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Nowadays more and more attention is paid to conservation of natural resources and environmental protection.
Humanity needs alternative sources of energy that areelettonmentally friendly and cheap.

The objective of the study is to compare the existing modified models of the wind generator.

The following tasks were set:

1. To investigate the basic methods of generating electrical energy.

2. To study the operatingipciples of the wind generator.

3. To consider the widely known models of wind generators.

4. To compare the widely known models with wind generators.

Thus, if we can create affordable, cheap, environmentally friendly energy storage, we will obtaffectige
wind generators.

Nowadays there are several alternative methods of generating electricity, but all of them are far from being
perfect. The wind generator has many advantages, although fuel generators are still most common. They have increased
wearand high fuel consumption, they also produce har mful
nortrenewable reserves of energy sources (oil, gas) are exhausted. Although coal reserves will be sufficient for some
more time, the power ahts working on coal are environmentally unfriendly. They emit CO2, CO and carbon dust into
the atmosphere. ltés obvious that new sources of energ
wind into mechanical and electrical energyisllant is convenient for practical use.

Having made several attempts to create the wind generator and studied theoretical background of the new
sources of energy, we have come to the conclusion that the obtained energy could be used in practesited & r
relatively large size of the valve. Taking into account all these facts and also the complexity of mechanical structures,
some processes had to be simulated. Similar calcllatio
=5m/s, N =750 watts. And if the speed of wind increases up to 10 m/ s, the output power will be 6280 W, which is
acceptable for practical application.

If a big wind generator with r =5 m is installed in windy weather, the plant capacity increage800 watts,
while in calm weather it reaches 2.5 kW.
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PROBLEMS OF EXPLORAT ION OF STEAM GENERAT ORS IN NUCLEAR POWER PLANT
E. Bondarenkol. Lomov, Y. Ermakova
TomskPolytechnic University,
Tomsk, Russian Federation, Lenin Avenue, 30, 634050

E-mail: evgeney345@yandex.ru

One of the important elements of NPP (Nuclear Power Plant) with reactors with pressurized water of VVER

and PWR type is a steam generator (SG), which generates steam for the turbine generator and production of electricity.
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Currently in NPP with VVER, SGHKe PGW440 and PGWAL000 are used. Their construction, in comparison with the
project design has undergone changes and modifications during the operation. The process of improving SG, which are
in operation, continues. This is due to the need to extendaha existing plants (steam generators of P@W) type
at a number of nuclear power plants are currently in operation beyond the project life of 30 years). At the same time,
ways to increase the power (efficiency) as well to reduce the size of SGsfotraasportation and installation are
constantly studied.

The purpose of this work is to identify and consider the problems arising during the operation of steam
generators.

The objective of this research work is to consider the issues related to:

- extending the life of existing and planned facilities;

- increasing the power of a steam unit;

- reducing the size of the steam generators and as a consequence the simplification of transportation;

- increasing in the level of water chemical regime;

- the protlem of corrosion.

It should be noted that starting from the first projects of steam generators, increasing of their power was held
with the help of reducing the size of pip@441,5in the first projects and6-1,5in PGW-1000M) and increasing in
their number (from 2074 to 10978 tubes) .To reduce the size of SG, it is required to put as much as possible of heat
exchanger tubes in the unit.

In the work, two options of heat exchanger bundle for reducing the size of the steam generator are offered:

- with pipesl6:1,5mm and step84-20 mm;
- with pipes15:1,4 mm and step24=20 mm.

Design of SG in NPP with VVER has great potential in terms of improving the reliability service life and
reducing maintenance costs. In view of thereasing demands of the water chemical regime and conducting necessary
research and development work, the goal for new SG projects with life@d §6ars was set. Key design decisions of
horizontal SG can be used for new power capacity to 1600 MW hvaineccompetitive in the global energy market.

The main direction of work on improving the reliability and performance of the SG in operation and units
under development is to provide water chemical regime requirements at the level no worse than dcthiewsdrla
level. Also, promising is the direction the main objective of which is the optimum change in size and number of heat
exchanger tubes, which will reduce the size of steam unit and improve its operating parameters. Besides, the choice of
constrution materials, with the highest corrosion resistance, plays an important role in the reliable operation of the
steam generator.
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FORMATION OF HIGH PO WER MICROWAVE PULSES WIT H ADJUSTABLE PARAMET ERS IN RF
COMPRESSION SYSTEMS
S.A. Gorey V.S. Igumnov
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina ave., 30, 634050
E-mail: igumnov@tpu.ru
Presented the results of theoretical and experimental studies of the formation of microwave pulses with the

adjustable power, duration, repetition rate and the envelope form during energy output from the cavity by controlled
transformation of the oscillath mode at the waveguide stub coupling aperture [1]. Pulse parameters are changed by
adjustable elements of the coupling of modes, which directly affect to the coefficient of the coupling ohnhodeis
work the possibility to form a series of subnsacond duration MW pulses at a fractional energy output and
nanosecond pulses of various lengths at a single complete output of high frequency energy from the compressor cavity
are demonstrated. The shape of the pulses is calculated through the reawlatimes between the amplitudes of

waves in the system, the relations between which have been recorded according to the scattering matrix method.
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Figure 1. Comparative analysis of the calculated and experimental output pulse envelopds@nd alifferent
electrical length of the stup : a)/ =0;b)/ =1;c)/ =2;d)subnanosecond length pulse; 0.9,/ =0. Time
scanning in the oscillograms is 10ns per division.
Figures 1ald show comparative analyses of the calculated and experimental output pulse envelopes generated

in the compressor with the coefficient of the coupling of mdde®.9 and the electrical length of the syub variable

within the range 0 ... Fig. 1d shows the possibility of formation of subnanosecond duration MW pulses by applying
the studied method. Using the coupling element stackherefore can generate a series of pulses with a high repetition
rate in the range of the excitation pulse. Pulses with a duratiorl@franoseconds, working frequency 9.248 GHz,
were obtained by experiment in theldnd MW pulse compressor. The gairtto§ compressor is-8 dB.

The work was performed as part of the "Science" state order of the Russian Ministry of Education and Science.
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WIND GENERATORS
A.S.Kravets
National Research Tomsk Polytechnic University,
Russia, Tomsk, Leninstr., 30, 634050
E-mail: savaskesasha@mail.ru

A wind turbine is a popular name for a device that converts kinetic energy from the wind into electrical power.
Technically there is no turbine used in the dedighthe term appears to have migrated from parallel hydroelectric
technology. The correct description for this type of machine would be aepofedred generator.

Strictly speaking wind generator can be made from a few magnets, coils of wire and & plge®ad for the
blades. Fully working wind generator will not do without the following components:

The rotor; blades; wind turbine; tail, orienting the rotor against the wind
Generator

The mast with stretch marks

Charge controller

Batteries

= =4 -4 -4 -a -

Inverter

P=050S0y Or B ¢

For a rough calculation of wind turbine power different formulas can be used but it is better tofaBevtirey:

here x - is the coefficient of wind use (WEUC)S - working area of the wind turbing/- the speed of the incoming

flow, 7 - flux density,hgm- the efficiency of the gear unit / multipliefi_. - the efficiency of the generator.

gen

In calculations it is necessary to take into account different WEUC values for different types of generators.
Vertical wind turbine WEUC can reach about @4, and it does not exceed 0.3 for wind turbines with a horizontal
rotation axis.

The obtained electrical energy is not ready to use yet: recorded directly from the generator electric energy will
vary depending on theind speed. To make a usable energy it is necessary to accumulate energy so that it can be
converted subsequently for certain tasks. To solve this problem-twled "buffer”, a battery that stores energy and a
charge controller which is necessary tfoe proper battery charge is applied.
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CONSERVATION OF ENERGY
M. Matvienkg E. Lykov
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina str., 30, 634050

E-mail: matvienkomixail@yandex.ru

Conservation of energgtates that the total amount of energy in an isolated system remains constant. In
thermodynamics, théirst law of thermodynamicés a statement of the conservation of energy for thermodynamic
systems.

The energy conservation law is a mathematical consequence of the shift symmetry of time; energy
conservation is implied by the empirical fact that physical laws remain the same over time.

Ancient philosophers as far back as Thales of Miletus had inklingseofdhservation of some underlying
substance of which everything is made. However, there is no particular reason to identify this with what we know today
as "massnergy” (for example, Thales thought it was water).

Ancient philosophers as far back as Thaédiletus had inklings of the conservation of some underlying
substance of which everything is made. However, there is no particular reason to identify this with what we know today
as "massnergy" (for example, Thales thought it was water).

With the digovery of special relativity by Albert Einstein, it was found that energy is one component of an
energymomentum 4vector.

In quantum mechanics, energy is defined as proportional to the time derivative of the wave function.

RESEARCH OF NUCLIDE KINETICS F OR REACTOR FUEL
Duy Ha PhungM.N. Anikin, A.G. Naymushin
National Research Tomsk Polytechnic University,
Russia, Tomsk city, Lenina Ave., 30, 634050
E-mail: phungduyha@gmail.com

During the operating time of nuclear reactor, there are a lot of nuclides with the different physical properties generated as
fission products. Among these nuclides, there are some isotopes which have special characteristics and strong altisatb neutron
affect to the physical properties of fuel assemblies. The investigation of the burnup processes that happen inside the reacto
especially the transmutationldf*> as well as other nuclides that formed in reactor is very important. By understanding this, the plant
could be operated safety, prolonged the life time of reactor and reduced the nuclear wastes. [1]

This paper will present the research results of thedesdiansformation in fuel assemblies at the Tomsk research reactor
[2] based on MCU Monte Carlo calculations [3].

In operating mode of reactor, the concentratidd*6twill decrease by the burniagp process. But there are a lot of new
nuclides formed @reaction products. To determine which nuclides significantly affecting to fuel assembly properties, it must be
calculated the contribution of every individual isotope to the general absorbed reaction rate. There are 20 isotojfégheih the
impact onthe neutromphysical properties of fuel assemblies chosen to be reseddZeXe™®, Nd'*3, Sni*, UZ6, U8, P,

RH%S P47, Cg3 Xt S, U234 T, Snt®2 Nd5, Pmi4em S, EutSS Np?®, Pie*andMo™.
Due to the calculations, the discrete concentration values for those isotopes had been received. By using the linear

interpolation method to show the mathematical forms of every single isotope [4], the transmuted rules of above niagides will
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changed dferently. For example, the concentratiotJéf® after 20 days of operating time will change by the linear fundtipt;
change by a quadratic mathematical one, mean@iiifé andPu* transform with the completely complex forms.

The reason causesdiphenomenon is that some of those nuclides are not only reaction products that generated after a
period of operating time of reactor, they are also a fissile isotope and decays by time. All of these factors cohtittutentrp t
process. Otherwise thathers,U%5, are only fissile isotope and are not a product of any reaction and get the more simple
mathematical equations.

According to the calculated data, the experiments have been done with the periods of time 20 and 50 days, respectively, are
more &curate, their deviations are less than 1%. Additionally, the optimal period of time for mea&fimtays because the
absolute deviation corresponding to this time is lowest when compare to all of the others. Compatihgses8embly totGbes
assembly, the absolute deviations R, PL2*°andNp?3” are more than %o. For the rest, the absolute differences will be less than
3%.
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THE INVESTIGATION OF HYDRIDES DEPTH DISTRIBUTION IN ZIRCONIUM ALLOY ZR  -1NB AFTER
HYDROGENATION AT GAS ATMOSPHERE
M.N. Babihina
TomskPolytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: m.babihina@mail.ru

Zirconium and its alloys are widely used in nuclear power. They are subject to corrosibydangenation
during operation in the nuclear reactor cdgdrogen penetrationccursin the zirconium fuel cladding mainifyom
the outside and asrasultnonuniformhydridesdistributionis observedafter exploitationPreparationof samples with
the same hydridedistribution like after exploitatiois requiredfor mechanical testing déiel cladding tubesFor this,
zirconium alloyZr-1Nb samples with thdimensionof20l 201 0. 6 mm we mgrindegto renmwe the oxidea n d
film. Hydrogenation was carried ooh the Gas Reaction Controllequipmentat temperature820A C  arasdure?
atm. for 6 hours t@ concentration of 2500 ppni.he analysis of hydrogen distribution in the prepared samples was
carried outby usingglow dischargeoptical emissionspectromedr Profiler 2. Microhardness was measured with a

Vickers hardness tester KB 30Bhe results of investigation are presented on the Figure 1.

