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Plenary sessions

HARD NANOCOMPOSITE COATINGS: THERMAL STABILITY,
OXIDATION RESISTANCE AND TOUGHNESS

J. Musil

Department of Physics, Faculty of Applied Sciences, University of West Bo-

hemia, Univerzitni 22,
CZ-306 14 Plzen, Czech Republic, musil@kfy.zcu.cz

The lecture is divided in three parts. The first part is devoted to the en-
hanced hardness of nanocomposite coatings and reasons of its rise. It gives a
brief survey of the present state of the knowledge in the field of hard nano-
composite coatings [1]. The second part is devoted to the thermal stability of
nanocomposite coatings, thermal cycling of nanocomposite coatings and
formation of amorphous coatings with thermal stability and oxidation resis-
tance above 1000°C using sputtering. As examples, (i) nc-t-ZrO,/a-SiO,
nanocomposite coatings resistant to thermal cycling in air up to 1400°C [2]
and (i) a-(SisN4#/MeN,) and a-(Si-B-C-N) amorphous coatings thermally sta-
ble and resistant to oxidation in air above 1000°C [3] are reported. The third
part reports on new advanced hard nanocomposite coatings with enhanced
toughness, particularly (i) NG/AM composite coatings composed of
nanograins (NG) dispersed in an amorphous matrix (AM) and (ii) highly-
elastic composite coatings resistant to cracking. As examples, (i) nc-TiC/a-C
nanocomposite coatings with low friction and wear and (ii) Zr-Al-O [4], Al-
Cu-O oxide composite coatings [5] and Al-O-N nitride/oxide nanocomposite
coatings [6] with hardness H ~ 18 GPa, low Young’s modulus E satisfying
condition H/E > 0.1, high elastic recovery W, > 70% and strongly enhanced
resistance to cracking are reported in detail. It is shown that the hard coatings
with enhanced toughness represent a new class of advanced protective and
functional coatings with a huge application potential. At the end, trends of
next development of the advanced hard nanocomposite coatings are outlined.
References
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OPERATING THE FIRST WATER-INSULATED MYKONOS Il LTD
VOLTAGE ADDER

M. G. Mazarakis', A. A. Kim* M. E. Savage', W. E. Fowler’,
K. LeChien®D. J. Lucero®, M. K. Matzen!, R. G. McKee!, G. Natoni*,
J. L. Porter?, S. A. Roznowski', V. A. Sinebryukhov?B. S. Stoltzfus®,
W. A. Stygar',P. E. Wakeland®.

'Sandia National Laboratories Albuquerque, N.M. 87185 USA,
mgmazar@sandia.gov
High Current Electronic Institute (HCEI), Tomsk, Russia and
Tomsk Polytechnic University, Tomsk 634050, Russia,kim@oit.hcei.tsc.ru
>NNSA, Washington DC, USA

The LTD technological approach can result in very compact devices that
can deliver very fast, high current and high voltage pulses straight out of the
cavity without any complicated pulse forming and pulse compression net-
work. Because the output pulse rise time and width can be easily tailored
(pulse shaped) to the specific application needs, the load may be a vacuum
electron diode, a z-pinch wire array, a gas puff, a liner, an isentropic com-
pression load (ICE) to study material behavior under very high magnetic
fields, or a fusion energy (IFE) target. Ten 1-MA LTD cavities were designed
and built in the High Current Electronic Institute (HCEI) at Tomsk, Russia,
under a Sandia Laboratory contract. Thecavities were originally designed to
run in a vacuum or Magnetic Insulated Transmission Line (MITL) voltage
adder configuration. Following successful operation in this mode, we are
gradually modifying them to make them capable of operating assembled in a
de-ionized water insulated voltage adder. Special care is being taken to clean
by filtration, remove dissolved and free water, and de-aerate the oil of the
cavities. Similar treatment is effectuated on the water of the voltage adder in
addition to deionization and bubble removal.To that effect two continuously
operating water and oil re-circulating systems were designed and built. One
of the most important LTD driver applications (IFE) will require tens of
thousands of shots without interruption.Presently, we are operating two mod-
ified cavities with more robust components and specially designed for water
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insulation “O” rings and grooves. Lifetime experiments of the voltage adder
will be done with a matched liquid resistor load. If the modifications are
proved successful, similar changes will be implemented in the remaining
eight cavities. Our goal is to have the LTD MYKONOS X voltage adder op-
erating with all ten cavities as soon as possible in a water insulated mode.

FORMATION AND EVOLUTION OF THE RADIATION DEFECT
IN THE IONIC CRYSTAL

V.M. Lisitsyn
National Research Tomsk Polytechnic University, Tomsk, Russia

Radiation defects in ion crystals are effectively formed in the process of
electron excitation decay. In the primary event of decay correlated pairs of F-
and H-centers type are formed, which then spatially disintegrate and annihi-
late via thermoactivated motion of the mobile pair component. In the experi-
mental conditions the disintegrated components are transformed into stable
pairs. In imperfect crystals the processes of decaying electron excitation lo-
calization and transformation of radiation defects are affected by inherent
imperfection of the crystals. The formation of electron excitations and their
following decay into pairs of radiation defects is possible under high power
pulsed laser action as well.
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PREPARATION AND OPTICAL PROPERTIES OF TITANIUM
DIOXIDE NANOPOWDER

Y. K. Abdel-Moneam !, E. F. Polisadova 2, H. A. Othman®:
M. M. Madkour®

! Faculty of Science, Menoufiya University, Shebin El-Kom, Egypt
E-mail: hosamssl4@yahoo.com
2 Tomsk polytechnic university, Tomsk, Russia, E-mail: elp@tpu.ru
3 Chemistry department, Faculty of Science, Kuwait University,
Safat,Kuwait.

Nanometer sized TiO2 NPs with average particle size 6.7 nm were syn-
thesized via hydrolysis of TiCl4 in alcoholic-aqueous solution. Evidenced by
TGA, the synthesized nanoparticles are very stable in air and no decomposi-
tion took place in the range of 20-800 °C. characteristics of the UV-Vis ab-
sorption, and cathode-luminescence spectra of the prepared NPs attributed to
the transitions of self trapped exitons. The synthesized NPs were also charac-
terized by XRD, TEM, XPS, and DLS, measurements.

FIRST-PRINCIPLES CALCULATIONS OF RADIATION
DEFECTS IN MAGNESIUM FLUORITE

F.U.Abuoval, A.B.Useinov' , A.T. Akilbekov!, E.A. Kotomin?,
S.Piskunov?

'L. N. Gumilyov Eurasian National University, Astana, Kazakhstan
Fatika_82@mail.ru “Institute of Solid State Physics, University of Latvia,
Riga. Kotomin@Ilatnet.lv

MgF, with rutile structure is important wide-gap optical material with
numerous applications. It is also radiation-resistant material, the energy re-
quired to form a stable primary radiation defect known as the F center (fluo-
rine vacancy with trapped electron) between 5K and room temperature is
much higher than in other alkali halides. We present and discuss here the re-
sults of calculations for basic colour centers (F-, H-, Frenkel defects) in the
crystal bulk. This study is based on the large scale ab initio DFT calculations
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using hybrid B3PW exchange-correlation functional as implemented into
CRYSTAL code.

In order to understand the behaviour of the material with respect to irra-
diation and its optical properties, we analyzed the electronic structure, atomic
geometry, charge density distribution as well as defect- and surface formation
energies using several types of supercells. We compared properties of close
and well separated F-H (Frenkel) defect pairs and migration of defects. We
simulated also formation and demonstrated energetic preference of inert F,
interstitial molecules as sinks of mobile interstitials atoms. We discuss how
this is related to the material radiation stability.

The electronic density redistribution around the H center (a) u F center b).
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COLORATION MECHANISM OF CslI(Tl) UNDER
IRRADIATION

V.D. Alekseev, L.N. Trefilova®, V.Yu. Yakovlev?, A.N. Meleshko?,
T.A.Charkina!

Institute for Scintillation Materials of NASU, Kharkov, Ukraine, ale-
kseev@isma.kharkov.ua
! Institute for Scintillation Materials of NASU, Kharkov, Ukraine,
shpil@isc.kharkov.com
2 Tomsk Polytechnic University, Tomsk, Russia, yak999@rambler.ru

According to [1] TI°v," and F- centers arise in KCI(TI) under irradiation,
but we have found that irradiation of CsI(TI) gives rise to electron activator
color centers which are responsible for bands with maxima at 430, 520, 560,
840 and 970 nm without giving rise to F-band at 790nm. Such an occurrence
can be explained by the behavior of initial Frenkel defects: neutral (F-H) and
charged ([1-1) pairs. According to [2,3] activation energy for spatial separa-
tion of F-H pairs in KCI and Csl is 0.07eV and 0.22 eV, respectively. The
pairs in Csl recombine in microsecond time scale owing to high activation
energy, without giving rise to stable F-centers. As for ([1-1) pairs, probability
of their separation is significantly higher than that of (F-H) pairs. Absorption
band of a-centers is observed in the spectra measured with time resolution in
second time scale [4] and without time resolution after high dose irradiation
[5]. In addition to a-centers, F- and F-aggregate centers arise in heavily irra-
diated Csl crystals due to the [1-centers (anionic vacancies) which capture
conduction electrons [2,3].

According to our results, irradiation of CsI(TI) gives rise to the stable
activator centers, at temperature higher 200K and at Tl concentration not less
than 0.01mol%. It means that the number of TI"-ions is overwhelmingly big-
ger than that of o centers in Csl(TI) therefore only T1*-ions capture electrons,
forming TI° centers. T1%, -center is formed by the attraction of the anion va-
cancy to a negatively charged TI° center. We have found that only electron
TI°v," and hole (I3 ). Centers arise at a light dose of irradiation but at a high-
er dose some activator centers arise which are responsible for bands at 390
and 465nm. These centers can also be formed by disintegration of T1%," cen-
ters initiated by UV light illumination. We think that V, or H center as well
as cation vacancy v, arise in Csl(TI) owing to a recombination of delocalized
electron with (I3)sa center. They interact with TI"-ions, forming hole-
activator TI**v.” centers.
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Our interpretation of the structure of TI%," and TI**v,” centers is proved
by the results of the following experiments: 1) the number of TI°%," and
TI*v, increases in crystals which were either deformed or exposed to high
temperature in order to intensify the concentration of v," and v, ; 2) the inten-
sity of the bands for TI°v," changes inversely to that of TI**v,” in minute time
scale once the irradiation or illumination is ceased.

[1] E. Goovaerts, J. Andrienssen, N. Nistor, D Schoemaker. Electron-
spin-resonance study of Tl atom defects in KCI and relativistic many-body
analysis of the hyperfine structure // Phys. Rev.B, 1981, V.24, pp.29-50.

[2] V.M. Lisitsyn, V.I. Korepanov, V.Y Yakovlev. Evolution of initial
radiation defects in ionic materials // Izvestia vuzov. Fizika. 1996, V11. pp.5-
29 (in Russian).

[3] E. S. Gafiatulina, S. A. Chernov, V. Y. Yakovlev. Creation of
excitons and defects in Csl crystal under electron pulse irradiation // Phys.
Solid State, 1998, V.40, pp.640-644 (in Russian).

[4] V.Y Yakovlev. Formation of color centers under pulse electron exci-
tation // Phys. Solid State, 1984, V 26, pp. 3334-3337 (in Russian).

[5] I. Garapyn, B. Pavlyk, B. Tsybulyak. Radiation-induced processes
and defects in purified Csl crystals // Functional materials, 2007, Vol.14,
pp.309-312.

THE IMPACT OF BA* AND SO,” ON THE EFFICIENCY OF
PEROXYNITRITE FORMATION UNDER PHOTOLYSIS OF KNO;

V.A. Anan’ev, L. D. Kriger, I. A. Sorokina, A. B. Belyh

Kemerovo State University, Kemerovo, Russian Federation,
eprlab@kemsu.ru

Recently, it has been found out that it is peroxynitrite that is the main
product of transformation of the nitrate ion in solids under photolysis (253.7
nm). It is evident that to find out the mechanism of the impact of the point
defects on photolysis of crystalline nitrates, it is necessary to study their in-
fluence on the efficiency of the peroxynitrite formation.

The goal of the present paper is to determine the impact of both Ba**
and SO~ on the peroxynitrite accumulation in UV-irradiated (253.7 nm)
crystalline KNO:s.
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Potassium nitrate crystals, both pure and doped, were grown by slow
evaporation of saturated aqueous solutions. The salts used were a.r. grade
(three times crystallized from redistilled water before use). In every instance
the plates (1 cmx0.5 cm) were polished parallel to the crystallographic z-axis
of both pure and doped KNOjs crystals.

The samples were irradiated at room temperature with a low pressure
mercury lamp. An analyzing and photolyzing non-polarized light beam was
directed perpendicularly to the surface of the plates. The spectra were regis-
tered by means of a “Shimadzu UV 2450” spectrophotometer at room tem-
perature.

The peroxynitrite content in the sample was calculated on the basis of
the data on its concentration in the solution obtained after dissolving the
sample. For this purpose we used iodometrical method. Moreover the
peroxynitrite content in the sample was directly determined by optical meas-
urements.

The introduce of Ba?* in crystalline KNO; by co-crystallization results
in 30 % decrease in the peroxinitrite quantum yield. The introduce of SO,” is
not affected on the one. Photolysis of doped crystals results in decrease of the
peroxynitrite steady-state concentration. The mechanism for the impact of
impurities on photolysis of crystalline KNO; has been discussed.

PARTICLE-IN-CELL SIMULATION OF POLARIZATION
RADIATION

K. P. Artyomov*?, V. V. Ryzhov*?, V. P. Tarakanov®

! Institute of High Current Electronics SB RAS, Tomsk, Russia,
artyomov@to.hcei.tsc.ru
2 Tomsk Polytechnic University, Tomsk, Russia
3 Joint Institute for High Temperatures of the Russian Academy of Sci-
ences, Moscow, Russia

Different types of polarization radiation generated by a relativistic elec-
tron beam are simulated using fully electromagnetic particle-in-cell (PIC)
code KARAT. The simulation results for diffraction radiation, transition ra-
diation, Smith-Purcell radiation and Vavilov-Cherenkov radiation are in a
good agreement with experimental data and analytical models.
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GEOMETRIC ANHARMONICITY WITHAN EXAMPLE OF
MODEL CALCULATIONS FOR POLYETHYLENE

N. M. Badyrova

Irkutsk State Technical University, Irkutsk, Russia,
mrk2@mail.ru

The phenomena of anharmonicity plays a significant role for research in
various areas of the experimental and theoretical physics.

This work is dedicated to the calculation of the energy for IR-transitions
corresponding to the valence bond vibrations and valence angles of the poly-
ethylene molecule. The calculations are performed with the aid of the formal-
ism of polynomials of quantum numbers. This formalism is convenient to
calculate the eigenvalues and eigenfunctions of anharmonic Hamiltonian and
allows one to evaluate the matrix elements of an arbitrary coordinate func-
tion.

The expression for the energy of anharmonic vibrations is obtained in
the second order of the polynomial perturbation theory. These expressions
provide results that are satisfactorily agreed with the current experimental da-
ta.

For the fundamental transition (n = 0 — n = 1, in which n is the vibra-
tional quantum number),for the valence bond vibrations, the energy shift
equals

and, for the valence angles,
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CORRELATING POLAR IZED COMPONENTS OF ROTATING
CRYSTAL COLOR CENTERS LUMINESCENCE

D. B. Baskakov, S. A. Zilov, A. L. Rakewitch

Irkutsk branch of Institute of Laser Physics, Irkutsk, Russia,
zilov@ilph.irk.ru

It is known that the intensity of polarized luminescence components of
color centers in crystals is dependent on reciprocal orientation of exciting la-
ser beam polarization vector, polarizer mounted before detector and the crys-
tal itself [1]. The work reported is devoted to application of fluorescence cor-
relation spectroscopy method [2] to observation of rotating crystal under this
consideration.

The following concepts are done with. The crystal having color centers
In it is being rotated around exciting laser beam axis. It contains color centers
being described with quantum transition moments d;, directed along crystal
symmetry axes Exciting beam has polarization state &, and there are M detec-
tors recording intensity time dependence of luminescence components with
polarization state g. So, M autocorrelation functions and Cy crosscorrelation
functions can be calculated. All these functions can be calculated both in
general and for given d;, £ and g;, and all of them are dependent only on crys-
tal rotating rate and the mean number of color centers in observation volume.

There was direct calculation done for the color centers, oriented along
Cz cubic crystal symmetry axes and being excited with linearly polarized
light, with the detection of two mutually orthogonal linearly polarized lumi-
nescence components. There are two autocorrelation and one crosscorrelation
functions calculated:

Gi(r) = 2‘%(5*%“.
G(T) = —ﬁe*%h

There N represents number of color centers located simultaneously in
the observation volume, and k is the frequency of crystal rotation.

The method presented can be used for both color center concentration
determination and optical surface quality control. The former is obvious be-
cause of correlation functions dependence on N with given observation vol-
ume, while the later is possible due to the following consideration. The
crosscorrelation function presented above has negative sign, while the one
calculated for two cophased signals, for example, for two intensity compo-
nents, modulated by crystal surface defects, is definitely positive. So, the

_ 49 —3pkr 48 _—kt
{ G(1) = soxe 2" + 5y,

14



15" RPC

crosscorrelation function represents a sensitive instrument to optical surface
heterogeneities, and autocorrelation functions are such instruments, too.

The consideration can be generalized for any media with luminescence
centers in it, whose transition moment directions are fixed along its own
symmetry axes. The method was also tested experimentally with F, color
centers in LiF crystal, so the good and bad surface states were observed while
exciting it with 470 nm laser and detecting luminescence in F, luminescence
band while the crystal was rotated with the frequency about 10 to 30 full
turns per second. The concentrations of centers was not however calculated
because of technical difficulties connected with rotating crystal together with
its very small part being monitored.

[1]. P.P. Feofilov. Polarized luminescence of atoms, molecules and crys-
tals. / Moscow state publishers on physical and mathematical luterature,
1959.— 288 p.

[2]. Petra Schwille, Elke Haustein. Fluorescence Correlation Spectros-
copy: An Introduction to its Concepts and Applications. //Max-Planck-
Institute for Biophysical Chemistry, 2004.

OPTICAL SPECTROSCOPY OF ALKALINE EARTH METAL
FLUORIDE CRYSTALS UNDER CASCADE AND SIMULTANEOUS
PULSED EXCITATION

E. P. Chinkov, V. F. Shtan’ko, S. A. Stepanov

NationalResearchTomskPolytechnicUniversity, Tomsk ,Russia,
stepanovsa@tpu.ru

Optical spectroscopy with nanosecond resolution is used to study the
spectral and Kkinetic characteristics of the optical absorption and luminescence
in CaF,, SrF,, and BaF,crystals under the pulsed electron
beam.Fluoritecrystalsirradiation ~ with  pulsedelectron beamat up to
roomtemperaturesleads toeffective formationof self-trappedexcitons(STE),
whichare consideredas differentconfigurations ofclosely-spacedF and
Hcenters.Stimulated emission of A,Bstype semiconductors is used for simul-
taneous additional excitationof fluorite crystals in the region of absorption of
STEelectronic components.It is found that synchronous optical irradiation
with semiconductor stimulated emission decreasesthe efficiency of
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STEformation in CaF,, SrF,, and BaF,.The evidence for this statement is a
selective decrease in absorption spectrum of STEalong with the luminescence
intensity decrease. Fast emission with decay time shorter than the measure-
ment channel time resolution (<7 ns)is observed at the high-energy slope of
STE radiative annihilation band under the simultaneous irradiation with sem-
iconductor stimulated emission. Spectral and kinetic parameters of thisfast
luminescence appearing in BaF, crystal under pulsed electron irradiation and
simultaneous irradiation with semiconductor stimulated emission are similar
to those of radiation, previously attributed to thecore-valence transitions. The
fastemission in UV spectrum region of CaF,, SrF,, and BaF,crystals is at-
tributed to radiative electrontransitions from the upper excited states. The
differentconfigurations of STEs are not formed in this case. The reasons
offast luminescence absence in CaF, and SrF, under the pulsed electron irra-
diation are discussed.

COMPLEX EMISSION CENTERS IN SCINTILLATOR
LiF(WO5)

I.N. Dubtsov, L.N. Trefilova®, L. A. Lisitsyna?, N. N. Timoshenko®,
0.V. Zelenskaya',
L. V. Gudzenko®, D. S. Sofronov’

Institute for Scintillation Materials of NASU, Kharkov, Ukraine, ig-
or8870@ukr.net® Institute for Scintillation Materials of NASU, Kharkov,
Ukraine, shpil@isc.kharkov.com
2 Tomsk Polytechnic University, Tomsk, Russia, lisitsyna@mail.ru
% Institute for Single Crystals of NASU, Kharkov, Ukraine,

gayduk@isc.kharkov.com
Y STC “Institute for single crystals” of NASU, Kharkov, Ukraine,
sofronov@isc.kharkov.com

This paper studies the absorption and luminescence of LiF doped with
tungsten oxide. A bulk of LiF(WO3) with size @240x400 mm® has been
grown by Kyropulous method in argon. Samples with size 15x15x3 mm> have
been cleaved along the growth axis of the bulk. The concentration of W has
been evaluated by chemical analysis, and the concentration of oxygen con-
taining ions by vibration absorption spectra. It has been found that the W
spreads throughout the bulk unevenly, having the concentration 0.011 mass%
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and 0.32 mass%, at the beginning and the end of growth, respectively. We
have observed two bands at 3620 cm * and 3723 cm ™ in the vibration ab-
sorption spectra of the samples. The band at 3723 cm™ is caused by those
OH™ ions which are found amidst LiF lattice ions. The band at 3620 cm ™, we
think, ought to be caused by those OH™ ions which are under of W®*-ions per-
turbation, since the intensity of the band at 3620 cm* is directly proportional
to W concentration, and the ratio of intensity of the band at 3620 cm* to the
band at 3723 cm™ increases from the beginning till the end of the crystal
growth. Argon contaminated with water or salt contaminated with hydroxide
can be responsible for the origin of OH " in the crystal.

The samples LiF(WO;) have responded with an emission to ionizing ra-
diation and thermal neutrons. The radio-luminescence spectra of LiF(WO3)
measured under excitation with y-radiation of ***Am at 295K are well fitted
by the sum of three bands at 4.4, 3.1 and 2.8 eV. The first two bands are at-
tributed to a- and O*-v," centers in LiF, respectively, and the third band can
be attributed to O* ions under of W®-ions perturbation. The scintillation
output as well as the relative intensity of the band at 2.8 eV increase with the
concentration of W from 0.011 to 0.32 mass%.

It has been found that right after a short series of electron pulses new
emission centers arise in the samples at T = 15K. Their emission spectrum,
which are typical for O, -centers, consist of eight equidistant bands within
the region 2.1 - 3.2 eV. After electron pulse irradiation OH -ions dissociate in
O and H° and if those ions are found not far from each other then their O
can react with each other into O* ion and anionic vacancy.

We have concluded that the emission center that gives rise to the band at
2.8 eV as well as the equidistant bands consists of W®* ions amidst O* and
OH" ions and probably cation vacancies. lons O* and cation vacancies neu-
tralize the positive charge of W°".
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UV-LUMINESCENCE IN Lu,SiOs-Ce AND Lu,Si,0;-Ce CRYS-
TALS AT VUV- AND SOFT X-RAY EXCITATION

V. Yu. lvanov, I. N. Sedunova, I. V. Gerasymov?, O. Ts. Sidletskiy®,
V. A. Pustovarov

Yeltsin Ural Federal University, Yekaterinburg, Russia, ivy@dpt.ustu.ru
! Institute for Scintillation Materials NASU, Kharkiv, Ukraine,
gerasimov@isma.kharkov.ua

Oxyorthosilicates and pyrosilicates doped with cerium (Lu,SiOs-Ce
(LSO) and Lu,Si,O,-Ce (LPS)) are known as effective scintillators. There-
fore, most of works are devoted to investigation of impurity luminescence of
these compounds that is determinating factor of excellent scintillation proper-
ties. At the same time it is well-known that at low temperatures in many ox-
ide scintillators there is observed rather effective intrinsic luminescence of
self-trapped excitons (STEs). At room temperatures when intrinsic lumines-
cence is quenched the secondary electronic excitations transfer energy to
emission centers efficiently. The presence of this emission is an indication of
lattice capability to transformation of initial excitation energy. The existence
of effective channel of energy transfer as well specific structure of STE in
oxides unlike to alkali halide crystals may facilitate well-known radiation
stability of oxides. The present work is devoted to comparative investigation
of intrinsic STE luminescence in LPS and LSO crystals differ in heavy and
light cation surroundings.

LPS:Ce crystals (0.05 at. % Ce) were produced at Institute for Scintilla-
tion Materials (Kharkiv, Ukraine) and LSO crystals (0.5 mol % of Ce) grown
by Melcher (USA). We used equipment of SUPRLUMI- and BW3-channels
of DORIS synchrotron (HASYLAB, DESY, Hamburg) for time-resolved lu-
minescence analysis at the selective excitation in VUV (5-30 eV) and soft X-
Ray (45-250 eV) energy regions.

Wide band of UV-luminescence (FWHM=0.8 eV) at 4.5-6 eV in LPS is
located at region of intrinsic emission in silicates. The origin of this lumines-
cence was identified during study the peculiarities of its excitation near to
fundamental absorption edge. Temperature quenching of intrinsic emission is
observed at 100-200 K, and it is the temperature region that typical for
guenching of self-trapped excitons emission in oxide crystals. As opposed to
LSO crystal the STE luminescence in LPS is presented by a single band. This
fact is in a good agreement with the presence of single position of lanthanide
cations in LPS lattice. The decay time of luminescence at 4.5-6 eV in LPS
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crystals is presented by two components with decay constants T1<1 ns and
12~20 ns (Fig. 3). The similar decay time of self-trapped excitons emission at
4.6 eV was observed early for LSO crystal. The special interest of present
work is discussion of the participation of both cation sublattices in the self-
trapping processes in LSO and LPS.

THE MICROCENTER HEAT EXPLOSION MODEL
MODERNIZATION

A. V. Kalenskii, V. G. Kriger, A. A. Zvekov', E. A. Grishaeva,
I. Yu. Zykov, A. P. Nikitin

Kemerovo State University, Kemerovo, Russia, kriger@kemsu.ru
! Institute of coal chemistry and material science, Russia,
Zvekov@gmail.com

The microcenter model of the energetic materials explosion initiation is
based on the assumption that there are inclusions with radii about 100 nm
strong absorbing laser irradiation in the sample’s volume. The temperature of
inclusion and in its neighborhood rises greatly during the laser pulse, which
leads to a reaction zone formation. The cross section of the light absorption
by the inclusion is thought to be equal its geometrical cross-section. It means
that the absorption efficiency Qas = 1. This assumption needs to be proved
because the inclusion’s size is comparable with the light wave length and
strong diffraction effects must take place.

For the modification of the microcenter model of the laser initiated heat
explosion the dependence of absorption cross section on the inclusion’s radi-
us was made in terms of Mie theory. The efficiency of light absorption (Qaps)
by a r - radius spherical inclusion was calculated as a sum of infinite series of
decomposition coefficients of electric and magnetic field in the scattered light
wave in terms of special functions. The simulation showed that:

- The dependence of Qas ON 1 is a curve with a maximum. Its position
and amplitude are determined by the light wave length, inclusion’s and ma-
trix’s material. When the radius is small the absorption efficiency tends to ze-
ro in accordance with Rayleigh law, in the area of large radii Qg tends to a
steady state with oscillations.

- The absorption efficiency values are great for the materials with faint
metal features.
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- The light wave length decreasing leads to diminishing of the radius
value at which the maximum on the curve is observed and the maximum am-
plitude becomes higher as a rule.

The calculated absorption efficiencies were taken into account during
the calculation of the maximum temperature of the inclusions’ heating by the
laser pulse. The asymptotic equations describing the maximum heating tem-
peratures’ dependence on the pulse duration in case of inclusions’ ensemble
were derived. It was shown that the accounting of calculated absorption effi-
ciency leads to a strongly pronounced maximum on the curve. The kinetics of
inclusions’ heating in the energetic materials volume was simulated and the
conditions of explosion initiation were obtained. The results indicate that the
optimal inclusions’ sizes which initiate explosion decomposition at the low-
est pulse energy density does not depend on the pulse duration (t) when it is
less than a threshold value ty,. The threshold value of the pulse duration is de-
termined by the inclusion’s and matrix’s material as well as the laser irradia-
tion wave length.

Authors thank the Russian Foundation for Basic Research for financial
support (Ne 11-03-00897).

ELASTIC WAVES IN CRYSTALS WITH CHALCOPYRITE
STRUCTURE

A.V.Kopytov, E.V.Antropova'

Kemerovo State University, Kemerovo, Russia, kopytov@kemsu.ru
'Kemerovo State University, Kemerovo, Russia,
antropova_elena@mail.ru

Anisotropy of propagation of elastic waves in CdGeAs, with chalcopy-
rite structure is investigated by method of the numerical solution of
Christoffel’s equation with use of experimental values of elastic constants at
various temperatures. Special directions in this crystal are determined. There
are five longitudinal normals and three acoustic axes in irreducible part of
Brillouin zone. Propagation directions of pure transverse waves and charac-
teristics of the internal conic refraction are also determined.
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LUMINESCENT HIGH-DOSE DETECTORS ON THE BASIS OF
CRYSTALLINE AND NANOSTRUCTURED MATERIALS

V.Kortov, S.Nikiforov, S.Zvonarev, Yu.Ustyantsev

Ural Federal University named after the first President of Russia
B.N.Yeltsin,
Ekaterinburg, Russia, vskortov@mail.ru

At present there is an intensive development of radiation technologies
employing high-dose radiation to modify material properties, sterilize medi-
cal products and to perform other industrial processes. High-dose detectors
are also used in radiation monitoring of nuclear power station equipment and
storages for spent nuclear fuel. In most cases measurement of radiation doses
as high as several dozens or hundreds of kGy is required. The well-known
physical methods (EPR, OA, calorimetry) and chemical reactions in irradiat-
ed detectors are used for high-dose measurements. Such detectors have rather
narrow dose useful range and not very high measurement accuracy. Thus,
high-dose luminescent detector development is an urgent issue today. At the
same time significant progress in luminescent detector design for environ-
mental and individual monitoring of ionizing radiation has been made.
Commercial detectors of various types have a wide dose useful range
(0,1uGy-10Gy), high accuracy of dose measurement of different radiation
kinds, low fading. Unfortunately, the changes of their luminescent and
dosimetric properties under high-dose irradiation have been studied not com-
pletely.

This paper presents the ways of high-dose thermoluminescent (TL) de-
tector development. Among them there is one based on new recombination
centers formed in detector material under high-dose irradiation. They are re-
sponsible for ultra-high-temperature (UHT) dosimetric TL peaks. It was
found that UHT (725K) TL peak was formed in LiF:Mg,Cu,P detectors with
linear dose response from 50 kGy to 500 kGy. Another way is based on using
for dosimetry the deep traps present in detector material. We have studied
dose dependences of UHT (510K, 730K, 860K) TL peaks in TLD-500 detec-
tors under gamma-irradiation. Thermo-photo-stimulation method (TA-OSL)
an be used for decreasing detector heating temperature significantly to obtain
dosimetric information from deep traps. This method has been developed
successfully in recent years. Linear dose characteristic in the range of 107-
10* Gy at Al,O5:C detector heating up to 570 K was obtained by means of
this method.
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One more promising way of high-dose TL radiation detector creation is
connected with using of nanostructured analogues of the commercial detec-
tors and new compounds. Nanostructured detectors possess high radiation re-
sistance and their dose useful range is extended by 2-3 order towards higher
doses. Our results as well as data from current literature of high-dose meas-
urement by means of nanostructured Al,O5:C detectors including irradiation
by electron pulses with nanosecond duration are given.

Principal high-dose detector irradiation problems connected with the
recovery under annealing of the detector initial characteristics are considered.
Possibilities of multiple usages of high-dose detectors, their fading and
measurement reproducibility are also discussed.

AB INITIO CALCULATIONS OF DEFECTS IN ALUMINA
CRYSTALS

A. Yu. Kuznetzov, A.B. Sobolev, A. S. Makarov, M. A. Botov

Ural Federal University named after the first President of Russia
B.N.Yeltsin, Ekaterinburg, Russia, ayukuznetsov@gmail.com

Aluminium oxide with corundum structure (o) is important wide-gap
optical material with a wide variety of technological applications. We present
and discuss the results of calculations for some point and complex defects.
This study is based on ab initio hybrid DFT calculations using B3LYP base
exchange-correlation functional as implemented into CRYSTALOQ9 code. In
order to understand the behaviour of the material with respect to irradiation
and its optical properties, we analyzed the electronic structure, atomic ge-
ometry, charge density distribution et al. using supercells up to 250 atoms.
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OPTICAL AND ELECTRONIC PROPERTIES OF POINT
DEFECTS IN CALCIUM AND MAGNESIUM OXIDES

A. Yu. Kuznetzov, M. A. Botov, A. S. Makarov, A.B. Sobolev

Ural Federal University named after the first President of Russia
B.N.Yeltsin, Ekaterinburg, Russia, scibma@gmail.com

The present paper is devoted to computational quantum-chemistry in-
vestigation of electronic structure and optical properties of point defects in
cubic alkali-earth oxides such as magnesium and calcium oxides. All calcu-
lations were performed in CRYSTALQ9 program by means of Hartree-Fock
and the hybrid functional B3LYP methods with 40 % of HF exchange. Re-
sults as to optical absorption, charge density distribution, defect influence on
band structure and density of states are presented. The results of calculations
show satisfactory agreement with the available experimental data.

SPECTROSCOPIC PROPERTIES OF LiF CRYSTALS DOPED
WITH W, Ti AND Fe OXIDES

L. Lisitsyna **, V. Korepanov®, V. Lisitsyn®, P. Petikar?

"Tomsk State University of Architecture and Building, 634003 Tomsk,
Russia
“National Research Tomsk Polytechnic University, 634030 Tomsk,
Russia

Time-resolved spectroscopy and infrared spectroscopy were used to in-
vestigate radiation transformation of the oxygen—hydrogen impurity in LiF
crystals doped with oxides of different metals W, Ti and Fe with the ab-
sorbed dose range of 10" — 10° Gy in the time interval of 10° — 10" s and in
the temperature interval of 15 — 300 K.

It was found that the tested LiF crystals contain the following impuri-
ties complexes: O,, OH ™, Me - nO,, Me-nO*, Me-nOH", where Me: W, Ti,
Fe, n=1, 2, 3... It was shown that the polyvalent cation is a place in lattice for
gathering intrinsic lattice defects and oxygen-hydrogen impurities. This leads
to formation of nanodefects, the size, the symmetry and characteristic zone
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structure of which depend on condition of crystal growing and the valency,
charge and magnetic states of the co-activator.

The structure of the nanodefect defines both the oxygen—hydrogen im-
purity transformation and the processes of accumulation of the intrinsic color
centers in doped crystals under ionizing radiation. The obtained results have
been interpreted within hydrogen bond concept in according to which the
type of the cation co-activator defines the size and the stability of hydrogen
bond hole centers (Me-O H* nHal,, where: Hal, is the center complemen-
tary to the F center) and therefore, the yield of the intrinsic electron color
centers in crystals.

FIRST-PRINCIPLES MODELING OF THE SELF-TRAPPED
EXCITON NONRADIATIVE DECAY IN ALKALI HALIDES

A. S. Makarov, A. Yu. Kuznetzov, A.B. Sobolev, M. A. Botov

Ural Federal University named after the first President of Russia
B.N.Yeltsin, Ekaterinburg, Russia, ayukuznetsov@gmail.com

We present the results of quantum mechanical investigation of triplet
off-center STE in alkali halide crystals. Calculations were performed in
CRYSTALO09 program package in terms of hybrid functional. An equilibrium
configuration of defects under modeling was obtained with taking into ac-
count supercell total relaxation. Properties of defects were discussed on the
basis of data relevant to spatial structure, charge distribution and density of
electronic states. Nonradiative decay of STE in alkali halide crystals was
considered. Configuration curves of this process were calculated and F-H
pair forming was analyzed. Results relating to energy characteristics of pro-
cess mentioned above are presented.
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ON THE QUESTION OF VARIETY OF RE IONS LOCAL
ENVIRONMENTS IN OXIDE GLASSES

E. Malchukova'”, A. Nepomnyaschich® and B. Boizot®

! loffe Physical Technical Institute, Saint-Petersburg, Russiae-mail:
evguenia.malchukova@polytechnique.edu
2 Geochemistry Institute, Irkutsk, Russia
3 Laboratoire des Solides Irradiés, UMR 7642 CEA-CNRS-Ecole
Polytechnique, Palaiseau, France

Doping of glasses with various fluorescent ions and the investigation of
their interaction with the glass-matrix by static fluorescence emission and ex-
citation spectra is a widely used tool in glass structure research. Time-
resolved fluorescence measurements can offer additional information on local
microstructure of the doped ions as well as information on the glass-matrix
itself.

In this study fluorescence lifetime dependency on doping RE concentra-
tion and EPR spectra were investigated. For this reason pristine and [3-
irradiated (10° Gy) aluminoborosilicate glasses with known properties and
global structure have been used as host materials. Different RE ions (Sm, Eu,
Ce and Gd) were embedded into the ABS matrix in order to study their influ-
ence on glass structure modifications and changes in luminescence ability.

By the combination of two spectroscopic techniques (EPR and lumines-
cence), it has been shown the presence of more than one RE site in these
glasses characterized by different crystal field strength and covalency that is
confirmed by lifetime measurements. It is found that exposure to b-
irradiation doesn’t create the new RE positions in the glass but allows a
change in covalence of the doped ion’s surrounding. The relative proportion
between sites depends strongly on the RE reduction processes in ABS glass
during the high-temperature melting in air and B-irradiation.
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RADIOLYSIS OF ALKALI-EARTH NITRATES

M. B. Miklin®, L. D. Kriger®, S.Yu. Lyrshikov?

'Kemerovo state university, Kemerovo, Russia, miklin@kemsu.ru
2 Institute of coal chemistry and material science SB RAS, Kemerovo,
Russia, serstud@mail.ru

The radiation induced decomposition of alkaline earth nitrates has been
studied at room temperature. The changes in IR and UV spectra of nitrates
due to irradiation are described. The yield of peroxynitrite in the decomposi-
tion by y-rays of the alkaline earth nitrates has been measured. In the optical
absorption spectra of nitrates were found in two radiation-induced absorption
bands, one in the 245-270 nm and the other in the 320-370 nm region. Pre-
sumably the first band attributed to the absorption of the radical O,’, and the
second to the absorption of nitrite ions. IR spectra showed the presence of a
single band at ~ 1250 cm™ due to vs vibration of nitrite ion. During thermal
annealing of irradiated barium nitrate bands at 1250 cm™ and 350 nm an-
nealed at the same time, which confirms the identification of bands.

COPPER IMPYRITY IN LiF AND NaF CRYSTALS FROM AB
INITIO CALCULATION: STRUCTURE AND OPTICAL PROPETIES

A.Myasnikova, A.Mysovsky, A.Paklin and A.Shalaev

Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia,
sasham@igc.irk.ru

The interest to study of the copper impurity embedded in LiF crystal is
due to using of LiF:Mg,Cu,P detectors for thermoluminiscent dosimetry [1].
It is known that the storage of ionising radiation energy in the detectors is
connected with radiation transformation of magnesium centres similar to that
in LiF: Mg, Ti. How-ever the role of copper impurity in the thermostimulated
luminescence processes is significant and not completely clear yet. Therefore
the study of LiF and NaF doped with copper ion in different charge states
(Cu®, Cu* and Cu™) still remains actual problem.

In this work we present the results of an ab initio calculations of elec-
tronic and spatial structure of copper impurity as well as 3d°—3d%s" ab-
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sorption and relevant emission. We used several clusters of cubic symmetry
for the calcula-tions. All our results were obtained with taking into account
the lattice relaxation in the presence of copper impurity ion. The ab initio cal-
culations have been per-formed in embedded-cluster approach implemented
in the GUESS computer code [2]. In this work the electronic structure of QM
cluster has been calculated in DFT method with using modified B3LYP func-
tional (40% of Hartree-Fock ex-change and 60% of DFT exchange). Time-
dependent DFT (TD DFT) method was applied for calculation of transition
energies. The Gaussian 03 [3] computer code was used for excited state cal-
culations.

According to the data obtained only on-centre configuration of ground
state of copper ion was observed. Calculated energies of optical absorption
and lumines-cence are in satisfactory agreements with experimental data. En-
ergies of optical absorption of monovalent copper ion in LiF agree well with
our recent experimental data [4]. The model and configuration of excited
state will be discussed.

This work was partially supported by Federal Target Program "Scien-
tific and scientific-pedagogical personnel of innovative Russia" in 2009-2013
(GK P1243).

[1] Horowitz A., Horowitz Y.S. Radiation Prot. Dosimetry 33 267
(1990)

[2] P.V. Sushko, Surface Science. 450 153 (2000)

[3] Frisch M.J., Trucks G.W., Schlegel H.B. et al. Gaussian 03 (Revi-
sion E.1). — Gaus-sian Inc., Pittsburgh PA, 2007.

[4] A | Nepomnyashchikh, A A Shalaev, A K Subanakov, A S Paklin, N
S Bobina, A S Myasnikova and R Shendrik. 2010, IOP Conference Series:
Materials Science and Engi-neering 15 012043
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THE MODELING OF INTRINSIC LUMINECSENCE IGNITION
EFFECT IN CRYSTAL KI AT LOW TEMPERATURE
ELASTIK STRESS

L.N. Myasnikova, N. N. Zhanturina®!, K. Sh. Shunkeyev, B.A.
Aliev', M. Grinberg? V.S. Tkachenko

Aktobe State Pedagogical Institute, Aktobe, Kazakhstan,
myasnikova_In@mail.ru
'Al-Farabi Kazakh National University, Almaty, Kazakhstan
2University of Gdansk, Gdansk, Poland

The dynamics of excitons self-trapping in alkali halide crystals (AHC) is
highly dependent on changes in the interionic distances by uniaxial and
hydrostatic deformation, and it provides a more valuable information about
the optical characteristics. Intrinsic luminescence quenching effects in AHC
with increasing temperature from 4.2 K to 80 K, and the luminescence inten-
sity increase at the uniaxial stress were observed previously [1]. We were
able to explain these effects through the dynamics of the self-trapping
excitons potential barrier with the simultaneous influence of the temperature
and the uniaxial compression and by the activation energy between the radia-
tion and irradiation channels of excitons annihilation.

We did a detailed explanation of the phenomenon that the self-trapping
potential barrier (STB) between the quasifree and self-trapped exciton (STE)
states decreases with temperature increasing by introducing the concept of
induced by phonons fluctuation potential.

By the continuum model we obtain the dependence of STB height on
the temperature and the degree of stress.

In the crystal KI STB height decreases with simultaneous increase of
temperature and stress. Height decreasing of excitons self-trapping potential
barrier is confirmed with the experimental fact of the luminescence quench-
ing at temperature increase and the comparative prevalence of non-radiative
annihilation channel.

The experimental method for the determination of the activation energy
between channels of radiative and non-radiative annihilation of STE in alkali
halide crystals was worked out. The principle of method lies in the registra-
tion the temperature dependence of STE’ luminescence with and without the
influence of low temperature uniaxial elastic stress.

28



15" RPC

— The activation energy (Ae) of temperature luminescence quenching of
self-trapped excitons was determined in crystals: Kl (n-37 meV; c-33.7
meV). The energy values reflect the potential barrier channels of STE.

— The output increase of the crystals’ intrinsic luminescence is explained
by the potential separating radiative and non-radiative decay barrier’s growth.
The potential barrier decreases the probability of radiative defect creation at
the STE decay.

[1] A.Z. Bekeshev, E.A. Vasil’chenko, E.T. Sarmukhanov, K.Sh.
Shunkeev and A.A. Elango. X-ray and photoluminescence in mechanically
stressed KCI, KBr, and Kl crystals//Phys. Sol. State. V.36, N.2, 1994. P.180-
185.

GROWTH AND OPTICAL CHARACTERIZATION OF COP-
PER-DOPED LITHIUM FLUORIDE SINGLE CRYSTALS

A. Nepomnyashchikh'?, A. Shalaev*?, A. Paklin®, R. Shendrik™?,
N.Bobina'and A. Myasnikova'

Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia,
e-mail:alshal@igc.irk.ru
“Irkutsk State University, Faculty of Physics, Irkutsk, Russia

Lithium fluoride is a widely used in solid state dosimetry. It is expected
that single crystals of LiF with monovalent copper impurity will be a new
matrix for efficient tissue-equivalent detector LiF:Mg,Cu. It is supposed that
light yield of this detector will be larger than existent thermoluminescence
detectors. The greater light yield is assumed to be due to direct recombination
mechanism with monovalent copper ions. But the growth of LiF:Cu” single
crystals is difficult because of a copper unstability in monovalent state. Cop-
per monovalent ions actively reduce to metal or oxidized to two-valent state.
Some of features of LiF:Cu” single crystal growth and spectroscopy results
are described.

Before crystal growth to stabilize monovalent copper in lithium fluoride
we synthesized the mixture by solid state reactions. Cu-doped LiF mixtures
were prepared by mixing LiF with various amounts of CuCl. Chemical com-
position of mixtures and crystals were determined by atomic absorption spec-
trometry method. Copper content in crystals was 0,0004-0,002%.
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Cu-doped LiF crystals have been grown by Czochralski method. Resis-
tive nichrome heater and metal elements of thermal screens were used to
avoid reduction of monovalent copper. The sintered powder was charged in a
platinum crucible. Crystallization was made in argon atmosphere. The melt-
ing point of LiF is at about 870°C. A rate of single crystal growth was at
about 5 mm/hour. Crystal structure like NaCl and cuts is generally in <100>
plane and least often <110> plane.

Emission and excitation spectra were measured in our samples. A Per-
kin-Elmer Lamda 950 spectrophotometer and a Perkin-Elmer LS55
fluorimeter were used. Emission peak at 350 nm and excitation peak at 275
nm in our LiF:Cu crystals are attributable to Cu™ impurities. In absorption
spectrum a band at 280 nm was found. The band at 280 nm could be corre-
sponded to Cu™ centers [1].

This work was performed under Federal Target Program "Scientific and
scientific-pedagogical personnel of innovative Russia" in 2009-2013 (GK
P1243).

[1] J. Simonetti and D. S. McClure Phys. Rev. B 169 3887 (1977)

GENERAL INTERACTIVE TRAP SYSTEM MODEL FOR
THERMOLUMINESCENCE OF AL,;0;:C SINGLE CRYSTALS

S.V. Nikiforov, V.S. Kortov

Ural Federal University, Ekaterinburg, Russian Federation,
s.v.nikiforov@ustu.ru

Great interest in study of thermoluminescence (TL) properties in
Al,O5:C single crystals is caused by their wide use in ionizing radiation
dosimetry. Several kinetic models have been designed to describe TL mecha-
nism in these crystals. General interactive trap system model taking into ac-
count competing temperature-dependent capture of the carriers on deep elec-
tron traps while detecting TL dosimetric peak at 450 K was offered in our
paper [1]. Later on this model was extended to include consideration of the
processes with hole deep center participation [2]. However, the abovemen-
tioned models failed to include a number of TL properties in the crystals un-
der study. In particular, the fact that dosimetric TL peak has different half-
width and is caused by superposition of several different in nature traps was
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not taken into account. Moreover, shallow traps responsible for TL peak at
360 K in the crystals under study were not the subject of consideration.

The aim of this paper is to extend and summarize model assumptions
describing TL mechanisms in Al,O3:C single crystals.

The suggested kinetic TL model takes into account the following local-
ized levels corresponding to various defect types in the crystals under study:
dosimetric traps, deep electron traps, deep hole trapping centers, shallow
traps, and luminescence center (F-center). The model assumes that dosimetric
peak is caused by superposition of electron and hole traps with similar values
of activation energy. While being thermally activated, electrons and holes
captured by active dosimetric traps are injected into conduction and valence
bands correspondingly. The excited states of both electrons and holes can be
relaxed due to a number of processes: radiative recombination on the lumi-
nescence center; electron capture by the deep trap; charge carrier re-capture
by TL-active trap; nonradiative recombination of electrons and holes in the
deep hole trap. Moreover, shallow traps in which dosimetric traps serve as
deep centers can be engaged in such processes.

Using the developed model the calculations of TL characteristics in the
crystals under study were carried out. It was shown that the model accounts
for dosimetric peak half-width variation as well as experimentally found fea-
tures of deep trap influence on radiation sensitivity and its dependence on
heating rate, and on non-linearity of dose dependence. Furthermore, the mod-
el accounts for dosimetric TL peak parameter correlation and that of peak at
360 K resulting from shallow traps. The paper also provides the discussion of
the trap nature responsible for TL peak broadening at 450 K. The obtained
results allow one to presume interactive mechanism universality of various
trap types interaction in dosimetric crystals Al,Os:C.

[1] L.I. Milman, V.S. Kortov, and S.V. Nikiforov. Radiat. Meas. 29, 401

(1998).
[2] S.V. Nikiforov and V.S. Kortov. Radiat. Meas. 45, 527 (2010).
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RECOMBINATIONAL AND RADIOSTIMULATED PROCESSES
IN SULPHATES WITH CORRELATED DEFECTS

T.N. Nurakhmetov, A.Kainarbay, D.M.Salikhodja, A.Zhunusbekov,
Sadykova B.M., Pazylbek C., Karipbayev Zh.T.

L.N.Gumilyov Eurasian national university, Astana, St. Republic
of Kazakhstan,
E-mail: Nurahmetov_T@enu.kz

Energy levels of the electronic and hole captures centre are located ap-
proximately at one level a relatively to valence bond top and a bottom of
conductivity bond in irradiated ionic crystals at low temperature. Increase of
concentration and accumulation process of the electron-hole capture centers
(considering return recombination) negligible changes energy distance be-
tween captures centre in Eg of a matrix. In complex ionic crystals having tet-
rahedron anion, in particular, in sulphates of alkaline and alkaline earth met-

als, electron and the holes, which localized in tetrahedron anion SO, can

localize in different nonequivalent crystallographic directions from each oth-
er. Local energy levels, corresponding to them, should be in the various.

On the basis of the experimental facts probably to predict a existence of
the correlated elektron-hole capture centres in the irradiated sulphates of
alkaline metals. Such kind the centres are on various energy distances apart
from a bottom of conductivity bond and valence bond top, accordingly. If in
the irradiated crystals to create such energy state, emission band of various
energy in certain spectral intervals should be observed at recombination.

In x-ray irradiated at 80 K crystals of LiKSO,, Li,SO,and Na,SO,

observed wide band of recombination emission which consisting of several
maxima by us.

In X-ray luminescence spectra, phosphorescence spectrum and in
spectral distribution of basic peaks TSL it is observed one same bands with
several maxima.

We discuss the nature of these bands, their connect with the correlated
defects of a lattice.
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A PULSED OPTICAL CHARACTERIZATION OF OPTICAL
CRYSTALS WITH MOBILE CATIONS

. N. Ogorodnikov, M. S. Kiseleva, V. Yu. Yakovlev!

Ural Federal University, Yekaterinburg, Russia,
I.n.ogorodnikov@gmail.com
! Tomsk Polytechnic University, Tomsk, Russia

In present paper we investigated the kinetics of electron tunneling under
conditions of the thermally stimulated mobility of recombination partners for
optical crystals of lithium borates and potassium and ammonium
dihydrophosphates by means of both the time-resolved optical absorption
spectroscopy and mathematical modeling. We developed a mathematical
model and carried out the numerical simulation. Comparison of the calculat-
ed and experimental data on transient optical absorption (TOA) of these crys-
tals in the visible and ultraviolet spectral regions allowed us formulate the
following conclusions.

Pulsed radiation exposure leads to the formation the polaron type hole
centers in the form of O™ center and the trapped electron centers (interstitial
Li° or H° atoms). TOA occurs due to optical transitions between the valence
band states and the local levels of the trapped hole centers.

The model of the electron tunneling between the trapped electron and
hole centers under conditions of the thermally stimulated mobility of one of
the partners of the recombination process describes adequately all the fea-
tures of the TOA Kkinetics observed after pulsed exposure of radiation in the
crystals over the broad decay-time region of 10 ns -100 s.

Decay kinetics of the TOA consists of two characteristic regions. The
initial part of the process is controlled by electron tunneling and its approxi-
mation can be done by the tunneling recombination law for the frozen system
of defects. The ultimate part of the decay kinetics is controlled mainly by the
diffusion process and it results in the rapid hyperbolic decay of intensity.
With increasing temperature, the hyperbolic plot is shifted to shorter decay
times. Thermally stimulated “shortening' of the decay kinetics is character-
ized by an activation energy corresponding to the diffusion-controlled pro-
cess.

The complex behavior of the reaction rate K(t) throughout the observed
region of decay times indicates the presence of transient diffusion-controlled
tunnel recharging of the defects. In this case we are dealing with transitional
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decay kinetics and simple asymptotic formula (for example, the law of Bec-
querel) can not be used to describe such kinetics.

With increasing temperature, there is an increase of the initial defect
concentration no, created by the excitation pulse of constant intensity. Tem-
perature dependence of the negative slope in the initial part of the TOA decay
kinetics on log-log scale is characterized by an activation energy correspond-
ing to the diffusion controlling the accumulation of defects during the excit-
ing pulse.

A LUMINESCENCE SPECTROSCOPY STUDY OF NON-
LINEAR OPTICAL CRYSTALS K,AL;,B,0;

I. N. Ogorodnikov, V. A. Pustovarov, S. A. Yakovlev, L. I. Isaenkol,
S. A. Zhurkov?

Ural Federal University, Yekaterinburg, Russia,
I.n.ogorodnikov@gmail.com
! Institute of Geology and Mineralogy, SB RAS, Novosibirsk, Russia

Optical low-symmetry crystals are widely used in nonlinear and inte-
grated optics, laser technology, as well as in detectors and transformers of
ionizing radiation. These crystals are studied intensively in recent years, both
in terms of fundamental properties, and in terms of their practical applica-
tions as optical materials operating in in the ultraviolet (UV) and vacuum ul-
traviolet (VUV) spectral regions. In this respect, K,Al,B,O,; (KABO) crystals
represent a relatively new nonlinear-optical material developed for applica-
tion in a wide spectral range from 180 to 3600 nm.

