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RESONANT COHERENT EXCITATION OF RELATIVISTIC LI  -LIKE URANIUM IONS IN SI
CRISTAL.
A.A. Ananyeva
Scientific Supervisor: Prof., Dr. Yu.L. Pivovarov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: a.anayeva@gsi.de

Ajd s ftejHmlsOo dzj dzdats? tOBBIST wodw jlsiw 1 S j ted d3j|dzls ¢
(G jtoj dZsdesets otsL By H JUBY o s dasjodzy b5 d o SCREESIERIEREZ] d  f tod &B3j dej dz
i) HEj Bscts wodj dedV Hdw Obtsdds? MfjSkesmS sy dd.

A channelled ion passing between oriehtews of atoms in a crystal lattice with a velocityexperiences a
coherent periodic perturbation of frequencies k(v/d), wherek = 1, an@d is tl3,distance between
atoms in a row. When one of these frequencies coincidgswE gtk wherem Eis the energy difference
between electronic stateandj of the ion, a resonant coherent excitation (RCE) of the atomic level might occur.

This process was first pointed out by V.V. Okorokov in 1965%1Datz et co. madiefirst clear experimental
proof of this phenomendn the seventies using light highly charged ions of few MeV/u. These experiments identified
the resonance conditions and basic properties and different dynamic aspects of d@twmianteractions in the
presence of the ordered crystal struct@imce than different experimental as well as theoretical RCE studies have
been performed. The advances in ion sources and accelerator technology made possible the extension of these kindg of
studies at much highergjectile charge states carried by medium and heaweleetron ions [3]. Increasing the
projectile energy, higher excitation energies of the ion are accessible. The experiment performditevthahd Fe
ions at ~ 400 MeV/u at NIRBIMAC, Japan [4, bextended the RCE studies in the region when relativistic effects in
the resonance properties can be observed. The resonant character of the process suggests that RCE can be useq for
high resolution spectroscopy of the heavy, highly charged ions.

In thepresent experiment the interaction oflike Uranium beam with a Sirystal is studied by measuring the x
rays emission and charge state distribution of the projectile ions. The experiment has been patf@Bid
accelerator facility (Darmstadt, Germanyhe GSI accelerator facility is used to produces a large variety of ion
species within a wide energy range from 1.4 MeV/u to 2 GeV/u. It provides high current ion beams of all stable
elements across the periodic table. The accelerator complex coffisisteeomain parts: the UNIversal Linear
Accelerator (UNILAC), the Heavy lon Synchrotron (SIS) and the Experimental Storage Ring (ESR) (figure 1). After

the injection from the ion source, the ion beam can be accelerated by the UNILAC up to an enelg\0i1®n
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the next acceleration stage the ion beam is injected in the SIS and accelerated up to 2.1 GeV/u in the case of the lig
ions and up to 1 GeV/u in the case of heavy ions. These beams are further extracted from the SIS and can be used
experimats at Fragment separator FRS, at the ESR or at the experimental area.

High Charge-State
Injector

Injector North

UNILAC

Injector South

i
SN
Darmstadt

Fig. 1. Overview of the accelerator facility apgperimental areas at the GSI.

I f

planar orientation relatively to the beam direwtin the support of the-&xis goniometer. The goniometer allows

n the igure 2.7 the experi--rgslttagetissmountedat then(22@ Ca v

to adjust the orientation in a such a way that resonant conditions can be found.

Ta-Slits Target sDD Charge state 2D- PSD
analyser

- Collimator / — q+1
191 MeViu P Iq

A

150 mm I/\\
$ 10 mm !
Fig. 2. The experiment al

Photons, emitted by the target and projectile ions, are registered by fiwon $drift Detectors which are
installed around the crysttdrget inside the goniometer vacuum cham@ert coming ions from the crystal are
transported to the charge state analyzer. Here under the magnetic field of the dipole magnet ions having differen
charge states are separated on different trajectéiigther, the ions are detected by a-hmensional position
191.2 MeV/u del

There are two pairs of slitmd the lead collimator in the beginning of the beam lifetallebeam divergence.

sensitive Microchannel Plate Detectbhe beam of (F°a t i s iver ed

From the analysis of the-nay spectra measured as function of the crystal orientation gntgie resonance
curve can be obtained. This curve représ the number of measured photons, emitted by the decay of the

2pg, level in Li-like uranium at the coherent excitation with Si crystal as function of the orientationgntyie

the figure 3 the resonance curve 6111 MeV/u U**i ons excited in a 10 em thi
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planar orientation represented independently for four SSD detectors. There are two measurements performed
with different openings of the slits in the beam line witch are handleeagdince of the beam. The number of
the photons is normalized to the total number of the ions and to the geometrical efficiency of the SDD.

5

Slits 2 mm

B l Slits 4 mm

= det1 = det1
e det2 4 det2
4 det3 det 3

. & T

2o
LY./
S S T Ty il D R T e e Tl
54 -52 -50 -48 -46 54 52 -50 -48 -46
6from <110> [deg] 6 from <110> [deg]

Fig. 3. Xray yield of 191.1 MeV/u & ions excited in a 16m thick Si crystal in the (220) planar orientation
The resonance spectra are fitted with a Gauss function. The positions of the maxima of the distrjfgitions
were identified as occurring &06"¢ g ¢ 5.08" . In the case of the RCE of an atomic level in a (220) planar

crystal orietation the transition energE,[ is given by the relation:

rans
Erce = hgu(\/z cosg +sinq) , (1)
whereh” t he Pl angk tchoenst@amanttzheé acxeélooci ty of the i onsj|.
Using formula (1) and values of thg,,, angle the energy of thes2s,, i 152py, transition energy
Eqrans = 4460,73V .
In the present experiment with the resonant coherent excitation @&the€ps, transition in 191.2 MeV/u
Li-like uranium ions was observed. The result shows that RCE method can be used for atomic spectroscopy o

highly-charged heavy ions. lmfure the method is going to be improved and applied for nuclear spectroscopy at
GSI FAIR (Facility for Antiproton and lon Research, Darmstadt).
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THE COMPUTER SIMULATION OF THE DEPOSITION PROCESS OF BIOCOMPATIBLE
CALCIUM TPHOSPHATE COATINGS BY RF MAGNETRON SPUTTERING
T.K. Akhmetoy R.A. Surmenev
Scientific Supervisor: Ph.D. R.A.Surmenev

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
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The simulation of the motion of ions in RRfagnetron system is describefivo types of ions are
considered: calcium and phosphorus. Their movement within the anode dark sheath is affected by electric
field. The simulations of the particles coordinates within anode dark sheath followed by particles adsorption
and desorption orhe surface of the heated substrate are performed. This model allows the prediction of the

number of desorbed particles under definite set of deposition parameters and the Ca/P ratio in the film.
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AN ANGULAR CHARACTERISTICS OF TH E COHERENT TRANSITION
RADIATION FROM ELECTRON BUNCHES OF THE VARIOUS FORM
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In this paper the coherent tratisin radiation (CTR) generated by electron bunches of the spherical and
ellipsoidal shape is considered. In the first part of the paper necessary calculations for the form factor and
the spectralangular density of the CTR are carried out. In the secontitha analysis of the CTR spectral
angular density from the spherical and ellipsoidal shape bunches is carried out using the graphic
dependence constructions. The features of the angular characteristics depending on the bunch shape and the
tilt angle of he medium interface relative to motion direction of the bunch are revealed. These features may

be useful in the investigation and detection of the transition radiation from electron bunches later.

l jejrisHdts) dLikzuyjddj fjHMmsOodvjl dj ktsd ¢t OF

OH J

sscjtejddsdas] fjtejrtsHds) dLdAEuyjddj(strR)[1] "duesSts dinfy

Ldzj Stesdzdzr B MekMmisCse [24]d.des) es Bdzj 1 o &M & ] Ktz fil®fFHs s

PR

Eedzsds 90 Gldsmdls d des { dzj Shesdedegses §yS o, sl dgdh j ddd
ptoj Bj dzd dL d&zkyOs s yOMmlsdyr 1 dzjChtesdadzsets MekmisSo, oL @dds
ylsts Hdv kOCEK?2 cjt®kjlsttdd taLjdgjtfdzsd Wz0E 00 dyjcdzdids S © Y vokz
nOEOSkjtedmisdSd sl R dOEBYHE ) fosHBd df & ©OL &) tsd ekt

COMftejHjdjdd2 slR Hd MekmisSse ftod OL ddyd & kddOn

fo

l oty [ 1] -mcabtsdntyf) ¢fsdeOlstisliitls dB rsdktR  fjsdiaAn j dzts o " 6 Oy J dad

Q h— 0 01 h—$G,
GHY -ydmdzts 1 dzj € lstcts@tshe- - i) Tk GRS RESOY deslsdesmls:  § jtoj A
SHddsYydsets Istyj ydsecf-cs@®@gin 00 © 8 O izGEUdide dd daidzjugWdgdid j
MekMisCO HOGEs?2 MstoztbkbtcEtcdzOnhe B P EBY ¥ sted
As¥HPCIsste sftejHjdvjksmy Moslsdsh j dzd j o3

S& s QizVi zAgme s,

ISHC
Yy o

JHYI BB jJ &3 i@z etso OdzdzOY dzO@ Jj H d dzed ylz |4 diass Isedztshindsiz fr) I3e§0ifn ¢

tdedrRC, v [T2%0,) (2 [ cl@01 AR)I RSO




VIfprroyr ot drioc stfuAwree svsurrr ol ram oyrlam
clrtelrsurlz (OO INURUROU GO 21 3m BoUS 23