-
Intensity, relative units

100 200 300 400 500 .- ==
Distance from outer surface, pm Depth, pm

Figure 1. Image ofransverse sectioaf the samplef zirconium alloy E11@fter hydrogenatior(a), the results of

microhardnessransverse sectio(b), andthe profile ofthe distribution of hydroge(t)

Figure 1a showsraimageof transverse section of zirconium alloy after hydrogenatiois clear that on the
outer surface of the sampldwereis a hydride layer with a thickness €130 microns. Figure 1b shows the results of
microhardnessneasurements on thieansverse section of the sample. Hydride layer has a greater hardness in
compaison with the zirconium matrixHowever, the hydride layehas a hardness distribution gradient. This effect is
due to the fact that during the hydrogenation at low temperature and high pressure the low diffusqroeaiged at
high hydrogen permeation rate. This leads to the hydridesafammndirectly afer the penetration of hydrogen near the
surface of the material. Subsequent penetraifahe hydrogen occurs throughe preformedhydride,and itleads to
reducing of hydrogenmounts with increasing deptthich isconfirmedby theanalysisof the distibution of hydrogen
by glow discharge plasma spectrometry (Figure 1c).

Metallographic analysis and study of thmardnessdistribution of zirconium alloy hydrogenated to a
concentration of 2500 ppm showed that the sample havecheniform distribution ofthe hydrides During the
hydrogenation at 3uittOtheAhickbess di3® mibrgnieteris benedinahg samplesAt the same
time the hydride layer has a hydrogen distribution gradiehich is connected with théwydrogenationat low
temperature and high pressure hydrogen when hydadedormeddirectly at hydrogenationHydrogen distribution

gradientby depth is confirmed by glow discharge plasma spectrometry.
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DETERMINATION OF THE NICKEL COATING ON THE Zr1%Nb ALLOY THICKNESS BY X  -RAY
METHOD
D. T. ZavazievaM. S. Syrtanov, E. B. Kashkarov, V. N. Kudiyarov
Scientific Supervisor: engineer of General Physics department M. S. Syrtanov
Tomsk Polytechnic University,
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E-mail: zavazievadarina@mail.ru

Physical, chemical and mechanical properties of metals and alloys depend on the penetration and accumulation
of hydrogen. This is acute for zirconium and titanium alloys, which are widely used in the nuclear industry [1]. For
various researchspecial preparation of samples is required with respect to hydrogen concentration and volume
distribution of the material. With hydrogenation of alloys it is important to consider the possibility of oxide film
formation on the sample surface which prevents peimiraf hydrogen. Nickel coating on the surface increases the
rate of hydrogen sorption. Furthermore, nickel is oxidized worse than titanium and zirconium, this property contributes
to hydrogen absorption. Therefore, it is important to take into accoaithitkness of the nickel layer and its adhesive
behavior.

During the work flat samples of Zr1%Nb alloy were prepared. Samples were subjected to mechanical polishing
to remove surface dirt. Nickel layer was coated by magnetron sputtering method at tddégresition time, which
varied from 10 to 40 minutes.

The analysis of the thickness of the coating was carried out in three different ways: by the distribution profiles
of nickel in depth, by spherical abrasion test method and-Baydiffraction method.

Calculation of thickness by XRD method was carried out on a Shimadzu720R0S diffractometer in the
grazing beam geometry. The penetration depth of #itaX beam varied by reducing the angle of incidence until the
signal from the substrate is supresggd

Measurements of the adhesion strength were made by the-Sticatch Tester MSB-AX-0000. The critical
load was determined during the measurement by scratching with a diamond indenter. The critical load is the minimum
load at which the coating stattsdestroy.

Present study demonstrates the possibility of determining the thickness of the micronic coatingaypy X
diffraction method. The correlation between the calculation results of the distribution of nickel in depth, by spherical
abrasion test sthod and by XRay method is established. The appropriate thickness of the nickel layer with the best
adhesive properties and acceptable rate of hydrogen sorption was determined.
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ENERGY EFFICIENCY DEVELOPMENT
S. Seitkazi
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: Seitkazynov_1995@mail.ru

The scientists obinited National Industrial Development Organizations (Afrisal) a t eEnergly efficiency
is understood to meahe utilization of energy in the most cost effective manner to carry out a manufacturing process or
provide a service, whereby energy waste is minimized and the overall consumption of primary energy resources is
reduced. In other words, energy efficienhigtices or systems will seek to use less energy while conducting any-energy
dependent activity: at the same time, the corresponding (negative) environmental impacts of energy consumption are
mi ni mi zede.

The impacts of energy use affect all of us and agunsetly, we should all be concerned about how to use
energy more efficiently. However, the main bodies responsible for defining national approaches to energy efficiency are
typically government agencies, whose responsibilities will usually include:

1. Enactirg legislation which relate to energy efficiency if required, including defining an oversight role for
energy regulators, when relevant.

2. Deciding the state budget for promoting and conducting energy efficiency activities and programmes for the
general pubti, including tax or other incentives when appropriate.

3. Promoting energy awareness and disseminating useful information on energy efficiency measures and on
recommended procedures for all sectors of the economy.

4. Allocating the budget and carrying out enegdficiency programmes in relation to governmemined assets,

e.g. government buildings, vehicle fleets. These actions will serve as examples of good practices for others to

follow.

Renewable energy technologies tend to have a higher profile than efiggncy actions. This is mainly for
the obvious reason that they are more vi-addpéée& tasc mrew d
This occurs even though they often have higher initial capital costs than energy efficiency sn@aslireay have less
favorable operating costs too). However, one of the benefits of adopting renewables is the ensuing increase in
awareness of energy production and consumption in the owner of the installation and also often with the public who can
see 0 might interact with the technology.

This increased awareness of energy consumption may be used to stimulate awareness of energy efficiency by

introducing energy efficiency measures simultaneously with a new renewable energy installation.
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SPECTRAL AND ANGULAR CHARACTERISTICS OF V AVILOV -CHERENKOV RADIATION FROM A
DIALECTRIC TARGET IN THE MILLIMETER WAVEL ENGTH RANGE
V.V. Bleko, V.V. Soboleva
Tomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050
e-mail: bleko_vitold@mail.ru
The physical nature d¥avilov-Cherekov radiatiofVCR) is considered as a dynamical polarization of the

target material with macroscopic permittivify by an electron electromagnetic field, followed by the propagation of

this excitation in a target with velocity = C/n, wherec is the speed of light in vacuum, is a refractive index. For a
medium of infinite size the Cherenkov emission is confined to the surface of cone with theatfearegle g, (the

angk between a direction of observation and the electron trajectory) which is defined by tkeomell condition

cog, =1/ nb, where b is the electron velocity in units af.

On the other handor relativistic electronghe characteristic transverse dimension of the electromagnetic field

g:/(a is the radiati on wa vieEtrphagnatroscopic scale. Hentes theeMCRR cah appear L o

when an electron traveling in the vicinity of a dielectric target. This fact was theoretically investigated in pdpers [1
and experimentafl confirmed in the work [5].

For the norAnvasive beam diagnostics of modern accelerators is more preferred the radiation geometry without
direct interaction of the electron beam with the target. Therefore, in this paper we experimentally investigated the
characteristics of VCR produced by the motion of the electron beam near the Teflon triangular prism.

The measurement spectral dispersion of the target material in the millimeter wavelength range, we used an
interferometer with separation of the radiatituxfat the two reflecting plates. Using the inverse Fourier transforms of
interferograms, the radiation spectra were calculated. The result obtained in our experiment indicated that in considered
geometry the Teflon target has spectagular dispersionlhis fact we can use to construct the radiation spectrum and
measuring the coherence threshold of VCR which are necessary to measure of electron bunch length.
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MEAN TIME OF PERFORMANCE FOR PERISHABLE ITEMS
Yu.l. Galano¥, A.V. Kitaeva, N.V. Stepanovg U. Jakubowskéa
L2Tomsk Polytechnic University,
30, Lenina avenud,omsk,634050,Russia
2Tomsk State University,
36, Lenina avenud,omsk,634050,Russia
3Altai Economics and Law Institute,
108, Krasnoarmeiskaya avenue, Barnaul, 656R1Ssia.
‘Wr o ¢ graversity of Technology,
Poland.
e-mail: 8galanovyi@tpu.ru
Managing inventory of perishable or deteriorating items has received considerable attention in recent years; see
a review by Bakker, Riezebos and Teunter [1]. Besides food products perishable inventory control covers also the
behavior of radioactive matais (highly perishable goods).
Consider the following model. Let the number of independent demfrdsl during a time period be a

stationary process with expectati@} = m and variance/ar{} = $. For example, for stationary Poisson process
with intensitya-the mean number and the variance of the number of demanas are$ =TI. Demands values are
assumed to be independent identically distributedmegative random variables wifimite first and second moments
equals respectively, anda,. The items deteriorate continuously: at time inter[\taH I“Z] an item deteriorates with a
probability p=k @ H d) wherek is a deterioration rate coefficient per stocked item. We consider the diffusion

approximation of the deterioration proces&) with drift and variance equalkx(X, and the diffusion approximation

am

of the inventory levelQ(® satisfies the equatiordQ(t)= { @ ny) dt \/ ¥ § dy, where m, -Ilm =

m(a- &) +5
T

sy dim
T- o

Diffusion methods have been applied to inventory models in a variety of domains to begin with the papers by

Bather [2] and Puterman [3]. The analogous diffusion approximation has been used by Kitaeva and Stepanova in [4].

Let T(Q) bea mean of the productds remaining |T giventhanee at t

initial inventory level is equal tQ . We derive the differential equation fd'r(Q) , and its asymptotic solution under
QU 1lis proposed.
To check the theoretical result we conduct the numerical simulation. The results of simulation and the relative
mean square errors are given for normal and uniform batch sizédistrii ons f or di fferent | ot
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MODELLING OF FREE PO SITRON STATES IN TIH x
!0.N. Imas I.Yu. 2Karataeva
INational Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Avenue, 30, 634050
2 National Research Tomsk State University,
Russia, Tomsk, Lenin Avenue, 36, 634050
E-mail: onm@tpu.ru
Electron energy structure, positron spectrum and positron characteristicsTofand [1-TiHg 125 were
calculated. Seltonsistent calculations of the band structure were performed by the linear-tiruffibital method in
the atomic sphere approximation. Modelling has been made on low content of hydrogesTinkgth expanded close
packed hexagohaell inclusive 8 titanium atoms. Only one octal pore (€8/12; c/4) was located with hydrogen and
others were filled up empty spheres (zero electron density). Variation of sphere radiuses permitted to consider
anisotropy and spherical symmetry of puial. The positron states problem have been solved on basis ef two
component density functional theory [1]. Positron potential and positron wave function were calculated on a base of
self-consistent electron density. Then positron probability of existencd iHy lattice and lifetime were founded.
There are positron characteristics in table 1. Variation of atomic sphere radiuses leaded to charge repartition in
cell. The absolute value of frgmositron lifetime obtained were in satisfactory agreemertt thié experimental (150 ps)
[2]. But the tendency of increase of the fg®sitron annihilation mean life with hydrogen atom introduction has not
di splayed via calculation. The experiment had sdnown ¢s
So as rough to estimate that the positron characteristics of cubig Wte calculated. It was shown positron was
redistributed significantly in to the hydrogen centers area, free positron life increased, but the charge changed
insignificantly in hydrogen sphere.

Table 1. Positron lifetime(ps), probability of positron distribution W (%) to atomic spheres (S), electron charge Q (el.)
into atomic spheres and probability of electipositron annihilationw (%)

a-Ti a-TiH, .5 a-TiH, . SIG-TiH, ,
t(ps) 158.1 154.5 149.8 163.5
atomic radius D D R=2.800 D D
(a.u) 3.0532| Rri=Ry=Re=2.4233 Ry= Reo1.867 Rri=R.=Re=2.0656
atomic sphere Ti Ti H E Ti H E Ti H E
W (%) 100 | 32.25| 4.90 | 62.85| 59.87| 1.93 | 38.20| 10.05 | 23.72 | 66.23
wW(%) 100 | 42.19| 5.35 | 52.46 | 64.79| 2.24 | 32.97| 16.68 | 27.97 | 55.35
Q (el/at) 22 20.47 | 248 | 1.48 | 21.28| 1.35| 0.75| 19.68 | 1.64 | 0.84
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THRESHOLD PROCESSESIN TECHNICAL SYSTEMS WITH URANIUM AND THO RIUM

V.V Knyshev,S.V Bedenko., S.V Gritsyuk
National Research Tomsk Polytechnic University
Russia, Tomsk, Lenin ave., 30, 634050

E-mail: vwk28@tpu.ru

Accuracy of neutron and fuel composition nucleus interaction @@sfonestimation is a prime consideration
for secure evaluation of the uranitthorium NFC effectiveness. Currently, there are many diverse experimental and
theoretical nuclear data. They are completely represented in the following libraries of evaluateddatale&NDF
(USA), JEFF (Europe), JENDL (Japan), TENDL (RF), ROSFOND (RF).

However, information about threshold neutron reactions on 232Th nuclei is practically absent at all subsisting
and valuated nuclear data basis but available values of efficiedqyrefile differ from arrangements.

In the work the results of resources and numerical experiments are quoted. These results are focused on the
determination of the nuclear physics and radiation characteristics of core and thorium storage system.eRefprirem
correction of nuclear constant which is used in calculation for core and thorium storage system criticality is shown.