In this work we have carried out the first study of the KABO crystals us-
ing low-temperature luminescence-optical vacuum ultraviolet spectroscopy
with nanosecond time resolution. Based on the set of experimental data ob-
tained for the first time on the photoluminescence decay Kinetics, PL spectra
with time resolution, PL excitation spectra with time resolution, and reflec-
tion spectra at 7 K, the bandgap width was estimated as E; = 7.8-8.2 eV, the
intrinsic nature of PL at 3.28 eV (band Il) was established, defect lumines-
cence bands at 2.68 eV (band 1) and at 3.54 eV (band Ill) were separated.
Along with this, we measured the KABO optical spectra in the spectral range
of 180 -1000 nm. Three absorption peaks at 4.7, 5.8 and 6.5 eV were detected
and assigned to charge-transfer absorption from O* to Fe** ions. The chan-
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nels of the formation and decay of electronic excitations in KABO crystals
and the luminescence center nature were discussed. According to the devel-
oped concepts, PL band 1l (3.28 eV) is caused by intrinsic luminescence of
the KABO crystal and is presumably attributed to radiative annihilation of
self-trapped excitons. The strong long-wavelength PL band at 1.72 eV was
detected and attributed to a radiative transition “T;—°A; in Fe*" ion. Defect
luminescence bands in the visible and ultraviolet spectral region are presum-
ably attributed to radiative transitions in defect complexes consisting of Fe®"
ion and lattice defects in various environments of the KABO lattice.

SPECTRAL AND KINETIC CHARACTERISTICS OF LUMI-
NESCENCE OF AlGaN/InGaN/GaN HETEROSTRUCTURES
EXCITED BY HIGH-CURRENT ELECTRON BEAM

V. I. Oleshko, S. G. Gorina, V. I. Korepanov, V. M. Lisitsyn

National Research Tomsk Polytechnic University, Tomsk, Russia,
oleshko@tpu.ru

Group I11-V nitrides are the most promising materials for fabricating
light- and laser diodes in the visible and UV region. However, their benefits
realization is constrained by the major difficulties of the production of high
quality epitaxial layers of these materials. Intrinsic defects of the crystal lat-
tice, uncontrollable impurities and dislocations formed in the epitaxial layers
during the growth are responsible for the optical properties and the lifetime of
LEDs. Luminescent methods allow monitoring of intrinsic and extrinsic de-
fects presence in epitaxial layers and determining of structures suitability for
light sources manufacture.

The purpose of this paper is to study the mechanism of radiative recom-
bination of AlGaN/InGaN/GaN heterostructures. As the investigated materi-
als were used AlGaN/InGaN/GaN LED heterostructures with InGaN/GaN-
guantum wells grown in different laboratories by metalorganic vapor-phase
epitaxy on sapphire [0001] substrates. The samples were excited by high-
current electron beam (HCEB) and pulsed nitrogen laser (A = 337.1 nm).

It was found out that at low HCEB energy density (H < 0.04 J/sm?) the
cathodoluminescence (CL) spectrum of samples consists of two bands, which
maxima correspond to the energies 3.35—3.37 ¢V and 2.80—2.82 e¢V. UV
band (3.35—3.37 eV) belongs to GaN and is caused by recombination of
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bound to defects excitons. Spectral and kinetic characteristics of the blue CL
band (2.80—2.82 eV) allow to suppose that one is due to the recombination
of donor-acceptor pairs formed in InGaN-quantum well during the growth.
This supposition is confirmed by the spectral-kinetic characteristics of blue
luminescence band obtained under laser excitation. The blue band maximum
shifts to shorter wavelengths with increasing excitation level, and one shifts
to longer wavelengths with increasing time delay.

The influence of HCEB energy density H on the spectral-kinetic charac-
teristics and intensity of CL of LED structures was studied. It was found out
that a narrow emission line with a peak at 4v = 2.78 eV stands out against a
background of the broad blue band when H runs to its threshold value (for
one of the samples). With H increasing the ultralinear increase of this line in-
tensity and the decrease of pulse emission duration are observed. This is in-
dicative of the transition from spontaneous luminescence to stimulated emis-
sion mode.

The results allow concluding the possibility of developing economical
and rapid method of LED epitaxial layers control under HCEB excitation.

LUMINESCENCE OF ZINC SELENIDE CRYSTALS EXCITED
BY ELECTRON BEAM PULSE

V.I. Oleshko, S.S. Vil’chinskaya, A.l. Kupchishin, S.G. Gorina

National Research Tomsk Polytechnic University, Tomsk, Russia,
svetvil@tpu.ru

The spectral and kinetic characteristics of pulse cathodoluminescence of
undoped ZnSe single-crystals grown by sublimation from the vapor phase
(Davydov-Markov method) and by flux growth (Bridgman method) have
been measured. Three groups of bands were found in the spectra of radiative
recombination of zinc selenide: exciton, edge emission and bands due to the
recombination of carriers in deep centers. The spectral-kinetic characteristics
of the edge emission in ZnSe crystals with different previous history have
been studied. It was found that the number of edge emission series, the ratio
of their intensities and spectral position are to be determined by the previous
history of crystals. It is shown that the total intensity of the edge emission
reduces more than tenfold with the temperature increase in the range of 15 -
80 K. The results obtained show that the properties of the edge emission can
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be well described by the model of donor-acceptor pairs.

SCINTILLATION RESPONSE OF Csl(WO,) TO IRRADIATION

N.V. Ovcharenko, V.Yu. Yakovlev', Yu.S. Ganja’, L.N. Trefilova?,
0.V. Zelenskaya?, T.P.Rebrova?, O. V. Gayduk®, D. S. Sofronov*

Institute for Scintillation Materials of NASU, Kharkov, Ukraine,
ovcharenko@isma.kharkov.ua
“Tomsk Polytechnic University, Tomsk, Russia, yak999@rambler.ru
%Institute for Scintillation Materials, Kharkov, Ukraine,
shpil@isc.kharkov.com
*Institute for Single Crystals of NASU, Kharkov, Ukraine,
gayduk@isc.kharkov.com
“STC “Institute for single crystals” of NASU, Kharkov, Ukraine,
sofronov@isc.kharkov.com

Csl crystals doped with cesium tungstate Cs,WQO, have responded to
electron pulse irradiation with an emission at about 415 nm only within this
temperature range 200-420 K. The concentration of tungsten W in the crys-
tals has been evaluated by chemical analysis, and the concentration of WO, -
ions by absorption coefficient for their vs- vibration bands at 820 and 860
cm ™. It has been found that the intensity of this emission is directly propor-
tional to the absorption coefficient for the vibration bands of WO,*- ions.
The pulse of this emission rises exponentially and decays hyperbolically in
microsecond time scale.

A well pronounced band at 708 nm has been detected in the transient
absorption spectra of Csl:WO,. It has been observed that 415 nm emission
band and 708 nm absorption band decay simultaneously. Having an exces-
sive negative charge, WO,* - ions form dipoles with anionic vacancies, neu-
tralizing the crystal charge. Therefore the band at 708 nm can be attributed to
Fa centers that is, F-centers under perturbation of WO,* - ions. Thus, it is
safe to assume an electron, tunneling in short interspace pairs {Fa,Vy} from
Fa to Vi results in a localized exciton which is responsible to the emission at
415 nm.

As for the light yield of Csl:WO, crystals, it is twice lower than that of
Csl:3.1-10 mol%Na. The emission of Csl:WO, decays hyperbolically like
the emission of Csl:Na with a low activator concentration (2.2-10°
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3 mol%Na), while the emission of Csl:Na with a high activator concentration
(3.1-10 2 mol%Na) decays exponentially. The hyperbolic kinetics is the evi-
dence of a low concentration of WO,* - ions in the crystal, in spite of a high
concentration of tungsten (5.1-10 " mol%W). Such an incongruity can be ex-
plained by the conversion of the majority of cesium tungstate into tungsten
oxide which we think is a quenching center. To prove this idea we have
doped Csl with WO; and found that it does not respond with activator emis-
sion to irradiation.

LUMINESCENT PROPERTIES OF NEW ORGANIC
LUMINOPHORES

M. D. Petrenko, D. S. Kopchuk, 1. S. Kovalev, I. N. Ogorodnikov, D.
V. Raykov, G. V. Zyryanov

Ural Federal University, Yekaterinburg, Russia, maxx1088@gmail.com

The development of new detectors and sensor elements requires a pre-
liminary study of the fundamental properties of materials used in these devic-
es. In this regard, organic phosphors and scintillators are promising materials
that have attracted particular attention. In this paper we present the results of
research on optical and luminescent properties of some organic compounds
based on pyrene. The main purpose of this paper is to obtain information
about the optical properties and energy transfer processes in the studied mate-
rials.

We investigated two different pyrene containing compounds:
2,3,7,8-bis-(9H,10H- anthracene -9,10-diyl)-1,6 -dibromopyrene;
2,3,7,8-bis(9H,10H- anthracene -9,10-diyl)-1,6-di(5-

nonyloxythiophene-2-yl)pyrene.

All the samples were synthesized at the Chemical-Technological Insti-
tute of Ural Federal University. Optical and luminescent properties of the
samples were studied at the Experimental Physics Department of Ural Feder-
al University.

For these samples we have studied in the visible and UV spectral region,
the photoluminescence (PL) spectra, the PL excitation (PLE) spectra, and the
optical absorption spectra. Characteristic bands of compounds were detected
in the PL and PLE spectra. We have studied the dependence of the intensity
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of PL and PL spectra on the experimental conditions and concentrations of
various impurities.

On the basis of the obtained results we discuss the origin of the lumines-
cence centers and the mechanisms of the energy transfers in these com-
pounds. The results suggest further study of this promising class of organic
compounds. The synthesis of new organic compounds and these properties
research is planned in future. It will provide new opportunities in sensor de-
vices development by using the examined organic materials.

5D-4F LUMINESCENCE OF ND*, ER* AND TM*' IONS WITH
SEVERAL CONCENTRATION IN FLUORIDES

E.A. Prosekina, E.A. Radzhabov

Vinogradov Institute of Geochemistry SB RAS, Russia, Irkutsk,
eeal982@mail.ru

The emission from the 5d to the 4f levels are intensively studied in re-
cent decades [1-3]. For most of the ions the emission was observed in the
vacuum ultraviolet and may be used for the development of laser media.

The aim of this paper is to compare the luminescence spectra of RE-
ions-doped alkaline-earth fluorides at different concentrations.

We investigate the emission spectra of crystals of BaF,, SaF,, SrF,,
doped by RE-ions. Crystals were doped by erbium (Er®*), neodymium (Nd?
") or thulium (Tm*") in concentration ranging from 0.01 to 10 mol.%. Sam-
ples were excited by Xe resonance lamp. Emission was measured by a FEU
142 or FEU39A photomultipliers mounted on a VM4 grating vacuum
monochromator.

Emission from the 5d to 4f shell of rare earth ions was observed.
With increasing impurity concentration the shift of the 5d-4f transition band
to the long-wavelength region in spectra was observed (Fig. 1). Also, we ob-
served a decrease in the intensity of the 5d-4f bands with increasing of impu-
rity concentration. When the concentration of impurity was 3-10% the vacu-
um ultraviolet emission was not observed. With increasing impurity concen-
tration to 1% there are new bands in some spectra.
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Fig.1. Emission spectra BaF,-NdF;. 1- BaF,-0.3%NdF;,
2- BaF,-0.01%NdF; (increased by 9 times).

[1]. R.T.Wegh, A.Meijerink, Physical Review B, 1999,Vol. 60, Ne 15,
p.10820.

[2]. Marjorie Mujaji, J.D.Comins, Physical Review B, 1999,Vol. 59,No 9.
[3]. Stryganyuk G., Zimmerer G. / ®TT. 2008. T. 50. C.1570.

QUANTUM-CHEMICAL MODELING OF RADIATION
DEFECTS FORMATION PROCESSES IN CRYSTALS
LiKSO,, LiNaSO,, CaSO,

Zh.M. Salikhoja, T.N. Nurakhmetov, A.Zh. Kainarbai, B.M. Sadykova,
D. Mussakhanov, A. Dzhunusbekov, A. Agibetova

L.N.Gumilyov Eurasian National University, Astana, Kazakhstan,
s_jus64@mail.ru

Processes of defect formation in the irradiated sulfate of alkaline metals
and alkaline earth metals are connected generally by disintegration of an ani-
onic complex with difficult structure. SO,,S0;,S0, and O~,0, centers are
discovered by experimental methods, which are the end products of the pro-
cesses of formation of radiation defects. Radiation of these crystals X-ray, y-
and ultraviolet radiations lead to creation of the same defects of a crystal lat-
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tice, i.e. the process of defect formation in sulfates is carried out by low ener-
gy mechanisms. In literature two main mechanisms of creation of defects are

discussed. According to the first mechanism of a SO, hole centre can self
trapped in the form of the radical, and the electron is grasped in the next ani-
onic complex via reaction SO; +e” —SO; . In this process the correlated

pairs of defects are created: SO;..SO; . The localized holes SO; in sulfates
are thermally stable to temperatures 340-350 K, and the electron-superfluous
centers SO; are stable only at low temperatures. In secondary processes elec-
tronic and superfluous complexes SO2 O, can be transformed to stable de-

fects. The electronic SO; and SO, -hole trap centers are in any case created.

At realization of the second mechanism the excited anionic excitons
during a relaxation can break up with formation of Frenkel’s pairs of defects
via reaction (SO7")” — SO;vie  +0°, where SO;v;e - the electronic centers. The
interstitial atom of oxygen as the hole center can be stabilized as the O, -
center. Mechanisms of formation of these centers are not studied completely.
In recent years, to examine the processes of formation of defects in ionic
crystals are widely used in quantum chemical methods by the semi empirical
methods of modeling.

We have modeled processes of formation of SO,,S0;,SO; and O°,0, -
centers in crystals of LiKSO,, LiNaSO,, CaSO, using quantum-chemical
methods. For this purpose models of these crystals are constructed. The
LiKSO, model consists of 8 cations of Li +, 8 cations of K +, 8 anionic com-
plexes SO, and LiNaSO, consists of 12 cations of Li +, 12 cations of Na +

and 12 anionic complexes SOZ . The model of a crystal of CaSO4 consists of

6 elementary cells. Modeling of processes of formation of radiating defects in
crystals is carried out in singlet and triplet states. On the basis of quantum
and chemical calculations energy of formation of radiation defects are de-
fined and mechanisms of their formation are offered.
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ENERGY TRANSFER PROCESSES IN Lig(Gd,Eu,Y)(BOs);
BULK CRYSTALS AND FIBERS

I. N. Sedunova, I. N. Ogorodnikov, V. Yu. Ivanov, V. A. Pustovarov

Ural Federal University, Yekaterinburg, Russia,
I.n.sedunova@gmail.com

Gadolinium-based crystals doped with rare earth elements are excellent
scintillators for ionizing radiation detection. These crystals are characterized
by bright and fast scintillation that depends on activator content. Lithium lan-
thanide borates Lig(Gd,Y)(BO3); are related to this class of scintillators and
considered as promising material for thermal neutron detection[1,2]. The fi-
bers based on such material have better scintillation characteristics (due to
decreasing the light loss) and technological advantages (flexibility, probabil-
ity of detector geometry optimization, etc.). The purpose of the present re-
search is to study the elementary processes of energy transfer in gadolinium-
based borate crystals and fibers. The special attention is given to thermally
stimulated recombination processes that explain dynamics of electron excita-
tions in crystals.

Lig(Gd,Y)(BOs)s bulk crystals were grown by Czochralski method at the
Institute of Geology and Mineralogy of SB RAS (Novosibirsk) and at the
State Scientific Institution «Institute for Single Crystals» of NAS (Kharkiv,
Ukraine). Lig(Gd,Y)(BO3); fibers were produced using micro pulling down
method at Université Lyon 1 (Lyon, France) at argon atmosphere. We studied
recombination processes in crystals at different types of excitation —
photoexcitation, vacuum UV, X-Ray.

We have observed the intrinsic luminescence corresponding to 6P,- —
83, transitions in host Gd** ion and impurity luminescence related to transi-
tions in activator ions (cerium, europium). The specific feature of crystal
structure is the presence of Gd*" ion chains extended along one direction [3].
It allows to realize effective mechanism of host-to-activator energy transfer.
The correlation between intensities of intrinsic and impurity luminescence
indirectly testifies to efficiency of energy transfer channel in crystals. The
temperature dependences of intrinsic and impurity luminescence can also de-
scribe the recombination processes and distribution of energy in crystal. We
discuss the models that explain the dynamics of electron excitations resulting
in scintillation.
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ANDREEV REFLECTION OF PSEUDO-CORRELATED PAIRS
ELECTRONS IN THE SYSTEM «SUPERCONDUCTOR-
FLUCTUATION SUPERCONDUCTOR-SUPERCONDUCTOR»

D. M. Sergeyev, K. Sh. Shunkeyev1

Military Institute of Air Defense Forces, Aktobe, Kazakhstan,
serdau@rambler.ru’
Aktobe State Pedagogical Institute, Aktobe, Kazakhstan

It is known that at temperatures above the T. (T.<T<T*) the order
parametre is not equal in superconductors (SC) to zero and is observed fluc-
tuation conductivity, i.e. fluctuation superconductor (FSC). At T=T* pseudo-

correlated pairs electrons (fluctuation pairs) with a coherence length &, T*
are formed. We believe that &, T similar pairs decreases with fall T and it

Is possible at T=T. it is transformed in Cooper pairs & T =& T .

In this paper we examine the possible conversion of Cooper pairs in
pseudo-correlated (fluctuation) pair when crossing through interface SC-FSC,
and vice versa when crossing through interface FSC-SC transformation pseu-
do-correlated pairs electrons in the Cooper pairs in Josephson system such as
SC-FSC-SC. 1t is likely Andreev reflection of the weakly bound electron,
which is part of the fluctuation pairs, in the interface FSC-SC, with the possi-
ble formation of a pair of «not tunneling electron - hole is reflected». Further
in the 2nd interface FSC-SC is reflected hole in electron and an pseudo-
correlated pairs electrons is generated. Possibly the transformation of the re-
flected hole in the 1st interface FSC-SC is with the formation of two correlat-
ed Cooper pairs, forming a unique cluster with charge 4e.

Studying of possible transformation fluctuation pairs in Cooper pairs in
Josephson systems FSC-SC gives the chance to understand physics fluctua-
tion conductivity SC and of fluctuation Josephson effect in similar structures.
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ENERGY TRANSFER MECHANISMS IN ALKALI-EARTH
FLUORIDES DOPED WITH PR* IONS

R. Y. Shendrik'? E. A. Radzhabov'? and A. I. Nepomnyashchikh™?

' Vinogradov Institute of geochemistry SB RAS, Irkutsk, Russia,
roshen@yandex.ru
2 Physics department of Irkutsk State University, Irkutsk, Russia

Pr** ions are perspective dopant for scintillation materials [1]. Previous
experiments [2] have demonstrated that SrF, doped with Pr** ions have a
good temperature stability of light yield and could be used for well-logging
application. The primary reason for the distinction in scintillation properties
of these materials is rooted in different energy transfer mechanisms from
primary electrons and holes to the rare earth ions. Exciton energy transfer
takes place in the cerium doped crystals, but consecutive capture of electrons
and holes is the main energy transfer mechanism in the fluorides doped with
Pr** ions.

In this paper possible energy transfer mechanisms from primary elec-
trons and holes to Pr¥* ions in CaF,, SrF, and BaF, are observed. At room
temperature dominating energy transfer mechanism is “delayed” electron-
hole capture: consecutive capture of a free electron in Pr** center followed by
capture of free hole resulting in an excited (Pr**)* center decaying
radiatively. At low temperatures in the SrF,-Pr** and CaF,-Pr** crystals the
exciton transfer mechanism is found. In the paper contributions of the mech-
anisms are evaluated.

[1]. P. Dorenbos. Nuclear Science, IEEE Transactions on 57, 1162-1167
(2010).

[2]. R. Shendrik and E. Radzhabov. Nuclear Science, IEEE Transactions
on 57, 1295-1299

(2010).
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STUDY OF SeH" - SeH DIMERS IN KCI CRYSTAL

E.A. Shteiner, A.D. Afanasyev’

Irkutsk State Technical University, Irkutsk, the Russian Federation,
egor.schteiner@mail.ru
! Irkutsk State Technical University, Irkutsk, the Russian Federation,
aad@istu.edu

We study the vibrational modes of diatomic SeH™ impurities, as well as
their complexes in KCI crystals. This subject is of fundamental importance
for the interpretation of spectroscopic data. For theoretical description of the
defects and their vibrational spectra we used the guantum mechanical method
based on polynomials of quantum numbers, as well as quantum chemistry
method. Measurements of spectra were performed on the fourier -
spectrometer Bruker IFS-125 at 2K and above.

It is shown that the distribution of intensities in the vibrational spectrum
iIsdue to the electrooptical anharmonicity of defects. It is proved that the
form of pair lines belonging to the dimers of defects is determined by the di-
pole-dipole interaction between monomers of the dimer.

First harmonic, KCI: SeH -SeH-
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Fig. 1. Pair line of "SeH — "SeH" in KCI.

On fig. 1 the experimental pair line of "SeH™- ™SeH™ is compared with
contour, calculated theoretically for dipole -  dipole interaction mechanism.
The results of theoretical calculations show the excellent agreement with the
experimental data.
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Quantum - chemical models of isolated defects and different dimer con-
figurations in the crystal matrix of KCI were calculated. The geometric and
electro-optical parameters of the dimers were determined.

DIPOLE CURRENTS OF THERMOSTIMULATED DEPOLARI-
ZATION IN ALKALI HALIDE CRYSTALS AT THE LATTICE
SYMMETRY LOWERING

K.Sh. Shunkeyev, A.A. Barmina, K.B. Bizhanova, D.M. Sergeyev,
S.K. Shunkeyev

Aktobe State Pedagogical Institute, Aktobe, Kazakhstan,
shunkeev@rambler.ru

In the present paper we study the effect of external electric field on the
alkali halide crystals after the plastic deformation in which the subsidiary car-
riers are reoriented dipole defects. Such defects contributes to the total ionic
conductivity.

It is known that in doped alkali halide crystals, as well as in the «pure»
alkali halide crystals after plastic deformation the concentration of the «pure»

X4 -centers significantly increases, which include divacancies [1]. Mecha-

nism for the effective establishment of X; -centers is explanied by interac-
tion of interstitial halogen atoms in the divacancies field ;v created by

plastic deformation of crystals or impurities. This means that increasing the
concentration of X; -centers and more stacked halogen [ X, 2] _-centers in

aca

plastically deformed alkali halide crystals shapes di ;v and vacancies
quartets 2 oo [1].

Experimental measurements of the ionic conductivity temperature de-
pendence of crystals KCI:Sr, KCI:Li and KCI after plastic deformation by the
constant electric field influence can provide the dipole nature ion current. The
concentration of divacancies was found in crystals of KCI:Sr, KCI:Li by ex-
perimental methods, but by direct experimental methods increase the concen-
tration of di _v; and quartets of vacancies 2 ,,v; in alkali halide crystals

after plastic deformation haven't been registered. We carried out measure-

ment of the ionic conductivity temperature dependence of the plastically de-

formed crystals to detect the vacancies high concentration. A direct experi-
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mental method for the detection of a divacancy o v; in plastically deformed

crystals is the thermally stimulated depolarization current registration, which
appear in the process of dipolar defects reorientation of such as divacancies

v Uy -
[1]. Vasilchenko E., Sarmukhanov E., Shunkeev K., Elango A. Electron-

ic excitations in KBr and KI crystals near vacancy defects of different size //
Phys. St. Sol. (b). - 1992. — V. 174. — p. 155-163.

RADIATION DEFECTS ON ALKALINE EARTH FLUORIDES
DOPED WITH TRIVALENT IONS

T. Yu. Sizova’, E. A. Radzhabov'?

' Vinogradov Institute of Geochemistry, Siberian Branch of Russian
Academy of Sciences, Irkutsk, Russia, sizova@igc.irk.ru
2 Irkutsk State University, Irkutsk, Russia, eradzh@igc.irk.ru

The behaviour of x-irradiated doped alkaline earth fluorides differs
markedly from that of the pure crystals. The photochromic centers are pro-
duced either by x-

irradiation or by addi- Impurity Formation of photochromic centers in
tive coloration of CaF, x-irradiated alkaline earth fluorides

and SrF, crystals doped CaF, SrF, BaF,

with certain rare erths Y PC 300K PC 300K

ions (La, Ce, Gd, Tb PC” 77K

and Lu) or yttrium La PC 300K PC* 80K

which have low third PC" 77K not ob-
ionisation  potentials. Ce PC 300K PC 300K | served
The photocromic cen- PC" 77K PC" 77K

ters can be considered Gd PC 300K PC" 80K

as a trivalent rare-erth PC" 77K

ion next to an anion Th PC 300K not ob-

vacancy (intrinsic de- PC" 77K served

fects which is not cre- Lu PC 300K not ob-

ated by x-irradiation in PC" 77K served

the undoped crystals) with one (PC" center) or two (PC center) trapped elec-
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trons. The mechanism for creating PC centers in x-irradiated crystals is not
clear so far.

Absorption spectra of photochromic centers, the thermal destruction in
crystals of CaF,, SrF,, BaF, doped with trivalent ions of Y, La, Ce, Gd, Th
and Lu have been studied at temperatures 77-600 K. The data on formation of
photochromic color centers in x-irradiated crystals of alkaline-earth fluorides
doped with trivalent rare-earth ions are summarized in Table I. X-ray irradia-
tion at 77 K cause to the formation of PC* and V| centers (self- trapped hole
which have the structure of molecular ion - F, ) in CaF, doped with Y, La,
Ce, Gd, Th and Lu. At temperatures in the ranges 350-450 K PC" centers are
transformed into PC centers. In SrF, the PC centers are formed in the crys-
tals doped with Y and Ce, while PC" centers are formed in SrF, doped with
La, Ce and Gd. In BaF, crystals neither PC nor PC™ centers are observed. The
PC centers are created in combining the rare-earth ion and fluorine vacancy.
We assume that loose lattice of BaF, favors a lower probability of combining
the rare-earth ion and fluorine vacancy, therefore PC centers are not formed
in these crystals.

ATOMISTIC SIMULATION OF STRUCTURE AND PROPERTIES
OF SOLID AND LIQUID URANIUM

D. E. Smirnova, S. V. Starikov, V. V. Stegailov

Joint institute for high temperatures RAS, Moscow, Russia,
d.e.smirnov@gmail.com

Using the force matching method we develop an interatomic potential
that allows to study the structure and properties of a-U, y-U and liquid urani-
um. The potential is fitted to the forces, energies and stresses obtained from
ab initio calculations. The potential form is chosen to be within the frame of
the embedded atom model. The potential is applied for molecular dynamics
computation of a number of thermophysical and mechanical properties of the
uranium phases. The results obtained for lattice parameters, elastic properties
of a-U and y-U, room-temperature isotherm and normal-density isochore of
a-U are consistent with the experiment. The calculated melting line of urani-
um at the pressure up to 80 GPa and the temperature of o-U < y-U solid-
solid phase transition at the pressure ~ 3 GPa agree well with the experi-
mental phase diagram of uranium. The predicted Griineisen parameter for

48



15" RPC

liquid and solid uranium phases compares well with the known experimental
data. The single defect (vacancy, self-interstitial atom) formation energies in
a-U and y-U conform to the known experimental measurements as well as to
the results of ab initio calculations. The potential developed provide a power-
ful tool for study the behavior of the uranium phases in a wide range of pres-
sures and temperatures. Especially it can be used for simulation of the pro-
cesses taking place in the nuclear fuel material in the working conditions,
such as fission tracks formation occurring in irradiated material or evolution
of the radiation defects.

EXPLANATION AND TESTING OF THE MODEL FOR COMPUTER
CALCULATIONS OF LUMINESCENCE SPECTRA AND PHOTO-
LUMINESCENCE DECAY KINETICS UNDER PULSED LASER
EXCITATION IN SILICON DIOXIDE CRYSTALS

T. V. Spiridonova, V. S. Kortov, S. V. Zvonarev

Ural Federal University named after the first President of Russia B.N.
Yeltsin, Ekaterinburg, Russia, forSpiridonova@gmail.com

Laser radiation usage provides an opportunity to do complex study of
luminescence excitation mechanisms and other secondary processes arising
when dielectric absorbs photons with energy ranging from several electron
volts to hundreds of kilo-electron volts. SiO, is of special interest for photo-
luminescence (PL).

The aim of this paper is to develop a physical model for luminescence
spectra and PL decay kinetics calculations in wide-gap dielectric oxides un-
der pulsed laser excitation as well as to create calculation algorithm and pro-
gram for the developed model testing.

Physical model of interaction between pulsed laser radiation and dielec-
tric as well as further luminescence processes were considered. Being excited
as described, photons interact with substance atoms and give all their energy
to electrons which leave atoms and enter conduction band. Further on, elec-
trons experience inelastic scattering on valence electrons. This gives rise to
secondary nonequilibrium electron-hole pairs which can recombine giving
energy to luminescence centers. Thus luminescence occurs in a certain spec-
tral region.
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The algorithm and program for luminescence spectra and SiO; lumines-
cence decay kinetics calculations under pulsed laser excitation have been de-
veloped. Calculations of the processes under study were made while the sam-
ples were exposed to excimer laser radiation KrF (wavelength of 0.249 pm,
radiation pulse duration of 10 ns).

The main luminescence centers in the material under study are oxygen-
deficient centers (ODC). a-ODC luminescence spectrum under laser radiation
excitation has two constituents — at 2,7 eV (458 nm) and at 4,45 eV (277 nm).
B-ODC luminescence spectrum also has two peaks — at 3,1 eV (399 nm) and
4,3 eV (288 nm).

Simulation of PL decay kinetics in single-crystal SiO, showed that in
nanosecond relaxation time region band luminescence of 4,45 eV and 4,3 eV
with decay time t,_opc €45eV =5Nns and <3 opc €.3ev =30 Ns prevails. Where-

as in millisecond region band luminescence of 2,7 eV and 3,1 eV with decay
time t,_opc €7eV =13mMs and «;_opc €.1ev 0.6 Ms prevails. The obtained re-

sults are in good agreement with the data reported in the literature where the
given  parameters  are  t,_opc €45eV =7.86NS, 15 opc €.3eV =31NS,

Ty-opc €7eV =0.91MS, <5 onc €.1ev 3-0.36 MS correspondingly. Similar values

of the calculated and experimental data on PL decay kinetics in SiO, prove
the validity of the physical model.

OPTICALLY AND THERMALLY STIMULATED
LUMINESCENCE OF NANOPOWDERS AND THIN FILMS OF
ALUMINUM OXIDE

A. l. Surdo®? S. Yu. Sokovnin®, I. I. Milman?, V. G. II’ves®,
M. I. Vlasov?, R. M. Abashev?, A. V. Boldesh?

! Institute of Industrial Ecology, UB RAS, Yekaterinburg, Russia
? Ural Federal University, Yekaterinburg, Russia
3Institute of Electrophysics, UB RAS, Yekaterinburg, Russia

At present different methods of nanostructured material coating is one
of the most perspective techniques to obtain thin layers. This study investi-
gates the OSL- and TL- properties of thin layers of nanostructured aluminum
oxide. These layers have been obtained using high purity a-Al,O3; powder
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evaporation by electron-, ion- and laser- beam with and without extra sedi-
mentation.

The work presents the results of the X-ray phase analysis (XFA) as well
as electron-microscopic studies of synthesized thin layers of nanostructured
aluminum oxide. It follows that the size of nanoparticles in most TL- and
OSL-active coatings is from 5 nm t0o10 nm. According to preliminary analy-
sis of the XFA data the phase structural composition of the obtained layers is
rather complicated. Only amorphous- and gamma- phases have been clearly
distinguished as yet.

It is shown that thin layers obtained by evaporation of a target using
electron pulse beam (E=100 keV, 1=20 - 300 ps, j>1 MJ/cm?), with subsequent
sedimentation on cooled aluminum, copper, steel, quartz, and glass substrates
demonstrate high TL- and OSL- yields. The TL- and OSL-yields of the given
coatings with standard square and thickness are close to those for TL- and
OSL — detectors based on anion-defective corundum. The TL glow curve
shows an unusually wide peak within the 300-800 K range with its maximum
at 450 K (B=2 K/s) and features at 370 and 670 K. At continuous blue LED
stimulation (Amax=470 nm) the OSL decay curve can be described by two ex-
ponents (t;~12 s and t,~110 s) with considerable contribution from the slow
component (I;74/(l,7,)~0.5). Dose dependences of the TL- and OSL- yields
are linear within the 20-4-10* mGy range. Above all, the influence of the ac-
tive layer thickness, substrate material, and the isochronous annealing tem-
perature on the TL- and OSL- yields has been studied.

This work was supported by the Russian Foundation for Basic Research
(project no. 10-08-96045) and by Presidium of the Ural Branch of the Rus-
sian Academy of Sciences (project no. Nel12-U-2-1032).
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RADIATION DAMAGE OF CsI AND Csl: Tl CRYSTALS CON-
TAINING IMPURITIES OF CARBONATE AND HYDROXIDE

L.N. Trefilova, V.Yu. Yakovlev}, V.D. Alekseev?, A.N. Meleshko?,
A.1. Mitichkin?

Institute for Scintillation Materials of NASU, Kharkov, Ukraine,
shpil@isc.kharkov.com
! Tomsk Polytechnic University, Tomsk, Russia, yak999@rambler.ru
2 Institute for Scintillation Materials of NASU, Kharkov, Ukraine, ale-
kseev@isma.kharkov.ua

It is known [1] that CsI and CslI:Tl crystals containing both hydroxide
and carbonate impurities are highly prone to radiation damage which, how-
ever, can be dramatically reduced by Na* ions. The aim of this study is to ex-
amine the function of CO5%>" and OH ions in color center formation as well as
the function of Na" ions in hardening of these crystals against radiation dam-
age.

Three samples Csl, Csl:1.0-10% mol% TI and Csl:1.0-102 mol% Na
containing no less than 1-10* mol% of OH" ions and about 8-10° mol% of
CO4” have been investigated. By comparison of absorption vibration spectra
of the crystals we have found that Csl has four vs-vibration bands of CO5*>
ions at 1355, 1365, 1385, 1410 cm ™, Csl:TI has two more at 1330 and 1440
cm*, and Csl:Na has only one band at 1450 cm™. The bands at 1355, 1365,
1385, 1410 cm* are caused by CO;>-v," dipoles which are found amidst lat-
tice ions in Csl: Tl crystal. Both bands at 1330 and 1440 cm™ are attributed to
CO,> ions under perturbation of TI" ions, and the band at 1450 cm* caused
by COs* ions under perturbation of Na* ions, which means that all CO3*
ions are found near activator ions in Csl:Na unlike Csl:TI.

After irradiation of CsI and Csl:Tl, the intensity of the bands at 1355,
1365, 1385, 1410 cm* drops down with arising of bands at 1223, 1315, 1679
cm ™ attributed to HCO;™ in both crystals and two more unknown bands at
1300 cm™ and 1500 cm™ in Csl(TI). As for the vs-bands at 1330 and 1440
cm* in Csl:Tl as well as at 1450 cm ™ in Csl:Na , their intensity remains un-
changed after irradiation. No more bands have been observed in the spectra
of vibration absorption and electron absorption of Csl:Na, though the bands
attributed to F- and TI%," centers arise in the spectrum of irradiated CsI and
Csl:TI, respectively.

The suggested mechanism of radiation damage of Csl is as follows:
CO5* ion, which is found amidst lattice ions, captures a mobile hole and

52



15" RPC

turns into CO5 radical, while v," captures a conduction electron and turns in-
to F- center. Then CO;3 radical turns into a HCO; by capturing an interstitial
hydrogen H;°, which arises owing to OH" ion dissociation caused by irradia-
tion, otherwise COs radical turns back into COs> due to electron tunneling
from F-center.

In Csl(TI), the number of TI" ions is overwhelmingly bigger than that of
anionic vacancies originated by CO3> ions. Therefore only TI* ions capture
conduction electrons, turning into TI° centers. When CO3* turns into either
COj3; or a HCOj3 radical, anionic vacancies begin to move towards negatively
charged TI° centers, resulting into stable TI1%," centers. We attribute the
bands at 1300 cm ™ and 1500 cm ™ to CO; radical. Similar bands with maxi-
ma at 1300 cm* and 1494 cm ™ are also observed in the vibration absorption
spectrum of isolated CO; radical anions [2]. Once TI" ions are found near
CO4” ions, they capture holes, resulting into Vs or TI* centers, preventing
CO5 from formation.

In Csl:Na, all CO5* ions are found near Na* ions which intercept holes,
giving rise to Via centers. The latter prevents CO3> ions from turning into
either CO; radicals or HCO; ions.

[1] L. N. Trefilova, A. M. Kudin, N. N. Kosinov, et al. Role of sodium
in radiation defect formation in Csl(TI) crystals // Rad. Measur., 2001, V.32,
pp.688-692.

[2] E. J. Marilyn, , E. Dolphus, E. Milligan. Matrix-isolation study of
the vibrational spectrum and structure of the CO; radical anion // J. Mol.
Spectrosc., 1974, V.52, pp. 363-379.

LUMINESCENCE AND DOSIMETRIC PROPERTIES
OF THE (Er* ,Dy*"):YAG CRYSTALS

M.1. Vlasov?, A.1. Surdo®?, I.1. Milman?, V.1. Solomonov?, A.V.
Spirina®

! Institute of Industrial Ecology, UB RAS, Yekaterinburg, Russia
? Ural Federal University, Yekaterinburg, Russia
*Institute of Electrophysics, UB RAS, Yekaterinburg, Russia

Investigations of the radiation and optical properties of the yttrium alu-
minium garnet (YAG) crystals activated by the trivalent erbium and dyspro-
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sium ions were held. Besides, there was done comparative analysis of the
dosimetric and luminescence properties of the studied samples and TLD-
500K detectors based on anion-defective corundum.

In the study of the impulse cathodoluminescent spectrum (ICL) it was
found that the most intense luminescence of the (Er**,Dy*"):YAG crystals is
observed at the visible range of spectrum, less intense — at the IR- and UV-
ranges. It was shown that the thermoluminescence (TL) curves of the
(Er’* Dy*"):YAG samples measured at a wide spectrum range 200-800 nm
have a simple form with a single peak centered at 170 °C which thermo acti-
vation processes can be presented by a monomolecular kinetic very well.
More over, it was found that a slight deposit into a luminescence yield near
126, 170 and 255 °C gives UV-emissions that were also detected in the TL
and ICL spectrums.

The fading of the irradiated (Er**,Dy**):YAG crystals due to storage un-
der the light and in the dark was studied. It was found that under the influ-
ence of daylight half of TL yield stored due to irradiation is lost within 20
minutes.

Continuous wave optically stimulated luminescence (CW-OSL) decay
curves were studied using white and blue (470 nm) LEDs. The received
curves with high accuracy can be presented by the sum of two exponents.
The most significant deposit into the OSL yield gives the slow component
while stimulation is done by the blue LED, and the fast component while
stimulation is done by the white LED. Using of the white LED give some ad-
vantages in comparison with the blue LED, namely reduction of the meas-
urement time, increasing of the OSL yield and of the initial intensity.

By the comparative studies of the TL, OSL and dose-response depend-
ences of the (Er**,Dy*):YAG crystals with TLD-500K detectors it was
shown that YAG samples doped with RE- elements can be referred to a
promising TL- and OSL-dosimetry materials. It was determined that at a dose
range 102 — 1 Gy TL and OSL responses of YAG samples with prescribed
concentrations of Er** and Dy** ions are two orders of magnitude lower than
TLD-500K.

Research was supported by RFBR (grants Ne 10-08-96045, 10-08-
0078a) and UB RAS (projects Ne12-U-2-1032, 12-2-003-YC).
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LUMINESCENCE OF Lig(Gd,Y)(BOs)s:Ce FIBERS

D. O. Vostrov, I. N. Sedunova, I. N. Ogorodnikov, V. Yu. lvanov

Ural Federal University, Yekaterinburg, Russia, qipgup@yandex.ru

The Ce-doped lithium lanthanide borates present a class of new scintil-
lators. The Lig(Gd,Y)(BO3)s:Ce incorporate the popular neutron absorbing
nuclei with high cross-sections (B, Li and Gd) and consequently it is consid-
ered as a potential material for thermal neutron detection. The investigation
of scintillation characteristics of LGBO:Ce materials in bulk or powder forms
was carried out early [1-2]. The present work is devoted to studying the re-
combination processes in fibers at VUV and soft X-Ray excitation.

Lig(Gd,Y)(BOs)3:Ce were produced using micro pulling down method at
Universite Lyon 1 (Lyon, France) at argon atmosphere. Luminescence spec-
tra and luminescence excitation spectra were measured on BW3 channel of
DORIS synchrotron and SUPERLUMI station (HASYLAB, DESY, Ham-
burg).

The luminescence spectra are characterized by the presence of two
bands — narrow peak at 3.97 eV associated with gadolinium emission and
wide band at 2.8-3.2 eV related to 5d—4f electron transitions in cerium. The
luminescence spectra are not elementary ones and it testifies to the presence
of different emission centers. The profile of these spectra depends on excita-
tion energies that can indicate on the different mechanisms of energy transfer.
In luminescence excitation spectra of fibers we have observed the dips at
148 eV and 193 eV related to N-edge of gadolinium ions absorption and K-
edge of boron ions absorption respectively. The decay time of cerium lumi-
nescence is not elementary and includes the short component. We discuss in
the paper the peculiarities of electron excitations dynamics and recombina-
tion processes in fibers that explain the experimental data.

[1] J.B. Czirr, G.M. MacGillivray, R.R. MacGillivray et al. Nucl. Instr.
and Methods in Phys. Res. A 424, 15 (1999).

[2] I.N. Ogorodnikov, V.A. Pustovarov, S.I. Omelkov et al. Optics and
Spectroscopy 102, 60 (2007).
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KINETICS OF SHORT-LIVING OPTICAL ABSORPTION IN
BINARY LEAD SILICATE GLASSES

I. S. Zhidkov, A. F. Zatsepin, A. |. Kukharenko, V. Yu. Yakovlev!,
S. O. Cholakh

Institute of Physics and Technology, Ural Federal University,
Yekaterinburg, Russia, i.s.zhidkov@ustu.ru
! Institute of High Technology Physics, Tomsk Polytechnic University,
Tomsk, Russia

Lead silicate glasses are widely used as optical media, radiation-
resistant materials, and emission-active elements of optoelectronic converters
such as microchannel plates, secondary-electron multipliers of charged parti-
cles, and ionizing radiation detectors. To optimize the electronic and optical
properties requires a detailed study of both the initial non-irradiated glasses
and samples exposed to radiation fields, including the effects of pulsed accel-
erated electron beams.

Unstable color centers produced on commercial flint glasses by pulsed
electron beams effects were investigated in [1]. The objects of study in this
work were glass with a relatively low content of lead oxide. At the same
time, for a detailed understanding of the formed short-lived centers nature is
necessary to investigate the glass in a compositions wide range. The aim of
this work was to investigate the nature and dynamics of unstable color cen-
ters in the whole glass formation region, including the glass with the inver-
sion-range order [2].

In this work the methods of pulsed absorption spectroscopy at liquid ni-
trogen temperatures were used to study the optical properties of xPbO-(1-
X)SiO, glasses (25 < x < 75) produced by cooling of a molten mixture of
chemically pure oxides. Analysis of short-living optical absorption spectrum
shows the presence of elementary bands at 1.65 eV and 2.3 eV. In low-lead
samples (PbO <50 mol%) is dominated by absorption at 2.3 eV. Increasing
lead oxide concentration leads to an increase in optical density of 1.65 eV.
Found that lowering the temperature to 80 K leads to a decrease in optical
density. Decay kinetics of the optical density (2.4 eV band) is non elementary
and represent the sum of fast and slow components. The slow component is
well described by a hyperbolic dependence, typical for the process of tunnel-
ing recombination. Rising concentrations of PbO leads to a decrease in the
rate of recombination processes. In high-lead glasses (PbO> 50 mol%)
change in the characteristic decay time of the optical density with increasing
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content of lead oxide is different from the analogous dependence for low-lead
samples.

The established regularities are interpreted on the basis of a model that
takes into account the inversion of the short-range order. It is shown that the
transient optical absorption due to the formation in the localized states tails of
the so-called "amphoteric» (Pb>*)/h* and (Pb**)/e” centers, the ratio between
which depends on the nature and geometry of the structural motifs of glass.

[1] V.I Arbuzov, A.O. Volchek, A.l. Gusarov et al. Journal of Optical
Technology 71 (2004) 111.

[2] A.F. Zatsepin, A.l. Kukharenko, D.A. Zatsepin et al. Optical Materi-
als 33 (2011) 601.

THE CRYSTAL STRUCTURE of DINITIDE-NITRIDE
N>MN (M: Cu, Ag)

J.N. Zhuravlev*, V.M. Lisitsyn, E.Ju. Morozova

National Research Tomsk Polytechnic University, 30, Lenin av.,
634030, Tomsk, Russia
*Kemerovo State University, 6, Red st., 650043, Kemerovo, Russia

The compounds of copper, silver with nitrogen have been researched
with the first-principle linear combination of the atomic orbitals in full-
screen basic with the local gradient and hybrid potential of the density func-
tional theory realized in the CRYSTALO9 program code. The structural
N,MN (M: Cu, Ag) dinitride-nitride phase having an orthorhombic structure,
the spatial group of the Ibam symmetry and four formula units in the primi-
tive cell that have not been reported in any literature before has been found.
The structure was found to be layered, the metal atoms are linearly circled by
the nitride N atoms, whereas, the two other atoms make a molecule with a
small negative charge of ~0.02 e. The volume elastic modules in N,CuN,
N>AgN crystals are equal to 4.3 and 6.6 GPa, respectively, and their pressure
derivatives are equal to 6.7 and 5.3, respectively. The estimations of the en-
thalpy energies show that N,MN possess large energy content and in its de-
composition to metal and gaseous nitride the energy release can make the
value of the order of 8 eV/cell, which appears to be higher than that in the
known metal azides. Thus, the new structure of the dinitride-nitride N,MN
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combines the properties of molecular and semiconductor crystals: high com-
pressibility and strong mechanical anisotropy, localized vacant states found
in the zone spectrum, and small width of the band gap. The unique physical
properties can insure their application, as energy materials and as the source
of chemically pure nitride and in semiconductor and optical material science.
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INITIATION OF PENTAERYTHRITOL TETRANITRATE
MONOCRYSTALS BY IMPULSE BEAM OF ELECTRONS

B.P.Aduev, G.M.Belokurov, S.S.Grechin, 1.Ju.Liskov

Institute of coal chemistry and material science SB RAS,
Russia, Kemerovo
lesinko-iuxm@yandex.ru

Results of measurement of knock and spectral-kinetic values of explo-
sive luminescence and optical absorption of pentaerythitol tetranitrate
(PETN) monocrystals initiated by impulse beam of electrons (0.25 MeV, 20
ns, 15 J/cm?) are surveyed.

Spatial and dynamic picture of luminescence under explosion of PETN
monocrystals with the thickness 1-1.5 mm was measured by using streak-
camera “Vzglyad-2A”. It is discovered under impact of electron beam with
energy density 15 J/cm? shock wave spreads from irradiated part of crystal.
When it is reflected from rigid barrier, on the back side of the crystal appears
a detonation wave which spreads to the side of irradiated area with the ve-
locity 8000-8500 m/s. When there is no a rigid barrier, detonation is not ob-
served (under energy density 40 J/cm?), but there are electric disruption, fore-
explosive luminescence and explosive of irradiated crystal area. Spectral-
kinetic values of explosive luminescence, optical absorption of PETN
monocrystals and luminescence of explosion products are measured with us-
ing polychromator coupled with streak-camera. In the spectrums of crystal
luminescence at the radioluminescence stage excitons (3.1 eV), NO,-radicals
(2.4 eV) and, presumably, NOs-radicals (1.5 eV) are observed. At the detona-
tion stage band 1.5 eV is dominated one. At the moment of electron beam
Impact in the absorption spectrums NO, and NO;-radicals are observed.

As a conclusion it can be noticed mechanism of detonation initiation is a
shock-wave type. The action of electron beam results in threshold crossing in
the irradiated layer and as a result of that initiation of exothermic reaction.
Gain shock wave is formed as a result of beam energy absorption and heat
generation of chemical reaction. Apparently reaction initiation relates to tear-
ing away NOs-group from PETN molecule.
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LASER INITIATION OF PENTAERYTHRITOL
TETRANITRATE WITH ADDITIVES OF ALUMINIUM AND
ALUMINA NANOPARTICLES

B.P. Aduev, D.R. Nurmukhametov, R.I. Furega

Institute of coal chemistry and material science SB RAS,
Russia, Kemerovo
lesinko-iuxm@yandex.ru

Dependences of explosive probability under impulse laser exposure
(1064 nm, 12 ns) of pentaerythritol tetranitrate (PETN) with the density
p = 1,73 g/sm® with various content of aluminum nanoparticles were investi-
gated. Particles size in the maximum distribution is 100nm, content of active
Al in a particle is 73% mass and 27% Al,Oz;. It was observed the more sensi-
tivity (He = 1,75 J/sm?) is achieved when optimal concentration of nanoparti-
cles is 0.1% mass. At that mixture sensitivity to the laser initiation rises in
100 times in comparison with the same for samples without nanoparticles.
For clearing of influence of dispersion and absorption of radiation by nano-
particles the following experiments were realized. PETN explosive decompo-
sition threshold was measured. Optimal concentration of nanoparticles with
various content of active aluminum in a particle within 71%-0% (Al,O3) was
used. This variance of active aluminum content was obtained by annealing of
initial particles up to various oxidation rates. Al,O3 particles are transparent
for laser radiation and in this case only effects of radiation dispersion can in-
fluence to threshold of explosive decomposition. It is showed the observed
effect of falling of PETN explosive decomposition threshold is based mainly
on presence of particles with high concentration of active aluminum. This
fact results in the conclusion that as a result of radiation absorption there is
heating of nanoparticles with forming focuses of chemical decomposition
about a “hot-point”, and dispersion effects play sidetrack.
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COMPARATIVE ANALYSIS OF THE ENERGETIC
MATERIALS EXPLOSION PROCESS’S CHAIN AND
THERMAL MECHANISMS

M. V. Ananyeva, V. G. Kriger, A. V. Kalenskii, A. A. Zvekov?,
A. P. Borovikova, E. A. Grishaeva, I. Yu. Zykov

Kemerovo State University, Kemerovo, Russia, kriger@kemsu.ru
! Institute of coal chemistry and materials science, Kemerovo, Russia,
Zvekov@gmail.com

Chain and thermal mechanisms of the energetic materials’ explosive de-
composition have the same nature since the source of energy is chemical re-
action. Because of this some experimental data can be explained in terms of
thermal and chain model at the same time. But in case of chain nature the ac-
tive particles’ concentration considerably exceeds thermodynamic average
value for this temperature, in case of thermal model the concentration is near
to the thermodynamic average concentration. This difference defines what
kind of experiments should be carried out to choose one of the models as the
best fitted to describe the explosive decomposition process:

- Controlled inclusion of impurities in the sample and further determina-
tion of the impurities’ influence on the critical parameters and the explosive
decomposition kinetics. In case of the chain explosion initiation mechanism
critical energy is more sensible to the concentration of impurity, which gives
an energetic level near to the band gap center (for example, a few-atomic
metal clusters) — chain termination centers. This impurities cause the decrease
of the sensitivity to the laser pulse action. In case of thermal initiation mech-
anism the sensitivity to the irradiation can be achieved if the impurities’ Sizes
are 10-100 nm. These impurities absorb well irradiation and act as heating
centers and form the initial reaction centers.

- Size effects investigation: critical energy density dependence on the
crystal size and impulse’s diameter in case of laser initiation. As soon as typi-
cal electron excitations’ diffusion coefficients exceed in 2-3 times the thermal
conductivity value the regions of the size effects for the chain and thermal
explosion are different.

- The explosive decomposition process wave space-time characteristics
in the energetic materials. The propagation velocity, weight on the half-height
on the front and on the bottom of the reaction edge, their dependences on the
impulse parameters and crystal characteristics differ considerably (in 2-5
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times) according to the calculations in terms of chain and thermal explosion
model.

Comparison of the calculation with the experimental data made it possi-
ble to conclude that in case of laser initiation silver azide’s explosive decom-
position is caused by the solid state branched chain reaction. Explosive de-
composition of the brisant explosives, which contain nanosized inclusions,
could be explained in terms of the thermal explosion model. Authors thank
the Russian Foundation for Basic Research for financial support (Ne 11-03-
00897).

