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PECULIARITIES IN THE ANION VACANCIES DISTRIBUTION AND THE RELATIONSHIP 

BETWEEN THEIR CONCENTRATION AND THE TLD-500 DETECTORS TL OUTPUT 

SURDO A.I.*,**, ABASHEV R.M*,**, MILMAN I.I.**, YEMELYANOV A.J.** 

* Institute of Industrial Ecology of UB RAS, S. Kovalevsky, 20, Ekaterinburg, 620219, Russia, surdo@ecko.uran.ru, 7(343)3743771 
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Available data [1] indicates that the luminescent activity of anion-deficient corundum (α-Al2O3-δ) and 

TLD-500 detectors based on them is associated with the presence of anion vacancies. However, a 
unambiguous correlation between concentrations of anion vacancies Ca and thermoluminescence (TL) yield 
in the main 450 K peak has not been established yet. The Ca value is usually defined as a concentrations sum 
of F+ and F centers (CF and CF+), which are calculated from the corresponding optical absorption (OA) 
coefficients by Smakula’s formula. Usually, to determine Ca, OA spectra near the center of the TLD-500 
detector are measured several times, since its size (5 mm) is close to the optical beam size of 
spectrophotometers similar to Specord UV-VIS, Beckman UV-5270 and Specord M40. Next, the absorption 
coefficient values in the F+ and F center absorption bands are averaged and a midrange local Ca (L

Ca) is 
calculated. In the TLD-500 detectors, L

Ca values determined this way lie in the range from 5·1016 to 
2·10

17 cm-3. However, this approach does not take into account the anion vacancies distribution 
nonuniformity in α-Al2O3-δ crystals, which, as noted in many papers on the growth of corundum crystals [2], 
can arise, especially when using the directional crystallization method. Therefore the object of this study is 
developing a methodology for investigating the nonuniformity of the anion vacancies distribution, measuring 
the Ca=f(x,y) topograms, calculating volume-averaged Ca (A

Ca) values and establishment of possible 
correlations between TL output and A

Ca. 
In order to study the anion vacancies distribution non-uniformity, six 5-mm-diameter and 1-mm-thick 

TLD-500 detectors with different TL outputs in 450 K peak (S450) were chosen. To measure optical 
absorption, a Cary 60 spectrophotometer with 1x1 mm2 beam size was chosen, which made it possible to 
measure the OA spectra in 9 non-overlapping detector regions. In order to characterize detected non-
uniformity for each of the samples maximum (max

Ca), minimum (min
Ca), averaged (A

Ca) Ca values and 
standard deviation  were determined. The results are summarized in Table 1. It can be seen that most 
anionic vacancies in this selection are uniformly distributed in volume of the sample №2 with an average TL 

yield in the main peak (S450 = 447 a.u.). It is characterized by the smallest change in Ca ([max
Ca – 

min
Ca]=min) 

and minimum  = 1.1·10
-16 cm-3. For other three samples, the values of [max

Ca – 
min

Ca] and  obtained are 
almost 1.5-2 times higher. If concentrations values of anionic vacancies are determined at arbitrary points of 
the investigated samples (R

Ca), which often occurs in similar studies, then there is no clear correlation 
between S450 and R

Ca (see Table 1). In such a case, depending on the representation of A
Ca as S450 = f(

A
Ca) a 

nearly linear relationship between S450 and ACa is found with a correlation coefficient of 0.995 (see Table 1). 

Table 1. Results of calculating parameters characterizing the distribution of anion vacancies in the sample 
volume 
Sample 
№ 

S450, 
a.u. 

RCa, 10-16 cm-3 ACa, 10-16 cm-3 maxCa, 10-16 cm-3 minCa, 10-16 cm-3 , 10-16 cm-3 

1 56 2.5 3.4 5.0 1.8 1.1 
2 447 7.0 5.8 7.1 5.2 0.6 
3 634 6.5 7.6 9.9 6.3 1.1 
4 811 11.0 8.4 11.2 7.0 1.2 

The results of study are new and practically important, for example, for the TLD-500 detectors batch 
calibration. It can be stated that the anion vacancies distribution in TLD-500 detectors is extremely uneven. 
Therefore, the measure of their TL activity is not a Ca value determined in one local region, but the anion 
vacancies concentration averaged over an entire volume of the detector. 

REFERENCES 
[1] Surdo A.I., Abashev R.M., Milman I.I., Moiseykin E.V. // Radiation Measurements. – 2016. – V. 90. – P. 192-195. 

[2] Dobrovinskaya E., Lytvynov L., Pishchik V. // Sapphire: Material, manufacturing, applications. – New-York: Springer, 2009. 
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LUMINESCENCE-OPTICAL PROPERTIES OF COMPLEX OXYFLUORIDES CRYSTALS 1 

A.V. KOZLOV, V.A. PUSTOVAROV 
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Crystals' family K3WO3F3, Rb2KTiOF5, CsZnMoO3F3 is interesting due to several reasons. Firstly, they 

are the further development of crystals from the complex tungstates and molybdates family, which are 
widely used as detectors. Secondly, the presence of mixed ligands in complexes M – (O, F) leads to great 
crystal lattice distortions and changing of properties of the intrinsic luminescence, while chemical properties 
change slightly. Thirdly, studied crystals are used as nonlinear optical converters in power optics. 

The aim of the research was carrying out comparative analysis of luminescent-optical properties of 
crystals K3WO3F3, Rb2KTiOF5, CsZnMoO3F3.  

Crystals were grown in Institute of Geology and Mineralogy SB RAS (Novosibirsk). The studied 
samples were certified using XRD, IR absorption spectroscopy, Raman, NMR, chemical analysis and 
photoelectron spectroscopy methods [1,2,3]. 

Spectra of photoluminescence (PL) and X-ray excited luminescence (XRL) in region of 1.5-5.5 eV, PL 
excitation spectra using synchrotron radiation (3–22 eV), time-resolved impulse cathode-luminescence (ICL) 
spectra, the temperature depending of the XRL, luminescence decay kinetics as well as thermoluminescence 
curves in temperature region of 90-500 K were studied. 

 

 
Fig. 1. PL (1, 2, 3), PL excitation (4, 5, 6) spectra of K3WO3F3 (1, 4), Rb2KTiOF5 (2, 5) and CsZnMoO3F3 (3, 6) single crystals at     

T = 90 K. Eexc = 4.2 (1, 2) and 4.4 eV (3), Eemis = 2.5 (4), 2.2 (5) and 2.7 eV (6). 

The main comparative results are shown in Figure 1. All studied crystals are transparent from 
microwave to near UV range. PL, XRL spectra contain one broad band with the maximum in the region 2.0 - 
2.7 eV, with great (~ 1.5 – 2.0 eV) Stokes shift. PL emission band is excited only in the region of long-
wavelength fundamental absorption edge, selective bands in the region of crystal transparency are absent. PL 
decay kinetics contains components µs – range. PL yield increases in 15 - 20 times (with different activation 
energy) when cooled to Т = 90 К. Emission of the main PL band in all crystals is connected to the intrinsic 
luminescence – the luminescence of self-trapped excitons. Emission is formed electronic transition in metal-
(O,F) polyhedra. Despite different chemical composition luminescent crystal properties are based on similar 
physical properties and in many ways are identical to each other with the exception of the fact that emission 
band has different Stokes shift depending on the sample. This difference is due to the presence local 
distortion in the octahedron WO3F3, TiOF5 and MoO3F3 in crystal lattice. 

In the research discusses the influence of native and radiation-induced defects in the crystal lattice on 
yield STE and transfer of charge carriers. The parameters of the capture centers of charge carriers were 
calculated. 

REFERENCES 

[1] M.S. Molokeev, S.V. Misyul’ et al // Phys. of the Solid State.  2011.  53.  № 4. 834-839. 

[2] V.V. Atuchin, L.I. Isaenko. et al // The Journal of Physical Chemistry C.  2013.  117.  № 14. 7269-7278. 

[3] Yu.V. Gerasimova, A.S. Oreshonkov, et al // Physics of the Solid State.  2014.  56.  № 3. 599-605. 

1 This work was supported by the Ministry of Education and Science of the Russian Federation (basic part of the government mandate (Project # 
3.8302.2017/8.9). 
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INFLUENCE OF VARYING Gd3+ CONCENTRATION ON THE STRUCTURE AND OPTICAL 

PROPERTIES OF ZnAl2O4:0.1% Eu3+; x% Gd3+ (0 ≤ x ≤ 1.2) SYNTHESIZED VIA CITRATE SOL-

GEL METHOD 
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*Department of Physics, Sefako Makgatho Health Science University, P. O. Box 94, Medunsa, 0204, South Africa, 
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ZnAl2O4 (host), singly doped (with 0.1% Eu3+ and 0.1% Gd3+) and co-doped with 0.1% Eu3+; x% Gd3+ (0 

≤ x ≤ 1.2) phosphors were successfully prepared by the citrate sol–gel method. The X-ray diffraction (XRD) 
data revealed that all annealed samples consists of the single face of cubic ZnAl2O4 structure. The scanning 
electron microscope (SEM) shows that single doping and varying Gd3+ concentration influence the sample 
morphology. The photoluminescence (PL) results revealed four distinct emission peaks located at 393, 398, 
578 and 618 nm as shown in Fig. 1. The peak at 393 nm is attributed to the host intrinsic intra-band gap defects, 
while the 398 nm emission peak is attributed to the 6PJ/2 → 8S7/2 transition of Gd3+ ions [1]. 

 
Fig. 1. Excitation and emission spectra of the host and co-doped samples at varying Gd3+ concentration (0 ≤ x ≤ 1.2). 

 
The emission peak at 618 nm is attributed to the 2D0 → 7F2 characteristic transition within the Eu3+ ions 

[2]. The International Commission on Illumination (CIE) colour coordinates showed that the bluish emission 
colour can be tuned by varying the concentration of Gd3+ and excitation wavelength. 

 

REFERENCES  

[1] D.A. Zatsepin, D.W. Boukhvalov, A.F. Zatsepin, Yu. A. Kuznetsova, M.A. Mashkovtsev, V.N. Rychkov, V. Ya. Shur, A.A. Esin, 

E.Z. Kurmaeva // Experiment and theory, Applied Surface Science – 2018. – 436. 697 – 707. 
[2] R.F. Martins, O.A. Serra // J. Braz. Chem. Soc. – 2010. –21. 1395 – 1398. 
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EFFECTS OF NONSTOICHIOMETRY ON RADIATION-INDUCED PROCESSES AND 

LUMINESCENCE OF MONOCLINIC ZIRCONIA  

S.V. NIKIFOROV, A.A. MENSHENINA, S.F. KONEV, A.N. KIRYAKOV  

 Ural Federal University, Mira St., Ekaterinburg, 620002, Russia, s.v.nikiforov@urfu.ru, +7(343)3741050 

 
Luminescent properties of zirconia (ZrO2) are actively studied because this material is promising for 

modern optoelectronics, photonics, and luminescent dosimetry of ionizing radiation [1]. Nominally pure 
monoclinic zirconia is known to have luminescence band at 480 nm [2,3]. There is no agreement of opinions 
concerning the nature of this band. One opinion is that it is caused by transitions in the titanium impurity ions 
[2] or by the relaxation of the centers associated with the intrinsic defects in anion sub-lattice (oxygen 
vacancies) [3]. It is known that anion defects in oxides can be created by thermochemical or radiation coloring. 
Earlier a technique based on thermo-treatment of Al2O3 and MgO in vacuum with the presence of carbon as a 
reducing agent was successfully used to synthesize anion-defective ceramics based on Al2O3 and MgO. 
However, the effects of such thermo-treatment on luminescent properties of ZrO2 have not been studied before. 
Moreover, the role of oxygen vacancies induced as a result of radiation coloring in the formation of 
luminescent characteristics of this material has not been found. 

The aim of this work was a complex study of the effects of nonstoichiometry in anion sublattice that 
resulted from thermochemical and radiation coloring on luminescent properties of monoclinic zirconia. 

The ZrO2 samples under study were made of nanopowders with the grain size of 40-65 nm by using 
uniaxial cold pressing with the pressure of 500 MPa. They were in the form of compacts 5 mm in diameter, 1 
mm thick. Thermochemical coloring of the samples was done in an electrovacuum furnace at 1,400 оС for 30-
180 minutes with the presence of carbon and without it. For radiation coloring, the samples were exposed by 
using an electron accelerator with the 10 MeV energy. 

It was found that thermochemical coloring led to emergence of EPR signal with g-factor of 2.005 caused 
by the presence of F+-centers [4]. At the same time, an increasing intensity of photoluminescence (PL) 
and pulse cathode luminescence (PCL) by an order of magnitude was observed in the 480 nm band. 
In addition, the coloring with the presence of carbon increased PCL in this band by 1,5-3 times. 
Moreover, a growing peak intensity of thermally stimulated luminescence (TSL) at 125 and 225 ˚С 

was observed in the thermochemically colored samples in comparison with the initial ones. Noticeable changes 
in PL and PCL intensity in the 480 nm band were not observed under radiation coloring which was also 
followed by an EPR-signal of F+-center. Whereas doping of the precursor compacts with titanium ions caused 
increasing PL intensity at 480 nm with its further decrease at high concentrations of the impurity. The obtained 
results show that F+-centers themselves are not emission centers responsible for zirconia luminescence at 480 
nm. One can hypothesize that this emission is caused by complex defects which contain titanium impurity 
ions, oxygen vacancies in different charge states and their aggregates. The paper discusses mechanisms of 
charge transfer, which are involved in the formation of luminescence response at 480 nm, as well as 
possibilities to use anion-defective zirconia in luminescent dosimetry of beta- and pulse electron radiations. 

REFERENCES  
[1] K. Smits, L. Grigorjeva, D. Millers, A. Sarakovskis, J. Grabis, W. Lojkowski // Journal of Luminescence. – 2011. – V. 131. – P. 

2058-2062. 

[2] Z. Wang, J. Zhang, G. Zheng, Y. Liu, Y. Zhao // Journal of Luminescence. – 2012. – V. 132. – P. 2817-2821. 

[3] E. Aleksanyan, M. Kirm, E. Feldbach, V. Harutyunyan // Radiat. Meas. – 2016. – V. 90. – P. 84-89.  
[4] E.V. Frolova, M.I. Ivanovskaya. // Materials Science and Engineering C. – 2006. – V. 26. – P. 1106-1110. 
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SET-UP FOR IONOLUMINESCENCE CHARACTERIZATION OF RADIATION DAMAGE  

IN MATERIALS AT DC-60 CYCLOTRON 

M.ZDOROVETS*, V.A.SKURATOV**, A.DAULETBEKOVA***, YU.G.TETEREV**, A.SEITBAYEV***, A.N.KRYLOV**, 

M.KOLOBERDIN* 

* Astana Branch of Institute of Nuclear Physics, Astana, Kazakhstan, mzdorovets@gmail.com 
** Flerov Laboratory of Nuclear Research, Joint Institute for Nuclear Research, Dubna, Russia  

*** L.N. Gumilyov Eurasian National University, Astana, Kazakhstan 

 
Being a very sensitive probe for structural imperfections, the spectral structure and emission intensities 

of ion-beam induced luminescence (IL) in insulators are strongly affected by accumulated radiation damage 
and associated with mechanical stresses. Since the IL spectra are registered during ion bombardment, they 
could be used for real-time characterization of irradiated materials. In this report, we describe experimental 
set-up at DC-60 cyclotron for measurement of the spectral content as a function of irradiation temperature, 
and ion fluence, and measurement of life-time of ion-induced luminescence.  

Schematic diagram of the IL measurement system is shown in Figure 1. The microchannel plate (MCP) 
based detector is used to produce the “START” signal triggering the life-time measurements to study the 
ionoluminescence decay with single high-energy heavy ions. The “STOP” signal registered by 
photomultiplier (PMT) is generated by photons emitting from sample, which are ion irradiating, mounted on 
a  target  holder  which  temperature  varies  in  the  range  80-300K.  In  order  to  analyze  spectral  content,  the  
emitted light is collected by a synthesized quartz lens and guided through quartz optic fiber to the entrance 
slit of spectrometer equipped with cooled CCD camera. During these measurements, the MCP detector 
mounted on the movable holder is replaced from the ion beam spot area.  

Single ion irradiation of fast organic scintillators demonstrated that ionoluminescence decay can be 
measured with 0.5 ns resolution.  

The results of the first experiments during 220 MeV Xe ion irradiation of LiF, Al2O3 are presented and 
discussed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. A block diagram for high-energy IL measurements at DC-60 cyclotron.  
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LUMINESCENT PROPERTIES OF YAG:CE,BAF2 PHOSPHORS AND CERAMICS
1
 

S.A. STEPANOV, D.T. VALIEV, V.D. PAYGIN, V.A. VAGANOV  

National Research Tomsk Polytechnic University, 30 Lenin Avenue, Tomsk, 634050 Russia, stepanovsa@tpu.ru, 8-923-403-6515 

 

Y3Al5O12 (YAG) phosphor powders doped with Ce3+ concentration were synthesized by solid state 
reaction method with the addition of BaF2. Ceramic samples were sintered from obtained YAG:Ce,BaF2 
phosphor powder. The as-received nanopowder was characterized by Scanning Electron Microscopy using a 
JSM-7500FA microscope (JEOL, Japan) and X-ray phase analysis using a XRD-7000S Shimadzu 
diffractometer (Japan). The particle size analysis was conducted using a SALD-7101 Shimadzu laser particle 
size analyzer (Japan). The powder was pressed uniaxially in an automatic press IP-500 AVTO ZIPO 
(Russia).  

Steady-state photoexcitation (PE) and PL spectra at room temperature were recorded with a 
fluorescence spectrophotometer (Agilent CaryEclipse) using a 150 W xenon lamp. Integrated emission 
spectra were acquired on an AvaSpec-3648 optical fiber spectrometer (200–1100 nm spectral range, 2.1 nm 
spectral resolution, 10 ms integration time). An LED chip in pulse mode was used as excitation source for 
PL measurements: (70 ns pulse duration, λ = 447 nm 20 ns FWHM, 16 mW·cm

−2 irradiance,). The 
luminescence decay kinetics was measured with an MDR-204 grating monochromator, detected by a 
Hamamatsu 10720-20 PMT, and recorded by a Tektronix DPO3033 (300 MHz) digital oscilloscope. The 
time resolution of the setup was 2 ns. The spectral power distribution of the total radiant flux of the PL 
spectra was measured by using an integrating sphere that was connected to a CCD detector (AvaSpec-3648). 
Samples were prepared in such a way that the surface area was ~1 cm2. The phosphors were placed between 
two glass plates (glass type KU-10, ~88% transmittance in the 300–900 nm spectral range). The energy 
efficiency of the phosphors was evaluated as the ratio of the radiation flux of the blue chip and the radiation 
flux of the phosphors. All measurements were carried out at room temperature. 

Morphological, photoluminescent properties and decay characteristics of YAG:Ce,BaF2 phosphor 
powders and ceramics were studied. The luminescence decay kinetics analysis of the investigated samples is 
shown that the decay time in phosphors and ceramics is different in visual spectral range. 

                                                      
1 The work is supported by the grant of the Russian Science Foundation #17-13-01233. 
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STUDY OF LUMINESCENT PROPERTIES OF AL-SI-N
 
FILMS
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Al-Si-N films have many useful, from the viewpoint of their application, properties. These films are 

characterized by high microhardness up to 35 GPa and temperature resistance to oxidation up to 1500 ᵒC; 
they are transparent in the visible spectrum of electromagnetic radiation. The last property allows these films 
to be used in optical elements. In addition, diagnostics and examination of the films can be carried out by 
optical methods, such as absorption and luminescent spectrometry. 

In this study, we analyzed the optical properties of Ai-Si-N coatings applied on silica glass. 
Luminescent properties of the films were studied under the excitation by a stationary xenon lamp (Osram 
XBO 150w/4) radiation with energy of 4.47 eV and electron beam (duration of electron pulse at FWHM 
12 ns, the average energy of the accelerated electrons was 250 keV). The time resolution was 10 ns. No 
photoluminescence was observed under excitation in other spectral ranges and at the same intensity. The 
xenon lamp radiation falls within the range of fundamental absorption (> 4 eV), and therefore only surface 
luminescence centers were excited. 

The photoluminescence spectrum has a rather complex structure with peaks nearby 3.55 eV and a less 
intense peak in the range 3.8 eV (the film thickness was h=20.8 µm).  

In the case of excitation by nanosecond electron beam, cathodoluminescence recorded 10 ns after the 
beam start also has a complex spectrum. It should be noted that the electron mean free path in the silica glass 
substrate is ~250 µm. Thus, if the film thickness is, about tens of micrometers electrons passing through the 

substrate are mostly absorbed by silica glass, thus causing its luminescence. Therefore, the luminescence 
spectrum of the film was determined as a difference between the spectra of silica glass with film and silica 
glass without film (substrate only). The luminescence spectrum has maxima nearby 2.5, 3.1, 3.8, and 4.1 eV. 
The main part of luminescence intensity decreases with a time constant smaller than 10 ns.  

Thus, under the effect of optical radiation and electron beam, intense luminescence of Al-Si-N films 
with complex emission spectra is observed. Photoluminescence excited by the radiation with energy of 
4.47 eV, which falls within the opaque range of the films, is likely connected with surface luminescence 
centers. 

The film luminescence demonstrates that luminescence spectra excited in different ways do not 
coincide. This indicates that there are different luminescence centers in Al-Si-N films. These centers are 
excited with different efficiency at different types of excitation. 

                                                      
1 Program of Fundamental Scientific Research of the State Academies of Science, Project III.23.1.1. “Physical mesomechanics of nonlinear multilevel 
hierarchically organized systems in external fields”. 
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FEATURES OF THE ACTION OF AN UNIAXIAL DEFORMATION ON THE RADIATIVE 

ANNIHILATION OF EXCITONS IN A KBr CRYSTAL 

K. SHUNKEYEV, N. ZHANTURINA, L. MYASNIKOVA, A. BARMINA, D. SERGEYEV, Z. AIMAGANBETOVA, SH. SAGIMBAEVA 

Zhubanov Aktobe Regional State University, Moldagulovoi 34, Aktobe, 030000, Kazakhstan, nzhanturina@mail.ru, 87013684899 

 
The decrease in the symmetry of the lattice of alkali halide crystals by plastic and elastic deformation 

leads to an increase in intrinsic luminescence, as the radiative relaxation of self-trapped excitons (STE) at 
regular lattice sites [1]. 

Very promising are the studies of the radiative relaxation of STE under different deformation 
directions, since their structure has an orientation <110> in KI, KCl, and KBr crystals [2]. 

In order to reveal the properties of anionic excitons, we chose KI, KCl, and KBr crystals with different 
halogen sizes. 

Since the ratio between the radii of the anion and the cation for KI, KBr and KCl is 1.5, 1.9 and 2.2, 
respectively, then it is obvious that the size of the void containing the STE will be the largest for KCl and the 
smallest for KI. Therefore, in KI there are no configurational transformations of the STE, since its molecular 
core can not move. For KCl, the conversion effect is possible, but in this crystal the luminescence of the STE 
is extinguished at 40K. In the KBr crystal, when deformed to <110>, the core of the STE is "pushed out" into 
the interstitial void. Thus, the STE is formed in a more asymmetric configuration than the "strong-off" (weak 
off), which corresponds to the emission band at 2.95 eV [3]. 

This effect is also explained on the basis of the difference in the energies of the exciton states over the 
surface of the adiabatic potential. The calculated energy differences for KI, KBr and KCl crystals were, 
respectively, 0.0045 eV, 0.0016 eV, 0.0232 eV. From these calculations it follows that for the configuration 
transformations for KBr, the lowest energy is required, which explains the possibility of creating an STE 
with a less symmetrical configuration than "strong-off". 

Thus, a low-temperature elastic deformation along the <110> direction creates an STE with an 
asymmetric configuration, the radiative configuration of which terminates at a maximum at 2.95 eV for a 
KBr crystal. 
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Beryllium oxide (BeO) single crystal is a model object of radiation physics and an important optical 

material for solid-state radiation detection technology. The luminescence of the pristine BeO is located in the 
UV and VUV spectral regions (4.9-6.7 eV). The optimization of solid-state detectors needs to shift this 
spectrum into the visible spectral region. Doping of the BeO crystals with isovalent impurity cations is one of 
the technological pathway for the red-shift of the luminescence spectrum.  

The aim of this research work is to investigate shallow trapping centers created in BeO host-lattice by 
isovalent impurities of Mg and Zn. We used two low-temperature (8-350 K) research methods: the X-rays 
induced luminescence (XRL) and the thermoluminescence (TL). The XRL spectra and TL glow-curves 
obtained were compared not only among themselves, but also with those for pristine BeO single crystals. All 
the measurements were carried out at Experimental Physics Department of Ural Federal University using the 
developed methods of low-temperature spectroscopy available there. 

We established than doping of the samples leads to occurrence of new broad bands in X-ray induced 
luminescence at 6.2-6.3 eV, 4.3-4.4 eV in Mg-doped crystal and band at 6.0 eV in Zn-doped crystal which can 
be corresponded to radiative annihilation of Mg- and Zn-impurity bound excitons respectively [1,2]. Also the 
1.9-2.6 eV band also determined in both of the samples. 

In the thermoluminescence of all the samples the peak at 85 K is dominant and it can be attributed to BeO 
lattice defects. The four new glow peaks in comparison with initial crystal are determined for BeO:Zn in 
low-temperature thermoluminescence. These positions are 20, 43, 145 and 307 K (Fig 1). All of these peaks 
are occurred by introducing Zn-ion impurities in the BeO lattice. The BeO:Mg thermoluminescence is similar 
to the initial crystal, but intensity of dominant peak at 85 K increases by two to three times. 

 
Fig. 1. The TL glow-curves for BeO and BeO:Zn (a) and for BeO and BeO:Mg single crystals (b) in semi-logarithmic Y-scale 

We conclude than introduction of Zn and Mg impurities into the lattice of BeO crystals leads to significant 
changes in both the x-ray induced and thermoluminescence. The nature of these changes has to be discussed 
to fully understand the influence of doping of BeO by Zn and Mg on its optical and dosymetric properties. 
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In transmission and pulsed cathodoluminescence spectra of high-transparent ceramics (polycrystals) 

Yb:YAG, Yb:Y2O3 и Yb2O3 in the range of 850-1075 nm a uniform structured absorption and luminescence 
bands appear at room temperature. Apart from the optical transition F5/2 ↔ F7/2 lines of the Yb3+ ion 
additional seven lines appear in them, which do not fit to energy levels scheme of this ion. Similar structure 
of the IR absorption and luminescence bands of Yb:YAG single crystals was observed in [1]. Some 
additional absorption lines were interpreted in this paper as phonon line repetitions at λ=968 nm on the 
optical transition between the lower Stark components of levels F5/2 and F7/2.The results of our investigations 
show that seven additional lines are absorbed and emitted by a bivalent ytterbium ion with an electron 
configuration of 4f136s at transitions [7/2]3,4 → [5/2]2,3. In the band gap of the mentioned above oxide 
systems these Yb2+ ion levels are lowermost. According to EPR investigations results the influence of very 
weak Stark splitting of the order of 1cm-1 lowest levels [7/2]3.4 was shown [2]. Scheme of level [5/2]2,3 Stark 
splitting was constructed on the basis of analysis of the absorption and luminescence spectra. Essentially, this 
4f136sYb2+ center is Yb3+ +e exciton with charge transition, i.e. an ion of Yb3+ captured an electron. Their 
equilibrium content estimated from the intensities of absorption lines does not exceed 10-3 of active centers 
of Yb3+ content.  
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Due to its unique properties, barium fluoride has found wide application in optics and scintillation 

materials. The presence of a fast luminescence component in the cross-luminescence band made it possible 
to use BaF2 as a fast scintillator [1]. The properties of monocrystalline barium fluoride have been thoroughly 
studied [2]. Nevertheless, there is a need to study the properties of nano-dimensional modifications of BaF2, 
which is one of the most promising fillers for new nanocomposite scintillation materials [3]. In this paper, 
studies of BaF2 nanopowders obtained by two different methods: pulsed electron beam evaporation method 
(PEBE) [4] and laser ablation method (LA) [5] are presented. 

 
The average particle size of BaF2 nanopowders synthesized by the PEBE method was 5-15 nm, 

nanopowders synthesized by the LA-70-100 nm method. 
X-ray luminescence spectra (XRL) (Fig. 1a) for samples obtained by laser ablation (BaF2_LA), PEBE 

(BaF2_PEBE), and a raw material for the synthesis of nanoparticles with a particle size of 1-100 μm 
(BaF2_raw) were measured. The decay curves (DC) of the same samples were measured when excited by a 
pulsed electron beam (Fig. 1b) for a 300 nm band. 

 
Fig. 1. a) – XRL specra for all samples; b) – Decay curves for the 300 nm band for all samples  

For the samples under study, X-ray luminescence spectra are characterized by a redistribution of the 
intensities of the main peak of 300 nm and a cross-luminescence peak of 222 nm, depending on the method 
of sample synthesis. For nano-sized BaF2 obtained by the PEBE method, a small relative increase in the 
intensity in the 400-550 nm region is also observed. Measurements of the luminescence decay curves for all 
samples in the 300-nm band related to the emission of self-trapped excitons in BaF2 showed the presence of 
two decay components with decay constant values τ1 = 135 ns, τ2 = 508 ns, for the sample BaF2_la;  
τ1 = 174 ns, τ2 = 509 ns for the BaF2_raw sample; τ1 = 109 ns, τ2 = 455 ns for the BaF2_pebe sample. The 
nanocrystalline barium fluoride produced by the PEBE method is characterized by lower values of the 
emission constant in the 300 nm band. 

The report will also present a more detailed analysis of the experimental results obtained. 
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Rare-earth ions doped aluminum oxynitride Al5O6N (ALON) is promising material for creating 

phosphors, LED light sources components and ionizing radiation detectors working in online and storage mode 
[1,2]. 

Powdered samples of Ce3+ and Eu2+-doped ALON were prepared combining sol-gel and carbothermic 
reduction-nitriding methods. Synthesis details are introduced in article [3].  