(07T sftejrHjdvjls ©OLdshls! WOL dLdkbuyjdd2 slhHjd d& 5 ydhls
fdzj HEs h jets ©OMMdslste  ddw .
1 EfMmis GteOded ylz teOL H j|d&zO
fsfdj HiSe Olsj dz dzts f jtej fnjCOqdls
(tedf. 1) .
_ ez fLOdzsmls! W oL 1R H dzW i t§dzj
................ ?ﬁéw I dzjedetss 1 d 2 dzj L Opdmdls |sis
-lm—ﬂ.- BYEini @by Mesbdsh | dd)d
. 1 WOEF 0OAT 4
2) T TR v T
' RMy Sz LY dzO2Hjdzdzr 2 WOL[ser
©OL dzd ydz' = uOMmbdy Mckmisso| dt
X=X Y sEdOC st H dzv & Bsets  whmy
e YoM dy Mel s - i%kdCydw
COMytejHjdjddy yOmsdy o Mmdk
ftesHjdzr ©o0j 3" = or" ydfmdzj dzgd 2 |B Iz

dn o vyddddHtdyj mMSs?2 fdhmsjd] CssteHdddls, HoY {kstsct Myjd

I OTOE—‘L OBl &
. I AlTO I

RN tsdz LEw fsdzyjddz j orhj e Cet®OLasoWdig.ws: L Of dh j o

. P i .~ ] OBF OET 4
G G Q Qqurﬂa& AT+0 %116 ;
) .1 1T OB+ OHEI _

¢ ® 1 AIrd
o T OB+ OEI

4

N B
OazZ0 =0a
&)

[OBF OBT . qyh
I AlTO ‘

GHIXT W 2 dzS y d Y dnsjehish) § sa@yi e @ dzd yO MekmisS O.
t OL dztsfyls! W OL dLkzyjdd?2 GlsHjd d 77 yofitsdw {f)E sfiplOto

Pedztsotsj twOMftejmHjdzjdzadj oL dzzyjdedv BHdsYdses sty ydss

f zsMS siisd, g tsg 4 H jzdgsRdz 7 L dzj SlstesdzO d  dzistc &30 dz ¢

or Oy jddid [6]:

't AIro F OETATIO AliO

Ol h— - A0 p 1 OETIATIO 1 AifO6 ORI

| thd O] fskzyoOjd o' Oy jddj HA MfjSkttOd ds kcd

tdedrRC, v [T2%0,) (2 [ cl@01 AR)I RSO

==
.

zs
5 S
f oz

50 T




VIl rerov ot frioc stiufree sosovr i o Jlrsm oy am

¢lrtulrsuvrlz (O INRUIROU GO 21 3m Bous 24
Q h—
o011 AIro r OBTATIO AT1O ¢ ® TAIO .
" A1T® p [ OEIATIO 1 A0 OE1 o | Alaoogl ¢

zZ0) = a — z°Q z2'Q
) TAITO )
Puc 2 Crexmpatsio VeIosas Puc 3 Crexmpaisio VEI0SA3 WISMHOCHE
wiomuocws FIIH om cevemya cpepuueckoll FITH om csyemra SnTumMcoudatsiot Gopuel;
fopyel; xpusas {- VR=2 v=r'd, xpusas 2- rpusan I- AA=2, w=n/d, I=2R, xpusas 2- 1=2,
AR=2, =8 w=m'd =28 .
gl Refs JRuULTOUULL 3
1. 1)ddeeBztce 1. [ ., Arltsoady J1.1. 1 jteja siHds] 1daEzey,j dddqis 4o
360 M.

2. Shibata Y. et al. Coherent transition radiation in the farinfrared region//Phys. Re¥994.- =~ 1.1
P.785 793.

3. Schneider Gi. et al. Comparison of electron bunch asymmetry as measured by energy analysis and|
coherent transition radiation// Pys.R&vi 1997.1 V.56.-~ . 1 P. 785 793.

4. Watanabe. T. et al. Overall comparison of subpicosecond electron beam diagnostics// Nucl. Instr. And
Meth. In Pys.Res. B.2002.71 V.A480.1 P. 315/ 327.

5 IsdzslstsoamCd?2 1. [ ., dwjtse ¢. 1wy 8dedeygF shddsly | . daz@yig g g o
Isj -ded yd M B200ATdsL. JLLq .Tia"t 1B 1.

6. Aleinik A.N. et al. Low-energy electroibeam diagnostics based on the optical transition radiation// //
Nucl. Instr. And Meth. In Pys.Res. E2003.7 V.B201.7 P. 34i 43.

7.0p6t W. P. E. M., Smorenburg P.W., van Oudheusden |T.,
ellipsoidal electron bunches// Phys. Rev. ST AR007.7 V.10.7 P.01802.
8.1 Oegtstedz" 2 1. ¢. d 1tlsrdzdyr dz ¢. 1. RLO MO E&HOBE s
v. 30714, HZE.

tdedrRC, v [T2%0,) (2 [ cl@01 AR)I RSO




VIfprroyr ot drioc stfuAwree svsurrr ol ram oyrlam
clrtelrsurlz (OO INURUROU GO 21 3m BoUS 25

Rebd[ (rflodrrRr ARomBYRY [ HSRM ululgfubsl B-1%Nb[ 1 J oy 114
RI1TU[ 281 3 RIV1VIEJTV
JdtejLdzjj,oQ jriegludzi jo r. 1., 1eEhddzddd . 4
1 Okydzr 2 twwkidobHdly tkh Odzyj o -d.tedaW § MMBSte, H. W
visdi3 ¢ d 2 dfdsudgdisiafid § eid s ls, { &M Boz63d000 s i3 ¢

E-mail: BerezneevaEV@gmail.com

THE RESEARCH OF PHYSICO-MECHANICAL PROPERTIES ALLOY ZR -1%NB
IRRADIATED BY ION BEAMS
Berezneeva E.V Berezneev D.VRPushilina N.S.
Scientific Supervisor: Prof., Dr. Yu.P. Cherdancev

E-mail: BerezneevaEV@gmail.com

In the work studying properties of cover which have been obtained by radiation the surface of zirconium
by a puse ion beam has been lefinalyzer LECO firm studied the effectioh beam irradiation on the
volumetric accumulation of hydrogen in zirconium alloylZt Nb. Research of mechanical propertiese

been by method aficrohardness and thermal emf techréqu
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Zirconiumbasedalloys are widely usedfor nuclearreactorcomponentsuchasfuel claddings grid spacers
and guide tubes These alloys combine low neutron absorption behaviour and good mechanical and corrosion
propeties under operating conditiofts]. Hydrogenation calead to a decrease of plasticity and crack resistance
of alloys.In order to reduce the negative impact of hydrogen various techniques for applying protective
coatings were developed and surface modification of zirconium. Among the used methods o surfac
modification products are included oxidation, iptasma deposition of metals and ion implantation,
ultrasound treatment, the irradiation of pulsed electron beams and a number of other nésthadsthe
above mentioned methods of surface modificatioattment PEB has, in our view, significant advantages of
creating a unique physical properties, structures, capable of providing increased service life of zirconium
products in hostile environments [2].

To date, there is a large body of experimental @&atahe study of modifying the structure and properties of
solids with the help of PEB. These results clearly indicate the possibility of a rather wide range of controlling the
microstructure, phase composition, strength properties of the surface layegtatsf and alloys with the help of
PEB. However, the influence of hydrogen on these facilities is currently poorly understood. However, pulsed
electronic modification of the surface can have a significant impact on the course of the processes refsponsible
the interaction of hydrogen with metals.

In this paper we studied the physical and mechanical properties of zirconil®h Kb, irradiated PEB, and
reviewed the processes of hydrogen absorption by these structures the influence of hydrogen oerties pfop
the irradiatedsurface] 3].

Zr-1% Nb was used to study due to its good mechanical properties [5]. As objects of study rectangular flat
specimens of zirconium alloy Zr % Nb of di mensions 40110071T0,7 mm Wer
subgected to mehanical polishing.

The electrorpulse irradiation of the surface specimens were carried out at the installation of ISE SB RAS
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with the following parameters: pulse duration effectdJef 5 0 he(hamber f radiation pulses=N3, the
electron energy E 18 keV, the electron beam diamete30 mm. Beam current density ranged from 10 to 50
Alcm?. Three modes of radiation, characterized by the energy density in the electronledrd and 20 J/cm2,
were selected.

After irradiation some of the specimengre electrolytically hydrogenated in 0,1 M sulfuric acid for 24
hours at a current density of 0.5 AfcrBefore hydrating, the specimens were polished with abrasive paper and
then cleaned in water. We research of the effect of irradiation PEB on threwdatian of hydrogen Zr1% Nb.

Analyzer LECO firm studied the effect of electron beam irradiation on the volumetric accumulation of

Microhardness, 11
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Fig. 1. Effects of hydrogen and electron irradiation on the microhardness efitlyeZr-1% NbMode 20
Jlent: 1-irradiated PEB, 2- irradiated PEB and hydrogenated-2inirradiated (baseline), 4 unirradiatec
and hydrogenated

hydrogen in zirconium alloy Zt% Nb for the three modes of irradiation. The hydrogen content in the source
material was 00102 wt%. After hydrogenation the hydrogen concentration in the specimens of zirconium, not
subjected to electronic processing, was 0.0128 wt% (an increase of more than an order of magnitude compared
to the original material). In specimens irradiated vatmtributed by the energy beam 15, 18 and 20 %then
hydrogen concentration was 0.00733, 0.00465 and 0.00809 wt%, respectively. Thus, the hydrogen concentratior
in the specimens treated with an electron beam in the regimes of 15 and 20s)less tha 1,7 times, and for
treatment 18 J /cte 2,5 is less than 3 times compared to the starting material, saturated with hyjélogen

The influence of hydrogen on the structural properties (phase composition) of irradiated PEB Zr1% Nb alloy
was studied by Xay analysisThe analysis of phase composition, size of coherent scattering areas (CSA), the
internal elastic straing@/d) showed that the effect of PEB increases the valugldfd, the size of the CSA is

reduced Hold compared with unirradiated salap.An important fact is that in zirconium alloys irradiated with
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PEB and hydrogenated there is not formation of hydrides, whereas in the hydrogenated samples without
irradiation, the total content of phase ZrH, Znas about 30%. It is known that theepence of hydrides leads
to the deterioration of operational properties of zirconium alloys, and reduce the life of the product.

