that fusion
takes place at lower DESO molar concentration than the DMSO.

This work was supported by RFFI grant Ne 13-02-01460.
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Small angle neutron scattering investigation on several soil samples results are reported and ana-
lyzed.

The present study has been conducted on soil samples from plums orchard of didactical farm V.
Adamachi pasture of Breazu (lasi county, Romania) and Bicaz man-made lake area (Neamt county,

in the middle basin of Bistrita river, Oriental Carpathians [470 North latitude, parallel and 260 East
longitude meridian] [1].

Due to several factors, i.e. the climate conditions, geological composition, etc., the analyzed soil
samples present specific and very different microstructure.
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Status of YuMO small angle neutron scattering spectrometer
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Some problems concerning specific features of experimental realization at a small angle neutron
scattering (SANS) spectrometer located at the 4-th beam-line of IBR-2 are discussed, including two
detectors system, vanadium standard in front of each detector, high flux on a sample, central hole
of detectors and geometry of beam line. The scheme of the experiment are described in detail. The
main advantages of the existing spectrometer configuration are outlined.

Given the ongoing users policy and constantly increasing demand for this instrument, the emphasis
was put on improving the overall functionality of the YUMO spectrometer [1-3]. The main specific
characteristic of the YUMO spectrometer is based on its source, the pulse reactor. This allows uti-
lizing a rather wide range of wave lengths (from 0.7A to 10A) by using flight-of-time method. The
second feature is the two-detector system constructed in Dubna in 2000 and used for SANS exper-
iments. We note that till 2000 such a system for SANS spectrometers has never been used before.
Today there are several similar systems using the two-detector concept (e.g., RAL, ILL, Australian
neutron reactor). The third feature of the YUMO spectrometer is the direct beam geometry. Such ge-
ometry allows obtaining flux comparable with that of the ILL reactor (as far as SANS instruments are
concerned) [4]. One more important characteristic of the spectrometer is the usage of a special geom-
etry of the ring-wire proportional He3 gas detectors, namely the central hole in the detectors. This
allows implementing the so-called “direct beam detector” concept and which significantly decreases
the background contribution. And finally, the YuMO spectrometer contains vanadium standards in
front of each detector which periodically “chopper”the direct beam of the neutrons passing through
the sample.

The report will focus on the recently realized major changes of the spectrometer as well as on its
development related to implementation of the cold moderator. For the latter, some alternative ideas
and suggestions will be discussed. It is also important to emphasize that further increase in the
number of users on this instrument will require both qualitative and quantitative modifications of
the current sample environment.

The perspective of YuMO spectrometer was discussed. In particular, the installation of new type of
position sensitive detector (PSD) was considered. The new possibility for users after installation of
PSD as well as corresponding changes in SAS programm was suggested.
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The problem of studying protein molecules in a solution by small-angle scattering is comparatively
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simple if the protein interaction is not taken into account and the solution is monodisperse. In this
case it is possible to solve a structure of an object with a low resolution with the help of ATSAS
program package[1].

In this work the comparative analysis of small-angle X-Ray and neutron scattering curves in small
angle region for the set of concentrations of a protein apoferritin in a heavy water was done. Mea-
surements were performed at spectrometer Rigaku, MIPT, Dolgoprudny; synchrotron BM-29, ESRF,
Grenoble [2] and a small-angle neutron spectrometer YuMO [3,4].

However, the interaction between proteins has been detected even at low concentrations. By the
approximation at zero concentration level and obtaining the form-factor the structural factor curve
has been obtained. The type of interaction has been defined and the distances between the protein
molecules in aggregates have been calculated. The results are being discussed.
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Small angle scattering curves analysis is known to be started with calculating invariants. One of the
invariants is the intensity at zero value of modulus of a scattering vector q. It can be obtained by
the approximation of the small angle scattering curve. Having been gotten the invariant can give
additional information either about the concentration of objects being studied, the length scattering
density contrast or about the objects volume.

In this work the comparative analysis of small-angle X-Ray and neutron scattering curves in absolute
units has been conducted. Such an analysis allows one to estimate real data accuracy for installations:
spectrometer Rigaku, MIPT, Dolgoprudny; synchrotron BM-29, ESRF, Grenoble [1] and a small-angle
neutron spectrometer YuMO [2, 3].