The research was supported by the Council of the Russian Federation President. Competition for the title to
receive the Russian #eer at i on President schol arship for yodung sc
295.2015.2.
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V. Mikhaylov*?3 V. Kushpif, S. Kushpit, S.N. LiventsoV
INational Research Tomsk Polytechnic University,
RussiaTomsk, Lenin Avenue 30, 634050
2Nuclear Physics Institute, Academy of Sciences of Czech Republic,
CzechRepubli 50 68 feg,
3Czech Technical University in Prague,
Czech RepublicPrague, 166 36

E-mail: mvserg@yandex.ru

There is a traditional opinion that modern physics can evolve only by using more and more complex
mathematical and physical models. In practice, this often appears as division of a single common problem to multiple

small problems with complex descriptidn.this case, complete picture of actual process can be lost in a huge amount
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of practically unimportant details. Sometimes the simplified description is better, when more understandable global
description is more preferable compared with more preciseldéotmore complex for understanding physical models.
We describe a few simple models that can be applied in the practical engineering to understand the basic behavior of
modern semiconductor devices.
Various types of detectors with internal amplificatimimweak signals produced by ionizing radiation
are used in modern physical experiments. There is a large class of gaseous detectors and presently widely used
semiconductor avalanche photo detectors (APDs) [1]. Avalanche physical processes in semicoadecioore
complex to describe and understand compared with simple Tungsten model for avalanche in gaseous detectors.
However, it is not necessary to solve the fundamental system of partial differential equations to understand the
processes in this type detectors. Well known by radio engineers common conception of feedback can be applied for
simple description of such a complex system [2]. Simple feedback model can be used for the classification of different
types of modern APDs and for description sfiti nt er nal processes. Simple ALogi s
the rising time of avalanche depends on the probability of avalanche occurrence in the APD. To understand how carriers
generatiorrecombination processes are affected by traps credtgthg irradiation and self annealing in
semiconductors, one can apply a simple model based on assumption of a single traps level and a single lifetime of
carriers on this level [3]. Interpretation of results obtained for a few types of commercial ARBsdated. Example of
method of the detector noise introduction applied to the detector SPICE model is discussed. In addition, simple SPICE
model describing gain coefficient and applicable for transient analysis of APD is proposed.
REFERENCES
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FINANCIAL INSTRUMENTS PORTFOLIO OPTIMIZATION
[ .s. Moshenetc
National Research Tomsk Polytechnic University,
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E-mail: mari.moshenets@mail.ru

Nowadays investment of money is one of the most popular ways of income acquisition. One of the most urgent
tasks of financialinvestment is analysis and prediction of expected profit and risks. Due to this, analysis and prediction
of expected profit and risks suffered by an investor in the course of portfolio management is becoming topical as well.

The foundation of portfolio mestment is allocation of investment money between various groups of assets,
since it is impossible to predict fulfillment of two conditions at the same time: high reliability and maximum yield.
Depending on the tasks and objectives, investors analyztatie market situation and reasons that influence the stock
price. The process of portfolio construction implies indicating the most appropriate portfolio structure for a certain type
of securities; the percentage ratio of financial instruments is defieedell. Therefore, a portfolio represents a set of

financi al instruments integrated for implementation of
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In order to avoid excess risk, investors will struggle to minimizeytblel standarddeviation by diversifying
the capital between different objects of investment. In this case, the risk is reduced since the piettfadtandard
deviation is less than average weighted standard deviations of the securities that make up this portfolio.
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MODELING OF EXCHANGE SEPARATION PROCESSES ON SOLID -PHASE COMPOUNDS
L.I. DorofeyevaE.A. Boretsky E.S. Titov
National Researcfiomsk Polytechnic University,
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The isotopes separation problem, which is applied in many areas of a science and technics, has great value for
the nucleaindustry, in connection with growing needs in highly enriched isotopes. The works carried out in the given
direction, are based on studying new effective separation technique and usinghange materials which meet the
requirements on ecological safetf production.

Modeling of isotopes separation process, in the given work, was carried out to study the influence of selective
properties of cationites, kinetic characteristics, and a process realization method on separation efficiency. Practical
value and application spheres of inorganic ierchangers are caused, first of all, by their high selectivity, chemical,
thermal and radiating stability, i.e. the properties profitably distinguishing them from orgarézdbange resins [1].

Zeolites are the mosvidespread group among natural origin sorbents. There are about 40 kinds of minerals. The
opportunity of selection and synthesis inorganicéschangers with the set of properties are practically inexhaustible.
Inorganic compounds of many classes abaats can be used and capable to absorb ions from solutions due to various
types of sorptive interactions, and also modern methods of synthesis and modifying of inorganic sorbents allow to vary
their properties over a wide range.

When using selective ieexchangers, the factor of isotope separation considerably increases. As a rule,
selectivity is defined by type ionogenic groups, cfirisage number and pores size of 4exchangers. At exact
conformity of the pores size to radius aquated ion sievingtdaffeshown. Isotopes separation of alkaline elements was
carried out by the frontal advance method anderchange elution chromatography. On inorganic sorbents [2] the
increase in isotope enrichment factor up to 0,0127 is received.

Influence of kinetic characteristics on isotopes separation process in counterflow system with counter
movement of phases [3] is investigated. Admissible change ranges of moving phases speedexcharige column
are determined. Optimum flow ieexchangers velocity avera@e04 sm/s, iorexchangers phases0,07 sm/s. The
concentration rate value under the given realization conditions of process and depending on type of a selective material
changes in a range 1,021 é 1,092.

The results received in work can be used at therprises of isotopes separation and fine purification
substances.
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RADIATION -CHEMICAL AND THERMAL GRAFTING OF THIN FILMS FOR FUNCTIONAL PVDF
MEMBRANE
A. P. 16
National research Tomsk Polytechnic University,
Russia, Tomsk, Lenin Avenue, 30, 634050
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Introduction: proton exchange membranes for sdltdte fuel cells must meet certain requirements: first high
proton conductivity, chemical stability, the ability to work at elevated temperatures.

Currently usedperftorsilanami membrane "Nafion" (DuPont,USA) meets these requirements, however, are
l'imited in temperature (temperature range is |limited
[2].The work is devoted to the study of processemdfationrchemical and thermal modification of PVDF to form in it
protonrconducting properties there.

Materials: PVDF, PTFE 2M 20 microns, styrene, toluene.

Experiment: Studies were conducted with samples of PVDF irradiated by helium ions with an eh@®y o
MeV and PVDF samples not irradiated with ions. All irradiation was performed at an extracted into the air ion beam
accelerator M PTI TPU. The original polymer film of PVDF with a thickness of 20 microns were cut with a
diameter of 60 mm and wasagkd in a special holder from which the air is then pumped out of the container was
assailed grafting solution of styrene with toluene in the ratio 1:1. Solution previously was barbotirovany nitrogen.
Before filling the containers with a solution of contkda research on the impact of throughput rate of nitrogen through
the solution and determined the minimum amount of residual oxygen prior barbotirovany nitrogen, to exclude the
undesirable presence of oxygen. Additionally undertook such an analysis gdth aihese gases are actively displace
oxygen from the solution. Figure 1 shows the dependence of oxygen content from time bubbling.
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Figure 1. The influence of time bubbling of argon and nitrogen on the oxygen concentration in the grafting solution

Bubbling gases was conducted for 20 minutes. Substitution of oxygen with nitrogen in the solution is faster
than with argon. Because the density of argon is less than that of nitrogen, respectively its content in the air is less and
the removal of oxygersinecessary to spend a large amount. As a result, nitrogen in contact with the air absorbs the
oxygen from it, thus melts, forming a solution of oxygen in nitrogen.

The containers are then irradiated with sample ions was placed in an oven and cured at a temperature of 600C
for 8 hours. Another part of the namadiated sample, placed in the same container with vaccination solution was
incubated at 900C for 20 houBuring irradiation in the polymeric matrix and form free radicals, followed by thermal

effects in the presence of styrene solution occurs prishivka to the polymer skeleton of the matrix side suspensions,
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which have attached sulfonation sulpt®03H. . Afte inoculation depressurized containers, polymer samples were
washed thoroughly to remove surface residues of styrene and gravimetric measurements [1].

Results and discussionoverall, the development of ideas about selective and -Hange" effects in th early
stages radiaicchemical transformations of macromolecules is not only of fundamental scientific interest, but also is
the basis for the formulation of new principles of radiation stabilisation and radiation modification of polymer systems.
We cantalk about the approaches that use relatively low doses and low concentrations of additives or chemically
modified units entered in a certain position. Table 1 presents the results of gravimetric studies.

Table 1. The results of the comparison of radiattbemical and thermal polymerization gravimetric method

Radiationchemicalpolymerization Thermal polymerization

" | The Weight after The ~ | The mass Mass The
mass irradiation, g grafting Exodus. vaccination grafting
Exodu. yield,% PVDFg PVDF, g yield,%
PVDF,
g

1| 0,204 0,252 23,5 0,215 0,218 1.4

2| 0,249 0,277 11 0,219 0,220 0,5

Conclusion: studies have shown that the degree of grafting of styrene monomer to a PVDF thin films is
significantly higher than in the case of thermal grafting without irradiation. During irradiation formed a sufficient
number of free radicals which occurs side prikby styrene. In the case of thermal graft, you may need significantly
more time for the formation of free radicals. Further studies will be devoted to the sulfonation of samples of PVDF
grafted with styrene to give them a protoonducting properties antthe synthesis of proteconducting functional
membrane.
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EFFECT MACHINING OF BATCH ON LINEAR PART ICLE SIZES
D.D. Kasatkin
National Research Tomsk Polytechnic University
Lenina Avenue, 30, 634050, Tomsk, Russia
E-mail: ddk5@tpu.ru

Powder metallurgy occupies a special place among various metal processing techniques in modern industry, as
well as it contributes to the solution of many important problems in the manufacture of productgenasn®ne of
the main problems in this industry is the production of metal powders [1].

In the report the effect of mechanical activation on the starting components will is reviewed and dependence of
the particle size parameters of mechanical activatiqrected to reveal.

Self-propagating highemperature synthesis (SHS) is a part of powder metallurgy allowing to synthesize
different substances with the specified parameters. SHS is motion process of the a chemical reaction wave upon the

mixture of stating components to form a solid final product. This method has several advantages, but one of the main
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advantages of the Skinthesis is the ability to manage the process of synthesis at different stages [2]. It is also worth
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noting that the high resourc#ieiency of this method is compared to traditional methods of powder metallurgy.

Mechanical activation of the starting components is a method of controlling the synthesis reaction in the
preparatory phase, is widely used in SHS. This method is a trarisieechanical energy to sample with the aim of
deformation and fracture of a solid body by the accumulation of point defects and dislocations, allowing not only to
receive objects with linear dimensions in the range from tens of micrometers to a few temspng also speed up
chemical reactions in the synthesis of sqlfthse compounds [3].

In this study, the sample used powdersd) . Mechanical activation was carried out in a planetary ball mill
AGO-2C, where the metal balls with a diameter of 6 am®a used as grinding bodies. The influence of the centripetal
acceleration of the grinding bodies under the machining of lanthanum oxide was investigated, and also the effect of
machining time was studied.

Is a result of the research the dependence ofp#incle size parameters of mechanical activation (time,
centripetal acceleration) was revealed, which can be used to establish the optimum mode of mechanical activation in a
planetary ball mill.
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MATERIALS USED IN IM PLANTOLOGY

S.A.Lapin ¢ .¢. Christenko
National Research Politechnic University,
Russia, Tomsk, Lenin ave., 30, 634050
E-mail: xristencko.tosha@yandex.ru

Metals have long been used in medicine as a material for implantation. The first metal implant was invented in
the 18th century; during the second half of the 19th century silwer wi&s used increasingly for fixingfter the
creation of stainless V2Ateels (CiNi-steels; Krupp), new opportunities for the use of steel alloys in surgery appeared.
IN1936 CeCr-al | oys (AVitalliumo) for osteosynthesis and dent
have been applied since 1950AIl materials are corrodible. It means that all of them may be oxidized in some cases.
As a result of coosion loss of material takes place. Therefore, experts use metals forming a passive oxide layer which
is capable (ideally) of repairing itself if damaged.

Ceramics- products from inorganic, nonmetallic materiéttay, for example) and its mixtures withineral
additives, ismanufactured at high temperature and cooled then. The use of ceramic prostheses and implants in medicine
is one of the new areas that have received significant development in the last decade due to advances in the field of
structuralceramics, production of higburity powders, the processes of their formation and processing of ceramic
products.

Aluminum oxide ([+Al,Oz; corundum)i biologically indestructible ceramic, mainly used for implants,
withstand mechanical load.