The measurement of microhardngssg(surface was made on a PA3Twith a load on the indenter 30.

Hydrogenation leads to an increase in surface microhardness of nonirradiated samples (from 1200
MPa to 1600 MPa). For irradiated by PEB and hydrogenation samples, by contrast, reduces surface
microhardness of -40% (Fig. 1). The result is caused by the removal of internal stressestladte
introduction of hydrogen.

Thus, the modification of the pulsed electron beam surface leads to a decrease in the accumulation of
hydrogen in the samples. &hbest, in our opinion, is the mode of irradiation with 18 J/cwhich

reduces the amount of absorbed hydrogen at the 33imes compared to the original material. We

didndt observe the formation of hydriidagiatedaliop o unds|] a
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Introduction . Tungsten disulfide WSand molybdenum disulfide Mg@re very perspective semiconductor
materials fowvarious applications such as solar cells, rechargeable batteries and solid lubricants for metallic and
ceramic surfaces in environments where hydrocarbon or ptliébased lubricants are unsuitable, such as in
high vacuum and high temperature applicaioN'S is one of the best lubricous materials known to the science.

It is well known that metal disulfides have a layygve structure in which monolayers of metal are sandwiched
between monolayers of sulphur, which are held together by relatively weale¥aviaals forces. Mg&nd WS

are capable to reduce considerably friction factor and offer dry lubricity, temperature resistance in normal
atmosphere and in Vacuum unmatched to any other substance [lpowder can be added to oil, liquid,
lubricant, vater and plastic to increase lubricity of the mixture. The semiconductor tungsten disulfide is also of
interest as an absorber layer for thim solar cells because it has bagaps well matched for solar spectrum.

WS, has potential use in low cost phetdtaic cell, solid lubricant, catalyst etc.

The work was undertaken with the aim of studying the conditions of preparation cdi 3103 by self
propagating highemperature synthesis (SHS) and investigating the lubricity by High Temperature Tribometer,
structure, content and morphology of resultant products-tay »analysis and transmission electron microscopy
(TEM).

Experiment. The first step of obtaining disulfides is production of nanodispersed powder of W and Mo by
electric explosion of wires (EEWTJhen a stoichiometric mixture of nanodispersed powder of metal and
elementary sulfur is prepared (1 mol of metal + 2 mol of sulfur), and furtherdeigsity cylindrical pellet with

diameter 32 mm and 120 mm high is formed by pressing from this mixtufihis obtained pellet is objected
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into the loading reactor (constamtessure bomb) for obtaining disulfides and the reaction is initiated between
metal and sulfur by a Nichrome coil in argon atmosphere 8€2&m. Figure 1.

filament
transformer reactor pellet
thermopair
- (= |
; I ]
I 1
Argon {><}

= J_I—M_‘
-
D ————

oscillograph
o ooda
ER=1==] Argon vent
[ oo do] I

Figure 1. The industrial installation for synthesis of metal disulfides.

The temperature of the pellet is controlled by thermopair which connected with the oscillograph. Combustion

process of the pellet is possible to see through the viewing windutial imetal is in nanodispersed state, sulfur

will be in liquid and gaseous state during the reaction i.e. it will react with particles of metal on molecular level,

so the sizes of final product must be defined by the sizes and the structure of irtiiapantcles. After the
synthesis obtained disulfides am@ned into nanodispersed powder after -pailling and cleaning the sulfur

traces in kerosene (with simultaneous treatment in ultrasonic bath).
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Figure 2. Thermograms of combustion a) Maés, b) Mo and S with 2% NaCl.
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Figure 3. Thermograms of combustion a) W and S, b) W and S with 2% NaCl
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Results The temperature
dependences of WSand MS
formation are shown in the Figures
2 and 3. According to these
thermograms the temperature for
formation of WS is possible to
decrease from 1900
adding of NaCl into the initial

mixture, whereas for formation of

MoS,it i sndt observed.
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Figure 5. Coefficient of friction of Mg&nd Wsat a) 25 UC, b) 4¢C
Product of synthesis is easily disaggregated sitgeay-black pellet. According to-xay phase analysis, the

main phase of combustion product is hexagona} Wi8ch has the space groupzs#8mc and for Mogthe main
phase is hexagonal but there are atsmmbohedral MoSand MgS;. The parameters of Wdattice are a =
3,158MmMF and34 |, and t,hatpacemarems & 3@FEaABYL ,3i5cgnd 1
crystals of produced material have extended shape that can say about lagyered fbe crystallites. It is
possible to see the even number for Miller indices (002), (004) and (006) that show the screy Eés 6
evidence of lamellar structure of produced material is shown by transmission electronic microscopy (TEM)
(Figure 4). Tle sizes of xay coherent scattering regions (sizes of crystallites) for Mol WS nanopowder

are 5060 nm. The particle thickness is in the range from tens of nanometers to hundreds of nanometers and the
width is in the range from hundred nanometera tew microns according to TEM.

The measure of friction coefficients of disulfides as dry lubricants was carried ddighyTemperature
Tribometer. The roughness of steel annulus was 0,1 micron and it was rounded with the linear speed of 5 cm/se
underthe loading of 5 N with duration of 30 mifhe friction coefficient of Wgis found to be 0,045 and for
MoS,it is 0,03 at 25 UC ( Fi gisnoetenrpdraturestable asgSp o480 bUE . t
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The results of the investigation of the structural state and phase composition of the titanium samples
implanted by Al ions biMevval V.RU source are presented. The transmission electron microscopy method
was used for the study of phase cosifion. It was established the formation of implanted layers with
multiphase composition on base @ttitanium grains. The formation of secondary phases, TIQO, TiC,

TisAl, AlTi in the implanted layers was observed. It was established ##dtordered phase formed near the

grains boundaries of titanium target at the thickness 200 nm from irradiated surface.
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The development of measuring techniques and advances in information technology can significantly expand
the opportaities for experimental scientific researches. Currently, virtually any experimental problem is solved
with the use of computer automation. Such factors as the complexity of measuring operations, big computational
cost, fast, or, conversely, very slow pegses, the need for parallel measurements, biological, chemical or other
hazards associated with conducting experimengsstify the relevance of the automation of the research
activities [1].

The main aim of this research is to develop an automiafedmationmeasuring system for physical
researched’ he main purpose of this system is the measurement of electrical resistance of metals and alloys.

This research work has a high practical value for studying the properties of materials, in particuléinestudy
impact of hydrogen in the metal on the electrical resistance of the metal.

In carrying out this work the methods of automation of physical experiments wereAssggrogramming
language the graphical programming language LabVIEW was chosen. Lab¥l&Wadgramming environment
with the help of which the programmer can build applications, using a graphical representation of all elements of

the algorithm. This property makes this programming language different from usual programming text languages
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suchas C, C + + or Java [2].

The program which is done with the help of LabVIEW is called a Virtual Instrument or VI, because its
appearance and functionality reproduce the traditional physical device. VI is convenient because it does not
require any knowlege in the field of automation or programming from the researcher.

The creation of this programmable complex is divided into three parts:

1. Creating a system that can provide the measurement of electrical resistance from several samples, by
the linear movemerof the samples under the measuring head from one point to another by a distance defined by
the researcher. At this stage, the object of automation is the positioner.

2. Creating a system that can maintain the constant temperature of the sample defireedid®yr.tihe
object of automation is a voltmeter and the voltmeter power supply.

Target position 3. Creating a system that is able to take the
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movement of the upper part of the device (whbeesample

is located) relative to the bottom. Communication between

the computer and theositioneris carried oubythe

Figure 1. An external view of the front panel for the
positioner controlling

positioner control unit. The control um#t connected
to thecomputer via theerialport RS-232.

Programmingbeginswith afront panel, through
whichthe researchesendssignals tathe positioned
control unit An external view of the front panel for the
positioner controlling is shown in Figure 1.

Using thecontrol buttonscontrollers and indicatoref
motion the researcher defina point where it is
necessary to makeeasurement

The basis of the measurement system intended to

establish and control the temperature of the sample

Figure 2. An external view of the temperatezentrolling consists of the Peltier element, programmable

systemli Peltier element, 2 the radiator, 3- the voltmete voltmeter, voltmeter power supply, thermocouple and
power supply, 4 the thermocouple, Bthe voltmeter. radiator. An external view of this system is shown in
Figure 2.
The heatingf the samplés carried out by Peltier element. The principle of operation of this element
is basedn the thermoelectriPeltier effect, accompanied by the extractombsorptiorof heat.
On the bottom of the Peltier element a radiator is attached, scattering the low temperature from the bottom of
the element, increasing the temperature at the top of the element.

The voltage on the Peltier element is fed from the voltmeter posuguhly and adjusted automatically.
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Measuring the temperature of the heated sample is carried out with the help of the thermocouple and
displayed on the voltmeter.