IMPACT OF HIGH INTENSITY FS AND NS OPTICAL PULSE
EXPOSES UPON DOPED GASE

V.V. Atuchin®, S.V. Alekseev?, Yu.M. Andreev®, K.A. Kokh?,
G.V. Lanskii®, V.F. Losev*®, D.M. Lubenko?, Yu.N. Punchenko®,
A.V. Shaiduko®, V.A. Svetlichnyi®

'Semiconductor Physics Institute of SB RAS, Novosibirsk, Russia
2High Current electronic Institute of SB RAS, Tomsk, Russia
*Institute of Monitoring of Climatic and Ecological Systems of SB RAS,
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*Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia
*Siberian Physical-Technical Institute of Tomsk State University,
Tomsk, Russia
®High Current Electronic department of Tomsk Polytechnic University,
Tomsk, Russia

Doped GaSe are the efficient media for THz generation by different
technique. We grown GaSe crystals doped with isovalent element (Al, S, In,
Te, Er) in two-zone vertical furnace by Bridgman technique and studded
them to reveal potentials for THz generation under fs Ti:Sapphire laser (0.95
um) and OPG system (1.1-2.9 um), 40-50 ns TEA CO, (9.2-10.8 10,6 pm)
and 250 ns Er¥":YAG (2.79 um) laser pumpings. To characterize quality of
output THz beams versus pump intensity we first studded impact of high in-
tensity pulse exposes upon doped GaSe by transmission measurement and
microscopy. Both different nature and common features were established in
the crystal damage processes under the studded pump. In low quality crystals
first local surface craters and gaps between layers (in bulk) appeared under
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the fs pump at the location of second phase inclusions whose size is compa-
rable with or exceed the pump wavelength. Much lager (close to and lager
than beam cross section) size gaps appeared at the locations of already exist-
ing small size local gaps. At higher pump intensity the local damages are
growing up in size on the lone of extending area of black color substance.
Small (sub-pm) thick black color substance layer was identified as Ga,Se;
appeared during cooling (re-crystallization) the heated area. Further increase
in the pump intensity leaded to Ga,Se; rejection in the central part that show
not damaged surface features (dislocations, broken layers). This process does
not change transparency and can be multiply repeated by pump intensity var-
lation down and back. Finally, further increase in pump intensity is resulted
in Se evaporation, Ga,Se; and rest Ga balls formation on the crystal surfaces.
Last process makes crystal not transparent, i.e. real damaged. In high quality
crystals only Ga,Se; formation process was observed. Under TW/cm? pulse
intensity we observed result of strong thermal strike on the sub-um surface
layer. Under the ns pulse pump in high quality crystals sub-um and even
nano sized inclusions were heated and surrounded by Ga,Se; regions that
grow up in size with pump intensity till formation bulk region of Ga,Ses. Due
to comparative time constants of heat process in doped GaSe and pulse dura-
tion the damage volumes were mm-depth and exceed pump beam diameter in
size. The difference in pump intensity in S-doped and other crystals was
found due to difference in two-photon absorption.
Acknowledgment: Presidium SB RAS in the frame of Interdisciplinary

Integrated Project No.46 of 2012 and RFBR Grant Ne 12-08-00482.

GENERATION OF LASER LINES AND NON-LINEAR SELF-
ADDITION THEIR FREQUENCIES AT POWERFUL ELECTRON-
BEAM PUMPING OF ER:BAY,Fs CRYSTALS

V.I. Baryshnikov*?3, V.V. Krivorotova®

"Irkutsk State Railway University, Irkutsk, Russia.
“Irkutsk Filial of Laser Physics Institute at SB RAS. Irkutsk, Russia.
3Applied Physics Institute of Irkutsk State University, Irkutsk, Russia
E-mail: vibh@rambler.ru.

Oxide (Er:Y3Als05,, Er:YzAls0y,, Er:-YAIO;) and fluoride
(Er:BaY,Fs, Er:YLIiF,, crystals (concentration of Er®*0,1-1.0 wt. %) are in-
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vestigated as potential laser medium. The cathode luminescence (CL) of Er**
lines in these crystals at 300 K are excited by powerful nanosecond electron-
beams (250 keV; 0,5 — 2,0 kA/cm?; 5 ns). Experimental results shown on
high yield luminescence lines: infrared (IR) — (1230 nm, 1650 nm, 2740 nm
and 2900 nm), green (541 nm, 553 nm) and red (655 nm, 700 nm). The spec-
tral distribution of green, red and IR lines of CL correspond to the known
radiative electron transitions in Er®* ions [1]. In these crystals the yield () of
Er** CL achieves ~10 % at concentration of Er** ~ 0,1 wt. % [2]. Analysis of
the results for these crystals shown that hot electrons and holes are interact
with impurity Er¥*defects at the efficiency on two orders higher then with
regular nodes of lattice. The difference of electron structures of intrinsic Y**
— 4p® and impurity Er** — 5p°ions explains the high yield of the IR, green and
red Er** emission. This means that in vicinities of impurity defects a poten-
tial of crystalline field U*, formed mainly by p-subgroups of valence shell of
impurity Er’* ions as a function from (r + a) is irregularity, principle of
Bloch is violated and the hot electrons and holes effectively send the energy
to the impurity Er¥*defects on reactions [2]: Er**+ ¢ — (E/*") — E/** +
e’ — EX'+h — EX*"and Er*+ h— B +e—>(Er3+)* — Er¥* +hvgps.

The produced results show an possibility of generation of laser radiation
in Er:BaY,Fg crystals at powerful nanosecond electron-beam pumping. In
these experiments the small-sized high-current electron-beam accelerator was
used with low-inductance cryostat, containing precision system positioning
of the totally reflecting aluminum mirror in the open resonator adjusted on
full internal reflection of light from the surface of Er:BaY ,Fg crystal pumping
by high-current electron-beam. At nanosecond electron-beam pumping of
Er:BaY,Fg crystal (concentration of Er** ~1 wt. %) on current density > 1,0
kA/cm® the generation of IR (1650 nm, 2740 nm) red (655 nm, 700 nm)
green (541 nm and 553 nm) blue (449 nm, 456 nm) and violet (407 nm, 414
nm) lines of laser radiation was achieved. Observation was produced by sys-
tem, structure of which contains spectrograph - grating polychromator and
color CCD matrix. The separating 4 %-glass plate with p-i-n photodiode and
oscilloscope were used for kinetic measurements.

At powerful nanosecond electron-beam pumping of Er:BaY,Fg crystals
the lines of laser radiation in violet - 407 nm, 414 nm and blue - (449 nm,
456 nm) spectral ranges are not correspond to known radiative electron tran-
sitions in Er¥‘ions [1]. The analysis has shown, that on high-current electron-
beam pumping of Er:BaY,Fg crystals the lines of laser radiation at 407 nm,
414 nm and 449 nm, 456 nm are formed by non-linear self-addition of fre-
guencies of complicate green laser lines at 541 nm and 553 nm according to
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frequency of a laser line at 1650 nm and line at 2740 nm.

[1]. A.A. Kaplyanskii. Spectroscopy of crystals, Nauka, 1983. 232 p.
[2]. V.l. Baryshnikov, V.V. Krivorotova. Phys. Stat. Sol. (Rus),
2008,V.50, N9, P.1600-1602.

THE TIME-SPACE PARAMETERS OF THE EXPLOSIVE DE-
COMPOSITION OF ENERGETIC MATERIALS MOVING REAC-
TION WAVE

A. P. Borovikova, V. G. Kriger, A.V. Kalenskii,
M. V. Ananyeva, A. A. Zvekov'

Kemerovo State University, Kemerovo, Russia, kriger@kemsu.ru
! Institute of coal chemistry and material science, Russia,
Zvekov@gmail.com

The objective of the present paper is theoretical and experimental study
of explosive decomposition reaction propagation in silver azide crystals.

A special experimental cell was used for the front velocity propagation
measurement in the sample. The space parameters of the moving reaction
wave were determined with three developed methods:

1. Estimation of the wave width using the time, which the reaction needs
to pass over a graduated hole in the basement.

2. Reducing of the spatial distribution of the irradiation intensity in the
reaction wave. The wave form is approximated by an expression containing a
set of parameters that are determined by experimental kinetics and the theo-
retical one fitting.

3. The third approach consists in the experimentally obtained glow ki-
netics transformation into the reaction wave profile by an integral operator,
which is determined by the hole’s shape in the cell.

The average space characteristics of the reaction wave in silver azide
crystals initiated by a laser pulse were received. The rising edge width at half
maximum is l; =110 + 10 um, the falling edge width at half maximum is
I, =120 + 20 um, the full wave width at half maximum is 230 = 30 um.

It is shown that the velocity of the silver azide explosion wave propaga-
tion initiated by neodymium laser pulse depends on the sample cross-section
gradient. If the reaction wave propagates along the direction of cross-section
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decreasing the wave velocity is greater than in samples with constant cross-
section. If the wave propagates along the direction of increasing cross-section
it has less velocity than in an ordinary sample.

The model of branch-chain solid-state reaction propagation was sug-
gested. It is assumed that the electron excited reaction products’ deactivation
in the crystal lattice leads to generation of electron excitations (chain carriers)
not only in the reaction area but also in its vicinity.

The time-spatial parameters of the explosive decomposition reaction
wave in silver azide were calculated in terms of the model. It was shown that
the suggested model describes a number of modes including the autowave
mode of the reaction propagation. The calculated values of reaction wave
widths and velocity are in fare agreement with the experimental ones.

Authors thank the Russian Foundation for Basic Research for financial
support (Ne 11-03-00897).

SOME PROGRESS IN EXPERIMENTAL CHARACTERIZA-
TION OF CHARGE TRANSPORT AND TRAPPING IN INSULA-
TORS ASSOCIATED WITH SECONDARY ELECTRON EMISSION

G.Damamme, K. Zarbout!, G. Moya?, A. Si-Ahmed?

CEA-DAM, Bruyere-le-Chatel 91297 Arpajon cedex, France,
gilles.damamme@cea.fr
'LaMaCoP, Université de Sfax,BP 1171, 3000Sfax, Tunisie,

zarboutkamel@yahoo.fr

2Im2np, Université d’Aix-Marseille, 13397 Marseille cedex 20, France,
gerard.moya@im2np.fr

2Im2np, Université d’Aix-Marseille, 13397 Marseille cedex20, France,

abder.siahmed@gmail.com

The charging of insulators is a well-known phenomenon which can have
inauspicious consequences. It appears notably when mater is subject to an
energetic beam, for example an electron beam.

This phenomenon can be precisely studied with an electronic micro-
scope where we can modify the energy of the primary electron beam as their
focalization. Secondary electrons created by the interaction of the primary
electron beam with matter can be emitted at the sample surface. Sample can

66


mailto:gerard.moya@im2np.fr
mailto:abder.siahmed@gmail.com

15" RPC

then acquire a global charge (electrons or holes trapped) which will modify
further secondary electron emission.

Using a focused beam enables one to exacerbate electron field effects
and to create micro-breakdowns. On the other hand using low intensity defo-
cused beam permits to work with a plane geometry, easier to analyze.

The essential information given by such experiments is the evolution of
secondary electron emission (SEE) yield as time elapse or more precisely as
charges are injected. It happens that a better parameter is the quantity of
trapped charges per unit surface preferentially to the quantity of injected pri-
mary electrons.

For a large variety of materials (ceramics, glasses, polymers), the evolu-
tion of secondary electron emission and trapping is the same (inbroad lines)
in the diagram log SEE yield — total trapped charge per surface unit. This di-
agram presents first a plateau followed by a quasi linear decrease (or in-
crease) to a stationary state (in mean one out coming secondary electron for
each incoming primary electron).

We present these diagrams for different materials with different impuri-
ty contents and different energies of primary electrons.

The initial value of SEE yield have been extensively studied and de-
pends on a great number of parameters (energy of the incident electron beam,
purity of the material, crystallographic orientation of the surface (for mono
crystal as MgO).

The length of the plateau is also dependent on a great number of param-
eters, the previous one and also the extraction electric field used to prevent
the coming back of the emitted secondary electrons towards the sample.

Incontrario the final slope proved to be independent of these various pa-
rameters, being only dependent on the material. We will comment that fact
(as the other dependencies, initial value of SEE yield, length of the plateau).

Thisslope is different if the sample is globally positively or negatively
charged. We interpret it as related to the elementary cross section of holes or
trapping sites. That could be deduced by dimensional analysis or also de-
duced analytically from a simple modeling.

Altogether, a complete modeling able to simply describe (i.e. with a
few number of parameters adapted to the few number needed to parameter
the experimental results) the whole curve: a plateau followed by a quasi line-
ar decrease, is always waiting to be forged.
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THE TRANSITION FROM SLOW DECOMPOSITION PROCESS
INTO THE SELF-ACCELERATED MODE IN THE ENERGETIC
MATERIALS

E. A. Grishaeva, A. V. Kalenskii, A. A. Zvekov', V. G. Kriger,
M. V. Ananyeva, O N. Kolmogorova

Kemerovo State University, Kemerovo, Russia, kriger@kemsu.ru
! Institute of coal chemistry and materials science, Kemerovo, Russia,
Zvekov@gmail.com

In the present paper the kinetics from slow into self-accelerated energet-
ic materials’ decomposition transition is simulated. The model combines pro-
cesses which were researched earlier separately (thermo, photo-, radiochemi-
cal and explosive decomposition):

- Electron-hole pairs generation by incident irradiation and chemical re-
action.

- Reaction in the anion sublattice has two stages. The first one is two
holes’ localization on a cation vacancy with Ng complex formation, the se-
cond stage is Ng complex dissociation into molecular nitrogen with releasing
of a substantial amount of energy.

- Metal nanoclusters, growing according to the Mitchell’s mechanism,
participate in electron-hole recombination process.

The final product of the cation sublattice decomposition is thought to be
5-atom cluster; the 4-atom cluster is a center of electron and hole’s recombi-
nation.

The deactivation of electron-excited nitrogen molecules in the silver az-
ide matrix mechanism was studied; the rate constants of deactivation with
electron-hole pair generation, energy transfer to a hole in the valence band
and a pair of Frenkel’s defects generation were estimated. The model pa-
rameters were précised with experimental data on thermolysis and ionic con-
ductance temperature dependences at elevated pressure.

The model analysis allowed to determinate the boundaries of steadiness
where the sample decomposes in the steady state regime; evaluate the condi-
tions of the explosion propagation in accordance with heat and chain mecha-
nisms. A special program complex for the kinetics analysis and simulation
was made. The complex was used to calculate kinetic curves of initial, inter-
mediate and final products of decomposition (22 species) in terms of full and
reduced reaction mechanism; to calculate reaction rate and reaction products
concentration in the steady state; to evaluate the explosion induction period.
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The kinetics of silver azide decomposition under different heating rates was
calculated; the conditions of self-acceleration decomposition unset under dif-
ferent heating and irradiation conditions were determined.

It was shown that the induction duration decreases when the temperature
Increase. Activation energy for the temperature range 500 - 600 K is
1.37+£0.02 eV. At higher temperatures the activation energy decreases to 0.2
eV. There is no stage of the substance heating in this temperature range and
the chain carrier’s concentration exceeds the equilibrium one which witness-
es the chain nature of the explosion.

Authors thank the Russian Foundation for Basic Research for financial
support (Ne 11-03-00897).

LOW-TEMPERATURE STUDY OF MAGNETIC SUSCEPTIBIL-
ITY INNONSTOICHIOMETRIC TITANIUM CARBONITRIDE

Ismatov N.B., Tashmetov M.Yu.

Institute of Nuclear Physics, Tashkent, Uzbekistan, mannab@inp.uz

It is known that magnetic susceptibility values of carbides and nitrides
are less in comparison with the magnetic susceptibility of their metals. It is
caused by a low electron density of carbides (nitrides) than metals. The pres-
ence of a wide homogeneity  ,, 4o°
region and existence of vari-
ous crystal structures signify
that the magnetic susceptibili- 6,0
ties in titanium carbides and 5.5
nitrides depends from content
and on character (ordering,
disordering) of the carbon 4,5
(nitrogen distribution in crys- 40
tal lattice. The magnetic sus-
ceptibility of the 1l -1V 38
group transition metal (Ti, Zr, ; T T T T TR T
the V, Hf, Nb, Ta) carbides T, (K)
and nitrides are studied gen-
erally in stoichiometric com-
position samples and at high
temperatures with exception
of some papers.

6,5

5,0

%, (emu/m)

Fig.1. Magnetic susceptibility in TiCg47Ng.g
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In the present work a study is carried out the magnetic susceptibility in
titanium nonstoichiometric carbonitride from room temperature up to 2 K at
4 T magnetic field strength on the Model 6000 PPMS (Quantum Of design,
USA) calorimetric facility. Facility is supplied by package program on con-
trol of experiment at temperature region 350 K - 0.4 K. The temperature sta-
bility is £0.2% at T<10 K and 0.02% at T>10 K.

As titanium carbonitride was used TiCq47No29 Which prepared by self-
propagating high-temperature synthesis method. The sample annealed at
1200 K - 850 K temperature region for 180 hours at high-temperature vacu-
um furnace for achievement of homogeneous and ordered state. X-ray dif-
fraction study is showed that the sample is homogeneous. The existence of
reflex at small angle testifies that TiCg47Ng . is ordered.

The results of low-temperature magnetic susceptibility in TiCg47Ng 2o are
given at Fig.1.

The temperature dependence of TiCg4,Ngoo Magnetic susceptibility has
linear character (Fig.1.). However, the magnetic susceptibility is high of tita-
nium carbonitride in comparison with titanium carbide. At substitution a part
of carbon atoms by nitrogen atoms the magnetic susceptibility increases
through additional valence electron collectivization of the nitrogen atom
which is caused of increase of electronic states density at the Fermi level.

The present work is supported by National Scientific Fund of Switzer-
land (SCOPES) Ne IB7420-110849).

THE CRITERION OF INITIATION FOR EXPLOSIVE MATE-
RIALS WITH THE FUSING TEMPERATURE THAT IS LESS THAN
THE IGNITION TEMPERATURE BY THE SHORT LASER BEAM

A. V. Khaneft, E. V. Duginov’, V. A. Dolgachev?, G. A. lvanov®

Kemerovo, Russia, khaneft@kemsu.ru
! Kemerovo, Russia, dugi_evgen@ngs.ru
? Kemerovo, Russia, vadimdolgachev@gmail.com
3 Kemerovo, Russia, indosjon@mail.ru

The criterion of initiation for explosive materials with the fusing tem-
perature that is less than the ignition temperature by the short laser impulse
has been determined:

J:l(l'm—To)[aJrﬂ]’W*:CP(rm—To)Jr PH;
KgTh F(y) 2 a(l-R) a(l-R)

2,0K, exp(— .
0
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where 1., is the critical temperature ignition; T, is the initial tempera-
ture; z; is the thickness of the reacting volume; q, k,, E are the reaction
heat effect and the pre-exponential factor of the decomposition reaction and
activation energy of the decomposition rate, respectively; A, C are the heat
conductivity coefficient and heat capacity of the material; p is the density of
the material; kg is the Boltzman constant; o is the absorption coefficient; R
Is the coefficient of reflectance; H: is the latent heat of fusion; w™ is the crit-

ical energy density of the laser pulse; r, is the characteristic radius of the
beam; F(y) ~1.
This criterion enables to explain the experiments of initiation of

PETN from the open surface by laser impulse in the area of the sample trans-
parency that depends on the diameter of the light beam [1]. The calculations

coincided with the experiment results, where «=0064 cm™, and Fresnel re-
flection coefficient

n—-1\°
R = RF :(nj 20,036,
+

where n =147 is the coefficient of PETN refraction.

The criterion conforms to the results of the numerical solution of the
thermal conduction equation in the cylindrical coordinate system. The influ-
ence of the burning and the parameters of autocatalysis reaction (the factor of
frequency and the activation energy) on the time of delay and the threshold of
PETN ignition by laser impulse has been analyzed.

[1]. A.l. Bykhalo, E.V. Zhuzhukalo, N.G. Koval’skii, et al. Fizika
Goreniya Vzryva. V. 21, No. 4, 110 (1985).
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RADIATION-THERMAL MECHANISM OF INITIATION OF
PETN IN THE ABSORPTION REGION OF THE ELECTRON PULSE

A. V. Khaneft, G. A. Ivanov!

Kemerovo, Russia, khaneft@kemsu.ru
! Kemerovo, Russia, indosjon@mail.ru

In this work the radiation-thermal mechanism of initiation of PETN
sample with an electron beam of nanosecond duration is shown. It was as-
sumed that the electron beam energy is spend not only for heating of the
sample, but also on the generation of active particles. Following stages were
taken into account during the simulation of initiation of PETN:

A—S5B n; A58 (I); A+B—X B, (1)

Where A —is a molecule PETN; G - is the rate of generation of active
particles; B — in absorption of the electron beam; k, — is the constant of the
thermal production of particles B; k5 — is the constant of stages of the auto-
catalysis.

Taking into account the system of equations of thermoelasticity and
stages (1) — (I11) a mathematical model can be written:

oT . o°T A(x)

ple+H (8(T =Tl - =75 =3 KT— - H) 2% 0 4
+pQIK; (1—m) +Kon (1 - n)] : (1)
9°c 0% 0°T
ol K Gr
(2)
th_G
dt—NL+k1(1 n)+knd-n), 3)

where f — is the fraction of the energy of the electron beam spent on
generation of active particles; N, — is the Loschmidt constant; n=[B]/N;
k, =kyN_; T —is the temperature; C, p — are heat capacity and is the density
of the sample; @ — heat of reaction per unit of mass; r,— is the electron free
path length; 1(t) — is the energy flux density of electron beam; A(x)— is the
absorbed energy distribution of electron beam; ¢, — is the adiabatic velocity
of sound; ¢ — is the longitudinal stress; ¢ - is the longitudinal deformation;
— is the linear expansion coefficient; K — is the modulus of dilatation;

— Is the latent heat of fusion; 1. — is the fusion temperature.
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The system of equations was solved numerically. Calculations showed
that taking into account the generation of active particles in the mechanism of
initiation of PETN significantly lowers the threshold of the initiation.

THE RELAXATION OF NONEQUILIBRIUM CARRIERS OF
CHARGES IN PHOTO- AND ELECTRORAISED OF SILVER AZIDE

V.I. Krasheninin, E.G. Gazenaur, A.P. Rodzevich!, L.V. Kuzmina,
V.G. Gritchina, E.V. Sugatov

The Kemerovo state university, Kemerovo, Russia, specproc@kemsu.ru
Yurginskiy Technological Institute of the Tomsk Polytechnic University,
Yurga, Russia, nimez@rambler.ru

This paper presents experimental results showing the existence in crys-
tals of silver azide after the energy impact of the long-living an electron-hole
plasma. Nonequilibrium solid-state plasma is formed by electrons and the
holes injected in the semiconductor from contacts (contact electric field in-
tensity - 3¢10° VV / m, contact material — gallium. In these conditions the mode
of monopolar injection of holes is carried out. Also the source of solid-state
plasma can be a radiation by ultra-violet light (UF), intensity of lighting -
1,167 -10"™ quanta / (cm” c)).

Electrons and the holes generated by external power influence move one
cloud.

It is shown that time of life of system of carriers of a charge - plasma of
solid-state, abnormally highly and makes on experimental data from 4 to 6
minutes.

The main specific property of the plasma, allowing to speak about it as
about a special condition of substance, is a collective response of particles of
plasma to electromagnetic indignations.

The process of solid-phase decomposition reaction of azides takes place
in areas which are localized in the places of an exit of a regional dislocation
on a surface. The combination of plasma and reactionary area leads to initia-
tion of chemical reaction.

In an anionic sublattice of silver azide reaction proceeds before for-
mation of nitrogen, in crystal volume — before formation of an intermediate
product that allows to define a spatial arrangement of plasma in crystals sil-
ver azide.
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Dislocations in crystals silver azide are negatively charged and is di-
rected are displaced on a certain distance under the influence of electric field
that gives the chance to operate process of the solid-phase decomposition.

Nonequilibrium plasma in silver azide can exist in an equilibrium condi-
tion and is characterized by high degree of controllability.

SIMULATION OF FILAMENTATION OF EXTREMELY IN-
TENSE FEMTOSECOND LASER PULSES IN CRYSTALLINE DIE-
LECTRICS

A. V. Kuznetsov, E. F. Martynovich

Irkutsk Brunch of Institute of Laser Physics SB RAS, Irkutsk, Russia, fil-
lal@ilph.irk.ru

In the course of experimental investigations of traces of filamentation of
femtosecond laser pulses in photosensitive crystalline dielectrics (photosensi-
tivity is associated with color centers formation) it was found, that the case of
filamentation of train of pulses is essentially different from the case of
filamentation of single pulse. For the case of train of pulses the prolongation
of filaments is observed. We explain this effect with account of permanent
modification of refraction index of material under the action of laser pulses:
waveguides are induced in material at the location of filaments.

There are no models in known literature to describe filamentation with
account of induced modifications of material. Known models describe
filamentation in the «fresh» media. So, they correspond to the case of single
pulse. Contrary to that, trains of many pulses are used in typical experiments.

In this work the mathematical model was developed to describe ob-
served effect of the prolongation of filaments during irradiation of media
with a number of pulses. Results of computer simulation are in qualitative
agreement with experiment. Thus, it is demonstrated theoretically and exper-
imentally that permanent modification of properties of material due to
filamentation of laser pulses influences the filamentation of subsequent puls-
es.
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INVESTIGATIONS ON PYROLYTIC DECOMPOSITION OF
OIL SHALE BY THE PLASMA CHANNEL

S.M. Martemyanov, V.V. Lopatin

Tomsk Polytechnic University, Tomsk, Russia,
sergmartemynov@mail.ru

When an alternative high voltage affect the oil shale, except for the die-
lectric heating the partial discharges occur in the pores and cracks of a rock.
This phenomenon initiates the development of treeing causing the formation
and growth of conductive treelike discharge structure in the rock. The electri-
cal and thermal action of the discharges in a forming dendrite causes coalifi-
cation of the near discharge channels region and, as a result, the occurrence
of the high-conductive areas. When the discharge structure bridges the
interelectrode gap, the formed plasma channel together with the coalification
area has a low resistance of 10-100 Q per 1-cm length. The temperature of a
near-channel area becomes sufficient for total pyrolitic decomposition of a
rock in this region. As the rock is decomposed, the channel extends and its
general resistance decreases, so it is possible to use this phenomenon for py-
rolysis of a large volume of material.

Current-voltage characteristics and dependences of the electric strength
on the interelectrode distance are measured which give a hope for successful
realization of underground pyrolitic decomposition of oil shale.

At the moment of the formation of the plasma channel the resistance of
the interelectrode distance is sharply reduced, so to heat the oil shale to a
temperature of pyrolysis, it is necessary to use the generator with a sharply
falling current-voltage characteristic.
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DISCRETE BREATHERS ON THE 3D MODEL OF Pt;Al WITH
L1, ORDER

N. N. Medvedev, M. D. Starostenkov!

Altay State Academy of Education, Biysk, Russia, nnm42@rambler.ru
! Altay State Technical University, Barnaul, Russia, genphys@mail.ru

A three-dimensional molecular-dynamics model of pt,Al with L1, or-

der was developed and found to support the excitation of discrete breathers
(DBs) on the Al sublattice. For an initial temperature of 0 K, large-amplitude
DBs polarized along [100] are found to be very weakly damped, retaining
most of their initial energy for more than 2000 cycles, while DBs polarized
along [111] damped out over 30 cycles. DBs were excited in a considered
modeling crystal at some temperature in the conditions of thermal equilibri-
um. Influence of trimming parameters of the used Morse potential on possi-
bility of excitement of DBs in a modeling lattice is investigated.

MECHANISM OF THE HOT CENTERS FORMATION IN PETN
MONOCRYSTALSAT THE EXPLOSION INITIATION BY HIGH-
CURRENT ELECTRON BEAM

V. 1. Oleshko,V. M. Lisitsyn, V.V. Lysyk, A. S. Skripin, V.
P. Tsipilev

National Research Tomsk Polytechnic University, Tomsk, Russia,
oleshko@tpu.ru

Two alternative mechanisms for pentaerythritoltetranitrate (PETN)
initiation by high-current electron beam (HCEB) are proposed. They are
electric discharge mechanism and excitonic mechanism. According to the
discharge mechanism, the explosion develops from the “hot centers” which
are formed in the electric discharge channels. This proposition can be proved
by indirect experimental results of physical and chemical processes research
in energetic materials and the results of electric discharge research in passive
(non-energetic) dielectrics at the action by HCEB. Electron-hole excitation
(formation of free electrons, holes and excitons) at the HCEB action is to be
the key process in excitonic mechanism. Evidence of electric discharge
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formation at below-threshold levels of HCEB action is to be essential to
prove “electric discharge” hypothesis.

The aim of the present work is the obtaining the direct experimental
evidences of electric discharge formation in PETN monocrystals and
measuring the threshold of their occurrence.

It was found that crystallographically oriented streamer discharges are
formed in the irradiation zone at the HCEB energy density of 0.1 J/cm?
Streamers diverge at 60° and form 90° and 30° angles with crystal facets.
Partial monocrystal explosion can be observed at 0.7 J/cm?. Colored photos
analysis shows that glow spectra for different stages of explosion are
essentially different. “White” (plasma) electric discharges can be detected on
the “blue” monocrystalcathodoluminescence background. The products of
explosion exhibit emission predominantly in the “red” spectral range while
expanding and striking on obstacles.PETN explosive decomposition products
spectra are measured in the visible spectral range (400 — 700 nm) with high
spectral resolution of ~ 0.2 nm. It was found that two types of glowing can be
detected in PETN explosion spectra. These spectra are the nitrogen ion lines
(A =589,001 nm and A = 589,725 nm) and the dense low-temperature plasma
glowing with continuous spectrum.

The results of the present research testify to the electric discharge model
of PETN explosion initiation by HCEB. Microexplosions which occur in
electric discharge localization areas disperse the monocrystal. That provokes
gas-dynamic unloading of evaporation products and PETN chemical
decomposition into the free space. These processes lead to expansion of non-
reacted PETN. Self-propagation of the chemical reaction beyond the electron
beam range (detonation of the entire explosive) occurs only for pre-dispersed
PETN samples (pressed powders) when HCEB energy density exceeds
threshold value.
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ATOM AND ION LUMINESCENCE OBSERVED DURING
EXPLOSION OF HEAVY METAL AZIDES IN VACUUM

V. I. Oleshko, V.V. Lysyk

National Research Tomsk Polytechnic University, Tomsk, Russia,
oleshko@tpu.ru

Pulsed spectrometry with the time resolution is one of the promising
methods for studying of explosive decomposition of energetic materials
(EM). Laser and electron beams are used as an energy source for initiation of
EM in this method. This allows obtaining of high time (~ 10 ns) and
dimensional (~ 10 um) resolution. As for the spectral resolution, it is quite
low and doesn’t exceed ~ 10 — 20 nm in the majority of publications. This
makes impossible the identification of explosive products and their
composition at different explosion development stages.

The presented work was aimed at measuring emission spectra observed
during explosive decomposition of heavy metal azides (HMA) in visible
range (400-700 nm) with a high spectral resolution (~ 0.2 nm). It is
established that there are two different types of luminescence in HMA
explosion spectra. The first of them is the luminescence of low-temperature
plasma exhibiting a continuous spectrum. The second type is the line
emission of atoms and ions being a part of EM. The strongest lines observing
in emission spectra of explosive decomposition of silver azide and thallium
azide are the metal atom lines Ag | (520.9 nm) and TII (535.046 nm)
respectively. Line and continuous spectra intensity ratio depends on a mass of
EM and conditions of plasma jet expansion (free expanding and interaction
with an obstacle). Two densely spaced (AL = 0.6 nm) intensive emission lines
are founded in the "orange" spectral range (A = 589-590 nm). These lines are
observed in explosion spectra of AgNs;, TIN; and PbNg monocrystals and
pressed powder compacts. Also, these lines are universal for other EM
containing nitrogen. Use of atomic spectra tables allows identifying these two
lines as nitrogen ion lines with the following wavelengths: A; = 589,001 nm
and A, = 589,725 nm (with an accuracy of 0.3 nm).
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TO A QUESTION ABOUT OPTICAL PROPERTIES OF
PRESSED POWDERS OF PENTAERYTHRITOL TETRANITRATE

V. Ovchinnikov, V. Tsipilev, A. Yakovlev

Tomsk Polytechnic University, Tomsk, Russia,
vladislav_ovchin@mail.ru

Laser radiation distribution within the volume of pressed
pentaerythritoltetranitrate (PETN) pellet is required for correct study the
mechanism of laser initiation of PETN.This essentiality is connected with the
fact that low initiation thresholds can be obtained for laser radiation of PETN
transparency spectral region. However, few researches on PETN optical
properties are available. The study of the radiation distribution within the
pressed powders of PETN, hexogen, and other explosives was made in [1].
Optical properties of explosives were obtained from experimentally measured
diffusive reflection coefficients for explosives of different thickness. The
analytical approximations of diffusive reflection coefficient functions [2]
were used in [1]. However, methods [2] wereunable to include low and high
ordered scatterings. Aim of this research is the analysis of experimental data
[1] on PETN optical properties by Monte Carlo method.

Basal optical properties of PETN voluentary unit were obtained from
the curves of diffusive reflection on sample thickness. These properties are
absorption index p (cm'), diffusion index P (cm').Increase in PETN
dispersiveness results in increase both of absorption and diffusion indices.
This can be partly explained by surface absorption increase.

Reflection coefficients and transmission coefficients were calculated by
Monte Carlo method with p and B indices obtained from [1]. Irradiance dis-
tribution in PETN layers was calculated as well.

It was found that calculated results with those from the experiments are
different for 50 % if spherical indicatrix is used for voluentary unit descrip-
tion. Calculation with the prolateindicatrix showed higher accuracy (10 %).
This testifies to the facts that indicatrix is prolate in powders. In addition, p
and P values measured by the method [2] contain mistakes.

[1]. A. Zinchenko, A. Pogrebov, V. Tarzhanov, B. Tokarev, Optical
characteristics of some powdered high explosives, Combustion, Explosion,
and Shock Waves, 1992, Vol. 28, no. 5, pp. 524 — 530

[2]. G. Rozenberg, M. Sakhalinovsky, S.Guminetskiy, Optics and Spec-
troscopy, 1965, Vol. 23, no. 5
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SIMULATION OF RADIATION DIFFUSION IN SCATTERING
MEDIA OF DIFFERENT THICKNESS

V. Ovchinnikov, A. Skripin, V. Tsipilev, A. Yakovlev

Tomsk Polytechnic University, Tomsk, Russia,
vladislav_ovchin@mail.ru

Radiation redistribution study within the volume of scattering medium
of finite thickness is actual task of science. One-time diffusion theory cannot
satisfactorily describe diffusion process. Integration of transport equation re-
sults in good results for turbid media and semi-infinite media with low con-
centration of diffusion centers. These approximations are difficult to apply
for scattering media of finite thickness which has high density of scattering
centers whereas they are important from principal and applied point of view.

Method with high accuracy which can simulate multiple scattering is re-
quired to study the radiation redistribution in scattering media of finite thick-
ness more effectively than method of transport equation integration. Monte
Carlo is widely used method which allows obtaining highly accurate results.
However, this advantage fails to a great time required for computation.

In the research conducted the program for radiation diffusion simulation
in finite thickness media is developed. The program uses Monte Carlo algo-
rithm and it is adapted for CUDA computation. Accuracy of the results is
provided by their comparison to that obtained by other methods.

Graphs of spatial irradiance on sample depth are obtained. These graphs
are not continuously decrease and they have a maximum point. The depend-
ence of maximal irradiance on input parameters (e. g. beam diameter, diffu-
sive reflection coefficient, albedo and layer thickness) was found. It was
found that spatial irradiance within the medium can exceed irradiance in in-
cident beam if scattering rate exceeds absorption rate. It is to be noted that
irradiance increase can be found even in the relatively thin layers. Graphs for
irradiance distribution in the scattering layer for different indicatrix indices
are obtained. They appoint on the proportional change in spatial scale of dis-
tribution on indicatrix index.

To sum up, the complicated feature of radiation distribution (irradiance
maximum) in scattering medium occurs is scattering rate exceeds absorption
rate. This feature can be explained by the radiation reflection from the medi-
um/outer space boundary. Since boundary reflection change radiation distri-
bution, it brings to irradiance increase for scattering layers with the thickness
compared with photon freerun.
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DEPENDENCE OF EXPLOSION INITIATION THRESHOLD OF
PETN WITH ABSORPTIVE ADDITIVES ON UNIFORM
COMPRESSIONPRESSURE OF THE SAMPLE
V. Ovchinnikov, A. SKkripin, V. Tsipilev, A. Yakovlev

Tomsk Polytechnic University, Tomsk, Russia, amosov@tpu.ru

For the first time the dependence of purePETN powder sensitivity to la-
ser radiation on pressure of the uniform compression of the sample was stud-
led in [1]. A glass plate instead of one of the puncheon in the mould was used
to initiate the sample with laser radiation. PETN pellets with ultradispersed
sooth (PM75 in Russian) additives were studied in [2] at the pressure of
170 MPa. Increase in PETN samples sensitivity was found in both research-
es.

It seems to be interesting to perform the combined research of the uni-
form compression pressure and sooth addition effect on PETN sensitivity. As
pressure grows, optical properties of PETN samples change. This changes the
effect of sooth addition on PETN sensitivity.

In this research the sensitivity of PETN powder with the
dispersivenessof 6.000 cm?/ghas been studied. The uniform pressurewas
changed within the range of 50 — 500 MPa and the ultradispersedsooth con-
centration wasvaried within the range of 0.1 —1 %.The research methods
were similar to those described in [1, 3]. Pulsed radiation of the neodymium
laser (wavelength is 1064 nm, pulse duration is 15 ns at FWHM) was focused
on the sample front surface as 1 mm spot with sharp edges.

The additive effect was found to be different for different pressures.As
sooth concentration increased, the threshold energy density for PETN
inflammationdecreased by one order of magnitudeand made 100 mJ/cm? for
samples with 1 % concentration of additives. This decrease could be ob-
served for uniform compression pressure <200 MPa. The threshold energy
density forpure PETN pellets at pressures >400 MPamade 200 mJ/cm?. Sooth
addition did not essentially change the samples sensitivity since the threshold
energy density decreasedby 2 timesonly.

The results obtained coincide with the concepts described in [3], and
they can be interpreted in terms of thermal microcenter theory of laser explo-
sion initiation which is supplemented with laws of radiation diffusion in
powder solids.
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[1].  Yu. Karabanov, G. Afanasyev, V.Bobolev, Ignition of solid
high explosives by short laser pulse, “Goreniyekondensirovannykhsistem”™
Proceedings (Combustion of Condensed Systems),Chernogolovka, 1977,
pp.5-8

[2].  Ye. Aleksandrov, A. Voznyuk, V. Tsipilev, Effect of absorptive
additives on explosives ignition by laser radiation, Combustion, Explosion,
and Shock Waves, Vol. 26, no. 1, pp. 3—-9

[3]. V. Tsipilev, Laser initiation of PETN,
“Fizikokhimicheskiyeprotsessy v neorganicheskikhsoyedininiyakh” Book of
Abstracts (Physical and Chemical Processes in Inorganic Compounds), Ke-
merovo, Kemerovo State University, 2001, pp. 113 -114

FORMATION OF STRATOSPHERIC OZONE FROM CARBON
DIOXIDE, AMMONIA FROM METHANE AS A RESULT OF
PHOTONUCLEAR REACTIONS

E.E. Ramazanova, A.L Shabanov, M.A. Huseynov

Scientific Research Institute (SRI) Geotechnological problems of oil,
gas and chemistry

Carbon dioxide reaches 97 % in Venus atmosphere according to data of
interplanet space stations flights of “Venus” (USSR) and “Mariner” (USA)
and it can absorb ultraviolet rays coming from sun. Here photonuclear reac-
tion occurs.

co, — 0, (1)

A special chemical combination - triatomic oxygen forms carbon diox-
ide. So, stratospheric ozone was formed under influence of solar radiation but
not by photochemical way from atmospheric oxygen, it was formed from
carbon dioxide as a result of photonuclear reaction.

RI Geotechnological problems of oil, gas and chemistry at Sate Oil
Academy of Azerbaijan conducted there successful experiments on carbon
dioxide utilization and receiving non-explosive and stable ozone in time.
Stratospheric ozone can be used as oxidizer.

Initially fiery-liquid origin and big masses of planets-giants allowed
them to live by star life for some period of time.

That’s why methane gas formed near planets-giants was subjected to
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double ultraviolet and infrared radiation in atmosphere from sun and hot
planet-giant. This process provided methane transformation into ammonia as
a result of photonuclear reaction.
CH, —" 5 NH, (2)
Photonuclear reaction is permanently (2).
Ammonia obtained by such way is non-explosive and can be used in fer-
tilizers, nitrogen acid, etc. production.

[1]. I'yceiinoB M.A., AxynnoB WN.J1., Cononunos JIL.H. ®oTtosinepHsie
peakiuu Mpu BO3ACHCTBUM 3JEKTPOMATHUTHBIX M3ITyYCHUN HA MAPHUKOBBIC
ra3el// 'eopusuka XXI| cronerus, 2005 rox. COopuuk TpynoB CenpMbIX
I'eopusnueckux urenuit um. B.B. ®eapiackoro (2-5 mapta 2005 r. ) M. Ha-
yuaHbIil mup, 2006 1., c. 445-449.

INITIATION OF PETN EXPLOSIVE DECOMPOSITION
BY CO,-LASER

A. Razin, A. Skripin, V. Tsipilev, A. Yakovlev, G. Damamme?, D.
Malys'

Tomsk Polytechnic University, Tomsk, Russia, a.v.razin@mail.ru
! French Alternative Energies and Atomic Energy Commission, Paris,
France

Explosive decomposition initiation of PETN pressed powder with CO,-
laser radiation (A = 10,600 nm) of nanosecond duration (t ~ 25 ns) performed
for the first time. The Initiation was possible only for samples with the sur-
face covered with the transparent dielectric plate. The pressure of the dielec-
tric plate is to be commensurate with the pressure in the decomposition heat-
ed center at the initial stage of its development. Therefore, gas-dynamic un-
loading was excluded and explosive decomposition development was facili-
tated. Plates of BaF, with the thickness of 10 mm were used as the entrance
window. Plates were pressed to a experimental cell with the pressure of
2 - 10" N/m? with the upper piston of the hydraulic press.

Initiation thresholds were measures and the kinetics of explosive de-
composition of PETN pellets was studied. Comparison of the obtained results
with that for three harmonics of YAG:Nd-laser (1064 nm, 532 nm and
266 nm) [1] was made. Size effect of the threshold energy density of initia-
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tion was observed. The results were compared with theoretical calculations
[1].

When the sample surface was opened (uncovered), the initiation failed
even for the highest level of exposure in the experiment (up to 5 Jicm?).
Sample glowing with plasma torch formation and the typical acoustic “click”
could be observed if the exposure exceeded 1 J/cm®. Caverns were formed
with the depth greater than that for radiation penetration. Caverns formation
testified to partial decomposition of explosive both in the heated center and
beyond it.

The results obtained in the research were discussed in terms of thermal
model of focal laser initiation of explosives. The results obtained make it
possible to develop the model of PETN explosion initiation mechanism in the
all spectral regions and, specifically, in phonon spectral region.

[1]. V. Tsipilev, Ye. Morozova, A. Skripin, Laser initiation of PETN

powder in the conditions of all-side pressure, Bulletin of the Tomsk Poly-
technic University, Vol. 317, no. 4, pp. 149 — 155

INITIATION OF DETONATION OF HEAVY METALS AZIDE
BY CO, LASER

A. Razin, V. Tsipilev, E. Morozova

Tomsk Polytechnic University, Tomsk, Russia, a.v.razin@mail.ru

The sensitivity of heavy metal azides (HMA) to laser radiation is well
studied both in the transparency spectral region and the absorption region of
the matrix [1]. However, no common view on the nature of laser explosion
initiation is reached. Experimental data on energy thresholds and Kinetic
characteristics of the initiation process are needed in the phonon absorption
spectral region.

Silver and lead azide samples were irradiated by CO, laser radiation (A =
10 600 nm, T = 25 ns) to obtain the experimental data on laser explosion ini-
tiation in the phonon absorption spectral region. Assume that laser radiation
action results in HMA oscillation and vibration levels excitation, i. e. heated
center formation which is limited with laser beam diameter and radiation
penetration depth.

Silver azide pellets, lead azide pellets and silver azide threadlike crystals
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were tested. Initiation thresholds are measured and the dependence of the in-
duction period of initiation on exctation pulse energy was studied..

Initiation thresholds made 0.75 J/cm? and 0.3 J/cm? for lead azide pellets
and silver azide pellets, respectively. The sensitivity of threadlike crystals
was lower than that for pressed pellets. Effect of beam diameter on initiation
threshold was found for threadlike crystals. Comparison of obtained results
with that for neodymium laser [1] was made.

Initiation thresholds coincide the theoretical calculations [2]. The results
of the research can be interpreted in terms of thermal models of focal ignition
of explosives.

[1]. V. Lisitsyn, V. Tsipilev, G. Damamme, D. Malys, Effect of laser ra-
diation wavelength on the energy threshold of initiation of heavy metal az-
ides, Combustion, Explosion, and Shock Waves, 2011, Vol. 47, no.5,
pp. 592 — 600

[2]. V. Tsipilev, Ye. Morozova, Ignition of the condensed substance by
a laser pulse in the field of wavelengths of own absorption, Russian Physics
Journal, Vol 47, no. 8/2, pp. 324 — 326

MICROSECOND ELECTRICAL BREAKDOWN INFLUENCE
ON POLYMERIC ENERGY-INTENSIVE SYSTEMS FILLED WITH
DISPERSED ALUMINUM

D. N. Sadovnichii, Yu. M. Milekhin, S. A. Lopatkin®, D. V. Zhgun',
V. F. Vazhov!, E. A. Butenko, S. A. Malinin

Soyuz Federal Center of Dual-Use Technologies, Russia, Dzerzhinskii,
e-mail: fcdt@monnet.ru
! Tomsk Polytechnic University, Russia, Tomsk, e-mail: tpu@tpu.ru

Submicrosecond electric breakdown passing through the volume of en-
ergy-intensive polymeric materials (EPM) leads to it strong mechanical de-
struction which is much greater than observed in non energy-intensive ana-
logues [1]. The purpose of the present work is experimental study of impulse
electrical breakdown features with a pulse of 1-26 microseconds, developing
in the volume of EPM with up to 70% mass content of aluminum powder.

Arcad’ev-Marks pulsed voltage generator was used during the experi-
ments. In the discharge circuit the following features were measured: voltage
with the help of resistive divider, and amperage — by the coaxial shunt. EPM

85


mailto:fcdt@monnet.ru

Nonlinear effects

consisting of urethane copolymer plasticized with nitroester and aluminum
powder with average diameter (d) of 5 or 12 micrometers were investigated.
the sample thickness was 3-5,6 mm, which is close to detonation critical di-
ameter. The curing process was held under the conditions which exclude sed-
imentation of the filler.

As expected, presence of conductive particles causes a fall of electric
strength, and electrical breakdown of EPM occurs at the field intensity,
which is close to air breakdown in nonhomogeneous field. At the equal vol-
ume fraction of Al-powder, the electric strength is less for the EPM filled
with powder of greater diameter. After the breakdown samples underwent
strong mechanical destruction. Environment (water or air) does not noticea-
bly affect the features of ongoing processes. Thus in an unfilled EPM one
through crack was formed. In the sample filled with powder of d~5 microme-
ters a radial-oriented crack was formed. Samples filled with the powder of
d~12 micrometers were swollen after the breakdown. Up to a maximum dis-
charge power of 9 megawatt there was no samples ignition or explosion. Ob-
tained results may be explained by the features of energy-release in decom-
position reactions of EPM, initiated by impulse breakdown.

[1]. Sadovnichii D.N., et al. // Combustion, Explosions and Shock
Waves. 2010. N4. P.464.

TO A QUESTION ABOUT PREDETONATION STAGE OF EX-
PLOSIVE DECOMPOSITION OF HEAVY METAL AZIDES

V. Tsipilev, A. Razin, A. Skripin, V. Lisitsyn, G. Damamme?,
D. Malys®

Tomsk Polytechnic University, Tomsk, Russia, a.v.razin@mail.ru
'French Alternative Energies and Atomic Energy Commission, Paris,
France

It was studied from the numerous experiments of 50 — 60-ies that no
predetonation stage could be observed in heavy metal azides (HMA). There-
fore, explosive decomposition transforms into detonation immediately (with-
out combustion stage) [1]. However, the possibility of combustion transition
into detonation in HMAs is not excluded in [1] due to low spatial and time
resolution of the experimental equipment. The idea that no combustion stage
exists in HMAs is the common view, which is arguing.
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Detection of the combustion stage can be performed using laser initia-
tion method (provides the ability of fast heated center formation) and detect-
Ing equipment with nanosecond temporal resolution. Tracing of the explosive
decomposition development is silver azide and lead azide from the 0.5 mm
center is realized in this research. The center was formed by laser radiation
(A =1064 nm, Tt = 15 ns).

Threadlike samples of lead azide (pressed powders) and silver azide
(pressed powders and threadlike crystals) were tested. Samples were placed
on the grating with the following parameters: length is 20 mm, holes period is
1 mm and the hole size is 0.1 mm. Shadow method was used to detect the ex-
plosive decomposition front edge with spatial resolution of 150 um and time
resolition of 10 ns.

Four regimes of decomposition propagation in threadlike powders were
found. The first regime corresponds to the transition from the unstable com-
bustion to the low velocity detonation. This regime can be obtained on the
first millimeter of the sample. The second regime is the low velocity detona-
tion which can be obtained at 2 to 8 mm far from initiation place (the velocity
Is ~1.5 km/s). Third regime is the transition to the high velocity detonation.
Fourth regime is the normal detonation (velocity is ~5 km/s). No first, second
and third regime can be obtained if radiation energy density is high. Only low
velocity detonation can be observed in threadlike crystals. Thus,
predetonation stage of explosive decomposition can be obtained in the special
initiation condition. The differences in initiation explained in terms of ther-
mal focal ignition theory.

[1]. F.P.Bowden and A. D Yoffe, Fast Reactions in Solids, London,
Puttersworths Scientific Publication, 1958
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FTZDO EXPLOSIVE DECOMPOSITION UNDER LASER AND
ELECTRON BEAM ACTION

V. Zarko', V. Oleshko, V. Tsipilev

Tomsk Polytechnic University, Tomsk, Russia
* Institute of Chemical Kinetics and Combustion of SB of RAS, Novosi-
birsk, Russia

FTZDO is the furazano-1,2,3,4-tetrazine-1,3-dioxide which is the hew
class energetic material. It has high sensitivity to mechanical action which is
commensurable with that for lead azide [1]. No papers on FTZTO sensitivity
to laser radiation and electron beam can be found. In this research the exper-
imental study of FTZTO behavior under laser pulse action (radiation wave-
lengths are 1064 nm, 532 nm, and 266 nm; pulse duration is 10 — 15 ns) and
electron beam action (average energy of electrons is 300 keV, pulse duration
IS 25 ns).

Initiation thresholds were measures, glow kinetics and acoustic response
of the samples were studied. It was found that low pressed samples (pressure
increased up to 200 MPa) possess lower sensitivity (20 mJ/cm?) than that of
lead azide (10 mJ/cm?). Initiation threshold at the electron beam action was
the same for both FTZTO and lead azide and made ~0.1 J/cm?. Strong de-
pendence of initiation delay time and decomposition duration on energy den-
sity of electron beam was found. As the energy density increases from
0.1 J/em? to 0.8 J/cm?, the delay time decreases from 500 ns to 10 ns and the
decomposition duration decreases from 2.5 us to 10 ns. Further increase in
energy density of the electron beam did not effect the kinetic characteristics
of the initiation.

FTZTO samples with dinitrodiazapentane (DNDP) as the retardant were
studied. It was found that laser initiation of FTZTO and DNDP can be oc-
curred only if sample surface is covered with transparent plate. Initiation en-
ergy made 35 mJ/cm?. It is to be noted that no full decomposition could be
achieved. Sample glowing could be detected if uncovered samples were test-
ed. The intensity of the glowing sharply increased as the incident energy den-
sity increased from 0.1 mJ/cm® to 3,000 J/cm?. Electron beam initiation
threshold for FTZDO with DNDP 100 times increased if compared with that
for pure FTZDO and made ~50 J/cm®. Crushing and expansion of the sample
can be observed if energy density is varied within the ranges of 1 J/cm®—
10 J/iem?,

[1]. V. Tesyolkin, Mechnical sensitivity of furazano-1,2,3,4-
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tetrazine-1,3-dioxide, Combustion, Explosion, and Shock Waves, 2009,
Vol. 45, no. 5, pp. 632 — 633

CHARACTERIZATION OF GASE SOLID SOLUTIONS
BY OPTICAL BEAMS

L.-M. Zhang', J. Guo, J.-J. Xie', F. Chen', K. Jiang", V.V. Atuchin?,
Yu.M. Andreev®, T.I. 1zaak®, K.A. Kokh®, G.V. Lanskii®, V.F. LoseV®,
A.V. Shaiduko®, V.A. Svetlichnyi®, E.A. Vaitulevich*

'Changchun Institute of Optics, Fine Mechanics and Physics, CAS,
Changchun, China
2Semiconductor Physics Institute of SB RAS, Novosibirsk, Russia
3Institute of Monitoring of Climatic and Ecological Systems of SB RAS,
Tomsk, Russia, yuandreev@yandex.ru
“Siberian Physical-Technical Institute of Tomsk State University,
Tomsk, Russia
*Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia
°High Current Electronic Institute of SB RAS, Tomsk, Russia

The extreme optical properties GaSe is widely employed for the genera-
tion of mid-IR to THz emission by frequency conversion. On the other hand,
pronounced layer structure of GaSe leads to polytipizm, degraded optical
properties, low hardness, easy cleavage and results in hampering of large-
area crystal application. A desirable e-polytype structure of GaSe is strength-
ened by growing of its solid solutions. Simultaneously, other physical proper-
ties responsible for the frequency conversion efficiency are also significantly
modified. Unfortunately, preserved polytipizm, presence of secondary phases
(Ga,Ses, diffused and precipitated Ga), composition variation along the
growth direction, surface and bulk micro-defects (dislocations, broken layers)
cause difficulties in characterization of centimeter- and micrometer-length
samples by traditional methods. Improved optical properties are hard to be
measured by conventional absorption spectroscopy at maximal transparency
range, lattice structure by X-ray analysis, chemical composition of low mix-
ing ratio solutions by any kind of microanalysis. That is why even positive
result of the solid solution formation is still in doubt in literature. Such status
quo keeps back the optimization of growth technology and maximization of
the frequency conversion efficiency.
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Here we pay attention to the use of optical beams for characterization of
GaSe solid solutions. First, we proposed optical quality characterization by
absorption spectroscopy out of the maximal transparency range by explora-
tion of intensive exciton and phonon absorption peaks. It allows us to reach
optimal 50% transparency of small length samples that is optimal for an es-
timation of absorption coefficient. To exclude the micro-defect influence on
the measurement results we proposed to use the spectral bandwidth of these
absorption peaks, ratio of exciton peak and nearby valley transparen-
cies/absorption coefficients, inclination angle (wavelength derivative value)
of the short-wavelength end of transparency diagram and transformation of
phonon mode structure as indicators of optical quality. Strong correlation of
narrowest spectral bandwidth, maximal ratio of intensities, maximal deriva-
tive value and absence of a transformation of phonon peak structure and op-
timal doping concentration was confirmed by frequency conversion into mid-
IR and THz ranges. Transformation of Raman scattering line at 212 cm™ was
proposed as another way for identification of optimal doping. Spectral posi-
tion of the short-wavelength end of the transparency diagram is also used in
qualitative determination of the doping level. Comparative analysis of ¢-
angle dependence for | and Il type interactions is proposed as an efficient
method for polytype structure characterization over the crystal bulks.