The set of concentrations of a protein apoferritin in a heavy water has been studied. A vanadium (for
neutrons) and water (for X-Ray) normalization has been done. Obtained data has been shown to be
in a good agreement with each other. An accuracy of the concentration measurements made with
the help of the Nanodrop installation has also been estimated. The small-angle scattering curves
have been fitted by the ATSAS program package [4]. A number of parameters have been calculated.
The results of the comparative analysis are being discussed.
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In the present paper results on a new CoFe204/lauric acid/DDC-Na/H20 ferrofluid sample investi-
gationed by means of small angle neutron scattering (SANS), high resolution transmission electron
microscopy (HRTEM) and selected area electron diffraction (SAED) are presented.

High-resolution TEM (HRTEM) analysis was carried out on a LEO 912 AB OMEGA transmission elec-
tron microscope with an accelerating voltage of 120 kV (Advanced Technology Centre, Moscow).
SANS experiments were performed at the time-of-flight YuMO spectrometer in function at the high
flux pulse IBR-2 reactor, JINR Dubna.
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In this paper we present preliminary investigations on the granularity properties and the multifractal
characteristics of the CoFe204 nanoparticles coated with a double layer of dodecylbenzenesulphonic
acid and dispersed in double distillated water. The microstructural investigation was carried out us-
ing transmission electron microscopy (TEM).

A statistical analysis of the particles diameters is made using the log-normal distribution confirming
the diameter mean value previously obtained using the magnetic measurements. The 3-dimensionally
reconstructed images show the characteristic morphology of the spatial dispersion of nanoparticles
and nanoparticle conglomerates in the liquid suspension. A multifractal analysis of the two TEM
images representing portions of the same sample using two different enlargements is made. The
multifractal spectra of the studied images reveal universal multifractality.
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Effects of substitution in some bismuth and lead based oxides
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We will report on our recent results on several ABO3, AB205 and double perovskites A2BB’O6 con-
taining p elements with lone pair electrons as Pb2+, Bi3+. These cations create irregular oxygen
coordination environment of the cations and to stabilize them often requires the use of high pres-
sure or specific soft chemistry.

Studied were the effects of substitution on the magnetoelectric coupling inf the perovskites (Bil-
yRy)1-xAxMnO3 (R = rare earth; A= Ca2+, Sr2+; x,y=0.5) [1], BiFexMn2-xO5 [2], Lal-xBiXMn205
[3] and the like, the systems Y-Fe-Cr-O [4 and Cu3(Mn4-xFex)O12 (x = 0, 0.5, 1.0), PbLaFe2-xMnxO6
(0<x<1) etc. Ab-initio density functional theory calculations were performed to study the structure,
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magnetic and optical properties of multiferroic BiFeO3, also modified with La3+ and Mn3+ [5]. Syn-
thesized and characterized were a new bismuth oxide - multiferroic BiFe205-8 [6] and RFeMnO5 (R
=Tb, Yb) [7,8].
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[Ipenmy11ecTBO HEMTPOHHOIO METOAA CTPeCC- A PAKTOMETPIUI CBSI3aHO C BBICOKOI IIPOHMKATOLIIEN
CIIOCOOHOCTM HEMTPOHOB B OOJIBIIIMHCTBE MATEPUAIIOB. ITO 0OCTOATEIBCTBO ITI03BOJISET OIIPEEIATh
HaIpsDKeHVsSI Ha [Ty OMHAX [TOPAIKa HECKOJIBKIX CAHTUMETPOB (B cTanu). B 1o e BpeMs CMHXPOTPOHHBIM
METOIOM, Aa)Ke C VICIIOJIb30BaHVEeM BHICOKO9HEPTE€TIYHOTO M3y UeHsI, HAIIPSOKEHST MOYKHO OIIpeNeIUTh
Ha [IyOMHe IOPsiAKa HECKOJIBKO MIJLIMMETPOB (B CTAJIN).