As the computeaided control facility in this case the Pl (Proportiehmegral) regulatowas chosen.

Thanks to thentegrating link in thePlregulatorthe adjustablparametebecomesqualto the
valueexposedn asetting deviceand theslightestdeviation ofthis parametenpwardsor downwards, being
accumulatedn the integratindink, returns itto the value defined by the researcher.aAssultthe accuracy
of maintainingthe controlled variablat a giverlevelin the tunedPlregulatorisat leasan order of
magnitudebetterthan theconventional proportional regulator. The disautegeof the Pl regulatois theneed
to adjustnot onebuttwo options-integration time constaind thecoefficient ofthe proportional term [4].

The programmableoltmeterandthe voltmetepower supplarethe basis ofhe system intended for
electrcal resistance measurements. The systeenatesn two modes: an ordinary ohmmeter modedin
themodefor measuring lowesistancdythe fourwire connection method. Communication between
voltmeteri computer and PSltomputer communication are implemted using the GPIB standard.
It containgnformation about electrical, mechanical, dndctionalparameters of connecting equipment.

The aim ofautomatinghe voltmeter power supplgthe creation ofhe VI, with the help of whichthe user
sendssignak to thepower supplyto setthe defined value of the amperage. The ainmauwbmatinghe
voltmeteris the creation ofhe VI, which isat the user's command make measurements of the current voltage,
process them and save at a computer database. Thenthesi@hm's law, the value of the electrical resistance is
calculated.

Conclusions The result othis workis the creation of thautomatedesearclstanddesignedor measuring
andrecordingthe electrical resistanad metals. The basis of this progratgncomplex is a Virtual Instrument
engineered with the LabVIEW software packabeis programmable complex can become a basis for a simple

and convenient method of controlling the content of hydrogen and other impurities in metals.
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In this work the process of reactive deposition gfDAis considered. Also, the velocity of deposition of

Al,Oz and transmittance in the visible range are shown.
lojHjdd]j

{MOyHjddj bdtd- {daj

103 s fdztsy dz' 2 ftetsyg

1 / oW h dgd COC zO Isj o

< | a 1 51 gk dL zuj dzd J
y, o P tj OCIkdodzsets MOy Hj dad W

Ao o hsol: j  wOmmEsse] d
fOOM®) ste’ tj OCIsds datsc th

T T T T T T T ¥ T v T
200 400 600 800 1000 1200

a_| M tetso 5y HOS h 2w l]’tsEBd

dats

6jOClkdods 7 cOLBo fto] HfilsC

f i

s oz

. fesyj M, ©OS d do ¢oyl fmk

f to
q

J . b e 2 daj slsi j dgdzj ks  yOfils
, /A i bjndsdsedyuj MSsets syl ff

s

1

U,V ALO:fp fsdsh ! 8 HEOM dats?2 [t .

t
(o) -&l8 zOfls' Bd hdAcH@PEY | - . ;
d2Of gy 7Y eB 3 y ZIstsydzOW s nBHd o1 ¥ dede) o Los
gL o3 toj da oatsdzt sO

nOLOCls ] wEd SO 'fdzj ded d Odzs Bfdedw o MijHj ydhmsscets Otd

df. 1. lom o MejHj SCdmdst RLBj ) dzdj 1 om IBOG dzjflstet
o

Isr
74
s da

Moslsdetsh jdzdd 1/ 5 (20% MmsHjtey Odedw Cdmdzstesn G def dz)s.e h|j o3

[ OCHd BOd dzOv (Esh desfls! ©OLBYHO B' &ZO ©cE®Odduj dz® dzO
ocdz OB jtedzr | RO®BOSKjdMsdsd ©OLEGYHO.
SOC odHdsl qLOMedd) Mz yOj ©OMY" dzj ded™ O ydflssd O

z t

G s

LOadMmMddsiisd dai ¥ s ¢ czOmMMdud M¢ dIN-BedteOL dplxizy it dfits s 6 OL tgch o

(B) 3sydes o' Hj dzdls f dstises d to js@HOFHESHES c5) YBO E dzj Is 6 5 dzdzs €

tdedrRC, v [T2%0,) (2 [ cl@01 AR)I RSO

oL



VIfprroyr ot drioc stfuAwree svsurrr ol ram oyrlam
clrtelrsurlz (OO INURUROU GO 21 3m BoUS 41

dzOf tew 3 4 dzd 2 , GHY 1oém ©OLEBWHO ftedBdzdyOjlshw € JTodém tcOf tow
lom t©OLBGYHO ftedBddyOjlsmw ¢ IToém o MjHi uyudmbstsets ¢ didz
Colsstets?2! RYOfjlser ydzs f sCte SO fdzsj 3 ~dBIdUd MEEets Mtsj H d dzjf dzd
RLABjdzjdzdj odHO Jlom fted ko jdzdud ddd ¢ tsddyd Miseerod 26 d i izt tc
fsss¢ GOLO o twOBBYESH COdsy tolz 1 I izl flac y dfothdzlge st ts fiids@sftatzdz
fsmistsw dzdzts 2  dd mbs MdsIOl®.dzv dzO 3

1 A
0 y 10 w v
AA
4 s \J A
) / W\ _~3
¢
A
/ |
LE { A |
Adeo® e - ¢ 3
y — 2 v
: x o B-a - <. A e ——. A
4 ‘e W - < Z o
| a “ ' ¥
‘s g j A
- ’-.-I P e A .‘ : » 20 .
o 7/ LT = 1 _ x" "ot .
o . o 1
P -n o A | g
L N
T T T T T T T T T v T ' ¢ 3 y A N ! )
200 a0 590 200 1000 1200 200 400 600 80 1000 1200
U.B S
©) B)

tdff. 2. 1om ftod dBsh dtsfisd 3¢1 s
1- n(0,)=10%, 2 n(0,)=20%, 3 N(0,)=30%, 4 n(0,)=40%

R L tedimkzdzC © 2 o dH dats, Ylsts ko jdzdyj ded j ftotsyj dzlsdetse s | Mts
Fojddyjdds "'"dtedder ftosdkiykzssyds? tBdOMisd ( dOfteddi te, | sd
ftcd 20% SCdmMdzstesHO) . zZdteddzO B &OGJ s s d3alsOlsas W dffj R §5B i
~rdBdud MSsets MsjHddaj dedv. w twsMistsd Hsdzd CdMstesH O o | Md
FojddydeOjlsfqpw Is. €. Btsd hjj Ctsdzdyj mMsets Oltsdise Odzs d&3d fzd W
stesd3j biats, Iszdzdquz{pfﬂ]q’Htfstdzqaﬁlqchlslzisﬁstsm@sq’GIﬁ]d;so?,Oanddz,leO
Msstesdze Bsdz! hdrn bksitse. Clts MoawL Odes fts Mlsjiff jdet 5 Ydh
Cst WWdydjdzlsO + dgdmfpdd + dzj Cstetsdese. 1 ted iBsh dzsfmisd dfls sy dac
Bisdzjj 3@y &fzmdls ddfoitsets oddwdddw dO atH Joém. uvOC| €«
sydh Ol v s SCdMdzZO d CttdeoOwW Mtslse jlsMmiselzj 1) tc O teddzfj dzd
Bsh dzsmisd 5 ClIs d3dh jdzd dBOGcdz IstetsdzO kMY j o Ovdiy Mgy d hCaElsy v
ftesdmMratsHdls fted Htsorh jdddd dzOftewyjdedw dMistsydedc O ¢ dlsOfzdw

veojdzdud dzedjy Bsh desmisd wWOLKBGYWHO HtwwdosHdls € ko j dzd ud dzd fi
B Mtesdiz sydh jdzdt o&Bdh jdd ks s¢dmMdzd, ikt BREfddb Oy sk &¢
sz, vyl Ilé¢m MHeadcOjlsmw o Misstetsdz iB3j dz "drn IbtsCtso.

RLABBjtejdedj MS Stotsmb.¢ sEdf@y misdzdE™ AIOCIsdo dzgsegts e OL O sS5COYr o
2O Mt Mmis! MOYHjddY SSHdHO Odz i3d dzdrL Ets@Y d OB ddndHigizt, k
LOadmMd dssMmis! MEstsMmMisd tsMOYHjddY ECMHdHO Odt B3ddedw sls| ¢t
Hsdz SCdmMizstesHO o Md3j Md 20% dzOB dzé HOJj s HBOC Md B3O dz' dzQw |

tdedrRC, v [T2%0,) (2 [ cl@01 AR)I RSO




VIfprroyr ot drioc stfuAwree svsurrr ol ram oyrlam
clrtelrsurlz (OO INURUROU GO 21 3m BoUS 42

dzd3/ B dz) . oW L Odgs {Ists M Isjd3, Ok aizsi lstsds BigokdzQ® | d3is s filhs df) ¢
HEOd dets?2 ftw (6,5 €Clls). lted HOdz dgj 2" jd3 ko j dzd ud dzd|d
fOHjdd] MSttsimisd, fMow L Odegdetsy fp ftsedzsh jdedj s S dMmzstctsH O
HOo dzj dedw, O L dzOydtsls twd3 Isksek jOdzdtaQiLdimvjH O ¢ A tstfinls d M OX H | dadld
LOadMmwh jets tlIs HOd dgj2h jets kZeojdzduydddw Hdkd SCdhastttsH O
HzOdz! des? [tw edMmlsjtejLdmMO o HOdzdesds HJd Of OL sdzj
stsiWwWdydj dals f toth tf Iz iy QO dzes *