Acknowledgment: SB RAS for Interdisciplinary Integrated Project
No0.46 of 2012.

THE PERIODIC STRUCTURE OF COLOR CENTERS
DISTRIBUTION IN FILAMENT FORMED BY FEMTOSECOND
LASER IRRADIATION IN CRYSTAL MgF,

S. A. Zilov ** E. F. Martynovich *% L.I. Brykvina', A. A. Starchenko'

! Irkutsk Filial of Institute of Laser Physics SB RAS , Irkutsk, Russia,
E-mail: filial@ilph.irk.ru
“Institute of Applied Physics, Irkutsk State University, Irkutsk, Russia

It is known from earlier works, irradiation of wide range of dielectrics
by femtosecond laser pulses forms threadlike channels (filaments), colored
centers of luminescence. For example, formation of aggregates of F, and F5"
centers in LiF crystals irradiated by femtosecond laser pulses.

In this paper, the crystal samples of MgF,, with pre-induced color cen-
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ters (CCs), were irradiated by femtosecond pulses from a Ti: sapphire laser
(pulse duration 30 fs, frequency 1 kHz, energy 0.5 mJ). The figure shows
photographs of MgF, luminescence under excitation by light with Ag = 405
nm.

It is possible to see luminescence of some filaments has an axially peri-
odic structure with the period A =38 um.

Fig. The luminescence of CCs in MgF,.

The femtosecond laser radiation comes normal to the face of the sample
and has horizontal polarization. The optical axis c is oriented at an angle 45°
to the vector E (left).

The luminescence of the formed filaments, direction of observation is
perpendicular to the lateral face of the sample (right).

The authors propose a mechanism for the formation of color centers ex-
plaining the emergence of such structures. It is shown that this structure ap-
pears due to the two-photon absorption of M (C,) centers by irradiation of
femtosecond laser and their subsequent ionization. The period A = 40 um,
calculated from the theory, is similar to observed.
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THE DEPENDENCE OF THE EXPLOSIVE DECOMPOSITION
CRITICAL ENERGY DENSITY ON PULSE DURATION

A. A. Zvekov', V. G. Kriger, A. V. Kalenskii, B. P. Aduev,
I. Yu. Zykov, A. P. Nikitin

Kemerovo State University, Kemerovo, Russia, kriger@kemsu.ru
! Institute of coal chemistry and materials science, Kemerovo, Russia,
Zvekov@gmail.com

The paper is devoted to calculation of the critical parameters of heat ex-
plosion initiation during the laser heating of nanosized metal inclusions in
energetic materials. The light absorption efficiency (Qabs) 0f metal inclusions
was taken into account in the simulation.

The dependences of explosion initiation critical energy density on the
pulse duration for the different inclusions radii in the assumption of Qups=1
were calculated earlier. The Q.ps Values were estimated in terms of Mie theo-
ry for silver and lead inclusions. As in the most of cases Q<1 its considera-
tion leads to increase in critical energy density values.

The explosion initiation critical energy dependence on the pulse dura-
tion (H,(tj)) for different nanosized inclusions’ radii and their set were calcu-
lated taking into account the dependence of the light absorption efficiency on
the radius and material of the inclusion.

The comparison of the obtained dependence H,(t;) and the previous one
indicates that Qgs(r) accounting leads to the relative changing in the curves
calculated for the different radii positions. As Qaps(F)—const when r—oo in
the range of long pulse durations the equation H ~const-t>* is still valid.

When the pulse duration is smaller than the thermal diffusion time, for inclu-
sions with radii 50 — 80 nm (where the Qas(r) has a maximum) the envelope
curve tends to a constant marginH ~const. The cause of such behavior is
strong Qaus(r) decreasing in the area of r < 70 nm. Thus the light absorption
efficiency consideration leads to effective “cut down™ of the small radius re-
gion of the inclusions cumulative distribution curve. So the small radius
range does not play a significant role.

The received regularities correlate with the experimental dependence for
the lead azide: at small pulse durations the critical energy density tends to a
constant value, in the range of greater durations the dependence tends to
power dependence with the index 0.5 —0.7.

Thus the consideration of the absorption efficiency gives the following
main results:
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1. The curves positions calculated for different radii change. Some of
them rise when Qs >1, others fall.

2. The most affected is the range of small inclusions radii when the Qs
strongly tends to the zero value.

3. When the pulse duration is small the optimal inclusions radius does
not depend on the pulse duration and becomes equal to the radius of the in-
clusion that absorbs light the most effectively. The critical energy density
tends to a constant value when t; — 0.

Authors thank the Russian Foundation for Basic Research for financial
support (Ne 11-03-00897).
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SURFACE STRUCTURE FEATURES OF COMPOUNDS WITH
MOVEABLE METALLC SUBLATTICE

V.M. Berezin, A.A.Troitskiy’

South Ural State University (SUSU) (National Research University),
Chelyabinsk, Russian Federation, bvm@susu.ac.ru
! South Ural State University (SUSU) (National Research University),
Chelyabinsk, Russian Federation, andrei.troitskiy@gmail.com

To a class of chemical compounds with the moveable metallic sublattice
belong chalcogenides, iodides, bromides of 1B metals that possess a structur-
al disorder and specific thermodynamic and kinematic characteristics. The
most interesting of them are: anomalously high ionic and superionic conduc-
tivity, fast diffusion, all of them has been studied comprehensively. These
characteristics (features) allow expecting a high rate of a depth of occurrence
of radiation defects in metals on their basis.

On the basis of surface experimental researches of cuprum and silver
chalcogenides we propose a surface reconstruction model that resulting in a
molecule development of X, chalcogen (n = 2, 6, 8 and so on) in a surface
coat. This development eventually results in a changing of a metal/chalcogen
stoichiometrical condition in the crystal surface coat of the compound. Ex-
perimental data on evaporation (distillation) of crystals in vacuum and mag-
netic susceptibility (obtained by the Faraday method) were used.

From the perspective of thermodynamics this model applicable because
of a lower free energy during a formation of a chalcogen-chalcogen bond in
the surface coat. But the state of the surface coat is not to be envisaged as tru-
ly equilibrium. The stationarity of the chemical composition were conducted
(studied) in classical Rickert's experiments with the use of electrochemical
cells. In evaporating sulphur flow (from silver sulphide) by a mass spectro-
scopic analysis Rickert detected molecules of distinct composition: S,, Sg, Ss.

The proposed model of the surface structure allows specifying a charac-
ter of primary processes that take place during a interaction of beams of par-
ticles with crystals with the moveable metallic sublattice.

The proposed model conforms to the investigated phases structure (FCC
- false galenite, BCC) and with reconstruction relationships of corresponding
fracture faces (111) and (110).
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STIMULATED BY IONIZING RADIATION ELECTRONIC
ACCOMMODATION OF THE REACTION HEAT
IN H-ZnS, ZnS,CdS-Ag SYSTEMS

V.P. Grankin, M.V. Grankin

Priazovsky State Technical University, Mariupol, Ukraine,
victor.grankin@gmail.com

Solids under effect of ionizing radiation or atoms from low-temperature
plasma develop an excitation of crystal’s electronic and nuclear subsystems.
The main energy-release during interaction of atoms is caused by chemical
transformations on the surface and is accompanied by generation of a vibra-

tion-excited molecule H,L on the surface. That molecule starts in pre-

dissociated state. A probability of the H,L dissociation (or break-up of highly

excited vibrating bonds in the solid generated by radiation) depends on the
rate of the energy accommodation. A phonon channel is considered the main
channel of accommodation of energy of atomic particles impacts with solid.
We found [1] that relaxation of the excitations can be effectively carried out
by the vibration energy accommodation via electronic channel.

Targets of the research were: ZnS,CdS-Ag and ZnS, the hydrogen was
chosen as a stimulating gas. Experiments were conducted using vacuum unit
described in [2]. Heterogeneous chemiluminescence (HCL), triggered by the
reaction energy, served as indicator of the rate of electron accommodation.
Experiments [2] showed that the intensity lyc. of the ZnS,CdS-Ag sample
from UV-light with flux ® was dependent from @ and increased by 3 orders
of magnitude at @ > 10" cm™s™ in comparison with unexcited ZnS,CdS-Ag
and by 5 orders of magnitude in case of ZnS monocrystal.

Model accounts for space heterogeneity of the surface in a way that ad-
sorption and desorption processes can run on one kind of surface centers, and

H,L relaxation —on the other. It is possible due to the run of excited molecule

by distance L from the point of its formation to the quantum centers with lo-
calized electrons. Algorithm and program for computer simulation based on
Monte-Carlo method were designed.

It was found that electron channel of accommodation can be the main
channel of accommodation of recombination energy of H atoms on the inves-
tigated samples if they are placed in the field of ionizing radiation. It was
shown that irradiation by UV-light caused an increased reaction rate Iy but
decreased L. This effect is caused by accommodation of the reaction heat via
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electron channel. Areas of activation or relaxation electron catalysis were
specified.

[1] V.P. Grankin, Kinetics and Catalysis 37, 802 (1996).
[2] V.P. Grankin, V.Yu. Shalamov, N.K. Uzunoglu, Chem. Phys. Lett.
328, 10 (2000).

CHEMILUMINESCENCE OF Zn,SiO,-Mn, EXCITED BY UV-
RADIATIONUNDER THE INFLUENCE OF H-ATOMS WITH
THERMAL ENERGY

D. V. Grankin

Pryazovskyi State Technical University, Mariupol, Ukraine,
denis_grankin@mail.ru

Chemical interactions of the simple gas atoms on the surface can run
with high energy release per local act. This energy initially concentrated on
newly formed bonds in the form of non-equilibrium vibration states, which
later relax. Non-equilibrium vibration states interact with both atomic and
electronic subsystems of the crystal, transferring the latter one into excited
state. As a result, one can observe electron chemoemission from the surface
and heterogeneous chemiluminescence (HCL).

The HCL of willemite (Zn,SiO4-Mn) was investigated. It was excited in
the reaction of recombination of hydrogen atoms with thermal energy at the
presence of UV-light. Willemite was chosen as a sample because of its bright
HCL (Amax = 525 nm) in atomic hydrogen, oxygen and in atmosphere of some
other radicals, has wide band-gap and a system of electron traps, which can
effectively participate in accommodation of heat of heterogeneous reaction
via electron channel. The hydrogen was chosen because vibration-excited

molecules H,L formed in the reaction have the largest vibrating quanta,

which makes it difficult to accommodate the vibration energy of H; via pho-

non channel (for its large difference from the phonon's energy in Zn,SiO,-
Mn). It promotes an increase in probability of accommodation of reaction
heat of H-atoms recombination via electron channel.

Experiments were carried out using the high-vacuum unit. Nonelectrode
HF-discharge or pyrolysis source was used as a generator of H-atoms. To ir-
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radiate samples with UV-light a mercury lamp was utilized. Luminescence of

Zn,Si104-Mn was registered by photomultiplier tube through optical glass.
HCL kinetics of the electron-excited sample after enabling a flux of at-

oms runs through maximum and decays in due course until steady-state value

max

I, - The HCL intensity at the maximum I, was more than 2 orders of mag-

€

nitude higher than I intensity. The magnitude of HCL scintillation I},

which occurs during the action of the impulse flux of H-atoms on the surface,
was dependent from the filling of the electron traps and raised with the in-
crease of pre-excitation time by UV-light of the Zn,SiO4-Mn up to some peak
value at which stationary fill of the electron traps was established at given

UV-light flux and sample temperature. It was obtained that the value I}, was
high if the afterglow intensity I, was also high, defined by the concentration
of electrons on the traps at the given moment of time. I}, was linearly pro-

portional to I.4 and at the temperature of the irradiation of sample T=300 K it
was 2 orders of magnitude higher than Iyc. of sample non-radiated previous-
ly by UV-light or sample with empty traps. Decrease of the temperature at
which preliminary irradiation by UV-light was performed caused an effect
boost.

It was found that heterogeneous recombination of H, O atoms on the
surface of willemite caused an effective de-excitation of the electron traps. It
was obtained that irradiation of Zn,SiO4»-Mn by UV-light from its self-
absorption area caused an increased rates of accommodation of heat of the
reaction of H or O atoms recombination via electron channel by more than 2
orders of magnitude. This effect is associated with a high efficiency of ac-
commodation of the reaction energy via electron channel with participation
of the electron traps.
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EFFECT OF SURFACE PASSIVATION BY HYDROGEN
TO THE STRUCTURE AND ELECTRONIC PROPERTIES
OF SILICON NANOPARTICLES

S.B. Khudayberganov'?, A.P. Mukhtarov'? N.T. Sulaymanov?,
Kh.l. Akbarov’

'National University of Uzbekistan named after Mirzo Ulugbek,
Tashkent, Uzbekistan
?Institute of Nuclear Physics of Uzbekistan Academy Sciences,
Tashkent, Uzbekistan, sardor@inp.uz

Over the last decade, silicon nanoparticles have been the object of inten-
sive research worldwide due to its fluorescent properties, which can be used
In monitors and biodiagnostics. It is well known that hydrogen plays an im-
portant role in the silicon electronics, affecting the structure and electrical
and optical properties. Surface passivation by hydrogen atoms has the effect
of freezing and can stabilize the nanostructure. In this case the atoms at the
surface are tetracoordinated.

Of particular interest is the fact that the luminescent properties of nano-
particles can be controlled by changing the conditions of passivation.

In our studies, we consider clusters of Si,g and Sisg with a diamond-like
structure. The calculations were performed using non-standard tight-binding
[1]. Optimization of the geometry of the cluster by the method of stimulated
annealing molecular dynamic simulations.

Investigation of the electron density of states of Si,y and Sisg clusters
with partial and full saturation of surface dangling bonds showed that the
main contribution to the density of states near the band gap of silicon atoms
are given. The contribution of hydrogen atoms saturating the surface of
communication, the width of the HOMO-LUMO gap is quite significant. The
gap width Si,g cluster with partial saturation of dangling bonds at the 20 H
atoms) is equal to about 0.2 eV, followed by an<surface ( increase in the
number of saturating hydrogen atoms starts to increase, approaching 2.7-3.0
eV. It unsaturated bonds of the surface atoms of the cluster lead to a blurring
of boundaries of the HOMO and the LUMO and the narrow gap between
them. The gap width varies from cluster Sisg 0.089 eV for the pure cluster to
2.5378 eV for the fully passivated clusters.

In partial passivation of the surface structure of the cluster is distorted
bonds, while the total hydrogen passivation of dangling bonds on the surface
stabilizes (freezes) the structure of diamond-like clusters. Similar results were
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obtained for the cluster Sizg. The volume of hydrogen-passivity cluster
dimerized SizgHsq after optimization is reduced, due to the shortening of the
bond lengths between the outer Si atoms in an average of 0,015 A, with bond
lengths in the core of the cluster is almost unchanged. The lengths of the Si-H
bonds increased by an average of 0,05 A. At the same time completely unre-
constructed passivated cluster SisgHy4, increases in volume.

This work was supported by the FSR AS RUz and partially grants the
U.S. CRDF Ne UZ(C2-2877-TA-07.

[1]. Z.M. Khakimov, P.L. Tereshchuk, N.T. Sulaymonov, F.T.
Umarova, M.T. Swihart, Non-conventional tight-binding method for calcula-
tion of total energy and spectroscopic energies of atomic clusters. Phys. Rev.
B. V.72. P.115335, (2005)

COMPUTER MODELING OF ATOMIC AND ELECTRONIC
STRUCTURE FOR SODIUM PERCHLORATE SURFACE

D. V. Korabel’nikov

Kemerovo State University, Kemerovo, Russia,
dkorabelnikov@yandex.ru

The geometry and electronic structure for bulk and surface of sodium
perchlorate are calculated in the gradient approximation of density functional
theory, using a linear combination of atomic orbitals CRYSTALOQ9 code. Ab
initio determination of crystal structure was carried out by minimization the
total energy, interatomic forces and displacements. The surface relaxation,
the surface energies, densities of states, overlap populations and atomic
charges are computed within model of ultrathin films (slabs). It was found
that the top layer for surface is formed by oxygen atoms that result in the ac-
tivity for processes of decomposition with the oxygen emission. For the oxy-
gen atoms of the upper layer: intra-anionic bond length is reduced compara-
tively to the volume, overlap populations are increasing, and the charges are
reduced.

The work was supported by the project Nel16.740.11.0591 “Scientific
and scientific-pedagogical personnel of innovative Russia (2009-2013)”
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STRUCTURE AND ELECTRONIC PROPERTIES OF THE MIXED
HYDROGEN-HYDROCARBON COATED SILICON Sl
NANOPARTICLES

Sh. Makhkamov?, S.B. Khudayberganov'?, A.B. Normurodov?,
A.P. Mukhtarov*?

YInstitute of Nuclear Physics of Uzbekistan Academy Sciences,
Tashkent, Uzbekistan
National University of Uzbekistan named after Mirzo Ulugbek,
Tashkent, Uzbekistansardor@inp.uz

Recently luminescent silicon nanoparticles have been widely studied
based on their potential use as light emitters in displays or general
illumination and as fluorescent probes for bioimaging. The origin and
characteristics of theirs luminescence are associated not only with the
nanoparticle size but also with its shape and the nature of its surface.

The diamond-like coordination of core Si atoms in small clusters can by
stabilized only by termination of the dangling bonds of the surface Si atoms.
The smallest (1 nm in diameter) model of blue-emitting Si particles with a
diamond-like structure is an H-terminated, reconstructed Si,,; cluster cage
(SisSiyH,4). However H-terminated clusters are rather instable in air and will
be oxidized.

An effective means of stabilizing the silicon surface and photolumines-
cence properties is to graft an organic monolayer onto the H-terminated sur-
face through a hydrosilylation reaction. Organic monolayer-protected Si par-
ticles with high surface coverage of the grafted organic molecule are quite
resistant to oxidation. However, when they are heated to 140° C or illuminat-
ed with 254 nm ultraviolet light for several hours, their surface is partially
oxidized, while the grafted organic molecules remain intact. This ultimately
results in a large blue shift in the photoluminescence emission, but the mech-
anism by which this occurs is not well understood.

In this report we have investigated small silicon nanoparticles contain-
ing 29 Si atoms which surface dangling bonds were saturated with the com-
bination of the different hydrocarbon radicals such as methyl (-CHs), ethyl (-
C,Hs), vinyl (-CH=CHy,), allyl (-CH,-CH=CH,) and hydrogen (H). Recently
developed by us the non-conventional tight-binding method [1] was used to
compute both spatial and electronic structure of these clusters.

This work was supported by Uzbek Academy Sciences Fund for Sup-
porting Fundamental Research (Ne F2-FA-F121).
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[1]. Z.M. Khakimov, P.L. Tereshchuk, N.T. Sulaymonov, F.T.
Umarova, M.T. Swihart, Non-conventional tight-binding method for calcula-
tion of total energy and spectroscopic energies of atomic clusters. Phys. Rev.
B. V.72. P.115335, (2005)

INVESTIGATION OF STEEL SURFACE IRRADIATED BY PRO-
TONS IN IODINE MEDIUM

0. V. Ryaboukhin', S. S. Zyryanov', A. V. Kruzhalov',
F. G. Neshov', M. V Kuznetsov?

'Ural Federal University, Ekaterinburg, Russia, ryaboukhin@mail.ru
?Institute of solid state chemistry, Ekaterinburg, Russia,
kuznetsov@ihim.uran.ru

In nuclear reactors construction materials are exposed by influence of
intensive ionizing radiation fields in a combination with high temperature,
pressure and fission products action. Prediction of construction material deg-
radation resulting from radiation-induced swelling, thermal expansion of fuel
and corrosion is of great significance for nuclear technologies.

The investigation of nuclear reactor materials degradation requires long-
term research: firstly, the experimental sample should be stored in nuclear re-
actor for radiation defects accumulation and after that it is necessary the time
for decreasing the radioactivity level of irradiated material. So the whole time
of preliminary procedure can take some years. Therefore the modeling of nu-
clear reactor conditions with using other types of radiation sources allows to
reduce research time.

In the present work the stainless steel 1Cr18Nil10Ti (0.07 - 0,1% C, Si <
0,8%, 1 —2 % Mn, 9,0 — 11,0% Ni, S <0,02%, P <0,035%, 17,0 — 19,0% Cr
and Ti < 0.7 by weight) is studied. The surface of steel was modified by 5,7
MeV protons irradiation in gaseous iodine medium with 5-10° g/cm?® iodine
mass density. The fluence of protons was 1-10'° cm™. The methods of stand-
ard Rutherford backscattering spectroscopy and X-ray photoelectron spec-
troscopy were used.

The thin layer (10-15 nm) of irradiated steel samples is characterized by
high iodine and oxygen atomic density. Depth profiles of iodine and oxygen
concentrations change from 23 to 2 at.% and from 75 to 30 at.% correspond-
ingly. We have observed in this layer the 103" — anion, 1,05 — oxide and I,
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compounds. Under the layer enriched with iodine the thin layer of oxidized
Fe and Cr is determined. In deeper layers (more than 15 nm) the bonded and
molecular iodine was not observed and chemical composition is similar to
studied brand of stainless steel without any oxidation of metallic components.

THE NATURE OF RRLy CENTERS AT WILLEMITE SURFACE

E. A. Sosnov, A. A. Malkov, A. A. Malygin

Saint-Petersburg State Institute of Technology, St.Petersburg, Russia,
sosnov@lIti-gti.ru

The active development of energy-saving technologies allowed to create
at a new technological level the light sources, based on luminescent materi-
als. Thus, despite the miniaturization and design changes of lighting devices,
they are based on known process of the phosphor glow in lamps with low-
pressure discharge, where phosphor based on zinc orthosilicate (willemite),
activated by Mn®* ions used.

To protect the active sites of phosphor from the degradation under oper-
ating conditions, by Molecular Layering method the protective titanium-
nitrogen-containing coatings were synthesized on the willemite surface by
sequential processing (from 1 to 3 cycles) of the matrix by vapors of TiCl,
and NHa;. The chemical assembly of nanolayers was performed at 380°C at
the flow-type installation in the environment of the dried carrier gas.

To assess the protective properties of titanium-nitrogen-containing coat-
ings the possibilities of Radical-Recombination Luminescence of hydrogen
(RRLy) produced in the high-frequency electrodeless discharge have been
used. In the RRLy spectrum of willemite there are two regions of radiation:
with maximum at 520-525 nm (peak position is similar to the photolumines-
cence spectrum of willemite) and non-elementary broad peak with maximum
at 640-700 nm.

The synthesis of ultrathin coatings on the willemite surface leads to un-
even changes in the intensities of RRLy spectra:

- In the spectral region of 500-550 nm after synthesis of first monolayer
was observed the decrease the luminescence intensity in the ~ 10-fold.

- In the region 600-750 nm after the formation of first monolayer a de-
crease in the intensity of RRLy by ~ 25% observed. During the further
growth of protective coating the band does not change its intensity.
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For identification of RRLy centers of willemite the mathematical pro-
cessing of spectra by Tikhonov regularization using the discrete Fourier
transform was carried out. In the RRLy spectra of willemite was identified
two groups of spectral bands:

- =528, 546 and 605 nm (E = 2.04-2.38 eV), - are[JWith maxima at
520-600 nm ( the components of the willemite photoluminescence peak.

- At = 636, 663, 680 and 720 nm (E = 1.72-1.98 eV), which can
bel1620-720 nm ( associated with the luminescence of =Si-Oe radicals,
formed on the willemite surface at rupture of deformed =Si-O-Si= chemical
bonds under the influence of the flow of hydrogen radicals.

Work was supported by RFBR (grants Nos. 10-03-00658, 11-03-00397
& 11-03-12040).

STRUCTURE-PHASE STATE OF TIZRSIN THIN FILMS IRRA-
DIATED BY HYDROGEN AND XENON IONS.

V.V. Uglov, G. Abadias', A. Michel*, S.V. Zlotski, N.A. Dolgolevich,
I.A. Saladukhin

Belarusian State University, Minsk, Belarus, Uglov@bsu.by
YUniversity of Poitiers, Poitiers, France,
gregory.abadias@univ-poitiers.fr

Nanocomposite coatings have generated a great deal of interest in recent
years due to their unusual and unique properties, most notably their extreme-
ly high hardness, increased wear resistance and improved thermal stability
compared to mononitride. The nanocrystalline structure of the coating is
promising material for nuclear reactor due to its radiation stability connected
with the extended grain boundaries acting as sinks of defects.

The effects of irradiation (30 keV molecular H,* and 180 keV Xe?**,
doses 1-10"® cm™ and 5:10™ cm™) on the structure and phase composition of
the nanocomposite thin (300 nm) films (Ti,Zr)100xSixN (silicon concentration
x<21.8 at.%) were studied. Coatings are two-phase systems containing
substitutional solid solution c-(Ti,Zr)N (NaCl structure) with a preferred ori-
entation (200) and the amorphous phase a-SizNj.

In the case of irradiation by H," structure and phase composition of
coatings don't change (the formation of new phases and destruction of exist-
ing ones didn't detect), which reflect a high stability of structure and phase
composition of the coatings under this regime of irradiation. The c-(Ti,Zr)N
lattice parameter (x<13.5 at.%) increases with irradiation, which can be ex-
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plained by accumulation of radiation defects and their complexes in the coat-
ings.

The change of the structure from X-ray amorphous (x=21.8 at.%) to
nanocrystalline under irradiation by Xe*" ions was revealed while no change
of the nanocrystalline structure (grain size 10-4 nm (x=6.5-13.5 at.%)) was
found. The phase composition changes under irradiation were carried out. At
dose 5-10'° cm™ (x<21.8 at.%) there is a partial crystallization of a-SisN, and
formation of a-SisN, phase. In the amorphous coatings at dose 1-10"® cm?,
the formation of solid solution c-(Ti,Zr)N takes place along with the exist-
ence of amorphous phases. During irradiation the c-(Ti,Zr)N lattice parame-
ter (x<21.8 at.%) decreases due to radiation-induced annealing of point de-
fects as well as redistribution of the solid solution atoms in the atomic colli-
sions cascade.

Mechanisms of crystallization of amorphous phase under the irradiation

by Xe”" ions are discussed

THERMAL STABILIZATION OF FESN-/a—FE(SN) LAYERED
SYSTEM

A. K. Zhubaev

Aktobe State University, Aktobe, Kazakhstan, mosslab.kz@km.ru

In the present work the investigations of thermally induced processes of
phase formation in two-layered systems Sn(4 um) — Fe(10 um), obtained by
ion-plasma sputtering; have been carried out by methods of Mdssbauer spec-
troscopy at ***Sn and °’Fe nuclei.

Tin layers were deposited on one side of prepared Armco Iron foils by
magnetron sputtering. The thickness of layers was chose so as average values
of Tin atoms volume concentrations are situated in two-phase regions of
phase diagram, which include o-Fe(Sn) solid solution and intermetallide.
Prepared samples were subjected to subsequent isothermal annealing in vac-
uum at 550°C temperature with duration up to 20 h. '°Sn and *Fe
Maossbauer transmission measurements at room temperature have been car-
ried out. Fitting of experimental spectra were spent by methods of model de-
coding of spectra (for **°Sn) and restitution of distribution functions of hyper-
fine parameters of partial spectra (for *'Fe), realized in program complex
MSTools.

Model identification of some spectra consists of several stages. Using a
priori information about the characteristics of ground state and excited state
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of °Sn nucleus, the characteristics of Mossbauer transition, sizes and direc-
tions of magnetic field H,, the tensor of electric field gradient {V;}, asym-
metry parameter n and three angles (c, B, y) for orientation of tensor in the
frame of reference, the partial spectrum of Tin atoms was simulated. The val-
ues of energies and relative intensities of transitions were calculated. The pa-
rameters of spectrum — the positions and amplitudes of hyperfine structure —
were computed by HAMILTON code.

As the result of spent examinations the formation of FeSn ntermetallide
and solid solution a-Fe(Sn) was established. The dependence of the relative
intensities of the partial spectra for different phases (the dependence of the
relative content of phases in Tin and Iron atomic rate) versus time of the
thermal annealing was obtained. It is revealed that the experimentally ob-
tained relative ratio of the phases conforms to the calculated data.

STUDY OF THERMAL STABILIZATION IN ZR-FE LAYERED
SYSTEM

A. K. Zhubaev, G. M. Mailybaeva

Aktobe State University, Aktobe, Kazakhstan, mila_26.05.89@mail.ru

In the present work the investigations of thermally induced processes of
phase formation in two-layered systems Zr(2 um) — Fe(10 um), obtained by
ion-plasma sputtering; have been carried out by methods of Mdssbauer spec-
troscopy at °'Fe nuclei.

The application of a zirconium coating 2 um thick onto a substrate of a-
Fe was performed on a Argamak unit (Institute of Nuclear Physics, National
Nuclear Center, Republic of Kazakhstan) employing the method of ion-
plasma sputtering. The substrates were prepared from a bar of Armco iron
(99,8% Fe) by rolling to a thickness of ~10 um using special rollers, with
subsequent homogenizing annealing at a temperature 850°C for 3 h.

Sequential isothermal annealing at 900°C with a duration up to 35h
were carried out in a vacuum furnace with a residual pressure of 6x10°
®mm Hg. °"Fe Mossbauer transmission measurements at room temperature
have performed. ®’Co(Rh) with an activity of ~30 uCi served as a source of y
quanta. Fitting of experimental spectra were spent by method of restitution of
distribution functions of hyperfine parameters of partial spectra, realized in
program complex MSTools. The X-ray phase analysis of the samples was
performed on a D8 ADVANCE diffractometer in a CuK,. The measurements
were conducted in the Bragg-Brentano geometry on both sides of the sample.
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As the result of spent examinations the sequence of the phase transfor-
mations in the layered Zr(2 um) — Fe(10 um) system was established. The
relative content of the phases that are formed in the bulk and in the near-
surface layer of the sample was found at each stage of annealing. The process
of thermal stabilization of the FesZr intermetallide at the surface and of the
solid solution of a-Fe(Zr) in the bulk of the sample was realized.

THE EFFECTS OF SILICON CARBIDE RATIO AND IRRADIATION
DOSE ON BORON CARBIDE-SILICON CARBIDE COMPOSITES

V. V. Uglov*, B. Buyuk?, A. B. Tugrul?, S.V. Lastovski®, A.O.

Addemir®, Yu. V. Bogatyrev®, S.V. Zlotski*, V.. Shymanski*
! Belarusian State University, Minsk, Belarus, uglov@bsu.by
2 Istanbul Technical University, Energy Institute, Istanbul, Turkey, buyukbu@itu.edu.tr,
beril@itu.edu.tr
% SSPA, Scientific and Practical Materials Research Centre of NAS of Belarus, Minsk,
Belarus, lastov@ifttp.bas-net.by
* Istanbul Technical University, Materials Science and Engineering Faculty, Istanbul,
Turkey, addemir@itu.edu.tr

The wide using area of boron compounds in nuclear technology has
generated interest to irradiation effect mechanism in boron compounds. In
this study boron carbide-silicon carbide composites were irradiated by elec-
trons. The effects of irradiation on boron carbide-silicon carbide composites
were carried out.

Boron carbide-silicon carbide composites were produced by hot press-
ing method at different boron carbide-silicon carbide ratios. The production
realized at 2250 °C temperature under 130 MPa pressure for 2 hours. The
ratios of silicon carbide in the composites are up to 40 % by volume.

The boron carbide-silicon carbide composite materials were irradiated
by 4 MeV electrons which influence up to 10" cm™ at room temperature.

For the initial and irradiated samples XRD, SEM and EDX analyses

were performed. The parameters of crystalline lattices and stresses were in-
vestigated for boron carbide and silicon carbide at each dose value and sili-
con carbide ratio.

The structure features of boron carbide, silicon carbide, were carried
out. The effects of dose and titanium diboride ratio on the crystalline lattice
parameters and stresses (micro and macro) were discussed. We also dis-
cussed possible mechanism of accumulation and evaluation radiation defects
by high energy electron irradiation.

106


mailto:uglov@bsu.by
mailto:buyukbu@itu.edu.tr,%20beril@itu.edu.tr
mailto:buyukbu@itu.edu.tr,%20beril@itu.edu.tr
mailto:lastov@ifttp.bas-net.by
mailto:addemir@itu.edu.tr

Physical basis of radiation- and laser-related technologies

THE INFLUENCE OF ELECTRON IRRADIATION ON THE
STRUCTURE OF NANOSIZED METAL PARTICLES

B.A. Aliev, M.Zh. Buranbaev, U.P. Koztaeva, G.Partizan,
Zh. Entibekov, Zh. Nakysbekov

Scientific-Research Institute of Experimental and Theoretical Physics
Al-Farabi Kazakh National University, 050040 Almaty, Kazakhstan

The structure of nano-sized copper powders, before and after irradiation with
high-energy electrons in the dose range 1-10 Mrad has been studied using the
methods of electron microscopy, small-angle X-ray scattering and X-ray
photography. New structural phases with different lattice types and parame-
ters have been detected.

ON THE NATURE OF COLOR CENTERS IN OPTIC FIBERS AT
LOW TEMPERATURES

Amonov M.Z.
Institute of Nuclear Physics AS RU, Tashkent, muxtor61@rambler.ru

Short-living and stationary color centers are studied in FVP-300 type
optic fibers (OF) with concentrations of OH ~1000 ppm. The studies showed
that at room temperatures under irradiation with doses of 10° Rad the color
centers are not formed. Under y - irradiation at 77 K one can observe for-
mation of color centers at 215, 260, 330 and 550 nm.

Therefore, we have proposed that under irradiation with 10° Rad the
color centers corresponding to the non-bridge oxygen atoms are not formed.
The research showed that the absorption band corresponding to the absorp-
tion of E - centers (215 nm) disappears in two stages.

The first E - centers disappear at 85 K, whereas the second one at > 300
K. Here, the first E - centers disappears by luminescence, and thus in the lu-
minescence spectrum one can see luminescence bands at 470 and 500 nm.

Based on the stated above results, we assume that those centers do ap-
pear in the optic fibers at the concentration of OH at 1000 ppm. Thus, new
phenomenon was observed at temperatures of 77 - 300 K, i.e. existence of
two types of E' - color centers, one of which disappears at temperatures up to
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88 K, and the second one disappears at temperatures higher than 300 K with-
out luminescence.

RADIATION OPTIC PROPERTIES OF ZRO,-Y,0; CRYSTALS
EXPOSED OXIDATION RECOVER INFLUENCES

Amonov M.Z.
Institute of Nuclear Physics AS RU, Tashkent, muxtor61@rambler.ru

Spectra of absorption, photo and thermo-luminescence of crystals ZrO,-
Y,03 (12 weight %) at controlled change of defect structure with the help of
the nuclear particle influence and high-temperature thermo-treatment in the
oxidation and recover conditions are studied. y-irradiation reveals a thermo-
luminescence (TL) pick at 280 K and a band at 530 nm connected with the
releasing electrons and oxygen vacancies.

It is shown that intensities of the picks and bands of TL increase propor-
tional to the fluence of neutrons from 10*° up to 2.10%" n/cm? after irradiation
crystals by fast neutrons and gamma-ray. Further increasing of fluence leads
to the occurrence of a 500 nm absorption band which absorbs the absorption
band of 530 nm TL and causes decrease of the pick intensity of TL which is
proportional to the fluence.

High-temperature treatment of non-irradiated samples at 1300 K in the
vacuum leads to the insignificant incensement of the pick and band of TL.
Comparison of the results neutron influence and high-temperature annealing
in the vacuum and air indicates that the pick and band of TL and absorption
can be connected with F*— and F-like centers.

Study of high temperature dependence of the band 530 nm allowed us
to consider some mechanisms of excitation of luminescence of F-like centers
in ZrO,-Y,03. At 280 K this band probably connected with luminescence
capture when electrons release from the trap and through the conductivity
zone fall on the F-like center excited level with the further irradiation relax-
ation to the ground state. It was noted that burning of the band in the gamma-
luminescence (GL) above 180 K simultaneously with quenching the GL 480
nm band which as is established caused irradiative decay of auto-localized
excitons (ALE) which are formed at the time of recombination of electrons
with (auto) localized in the lattice with the hole which is stable up to 180 K.
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RADIATION STIMULATED FORMATION OF DEFECT AND
MASS SPREAD IN ZRO,-Y,05P

Amonov M.Z.
Institute of Nuclear Physics AS RU, Tashkent, muxtor61l@rambler.ru

The firm Solution of ZrO,-Y,03 was intensively investigated, as it has a
lot of industrial applications in firm electrolyts for fuel cells, sensors of gas of
oxygen and others. A key to these applications - high mobility of ions of ox-
ygen because of big concentration of vacancies of oxygen. Present work is
devoted to studying an origin of the defects compelled by radiation and ef-
fects of influence of nuclear radiation on oxygen ions thermal distribution to
ZrO,-Y,0;3 crystals. Due to high transparency of ZrO,-Y,0; of wholesale
crystals indirect, but simple indirect, but simple and sensitive optical methods
are acceptable to understand such researches.

Vacancies of oxygen play a fundamental role as the predecessor of elec-
tronic defects which can be created every time when electrons are mobilized
in a crystal, as a result of a exposing of nuclear radiation. So that it is possible
to observe wealth effects, in specific absorption and after luminescence (AL)
which is indicative of presence of vacancies of oxygen. Change of intensity
of character of L peak in 280 K connected with vacancies of oxygen is de-
fined to be creation of change of concentration of oxygen.

Kinetic studying of a property showed that influence of nuclear radia-
tion during the thermal anneals in oxidation of the surrounding atmosphere
inconsolable norm of distribution of oxygen of entrances because of fall of
height of a barrier of energy. Thermal processing without beam influence
shows that concentration of vacancy of oxygen reduces monotonously with
annealing of temperature increase while beam influence bear from tempera-
ture dependence, shows extreme character with a minimum in 700 K. Two
parallel presses, apparently, takes place. Distribution of oxygen dominates in
lower temperature range while radiation stimulated formation of vacancies of
oxygen prevails in more high temperatures because of not radiating relaxa-
tion of peculiar electronic excitement.
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STUDY OF RADIATION OPTIC CHARACTERISTICS OF
MONO-CRYSTALS OF SILICATE AND GADOLINIUM.

Amonov M. Z., Ahsurov M. Kh., Nuritdinov I., Saidakhmedov K.

Institute of Nuclear Physics AS RU, Tashkent, muxtor61l@rambler.ru

Silicates of rare-earth elements have been widely using as detectors in
the physics of high energy recent years. In the present work influence of the
high temperature treatment on the mono-crystals of Gd,SiOs(Ce), (GSO)
with the mixture of cerium (concentration Ce, mol 0.5%) has been studied
by the methods of thermo-luminescence (TL) and absorption band (AB). ABs
with maximum at 209, 220, 245, 270-300 and 350 nm are observed in the AB
after y-irradiation in the UV region and in the visible region separate ABs are
not observed excluding insignificant incensement. Picks with maximums
3536, 383, 448 and 558 K are observed in the curves of TL after y- irradiation
(10°R).

Samples are exposed oxidation-recover annealing for the explanation of
the nature of the traps in the curves of TL. After oxidation annealing and the
further y-irradiation increasing of all picks of TL is observed. Further ther-
mo-treatment in the oxidation environment of samples in the preliminarily
recovered graphite decreases the intensity of picks of TL.

Results of thermo-treatment in the different environments showed that
the capture centers in the crystals GSO have electronic type traps Determina-
tion of energetic depth - E; according to the formula of Urbakh E;=T,K/500
gave following values of picks: pick at 353 K has 0,7 eV, 383 K-0.77 eV 448
K-0.896 eV and pick at 553 K has 1,12 eV.
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FIRMNESS OF LIGHT-EMITTING DIODES FOR THE

SUPERFICIAL INSTALLATION OF WHITE COLOUR

OF THE LUMINESCENCE TO ACTION OF FACTORS
OF RADIATIVE ACTION

I.A.Asanov’, A.A.Vilisov?, A.V.GradoboeVv?®, V.S.Soldatkin®*,
K.V.Tepljakov’

'Open Society «Scientific research institute of semiconductor devicesy
Tomsk, Russia
National Research Tomsk Polytechnical University, Tomsk State University
of Control systems and Radio electronics, Tomsk, Russia, vilisovaa@mail.ru
3National Research Tomsk Polytechnical University, Open Society «Scientific
research institute of semiconductor devices» Tomsk, Russia,
gradoboevli@mail.ru
*Open Society «Scientific research institute of semiconductor devicesy,
Tomsk State University of Control systems and Radio electronics, Tomsk,
Russia, issledowatel86@mail.ru
*Open Society «Scientific research institute of semiconductor devicesy
Tomsk, Russia, rjcnz-nuts@rambler.ru

It is known that display of light-emitting diodes for the superficial instal-
lation are demanded in great demand in the market of the radio-electronic in-
dustry. It is caused by their suitability to the automated makingup and instal-
lation [1]. As the given light-emitting diodes and products on their bottom are
suitable to application in special fields of technics. Light-emitting diodes are
mastered serially and have transited the full complex of trials for action of
mechanical, climatic, biological factors and special mediums [2]. But, the in-
formation on firmness of light-emitting diodes is necessary for a series of
special applications to action of special factors.

The construction of display light-emitting diodes for the superficial in-
stallation represents the semiconductor crystal (chip) installed in a mirror of
the plastic case with the sizes 3.5%2.8 mm and hermetically sealed elastic, on
the basis of silicone, transparent optical coating. For reception of white col-
our of a luminescence in optical coating the photoluminophor radiating in
field of an optical spectrum of 530-640 nanometers is added. Examinations of
light-emitting diodes of white colour of a luminescence with two structurally
various types of crystals are conducted

Semiconductor crystal were prepared a substrate from silicon carbide.
The active layer of a crystal is executed in the form of five quantum holes
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GaN/InGaN. A direct current is 20 mA, optical power is 20 mW, a maximum
of a wave length is of 460 nanometers, direct a voltage is 3.2 V. Semiconduc-
tor crystal made on lift-off of technology. The active structure GaN/InGaN
grown up on a sapphire substrate separates on technology lift-off from sap-
phire and is transferred on a copper substrate. It provides effective heat re-
moval from the active field of a crystal. At a direct current is 20 mA, the
voltage is 3.2 In a crystal radiates is 24 mW optical power in a spectrum of
460 nanometers.

Thus, effects of trials have shown that the given light-emitting diodes
are proof to action by an irradiation by prompt neutrons with fluence 510",
The odds of values after trials for light-emitting diodes with crystals on
carbide of silicon and with crystals on a copper substrate can be caused
features of manufacturing techniques of crystals, their level of a doping
their magnesium and silicon for pinch of number of charge carriers in n
and p semiconductor fields. That fact that there are catastrophic failures
at light-emitting diodes in process and after trials, and as degradation
after action cmoer is important. Factors on light options has not exceeded
30 % from initiating value (before trials).

Operation is executed with financial support of Federal Target Program,
'K Ne 516.11.6100
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2. A.\V.Gradoboev, I.A.Asanov, I.M.Skakova Firmness of light-emitting
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THERMOLUMINESCENCE PROPERTIES OF LITHIUM
HAFNATE

Ya. V. Baklanova, A. V. Ishchenkol, T. A. Denisova,
L. G. Maksimova, B. V. Shulgin®, V. V. Yagodin®

Institute of solid state chemistry of Ural branch of Russian Academy of
Sciences, Yekaterinburg, Russia, baklanovay@ihim.uran.ru
'Ural Federal University named after the first President of Russia
B.N.Yeltsin, Yekaterinburg, Russia, a-v-i@mail.ru

Compositions based on hafnium oxide and hafnates possessing photo-,
X-ray, and radioluminescence have attracted significant interest as multi-
purpose optical materials [1, 2].

The fine dispersed powder (the average grain size 0.2 and 1.5 um) of
lithium hafnate Li,HfO3; has been synthesized by citrate technique. The pho-
to- and radioluminescence properties of lithium hafnate have been described
early [3]. The thermoluminescence properties of Li,HfO3 are presented in this
report. The hafnates Li,HfO; have been investigated after irradiated x-ray
beam (40 kV) for 5 minutes. The glow curves were measured at 90-300 K
(Fig. 1) and 300-500 K (Fig. 2) temperature ranges. The thermoluminescence
curves contain three main bands at 130, 250 and 450 K. The calculations of
traps energy, frequency factor and other parameters of trap centers were per-
formed by approximation experimental results in terms of May-Partridge
model using general order equation and integral approximation.
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Fig. 1. TSL curve of Li,HfO3 in the 90-300 K range
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Fig. 2. TSL curve of Li,HfOs in the 300-500 K range

As a result of the analysis of glow curves one can see that the Kinetic
process order in the 90-300 K range is first one. The order of Kinetic in the
300-500 K range is second one. It can be indicate that there are two types of
trap centers in fine dispersed lithium hafnate.

The work was supported by state contract in the framework of federal
special-purpose program “Scientific and research and educational cadres of
innovation Russia” (2009-2013), the grant N 12-03-00377 of Russian Foun-
dation for Basic Research and the grant N 12-T-3-1009 of the Ural Branch of
RAS.

[1]. Aleksandrov V.I., Voronko Yu.K. et al., DAN SSSR 199 (1971)
1282-1283.

[2]. Bryan P.S., Lambert P.M., Towers C.M., Jarrold G.S., US Patent
4988880, 19809.

[3]. Baklanova  Ya.V., Ishchenko  A.V., Denisova T.A.,
Maksimova L.G., Shulgin B.V., Pustovarov V.A., Viktorov L.V. Photo- and
radioluminescence of lithium hafnate // Optical Materials, 2012. Vol. 34. Is.
7. P.1037-1041.
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APPLICATION OF ELECTRON ACCELERATORS FOR X-RAY
FLUORESCENCE ELEMENT ANALUSIS

V. I. Bespalov, Yu. F. Krechetov, S. E. Lazarenko, E. N. Shuvalov,
S. R. Uglov

Tomsk Polytechnic University, Institute of Physics and Technology,
Tomsk, Russia, krechetov@tpu.ru

An X-ray fluorescence (XRF) spectrometry is good method used for
routine, relatively non-destructive chemical analyses of rocks, minerals, sed-
iments and fluids. The relative ease and low cost of sample preparation, and
the stability and ease of use of x-ray energydispersive (ED)spectrometers
make this one of the most widely used methods for analysis of major and
trace elements.

In the ED XRF analysis we suggest to use electron beams with energy
of some MeV. Accelerators of electrons of direct action, in particular Van de
Graaf's electrostatic generators are the most suitable.

Calculations of bremsstrahlung photons spectra from electrons with en-
ergy up to 6 MEV, leaving a sample and characteristic x-ray radiation (CXR)
are executed by the Monte-Carlo method according to the program «Comput-
er laboratory» [1]. The evident advantage of use of a electron beam for the
XRF analysis of averages and heavy elements is shown at interaction of elec-
trons directly with sample passing a stage of photon beam receiving.

On the microtron and the electrostatic generator ESG-2.5 of Institute of
Physics and Technology TPU are measured the CXR spectra by interaction
of electrons with several targets. The X-rays generated in the target were de-
tected by a CdTe semiconductor detector with sizes of crystal 2x2x2 mm3
(Model 100 TD, AMPTEK Inc.).Good extraction of K-lines of CXR of heavy
elements over a background was observed. The yields of CXR within exper-
imental uncertainties will be agreed with Monte-Carlo data. It allows possi-
bilities of the «Computer laboratory» program to use for development of
XRF analysis on electron accelerators.

[1] Bespalov. Interaction of ionization radiations with medium.lIssue
4. Tomsk Polytechnic University.2008, 368 p.
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AGGREGATION AND TRANSFORMATION OF COLOR
CENTERSUNDER I' AND LASER RADIATION IN
MAGNESIUM FLUORIDE

L. I. Bryukvina, A. L. Rakevich', E. F. Martynovich®

Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia,
baikal@ilph.irk.ru

! Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Rus-
sia, femto@bk.ru

The crystals of magnesium fluoride (MgF,) are used as materials of op-
tical elements and devices (windows, lens, etc.) thanks to wide area of trans-
parency (0,11+7 micron) and radiating stability. In recent years powerful la-
ser sources, including femtosecond laser, are actively used that stimulates re-
searchers to check stability of optical windows, lenses and other devices to
powerful radiation.

It is considered that in magnesium fluoride under the influence of a var-
lous type of radiations (x-ray, y- quantums, electronic and ionic beams and
others) aren't formed the electronic charged and neutral aggregate color cen-
ters (CCs), consisting from more, than two, anion vacancies. However, our
researches show formation of the new CCs with luminescence in area, much
more long-wave, than for F, centers, in y-irradiated MgF, crystals.

Owing to treatment by femtosecond laser radiation of y-irradiated
(5%10" R) magnesium fluoride occurs a significant increase in concentration
of CCs, both known, and new, in created spurs (the colored filaments with
CCs) in comparison with an initial crystal. Distinctions in creation and trans-
formation of CCs in spurs, parallel and perpendicular to an optical axis of a
crystal, respectively, are observed.
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The research of a photolumi-
nescence of CCs along cross-section
of spur shows higher efficiency of
creation of CCs in the center spur. In
peripheral parts of spur, induced by
femtosecond impulses, is observe
weaker luminescence of CCs, than in
a matrix of y-irradiated crystal out-
side of spur. It testifies to CCs de-
colouration in a peripheral ring of
cross-section of spur Dby the
supercontinuum radiation, created by
femtosecond impulses. In spur the
luminescence of new CCs is fixed
and lengths of waves and decay
times of luminescence are defined:
Amax=656 nm, 1;=15+0,5 ns;
A,=810 nm, 1,=23+0,5 ns. CCs dis-
tribution on spur cross-section char-
acterizes energy distribution on a
cross-section profile of a filament of
a femtosecond beam.

The image of spur cross-section,
received by means of a confocal mi-
croscope Micro Time 200. Average
diameter of spur 20 microns.

The investigation was carried out in the the framework of the scientific
project of the Program of fundamental researches of Presidium RAS Ne 13.12

and the scientific project of the Progr

am of SB RAS Ne I1.8.1.6.
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LUMINESCENT PROPERTIES OF NANOSTRUCTURED FILMS
BASED ON LITHIUM FLUORIDE OBTAINED BY THE METHODS
OF LASER TECHNOLOGY

V.P. Dresvyanskiy, A.L. Rakevich, S.N. Malov, E.F. Martynovich

Irkutsk Branch of Institute of Laser Physics SB RAS, Irkutsk, Russia, fil-
lal@ilph.irk.ru

The nano-structured film samples were prepared on the basis of lithium
fluoride with thickness of 2-20 microns on glass substrates. We investigated
experimentally the structure of the films, the spectra and kinetics of lumines-
cence using a confocal scanning time-resolved microscope MicroTime 200
with the spectrometer Ocean Optics QE65000. The luminescence spectra
were measured under excitation by laser radiation with a wavelength of 375
nm, 405 nm, 470 nm and 532 nm. To suppress scattered by a sample of the
exciting radiation luminescence is recorded through filters with a cutoff
wavelength of 400 nm, 430 nm, 500 nm and 550 nm, respectively. Then the-
se samples were exposed to X-ray study for 45 minutes (I = 15 mA, U = 15
kV), after which the studies were carried out luminescence centers induced
by radiation.

Studies have shown that the films contain a luminescent grain with size
of 200-300 nm, observed at the limit of spatial resolution of the microscope.
When excited by each of these lasers in non-irradiated samples were ob-
served weak non-elementary luminescence bands with maxima at 400 nm,
470 nm, 560 nm, 580 nm and overlapping bands in the region to 800 nm. At
the same time were recorded three major components of the luminescence
decay time of 0.8 ns and 2.8 ns and 8.5 ns.

After X-irradiation the total emission intensity was increased on the or-
der. In the luminescence spectra are dominated by two bands with maxima at
470 nm and 650 nm. However, a temporary structure is more complex. Ob-
served components have decay time of 220, 35, 16, 4 and 0.8 ns. One of the
components of the observed luminescence decay time is 16 ns, which is clos-
est to the time of the luminescence decay time of F, - centers. Nevertheless,
pronounced spectral emission band with maximum at 650 nm is different
from the single crystal (680 nm).

Thus, we investigated a new material based on lithium fluoride, fluores-
cent properties of which differ significantly from the properties of single
crystal.
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THERMOSTIMULATED LUMINESCENCE OF LiF: Mg, Ti,
IRRADIATED WITH FEMTOSECOND LASER PULSES IN MODE
OF THE FILAMENTATION

D.S. Glazunov?', V.P. Dresvyanskiy, N.S. Bobina®, , V.F. lvashechkin®,
A. V. Kirpichnikov?, A. V. Kuznetsov', A. I. Nepomnyashchih?,
E.V. Pestryakov?, E.F. Martynovich*

YIrkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
?Institute of Laser Physics SB RAS, Novosibirsk, Russia
3Institute of Geochemistry. AP. Vinogradov, SB RAS, Irkutsk, Russia
e-mail: filial@ilph.irk.ru

The objects of our study were single crystals of dosimetric LiF: Mg (100
ppm), Ti (10 ppm) are widely used in the y-dosimetry. The aim of this study
was to investigate the mechanism of creation of light sum in crystals under
the action of intense femtosecond radiation of Ti: sapphire laser in the near
infrared region of ~ 800 nm, and a study the photoluminescence of irradiated
samples. In addition, we compared the properties of the thermally stimulated
luminescence after of the two methods of storing the light sum: laser radia-
tion and X-rays or beta particles.

The experimental setup for irradiation of crystals of LiF: Mg, Ti by
femtosecond laser pulses consisted of a Ti: sapphire laser that generates 30 fs
pulses with energies of about 0,55 mJ and a repetition rate of 1-1000 Hz.
Photoluminescent studies of irradiated samples was carried out under picose-
cond laser excitation with a scanning confocal fluorescent time reserved mi-
croscope MicroTime 200. PL spectra excited by laser radiation with a wave-
length of 470 nm were recorded by spectrometer Ocean Optics QE65000.
TSL studies were conducted at a special installation in the temperature range
from 295 K to 673 K at a constant heating rate of 1 K s-1. After measuring
the thermoluminescence curves of the crystal irradiated by femtosecond radi-
ation the TSL of the same sample was additionally investigated after irradia-
tion with B-radiation of isotope source *°Sr-**Yt with dose 0,6 Gy/min. The
exposure time of the sample with beta particles was 30 sec.
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The results showed that the luminescence spectra of the crystals, irradi-
ated with femtosecond laser radiation contains emission bands F,-centers (A =
680 nm) and F;" centers (A = 540 nm).