Dental ceramics are widely, used in dental technology for facing metal dentures (dental bridges and crowns)

and for artificial teeth modeling. The first porcelain dentures were made in XVII cefitstyporcelain teeth in the
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early XIX century After the disovery of rubber vulcanization, soft material which could capture ceramic teeth on the
plate was invented. First individual dental porcelain crowns were made at the end of XIX century. At the end of the
World War Il metal bridges were widely used.

Calciumphosphates are used for bone replacement. Titanium implants are used for tooth replacement and hip
joint implants coated with calcium to increase the mechanical stability of the implant due to bone ingrowth.

Pol ymers have been usreodn clhienicchad nhiyc asli npcoei nit9 600f. VF e

mol ecul es consisting of repetitive small particles ( mo

as the degree of polymerization. Sharrag ecchumaln,s talree pcaally

to as a homopol ymer. I f they are different, it is cal

characteristics: elasticity, ductility, hardness, cree|]
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POLYMERIC MATERIALS MODIFICATION
N.A.Ledengkiy, D.Kasatkin
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin avenue, 30, 634050

E-mail: ledenga95@mail.ru

Nowadays medicine is progressing rapidly, and one of many directions of modern science is development,
research andmprovement of the biomedical devices, intended for a contact with the living organism. For these
purposes special polymers are widely used in reconstructive and regenerative medicine. One of the most widely used
biopolymers is polyL- suckling acid (PLLA PLA). However, this biopolymer has disadvantages: hydropathy, slow
degradation and others. For the solution of these problems, there are methods of volume and superficial retrofitting of
polymers, such as copolymerizing, plasma treatment, and radidtidiffesent types: gammaeadiation, radiation of
electrons and ions beam etc. These methods play an important role in the obtaining of given properties of coating in
medicine. One of the methods of volume retrofitting is radiation treatment based orfldeace of impulsive
electronic beam. This method allows getting the required properties of polymeric materials, affecting molecular
structure of substance, causing excitation and molecules ionizing.

The objective of this work is to study radiation absarlblose measured with a sample of polymeric material as
a result of the influence of impulsive electronic beam and the exposure of optimal method of measuring. The sample
irradiation was carried out at the DESBO accelerator (TPU, Tomsk). Two methods w@dleation of the radiation
absorbed dose were used: udmgday cumnd <<POR>> dosimetric films.

Measuring of radiation absorbed dose withfaraday cups based on voltage scanning at the oscillograph. A
charge passed through the cylinder is calculated from this intggral OQwhereO — —; ST a square under the
curve showed by oscillograph. Having grapf¥d according to function values in every 2 ns and having integrated it

with the¢ Or i gin 8. 1¢é& progr am, a charge v al latien isiOs —c a¥cul at ec

° whereY Timuw'@® @& Q ofoi the constructive multiplier of amplification and voltage value showed by the

146


http://www.multitran.ru/c/m.exe?t=1472846_1_2&s1=%F6%E8%EB%E8%ED%E4%F0%20%D4%E0%F0%E0%E4%E5%FF
http://www.multitran.ru/c/m.exe?t=1472846_1_2&s1=%F6%E8%EB%E8%ED%E4%F0%20%D4%E0%F0%E0%E4%E5%FF

[ iNHEZdz0tsH dz@ e OGBIH Wzt ¢ O CtsdaW j toj deyd ™

cAdL e ddud Mcdy ftetsedj &3 o dOEC), ftosg N
g CydrdlddlidsBd ud Me¢dd d dLtslstsfd § Isjrndtsatsed
fosds" M dzj dedetsfylsd d o3 Hdyddaj

DU3NKO-TEXHUYECKUIA
I I MHCTUTYT
G TOMOKHAR NONMTEXHMYECKAR YHAREPCATET

J
A
oscillograph.The <<POR>> film used in the second method is a radigémsitive film. Allocating twdilms in front

of the sample and behind it, the difference of radiation absorbed dose between these films will be equal to the dose

absorbed by the sampf® YO YO. A spectrophotometer is applied for the calculation of radiation absorbed
dose.

The method usingfaraday cupwas proved to be inexpedient because of major inaccuracy (the value of the
dose is 913.2 KGy). Application of the secaméthod using <<POR>> dosimetric films provided more valid value of
the dose absorbed by the sample (26.31 KGy). Further research should be carried out for the optimization of
technological regimes of polymers modification on basis of polymilk acid iriadiatith impulsive electronic beams.
Structure and properties of polymeric materials also have to be studied.
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THIN HYDROXYAPATITE COATING ON AZ91D MAG NESIUM ALLOY FABRICA TED VIA RF -
MAGNETRON SPUTTERING
E.S. Melnikoy T. M. Mukhametkaliyev, M. A. Surmeneva.
Nationd Research Tomsk Polytechnic University
Russia, Tomsk, 30 Lenina ave., 634050

E-mail: rsurmenev@gmail.com

The development of biodegradable materials for bone injuries repair is an attractive scientif[@]topihe
wettability of the bare alloy and HA coating deposited on Mg alloy was monitored. It was revealed that after only 15
min of water droplet spreading over the surface a sign
observedA significantly higher water spreading rate was observed in the case of bare alloy compared with that of the
HA coated samples. The observed changes in the surface wettability over time indicated a stroegedident
tendency to turn initially hydropliic behavior to hydrophilic. The aim of this study was to investigate the structure,
chemical composition and wettability of the CaP coating deposited via RF magnetron sputtering on AZ91D magnesium
alloy.
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Figure 1. Water spreading behavior of a single droplet on the surfatteedflA coating and bare alloy
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The wettability of the bare alloy and HA coating deposited on Mg alloy was monitored. It was revealed that
after only 15 min of water droplet spreading oves surface a significant decrease in the water contact angle (from
100A to 66A) was observed. A significantly higher wate
with that of the HA coated samples. The observed changes in theeswdttability over time indicated a strong time
dependent tendency to turn initially hydrophobic behavior to hydrophilic.
In this study, fabrication process and the properties of the HA coating deposited onto AZ91D magnesium
alloys via RFmagnetron sputterg are described. Surface morphology and structure results suggested that the coating
is crystalline HA with the uniform, homogeneous, and dense structure. Investigations did not reveal improvement of the
surface wettability of the HA coated samples coragédo the bare alloy, however water contact angle dynamics in the
case of the HA coated substrates revealed a lower rate of a droplet spreading over the surface. The initially hydrophobic
surface of the HA coating tend to be more hydrophilic with time.
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ELECTROIONITE PROCESSES IN TWOPHASE EXCHANGE SYSTEMS
L.l. DorofeyevaD.V. Orekhov

National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina Avenue, 30, 634050
E-mail: sisrabol@ya.ru

Separation by ioexchange of isotopes and ions mixture used in processes of purification and selective
extraction of valuable components from solution for the enterprises of the nuclear industry is actuals. Application of the
given processefor exchange systems with electroregeneration okimmange material used on sorption stages we
considered.

Separation process efficiency depends on type ionite, its charge and the sizes, structural characteristics, the
sizes in hydrated and dehydratszhditions [1], environment temperature and the nature anions, connected with cation
in a solution. We had considered tghase exchange systems with use organic and inorganic [2] cations.

The evident influence on conditions of iemchange sorption anidns with close properties separation is
provided by means of the organic solvents additive to aqueous solutions of kaligcrease iseparation factoref
alkaline metals ions in agueoepsopanol solutionds connected with their dependence smivation energy and a
dielectric constant for equilibrium ions and increaseal¥ationenergy at transition froraqueougo aqueouslcoholic
[3] solutions.

Collation of the received values shows, that on cagixchange resin Ki2 the separation facterare higher
than on carboxyl resin GB P T 2 . I t e x pdxe@angesresih Kt ftom agadoupoopanolsolutions mainly
absorbs water as more polar component, and, hence, viscosity of environment inside of grain ionite is less while in
cationite CB4P2 2 at swelling the quantity the propanol not much more decreases in comparison with an external
solution and viscosity of environment inside of grain ionite above that directly influences conditions exchange sorption.
Besides fixed carboxyl groups ares$ dissociated, than streagid a sulfate group, that also influences efficiency of

ionic exchange.
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determined At the attitude of mobility of isotas 1,01 (isotopes of easy alkaline elements) speed of movement of a
zone [5] makes 4é8 sm/ hr. De p e R300dA/g ioptimanu r r ent densi ty
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ANNIHILATION OF ELECTRON
Y.V. Petrakoy L.E. Fedotov
National Research Tom#tolytechnic University
Russia, TomskLeninaavenue 30, 634050
E-mail: alexeypekar@mail.ru

In 1932 A. Andersomliscovered the first antiparticlgoositron (e +) a paricle with a mass of an electrdout
with a positive electric charge. The existence of e + follows directly from the relativistic theory of the electron
devdoped by Dirac (19281) before the disovery of the positron. In 183while studying cosmic ray8merican
physicists K. Anderson and S.Neddermeyer found muoagrfgboth signs of electric charge)particles with a mass
of about 200 electranbut otherwisevith remarkably similar to the-ge +properties

Positrons (positive electrons) in the mattamnot exist because they are annihilated when decelerating,
connected to the negative electrons. In this process, which can be seen as the reverse processdufcfair, the
positive and negative electre disappear, while the photamnansfertheir energy.

Annihilation of electrorpositron pairs causes the emissmii -raa yo 0 frays Gnephoton annihilation
can occur only if the electron is associatéthwa third body for instance, nucleus @lectrons).

In the annihilation of electrpositron pair the laws of consation of energy and momentum are obser&sl.
if the center of mass of the padrfixed in the laboratoryneasurement systerfothg-quantuns are emittedh opposite
directions with thesame energy klc = k2c = m0s2).511 MeV. If the center of mass of the pair is movable, the angles
between the directions of expansiohgrays will be differat from 180°, and the value is not equal the energy of
0.511 MeV. Thus, the measurement of the aggde Doppler shift of the annihilation linBEg allowsto determine the
momentum in e + epairs in the laboratory measurement system.

In caseof 3g-annihilation conservation lawdo notgive accurate result when calculating momentum taed
energy g-quantums In the stationary state, all threpguantuns are emitted in the same plane. Deviation angle
scattering (at the agitated state) from this plisrepproximatelyv / c. Unlike Zrannihilationg-quantumsarising from
3g-annihilationhave a continuous energysttibution from 0 to 0.511 MeV.

In 1934 b explain the spe@ of some stellar nebulae 1.Mlokhorovichich postulated the possibility of bound
states between the electron aouitron. Associatetivo-particle system (eg) was named "positronium” (Ps).
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PLASMA RECEIVING THERMAL ENERGY FROM SULPHATE LIGNIN
K.G. PiunovaA.G. Karengin.
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina ave., 30, 634050

Lignin is a component of the timber as produced in significant amounts in the processing of wood waste most
difficult disposition [1]. According to the International Institute of lignin (International Lignin Institute) annuallgin th
world produced about 70 million tones. Of technical lignin, but it is used for industrial, agricultural and other purposes
not mae than 2%. The rest is burned in power plants or are buried in the cemeteries [2].

Sulfate lignin (SFL) is formed on the pulp and paper mills chemical pulping of wood in quaritBieés 35%
of the raw material and has a fairly constant composition [3Jash 1. 0 6 2. 5 %; a 0.1-0d3%b ased
watersoluble compounds 9 & 1 1 %; resinous c¢ompoungb%, afd.the subur vdeight %; K|
content of which is 2i0. 40 &.06.%9 %.including unrel ated

In this paper, the poislity and efficiency of production of heat energy in the process of plasma recycling SFL
in air plasma in the form of optimal fuel watgrganic compositions (WOC) to ensure its efficient and environmentally
safe recycling.

The results of the calculatisndetermined the optimal flammable wok with a maximum of SFL
(SFL30%:7 0% water), which has Tad&1200 A C and the cal
recyclingl ton of waste to 1.8 MW (1.5 Gcal) thermal energy.

This was followed by calculeons of equilibrium compositions of gaseous and condensed products SFL
plasma utilization in air plasma in the form of optimal iMDC. Used for the calculation licensed program TERRA.
Calculations were carried out at atmospheric preqfutdViPa) in awide temperature rand8008 4000) K and for
various mass fractions of coolant air plasma (10 &6 95)

The results obtained can be recommended for practical implementation of the process under investigation
foll owing opti mal mo duel sf: (FL 30%:€70%water)) the welght mtio ofdhie phasese (66%
oftheair:34 % WOC) ; A operating temperature range (1200 N 100

Conducted research on this installation process plasma recycling SFL as dispersed combustible WOC
confirmed the recomended mode for the process.

The results of these studies can be used to create industrial units for plasma recycling sulfate lignins and other
combustible waste from the pulp and paper industry.
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GLYCINE ADSORPTION O N TiO2 AND ZrO2 NANOPARTICLES SURFACE

¢.0. Rakina A.Yu. Godymchuk
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina ave., 30, 634050

E-mail: aar37 @tpu.ru

In recent times inorganic nanoparticles (NPs) have attracted much attention because of their unique physio
chemical properties and potential applications in biomedical field such as various imaging and dpetagions,
targeted drug delivery [1]. Proper surface modification is important to retain the colloidal stability in complex biological
environments. Zwitterionic NP surface coating by small surface ligands can be a promising approach. The detailed
structural analyses techniques have confirmed the successful passivation/functionalizatigdy ofiReparticles with
glycine molecules. These nanoparticles also have showed good colloidal stability, optimal magnetization,
biocompatibility with human canceell lines and protein resistance behavior with good specific absorption rate [2].