120 gL dsj t6j dzd 2 e @sj €@zt ¥ dydj as s
s fesfmMSOdd” o LOsdmddkshisd [sis
" A,Os © odHddsd HdOYIOT &6ezgzds)( 4P 0 d
. fie) ik O dzj dz %0  wdmbdsj | 4
. . focosHdddf: f f§oEsh wa My clst
g '\\\\\__// 2000

V, nm/min*kBt

R L ted Mk dz¢ O 9 dH dats, Yls s d
CLWWdudjdals ¢ tetsfde®C @ozifls Oaidiz} j I
n02), % 90,87%. Itfhdj sMOxHjddY §sftr

(qh. 3. oEewdj detgow L qwsqzmgowqw_ Edjdz " O lsmw  dzd 2
SMOX Hj ded ¥ AMBG K 2§ Eazqoyj f SBE" dda]  §dzj deCd 100 deds d | o
fotisdud MCd dej Bjde"jlsfyw. g

:j "\ 250 dzds CwsLWWdydjdals fesyzmC @dad
' \ oL tcOMlsOls! | List d HifjegsiBRdzts, | ¢
0o \ ZOMisky &zj dedj &5  fjwotet  ddifjts
% %% \\ BOCMdBEZBO. vOCy| f§odzuyj ddas)
°] \, Bisdzj § o fMstdd (oL Wddydi dsss
885 \\\\. . ftc O@o dzj dzd ® ) Bs dats dzd Is dz' o ldzg 2
820 | CsiWWdydjdls fwsfzmMtoddy gkt
o . T 82% [2].
tdf. 4. RdisjcOd dz 1 OC dz¢ uj ded J
fes§@ddy o odHddBsd HC 10 shdabe Gfdstse j Hj dzdz” 7 o fjdzi H

Istsdzh d dz Al,@ej dzts €
dzO0d B s5dzj § sflsd B30dz’ dz" d3 t6j 3 d @5 d3

1LCMf jted 3] dels Odz! desets BBtsStozHtso OdedwY WwWodzw jIsfpw tjydds Hwd
BOC M BOdz! dets?2 Bsh detsfylsd distsyddsc O fdlsOddy 6,5 Clils. 1|tdl
He@bsyds o' MsCdd C1 WWdyd) dssd §tesfd8BepoddY Mo jlsO o |ad

gl Refs JRurlOUULL 3
1. Jjtedzdd (.1., HigOudPdedz] j 0 owBiziiph’ o IstsdS 51 dzj dats yfdzts
vjndsm¥ jeO, 2010.

2. Tydexoptic C dzj Clstotsdzdzi R ] ed Rmihlszf O:
http://www.tydexopticscomru/materialgfor_transmissionopticdsynthetic sapphirei 9.03.11.

tdedrRC, v [T2%0,) (2 [ cl@01 AR)I RSO




VIfprroyr ot drioc stfuAwree svsurrr ol ram oyrlam
clrtelrsurlz (OO INURUROU GO 21 3m BoUS 43

fRestfuvlrptr{fevsmuoPlPct o1t ozr RGOS ReR, 11 [J oY1 1B
SPS wrR1uUur{{

c.l. Jlfodise O O] dzf f5, 0. [. mOMOdzes o
1 Okydzr 2 telzCcso ther Bls j.62!1 tsdzd P HIts 8l ©
M d?2 fddlsirndduimMcd? dEo | kA0 { smidv,
Ei mail: Valova@mail2000.ru
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Ceramics based on B4C is an indispensable material in nuclear power @angsuctural elements of
the core, moderator and reflector of neutrons, the matrix elements for filling the dispersion of nuclear fuel.
Resistance to radiation exposure and protective properties of lmotaining compounds, as found, the
higher the swnger the chemical bond between the boron atoms. Several studies have indicated that the
creation of fine crystalline structure during the sintering of B4C ceramics increases its radiation resistance,
whose value is greater than the isotropic, its meand microstructure. In practice this means that the

resource service ceramic structures depends on the uniformity of density distribution.
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RESEARCH OF EFFECT SHORT-CIRCUIT CURRENT VALUE ON ELECTRICAL STRENGHT
OF DIELECTRIC MATERIALS.
D.M.VereshchaginD.Yu. Gerasimov

Scientific Supervisor: Prof., Dr. A.A. Sivkov
Tomsk Plytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: vere@sibmail.com

In this paper was presents research the influence of an electric arc off the short circuit current on the
surface of a dielectrienaterial in the arc chutes. It was also a comparison of weight loss during single and

repeated exposure to an insulator.
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RESEARCH OF MORPHOLOGY OF DIELECTRIC MATERIALS OF EXTINGUISHING
CHAMBERS OF CIRCUIT BREAKERS(WITH VOLTAGE RATING UP TO 1000v) WITH A
METHOD OF OPTICAL MICROSCOPY.

D.M.VereshchaginD.Yu. Gerasimov
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Tomsk Polytechnic University, Ruas Tomsk, Lenin str., 30, 634050

E-mail: vere @sibmail.com

In this paper was presents research the dielectric surface after exposure to the arc off the short circuit
current. Shows a micrograph gap between the mdet with high magnification. On the photos show that

the insulator is polluted with eroded metal from the electrode surface.
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In this article the dependence of thersmaf from hydrogenomcentration in commercial pure titanium was
obtained. It was shown hydrogen concentration increasing reduces teenfrio commercial pure titanium. This
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APPLICATION OF THE METHOD OF DEPOSITION CALCIUM PHOSPHATE BIOACTIVE
COATINGS BY ABLATION PLASMA FOR IMPLANTS AND STUDY OF THEIR PROPERTIES WITH
DEVICE "NANOSCAN"
T.L. Volokitina, E.Yu. Chalov
Scientific Supervisor: associate professor, PhD in physics S.l. Tverdokhlebov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: VolokitinaTL@sibmail.com

Calcium phosphateoatings on various substrates have been obtained and have been studied. Coatings
were obtained by synthesis from the ablation plasma formed by irradiation of the target of hydroxyapatite
with powerful ion beams of hanosecond duration. A study of physicdaimechanical properties of coatings

were carried out on the "NanoScano device.
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In the given article the method of energy transfer by one wire is considered. The work contains

experiments and calculation some characteristics of the facility.

We cannot imagine modern technocraticisty without numerous electronic devices. Also, for production of
electric energy a lot of recourses are consumed. Efficiency coefficient of modern lines of elecnafgr
equals 9095 percentWith all newest technologies total looses equdl0Specent. Evidently, the problem of
decrease of electric energy transfer losses is very important and it is necessary to look for some ways to solve it
Nowadays, the problem of conservation of resources has leading positions in world. The objective df @ur wo
realization of transferring electric energy by a single wire with high coefficient of efficiency and explanation of

processes taking place at transmission.

; Ro |Uo In  his weltkknown experiment the Russian

’7 < N researcher S.V. Avramenko transferred power equal to

|I|I - [le ] approximately 1,3 kilowatts. He used a car generator
[ L : with frequency equal to 8 kitblertz as power supplier.

Fig.1. Measuring wire diagram of first facility The length of the woliram wire is 2,75 m. with a

diameter of 15 micrometers. The resistance of such a

3 wire is much more then the one of a cupruirewith
2'2 =" = the same length. It means that this wire must radiate
15 = , . heat and have big losses. But the researcher claimed

that the wire was cold. That is why transfer line

o I cdi dnot have resistanceé |

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

_ _ _ _ under standard conditions. But in thi®nk thereare
Fig. 2. Voltagelength diagramUy is the voltage in plug i

the start of the lia. U, is the voltage in plug at the end of tI  no results of such resear{dj.
line. . .

For test operation we mda two experimental
assembliesThe first assembly (Figure 1) consists of a generator and a wire diagram, which is the convertor of
directcurrent voltage to alternating voltage. Tramsfer T is fed by convertor. Transformer has the following
characteristics: a bobbin with@Lcoils of cuprum wires with diameter equal to 0,15 millimeters, a bobbin with
2- 20 coils of cuprum wires with diameter equal to 0,2 millimeters, bobbin wit8B0 coils of cuprum wires

with diameter equal to 0,12 millimeters
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We use cuprum wire with diameter equal to 0,12 millimeters as transfer line. In rags of lines we fixed diode
plugs, as a load. We fixed the resistance of 75 Ohms in every plug. Thedétrgtisfer lines was changed from
1 meter to 40 meters. The voltage measured by oscillograph in accordance with figure 1. Simultaneously we
measured a time delay of voltage relatively to one an other. We directed a voltage equal to 5 Volts with current
strength equal to 500 milliamps to the input of transformers. Current strength is measured in millimeter.

In fig. 2 there is a voltagength diagram. When the length of the wire was equal to 10 meters, we registered a
decrease of voltage in the first glThis is why we calculated average voltage and average capacity in the first plug.