The results of thermoluminescent studies show that after femtosecond
excitation the main TSL peak is the usual dosimetric peak with a maximum
of 485 K. In comparison with the X-ray and B-irradiation the higher tempera-
ture peaks recorded more efficiently. This is associated with a high excitation
density of matter under laser excitation. Specifically, research has shown that
due to the small size of filaments formed as a result of self-focusing (1,3 x 35
um), the density of color centers in filament traces of several orders of mag-
nitude greater than the density after the beta- or X-ray irradiation.

This research was supported by the Program Ne 13 of the Presidium of
RAS, project Ne 12 and by the Program of Basic Research of SB RAS, pro-
ject 11.8.1.6.

LUMINESCENT SPECTROSCOPY OF MOLYBDATE SOLID
SOLUTIONS
A1xBx(M00,), A=(Ca,Pb), B=(Pb,Sr,Ba,Cd)

I.A. Gofman, V.D. Zhuravlev}, V.A. Pustovarov

Ural Federal University, Ekaterinburg, Russia,
ilya.gofman87@gmail.com
! Institute of Solid State Chemistry of RAS (UB), Ekaterinburg, Russia

Molybdates with common formula AMoO, (A=Ca,Sr,Pb,Ba,Cd) crystal-
lizing in the scheelite type (space group 14,/a), are considered prospective
materials in luminescent applications, mainly as host lattices for rare-earth
ions in production of LED phosphors. Solid solutions between the members
of the series present a possibility of more detailed study of the crystal struc-
ture influence on the luminescent properties in molybdates.

Calcium molybdate CaMoO, has been found the most efficient lumines-
cent material of all scheelite molybdates, therefore solid solution based on
Ca”* cation were studied. Lead molybdate consistently attracts attention of
researchers because of its color center whose nature was discussed over
years. Therefore, we decided to choose PbMoO, as the second base com-
pound for solid solutions.
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The following concentration dependences were studied for all the sys-
tems: 1) relative photo- and X-ray stimulated luminescence intensity; 2) main
excitation peak energy; 3) emission peak energy. During the measurements
we faced a number of experimental issues connected with the wide dynamic
range of luminescence intensity and the need of variation of monochromator
slit widths which causes shifts in broad emission and excitation spectra.

We found that in Ca;AMo00, series relative luminescence intensity
rapidly decreases with the increase in concentration X. The dependences are
rather similar for both PL and XRL intensity. This even holds for A=Cd, de-
spite the fact that ionic radius of Cd** is smaller than that of Ca*". This could
be explained on the basis of two factors. Firstly, with the increase of the cati-
on position size, the expansion of the molybdate tetrahedron in the excitated
state increases, which causes the stronger shift of the excited state parabola in
the single configurational coordinate model. This, in turn, leads to earlier
temperature quenching. However, if we consider further decreasing the cati-
on size, like in case of Cd** the thermally activated concentration quenching
mechanism might override and again decrease the luminescence intensity at
room temperature. Therefore, there should exist an optimum, which seems to
be located at CaMoQO,. The quantitative analysis for this situation is being
developed.

In the Pb,,AM00Q;, series the dependence of the excitation peak energy
on concentration is of main interest. We found that its position is heavily de-
pendent on Pb?* concentration shifting up to 0.7 eV. The law is almost linear.
This observations could help reject some of the versions of its origin, like the
deviations in stoichiometry or the small amounts of accidental admixtures.

In some of the series, like Pb,,Ba,M0Q,, where the relatively large dif-
ference between the emission peak energies existed (E.,=2.36 eV for x=0.1
versus E.,=2.51 eV for x=0.9) it appeared possible to plot the linear depend-
ences of the emission energy on concentration. However, in most of the se-
ries emission energies were close enough for the dependences to be blurred
by a variety of factors to make it impossible to construct an explicit depend-
ence.

Thus the study of solid solutions series based on CaMoO, and PbMoO,
made it possible to further refine the regularities in the excitation and emis-
sion energies and luminescence intensity of scheelite-structured molybdates.
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HIGH INTENSIVE CHORT PULSED IONS IMPLANTATION
EFFECT ON ELECTRICAL AND PHOTOELECTRICAL PROPER-
TIES OF POLYCRYSTALLINE SILICON

A.V. Kabyshev, E. V. Konusov, G. E. Remnev

Institute of Physics of High Technology, Tomsk, Russia,
konusov@hvd.tpu.ru

Synthesis of nanosized structures in silicon and silicon contained mate-
rials by ions irradiation presume investigation processes of grinding crystal
structure, formation new phases defects formation and its effect on proper-
ties. High intensive short pulsed C* ions implantation with aim of synthesis
carbon contained compounds in silicon carry out simultaneous annealing of
induced defects. Induced heterogeneity in form of a-C:H, SiC, C-
nanodiamonds, graphite condition characteristics change.

The purpose of this work is investigation reason of electrical and photo-
electrical characteristics of polycrystalline silicon changes after high inten-
sive short pulsed carbon implantation ions and subsequent vacuum annealing
(T.n=300-900 K, P<102 Pa). Implantation with C* ions (H"* ions in beam <50
%) was fulfilled with using power impulse beam on the basis diode with out-
er magnetic isolation with dielectrics anode at parameters: P<10* Pa, U,=300
KV, timp=80 ns, j,=30 A/lcm?® n,=1-400, D,~1.5-10" cm™. Surface and vol-
ume dark conduction o, photoconduction Acy,=c,~c (oh,—conduction at il-
lumination), photosensitivity K=Acy,/c were measured at T=300-500 K,
U=0.1-300 V, hv=1.5-4.0eV.

Dose dependencies of photoelectrical characteristics are obey to com-
mon laws proper to silicon implanted with ions. The type of o}, changes from
n to p and photosensitivity sharply drops. As shows parameters, hopping
transport contribution to o(T) enlarges owing to growth of density of induced
defects localized states distributed near Fermi level more than 10° degree.
States density diminishes with its depth in band gap unlike unirradiated sili-
con. Levels parameters were determined by irradiation conditions.

Processes of defects annealing, ions precipitation, nanoparticles ag-
glomeration and hard solution formation condition the characteristics change
during annealing in stages T,,=300-700, 700-1000 K. Dissociation of unsta-
ble acceptor defects complexes begining at 450 K is accompanies by type
carriers restoration from p to n. Stable until 600 K complexes on basis donors
like defects and implanting ions determine the Fermi level position in band
gap and recharge defects. Nanocrystals provide the stabilized effect on char-
acteristics connected with induced defects. Nanoparticles agglomeration ef-
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fects on properties at T,,=700-1000 K. In summary, as a result of ion-thermal
modification of polycrystalline silicon new strongly defective material was
formed in near surface layer with considerably changed electrical and photoe-
lectrical properties.

THE INTEGRATED GEOINFORMATION SYSTEM FOR
REMOTE RADIATION MONITORING

M. M. Kidibaev, A. V. Ishchenko', L. V. Victorov!, K. O. Khokhlov',
T. S. Koroleva, A. S. Bektashov, V. Yu. Ivanov’, B. V. Shulgin®

Institute of Physical &Technical Problems and Materials Science of the
National Academy of Sciences of the Kyrgyz Republic, Bishkek, Kyrgyzstan,
koroleva@aknet.kg
'Ural Federal University named after the first president of Russia
B.N.Yeltsin,Yekaterinburg, Russia,
a-v-i@mail.ru

For monitoring of the biosphere reserve around the Lake Issyk-Kul, hav-
ing an international status, the special integrated geoinformation system
(IGS) has been created. Such automatic system for continuous monitoring is
necessary for dynamic response to changing circumstances, accumulation of
statistical data on the radiation background, as well as for early warning of
the population about the excess of permissible rates. IGS represents an exten-
sive hardware (Fig. 1) and software (user interface at Fig. 2) sensor system
designed for collecting, storing and processing of information on radiation
parameters of the environment. Using the system allows to perform a com-
prehensive landscape analysis and assessment of radionuclides distribution in
surveyed areas, located far from the control center.

The system works both in a “standby” mode (recording of measurement
results in the control center with a given time interval) and in a real time
mode (second-by-second values of the average count rate, received from the
sensors, are continuously observed on the monitor in the control center). IGS
consist of some remote smart sensor units on the basis of Csl: Tl scintillataion
detector with PIN photodiode registration and integrated control center on
basis of software “Karakol”.

Works were performed within the ISTC projects #KR-994 and #KR-
1587 by the international team of researchers from the National Academy of
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Sciences of the Kyrgyz Republic and the Ural Federal University (Yekaterin-
burg, Russia), with the assistance of respected collaborators from the Univer-
sity of Lyon 1, France (Prof. Ch. Pedrini), Fraunhofer Institute for Non-
Destructive Testing (IZFP), Germany (Prof. M. Kroening) and WISMUT
Corporation, Germany (Dr. P. Schmidt
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Fig. 1. Scheme of IGS

Fig. 2. User Interface of IGS
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RESEARCHING X-RAY INFLUENCE ON THE HYDROGEN RE-
DISTRIBUTION IN TITANIUM WITH THE HELP OF PROFILER 2
GLOW DISCHARGE OPTICAL EMISSION SPECTROMETER

V. N. Kudiyarov, A. M. Lider, N. S. Pushilina

Tomsk Polytechnic University, Tomsk, Russia, victor31479@mail.ru

Titanium and its alloys are materials of great technological interest due
to the combination of the two mechanical properties of resistance to corro-
sion and hardness. Hydrogen in metals and alloys is known to cause
embrittlement. For titanium and titanium alloys the presence of hydrogen and
titanium hydride enhances the fracture by localized plastic deformation and
brittle fracture respectively.

In a number of studies [1-2] it investigated that by acting at room tem-
perature for metal-hydrogen system by ionizing radiation migration and hy-
drogen yield can be stimulated. So it becomes possible the low-temperature
hydrogen removal from metals.

The aim of our research is to study the influence of X-rays on the hy-
drogen redistribution in titanium. The researching was carried out with the
help of Profiler 2 glow discharge optical emission spectrometer [3].

Analyzing hydrogen concentration profiles in the samples before and af-
ter irradiation shows that irradiation stimulates hydrogen migration from bulk
of the samples to the near surface layer of the samples.

References

1. Turin Yu.l., Chernov |.P. Radiation-stimulated hydrogen desorption
from solid. — Tomsk: Tomsk Polytechnic University, 2008.-252 p.

2. Chernov I.P., Cherdancev Yu.P., Turin Yu.l. Methods of researching
metal-hydrogen system. - M.: Tomsk: STT, 2004. -270 p.

3. Thomas Nelis, Jozsef Pallosi. Glow Discharge as a Tool for Surface
and Interface Analysis. Applied Spectroscopy Reviews, 41: 227-258, 2006.

125



Physical basis of radiation- and laser-related technologies

RESEARCH OF ABLATION OF TARGETS FROM HEAT-
RESISTANT OXIDES UNDER ACTION OF CO,
AND FIBER LASERS

V.V. Lisenkov, V.V. Osipov, V.V. Platonov

Institute of Electrophysics UD RAS, Ekaterinburg, Russia

The ablation of targets from heat-resistant oxides by CO, and ytterbium
fiber lasers has been investigated theoretically and experimentally in present
paper.

CO, laser generated pulses with following parameters: energy — 1 J, du-
ration — 250 us, peak power — 7 kKW. The fiber laser generated rectangular
pulses with 300-1000 ps duration and 300-700 W power.

The theoretical investigations were carried out with a help of 3D numer-
ical model, which included the equations of heat conductivity and movement
of melt. With a help of our model we have calculated the dynamics of evapo-
ration of target material together with the displacement of the melt under ac-
tion of overpressure of vapor. These processes result in formation of a crater.

Quite good concurrence between calculated and experimental parame-
ters of craters has been received.

Results of researches have revealed essential difference between CO,
and fiber lasers in processes of heating and evaporation of targets. In case of
CO;, laser the evaporation of a material take place basically from the melt sur-
face. In case of the fiber laser the basic part of a material takes off as a vapor-
drop mix. Such mode results in more effective removal of target material that
is good for laser drilling and cutting. However for synthesis of nanopowder
such mode is not good. In our opinion, for synthesis of nanopowder it is bet-
ter to use CO, the laser.
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INFLUENCE OF THERMOBEAM PROCESSING ON TL AND
OSL PROPERTIES OF THE SOLID-STATE DETECTOR OF
IONISING RADIATION ON THE BASIS OF ANION-
DEFECTIVE CORUNDUM

Litovchenko E.N., Soloviev S.V., Milman 1.1., Moiseikin E.V.,
Surdo A.l.7

Ural Federal University, Ekaterinburg, Russia, e-mail:
Igor.Milman@dpt.ustu.ru
“Institute of industrial ecology of Ural branch of Russian Academy,
Ekaterinburg, Russia, e-mail: Surdo@ecko.uran.ru

Solid-state detectors based of anion-defective corundum (TLD-500 or
Al,O3:C) are widely used in personal, medical and space dosimetry [1]. Crys-
tal detectors Al,Os:C possess high sensitivity and a wide range of registered
doses of radiation, thermal and radiating firmness, are chemically inert.

In Ural Federal University the method of thermobeam preparation of
crystals Al,O3:C which allows increase a range of registered doses is devel-
oped. The method consists at irradiation of crystals of anion-defective corun-
dum light with length of wave 200-220 nanometers at temperature 250-
350°C. At such processing there is filling deep traps and the probability of
capture carriers them decreases at the subsequent irradiation. As a result, sen-
sitivity of detectors to registered radiations [2] increases at one order, and the
change of sensitivity in the basic peak it is possible to estimate the dose of
the radiation which have been saved up at the raised temperature [3]. Regis-
tration the absorbed dose of crystals Al,O3:C can is made both methodes:
thermoluminescent (TL) and optically stimulated luminescences (OSL).

In this work, TL and OSL - properties of detectors TLD-500K subjected
to thermobeam processing in a temperature range from 50 to 800°C are re-
sulted. It is shown that the increase in intensity TL and OSL a signal in the
basic peak is connected as with intensive filling of the traps competing to
basic - dosimetric, at irradiation temperature 300-400°C, and with change of
concentration of the basic centres of a luminescence. As a result, the registra-
tion of TL and OSL signals, growth of sensitivity of samples to x-ray radia-
tion more than on two order is observed.

[1] Optically stimulated luminescence: fundamentals and applications /
Eduardo G. Yukihara and Stephen W.S. McKeever., 2011
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[2] Patent RU Ne 2229145. A method of processing substance of the sol-
id-state detector of ionizing radiation detectors based on aluminum oxide /
Kortov V.S., Milman L.1., Nikiforov S.V.

[3] Patent RU Ne 2346296 Method for measuring the dose in solid-state
detectors of ionizing radiation on the basis of aluminum oxide, accumulated
at higher ambient temperatures / Milman 1.I., Moiseikin E.V., Nikiforov
S.V., Revkov I.G., Litovchenko E.N., Soloviev S.V.

FORMATION AND THE TRANSFORMATION OF CONTAMI-
NANT-DEFECTIVE COMPOSITIONS IN DOPED SILICON AT
THERMAL RADIATION INFLUENCE

Sh. Makhkamov, M. Karimov, N.A.Tursunov, A.R. Sattiev,
M.N. Erdonov, Sh.A. Makhmudov, Kh.M. Kholmedov

Institute of Nuclear Physics AS RUz, Tashkent, Uzbekistan,
natur@inp.uz

In the work the process of formation and reconstruction of contaminant-
defective compositions are studied by electrical and structural methods in sil-
icon doped by impurity of the copper and palladium with the participation of
dislocations under the thermal radiation influence.

For it were used a silicon single-crystal samples of p-type conductivity,
grown by Czochralski's method with specific resistance 10 Ohm-cm and dis-
location density ~10* cm™. The doping of the silicon plates was produced by
thermal-diffusion method in the range of temperatures 1000-1280°C for 5-10
hours. Irradiation by neutrons was carried out up to the fluencies 3-10"° cm™.

The measurements showed small changes of electrophysical and recom-
bination parameters of the silicon samples, alloyed by copper. The decrease
of the life time of the minority charge carriers is observed in control samples.
A substantial change of electrophysical and recombination parameters in sili-
con by admixture of palladium in contrast to copper is observed.

For control samples a structural studies showed the tendency of an in-
crease in density and sizes of the dislocation pits of etching with an increase
of cooling rate. By dislocation glide in the samples doped by copper occurs
their confluence with the formation dislocation many leafed rosettes and
tubes. Motion and confluence to the formed dislocation nucleus for Si<B,
Pd> is observed.
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Study of Si<B,Cu> after neutron irradiation by fluencies 3-10*° cm™

showed an increase of the dislocation density for control samples relatively
no irradiated. Copper impurity presence in the doped samples leads to insig-
nificant decrease of dislocation density relatively control samples. Pairing
dislocations and formation of three petalous dislocation rosettes occurs and
located from each other to 120°.

Study of the silicon strength parameters, doped by Cu and Pd impurities
established the nature of contaminant composition influence to their micro-
hardness. Was shown that Cu and Pd impurities leads to disordering (due co-
valent radius difference) of single-crystal silicon and discovered, that process
of strengthening is suppressed by the precipitation of oxygen, due to the dif-
fusing atoms Cu and Pd interaction with oxygen and seizure by their grow-
ing precipitates. Contribution to strengthening of doped silicon leads to dislo-
cations, generated by the elastic strains fields, created by admixtures.

The mechanism of formation and transformation of contaminant- defec-
tive complexes with the participation of dislocations and structural defects is
discussed, and their contribution to an increase in photosensitivity and radia-
tion stability of the doped semiconductor materials is established.

Work is executed within the framework of F2-FA-F121 grant of Com-
mittees on Coordination of Development Sciences and Technology.

DEFECTS CREATION IN WIDE BAND-GAP CRYSTALS BY AN
INTENSE NEAR INFRARED LASER RADIATION

E.F. Martynovich

Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
e-mail: filial@ilph.irk.ru

1. At low aperture focusing of a femtosecond Ti: sapphire laser radiation
the defects are produced due to the self-focusing and multiple filamentation
of light with the sharp increase in its intensity.

2. Highly sensitive fluorescence technique allowed for the first time to
register the spatial distribution of traces color centers created by filaments of
a single laser pulse (0.5 mJ). We measured the thickness (1.3-1.5 mm) and
the effective length (~ 30 microns) of filaments in the simplest terms of the
action of a single pulse. Short length of the filaments shows that the primary
mechanism of filamentation is a mechanism of moving the focus.
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3. Elongation (germination) of traces was observed first time with an in-
crease in the number of pulses of radiation. The reason it is a channeling ef-
fect of light by waveguides formed by the first pulses. Through this traces
not only lengthened, but increased in diameters, and their cross-section of the
fluorescence emission took the form of rings because of concentration
quenching of luminescence, rising to the axis of the rings.

4. At high external aperture focusing the optimum regime of defect crea-
tion is achieved by the reduction of pulse energy in the minimum unit volume
with a cross section smaller than the diffraction limit due to the nonlinear
narrowing.

5. It was shown that the femtosecond laser as a tool for the creation of
radiation defects in wide band-gap crystals, many times more effective than
X-ray machines, powerful gamma-irradiation isotope installations and linear
electron accelerators.

6. For the first time within the crystalline media volume information
was recorded in the form of multi-level fluorescent images or digital codes.

This research was supported by the Program Ne 13 of the Presidium of
RAS, project Ne 12 and by the Program of Basic Research of SB RAS, pro-
ject 11.8.1.6.

SYNTHESIS, CHARACTERIZATION AND LUMINESCENT
PROPERTIES OF HIGH DOSE IRRADIATED NANOSTRUCTURED
ALUMINA CERAMICS

K.A. Petrovykh, V.S. Kortov, S.V. Nikiforov, S.V. Zvonarev,
Yu.G. Ustyantsev

Ural Federal University named after first President of Russia B.N.
Eltsyn, Ekaterinburg, Russia, kspetrovyh@mail.ru

The aim of the present work is synthesis and characterization of
nanostructured a-Al,O5; ceramics with further studying of its luminescence
after high dose irradiation.

The preparation process of nanostructured alumina ceramics involves
three stages: synthesis of high-purity a-alumina powder, powder compacting,
and sintering in vacuum.

Synthesis of the a-Al,O3; used in our studies was performed by CJSC
“VNIIOS NK” using alcoholate technology. It is based on alcoholysis of
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aluminum with isopropyl alcohol followed by purification of the aluminum
iIsopropoxide, and then its hydrolysis to Al(OH); and the thermal dissociation
of the latter to the final product.

The analysis of particle size distributions for initial high-purity alumina
was performed by means of the dynamic light scattering technology. During
the experiment based on dry sample material high concentrated suspension
was made. This suspension was treated 10 minutes with an external ultrason-
ic probe. After time pause of three minutes a partial sample from the surface
of the liquid was taken, so that coarser particles, which are already settled to
the bottom of the container, would not be caught. This partial sample was fil-
tered at 1200 nm before the suspension was given into the cuvette for analy-
sis. According to obtaining results the minimum and medium particle sizes of
the a-Al,O; powder are 12 nm and 100 nm, respectively. Received size val-
ues are validated by results of scanning electron microscopy (SEM) that
showed 100-110 nm particles.

The powder compacting to realize 1 mm thick tablets was made by cold
moulding technique under pressure of 8-9 kgf/cm? with an ethanol as plasti-
cizer.

As to the next step, the tablets were sintered in a high temperature vacu-
um furnace at the temperatures of about 1100-1500 °C for 1 hour. One should
mention after sintering the particle size was varied in a 200-400 nm range in
accordance with SEM data.

The thermoluminescence (TL) of the prepared nanoceramics was meas-
ured after irradiation of *°Sr source in a dose range from 1 to 500 Gy. Under
heating of irradiated ceramics in a range of 350-500 K the TL was observed.
The TL output is proportional to the absorbed p-radiation dose in a dose
range from 1 to 200 Gy. At the same time dose response of the a-Al,O; sin-
gle-crystal is linear in the region limited by 1 Gy. Thus the work results
prove prospectivity of the a-Al,O; nanostructured ceramics as materials for
high dose detectors of the ionizing radiation.
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RADIOLUMINESCENCE PROPERTIES OF
Cs-METAVANADATES

R. F. Samigullina, B. V. Slobodin, A. V. Ishchenko®, B. V. Shulgin®,
L. V. Victorov}, V. V. Vakhter?, E. A. Zhevak®

Institute of solid state chemistry of Ural branch of Russian Academy of
Sciences, Yekaterinburg, Russia, rina@ihim.uran.ru
'Ural Federal University named after the first President of Russia
B.N.Yeltsin, Yekaterinburg, Russia, a-v-i@mail.ru

The CsVO; (sp. gr. P4/nbm) and Cs,Zn(VO3),; (sp. gr. P4/mnc)
metavanadates have been synthesized by the Pechini process in polycrystal-
line form. The CsVO; crystal grains (Fig. 1) have been made due to melting
and slow cooling. The photo- and X-ray luminescence, scintillation and lu-
minescent decay properties have been measured. The X-ray spectra of CsVO;
in comparison with spectra of ZnO etalon (measured in the same conditions)
and spectra of Cs,Zn(V0Os), are presented at Fig. 2 and Fig.3, respectively.
The calculated absolute light yield of CsVO3; is 46000 photon/MeV. It’s more
then the absolute light yield of Nal: Tl (38000 photon/MeV [1]). The decay
time measuring (Fig. 4)under photon irradiation and pulse cathode beam
were performed. It equal 11,3 us.
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Fig. 1. CsVO; crystalline grain
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Fig. 4. CsVO; decay curve

The presented compounds are perceptively materials for luminescence
indication monitoring systems including systems combined with photodiodes
registration.

Work was supported by the Russian Foundation for Basic Research
(grant no. 110300097a) and supported by state contract in the framework of
federal special-purpose program “Scientific and research and educational ca-
dres of innovation Russia” (2009-2013).

1. Nal(TI) and Polyscin®Nal(Tl) Sodium lodide. Scintillation Material.
http://www.detectors.saint-gobain.com.
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ATOMIC STRUCTURE OF SELF-ASSEMBELD InAs/AlAs
QUANTUM DOTS: EFFECT OF ELECTRON IRRADIATION
AND ANNEALING

T.S. Shamirzaev?, A.K.Bakarov?, V.Yu. Yakovlev?

! A.V. Rzhanov Institute of Semiconductor Physics SB RAS, Novosibirsk, Rus-
sia, tim@isp.nsc.ru
2 Tomsk Polytechnic University, Tomsk, Russia,

Effect of post-growth annealing and electron irradiation on intrinsic
point defect concentration and intermixing in structures with InAs/AlAs
guantum dots has been investigated. The structures were grown by molecular
beam epitaxy in a Riber-32P system at temperature of 510°C and consist of a
single layer of InAs QDs sandwiched between two 50 nm layers of AlAs. A
20-nm-thick GaAs cap layer protects AlAs against oxidation. In order to dope
the structures by electrons (holes) a delta layer of Si (Be) atoms with density
of 5x10™ ¢cm™ putted 2 nm under the QDs layer. Both n- and p-doped struc-
ture are treated by a pulse electron irradiation (100 pulses with pulse density
of 0.3 J/em? and electron energy of 250 keV). As-grown and irradiated struc-
tures were annealed in a hydrogen flow during 15-30 minutes at temperatures
in the range of 430 — 750°C. 15 minutes annealing at 550°C does not affect
photoluminescence (PL) intensity and spectra shape for both n- and p-doped
structures. Increase of the annealing temperature up to 700°C (during 15
minutes) results in blue shift of PL band for the n-doped structure, while sim-
ilar shift for the p-doped structure observed just for annealing temperature of
750°C. Pulse electron irradiation does also not affect PL spectra shape for
both the structures and intensity of the p-doped structure. However, intensity
of the n-doped structure increases in 1.4 times after such irradiation. Addi-
tional 30 minutes annealing of the irradiated structures at 430°C does not any
affect the p-doped structure. The same annealing results in additional 1.6
times increase intensity and blue shift of PL band for the n-doped structure
that evidences recombination of intrinsic point defects — nonradiative centers
and some intermixing of InAs and AlAs. We explain our results with the fol-
lowing model: intermixing of InAs and AlAs are gone via intrinsic point de-
fect (vacancy and interstitial atom) generation. The formation enthalpies of
intrinsic point defects are function of Fermi level position. In n-doped struc-
tures the Fermi level has energy in 1.5 eV higher than that in p-doped one,
that facilitates the defects generation. Irradiation increases of the Fermi level
energy that causes of the defects generation. Migration of these generated de-
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fects during annealing results in InAs and AlAs intermixing and recombina-
tion of intrinsic point defects. This work was supported by the RFBR (grant
no0.10-02-00240).

PORTABLE GAMMA-RADIATION MONITOR ON THE BASIS
OF PLASTIC SCINTILLATOR

A. S. Shein, A. Yu. Derstuganov, G. A. Kuntsevich, A. L. Krymov,
L. V. Victorov, V. L. Petrov, B. V. Shulgin

'Ural Federal University named after the first President of Russia
B.N.Yeltsin, Yekaterinburg, Russia, b.v.shulgin@ustu.ru

The portable gamma-radiation monitor on the basis of plastic scintillator
was developed. It is designed for registration levels of dose of gamma radia-
tion with reference to geographic coordinates. Portable monitor has many ad-
vantages in comparison with other devices, some of them:

o high sensitivity;

o various working modes;

o unique search and detection algorithms;

o etal.

Sample of the portable gamma-radiation monitor shown in Fig. 1.

1 — plastic scintillation detector;

2 —smart unit of electronics;

3 — easel backpack;

4 — antenna (radio channel);

5 — antenna (GPS).

6 — accumulator;

7 — straps of the pack;

8 - LCD;

These advantages allow search for gamma-radiation sources in remote
places far more effective in comparison with known analogues. Portable
monitor can be applied as an extension of mobile radiation monitoring sys-
tems or as stand-alone system. Furthermore, this device can be used for eval-
uating the radiation situation with the construction of an electronic radiation
map.
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Sample of the portable gamma-
radiation monitor is tested and fully
confirmed the declared characteristics.

Fig. 1. Sample of the portable gamma-radiation monitor.
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DETECTOR MATERIALS AND DEVICES FOR RADIATION
MONITORING

B. V. Shulgin, A. V. Kruzhalov, V. L. Petrov, L. V. Victorov,
A. S. Shein, V. S. Andreev, A. L. Krymov, V. Yu. lvanov,
A. N. Cherepanov, A. V. Ishchenko, A. Yu. Derstuganov,
V. A. Terekhin?, Yu. I. Chernukhin®, O. N. Shutov?,
M. N. Blagoveshchenskii?, V. G. Grebnyak?, T. S. Koroleva®,
M. M. Kidibaev?

Ural Federal University named after the first President of Russia
B.N.Yeltsin, Yekaterinburg, Russia, a-v-i@mail.ru
! Snezhinsk Physics and Technology Institute, Snezhinsk, Russia,
terekhinva@gmail.com
2 Gamma Ltd, Yekaterinburg, Russia, shutov@ooogamma.ru
* Institute of Physical &Technical Problems and Materials Science of
the National Academy of Sciences of the Kyrgyz Republic, Bishkek, Kyrgyz-
stan, koroleva@aknet.kg

The radioluminescence properties of some oxide and fluoride materials
in bulk, fiber, polycrystalline and nanostructured forms have been investigat-
ed. As results of these fundamental and applied research some new detector
materials and devices for radiation monitoring have been proposed on the
level of author’s patent for inventions and useful models. Some of these crea-
tions are presented in this report.

Patent for inventions:

Pat. RU Ne 2435173, method of U-235 and Pu-239 fission material con-
trol;

Pat. RU NeNe 2449316 and 2445646, sensor materials for
thermostimulated detectors;

Pat. RU Ne 2411280, two-layer fiber scintillation materials;

Pat. RU Ne 2441256, fiber electron and beta-radiation detector;

Pat. RU on application Ne 2012114988, heterogeneous scintillation de-
tector (HSD) of electron and beta radiation;

Pat. RU on application Ne 2010133473, HSD of neutron (in collabora-
tion with professor C. Pedrini, Lyon Univ., France);

Pat. RU on application Ne 2011111915, method of search and detection
of radiation sources;

Some of new technical decisions have been proposed on the level of
useful models:
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Pat. RU Ne 100296, basis spectroradiometer unit for mobile laboratory
of radiation control;

Pat. RU Ne 98823, mobile systems (dosimetric laboratory) of radiation
control with scanning and non-scanning gamma-detectors;

Pat. RU NeNe 100294 and 113024, neutron detector design on the basis
of *He-counters;

Pat. RU Ne 112449, scintillation plate detector for underwater monitor-
ing;

Pat. RU on application Ne 2012107934, scintillation fiber detector for
underwater monitoring;

Pat. RU Ne 105474, scintillation multitarget compact detector;

Pat. RU Ne 98826, spherical scintillation detector with PIN-PD registra-
tion;

Pat. RU Ne 100271, heterogeneous gamma-detector for radiation con-
trol.

By using some of these technical ideas the integrated geoinformation
system for remote radiation monitoring residential I1ssyk-Kul lake area in the
frame of project of International Science Technical Center (projects KR-994
and KR-1587) have been created at last years.

CALCULATION OF KINETIC PARAMETRES HIGH-
TEMPERATURE TL PEAKS OF ANION-DEFECTIVE CORUNDUM

Soloviev S.V., Milman I.1., Surdo A.l."

Ural Federal University, Ekaterinburg, Russia, e-mail:
Igor.Milman@dpt.ustu.ru
" Institute of industrial ecology of Ural branch of Russian Academy,
Ekaterinburg, Russia, e-mail: Surdo@ecko.uran.ru

Deep traps in dosimetric anion-defective crystals Al,O; make essential
impact to parametres of the basic thermoluminescent (TL) peak nearby 450K.
Depending to filling with their carriers of the charge, a kind and irradiation
dose, changes in temperature position, sensitivity and the form of the basic
peak, occurrence the nonlinear communication between TL response and ir-
radiation dose are observed. The greatest influence to dosimetric properties is
rendered by a trap responsible for TL peak nearby 700K.
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It is known [1], that the basic TL peak in anion-defective crystals Al,Os,
with growth of speed of heating, tests temperature quenching which explain
non-irradiation transitions of carriers of the charge which probability increas-
es with temperature growth. The majority methods of definition kinetic
parametres of traps do not consider effect of temperature quenching. Accord-
ingly, the received values parametres do not allow to reach satisfactory coin-
cidence at comparison experimental and settlement TL for several speeds of
heating. Recently, for calculation the valid values kinetic parametres of traps
the reconstruction experimental TL curves to a kind in absence of tempera-
ture quenching [2] is used.

In work results the research TL in monocrystals of anion-defective co-
rundum o-Al,O3; nearby 700K are presented at change the speed of heating.
Research is spent for two conditions: with empty and filling deep traps. For
definition a key parametres of the traps the algorithm reconstruction TL
curves is used. Reliability to the received results is checked up an example of
calculation parametres of a trap responsible for the basic TL peak.

[1] G. I. Dallas, D. Afouxenidis, E. C. Stefanaki, N. F. Tsagas, G. S.
Polymeris, N. C. Tsirliganis, and G. Kitis. Reconstruction of the thermally
guenched glow-curve of Al203:C phys. stat. sol. (a) 205, No. 7, 1672-1679
(2008) / DOI 10.1002/pssa.200824016.

[2] M.T. Jose, S.R. Anishiaa, O. Annalakshmi and V. Ramasamy De-
termination of thermoluminescence kinetic parameters of thulium doped lith-
ium calcium borate 10.1016/j.radmeas.2011.08.001
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SIMULATION OF ELECTRON FIELD EMISSION FROM THE
SURFACE OF IONIC CRYSTALS UNDER IRRADIATION BY
A PULSED ELECTRON BEAM.

S. A. Stepanov, V. F. Shtan’ko, E. P. Chinkov

National Research Tomsk Polytechnic University, Tomsk , Russia,
stepanovsa@tpu.ru

Investigations of energy dissipation in the sample when subjected to a
pulsed electron beam in the nanosecond time scale is very difficult and time
consuming. Note that the experimental measurement certain very important
parameters is practically impossible. In this case, the only method that allows
a better understanding of the diversity and relationships of the experimental
facts is the mathematical modeling.

When exposed to the semiconductor or dielectric pulsed electron beam
high-density simultaneously there charging of the solid and intensive genera-
tion of in it of nonequilibrium electrons and holes, which creates favorable
conditions for the emergence field electron and thermionic emission from a
solid surface.

On the basis of the phenomenological model of field emission, we cal-
culated current density of field emission from the surface irradiated by a
pulsed electron beam for a series of ionic crystals when changing parameters
of the beam.

Results of calculations show that after a certain time relative to the start
of irradiation there is a sharp increase in current density of field emission.
The factor that determines the beginning of the field emission, is the value of
energy of the electron affinity. When the electric field near the irradiated sur-
face and the concentration of nonequilibrium electrons reach some critical
value, the current density field emission starts to become more current densi-
ty pulsed electron beam. As a result, violated the criterion of stability of the
system, which leads to the appearance of bifurcations in the beginning, and
then the stochastic high-frequency oscillations in the system. Most clearly
this instability as a bifurcation or stochastic oscillations are seen in crystals of
KF, LiF and KCI with a low electron affinity. Instability processes of field
emission current are implemented for other ionic crystals (NaCl, KBr, Kl),
but at higher excitation densities.
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THE ENERGY BALANCE OF THE “CHARGED PARTICLE BEAM-
TARGET” SYSTEM AT EROSION OF A METAL SURFACE

0O.M. Stepanova, V.P. Krivobokov

National Research Tomsk Polytechnic University, Tomsk, Russia,
omsa@tpu.ru

The solid irradiation with a pulsed charged particle beam of the wide
range power density (10°...10° W/cm?) is characterized by a complex struc-
ture of energy dissipation. The main energy distribution channels are heating
up, melting, and evaporation [1]. The energy balance control for the “charged
particle beam-target” system makes it possible to increase the energy effi-
ciency for technologies.

The dissipation structure of energy released in a target under irradiation
with pulsed ion beam is considered. To describe the energy distribution sev-
eral parameters have been introduced. That are the energy absorption coeffi-
cient — to take into account the energy expenditure on collision sputtering, the
screening coefficient — to characterize the energy absorption in vapor, and the
erosion energy efficiency. The calculation of evaporation kinetics has been
carried out with the heat erosion model [2].

The function of energy release has two independent components: current
density time variation in an impulse j(t), and the space distribution of linear

energy losses on a target depth @(x). Its formula is:

wixe) = £ i,
In it, the coefficient g includes the energy expenditure on sputtering. It

is calculated according to the expression:

E,—S-Uy-~[Tj(t)d
Jlg,:( ~Jo i () f)/gb.

where E, — energy flux density of a beam, s — sputtering coefficient,
calculated according to the statistical model [3, 4], v, — surface binding
energy of target atoms, r — impulse duration, e — the electron’s charge.

Investigation of energy balance struture has been done by examples of
copper and silver irradiaion with 1 keV...1 MeV argon ions . The potentials of
directional change of substance state via control of beam energy distribution
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between possible dissipation channeles are revealed. The beam parameters
correlation with the characteristics of erosive effect is discovered.

The work has been supported by grant of the President of the Russion
Federation for young scientists MK-3502.2012.2.

[1] O.M. Stepanova, V.P. Krivobokov, lzvestiya VWsshyh Uchebnyh
Zavedeniy. Fizika, 54 (1/3) (2011) 230-237.

[2] O.M. Stepanova and V.P. Krivobokov, Bulletin of the Russian
Academy of Sciences: Physics, 74 (2) (2010) 122-125.

[3] S.A. Schwarz and C.R. Helms, Journal of Applied Physics, 50 (8)
(1979) 5492.

[4] Kh. I. Grais, A.A. Shaltout, S.S. Ali, R.M. Boutros, K.M. El-behery,
Z.A. El-Sayed, Physica B, 405 (2010) 1775-1781.

LOCAL NONEQUILIBRIUM MASS TRANSFER IN BINARY
SYSTEM UNDER CONCENTRATEDENERGY FLUX IRRADIATION

G. A. Vershinin, V.A. Volkov, G.L. Buchbinder

Dostoevsky Omsk State University, Omsk, Russia,
vershinin@phys.omsu.omskreg.ru

A space-time nonlocal mass transfer of the impurity particles from the
surface to the bulk of a metal under the influence of the high power particles
beams or the laser irradiation is considered. In the frame of this model the of
influence initial flux rateon mass transfer is investigated.The impurity con-
centration profiles have been obtained on the basis of the numerical solution
of the integro-differential equation for the diffusion flux. It has been shown
that for the time t <ty, where t4is the time of relaxation of the diffusion flux to
its local equilibriumvalue, the wave mechanism of the mass transfer domi-
nates over diffusion one. The assumptionsconcerning some experimental re-
sults are given.
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INVESTIGATION OF THE NANOSTRUCTURES FORMATION IN
THE IRRADIATED BY v - QUANTA SINGLE-CRYSTAL SILICON
WITH ULTRASONIC METHOD.

I.Kh. Abdukadirova, T. Khaydarov, Yu. Karimov

Institute of Nuclear Physics of Academy Sciences of Uzbekistan, Uzbekistan
e-mail: izida@inp.uz

It’s determined that a phasic dynamics of deformation strengthening
of single-crystal silicon irradiated by y — quanta (with energy ~ 1,27 MeV) in
the wide region of doses (from
10° up to 10°rad) by the inter-
nal friction measurement with

widely known ultrasonic  reso- o ° /R

nance method. We have detect- 4t |\

ed appearance maximum on the = g \Q

dependence of internal friction i . N
(Q™) from dose at 10°rad in the £, 4 .
samples p- Si with density of e i

dislocations more then 10° cm -
2. Besides it the instability of

nanodimensional dislocation ) ) )
structures has been established ~ Fi9-1 Time dependence of the single-

in the doses interval from 10°  crystal silicon internal friction after stop

up to 10° rad, due to the for- of the irradiation action.

mation and accumulation in the

crystal lattice of the point like and continuous radiation defects (evolution of
the dislocation densities in metals with rise of deformation were considered
in [1-4]). On the temporal dependence Q*(t) throughout 1,5 - 2 hours after
irradiation the maximum has been established which position depends from
ionizing dose. We suppose that such behavior of the Q*(t) function is con-
nected with manifestation of migration activity which coherent with annihila-
tion of the dislocation loops in the first 1,5-2 hours when it’s growing in 2,5
times starting from the initial up to the maximum value. At the increasing of
the observation time after stopping of the sample irradiation it is observed a
monotonic decrease of Q*(t) dependence, which is obviously connected
with decreasing of the radiation defects densities in the result of their annihi-
lation.
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RADIATION-INDUCED OF ADIELECTRIC ABSORPTION
IN THE OXIDE ALUMINUM

I.Kh. Abdukadirova

Institute of Nuclear Physics Academy of Sciences Uzbekistan
100214 Tashkent. Uzbekistan. Ulugbek. e-mail: sandalov@inp.uz

According to experimental data of the electric parameter - dielectric
loss tangent (tgd) at 300 Hz for the samples of oxide aluminum after irradiat-
ed to a dose 10 kGy at various temperature (25-450 °C) was seen, that tg&(T)
function in gamma-irradiated crystals changed nonlinearly. Irradiation of the
sample complicated the behavior in the low-temperature region, whereby an
intermediate stage above 150 °C appears with a peak at 250 °C.

A comparative analysis of the temperature dependence of losses in the
two samples showed that the tgd(T) function of the irradiated crystal lies
above that of the initial crystal, while temperatures the pattern is reversed.
Thus, the temperature dependence of the tgo crystal varies in a complicated
manner. Apparently, the mechanism of dielectric losses in the two regions is
also different.

It is believed that the observed radiation-induced effect, whereby the
dielectric absorption appears in the region of elevated temperatures, is relat-
ed most probably to the dielectric polarization, in particular, to the relaxation
polarization. In order to elucidate these factors, consider the following.

The relaxation time t of the thermal ion polarization depends on the
nature of substance and on the temperature. Assume a single crystal insulator
in which all atoms involved in the thermal ion polarization possess the same
activation energy and, accordingly, the same relaxation time t,. Then, the ex-
ponential temperature dependence of t for the ion polarization can be written
as:

1 =1 exp(E,/xT) (1)
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where x is the Boltzmann constant, T is temperature, E, is the polarization
activation energy.

Using formula (1), we obtain the following expression for the activa-
tion energy:

E,=In(t /1 )KT (2)

Substituting the known values of constants and the parameters of die-
lectric absorption determined for the samples studied and taking into ac-
count the maximum of losses at ® t, = 1, we obtain the polarization activa-
tion energy E , = 0,76 eV. An almost twofold increase in the electric field
frequency virtually did not influence this activation energy (which only
slightly decreased). Thus, a sharp variation in the parameter determining the
alternating field acting upon the insulator particles did not result in a compa-
rable change in their binding.

A comparison of the above energy values shows that the polarization
activation energy
E . is to the change carrier activation energy E, determined from the temper-
ature dependence of the electric conductivity in the high-temperature region.
In addition, as is seen, this value coincides with the thermal ion activation
energy in a disordered insulator (0.77 eV). This fact is evidence for the hy-
pothesis that the main contribution to the observed effect is due to the polari-
zation phenomena.

ANALYSIS OF ELASTIC CHARACTERISTICS STABILITY MADE
FROM SAV-1 ALLOYS OF FUEL ELEMENTS AT THE WWR-SM
REACTOR WITH ULTRASONIC METHOD

I.Kh. Abdukadirova

Institute of Nuclear Physics Academy of Sciences Uzbekistan
izida@inp.uz

At present work analysis were carried out on mechanical properties of
some constructional materials, their stability under influence of external fac-
tors. Specifically for implementation of the problem put by acoustic methods
were attracted.

New information was received on stability of elasticity properties
available for reactor technology of constructional materials type of aluminum
alloys SAV-1, applied in manufacturing of fuel elements’ shell for the
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WWR-SM reactor in thermal neutrons using ultrasonic methods. The exper-
Iment was carried out in 2008 at the WWR-SM reactor with power 10 Mt and
active core fuel loading UO, —Al 36% enrichment on U with fuel assemblies
IRT-3M type on series on prepared identical samples in the form of disks.

Data on elasticity properties were identified, dispersion dependence of
main normal alloy modules before and after action of ionizing radiation on
the basis of taken spectrums of bending vibration and their main characteris-
tics: vibrational amplitude (A), resonance frequency (f), and also appropriate
calculations.

As an example in table 1 obtained from these spectrums experimental
value of resonance frequency f(m, n) for samples are shown.
Table 1. Experimental value of main resonance frequency (kHz) of samples
#2.

N Samples # 1
51,837
86,125
93,325
107,106
148,462
167,994

o O W N -

Based on this and data set of samples and also having publications
elasticity value characteristics — coefficient K(m, n) and resonance frequency
were considered, elastic parameter of samples are identified by the following
formula:

f(m,n) = [K(m,n) / d] - [V(Ep)] (1)

where f(m,n) is resonance frequency, K(m,n) is elasticity coefficient, d and p
are diameter of samples and material density, E - modulus of elasticity. As an
example calculation results on formula (1) modulus of elasticity of this sam-
ple w3as established and obtained information on variation mode of the elas-
tic characteristics of samples depending on vibration resonance frequency.
It’s necessary to conclude, that obtained by acoustic method dispersion de-
pendence of the main modulus of elasticity E (f) long term constructional al-
loy indicates to insignificant of its fluctuations (in table it is shown average
value of parameters and appropriate its divergences. Significant stability of
elasticity of modules of alloys in ordinary storage conditions, it is observed
influence of ionizing radiation dose to it, and it is analyzed possible reasons
of exposure of radiation effects.
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IDENTIFICATION METHOD OF EMISSION PEAKS FROM
OXIDE FILM IN THE IR-RANGE WAVELENGTH

E.Yu.Brikulya, B.A.Kalin, 1.V.Oleynikov, N.V.Volkov

National Research Nuclear University MEPHI, Moscow, Russia,
e-mail: nvvolkov@mail.ru

The task of improving the properties of the oxide compounds and stabi-
lization of their structural-phase state are important nowadays, because it is
almost impossible to obtain heat-stable, radiation-resistant compounds with
specified properties by conventional methods. In this connection, a search for
new and efficient methods for producing metal oxides with the desired prop-
erties and their control is important and relevant.

One of the objectives of determining the state of protective oxide films
Is based on the uniformity of their formation on metal surfaces. In case of a
violation of the continuity of the formation and the growth of oxide films the
resistance of materials to the corrosion processes is greatly reduced. In this
context, an algorithm, which processed the measured infrared spectra on re-
flection (R, %) to identify violations of the continuity of the protective film
formed on the metal surface with different modes of ion irradiation, was de-
veloped. It was implemented on the basis of spreadsheet EXCEL-2010.

Oxide films were obtained by the oxidation of samples of materials
(E110 zirconium alloy) in the steam environment (temperature of 350 ° C,
pressure 17 MPa).

The results of processing the IR spectra of the samples using the pro-
posed algorithm made possible the determination of the resonance absorption
lines and identification of their respective chemical compounds (OH, H,O,
ZrO, ZrO,) in samples of all batches.

IR spectroscopy shows the basic ability to detect in oxide films non-
uniform local areas in the form of cracks, pores with dimensions of more than
10-50 pum, containing chemical compounds of the Me-O, Me-OH, H,0, and
others.
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TO THE QUESTION OF THE ANALYSIS OF EXPERIMENTAL
SPECTRA

A. N. Cherepanov

Ural Federal University named after the first President of Russia
B.N.Yeltsin, Yekaterinburg, Russia, tchustu@mail.ru

In work the questions concerning the analysis of experimental spectra,
such as spectra of emission, excitation of luminescence, absorption, etc. are
presented. The method of the offered analysis is based on modeling of exper-
imental curves by settlement curves within some criterion of compliance.
Discussion of an essence of criterions of compliance makes the main part of
the presented report.

Offered criteria of compliance are constructed taking into account fea-
tures of the physical processes accompanying process of measurement of the
corresponding type of a spectrum. They consider noise processes, processes
of quantization of the measured physical size, processes of transformation of
a measuring signal.

In work the illustrations of application of an offered method for the
analysis of experimental spectra are also given. Examples of its use are
shown at research of radiating and optical properties of detector materials.

SAFETY ASSURANCE FOR RESEARCH OF RADIATION
HEATING OF MATERIALS UNDER EXPOSURE
IN IGR REACTOR CORE

A. T. Izbaskhanova, K. K. Kadyrzhanov, E. A. Kenzhin

Republican State Enterprise “National Nuclear Center of the Republic
of Kazakhstan”’, Kurchatov, Kazakhstan, E-mail: 1zbaskhanova@nnc.kz

The main task under study of radiation heating of constructive materials
is the determination of behavior regularity as a result of exposure in research
reactor core. Full-scale experimental investigations directly in reactor chan-
nels provides with materials testing in conditions of integrated effect of oper-
ation factors (wide range of temperatures, strains, neutron flux densities and
integral exposure doses). But the pursuance of such investigations is related
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to considerable expenses for safety assurance of experimental operations per-
formance.

Safety assurance is reached by development of basic criteria for experi-
mental operations performance with its consequent separation for some stag-
es: pre-reactor, reactor, and post-reactor investigations. Each stage is deter-
mined by proper program (or methodology) in which data required for reac-
tor tests (foundation for its performance, technological characteristics, order
of tests provision by analytical control, as well as capacity of operative in-
formation and methods of its processing) are indicated. In-pile experiments
must be supported by numerical analyses using calculation codes, verified
upon each concrete reactor at which the performance of such operations are
planning to be carried out.

Critical temperature values of tested samples and operational limits of
irradiated device constructional materials defined the boundary limits for ex-
perimental studies performance.

Calculation analysis of possibility for performance of reactor experi-
ments in set operational limits upon the set exposure parameters, step-by-step
preparation of tests and soft hardware for carrying out of technological pro-
cess are the main requirements for safe performance of experimental opera-
tions. Detailed preparation for the experiment with estimated definition of
accidents enables to analyze these processes, assess final condition and pre-
dict consequences.

Algorithm for safety conduction of experimental works looks as fol-
lows: experimental logic setting by safety systems and elements formation,
reactor and bench systems start-up preparation in accordance with starting-up
program, technical requirements and technological procedure, performance
of independent and complex set-up and start-up activities on systems, in-
volved in start-up.

In-pile researches performance, prepared on the basis of numerical solu-
tion of multidimensional problem enable to satisfy strict requirements for ex-
perimental works safety conduction. Analysis of researches criteria presented
in the current work enables to pass along safe route, starting from task setting
up to task solving.
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IMITATION EXPERIMENTS FOR INVESTIGATION OF REACTOR
MATERIALS RADIATION HARDNESS

T.V. Kulevoy, B.B. Chalykh', R.P. Kuybeda? N.Yu. Grachev®,
AA. Aleev?, A.A. Nikitin®, N.A. Iskanderov®, N.N. Orlov’,
A.D. Fertman®, S.V Rogozhkin®

Institute of Experimental and Theoretical Physics, Moscow, Russia,
kulevoy@itep.ru.

'Institute of Experimental and Theoretical Physics, Moscow, Russia,

4alihx@gmail.com.

?Institute of Experimental and Theoretical Physics, Moscow, Russia,
kuibeda@itep.ru

*Institute of Experimental and Theoretical Physics, Moscow, Russia,

grachz57@gmail.com.
*Institute of Experimental and Theoretical Physics,, Moscow, Russia,
Andrey.Aleev@itep.ru.
*Institute of Experimental and Theoretical Physics, Moscow, Russia,
aleksandr.nikitin@gmail.com
®Institute of Experimental and Theoretical Physics, Moscow, Russia,
Nasib862007 @yandex.ru
"Institute of Experimental and Theoretical Physics, Moscow, Russia,
Toolup@yandex.ru.

®Institute of Experimental and Theoretical Physics, Moscow, Russia,
fertman@itep.ru

*Institute of Experimental and Theoretical Physics, Moscow, Russia,

Sergey.Rogozhkin@itep.ru

Intensive development of nuclear energetic determines a necessity for
investigations of reactor materials radiation damaging under ionizing radia-
tion. The main goal of the experiments is an understanding of defects genera-
tion and development in material under high dose irradiation. Investigations
are carried out with existing materials and with new materials that can be
used for nuclear facilities. Under neutrino irradiation the defects formation in
a structure has a low speed (~107° displacement of atom per second - dpa),
therefore a period of irradiation needed is calculated in years. From one hand,
low speed of defects formation is a good factor for reactor industry but re-
sults a lot of problems for studying of a radiation damages in materials.

Using an accelerated ion beams for irradiation imitation has an ad-
vantage for the material investigation since beam ions have significantly
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higher cross-section for interaction with material than the neutrino one. As
result the required number of dpa can be obtained by the reasonable time. Al-
so the ion beams have another advantages related to the methodological side
of imitation experiments. The absence of induced radioactivity enables sam-
ples investigation after irradiation with ordinary experimental equipment.

In Institute of Experimental and Theoretical Physics the modeling experi-
ments simulating the reactor materials irradiation by ion beam are going on at
heavy ion RFQ injector. The modern atom probe tomography is used for ir-
radiated samples investigation. The results of imitation experiments with
steels RUSSREF-181 and ODS- Eurofer are presented.