Therefore, developing a method of selecting the optimal passivation/functionalizatiocess conditions can
be useful for future studies connected with different smalasa ligands passivated NPs.

The essence of the method is to maintain the particles in the surfactant solution, then separate the liquid phase
and analyze it by infrared spectroscopy to determine quantitative indicators of glycine adsorption ondbeoktinéa
nanopowder. To construct the calibration curve we prepared 6 aqueous solutions of glycine at a concentration of 0.33 ...
2 M. Construction of the spectrum lines shows intensive absorption bands at 1411638dch830.64 crh while in
thesampe of distilled water there arendt any bands.

As objects of the study plasmachemical titanium oxide (TiO2, 22,4 m2 / g) and zirconia (ZrO2, 8,1 m2 / g)
nanopowders have been selected . Suspensions were prepared in a following way:tBesngnopowder was added
to 20 ml of a freshly prepared 2 M glycine solution. Selected 3 ml of the each supernatant were explord® by FT
spectroscopy in comparison with a pure solution of 2M glycine. Construction of the spectra lines has showed a
narowing of peaks in areas 1411.638-&nand 1330.64 crit. From the values of transmittance for the selected peaks,
we can identify the change in concentration of surfactant in the aqueous solution separated from the nanopowder.

It is experimentally shown #t the spectral absorption peak in area 1330.64 @an help to identify amino
groups in aqueous solution [3]. Dependence of glycine concentration on pick height has been determined and depicted
graphically. Suppose that for making the suspension a krommoentration glycine solution is taken. Then, using
measured peak height (1330.64-&jnand calibration curve, the change of acid concentration and, consequently, its
adsorption on the surface of the nanopowder, can be determined.

Thus, on the example ofano TiO2 and ZrO2 suspensions we demonstrate suggested method of quantitative
and qualitative assessment of glycine adsorption on the nanopowder surface. It is shown that the aminoacetic acid is

adsorbed on the surface of chosen nanopowders impercemitdyon a TiO2 NP's surface phenomenon is more

pronounced.
This wor k was s up p-0306528df the Russiam Eourglatianrfor BasSic Redearch.
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KINETICS AND ME CHANISM OF ORGANIC C OMPOUNDS OXIDATION B Y PULSED CORONA
DISCHARGE
[ 0.4 ORROC B Dgjjatt®Louhi Kultaneh
hH OydssdzOdz! df 2 dMmfdzj Hs9 Olsj dz' MECd2 visdBMSd?2 fosdzdlsjrn
{ smmapws i3St j ded d&zG, 30, 634050
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E-mail: madinatkab55@gmail.com

Nowadays there are huge variety of wastewater treatment methods and oxidation is one of the mostly used. It is
not a secret that an dvanced oxidation proceskewed their efficiency and methods based on using chemicals to
oxidize pollutants becomes a secondary. Ozone is an efficient oxidant of organic matter but its production is expensive.
The process of hydroxyl radical generation from ozone/hydrogen permadielled in the 1980s, which made it
possible to optimize the use of ozone in the elimination of hazardous pollutants, such as pesticides, PAHs, etc. Now the
system ozone/hydrogen peroxide is a new choice for water reclamation and potable reuse. Thethase o
ozone/hydrogen peroxide system as a tertiary treatment of domestic and urban wastewater could provide reclaimed
water to use in agriculture or industrial processes Ifi]the present work, the kinetic and mechanism of organic
compounds oxidation havstudied. As an oxidation method, we used representative of advanced oxidation piocesses
pulsed corona discharge oxidation. The effectiveness of electrical discharges generated by high voltage has been proven
to degrade pollutants in wastewater [2] algiolely used for disinfection of microbial contaminated liquids [3]. In
water, high voltage discharge includes a-tltoermal plasma method for producing ozone and hydroxyl radicals from
water and oxygen [4]. Mechanism for highly reactive oxidants produbased on ozone decomposition follows to
these reactions {3):

e+HO=e+ OH + 0OH

30;+OH +H = 2 P+40; (1)
RH+ [3 =R3 1% 2)
R+ [q=R(1) O 3

Hydroxyl radicals resulting from the reaction between ozone and hydroxide ions can be generated by either
direct attack of the molecular ozone or indirect attack of the hydroxyl radMalstly researches othe ozone
decomposition in water based on descriptions of over al
decomposition of ozone are kinetically complex because of free radicals producing, which may react with further ozone
to produe more free radicals. The kinetics of this reaction depend on many parameters and the rate reported in the
literature is rather difficult and the results from different authors seem contradictory [5].

As objects of research, oxalic acid and phenol ltdnesen. Pulsed corona discharge reactor was a generator of
active oxidants and pulse frequency was changing from 300 to 833 pps. To define temperature dependence there were
two different temperature rates: from°@0to 45C in the different pulse frequencpnditions, in spite of that fact, the
same energy has delivered. According the data about concentration after oxidation, it makes sense say that mechanism

of degradation goes by directly ozone influence. The reaction rate constants determined absitirtiiegcombined

152



DOU3UKO-TeXHUYECKMiA f i HEdZOtesH dz@ e OB ydzeh) ¢ OV  CtsdaW § toj daydw

| [l cAdL syt dduimcdj ftetsBdzj @' o dOEC], ftetsdyr D

ke TOMCKMIR NONWTEXHMYECKAR YHARERCHTET H’J. g u q’NVq' L4qm(*gj3q' -LLJ fr] (_: q'J . q' q’ L 5 IS s U dZI’ J ISJ_ : dZtS dZtS G q

ftetsdsr N dzj dedetsfylsd o B4 HJyddzj
effect of the oxidants result in a second order reaction rate: first order relative to the target pollutant and first order
relative towards the oxidant. It has found out the most efficient degradation of oxalic acid usually goes &h the 60
minute of reaction (833pps) and on the §018nute in 300 pps pulse frequency level.
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CONTROL OF VACUUM AR C MACROPARTICLES BY NEGATIVE REPETITIVEL Y PULSED BIASING
A.l. Ryabchikov, D.O. SivinA.l. Bumagina D.A. Andriyashin
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina 2, bdg. 4, 634050
E-mail: bai@tpu.ru

The results of an experimental study of the influence of a substrate negative bias with various pulse widths and
pulse repetition rates ranging from several pulse per seqopds.jto 13 p.p.s. on the macroparticle (MP)
accumulation on substrate immersed in a DC titanium vacuum arc plasma are presented. It was found that the rate of
MP deposition on the substrate surface depends significantly on the bias pulse parameters and the processing time.

The experimental data of the MP amount on the steel sample versus pulse frequency are presented.in Figure
Increasing the bias pulse frequency from 10 tbplp.s.led to a gradual reduction in the MP number acquisition on the
target. However, this deecase did not exceed 20%. The character of the curve varies considerably in{hddseias
frequency range of 20to 1@ p.p.s. In this frequency range of the bias pulses, the surface MP number density

decreased-fold.
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Figure 1. MP number density) versus pulse Figure 2. Reduction in the MP number acquisition ¢

repetiti on TRlktagrodessing timme of the target versus treatment time (t)i droplets
30s, and a cathodesteel substrate distance of 26. diameter D > 1.5 m, T dr@plets diameter D <
1.5¢ m, 4 alldPs3

Figure2 demonstrates the various trends in MP behavior for MP diameters smaller and larger ¢ham.1.5F o r
MPs of more than 1.6 m i n di ameter, s oZ2neurvel)t oachrs suchztteat forudficiently Fomgg u r e
processing times, the large size MP amount is independent of the sample treatment time. Ultimately, a tenfold decrease
in the MP surface density is reached for large MPs of morethemth5 i n di amet er . Fem MRs o
diamder, there is a rapid reduction in the relative surface MP number density with increasing processing tima,(Figure
curve2). For a processing time of bdin, the surface number density for MPs of less thareInb i n di amet
decreased 156fld. In fact,only individual MPs were observed on the surface after long time processing. Xiarve
Figure2 indicates that for processing times of more thanmitDa 67fold reduction of droplets total number density
has been achieved.

The influence of the multigl recharging of MPs in the plasma and the sheath on the reflection of these MPs in

a sheath electric field is discussed.
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SYNTHESIS OF MONOCRY STALLINE ULTRADISPER SED ZINC OXIDE POWDER
E.M.Vodopyanov
National Research Tomsk Polytechnic University
Russia,Tomsk, Lenin Avenue, 30, 634050

E-mail: headfire94@gmail.com

There has been a considerable interest in the study of zinc oxide (ZnO) in recent decades. This is a unique
functional material with a high electronofuility, a high thermal conductivity, a wide bandgap (3.37 eV) and a large
exciton binding energy (60meV) and the richest family of nanostructures among all materials. Due to its unique
properties, zinc oxide is widely used in many industries. Opticalkeseadrical properties are used in solar cells, laser
diodes, and gas concentration sensors, varistors, TFTs and others. Antibacterial properties, biocompatibility, and the
ability to repel ultraviolet radiation are used in the textile and plastics indpstrfyumery, cosmetics, medicine [1,4].

Ultradispersed zinc oxide powder was obtained by the universal plasmodynamic method in discharge of a
hyperhighspeed plasma jet. The jet is generated by a pulse highcurrent (the order of 105 A) coaxial magnetoplasma
accelerator (CMPA) of the erosion type [5].

The trunk of the accelerator is an external titanium electrode barrel with zinc disks inside, the diameter of the
acceleration channel is 9mm, and the length is 190mm. The basic material (Zinc) is generkgelibgmsion of the
accelerating canal surface then accelerated plasma jet ejected into the reactor chamber filled with oxygen. The electrical
supply to the accelerator was carried out with the help of the capacitive energy storage.

Analytical researche of the received products were done by means of roentgen diffractometry methods.
According to the obtained data, the powder is composed of more than 99.9% of the zinc oxide phase that indicates the
correct choice of experimental energy parameters arfitimsrthe basic assumption about the possibility of this phase
synthesis.

Also the product was analyzed by transmission electron microscopy (TEM) which shows the hexagonal
structure of single crystal zinc oxide, and most part of the product consists wfi2@ifjects.

Based on the results of this work the following conclusion can be made about the possibility of applying the
plasmodynamic synthesis method to obtain an ultradispersed powder of single crystal zinc oxide with a crystal structure
- hexagonal sstem.
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TEMPORAL AND SPATIAL DEPENDENCES IN BEHAVIOR OF ATMOSPHERIC R ADON, THORON
AND THEIR DECAY PROD UCTS
A.G. KondratjevaV.S. Yakovleva,N.S. Mishina
Lenina Avenue, 30, 634050, Tomsk, Russia

E-mail: kond alla@tpu.ru
The processes of transport and removal of radionuclides in surface atmosphere and dwellings atmosphere are

very different [1]. On the transfer of atmospheric radionuclides influence humidity, wind, precipitation, cyclones, rough
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change of weather conditisnTo studytemporal and spatial dependences in behavior of atmospheric radon, thoron and
their decay products was organizedntinuous automated radon monitoring, which started in 2011 with help of
radiometer of radon isotopes and their decay products (SARAD GmbH, Germany). The analysis of seasonal variations
of radon activity concentration in the ground atmosphere revealeinomaxin springsummer period and minimum in
winter. In diurnal variations minimum appears afternoon and maxiihurafore noon. These results are in a good
agreement with results of other radon investigations. The analysis of changes of equilibriunectefiieiween radon

and its decay products showed that the annual average value was 0.2 (0.25 iAMir€nl2 in May, and 0.27 at the

end of SeptemberPynamicsof Frnin 2011is shown in FigurelO(spring seasgnand 1b $ummerautumn seasgn
Analyss of theFg coefficient dynamics shows that its instantaneous (average within 2-vearéine) values can vary

quite widely from 0 to 1Significant correlations were revealed between activity concentrations of radon, thoron and
some of their short Vied decay products at synoptic scale. Other interesting results of our investigation are also

reported.
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Figure 1. Dynamics ofgrnin 2011:0Q in spring; b) in summeautumn
Supported by FederdlargetPr ogram -~ 14.575.21.0105
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MAGNETRON SPUTTERING SYSTEM
A.V. Lazarey M.A. Andreeva, U.A. Smirnova
National ResearcRolitechnic University,
Russia, Tomsk, Lenina avenue 30, 634050

E-mail: Alefantiy@mail.ru

Thin film coatings have wide application as strengthening, reflective, conductive and dielectric c@atimgs.

of the direcibns ofvacuumplasma technologies the deposition of thin film coatings [1JVe consider the technology
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of application based on the use of magnetron sputtering sy$temalvantages of magnetron sputtering systems are
evenprocessing of flat surfacestvlarge areptheavailable gases used by the systeimplicity of design.
MAGNETRON SPUTTERING SYSTEM OPERATION

Coating formation is done witeputtering of the target by ions of the working gas in the abnormal glow
dischargeThe pinciple of operation of magnetron sputtering system is shown in figure 1. The main elements of MSS
are cathode target, anode, magnedigstem. The ihes of force are closed betwepnles of magnetic system. The
surface of target is placed between the oof entry and exit athe forcelines of the magnetic system. The surface is
sprayed actively and takes the form of closed track 6. The geometry ofsidetermined byhe form of polesof the

magnetic system. The water is supplied in the body of etegm sputtering systeto coolthe target [2].
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17 cathode target; 2 magnetic system; Bpower supply unit; 4 anode; 5 trajectory of the electrons; 6
area of erosion of the cathode surface; force lines of magnetic system.