Photoluminescence (PL) of the samples investigated using Perkin-Elmer LS-55 spectrophotometer and 
Janis CCS-300 optical vacuum thermostatic cooler at temperatures 250K, 200K, 150K, 100K, 50K, 7K.  

The luminescence spectra are a broad emission band of a non-elementary nature related to the d-f 
transitions of the dopant ions. Temperature quenching of the photoluminescence is observed in the temperature 
range 7-250 K for the sample ALON:Eu2+, while for sample ALON:Ce3+ the temperature quenching is 
extremely weak. 

 

 
Fig. 1. PL and PL excitation (PLE) spectra at a temperature 7K for ALON:Ce3+ (a) and of ALON:Eu2+ (b); PL intensity temperature 

dependence for ALON:Ce3+ (c) and of ALON:Eu2+ (d). 
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GROWTH AND SPECTROSCOPY OF BABRI, BACLI AND SRBRI CRYSTALS1 
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In this work, a technique is described for growing single crystals of BaBrI, BaClI and SrBrI nominally 

pure and activated by Eu2 + ions. To increase the optical quality of single crystals, the melt is filtered from 
oxygen- and hydrogen-containing impurities by means of a quartz filter. Thanks to the use of the filtration 
method [1], it was possible to improve the quality and increase the size of single crystals. 

The growth was carried out by the Stockbarger-Bridgman method in a temperature field with a low 
gradient. Because of the high temperature gradient, thermoelastic stresses arise in the crystallizing material, 
which contribute to defect formation, which limits the size of single crystals. The disadvantage is also the 
volatilization of the melt components due to local overheating, which leads to significant (up to 10%) losses 
of raw materials and decomposition of the melt. The choice of a lower gradient was based on the results of 
the authors in experiments on the growth of BaBrI crystals, in which the quality and size of the resulting 
crystals were observed [2]. The resulting crystals are optically transparent and suitable for spectrometric 
studies. 

In Fig. 1 shows the absorption spectra of Eu2 + ions in BaBrI and BaClI crystals measured at room 
temperature and the relative emission and excitation spectra measured at 80 K. 

 
Fig. 1. a) Optical absorption (dashed curve 1), excitation (curve 2) monitored at 415 nm, and emission spectra under intracenter 

4f-5d excitation at 290 nm (curve 3) and x-ray excitation (dot curve 4) of BaBrI crystals doped with 0.05 mol% Eu2+ ions. b) Optical 
absorption (dashed curve 1), excitation (curve 2) monitored at 410 nm, and emission spectra under intracenter 4f-5d excitation at 290 

nm (curve 3) and x-ray excitation (dot curve 4) of BaClI crystals doped with 0.1 mol% Eu2+ ions. 

The intense bands in the absorption and excitation spectra with a characteristic "stepped" structure have 
a maximum of about 4.25-4.4 eV for BaBrI, 3.85-4.2 eV for SrBrI and 4.25-4.45 eV for crystals BaClI and 
are the result of the 4f7 (8S7/2) → 4f65d1 (t2g) transitions. The lowest energies of the 4f-5d transition in the Eu2 
+ ion, obtained from the spectra, are 3.29 eV for BaBrI, 3.1 eV for SrBrI and 3.32 eV for BaClI. Narrow 
intense peaks at 5.35, 5.7 eV, and 6 eV in the excitation spectrum of the photoluminescence of the intrinsic 
radiation of the crystals BaBrI, SrBrI, and BaClI, respectively, are due to the creation of excitons. 

The observed quenching of the luminescence of an ELE with an Eu2 + concentration is due to exciton 
emission and overlapping of the 4f-5d Eu2 + absorption spectra, which makes possible a resonant transition 
from excitons to Eu2 + ions. 
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Phosphoric composition is designed to produce white-colored glow of LEDs and LED strands for 
lighting devices and LED filament bulb. The phosphor composition consists of phosphor particles and a 
binder based on an optically transparent compound. 

The principle of the phosphor is based on photoluminescence under the action of radiation in the blue 
region of the optical spectrum of the visible range [1]. The YAG phosphor has the structure of a crystal 
lattice of the garnet type, the yttrium, gadolinium and aluminum atoms are located in the crystal lattice sites 
[2]. 

Determination of the chemical elemental composition and determination of the characteristic size of the 
phosphor particles at a thousandfold increase were carried out using the TM-1000 Tahletop Microscone. 
Measurements of the refractive indices, the absorption coefficient, and the reflectivity of the phosphor 
compositions were carried out using an ellipsometer. 

The object of the research was samples of three types of phosphors L-540S, L-550S, L-560S and 
optically transparent compound Elastosil RT 604 [3]. 

In the phosphor L-540S, the characteristic particle size is 10 μm, the elemental composition: Y is 35%, 

Al is 52.7%, Rh is 9.9%, and Ir is 2.5%. 
In the phosphor L-540S, the characteristic particle size is 15 μm, the elemental composition: O - 40.7%, 

C - 43.3%, Y - 5.3%, Al - 7.3%, N - 3.3%. 
In the phosphor L-540S, the characteristic particle size is 15.5 microns, the elemental composition is O: 

40.3 percent; Y: 5.7 percent; F: 1.1 percent; Al: 14 percent; C: 39.9 percent. 
Samples of three types of phosphoric compositions and compound in a polymerized state were made: 
- the compound in the polymerized state has a refractive index of 1.37, an absorption coefficient of 

0.03, a reflectivity of 8%; 
- phosphor L-540S (7% by weight) mixed with the compound Elastosil RT 604 has a refractive index of 

1.3, an absorption coefficient of 0.025, a reflectance of 5.5%; 
- L-550S phosphor (7% by weight) mixed with the compound Elastosil RT 604 has a refractive index of 

1.5, an absorption coefficient of 0.023, a reflectance of 1.4%; 
- phosphor L-560S (7% by weight) mixed with the compound Elastosil RT 604 has a refractive index of 

1.6, an absorption coefficient of 0.045, a reflectance of 4.3%. 
Using the spectrocolorimeter, measurements were made of the correlated color temperature of the 

phosphor compositions when they were irradiated with a blue-colored LED module with a wavelength of 
460 nm at room temperature +25 ºC, at a temperature of +85 ºC and at a temperature of +125 ºC. 

As a result of the work it was established that on all samples of the phosphor composition the value of 
the correlated color temperature increases by an average of 2500 K with an increase in temperature from +25 
ºC to + 125 ºC. 
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In this paper, (Y1-xMgx)3Al2(Al1-xSix)3O12:Ce3+ (x=0-0.8) solid solution phosphors were synthesized via 

introducing the isostructural Mg3Al2(SiO4)3 into Y3Al5O12:Ce3+. The excitation band peaking at 450 nm is 

broadened about 22 nm (FWHM), and the emission spectrum is shift-red about 10 nm, when x increases from 0 to 

0.8. Structural disorder is recognized as an origin of the spectral broadening in luminescent materials and can be 

created by introducing (Mg, Si) impurities in the crystal lattice. Therefore, by controlling the content of (Y, Al)6+ 

substituted by (Mg, Si)6+, the excitation spectrum of (Y1-xMgx)3Al2(Al1-xSix)3O12: Ce3+ solid solution phosphors 

can be tuned and applied for near ultraviolet light emitting diodes (LEDs). A near ultraviolet LED was fabricated 

with (Y0.4Mg0.6)3Al2(Al0.4Si0.6)3O12: Ce3+ phosphors and a 390 nm chip and can emit strong white light.  
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Fig. 1. Excitation spectra (a) and emission spectra (b) of (Y1-xMgx)3Al2(Al1-xSix)3O12: Ce3+ (x=0-0.8) 
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Obtaining and researching the properties of nanomaterials, in particular on the basis of diamond and 
other carbon-containing compounds, is an actual line of modern research [1-3]. The mechanisms of 
graphitization and modification of the surface properties of diamond in the process of laser ablation are 
extensively studied [4]. Methods for obtaining diamond nanoparticles have been developed: from natural and 
synthetic diamonds by high-energy ball milling methods [5], by synthesis methods at ultrahigh pressures and 
temperatures [6], electron and ion-beam methods (irradiation of carbon-containing materials by electron 
beams and argon ions) deposition of carbon-containing vapor at high temperatures and pressures to create 
nanocrystalline diamond films [8], the production of nanoparticles by the detonation method [9], and also by 
means of a laser pulse the ablation of graphite [10]. However, we did not find any article in which the 
particles obtained in the course of laser ablation of single crystals of natural diamond would be studied. The 
task of this paper was to obtain and to study of the luminescence of diamond nanoparticles obtained by laser 
ablation of natural diamond single crystals.        

  
Fig. 1. Confocal scanned luminescent images of large and small 

nanoparticles. Field sizes: 40x40 and 6x6 um2 
Fig. 2. Luminescence spectra of the original single 

crystal and obtained nanoparticles 
 
The ablation was carried out by the emission of the fifth harmonic of a neodymium laser. To collect 

particles that fly off during ablation, the crystal was placed under a layer of distilled water under irradiation. 
As a result, a suspension of nanoparticles formed in water. Then the nanoparticles were placed on the 
coverslips. On a confocal scanning luminescent microscope operating in the time-correlated photon counting 
mode, luminescent images of the obtained nanoparticles were studied, spectra and luminescence kinetics of 
single nanoparticles were measured. 

 

 
 
Fig. 3. Luminescence 
spectra of 
nanoparticles 
obtained at different 
wavelengths of 
exciting radiation 

As follows from the data of Fig. 1, the formed particles have two different characteristic dimensions. The 
nomenclature of the luminescence centers contained in the initial crystal (N3, H3, H4, etc.) underwent a 
significant change (Fig.2). A broad structureless band registered at the nanoparticles. It is non-elementary. 
This is confirmed by the type of luminescence spectra shown in Fig. 3, as well as the complex kinetics of 
luminescence. 
                                                     
1 The work are supported by the Program of the Russian State Academies of Science, project 0307-2016-0004 and by the project 3.8401.2017 of 
Irkutsk State University 
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Calcium fluoride belongs to the best studied materials among wide gap ionic dielectrics. However, no 

systematical study of the structure and properties of CaF2 nanoparticles can be found in literature. Such 
nanoparticles are of great fundamental and potentially practical interest due to extraordinary optical 
properties of crystalline calcium fluoride including very large (over 12 eV) value of the band gap. For other 
ionic fluorides the structure of small nanoclusters has been revealed by a combination of quantum chemistry 
and structure prediction methods, for example, for LaF3 [1]. It is well known that while large nanoclusters of 
ionic material maintain the crystalline structure, small nanoparticles consisting of few tens or hundreds of 
formula units have drastically different structure [1,2]. The goal of this work is to find the stable structures of 
(CaF2)n nanoclusters, where n is the number of formula units. 

The total energy is calculated at B3LYP level with 6-31G basis set. For large nanoclusters, however, we 
have to use classical pair potentials due unfeasibility of ab initio calculations. The structure of small 
nanoclusters (n=1..12) is obtained manually. For larger size clusters our novel structure prediction technique 
called PASS (Pattern Assisted Structure Search, [3]) is to be used.  

 
Fig. 1. (CaF2)n nanoclusters structures for n=2,3,4,6. 

Configurations obtained for n=2,3,4,6 are shown on Fig. 1. The stability of a nanocluster is 
characterized by the value ΔE(n)=E(n)/n-E(1), where E(n) is the total energy of the nanocluster for given n. 
From the ΔE(n) values given on Fig. 1 together with corresponding configurations one can see, for example, 
that no stable Ca2F4 molecule can exist due to its energetically favourable decay into two CaF2 particles. No 
mechanically stable configuration was obtained for n=5. For n=6, however, there are two mechanically stable 
configurations but one of them is much more favourable and should be predominant. 
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The work is motivated by a necessity of searching new materials for detection of ionizing radiation. The 

ternary alkali earth-halide systems doped with rare-earth ions are promising scintillators showing high 
efficiency and energy resolution. Aspects of crystal growth and optical properties of BaBrI, BaClI and SrBrI  
single crystals doped with Eu are reported.  

The crystals have been grown by the vertical Bridgman method in sealed quartz ampoule in vacuum. The 
crystallography data of BaBrI crystal were published in paper [1]. The diffraction pattern of grown BaBrI 
crystals was in agreement with the early published data. New crystallographic data for BaClI single crystal 
obtained by single crystal X-ray diffraction are presented.  

Emission, excitation and optical absorption spectra as well as luminescence decay kinetics are studied 
under excitation by X-ray, vacuum ultraviolet and ultraviolet radiation. The energies of the first 4f-5d transition 
in Eu2+ and band gap of the crystals are obtained. Using density functional theory as implemented in the Vienna 
Ab Initio Simulation have been calculated the electronic band structure of the crystals and energies of band 
gap. They are in accord with the experimental estimate. The energy of gaps between the occupied Eu2+ 4f level 
and the valence band top are predicted. Based on the experimental and theoretical results we construct positions 
of lanthanide energy levels in relation to valence band using the chemical shift model. 
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Optical spectra of crystals oxohalides of bismuth are investigated in this work. When measuring the 

transmission spectra of single crystals of oxohalides of bismuth in the direction perpendicular to the layers, a 
large number of peaks associated with the occurrence of the interference pattern when light is reflected from 
the layers. In this regard, the absorption spectra were measured both in very thin layers, and the reflection 
spectra of powdery samples relative to magnesium oxide and translated at the method of Kubelk-Munk. In 
the region 3.0-6.0 eV of absorption spectra of BiOBr crystals, in both cases, there are three absorption bands, 
the shape of which (especially in the case BiOCl crystal) is not elementary. The intense absorption band at 
4.0 eV for BiOCl crystal has a doublet structure, in the case of the BiOBr crystal splitting is less pronounced.  

Upon excitation in the fundamental absorption region there photoluminescence spectra are investigated. 
The spectrum of luminescence of BiOCl crystal is not elementary and it consists of two bands of radiation. 
The short-wave band with a peak at 3.1 eV, the temperature rises to 300-400 K does not disappear, while as 
the 2.4 eV band is attenuated even at temperatures of 200-220 K. The excitation spectrum of the 2.4 eV has a 
pronounced maximum at 3.75 eV. Shortwave band excited in 5 eV. Observation of the luminescence 
spectrum and the spectrum of luminescence excitation for BiOBr crystal at T = 80 K showed the presence of 
one unit of the luminescence band with a maximum at 2.2 eV, which is effectively excited at 3.60 eV. 

The presence in the excitation spectra and luminescence shortwave bands strongly depends on the 
degree of purity of the bismuth oxide is used in the synthesis oxohalides of bismuth crystal. The specially 
treated samples at low temperatures there is only the long-wave band with a maximum of 2.4 eV. Thus, it 
allows to link the short-wave emission band with uncontrolled impurity, and long-wave - with its own glow 
crystal substrate. 
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The phosphors based on YAG:Ce are efficient energy converters of the excitation radiation in the 
visible range. The luminescent composites can be created from these phosphors and use as scintillation 
materials [1]. This paper presents the results of spectral-kinetic characteristics of YAG:Ce phosphor under 
the pulsed electron beam excitation. 

For excitation, the high-energy electrons with an energy of 0.25 MeV, a duration of 10 ns, and a current 
density of up to 100 A / cm2 were used. The integral spectra were measured using an AvaSpec-2048 
spectrometer. 

The industrial phosphors of MG 397 (Billion Light Co., LTD, Taiwan) and the SDL 2700, SDL 3500, 
SDL 4000, (Platan NPO, RF) prepared at 2015-* and 2016-** years were selected for the study. The 
elemental composition of the samples was determined on the EMS Quanta3D 200i with the energy 
dispersive analysis system. The determination of the elemental composition of phosphors is shown in table 1. 

 
   Table 1. Elemental composition of the investigated phosphors. 

 Phosphor Y Al O Ce Gd 
1 SDL 2700* 8.62 4.21 56.98 9.32 20.86 
2 SDL 2700** 9.55 5.06 53.22 11.21 20.98 
3 SDL 3500* 25.13 4.54 49.00 17.24 4.09 
4 SDL 3500** 26.07 4.28 55.32 9.92 4.41 
5 SDL 4000* 36.57 5.16 58.27 +  
6 SDL 4000** 35.51 4.73 5977 +  
7 MG-397  12.46 26.77 60.77 +  

 
The excitation of phosphors by high-energy electron fluxes leads to the appearance of luminescence in 

the region of 300 ± 750 nm. The measured cathodoluminescence spectra is shown at the fig. 1a. In the 
measured spectral range, bands of 382, 416 and 437 nm are observed additionally to the main band at ~540 
nm. The decay times of the luminescence kinetics for phosphors brand of different production year are 
similar. For the main band at 540 nm of cathodoluminescence spectra, the decay times are: for 1 and 2, τ1 = 
100 ns, τ2 = 500 ns, for 3 and 4 τ1 = 100 ns, τ2 = 560 ns, for 5 and 6, τ1 = 65 ns, τ2 = 300 ns, for 7 τ1 = 65 ns, 
τ2 = 380 ns, Fig. 1b. 

     

Fig.1. Spectra (a) and kinetics (b) of the cathodoluminescence of YAG phosphors. 
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Nanohybrid composites comprising polymeric organic compounds and semiconductor nanoparticles, 

such as quantum rods, are of great importance for various functional materials potentially promising for 
lasing, informational displays, light-emmiting diods, solar cells etc [1-3]. However, despite of great interests, 
the achievement of uniform distribution of quantum rods in a polymer host and long-term stability of the 
composites still a challenge.  

In this work, colloids of CdSe/CdS quantum rods (diameter of 2.5-4 nm, length of 40-60 nm, covered 
with a non-polar organic shell comprising hexadecyl of phosphonic acids) in various polymers (polystyrene, 
dimethyl silicone and polymethylmethacrylate) are prepared and spectral and kinetic characteristics for the 
colloids are studied using pulse spectrometry. Photoluminescence spectra (PL) and PL decay kinetics for 
colloid of CdSe/CdS quantum rods in polystyrene are given in fig. 1 as an example. 

 

 
 

 

Fig. 1. PL spectra measured at the excitation time and with 20 ns delay (a) and PL decay kinetics for a colloid of polystyrene with 
CdSe/CdS quantum rods  

 
It is revealed that uniformity of distribution of quantum rods, position of PL maximum and decay 

strongly affected by the polymer host used. The most homogeneous distribution of nanorods is found in 
dimethyl silicone polymer host which is apparently attributed to the similarity in aliphatic nature of both NPs 
shell and polymer chains. 
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YAG:Ce3+ based phosphors are promising, as they provide a high efficiency of converting the UV 
emission of a chip into visible light. The main advantage of these luminophors is the excitation spectrum 
coincides with the emission spectrum of the most efficient chips based on InGaN [1]. However, the 
efficiency of conversion YAG:Ce3+ phosphors of chip emission is still far from the maximum possibilities. 
The main reason is the obvious lack of information about the dependence of the emission characteristics of 
phosphors from the conditions of their synthesis. YAG:Ce3+ phosphor has a complex spatial and energy 
structure. Synthesis of multicomponent YAG:Ce3+ phosphor is complicated, depends on many factors. 
Therefore, the identification of the reasons of dependence emission characteristics of luminescence on the 
synthesis technology is so necessary [2]. Knowing only the dependence of the final result on individual 
technological parameters is absolutely not enough. It is necessary to search a new approaches that are 
capable of solving the problem. Our previous studies suggest that the UV luminescence of YAG:Ce3+ 
phosphors is sensitive to their prehistory.  

The main goal of this work is the study of the effect of YAG:Ce3+ prehistory on UV luminescence of 
phosphors.  

There were chosen for study phosphors MG 397, L-2083-2 и AWS 5 (Billion Light Co., LTD, Taiwan), 
YAG-01-YAG-06 (GrandLux Optoelectronics Co., LTD China).  

The excitation and luminescence spectra were measured with an Agilent Cary Eclipse 
spectrophotometer in the spectral range 200 ... 800 nm. The source of excitation was a xenon lamp. The 
chips with a wavelength at the maximum of the emission at 265, 275 and 285 nm were used to excite the 
luminescence. Measurements of luminescence spectra on excitation by chips emission were carried out using 
AvaSpec-ULS3648 and AvaSpec-2048 spectrometers. 

Figure 1 shows the UV luminescence spectra excited by emission at 260 nm. Two overlapping bands 
with maxima in the region of 315 and 380 nm are stand out in the spectrum. 

       

 Fig. 1. UV luminescence spectra of phosphors, a-AWS (1), L-2083 (2), MG 397 (3) , b-YAG-05 (1), YAG-02 (2), YAG-04 
(3), c- YAG-01 (1), YAG-06 (2) excited by emission at 260 nm 

Similar UV luminescence spectra are observed in the investigated phosphors when excited by the 
emission of chips at 265 and 275 nm. 

Thus, the characteristics of the UV luminescence of all the investigated phosphors are vary 
considerably. Therefore, UV luminescence can be an identification feature of a particular phosphor. The next 
step in the study should be to establish the relationship of UV luminescence with the characteristics of the 
technological processes of synthesis of phosphors. 
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The most promising structures to create complementary metal-oxide-semiconductor (CMOS)-

compatible Si-based light source are (SiOx/SiO2)n or (SiNx/SiO2)n superlattices. In this case, Si-rich silicon 
oxide (SiOx<2) or Si-rich silicon nitride (SiNx<1.3) layers are usually used as active layers in order to create Si 
nanocrystals [1, 2]. In this work, we demonstrate that N-rich (SiNx>1.3) silicon nitride can be also effective 
active layer in multilayered SiNx/SiO2 structure. 

The triple-layered SiO2/SiNx/SiO2 structures were fabricated on p-type Si-substrates. Stoichiometric 
silicon dioxide was deposited by plasma-enhanced chemical vapor deposition (PECVD) as a buffer and 
capping layer. Non-stoichiometric silicon nitride (SiNx) was deposited by low pressure chemical vapor 
deposition (LPCVD) as interlayer. The flow ratio (R) of reagent gases SiH2Cl2/NH3 was chosen as 8/1 and 
1/8. Afterwards, these samples were annealed at 1200ºC for 3 min. The composition of as-deposited SiNx 
films was determined by Rutherford backscattering spectrometry. Photoluminescence (PL) spectra were 
recorded at room temperature in the spectral region of 350 – 800 nm using a He-Cd laser source with λ= 325 
nm. The structural characteristics of the as-deposited and annealed layered structures were investigated by 
scanning electron microscopy. The index of refraction (n) and the extinction coefficient (k) were determined 
by ellipsometry. 

The total thickness of SiO2/SiNx/SiO2 structures was 126 nm and 212 nm for the R = 8/1 and R = 1/8, 
respectively. The thickness of active layer (SiNx) was ~65 % from the total thickness of SiO2/SiNx/SiO2 
structure. The parameter “x” (the ratio of the numbers of N and Si atoms) of SiNx active layer was equal to 
0.92 (Si-rich) and 1.44 (N-rich) for the films deposited with different R (8/1 and 1/8, respectively). It was 
shown that optical properties of the structures depend on flow ratio. The increase of R results in increase of 
both the n and k  in the spectral range (225–950 nm). As can be seen from Fig. 1, the intensive PL bands for 
the structures with Si-rich and N-rich nitride films as active layers were detected in the red (650 nm) and 
blue (450 nm) spectral ranges, respectively. The change of optical parameters as well as the blue shift of PL 
maximum with increasing R can be explained by band gap opening with the N/Si ratio increasing. Annealing 
results in the increase and decrease of PL intensity for structures with Si-rich and N-rich SiNx active layers, 
respectively. The origin of PL and effect of annealing treatment have been discussed. 

  
Fig. 1. PL spectra of SiO2/SiN0.92/SiO2 (1) and SiO2/SiN1.44/SiO2 (2) structures 
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New perspective dosimetric information readout technology based on the phenomenon of optically 

stimulated luminescence (OSL), including the TLD-500 detectors based on the anion-deficient corundum  
(-Al2O3-) has been actively developing since the beginning of the 21st century. Its progress motivates the 
study of phototransfer effects in -Al2O3-. It was found in [1] that the upper limit of registered doses in       
-Al2O3- crystals is 30-300 Gy. Nevertheless, it was noted in [1] that the response and kinetics of the OSL 
decay curves depend on the degree of the deep traps filling, emptying in the temperature region above 500 K. 
Thus, with an increase in the preliminary irradiation dose from 1 to 1000 Gy, the OSL yields changes 
extremely, and the OSL decay kinetics are slowed down. As is well known [2], high-dose irradiation of 
TLD-500 detectors induces filling of deep traps, causing a chromium 580 K peak and high-temperature 
830 K peak with a 720 K shoulder. The light sum of these TL peaks depends on the growing sample 
technology of -Al2O3- and the impurities composition [3]. In particular, the TL peak at 830 K after high-
dose irradiation is found only in a part of the detectors [3]. The ratio of such detectors in the tested batches is 
not constant and ranges from 40 to 60 %. Therefore, the goal of this paper is to carry out comparative studies 
of OSL and phototransfer effects in strongly irradiated -Al2O3- crystals with an 830 K peak and without it. 

It was found that strongly irradiated (D ≥ 50 Gy) -Al2O3- crystals with TL peak at 830 K and without 
it have significantly different OSL properties under optical stimulation by blue light with m=2.6 eV. In 
samples with a peak, OSL kinetics has a more complicated form. There is a 2-3 seconds rise-up at the initial 
stage, then the stages of fast and then sufficiently slow decay with time constants 111-13 s and 2≥78 s are 
observed. OSL kinetics of samples without an 830 K peak contain predominantly fast attenuation 
components with 111-13 s, which are detected in the majority of moderately irradiated (D <1 Gy) TLD-
500 detectors and -Al2O3- crystals. 

It has been established that the fast decay component in the OSL kinetics of the samples of both types is 
due to the emptying of the main trap and the slow decay component is a result of deeper traps responsible for 
TL peaks with Tm > 500 K. It is shown that the OSL rise-up is caused by the phototransfer of charge carriers 
from deep traps to the main one. The most probable source for a phototransfer under optical stimulation with 
m =2.6 eV is a trap responsible for the TL peak at 660 K. Analysis of the phototransferred 
thermoluminescence (PTTL) curves excited by UV irradiation with hm=4.0 eV and hm=3.7 eV, shows that 
the PTTL response in the 460 K peak can also be caused by charge carrier phototransfer from the trap 
leading to the 720 K TL peak. Photo-emptying of the trap, causing the TL peak at 830 K, does not cause a 
clearly detectable charge carrier transfer to the main trap or traps that have similar thermal activation 
parameters. 

The results obtained can be of great practical importance for OSL dosimetry, since the procedure of 
resetting accumulated dosimetry information is substantially simplified and shortened in the samples without 
the TL peak at 830 K. Moreover, in such detectors, while reading the OSL, the manifestations of 
phototransfer effects are minimal, which makes it possible to significantly improve the absorbed doses 
measurement accuracy. 
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In this report we summarize results of high energy ionoluminescence experiments aimed at comparative 

studies of radiation defects and associated stresses in Al2O3 and MgO single crystals. These materials 
demonstrate different sensitivity to dense ionization effects. As known, swift heavy ions induce formation of 
latent tracks in alumina oxide and lithium fluoride [1], while no tracks as well as no amorphization have been 
observed in magnesium oxide even at very high ion fluences [2].  

Dose dependence of the ionoluminescence spectra measured from Al2O3 during 1.2- 1.6 MeV Kr and Xe 

ion irradiation clear evidences different stages in damage and stress accumulation at fluences before and after 
ion track overlapping. Contrary, real-time examination of MgO at the same experimental conditions did not 
reveal the changes in the ionoluminescence spectra which could be ascribed to mechanical stresses in the 
irradiating crystals.  
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Single  crystals  of  (NaF: 1%Li)  were  grown  in  platinum  crucibles  by  the   Kiropoulos method  
[1]  at  the  Kyrgyz  National  Academy  of  Sciences.  The  crystals  were 5 mm in diameter and  about  3  
cm  long.  To  perform  the  measurements  the  crystals  were  cut  into  1  mm  thick slices  using  a  
diamond  saw  and  polished.  The  samples  were  then  examined  for  their  basic luminescence  properties  
in  order  to  confirm  the  entry  of   impurity  ions  in to  the  lattice.  The samples  have  been  irradiated  
with  10  MeV  electron  beam  from  the  UELZ – 10 - 10С  electron accelerator  at  Ural   Federal  
University.  The  samples  were  mounted  on  a  cupper  holder  on  the cooling  device  (made  by  G.I.  
Smetanin)  in  order  to  minimize  possible  heating.  Typically, dose  acquired  by  a  sample  in  one  
minute  was  15 - 16  kGy  that  was  monitored  with  SO PD(F)R- 5/50  standard  fenazin  dosimeters  with  
uncertainty  of  up  to  10%.  The  samples  were exposed  to electron  beams for 50 minutes  in order to 
acquire  dose of 0.75 MGy. 

 

The  thermally  stimulated  exoemission  
(TSEE)  glow  curves  were  recorded  with  
an automated  exoemission   spectrometer  [2]  
equipped  with  a  VEU- 6  electron  multiplier  
to  detect electron  emission  and  a  FEU- 142  
solar- blind  photomultiplier  (Russia)  
sensitive  in  the  spectral range  of  112 - 365  
nm  to  detect  the  luminescence.  The  setup  
allows  linear  heating  of  samples in  region  
300- 800  K  with  0.1- 1.0  K/s  rate.  The  
measurements  of  TSEE  were  performed  in 
vacuum  of  ~10 - 5Torr. 

The  achievement  of  a  low  degree  of  
heating  in  crystalls  TSEE  glow  curves 
measurement  has  been  difficult  during 
irradiation.  Actually,  high - energy  electron 
irradiation  (10  MeV)  followed  by  intense  

heating  of  the  single  crystal ,  which prevents  to  extract  dosimetric  information. Consequently  
dosimetric  information,  the accumulation  are  related  to  lowtemperature  TSEE  glow  curves  under  the 
100- 150oC  perhaps  decreased  due  to heating. 