WoayerageUo/Ro=2.056/75=0.0564 Vats

After it, we calculated the capacity in the second plug by lemgth-20 meters and L=40 meters.
W, =»0=0.027Vats Coefficient of effciency=47.9%W,_-,= 0.021 VatsCoefficient of efficiency=37.2%

Previously scientists gave theoretic assumptions about these results. For example, this effect accounts for bial

o7

current and r e s conademce of fpequentyvoitage afdpeveaurce and inherent frequency
of ri pple and at omi c |-thiydars Eagaday wrbte abaudisstarpanesus icuorénein a n
single Iine in compliance with Maxwell s el ectrodypan
heating; it means that the conductoieo$ no resistance
The secondexperimental facility consists of a hiffequency generator with the following characteristics: output
voltage equal to 15 kilowatts, capacity equal to 1,5 Vats; decrease transforhwrt wibg, with coefficient of
transformation equal to 166; doutbialf period rectifier composed of diodes 1N4007; resistors equal to 910 Ohm and 4,7
kilo Ohm; and capacity of 0,5 microfarad. The scheme of thiiyfée presented in fig3. We used twavires. The length
of first wires equals 27 meters with a diameter of 0,15 millimeters. The length of the second wire equals 35 meters with
diameter equal 2,7 millimetefSor measurement we used an oscillograph connected to resistance of 9110 €olne
of our experiment we obtained the following results: 1) in measurement without transfer line (generator to measuremen
scheme) the voltage was equal to 6 \Volts; 2) in measurement with transfer line with a length of 35 meters the voltage WBL
equal to 0,9/0lts; 3) in measurement with transfer line with a length of 27 meters the voltage was equal to 4 \olts.
Calculating capacity formul®= (U*K)?/ R, + U?/ R,. K is ratio of resistors, is equal to 5,2.
For the first caseP= (6*5,2f / 4700 + 6/910= 025 Vats

HFG For the second cage= (0,9*5,2/ 4700 + 0,§910 = 0,0055 Vats
L For the third casé®= (4*5,2Y / 4700 + 4/ 910= 0,1095 Vats
Fig. 3. Wire diagram of second facility It is seen, that with increasing wire diameter, voltage and

capacity decrease. \oltage is not impulse, consequently,
resulting capacity is active. During measurement, we fixed two frequencies 100 kilohertz (10 microseconds) and
25 kilohertz (40 microseconds). Registered frequencies near few centimeters equal 133 kilohertz (7,5
microseconds) and 25 kilohertz (40 microse&nd
Few advantages of singieire transfer of energy in the future: the amount of metal used for producing of
wires will decrease several times; short circuit will be excluded; the risk of fire will be excluded. In our future
work we plan to set up to rasance our higtirequency generator with receiver. It will allow to increase the

coefficient of efficiency of our device.
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Results of researches of location annular anode in hollow cathode are shown. This location effects on
parameters of glow discharge. Optimal stability of discharge andt rmission possibility of plasma are

observed when annular anode is in the middle part of hollow cathode
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THE INFLUENCE OF HYDROGEN ON TEMPERATURES OF MARTENSITIC TRANSFORMATION
IN T1-50,7NI SINGLE CRYSTALS
Yu.N. Danilson
Scientific supervisarDr. 1.V. Kireeva*. Scientific consultant: Dr. Yu.l. Chumlyakov*
Tomsk Polytechnic University, Russia, Tomsk, 30 Lenina Ave., 634050
*Siberian Physicalechnical Institute at Tomsk State University, Russia, Tomsk, sg. Novosobornaya, 1, 634050
E-mail: lesota@sibmailcom
On Ti50.7Ni single crystals influence of hydrogen on temperatures martensitic transformations is
investigated. It is shown, that hydrogen iR50.7Ni single crystals lowers MM, leads to change from a
symmetric thermhysteresis in the solutionized crystals without hydrogen to asymmetrical with hydrogen.
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STRUCTURE AND PROPERTIES OF Cu POWDERS AND CuAl MECHANOCOMPOSITES
AFTER MECHANICAL ACTIVATION
K.l. Denisov
Scientific Supervisor: Dr. |.A. Dénberg
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: Denisov_k@mail.ru

Nanostructured copper powders and copp@¥ aluminum nanocomposites were produced by mechanical
activation of the elemental powders in a fiighergy planetar ball mill with different milling times. Grain and
defect structure of milled powders was investigated {ogyXdiffraction, scanning and transmission electron
microscopy. Mechanical properties were studied by Vickers microhardness measurement. Migchetieabd
samples were consolidated by higlessure torsion at room temperature in order to investigate influence of

preliminary activation intensity on structure and properties of final bulk product.
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SPONTANEOUS RADIATION BROW N NANOPARTICLE
A. R. Dybov
Scientific Supervisor: PhD V.V. Lasukov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30. 634050

E-mail:lav_9@list.ru

It is shown, that similar to atom charged brown nanopagtiol an external field may generate the
spontaneous and compelled radiation. It is investigated diffusion the mechanism of additional charge
nanopatrticles. The investigated process of radiatidhésnacroscopicatjuantum phenomenon which may be

used in mnopower, to synthetic biology, medicine and other areas of science and engineering.
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INVESTIGATION OF PHYSICAL -MACANICAL PROPERTIES OF BULK TITANIUM NITRIDE
SPECIMENTS
A.A Evdokimoy, D.Y. Gerasimov
Scientific Supervisor: Prof., Dr. A.A. Sivkov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: kraamis@gmail.com
In this paper we present thesults of investigations of physical and mechanical properties of the bulk sample

of titanium nitride, ceramics, sintered by spark plasma sintering. Described a method for obtaining raw

materials in the form of titanium nitride nanodispersed
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NUCLEAR PHYSICS FOR NOVICE
S.A.Edreev A.E.Kolchev
Scientific Supervisor Prof., Dr. V.V. Larionov
Linguistic advisor: O.S.Glushakova
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: edreev.stas@yandex.ru
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1. What isvisual material, the task they solveto contribute to understanding of a subject?

Attention should be attracted to the fact that visual image is a property that expresses the degree of
accessibility and intelligibility of mental images of objects of knowledge for the knowing subject.

2. Modern application of visual aids during a lesson in relation to the problem of understanding the

processes of nuclear physics

du
ils

Firstly, it worthwhile mentioning, that todayds ¢du

process itselffo make educational process easier for students, teachers and lecturers. Unfortunately, today only
few students attend the I|library to take the books
Development of the Internet and mass media le¢ads changes in peoplebs mind
technologies contribute to the changes in the way of perception of new information.

The fact that should be taken into account is that there are some subjects in the university which are very hard
even with using of books and lectures. For example, studying of physics as well as some of the physical
processes isndbt very hard and they are intuitivel.y
However there are a lot of processes in psysuch as nuclear processes and thermodynamics processes which
are extremely difficult for students even for students of technical specialties.

Thus, it leads to the idea that educational process must be improved anyway.

The point which should be noticad that multimedia technology is one of the easiest ways to solve the
problem which was discussed above. The most of lecturers got used to apply the multimedia technology; in
gener al itds Microsoft Power Poi nt apdrgiees gnmettoackplaio the . I
slides and the process which is described.
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There is one very useful program which helps to create multimedia animation prdi#stsomedia Flash.

3. Macromedia Flash (MF)

To begin with, it must be pointed out that MacronaeBlash is multimedia software which allows people
create different types of multimedia production from movies and little games to serious educational programs.
There are some programs which allow doing the same work, but MF is the most widespread.alThe gre
advantage of MF is usériendly interface and possibility to create projects without experience. There a lot of
people in the world used this software; create a lot of animation movies, games and educational programs. A lot]
of educational projects wermeated with help of MF. And in modern time their authors get aflmoney from
these projectfs].

4 . ANucl ear Ti thenpsofec in nualear pbysiss 0
Theory on the platform of MF
Nuclear fusion Thus, if taking all stated into account it was decided to create
Nuclear decay multimedia Flash Project on the basis of Macromedia Flash to

Reactor contribute to understanding nuclear physics processes. This project

Thermonuclear

Tokamak shows common nuclear reactions, include nuclear fusion and nuclear

Exporimantal Reactor decay. In addition project contains schematic example of nuclea
reactor and thermonuclear reactor. And as example of innovations, it

contains the experimental thermonuclear reactor which was created

in Tomsk Polytechnic University by the group of engineers.
So the example of such a project is about nuclear
processeand it will show how ease can physics be:
% W 1) The first step is to start main meiiuthere
8

student can choose the theme of nuclear physics. Very
userfriendly interface and this program can show to
8 even a little child the processes in the atom.
2) After that toknow all the processes in detalil

the theory of the topic is given.

3) Then the example of nuclear reaction is
presented to help students to acquire new knowledge
and understand all the nuisances. All the processes will be shown, all the reactions wihkee orptanel , it ps
game. But on should not forgettha i t 6s an educati onal progr am!
4) The next step is to give information about nud

You will see the way of working of a nuclear plant with the helpamimation which makes the cognitive
processes work and establish g@onnections between the image and theoretical information.

5) By continuing using the menu we can easily the information about thermonuclear device. There is still
not working modelsn the world. But the potential of such a device is incredible!

Results

The educational program was created with the intention to simplify the process of acquiring knowledge in the
sphere of nuclear physics. The results were approbated on different gfdapssé Polytechnic University.

To make the situation clear it should be stated that the results of approbation met all requirements as long af
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the program:
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- isvery simple in use;

- does the nuclear processes very clear to all students of the group;

- contributes to the development of vistiniage thinking;

- allows to specify the theoretical issues;

- makes the scope of practical application of material under study much broader;

- creates opportunities for modeling a number of processes;

- establishes lasting conniots between the form of the theoretical material and its content;

- helps to enhance learning and cognitive activities of students.