EXPERIMENTAL CHANNEL COMMISSIONING AND FIRST EX-
PERIMENTS FOR MATERIAL IRRADIATION AT HEAVY ION
RFQ IN ITEP

T.V. Kulevoy, B.B. Chalykh', R.P. Kuybeda? A.A. Aleev®, A.A. Nikitin*,
N.N. Orlov®, S.V Rogozhkin®

Institute of Experimental and Theoretical Physics, Moscow, Russia,
kulevoy@itep.ru.
'Institute of Experimental and Theoretical Physics, Moscow, Russia,
4alihx@gmail.com.
“Institute of Experimental and Theoretical Physics, Moscow, Russia,
kuibeda@itep.ru
3Institute of Experimental and Theoretical Physics,, Moscow, Russia,
Andrey.Aleev@itep.ru.
*Institute of Experimental and Theoretical Physics, Moscow, Russia,
aleksandr.nikitin@gmail.com
*Institute of Experimental and Theoretical Physics, Moscow, Russia,
Toolup@yandex.ru.
®Institute of Experimental and Theoretical Physics, Moscow, Russia,
Sergey.Rogozhkin@itep.ru

To date, about half of the world's energy balance accounts for oil, a little
less than a third - the share of natural gas and nuclear power (about one/sixth
each) and about one-fifth - the share of coal. All other energy sources account
for only a few percent. These percents include power generation devices
based on renewable sources of energy that operate using solar energy, wind,
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tides, sea waves, as well as underground heat of the planet. Nevertheless the
implementation of energy projects with renewable sources in Russia and
around the world requires huge investments, therefore it is too early to hope
that they substitutes hydrocarbon. As result, it looks like nuclear energy is the
most promising alternates for hydrocarbon. But one of the key issues on this
way is the safety of nuclear power reactors. To establish the fundamental
lows of changes in the structure and properties of materials used in reactor
construction, to predict their behavior in reactor cores, the particle accelera-
tors are widely used. Accelerated ion beams are used to simulate radiation
damage in metals and alloys investigated.

In Institute of Theoretical and Experimental Physics imitation experi-
ments with ion beam accelerated in heavy ion RFQ HIP (Heavy lon proto-
type) started this year. The results of experimental channel commissioning
are presented. As well the results of first irradiation experiments are given.

MODELLING OF PASSAGE OF OPTICAL SIGNALS THROUGH
RECORDING SYSTEM IN THE ENVIRONMENT
OF LabVIEW

V. M. Lisitsyn, E.F. Polisadova, D.T. Valiev

National Research Tomsk Polytechnic University, Tomsk, Russia
dtdamir@sibmail.com

Dynamics of changes in the parameters of optical signals initiated by a
short pulse excitation, gives important information about the processes of
transformation of point defects, about the mechanisms of evolution of the
electronic excitations, the energy dissipation in the material. An important
parameter that reflects these physical processes may be the kinetic changes in
the optical transmittance after the excitation pulse.

Simulation of the passage of signals through dynamic links in the re-
cording system using the convolution integral, have been implemented in
software in a graphical programming environment LabVIEW, using the
module MathScript. Built-in function was used to perform the convolution of
the instrumental function and the input signal, such as conv. The basis of the
software emulator of the signal through a linear dynamic system, the signal
generator was implemented in the structure of the MathScript Node, which
formed the input signal with a specified time range. In which it was necessary
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to take into account the magnitude of the sampling frequency, which makes a
change in the amplitude of the output signal. The input signal is assigned in
the form of two exponentials.

In the course of studies varied timing of growth and decay of the signal.
At the output terminal structure MathScript Node, formed one-dimensional
array of numeric values, which was fed to the first terminal of the function
1D Convolution.vi. On the second terminal of the apparatus function was ap-
plied. The calculated data are fed to a graphical indicator Waveform Graph.
As a basic element for the model of the instrumental function we have chosen
a signal representing the sum of two exponential functions. Since this model
Is closest to the real conditions. In most cases the response of the system on a
single instantaneous pulse can be represented as the sum of two components
consisting of the rise time and fall time, which in many cases are described
by an exponential law:

h(t) = A*(exp(-t/7) — exp(t/RC))

where A is the amplitude coefficient, T - the rise time of the response
function of the system defined by the reaction of a photomultiplier and an os-
cilloscope to the input signal, R and C-parameters of the recording chain. The
values of R and C was chosen on the basis of the requirements for time reso-
lution and sensitivity of the system. The time resolution of the system is
known to be proportional to the product of R and C.

Simulation in LabVIEW MathScript with the module using the convolu-
tion integral, taking into account the parameters of detecting RC-chain, re-
flects real changes in the recorded signals. Demonstrated the dynamics of
changes in the amplitude of the signal from the load resistance of the record-
ing chain. Application of the models will be important for areas related to the
change of signals with high temporal resolution.
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PULSED CATHODOLUMINESCENCE OF MINERALS
EXCITED BY NANOSECOND AND SUBNANOSECOND
ELECTRON BEAMS

V. M. Lisitsyn’, V. F. Tarasenko?, E. F. Polisadova’, E. H. Baksht?,
D. T. Valiev', A. G. Burachenko?, Lipatov E.I.2

Tomsk Polytechnic University, Tomsk, Russia
High Current Electronics Institute, SB RAS, Tomsk, Russia

Research on the luminescence of minerals due to ionizing radiation is an
important field in spectral analysis of solids that allows determination of the
chemical composition of material, its structure (the presence of defects),
phase structure, state (internal stress), etc. The development of compact elec-
tron accelerators makes it possible to have a significant increase in the peak
intensity of the cathodoluminescence induced by electron beam and allows
the pulsed cathodoluminescence (PCL) characteristics of various solids (in-
cluding minerals) to be studied under the action of electron beams. The tech-
nique of time-resolved spectrometry is implemented most commonly with
using of accelerators with vacuum diodes (type GIN-600). These accelerators
produce electron beams of varying energy, current density, and pulse dura-
tion: the beam current pulse duration is varied by varying the voltage pulse
parameters; the electron energy in a vacuum diode is determined by the volt-
age across the inter-electrode gap. Duration of a pulse on a half-height can
make from 3 to 30 nanoseconds, the excitation density can be changed in a
range from 10° to 10° W/cm? [1]. To increasing of time resolution is need to
use more short pulses. In this case, electron accelerators (type SLEP-150)
with gas diodes are more preferable to use; they are simpler in design and
make it possible to produce an electron beam of current density 100 A/cm?
and to control the pulse duration in the range from 100 to 500 ps [2].

In this work, experiments were performed on two electron accelerators
with vacuum and gas diodes. The objective of the present paper was to study
the emission spectrum and decay kinetics of PCL for calcites from different
deposits, two specimens of diamond (natural and synthetic) excited by nano-
second and subnanosecond electron beams.

[1]. Korepanov V. I.; Lisitsyn V. M. and. Oleshko V. I. (2000). Russian
Physics Journal, Vol.43, pp. 185-192. ISSN 0021-3411.

[2]. Tarasenko V.F.; Baksht E.K.; Burachenko A.G.; Kostyrya 1.D.;
Lomaev M.I. and. Rybka D.V. Plasma Devises and Operation. 2008, 16, 267-
298.
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THE INTERRELATION BETWEEN THE THERMODYNAMIC
AND OPTICAL PARAMETERS OF DBD-DRIVEN XeCI-EXCILAMP:
MODELING AND EXPERIMENT

E. A. Sosnin*?, S.V. Avtaeva® V. A. Panarin®, S. M. Avdeev*

! Institute of High Current Electronics SB RAS, Tomsk, Russia,
badik@loi.hcei.tsc.ru
2 Tomsk State University, Tomsk, Russia
3 Kyrgyz-Russian Slavic University, Bishkek,Kyrgyz Republic,
s_avtaeva@mail.ru

The radiative and thermodynamic parameters of a dielectric barrier dis-
charge (DBD) XeCl-excilamp were studied. Experiments were performed
with a double-barrier coaxial lamp in mixture Xe:Cl, = 240:1. The DBD was
initiated by applying voltage pulses with an amplitude of up to 5 kV and a
repetition rate of 65.7 kHz to the electrodes.

The radiant efficiency of was determined by modeling and from exper-
iment. For this aim the DBD in XeCl-excilamp was simulated within the lim-
its of the 1D fluid model. The DBD characteristics are described based on the
continuity equations for electrons and ions, balance equations for neutral spe-
cies, the Poisson equation and an equation for the external electric circuit.
Experimentally the power consumed by the excilamp was estimated using
oscillograms of voltage and current pulses.

To explain the disagreement between theoretical and experimental radi-
ant efficiency values of XeCl-excilamp the thermodynamic concept of lamp
was used. For this aim the fast components of a pressure jump arising during
the operation of an excilamp are recorded, and the gas mixture is considered
as a thermodynamic system whose temperature increases at a constant vol-
ume (an isochoric process).

This work was supported the RFBR grant No. 12-08-00020-a.
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STUDY OF ACOUSTIC VIBRATIONS OF DBD-DRIVEN
PLANAR KRCL-EXCILAMP

E. A. Sosnin*, V. A. Panarin®, A. A. Pikulev?, V. F. Tarasenko!

! Institute of High Current Electronics SB RAS, Tomsk,
badik@loi.hcei.tsc.ru
2 Russian Federal Nuclear Center-All-Russian Scientific-Research Insti-
tute of Experimental Physics, Sarov, Russia, pikulev@expd.vniief.ru

The theoretical and experimental study of acoustic characteristics of die-
lectric barrier discharge KrCl-excilamp filled by Kr:Cl, = 400:1 gas mixture
at the total pressure 20 kPa has been carried out. The resonances at frequen-
cies of 4.96, 5.36, 9.92, 10.8 and 21.6 kHz during experimental measure-
ments of a acoustic vibrations spectrum has been obtained. The modeling of
characteristic oscillation of lamp walls and of gas media and the energy of
acoustic fluctuations via wall fluctuation frequency has been carried out. The
comparison of theorecal and experimental results has shown, that in the field
of f > 10 kHz the maxima of an acoustic signal coincide with characteristic
oscillation of gas media.

This work was supported the RFBR grant No. 12-08-00020-a.

INSTITUTE OF HIGH TECHNOLOGY PHYSICS EXPERIENCE IN

MASTERS OF ENGINEERING AND DOCTORAL TRAINING: THE

PLATFORM FOR COOPERATION WITH RUSSIAN ACADEMY OF

SCIENCES INSTITUTIONS IN THE DOMAIN OF MATERIAL SCI-
ENCE AND PHYSICS OF HIGH ENERGY SYSTEMS

A. N. Yakovlev, K. S. Kostikov, N. V. Martyusheyv,
N. A. Shepotenko, Yu. V. Falkovich

National Research Tomsk Polytechnic University
kostikov@tpu.ru

The 21* century happened to be the new stage of development in Rus-
sia. Its government has started to implement the reforms in all spheres of hu-
man endeavor. The educational system has been changed dramatically. On
the one hand, the competitive environment where there are a lot of higher ed-
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ucational establishments of different levels has been formed. On the other
hand the economic situation has predetermined the requirements to the level
of professional training and University alumni. They are required to have a
set of professional competences that give them an opportunity to adapt in the
industrial conditions, ability to acquire new knowledge quickly, to work in a
team, to apply new types of equipment and technologies e.t.c. This makes
Universities develop new innovative approaches to the educational training,
sophisticated methods of addressing the challenges, maintain close coopera-
tion between scientists, businesses and government.

Tomsk Polytechnic University was awarded the status of National Re-
search in 2009. This was due to its high educational and research potential as
well as intensive work on implementation of new techniques and methods in-
to training process.

One of the techniques is so called “transparent education” or CDIO con-
cept (CDIO is initialism for Conceive — Design — Implement — Operate)
The framework provides students with an education stressing engineering
fundamentals set in the context of Conceiving — Designing — Implementing
— Operating real-world systems and products. Throughout the world, CDIO
Initiative collaborators have adopted CDIO as the framework of their curricu-
lar planning and outcome-based assessment. In 2011 National Research
Tomsk Polytechnic University joined the global CDIO Initiative. This ap-
proach is used in the Institute of High Technology Physics while developing
two Bachelor Programs. They are Chemical Engineering and Industrial Ma-
chines and Equipment.

To a considerable extent the competences development is predetermined
by students’ involvement into innovative and research processes. The greater
result is achieved by their participation in real time projects that are funded
by industrial enterprises, through grants and Federal Specific Program.

The joint programs are implemented in close cooperation with Institu-
tions, Russian Academy of Sciences. Fundamental disciplines are taught at
TPU whereas the fundamental knowledge is applied and put into practice at
different Institutions. This gives students an opportunity to take part in the
cutting-edge research projects under the guidance of mature scientists. While
working at laboratories students can get valuable experience in design and
experimental engineering work that is an integral part of industrial and re-
search enterprises careers. By the same token the high motivation to earn
money and feel the success of the real work is a great impetus for students to
study better.

The quality of the education where above mentioned approaches are
used has been proved by a number of foreign students who are studying and
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willing to study at the Institute of High Technology Physics. The first Doctor
of Science degree awarded to a foreign researcher at TPU and in Tomsk was
given to Kensuke Uemura, Japan. He defended the thesis “Development and
Research of Beam and Plasma Method to Enhance the Performance of Metal
Tools™.

RESEARCH WORK OF STUDENTS AS THE PLATFORM
FOR DOCTORAL EDUCTAION

A. N. Yakovlev, K. S. Kostikov, N. V. Martyushev,
N. A. Shepotenko, Yu. V. Falkovich

National Research Tomsk Polytechnic University
kostikov@tpu.ru

It is of common knowledge that research and technological develop-
ments as well as intellectual and educational potential of the staff is the bases
of economic and social development of any country. National Research
Tomsk Polytechnic University (TPU) was one of the first Universities to fol-
low the way. The status of National Research Universities awarded to TPU
has determined research priorities thus being a prerequisite to set up the
structures aimed at these priorities implementation. By the same token a
greater attention has been drawn to young researchers, bachelor and master
degree students involvement into the research work. This has given the great
Impetus to restructure the department that is in charge of work with young
researchers and to improve the system of such work among members of the
faculties. One more key factor has been the change of overall TPU adminis-
trative structure. The departments have been transformed into Institutes that
contain a variety of departments and research laboratories in different do-
mains.

The distinctive feature of new TPU structure is to offer innovative ed-
ucation that implies integration of interdisciplinary and project-oriented tech-
nologies with elite training based on the science traditions of specialists train-

ing.

The managers responsible for research work of students are to address
the following challenges:
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¢ to involve students in the science activities at the first stages of
their higher education;

e to establish human resources potential and provide students with
effective research supervisors;

¢ to motivate students to be involved in research work;

e to provide students and young researchers with comprehensive
relevant information, proper funding and methodological bases;

e to organize individual pathways for young researchers that will
further professional competences development.

The following challenges are being addressed within the framework of
Institutes by means of elite technical education, supervisors community,
school of young researchers, stimulating and financial measures e.t.c.

One of the priorities is to involve students in the science activities. The
case study of Institute of High Technology Physics shows the outcomes of
effective communication of would be young researchers with supervisors and
students who are in charge of the fellows. Individual supervising of every tal-
ented student at all educational stages can foster intensified research activity.
Each student is supervised by a professor who helps find the right area of in-
terests. To participate in research activities means to develop understanding
of lifelong education process. A student learns how to reach the highest ca-
reer potential while participating in Olympiads, conferences and contests.

The most important thing to expand the research framework is to pro-
vide its diverse stimulation. The stimulating factors are certificates, Universi-
ty community recognition awards, references to whom it may concern as well
as funding practices such as individual scholarships and grants, bonuses and
perks, trips to foreign countries to take part in the international fora and con-
ferences, being a member of University Staff Promising Group. Besides, the
most devoted students are included in the Conference organizing committees
and are appointed to be in charge of their fellows.
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GENERATION OF ELECTRON BEAMS WITH CURRENT
PULSE DURATION OF 10®° S IN VACUUM DIODE
WITH PLASMA ANODE

E. N. Abdullin, A.V. Morozov

Institute of High Current Electronics SB RAS,
2/3, Akademichesky ave.,Tomsk, 634055, Russia, E-mail:
abdullin@Ihfe.hcei.tsc.ru

Duration of electron beams obtained in the diodes with explosive emis-
sion cathodes is limited by breakdowns due to the interelectrode gap filling
with plasma formed at the explosion of micropoints at the cathode and
formed as well at the anode under the electron beam influence. Increase of
the current pulse duration of electron beams is of interest for increasing their
energy and expansion the electron beam application in the field of surface
thermal treatment of materials.

To increase the duration of electron beams, the vacuum diodes with
multipoint cathodes and plasma anode are used. Application of multipoint
cathodes allows distributing the beam current to a large number of emitting
points, decreasing concentration of the cathode plasma and the rate of its ar-
rival in the interelectrode gap. Application of the plasma anode with artifi-
cially created anode plasma decreases dependence of the interlectrode gap
conductivity on the plasma formed under the electron beam influence and ar-
riving from the anode and vacuum chamber walls. Electron sources with
plasma anode find application for generation of the microsecond electron
beams with electron energy of ~20-40 keV and current density up to 1
kAlcm?.

Possibility to increase the electron beam energy as well as to control the
current and beam current pulse duration by changing the diode configuration
and current pulse parameters of plasma guns was investigated in the present
work. At the diode voltage up to 120 kV, the electron beams were generated
having the diameter up to 8 cm, beam current up to 2 kA, current density up
to 40 A/cm?, duration of 5-15 ps, energy density up to 25 J/em®,
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MODELING OF MAGNETIC FIELD OF VACUUM DIODE
WITH RETURN CURRENT CONDUCTORS

E. N. Abdullin, A.V. Morozov

Institute of High Current Electronics SB RAS,
2/3, Akademichesky ave.,Tomsk, 634055, Russia, E-mail:
abdullin@Ihfe.hcei.tsc.ru

Magnetic field of a vacuum diode resulting in curvature of electron tra-
jectories at the beam edge is one of the main factors limiting the amount of
the diode current.

To decrease the magnetic field influence on the beam forming, the diode
sectioning is used: a diode is divided into a number of diodes isolated mag-
netically from each other with a reasonable magnetic field value. This divi-
sion can be reached as a result of direct replacement of an electron accelera-
tor by the accelerators with lower electron currents. Common variant of sec-
tioning is to install into the diode the return current conductors in the form of
the plates performing magnetic shielding of the diode parts relative to each
other. A drawback of sectioning is necessity to provide essential
interelectrode gaps between the cathodes and grounded cases of the accelera-
tors or return current plates, to arrange the current supply to the cathodes of
magnetically shielded diodes that is related to essential changes of the design
and enlargement of the diode dimensions.

The paper considers the possibility of reducing the magnetic field diode
by placing return current conductors in the form of small-dimensional rods
directly in the diode. The diode division in this case takes no place; magnetic
field decrease is achieved by addition of the diode magnetic fields with mag-
netic fields of the return current conductors and current redistributions. The
advantage of the approach is that the installation of the rods requires no es-
sential changes of the diode configuration and dimensions. Results of numer-
ical simulation as well as physical modeling of the diode magnetic field are
presented here.
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CONCEPTUAL DESIGN AND NUMERICAL SIMULATION
OF LONG-PULSED 1-kA ELECTRON BEAM SOURCE
FOR OPEN MAGNETIC TRAPS

V. T. Astrelin*?, A. V. Burdakov*?, I. V. Kandaurov?,
I. E. Karpov?, Yu. A. Trunev!

'Budker Institute of Nuclear Physics SB RAS, Novosibirsk, Russia,
Astrelin@inp.nsk.su
Novosibirsk State University, Novosibirsk, Russia,
iekarpov90@gmail.com
*Novosibirsk Technical State University, Novosibirsk, Russia,
Burdakov@inp.nsk.su

Experiments [1] on heating of a dense plasma by powerful electron
beam of ~ 107 s duration in the multiple mirror trap GOL-3 have shown good
perspectives to reach thermonuclear temperatures by this way. Moreover, it
seems that there is a real possibility to use a beam with longer duration but
less power for plasma heating and to elongate confinement time of hot plas-
ma [2]. However, for realization of this possibility one must develop an elec-
tron beam injector of a millisecond range. This report presents the conceptual
design of the injector for multimirror magnetic trap. The trap will be used as
an experimental stand for testing of plasma facing materials for future fusion
reactors.

Injector parameters are determined by the requirements for the designed
stand: the electron energy ~ 100 keV, the beam diameter ~ 4-5 cm and cur-
rent up to 1 KA in the magnetic field of 7 T in the trap. The beam source will
operate in a mode of 1-ms package of short 2-5 [Js pulses with duty factor
~ 0.1. A guiding convergent magnetic field increases from 0.02-0.05Tto 7 T
for the beam compression in 200-300 times and its injection into the trap. A
contradictory requirement on the current density ~ 1 kA/cm? can be met us-
ing filament-like beam structure.

The injector is based on the earlier studied [3] diode source based on the
plasma emitter. The plasma is produced by a pulsed arc discharge in hydro-
gen gas inside the cathode volume (expander) and forms an emission surface
at the boundary of a diode gap. Electrons are extracted from the plasma sur-
face through small openings on the flat multiaperture cathode electrode in the
mode of the open plasma boundary. The accelerated beam consisting of sepa-
rate beamlets, is transported and compressed in the guiding magnetic field to
the required current density.
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The paper presents a general scheme of the trap with the beam injector
and results of a two-dimensional computer simulation of the single beamlet
in the diode to select the optimal configuration of electrodes. A feature of the
numerical model is the calculation technique for emission plasma surfaces
shape, taking into account the backflow of plasma from the trap incoming in-
to the diode gap through the anode apertures. The analysis of the permissible
ranges of the cathode and anode plasmas parameters was also performed.

This work was done under financial support from the Russian Ministry
of Education and Science, by Grant Ne 11.G34.31.0033 of the Russian Feder-
ation Government, by RFBR Grant 10-08-00-707 and Interdisciplinary Inte-
gration Project of SB RAS No 104.

1V.S. Koidan, A.V. Arzhannikov, V.T. Astrelin, et al. Progress in mul-
timirror trap GOL-3 // Fusion science and technology, Vol.47, No.1T, 2005,
p.35-42.

2A.V. Burdakov, A.V. Arzhannikov, V.T. Astrelin, et al. Concept of
Fusion Reactor Based on Multi-Mirror Trap. // Fusion Science and Technol-
ogy, V.59, No 1T, 2011, p.9-16.

3 1.V. Kandaurov, et al. Study of Intensive Long-Pulse Electron Beam
Generation in a Source with Arc Plasma Emitter Operated in an External
Magnetic Field. // Proc. of 15th Intern. Symp. on High Current Electronics:
Tomsk, 2008, p.121-124.

A REPETITIVE SOURCE OF PULSED ELECTRON BEAMS

I. S. Egorov, G. E. Remnev, M. |I. Kaikanov, E. I. Lukonin,
V. S. Esipov, A. V. Poloskov, D. Yu. Kolokolov

Institute of High Technology Physics at TPU, Tomsk, Russia, E-mail:
egoris@tpu.ru

The “ASTRA-M” high-repetition rate pulsed electron beam source has
been developed for the radiation treatment of water solutions. The paper pre-
sents a description of the construction, principal of operation and the opera-
tional characteristics of the accelerator. An electron diode with a metal-
ceramic cathode is driven by a capacitive storage system, which is discharged
through a pulsed step-up transformer. The parameters of the electron beam
are: the maximum Kinetic energy is up to 475 keV, the half-height pulse dura-
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tion of an ejected beam is 75 ns, the energy transferred by the beam is up to
10 J.

The paper also presents experimental data on the accelerator tested in
continuous operation at a rate of 40 pulses/second. A heat operational mode
of the equipment and shot-to-shot stability have been analyzed. The capabili-
ties of an automatic control system for the accelerator as well as a built in X-
ray protection system are discussed.

INVESTIGATION OF THE PLASMA EMITTER BASED ON
THE REFLEX DISCHARGE WITH A CATHODE SPOT FOR IN-
TENSE SUB-MILLISECOND ELECTRON BEAM

S. V. Grigoryev, P. V. Moskvin, A. D. Teresov

Institute of High Current Electronics SB RAS, Tomsk, Russia,
grigoriev@opee.hcei.tsc.ru

The results of investigation of the plasma electron emitter based on re-
flective discharge with cathode spot are presented.

In the discharge cell of plasma cathode electron gun "Solo" was imple-
mented reflective discharge with cathode spot. Cathode-reflector was emis-
sion electrode with a grid. The cathode-reflector was connected either
through resistor R, or directly to the main discharge cathode circuit. The in-
duction of the magnetic field in the annular anode reflex discharge in the ex-
periments was 20-30 mT. In the experiments, there was multiple plasma
cathode current amplification at the generation electron beam with energy of
20 keV. The oscillograms was evident that the current in the accelerating gap
exceeds a multiple of the plasma cathode discharge current (50 A and 200 A
respectively). In some cases, it was possible to obtain a 6-fold excess, and is
not there a current increase depends on the operating pressure. While with
increasing accelerating voltage beam current is increased significantly. This
mode of electrons generation substantially different from the beam current
amplification due to ion-electron emission. We can assume the following
mechanism of the emitter operation. The connection of the emission grid and
the cathode of the discharge with a high negative potentials at an accelerating
voltage leads to current increasing preliminary created cathode spot (40-50
A) by the source of the accelerating voltage. Dense plasma of the cathode
spot closes the accelerating gap at the cathode of the discharge, while in the
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emission electrode on a "rare" gas-discharge plasma accelerating gap is
formed. It was found that even a small increase in the plasma cathode dis-
charge current (from 50 to 60 A) there is a breakdown of the accelerating
gap. This indicates a very pronounced dependence of the electron emission
mode from the discharge current in the cell plasma cathode. When setting the
resistance R, the emission current was limited to this resistance and at the 2,4
Ohm emission current does not exceed current main discharge.

FORMATION OF CHARGE — EXCHANGE NEUTRAL ATOMS
IN ADIODE WITH PASSIVE ANODE

Yu.l. Isakova, A.l. Pushkarev, I.P. Khaylov

Institute of High Technology Physics at TPU, Tomsk, Russia,
aipush@mail.ru

The paper presents an experimental evidence of the formation of ener-
getic charge-exchange neutral atoms in a self-magnetically insulated diode
with a graphite potential electrode. The experiments have been carried out
using both a diode with externally applied magnetic insulation (single-pulse
mode: 100 ns, 250-300 kV) and a diode with self-magnetic insulation (dou-
ble-pulse mode: the first negative pulse 300-500 ns, 100-150 kV followed by
the second positive pulse 150 ns, 250-300 kV). The ion beam energy density
was measured using an infrared imaging diagnostics of thin metal targets,
which intercept the beam. It was also calculated using the waveforms of ion
current density and accelerated voltage.

A disagreement between experimental and calculated values of the beam
energy density was found for a case with the self-magnetically insulated di-
ode. The ion beam energy density measured and calculated for the applied B
diode was in a good agreement and found to be 3.6-4 J/cm?, whilst the meas-
ured results (infrared camera method) for the self-magnetically insulated di-
ode differ by a factor of 4-6 from the calculation (waveforms of ion current
density and accelerating voltage). This is attributed to the formation of neu-
trals in a diode as a result of charge exchange processes between accelerated
ions and molecules of residual gas. Neutral atoms can not be registered my
Faraday cup charge collectors, but still contribute to heat of the target, which
Is measured by an infrared camera. In the diode with self magnetic insulation,
operating in a double pulse mode, the charge-exchange processes proceed
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more effectively compared to the applied B filed diode, operating in a single
pulse mode. The presence of a time interval (in double pulse mode) between
a moment of desorption of molecules from the anode surface and a moment
of ions generation increases the thickness of a layer of desorbed molecules.
This leads to an increase in the number of charge-exchange acts for an ion.
The ability of production of large fluxes of energetic neutrals in an ion diode
with self-magnetic insulation was shown. With the energy of neutrals of 3-5
keV, the fluence can reach up to (2-4)*10" cm™ per pulse.

SELF-OSCILLATORY MODE OF ELECTRON BEAM GENER-
ATION IN A SOURCE WITH A GRIDDED PLASMA CATHODE

A.S.Kamenetskikh, N.V.Gavrilov

Institute of Electrophysics of the Ural Branch RAS, 106 Amundsen St.,
620016 Ekaterinburg, Russia
tel.: (343) 2678778, Fax: (343) 2678794, e-mail: alx@iep.uran.ru

Emission of the plasma cathode on the basis of the glow discharge with
a hollow cathode and an expanded anode part at conditions of argon pressure
of 0.1-0.8 Pa was investigated. Electrons were extracted from the anode
plasma through channels of the millimetric sizes in an anode grid by applica-
tion of accelerating voltage of 50-300 V. Oscillograms of electron beam cur-
rent and a floating potential of a probe in anode plasma were recorded and
energy spectrums of electrons at beam currents of 0,5-2,5 A were measured.
It was shown, that broadening (from above 100 eV) of the electron spectrums
with a rise of beam current and gas pressure is caused by transition of the
plasma cathode in a self-oscillatory mode with frequency of fluctuations of
beam current and plasma potential within 10-100 kHz and modulation of the
current and the potential values up to 60 %. The mode of self-oscillations
arises at high efficiency of electron extraction and is caused by instability of
a double charge layer in apertures of the anode grid at increase in emission
current density in apertures of the grid and a simultaneous voltage drop re-
duction across the layer.
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HIGH POWER (10 MW), LONG PULSE MULTIAPERTURE
ELECTRON BEAM INJECTOR WITH PLASMA EMITTER
DESIGNED FOR BEAM-PLASMA EXPERIMENTS

. V. Kandaurov, V. T. Astrelin, A. P. Avrorov, A. V. Burdakov,
P. V. Bykov, G. E. Derevyankin, A. A. lvanov, I. A. lvanov,
V. V. Kurkuchekov!, S. V. Polosatkin, A. F. Rovenskikh, Yu. A. Trunev

Budker Institute of Nuclear Physics of SB RAS, Novosibirsk, Russia
'Novosibirsk State University, Novosibirsk, Russia
e-mail: i.v.kandaurov@inp.nsk.su

The long pulse source of intense electron beam was developed and built
at BINP for the experiments on beam injection in linear plasma devices.
Electrons are extracted from a plasma of the pulsed arc discharge in hydro-
gen. The beam is accelerated with multi-aperture diode-type electron optical
system. The cathode and anode of the diode are performed as planar molyb-
denum «grids» with 241 round openings arranged in a hexagonal pattern. The
openings are aligned coaxially with high accuracy during the diode assembly.
The source is designed to operate with an accelerating voltage of up to 150
KV, in external magnetic field of 10 - 100 mT. The diode optics allows to
compress the beam in adiabatically converging magnetic field at least 100-
fold.

The injector was installed into the end tank of the GOL-3 multiple mir-
ror trap and tested to produce an electron beam with up to 100 keV electron
energy, 100 A total beam current in the submillisecond pulse duration range.
In a series of first experiments the beam was injected into the GOL-3 plasma
chamber filled with deuterium gas with a density of 10**-10" cm™ and trans-
ported in a corrugated magnetic field (<B> up to 1.4 T) along the trap at a
distance of 12 m. The beam transport and compression was registered with a
visible light fast cameras and x-ray pinhole camera.

This work is financially supported by Russian Ministry of Education
and Science, RFBR Grant No. 10-08-00707a and Interdisciplinary Integration
Project of SB RAS No 104.
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THE USE OF FERROMAGNETIC INSERTS FOR CONTROL
OF THE ENERGY DENSITY PROFILE OF HIGH-CURRENT
ELECTRON BEAM

K.V. Karlik, L.A. Zyul’kova, G.E. Ozur

Institute of High Current Electronics, Tomsk, Russia,
karlik@lve.hcei.tsc.ru

The control of the energy density distribution of low-energy (10-
30 keV), high-current (10-30 kA) electron beams used for material surface
treatment represents a traditional actual problem. To produce such beams, the
high-current guns with explosive-emission cathode and plasma anode based
on high-current reflective (Penning) discharge are generally used. Investiga-
tions and experience of the exploitation have shown that the beam uniformity
(one of the key parameters) via its cross section still left much to be desired
because of the maximum in the central part of the beam appearing when it is
transported through plasma channel in a guide magnetic field.

To improve the beam uniformity, we suggest the redistribution of the
beam energy density using ferromagnetic inserts placed just behind the col-
lector. These inserts constrict the guide magnetic field lines to themselves.
Changing the sizes of the inserts and their magnetic permittivity, it is possible
to control the beam radial profile and to focus it. However, some part of the
beam may be reflected from the magnetic mirror. But fortunately, our exper-
iments have shown that the beam current does not decrease in comparison
with the case of uniform guide magnetic field. The computer calculations of
the magnetic field configuration are in good agreement with experimental da-
ta on changing the beam diameter in dependence on the diameter and the
length of the insert.
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A COMPACT CALORIMETER BASED ON A MAGNETICALLY
INSULATED FARADAY CUP FOR INTENSE ION BEAM
DIAGNOSTIC

|.P. Khailov, Yu.l. Isakova, A.l. Pushkarev

Institute of High Technology Physics at TPU, Tomsk, Russia,
E-mail: bastrik@sibmail.com

We have developed a device which allows for a simultaneous measure-
ment of both current density and energy density of an intense ion beam. The
device is composed of a magnetically insulated Faraday cup and a micro-
calorimeter, both are located in one magnetic system. A charge collector in
the Faraday cup is also a calorimeter, the temperature of which is measured
by a thermal resistor. A pair of permanent magnets (B=0.4 T) is used at the
device entrance in order to filter low-energy electrons accompanying the ion
beam, providing an accurate measurement. The device was tested with an in-
tense ion beam formed by a self-magnetically insulated diode. The experi-
ments were carried out with the TEMP-4M accelerator operating in double-
pulse mode: the first pulse is of negative polarity (300-500 ns, 100-150 kV),
and this is followed by a second pulse of positive polarity (150 ns, 250-300
kV). The energy density of the ion beam was measured by the calorimeter
and with the calculations made from the experimental values of the ion cur-
rent density and accelerating voltage. The device was specially designed to
study the formation of charge-exchange neutral atoms in diodes with a pas-
sive anode.

CAPACITOR BLOCKS FOR AIR INSULATED LTD STAGES

A.V. Kharlov, B.M. Kovalchuk, E.V. Kumpyak, N.V. Tsoy,
G.V. Smorudov

Institute of High Current Electronics, Tomsk, 634055, Russia,
akharlov@lef.hcei.tsc.ru

Linear Transformer Driver (LTD) technology was pioneered by the In-
stitute of High Current Electronics in Russia more than a decade ago. In the
Linear Transformer Driver technology, the low inductance energy storage
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components and switches are directly incorporated in the individual cavities
(named stages) to generate a fast output voltage pulse which is added along a
vacuum coaxial line like in an inductive voltage adder. Typically primary
side of induction cavities is filled with transformer oil for additional electrical
isolation of the components. It is often not desirable to use oil and especially
rise problems in large assemblies. LTD stages with air insulation were intro-
duced in [1]. Dry air is used both as insulation in the stages and as working
gas in the LTD spark gap switches, providing easy handling and mainte-
nance.

Special unit, named capacitor block, was developed for use as a main
structural element of such transformer stages. It incorporates two capacitors
GA 35426 (40 nF, 100 kV) and multichannel multigap gas switch. Amount of
capacitor blocks (and respectively gas switches) could be very large in LTD
stages assemblies (192 blocks in electron accelerator for THL-100 laser in
IHCE, for example). It implies very strong requirements on self breakdown
probability of the switches, which should be extremely low. Several modifi-
cations of the capacitor blocks were developed and tested on life time and
self breakdown probability both as separate units and in assembly of capaci-
tive module from 5 capacitor blocks.

This report presents detailed design of capacitor blocks, description of
operation regimes, numerical simulation of electric field in the switches and
test results.

1 B.M. Kovalchuk, A.V. Kharlov et al.,"40 GW linear transformer
driver stage for pulse generators of megaampere range,” Laser and Particle
Beams, vol. 27, pp. 371-378, September 2009.

HIGH-CURRENT ELECTRON GUN WITH PLASMA ANODE
BASED ON COMBINED DISCHARGE

P.P. Kiziridi, G.E. Ozur

Institute of High-Current Electronics, SB RAS, Tomsk, Russia,
kiziridi_pavel@mail.ru

Low-energy (20-40 keV), high-current (10-30 kA) electron beams
(LEHCEBS) are of great interest for material surface treatment and have al-
ready found rather wide use in practice. To produce LEHCEBES, electron guns
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with explosive-emission cathode and plasma anode based on high-current re-
flective (Penning) discharge and are generally used. Investigations and expe-
rience on exploitation of such guns have shown that the uniformity of beam
energy density distribution in cross section left much to be desired because
the beam being even uniform in the injection plate acquires a maximum of
energy density in the central part after transportation through plasma channel.

To improve the beam uniformity, we suggest plasma anode to be formed
with the help of combined discharge matching high-current Penning dis-
charge and vacuum sparks (arcs). At that, spark plasma sources are placed
directly in the ring anode of Penning discharge and are powered from the
same pulsed circuit as Penning discharge. Such a scheme of plasma anode
formation provides two important advantages:

a) anode plasma density in peripheral region of the column increases,
and as a result, the beam uniformity improves;

b) spark sources give some additional portion of plasma in near-cathode
space that improves stability of beam parameters, particularly at low pres-
sures of working gas.

The paper presents results of investigations of plasma anode based on
combined discharge and results of testing of electron gun with such plasma
anode.

MODELING OF THECA STARK EFFECT OF THE Kr" ION

E. V. Koryukina, V. I. Koryukin®

National Research Tomsk state university, Tomsk, Russia,
evk@phys.tsu.ru
! Siberian state medical university, Tomsk, Russia, vik180248@mail.ru

In a study of plasma by spectroscopic methods, both atomic and ionic
emission spectra of an active medium are registered in experiments. The be-
havior of spectra induced by an alternating electric field is characterized by
shifts and splitting of spectral lines in this field and strongly depends on fre-
quency and strength of the electric field. In order to interpret the experi-
mental data accurately, and for understanding the processes taking place in
plasma, one needs a correct theoretical method for calculating these spectra.
In this work, a reliable method of diagonalization of the energy matrix of an
ion in the electric field is used to simulate the AC Stark effect of a Kr ion in a
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circularly polarized electric field. Earlier this approach was applied to calcu-
lating emission spectra of Nell and Arll ions, and the obtained results have
allowed us to reveal a number of interesting regularities in the AC Stark ef-
fect for these ions. Rare gases are often used in plasma physics, so they were
chosen as subjects for study.

In this work, a theoretical study of the AC Stark effect of the Krll ion
was performed for the electric field parameters changing in a wide range, a
namely: the electric field strength changes up to 10kV/cm, and the electric
field frequency changes from 107 to 10 MHz. In the framework of the sug-
gested theoretical method, the following dependences in the behavior of the
AC Stark effect of a Kr ion were investigated: i) the dependence of the Stark
effect on the electric field strength, ii) the dependence of the Stark effect on
the electric field frequency, iii) the dependence of the energy shift directions
on the electric field strength and frequency. Moreover, the calculation results
have shown that shifts and splitting of the Kr* energy levels strongly depend
on the electronic structure of the energy level under consideration.

The results obtained are of interest both from a theoretical point of view
and for practical applications of the developed theoretical approach. The
simulation data allow us to reveal regularities inherent in the behavior of
shifts and splitting of spectral lines of a Kr ion in the electric fields of an arbi-
trary frequency and strength. The results of modeling the emission spectra
can also be used for plasma diagnostics and for solution of problems in plas-
ma spectroscopy.
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THERMOCHEMICAL SELF-HEATED HOLLOW CATHODE
FROM A TITANIUM NITRIDE

A. I. Menshakov, N. V. Gavrilov

Institute of Electrophysics, Ural Division of the Russian Academy of
Sciences, Ekaterinburg, 620016, Russia
Phone: (343)2678778, Fax: (343)2678794, E-mail:
gavrilov@iep.uran.ru

Findings of investigation of the discharge with self-heated tubular hol-
low titanium cathode operating with discharge currents in the range 4 - 20 A
are presented. Working gas (argon, nitrogen) flow through a hollow cathode
8 mm in diameter was 40 sccm, while gas pressure in an anode part of the
discharge varied within the range 0,1 - 3 Pa by changing of pump speed. It
aws shown, that features of high-current operation of the cathode in a self-
heated mode in the nitrogen flow are caused by formation of a high-
temperature phase of titanium nitride on the active zone surface of the cath-
ode. Optimum modes of training of the cathode by the discharge operation in
nitrogen and the time necessary for transition of the cathode in high-current
operating mode were determined. Behaviour of the cathode in different gas
media was investigated and rates of erosion of the thermochemical cathode
during long-term operation in nitrogen and argon were measured.
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REPRATE ION BEAM ACCELERATOR WITH INTERMEDIATE
LINEAR STEP-UP TRANSFORMER

A.V.Petrov, P.S. Anan’in, *V. Bystritskii,**J. Yampolsky, *L.F. Isakov,
V.B. Karpov, *V.M. Matvienko, N.M. Polkovnikova ,A.A. Sinebryukhov,
Yu.P. Surikov, Yu.P. Usov, **K. Walters

Instituteof Physics and Technology of Tomsk Polytechnic
University, Tomsk, 634050, Russia

*University of California at Irvine, Irvine, CA, 92617

**TriAlpha Energy, Inc., Foothill Ranch, CA, 92610

The accelerator intended for generation of powerful proton beams has
been developed, made and tested. The accelerator parameters: the range of
working voltages is 140-280 kV, pulse duration is 600 ns, impedance is 12,5
Ohm, frequency is 25 Hz. The accelerating complex includes: generator of
accelerating voltage pulses on the basis of a linear transformer with forming
lines, diode section with the magnetic-isolated ion diode with a radial B-field
and emissive plasma source based on induction breakdown of a pulsed gas
puffing, complex of supply sources of the ion diode and generator and the
control and synchronization unit of the accelerator

LOW-IMPEDANCE ROD-PINCH DIODES AS INTENSE
X-RAY SOURCES

S.A. Sorokin

Institute of High Current Electronics SB RAS, Tomsk, Russia,
s.sorokin@rambler.ru

An experimental study of a point-like radiographic x-ray source based
on plasma-filled rod-pinch (PFRP) diodes and low-impedance high-current
generators is presented. A PFRP diode operates at considerably lower imped-
ance than the vacuum rod-pinch (RP) diode, allowing higher currents and,
hence, higher x-ray doses to be produced. Due to the low impedance of the
PFRP diodes the high current generators developed earlier for Z-pinch exper-
iments can be used as drivers for these diodes.
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Experiments were performed on the MIG generator (1 MV, 1.5 MA, 80
ns) at the Institute of High Current Electronics, SB, RAS. As the water-
insulated pulse-forming lines of the MIG generator are charged negatively
and the anode rod tip is facing toward the generator transmission line, the x-
ray radiation is extracted in the radial direction. The anode rod shapes have
been found in the experiments for which a point-like x-ray source appropriate
for off-axis radiography is produced. It has been shown that bending the an-
ode rod has an insignificant effect on the physical processes responsible for
the formation of an electron diode near the anode tip. In the experiment,
plasma was also injected into the anode—cathode gap upstream of the plasma-
filled rod-pinch diode to increase the duration of the initial short-circuit phase
and to provide voltage gain and pulse sharpening. The electron beam formed
in the PFRP diode and the x-ray source had the following parameters: The
electron energy was 1-1.8 MeV, the diode current 0.4-1.0 MA, the x-ray
dose at 1 m from the source was 2-4 rad (tungsten rod anode, LiF
thermoluminescent dosimeter behind a 5-mm-thick aluminum screen), the x-
ray pulse duration ranged from 10 to 30 ns and the spot size from 0.5 to 1.1
mm.

Preliminary experiments were performed with a radial thin foil instead
of a plasma injection. The JxB forces push the foil to the rod tip. The foil
thickness and the length of the rod extension beyond the radial foil are cho-
sen so that the foil plasma moves past the end of the rod at the peak of cur-
rent. Several successive intense bremsstrahlung pulses are formed as the re-
sult of current reconnection in the foil and rod plasmas.

ION B, - DIODE WITH THE ACTIVE ANODE

A. V. Stepanov, V. S. Lopatin®, G. E. Remnev

National Research TPU, Institute of High Technology Physics, Tomsk,
Russia,StepanovAV@mail.ru
'Lipetsk, Russia, lopas@qip.ru

The efficiency of pulsed ion accelerator and ion beam parameters
aregenerally determined by the plasma formation method in the diode, plas-
ma density and homogeneity. Preliminary plasma generation on the cathode
surface and using of microsecond duration pulses of accelerating voltage al-
low to increase the diode work efficiency.
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This work is devoted to the investigation of theion current parameters of
the B, — diode in the mode of the preliminary plasma generation on the anode,
obtained due to the additional voltage pulse.

The first negative voltage pulse provides the plasma formation on the
anode surface andfirst of allplasma’scomposition is determined by the mate-
rial of a covering. During this impulse of voltage the value of diode
impedanceiskeeping high. By the time of the accelerating voltage formation
the anode - cathode area completely fillsby plasma.

Pause duration between voltage impulses changes in a range from 350 to
650 nanoseconds. At the same timethe value of ion current density in the fo-
cus of the diode is equal to 720 A/cm?® and in a number of experiments
increasesto 850 A/cm?®. Energy density of the ion beam in the diode focus is
shown not to exceed the value of 5,5 J/cm®.

The behavior of the diode impedance is characteristic for operation of
the diode filled the plasma. During the initial time the diode is working in a
mode of short circuit. Then at the front of a total current impulse the imped-
ance growth with a speed of 0,6 Ohm/ns andthe current growth rate 5,8-10%
A/s are revealed. In the sequelthe recession of an impedance of the diode
with a speed approximately 0,01 Ohm/ns is found to observe. Actually ion
diode works in a mode of a plasma-erosion breaker.

COMPACT NANOSECOND ELECTRON BEAM SOURCE
BASED ON 200 KV SOS GENERATOR

V.V. Uvarin, D.L. Kuznetsov, S.K. Lyubutin, B.G. Slovikovskii

Institute of Electrophysics, Ekaterinburg, Russia, uvw@iep.uran.ru

The compact device for generation of pulsed electron beam is described.
As power supply, we use generator of high-voltage pulses SM-4N. Distinc-
tive feature of mentioned generator is completely solid-state switching sys-
tem for high-voltage circuits of inductive storage, based on semiconductor
opening switches (SOS-diodes). Application of solid-state breakers secures
considerable operational lifetime, high stability of output pulses and small
size of the device.

For production of electron beam cylindrical vacuum tube (electron gun)
with explosive-emission cathode was connected to HV generator. During the
work of the e-beam source the vacuum tube is pumped out by the fore pump
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(pressure in the vacuum tube - 10 Torr). The accelerated electrons leave the
gun through the replaceable Ti foil with a thickness of 8 um.

Technical features of the present device: electron energy — 200 keV,
electron beam current — 200 A, the cross-section diameter of exit beam - 1.5
cm, electron beam current density ~ 10 A/lcm® pulse duration — 5 ns, maxi-
mal repetition rate — 100 Hz; overall dimensions (without the vacuum pump)
- 21x23x110 cm®. Resource with continuous operation is determined by the
destruction of output foil and exceeds 10° pulses for the frequency of 10 Hz.
If necessary the replacement of output foil is carried out easily during several
minutes.

Present compact pulsed electron beam source is intended for the investi-
gations in the high energy chemistry, radiation biology and emission spec-
troscopy.

INVESTIGATION OF TRANSFER HIGH-CURRENT
ELECTRON BEAM IN PLASMA CHANELL

E.S. Vagin, V.P. Grigoriev, V.V. Ofitserov
Tomsk Polytechnic University, Tomsk, Russia, VaginEvS@yandex.ru

The paper examines the transfer of electron beam into a chamber with
low-pressure plasma in magnetic field. The research is based on the self-
consistent mathematical model that takes into account current and charge
neutralization of electron beam and change in its parameters during the trans-
fer. A numerical study was conducted using particle in cell (PIC) method.
The calculations used beam and plasma parameters that were similar to the
ones used in experiments with transferring high-current beams in plasma-
filled systems.

Based on the calculations, the patterns of beam charge and current neu-
tralization depending on system parameters and external magnetic field were
determined. Analytical examination was carried out to investigate transverse
beam instability in plasma channel at the nonlinear phase.

179



Intense electron and ion beams

THE ION-BEAM INSTALLATION FOR FINISH TREATMENT
OF DISPERSION FUEL CLADDINGS

N.V.Volkov !, B.A.Kalin?, V.P.Krivobokov?

'National Research Nuclear University MEPHI, Moscow, Russia,
e-mail: nvvolkov@mail.ru
National Research Tomsk Polytechnic University, Tomsk, Russia

lon-beam cleaning and polishing the outer surface of fuel claddings is
one of the most effective methods of increasing life of fuel elements. As a re-
sult of this treatment decreases the surface roughness is decreased and tech-
nological defects of the outer surface are “healed”. The method of ion-beam
treatment can also be easily transformed for additional ion-alloying of the
fuel cladding surface layer in the mode of ion-mixing of pre-deposited atoms
on the fuel cladding surface, as well as for the controlled oxidation of the sur-
face during ion-beam polishing.

The installation KVK-10 for treatment the outer surface of shortened
fuel elements (500 mm) has been developed and produced. This installation
allows for simultaneous processing of up to six rods in an upright position.
The work chamber is equipped with three magnetrons and two ion sources
that provide cleaning and deposition of metal films on the outer surface of the
fuel cladding along its entire length. To reduce the risk of uncontrolled oxida-
tion of the cladding surface during ion-beam treatment there is used the oil-
free high vacuum system (turbomolecular high vacuum pump and low vacu-
um spiral pump) with automatic system of maintaining the desired pressure
in the chamber.

As shown by the results of studying the state of the treated cladding
samples, after ion polishing and joint treatment (ion cleaning + ion polishing)
the surface roughness is significantly reduced from R, = 1.5-2 umto R, = 0.5
+ 0.2 um. Homogeneous structure-phase states have been made on the outer
surface of the fuel claddings, made from alloy E110 under the following con-
ditions: ion beam irradiation of Ar"; average ion energy of 0.5-1.5 keV; total
ion current from 0.3 to 0.6 A; accelerating voltage 1 to 2 kV; radiation dose
(5 - 10)x10" ion/cm?®. The adjustment of a joint work of the three ion sources
has been carried out. Working positions of samples in the vacuum chamber,
which are specified under the special program, have been determined.

The parameters of the high vacuum system have been specified, and op-
erating parameters of the installation (pressure of working and residual gases
in discharge chamber; ion current density and ion energy; temperature of the
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installation elements) have been adjusted to ensure maximum speed of treat-
ment of fuel claddings. The optimal parameters of the fuel claddings treat-
ment have been determined, and its thinning rate has been calculated for dif-
ferent treatment modes.

CHARGE NEUTRALIZATION AND RISE-UP PORTION
EROSION OF LOW-ENERGY ELECTRON BEAM WHEN
INJECTING INTO NEUTRAL GAS

I.L. Zvigintsev, V.P. Grigoriev

TPU, Sovetskaya 84/3, Tomsk, 634034, Russia, 8b20@sibmail.com

During the transportation of low-energy electron beams in a gas it is a
significant question about the time of charge neutralization. In contrast to rel-
ativistic beams the dominating factor is not the beam spreading under radial
field of space charge in the absence of an external magnetic field, but a for-
mation of virtual cathode. In this work it is considered a case of beam injec-
tion into neutral gas without external magnetic field prior to obtaining a full
charge neutralization. lonization processes are investigated in conditions of
virtual cathode formation which blocks beam passage, and beam spreading
under coulomb forces. A model is developed, which enables to get values of
plasma density by the moment of full charge neutralization depending on the
type and pressure of gas, beam current and duration of beam current rise-up
portion. The time intervals of virtual cathode collapse with different beam pa-
rameters and gas pressures are obtained. The system parameters are deter-
mined when the virtual cathode doesn’t form.
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THE WIRE EXPLOSION STAGE DURING X-PINCH SOFT X-
RAY SOURCE FORMATION

A.P. Artyomov, S.A. Chaikovsky, A.V. Fedunin, V.I. Oreshkin,
S.V. Shljakhtun, 1.V. Lavrinovich

Institute of High Current Electronics SB RAS, 2/3, Akademichesky ave.,
Tomsk, 634033, Russia
Phone: 8(382-2) 492-133, e-mail:aap545@gmail.com

In X-pinch experiments, two or more metal wires 10-50 um in diameter
crossed like the letter “X” are used through which current pulse is passed.
When the current rising rate exceeds 1 kA/ns in the wire crossing region a
plasma hot spot several micrometers in size forms which radiates soft x-rays
within 1 ns pulse. Hot spots of this type are currently one of the brightest la-
boratory sources radiating in the soft x-ray range. The parameters of this type
of x-ray sources make them attractive for projection radiography of various
short-lived physical objects.

The X-pinch hot spot formation has few stages — the wire explosion, the
wire material implosion in the near crossing region, the wire material ejecting
from the crossing point, the neck development leading to high density and
temperature plasma formation. The first stage runs at the enough high current
rising rate (higher 0.25 kA/ns) which is higher than the typical rising rate for
the wire explosion investigation experiments.

In order to understand better the wire explosion process in a X-pinch
experiments have been performed with low scale pulsed generator. The gen-
erator has a diameter of 330 mm and a height of 480 mm. The generator con-
sists of cylindrical self-made capacitor with multi-gap multi-channel switch
and delivers up to 150 kA with rising time of 130 ns into the X-pinch load.
X-pinch was made of four tungsten wires with diameter of 13 micron. The X-
pinch current and voltage were measured by Rogovsky coil and capacitive
divider, respectively. Such diagnostics allows one to measure the power and
energy deposition to wire, the action integral for the wire and estimate the X-
pinch initial resistivity and inductance. Also energy deposition into x-pinch
plasma hot spot could be measured. In the report the experimental results ob-
tained and their discussion will be presented.
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EFFICIENCY OF THE ENERGY DELIVERY FROM VACUUM
MITL OF THE GIT-12 GENERATOR TO THE WIRE ARRAY
PLACED IN THE WATER

S.A. Chaikovsky, V.A. Kokshenev, A.Yu. Labetsky, A.V. Shishlov

Institute of High Current Electronics SB RAS, 2/3, Akademichesky ave.,
Tomsk, 634033, Russia
Phone: 8(382-2) 492-133, e-mail:aap545@gmail.com

The generation of strong shock waves is one of the important points in
research concerned to physics of high density non-ideal plasma. One of the
possible ways for strong shock wave production is electrical explosion in wa-
ter. Using cylindrical wire array and a pulsed power generator it is possible to
generate converging shocks. Such approach was successfully tested at the
current level of 550 kA with rising time of 350 ns. As the result the genera-
tion of an extreme state of water with pressure up to 4 Mbar in the vicinity of
the array axis due to converging strong shock wave was reported [1].