Thereby,  a  special  device  enables measurement  TSEE  glow  curves  of NaF:1Li  single  crystals  at  
a  predetermined temperature  under  the  influence  of  highenergy  electron  beam.  A  comparative analysis  
TSEE  glow  curves  produced  usual  conditions  and  cooling  of  the  crystals  during irradiation.  Revealed  
new  glow  curves   in  the  low  temperature  mode,  which  promises  to  be functional  stability  of TSEE- 
detectors  at high - energy  and high - dose  electron  beam. 

Keywords: thermally  stimulated  exoemission ,  sodium  fluoride  crystals,            ultra- high  dose 
irradiation,  dosimetric  materials,  high - energy   electron  beam. 
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In the EPR spectrum of X-ray crystals of LiNaSO4, taken at room temperature, seven lines of different 
intensity are observed, which are conventionally designated as lines A1-4, B1,2  and C. Line C, whose half-
width is 1 mT, is a superposition of several lines. With a decrease in the temperature of temperature 
investigation of liquid nitrogen, line C narrows so much that instead of a single line, three lines are observed: 
D1,2 and C. The half-width of the C line at the temperature of liquid nitrogen is only 0.3 mT. In addition to 
these lines, an isotropic line E was observed with a g-factor value of 2.0204 and lines conventionally 
designated A5.6. 

                                                      
The EPR spectra of irradiated LiNaSO4 crystals taken at a liquid nitrogen temperature in the «сa» plane, when the «c» axis is 30° 

with the direction of the external field (ca) and LiNaSO4-Cr3 + with В||с (б). 

The intense isotropic line C was ascribed to the radical ion SO3
-
. Lines conventionally designated by the 

letter D1,2 are caused by the radical ion O3
-. Lines B1,2 are related to the ion radical SO2

-
, and lines A1-6 to the 

ion radical SO4
- [1]. 

To determine the influence of impurity on formation of radical ions in irradiated LiNaSO4 crystals, 
LiNaSO4 crystals with an admixture of trivalent chromium were studied. The EPR spectrum of a LiNaSO4-

Cr3
+ crystal irradiated with X-ray radiation is shown in Fig. As in the irradiated, unbranched LiNaSO4 crystal, 

paramagnetic ion radicals SO4
-
, SO3

-, SO2
- are formed in the LiNaSO4-Cr3

+ crystal under the action of X-ray 
irradiation, the EPR lines of which are located near the signal from the DPPH standard on the side of low 
magnetic fields, but no centers, giving an isotropic line E with g = 2.0204 in a pure crystal. 

The differences observed in the EPR spectra of pure and with an admixture of trivalent chromium of 
LiNaSO4 crystals are due to the following reasons: 

1. The isotropic E line observed in EPR spectra of pure crystals with a g- factor of 2.0204 can 
be due to the ion radicals SO4

- with cubic symmetry. 
2. The introduction of impurity in the composition of LiNaSO4 crystal leads to structural 

changes in the crystal, which disrupts the formation of SO4
-   ion radicals with cubic symmetry.  
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Lithium fluoride crystals activated by uranium are promising but poorly studied scintillation materials 

[1-4]. The crystals efficiently excited luminescence under the influence of hard radiation fluxes. The position 
of the luminescence maximum depends on the concentration of uranium, the presence of oxygen, hydroxyl, 
and growing conditions as a modifier. 

Decay kinetics in all the crystals studied in three main bands multicomponent luminescence. In all 
crystals, the main attenuation component has a value in the range 40-70 μs. The long-term component makes 
a small contribution to the luminescence sum of light. A certain difference in the kinetic curve of damping in 
a LiF + 0.05% U + 0.5 mol% OH crystal is explained by the overlap of all bands of the spectrum in this 
crystal. 

Crystals of lithium fluoride, activated by uranium, with injected coactivators can highly efficient 
conversion of radiation energy into light in the visible range of the spectrum. Therefore, a lithium fluoride-
based scintillator can be used to detect low-intensity radiation fluxes. 

 
Fig.1. 1 - LiF + 0,05% U + 2,0mol% OH, 2 - LiF + 0,05% U, 3 - LiF + 0,005% U, 4 - LiF + 0,05% U + 0,5mol% OH crystals 

cathodoluminescence decay kinetics. 
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The AlxGa1-xN films with high Si dopant concentration more than 1020 cm-3 grown by molecular beam 
epitaxy on sapphire substrates with AlN buffer film have attracted considerable interest for the creation of 
broadband light sources in the blue-green region of the spectrum. Time-resolved photoluminescence 
spectroscopy was employed to study the mechanism of the donor-acceptor pair transitions, which are the 
main mechanism of effective luminescence in the AlxGa1-xN/AlN/Al2O3 structures with Al mole fraction x 
from 0.56 to 1 under action of Nd:YAG (λ = 266 nm, pulse duration L = 8 ns, repetition frequency 10 Hz) 
laser radiation and electron beam (20 keV, IEB up to 100A, I  20…100 ns). 

Some experimental results presented in the figure demonstrate complex pictures of the temporal 
behaviors of the intensity of amplified spontaneous emission from the investigated samples. The first 
approximation of the curves behavior is described by the sum of two exponential dependences with 
characteristic time as τf (the fast decay time) and τs (the slow decay time). These obtained data define 
significant characteristics of active media: the probabilities, cross-sections and others for optical transitions 
in the AlxGa1-xN films. Experimental results shows that the fast decay times τf decreases as a function of the 
pump power density P (see Fig.8). It follows that the pump power density has a considerable influence on 
the of donor-acceptor pair transitions. When the pump power density P is reduced to zero, then τf approaches 
the spontaneous decay time τs, which are differ for the various structures. For example, the obtained values 
are τs ≈ 90 ns and τs ≈ 40 ns for the Al0.74Ga0.26N and Al0.65Ga0.35N structures respectively. The experimental 
results are discussed by the proposed model for the interaction of powerful radiation with donor and acceptor 
centers in theAlxGa1-xN films. 

 

Fig. 1. Pumping power density P (MW/cm2). 

                                                      
1 This work was supported by Russian Foundation for Basic Research (grants no. 16-02-00018). 
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The investigation of the luminescent characteristics of materials is important for the creation of 

effective optoelectronic devices and systems. An experimental study of the optical properties of materials is 
of considerable interest for understanding the structural state features and predicting the properties of new 
functional materials. The introduction of various dopants into the original matrix of the material also leads to 
a significant change in the luminescent properties of the material, and, accordingly, changes in luminescence 
characteristics, which will be determined by the concentration of dopant in the volume of the original matrix 
[1-2]. Oxide systems with various dopants currently have promising applications in the form of ceramics. 

Ceramics was manufactured in multistage synthesis. Porous matrices were produced by cold static 
pressing under pressure 0.7 GPa from high purity (99.5 %) commercial nanopowder α-Al 2O3 with the 
particle size of 10–100 nm.. Before doping the compacts will be tempered at 450°C for 2 hours. To obtain 
the impure ceramics the porous matrices will be impregnated in the solutions of manganese nitrate solutions 
of different concentration of Mn (0,2 wt. % and 18 wt. % in solution). The ceramics with impurity 
luminescent centers was sintered at temperature 16000С and duration 2 hours in a vacuum (0,013 Pa) using 
high-temperature vacuum electric furnace SNVE 9/18. Part of samples was sintered in the presence of 
carbon, using high-purity graphite rods (20 g) to create oxygen-deficient ceramics. 

Pulsed cathodoluminescence (PCL) was measured by spectrometer "KLAVI" in the spectral region 
(300-700) nm at excitation of an electron beam with the pulse duration of 2 ns, the average energy of 
electron 130±10 keV, current density of 60 A/cm 2 . Termoluminescence (TL) measurements will be 
performed by the dosimetry system "Grey" using the standard method from 300 to 670 K in linear heating 
mode with the rate of 2 K /s by photomultiplier HAMAMATSU Photonics (Japan) 10722 H. The electron-
beam gun with dose 1.5 kGy per one pulse was be used to excite TL in ceramic samples.  

   
Fig. 1. TL curves (a) and PCL spectra (b) of alumina ceramics with manganese 0,2 wt. % (1) and 18 wt. % (2) exposed by electron 

beam irradiation with the doses 30 kGy. Solid line is curve of ceramic sintered without carbon and dash line – in presence of carbon.  

The TL curves (fig.1a) and PLC spectra (fig.1b) show that multistage synthesis leads to the formation 
of luminescent centers in ceramics: intrinsic centers of Al2O3 (T = 450 K and λ = 440 nm), doped centers Mn 
(λ = 676 nm) and impurity centers present in the initial powder with small concentrations – Cr (λ = 693 nm) 
and Mg (λ = 540 nm). Unidentifiable, according to the literature, bands at 380 K and 580 K (fig.1a) and the 
band in the 420 nm (fig.1b) can be associated with complex aggregate centers as intrinsic defects obtained as 
a result of annealing in the presence of carbon and impurity centers.  
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In recent years, there is growing interest in hybrid associates of colloidal quantum dots (QDs) with 

organic molecules. It is associated with perspective of their use for various applications. The exchange of 
electronic excitations between components, providing the enhancement of existing optical properties, or the 
formation of new ones is the primary process that determines the perspective of their effective using. Several 
basic mechanisms for the exchange of excitations are considered. Identification of the dominant excitation 
transmission channel in associates requires detailed finding in each specific case. The exchange of electronic 
excitations between components of hybrid associates can also be manifested in nonlinear optical properties. 
However, there is no systematic data on this kind of manifestations in the literature. 

This work is devoted to the study of spectral, kinetic and nonlinear optical regularities of Ag2S QDs 
(1.7 ± 1.8 nm) in gelatin, conjugated with molecules of thiazine dyes (methylene blue (MB+) and thionine 
(TH+)). The concentration of dyes in a mixture with Ag2S QDs was 10-2 and 10-1 mole of dye/mole of Ag2S 
QDs (fuser mole fraction or m.f.). The study was realized by absorption and luminescence techniques. 

The spectral manifestation of the interaction of Ag2S QDs with TH+ molecules is gown with a slight 
hypsochromic shift of monomeric absorption peak. The increase in the concentration of e dye in the mixture 
leads to the formation of dimers. For the case of association of QDs with MB+ molecules, the bathochromic 
shift of the main absorption peak is insignificant. And, at high dye concentrations, H-aggregates are formed 
in the mixture. Significant manifestations of interaction in hybrid associates were observed in the 
luminescent properties of mixtures under excitation by 532 nm and 660 nm. This radiation located both in 
the region of light absorption by dyes and excitation of the luminescence centers of Ag2S QDs. 

In the case of a hybrid association of QDs with TH+ molecules, the luminescence intensity in the QD 
peak is repeatedly increased. And in the case of mixtures of QDs with MB+ molecules, the practically 
completely quenching intensity of QD luminescence is observed. 

Kinetic regularities of the luminescence decay process in the dye luminescence peak were also studied. 
Conjugation of TH+ dye with Ag2S QDs leads to an speed-up of the kinetics of luminescence decay. The 
decrease in the average lifetime of TH+ luminescence in the case of hybrid association with Ag2S QDs shows 
a resonance nonradiative transfer of excitation energy from TH+ molecules to the centers of recombination 
luminescence in Ag2S QDs. Analysis of the decay curves made it possible to estimate the average lifetime. 
At a wavelength of 630 nm for the dye in gelatin it is 2.29 ± 0.16 ns and for associates it is 1.35 ± 0.12 ns. In 
the case of association of QD with MB+ there is no noticeable time changes for MB+ molecules. It indirectly 
confirms the possibility of exchanging of electronic excitations with QDs due to charge transfer over times 
of the order of 10-12 s. 

The found regularities of luminescence are provided by the processes of exchange of electronic 
excitations between components of associate. They are determined by location of HOMO-LUMO levels of 
organic component in relation to the quantization levels of quantum dots. Multiple amplification of IR 
luminescence of Ag2S QDs, conjugated with TH+ molecules is provided by resonant nonradiative electron 
excitation transfer. The degradation of IR luminescence of Ag2S QDs, associated with MB+ is provided due 
to the photoprocess accompanied by electron and hole transfer between components of hybrid associate. 

The obtained data could be compared with the manifestation of optical nonlinearities, observed at a 
wavelength of 532 nm, using the Z-scan method. For associates of colloidal Ag2S QDs with MB+, a new 
nonlinear optical property has been found. It is self-focusing, which is not characteristic to the components 
separately. It is due to hybrid association and transfer of charge carriers between associate components. For 
hybrid associates of colloidal Ag2S QDs and TH+ , a new property has also been found. It is a self-
defocusing, which is significant in comparison with the thermal lens in QDs.  

 

                                                      
1 The study was carried out at the expense of the grant of the Russian Science Fund (project No. 17-72-10225) 
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Low-symmetry metal oxides such as BeO have a wide range of possible applications from 

microelectronics to catalysis and non-linear optics. Modeling of their surfaces and adjacent area is of great 
theoretical and practical interest.  

Our theoretical study aimed for better understanding of exciton-based channel of electronic excitations 
relaxation in subsurface layers of beryllium oxide.  

Possible self-trapped exciton (STE) configurations in a bulk beryllia single crystal and thin film cut 
from it have been investigated by using a quantum mechanical approach (Hartree-Fock and B3LYP HF-DFT 
hybrid functional, as implemented in the CRYSTAL09 code). B3LYP DFT functional with 30% of exact 
exchange was used (B3LYP30). All calculations were performed using periodic boundary conditions and full 
SC geometry relaxation.  

Slab model of CRYSTAL09 was used to describe a surface. The lattice distortion and charge density 
distribution for considered defect were obtained. The dependence of luminescence center stability on number 
of film atomic layers and distance from surface was investigated. STE luminescence energy was calculated 
for all discussed configurations.  
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Al 2O3 is widely used in a wide range of human technology. Application of aluminum oxide in radiation 

measurement and electronic industry is of particular interest especially as to processes and phenomena occur 
at the interface between a bulk crystal and the environment.  

Presented work is mainly devoted to better understanding of exciton-based channel of electronic 
excitations relaxation in subsurface layers of alumina.  

Possible self-trapped exciton (STE) configurations in a thin alumina films and Al2O3 single crystal have 
been investigated by using a quantum mechanical Hartree-Fock and B3LYP HF-DFT hybrid functional 
approach, as implemented in the CRYSTAL09 code. B3LYP DFT functional with 30% of exact exchange 
was used (B3LYP30). All calculations were performed using periodic boundary conditions and full geometry 
relaxation of supercell. 

Slab model of CRYSTAL09 was used to describe a surface. The lattice distortion and charge density 
distribution for considered defects were obtained. The dependence of luminescence center stability on 
number of film atomic layers and distance from surface was investigated. Luminescence energy was 
calculated for all discussed defect configurations.  
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 It is known that metallic conductors explode under a strong energetic impact (j = 1012 ... 1013 A / m2). 
In the present paper it has been shown experimentally that the intensity of the electronic (electrical) effect on 
the conductor can be reduced by more than 1000 times and the cold metal (T < 460 K) will be exploded at jc 
= (1.32 ... 8.04) × 109 A / m2 for Sn, W, Ti, Cu, Ni and Al, respectively. In the same time the imbalance 
energy, that must be transferred to quasi free electrons in the conductor (from an external power supply), is E 
= 0.004 (W) ... 0.051 (Al) eV / atom, respectively. While cohesive energy of the corresponded metals is Ес = 
8.66…3.34 eV / atom [1]. 
 It is known that the metal explodes (instantly evaporates) upon impact, as an example is the 
explosion of iron or nickel meteorite when it meet the Earth's surface at a velocity of ~ 4000 m / s. It has 
been shown experimentally that when a projectile strikes a steel target in a projectile an electronic pulse 
appears (like an electric current pulse), even at a strike speed of ~120 m / s. [2]. If the velocity is increased 
up to 750 ... 1500 m / s, the lead projectile explodes (instantly turns into steam). For this solid phase 
transition, an imbalance energy E = 0.020 ... 0.057 eV / atom is required, which is much less than the energy 
Ec = 2.04 eV / atom of this metal [3]. The negative acceleration of the projectile is a = – (5 ... 10) ‧106 m / s2 
in all cases. 
 It has been shown experimentally that a bismuth projectile at a meeting velocity with a steel target of 
~ 1200 m / s gives small amount of Pt and B in the film products of the impact of the projectile. In addition, 
in the dust products of the same explosion, we found the emission of some single ejections of alpha particles 
with energy of about 8 MeV. We believe that both factors point to a possible process of transmutation of 
bismuth nuclei as a result of a mechanical shock [4]. To confirm the fact of impact transmutation of bismuth 
nuclei, additional diagnostics of Pt and B elements is necessary with the help of mass spectral analysis. 
 We believe that the electron streams arising as result of impulse an electric or inertial field inside the 
metal can destroy not only the crystal structure of the metal, but also the atomic nucleus of an element such 
as bismuth. 
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 It is shown that in an ordinary incandescent lamp (Fig.1a), an electric explosion of a tungsten wire 5 
having a diameter of ~ 40 μm induce the instantaneous “liquefaction” of a series-connected nickel wire 1, 7 
with a diameter of 0.5 mm. This effect we called an electronic ricochet. The medium of its propagation is 
almost free electrons, which divert the ricochet away from the site of the explosion [1]. 
 

 
a 

 
b 

Fig. 1. The electronic ricochet of the W wire explosion (a) in section 5 (T ≈ 1500 K) squeezes out metal droplets (b) from the 
cold Ni hook (T ≈ 740 K) in zone 1: 1, 2, 4, 7 — Ni hook; 3 – Mo loop; 6 — the hottest cross-section of the W wire bispiral (T 

≈ 2200 K); magnification of 0.5 mm per large division (b) [1] 
 
 Electronic ricochet is a rare phenomenon. It occurs in one of 70 ... 80 lamps with a power of 75 ... 
150 W, burnt out at the time of inclusion in the electrical circuit.   
 Nickel becomes fluid within the solid crystalline metal and leaves its surface for a different reason 
than ordinary melting. What energy made Ni flowable or “liquefied”, if the electrical energy passing through 
the hook-conductor is completely inadequate for its melting? The answer to this question is related to the 
quantum nature of the mechanism of disturbance transport in an electron gas in a metal [1, 3]. In this report, 
this mechanism is called an electronic ricochet. 
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The structure of disordered condensed medium is determined mainly by the parameters of short-range 

order, which characterized by the number of nearest neighbors (the first coordination number 1 ), the 
average distance to the nearest neighbors (the radius of the first coordination sphere 1R ), the atomic packing 
factor  , and the energy of pair interaction between the particles 0 . Clusters in the structure of disordered 
medium are formed mainly from particles of the first coordination sphere, and as a result of density 
fluctuations in the medium, the distribution of clusters is determined by the number of particles in their 
composition, which can be described by the mathematical distribution of Erlang [1] 
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The most probable number of particles in the cluster corresponds to the maximum value of the function 
 f Z  and is given by 
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where  –  the reduced to the critical density of the medium. 
The interaction between the particles is described by a pair power potential Mi with the effective depth 

of the potential well, considering the interaction of all cluster particles [1, 2] 
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Where  ˆ(ln ) / 2x   – the structural parameter of the cluster, 0  –  the depth of the potential well of the 
pair interaction potential, and T – the temperature. 

The cluster radius is determined by the number of particles in its structure and is calculated by the 
formula 

 1
ˆ

ClustR R   , (4) 
The particle packing ratio in the cluster system is 
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The proposed model of the structure of disordered condensed medium and the system of basic relations 
of the model (1) - (5) make possible to calculate the cluster component of the total entropy and the isochoric 
heat capacity of the substance, predict the acoustic properties of the medium and determine the structural 
properties of the most probable cluster in the structure disordered condensed medium. With the proposed 
model specific clusters  can be identified - Fibonacci clusters connected with the formation of "magic" 
cluster. 
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THE INFLUENCE OF RESIDUAL POROSITY ON OPRTICAL OPTICAL PROPERTIES OF 

RDX-AL NANOPARTICLES’ COMPOSITES
1
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When a composite is prepared by pressing the pores could remain in its volume that are able to scatter 
light influencing the optic properties. The concentration and radii of pores depend on the mechanical 
properties of the matrix and its preparation procedure. The problem of light scattering by the matrix is 
evident in the case if slightly pressed samples [1]. Thus one faces the existence of two simultaneous sources 
of light-scattering that are pores and metal nanoparticles some part of that is able to occupy pores. This 
problem could arise, probably, in the case of composites 1,3,5-trinitro-1,3,5-triazinane (RDX) – metal 
nanoparticles, because the it is pressed badly. The aim of the present work was to calculate the optical 
properties of composites based on RDX containing aluminum nanoparticles taking into account the residual 
porosity.  

We modelled optical properties of composites assuming Rayleigh distribution of spherical pores’ 
radius. The dispersion of the distribution and overall concentration were varied. It was assumed that the 
nanoparticles of aluminum are distributed over pores regardless their concentration. We neglected the 
possibility of two nanoparticles’ occurrence in one pore. The optical properties of metal nanoparticles in 
pores were modelled in terms of Aden and Kerker theory believing that the nanoparticle and surrounding 
pore could be considered as two concentric spheres. If the concentration of nanoparticles was higher than 
that of pores the optical properties of the excess were calculated in terms of Mie theory. The calculations 
were done at four wavelengths 532, 632.8, 808, and 1064 nm. The linear attenuation and scattering 
coefficients as well as scattering phase function were calculated for every combination of parameters. Then 
the radiative transport equation in the monochrome case was solved in a slab with Fresnel boundaries using 
the spherical harmonics approach. The peculiarities of the procedure are considered in [2].  

In the case of composites without aluminum nanoparticles the linear attenuation coefficient increases 
with parameter S of the distribution rising as Sn, where n<6. The anisotropy of the phase function is positive 
in the range of low S becoming negative in the case of high S. At the wavelength 632.8 nm the sign change 
of the scattering anisotropy occurs at S=47 nm. The reflectance of the composites with 0.1 cm slab thickness 
rises, when S increases or wavelength decreases.  

The aluminum nanoparticles’ addition leads to a number of effects depending of their radius R and 
pores’ distribution parameter S. In the case S>R the addition makes the pores’ filling, thus their absorption 
increases. In the point of pores’ and aluminum nanoparticles’ concentration equality the effective attenuation 
coefficient estimated as the slope of transmittance logarithm dependence on the aluminum concentration. In 
the case S<R a minimum is observed at the point of concentration equality.  
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The probability of 1,1-diamino-2,2-dinitroethylene (DADNE) polycrystals detonation was measured at 

the varied energy density of the electron beam. Polycrystals were obtained by pressing the powder in a 
copper plate holder 1 mm thick with a hole diameter 3 mm. The samples were pressed up to the density of 
1.7±0,03 g/cm3. The density control was performed by weighing the holder copper plate before and after 
pressing and controlling the dimensions of the sample. When attempts are made to achieve the density values 
corresponding to the DADNE single crystal of 1.878 g/cm-3 [1], the holder copper plate was deformed. The 
samples were not transparent having typical yellow color. 

The source of the initiation was an electron accelerator based on the Arkad'ev-Marx pulse voltage 
generator, with effective electron energy of 0.24 MeV, pulse duration of up to 20 ns, and the energy density 
of up to 25 J/cm2. The distribution of the electron flow density impinging on the sample was close to 
homogeneous. The measurement of the energy density supplied to the sample was carried out by the 
calorimetric method, see [2] for more details. The resulting calibration curve is shown in fig. 1. The 
configuration of the diode was selected in such a way that the diameter of the e-beam on the sample was 
2.5 mm, the beam size was controlled by an imprint on a copper plate (or by an imprint on photographic 
paper), installed in the sample’s location. 

     
Fig. 1. Dependence of the energy density of the electron 

accelerator beam on the distance between the anode and the 
sample 

Fig. 2. Dependence of an explosive decomposition of a 
DADNE polycrystals on the energy density upon initiation by 

e-beam. 

The detonation probabilities of the DADNE polycrystals depending on the e-beam energy density were 
measured. The energy density supplied to the sample was set on the basis of the calibration curve (fig. 1) and 
the specified distance anode-sample. For each energy density, N=10 samples were used and the probability 
of explosion was determined P=n/N (where: n – number of exploded samples, N – number of samples). 
Based on the results we built the dependence shown in fig. 2. 

As can be seen from the graph, it is not possible to achieve a 100% probability of detonation using this 
electron accelerator. Based on the available results, it is possible to construct a curve describing the 
probability of explosive decomposition of the samples and determine the value of the critical energy density 
of the electron beam corresponding to 50% of the probability of triggering the reaction leading to detonation 
Hcr=19,5 J/cm2. With a similar configuration of the vacuum diode, the value for the PETN Hcr=14,5 J/cm2 
[2], for the RDX Hcr=15 J/cm2 [3]. 
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Remote sensing methods of explosive decomposition initiation (for example, by laser pulse) is a 

perspective method to use instead of electric initiation methods. The main practical purpose is to improve 
safety of using of explosives, reduce environmental risks and minimize probability of technological disasters. 
This requires the development of explosive compounds selectively sensitive to the laser pulse, based on 
secondary explosives and light-absorbing nanoparticles. It was managed to reduce initiating critical energy 
density of pentaerythritol tetranitrate (PETN) – metal nanoparticles [1] more than in 100 times in case of 
neodymium laser initiation. Experimentally detected significant (in 13 times) influence of oxide shell of 
aluminum nanoparticle on the critical energy density [2], however, the required changes on the model were 
not made. The aim of this work is to modernize the micro hot-spot model of explosion decomposition taking 
account optical and thermal properties of dielectric shell. The tasks are to modernize the micro hot-spot 
model of explosion decomposition [1] taking into account the transparent dielectric shell of nanoparticle, 
which physical properties (complex refractive index, the coefficient of thermal conductivity) differ 
significantly from the properties of the material of nanoparticle nucleus; to calculate the efficiency factors of 
absorption and scattering of nanoparticles with the structure of the metal core – dielectric shell; to calculate 
the dependence of the critical energy density on the radius of the metal core at different thicknesses of the 
dielectric shell. Testing of the model is going to be done for the practically important composite PETN-
aluminum nanoparticles, for which the dependence of the critical energy density of pressed tablets on the 
mass fraction of aluminum oxide was measured [2]. 

Model includes [1] 
- calculation of the absorption efficiency factor, taking into account the loss of laser beam energy on the 

way from the radiation source to the nanoparticle (including reflection from the tablet and absorption in it), 
and increasing of illumination inside the sample because of the multiple scattering on the sample boundaries 
and nanoparticles; 

- estimation of heating of nanoparticles by laser pulse, conductive heat transfer with heating of the 
PETN layer, heat release due to chemical decomposition of PETN with the possible initiation of reaction of 
explosive decomposition. 

Influence of oxide shell on the optical properties of the aluminum nanoparticles was studied in terms of 
Aden-Kerker and Mie’s theory for the spherical particle. Modeling methods and particularities of calculation 
of the optical properties of spherical particles with the structure of the metal core – dielectric shell are 
described in [3]. Because of the oxide shell there is one more boundary condition for the equality of heat 
flows. Influence of oxide shell affects both the values of the critical energy density and the kinetic 
regularities of the reaction transition to self-accelerating mode. The results were analyzed and compared with 
the experiment. The research show not only qualitative but also quantitative description of the existing 
experimental dependences of initiation of explosive decomposition of pressed tablets of PETN – aluminum 
nanoparticles, covered by shell of aluminum oxide. The results of the work are necessary to optimize the 
composition of the optical detonator capsule. 
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Underground coal fires are a serious problem, impeding the production of mineral raw materials, 
leading to the destruction of coal deposits, huge uncontrolled release of toxic gaseous products, carbon black 
and greenhouse gases. Due to the loss of the formation, underground coal fires also cause the land 
subsidence and the destruction of surface rocks and buildings, which poses a direct threat to people and 
equipment working near the fire. In order to minimize the losses a program of studies was developed. It 
includes simulation of initiation process of endogenous fire, calculation of temperature fields on the surface, 
analysis of images derived from unmanned aerial vehicle, mobile determination of probability of occurrence 
and existence of endogenous fire. The aim of this work is to formulate the kinetic model of coal spontaneous 
combustion in coal storage. 

Numerical simulation of spontaneous combustion widely covered in the literature. The studying objects 
are mostly often individual particles of coal in the field of physical effects. Works [1-3] are devoted to 
temperature fields’ evolution in a center of spontaneous combustion of coal in a stack, based on the 

assessments the recommendations to prevent spontaneous combustion of produced coal were proposed. We 
take into account the main processes discussed in [1-3] complementing them by the properties of real coal of 
different rank, used in coal warehouses of thermal power plants (fat and anthracite) and coking plant 
(coking), considering humidity, content and composition of mineral impurities, physical characteristics of 
volatile substances. Dependences of the critical energy density of the heart of coal self-accelerating 
combustion on the stack capacities, and parameters mentioned above. The obtained results were analyzed. It 
was shown that the main parameters of coal are humidity and content and composition of mineral impurities, 
they define the parameters of self-ignition (critical temperature for a given layer thickness). 
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The laser initiation thresholds (Hcr) of pentaerythritol tetranitrate (PETN) explosion were measured as 

functions of aluminum ultrafine particles inclusions’ (average diameter 100 nm) content when a static 

pressure in the range 0 – 300 MPa was applied to the sample. The neodymium laser operating on the main 
harmonics with pulse duration 14 ns was used as the initiation source.  

When the pressure is not applied to the covering the sample glass plate, the minimal critical energy 
density is Hcr = 0.7 J/cm2 at the ultrafine aluminum particles content 0.2 wt % (fig. 1, curve 1). If the static 
pressure of about 20 MPa is applied to the covering glass plate without the pressure transmission to the 
sample, the gas-dynamical relaxation is blocked. As a consequence, the critical energy density of laser 
initiation decreases down to Hcr = 0.3 J/cm2 (fig.1, curve 2).  