Thus, resuming all the above aspects it must be notedhikgbroject can be used by the students of non

technical facultis and even the students in high schools to simplify the process of studying.
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THE INVESTIGATION OF LOW-CARBON FERRITIC -MARTENSITIC STEEL 06 MBF AFTER
SEVERE PLASTIC DEFORMATION BY EQUAL CHAN NEL ANGULAR PRESSING AND
FOLLOWING HIGH -TEMPERATURE ANNEALIN G

G.G. ZakharovaE.G. Astafurova, M.S.Tukeeva
Scientific Supervisor: E.G. Astafurova, PhD., assistantgssur
Institute of Strength Physics and Material Science SB RAS, 634021, Russia, pomdlademicheskii,2/£-

mail: galinazg@yandex.ru

Mechanical properties, microstructure and thermal stability of-tasbon ferriticmartensitic steeFe-
1Mo-0,1\+0,INb-0,06C (wt.%) after severe plastic deformation by equal channel angular pressing (ECAP)
was investigated. It was shown that ultrafgrained structure formed by ECAP possesses high
mi cr o h ar dnjels)@&nd(igretrednal 3tability up to the tempermate o &. TBeta@etdge (sub
)grain size of UFG steel was 320 nm. The small carbides formed after ECAP contributed to a high

mechanical property and they were responsible for high thermal stability of UFG steel.
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INFLUENCE OF TEMPERATURE ON PROCESS MASS TRANSFER, CAUSE BY PRESENCE
INTERSTITIA ATOM IN THE FIELD MISFIT DISLOCATION, ON INTERPHASE BORDER OF
ALLOY NI -AL
P.V. Zakharov
Scientific Supervisors: Prof., Dr. pim. s. M.D. Starostenkov; lecturer, pin. s . N.N. Medvedev
V.M. Shukshin Altai State Academy of Educati&tyssia, Biysk, Krolenko str., 53, 659300
E-mail: zakharovpvi@rambler.ru

The method of molecular dynamics models interphase border of a8y, Kharacter of influence of
temperature on procesnass transfercaused byresence interstitia atom in the field misfit dislocatio,
revealed.
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DEFECT STRUCTURE EVOLUTION OF METASTABLE AUSTENITIC STEELAFT ER SEVERE
PLASTIC DEFORMATION BY ROLLING
M.l. Zahojeva I.Yu.Litovchenko
Scientific Supervisor: PhD. I.Yu. Litovchenko
Tomsk State University, Russia, Tomsk, Lenin str., 36068
E-mail: iojig@sibmail.com

An electron microscopy study of FA8%Cri 8%Ni (wt. %) metastable austenitic steel after severe
plastic deformation by rollingvasconducted. It is shown that severe plastic dediom leads to formation
of twophase submicrocrystalline structure. Fragments of disorientation, formation of which can be
explained by mechanism of direct and reverse martensitic transformation, were found. Possible mechanisms

of crystal lattice fragmeation and formation of submicrand nanostructured states are discussed
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EXPLOSIVE WIRE INIT IATION OF ELECTRODISCHARGE OVERSIZE ROCK BLASTING
N.A. lvanov, M.l. Pivovarov
Scientific Supervisor: Prof., Dr. V.V. Lopatin
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: nikinall@silmail.com

There are an experimentods results of owafaceofze r o¢k
concrete blocks and natural rocks. The copper wires of different length were used as an explosive wire. The
values of released energy in cligrge channel were calculated for each of them. After that the optimal length

of discharge channel was chosen.
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1. Introduction

Nowadays the automated method of welding by consumable electrode in the conditioe&lofgsbases or
under a flux layer is widespread in the industry [1]. In this method of junctions formation a consumable material
is welding wire with a diameter 0, 3é12 mm. The qudgl i
[2]: 1) the correpondence of chemical structure to the State Standard; 2) the uniformity of the profile and
winding; 3) the surface condition. The worsening of these parameters causes the productivity slowdown of
welding and accelerated wear of equipment. In order todmpe t he qual i ty, the wire wi
mm is covered with copper and spooled on cassettes|] wl
of the copper coating is facilitating the passage of current through the sliding contact beevaenttipiece of
the welding machine and wire. But the main disadvantages of copper coating are increasing the sputtering off
metal during the welding and vapors of oxides exuding during the welding, which have negative influence on the
environment and hedlt(chronic excess of copper causes the haemolysis, low hemoglobin and damage to the
liver, kidneys and brain tissues) [3]. For wire with diameters of less than 0,8 and over than 5 mm no coppering is
provided [2]. Many companies buy neoppered welding w& in skeins and coils. As time goes by with

transportation and storage an oxide layer is formed on the surface of the wire in addition to protective and
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technological coating and natural contaminations.

2. Surface contaminations and cleaning methods

The oxide layer of carbon steel consists of 3 layers, they are FeO (wustite) located directly on the surface,
Fe;0, (magnetite), F8; (hematite) [4]. In order to compensate for the negative effects of surface contamination
listed earlier, the welding wire is g cleaned by mechanical or electrolytic methods [5] that cannot be
admitted as universal and cheap methods meeting the modern requirements. The main disadvantage of thes
techniques is that soon after the treatment the metal products begin to corradénaés connection there is a
necessity of reasonably priced facilities for surface cleaning that can provide high corrosion stability- The arc
plasmas and electrgpark ways of treatment meet these requirements. The research in the area of modificatio
of metal surface with concentrated energy streams, among which are descaling and removal of organic
contaminants, has been led by various groups of scientists in Russia and abroad since the middle of XX century
However, in spite of the significant quaptof Russian [13, etc.] and foreign publications, there is no common
theory of choosing of optimal parameters of treating conditions depending on metal products and the facility
used.

3. Experimental

In order to determine the optimal parameters of cleacimglitions of the most widely used steel CV08G2S
an experimental research on a 4 mm sheet of metal was carried out. Elgatkidreatment was made on the
plant the structural scheme of which is shown in Fig. 1. The cuvette was filled by proglige {{& working
pressure was ~ 1 atm. As materials of the positive electrode (anode), tuMgstamd(copperQu) were used,

the electrode gap was 2 mm, the broach speed was 8 mm/s. The measurement of contact resistance was made

on the experimental facilit [ 9] . The current registration was mad¢

was conducted by an amplifier with galvanic isolation. The spherical electrodes made of bronze with the radius
R = 4 mm were used. The compression force was ~ 200 Nvalve of current 150 A. The resistance was
determined by processing the measured parameters of voltage and current between the electrodes after th
completion of transient processes in the secondary circuit (approximation with the subsequent caldulation o
Ohm'saw).

]

1 @)

Fig. 1. The structural scheme of experimental facility. PRulse Generator, € Cuvette, 1 Anode, 2
Cathode (cleaned surface)j Broach Mechanism, OSOscilloscope.

4. Results and discussion

Initially the dependence of contacsigtance on the number of passes of cleaned surface under the anode was
investigated with the parameters of generator given in YHimd of Table 1. The results are shown in Figa2,
By analyzing the given dependence a conclusion was drawn thatritectceesistance becomes stable after 4
passes. The given value, however, is higher than the value obtained as a result of mechanic cleaning. Meanwhile

the contact resistance reducedi24b times compared with the resistance of the-meated metal sheeA
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supposition was made that the increasing roughness of the surface due tospkttroreatment prevents
reducing the contact resistance and the value of pulse energy was decreased in order to reduce the depth f
microcraters formed under the anod@ l{@e of Table 1). As a result a higher range of values of the contact
resistance was obtained compared wittvjpus experiment (Fig. 2, b).

Table 1
Parameters of Generator

Number ofmodel Pulse EnergyWp J | Pulse Duratior,, ns | OpenrCurcuit VoltageU,y, KV | Frequency, kHz

1 0,4 80 40 1,0
2 0,1 150 40 15
70 R. mom —+w -} -cu 70 1 R, MOM
&0 4 &0 4
504 without treatment S04 without treatment

40 4 40 4

30 4 30 4

I e I
o i number of passes + o number of passes
a 2 4 [ 8 10 12 14 16 1] 2 4 5
a) b)

Fig. 2. Resistance of steel sheet 08G2S with a width of 4 mm;
a) the parameters of the processing mode 1; b) the parameters of the processing mode 2.

5. Conclusions

During the experimental time itag noticed that the method exposed the following advantages: no waste
production, so that it is an environmentally friendly method; absence of a loud noise, so that it is friendly and
safe for workers; no vacuum is necessary for the facility, so thatxipenditures for the exhaustion can be
significantly reduced; a treated surface reveals a good properties and lower contact resistance, what is very
important for quality of welding wire. Thereby, the obtained results may be a reason for the conclusierehat
is a necessity of optimizing pulse parameters of the elspimdk cleaning method, because the surface of a

metal treated in this way becomes cleaner and acquires lower contact resistance.
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For the first time on single crystal of ferromagnetigJNe;sGa,7Cos shape memory alloy oriented along

[123] direction, the effect of stresassisted aging on the stresgluced martensitic transformation and

superelasticity was studied. It is shown that the stassssted aging of 100 MPa at 673 K, 4 hours leads to a
reduction of the crital stress leveto initiate stressnduced transformation of 480 MPa ata certain
temperature and a decrease ithe mechanical hysteresigplby 2 times as compared to strésse aged
under the sameonditionssingle crystals.A small value ofmechanial hysteresigplis a key mechanical
parameter responsible for obtaining a reversible magnetic fidddiced phase transformation with rapid

response in ferromagnetic shape memory alloys.
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COATING STRUCTURE ON THE BASIS OF NI-AL SYSTEM FORMED UND ER MAGNETRON
DEPOSITION METHOD MO DIFIED BY ALUMINIUM AND BORON IONSE
M.P. Kalashrkov, M.V.Fedorischeva, V.P. Sergeev,
Institute of Strength Physics and Material Science of RAS, 2/4, Academicheskii pr., Tomsk, 634021, Russia,
E-mail: kmp1980@mail.ru

Phase composition, thin structure of intermitatoatings it is investigated by electron microscopy, X
ray methods. It is shown thatJdi intermetallide is the basic phase of a coating for all investigated samples.
lonic implantation of coatings by aluminium and boron ions leads to change of tingstattice, longrange

order parameters, internal elastic stresses, grains sizes and type of dislocation structure.
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DETERMINATION OF THE CONTENT OF METAL IN NANOPOWDERS OF ALUMINIUM,
OBTAINING BY THE METHOD OF ELECTRIC EXPLOSION OF WIRE