The main purpose of this work was realization of the abovementioned
method for conditions of GIT-12 generator with significantly higher level of
the current. According to estimates and MHD simulations for GIT-12 genera-
tor with stored energy of 2 MJ approximately 100-200 kJ could be transferred
to the shock wave energy. At the array length of 10 cm the energy per cm is
order of 10-20 kJ. With a deuterium plasma placed at the axis the pressures
higher then 10 Mbar could be reached at the plasma temperature of few hun-
dreds eV.

The GIT-12 generator consists of twelve Marx’s connected in parallel
via vacuum transmission lines. So, the idea was to place a dielectric water
vessel with a wire array inside of it into the vacuum load region of the GIT-
12 generator. Preliminary experiments have shown that energy delivery to the
wire array is rather poor due to surface breakdown of the vacuum-insulator
interface. A number of the load blocks was developed, fabricated and tested.
In the regime with total inductance a low electrical breakdown voltage of the
insulator was found. This voltage level does not correspond to technical data
on the insulation. In the regime with lowered inductance the efficient energy
input to electrically exploded load was achieved. It was found that even low-
ered energy input leads to cumulative jet formation which causes significant
damage of the on-axis plastic flanges with thickness of 5 mm. Thus, in course
of the experiments some features of the load behavior was understood from
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point of view mechanical and electrical strength. Analysis of the results will
be present in the report.

1. A. Fedotov-Gefen, S. Efimov, L. Gilburd, G. Bazalitski, V. Tz. Gurovich,
and Ya. E. Krasik, Physics of Plasmas, 18, 062701 (2011).

A LOAD CURRENT MULTIPLIER FOR THE TERAWATT-
LEVEL MIG GENERATOR

I. M. Datsko’, S. A. Chaikovsky’, N. A. Labetskaya',
V. I. Oreshkin' A. S. Chuvatin®

! Institute of High Current Electronics SB RAS, Tomsk, Russia,
datsko@ovpe.hcei.tsc.ru
2 Ecole Polytechnique, Palaiseau, France

Powerful pulsed current generators of a megaampere range are widely
used in studies of plasma properties. One of the most important parameters of
a generator used in such researches is a load current amplitude.

It is natural for scientists to seek after a technical solution that provides
an increase in the load current amplitude without a total modernization of a
generator. Such opportunity is given by implementation of a load current
multiplier (LCM) that allows increasing of the current amplitude in the re-
gime of a constant low-inductance load.

The principle of operation of a load current multiplier is similar to that
of a transmission-line wave transformer. In a regime of the current doubling,
a design of the load current multiplier is represented by two coaxial vacuum
lines connected in series from the generator side and in parallel from the load
side.

The MIG generator is a terawatt-level pulsed power generator that pro-
vides a load current amplitude up to 2.5 MA with a current rise time of 100
ns. For several years, the MIG generator is used to study interaction of fast
megagauss magnetic fields with metals. A distinguishing feature of conduct-
ing experiments is that the inductance of a load, which is metal cylinders with
a diameter from 1 to 4 mm, is almost constant during the current pulse rise.
When the LCM is used, this would make it possible to avoid a drop in the
transformation ratio during the power feed stage, which is caused by an in-
crease in the load impedance.
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A design of the load current multiplier has been developed, and its oper-
ation with a current transformation ratio of 1.75 has been demonstrated on
the low-impedance MIG generator at the terawatt power level. The practica-
bility of using the load current multiplier operating with a constant low-
inductance load, for example in the studies of skin electrical explosion of
wires and non-linear diffusion of megagauss magnetic fields, has been
shown. The use of the LCM provides an 1.5-fold increase in the load current
in comparison with the regular operation regime of the MIG generator. The
load current multiplier has a relatively simple design, and it can be easily in-
stalled and disassembled permitting the use of the MIG generator in other op-
eration regimes with the loads of different impedance.

FIRST RESULTS OF TUNGSTEN Z-PINCH WIRE-ARRAY LOADS
ON THE MICRO-SECOND SPHINX GENERATOR

T. d’Almeida, P. Maury, J. Grunenwald, F. Zucchini,
D. Plouhinec, F. Lassalle, A. Loyen, A. Morell

CEA, DAM, GRAMAT, F-46500 Gramat, France

SPHINX machine is a LTD Pulsed Power driver (6MA, 800ns) devel-
oped at CEA/Gramat to implode Z-pinch wire-arrays and gas-puff loads and
produce k-shell radiation for radiation effects experiments.

Since 2005, successful efforts have been done to design efficient Alu-
minum wire-array and Argon gas-puff loads adapted to the micro-second rise
time of the machine [1]. In order to increase total power output and total ra-
diation yield, a new compact wire-array load (h =5 cm, phi = 8 cm) based on
a high Z material, such as Tungsten, has been developed. These loads in-
crease by a factor of two (compared to Aluminum loads) both power and to-
tal yield produced below 1 keV. Total power appears to be close to 15 TW
and total yield ~ 500 kJ (25 % of electrical energy stored).

In this paper we develop the initial numerical simulations using the
MHD-3D Gorgon code, that have been done to design the optimized load in
terms of radius, height, umber of wires and inter-wire-gap for the long pulse.
Experimental results are also shown using appropriate diagnostics for the
sub-keV spectral range (two color time-resolved pinhole, ...)

1 H. Calamy et al., Phys. Plasmas, 15, 012701 (2008).
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EXPERIMENTAL STUDY OF SURFACE STABILITY OF
CYLINDRICAL CONDUCTORS IN THE FAST RISING
MEGAGAUSS MAGNETIC FIELD

N. A. Labetskaya, V. I. Oreshkin, S. A. Chaikovsky, I. M. Datsko,
N. A. Ratakhin, Y.A. Sukovatitsyn, E.N. Volkov

Institute of High Current Electronics SB RAS, Tomsk, Russia, nata-
lia@ovpe2.hcei.tsc.ru

In the magnetic fields with an induction higher than one megagauss,
mechanical and thermal limits for all known materials are exceeded. The
magnetic fields of a megagauss range can be obtained only with the help of
pulsed facilities. The main processes during interaction of the megagauss
pulsed magnetic fields with metals are non-linear diffusion of the magnetic
field and formation of dense low-temperature plasma on the conductor sur-
face. If the magnetic field rise rate is greater than the magnetic field diffusion
velocity, then formation of the plasma on the conductor surface is determined
by the electrical explosion of the skin layer. The magnetic diffusion becomes
significantly non-linear at the typical values of the magnetic induction of
300+500 kG. The interest of scientists to these processes is determined by
their influence on the energy transport efficiency in the magnetically insulat-
ed vacuum transmission lines of the multi-terawatt pulsed generators with a
current level of 3050 MA and a current rise time of 100 ns, which are de-
veloped at present. Such generators are planned to use for implementation of
thermonuclear fusion using Z-pinch schemes.

Experimental studies of non-linear diffusion of the magnetic filed to a
conductor and also its influence on the conductor surface explosion and the
following development of instabilities on the plasma surface have been car-
ried out on the high-current MIG generator (a peak current of 2.5 MA, a cur-
rent rise time of 100 ns). Aluminum and titanium tubes with different diame-
ters were used as a load. The wall thickness of the tubes were varied in the
experiments. The instant of non-linear magnetic diffusion wave arrival at the
inner surface of the conductor was registered by a voltage divider located in-
side the tube. Self-radiation of the outer tube surface was recorded by the op-
tical four-frame camera HSFC-Pro with a frame exposition of 3 ns. The in-
stant of conductor surface explosion and dynamics of XUV radiation of sur-
face plasma were registered by an open vacuum x-ray diode with aluminum
cathode. The experimental results are presented and discussed in the paper.
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DETERMINATION OF THE CURRENT DISTRIBUTION IN A
PLANE SHEATH USING B-DOT PROBES

A. Yu. Labetsky, V. A. Kokshenev, A. V. Shishlov

Institute of High Current Electronics SB RAS, 2/3 Academichesky ave.,
Tomsk, 634055, Russia
phone: +7 (3822)-492133, fax:+7 (3822)-491677, e-mail:
aly@ovpe2.hcei.tsc.ru

A technique of reconstruction of the current distribution profile in a
plane current sheath using measurements of the magnetic flux by a number of
B-dot probes is proposed. Analytical expressions relating the distribution of
the load current with a detector response have been obtained in the quasi-
steady approximation. The calculated results are compared with the data of
the experiments performed on the GIT-12 generator with the quasi-static test
loads.

SOME PRINCIPAL ISSUES OF PLASMA OPENING
SWITCHES OPERATION

S. V. Loginov

Institute of High Current Electronics, Tomsk, Russia,
loginov@oit.hcei.tsc.ru

The report considers the erosion mechanism of operation of nano- and
microsecond plasma opening switches (POSs). For this purpose, postulates of
the well-known erosion model of the POS operation are reviewed and some
remarks on its individual statements are discussed. A voltage scaling for a
nanosecond switch with rarefied plasma (~10" ¢cm™) is derived. It is shown
that the peak voltage across the nanosecond switch on its opening is propor-
tional to the switch conduction current. The formation of an erosion gap in a
microsecond switch with high-density plasma (~10* cm™) is put to phenom-
enological analysis and a voltage scaling for the switch is obtained. It is
found that in the microsecond switch, unlike the nanosecond switch, the peak
voltage is inversely proportional to the switch conduction current.
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EFFICIENCY OF MICROSECOND PLASMA OPENING
SWITCHES

S. V. Loginov

Institute of High Current Electronics, Tomsk, Russia,
loginov@oit.hcei.tsc.ru

The report discusses the efficiency of energy transfer from an inductive
energy store to a short-circuit load with a microsecond megaampere plasma
opening switch. A very simple electrotechnical technique for estimation of
electron current loss is proposed and its operability is proven. The applicabil-
ity of the technique for analysis of experimental data is considered. The low
rate of rise of the POS resistance along with considerable current loss causes
weak pulse sharpening with a time shift of the current pulse and a decrease in
its magnitude. The above facts complicate practical realization of the pulse
compression technology of interest.

FEATURES OF THE PLASMA-CHANNEL FORMATION DURING
THE VOLTAGE GENERATOR WITH THE 1-MV/NS-VOLTAGE-
RISE-RATE DISCHARGE TO THE VACUUM COAXIAL LINE
CONTAINING MICROCONDUCTOR ENCLOSED GAP

K.A. Nagayev, S.V. Barakhvostov, M.B. Bochkarev, N.B. VVolkov

Institute of Electrophysics UB RAS, Russia, Yekaterinburg,
kanagayev@iep.uran.ru

In our experiments the generator “RADAN-220" was discharged to the
15 cm long and 10 cm internal diameter coaxial line. The gap in the central
conductor was enclosed via 5-15 mm long micron diameter wires of Cu, Ni
and W. The voltage amplitude — U,=220 kV, stored energy — w=1 J; pulse
rise duration — 200-500 ps.

It has been established that during the propagation of the voltage pulse,
with the rise time < 1 ns, within the line containing the microconductor en-
closed gap the discharge channel formation results from the electrodynamic
processes, arising within the microconductor’s surface layer and its vicinity.
The existence of the pressures range (0.7<P<3.4 Torr for Cu microwires with
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d=20 um) where microconductors either do not destruct or are destructed via
thermo-mechanical strains is revealed. At that in the wire abrupture the arc
was lit. Using the electron microscope we established that craters of less than
0.3 um in diameter are spread regularly over the wire cathode end; also mat-
ter electrotransport and micro-droplets of about 0.5 pm size were observed on
the acquired SEM-images.

At P<0.7 Torr the discharge channel originates from the
microconductors skin layer “electrodynamical explosion”. The discharge
channel contains plasma corona, dense core and a transitional layer in be-
tween. It is shown that the emission spectrum at the moment of plasma coro-
na formation is continuous. Using the Cu spectral lines (510.554, 515.324,
521.82) nm intensities ratio the electron temperature evaluation was acquired
to be: T.=0.7 eV.

The work is carried out under partial financial support of the RFBR
(project No. 10-08-00691-a), the Presidium of UB RAS within the program
for basic research of the Presidium of RAS «Matter at high energy densities»
(project No. 12-I1-2-1005) and junior scientists and postgraduate students re-
search support (project No. 11-2-HII-590).

STABILITY OF NONLINEAR MAGNETIC FIELD DIFFUSION

V.1.0reshkin, S.A.Chaykovsky, N.A.Labetskay, I.M.Datsko

High Current Electronic Institute SB RAS, Tomsk

The growth of large-scale instabilities at the electric explosion of con-
ductors in the skinning current mode studied on the high current generator
MIG (amplitude of a current of up to 2.5 MA current, rise time of 100 NS).
Experiments have shown that large-scale instability with the wave length of
0.02-0.05 cm appear directly after the release of the axis of the waves of the
nonlinear diffusion of a magnetic field. Analysis of the development of insta-
bilities was held in the framework of the linear approximation. It was shown
that the instability of the wavelength of the order of the conductor thickness
were suppressed during the propagation of f nonlinear diffusion wave of a
magnetic field. Comparisons were made of the experimental results with the
results of numerical simulation.
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ENERGY DENSITY INCREASING IN CHANNEL OF SUPER-HIGH
PRESSURE MEGAAMPERE DISCHARGE DUE TO RESONANCE
OF DIFFERENT TYPE OSCILLATIONS OF THE CHANNEL

M.E. Pinchuk'?, A.A. Bogomaz', A.V. Budin®, Ph.G. Rutberg’,
A.G. Leks!, V.Yu. Svetova'?, S.Yu. Losev!, A.A. Pozubenkov?

YInstitute for Electrophysics and Electric Power of Russian Academy of Sci-
ences (IEE RAS), St.Petersburg, Russian Federation, pinchme@mail.ru
2St.Petersburg State Polytechnical University (SpbSPU), St.Petersburg, Rus-
sian Federation, pinchme@mail.ru

Discharges in hydrogen, ignited by wire explosion, with current ampli-
tude up to 1.6 MA and initial gas pressure up to 160 MPa were investigated.
The analysis of soft X-ray intensity oscillations in the discharges with the ini-
tial hydrogen pressures of 5 - 7 MPa has showed that it could be caused by
periodic changes in the diameter of the discharge channel. The same period
oscillations were observed on voltage and current curves and on the
photostreaks in optic range at nitial hydrogen pressures of 5 - 35 MPa. It was
established that the oscillation period is proportional to the square root of the
atomic number of the initiating wire material. This fact is an argument that
the diameter variations of the discharge channel with the metal vapors are as-
sociated with aligned magnetic and gaskinetic pressure.

In go over to the initial pressure of 80 - 160 MPa, which are created by
adiabatic compression, there are the amplitude of acoustic pressure on the
discharge chamber wall increasing and the growth of voltage fluctuations in
the discharge simultaneous with it. The amplitude of pressure fluctuations at
the wall reaches 150 MPa and voltage jump is of ~3 kV. This oscillations are
several times more then at an initial pressure of 5 -35 MPa.

In some experiments it was observed abrupt increase in the oscillation
amplitude, which were caused by the resonance of the acoustic oscillations
and the oscillations connected with alignment of the gas-kinetic pressure and
the magnetic pressure, as far as frequencies of these oscillations are close to
each other in accordance with the estimates and the experimental data. Thus,
appropriate initial conditions in the experiment allows to increase the energy
density in the discharge channel.
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CURRENT PASSAGE MECHANISM IN A HIGH-CURRENT
LOW-PRESSURE PULSED GLOW DISCHARGE

. A. Shemyakin, Yu. D. Korolev, N. V. Landl, O. B. Frants

Institute of High Current Electronics, Tomsk, Academichesky Ave, 2/3,
Russian Federation, shemyakin@Inp.hcei.tsc.ru

Currently, high-current  low-pressure pulsed glow discharge
(pseudospark discharge) is well studied in the experimental aspect. In con-
trast, in theoretical terms only the discharge formation process is described in
detail. Present paper describes current passage mechanism at high-current
discharge stages — dense and superdense glow. The model, which allows es-
timate the parameters of the discharge plasma and the magnitude of the volt-
age drops at different discharge areas is presented. It is shown that there is a
double electric layer between the hollow cathode plasma and plasma in the
main gap. Discharge current at the anode is provided mainly by the thermal
electrons from plasma in the main gap, which are capable to overcome the
potential barrier near the anode. At the stage of dense glow discharge the
main fraction of discharge current at the cathode is carried by an ion compo-
nent. At the stage of superdense glow an electron component can exceed an
ion one. It is shown that presented model is in good agreement with experi-
mental results.

DEUTERIUM GAS-PUFF DYNAMICS AND NEUTRON PRO-
DUCTION IN EXPERIMENTS ON THE GIT-12 GENERATOR

A. V. Shishlov!, F. I. Fursov!, B. M. Kovalchuk?!, V. A. Kokshenev?!,
N. E. Kurmaev', A. Yu. Labetsky’, N. A. Ratakhin®,D. Klir?,
J. Cikhardt?, J. Kravarik?, P. Kubes?, K. Rezac®

! Institute of High Current Electronics SB RAS, Tomsk, Russia, e-mail:
ash@ovpe2.hcei.tsc.ru
?Czech Technical University in Prague, Prague, Czech Republic, e-
mail: klirdani@fel.cvut.cz

The paper presents results of experiments with deuterium gas puffs car-
ried out on the GIT-12 generator (Tomsk, Russia). The main attention was
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paid to investigation of implosion dynamics and neutron emission of deuteri-
um Z-pinches. A double shell gas puff with the inner-to-outer shell mass ratio
close to unity was used as a load. The total gas puff mass was varied in the
range from 50 to 85 pg/cm. The experiments were carried out at two genera-
tor operation mode, with and without a plasma opening switch (POS). In the
first mode, the peak implosion current reached 2.7 MA, and the implosion
time was between 280 and 470 ns depending on the initial gas puff parame-
ters. In the experiments without the POS, the peak implosion current ap-
proached only 2 MA, but the implosion time increased to 670+720 ns. The
following set of diagnostics was used: a streak camera, pinhole cameras, x-
ray vacuum diodes, and photoconducting detectors. The neutron diagnostics
included time-of flight diagnostics based on four scintillation detectors, an
activation detector, and bubble detectors.

The experiments showed that the implosion dynamics of deuterium gas
puffs was characterized by two features: first, the implosion started from a
radius that was significantly larger than the nozzle radius; second, current di-
vision between the inner and outer shells was observed, and acceleration of
the shells to the axis occurred simultaneously. The use of available
preionization system did not allow suppression of the current division. This
phenomenon has a negative impact when the gas puffs are used for K-shell
radiation production. Its influence on the neutron emission will be studied in
more details in our future experiments.

The maximum neutron yield registered in the experiments was 2x10™.
Summarizing of the available experimental data on the neutron yield from
deuterium gas puffs gives the dependence of the neutron yield on a peak im-
plosion current as Yy « I°.

K-SHELL X-RAY AND NEUTRON EMISSION FROM A DOU-
BLE SHELL GAS-PUFF LINER

S.A. Sorokin

Institute of High Current Electronics SB RAS, Tomsk, Russia,
s.sorokin@rambler.ru

Experiments on the neon, argon and deuterium double shell gas-puff
liner implosions have been performed on the MIG pulse generator (2 MA, 80
ns). In the experiments the influence of the current return configuration
(straight current return made of rods in the form of squirrel cage, and helical
current return in which the every rod is a helix) on the liner stability and radi-
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al compression ratio (homogeneity and diameter of the pinched plasma) as
well as the argon (3-5 keV) and neon (0.9-1.5 keV) K-shell radiation and
neutron parameters was investigated. It is shown that using a helical current
return jointly with a double shell liner structure homogeneous (without typi-
cal hot points) neon and argon pinches of diameter 0.2-0.3 mm can be gener-
ated (radial compression ratio ~ 100). The K-shell yields of 0.8-1.0 kJ for
argon and 4-5 kJ for neon were achieved. The neutron yields of (1-3)x10
with a straight current return and (2-5) x10° with a helical current return were
measured in deuterium liner implosions. To our knowledge, this is the first
experimental evidence that neutrons are produced (by beam-target mecha-
nism) mainly in constrictions formed as a result of m =0 instability develop-

ing.

HEATING OF HIGH-DENSITY HYDROGEN BY HIGH-
CURRENT ARC RADIATION

V.Yu. Svetova, Ph.G. Rutberg', M.E. Pinchuk® 2, A.A. Bogomaz®,
A.V.Budin®, A.G. Leks', S.Yu. Losev', A.A. Pozubenkov*

Institute for Electrophysics and Electric Power of Russian Academy of
Sciences, Saint Petersburg State Polytechnic University, St.-Petersburg, Rus-
sian Federation, gre_inf@mail.ru
! Institute for Electrophysics and Electric Power of Russian Academy of

Sciences, St.-Petersburg, Russian Federation
2 Saint Petersburg State Polytechnic University, St.-Petersburg, Russian
Federation

The investigation results of high-density hydrogen heating by high-
current electric arc are presented at initial pressure from 5 MPa to 300 MPa
with current amplitude up to 1.6 MA and current rate of rise 10°-10™ A/s.
When changing the initial pressure and current rate of rise, channel tempera-
ture varies from several electronvolts to hundreds electronvolts. Arc channel
radius is several millimeters. But the radius of the discharge chamber is
greater than the radius of the arc channel on approximately order of magni-
tude. High efficiency of gas heating is caused by radiation absorption of hy-
drogen surrounding the arc. Current channel consist of vapor of the initiating
wire. At current rate of rise of 10° A/s and relatively small current amplitude
the gas heating occurs due to radiation absorption in the band transparency of
hydrogen by the wire vapours with photon energies less than 13.6 eV. At cur-
rent rate of rise of 10" A/s gas heating is due to hydrogen absorption of soft
X-rays from discharge channel.
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DIFFERENT SCENARIOS OF FORMATION OF THE
CORONA-CORE STRUCTURE DURING ALUMINUM WIRE
EXPLOSION

Tkachenko S. I.1?, Zhakhovsky V. V.%*,
Shelkovenko T. A.%, Pikuz S. A.*

'Moscow Institute of Physics and Technology, Dolgoprudny, Moscow Region,
Russia,
2Joint Institute for High Temperatures, RAS, Moscow, Russia,
svt@ihed.ras.ru,
3University of South Florida, Tampa, FL, USA,
*Lebedev Physical Institute RAS, Moscow, Russia

According to numerical calculation of an aluminum wire explosion it
was obtained that, the core material remains for a long time in the state of
dense nonideal plasma with a temperature of 1-3 eV. The core goes into a
two-phase liquid-vapor state in the expansion process only after shunting the
main part of current to the corona. However, it is possible another scenario of
core structure formation if the current shunting occurs at an early stage of the
explosion, for example, when the wire material is still in liquid state. In this
case, due to a sharp drop of the compressive magnetic pressure, the core ma-
terial can come into a state of the stretched melt during unloading. In accord-
ance with the molecular dynamic calculations this metastable state decays,
that resulting in to formation of a complex core structure: the outer cylindri-
cal liquid shell filled with low-density foam. The foam decays into liquid
droplets before the outer shell breaks apart. Simulated density profiles
demonstrate good qualitative agreement with experimental high-resolution
X-ray images showing the complex hollow structures within the long-living
dense core.

This work was supported by the Russian Foundation for Basic Research
project nos. 11-08-00624-a.
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STUDY OF REGULAR STRIATIONS AND GAPS ACCIDENTALLY
FORMED DURING WIRE EXPLOSION

S. I. Tkachenko'?, T. A. Khattatov?, V. M. Romanova®,
A. R. Mingaleev®, R. B. Baksht’, V. I. Oreshkin®, T. A. Shelkovenko®,
S. A. PikuZ®

'Moscow Institute of Physics and Technology, Dolgoprudny, Moscow
Region, Russia,
2Joint Institute for High Temperatures, RAS, Moscow, Russia,
svt@ihed.ras.ru,
3Lebedev Physical Institute RAS, Moscow, Russia
*Institute of High-Current Electronics, SB RAS, Tomsk, Russia

In the present study, the mechanism of formation of cross-sectional stra-
ta and core gaps during electric explosions of 25- and 50-um-diameter copper
and nickel wires in air is investigated. Experiments were performed with the
parameters that correspond to regime with the current pause; so the wire ma-
terial is freely expanded after switching off the current. We presented exper-
imental and theoretical results indicating that the striations caused by thermal
instability. It is shown that the process of thermal conductivity, as well as
more rapid evaporation of shallow striations is the mechanism of increasing
the wavelength of the striations. It is also shown that the specific energy de-
posited in the gap region substantially exceeds the average specific energy
deposited in the wire material.

This study was supported by the Russian Foundation for Basic Research
(project 11-08-00624).
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TWO-TEMPERATURE MODEL FOR THE SOLID METALS AT
HIGH ENERGY DENSITIES

N.B. Volkov'?, E.A. Chingina®, A.P. Yalovets"*

! Institute of Electrophysics UB RAS, Russia, Yekaterinburg,
nbv@ami.uran.ru
2 South-Ural State University, Russia, Chelyabinsk,
yalovets@physicon.ac.ru

Physical processes, taking place in metals during the electromagnetic
energy intensive flows pulse impact, depend essentially on its duration and
intensity. If impact duration (tp) is less or close to the time of electron-ion
matter components equilibrium establishment (t, ~10"?¢), than non-
equilibrium state is excited in the metal. If thereat t, ~ 1, >> 1,~10™ s (1, is a
time of an establishment of the local momentum balance in each of the sub-
stance component), then excited state represents the non-equilibrium non-
isothermal plasma-like medium in which the electronic temperature T, essen-
tially exceeds the lattice temperature T;. The relaxation of such excited state
Is possible to consider within the framework of two-temperature approxima-
tion of the continuum electrodynamics and mechanics.

While in ground state the energy of interaction of ions with the whole
electronic subsystem, complying with Fermi-Dirac statistics, and elastic
stress tensor both depend on the condensed matter metric tensor. For energy
and pressure at T;=T.=0 we obtained the expressions, maintaining correct as-
ymptotic at p — p., < p; (pr IS density since which it is necessary to take into
account, that electronic subsystem is relativistic). The conductivity electrons
contribution at T,=0 is taken into account in interaction energy. Their contri-
bution to the thermodynamic functions at T,>0 and concentration are defined
via atomic cell volume and T, within the Thomas-Fermi model with quantum
and exchange corrections, where to the chemical potential were added correc-
tions to represent the electronic subsystem at normal density (po) correctly.
The equilibrium phonon gas contribution to the thermodynamic functions of
the solid body with mono-atomic cell is taken into account within the Debye
model. Herein both long- and short-wave perturbations contribution is effec-
tively taken into account for the atomic cell volume dependent phonon gas
energy spectrum. Suggested expressions for Cu, Au, Ag, Al and W thermo-
dynamic functions description are tested through the theoretical and experi-
mental shock Hugoniot curves comparison at T,=T;=T.
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The method of taking into account the dynamics of electron and phonon
gases in metals having topological defects within the classic fields gauge the-
ory is discussed. The kinetic coefficients for electrons can be found solving
the kinetic equation, where topological defects presence in both mean field
and collision integral is effectively taken into account, written within < -
approximation.

The work is carried out under partial financial support of the RFBR
(project No. 10-08-00691-a), the Presidium of UB RAS within the program
for basic research of the Presidium of RAS «Matter at high energy densities»
(project No. 12-11-2-1005) and junior scientists and postgraduate students re-
search support (project No. 11-2-HII-590).
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CONTROL OF HIGH-POWER ULTRAWIDEBAND RADIA-
TION PULSE SPECTRUM

Yu. A. Andreev, V.l. Koshelev, 1.VV. Romanchenko, V.V. Rostov,
K.N. Sukhushin

Institute of High Current Electronics SB RAS,
2/3, Akademichesky ave.,Tomsk, 634055, Russia, E-mail:
andreev@lhfe.hcei.tsc.ru

Realization of the concept of adaptive radar requires a source of
ultrawideband (UWB) radiation with controlled spectrum. The objective of
the work was creation and research of a prototype of this source.

The SINUS-200 pulser allows generating pulses of the duration 8 ns
FWHM and voltage rise time of 2+3 ns at the half amplitude. VVoltage ampli-
tude is determined by pressure in the gas switch operating in a self-
breakdown mode. In the mode of single pulse generation, the amplitude at the
nonlinear line input varied in the limits of 135-300 kV. Maximum voltage
pulse amplitude at the nonlinear line input was equal to 250 kV at the pulse
repetition rate of 50 Hz.

The nonlinear line is partially filled with saturated-state NiZn ferrite. An
impact wave front from the pulser excites the magnetization precession. As a
result, a train of high-frequency oscillations superimposed on the videopulse
is formed. The bandpass filter was used to extract a high-frequency compo-
nent which passes through a filtering capacity forming a voltage pulse of the
maximum energy 1.6 J and peak power 2.8 GW in the combined antenna
feeder.

Research of the combined antenna characteristics was carried out in the
frequency and time domain. Antenna characteristics in the free space and in
the dielectric container were investigated. The combined antenna without the
container had VSWR of < 2 in the frequency band of 0.4-1.8 GHz. The pat-
terns were stable in the frequency band of 0.4-1.5 GHz. Influence of the con-
tainer on the antenna directional characteristics in the frequency range
f > 1 GHz was demonstrated.

Central frequency tuning of the radiated UWB pulse was supported both
by the bias field of the nonlinear line and by the voltage amplitude change at
the nonlinear line input. Effective radiation potential of the source deter-
mined as a product of the electric field peak strength multiplied by the dis-
tance in the far-field zone varied in the limits of 95-310 kV. The tuning range
of the radiation spectrum central frequency was 0.5-1.3 GHz at the transmit-
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ting antenna bandpass equal to 0.4-1.5 GHz. Energy efficiency of the source
increases with voltage rise and at maximum voltage at the nonlinear line in-
put equals to 4.5 %. Estimation of the radiation peak power is 1 GW. The
source was tested in the single pulse radiation mode and at the pulse frequen-
cy rate of 50 Hz.

CONNECTYED IN PARALLEL

A. Yu. Arbuzov., V. A. Avgustinovich, S. N. Artemenko,
V. L. Kaminsky, S. A. Novikov

Tomsk Polytechnic University, Tomsk, Russia,
e-mail: tpu-scientist@tpu.ru

Synchronous operation of storage connected in parallel increases a
maximum permissible output power level of a microwave compressor; an
oversized cavity used in a compressor increases the amplification factor.
These two characteristic properties were used jointly in the microwave com-
pressor design; results of the experimental study of the S-band compressor of
the type are presented. The energy was extracted through smooth transitions
and the circular waveguide bridge comprising the oversized section where the
switch was located. It was noted the design maintains small overall dimen-
sions, high efficiency and amplification factor values. Measurements showed
the source provided steady nanosecond pulses at repetitive operation mode up
to 100 Hz of 0.4 GW power for each cavity. Combined output pulses were of
0.8 GW pulse power at the amplification factor value of 22 dB.
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GASEOUS NITROGEN LASER IN SYSTEM OF MICROWAVE
SWITCH TRIGGERING

M. S. Arteev, V. A. Avgustinovich, S. N. Artemenko,
V. L. Kaminsky, S. A. Novikov, Yu. G. Yushkov

Tomsk Polytechnic University, Tomsk, Russia, yuyu@tpu.ru

Synchronous energy extraction of the two S-band microwave com-
pressors was provided by laser triggering. The laser provided pulses of 0.5
mJ energy and 5 ns pulsewidth. Gaseous switches were filled with nitrogen
or argon-SFg mixture. The cavity was excited by microwave pulses of 2 MW
pulse power and 3 mcs pulse width generated by the magnetron tube. The
output power of each cavity reached 250 MW at the pulse width of 4 ns. La-
ser triggering contributed to steady operation of the switches and to practical-
ly ideal combining of output pulses at repetition frequencies up to 25 Hz. The
increase of the total output power up to 1 GW of the resonant compressor
cavities connected in parallel is discussed.

THE COMMUTATION OF RESONANCE MICROWAVE
COMPRESSORS BY LASER RADIATION

M.S. Arteev, S.N. Artemenko, Yu.G. Yushkov

TPU IPT, Tomsk, Russia, art.@ tpu.ru

Results of a few experimental tests concerning the laser triggering of
microwave switching discharges into resonance compressors are presented.
On the basis of these results obtained the threshold density values of ultravio-
let radiation for microwave compressor switching of high frequency field
strength which was observed in experiments in the area of discharge for-
mation. The switching time value were measured and required number of ini-
tial electrons is estimated. It is shown the most probable physical process of
producing this electrons number is the step fotoionization of nitrogen mole-
cules during the laser radiation exposition. On the basis of experiments and
theoretical study the possibility of generation of more than 1 GW microwave
pulses nanoseconds duration with high repetition rate and stability is validat-
ed.
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OPERATION OF TWO OVERSIZED CAVITIES IN
MICROWAVE COMPRESSOR THE FORMATION
OF A RESONANT MICROWAVE PULSE COMPRESSOR
WITH ADJUSTABLE PARAMETERS

S.N. Artemenko’, V.A. Avgustinovich?, A. Shlapakovsky?

! Tomsk Polytechnic University, 30 Lenina str., Tomsk, 634050, Russia,
yuyu@tpu.ru
? Teknion, Haifa, Israel

This paper describes the results of study a resonant microwave compres-
sor with the energy extraction through the interference switch based on H -
tee as a source of pulses with adjustable power and energy, pulse width and
carrier frequency. The adjustment of pulse parameters is based on the tuning
of interference switch transition attenuation. The theoretical estimation of ad-
justable parameters range and the results of experimental research the S-band
compressor with adjustable parameters of output pulses were provided. The
research shows that it is possible to obtain nanosecond microwave pulses
with fixed parameters so well as pulses of microsecond duration with varia-
ble power, energy, and carrier frequency and tunable combined pulses of mi-
crosecond and of nanosecond duration. In particular, the article demonstrates
that it is possible to form pulses of microsecond duration with power and en-
ergy being regulated in the range up to 43 dB; combined pulses of microsec-
ond and nanosecond duration, with power and energy of microsecond part of
pulse being regulated up to ~43 dB and nanosecond part of one being regu-
lated up to 7dB, and the carrier frequency in the band being regulated ~ 0.2%.
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PATTERNS OF PEAK POWER AND ENERGY OF
ULTRA-WIDEBAND PULSE RADIATION FROM APERTURE
ANTENNAS

V.M. Fedorov, V.Ye. Ostashev, A. V. Ul’yanov

Joint Institute for High Energy Densities of RAS.
13/2, Izhorskaya str., Moscow, 127412, Russia, vmfedorov@ihed.ras.ru

Angular spatial distributions of peak power and energy are analyzed for
ultra-wideband pulsed (UWB) radiation which is produced by aperture an-
tennas of TEM-horn type. Application of two patterns of peak power and en-
ergy for description of the UWB radiation is necessary to use because wave-
forms of radiated field are change for various directions at far distance. The
subjects of this research are the UWB radiators which have been constructed
in our laboratory. High power radiators were created with the TEM-horn an-
tennas exciting by sub-nanosecond unipolar pulses of high voltage genera-
tors. Quantitative relation is analyzed between the energetic directivity factor
D of antenna and the angle AG(0.5Pn,) Of characteristics for the pattern of
peak power of radiation flow. We provide comparisons of results with use
experimental data and results of calculations. One model is like Huygence
unidirectional radiators excited by modified voltage pulse of the high power
generator after transmission of the pulse through model filter.

SIMULATION OF COMPRESSION IN THE CAVITY OF THE
MICROWAVE PULSES WITH OUTPUT ENERGY OF THE OSCIL-
LATIONS TRANSFORMATION

V.S. Igumnov* , V.A. Avgustinovich®, S.N. Artemenko’,
S.A. Novikov', Yu.G. Yushkov?

! Tomsk Polytechnic University, Physical-Technical Institute,
30 Lenina str., Tomsk, 634050, Russia, igumnov@tpu.ru

The results of experimental studies of the interaction modes of commu-
nication on the window of a multimode waveguide resonator with a short
train are presented. The experimentally determined dependence of the mode
coupling parameters of the plume and windows due to the loop resonator.
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Based on these experiments, the model of the process of energy transfer from
mode to mode in the microwave compressor with the output power fluctua-
tions in the transformation of the resonator box with a train. Model describ-
ing a relation between the parameters of output pulses and the parameters of
the compressor device mode coupling, which qualitatively agrees well with
experimental data.

DESIGN OF L BAND 20 KW HIGH POWER SOLID STATE
AMPLIFIER FOR TARLA / TAC PROJECT

O.Karsli, 0.Yavas', M. Dogan®

Institute of Accelerator Technologies, Ankara University, Golbasi, Ankara,
karsliozlem@yahoo.com
! Department of Physics Engineering, Ankara University, Tandogan, Ankara,
yavas@ankara.edu.tr
2 Department of Control Engineering, Dogus University, Kadikoy, Istanbul,
mustafa.dogan@gmail.com

The Turkish Accelerator Center (TAC) Project is proposed as a national
center that will contain MeV and GeV scale electron and proton accelerators.
The Turkish Accelerator and Radiation Laboratory at Ankara (TARLA) is, an
IR FEL oscillator and Bremsstrahlung facility and planned as a first facility
of the TAC project. The buildings of TARLA facility and Institute of Accel-
erator Technology of TARLA have been constructed in Golbas1 Campus area
of Ankara University at Ankara. Currently, TARLA facility is ready for the
installation of the accelerator and oscillator components. TARLA will consist
of two optical cavity system to produce 2-250 um oscillator FEL in infrared
region and Bremsstrahlung radiation using 10-40 MeV electron beam energy.
It will compose of two superconducting electron accelerator modules having
two 1.3 GHz TESLA RF cavities for each. Thermionic DC gun is manufac-
tured as an electron source in Ankara and its installation is still in progress.
Two superconducting modules and He cooling system are currently under
production. High power RF system of TARLA will have four RF stations
controlling by low level RF unit to transmit equal amount of RF power into
the superconducting modules simultaneously. It is proposed that TARLA will
be operated by 20 kW solid state power amplifiers. The RF power transmit-
ted into the TESLA RF cavities will be net 16 kW. Since there is no available
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1.3 GHz 20 kW solid state power amplifier, it will be a new development for
TARLA. Low Noise and stability are indispensable requirements for this ap-
plication.

It is planned to design a compact and a robust L band 20 kW RF ampli-
fier by using multiple gallium nitride (GaN) RF high electron mobility tran-
sistors (HEMTS) due to high power capability, stability and noise immunity
at given frequency range. Multi-stage Class AB structure will be utilized for
inherent linearity and efficiency properties. Furthermore, thermal stability of
the amplifier will be investigated at large. In this research, design and simula-
tion results of 20 kW TARLA high power solid state RF amplifier are ex-
plained.

CALORIMETER FOR MEASURING HIGH POWER MICRO-
WAVE PULSE ENERGY

A.l. Klimov,*? P. V. Vykhodtsev,! O. B. Kovalchuk,*
and A. N. Sinyakov'

! Institute of High Current Electronics, SB, RAS, 2/3 Akademichesky Ave.,
Tomsk 634055, Russia, e-mail: klimov@Ife.hcei.tsc.ru
? National Research Tomsk Polytechnic University, 30 Lenin Ave.,
Tomsk 634050, Russia

An X-band calorimeter is described that was used to measure the energy
of high power microwave (HPM) pulses. The calorimeter construction in-
cludes a conical horn in the aperture of which a three-layer (polyeth-
ylene/ethyl alcohol/polyethylene) microwave absorber is placed. The calo-
rimeter is connected to the evacuated output of the HPM oscillator. The mi-
crowave power flow of the operating wave Ey, transfers through the calorim-
eter horn and is dissipated in the absorber. The operation of the calorimeter is
based on the expansion of the alcohol as its temperature increases due to mi-
crowave energy absorption. The degree of expansion is estimated by measur-
ing the displacement of the alcohol meniscus in the glass capillary tube con-
nected to the absorber. The displacement is observed with a video camera.
The alcohol must be slightly preheated in order that the initial position of the
meniscus could be controlled and fixed. There are two spirals in the absorber
one of which is used to heat the alcohol and the other to calibrate the calo-
rimeter. The design of the calorimeter was optimized in order to reduce the
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probability of a microwave discharge and to moderate microwave reflection
to a negligible level. The back wall of the absorber is closed with a stainless
steel plate. The plate reflects microwaves back into the alcohol. This reduces
the microwave energy losses and increases the measurement accuracy. There
Is a rectangular hole in the plate that serves as the microwave output of the
calorimeter and allows a standard waveguide, a decupling attenuator, and an
efficient microwave detector to be connected. This makes it possible to rec-
ord the microwave pulse shape in measuring the pulse energy and calculating
its peak power. A stabilized HY 3005 dc power supply is used for heating the
alcohol in the absorber and a HY5003 dc power supply serves for calibrating
the calorimeter. After modification, a rectangular voltage pulse of duration
2 s and energy up to 143 J could be produced across the calibration spiral.
The calorimeter was used for measuring the energy of subnanosecond mi-
crowave pulses of peak power ~10° W. The sensitivity of the calorimeter was
about 2.4 J/mm and the total calibration error was about 10%.

TEST MEASUREMENTS FOR THE TRANSMITTING ANTEN-
NA OF A RELATIVISTIC BWO

A. |. Klimov, V. V. Rostov

Institute of High Current Electronics, SB, RAS, 2/3 Akademichesky Ave.,
Tomsk 634055, Russia, e-mail: klimov@Ife.hcei.tsc.ru

Test measurements of the characteristics of an X-band relativistic BWO
antenna system are described. The antenna system includes a conical horn
with a resonance spherical vacuum window mounted in the horn aperture.
Circular riffles are made on the internal surface of the horn to reduce the an-
tenna pattern sidelobes. The BWO operating wave is the Eo; mode of a cylin-
drical waveguide; therefore, a converter is connected to the horn throat to
transform the wave into a Gaussian wave beam. The operating frequency
band of the converter makes about 5% with the central frequency equal to
9.09 GHz. The BWO was intended to produce microwave pulses with a peak
power of 300 MW; the power flux density of the pulses at a distance of ~1 m
from the transmitting antenna was preliminary estimated to be 300 kW/cm?.
The main problem in the actual experiment with the BWO was to determine
this high microwave power flux density because its direct measurement using
a waveguide antenna and an efficient microwave detector was very difficult.
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The aim of the test measurements was to find an adequate method for solving
this problem, and the experimental simulation of the BWO microwave pulse
with the use of an X-band Gunn oscillator was chosen as the most appropri-
ate. The Gunn oscillator produced microwave pulses whose maximum power
amplitude was ~10 W, and the amplitude was controlled with the use of a
waveguide attenuator. The pulse duration was ~20 ns. The carrier frequency
and the pulse repetition rate were 9.09 GHz and ~1 kHz, respectively. The
oscillator was connected to the converter via a waveguide-to-coaxial adapter
and a coaxial TEM-to-E(; wave converter. The microwave power flux density
distributions in the E- and H-planes were measured using a waveguide anten-
na at distances of 1.05 and 3 m from the transmitting antenna. The Gunn o0s-
cillator signal was observed using a waveguide directional coupler. The re-
ceiving antenna and coupler signals were detected with the use of a Schottky-
barrier diode microwave detector and a digital oscilloscope. Comparing the
microwave power flux density distributions, we have found the proportion
between them, and extrapolating the 3-m distant microwave power flux den-
sity distribution from the Gunn oscillator power to the BWO power, we have
estimated the BWO microwave power flux density at a distance of 1.05 m
from the transmitting antenna.

SPECTRAL MEASUREMENTS OF HIGH POWER MICRO-
WAVE SUPERRADIATIVE PULSES

A. 1. Klimov,'? O. B. Kovalchuk, and A. N. Sinyakov

! Institute of High Current Electronics, SB, RAS, 2/3 Akademichesky
Ave.,
Tomsk 634055, Russia, e-mail: klimov@lfe.hcei.tsc.ru
2 National Research Tomsk Polytechnic University, 30 Lenin Ave.,
Tomsk 634050, Russia

Two X-band schemes intended for high power microwave (HPM) pulse
spectral measurements are described in detail. The first one is a rather simple
heterodyne scheme. In this scheme, the microwave signal produced at the
output of a microwave calorimeter or a receiving antenna passes through
standard D5-21 decoupling attenuators, coaxial-to-waveguide adapters, an
RK50-4-47 coaxial radiofrequency cable, and a waveguide directional cou-
pler and arrives at an X-band detector based on a Schottky-barrier diode be-
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longing to the kit of a U3-29 amplifier. The detector is used as a mixer. A
standard G4-83 oscillator is used as a heterodyne. The output intermediate
frequency (IF) signal of the mixer is measured with a wideband digital oscil-
loscope. The oscilloscope FFT option is used for determining the signal spec-
tral characteristics. The spectrum measured in such a way is corrected taking
Into account its distortion in the IF circuit of the mixer and in the receiving
microwave signal circuit.

The second scheme uses a tunable waveguide band pass filter. The filter
consists of an input/output waveguide and a resonant waveguide. The reso-
nant waveguide is plunged perpendicularly into the input/output waveguide
and contains a shorting plunger that can be moved with the use of a precise
screw with a linear scale, thus allowing the filter to be frequency tuned. The
filter was preliminary calibrated. The received microwave signal is transmit-
ted through standard D5-21 decoupling attenuators, waveguide-to-coaxial ca-
ble adapters, an RK50-4-47 coaxial cable, and a waveguide coupler to the
wideband detector. The signal from the output of the detector is measured
with a wideband digital oscilloscope. To correct the distortion of the meas-
ured HPM oscillator spectrum, the coefficient of microwave transmission
throughout the circuit from the receiving unit to the detector and the filter
pass band were preliminary measured as functions of frequency and then
were used in processing the signal.

Both schemes were used for measuring the carrier frequency and the
spectrum of X-band HPM superradiance pulses produced by a relativistic
backward wave oscillator.
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TESTING OF THE TRANSMITTING ANTENNA OF A
SUPERRADIATIVE BWO

A. I. Klimov'?, O. B. Kovalchuk!

! Institute of High Current Electronics, SB, RAS, 2/3 Akademichesky Ave.,
Tomsk 634055, Russia, e-mail: klimov@Ife.hcei.tsc.ru
2 National Research Tomsk Polytechnic University, 30 Lenin Ave.,
Tomsk 634050, Russia

The characteristics of the transmitting antenna of a relativistic backward
wave oscillator (BWQO) have been measured. The superradiative BWO oper-
ated at a carrier frequency of 9.7 GHz and produced microwave pulses of
peak power ~1.5 GW and duration ~0.7 ns at a repetition rate of 100 p.p.s.
The antenna system included a wave converter and a conical horn with a
plane polyethylene window in the horn aperture and transformed the BWO
operating wave Eq; into a Gaussian wave beam. The goal of the testing was to
find a way for measuring adequately the characteristics of the BWO high
power microwave (HPM) pulses at a distance of about 1.7 m from the anten-
na. An aperture attenuator was placed near the antenna window as the mi-
crowave power density at this distance was too high to perform direct meas-
urements using a waveguide antenna and a detector. The attenuator was a
three-layer (polyethylene/ethyl alcohol/polyethylene) structure. The structure
was optimized to reduce microwave reflection. A Gunn oscillator was used in
the test measurements that produced microwave pulses of peak power about
40 W and duration 8.6 ns at a carrier frequency of 9.7 GHz. The oscillator
was connected to the waveguide circuit of the measuring system that includ-
ed a waveguide-to-coaxial adapter and a TEM-to-E,; wave converter con-
nected to the input of the antenna system. The microwave power density dis-
tributions in the E- and H-planes were measured at a distance ~1.7 m from
the transmitting antenna with and without the aperture attenuator. The distri-
butions made it possible to calculate the factor of decrease in microwave
power density and the coefficient of power transfer from the transmitting to
the receiving antenna at a distance of 1.7 m, and also to estimate the BWO-
radiated pulse power by integrating the microwave power density distribution
measured in the experiment with the BWO.
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THE INFLUENCE OF THE TRANSVERSE DIMENSION OF
MULTIWAVE CERENKOV OSCILLATOR ON THE SPATIAL
STRUCTURE OF THE RADIATION FIELD

V.N.Kornienko, V.A.Cherepenin

Kotel 'nikov Institute of Radio-engineering and Electronics of RAS,
Moscow, Russia, korn@cplire.ru

Generation of high power microwave in the devices of relativistic elec-
tronics requires to the use of oversized electrodynamic structures. An exam-
ple of such a device is multiwave Cerenkov oscillator, which provided a rec-
ord level of power in three-centimeter wavelength range. The radiation of the
oscillator had axially symmetric transverse structure.

The influence of transverse size of the electrodynamic structure on the
quality of the electromagnetic field was the aim of this research. The main
method of research was computer simulation techniques. It was based on
self-consistent numerical model solutions of the problem of motion of
charged particles and the dynamics of the electromagnetic field.

We considered a basic version of the device structure with a diameter of
7 cm. Total beam current was about 20 kA, kinetic energy of electrons —
2MeV. In this case the averaged output power achieved 9 GW. Obtained
characteristics of the radiation field were used for comparison with the results
corresponding to different diameters of the structure. In all the computational
experiments, the following parameters were constant: the density of the beam
current, initial energy of particles, the magnitude of the leading magnetic
field, the longitudinal structure of the system. The report presents the results
obtained for smaller (3.5 cm) and larger (14 cm) diameters of electrodynamic
structure. It is shown that the radiation is still coherent for transverse sizes,
which exceed the base case.
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HIGH-POWER SOURCE OF ULTRAWIDEBAND RADIATION
WITH WAVE BEAM STEERING

V. l. Koshelev, A. M. Efremov, B. M. Kovalchuk, V. V. Plisko

Institute of High Current Electronics SB RAS
2/3, Akademichesky ave.,Tomsk, 634055, Russia, E-mail:
koshelev@Ihfe.hcei.tsc.ru

One of most important applications for high-power pulses of
ultrawideband (UWB) radiation is radar with high spatial resolution. To
create radar, it is necessary to have UWB sources with wave beam steering.

In this work, a new scheme of the high-power UWB source was realized
for the first time: a monopolar pulse generator — a bipolar pulse former unit —
an antenna array. In this scheme, the number of bipolar pulse formers and an-
tennas in the array is equal which allowing realizing a wave beam steering
mode.

A high-power nanosecond-length source of UWB radiation is described.
Four output bipolar pulses of the source can be synchronized in the time of
transition trough zero with a root-mean-square deviation of less than 100 ps
or delayed by the moment of this transition in some formers relative to the
others for the time up to 300 ps by pressure control in two-electrode gas
switches. The switchers operate in a self-breakdown mode. At a 3-ns bipolar
pulse length, the effective potential of radiation was equal to 400 kV at the
pulse repetition rate of 100 Hz. The overall time of the UWB source opera-
tion without electrode replacement at the pulse repetition rate of 100 Hz ex-
ceeds five hours. Amplitude instability of the electric field of radiation is no
higher than 5%. Possibility of wave beam steering in the limits of 10° was
demonstrated as well.
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LINEAR POLARIZED RADIATION IN MULTIWAVE
CHERENKOV GENERATOR

V. I. Koshelev, M. P. Deichuly

Institute of High Current Electronics SB RAS
2/3, Akademichesky ave.,Tomsk, 634055, Russia, E-mail:
koshelev@Ihfe.hcei.tsc.ru

In high-power sources of microwave radiation with longitudinal interac-
tion of relativistic electron beam and electromagnetic field, including
multiwave Cherenkov generators (MWCG), a radiation pattern is formed
with radial polarization and field minimum in the centre. For applications,
wave beams with linear polarization and field maximum in the centre are
necessary. Transformation of radially polarized MWCG radiation into linear-
ly polarized one is realized with low efficiency.

In the paper, a 3-cm wavelength range multiwave Cherenkov generator
with linear polarization of radiation and Gaussian field distribution was sug-
gested and realized.

For this purpose, overmoded (D/4~4, D-Iis the diameter, 2—is the ra-
diation wavelength) azimuthally non-symmetric sectioned slow-wave struc-
tures were used. The waveguide surface in the azimuthal direction consists of
two smooth and two diaphragmatic parts. This allowed obtaining the mixture
of the E- and H-waves with the azimuthal index equal to 1 and different ratio
of mode amplitudes.

The experiments were carried out at a SINUS-7M nanosecond accelera-
tor at the diode voltage of 520 kV, beam current of 8.6 kA and magnetic field
of 4 - 5 kGs. A diaphragm cutting off 43% of the beam current near the
smooth surfaces of the waveguide was installed in front of the slow-wave
structure. Pulses of linearly polarized radiation of the power 850 MW were
obtained at the field distribution close to the Gaussian and efficiency of 30%.
The power of the cross-polarized radiation was less than 10%.

To use the hollow electron beam current completely, investigations on
synchronization of two MWCGs with non-symmetric slow-wave structures
installed in-series along the system axis and turned perpendicular to each
other in azimuth were carried out. In the first experiments, the power of line-
arly polarized radiation increased by 1.5 times in comparison with a single
MWCG.
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EXCITATION OF ELECTROMAGNETIC OSCILLAIONS OF THE
LOWEST TYPES IN A FLAT-COAXIAL REFLEX TRIODE

A.L. Marchenko, T.V. Koval

National Research Tomsk Polytechnic University, 30, Lenin Avenue
Tomsk, Russia, e-mail: tenorasp@mail.ru

The theoretical and numerical investigations of electromagnetic oscilla-
tions excitation in the flat-coaxial triode with virtual cathode is carried out.
The analytical model allowing to estimate a level of resonant interaction be-
tween virtual cathode fluctuation and the resonator eigenfieldsis used when
this systems with various parameters of beam and resonator is investigated.
The virtual cathode formation and high power microwave generation are
numerically studied by 3-D particle-in-cell code KARAT. It is shown, that
electron beam interacts more efficiently with lowest axially nonsymmetrical
mode H,; anddispersionless wave TEM.