If the pressure is applied to the covering glass plate with transferring it to the sample, we observed the 
monotonic decreasing in the critical energy density of explosion initiation. More over the increasing of the 
aluminum ultrafine particles content leads to critical energy density monotonic decreasing (fig. 1, curve 3). 
The minimal initiation threshold achieved at the external pressure P about 300 MPa is Hcr = 50 mJ/cm2, 
which is about an order of magnitude higher than that of primary explosives. At this pressure the difference 
between the samples containing ultrafine aluminum particles and without them vanishes almost.  
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Fig.1. Experimental dependence of critical energy density Hcr on the weight percentage of Al ultrafine particles at different external 

pressures: the pressure is not applied (1), the pressure on the glass plate is 20 MPa (2) and 300 MPa (3). 

We suggest as a possible interpretation of the results the following qualitative model. The direct 
pressure application to the sample blocks the gas-dynamical relaxation, but generates some structure defects 
at the same time. These defects could be responsible for the reaction initiation. At the pressure about 300 
MPa the quantity of such centers could be higher than that formed by the aluminum ultrafine particles’ 

inclusions. In such conditions Hcr is determined by the formed defects accounting for the reactivity of the 
substance. These centers could be dislocations or grain boundaries [2,3]. 
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The effect of copper oxide film reduction on the reaction on the initiation of PETN was considered. 
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with the corresponding initial and boundary conditions. Here T1, T2, T3 are the temperatures of the glass, and 
PETN. The remaining notation is standard. The temperature distributions in the three-layer system (glass–
CuO film–PETN), the degree of reduction of the CuO film (η2), and the decomposition of PETN (η3) on the 
film thickness were calculated. It is shown that the thinner the film, the less the degree of film reduction and 
the decomposition of PETN. 

 

Fig. 1. The dependence of dynamic delay time of PETN initiation by laser pulse: line – calculation; ■ – experiment. 

Figure 1 shows the results of calculations and experiments on the dynamic delay time (t*) of initiation 
of PETN by a laser pulse [1]. The delay time t* and the critical energy density of a rectangular laser pulse are 
related by the expression: W* = t*I0, where I0 is the intensity of the laser pulse. As can be seen from Fig. 1, 
taking into account the endothermic reaction of CuO film reduction in the mathematical model [1] leads to a 
better description of the experimental data. It should be noted that the burnout practically does not affect the 
threshold of PETN initiation. 
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This paper analyzes the ignition and propagation of the combustion front during TiC synthesis [1] by 

the classical SHS process in a two dimensional polar coordinate system from a mathematical and numerical 
point of vue. A reaction-diffusion equation expresses the heat transfer inside the material and takes into 
account the exothermic synthesis Ti+C→TiC in the solid phase which is described by a differential equation. 

The main results of the study are 
1. A priori L2 norm estimates and continuous maximum principle for both temperature and conversion 

rate in an adequate linear space, which leads to the existence and uniqueness of the linearized 
problem’s solution. 

2. Analysis of a discrete L2 norm for the temperature, in the case of a time-explicit finite-volume 
scheme. Error estimate for the time-implicit scheme was established in [2], and a discrete maximum 
principle reported in [3],[4] for time-implicit in a general geometry and time-explicit in 2D 
cylindrical geometry. 

3. Performance obtained by the numerical software on an Intel quad-core cpu after comparing the 
efficiency of several compilers [5]. 

4. Parametric study of synthesis ignition and ending’s time is shown on Fig 1. Other geometries were 
investigated in [2],[4],[5].  

   
Fig. 1. Evolution of the ending time during TiC combustion synthesis of an infinite cylinder with radius 1cm, as a function of the 

angular sector upon which the radiative heat supply is applied and snapshot of a two-dimensional temperature profile.  
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This paper presents the outcomes of research how the electromagnetic fields effects on the reactivity of 

energy-saturated materials. The question of the influence of weak electric and magnetic fields on chemical 
reactions arose in connection with the fact that all real processes occur in the magnetic and electric fields of 
the Earth and, in addition, can be influenced by artificially induced electromagnetic fields. Specificity of this 
type of exposure on explosive materials is the possibility of exciting rapid processes in them, which can 
cause fires and explosions. In this connection, the question arises of the development of effective methods 
for controlling the reactivity and stability of these materials. The results of this study are of direct scientific 
importance, namely: they will allow modeling various physicochemical properties of energy-saturated 
materials and the processes taking place in them under the influence of electromagnetic fields, what in future 
will serve as the basis for obtaining new competitive materials, operating under conditions of individual or 
combined action of electromagnetic fields. Considering that energy-saturated materials form the basis of the 
country's defense potential, the results of this study are relevant. 

The azides of heavy metals (crystals of silver azide and lead azide), which are the most studied energy-
saturated materials, representatives of the class of initiating explosives, were chosen as model objects. 
Earlier, in our studies, we found that the reactivity of silver azide crystals can be effectively controlled by a 
non-contact electric field [1-3]. This work is one of the few attempts in the domestic practice to study the 
effect of energetically weak electric (up to 10-3 V/m) and magnetic (up to 0.00001 T) fields on the rate of 
chemical reactions. As a factor initiating explosive decomposition a constant contact electric field was used 
with the intensity 300 KV/m, also as a factor initiating the explosive decomposition was used by 200 μs to 20 
ms pulse with 1070 nm wavelength (energy in the pulse up to 20 J), generated by the ytterbium quasi-
continuous fiber laser. Slow decomposition in azide crystals was initiated by UV irradiation in the intrinsic 
absorption region (365 nm). 

The conditions and procedures for the crystallization of azides of silver and lead in electric and 
magnetic fields have been optimized to achieve the maximum level of practically actual properties, namely, 
their stability in long-term storage. Methods for modeling the defect structure of crystals of silver azide and 
lead azide using electric and magnetic fields have been developed. Samples with different dislocation 
densities and impurity concentrations, with different reactivity to the indicated energy effects were obtained. 

The experimental studies of the transition of a slow decomposition to an explosive decomposition in 
electromagnetic fields of different intensities made it possible to propose a model for the transition of a slow 
decomposition into an explosive one in azides of silver and lead: injection of the main charge carriers 
(holes); the development of reaction in the reaction regions formed by edge dislocations and the Cottrell 
atmosphere in the near-surface region of the crystal at a depth of not more than 5 μm; generation of 
dislocations with the formation of new reaction regions; development of a chain chemical reaction in new 
reaction regions. 

The influence of energetically weak electromagnetic fields on the rate of the solid-phase reaction in 
silver and lead azides is studied. The electromagnetic field seems to be relevant only for the change in 
electron density in atoms provided. The weak (below 10-2 V/m) contactless electric field influences on the 
rate of chemical reaction due to the electron density of reacting particles drifting along the vector of the 
electric field intensity, at the result, overlapping of electron clouds is less probable in the course of chemical 
bound formation. This is experimentally confirmed by a decrease in the explosive sensitivity of the materials 
under investigation in a weak electromagnetic field. Shown that super weak electric and magnetic fields can be 
considered as an "inhibitor" of the chemical reaction, and, consequently, as a tool for controlling the stability and 
reactivity of energy-saturated materials. 
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An application of the industrial waste as a secondary fuel becomes more and more popular nowadays. 

However, the physical and chemical properties of these wastes mostly make them inappropriate for 
traditional techniques of combustion [1]. The set of the fuel conversion techniques (mostly based on 
pyrolysis) have been developed in the past. They allow, for example, the usage of the wood for internal 
combustion engine but they fail when one needs to utilize the wastes with high ash content or highly viscose 
liquid compositions. Usage of the coal-oil-water slurry allows utilization of the huge amount of waste but it 
has very low reactivity and, therefore, its ignition is problematic or it requires too fine dispersion of the fuel 
which is non-appropriate for traditional techniques. 

We offer an approach [2,3] which combines ultrafine atomization of the waste-derived fuel with its 
partial gasification under the effect of high-power laser pulses (λ=533 nm, τ=10 ns, E<200mJ). Incoming 
pulse initiates the micro explosion on the fuel droplet surface which makes an ejection of the micro particles 
of coal together with micro droplets of water (30-110 μm). In addition to this, coal matter ablates on the 

irradiated surface producing the combustibles (CO, H2, CH4) due to the decomposition of bound volatiles 
and partial oxidation of the carbon.  

 
Fig. 1. The scheme of an experiment (a) and high-speed photos of the propagation of gas-aerosol cloud (b-d). The green objects are 

ejected perticles and syngas cloud; the trajectory of its center of mass is shown by line with points.  

Our experimental setup allows the visualization of the ejected matter flow as well as gives us an 
information about content of the produced syngas (measured by gas analyzer). The cloud of produced 
aerosol consists of particles which are much smaller than initial size in slurry and it flies for 1 cm from the 
origin. Several laser pulses can atomize up to 2% of fuel droplet weight where the ratio between syngas and 
aerosol is approx. 1:5. This shows an essential potential of presented approach for improvements of the 
ignition of the waste-derived fuel due to the formation of cloud of the ultrafine aerosol with syngas around 
irradiated fuel droplet. Thus, we assume that ignition delay of the composite fuel can be decreased to 
appropriate values making it more attractive. 
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Amorphous Co-based metallic alloys with the Co-phase concentration from 79% to 86% are perspective 
materials of the new generation and they are intensively used in the different areas of the industry and the 
devices with the amorphous metallic details, working in the different electromagnetic fields. The method of 
the passing of the electrical current impulses on amorphous metallic alloys and the basic diagram of the 
experiments have been realized for the carrying of the multicycle electroimpulse fatigue tests. 

The experiments for the axial stretch of the specimens are carried out with the electro-mechanical and 
the static-testing machine Instron-5565 at the traverse speed of the bar equals to 0.1 mm/min. The specimen 
was loaded by the mechanical stress to 100 MPa. Then the stretching process had been stopped and the 
rectangular electrical impulses were passed through the specimen by the discharging of the condenser. The 
impulse-electric generator G5-53 and the electronic impulse counter have been used. The current density (j), 
passing through the specimens, was equal to ~ 108 A/m2. The impulses with the duration τ ~ 250 ms were 

fed. 
In the first experimental series, we stopped the current passing process after the passage of the fixed 

number of the electrical current impulses (N) that had been passed through the specimens. After which, we 
had stretched the specimen to the destruction and we determined the critical stress of investigated specimens. 
In the second experimental series, the specimens had been tested until destruction caused by the influence of 
the electrical current impulses (the number of the electrical current impulses was measured). The specimens’ 

temperature was controlled with the laser pyrometer Testo-845 during the experiments. 
It has been established experimentally that the critical stress of the investigated materials changes at the 

longtime impulse influence. It has been noted approximately that the passage of 2·103 impulses can increase 
the critical stress on 25%. The further increase in the number of the electrical current impulses leads to 
decrease of the critical stress and it changes to the initial value at 103 impulses. This behaviour of the critical 
stress can be related to the change of the structural state of alloys. 

The passage of the electrical impulse current is accompanied by the dump of the mechanical stress 
depending on the number of pulses. This process is related linearly. So, the dump of the mechanical stress is 
equal about to 50 MPa after the passage of 103 impulses. The more number of the electrical impulses is 
passed, the more dump value is observed. It can be caused by the topological ordering of a structure. 

The Young’s modulus of investigated alloys increases at the increase of the impulse number. The 

passage of the electrical current impulses is accompanied by the specimens’ heating that is caused by the 
removal of the local strains and the narrow restructuring. It leads the structure to the more stable state that is 
disrupted by larger stresses. Further increase of cycles’ number or the heat duration leads the structure to the 

crystalline state that activates decrease of the destructive stresses. 
Thus, it has been established experimentally that the electroimpulse influence changes ambiguously the 

alloys’ critical stress due to the increase in impulses’ number. In this case, there is a linear increment of the 
Young’s modulus equals to 10% at the impulses’ number 104. 
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Cluster systems in condensed media (liquids and vapors crystals close to the melting temperature, 

quasicrystals, solid solutions) differ by a great variety, classified by size and composition, internal structure, 
energy characteristics. The Cambridge database contains data on the configurations and energy 
characteristics for various cluster systems.  From the variety of clusters, it is possible to select a special class 
of clusters, called Fibonacci clusters, which differ by a number of characteristics of the composition and 
internal structure. The number of particles in clusters can be random, though, according to the Tsekendorff 
theorem, every integer number can be represented as a sum of numbers from the Fibonacci sequence, 
moreover standing numbers from this series are never used, and the Fibonacci set of numbers is unique. 

Fibonacci clusters are the most probable in the structure of the disordered condensed medium, and the 
number of particles in them coincides with the numbers of the preliminary Fibonacci series: 

0,1,1, 2, 3, 5, 8,13, 21. 34, 55,144, ...nF   ,    0 1 2 2 10, 1, n n nF F F F F F       ,  

 1

lim 1.6180339...n

n
n

F

F


 

 
(1) 

In the space of coordination spheres, the structure of the Fibonacci cluster is a system of concentric 
consecutive coordination spheres, the radii of which are proportional to the square root of the consecutive 
series of Fibonacci numbers: n nR F . The core of such a cluster is a thin or thick "golden" parallelogram 
whose vertices contains atoms (or centers of mass of molecules) that form the dimmers -the bound state of 
two particles of matter. 

The Lindemann fusion criterion of Fibonacci clusters determined by the value of the "golden 
section" 1.6180339...  , does not depend on the nature of the interaction between the particles and amounts 
to 0.136. 

The merging of two Fibonacci clusters can occur according to the scheme: 

 2 2 3n n n n n nF F F F F F       , (2) 
As a result, a cluster, which number of particles is equivalent to a triple Fibonacci number formed, but 

such a cluster is unstable and breaks up into three identical Fibonacci clusters. 
The merging of three or more Fibonacci clusters simultaneously has a small probability, however, it is 

easy to obtain a scheme for implementing such a process by generalizing formula (2) and presenting it in the 
form 

 2 2 4n n n nF F F F    ;    

 2 2 5n n n n nF F F F F       etc.  (3) 
Each of the schemes for the formation of clusters (3) lead to the parameters of the "golden" section, and 

therefore they are the derivatives of a pair collision and the fusion of clusters. 
The proposed model makes possible to explain the appearance of spectral bands in the IR region of the 

spectrum of condensed media, which are due to the formation and decay of cluster Fibonacci systems in the 
structure of matter. 
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An increase in the rate and temperature of coal fuel combustion will lead to significant economies across 

the country. In the present work, laser ignition of a mixture of coal particles with a wide disperse composition 
(from 0.1 to 100 μm) with additions of energy material – pentaerythritol tetranitrate (petn) with a grain size of 
1-2 μm is considered. In experiments, pulsed laser radiation at a wavelength of 1064 nm and a duration of 120 
μs was used. We measured the ignition threshold of samples with different composition of mixtures, including 
petn from 0 to 50% by mass. Under our experimental conditions, the "pure" petn is transparent and does not 
absorb the energy of the laser radiation. It is assumed that when a pulse of laser radiation is applied to the 
sample, first the ignition of the coal particles that ignite the particles of petn occurs, which in turn ignite the 
coal particles. 

The results of measurements showed that the ignition threshold decreases from 2.9 J/cm2 to 2 J/cm2, and 
the burning time of coal particles decreases from ~ 100 ms to 10 ms.  

The flame spectra of the mixtures were measured by a spectrophotochronograph. Spectra are described 
by the Wien law. The temperature of the flame was determined by spectral pyrometry method from the 
measured spectra of the mixtures. It can be seen that the petn addition  increases the burning temperature of 
the sample, i.e. increase fuel efficiency. Even with the addition of 1% of ten, the effect of increasing the 
combustion temperature is observed, although it will be relatively small (~12%), but with large-scale 
application of mixtures as fuel, it has a significant economic effect. 

 
Fig. 1. Dependence of the flame temperature on the concentration of the petn in the sample 
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Coals are minerals that differ in composition for different grades and even for each taken from different 

deposits. Since they play a big role in energetics, it is necessary to study the process of coals ignition using 
various physical methods, in particular, laser radiation, in order to find the most effective conditions for their 
combustion. 

The paper presents the results of a study on laser ignition of lignite (B) and long-flame-gas (DG) coals. 
In experiments, pulsed laser radiation at a wavelength of 1064 nm and a duration of 120 μs was used. Coal 

particles with a wide fractional composition of 0.1 to 100 μm were used. 
It was found that in both coal grades the laser ignition process consists of three consecutive stages having 

a threshold character. For each stage, the ignition thresholds Hcr (critical energy density corresponding to 50% 
of the ignition probability) are determined. The first stage is manifested during the duration of the laser pulse 
at the threshold energy density Hcr

(1) = 0.6 J/cm2 and 0.3 J/cm2 for coals B and DG, respectively. At this stage, 
the emission spectrum, measured by optical pyrometry method, has the character of a glow of a black body 
with a color temperature of 3000 K. In the second stage, coal ignition is observed in the time interval 0.1-2 ms 
at the threshold energy density Hcr

(2) = 1.9 J/cm2 and 1.2 J/cm2 for coals B and DG, respectively. The emission 
spectrum at this stage is not described by Planck's formula and is associated with the heating of coal particles 
as a result of the thermochemical processes in them with the release and ignition of volatile substances. At this 
stage of the investigation, the identification of the emission spectra allows us to assume that the emission of a 
CO flame and excited H2 and H2O molecules can contribute to the emission intensity [1, 2]. To test this 
interpretation, we conducted a mass-spectrometric study of volatile matter released from lignite under laser 
action using the SRS QMS-300 gas analyzer. The following products were found: CO2, H2, H2O, CO [3]. It is 
also possible the presence of other volatile matters, the capabilities of our equipment do not allow them to be 
identified. In the third stage, above the coal sample, there is a vertical flame up to 10 cm in height with a glow 
duration of up to 100 ms at a threshold energy density of Hcr

(3) = 2.8 J/cm2 and 2.6 J/cm2 for coals B and DG, 
respectively. The origin of the flame is associated with the rapid heating of the sample (the first stage), which 
results in the evolution and ignition of volatile matter (second stage) followed by the thermochemical reactions 
in coal particles, ignition and combustion of the coke residue of the coal particle. The combustion temperature, 
measured by optical pyrometry method, was 1800 K for both coal grades. 
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In a few works, for example [1, 2], it has been shown that composites based on PETN and ultrafine metal 

particles give a significant reduction in the laser ignition threshold with respect to samples without inclusions. 
What opens possibilities for technical applications, such as the use of this composite as a material for an optical 
detonator. 

In the present work, an investigation of the hexogen-aluminum composite has been started to expand the 
range of objects of this kind. The optical properties of materials were investigated as a function of the inclusion 
concentration n = (0-0.2% by weight) using the method of photometric sphere. Samples of 0.15 mm in 
thickness were prepared by pressing the substance up to density ρ = 1.72 g / cm3. The particle size in the 
distribution maximum: hexogen ~2 mkm, Al 100-120 nm. The transmittance T, reflectance R, and 
absorption A at the wavelength of 532 nm were measured. The results are shown in Fig. 1. 

    
Fig. 1. Measured transmittance T, reflectance R and 

absorption A versus the concentration of Al at the wavelength 
532 nm 

Fig. 2. Measured effective absorption linear coefficient k versus 
the concentration Al on the wavelength 532 nm 

The effective absorption linear coefficients were calculated as k = ln(T/d) (Fig. 2) using T values showed 
on the Fig. 1. The linearity of the absorption coefficient k on the concentration of inclusions allows us to 
conclude that the absorption of light occurs directly on them and is not an absorption of the matrix, which is 
possible as a result of an increase in the optical path length in the matrix due to multiple scattering by inclusion 
particles, which can lead to an increase in keff in the matrix in accordance with the law . Qualitatively 
similar results were obtained earlier on PETN-aluminum composites [4]. 
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I our previous paper [1] we determined that in the case of pentaerythritol tetranitrate (PETN) with 

density ρ~1.7 g/cm3 the lowest critical energy density of laser initiation (1064 nm, pulse duration 14 ns) 
Hcr=0.7 J/cm2 is achieved at the aluminum ultrafine particles’ content n=0.2 wt %. The present work is 
focused on the influence of the ultrafine aluminum particles’ with average diameter 100 nm content on the 
critical energy density of PETN laser initiation (Hcr) in the case of sample’s density 1.1 g/cm

3. The 
experimental methods arу described in [1]. 

We found out that the optimal ultrafine particles’ content and respective minimal critical energy density 
increase at the samples’ density 1.1 g/cm

3 (fig. 1, curve 1) comparing to the case of density 1.7 g/cm3 (fig. 1, 
curve 2).  

In the work [2] and in the present experimental conditions was shown that the pure PETN having 
density of 0.9 – 1.1 g/cm3 is a highly turbid medium with diffuse reflectance R>90%. To do that one used the 
photometric sphere approach. Thus, it is essential to take into account the diffuse reflectance of the sample 
dependence on the ultrafine aluminum inclusions’ concentration, which are the centers of efficient laser 

radiation absorption. The results of photometric measurements are shown on the fig. 2. The curve 1 on this 
figure shows that the diffuse reflectance depends non-linearly on the ultrafine aluminum particles’ 

concentration. In the studied concentration range the diffuse reflectance К decreases from 75 to 35% with 
concentration increasing. The curve 2 on the fig. 2 presents also the result of the work [3], where the density 
of 1/7 g/cm3 was used. In such a case the diffuse reflectance is about 15% and does not depend on the 
aluminum particles’ content. 

In the case of interest the transmittance T=0. Keeping in mind the energy conservation 1=T+A+R, The 
absorption coefficient A is 1-R. The dependence (1-R)*Hcr(n) reflects the critical energy density consuming 
by the sample (fig. 3). Comparison of figs. 1 and 3 shows the effect of diffuse reflectance that significantly 
changes the picture in the are of low concentrations, while it almost does not influence in case of high-
density samples. 
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Fig. 1. Dependence of the incident critical 
energy density on the aluminum ultrafine 

particles’ content.  
1 - ρ~1.1 g/cm3; 2 - ρ~1.7 g/cm3 

Fig. 2. Dependence of diffusion 
reflectance on the aluminum ultrafine 

particles’ content.  
1 - ρ~1.1 g/cm3; 2 - ρ~1.7 g/cm3 

Fig. 3. Dependence of absorbed critical 
energy density on the aluminum ultrafine 

particles’ content.  
1 - ρ~1.1 g/cm3; 2 - ρ~1.7 g/cm3 
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PHYSICS OF THE TRANSMUTATION OF STABLE ELEMENTS AT THE COLLISION OF
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In experiments on the collision of a bismuth collider with a steel target at velocities of 791...1224 m/s,
the  transmutation  of  a  stable  isotope  of  bismuth-209 [1].  Transmutation  of  nuclei  is  possible  when
implementing nuclear reactions or accelerating the processes of radioactive decay. In the collision of the 56Fe
and 209Bi nuclei, the simplest estimate of the Coulomb barrier gives a value of 434 MeV. With a mechanical
collision of macro-objects at a velocity of ~1000 m/s, such a barrier is almost impossible to overcome. The
probability of the tunneling effect is extremely small.  At the closest approach,  the nuclei are at distances
appreciably exceeding the radius rS of action of the nuclear forces,  and can enter only the electromagnetic
interaction,  whose radius is infinite. Thus,  nuclear reactions of bismuth and (or)  components are hardly
possible. 

When the nuclei approach the macro-objects (the impactor and the target), the protons of these nuclei
are repelled by the Coulomb forces. This leads to deformation of the nuclei. At the same time, the minimum
distance to which the nuclei will converge can significantly exceed rS. The ways of deformation of atomic
nuclei can be different.  Any deformation of the atomic nucleus, regardless of the causes that caused this
deformation, can lead to a decrease in the stability of the nucleus. This deformed state can be associated with
a specific excitation energy. The excitation is removed by the emission of a particle: from the γ-quantum and
the nucleon to the nuclear fragments-fission fragments,  that is,  the nucleus decays.  The probability of a
particular decay channel depends on the shape of the nucleus in the excited (deformed) state.  Thus, decays
can be a consequence of deformation of nuclei during mechanical collisions of macro-objects containing
these nuclei. There is not one nucleus decaying, the process is of a group (collective) nature.  Other things
being equal (form, composition of macro-objects), this or that channel of decay should prevail at certain
collision rates of macro-objects. By picking up the collision speed, certain types of decay can be accelerated,
including cluster decay (209Bi → 198Pt + 11В).

Two mechanisms of cluster decay are possible. The first mechanism is the formation of a light cluster
of quasi-free neutrons. In a deformed nucleus near the surface, a neutron "cloud" is formed. Neutrons of this
region are connected with each other and the central part of the nucleus by forces of nuclear attraction, but
smaller than in the central part of the nucleus. Either the nucleus emits these neutrons, or the neutron cloud is
held for some time by the forces of mutual nuclear attraction of neutrons and a heavy fragment left from
209Bi.  In  the  latter  case,  the  transition of  some of  the  neutrons of  this  cloud to protons is  energetically
favorable (the symmetry energy). If the number of quasi-free neutrons is 11, then the transmutation of five
neutrons into protons corresponds to the formation of boron nucleus  11B, six — carbon  11C (immediately
decaying in 11B) near the heavy fragment remaining from 209Bi. The heavy cluster (198Bi) remaining from the
209Bi  nucleus  decays  (β)  into  198Pt.  Finally  we  get: 209Bi  →  198Pt  +  11В.  At  higher  collision  rates  of
macroobjects, one can expect a subsequent decay of the heavy 198Pt or 198Bi cluster, which is in an excited
state, i.e. continuation of the decay process and, formally, the transition of cluster decay into nuclear fission.
The second mechanism is the direct decay of 209Bi into clusters.

List of references 
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APPLICATION OF HIGH-VOLTAGE NANOSECOND PULSES TO IMPROVE THE 

TECHNOLOGICAL PROPERTIES OF DIAMOND-BEARING KIMBERLITES
1

I.Zh. BUNIN*, M.V. RYAZANTSEVA*, N.E. ANASHKINA* 

*Institute of Comprehensive Exploitation of Mineral Resources of the Russian Academy of Science, IPKON RAN, 4, Kryukovsky 
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An important problem in processing diamond-bearing kimberlites is developing new, highly-effective 

methods for increasing the quality of concentrates via kimberlite softening, which could leave diamond 
crystals intact during ore milling and for improve the contrast between the electrophysical, luminescent, and 
physicochemical properties of diamonds and rock minerals [1]. Nonthermal (nonmechanical) electro-pulsed 
actions ensuring selective disintegration at interfaces due to the formation of microcracks and electrical 
breakdown channels are promising for opening finely disseminated mineral complexes [2-4]. This work 
presents new experimental data on changes in the structure, surface chemical composition and microhardness 
of rock-forming minerals in kimberlite deposits of Russian as a result of nonthermal action produced by 
high-power (high-voltage) nanosecond electromagnetic pulses (HPEMP).  

We performed our studies using samples of milled rock-forming minerals with particle in sizes of –
100 +63 µm, polished sections 1×1×0.45 cm in size. Olivine (Mg, Fe)2[SiO4] mainly consists of 0.5–3 mm 
forsterite grains with minor impurity of magnetite. The mineral hardness in Mohs scale is high (Mohs 
hardness is equal to 6.5–7), mineral cleavage is moderate in a single direction. Serpentine (X(2-3)Si2O5(OH)4, 
where X = Mg, Fe2+, Fe3+, Ni, Al, Zn, Mn) is a dense aggregate consisting of microcryptocrystalline mass. 
Serpentine specimen (lizardite – Mg3SiO5(OH)4, antigorite – (Mg, Fe)3Si2O5(OH)4) is dark-green in color 
with greasy luster and Mohs hardness 2.5–4. Calcite (CaCO3) specimens were presented with pop-offs along 
mineral cleavage (up to 1×1 cm in size) of calcite crystal (Iceland spar; element composition and impurity 
content in calcite specimen, % in mass: Ca–40.70, F–0.85, Si–0.11, Fe–0.10, Al–0.05, Mg–0.03, Ba–0.02, 
Sr–0.01; Mohs hardness equal to 3.  

The mineral samples were treated with high-voltage nanosecond videopulses (pulse front τ ~ 1.5 ns, 
pulse duration ~ 50 ns, and pulse amplitude U ~ 25 kV; the field strength (E) is equal to ~107 V/m; pulse 
repetition rate 100 Hz; pulse energy ~0.1 J; range of the change in treatment time  = 10–150 s).  treatt

Analysis of the XPS data (XPS on a Kratos Axis Ultra DLD spectrometer with a source of 
monochromatic AlKα radiation) showed to serpentine that pulse actions during ≤ 10 s with ( ~ 10treatt pulsesN 3) 
reduced fraction (at %) of trivalent silicon Si3+ and raised the atomic concentration of quadrivalent silicon 
Si4+. This could have been due to the emission of electrons at the valent level of the atom under the action of 
HPEMP and/or interaction between the mineral surface and the active products of the radiolytic 
decomposition of water. In contrast, increasing the duration of pulse action to ~ 100 s simultaneously 
reduced the atomic concentration of silicon Si

treatt
4+ and the surface atomic concentration of oxygen bound in the 

state Si–O–Mg. These results indicate breaking of the bonds between the layers of magnesium–oxygen 
octahedrons and silicon tetrahedrons, resulting in disorder in the surface structure due to the octahedral layer 
escaping from its initial bound state. At the same time, triple valent silicon Si3+ was likely formed as a result 
of one electron from an oxygen ion O2– being captured at the summit of the silicon tetrahedron.  

According to the electron microscopy (SEM–EDX) data, there were traces of surface breakdowns on 
the dielectric mineral specimens as a result of electromagnetic pulse treatment for ~10–100 s, the surface 
layer of the mineral showed a picture of overall loosening (disintegration). Pulse energy actions damage the 
surface microstructure of dielectric minerals with the subsequent formation of traces of surface breakdowns 
and microcracks, softening rock-forming minerals, and reducing their microhardness by 40–66% overall. 

treatt
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CONCERNING THE BEAM BLOCKING PLASMA TORCH  
DURING LASER ENGRAVING THE METAL SURFACE 
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In laser engraving of metals in the nanosecond mode of exposure energy density reach tens of 

Joules/cm2, power density - units and tens of GW/cm2. The resulting vapor-plasma torch can propagate with 
a large (supersonic) initial velocity in the environment. There the formation of shock [1] and laser-supported 
detonation waves, absorption and scattering of laser radiation by plasma can occur. Shock compression 
wave [2] can be formed in the near-surface layer of the material. Thus, the flare arising during the laser 
action can influence the level and dynamics of the energy input to the sample and, consequently, the 
temperature and pressure profile in the near-surface layer. 