HeiltrpoHHbIe MeTOABI CTpecc-AUPPAKTOMETPUN HAUAIN Pa3BUBATHCSA IpUMepHO 20 JleT Ha3am. 3a

9TO BpeMsI ObLI JOCTUTHYT 3aMEeTHBII IIPOrPeCC B YBEIMUEHNI MaKCUMAaIbHOI IIyOMHbI IIPOHMKHOBEHIS
BO3MOKHOJ muis m3MepeHus. OH ObUI CBSI3aH Kak C ITOSIBJIEHMEM HOBBIX, 00Jiee MHTEHCUBHBIX
VICTOUHUKOB HEITPOHOB, TaK ¥ C MCIIOJIb30BaHMEM POKYCUPYIOIINX MOHOXPOMATOPOB U3 M30THYThIX
COBEpIIEHHBIX MOHOKPUCTAILIOB (0OOBIYHO KPEMHIS) 11 TO3UIIMIOHHO-UyBCTBUTEIBHBIX JETEKTOPOB,
ONTUMM3MPOBAHHBIX I CTpecc-AudpakToMeTpun. B pesyiprare cTaso BO3SMOKHBIM M3MEPUTh
HaIPsOKEHVS B CTAJIBHBIX IUTACTYHAX TONIIIHOI ~40MM, YTO COOTBETCTBYET AJIVHE IIyTV HEMITPOHOB

B MaTtepuaie Im~ 60MM. B T0 jke BpeMsI B aTOMHOIT 9HEPTETHUKE U CYJOCTPOEHNI IMeeTCs IOTPeOHOCTh

B M3MEPEHNN OCTATOUHBIX HAIIPSDKEHMIT B Gosiee TOJCTBIX (~80MM) CTANbHBIX AeTaisax. Ilosromy
paspaboTka crrocob0B M3MepeHMsI HATIPSDKEHNUI B CTAIBHBIX JETAJISIX TOIIIIHOI 6osiee 40MM SIBIISETCS
aKTyaJIbHOI 3aJauein.

B 2011 roxy HaMu OBLI NpeNJIOKeH METOH YBEJIMYEHNS [IIyOMHbI IPOHMKHOBEHMS HEIITPOHOB B
CTaJISIX, OCHOBAHHBII Ha MCIIONb30BAaHMY HEVITPOHOR C JUIMIHAMY BOJIH COOTBETCTBYIOIMX MIHYMYyMaM
IIOJIHOTO CeueHVs HeITpPOHOB BOJIM3M BparroBckmx ckaukoB. VICIOIB3yst HEMITPOHBI C JIMHON
BostHBI 2.39A 1 oTpaskeHue 110 66N M3MepeHbI HAIPSKEHNS B CBAPHBIX IIIBAX CTAJIBHBIX [LIACTUH
TOJIIIIMHON 50MM.

B pa3BuTue BhIIIeyKa3aHHOIO METOAA ObLI IIPeIIOKEH METO M3MePEHSI HATIPSHKEHNIA C MCIIOJIb30BaHMEM
Pa3HBIX OTPa)KEHMII U AJIMH BOJH HEITPOHOB IS M3MEPEHMs PasHbIX KOMIIOHEHT JedopManmi.
[Tonp3ysch QAaHHBIM METOOM, OBLIO IIPOBENEHO U3MePEHIE OCTATOUHBIX HATIPSIKEHNIT B CBAPHOM

IIIB€ CTAJIbHOJ IUTACTHBI TOJIIIMHOM 70MM.