INVESTIGATION OF THE INFLUENCE OF THE ANODE
CURRENTMAGNETIC FIELD ON THEBEAM ELECTRONS
MOVEMENT IN REFLEX TRIODES

A.L. Marchenko, T.V. Koval

National Research Tomsk Polytechnic University, 30, Lenin Avenue
Tomsk, Russia.
e-mail: tenorasp@mail.ru

In the paper the theoretical study of influence of own electron beam
magnetic field and magnetic field of anodecurrent on electrons dynamic in
coaxial and flat-coaxial reflex triodeswith divergent beam is carried out. The
shift of electrons trajectories along longitudinal coordinate in reflex triode
and diode are shown. This course irregular redistribution of beam density that
effects virtual cathode formation and efficiency of resonant interaction be-
tween electron beam and coaxial resonator eigenfields. The condition of self-
isolation of beam showing when electromagnetic radiation in triode became
imposable is determined.
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STUDY OF ELECTRODYNAMIC AND RADIATION CHARAC-
TERISTICS OF A COAXIAL AND A PLANAR-COAXIAL
VIRCATOR

M.T. Nguyen, T.V. Koval, A.G. Zherlitsynl, G.G. KanaeV*

Institute of Cybernetics, Tomsk Polytechnic University, Tomsk, Russia,
YInstitute of Physics and Technology, Tomsk Polytechnic University,
Tomsk, Russia
nguyenminhtuan@mail.ru

The numerical study of eigenfield and resonant frequencies of
electrodynamic system of planar-coaxial and coaxial vircators is carried out.
The analysis of mode composition of electromagnetic radiation in these
vircators, as well as the analysis of numerical and experimental radiation pat-
tern is conducted. It is shown that mode composition of radiation and the de-
gree of electron beam heterogeneity can be determined by the radiation pat-
tern.Using an input voltage pulse with peak value of 550kV the average volt-
age obtained on the diode is 450 kA and the diode current is 50 kA, the peak
values of output microwave power of coaxial and planar-coaxial vircator are
observed to be over 200 and 100 MW respectively in frequency band 2.95 —
3.1 GHz.

EXCITATION OFTE;;MODE IN THE PLANAR-COAXIAL
TRIODE WITHVIRTUAL CATHODE

M.T. Nquyen, T.V. Koval, A.G. Zherlitsynl, G.G. KanaeV*

Institute of Cybernetics, Tomsk Polytechnic University, Tomsk, Russia
YInstitute of Physics and Technology, Tomsk Polytechnic University,
Tomsk, Russia,
nguyenminhtuan@mail.ru

The theoretical studyof TEj; excitationin the triodewith virtual cathode
is carried out using KARAT, a three-dimensional PIC computer code. The
structures ofwave fields, the resonant frequency of the resonator
andwaveenergy transfer are investigated. Experimental studyof electromag-
netic radiationgeneration in thegenerator is also reported. It is shown that sin-
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gle-modegenerationof TE;; mode in the triodewith virtual cathodeis possible.
The output microwave power with peak value over 100 MW are observed in
frequency band 2.95 — 3.1 GHz.

SINGLE CAVITY MICROWAVE COMPRESSOR WITH TWO
PARALLEL OUTPUTS

S. A. Novikov, V. A. Avgustinovich, S. N. Artemenko,
V. L. Kaminsky, Yu. G. Yushkov

Tomsk Polytechnic University, Tomsk, Russia, nsa@tpu.ru

High power microwave nanosecond pulses are promising for particle
acceleration, low observable object radiolocation and electronic equipment
susceptibility tests. They can be generated by the procedure of microwave
energy compression that is resonant excitation of a high Q-value cavity with
following fast energy dumping. The output power value is limited by electric
strength of the switch gap and the design studied in this report is meant to
overcome the limitation. The device contains the relatively long cylindrical
cavity with two output ports. Their particular location divides the length of
the cavity into four practically equal sections and the energy was dumped
simultaneously from said sections. Then the radiations of two output ports
was combined in the T-junction and transmitted to a common load.

Experimental tests were run in S-band. The output pulse power at each
output port was 400 — 500 MW and the total combined power reached 0.8 — 1
GW. The output pulse width was 4 — 5 ns at the power amplification factor of
22 — 23 dB. The repetition rate was up to 100 Hz and high stability of the
output pulse envelopes was observed. The steady operation of the compressor
required the gas insulation of the cavity volume.
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HIGH POWER 4 CHANNEL GYROMAGNETIC RF SOURCE

. V. Romanchenko, V. V. Rostov, A. I. Klimov, I. K. Kurkan,
A. V. Gunin, K. N. Sukhushin, V. V. Plisko, A. N. Sinyakov,
V. O. Kutenkov

Institute of High Current Electronics SB RAS, 2/3, Akademichesky ave.,
Tomsk, 634055, Russia E-mail: riv@Ife.hcei.tsc.ru

This paper describes the four channel 100 Hz repetitive rf source based
on gyromagnetic nonlinear transmission line. The high voltage pulse from
SINUS-200 high voltage driver excites rf oscillation in NLTL with saturated
ferrites at 1.5 GHz central frequency. A band-pass filter and 4 channel splitter
have been designed to extract rf pulse from low-frequency component and to
form rf pulse at 4 wideband 50 € resistive loads. The peak power of 120 MW
in each channel was achleved It is shown that pressurizing enables the NLTL
to operate for more than 10° pulses without breakdown.

HIGH POWER MICROWAVE GENERATION IN
SEMICONDUCTOR DIODE

S.N. Rukin, S.K. Lyubutin, B.G. Slovikovsky, S.N. Tsyranov

Institute of Electrophysics UD RAS, Ekaterinburg, Russia, e-mail:
rukin@iep.uran.ru

Generation of powerful microwave voltage oscillations in diffused sili-
con diode has been studied. The reverse current of 2 kA in amplitude passed
through the diode having the width of 320 um, p—n junction depth of 220 pum,
and surface area of 0.5 cm®. At an average voltage level across the structure
being around 300 V and microwave voltage pulse duration of ~200 ns the
maximum voltage swing of the observed oscillations reaches 480 V. The fre-
guency of the oscillations is 5 to 7 GHz, and the microwave power of the os-
cillations attains = 300 kW. The theoretical analysis of the oscillation mecha-
nism is presented. It is shown, that the frequency and the voltage swing of the
oscillations depend on the current density, and the gradient of the doping im-
purity concentration in the vicinity of the p—n junction.

Experimental data and numerical simulation results will be presented
and discussed.
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THE COMPRESSION OF MICROWAVE PULSES IN SUPER-
CONDUCTING RESONATORS

G.M. Samoylenko, S.N. Artemenko, V.L. Kaminsky

Tomsk Polytechnic University, Institute of Physics and Technology,
2A Lenina str., Tomsk, 634050, Russia, sgm@tpu.ru

The results of the study of the main characteristics of superconducting
resonant microwave compressors are presented.

It is shown that superconducting storage cavities (SC) can improve pa-
rameters of the pulse microwave compressors significantly. They either in-
crease the order of the amplification factor by 4...6 at the pulsewidth values
usual for ordinary compression systems or increase the pulsewidth of
producted pulses by order of 3...4 at the amplification factor values provided
by ordinary system.

It is shown also that working frequency band of SC resonant microwave
compressors is twice as large as in common systems. The output pulse power
of SC compressors can reach values comparable to ones of compressors with
ordinary cavities.

Experimental study of microwave energy storage in SC and fast energy
extraction basically proves the calculations. It is shown that known methods
and corresponding designs for energy extraction in usual systems - Q-factor
modulation when the interference switch is used for the cavity-load coupling
control, field pattern transformation in the cavity volume, inversion of the
feeding wave phase — can be employed for switching SC from storage mode
into extraction one.

The experimental values of the output pulse duration and the power
amplification factor were 30...1000ns and 33...9,5dB respectively for differ-
ent methods of energy extraction.
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COAXIAL MODERATELY RELATIVISTIC L-BAND BACK-
WARD WAVE OSCILLATOR

R. V. Tsygankov, V. Y. Konev, E. M. Totmeninov, V. V. Rostov,
I. V. Pegel, S. A. Kitsanov, and A. I. Klimov

Institute of High Current Electronics SB RAS, 2/3 Akademichesky ave.,
Tomsk, 634055, Russia, Phone:+7(3822)492-652, Fax:+7(3822)492-410,
E-mail: tsygankov@Ife.hcei.tsc.ru

The paper reports on numerical and experimental research in a coaxial
L-band backward wave oscillator (CBWO) with an electron beam energy of
~300 keV. The oscillating mode with a 150 MW power and ~30 % oscillator
efficiency at an operating TEM mode with 1.2 GHz was calculated in axially
symmetric geometry by the PIC-code KARAT. The radiation wavelength
was three times larger than the mean diameter of the CBWO slow wave
structure.

In experiments, a coaxial TEM-to-circular H;; waveguide mode con-
verter was connected to the oscillator output, making possible a radiation pat-
tern with a maximum on the system axis. In preliminary experiments, stable
single-mode microwave pulses with a peak power of ~110 MW at an oscilla-
tor efficiency of 11 % were obtained at the output of the microwave source;
the operating frequency was 1.23 GHz. The design of the CBWO
electrodynamic system ensured selective excitation of the symmetric operat-
ing mode.

SWITCHING OF H11-MODE WAVE OF 0.5 GW POWER IN
CIRCULAR WAVEGUIDE

Zhukov A.A., Avgustinovich V.A., Artemenko S.A., Kaminsky V.L.,
Novikov S.A.

Tomsk Polytechnic University
30, Lenina str., Tomsk, 634050, Russia

Switching of the high power Hy;-mode wave in a circular waveguide is
of definite interest for phase shifters in transmission lines and storage cavities
of microwave compressors. Microwaves of power values about 500 MW are
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switched by formed discharge plasma in gaseous medium under high pres-
sure. The discharge volume is inside a quartz tube and thus is isolated from
the storage volume of the cavity. Transients of transmitted, reflected and dis-
sipated wave signals during switching in nitrogen, argon and argon-SFg mix-
ture are studied. Conditions of efficient switching in the oversized circular
waveguide and in the short-circuited arm of the circular waveguide H-tee
used in a capacity of an interference switch are determined. The power at-
tributed to the travelling wave of said level in the cavity was achieved when
the 2.5 MW magnetron driver was used for excitation of the cavity. The
switches of this type if installed in resonant S-band compressors could allow
forming nanosecond microwave pulses of 1 GW power and of repetition fre-
quency value up to 100 Hz.
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THE LOW SCALE SOFT X-RAY NANOSECOND PULSE
RADIOGRAPH BASED ON THE X-PINCH

A.P. Artyomov, M.G. Bykova, S.A. Chaikovsky, A.A. Erfort, V.F.
Feduschak, A.V. Fedunin, 1. V. Lavrinovich, V.I. Oreshkin, N.A.
Ratakhin, A.G. Rousskikh, A.S. Zhigalin, N.V. Zharova

Institute of High Current Electronics SB RAS, 2/3, Akademichesky ave.,
Tomsk, 634033, Russia
Phone: 8(382-2) 492-133, e-mail:aap545@gmail.com

Soft x-ray sources based on the X-pinches are attractive for projection
radiography of various short-lived physical objects. Using a small scale
pulsed generator as a driver it is possible to realize portable installation for
soft x-ray radiography with nanosecond temporal and micron spatial resolu-
tions which could be transported to any laboratory.

The report is devoted to description of the low scale soft x-ray radio-
graph developed in the Institute of High Current Electronics. The radiograph
consists of the base block, the control system, the vacuum system, the dry air
system and diagnostics. The base block with diameter of 560 mm and the
height of 410 mm is placed on the support with the length of 1100 mm and
the width of 700 mm. The control system is placed near the base block and
takes the laboratory area of 600x800 mm. The control system is connected
with the command computer, placed in the Faraday cage, via optical fiber
line. The base block includes the fast capacitor bank with capacitance of
1000 nF and the vacuum chamber with the load block. The bank charging
voltage is 30-50 kV. An x-pinch or metal plasma jet could be used as a load.
With the X-pinch made from the four 25 micron molybdenum wires the radi-
ograph source size is 4 microns with the radiation pulse duration 2 ns in the
spectral range 3-4 keV. Using a metal plasma jet formed with auxiliary vacu-
um arc discharge the radiation source with the size of 15 microns and the
pulse duration 2-3 ns in the spectral range higher 1.5 keV could be realized.
The auxiliary vacuum arc discharge system also is included in the control
system. The advantage of the metal plasma jet load is capability to operate
without reloading of the radiograph as it is required with an X-pinch. The soft
x-ray pulse energy is enough high to provide the certain exposition of the
MIKRAT and RF-3 films at the distance of 1000 mm.
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POWERFUL TWO-STAGE DC BREAKER

O.G.Egorov

TRINITI, Moscow reg., Troitsk, egorov@triniti.ru

Wide application of the high power pulse devices based on the capacitor
storages (CS) is facilitated by the property of the closing switch - discharger
which provides: a high ratio t./t; ~ 10° — 107, where t, is the time of energy
accumulation in CS and t; is the time of energy transfer to the load, switching
to any complex load, a high resource of over ~10° pulses, i.e. low erosion of
the electrodes, and a high level of synchronization at parallel operation.

The inductive storages (1S) failed to find wide application, though they
have a higher density of energy and high reliability. In addition, they are
simple in design and low in cost. The IS energy is transferred to the load by
way of an opening switch. Despite the great variety of the modern dc switch-
ing equipment of gigawatt power and millisecond pulse duration, due to its
physical mechanisms of interruption, time of energy extraction, power of the
interrupter and so on, this equipment proves to be unigue being a subject to
individual production with a low resource and high cost. This means, that to
be broadly applied as storage of energy in pulse generators, the inductive
storage needs in building an opening device with such properties that are in-
herent to closing devices, i.e. with a minimum configuration of components
and normal control. In other words, it is necessary to get a technically ac-
ceptable and economically feasible construction on the basis of modern elec-
trical components [1,3].

The current paper describes a number of technical solutions which trans-
form the two-stage interrupter into the unit with its characteristics close to
those of the discharger: the high resource of 10* and more [4-6], and ability
of repeating pulses [7] and operating for any load. The proposed circuit of the
two-stage switch in combination with the inductive storage can cover practi-
cally the whole range of applied tasks that could be solved in the mode of
both a single pulse and series of pulses at multimegawatt powers and milli-
second pulse duration. Among the tasks to be solved is the generation of la-
ser- pulse ionization- and intense microwave radiations, acceleration of parti-
cles and EM-launch, fusion research, powerful pulse location, geophysics,
and, at last, generation of long-pulse neutron radiation.

1 Physics and technology of high power. //Ed. E.P.Velikhov, M.:
Energoatomizdat, 1987, 352p.
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2 Physics and technology of electromagnetic energy of high densi-
ty. // Ed. by B.D Selemir and

3 L.N.Plyashkevich, M., Energoatomizdat, 2003, 555p.

4 Opening switches //Ed. A.Guenther, M.Kristiansen, and
T.Martin, PP, NY, 1987.

5 O.G. Egorov Patent N0.2299487, 22.09.2005, Rassian Federa-
tion

6 O.G. Egorov // Proc. XXlInd ISDEIV, Matsue, Japan, 2006.

7 O.G. Egorov // 2" Proc. EAPPC, Lithuania, September, 2008.

8 0.G. Egorov //Proc. 18" PPC, Chicago, USA, 2011.

THE GENERATOR OF HIGH-PWER NANOSECOND PULSES
ON THE BASIS OF INDUCTIVE ENERGY STORAGE

0O.G.Egorov

TRINITI, Moscow reg., Troitsk, egorov@triniti.ru

The generation of multiterrawatt power pulses of nanosecond duration is
associated, first of all, with the problems of primary accumulation of energy
and its transfer to the load. At present, in spite of their low density and high
cost, the capacitor storages are the most widely used. This is due to the prop-
erties of the closing device which permits providing a high ratio of the times
of energy accumulation (-t,) and extraction (-t;), which achieves the value of
~t/t; ~10°—10" and more. Though the inductive storages are perspective be-
cause of their simplicity in design, energy density and cost, the problems with
their application are connected with the current breaking gap, i.e. with the
transfer of energy to the load. Some modern breakers, at their best, at high
powers ensure the ratio of ~t,/t;not in excess of ~10—20 [1,2].

In a number of works, with the goal of using the inductive storage to
generate nanosecond pulses, some solutions have been proposed including
the combination of the vacuum interrupter and plasma opening switch [3,4]
and generator-amplifier [5].

These works did not shed more light on the efficiency of the energy ex-
traction from the transformer inductive storage that depends on a special
screen designed to reduce the impact of the electromagnetic field to the pri-
mary winding.
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As known, there exist two physical factors resulting in attenuating the
outer field by an electromagnetic screen: reflection and absorption. The first
one is conditioned by eddy electric currents, while the second by absorption
of the electromagnetic energy in the bulk of substance and its transition into
thermal energy [6]. However to use these effects with the goal of the energy
extraction from the inductive storage at nanosecond times of operation seems
proves to be inefficient. So the paper proposes to use the effect of the outer
field attenuation by screen that is achieved by producing a wave process be-
tween the primary winding and screen surface.

The paper also offers a variant of the screen design which makes it pos-
sible to transfer the energy to the load in the period of a double path of the
electromagnetic wave between the primary winding and screen. Such a
screen, even at small diameters of the inductive storage, allows us to transfer
the energy to the load, with low loss, by way of the plasma current interrupt-
er, with the energy accumulated for several seconds. The phenomena and
processes occurring in the screen during the energy extraction can be ex-
plained in terms of the electric circuit of the generator-amplifier which is
simpler in design than that proposed in [5]. The combination of the genera-
tor-amplifier and the screen proposed enables the ratio t,/t; ~10" to be ob-
tained and used to generate terawatt powers.

1 Physics and technology of high power. //Ed. E.P.Velikhov, M.: 1987,
352p.

2 Opening switches //Ed. A.Guenther, M.Mristiansen and T.Martin. PP,
NY, 1987, 314p.

3 O.G. Egorov Patent N0.2207647, 27.06.2003, Russia.

4 0.G. Egorov // Proc.2™ EAPPC, Vilnius, Lithuania, 2008.

5 0.G. Egorov // Proc.3" EAPPC, Jejudo, Korea, 2010.

6 Conducting sheaths in the pulse electromagnetic field. / V.V.Vasiliev,
L.L.Kolensky,

Yu..A.Medvedev and B.M.Stepanov. M.;”Energoatomizdat, 1982.-200
p.

7 G. Kaden Electromagnetic screens. M.:, GEI, 1957, p.132
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SWITCHING OF HIGH-VOLTAGE PULSES WITH
SUBNANOSECOND PULSE FRONTS USING AN OPEN
DISCHARGE IN A COAXIAL AND PLANAR GEOMETRY

P.P. Gugin, P.A. Bokhan, M. A. Lavrukhin, D. E. Zakrevsky

A. V. Rzhanov Institute of Semiconductor Physics
Siberian Branch of the RAS, Novosibirsk, Russia, gugin@isp.nsc.ru

Generation of high-voltage, nanosecond-duration electric pulses follow-
ing at a high repetition frequency is an important problem in modern
electrophysics. The present-day switching devices are only capable of operat-
ing either at a low repetition frequency of generated pulses (gas-filled spark
gaps) or at a comparatively large pulse rise time constant (hot- or cold-
cathode thyratron, etc.). Solid switching devices, such as FETs, IGBTs, or
SOS-diodes, are only capable of operating at low working voltages, which
circumstance necessitates using intricately designed packs for increasing the
operating voltage.

In the present report, we communicate on the results of investigation in-
to the possibility to obtain electric pulses with pulse rise times shorter than 1
ns with the help of an open-discharge (OD) based switcher. Such a discharge
burns in a narrow gap, of width 1 to 10 mm depending on the operating volt-
age, with an extended drift space provided behind the discharge gap. The
main feature distinguishing the discharge from other types of discharges is its
functioning with resonant emission of radiation from working-gas atoms be-
ing the main mechanism underlying the emission of electrons from cathode.

Switching of high-voltage pulses with subnanosecond pulse rise times
was examined in discharge cells filled with helium or neon, or in mixtures of
the latter gases with hydrogen. The electrode configuration consisted of par-
allel rectangular planar electrodes. Electric pulses with pulse rise times short-
er than 1 ns in helium and in mixtures of helium with hydrogen were ob-
tained. In neon and in Ne-H, mixtures, the pulse rise times were in excess of
2 ns. The shortest time (less then 0.5 ns) was obtained in the He and H, mix-
ture. Using the dual-pulse method, we showed it possible to reach a pulse
repetition frequency more than several tens of kilohertz at switching efficien-
cy over 90%.

The mechanism underlying the fast switching phenomenon is discussed.
We demonstrated that the switching duration is defined by the lifetime of the
resonant working level (~0.5 ns for He) and by the time required for electrons
to drift across the accelerating structure and the drift space. The latter time in
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turn depends on the magnitude of the accelerating voltage and on the width
of the drift space. The fast switching phenomenon is only observed when the
electrons execute an oscillatory motion in the drift-space region. As the result
10-kA 20kV pulses with a pulse-rise time constant less than 1 ns were ob-
tained.

CIRCUIT SIMULATION OF MAGNETICALLY-INSULATED
INDUCTION VOLTAGE ADDER

Guo Fan, Zou Wenkang®, Chen Lin?

Institute of Fluid Physics, Mianyang, China,394560789@qq.com
! Institute of Fluid Physics, Mianyang, China,
zouwenkang@yahoo.com.cn
? Institute of Fluid Physics, Mianyang, China, chenlin_mail@ 21cn .com

Circuit simulation of a 10-stage linear transform driver (LTD) which has
been already constructed is presented in this paper. This LTD is a magneti-
cally-insulated induction voltage adder and composes 10 identical stages,
each of which could give 100kA/100kV pulse on a matched load. To inves-
tigate the power flow in the magnetically insulated transmission line, circuit
modeling in the frame of telegraph equations including electron leakage has
been used. By comparing with experimental results, the method is proved to
be reasonable and could be used to analyze the power flow in this LTD facili-

ty.
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ULTRASHORT VOLTAGE RISE TIME FORMATION BY
SEMICONDUCTOR SHARPENERS

A.l. Gusev, B.G. Slovikovsky, S.K. Lyubutin, S.N. Rukin,
S.N. Tsyranov

Institute of Electrophysics UD RAS, Ekaterinburg, Russia,
e-mail: rukin@iep.uran.ru

High-power ultrafast current switching by Si sharpeners based on a suc-
cessive breakdown of the series connected structures has been experimentally
implemented and theoretically studied. A voltage pulse with a rise time of
300-400 ps was applied to a semiconductor device containing up to 60 se-
ries-connected diode structures located in a 50-Q coaxial transmission line.
Due to a sharp nonuniformity of the applied voltage distribution across the
length of the device, the structures operate in the successive breakdown
mode. Each successive structure breaks down with a shorter time interval as
the electromagnetic shockwave builds. In the experiments in a 50-Q oil-filled
transmission lines with an outer diameter of 15 to 30 mm, we have obtained
100- to 150-kV output pulses having a rise time of 60 to 100 ps.

It has been found experimentally that this method of current switching
allows forming pulses with a minimum possible rise time, which is restricted
in this case by a critical frequency of the TE type wave excitation in the co-
axial transmission line.

Besides the experimental data numerical simulation results will be pre-
sented and discussed also.

COMPACT HIGH-FREQUENCY SOLID-STATE GENERATOR
WITH SUBNANOSECOND VOLTAGE RISE TIME

A.l. Gusev, A.V. Ponomarev, S.N. Rukin

Institute of Electrophysics UD RAS, Ekaterinburg, Russia,
e-mail: gusev@iep.uran.ru

A compact high-frequency solid-state generator has been developed and
tested. The generator consists of a solid-state SOS-based generator equipped
with an output semiconductor sharpener. The SOS generator is used as a
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driver for charging a coaxial oil-filled pulse forming line to a voltage level of
~150 kV in about 2 ns. The sharpener presents a stack of series connected
semiconductor diodes and forms output pulse with subnanosecond rise time.
Across a resistive load of 45 Ohms the generator provides a peak voltage of
70 kV with a rise time of ~0.5 ns and FWHM of 2-3 ns.

The SOS generator is a compact desk-top unit having case dimensions
of 63 x 45 x 27 cm®. The semiconductor sharpener is arranged inside the
pulse forming line, which has a length of 30 cm and outer diameter of 10 cm.
The generator has a remote control unit, which is used for setting a pulse rep-
etition frequency, number of pulses or operation time of the generator. The
control unit is connected to the generator via two fiber-optic cables.

The maximum pulse repetition frequency is restricted by a charging
time of the primary capacitive store of the generator and attains 10 kHz in a
burst mode of operation. The pulse repetition frequency in continuous mode
of operation is determined by thermal conditions of the generator components
and can be as high as 1 kHz.

Electrical circuit diagrams and principle of the generator operation as
well as experimental and testing results obtained will be reported.

A FERROELECTRIC EXPLOSIVE GENERATOR COUPLED
TO ACOMMON MICROWAVE OVEN MAGNETRON

D. J. Hemmert, J. M. Mankowski', L. L. Altgilbers®

HEM Technologies, Lubbock, TX, USA, dhemmert@hemtechnologies.com
! Texas Tech University, Lubbock, TX, USA, john.mankowski@ttu.edu
2 US Army Space And Missile Defense Command, Huntsville, AL, USA,
larry.altgilbers@smdc.army.mil

HEM Technologies and Texas Tech University investigated the feasibil-
ity to power a conventional microwave oven magnetron with a ferroelectric
explosive generator (FEG). A 1.2 kW magnetron from a 700 W microwave
oven was coupled to the FEG through a power conditioning system to match
the FEG output to the magnetron. The FEG output was rectified and voltage
limited using a resistor. This produced two negative high voltage pulses into
the magnetron. The ferroelectric material was modified in a second set of
experiments to directly drive the magnetron without a power conditioning
system. The experimental setup and results are discussed.
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A SIMPLE CLADDING TECHNIQUE FOR
CONSTRUCTING FAST CVD
A Prototype 50 kV/ 2.5 GHZ/ 70 dB/ 5 ns/ 50 Q Loaded CVD

K. Hojatzadeh

Electronic& Communication Research Center, Tehran, IRAN,
KarimHojatzadeh@gmail.com

Many pulsed power experiments often necessitate the accurate meas-
urement of high transient voltages with very short rise times. Capacitive
Voltage Divider (CVD) is an accurate and reliable voltage measurement
technique in ultra wideband systems. The ultimate goal in capacitive voltage
monitoring is a simple design, with good high frequency response, conven-
ient attenuation ratio and longtime constant measurement capability. Design
and construction of a self-integration CVD with flat frequency response,
enough attenuation ratio and time window is extremely valuable for use in
capturing sub nanosecond pulses. We purpose a new and simple design for
CVDs with flat frequency response up to 2.5 GHz, having enough division
ratios more than 70 dB and integration times greater than 5 ns. Also it is ca-
pable of handling 50 kV transient pulses through the RG-218 Cable in 50 Q
loading. Due to their simple and low-cost construction structure they can be
widely used and scaled in many sub nanosecond application. The simulation
of the CVD with full wave FDTD codes and commercial circuit analysis pro-
grams shows good agreement with the experimental results.
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UWB PULSE COMPRESSORS BASED ON THE
OVERVOLTING CHARGE TECHNIQUE

K. Hojatzadeh

Electronic& Communication Research Center, Tehran, IRAN,
KarimHojatzadeh@gmail.com

Recently, pulse compressing technique is widely used as a stable tech-
nique in generation of UWB pulses. The main requirement of any high volt-
age compact pulsers is fast charging of pulse forming lines and incorporated
gaps. In sub nanosecond regime the fast charging plays an important role in
providing an overvolting conditions for gaps to withstand voltages, two or
three times greater than their DC breakdown voltage. This overvolting pro-
cess makes the gaps to break down in sub nanosecond delay time and gener-
ates fast transient leading or falling edges for the output pulse. This fast
charging and overvolting technique affect the resistive portion of rise time
regarding the greater electric field generated at the gap region. Also, the
overvolting technique lets us to keep the gaps close to each other even less
than 1 mm or 1 nH to decrease the inductive portion of generated rise time.
We describe a technique for fast charging purpose based on transmission line
to transmission technique which is capable of overvolting the lines and gaps.
The performance of the technique based on the delay time and characteristic
impedance of charging and load lines are verified by circuit simulation and
experimental results. The effect of each parameter on the shape of output
pulse is presented. Finally, the performance of a pulse compressor based on
overvolted line and gaps extracted from the view point of energy transfer and
efficiency in both simulation and experiments.

QUASI-LINEAR MODE OF HIGH POWER GAAS PCSSS

Hongwei Liu, Jiangiang Yuan, Jinfeng Liu, Hongtao L.i,
Weiping Xie

Institute of Fluid Physics of CAEP, Mianyang, China,
Ihw1982@tom.com

The photocurrent waveform from the semi-insulating GaAs Photocon-
ductive semiconductor switch (PCSS) when using different trigger laser en-
ergy and electric field has been tested. The peak value of current is in direct
proportion to the work voltage at higher laser energy and lower storage ca-
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pacitor. The results were discussed from the generating and recombination
process of the carrier and a special quasi-linear mode of high power GaAs
PCSSs was mentioned. At this mode a long lifetime can be achieved at high
voltage and current. The test shows more than 1000 times lifetime suing a
single PCSS with electrode gap of 10 mm under a bias of 26 kV, current of
4.3 kA, full-width at half-maximum of 6 ns and repetition of 5 Hz excited by
a laser pulse with the energy of less than 1 mJ.

A SQUARE VOLTAGE PULSE FORMER WITH A PEAK VAL-
UE UP TO 500 KV AND 200 NS DURATION

B.A. Kablambaev, N.A.Ratakhin

Institute of High Current Electronics
Siberian Branch of Russian Academy of Sciences, Tomsk, Russia

A small-sized square high voltage pulse former is developed. The peak
voltage on the matched load 45 ohm is 450+500 kV, pulse duration at half
maximum is about 200 ns, front is 20+25ns, and non-uniformity of flat top is
about 10%.

The former produces voltage pulses by combination of electric waves in
the lines with distributed parameters. This method is widely used for genera-
tion of high voltage pulses in double forming lines (DFL). In contrast to DFL,
four forming lines were used in the designed former, this makes it possible to
generate a 450 kV voltage pulse with on the matched load with a charge volt-
age of 230 kV. Spiral lines with glycerine insulation were used to form a
pulse of 200 ns in duration.

The construction of the former allowed us to increase a density of stor-
age energy twice in comparison with the former based on single or double
forming lines.
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PULSED GENERATORS FOR DYNAMIC FRAGMENTATION
OF ROCKS

A.V. Kharlov, B.M. Kovalchuk, E.V. Kumpyak,
V.A. Sinebryukhov V.N. Kiselev

Institute of High Current Electronics, Tomsk, 634055, Russia,
akharlov@lef.hcei.tsc.ru

A high-voltage pulse technology is one of effective techniques for disin-
tegration and milling of rocks, separation of ores and synthesized materials,
recycling of building and elastoplastic materials. We present here design of
two portable HV pulsed generators, designed for materials fragmentation,
though another technological applications are possible as well.

Generator Nel consists of power supply (2 kV, 8 kl/s) low voltage
block, high voltage transformer, high voltage capacitive storage block, two
electrode gas switch, fragmentation chamber and control system block. Low
voltage block incorporates storage capacitor bank C1 with 600 pF capaci-
tance, demagnetization block, and thyristor switch. Maximum charging volt-
age is +2 kV, stored energy up to 1200 J. Maximum amplitude of current
pulse from the low voltage block is ~ 15 KA with pulse duration ~ 120 mks.
High voltage capacitive storage block incorporates the following parts: HV
capacitive storage, capacitive voltage divider, charging inductor, gas switch
and fragmentation chamber. HV capacitive storage is mounted in a metal
tank, filled with transformer oil. High voltage capacitive storage C2 is as-
sembled from ceramic disk TDK HV capacitors. High voltage transformer is
mounted in separate metal tank, also filled with transformer oil. Output pa-
rameters of the generator (voltage amplitude, frequency, number of pulses in
a burst) set up through the control system computer. Technical characteristics
of the pulsed generator: stored energy in HV capacitors can be varied from
50 to 1000 J, — output voltage up to 300 kV, voltage rise time ~ 50 ns, typical
operation regime — 1000 pulses bursts with a repetitive rate up to 10 Hz. The
fragmentation process can be controlled within a wide range of parameters.

Generator Ne2 is made on Marx scheme with 8 stages, each stage of the
generator (C1-C8) consists of two connected in parallel 1K-100-0.4 capaci-
tors. Two electrode spark gap switches, filled with air, are used in the gener-
ator. Self breakdown voltage of the gaps is adjusted by change of air pressure
in the switches. All eight switches are mounted in one body that is made from
fiberglass tube (& 130 mm). Capacitors of the stages and switch block are
mounted in the container, filled with transformer oil. The stages are charged
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from a power supply of negative polarity voltage (50 kV, 8 klJ/s) to - 25+50
kV. Parameters of the generator: stored energy in capacitors 2+8 kJ, ampli-
tude of the output voltage 200+400 kV, voltage rise time on a load 50+100
ns, repetitive rate 0.25 Hz. The output voltage level, operation frequency and
total number of pulses are set from the control block.

This report presents detailed design of two generators, description of
operation regimes and test results.

PULSE SHAPING IN SQUARE PULSE LTD

A. A. Kim"? V.A. Sinebryukhov', S.N. Volkov', S.S.
Kondratiev', V.M. Alexeenko', F. Bayol®, G. Demol®

'Institute of High Current Electronics, Tomsk, Russia, kim@oit.hcei.tsc.ru
“Tomsk Polytechnic University, Tomsk, Russia, aakim@tpu.ru
3International Technologies for High Pulsed Power, Thegra, France,
gdemol@ithpp-alcen.fr

The usual LTD architecture provides sine shaped output pulses that may
not be well suited for some applications like z-pinch drivers, flash radiog-
raphy, high power microwaves, etc. A more suitable power pulse would have
a flat or trapezoidal (rising or falling) top.

LTD with such shape output pulse can be produced by including within
its circular array a number of third harmonic (modified) bricks in addition to
the main (standard) bricks. Such LTD called Square Pulse LTD was pro-
duced and successfully tested recently [1].

In these tests it was demonstrated that the shape of the pulse top might
be controlled by varying the inductance of the output strip lines connecting
the bricks with the cavity output. At the same time, such type of pulse shap-
ing was found to be rather complicated as well as limited by the design of
these strip lines. Much better results in pulse shaping were obtained by vary-
ing the value of the trigger resistors in the standard and/or modified bricks.
The value of these resistors determines the delay between the time the trigger
pulse appears at the output of the trigger cable and the time the switches fire.
Then different trigger resistors in the standard and modified bricks result in
phase shift between the currents delivered by these bricks into the load thus
allowing to control the shape of the pulse top from rising to flat or falling.
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In the report we present simulation and test results supporting the pulse
shaping mechanism described above.
1 A. A Kimetal, Phys.Rev. ST Accel.Beams 15, 040401 (2012).

A TERAWATT-LEVEL POWER AMPLIFIER WITH A LOAD CUR-
RENT MULTIPLIER LOCATED UPSTREAM OF THE POS !

V. A. Koksheney, F. I. Fursov, N. E. Kurmaev, A. Yu. Labetsky,
A. P. Semenov, A. V. Shishlov

Institute of High Current Electronics SB RAS, Tomsk, Russia,
e-mail: vak@oit.hcei.tsc.ru

A power amplifier consisting of a plasma opening switch (POS) and a
load current multiplier (LCM) that was connected to the inductive storage
circuit in the region of a sharp change in the POS magnetic field profile has
been tested on the GIT-12 generator. The connection of the load circuit at the
instant of the POS impedance fast growth has been achieved without a
prepulse current during the whole POS conductivity stage. At a generator
current of 4.1 MA with a current rise time of 1.2 mcs, the current switched to
an inductive load had an amplitude of 4.3 MA and a current rise time of 300
ns. Modification of the transition region between the plasma opening switch
and the load using a T-joint made it possible to implement an operation re-
gime with the load circuit connected upstream of the plasma opening switch
without using a separating spark-gap. It was shown that the proposed design
of the generator structure allowed preventing of the LCM input shunting by
the beam-plasma flows from the plasma opening switch region.

'The work was supported by RFBR Grant No. 12-08-00575
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PHASE FIXATION OF POWER NANOSECOND GUNN
OSCILLATORS

V. Y. Konev, A. I. Klimov

Institute of High Current Electronics SB RAS, 2/3 Akademichesky Ave.,
Tomsk, 634055, Russia, honour@vtomske.ru

Measurement results of X-band nanosecond Gunn oscillators phase
unstability with pulse width no less than 20 ns are represented. Possibility of
two nanosecond Gunn oscillators power addition and fixation phase for the
cases when Gunn diodes are connected serially and parallel inside the resona-
tor is shown. Current-voltage characteristics of Gunn diodes located in the
strong electromagnetic field are plotted.

NANOSECOND PULSED POWER GENERATOR FOR
SELECTIVE DISINTEGRATION OF MINERAL QUARTZ

E. G. Krastelev, V. V. Stepnov

Quartz company LLC., Moscow, Russia, ekrastelev@yandex.ru

Pulsed power generator is designed for technological application in pro-
duction of fine grains of mineral quartz and it also may be used for selective
fragmentation of other nonconductive minerals. The main parameters of the
generator are the next: amplitude of the output voltage — up to 500 kV, output
Impedance is about 15 Ohm, duration of a half of period of a discharge cur-
rent — 70-90 ns, current amplitude — up to 30 kA. The design of the generator
provides its continuous operation in a pulse-periodical mode with a pulse
repetition rate from 10 pps up to 50 pps.

The generator consists of a primary low voltage capacitive storage, step-
up pulsed transformer, high voltage oil insulated coaxial capacitor and an
output gas switch followed by discharge chamber.

The low voltage capacitor bank is assembled of 8 pairs of bipolar
charged up to £500 V capacitors 75 uF each switched by 8 thyristors. The
maximum stored energy is 150 J. Electro-mechanical frequency converter
(motor-alternator) 50 to 400 Hz is used as a charging voltage source for both
the fast charging (2,5 ms) of the capacitor bank and the preventing a pulse
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loading of the power supply line. All elements of the low voltage circuit are
assembled in a commercially available electro-technical box with sizes
800x420x1950 mm® (WXDxH).

The step-up pulse transformer and the HV coaxial capacitor are located
inside of cylindrical tank about 1m in diameter and about 2,5 m in height in-
stalled vertically and filled by transformer oil. The output gas switch and a
discharge chamber are installed at the top of the tank. The output pulse from
the low voltage module with amplitude up to 1 KV is applied to the primary
winding of the pulse transformer by set of 8 quasi-coaxial cables of 6 m long
connecting two modules of the generator. Iron core pulse transformer with
foil spiral windings has transformation coefficient of 500 and coupling coef-
ficient about 0,98. The charging time of the HV capacitor is about 45us. The
output switch operates in a self-breakdown mode in a pressurized to 2,5+3
atm circulating N,. A new design of the switch provides a stable operation at
levels close to the peak capacitor voltage.

Three generators were constructed during the 2006-2008. Since that
they are in routine operation being parts of technological lines for pure quartz
production. The number of accumulated pulses up to now is far beyond of
108, All this time the generators had been working without replacement of
any parts except elements of discharge chambers.

HIGH-VOLTAGE SPARK GAP SWITCH WITH
SUBNANOSECOND RISE TIME

|.K.Kurkan, N.M. Bykov, A.V. Gunin, V.V. Rostov
Institute of High Current Electronics, Russia, ikk@Ife.hcei.tsc.ru

The method of a subnanosecond front forming of megavolt level voltage
pulse was proposed and researched with computer simulations and in real ex-
periments both. Rising edge was formed by two sequentially placed spark
gap switches divided by short line with the low-impedance comparing to the
forming line of high voltage generator. This design allows to utilize energy of
back wave from the second switch for a main pulse formation. It prevents a
high voltage generator from overvoltage damages also. The distinctive fea-
ture of this method is an opportunity to form an overshot with a voltage level
of the main pulse.
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Experiments was carried out on high voltage generators of SINUS series
with a matched dummy load at pulse repetition rate up to 100 p.p.s. Forming
line voltage was varied from 400 to 800 kV. Pulse duration was about 20 ns.
Nitrogen under pressure of 10-15 atm was used in spark gap switches. Possi-
bility of a high voltage pulse formation with the rising edge of about 0.5 ns
was demonstrated.

Computer simulations were performed with using of KARAT code and
PSpice. Simulation results are in good agreement with experimental ones.

AN UNTRIGGERED GAS PULSE SWITCH WITH IMPROVED
OPERATION (ACTUATION) STABILITY

A.V. Lavrinovich, A.A Kachalkov

Institute of High Current Electronics
Siberian Branch of Russian Academy of Sciences
Tomsk, Russia, Shljakhtun_s@ovpe.hcei.tsc.ru

The results of investigation of pulsed breakdown research results in
untriggered two-electrode and three-electrode gas switches are described.
Different shapes of ground and high-voltage electrodes are tested. The
switches are filled with air at different pressure. For the three-electrode
switch operating at the voltage rise rate (2*10' - 3*10*)V/s, voltage 20-25
kV and air pressure > 5 atm the operating time delay jitter is found to be less
the 3 ns. The switch is used to time different devices to the output pulse of
the high current accelerator with water forming lines.
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EXPERIMENTAL INVESTIGATION ON ELECTRODE EROSION
AND INSULATION RECOVERY OF HIGH CURRENT GAS
SPARK GAP

Liu Yu, Chen Lin', Zhou Liangji?, Zou Wenkang, Dai Yingmin

Institute of Fluid Physics, CAEP, Sichuan, China,
liuyu2011caep@gmail.com
! Institute of Fluid Physics, CAEP, Sichuan, China,
chenlin_mail@ 21cn .com
2 Institute of Fluid Physics, CAEP, Sichuan, China,
zljcaep@163.com

Switch is one of the most important parts of pulsed power device, whose
performance directly decide the device output parameters. Therefore, superi-
or capability switch becomes a key factor to manufacture high property driv-
er.

To investigate the lifetime of gas spark gaps, the experiments of elec-
trode erosion and gas flow were carried out under high current pulse. In the
report, we describe the test results of the mass lose rate of 4 kind electrodes
materials. And under dynamic condition which means gas flow, gas between
the electrodes allows a significant improvement in the switch recovery.

CONCEPTUAL DESIGN OF ANEW MICROSECOND LTD
STAGE FOR AN UPGRADE OF THE SPHINX Z-PINCH DRIVER

A. Loyen, F. Lassalle, B.Roques, T.Chanconie, F.Bayol®

CEA, DAM, GRAMAT, F-46500 Gramat, France
! Int. Technologies for High Pulsed Power, Thegra, France

The SPHINX machine [1] developed at CEA Gramat is the first Z-pinch
driver based on LTD technology and is used since 2006 for radiation effects
experiments.

SPHINX uses 160 microsecond LTD stages (16 branches, 10stages in
series per branch). A single stage stores 14.4 kJ and can deliver a 560kA,
30kV, 270ns (10%-90% rise time) pulse in a matched load (Rload = 0.054Q).
This stage consists of 2 parallel bricks with for each brick a 4uF storage ca-
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pacitor charged to 60kV and a 7 gaps 18 channels spark switch. Switches op-
erates in dry air at atmospheric pressure and solid dielectrics are used for in-
sulation inside the cavity (no oil or purified gases are required). Size of this
stage is 2.3m*0.46m with 0.43m thickness.

Several driver designs, based on microsecond or sub-microsecond LTD
technologies are investigated to improve the SPHINX machine performances.
We present here a prototype designed to analyse the microsecond option.

This prototype will store 200 kJ and simulations give a 5SMA, 40kV,
360ns (10%-90% rise time) pulse on a matched load (Rload = 0.008(2). Stage
consists on 16 parallel bricks with for each brick a 4uF capacitor charged to
80kV and a multi-gap multi-channel (MMCS) spark switch. Like a SPHINX
LTD stage, this prototype can operate with dry air at atmospheric pressure
and needs no oil and no pressurized switches. Magnetic core is designed to
withstand a 70 mV.s integral and the output vacuum line is 1.4m outer di-
ameter. Size of this LTD stage is 3.9m*3.9m with 0.46m thickness.

Design and electrical simulation from this microsecond LTD prototype
are presented. Details are given on design and experimental tests of a single
switch.

1 F. Lassalle et al., IEEE Trans. On Plasma Sciences, VVolume 36, Issue
2, Part 1, pages 370-377, April 2008

LTD EFFICIENCY FOR Z-PINCH LOADS

V.1. Oreshkin!, A. A. Kim'?, L. G. Glazov!

YInstitute of High Current Electronics, Tomsk, Russia, oreshkin@
ovpe.hcei.tsc.ru
“Tomsk Polytechnic University, Tomsk, Russia, aakim@tpu.ru

One of the main goals of the modern high-power accelerators is the pro-
duction of high energy soft x-ray pulses in z-pinch layout for inertial fusion
energy. To the moment, most powerful accelerators created for this purpose
are build by using the mature Marx/water line technology. There exist many
papers describing the physics of the x-ray production in z-pinches, and the
requirements to the Marx/water line generators allowing to maximize the ef-
ficiency of this process.

At the same time, LTD-based accelerators promise ~1.6 times higher
total radiated x-ray energy than similar size Marx/water line generators [1].
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In the report we investigate what are the requirements to the LTD-based ac-
celerators providing maximum efficiency of energy transfer into the z-pinch
Kinetic energy.

1 W.A. Stygar at al, Phys. Rev. ST Accel. Beams 10, 030401 (2007).

HARD X-RAY SOURCES BASED ON OF HIGH-CURRENT
ACCELERATORS

V.K. Petin, A.A. Chertov, S.V. Shljakhtun

Institute of High Current Electronics
Siberian Branch of Russian Academy of Sciences
Tomsk, Russia, Shljakhtun_s@ovpe.hcei.tsc.ru

A number of hard X-ray sources based on high current pinch diodes are
described. Parameters of the sources are varied in a wide range: an irradiated
area - from a few to hundreds of cm?; radiation pulse duration at half maxi-
mum (FWHM) — tens of ns; radiation flux — from a few to tens of J/cm? de-
pending on the irradiated area. The diode designs optimal for hard X-ray out-
put are described. The experimental spatial distribution of radiation is com-
pared with the theoretical calculations. The calculations were performed us-
ing sources with different angle and area radiation intensity distribution.
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HIGH FREQUENCY GENERATOR BASED ON THE SHOCK-
EXCITED OSCILLATOR CIRCUIT

A. V. Ponomarev, D. A. Lipchak

Institute of Electrophysics, Ural Branch, Russian Academy of Sciences,
Ekaterinburg, Russia, e-mail: apon@iep.uran.ru

The decaying oscillation pulses solid-state generator based on the shock-
excited circuit and magnetic compression stage has been developed for the
corona discharge applications.

Output harmonic voltage oscillations frequency reaches a few MHz by
the circuit parameters adjustment while the pulse repetition rate is up to 1
kHz. The time decay constant depends on the load and could be varied from
Sto 15 ps.

Estimations of the generator efficiency are not less than 50 percent,
shown in this paper.

OPERATION OF A SEMICONDUCTOR OPENING SWITCH
AT ULTRAHIGH CURRENT DENSITIES

S.N. Rukin, S.K. Lyubutin, B.G. Slovikovsky, S.N. Tsyranov

Institute of Electrophysics UD RAS, Ekaterinburg, Russia,
e-mail: rukin@iep.uran.ru

The operation of a semiconductor opening switch (SOS diode) at current
densities of tens of kA/cm? is studied. In experiments, the maximum reverse
current density reached 40-80 kA/cm? for 40-60 ns. Experimental data on
SOS diodes with a structure of p*-p-n-n* type having a p—n junction depth of
145 to 180 um are presented. The processes of electron-hole plasma dynam-
ics in the diode at pumping and current cutoff stages is studied by numerical
simulation methods. It is shown that current cutoff process is associated with
the high electric field region formation in a thin (~45 pm) layer of the highly
doped p —region of the structure, where the acceptor concentration exceeds
10" ecm, and the current cutoff process depends weakly on the p-n junction
depth.
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Experimental data and numerical simulation results will be presented
and discussed.

SOLID STATE HIGH-POWER GENERATOR BASED ON
DOUBLE FORMING LINE AND SEMICONDUCTOR OPENING
SWITCH

S.N. Rukin, A.l. Gusev, M.S. Pedos, A.V. Ponomarev,
S.P. Timoshenkov, S.N. Tsyranov

Institute of Electrophysics UD RAS, Ekaterinburg, Russia,
e-mail: rukin@iep.uran.ru

New circuit for Semiconductor Opening Switch (SOS) pumping has
been proposed and realized. The circuit presents an oil-filled Double Forming
Line (DFL) equipped with an output ferrite magnetic switch. Each line has a
wave impedance of 19 Ohms, a total energy content is around 50 J at a charg-
ing voltage of ~500 kV. During charging process the DFL and magnetic
switch insure a forward pumping of the SOS for ~40 ns with a peak current
of 3 to 4 kA. After output magnetic switch saturation the DFL is discharged
through the SOS in reverse direction providing the reverse pumping for the
SOS. The reverse current via the SOS is increased up to 12 kA during 8 to 12
ns. When the reverse current attains its maximum value the SOS cuts off the
current in less than 2 ns. Maximum current cutoff rate reaches 6:10** A/s.

A coaxial oil-filled Transmission Line (TL) is used as a load for the
generator. At TL wave impedance in the range of 50 to 75 Ohms a voltage
pulse has a peak value of 480-570 kV that corresponds to a peak power of 4
to 5 GW. Rise time of the output pulse is around 2.5 ns, and FWHM is 5 to 6
ns.

Design of the generator and experimental data obtained will be present-
ed. Experiments on the shortening the rise time of the pulse by a ferrite and
semiconductor sharpeners installed in the TL will be reported also.
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THE VISUALIZATION AND ASSESSMENT OF THE PULSED
ELECTRON BEAM CURRENT DENSITY DISTRIBUTION

S.V. Scherbinin, M.E. Balezin, S.Yu. Sokovnin, A.E. Surovtzev

Institute of Electrophysics UD RAS, Ekaterinburg, Russia,
scher@iep.uran.ru

In technology applications of pulsed repetitive electron accelerators
much attention is paid to improve the uniformity of the electron beam current
density distribution that determines the correct irradiation of the objects. For
the repetitive nanosecond electron accelerator URT-0,5 the sensor for visual-
ization and assessment of the pulsed electron beam distribution has been de-
veloped. In this paper the operational principle of the sensor is considered.
Experimental results of the visualization are presented. The approximate cal-
culations of the pulsed electron beam current density distribution are dis-
cussed.

INCREASING STABILITY OF HIGH-VOLTAGE
SUBNANOSECOND PULSE PARAMETERS

K.A.Sharypov, M.R.Ulmaskulov, V.G.Shpak, S.A.Shunailov,
M.l.Yalandin

Institute of Electrophysics, UB RAS, 106, Amundsen Str., 620016,
Ekaterinburg, Russia, const@iep.uran.ru

The research results of increasing stability of amplitude and time
subnanosecond pulse parameters are presented. Subnanosecond pulses are
formed by means of initial pulse shape converter of nanosecond generator
based on compression schemes. The aim was increasing stability and form
repeatability of subnanosecond pulses with repetition rate up to 25 pps for
burst of 50, 100 or 250 pulses.

Achievement of the aim was realized by solving tasks in several direc-
tions. It was provided by means of optimization of scheme solution of a com-
pression energy device which formed subnanosecond pulse by form conver-
sion of nanosecond pulse with peak power increasing, and by design im-
provements of convertor units. In addition the ferrite lines were used as both
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a unit of convertor and a separated additional device to sharpen the pulse rise
time of the driver.

As a result of using a ferrite line in the capacity of scheme while in uni-
directional pulse forming with pulse duration ~0.4 ns (FWHM) the peak volt-
age amplitude was increased by 6.5% up to -275 kV at matched load 50 Ohm
when repetition rate 25 pps. The well repeatability of bipolar pulse with
peak-to-peak duration ~0.5 ns and standard deviation ~50-60 ps at frequency
25 pps was reached, when bipolar pulse forming with average peak-to-peak
voltage amplitude ~350-375 kV and scattering of voltage amplitude of initial
pulse of ~10%. Application of ferrite line as an additional device for sharpen-
ing the edge of initial nanosecond pulse provides well repeatability of pulse
shape in burst operation mode (250 pulses).

HIGH-VOLTAGE LOW-DISTORTION REFLECTOMETR
BASED ON TWO VOLTAGE DIVIDERS WITH COUPLED LINES

K. A. Sharypov, S. A. Shunailov, V. G. Shpak, M. R. Ulmasculov,
M. 1. Yalandin

Institute of Electrophysics UB RAS, 620016,106, Amundsen Str.,
Ekaterinburg, Russia, const@iep.uran.ru

For the researches of picoseconds dynamics of resistive characteristics
of the loads (gas discharge gaps; vacuum diodes) supplied with a short high-
voltage pulses or subnanosecond voltage steps, it is problematic an absolute
time reference of the voltage and current signals just at the load. Independent
voltage and current sensors don't solve the problem as they are separated in
space, and delay between their signals can't be calibrated as the load is open
initially. In these conditions, a time-domain reflectometry (TDR) of traveling
voltage/current signal is an adequate way of measurements. For the pulses
amplitudes of hundreds of kilovolts and demanded picoseconds resolution, a
TDR of a voltage pulse is preferable. As well as in low-voltage TDR, the re-
flected signal bears information about resistive properties of the load. Either a
time isolation of the transmitted and reflected pulses, if they are short, or a
regular or a-priori known form of travelling pulse are necessary for discrimi-
nation of the reflected pulse from traveling one. In any case there should be
no parasitic reflections in the duct between sensor and load. The pulses of
high-voltage generators are usually accompanied by the tightened noise sig-
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nal. If so, then extraction of pure reflected signal against the tail background
of transmitted pulse can be attained by the use of two identical voltage sen-
sors registering the signals with a time shift. In the design of high-voltage
reflectometer we use two capacitor dividers on the coaxial coupled lines
shifted along transmitting duct. Dielectric constants of isolation in high-
voltage and measuring sections are equalized. Wave impedance mismatch of
the duct in a zone of the dividers position doesn't exceed 1.5 %. The manu-
facturing technology provides identity of the division factors not worse than
4 %. The travelling voltage front of duration above 200 ps (on the level “0.1-
0.9”) is registered without visible distortions. Examples of reflectometric
measurement of the rate of an atmospheric discharge gap closing are present-
ed.

Work is executed with support of the researches program of the RAS
Presidium «Fundamental problems of pulsed high-current electronics» and
RFBR grant 11-08-00189.

HIGH-VOLTAGE FERRITE SHARPENING LINE WITH
CONTROLLED DELAY TIME

K.A.Sharypov', M.R.UImaskulov', V.G.Shpak®, S.A.Shunailov',
M.I.Yalandin', V.V.Rostov?, S.N.Rukin'

YInstitute of Electrophysics, UB RAS, 106, Amundse