In this paper, the behavior of steel (plates 0.5 to 10 mm thick) under the influence of the first harmonic 
YAG: Nd laser (1064 nm; 12 ns) is investigated. The laser beam was formed on the surface of the sample by 
a projection method into a spot with a diameter of 0.1 to 1 mm. The energy density in the spot varied from 
0.1 to 50 J/cm2.  The amplitude of the glow of the torch; a pressure pulse propagation into the interior of the 
sample; initial velocity of expansion of the plasma were measured. The experiments were carried out in air 
and in a vacuum (10 Pa) with special conditions. The conditions the surface of the sample was opened or the 
expansion of the plasma was blocked by a 10 mm thick glass plate tightly pressed to the surface. The plasma 
glow pulse was detected with a photomultiplier, the pressure pulse was detected with a piezoelectric 
transducer with a high time resolution [1], the plasma expansion velocity was measured by a shadow 
method. 

Experimental dependences of the plasma emission amplitude, the rate of its expansion into vacuum, and 
the pressure under plasma limitation and expansion conditions on the energy density of the laser pulse are 
obtained. It is shown that the values of all these parameters increase monotonically with the level of laser 
action. However, the dependencies are not linear. Characteristic is the slowing of growth at high levels of 
laser exposure. Estimates of the plasma temperature, thickness and density of the plasma bunch are made. It 
is shown that for a given duration of the laser pulse the role of the plasma bunch in the attenuation of the 
energy supplied to the sample surface is negligible. It is shown that the pressure at the expansion of the 
plasma can reach values sufficient to provide shear deformations. 
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ANISOTROPY OF LASER DEFECTS CREATION IN CRYSTALS
1
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The creation of luminescent point defects on the surface and in the volume of solid transparent media 
under the influence of femtosecond laser radiation underlies new laser technology [1]. In addition, 
transparent media, in the volume of which luminescent defects arise under the action of laser radiation and 
persist long, allow the development of new effective extremely sensitive luminescent methods for 
investigating highly nonlinear processes of interaction of laser radiation with matter [2]. The aim of the work 
was to investigate the effect of the anisotropy of the effective masses of charge carriers on inter-band 
ionization processes, and also to develop methods for determining the mechanisms of defect formation 
processes. The color centers were created in the volume of oriented LiF crystals by linearly polarized 
femtosecond laser radiation with a wavelength of 800 nm. The regime of low-aperture external focusing was 
realized, accompanied by self-focusing and filamentation of the laser beam. The line controlled scanning was 
performed with partial overlapping of the channel cross-sections at two different orientations of E vector. 
First, along the direction connecting the Г and X points of the Brillouin zone and, secondly, along the 
direction connecting Г and К, in which the effective electron masses differ substantially. 

         

Fig.1. The investigated sample of a LiF crystal containing the regions irradiated with laser radiation in the scanning 
regime at two orientations of the electric vector with respect to the cube edge: 0 and 45 degrees. The optical absorption 

spectra of the irradiated regions. On right: the luminescent tomograms of cross sections of tracks with color centers 
formed by separate filaments in a laser channels.  

As follows from the ratio of the intensities of the spectral absorption bands in Fig. 1, the efficiency of 
defect formation is higher at an azimuth angle of 45 degrees than at 0. Such measurements were previously 
made for the efficiency of multi-photon ionization [3,4]. It turned out that the azimuthal dependences of the 
efficiencies of multi-photon ionization and the formation of defects vary in antiphase. This is an unexpected 
result. In order to interpret it, the filament density was measured, as well as the self-focusing distance, which 
was measured by a new method of longitudinal luminescent z-scanning of induced channels. The data 
obtained are explained by the fact that the effective cubic susceptibility at 45 degrees is higher than at zero. 
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Diamond is a promising material for electronics, the element base of which is capable to endure high 

doses of ionizing radiation, prolonged thermal loads and chemically aggressive media, i.e. for military and 
space applications, as well as in the field of high-current electronics. 

The binding energy of a free exciton in diamond is 80.5 meV. Therefore, it is energetically favorable for 
the injected or photogenerated electron-hole pairs in diamond to form free excitons at temperatures up to 350 
° C. It is known that free excitons have an effect on the ideality factor of p-i-n diamond-based diodes [1]. 

Recent studies have shown the exciton state splitting due to the spin-orbit and exchange interaction and 
the anisotropy of the carrier masses [2]. In general, the full spectrum of exciton states is still poorly 
investigated. We managed to find only one paper in which the data on the temperature dependence of the edge 
absorption of diamond are given [3]. 

 
Fig. 1. Transmission spectra of the theoretical non-absorbing diamond and the CVD diamond sample #C10 at different temperatures. 

 
In this paper, the results of studies of optical absorption near the diamond absorption edge are presented 

as a function of temperature from 80 to 300 K for several samples of natural and synthetic origin. A comparison 
of the results obtained with the photoluminescence spectra in the region of radiative recombination of free 
excitons of the same samples allows one to draw conclusions about the different relative contribution of 
phonon modes for the negative and positive branches of exciton absorption and edge luminescence. 
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The color centers creation at the surface layer of lithium flioride crystals (LiF) placed in positive 

column and the Faraday dark space of the glow discharge at the pressure of air 1-10 Torr are studied.  
The purpose of the study was to determine the types of the formed color centers, to study the spectral-

kinetic characteristics of their luminescence, to reveal the mechanism of their formation and to identify the 
glow discharge zones in which defect formation was most effective. 

Scanning confocal fluorescence microscope MicroTime 200 with picosecond time resolution with a 
spatially-selective time-correlated single photon counting was used to determine spectral-kinetic 
characteristics of photoluminescence of lithium fluoride irradiated samples. Spectra of photoluminescence 
measured under excitation by picosecond laser with a wavelength of 470 nm were recorded by the 
spectrometer Ocean Optics 6500. 

 

 
Fig. 1. Luminescence spectra (a) and kinetics (b) of LiF crystals irradiated by VUV- radiation from a glow discharge: 1 and 3 – 

crystal placed in the positive column, 2 and 4 – in the Faraday dark space; 1 and 4 – for anodic side ( side of crystal facing to the 
anode), 2 and 3 – for cathodic side 

It has been established that basically two types of color centers are formed on the surface layers of 
crystals: F2 and F3

+ color centers with luminescence bands peaking at ~ 680 and 530 nm, respectively. It is 
shown the color centers are mainly formed by photon-induced mechanism, namely, defect formation under 
the action of vacuum ultraviolet (VUV) radiation. Using the thermally stimulated luminescence method we 
obtained the VUV-radiation distribution of the discharge. The primary sources of this radiation are regions of 
anodic and cathodic voltage drop of a glow discharge. Therefore, the coloring of crystals near these regions 
is most effective. Glow discharge can be successfully used to form thin luminescent layers on the surface of 
transparent insulators for various scientific and practical applications. 
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2016-0004 and RFBR № 17-52-44015 Mong_a. 
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There is a problem of calculating the absorption of laser radiation by the flux of powder particles 

transported to the beam spot on the substrate during laser cladding, and also the problem of correctly 
estimating the attenuation of the power density in the beam during the gas-dynamic focusing of the particle 
flux in the laser light field. In this paper, to calculate the absorption of radiation by a particle of a spherical 
shape, formulas are proposed that take into account the polarization of the radiation and the spatial 
orientation of the plane of incidence of the beam onto the curved surface of the sphere. Theoretical analysis 
of the effect of linear and circular beam polarization on the absorption coefficient of radiation by single 
metal particles is carried out. When a Gaussian beam is used, the absorbed laser energy depends on the 
particle size and their location relative to the caustic. With a power density in the beam exceeding the 
threshold value, the effect of laser evaporation of the particle material on the regularities of their light-
propulsion motion is established, which arises due to the uneven distribution of the vapor recoil pressure 
from the irradiated surface. A description is given of the mechanism of the laser-induced deviation of the 
trajectories of particles entering the light field of a Gaussian beam. 

In Fig. 1 presents the results of calculations of the distribution functions of the absorption coefficient on 
the surface of a sphere in the case of (S), (P) linear and (C) circular polarizations of radiation. For a spherical 
surface, the absorption of (S), (P) waves depends on the azimuth angle, so in both cases symmetrically 
located zones with maximum absorption are observed, Fig. 1 (a, b), when the angle of incidence of radiation 
is comparable in magnitude to the Brewster angle 87.3̊ (CO2 laser). For the same reason, circularly polarized 
radiation has a maximum absorption in the annular band at the periphery of the sphere, Fig. 1 (c).  

    
a       b       c 

Fig. 1. Functional dependence of the absorption coefficient of a Gaussian beam on the surface of the sphere at the point of incidence 
in the case of linear (S)- (a), (P) - (b) and circular (C) - (c) polarizations.  

The angle of the deviation of the light-propulsion force (LPF) from the direction of the action of the 
beam is determined in terms of the scalar multiplication of the wave vector and the LPF vector. When the 
position of the center of mass of the sphere is varied with respect to the caustic of the beam, the nonuniform 
absorption of radiation, which depends on the angle of incidence, leads to a one-sided vapor outflow, a 
decrease in the module of LPF, and the appearance of an appreciable deflection angle. The influence of 
unevenly absorbed power on the inhomogeneity of the distribution of the vapor pressure and the balance of 
the momentum of forces acting on a particle in the laser light field are studied. When the center of mass of 
the particle coincides with the center of the caustic, the vapor recoil pressure and LPF are maximal and 
coincides with the direction of action of the radiation. The developed model can be used when studying the 
effect of radiation on the dynamics of a body whose dimensions exceed the diameter of a laser beam.  
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Semiconductor nanostructures such as nanowires (NWs), quantum dots (QDs) etc. are promising 

building blocks for future optoelectronic devices and nanoelectronics. Modern growth methods of 
sophisticated semiconductor nanostructures require high control of growth parameters such as flux ratios, 
growth rate, substrate temperature, etc. Various effects such as lateral and vertical material diffusion as well 
as desorption, which are highly temperature dependent, can influence on intrinsic strain field of the 
nanostructures and consequently change their properties during and after the growth. 

Properties of the grown structures are usually identified by post-growth characterization utilizing e.g. 
Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM), PhotoLuminescence (PL), or 
destructive methods as the Transmission Electron Microscopy (TEM). Among these various techniques, 
coherent x-ray diffraction as a non-destructive method allows ex- and in-situ diagnostics of the shape, size, 
chemical composition and intrinsic strain of the nano-objects. In this work, implementation of varies 
coherent x-ray diffraction techniques to different nanostructures investigation is discussed. 
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In the course of work, we experimentally realized an average power generation of a parametric 

generator (PG) on the basis of single crystal ZnGeP2 ~ 1.5 W, efficiency ~ 28.6% in the wavelength range is 
3.5-4.8 µm with an average power of the pump radiation ~ 5.5 W and the energy density of the pumping ~ of 
0.47 j/cm2, and the efficiency of absorbed power was ~ of 56.5%. It is shown that there are threshold 
conditions for the average pumping power to realize the generation of PG. The differential efficiency of PG 
was ~ 3.9% at the values of average pumping power < 2.0 W and ~ 49.8% at higher values of average 
pumping power. The parameter M2

X, Y for the pump beam was ~ 2.6, and for the PG radiation parameter M2
x 

~3.5, M2
y ~ 2.8. The increase in generation efficiency is observed with increasing pumping energy density to 

~ 0.4 j/cm2. To further increase the energy density of the pump does not increase the efficiency of 
generation, and the output power increases due to the reduction of the threshold of parametric generation of 
PG. Parametric generators based on ZnGeP2 single crystals with the specified generation characteristics are 
promising for solving many applied problems, including the generation of THz radiation by pumping non - 
linear crystals with PG data at a difference frequency. 
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The study of the thermoluminescence of the pure Al2O3 and polymethylmathacrylate (PMMA), as well 

as nanocomposite materials, made of them, attracts great attention of researchers due to these materials 
application in optoelectronic and photogalvanic devices [1-4], and in thermal luminescence detectors [5-7]. 
Currently, a lot of experimental works are devoted to investigations of the nanocomposite materials 
thermoluminescence. In such materials the thermoluminescence peak shifts to the shortwave region with the 
nanoparticle size decrease [1-4]. This dependence on nanoparticle size is attributed to the quantum 
confinement effect. However, researchers have not found the full explanation of the observed phenomena 
yet. Thus, the investigation of the thermoluminescence spectrum formation processes is a vital task in this 
field. 

Rose-Fowler (RF) model describes all the processes, which define electrophysical properties of 
nanocomposite materials, in the best way [8-9]. Nanocomposite materials are characterized by the presence 
of additional localized states, the energy spectrum of which is determined by the shape, size, and 
concentration of nanoparticles.  

In this work, we investigate thermoluminescence spectra of the pure Al2O3 and PMMA as well as 
SrO+Al2O3 and CdS+PMMA nanocomposite materials after the irradiation with different power and pulse 
duration using RF model. 
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There are a series of nonequilibrium phenomena in ferroelectrics, which do not have a definite 

theoretical description. In paper [1] the thermovoltaic effect consisting in initiation of the electric voltage 
between the opposite faces of the semiconductive sample of samarium sulphide (SmS) on heating to 
400−500 K is described. The effect has appeared in the presence of the donor impurity concentration 
gradient directed towards these faces.  

In our work [2] the thermally-stimulated quasi-stationary current arising only in the highly-alloyed with 
iron crystal of lithium niobate with the evaporated electrodes from a pair of different metals was described. 
A sign of the thermovoltaic response is determined by location of electrodes applied by vacuum evaporation 
on the opposite faces of crystal and does not depend on orientation of the crystallographic axes of the sample 
in reference to electrodes.  

In this paper the results obtained in experimental studies of the light induced currents in the thin-layer 
metal-lithium niobate-metal (MLM) structure are presented. This effect is similar to photovoltaic effect, but 
it includes the thermal contribution. The possible models of the investigated phenomena are discussed. 

The samples of doped lithium niobate crystals (iron concentration is equal 0.3 wt) with different pairs 
of electrodes were studied. The metal electrodes were applied by vacuum evaporation with thickness varying 
from 0.1 to 1 m. The samples with different pairs of electrodes (aluminum (Al) – chromium (Cr), indium 
(In) – chromium (Cr), aluminum (Al) – copper (Cu), silver (Ag) – aluminum (Al)) were used. 

The results obtained in experimental studies of the light induced currents in the thin-layer metal-lithium 
niobate-metal (MLM) structure are presented. In the nonsymmetrical MLM system is registered the 
stationary light induced current. The light response has a sharply defined spectral dependence with sign 
changing about 0.9 μm. 

This effect includes the photovoltaic effect and the thermal induced contribution. In the thin-layer 
metal-ferroelectric-metal system the thermo-voltaic response exists which increases essentially with 
decreasing the crystal thickness. A sharp increase in the thermally induced current for small thicknesses of 
crystal (less than 100 m) points to the crucial role of the near-contact zones with thicknesses of less than 
100 m.  

In this paper the electrets model of the studied phenomenon caused by the field of contact 
potential difference at the metal-ferroelectric interface was proposed [3]. In the electrets model the 
thermoinduced changing of the conductivity of the crystal leads to change in the stationary current on the 
load impedance. All experimental dates are in accordance with the proposed model. 

The results obtained can be used for investigating the properties of the sandwiched ferroelectric 
structures as well as for developing new types of the photo-thermo-electrical energy converters [3-5]. 
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Nanogeterogenious liquids (nanosuspensions) are characterized by a whole range of optical effects, 

lacking in single phase liquid. Some of them exist due to concentration flows of dispersed phase under the 
influence of, for example, temperature gradient (Soret effect) or to gradient forces from the light field 
directed perpendicular to the direction of the spread of the beam (electrostriction effect) [1]. 

The aim of this work is a theoretical analysis of the thermal effect caused by effect of Dufour and light 
pressure in a transparent nanoliquid in the Gaussian beam field.  

Dufour effect describes a heat flow occurs when there is a stream of one component of a binary system. 
We will consider the liquid with nanoparticles (dispersed phase), under the influence of laser radiation with 
Gaussian intensity profile. Believe that the absorption coefficients of a material of the nanoparticles  and 
liquid  are both zero. Induced radiation modification of particle concentration leads to heat flow. This kind of 
phenomena in linear non-equilibrium thermodynamics is called cross-effects and is described by the 
balanced equations: 

 









t

C
STT

t

T
c T

c
p

∂

∂
∇

∂

∂
111

2  , (1) 

 )∇(∇
∂

∂ 2 ICdivCD
t

C
 , (2) 

where T is the liquid temperature, ),( trC -mass concentration of dispersed particles; ,pc  are thermal 

constants,   is the density of the material, 
C

c




 1
11


 , 1 is the chemical potential of dispersed phase, TS  

is Soret coefficient, D  is the diffusion coefficient,   1
4


 TnkcD B ,   is particle polarizability, 

B
k  is the 

Boltzmann constant, n  is effective refractive index, c  is the speed of light in vacuum, )(rI  is the intensity 
of radiation. 

The source in (2) is due to the gradient force by the electric field of the light wave - ncIF /4   . The 
second term in equation (1) is related to that part of the heat flow, which occurs as a result of the flow of 
particles in the system (Dufour effect). 

Solving the first diffusion equation we can then solve the thermal task and thereby gain the expression 
describing the dynamics of the temperature in these processes. 

We will consider an infinite along the radial direction cylindrical cavity with nanosuspension. Using the 
Green's function of the task (4-5) and by the relevant integration, we get his exact solution: 
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where 0C  is initial mass concentration of dispersed particles, 2

00

~
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c . 
The resulting expression describes the temperature dynamics of optically transparent nanofluid 

influenced by Gaussian beam. 
The next paragraph considered heat flow occurs when the dispersed particles drift under the influence 

of light pressure in a viscous fluid. The ultimate formula shows that transparent nanosuspension is 
characterized by effective coefficient of absorption of radiation, the amount of which is determined by the 
parameters of nanoparticles and the intensity of the radiation.  
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X-RAY GENERATION BASED ON LITHIUM NIOBATE CRYSTAL HEATING
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Electron and x-ray emission during copper-doped lithium niobate crystal heating and cooling was
investigated. Crystals of various sizes with Z orientation of the polarization plane were used. Investigation of
electron emission was carried out  in the pressure range 1-100 Pa.  Current  pulses were observed during
heating at temperatures 290, 311, 329, 367, 371, 373, 378, 379, 380 K. The current value increased with the
size of the sample. Maximum current value was 8 mA on the sample 14,5×10,5×10 mm3 while heating at 20
K/min from 263 to 380 K. The photographic film used for x-ray registration was enveloped with 3 mm thick
alfoll.  The amount  of  radiation emitted during three heating and cooling cycles  equaled 0.04 mSv. We
investigated  electrophysical  mechanism  of  x-ray  generation  due  to  breakdown  between  spontaneous
polarization areas of crystal.

This work was supported by the State Assignment of the Ministry of Education and Science of
Russian Federation (within the tasks No. 3.8898.2017/8.9 and 3.1110.2017/PCh)
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Vanadium oxides belong to materials with thermoinduced semiconductor-metal phase transition 

(SMPT). When heated in the field of phase transition the semiconductor goes into metal state and then it 
changes its optical properties. In a number of works it was illustrated the using of vanadium dioxide for 
optical information recording and dynamic holography [1]. 

In this work the capabilities of technological management by the parameters of vanadium oxides films 
are investigated for optimizing their nonlinear optical properties. 

Undergoing SMPT the vanadium dioxide has quite great absorption, therefore nonlinear interaction of 
waves is effectively only in thin films, which naturally leads to a scheme using the surface dynamic 
holograms. In the latter case, a dynamic hologram is a grating of the amplitude reflectance (assuming that the 
optical surface characteristics can change under the influence of the incident radiation). Mechanisms of 
surface nonlinearity may be different, but all of them can be described using complex amplitude dependence 
of radiation reflectanceρ : 
    ),y,x(Iβδ+)I(ρ=)I(ρ 0  (1) 

where 0I  is the average radiation intensity, )dI/ρd(=β  is the coefficient of the surface nonlinearity. 
For the thermoinduced phase transition the nonlinear coefficient is determined by the next expression: 

 ( )    d ,R2/)dI/dT(dT/R=β 5.0
f  (2) 

where T  is the surface temperature, fR  is the coefficient of Fresnel reflection. 
The equation (2) shows that the value of the nonlinear coefficient is determined by the differential 

(jump) of reflectivity during the temperature changes in the SMPT field. 
The model assumes that each grain-film crystallite has one inherent basic thermal hysteresis loop and 

that basic loops of individual crystallites films are "vertical" for temperature. It follows that the total width of 
the SMPT in vanadium dioxide sample is determined by basic widths of crystallites loops corresponding to 
the maximum of the distribution of basic loops on their widths. 

Optical parameters are related to physical characteristics of the thin films samples. To establish this 
connection, it was investigated the dependence of reflectance Rf (wavelength 10.6 μm) and resistance (in 
the planar geometry) of the samples from the temperature in the SMPT region.  

The measurements were carried out for vanadium dioxide films obtained using different technologies 
and different substrates. The vanadium dioxide films obtained by vacuum deposition were explored, as the 
samples obtained by pyrolysis of vanadyl acetylacetonate. 

The reflectance coefficient was measured for close to normal radiation angles. The electrical 
conductivity of the films was studied in planar geometry, contact electrodes were coated in metal vacuum 
deposition. The heating was undertaken both laser radiation and independent manner.  

As the result it was established that the surface nonlinearity reaches the maximum in thick samples of 
vanadium dioxide. The experiments revealed the almost linear relationship between ΔRf and abrupt of the 
conductivity. The reflection jump ΔRf grows with the film thickness that correlates with an increasing of 
the size of the crystallites. 

The results show that the variation of technological conditions for obtaining vanadium dioxide films 
significantly change the parameters of the distribution of basic SMPT loops of the crystallites and thus 
optical performance of the samples. The most nonlinearity was obtained in the pyrolytic vanadium dioxide 
films.  

The use of vanadium dioxide can be extended using heterogeneous material, consisting of a dielectric 
matrix (wich is transparent in the infrared region of the spectrum) and microparticles with SMPT. This 
material enables the realization a volume hologram that it is impossible for pure vanadium dioxide due to the 
high absorption coefficient. 
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Hexagonal boron nitride (h-BN) or «white graphite» has unique electrophysical characteristics, what 
makes it a promising base material for the creation of Van-der-Waals heterostructures for the purposes of 
nanoelectronics, optoelectronics and nanophotonics. h-BN is indirect-gap semiconductor, which energy gap 
varies in a wide range and depends on the method of synthesis, morphology, impurity composition, etc. It is 
known [1, 2] that C and O are the main technological impurities in h-BN easily replacing B and N atoms in 
the crystal lattice. The formation of impurity defects and complexes on their basis leads to the creation of 
electron and hole traps system in the forbidden band, which, to a large extent, determines the electrophysical 
and luminescent properties of h-BN. One of the direct methods for studying fundamental processes involving 
charge carrier traps is the method of spectrally resolved thermally stimulated luminescence (TL). In this 
connection, the aim of the paper is to determine energy and kinetic characteristics of TL in hexagonal boron 
nitride nanopowder after UV irradiation. 

The investigations were carried out for a nominally pure h-BN nanopowder (Hongwu International 
Group Ltd., Hong Kong) with a content of the main impurities C and O < 0.5 wt. %, according to the 
manufacturer. Earlier [3] it was found, that powder is mesographic, particle size varies in the range of 40-
1100 nm and is described by lognormal distribution with a maximum in 220-230 nm region. 

Spectral-temperature dependences of TL excitation and emission were analyzed. The maximum of the 
most effective TL excitation was determined at 230 nm (5.39 eV). This spectral position agrees with the 
estimate of the band gap Eg = 5.41 eV, performed in [3]. It is shown that there are bands with energy E < Eg 
in the TL excitation spectra. This fact indicates the excitation processes of charge carriers from energy levels 
within the bandgap upon irradiation of samples by UV light and subsequent ionization of the corresponding 
defects, in particular, CN centers. 

Within the framework of decomposition into Gaussian components, it has been determined that peaks 
with maximum at 3.00 and 3.89 eV are present in the emission composition of TL. Taking into account 
previously obtained results and data from independent sources, these luminescence bands are attributed to 
optically active ON and CN centers, as well as to the centers based on the anionic vacancies [4, 5]. 

A numerical analysis of TL curves was carried out with a formalism of the general order of kinetics. All 
TL curves were approximated with a high degree of accuracy (the coefficient of determination R2 > 0.999) 
by one peak with parameters Ea = 0.8-0.9 eV, s'' = 3×1010-7×1012 , b > 2.5. Performed E a estimations are in 
satisfactory agreement with the literature data for a single center based on the nitrogen vacancy in hexagonal 
boron nitride [6, 7]. 

According to obtained data and energy levels of the investigated centers, a band diagram is proposed. It 
is shown that experimentally observed excitation and emission spectra of photo- and thermoluminescence of 
the investigated h-BN nanopowder could be successfully interpreted within an unified diagram. 
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Nowadays infrared wavelength range light-emitting diodes (IR-LEDs) are broadly used in various 

microelectronic devices that operate in space conditions, in the upper regions and at nuclear power plants. 
Severe operation conditions of LEDs require knowledges of their radiation resistance and reliability 

taking into account combined influence of these damaging factors. In this case, the combined influence is the 
impact of two or more factors spread out over a period of time. It should be noted that today there is 
insignificant number of works about combined irradiation of semiconductor devices [1,2], while the 
information about combined influence of ionizing radiation and long-term operation is practically lacking. 
However, the importance of such problems is indicated, for example, in [3]. 

Previously [4,5], the research of the influence of preliminary irradiation by gamma-quanta on reliability 
of the IR-LEDs during their further operation were carried out on. It was found that the preliminary irradiation 
increases the reliability and lifetime of the LEDs.  

Therefore, the purpose of this work is to research the combined influence of long-term operation and 
radiation factors on the changing in emissive power of the IR-LEDs. 

The objects of this investigation were industrial LEDs manufactured on the basis of dual AlGaAs 
heterostructures with 5 μm active layer grown on the monocrystalline n+-GaAs wafer by means of liquid 
epitaxy. Long-term operation conditions were simulated by step-by-step tests when operation current increased 
gradually from step to step with constant chamber temperature (+65 0C). Duration of each step was 24 hours. 
The IR-LEDs were irradiated by stationary gamma-equipment based on Cobalt-60. 

Особо отметим, что при облучении дозами в диапазоне (4.7105..9.9105 Гр) наблюдается ярко 

выраженная переходная область между первым и вторым этапами снижения мощности излучения СД 

с существенным восстановлением мощности излучения СД.  
It has been established that the emissive power decrease of the LEDs has three stages under the combined 

influence of operational factors and gamma quanta. An identical multi-stage mechanism of the emissive power 
decrease of the LEDs was also observed under the influence of operational factors and under irradiation by 
gamma-quanta separately [4,6]. 

It should be especially noted that transition region between the first and second stages of the emissive 
power decrease of the LEDs observes with a significant recovery of the emissive power of the LEDs under 
irradiation by gamma-quanta with doses in the range of 4.7∙105..9.9∙105 Gy,. 

It has been shown that the preliminary influence of operational factors increase the further radiation 
reliability of the IR-LEDs to gamma-quanta. 

Probable causes of observable results are discussed. 
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Infrared wavelength range light-emitting diodes (IR-LEDs) are broadly used in various microelectronic 

devices that operate in space conditions and at nuclear power plants. Therefore, one already needs to know 
both their reliability and radiation resistance in the developmental stage, because they determine operational 
properties of the LEDs. Moreover, operation conditions of the LEDs require knowledge of their durability and 
reliability with complex and combined influence of radiation resistance and long operating time [1]. In this 
case, we interpret that complex influence is the simultaneous impact of two or more radiation factors. 
Accordingly, the combined influence is the impact of two or more radiation factors spread out over a period 
of time. 

It should be noted that today there is insignificant amount of work about combined irradiation of semiconductor 
devices [1,2], while the information about combined influence of long operating and ionizing radiation is practically 
lacking. 

Previously [3], the influence of preliminary irradiation by fast neutrons of the IR-LEDs on probability of 
catastrophic failure development during their operation were presented. In these work the change in the lighting 
characteristics of the LED was not considered.  

Therefore, the purpose of this work is to research the influence of preliminary irradiation by fast neutrons 
on changing in watt-ampere characteristics of the IR-LEDs during long-term operation. 

The objects of the research were LEDs based upon double AlGaAs heterostructures. The control of the 
shape of the forward-bias region of a volt-ampere characteristic of the LED allows detecting the parallel-
connected dislocations to the p-n-junction of the LED. Moreover, it make possible to determine the resistance 
of ohmic contacts. The research LEDs have s-shaped of the volt-ampere characteristic, which is due to the 
connection of dislocations in parallel to the p-n-junction of its active layer. Long-term operation conditions 
were simulated by accelerated step-by-step tests.  