IIpn usmepenun pedopmarmit Ha GONBIINX rIIyOMHAX B QeppUTHON cTanu ObLI0 0OHAPYKEHO
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yipeHye qubpaKIMOHHBIX IIMKOB C [IMHON IyTH HeITPOHOB B Marepuaie. YIINpeHNe INKOB
NPVBOAUT K YMEHBILICHNIO JJIMHBI IIYTH HEMITPOHOB, Ha KOTOPOJT MOXHO M3MEPUTh HAIIPS>KEHU.
HccnemoBaHys IIOKasaln, YTO yIIMpeHe CBI3aHO C MHOTOKPATHBIM pedpaKkI[IOHHBIM MaJIOYTJIOBBIM
paccestHuEeM HEVITPOHOB Ha TPaHNI[aX MATHUTHBIX JOMeH. [Ipu mpuiroskeHum K o6pasify oCTOSHHBIX
MarauToB ¢ naAyKumeit 0.5T yiunpeHne NukoB yMeHbIIaeTcs. Takum 06pa3oM MOXXHO OXKMAATb,
YTO IIPOBOJS M3MEPEHMS B JOCTATOUHO CUIIBHOM MarHuTHOM 11osie (>1.5T) MO>KHO TOTIOTHUTEIBHO
YBEJIVYUTD JJINHY IIYTY HEMTPOHOB, HAa KOTOPOI MOXXHO M3MEPUTH HAIIPSKEHUS.
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Structure of the complexes of E.coli RecX protein with a single-stranded oligonucleotide and with
RecA presynaptic filament were investigated by a combination of molecular modeling and SANS.
The structures were crated based on the existing X-ray crystallography and electron microscopy
data using molecular modeling and molecular dynamics simulations. As a result, we have put for-
ward atomic-scale models of the two complexes of RecX protein which included their dynamics in
the aqueous solution and details of the chain interactions and were experimentally verified by a
low-resolution technique such as SANS. The models suggest a sandwich-like filament structure of
RecX::ssDNA complex formed by pairs of RecX molecules bound to DNA chain, and RecX binding
to the groove of RecA::ssDNA filaments at the stoichiometric ratio ca.1:4 that occurs mainly via
Coulomb interactions between RecX and ssDNA.
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The performed neutron scattering study turned out to be extremely effective and put the last point
in proving the structure and chemical composition of shungite. The reduced graphene oxide (rGO)
nature of the basic structural element, its size and chemical composition as well as five-six-layer
stacking have received a direct experimental confirmation fully supporting the general concept on
the shungite structure as a multi-level fractal structure of nanosize rGO fragments [3]. Both the
linear size of individual rGO sheets and the sheet stacks are responsible for the obtained values of
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the coherent scattering region of 1.5-3 nm. The stacks of such dimension form globules of ~6 nm in
size (the third level of structure) while the latter produce agglomerates of 20 nm and more (the forth
level of structure) completing the fractal packing of shungite. The basic rGO fragments are hard
reduced products of stable chemical composition described by 11:1:3 (C:O:H) atom content ratio due
to which shungite deposits of Karelia present a natural pantry of highly important raw material for
the modern graphene technologies.

Financial support of (E.Sh.) from the Russian Science Foundation grant 14-08-91376 is greatly ac-
knowledged.
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MeTtopunueckue npeumyiiectsa peakropa MbP-2 kak macTpyMeHTa
IJIA OJTydeHUsT PyHAaMeHTAIbHbBIX 3HAHNII
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C 1986 1. Ha 9KCIIEpUMeEHTAIBHBIX ITyukax IBP-2 BeeTcs KesTeIbHOCTS B HAIIPABJIEHNN MAaKCMAJIBHOTO
VICIIOJIb30BaHN YHUKAIBHBIX BO3MOKHOCTEN peakTopa. PexopHas MMIIyIbCHas MOIITHOCTD, PEKOPAHBIIT
I¥aIa3soH CKOPOCTElt HeITPOHOB, MCIIOIb30BaHNME XOIOLHOTO 3aMeIIINTENs, II03BOJIAIOIIEr0 II0IyUNTh
BBICOKO€ 9HEPTeTIUECKOE paspellleHe IPU COXPAHEHNY CEKYHIHOI 3KCITO3MIINY 33 CUeT MHOTOKPATHOTO
yBeJIMUEHs MHTEHCUBHOCTY HEIITPOHOB B 00JIACTY paspeskeHns AU (PPaKIIMOHHbIX IINKOB; BO3MOKHOCTb
OIHOBPEMEHHOIT PETMCTPALINY C CEKYHIHOI SKCIIO3MLMEN CIIEKTPOB 00IaCTV GONBIINX Y MAJIBIX

YIJIOB, BKJIFOUast 00J1aCTh IIPOITYCKAHMS IIPSIMOTO IIYUKa, - ITO3BOJIVIIN ITOJIYYUTh M 00001 T MH(OpMAII0
¢byHIaMeHTaIBbHOrO XapaKTepa 0 TAKIX IIPOIfeccax, Kak KaTauns, CUHTe3, IUIaBJIeHIe, PABHOBECHbIE

7 HepaBHOBeCHBIE (pa30BbIe IIEPEXO/IBI B IIIMPOKOM Kiracce MaTepuaios [1-10]. [anbHeiiiiee mpoaABIbKeHIE
METOIVIKM CBSI3aHO C Meeil cCoKpateHus 10 300 MUKPOCEKYH] BpEMEHHOTO MHTepBaIa CIeKEHs

3a MPOLECCOM B pekMMe Habopa CIEKTPOB pacCessHUs 3a OIVH UMITYJIBC peakropa [11] m yxe
MIPOTECTUPOBAHO SKCIIEPUMEHTAIBHO [12, 13].
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