Figure L Magnetron sputtering system

The magnetron sputtering system is placed wacuum chambeiThe gstem is electrically isolated from the
chamber andhe equipment. Working gas is suppliedthe chamberafter pumping outhe air volume Magnetic trap
facilitates thegnition of the discharge, providirelectron density greater than in the remaining volume.
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COMPUTER MODELOFTHE ¢ASTRAé P UCTREGNDACEELERATOR
M. A. Serebrennikov, I. S. Egorov

National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina ave., 30, 634050
E-mail: smakk 22@mail.ru

Paper shows the process of creating of computational model for a pulsed electron accelerator 'JAFTRA"
(accelerating voltage up to 460 kV, beam current pulse duration of 75 ns (FWHM)epatsy of up to 10 J for pulse
repetition rate of up to 50 pps). Multisim software was used for electrical processes simulation.

The computational model is based on a schematic diagram of the accelerator, complemented with equivalent
constructive elementsf the accelerator the parasitic inductance and capacitance. When the amplitude of the voltage

pulse is 400460 kV, the energy up to 20% of total can be accumulated by parasitics. The values of the parasitic
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capacities of the highioltage insulator stature were evaluated by Elcut simulation environment with the using of the

finite element method for electric field computation. The computational model of the vacuum electron diode was

created. Model is based on the analysis of the experimental curvi® afiode impedance for the previously

constructed model of the generator [2]. Matching of both models of the generator and the diode allowed simulating of

the whol e

CASTRA®

results and the results obtained experimentally (Fig. 1).
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Figure 1 a). Comparison of real (1) and simulated (2) voltage pulses. b). Real (1,2) and simulated (3,4) power

pulses in the diode of the accelerator.

The amplitude and theshape of the voltage pulses obtained experimentally and by modelling agree

satisfactorily (Fig. 1a). It is found that in determining the power (Fig. 2b) and the value of the energy released in the
diode, the error introduced by the model does not exceed 7%
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THE RESERCH OF INFLU ENCE OF PLASMA IMMER SION ION IMPLANTATIO N OF TITANIUM ON
HYDROGEN SORPTION OF Zr-2,5% Nb
A.N. Sutygina E.B. Kashkarov, N.N. Nikitenkov

National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina ave., 30, 634050
E-mail: sutygina2013@mail.ru

Zirconium and its alloys are important constructional materials of-lgtter nuclear reactors. Under the

influence of radiation, radiolysis of water occurs and hydrogen is released, which leads to hydrogen embrittlement. One

of the ways of the zirconiunalloys protection from hydrogen embrittlement is an ion surface modification. The

influence of the plasma immersion ion implantation (PlIl) of titanium Et@,5% No alloy on its hydrogen sorption is

studied in this report.

The samples size: diameteB0 mm, thicki 1 mm. The surfaces of the samples were polishked.roughness

of the samples is 0,567m. The titanium implantation intdr-2,5% No was carried out at the installatigRaduga

Spectrung

[ Thd implantation time was 15 min. Samples wegecteared in argon plasma at 0,06 Pa pressure during
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3 min. The implantation conditions: the arc current | = 70 A, the bias voltage U= 1,5 kV, frequency of impl0fes
kHz, the pressuré 0,02 Pa. The part of the samples was implanted with a plasera éither part without the filter.
The samples were saturated with hydrogen on the installeG@s Reaction Controllerby the Siverst method at
400°C during120 min The hydrogen pressure was 1,95 atm. The glow discharge spectrg@BxROFILER 2
was used for the study of the elements distribution in the modified layer.

The sorption results are shown in table 1. From this table it follows that the sorption rate of hydrogen decreases
after implantation of titanium ir-2,5%Nb. The using of the plasma filter reduces the sorption rate of hydrégen.
may be linked with the large number of microdroplets in plasma when titanium was implanted without the filter that
reduces the homogeneity of the modified layer.

Table 1. The rateof hydrogen sorption i@r-2,5% No

Samples Rate of s-dcnpit2i (osimi) .
Zr+Ti with the plasma filter 0,73
Zr+Ti without the plasma filter 2,1 | 3,9 (t>4000 sec.)
Zr 6,8

The depth distribution of the elements shows that the depth of the modified with the filter is ~250 nm, without
the filter is ~300 nm. Also the hydrogen concentratio@ii¥2,5%Nb after hydrogenation is lower for the sample with
the filter than for the sample without the filter. The obtained modified layer with the filter prevents the penetration of
hydrogen.
Conclusion. Pl of titanium inZr-2,5%Nb reduces the rate of hydrogerrstion. The barrier layer is formed
during the implantation of titanium with a filter which prevents the penetration of hydrogen into the sample.
REFERENCES
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CHANGING OF TRACK MEMBRANES CONTACT WETTING ANGLE AFTER LOW -TEMPERATURE
ATMOSPHERIC PLASMA TREATMENT
E. O. Filippova V.F. Pichugin
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin str., 30, 634050

E-mail: katerinabosix@mail.ru

There are a | ot of polymerds materials with | ow su
is polyethylene terephthala(®ET), which is widely used in medicine [1]laBre-inducedmodifying thep ol y mer & s
surfaceis the perspective and modern methodnoflifying thep o | y mserfacé Fhis method allows changing thfe
surface morphologgnd as a result its wettability [2, 3].

This article shows results oflgsmainduced modifying the PET track membranesurface changing of its
morphologyand wettability. The purpose of research is to study the hydrophilic chaofélse track membranes
surface propesafter exposure to low temperature atmospheric plasma.

Experiments were onducted usi ng GMTtREKcOk bnaesnebdr aonne FET wi t h p
Om and® gores clhdensity. The pas are formed birradiating the polymer PET 40Ar +8 ions with energy

41.5 MeV. After irradiation, the membraneas chemically treated in the alkaline solution. The surface had been
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processed by the plasma sslfstaied volume discharge to give ttmurface the hydrophilic properties of the
membrane.
Contact angle of wettability the surface track membrane weesuoed just after the chemical treatment in
NaOH, onthe first, third, seventh, fourteenth, tweifinst days after plasma modification.
Contact angle of wettabilityesults are shows in table 1.
Table 1. @ntact angles of wettability sampleglues

Treatmentime Native first day third day seventhday | fourteenth twenty

samples day first days
30seconds 76, 9N0 |33, 0N|[37,2N3|36, 8N0|37,8N339, 0N
60 seconds 76, 9N0 |31, 2N[{36, 3N3|36, 9N0|39,5N§35, ON
90 seconds 76, 9NO |26, 6 N[{35, 1N3|]34, 3N2(37,3N5§37, 3N

Thus, the plasma treatment of the track membranes surfaceheagecontact surfaceproperties Low-
temperature atmospheric plasinducedmodifying increases hydrophilic surface propertidydrophilic properties of
the polymer after modification retains over 21 days.
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STRUCTURE OF POLYMER NONWOVENS MATERIALS OBTAINED BY ELECTROSPINNING AND
SOLUTION BLOW SPINNING
Fomichev A.K, Volokitina T.L.
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenin str., 30, 634050
E-mail: agronianin@mail.ru

Nowadays the perspective polymer materials which can control the structural and functional state of the cells
involved in regeneration process are widely researched. The special 3D nonwoven matrixes which can regulate the
regeneration processes of livingsues are widely applied for these purposes. Now the method of electrospinning (ES)
[1] and method of the solution blow spinning (SBS) [3] are the most effective and promising. The morphology of
nonwovens materials is one of the most significant proped&ining mechanical properties and further application.

The objective of this work is to compare the structure of nonwoven materials obtained by electrospinning to SBS
method.

Nonwoven polymer materials were produced from the solution of tetrafluoteséhyand polyvinylidene
fluoride copolymer (TeFEPVDF) in the methylethylketone and dimethylformamide mixture in a ratio of 1:2 (v/v).
Nonwoven materials surface morphology was researchedQuidnta 200 33scanning electronic microscapEiber
diameter ofat least100 fibers was measured by hand with Image J software.

The surface of nonwoven polymer materials formectlegtrospinning and SBS method from TeP#DF is

shown in Figure 1These results demonstrate that nonwoven polymer materials obtainexttogsginning consist of
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single unaligned nanofibers with an average diameter off0087 14) Om t hat are tightly pa
The materials formed by SBS show complex dimensional structure, masthy loosely packedbundlesaligned
microfibers with an averageliameterof (0.540 . 2 0) Om. They form the beams witl

depending on their quantity

a

Figure .L.SEM i mages of nonwovens materials formed b\
Electrospinning materials can be used as membranes and western blot as they have narrower distribution of
fiber diameters. SBS nonwoven materials with their characteristics globules are suitable for certain biomedical
applicationwhere the main fibers pr@e a large surface area and globules act as a drug reservoir for controlled release
of biomolecules.
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GUIDE FOR CALIBRATION OF U, b- AND 2-RADIATION DETECTORS USED FOR SOIL RADON
MONITORING
M.S. Cherepnev, A.G. Kondratjeva, A.A. Stepanenko
Tomsk Polytechnic University,
Lenina Avenue, 30, 634050, Tomsk, Russia

E-mail: maxcherepnev@tpu.ru

Investigation of the radioactive soil gas radon dynamics, basically is used foiteshoforecasts of the
earthquakes in many countries. Methods of measurements are differing by types of registered ionizing radiation. For
continuous soil radon monitoring the methods of ionizing radiation registration by using detectors operated in counting
regme, are placed straight in the boreholes. These methods are cheap2ttimes as opposed to methods based on
alpha spectrometry, and this fact is allows to building of the network of radon monitoring stations. The other reason is
that they allow gettig, processes and analyzing data in queal time scale. However, reliability of obtained results
and methods of direct radon measurements in boreholes by the ionizing radiation was not investigated. Transfer of pulse
counting rate into units of radon wwhetric activity is made with multiplication on the correction coefficient, which is
determined by comparison with results of certified radiometer in short and usually single experiment. The main task of
this research was checking of reliability of radoaasurement methods by direct registration of ionizing radiation in
soil [1, 2]. Potential problems in detector calibration procedure and determining of correction coefficients based on

revealed asynchronous behavior of radon and ionizing radiation tiles aez examined.
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The results of calibration dfi -, b- and o-radiation scintillation detectors (ATOMTEX, Republic of Belarus)
mounted into boreholes at depths of 0.5 and 1 m, which are destined for soil radon monitoring, are represented. The
radon isotopg radiometer based on semiconductor alpha spectrometry (SARAD GmbH, Germany) was used for the
calibration aim.

On the whole, time variations dfparticles flux density (FD) at depths of @5m badly reflect soil radon
dynamics as to diurnal variationsdaits amplitude. Good synchronism betwdéparticles FD and radon volumetric
activity (VA) time series measured at the same depth was observed only when positive atmosphere temperature and
absence of precipitations. It was found a good synchronigipanticles FD and radon VA changes at depthup to 1 m
for daily and synoptic scales. But for certain days a little time shift betlweand radon time series was observed.
Maximum in soil radon diurnal variations is usually observedeét B 006 c |l odlk path, O a®hdmat ~ 24
m depth.

Consideration must be given to nonlinear relationship betvieearticles FD and radon VA values when
determination of calibration coefficients.

In more details questions of the calibration is show in the paper.

Supported by FederalfargetPr ogram -~ 14.575.21.0105
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A VACUUM ARC CATHODE MAGNETIC FIELD AND A SUBSTRATE BIAS INFLU ENCE ON A
MACROPARTICLE CONTEN T DECREASING
A.l. Ryabchikov, P.S. Ananjin, D.O. SiviA.E. SheveleyS.G. Zhelomsky
National Research Tomsk Polytechnic University,
Russia, Tomsk, Lenina 2, bdg. 4, 634050

E-mail: shevelevae @tpu.ru

The results of aexperimental study of the influence of normal and tangential to the cathode surface magnetic
field and shorpulsed highfrequency negative bias applied to substrate immersed in a DC copper vacuum arc plasma
are presented. It was found that the macropart{MP) surface density depends on the magnetic field, the bias
parameters and the processing time.