Analysis of the volt-ampere characteristic shape provides an opportunity to mark several distinctive areas 
that are defined by electron injection level in active region of the LED. The marked areas can be characterized 
by corresponded threshold currents. The threshold currents go up when step number rise accompanied with 
increase of ohmic contact resistance during step-by-step tests and under irradiation by fast neutrons. 
Preliminary irradiation by fast neutrons leads to a shift in the threshold currents depending on fluence of fast 
neutrons. Preliminary irradiation by fast neutrons with fluence in the field of radiation-stimulated 
reconstruction of the initial defect structure makes it possible to increase the resistance of ohmic contacts 
during operation and, therefore, to increase their reliability. Preliminary irradiation by fast neutrons in the field 
of impact of only radiation defects leads to the accelerated increase of resistance of ohmic contacts during 
operation, which decreases their reliability. Preliminary irradiation by fast neutrons can be used in the 
manufacturing technology of the LEDs with the purpose of the reliability increase. 
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The use of radiation-resistant detectors becoming increasingly in demand in conditions of power 

increasing in the field of elementary particle physics. For example, the use of classical silicon detectors to 
produce an effective beam safety system is extremely limited in conditions of high radiation load of the CMS 
LHC experiment and the lack of the ability to provide the required cooling. At the same time, the use of such 
a popular radiation-resistant material as a diamond is limited by technological difficulties, one of which is 
the low adhesion to the materials for the detectors plates. This report discusses developed by the BRIL team 
beam safety system - BCML, as well as promising ways of solving problems with adhesion to the detector's 
plates by using the diamond surface modification by using doped diamond sublayers. 
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Optical scheme of three -stage converter of middle IR range laser radiation to the terahertz (THz) 

radiation of range is proposed. In the first cascade the 2-micron emission in Ho:YAG laser is generated. In 
the second cascade it is supposed using frequency conversion of radiation of the Ho:YAG laser in ZnGeP2 
single crystal to radiation with a wavelength of ~ 4-4.5 µm, and in the second cascade it is expecting of using 
parametric frequency conversion of the two parametric sources ~ 4-4.5 µm range to the THz range by 
generating radiation of difference frequency in the nonlinear optical crystal ZnGeP2. Estimation of the 
characteristics of the output terahertz radiation is given in this paper. 

 
 

514

Physical principles of radiation and photonic technologies_____________________________________________________________________________________________________________



INVESTIGATION OF BETATRON RADIATION GENERATED IN INTERACTION OF 18 MEV 
ELECTRON BEAM WITH INTERNAL MICROTARGET 1 

V.B. SMOLYANSKIY*, M.M. RYCHKOV*, V.V. KAPLIN*, I.B. STEPANOV** 

* School of Non-Destructive Testing & Security, R&DLaboratory for Betatron Tomography of Large Objects, Tomsk Polytechnic 
University, 30 Lenin Avenue, 634050 Tomsk, Russia 

**Research School of High-Energy Physics Tomsk Polytechnic University, 30 Lenin Avenue, 634050 Tomsk, Russia 
 
Betatrons generating secondary hard radiation caused by interaction of the internal electron beam with 

the target (typically a thick target) that is larger in its area than the cross section of a millimeter beam are 
used in industrial radiography. Unfortunately, the radiation generated in standard targets does not provide 
high quality radiographic images. 

The paper describes a technique for generating linear microfocal (microfocus) bremsstrahlung in the 
interaction of 18 MeV electrons with thin targets oriented along the internal betatron beam direction, so that 
the electrons could interact with the narrow front face of the target. Magnified images of a standard 
microstructure were obtained using radiation generated in three narrow internal targets (50 and 8 µm Si, and 
13 µm Ta foils). The size of the thinnest target was approximately 190 times smaller than the diameter of the 
electron beam. In the case of betatron, the formation of microstructure images with the phase contrast effect 
involved has been shown for the first time. 

The study provides evidence for successful generation of radiation in a narrow target to produce high 
resolution X-ray images involving the phase contrast effect in image formation due to a high degree of 
spatial coherence of the generated radiation. 

In our case, the betatron emission spectrum generated in narrow internal targets extends from several 
keV to 18 MeV. The images formed on the X-ray film showed a high spatial resolution of 5 µm.. 

                                                      
1 The research was supported by the Russian Science Foundation (Grant #17-19-01217). 
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Thermal imaging diagnostics of the fast radiation processes, including formation of point radiation-

induced defects with high concentration (rate 5·106 dpa/s) and in situ measurement of their parameters is 
presented. The cooling curves for various targets after high-intensity pulsed ion beam (HIPIB) irradiation 
have been analyzed by using a model which includes the radiative cooling, migration and annealing of 
radiation-induced defects, formed in the target during irradiation. Studies were performed on the TEMP-6 
accelerator (200-250 keV with 120 ns pulse duration), ion beam composition was carbon ions (80-90%) and 
protons, and the energy density was 1-12 J/cm2. After HIPIB irradiation the cooling dynamics of small 
targets from stainless steel, titanium and copper (the size of the targets is smaller than the ion beam diameter) 
is satisfactorily described by two processes – removal of the thermal energy in the target due to radiative 
cooling and release of the energy due to fast thermal annealing of radiation-induced defects. In the initial 
time after HIPIB irradiation (t<15 s) the experimental power of energy loss in the target exceeds the 
calculated one. It can be attributed to additional consumption of energy in the target due to vacancies 
migration at high temperature. Thermal imaging diagnostics allows in situ investigation of fast processes of 
migration and annealing of radiation-induced defects in metals with a temporal resolution of 1 ms. 
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As is known, polyethylene (PE) is one of the most widely distributed materials in the world. The 

monomer of polyethylene is a simple compound consisting of two carbon atoms and four hydrogen atoms. It 
is estimated that today the population of the planet uses up to one trillion plastic bags per year. Almost eighty 
percent of consumption falls on Western Europe and the United States. A large number of different polymers 
used in everyday life have different chemical structures, hence, various mechanical, electrical, optical and 
other properties. The mechanical properties of PE largely depend on the crystallinity and molecular weight. 
This polymer is also known for its density, which is less than that of water (0.92 – 0.96 g/cm3). Deformation 
under uniaxial tension is one of many ways to test polymers for mechanical properties. It provides a simple 
and effective way to study the response of polymer materials to the load. Mechanical properties are often 
used to predict the behavior of materials [1]. 

In the course of the study, we observed an anomalous relative change in the width а of film 
polyethylene as a function of the relative elongation of l at various static loads with the formation of 
globules along the length of the stretch film. The effect of electron irradiation on the deformation of the PE 
width was studied. 

We have designed and manufactured a facility that provides the ability to measure the length (l) and 
width (a) parameters for various static loads and their variations over time. An industrial PE of 110 μm 
thickness was chosen as the material to be studied. The length of the samples of the test material was 70 mm, 
the working part was 50 mm (20 mm of the polymer sample was fixed in clamps), the width was 5 mm. The 
limiting load max was determined experimentally and the dependence of the deformation of the width а on 
deformation of length l was studied. For the material studied, the value of max is 14 – 16 MPa. The samples 
were gradually subjected to stress and the data were taken at regular intervals, which were then processed. 
The time of each experiment was 2 minutes. The temperature of the material during the studies was 
maintained at 23 °C. 

Irradiation of the samples by electrons was carried out on ELA-6 linear accelerator with an energy of 2 
MeV in the air. The vacuum in the accelerator system was maintained at 10-6 mm Hg. Samples for irradiation 
were placed at the distance of 20, 40 cm from the exit window of the accelerator. The magnitude of the beam 
current was 0.1 – 0.2 μA/cm2, the dose of irradiation was 300 and 500 kGy. The irradiation time was 77 
minutes. 

Experimental studies have been carried out on the dependence of the deformation of the width а on 
deformation of the length l of the unirradiated and irradiated polyethylene film. It was found that these 
values depend essentially on the rate of loading. In the stress range of 9 – 13 MPa, an anomalous change in 
the width deformation along the length of the samples (appearance of globules) was observed. Irradiation 
with electrons leads to a decrease in the effect and an increase in the values of the length deformation. The 
reason for the appearance of globules is the branching of macromolecules and their distribution along the 
length. After stretching the polymer to the maximum value, the globules disappear, and the sample becomes 
uniformly stretched. 
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In the period of rapid development and the creation of various materials, it is most important to obtain 
them with improved properties in comparison with the available parameters. Their modification is possible 
with the help of various effects on materials. Recently, materials based on aromatic polyimides (PI) have 
caused close attention among polymer systems of different classes. Polyimides have a unique complex of 
extremely high thermal and heat resistance, excellent mechanical and electrical characteristics in 
combination with high chemical and radiation resistance. The most important task, from a scientific and 
practical point of view, is the modification of these properties due to irradiation with particle flows, thermal 
effects, mechanical loads, etc. An important property for the PI matrix is the preservation of the ability to 
crystallize after its melting and subsequent cooling. Also an aspect of paramount importance is the study of 
the possibilities of changing the mechanical properties of polyimide materials. In connection with this, it is 
urgent to obtain new fundamental results. The solution is the development of methods for the experimental 
study of the deformation and strength properties of films, the determination of the safe deformation resource 
of products under the combined action of mechanical loads and operating temperatures, and the assessment 
of the hazards of technological and operational defects. 

The effect of ionizing radiation on polymers leads to a change in their physico-chemical properties 
associated with simultaneous processes of structuring and destruction. Accumulated experimental and 
theoretical results in this field are already applied in science and technology [1]. The problem of creating a 
general theory of regularities and mechanisms of processes under the action of ionizing radiation and 
predicting their behavior remains unresolved. 

The work is devoted to the study of the physico-mechanical properties of polyimide film subjected to 
electron irradiation, as well as to the comparison of results with other films, and to studies of a similar nature 
[2]. The object of the study is a 35-μm polyimide film (PI). Deformation-strength characteristics of polymers 
were studied on a computerized tensile machine of РМУ-0.05-1 type. 

Films of polyimide PIAB were irradiated in an electron linear accelerator ЭЛУ-6 in air at 25 °C with an 

energy of 2 MeV (beam current density is 0.5 μA/cm2, pulse duration is 5 μs, frequency – 200 Hz). The dose 
of irradiation is 50 – 250 kGy. 

Samples were studied on optical ((ACM) LeicaDM 6000 M) and atomic-force "Integra-Terma" 
microscopes for PIAB polyimide. The IR spectra were taken at room temperature using the standard technique 
on Jasco IR-810 (Japan) spectrophotometer in the wave number interval of 400 – 4000 cm-1. 

It was established that the electron effect on polyimide of various grades leads to a significant change in 
the properties of the materials under study, related to the modification of the morphology and chemical 
composition of the material (high content of oxygen-containing groups, sorbed water, etc.). Comparison of 
the deformation-strength characteristics of the studied polyimide with the data of [2] showed their essential 
difference, which is related to the different structure and methods of obtaining the material. 
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Topaz is a precious stone, it has a morphological diversity and a rich range of colors associated with 
structural defects called color centers. Coloration and luminescence of topaz crystals are very sensitive to 
external influences. After irradiation with X-rays or gamma rays color of topaz is enhanced by a wine-yellow 
one, which disappears when crystal is heated. After irradiation with thermal neutrons there is a steady blue 
color. Irradiation and thermal annealing of topaz samples leads to increased luminescent intensity by almost 
100 times [1], as well as quartz [2]. 

The infrared absorption spectra (IR) of gem topaz were investigated. Topaz crystals were subjected to 
irradiation and thermal annealing. Gamma-ray irradiation was conducted on the "GIG 7-3 Researcher" system; 
the exposure dose was 104 Gy.  For thermal annealing the samples were heated at a constant speed of 0,1 C 
sec- 1 to 400 ° C in the air conditions. The IR absorption spectra of topaz were measured at room temperature 
on the Shimadzu IR Prestige spectrophotometer in the range of 300...4000 cm-1 with a resolution of 0,001 cm-

1. 

 
Fig. The fragment of infrared absorption spectra of gem topaz crystals at 3600...3200 cm-1: 1 – initial  topaz sample; 2 – irradiated 

with gamma rays topaz sample; 3 – topaz sample after thermal heating to 400 ° C 

 

In IR absorption spectra of topaz samples which were not subjected to thermal and radiation treatment, 
there are two intensive absorption bands with picks at 3647 and 3433 cm - 1 in the range of 3600 ... 3200 cm-1 

(Fig., curve 1). After irradiation the intensity of the broad absorption band at 3433 cm-1 decreases (Fig., curve 
2). The broad absorption band completely disappears after annealing of topaz samples to 400 о С (Fig., curve 
3). 

As the infrared absorption  in the range of 3200...3600 cm-1  is caused by vibrations of the [ОН]-
groups, we can assume that the decrease of the maximum of the IR absorption band at 3433 cm-1 is induced 
by  "oxygen – hydrogen" break in ОН-groups. During irradiation the hole color centers (electron vacancy) are 
formed on the oxygen ion in the OH-group. These color centers intensify the wine-yellow color of topaz and 
provide high intensity of thermoluminescence. 

 
1. Korovkin M.V., Ivanova O.A., Polisadova E.F., Korepanov V.I.  Luminescent properties of natural topaz crystals // Bulletin of the 
Tomsk Polytechnic University. – 2003. – vol. 306 – №. 1. – pp. 50 – 58. 
2. Korovkin M.V., Ananyeva L.G. Effect of irradiation and thermal annealing on quartz materials luminescence // XII International 
Conference Radiation-thermal Effects and Processes in Inorganic Materials IOP Publishing / IOP Conf. Series: Materials Science and 
Engineering 168 (2017) 012033. 
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It is known that the luminescent properties of wide-gap oxide dielectrics, in particular aluminum oxide 

(Al2O3),  depend largely on the presence of active centers, which are vacancies in the anion sublattice in 
various charge states [1]. In such case, oxygen vacancies form single and aggregate centers of F-type, which 
can act as trap and recombination centers and take part in the formation of luminescent response. One of F-
type centers formation methods in oxide crystals is coloration as a result of sample irradiation by charged 
particles whose energy exceeds the threshold energy of defect formation in the studied material (e.g. for 
electrons E ~ 300 keV). Thus, the effect of oxygen vacancy formation processes on luminescence of Al2O3 
under irradiation of crystals with protons (5.7 MeV) [2] and silver ions (100 and 190 MeV) was studied [3]. 
In most cases described in the literature, the authors use a sufficiently high energy of ion beams  
(E > 1 MeV). At the same time, the regularities of effect of defects induced by ions of medium energies  
(E = 30-300 keV) on luminescent properties are insufficiently investigated. In this case the energy of ions 
slightly exceeds the threshold energy of defect formation. The study of the thermal effect of high-power pulsed 
(nanosecond) ion beams on the optical properties of crystals is also of interest. Therefore, the aim of this paper 
is to study the luminescent properties of sapphire single crystal exposed to pulsed ion treatment (PIT) with the 
energy of E ~ 300 keV ions. 

The samples of с-orientation single crystal sapphire (c-Al2O3) were used with double-sided polishing, 
trace Ti and Cr impurities did not exceed 1 ppm ("Monocrystal" company, Russia). Irradiation of samples was 
carried out on a pulse ion accelerator TEMP. The ion beam consisted of 80% carbon (C+) and 20% hydrogen 
(H+), fluence of ions in one pulse did not exceed 1013 ion/cm2. The pulse duration  
was  ~ 100 ns, and the energy density varied in the range W = 1-2 J/cm2. PIT with W ~ 1 J/cm2 did not lead 
to visible changes, whereas the rise of W to 2 J/cm2 was accompanied by a surface disturbance. 

It was found that the pulse cathodoluminescence (PCL) spectrum of the initial samples have a weak 
emission in the region of 400-500 nm, as well as an intensive emission in the region of 600-800 nm with a 
maximum at 700 nm associated with traces of titanium and chromium impurity. The PIT of the samples leads 
to the appearance of an intensive emission at 420 nm associated with the F-centers. The intensity of 
luminescence at 700 nm does not change. The presence of F-centers in ion-irradiated samples is also confirmed 
by of optical absorption and photoluminescence (PL) measurements. When the samples were excited by light 
at λ = 310 nm, a more intense PL band at 500 nm was additionally observed in the irradiated samples 
corresponding to the F2 centers [4]. In addition, the previously unknown luminescence at 435 nm was present 
in the PL spectra during excitation at λ = 280 nm. Thus, the obtained results prove the presence of F-type 
centers associated with oxygen vacancies and their aggregates in ion-irradiated samples. The thermally 
stimulated luminescence (TSL) of irradiated samples has the dominant peak at  
T = 180 ° C, which is close in temperature position to the TSL maximum of thermochemically colored crystals 

α-Al2O3 [5]. The paper also discusses the possibility of using TSL of radiation-colored samples for dosimetry 
of high-dose pulsed electron and ion beams and beta radiation. 
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In the modern world, one of the priority areas is the studying of defect formation processes and their 
subsequent evolution in nanomaterials after treatment of nanostructures with ionizing radiation. Nowadays, 
one of the priority areas is the studying of defect formation processes and their subsequent evolution in 
nanomaterials after treatment of nanostructures with ionizing radiation. At the same time, the study of 
radiation-resistant nanomaterials and the creation of new functional devices by modification with ion beams 
require a comprehensive understanding and prediction of models for the formation and migration of defects. 

In this paper, we propose a model for defects formation in the crystal structure and their influence on 
physical-chemical and structural properties of zinc-based metal nanostructures. It was concluded that an 
increase in the irradiation dose leads to the appearance of non-uniform amorphous inclusions in the structure 
that are capable of initiating partial destruction of Zn nanotubes. In this case, for heavy ions Kr14+ and Xe22+ 
cascades of defects lead to the formation of porous regions on nanostructures surface that arises as a result of 
structure amorphization. The dimensions and number of subcascade and cascade inclusions increase when 
nanostructures are irradiated with heavy ion fluxes with an energy of more than 100 MeV, after the 
interaction of incident particles with lattice atoms. This leads to the partial destruction of structure and to a 
change in morphology. The understanding of energy transfer processes from energy ions to nanomaterials is 
necessary not only for basic research, but also for the manufacture of electronic and optical instruments, as 
well as for predicting nanomaterials characteristics operating under high radiation background conditions.  
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Molecular machines operated by light have been recently shown to be able to produce processive 

macroscopic motion, and, as a consequence, macroscopic work when embedded in supramolecular structures 
[1-3]. However, to date, such photo-responsive systems are limited to the demonstration of transient 
dynamics while any supramolecular movement irremediably ceases as soon as the concentration of the 
interconverting molecular motors or switches reaches a photo-stationary state. To circumvent this limitation, 
researchers have typically relied on establishing oscillating illumination conditions, either by modulating the 
source intensity or by using bespoke illumination arrangements [4,5]. In contrast, Nature’s molecular 

machineries drive processive motion over increasing length scales and with control over space and time, by 
taking advantage of the sharp structural changes that occur close to phase transitions in an open system that 
exchanges molecules and energy continuously [6,7]. 

In our study [8] performed at the UBordeaux and the UTwente, we incorporate light-responsive 
molecular motors into a topologically structured, chiral liquid crystal that is poised at the boundary of a 
structural transition, and demonstrate the emergence of continuously revolving supramolecular structures 
under constant light illumination.  

The rotation at the supramolecular level is sustained by the diffusion of the motors away from a 
localized illumination area. Above a critical irradiation power, a spontaneous structural symmetry breaking 
occurs that dictates the directionality of the supramolecular rotation. The interplay between the twist of the 
supramolecular structure and the diffusion of the chiral molecular motors creates continuous, regular and 
unidirectional rotation of the liquid crystal structure under non-equilibrium conditions. 

Combining the operation of artificial molecular machines with reaction-diffusion across length scales 
increases our understanding of physicochemical dynamics in soft matter and paves the way towards life-like 
artificial matter. 
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**Institute of Applied Physics, Irkutsk State University, 20 Gagarin Blvd., Irkutsk 664003, Russia 
 
The formation of color centers in dielectric crystals occurs due to multiphoton absorption of laser 

radiation energy by the electron subsystem of the matter with the formation of electron-hole pairs, as a result 
of self-focusing and filamentation of the exciting femtosecond laser radiation. The mechanism of creation of 
color centers under the action of femtosecond laser radiation includes highly nonlinear generation of 
electron-hole pairs in the region of the passage of filaments, their recombination with the formation of 
anionic excitons, the decay of excitons into Frenkel defects (Luschik-Vitol-Hersh-Pooley mechanism), their 
recharge, migration and aggregation. The efficiency of interaction of optical radiation with matter is largely 
determined by the type (multipolarity) and orientation of elementary oscillators characterizing quantum 
systems that interact with radiation. For example, in case of electro-dipole interaction, the energy of 
interaction of optical radiation with the luminescence centers depends on the orientations of the electric field 
vector and the vector of the electric dipole moment of the elementary oscillator associated with quantum 
transitions responsible for the absorption and emission of light in the luminescence centers. 

Luminescence centers in crystals, as a rule, have pronounced anisotropic properties. Thus, transition 
from the ground state of the center to the excited state and back, i.e. the absorption and emission of light by 
the color center in the crystal is modeled either by a linear electric-dipole oscillator or by a rotator oriented 
along one of the crystallographic axes. Consequently, the light emitted by this center will be polarized in a 
certain way, and the degree of polarization of the total luminescence of these centers summarized in all 
possible orientations of the center will be different from zero and will depend on the orientation of the crystal 
relative to the direction and polarization of the exciting light and the direction of observation of 
luminescence. This fact was used to construct a spatial pattern of the distribution of luminescence centers 
induced by femtosecond laser radiation. 

At the moment, the question of the efficiency of defect formation in crystals depending on the 
polarization state of femtosecond laser radiation remains open in the literature. In this paper it is shown that 
if the light with a fixed intensity falls on a spherical symmetric quantum system (atom, ion) and periodically 
changes the polarization state from linear (in any direction) to circular, then the lowest ionization rate of the 
atom will be at circular polarization. That is, if in case of purely multiphoton ionization, without taking into 
account tunneling, all the polarization vectors are equivalent (the rate of photoionization does not depend on 
the polarization state), then the tunneling effect breaks this symmetry and selects a vector of circular 
polarization (more precisely, two complex vectors of right and left circular polarization). Thus, spatially 
periodic patterns of luminescence of color centers observed in experiments on irradiation of anisotropic 
crystals with an exciton mechanism of defect formation indicate that the tunneling effect plays a significant 
role in the process of nonlinear multiphoton ionization. The model developed on the basis of these 
assumptions adequately describes the observed spatially periodic pattern of luminescence centers in 
anisotropic dielectrics. 
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MODELING OF QUANTUM TRAJECTORIES OF F3
+ - CENTER IN LIF CRYSTAL1 
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We studied F3

+ color centres in LiF crystal with use of confocal fluorescence microscopy, analysis and 
statistical treatment of time dependences of the centers fluorescence intensity (quantum trajectories). It is 
shown that color center F3

+ is able to make transition to the triplet state in process of photoexcitation, but in 
the main (singlet) state due to reorientation diffusion the center changes its orientation with a frequency of 
1.5 – 2 Hz at room temperature. It is also shown that this subtype of the rotational diffusion of the center 
does not cause its translational diffusion. The quantum trajectories calculated on the basis of the proposed 
dynamic model of the center are in agreement with experimentally observed trajectories. 

                                                   
1 This work was supported by project SB RAS II.10.1.6., and also with financial support of RFBR project № 17-52-44015 Mong_a 
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LASER PULSES
1
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A model of the formation of aggregate color centers in alkali-halide crystals under the influence of 

femtosecond laser pulses was developed. The model takes into account nonlinear optical effects leading to 
the formation of light channels (filaments) in matter, nonlinear formation of electron-hole pairs, as well as 
nonlinear processes of formation of primary defects (F centers) and aggregate F2 centers. The model was 
applied for simulation of generation of F2 color centers in a LiF crystal. The simulation results can make it 
possible to reconstruct the spatial distribution of the density of electron-hole pairs, which exist briefly after 
the action of the laser pulse, from the observed distribution of permanent fluorescent F2 centers in LiF. 
 

                                                   
1 This work was supported by RFBR project № 17-52-44015 and SB RAS project № II.10.1.2. 
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THE DIFFUSION MECHANISM OF SELF-TRAPPED HOLES IN BAF2 CRYSTAL 
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In this work we present ab initio molecular dynamics (MD) study of localization and diffusion 
mechanism of self-trapped hole (Vk-center) in BaF2 crystal. For a correct description of the localized defect 
state the density functional theory in the DFT+U approximation with adjusted values U = 11 and J = 3 is 
used. The MD simulation is performed for temperature linearly increasing from 70 to 600 K. 

We detected three diffusion channels of Vk-center in BaF2: (i) a jump along the defect axis; (ii) a jump 
with a reorientation of 90º; (iii) the jump through a temporary configuration. This temporary configuration 
appears when one of fluorine ions composing Vk-center is displaced into the nearest interstitial position and 
may be considered as the pair of nearest anion vacancy and H-center. This intermediate state is unstable and 
disintegrates shortly either by returning to an initial Vk-center configuration or by the bond switching with 
subsequent Vk-center reorientation. This configuration is appears during MD simulation both as independent 
event and as intermediate state in diffusion of the defect in the crystal.  

The activation energy for diffusion along the defect axis (0.334 eV) is relatively small, compared with 
reorientation process (0.407 eV), and large compared with the energy for diffusion through the temporary 
configuration (0.185 eV). However, diffusion through the temporary configuration occurs within the MD 
simulation at higher tempertures than two other events (at a temperature of about 500K). This is due to the 
fact that two conditions are necessary for the realization of this diffusion channel. First, Vk-centre must 
switch into the temporary configuration, overcoming the barrier of 0.18 eV. Second, after a sufficient time in 
the temporary configuration the bond switching must happen. 

With the transition into a temporary configuration the Vk-centre level in the band gap shifts from 2.66 
to 3.37 eV above the top of the valence band. The defect localization energy increases from 2.92 to 3.01 eV. 
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ANALYSIS OF CHANGES OF  IR SPECTRA IN  Be, Al, Si, Ti, Fe, Cu, Mo AND Zr OXIDE FILMS 
GROWN IN AQUEOUS MEDIUM 
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National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Kashirskoe shosse,31,   
Moscow, 115409, Russia, nvvolkov@mail.ru, +7 495 788-5699 

 
The task of improving the properties of oxide compounds Be, Al, Si, Ti, Fe, Cu, Mo, Zr and 

stabilization of their structural-phase state is currently  important, because  usual methods  to obtain  
thermally stable,  radiation-resistant  compounds  with desired properties  is impossible.  

Thereby we propose used ion beam radiation with wide energy spectrum (Gaussian distribution) and 
average energy 6–20 keV for modification properties of oxide films.  

Experiments show, that simultaneous impact of ions with different energy significantly increase 
modification zone and reduce stress and density of radiation defects in modification layer. Under radiation 
ion beam with wide energy spectrum system “multilayer films – oxide – metal substrate”, atoms of 
multilayer film penetrate into the oxide, at the expense of radiation-induced processes, and defect free doped 
its to a depth of 1µm with a concentration higher, than the solubility limit. In result complex simultaneous 
alloying of oxide films, created new states (physicochemical, electro physical), which impossible obtain 
other methods.  

For example, revealed. That in result simultaneous allying system “ZrO2-film – Zr-substrate” atoms Al, 
Fe, Mo, Y to a depth of 100 nm were formed multilayer gradient layers, formed oxides and intermetallic 
compounds of Zr3Al, ZrFe2, ZrMo2, which enhance the properties of products (improved  corrosion 
resistance and wear resistance claddings from zirconium alloys).  

Thus, within the framework of the harmonic oscillator model, it is shown that it is possible to determine 
the states of an oxide films on a polycrystalline metal substrates by IR-spectroscopy, which allows to 
improve the technology of obtaining and controlling oxide films with specified properties. 
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CHANCES CRYSTAL STRUCTURE OF SILICON HEXABORIDE IRRADIATED UNDER 
GAMMA RAY 
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E-mail: matlab@jinr.ru 
 

This work presents the results of studies on the lattice parameters and microstructure of siliside hexoboride 
to investigate the effects of gamma ray. Dose rate of gamma source D = 0.27 Gy/sec and specimens is a 
irradiated 9.7, 48.5, 97, 145.5 and 194 kGy. When to 145.5 kGy in sample starting amorphization. 
Determineted in the siliside hexoboride irradiated under gamma ray incraeses lattice volume 1.31 % and 
phase amorphization 25 % at room temperature respectively. Dependens dose rate of amorphization when 
increases dose rate directly proportional increases amorphization. Under gamma ray reserche at surface 
morphology increases oxsigen atoms 4 % as well at room temperature. 
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EFFECT OF ION IRRADIATION ON OPTICAL AND ELECTRICAL PROPERTIES OF 

ALUMINUM OXIDE
1
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*National Research Tomsk Polytechnic University, Lenin Avenue 30, Tomsk, 634050, Russia, E-mail:konusov@tpu.ru 

 

 
Ion–thermal modification of oxide dielectrics is prospective for creation of technologies of the solid–

state electronics [1, 2]. The main reasons of properties modification were introduction of radiation defects 
(RDs) and formation of complexes on base of RDs and implanted ions. Thermal annealing stabilized the 
properties owing to a coagulation of implanted elements and RDs into clusters and formation of new phases 
different from those for pristine matrix [1, 2]. Localized states (LSs) of RDs were showed well in 
leucosapphire and polycrystalline corundum (polycor) having low concentration of impurities [2]. RDs had 
had usually a complicated spectrum of LSs in band gap (BG) of alumina. The study of effects from ions, 
having different abilities to generate the intrinsic RDs or to replace the lattice cations, should help to refine 
nature of LSs in BG. That had required and approaches using the generalized microscopic parameters 
characterizing structural disordering as a whole [2]. The aims of this paper were to study the optical, 
electrical and photoelectrical characteristics of alumina after irradiation with aluminum, silicon, chromium, 
iron, cobalt, molybdenum and titanium ions and subsequent annealing, and to determine the thermal and 
chemical stability of properties and to establish degree of influence of different imperfections on properties. 

The irradiation of leucosapphire and polycor with different ions and subsequent annealing in vacuum at 
300–1800 K had created the RDs and the complexes on their base, which had continuous spectra of LSs in 
their band gaps. The changes in electrical, photoelectrical and optical properties of alumina had determined 
by concentration of RDs and biographical defects and by degree of their interaction within of complexes. 
The dependencies of optical and electrical parameters from dose of ions were due to by disordering, induced 
by defects in crystal lattice. The parameters of exponential and interband absorption in irradiated alumina 
were caused by accumulation of concentration of small clusters of intrinsic defects, such as interstitials and 
vacancies and by formation of impurity–vacancy complexes. The influence of substitution defects and their 
clusters on properties had apparently predominated in case of transition metals ions. In general, the new 
defective material had formed which had the average BG, distributed in interval 2.9–5.4 eV, and the current 
optical gaps for indirect 0.6–1.2 eV and 1.6–3.3 eV for direct transitions and the absorption edges formed by 
the defects LSs at 1.5–3.2 eV and 2.0–4.0 eV. Thermal vacuum annealing had stimulated the accumulation 
of defects clusters, which had great influence on changes in properties of alumina. 

REFERENCES 
[1] Cherenda N.N., Uglov V.V., Litvinovich G.V. and Danilyuk L. // Nucl. Instr. Meth. Phys. Res. – 2003. – Vol. B 211.– P. 219. 
[2] Kabyshev A.V. and Konusov F.V. // Inorganic Materials. – 2006. – Vol. 42. – P. 756. 
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In our experiments titanium alloy VT1-0 (technically pure titanium) with large-grain structure was 
used. This material was prepared in the form of rectangular slabs, whose surfaces were mechanically 
polished using a rotary polishing machine LaboPol-5(Struers). Femtosecond laser irradiation has been 
performed in air using Ti-Sa laser with a 790 nm wavelength and 100 fs pulses, coming at a rate of f=10Hz. 
The laser pulses were weakly focused onto the sample surface by a spherical glass lens into a 50 µm wide 
spot.  The peak energy density on the sample surface under the impact of a single pulse (F0) varied from 4 to 

159 J/cm2 with the number of accumulated laser pulses per spot (N) equal to 1, 10, 100, 1000. The study of 
the modified surface of the laser-irradiated samples was carried out by a scanning electron microscope 
(SEM) FEI Quanta 200 3D with thermal emission and an atomic force microscope (AFM) Ntegra Aura in a 
semi-contact mode. 

 

 

Fig. 1. The surface structures of the titanium after femtosecond laser irradiation: a) F0=10 J/cm2, N=10; b) F0=10 J/cm2, N=100; c) 
F0=10 J/cm2, N=1000; d) F0=45 J/cm2, N=10; e) F0=45 J/cm2, N=100; f) F0=45 J/cm2, N=1000. 

 The regularities of the surface topography change depending on the pulse energy density and the 

number of irradiation pulses were studied. The evolution of surface topography (fig.1) from the nano- and 

micro-relief (at low values of F0) to micro-holes or craters (for large values of F0) was investigated. 
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Nowadays the development of new radiation-resistant materials is a crucial problem which is especially 

urgent for fission/fusion industry, aerospace application, etc. wherein objects are exposed to strong 
irradiation with ions, neutrons, electrons. Deposited layers can exhibit a susceptibility to blistering that is 
dependent on the layer structure and composition, as well as on the presence of interfaces. Multilayer 
systems are promising for research because interlayer boundaries can affect the removal of radiation-induced 
defects. They have significant interphase regions, which can act as stable sinks of defects. 

The current study was performed on nanoscale ZrN/SiNx, AlN/SiNx and CrN/SiNx multilayers with 
different thickness of elementary layers grown at Ts=300°C by reactive magnetron sputter-deposition from 
Zr (Al, Cr) and Si3N4 targets.  

In the present work SEM and AFM investigations of the surface structure and mechanisms of blister 
formation in multilayers after irradiation with He ions (30 keV, 8⋅1016 cm-2) and subsequent annealing (600-
800°C) were carried out. The irradiation was carried out at room temperature. Both the multilayer periods 
(10 - 45 nm range) and ZrN (AlN, CrN) thickness ratio (0.33 – 0.96 range) were varied. 

The obtained results of TEM and HRTEM investigations of multilayer films indicate the formation of 
alternating layers of nanocrystalline ZrN (AlN or CrN) and amorphous SiNx with distinct boundaries. SAED 
spectrum of this film confirms the formation of the nanocrystalline and amorphous (no crystalline 
appearance) layers. X-ray diffraction results showed the dependence of the crystal lattice parameters of the 
nc-ZrN, nc-AlN and nc-CrN phases on the thickness of crystalline layers which is explained by size affect. 

It has been found that under He ions (30 keV) irradiation multilayer films remain resistant to blistering 
and flaking up to fluence of 8⋅1016 cm-2. It has been found that irradiation by He ions leads to the formation 
of helium bubbles in amorphous SiNx layers of multilayers. It is of the consequence of enhanced implanted 
ions migration towards the a-SiNx layers and bubbles formation. The irradiation with helium (30 keV) ions 
resulted also in radiation-induced point defects formation and decrease in the lattice parameters of nitrides 
(ZrN, AlN and CrN). 

TEM and HRTEM investigations of multilayer systems revealed that irradiation with He ions does not 
lead to a smearing of the crystalline-amorphous layer boundaries, the formation of helium bubbles was 
detected only in the amorphous SiNx layer. It was found that irradiation with He ions leads to a change 
(swelling) of the thickness of amorphous layers, which correlates with the profile of implanted helium. The 
average size of the bubbles is 2.0 – 2.4 nm and grows up to 4 – 5 nm after the post-irradiation vacuum  
(600 °C) annealing.  

The investigations have shown influence of the crystalline and amorphous layer thicknesses on the 
character and damage degree of the multilayer films surface as a result of post-radiation annealing at 600°C. 
Thus, the open blisters (about 4.5-5 µm diameter) formation prevails for the amorphous SiNx film. A 
significant increase (in 10 times) in the blisters number (diameter 1 µm) was found for the crystalline ZrN 
film. It was found that the composition of the crystalline layer influences the processes of blister formation 
and fleking. So the most stable to erosion processes is the ZrN/SiNx system with a layerы thickness of 5 nm, 
while the CrN/SiNx system with the same thicknesses is the least stable.  

In this work potential processes (mechanisms) of blister formation and flacking in multilayer systems 
are discussed. 

 
 
 
 

i This work was partially supported by the project of Russian Science Foundation (RSF No. 16-19-10246). The SRIM calculations are carried out at 
Tomsk Polytechnic University within the framework of Tomsk Polytechnic University Competitiveness Enhancement Program grant. 
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The features of the behavior of edge dislocations in the Fe-10Cr crystallite after irradiation are studied. 

The calculations were performed within the framework of the molecular dynamics method using many-body 
potentials of the interatomic interaction. The simulated crystallite had the form of a parallelepiped. Periodic 
boundary conditions were set in two directions, and shear load was applied in the third direction (see Fig.). 
Irradiation of the crystallite was simulated by assigning a momentum to the primary-knocked atom. As a result 
of the propagation of atomic displacement cascades, radiation-damaged regions formed in the crystallite. In 
the work, dislocation mobility in radiation-damaged regions of the crystallite and the features of the interaction 
of dislocations with radiation defects of different types and sizes were investigated. Comparison of threshold 
values of shear stresses, necessary for displacement of edge dislocations, in Fe-10Cr crystallites containing 
different concentrations of point defects was carried out. 

 

 
Fig. Loading scheme of crystallite with the 1/2<111>{110} edge dislocation 

                                                      
1 The work was performed with financial support of Russian Foundation for Basic Research grant No. 16-08-00120 а. 
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One of the most important problems of the world community is the protection of the environment and 

the preservation of the sustainable development of human civilization. The unprecedented catastrophic 
growth of the Earth's population, the expansion of the use of natural resources, the introduction of new 
technologies, the increase in the energy production, industry, agriculture, construction, and transport have led 
to a global environmental problem of water purity. The development and introduction of new, continuously 
improved cleaning technologies, types and designs of treatment plants and the utilization of materials has 
become a very important area in the fight against harmful emissions. Proper treatment of wastewater makes 
it possible to reuse it prior to diversion into water bodies or into the soil, and also pursues other goals, for 
example, keeping water reservoirs clean that are resting places, preserving fish resources. As it is known, 
biological decomposition and self-purification from harmful substances is a very slow process. Therefore, 
the natural purification of sewage is replaced by artificially created industrial facilities. Water treatment 
plants includes various types of purification: mechanical, chemical and biological purification which is final 
stage before discharge of sewage into reservoirs. Its effectiveness depends on the efficiency of the activated 
sludge (a complex of microorganisms) [1, 2]. All possible methods of intensifying biological purification 
open the possibility of a significant improvement in the ecological situation. The sad experience shows that 
the majority of sewage treatment plants are unsatisfactory. A measure for determining the state of treatment 
plants is the sludge index and sedimentation rate of bottom sediments. 

This paper is devoted to the study of the properties of the unirradiated and irradiated sludge of Sorbulak 
lake by the optical method. 

To determine sludge parameters, an experimental setup was created consisting of a rack, holders, a 
quantum optical generator (a laser source), a light flux detector, a camera and a time latch. Pre-dried sludge 
is placed in a flask (chamber) with water, shaken carefully and installed between the laser and the light 
intensity recording detector. The dependence of the illumination of light (the laser line) on time was 
recorded. Irradiation of the samples by electrons was carried out on ЭЛУ-6 linear accelerator with an energy 
of 2 MeV in the air. The vacuum in the accelerator system was maintained at 10-6 mm Hg. Samples for 
irradiation were placed at the distance of 20 cm from the exit window of the accelerator. The beam current 
was 0.2 μA/cm2, the dose of irradiation with electrons was 500 kGy, and with photons – 3P. The irradiation 
time was 77 minutes and 48 seconds, respectively. Studies of unirradiated and irradiated samples, obtained 
two years ago in similar doses, were also carried out. It was found that the complete sludge settling occurs in 
about 100 seconds. Complex experimental studies were carried out on the sedimentation rate of active sludge 
and its properties by the optical method. From the curves of the dependence of the density (ρ) on time (t), 
regularities having the same nature for different radiation powers were obtained. The experimental curves are 
explained within the framework of the exponential model proposed by the authors. 

 

REFERENCES 

[1] Zakhtaeva N.V., A.S. Shelomkov Active sludge as a managed ecological system. – M.: Eks-media-press. 2013. 
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Sulfates of alkali and alkaline earth metals come into use as active elements of dosimeters, scintillators, 
detectors, etc. Researchers related sulfates of alkali and alkaline earth metals to the wideband dielectrics with 
a band gap of more than 9 ÷ 9,3 eV based on the results of band calculations, reflection measurement and 
absorption spectra. EPR spectroscopy showed that radiative defects of vacancion (𝑆𝑂3

−𝜐𝑎
+) and interstitial 

(О−and О3
−) types occur by photons with energy above 9.0 ÷ 9.3 eV when excited by X-ray and γ– ray. It 

was supposed that defects arise in the recombination decay of intrinsic electronic excitations. Spectroscopic 
methods have been used to detect radiation that occurs when electrons recombine with hole capture centers. 
It was generally believed that intrinsic electronic excitations arise when electrons move from the valence 
band of sulfates from the 2p state of oxygen to the s state of the cation-base forming the conduction band. 
The energy of such an electronic transition determines the width of the forbidden band. However, details of 
the valence and conduction band structure in alkali and alkaline-earth metal sulfates have not been discussed 
previously. Theoretical calculations showed that the electronic structure of the anionic complex 𝑆𝑂4

2− plays a 
special role in the formation of the sulfate energy zone. The electronic configuration of the ground state of an 
anionic complex 𝑆𝑂4

2− has the form of ….2(a1)
2
(2t2)

6
 (3t2)

6
 (1е)

4
(1t1)

6, which determines the energy state of 
the valence band, which is the connecting molecular orbitals. The lower part of the conduction band consists 
of antibonding molecular orbitals 3(a1)

4and (4t2)
4of  𝑆𝑂4

2−ion. The upper part of the conduction band consists 
of s states of the base cation  𝑁𝑎+, 𝐾+𝑒𝑡𝑐.  . Sholokh and others related the detected reflection band to two 
groups of transitions from the valence band into a complex conduction band, being based on the 
experimental reflectance spectra for 𝐾2𝑆𝑂4 ,𝑁𝑎2𝑆𝑂4 and 𝐶𝑎𝑆𝑂4, which consists of six bands, and taking into 
account the proposed modified structure valence zone.  

The reflection bands at 5.1 eV, 6.8 eV, and 10.5 eV are connected with electronic transitions from the 
molecular orbitals 1t1, 3t2, 1е, 2t2 of the 𝑆𝑂4

2−anion to the conduction band of sulfate, which is formed from s 
states of 𝑁𝑎+, 𝐾+,𝐶𝑎2+cations. The second group of reflection bands at 4.4 eV, 6.0 eV and 9.8 eV is 
referred to intramolecular transitions from 1t1, 3t2, 1е, 2t2 orbitals of the valence band to the antibonding 
orbitals 3(a1)

*and (4t2)
*of the same 𝑆𝑂4

2− anion located at the bottom of the conduction band. During the 
transitions, the 𝑆𝑂4

2−anion is in the excited state and can dissociate with the formation of interstitial oxygen, 
i.e. this transition leads to defect formation. Thus, in the proposed model of band structure of alkali and 
alkaline-earth metal sulfates, electronic excitations are created in a wide energy interval of 4.4 ÷ 10.5 eV. 

We have found luminescence at 3.65 ÷ 3.7 eV in 𝐾2𝑆𝑂4 , 𝑁𝑎2𝑆𝑂4 and 𝐿𝑖𝐾𝑆𝑂4 etc. crystals excited in 
photons 5 ÷ 6.2 eV. We have shown that the luminescence in these crystals at 3.65 ÷ 3.7 eV arises in the 

same spectral interval when excited by X-ray, ultraviolet photons with an energy of 7.75 ÷ 11 eV, as well as 

photons with an energy of 5 ÷ 6 eV. 
It is common knowledge that when excited by X-rays and ultraviolet radiation with energies above 9 eV 

the thermally stimulated luminescence (TSL) occurs in sulfates, resulting in the formation of radiation 
defects. We detected analogous peaks of TSL when excited by photons with an energy of 5 ÷ 6 eV in the 

same temperature range. The intensity of these TSL peaks is smaller than in X-ray excitation. 𝑆𝑂4
2− anions in 

sulfates are excited by photons with an energy of 5 ÷ 6 eV with the same efficiency as when irradiated by 
photons with an energy of 9 ÷ 11 eV, which leads to defect formation. 
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Recently, LiMgPO4 doped with RE elements attracted much attention as a material for dosimetric 

applications [1-3]. To obtain a material with improved properties, of much importance is the information on 
the nature and energy of defects in pure and doped LiMgPO4. In this work using both optical methods and ab 
initio calculations, we report some results on this subject.  

Two values of the direct energy band gap of ~ 5.5 eV (Eg1) and ~ 4.4 eV (Eg2) were determined using 
diffuse-reflectance (DR) spectroscopy. They were attributed to the fundamental optical gap and to the 
existence of one or more types of defect states in the forbidden band respectively. These experimental results 
were fully confirmed by ab initio calculations. The calculations show that the main stable defects in 
LiMgPO4 should be F2+ and F0 for any vacancy site, while F+ is stable only in a very narrow energy 
range from 0.8 to 1.2 eV for the O1 defect. A scheme of energy levels is proposed. 

We studied the TL characteristics of LiMgPO4 samples annealed in atmospheres with different PO2 
(oxygen, air and argon). The TL glow curves of LiMgPO4 exposed to a 2 Gy X-ray irradiation are shown in 
Fig. 1. They consist of five overlapping peaks in temperature range of 300-600 K. The intensity of the peaks 

correlates with the oxygen content. It can be concluded that there are a large number of various defects in 
LiMgPO4 that serve as traps at irradiation. 

 Fig. 1. TL curves of LiMgPO4 annealed in atmospheres with different oxygen contents exposed to a 2 Gy X-ray irradiation (a); The 
convolution  of the TL glow curve for LiMgPO4 (Air) (b) 

Sufficiently large light sums glow up from the irradiated LiMgPO4, but TL peaks are located at too low 
temperatures, this does not allow to consider the undoped phosphate as material for TL dosimetry as well as 
for dosimetry using the effect of optically stimulated luminescence (OSL). But the introduction of RE 
dopants such as Tb3+ significantly improves the dosimetric characteristics of this material. So, doped 
LiMgPO4 can compete with anion-deficient corundum used in TLD-500 and Al2O3:C detectors [4-5]. 
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The lithium fluoride crystals (LiF) are widely used in dosimetry, in laser physics, as ideal models for 

studying point defects formed in them under the action of radiation, including high-intensity femtosecond 
laser pulses [1,2].  

The properties of radiation-induced luminescent color centers (CCs) are largely determined by the 
impurities of the cations and OH¯ anions intentionally introduced or entered into the crystal uncontrollably 
during growth. The IR transmission spectra of LiF crystals grown in air with hydroxyl ion enrichment, but 
without the addition of cation impurities were measured by us at room (RT), nitrogen (LNT), and helium 
(LHeT) temperatures. The crystal spectrum consisted of 6 main bands in the region of 3570-3730 cm-1 (Fig. 
1) 

 
Fig. 1. IR transmittance spectra of a LiF: OH crystal measured at RT (a) and LHeT (b) 

It is shown that the intensity of the 3730 cm-1 band increased by 1.8 times, and the half-width decreased 
by 2.2 times at LHeT as compared with RT. The intensity of the bands in the 3570-3700 cm-1 region is 
decreased slightly, and the half-width remained practically was unchanged at LHeT and RT measurements.  

It can be concluded that because of the lack of strong temperature dependence, the energy levels 
corresponding to the 3570-3700 cm-1 region can not be coupled strongly to phonons.  

The strong phonon coupling of level с ν=3730 cm-1 probably comes about because the hydroxyl ions 
are loose in the lattice and can undergo large amplitude oscillations or tunneling motions. The low-energy 
bands are due to the centers that may be coupled to aggregates of two or more closely spaced hydroxyl ions. 
The resonant phonon scattering is only due to free OH¯ and the presence of OH¯ in the complexes 

suppresses this mechanism. 
The line of the contour of the radiation-induced broad band unperturbed by the Fermi resonance in the 

region 1800-2000 cm-1 demonstrates the absence of a resonance between the stretching, bending and phonon 
vibrations (2080 cm-1 ~ 1115 cm-1 + 312.5 cm-1 + 650 cm-1). Such a phenomenon is observed in the LiF:Mg, 
OH crystal. The result of this study confirm that the resonance mechanism requires a high lattice symmetry 
which is lowered in the case of complexes n(OH¯). 
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Nitride ceramics Si3N4 and AlN are considered as promising candidate materials for inert matrix (IM) 

fuel hosts [1,2] and their radiation stability is a subject of extensive studies. Despite of practical importance 
there is an evident lack of experimental data on microstructural changes induced by high energy heavy ion 
irradiation simulating fission fragment impact. This report is aimed at XRD and electron microscopy 
examination of aluminium and silicon nitrides irradiated with 220 MeV Xe ions. 

Polycrystalline Si3N4 and AlN samples were irradiated at DC-60 cyclotron in the temperature range 
80K-1000K and fluences 1e12 – 1e14 cm-2. As was found, latent tracks were registered in Si3N4 at all 
temperatures and their size tended to increase with the temperature (Fig. 1). Contrary to Si3N4, no latent ion 
tracks were observed in any of the AlN used in this study.  
 
 

 

 

 

 

 

 

 

 

Fig. 1. Cross-sectional TEM image of Si3N4 irradiated with 220 MeV Xe to a fluence of 1.09х1011 cm-2 
at 80K (left) and 1000K (right) 

To assess the effect of ionizing radiation on the change in structural properties and defect formation 
processes in ceramic materials, the X-ray diffraction (XRD) analysis method was used. XRD was performed 
at a D8 ADVANCE ECO diffractometer (Bruker, Germany) using CuKα radiation. To identify the phases 

and study the crystal structure, the software BrukerAXSDIFFRAC.EVAv.4.2 and the international ICDD 
PDF-2 database were used. The change in the main crystallographic characteristics, the decrease in the 
magnitude of Griffiths criterion, and the increase in the average voltage as a result of irradiation are caused 
by the appearance of additional defects in the structure and their further evolution leading to a change in the 
degree of crystallinity. 
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It is known that helium in the structural materials of nuclear installations leads to degradation in their 

operational properties [1]. The accumulation of transmuting helium is due to nuclear reactions of elements of 
structural materials with neutrons, which leads to helium swelling, embrittlement and other negative 
consequences. Even more dangerous is the effect of helium on structural materials in promising high-
temperature reactors with a helium coolant (HTGR), since neutron irradiation will be accompanied by high 
temperatures. At present, alpha-particle accelerators are used to detect the effect of helium on structural 
materials, as this makes it possible to achieve high concentrations of helium over a relatively short time of 
irradiation [2]. However, modeling experiments cannot completely replace real research. In this work is 
undertaken a study of the penetrating ability (sorption) and the accumulation of helium in structural steel at 
synergetic action neutron irradiation in helium atmosphere at high temperature.   

It is for this purpose that research of helium accumulation at synergetic action of neutron irradiation in 
helium environment has been undertaken in this work. To study the accumulation of gas impurities in 
titanium-doped iron-chromium-nickel structural steel, special ampoule filled with helium was made. The 
helium pressure in ampule was ~ 1 atm. Ampoule were located in an assembly which will to be placed in the 
experimental channel of a nuclear reactor. The air gap between the ampoule and the wall of the assembly, 
also designed of structural steel, was ~ 2 mm. For neutron irradiation, the assembly with ampoule was placed 
in the experimental channel of the core of the WWR-K research reactor of the Institute of Nuclear Physics 
(Almaty) [3]. The density of the neutron flux in the selected channel was 7.6 ∙ 10

12 n/(cm2 ∙ sec) for “fast” 

neutrons with E ≥ 1 MeV, for “slow” neutrons the flux density was an order of magnitude higher – 5 ∙ 1013 
n/(cm2 ∙ sec). The irradiation temperature was measured by thermocouples fixed in the lower, middle and 
upper parts of the ampoule and constitutes to 720 ± 20 °C. The heating of the ampoule walls was due to the 
absorption of neutron and gamma radiation. The total irradiation fluence after several twenty-day companies 
of irradiation was 8.9 ∙ 10

19 n/cm2 (for fast neutrons with E ≥ 1 MeV). 
After irradiation, the ampoule was kept in a special repository of radioactive materials. After that, in the 

hot chambers of the complex of the INP research reactor, the samples for measuring the yield of helium by 
thermal desorption spectroscopy were prepared from the walls of the ampule. Samples were plates with 
dimensions of 3 mm × 2 mm × 1 mm. The thermo desorption curves were automatically recorded in the 
process of heating in a vacuum of ~ 1.3 × 10

-6 Pa at a rate of 42 о
С/min in the temperature range 20-1000 о

С 
[4]. The obtained results of helium yield from samples of structural steel irradiated with neutrons in a helium 
medium are compared with the results of helium accumulation in steel samples irradiated with low-energy 
alpha particles on the DC-60 cyclotron of the Astana branch of INP, also executed by thermal desorption 
spectroscopy. 
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One of the promising materials for the development of a new generation of integrated circuits is known 

to be Ge. It possesses superior transport properties, since its electron and hole mobility are, correspondingly, 
two- and fourfold larger than those in Si. In recent years, the studies of germanium-tin compounds are of 
great interest. The electrons and holes mobility in Ge:Sn is expected to increase significantly in comparison 
with Ge [1]. However, in spite of the perspective of Ge:Sn for modern micro- and nanoelectronics, its 
properties remain to be slightly studied up to now. So, the effect of tin on the formation of radiation-induced 
defects involving the vacancies and self-interstitials and on the reactions between defects and impurities 
under irradiation and at a subsequent annealing is scantily investigated. The knowledge of these reactions is 
important for the technologies using the ion implantation to comprehend the damages introduced by the 
implantation and to understand the processes of diffusion and activation of implanted impurities. 

One of the dominant vacancy-related radiation defects in silicon and germanium is known to be the 
divacancy (V2). To our knowledge, there is very limited information about the evolution of divacancies at the 
annealing of irradiated Ge and their possible interaction with impurities. The purpose of the present work is 
to study the effect of tin doping on the formation of divacancies in Ge irradiated with 5 MeV electrons and 
their transformation at the subsequent thermal annealing. 

The samples of p- (doped with Ga) and n- (doped with Sb) types Ge doped with tin (Ge:Sn) were 
investigated in study. The concentration of tin in the samples was varied from 1×1018 to 4×1019 cm−3. The 
samples were irradiated with 5 MeV electrons at the temperature T = 80 K. The investigations were 
performed by the Fourier Transform IR absorption spectroscopy. 

The broad absorption band with the maximum at about 4100 cm−1 is known to be associated with 
neutral divacancies (V2

0) in germanium [2]. The investigations have been shown that the doping of 
germanium with tin results in a shift of the absorption band corresponding to V2

0 toward the higher 
frequencies of the spectrum and the shift increases with the Sn content. In addition, the asymmetry of the 
band appears. The decomposition of the V2-related band into components has shown that the band in Sn-
doped Ge consists of two components. It is suggested that the “isolated” divacancies and the divacancies 
localized near tin atoms are generated under the irradiation. 

An annealing of V2 is known to be by diffusion. At the annealing of tin-doped Ge irradiated at 80 K, in 
contrast to germanium not doped with Sn, the appearance of the new spectrum in the range of 770–805 cm−1 
is observed simultaneously with the disappearance of the V2-related absorption band. The spectrum arises 
both in p- (doping with Ga) and n-types (doping with Sb) of samples. The revealed spectra are completely 
identical to the absorption spectra of corresponding dopants. It was found that the defects responsible for the 
detected spectra have hydrogen-like properties. The revealed defects have been identified as SnV2Ga and 
SnV2Sb, and the lines in the detected spectra are associated with transitions from the ground state to the 
hydrogen-like excited states. The formation of the revealed complexes consists of two stages. At the first 
stage, the intensity of the lines increases synchronously with the disappearance of the SnV2 band up to its 
complete annealing. At a further increase in the annealing temperature, the second stage appears where a 
considerable increase in the intensities of absorption lines occurs. The second stage arise due to SnV2 
diffusing at the annealing, in addition to the interaction with atoms Ga and Sb, participate in the formation of 
intermediate defect that at higher temperatures is transformed into the revealed SnV2Ga or SnV2Sb defects. 

The estimated binding energy (Eio) for the 1s(A1) ground state of the SnV2Sb centers is Eio= 99.28±0.02 
meV and Eio = 101.09 ± 0.02 meV for the 1Γ8+ ground state of the SnV2Ga defect. 

Thus, the defects found in irradiated Ge:Sn are deep donors (SnV2Sb) and deep acceptors (SnV2Ga) and 
can significantly affect the recombination properties of the material. 
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We propose a new technique of formation of optical diffraction elements on the surface of alkaline-

halide crystals. Implantation of these elements is performed with use of ions of silver and copper 
(E = 50 keV, D = 1016 - 1017 ion/сm2) through a metal mask (period 7 microns). During implantation a 
synthesis of luminescent nanoparticles of silver and copper took place in non-masked areas of the irradiated 
crystal in parallel with the process of defect formation. LiF crystals were used as samples. The selection of 
the sample material is caused by possibility to form luminescence centers in the surface layer of alkaline-
halide crystals. These luminescence centers consist of metal ions and clusters embedded in the crystal lattice 
of the substrate. This allows us to study the characteristics of the implanted layers by very sensitive and 
informative luminescent techniques. On the other hand formation of such centers in the matrix of alkaline-
halide crystals is of independent interest for a wide range of applications in optoelectronics, integrated optics 
and photonics. 

The paper presents the results of studies of optical characteristics LiF crystals after irradiation with 
silver ion beam of fluencies varied in the range 2×1013 - 1018 ions/cm2 and 150 keV energy. Absorption 
spectra of lithium fluoride crystals exposed to high influences irradiation about of 1018 ions/cm2 show several 
bands with absorption maxima at 250 nm, 441 nm and 410 nm. The first and second bands are responsible 
for absorption of F and F2 (F3

+) color centers, respectively, and they disappeared as a result of the sample 
annealing at 673 К. The third one is a thermally stable plasmon band appearing due to formation of silver 
nanoparticles from the embedded ions. The emission spectra of the lithium fluoride crystals under excitation 
of laser irradiation of 375 nm wavelength showed that along with luminescence band with peaks at 530 and 
680 nm, a luminescence band with a maximum at 420 nm was detected. The first and second bands are 
characteristic for luminescence of the F3

+ and F2 color centers, respectively, which originated in thin surface 
layer through the ion irradiation. The third band arose as a result of coalescence of the embedded silver ion 
to some particles. Measurements of the luminescence kinetic revealed four decay times, namely, 13.5 and 5.2 
ns close to characteristic decay times for luminescence F2 и F3

+ centers in the LiF crystal. Also, two fast 
components with decay times about of 0.2 and 1.0 ns were revealed, which were attributed to the silver 
nanoparticles luminescence. Relation between peaks of luminescence intensity of the colour centers and 
silver NP depends substantially on the ion fluence. Namely, the peaks were close to each other at a fluence in 
the range of 2×1013 – 2×1016 m ions/cm2. At high fluence about of 1018 ions/cm2, the color center peaks 4 – 6 
times exceeded the NP’s one. This result permitted us to argue that the later correponds to silver molecular 
clasters Agn

+ (n = 3 – 6) of sub-nanometer scale rather than the particles of 10 – 100 nm scale. 
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Dielectric crystals with induced aggregate color centers are the gain medium of tunable lasers and 

passive laser shutters, photosensitive storage materials for multilayer and volumetric fluorescent recording 
media and are widely used in other applications of science and technology. To achieve the required 
functional characteristics of these materials in some cases, it is necessary to use special technologies 
providing optical and thermal transformation of color centers. 

Here, the results of the photothermal transformation of color centers in lithium fluoride crystals are 
presented. We have carried out the temperature dependence of the luminescence intensity of some types of 
color centers during the annealing process under the constant CW laser irradiation (λех=405 nm). 

The data presented show that with the temperature increasing the decay of F2 and F3
+- color centers 

occurs. Moreover, the decrease rate of the concentration of different centers is different. The F3
+- centers are 

destroyed much faster and when the temperature reaches 300°C, they are destroyed almost completely. F2-
color center annealing occurs at a slower rate and takes place up to the 450°C. 

In the temperature range from 430 to 490°C the photoluminescence spectra show high temperature band 
increase with a maximum at 510 nm (Fig.1b) caused by the formation of new color centers. The nature of 
these centers is not defined currently. 

  
Fig. 1. The luminescence spectra at different temperatures: а) temperature range from 50 to 350 °C; b) temperature range from 390 to 

490 °С. 