The experimental data of the MP amount on the steel sample after cooper plasma deposition using normal to
the cathode surface magnetic field are presentelig.1. Without negative bias total number of MPs on substrate
surface increases gradually (Fig. 1, curve 1). Application of ghdsed higkhfrequency negative bias significantly
affects on MPs surface density and dynamic of their assembling on thiexgaibsring the treatment time (Fig. 2, curve
2). Maximal amount of cooper droplets can be observed after 3 minutes of deposition then MPs surface density starts to

decrease. Total reduction of MPs was 3.7 times after 30 second and almost 12 timeniafiezHof a treatment.
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Figure.1l. Dependence of MP surface numk Figure.2. Size distribution histogram for copp

density on processing time at anode (1) and nege MPs on the substrate surface after 6 min of plas
bias (2) podtpes2kval ( 7 O's deposition withisy= 0 and lisyp= -2 kV

To estimate efficiency of different sizes MPs reduction all samples were scanned with electron microscope and
aralyzed in details. The size distribution histogram for samples with anode and negative bias after 6 minutes of
deposition are presented in fig.2. The experimental data shows that applying qiusbedt highfrequency negative
bias is effective to deletin of MPs with di ameter |l ess than 1 Om (up t
affects on microrsized MPs decreasing on a sample surface.

The investigation of a tangential magnetic field influence on MPs surface density decreasing in cade of an

and negative repetitively pulsed substrate bias are presented.
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REMOTE CONTROL OF AN INTERNAL SAFETY BARR IERS STATE OF SHUT DOWN IUGR

A.O. Pavliuk, S.G. Kotlyarevsky; E.V. Bespalg A.M. Izmestiev
1JSC ¢cPil ot and DemonsGrmraghiotne Cewnd leaarf oRe dlatamri ubDe c o

Russia, Tomsk region, Seversk, Avtodoroga, 13, 636000

2Tomsk Polytechnic University
Russia,Tomsk region, Tomsk, av. Lenina 30, 634050

E-mail: bespala_evgeny@mail.ru

At the present time 13 Industrial Uraniv@raphite Reactors (IUGR) in Russia are at stage of preparation for
decommissioning and stagédecommissioning.

There is ¢Concept of decommi ssiforienguof al UBGR lay pV
12.28.2009. According of this concept safety during decommissioning of IUGR is carried out by reliable isolation of
solid radioactive wste (SRW) in the territory of placement of IUGR. Therefore, radiation safety of staff, population
and environment for entire period of potential danger are provided.

Il mpl ementation of pil ot project i s finiteisheartepton a
Closing stage of this project is creation of internal barriers of safety byfresdfilling of cavities by friable barrier
materials in reactor spaces and technological placements [1,2].

Damaging of integrity of safety barriers becauseexternal influences of natural or technogenic origin can
|l ead to contact of radwaste with water and migration o
control a state of created internal safety barriers using remote (nondes)runtithods. In this case tightness of object
will be kept.

Method of control of internal safety barriers in burial ground of IUGR is developed and tested by staff of JSC
¢cPDC UGRe developed and [ 3] . Acc oridstalledin aroustplacessof reaetdr h o d
during decommissioning of IUGR. This channels are used for radiation logging, which widely applied in geophysics.
For control of internal metalware position use gamagging, for identify places of shrink barrier regtls and
drowning use pulsed neutron gamma and neutearnron logging.

The inventive method allows to organize a system of control of cavities formation and drowning in the event of
their occurrence. Moreover, this method makes it possible to detepaiséle changes position the main structure of
the reactor during a long period of conservation (burial).
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SOME REMARKS TO RISK ASSESSMENTS OF NUCLEAR POWER PLANTS
A.N. Valyaey G.M. Aleksanyan, O.0 ¥khipkin
Nuclear Safety Institutef RussiamAcademyof Sciences
Russian Federation, Moscp®2 B. Tulskaya, 115191

E-mail: anvalyaev@mail.ru

Today NPP using for energy production is constantly increasing in the world with the growth of different
threats, for example, caused by directed terrorist attacks. It is necessary to make possible correct assessments of
corresponding risks levels immmon case and for the single specific NPP from moment of this NPP projecting,
building and especially during its exploitation. It demands to provide exclusive attention and special conditions under
realization of complex integrated emergency NPP managditien

We use our universal formula for assessment of the total vector of limited losses under NPP exploitation for
the fixed time interval under the following assumptions [2]: (1) at initial state the object is in normal (non accidents)
exploitation;) t he di fferent kinds of accidents may be occurr
of possible accidents (m=1 is corresponded to the normal regime); (3) every accident may create the different kinds of

losses. (4) realization ofiiccident creates the loss of j kind withgPobability,
8- -P(1aln + a I’—“E (1)
=2
Here j is the kind of loss with; &alue. Then = 1, 2, én, wher e n is the t

v
losses; where P(1) is the probability of loss formation under normal exploit@}pis the vector of limited loss under

regular exploitation. & coordinate vector value in sum is equal the loss value of j kind under realization of i kind

accident. Thus, the matrix of loss probabilities is determined. Under absent of ac@fjgritstal vector is determined

only the first part of1) formula.

The main problem is the assessment of loss probability matrix elements. If representative statistic data,
obtained for long NPP exploitation period are present, then some of its elements may be assessed by statistic methods.
We have prediedd the irradiation doses and corresponded risks for population under implementation of Russian Federal
Program: 0 Devel opment of Russi an -2820 gears at 10=horeefaigdyNPR thatl u s t r
operated during some last decades [3]. E&lmv, early some types of NPP disasters were absent at researched NPP.
Using of classic methods of expertise assessments is not correct in this case.

Some needed data may be obtained from the primary virtual computer tests of concrete NPP with ifnitation o
possible disasters. It allows to assess risk values and also to plan the actions for NPP operators and special services
under serious NPP disasters or may be to prevent them at all. These problems are under consideration in our
communication.
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ESTIMATION OF THE PO SSIBILITY OF EXPOSED LONG-TERM CONSERVATIONOF STRUCTURAL
ELEMENTS MADE OF ZIR CONIUM ALLOY DURING THE DECOMMISSIONING OF URANIUM -
GRAPHITE REACTORS
A.O. Pavliuk S.G. Kotlyarevsky, E.V. Bespala, A.M. Izmestiev
JSC ¢cPilot and DemonsGraphiotnhe Cewndleaarf oRe dJatamri ube c o
Russia, Tomsk region, Seversk, Avtodoroga, 13, 636000
E-mail: seversknet@rambler.ru

During the decommissioning of some uranignaphite reactors (UGR) by variant of "safe disposal on the
spot” [1] there is a problemealing with the structural elements of the zirconium alloys. Dealing with irradiated items
of this alloys is difficult As a result of prolonged irradiation to neutron flux they accumulatelieed radionuclides
9Nb (Tuy= 2 . 0 BykatsPand®Zr (Ty= 1 . FVear§). The levels of specific activity of the radionuclides and can
relate to the categories of intermeditgeel and higHevel waste. Decay of the isoto#\Nb accompanied by the
emission of higkenergy gamma rays ¢£/03keV and B= 871keV realize 100%). This leads to high levels of gamma
radiation and imposes restrictions on the admission of staff in dealing with irradiated zirconium details.

In accordance with the classification criteria set forth in the Resolution of the GovernmentRis$ian
Federation of 19.10.2012 ~1069 considered various opti
Firstly, their removing and conditioning if it will be classified as a removed radioactive waste. Secondly, they are not
withdrawingfrom the reactor if it will be classified as category of special waste.

In order to substantiation of a choice the most-effstictive modality for the treatment of radioactive waste,
consisting in the longerm conservation of irradiated structural eletsesf zirconium alloys (without their extraction
from reactor) using a barrier material were the following studies. Activity and nuclide composition were identified,
stability of properties under different storage conditions radioactive waste were exaotimedion properties were
identified and resistance of nuclides of leaching from irradiated zirconium alloy were estimated. In addition, sorption
properties of the clay barrier material in relation to radionuclides contained in the radioactive wastenafra alloy
were identified.

The results obtained by leaching of isotopes of niobium and zirconium were consistent with the data of
corrosion studies of neinradiated zirconium. This fact confirms the high corrosion resistance of the fuel channels of
irradiated zirconium alloy. There have been no significant release of isotopes of niobium and zirconium alloy E110.
Leaching was observed only ffCo and'®*"Cs, present in the sediments at the surface of the fuel channels.

The results of the shown thatetlsorption properties of the barrier material from a mixture of natural clays
provide containment in the event of radionuclides out of the irradiated material alloy barrier. It is proved that the

presence of radionuclides sorbed effectively barrier materia
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EXPERIMENTAL SIMULAT ION OF THE RADIONUCL IDE BEHAVIOR IN THE PROCESS OF
CREATING ADDITIONAL SAFETY BARRIERS IN SOLID RADIOACTIVE WAS TE REPOSITORIES
CONTAINING IRRADIATE D GRAPHITE
A.O. Pavliuk S.G. Kotlyarevsky, E.V. Bespala, A.M. Izmestiev
J S C caRd Deraanstration Center for Uranit®r ap hi t e Nucl ear Reactor Deco
Russia, Tomsk region, Seversk, Avtodoroga, 13, 636000
E-mail: seversknet@rambler.ru

The majority of the ateactor repositories of the shdbwn Industrial UraniunrGraphite Reactors (IUGR)
were in operation for 35640 year s. They have played
personnel, population, and the environment in accordance with the regulatory requirenedfietst iim 50s70s of the
previous century. There are several dozereattor repositories at the IUGR sites of the Russian Federation where
irradiated graphiteontaining solid radioactive waste (SRW) of the reactor origin is currently located.

To date tle nuclear legacy akactor repositories do not entirely pass strict modern requirements imposed on
the storage of radioactive materials. Those requirements could be only met if additional engineered safety barriers are
created in the existing-aéactor epositories so that in combination with the repository confining rocks (natural barrier)
they make a muHbarrier protective system. The developed system of barriers should provide the SRW disposal
conditions for the radionuclide migration to be possibkrely by means of the diffusion processes. The radionuclide
diffusion coefficients in the barrier material should be as low as to ensure the level of activity emerging out of the
boundaries of the repository to be within the intervention level, i.e.ebelated parameters defining the boundary
between the radioactive and n@adioactive medium.

At the JSC Pilot and Demonstration Center for UranfBraphite Nuclear Reactor Decommissioning (JSC
"PDC UGR") an option of creating the additional protectiveibes by means of filling the free repository space by a
clayey solution [1] is being considered as a promising solution for the problem.

To prove the efficiency of the technique proposed for the creation of engineered clay barriers, a repository
mockuphas been fabricated at the JSC "PDC UGR". It used to conduct a series of runs aimed at the simulation of the
radionuclide behavior when creating additional protective barriers in the existing repositories

As result, during more than two years of observatio significant distribution of radionuclides in the rock has
occurred, even though under the maintained conditions of the constant wetting. It proves the ‘mggratitn and
antifiltration properties of clay used for the barrier material.

The resuls obtained can be used as an initial data for the verification of the simulation models and the forecast
radionuclide migration calculations for the efficiency assessment of the protective barrier installation in a repository.
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THE NEUTRONIC CALCULATION AND OPTIMIZATION OF SCHEMES OF STORAGE SPENT
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Today the improving of efficiency of nuclear power is the result of the decision of two basic problems. The
first one, it is recovery of uranium from spent nuclear &rel returrit to the nuclear fuel cycle. The second problem is
the increase of burnupf usual fuel and new types of fuel compositions such as (Pu,2T{OPulD,, UC / (U, Pu)C,
UN / (U, Pu)N[1-3]. The solution of these problems, in turn, leads to an increase in the volume of spent nuclear fuel,
the complexity of ecological conditionsuclear and radiation hazards of existiegctors and reactor facilities of the
new generation. Nowadays in Russia there is one vexed problem, it is storage of spent nuclear fuel (SNF) of uranium
graphite reactors and others reactor facilities whoseigusdt reprocessed and stored in the intermediatege pools
in Nuclear Power Plant [1].

I'n this work, the conceptual approaches and featur
spent ceramic nuclear fuel after thermal reactorsansidered. The results of numerical studies aimed at determining
the neutromphysical and radiation characteristics of spent ceramic nuclear fuel. The studies will allow to develop
technical and regulatory solutions when handling perspective spentffnelwogeneration reactor facilities.-g]. On
the basis of numerical studies it's possible to create the safe circuits of layout and permutations of spent nuclear fuel in
systems of conservation and transportation, if it is necessary, to develop temahalegulations of removal from
service of these systems including the possible dismantling and disposal of individual nodes. The study was supported
by grants of the President of the Council of the Russian Feder@bompetition for the scholarship die President of
the Russian Federation for young scientists and graduate stu@emsnumber SR295.2015.2.
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CREATION OF AUTOMATED TRAINING SYSTEM OF CONTROL AND ACOUNTING OF NUCLEAR
MATERIALS
A. Bashlai, A Stepanova, AGodovykh
NationalResearcifomsk Polytechnic University
Russia, Tomsk, Lenin str., 30, 634050

E-mail: stepanova_n93@mail.ru

In the world, considerable efforts are made to ensure safe handling with nuclear materials (NM). Besides, safe

handling is aimed at ensuring safety and continuity of knowledge on nuclear material. This implies three main
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components of safe handling: phyaiprotection, control and accounting of nuclear materials.