It is shown that the influence of laser radiation on heated gamma-irradiated lithium fluoride crystals 
accelerates the transformation of F2 and F3

+- centers. In the temperature range from 430 to 490 °C the 
formation of new high-temperature color centers with photoluminescence band maximum at 510 nm have 
been revealed. 

The continuous exposure with the laser excitation accelerates the transformation of the centers. It can be 
explained by the fact that in addition to the thermally activated processes in the ground state of the centers 
we have activation processes in excited states populated under laser irradiation. 

                                                   
1 This work was supported by project SB RAS II.10.1.6., and also with financial support of RFBR project № 17-52-44015 Mong_a 
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GaP based light-emitting diodes (LEDs) emits in the visible range of wavelengths. LEDs are 

increasingly used in electronic devices for various applications. It can be exposed to different radiation 
factors at operating conditions. These result in academic interest toward ionizing radiation effect on 
microelectronic articles.  

There is currently limited number of publications on the researching radiation resistance of GaP LEDs 
[1-3]. Lack of sufficient information on the radiation resistance of LEDs cannot create their radiation model 
and solve the problem of forecasting resistance. Furthermore, the absence of the above information makes it 
difficult to effectively manufacture LEDs with a specified radiation hardness. 

The aim of this work is to investigate the GaP LEDs parameters changes with a wavelength of 590 nm 
irradiated with gamma quanta 60Co. 

As the research objects we used LEDs based on GaP of yellow color radiation. These optoelectronic 
products have got all main types of radiative recombination and usually applied for researching experiments.  

Before and after irradiation, the current-voltage and Watt-ampere LEDs characteristics 
were measured. The change of Watt-ampere characteristics during irradiation with gamma quanta is 
shown in Figure 1. It can distinguish the regions of strong and mid-level electron injection on Watt-
ampere characteristics (areas 1 and 2 in Figure 1).  

 

Fig. 1. Watt-ampere characteristic of LED based on GaP: symbols - measurement results; lines - established lows. 

In this case, the transition between medium and mid-level injection of electrons will correspond to the 
criterion parameter which is the boundary current at which achievement, a strong electrons injection into the 
active region begins to predominate in the LEDs operating. The nature of the dependence of the change in 
the boundary current separating the regions isolated on the Watt-ampere characteristics region with the 
radiation dose is revealed.  

Possible causes of the observed results are discussed. 

REFERENCES 

[1] A. Kamarou. W. Wesch, E. Wendler, A. Undisz, and M. Rettenmayr // Phys. Rev. В.  2008.  78.  054111. 
[2]  P. Litovchenko, A. Litovchenko, O. Konoreva, V. Opilat*, M. Pinkovska, V. Tartachnyk// Semiconductor Physics, Quantum 

Electronics & Optoelectronics. – 2009. – V. 12, N 3. – P. 276-279. 
 

1 10 100

1

10

100 - D=0

- D=1*10
5
 rad

- D=3.1*10
7
 rad

- D=1.052*10
8
 rad

- D=2.86*10
8
 rad

P, orb.units.

I
op

, mА

542

Radiation defects: structure, formation, properties_____________________________________________________________________________________________________________



RADIATION-INDUCED ABSORPTION IN CERAMICS YSZ1

E.F. POLISADOVA, O.L. KHASANOV, S.A. STEPANOV, D.T. VALIEV, V.D. PAYGIN, A.M. SHRAYBER, P.D. ZHVAKINA

National Research Tomsk Polytechnic University, Lenin Avenue 30, Tomsk 634050 Russia, elp@tpu.ru  8(3822)606310

Yttria-stabilized  zirconia  (YSZ)  due  to  its  excellent  mechanical,  thermal,  optical,  and  electrical
properties have a variety of applications, which include optical coatings, substrates, lenses [1,2]. This single
crystalline and ceramic material can be used for the intermatrix layer of nuclear fuel and for the covering and
storage  of  nuclear  waste  [3].  The  addition  of  yttrium provides  stabilization  of  ZrO 2 and  promotes  the
formation of oxygen vacancies. The purpose of this paper is to analyze the processes of defects formation in
ceramics with various amounts of stabilizer Y2O3 (10 и 8 mol.%) during by irradiation with electron pulses.

The samples  of  YSZ ceramics  were synthesized by static  uniaxial  pressing at  powerful  ultrasound
assistant at a pressure of 445-557 MPa, T=1300°C. The crystalline structure was characterized by a XRD
diffractometer (XRD-7000S Shimadzu). UV-Vis and NIR spectroscopy of the samples was taken by the
spectrophotometers SF-256 UVI and SF-256 BIK (Lomo-Photonics). Size distribution of nanoparticles was
determined by a SALD-7101 instrument (Shimadzu, Japan). Microscopic structure of the samples was found
by SEM analysis (JSM-7500FA, JEOL, Japan).

Irradiation was effected by electrons E = 250 keV using the compact high current accelerator of GIN-
600 type with a vacuum diode. The electron pulse duration at FWHM was 10 ns, and excitation density
∼ 70 mJ cm−2.  It was found that electron irradiation of ceramics samples in dose ~ 20 kGy reduces the
transmission in the visible region of the spectrum (fig.1, left). In the infrared range, no significant changes in
the optical characteristics are observed.

Fig. 1. Transmission spectra of irradiated and nonirradiated samples of YSZ ceramics (left). The spectra of radiation-induced
absorption (difference spectra) (right) was measured after irradiation by electrons E = 250 кeV in dose ~ 20 kGy

The absorption bands associated with radiation-induced defects are recorded in the visible region of the
spectrum  of  irradiated  ceramics  (fig.1,  right).  Irrespective  of  the  composition,  the  identical  bands  are
observed in the spectrum of induced absorption for both samples. The bands with a maximum of 430, 510
and 600 nm are recorded in the spectrum. As shown in Figure 1, the results are shown that the ratio of the
intensity of the absorption bands is different for samples YSZ8 and YSZ10. It is known that f-type centers
are  responsible  for  the  absorption  in  the  investigated  region  in  zirconia  dioxide.  It  is  shown  that  the
efficiency of  the  formation  of  color  centers  under  irradiation with electrons depends on  the number  of
oxygen vacancies in the ceramic.
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The paper presents results of the microstructure investigation of the helium bubbles distribution over 
the samples cross section of vanadium alloys with tantalum, tungsten and chromium after implantation by 
helium ions with an energy of 40 keV up to a fluence of F = 5×10

20 m-2 at 650 ° C. The microstructure was 

studied by transmission electron microscope after preparation of samples using the focused ion beam 
technique (FIB). 

It was found that a significant helium porosity is formed at distances from the surface that are more or 
less exceeding the calculated projective range of helium ions under used implantation conditions in the 
majority of alloys (the calculated maximum of helium ion distribution lies at a depth of ~ 0.15 μm). 

The results of the porosity development in vanadium alloys with tantalum are of special interest. In 
particular, helium bubbles were detected up to depth of 1 μm in the V-2% Ta alloy. Most of the helium 
bubbles (gas-filled pores) still located in the layer to 0.15 μm in this case. In addition, it is interesting that the 
bubbles found at great depths are often arranged in the form of ordered chains with a length of 100 to 
600 nm. A large number of bubbles do not detected at a depth exceeding 250300 nm for alloys with 
chromium and tungsten in spite the fact that a considerable part of the bubbles was found somewhat deeper 
than 0.15 μm. Extended chains of bubbles do not found in these alloys also. 

The parameters of helium porosity and gas swelling of alloys were calculated using the results of 
irradiated samples microstructure studies. The results of porosity parameters calculation are compared for 
TEM samples prepared by FIB technique and by means of the one-sided electrolytic thinning [1]. It is 
significant that it is possible to fix the porosity only in a layer of material no more than 100 nm thick from 
the irradiated surface when the electrolytic thinning method is used for TEM objects preparation. This leads 
to an underestimation of the swelling level. It was found that the difference in the swelling value can reach 
two or more times when comparing the results on TEM objects obtained by FIB or electrolytic thinning. 
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The influence of growth conditions and post-growth treatment processing on the quality of the ZnGeP2 

single crystals obtained was considered. The properties measurements carried out in the THz region have 
shown that the refractive index of the ordinary beam is greater than the extraordinary one, in contrast to the 
IR spectral range. It was found that the refractive indices of crystals ZnGeP2 in THz band under heat 
treatment are reduced. The absorption coefficient of an ordinary beam in the THz range of crystals ZnGeP2 is 
smaller than that of an extraordinary one. The absorption coefficients in the 250-1000 µm region increase for 
the annealed crystals ZnGeP2 (600оС, 300-400 h). For wavelengths > 1000 µm, the absorption coefficient of 
crystals ZnGeP2 doesn’t exceed value 0.1. The correlation of the optical quality of the ZnGeP2 single crystals 
in THz region with the growth conditions and post-growth processing was established. 
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A series of YAG:Ce phosphors synthesized for white LEDs by different companies have been studied. 

Luminescence and excitation spectra were analyzed. Spectral and kinetic characteristics of luminescence 
were studied under different excitation methods. Energy conversion efficiency and color coordinates were 
estimated. The results obtained for luminescence characteristics were compared with the studied phosphor 
properties: elemental composition, morphology and crystal structure. The analysis has shown that the main 
characteristic of phosphor – the efficiency of conversion of excitation radiation into luminescence – depends 
largely on synthesis technique. Even uncontrolled deviations in synthesis modes cause appreciable variations 
in luminescence characteristics. High reproducibility of phosphor properties cannot be ensured in a series of 
phosphors of the same type that are manufactured using the same technology. Intrinsic defects introduced 
during synthesis are assumed to play an important role in luminescence processes 

It has been found that the luminescence spectrum in all the test phosphors depends on phosphor 
composition. The excitation spectra in all the test phosphors, apart from the intense bands at ~340 and 450 
nm, are continuous in the range of 310..200 nm. However, the spectrum structure in this region is similar in 
each phosphor. The luminescence decay kinetics is multicomponent, which indicates the existence of several 
relaxation channels for electronic excitation. 

The observed patterns of the emission characteristics of phosphors fit well within the framework of 
nanodefect formation in phosphor microcrystals during synthesis. A nanodefect in phosphors is a complex of 
defects in the region of the dopant location. The nanodefect is a set of point defects, dopant ions followed by 
oxygen ions, and intrinsic defects (vacancies and interstitial ions) that enter to compensate for the difference 
in charges and elastic stresses. The luminescence center is an element of the nanodefect. The nanodefect can 
be regarded as a new phase in the microcrystal that exhibits its spatial and energy structure. 
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INFLUANCE OF RADIATION DEFECTS ON THE ERROR OF THERMAL IMAGING 
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Thermal imaging diagnostics of the total energy of a high intensive pulsed ion beam and energy density 
distribution over the cross section is described. The diagnostics was tested on the TEMP-6 accelerator (200–
250 kV, 120 ns). The beam composition includes carbon ions (85%) and protons; the energy density in focus 
is 1–5 J/cm2 . Researches on targets from stainless steel, titanium and copper are executed. We found a 
difference in the pulsed ion beam energy density, measured by thermal imaging diagnostics using targets 
from different materials without changing the operating mode of the accelerator. The analysis of the causes 
of the error in measuring the energy density presented the ablation of the target material, the change in the 
heat capacity of the target material when irradiated to an ion beam, ets. It is shown that formation of 
radiation-induced defects in a target at ion beam irradiation introduces a significant error in the results of 
measurements. The accounting of ion beam energy costs for the formation of radiation-induced defects 
eliminates this in accuracy 
 
1 
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Assessing central blood circulation with nuclear medicine instruments requires a choice of variety of 

methods and equipment. The most popular device used in Russia for that is an Anger camera. Shortcomings 
of Anger cameras are the restricted field of view (typ. 50 × 50 cm2) and the limited number of projections 
available. The development of compact multi-detector medical radiometric systems (MRS) allows to bypass 
those flaws, while it requires some more conscious actions from the operating physician [1].   

The MRS consists of tiny body-attachable scintillation detectors. The main advantage of the system is 
the capability to carry out scintigraphy assessments in several distant points of the body, while each detector 
could be positioned in an arbitrary point at arbitrary projection. One of the urgent applications of the MRS is 
the  measuring of the radiopharmaceuticals kinetics, while others are similar to most common radioisotope 
protocols, e.g. renal, liver, heart functional assessments. Specifically, those protocols have been well 
developed for the past decades and are standardized for patients’ regular monitoring in Europe and the US 
[2].  

The current study is primarily focused on adjustment of the MRS for central circulation protocols, 
typically referred to as ‘first-pass radioisotope angiography’ and ‘equilibrium radioisotope angiography’ 

(FPRNA and ERNA). It includes two vital parts: optimizing the orientation and collimation of detectors and 
verifying the protocols with the phantom (physical model) of the circulatory system. 

Detectors orientation was optimized by considering human anatomical features, choosing applicable 
collimators and formulating of typical clinical requirements. Several options with most likely used positions 
of 5 detectors were designed. For verification of designed orientations and developed processing algorithms, 
the mechanical circulatory phantom with the contracting ‘heart’ and the ‘vessels’ system was designed. It 
provides several regimes with different heart rate, strike volume, ejection fraction, vessel diameter and flow, 
radiotracer injection options to simulate real assessment conditions.  

 
 

[1] A. Krotov, V. Pankin // AIP Conference Proceedings.  2017.  1886.  №1. 020097. 
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Zinc and tungsten oxides materials are interest due to their unique properties. Tungsten oxide can be 
applied as photochromic material, photocatalyst and in the manufacture of gas sensors. ZnWO4 zinc tungstate 
has been known as a scintillator material, and recently it is considered as a promising material for creating 
electrodes of supercapacitors and semiconductor photocatalysts [1]. Recently there have been a number of 
articles where it can be applied to wipe out persistent organic pollutants in water [2], photoelectrocatalytic 
deactivation of microorganisms (chlorella) in ballast water.  

Semiconductor materials like zinc oxide ZnO, tungsten trioxide WO3 and zinc tungstate ZnWO4 were 
synthesized and studied. Zinc acetate, sodium tungstate and ammonium metatungstate were used as a 
precursor.  Structural characterizations of nanopowders were performed using X-ray diffraction (XRD) and 
Raman spectroscopy. Raman Spectra was obtained by NTegra Spectra (NT-MDT), where the light source is 
blue laser ̴ 473 nm. The morphology of synthesized nanopowders was studied using scanning electron 
microscopy (SEM). The size of nanocrystals was estimated with Scherrer’s formula. The effect of annealing 

temperature on nanoparticle sizes was investigated. The Raman spectra of the obtained samples were studied 
as a function of the synthesis temperature. In the Raman spectra, broading and red shift of the Raman bands 
with decreasing size are observed. The most pronounced Raman peaks are assigned to the characteristic 
vibrations according to the available structural data.  

  
a b 

Fig.1. SEM photo of WO3 powders annealed at temperature (a) 400°C and (b) 800°C 
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Photoacoustic methods become more and more popular in spectroscopy of scattering systems because it 

gives opportunity to explore samples with high optical density. In [1] photoacoustic method was used to 
study composites based on the pentaerythritol tetranitrate with aluminum nanoparticles. For biological and 
medical applications work is being carried out on the photoacoustic tomography, this method competes with 
the methods of diffuse reflection of light by the tissues of various organisms. However, as the methodic is 
not sufficiently developed to model objects, the method is qualitative rather than quantitative. 

The main purpose of the work is to develop the model of photoacoustic effects in model system, taking 
into account the multiple scattering and elucidate the dependence of amplitude and time parameters of the 
photoacoustic signal on the optical parameters of the scattering medium. 

Model combines solution of one-dimensional transfer equation for monochromatic radiation in medium 
with certain attenuation and scattering linear coefficients and scattering anisotropy factor. Scattering phase 
function was taken in the form of Henyey-Greenstein. Fresnel boundary conditions were used. Spherical 
harmonics method was used to solve the transfer equation. At least 50 harmonics were used in the 
calculations. The calculation procedure is given in detail in [2]. As a result, the distribution of the absorbed 
power of laser radiation, described by the sum of exponential terms, was obtained. 

Green’s function for one-dimensional wave equation was used to calculate the kinetics of the pressure 
changes far from the absorption region. The variant of numerical integration of the arising convolution is 
considered. The absorbed power distribution was in form of sum of exponential terms, this allowed us to 
obtain an analytical expression for the form of the photoacoustic signal. The resulting photoacoustic signals 
calculated by both methods correspond to each other. 

A set of calculations of photoacoustic signals was made when the linear coefficients of attenuation and 
scattering and scattering anisotropy factor were varied. It was shown that the amplitude of the maximum 
correlates with the absorption coefficient of composites, and increases when the albedo of a single scattering 
decreases. Dependence of calculated amplitude of photoacoustic signal on the attenuation coefficient with 
constant scattering anisotropy factor and single scattering albedo has a maximum. The maximum is in the 
area where the inverse value of the effective absorption index is comparable with the product of the sound 
velocity and the pulse duration. 

The possibility of estimating the parameters of the system based on the solution of the inverse problem 
of optoacoustic spectroscopy, which consists in determining the indicators of attenuation and scattering and 
the scattering anisotropy factor comparing the simulated and experimental kinetic pressure dependences, was 
considered. 
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A problem of reducing the amount of accounted and controlled radionuclides emerged in order 
to reduce money costs and simplify the control systems of radioactive materials in airborne 
discharges of NPPs (furthermore – discharges). 

A concept of nuclide vector and fixed radionuclide is used as an approach to solve the problem.  
 Nuclide vector (NV) is a characteristic of discharge including a list of radionuclides 

(furthermore – the list) and a relative activity of radionuclides included into the list. 
 Data about qualitative and quantitative composition of airborne discharges of the Soviet 

design European NPPs (VVER-440, VVER-1000, RBMK-1500) are used in this research. The data 
are in open access in the European Commission Radioactive Discharges Database for collecting, 
storing, exchanging and dissemination of information on radioactive discharges. 

Annual nuclear vectors and average nuclear vector are created for every NPP and every year of 
NPP operation. Annual individual exposure doses of members of critical population groups 
(furthermore – the doses) are calculated for annual nuclear vectors and average nuclear vector. 

Radionuclides creating more than 99 % of the total dose should be included into the list of 
accounted radionuclides according to order № 233 of Federal Environmental, Industrial and Nuclear 
Supervision Service (Rostechnadzor), dated June 28, 2017. 

Average nuclear vectors are created for every NPP and the common list of radionuclides, which 
create 99% of the dose, is determined: 14C, 131I, 41Ar, 3H, 60Co, 88Kr, 137Cs, 135Xe, 87Kr, 90Sr, 24Na. 

Total activity of noble gases was used to control airborne discharges of NPPs for many years. 
Thus if this fact will be taken into account, it will be reasonably to add a virtual radionuclide IRGtotal, 
which includes activity and doses of  

41Ar, 88Kr, 135Xe, 87Kr, instead of individual radionuclides of 
noble gases. 

Thus the dose of NPP discharges can be forecasted if you know annual activity of the following 
radionuclides:  IRGtotal, 14C, 131I, 3H, 60Co, 137Cs, 90Sr, 24Na. The accuracy of forecast is around 2.   

A fixed radionuclide is a radionuclide included into the list. If you know the activity of fixed 
radionuclide, you can define the activity of any other radionuclide from the list.  

Theoretically any radionuclide from the list can be the fixed radionuclide. Though the analysis 
of discharge data shows that the most accurate forecast, based on known nuclide vector, is 
implemented if a dose-making radionuclide is used as the fixed radionuclide.  

14C is a dose-making radionuclide for VVER-440 and VVER-1000. It makes over 70% of the 
total dose for all NPPs of these types and this fact does not depend on nuclear vector. 
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*National Research Tomsk State University, Russia, Tomsk, Lenin prosp., 36,  
E-mail: rach3@yandex.ru 

**Institute of monitoring of climatic and ecological system SB RAS, Russia, Tomsk, Academic Avenue 10/3 
 
During the work, a modified method of optical flaw detection of single-crystal ZnGeP2 plates was 

applied, based on obtaining a shadow picture of internal defects. A shadow picture of the internal defects of 
the ZnGeP2 plate cut parallel to the plane (100) was obtained using strontium vapor laser radiation (Փ = 1.03 
µm and Փ = 1.09 µm). It is shown that application of radiation of the strontium vapor laser with λ = 6.45 µm 
allows you to explore heterogeneity in large samples of ZnGeP2. Considered the possibility of creating a 
projection of the flaw detector to monitor the development process of the breakdown of single crystal 
ZnGeP2. 
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During the radiation control it is taken into account that the equipment (instrumentation 
and techniques) has a lower measurement limit (LML). If the measuring radionuclide activity 
in the discharge is more than LML, the radionuclide is considered to be registered and its 
activity is a measurement value.  If radionuclide activity is less than LML, this radionuclide is 
considered to be unregistered and its activity is assumed to be equal to LML/2. Thus all 
radionuclides (both registered and unregistered) formally contribute to total activity of 
discharge and to an exposure dose of members of critical population groups (hereinafter 
referred to as the dose). 

Nowadays according to Government Regulation No. 1316-P, dated July 08, 2015, which 
adopted “List of pollutants in respect of which state regulatory measures are applied in the 

area of environmental protection” (hereinafter – the Governmental List), it is necessary to 
account and control 94 radionuclides in the atmospheric air and, taking into account the LML 
of equipment, each of them formally contributes to the dose, though a big part of them can not 
be produced during operation of NPP in principal. 

Based on the example of measurements of radioactive materials activity of Kursk NPP 
airborne discharge in the report the following will be shown: 
- the results of establishment of the list of radionuclides, which are necessary to account 
and control depending on the LML values of the equipment; 
- the maximum values of activities of the unregistered radionuclides for noble gases and 
aerosols (q0=НПИ/2) of the Governmental List. If these values will be assigned to the 
relevant unregistered radionuclides, the created by them dose will be less than 1% of the total 
dose created by all registered and unregistered radionuclides. 
- the LML of equipment, which was used for radionuclide activity measurements of  
Kursk NPP airborne discharge, provided the improvement of requirement of creation more 
than 99 % of the dose by registered radionuclides.  
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The phase diagram of the binary system Fe-Zr [1] includes several intermetallic compounds. The 

production of thin layered systems by the ion-plasma sputtering method and subsequent thermal treatment 
will create a thermally stable system with one phase on the surface and second phase in the bulk of the 
sample.  

The study of phase-structure transformations in alpha-Iron with a zirconium coating during thermal 
annealing at 700°C was performed. 

The substrates for the studies were prepared from a bar of armco iron (99.8% Fe) by rolling on a roll to 
a thickness of 5 μm and subsequent homogenizing annealing at a temperature of 850°C for 2 hours. The 
deposition of Zirconium on Iron foil substrates was carried out by method of ion-plasma sputtering. 
Sequential isothermal annealing of two-layer Zr(2 μm)-Fe(5 μm) systems was carried out at a temperature of 
700°C up to 20 hours. Samples were studied by Mossbauer spectroscopy (MS) method on 57Fe nuclei were 
performed. The fitting of the experimental spectra was carried out using the DISTRI program [2] by 
reconstructing the distribution functions of the hyperfine parameters of the partial spectra.  

Fig.1a shows the Mössbauer spectra of layered system subjected to successive isothermal annealing. 
Excluding high-intensity lines from -Fe, partial spectra of intermetallic phases were obtained (Fig.1b). It 
can be seen that the Mossbauer parameters of the obtained phases correlate well with the results of papers [3-
6], according to which the newly formed phases can be attributed to paramagnetic (FeZr2 and FeZr3) and 
ferromagnetic intermetallides (Fe2Zr and Fe3Zr).  

As a result of the studies carried out, a sequence of phase transformations in layered Fe-Zr systems 
subjected to isothermal annealing was established; the possibility of obtaining thermal stabilization of the 
intermetallic phases on an armco iron substrate is shown. 

   
(a)           (b) 

Figure 1. Experimental Mossbauer spectra (a) and partial spectra of intermetallic phases (b) of Zr-Fe layered system after annealing 
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To date, semiconductor colloidal quantum dots (QDs) are a great scientific and practical interest. 

Dependent of the optical and spectral properties of QDs on their size make them promising materials for 
photovoltaics and photocatalysis, biomarkers and sensors for medicine. One of the promising approaches to 
the synthesis of colloidal QDs is their formation in an aqueous solution via stabilization with various 
compounds containing active groups, for example, thiols. A number of applications require to create 
materials with a wide excitation region with luminescence in the near infrared region (650-1300 nm). 
Promising for this aims are colloidal Ag2S QDs. This work is devoted to the analysis of the formation of 
colloidal Ag2S QDs, prepared by the colloidal synthesis method with the use of thioglycolic acid (TGA) 
molecules as a linker, as well as the dependence of their absorption and luminescence properties on the size. 

Colloidal Ag2S QDs, stabilized with TGA were obtained using two approaches. At the first approach 
AgNO3 and Na2S solutions were used as precursors. The synthesis procedure is analog to [1]. Increasing of 
the size of QDs was achieved by increases in the concentration of the sulfur precursor Na2S to 20%, 40%, 
60% and 80%. In another approach, the source of sulfur was only an aqueous solution of TGA, which 
simultaneously served as a linker. In this case, samples of colloidal Ag2S QDs were obtained exactly, but 
without the use of Na2S. Analysis of TEM images shows that QDs are formed with average sizes of 
2.0÷5.2nm. High resolution TEM images show the formation of crystalline Ag2S nanoparticles with a 
monoclinic lattice (space group P21/c). 

UV-Vis absorption spectra of colloidal Ag2S QDs have characteristic features at 1.55÷2.1 eV. The 
appearance of these features is the result of predominance of the first exciton transition in optical absorption, 
which is a characteristic of QDs. The energy of the exciton transition in optical absorption is significantly 
shifted to the short-wave region relative to the absorption edge of bulk monoclinic Ag2S (1.0 eV). That is 
appearance of size effect. 

Ag2S QDs, synthesized in the framework of the first approach have intense IR photoluminescence, exc 
ited by λ = 532 nm. The peaks of IR luminescence are located at 870-1000 nm. Their FWHM (0.1-0.2 eV) 
and significant Stokes shift (1.6-1.8 eV) indicate its recombination nature. The luminescence process 
involves defects, on which there is a radiative recombination. The luminescence character of Ag2S/TGA QDs 
is changed from recombination in the 870 ± 1000 nm region to exciton luminescence with a peak at 620 nm 
due to the use of only TGA as the sulfur precursor. In this case, the concentration of active sulfur ions in the 
synthesis of Ag2S/TGA QDs, which contributes to the formation of centers of IR recombination 
luminescence and suppression of exciton luminescence increases. 

That, the state of QDs interface determines the nature of luminescence. Analysis of the results of FTIR 
spectroscopy shows the presence of two different states of Ag2S QDs interface, determined by the method of 
synthesis. For the first approach of the synthesis the formation of QDs/TGA is provided due to covalent 
interaction of sulfur atoms. This is evidenced by the disappearance of the thiol group band in FTIR spectra of 
Ag2S QDs/TGA. In the second approach the formation of QDs/TGA is provided due to covalent interaction 
of sulfur atoms and electrostatic interaction of metal ions with unsaturated COO- group. This is evidenced by 
the disappearance of the thiol group band in FTIR spectra of Ag2S QDs/TGA and significant decrease in the 
intensity of the peaks of the symmetric and asymmetrical stretching vibration of COO-. 
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The protection of public health is one of the most important activities of any country. Particular interest 

is the radiation safety associated with natural radiation sources. Radon gas is one of such radiation sources and 
is a serious threat to public health living on the first floors of buildings [1]. Therefore, assessments of radon 
risks in building plots are carried out in the design and construction of buildings. European countries for radon 
risks assessments measure the radon activity in soil air and the soil permeability [2, 3]. The amount of radon 
contained in soil air is determined by the processes of emanation and diffusion. Characteristics of these 
processes are the corresponding coefficients, the values of which are often measured in laboratories. This 
research gives the results of diffusion and emanation coefficients assessments, obtained in conditions of natural 
soil bedding. These assessments are based on radon concentration measurements in soil air at two depths (0.4m 
and 0.8m), "two depths" method [4]. Measurements were performed for loam lying in the base of the 
foundation of the building under construction at a depth of 1.5 m. The dry soil density is 1.4 g∙cm-3, the porosity 
is 0.44 per unit, the specific radium activity is equal to 26.4 Bq∙kg-1, and the relative degree of soil humidity is 
11%. The assessments showed that, for this type of soil, the range of diffusion coefficient values is from 
0.37∙10-7 to 8.3∙10-7 m2∙s-1 with an average value of 3.1∙10-7 m2∙s-1; the range of emanation coefficient values 
is from 1.3 to 5 % with an average value of 3.1 %. In the case of homogeneous soil, the use of the "two depths" 
method and the diffusion model of radon transfer through soil makes it possible to calculate radon 
concentration in soil air at the required depths and to avoid laborious measurements of one for the entire area 
of the building plot. 
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The problem of risk assessment of radioactive exposure, which is caused by the accumulation of 

radioactive gas radon in the premises, is still not solved. One of the main difficulties encountered in solving 
this problem is related to the choice of parameters that would ensure the objectivity of the risk assessment [1-
3]. In Russian Federation radon flux density (RFD) is the most promising value, which in accordance with the 
physical meaning of this value can serve as an objective indicator of the radon hazard of the building land. 
Unfortunately, reliability of radon hazard assessments, which was based on RFD measurements, is questioned 
due to large variability of results [4]. It is known that the one of main reasons of such variability is atmospheric 
conditions changing. However, there is no consensus about what atmospheric parameters have the most 
significant effect on the results of the PPR measurement. 

This work presented results of systematic study that was aimed at determining the degree of atmospheric 
conditions influence on RFD. For this purpose, such atmospheric parameters as open-air temperature, 
atmospheric pressure and amount of precipitation were considered. The measurements were carried out in 
summer periods of 2014, 2016, 2017 by accumulated chamber method and carbon adsorbers method. The 
experimental areas were in Russian Federation in the city of Tomsk and had clay loam upper soil layer. 
Measurement result processing was carried out with using regression analysis. 
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