The main purpose of the activities on accounting and control of nuclear matesiralading the enterprise
with the possibility of determining available amount of nuclear material, as well addipg with necessary
information to compile, register and keep records and reports in the enterprise. In addition, properly oanined
and accounting (C&A) system of NM should contribute to the prevention of loss of nuclear material, astsvéieds
and unauthorized use and movement [1].

In C&A of nuclear materials, information technologies occupy a special place. The amount of information on
nuclear material which must be collected, processed, stored and used in procedures relateitingaand control
requires the use of modern computer technologies. In parallel with the creation of these blocks we were working on the
developing of a laboratory course in two directidnisar coding and databases in computerized system of accounting
and control of NM.

Thus, by now, the following results of the work have been achieved:

- Database showing the main functions of the system of accounting and control of NM has been
designed.

- For a training laboratory a training system of automated data tiolidtas been created, which helps
demonstrate the operation of the system of accounting and control on a conditional enterprise.

- A number of laboratory works have been developed in two directibas coding and databases in
computerized system of accdiny and control of NM.

Further, it is proposed to develop the block fAPhysi
for physical inventory, control methods of nuclear materials, as well as the development of methodological
recommendatiomfor the use of the training system.
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THE APPLICATION OF IDENTIFICATION METHODS IN SECURITY SYSTEMS OF NUCLEAR
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National Researcfiomsk Polytechnic University
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E-mail: stepanova_n93@mail.ru

To fulfill the requirements of nonproliferation of nuclearaterial (NM) at a nuclear facility (NF), it is
necessary to implement activities designed to ensure physical protection of nuclear materials (NF), nuclear installation
(NI) and storage facilities (SF). Proper organization the pass regime is the basipbysical protection system. It is a
combination of organizationddgal restrictions and rules, establishing the procedure for crossing check points on the
borders of protected zones, as well as separate buildings and premises of facility personnel.

The mechanism for the implementation of the CRC is based on the application of the relevant prohibitions and
restrictions in relation to subjects crossing the borders of protected objects, to ensure the safety of nuclear facilities.

Such a mechanism should digliged to conform to norms and rules of physical protection of NM, NF and SF [1].
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One element of the pass regime is a system to monitor and control access of complex of technical means of
physical protection of nuclear facilities. The system providegxaeption or substantial difficulty in unauthorized
access of violators into protected zones and facilities. Check of access rights is carried out by identifying and
personalization of facility's personnel. An identifier may be an electronic keypeasda personal code or individual
biometric data of the person (fingerprint, voice, iris is, etc.) [2].

A detailed analysis of existing methods and means of identification in order to analyze the effectiveness of
their use in safety systems of NF has beeriazhout in the work. Design features of the various ways and methods of
identification based on i mplemented system to monitor
considered [3]. The recommendations on accounting opportunities techriodesgy on the objectives of protection of

the object, the degree of threat and economic factors have been made.
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ORGANIC LIGHT -EMMITING DIODES (OLE D)
M.O. Blank N.E. Bataeva, D.O.TivikovdJ.A. Smirnova
National Research Tomsk Polytechnic University
Russia, Tomsk, Lenina str., 30, 634050

E-mail: blank.mascha@yandex.ru

Organic lightemitting diode is the main component of the Organic LEmitting Diode Technology, or
abbreviated OLED. This technology is young but very promising in the field of construdtdisplay devices. The
main difference from other LEDs is that, made of organic compounds, they conduct an electric current capable of
emitting visible light. This is related to their special features and capabilities. So the purpose of this watkdy t
existing methods of obtaining OLEDs and to compare OLED technology with other LED technologies.

Picture 1. Twelayer scheme OLED
OLED consists of the following elements:

i substrates (plastic, glass, foil);
1 the cathode which injects electrons into the emitting layer when current flows;
1 layers of organic materials, one of which holds a hole injecting anode, and the seslention

injecting cathode, radiative recombination of charge carriers happenssiecinad layer;

i transparent anode which injects holes when the current flows through it.

The physical principle of generating light emission OLED based on the phenomenon of electroluminescence in
organic low molecular weight compounds and polymers.

This paper contains the study of the basic advantageous properties of OLEDs and a comparative analysis of
OLEDs and other types of diodes. The main advantages of OLED are small size, weight, lower power consumption, the
ability to create very thin flexible digys with high resolution.
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VULNERABILITIES OF WIRELESS NETWORKS AN D EXISTING THREATS
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Wireless technologies haveceived the massive development and have become part of business and everyday
life. On basis of these technologies can crdaternet access points and wireless local area networks (WLAN).
Currently WLAN are wide used in most companies, enterprisestiiciesenters, and universities. Information is
strategic assets of organizations, and network malfunctions, data interception can lead to negative consequences: loss of
time, money, and reputation... Therefore, the security of WLAN is an actual problem.

Objective of research is to review of existing methods for ensuring security for wireless networks, their
weaknesses and threats. To achieve the objective need to complete the following tasks: review of existing methods of
wireless security networks, revienf their vulnerabilities and identify existing threats.

WLAN operates according to the standard IEEE 802.11 (Institute of Electrical and Electronics Engineers),
which is created for communication in a wireless local area. To protect against attackerstamtlard IEEE 802.11
protocol provides a range of security measures: for example, authentication, encryption of traffic@ddi&€s
filtering and restricting access.

Wireless networks can be protected by the following technologies: open mode (h@nysedcryption or
authentication), WEP (Wired Equivalent Privacy) and WPA/WPA2-RilProtected Access). An overview of WLAN
security technologies is presented in Table 1.

Table 1. Overview of WLAN security technologies

Mode Attack techniques Elapsed time Crgg:)%l;ggg Places of use networks

WEP Exhaustive key search, social| From several | A personal Public places, residential
engineering, unauthorized minutes to computer space, business space
access to equipment several hours

WPA/ Exhaustive keygearch, From several | A personal Residential space,

WPA2 encryption exploits, social hours to computer, business space
engineering, unauthorized several days a supercomputer
access to equipment

Despite the use of different security methods there are serious threats of the use of wireless networks. The
method of hacking the WPA key for 15 minutes was demonstrated [1]. This method was improved [2] and as a
result, the execution time of proposatthck method becomes about one minute.

Practical recommendations how to protect wireless networks and reduce the risk of data interception will be
presented in our oral report.
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ACOUSTIC CONTROL SYSTEM IN MED ICINE
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Annotation: This article describes a device, which allowsontrol various elements using sound signals of
different tones remotely. Its possible application are also described in various control systems.

Key words: sound, acoustics, distance, control, management, efficiency, simplicity, cheapness

Obijectives

Acoustic switch is a simple and inexpensive device. One of the main advantages of the device is cheapness, it
does not require any expensive microcontroller or other components. Also one argument in support of this device is the
simplicity of management, foexample: one clap of hand, and we open the door, two clap of hand bjieds
Especially it can be useful in a hospital where patients are forbidden to stand up, for example, if a patient needs to turn
on the light at night

Discussion

The microphone amgier is assembled on two KT315 transistors, but KT368 transistors or foreign analogues
are desirable to use to increase the sensitivity of the microphone
The main circuit is a powerful bipolar transistor which controls the resistive load. The relatesgegh resistive load
(12, 24 or 220 voltage).The signal from the microphone is amplified and transmitted to the base of a key, junction opens
and at this moment the relay is switched on, the microphone responds to loud noises (e.g. clap), antiviheafensi
such circuits is 46 metres. With the second clap, the circuit turns off automatically, therefore the current is zero on

resistive load.
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Figure 1. Demonstratiorelectric drcuit

Conclusion
Research results suggest the following:
The acoustiswitch is easy to manufacture. Its price is about $ 2. We can buy all elements of the device in a

usual radio store.
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There is a traditional opinion that modern physics can evolve only by using more and more complex
mathematical and physical models. In practice, this often appears as division of a single commontprohlkiple
small problems with complex description. In this case, complete picture of actual process can be lost in a huge amount
of practically unimportant details. Sometimes the simplified description is better, when more understandable global
descripton is more preferable compared with more precise, but also more complex for understanding physical models.
We describe a few simple models that can be applied in the practical engineering to understand the basic behavior of
modern semiconductor devices.

Various types of detectors with internal amplification of weak signals produced by ionizing radiation
are used in modern physical experiments. There is a large class of gaseous detectors and presently widely used
semiconductor avalanche photo detectors (8P[1]. Avalanche physical processes in semiconductors are more
complex to describe and understand compared with simple Tungsten model for avalanche in gaseous detectors.
However, it is not necessary to solve the fundamental system of partial differeqtiafions to understand the
processes in this type of detectors. Well known by radio engineers common conception of feedback can be applied for
simple description of such a complex system [2]. Simple feedback model can be used for the classificafererdf dif
types of modern APDs and for description of its intern
the rising time of avalanche depends on the probability of avalanche occurrence in the APD. To understand how carriers
generatiorrecombination processes are affected by traps created during irradiation and self annealing in
semiconductors, one can apply a simple model based on assumption of a single traps level and a single lifetime of
carriers on this level [3]. Interpretation oftdts obtained for a few types of commercial APDs is presented. Example of
method of the detector noise introduction applied to the detector SPICE model is discussed. In addition, simple SPICE
model describing gain coefficient and applicable for transiaatysis of APD is proposed.
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THE RESEARCH OF CONTACT IMAGE SEN SON FOR USE AS A HIGH-PRECISION MEASURING
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V.V. Opoilsky;, Y.A. Chursin, A.V. Tsepilova
National Research Tomsk Polytechnic University,
Russian Federation, Tomsk city, Lenin street, 30, 634050
E-mail: vwo6@tpu.ru

Nowadays measurement requirements are increased to make higher quality production. In this case sensors
with higher resolution are required. Modern market da#shave a sufficient number of contact imagessea with
high resolution andufl datasheet. Because of tligst, it was decidedtouse Gl odul e from scanner
300ée with 4800 dpi resolution and 256 quantization | ev
becauseof that, timing diagrams of CIS pinouts were measured by oscilloscope. There were 12 pinouts, including
power supply, start pulses, clock pulses, LED controls and video output. The most interesting were two start pulses and

two clock pulses. After monitarig , signals were reproduced using FPGA ¢

diode and CIS module have been fixed on opposite sides of black box. Laser was operated in pulsed mode by FPGA
and turned on at the time of exposure. In the center of blaxlab obstacle has been placed and video signal which

was monitored by oscilloscope confirmed the validity of installation controlling. Block diagram is shown on figure 1.

CIS control

S
B
=1
=]
o
=
|5}
w0
]
—

Video signal

Figure 1. Block diagram of the test installation
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THE DEVELOPMENT OF A LIBRARY FOR TECHNOLOGICAL PROCESS TRENDING IN QT
E. P. Shutovayu. ¢. Chursin
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The aim of the work is to develop a C++ class for trending technological processes using Qt framework.

Trend is an ordered set of values of a technological variable, each bettenvati certain time intervals.
Creating trends and storing information about parameters is needed for further analysis and control design. Graphical
representation of process variable changes over time promotes a better understanding of the dynahrictogidal
process.

Due to the existing huge array of technological data, which takes up gigabytes, it is important to provide means
for handling it. Thus, a C++ class containing methods for saving data to file, compressing them, loading desirable set of
data from file and diplaying them was created. The file format chosen for storing data is a binary file as it takes up
least memory (compared to text and ximimats) and is compressed efficiently.

The class was created within the framework of Qt, a eptetform applicatio framework widely used for
developing application software that can be run on various software and hardware platforms. Due to the variety of its
modules, such &t Core, Qt GUI, Qt Widgets, Qt Multimedia etc., Qt provides the programmers with a
conveniem set of class libraries and a certain model of application development allowing them for writing less code.
Within this framework the mechanism of signals and slots is realized.

Using the Qt classes for data streaming, serialization/deserializationairapsiata structures into a byte
array) is carried out, thus, data being saved to a binary filesdPeeted data type (double, QDateTime) allows for
seeking within the file and loading only a part of it without having to load the whole file. Embetidsescfor
compressing/uncompressing byte arrays are used in file shrinking methods.

In order to test the class a graphic user interface (GUI) application was created. It consists of four classes with
three of them containing forms for choosing a filesptiying the file information and a table containing selected
variable values from a certain time period. To this end, Qt visual objects were used, some of them being dynamically
created and cast, and were connected through signal and slot mechanism.
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