R.U.KamalovA.V.Pustovalov
Scientific Supervisor: PhD, S.Bhuravkov,
Tomsk polytechnic university, IPET, Russia, Lenina avenue 2A, 634028
E-mail: rabo_120@mail.ru

The possibility of determination of active metal content in aluminum nanopowders by digital pressure
sensoris investigated. It is shown that the activity of samples under investigation depends on energy content

during aluminum nanopowders production by wire explosion process.
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PLASMA PRODUCTION OF HEAT -RESISTING PIGMENTS OF ZIRCONIUM DIOXIDE
Karengind .¢ ., Poberezhniav A.D., Korepanova N.P.
Scientific Supervisor: Assoc. PrpfCand. Sci.Karenging .G.
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: karenginaa@sibmail.com

In foundry the greabulk of casts from a steel and iron is produced in expendable sandy forms. Casts
production with a pure surface (without burniitg and the sizes which are as much as possible coming
nearer to finished product, is one of the primary goals of foundersoOte most effective ways of struggle
with burningin is application antiburningon paints on the basis of hesisting pigments.
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In the article are showed results of the experiment about a research of connection between parameters of the

external influence and value of the diffracteghys. It is observed an increase of value of the diffractegx
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Die oxidkeramische Brennstoffzelle (Solid Oxide Full CelSOFC)- ein vielversprechender Weg, um
Energi e fer d ideziereh.uhkeuAttfaktivit 2z u bperra ht auf der hohen Ef
Umwandl ung der chemischen Energie des Brennstoffs Jin
Auf mer ksamkeit eine Reihe von f ¢ hr 8ialiketaist éirf Falkdog den d efr \
den breiten Vertrieb dieser Art der Brennstoff%zellle
bis 1006a [ 17 . F¢r die Bildung der kommerziellen und wj r Kk
- seine Betriebstemperatur auf 80075 C zu reduzieren. Dies kann entweder durch den Einsatz neuer
Materialien Elektrolyten erreicht werden, die eine hoheni sche Lei tf2higkeit bei ti
oder durch eine Verringerung der Dicke der wichtigsten funktionellen Schichten des FC in erster Linie die Dicke
des Elektrolyt. In Zusammenhang mit den oben genannten Problemen ist ein Objekt deungoideh
ultrafeinen Niedrigtemperatur SOFC. Der Zweck der vorliegenden Arbeit ist es, den Einflussgrad der
Elektronenstrahlsverarbeitung (ESV) von der Anodensubstrat und Elektrolyt, der durch die
Magnetronsputteranlage auf die Charakteristiken des SOFC Vemingern von Betriebstemperaturen

aufgetragen wird. Die Aufgabe der Arbeit ist die Untersuchung den Voltaimped Leistungscharakteristiken
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der SOFC bei Temperaturen 85@00 C, hergestellt mit unterschiedlichen Verarbeitungsmethoden.
Zur Zeitwerédn di e Materialien f¢r S OF C-loner ausv2irkodoxitl mit | e i
Yttriumoxid (YSZ) stabilisiert, es durch Elektrolyt, Lanth&trontiumtManganit (LSM)- eine Kathode, eine
Nickel-Cermet (Ni + YSZ)- Anode [2]. Aufgrund des gegebanélementes wird unmittelbar die Zelle
hergestellt. Hier ist die eingestellte Eingabe des Oxydiermittels (Sauerstoff oder Luft) auf die Kathods und de
Wasserstoffes auf die AnodEin wichtiger Teil des Brennstoffelementes ist eine einzelne Zelle. Géreale
Charakteristiken, und zwar, die Abh2ngigkeit der

Charakteristiken des Brennstoffelementes insgesamt. Die Verzeichnis und Beschreibung der untersuchten Prob

U

sind in Tabelle 1 vorgestellt.
Tabelle 1

Probel* Probe2** Probe3***
Anode Ni+YSZ Ni+YSZ Ni+YSZ
YSZ-5mkm( 3~ | YSZI27mkm( 3 kHz3 0
~312'31 6 ¢, '460\/‘,‘
kHz, 1~3,2-3, 6
v~ 2,3mknyst, P ~ 1,%KWt)
~ 420- 460V, v ~ 2,3 2 _
mkmist, P~ 1,5we) | FEoV (0.8 Jiem, 2 Impmit
’ ’ Er w2 r bisirr0g0 A )
Katode LSM (50 mkm) LSM (50 mkm) LSM (50 mkm)

Elektrolyt YSZ (15mkm)

* Das Planarefragment der Konstruktion SOFC ist mit der tragenden Anode. Er ist vom gemeinsamen
Pressen der Filmkomposition und dem nachfolgenden gemeinsaimtern bei der Temperatur bei 1180im
Laufe von 540 Minuten bekommen. Die Kathode war auf den Films Elektrolyt und dem nachfolgenden
gemeinsamen Sintern bei der Temperatur be? C46chmiertDas resultierende Fragment hatte eine Dicke von
165 mkm.

** Experimentells Element wurde mit der Methode der Magnetronsabscheidung hergestellt. Als Substrate hat

man die restoren por°sen Anoden SOFC verwendet. Dile

Vakuumanlage gemacht. Sie ist mit einem @wggwogenen Magnetron Ausscheidungssystem mit einer
Scheibenkathode ausgestattet. Die Kathode besteht aus der LegieygYg(4y mit dem Durchmesser von 120

mm und Dicke von 8 mm.

*** \lerwendet wurde eine Elektronequelle. Er erzeugt d
niederenergeti$en hochstromen Elektronenstrahl mit Energien von
bis 12 keV, Strahlstrom von ~ 15 kA, einen Strahldurchmesser von
bis 80 mm und einer Impulsdauer von 2 bis 3,5 mks. Betriebsdruc
der Kammer®*Tamar 3, 8A10

Zur Untersuchung der Elektrischeneigchaften von SOFC mit

D¢nnschichtselektrol yt haben die elmektrochemische

darstellend das Systerfiy, Pt, La Sl aMnO4/ZrO,: Y,04/(Ni/ ZrO.: élbeat%(-)lsyi;hezm?gﬁ;(‘fépegizﬁsg:ﬁ(')?;'age; a
Y,0;), Pt, H. Bei der Installation der experimentellen Probe, wirdeerdichter (Glasring); 51 Platinnetz; 61
zwei Kissen aus dem Métd dr ah't (Abb. 1) Ple\l}inéjr?h\tﬁ% 7r'1 ﬁr%ei%sv,olum%n \(/;0? Ofeng i ne
optimale Klemmung das Platinnetz mit den Elektroden.

Prasentiert i ni uAllb .Le2 sYallntgsmpemr akteristi kenCder
wurden beim Verbrauch von Wasserstoff (40 ml/min) in dem Anastegim und Sauerstoff (250 ml/min) in dem

Kathodengasraum erhalten.
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Abb. 2. Voltampei (links) und Leistungscharakteristiken (rechts) der Probe 1, 2, 3 b&8ii750
Die Leerlaufspannunyyvon den Brennstoffzellen mit den D¢nn

0,97 V bei der Betriebstemperatur von %60 W2 hr end des Hig peerlaifspemmungsseinere hi 1 t

Wert f¢gr alle Muster. Aus der Voltampercharakteris
mehr fliessend erfolgt, weil die elektrochemische Reaktion an den Elektroden schneller geschieht. Nach der
Form derSpannung cber der Stromdi cht e der Zel l e (Ab
Leistungsdichte auf der Stromdi cht e auch extrem

Leistungabdenommenen bei der Verkleinerung der Dicke des Elektrelybmbhtet. Maximale Leistungsdichte

ist Pra=427mW/cn, und f ¢r Probe 1 (ohne spezielle Behand
Pra=166 mW/cm. Fer di e experimentell en Proben i st es
Stoffaustausches erheien bei hohen Stromdichten ist. Damit die Leistungsdichte sinkt rasch nach dem

Erreichen von maximum.

c

Die obengegebenen Ergebnisse zeigen die Aussicht¢n

Bildung von dichten fehlerfreien Filmen des Elekytsl Gepulste Elektronenstrahlverarbeitung kann eine

erhebliche nderung der Mikrostruktur der Oberfl 2dhe

Strahlung ist das Schmel zen d&t1,5 ntkin ie flithfesteAbelatisrmgéni ¢ h t

au

ZroY,0; ( Gas dur ¢ hl Alsa/i gkse)i terhalten im Falle der Anwenfdu

vor her mi t Hil fe I mpuls ESV abge?2ndert sind. Di e
des SOFC zeigen, dass die Metth e der Magnetronsabschei dung D¢
Anodensubstrat vor her mi t dem Puls des EVS wvorl 2au

Betriebstemperatur 68@50C verwendet werden kann.

Diese Daten zeugen davon, dass die Bec k si chti gung des technol ogisch
elektrischen Parametern erhalten | 2sst. Es erm°gli
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The influence ofoltageof micro-arc oxidation on the properties of calcigpmosphate coating such as
thickness, porosity, pores sizes, and adhesive behavior has been studied. It was shown that at the increasing
voltage the line growth of coating parametexs thickness, rougnesss takes place. The optimal range of

voltage which allows to form of calciuphosphate coating with the best characteristics was revealed.
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Wor king process of technological equipment at | SH
accumulgion of used oil liker-50p andl [-4, which are utilized in technological furnace by burning [1, 2].
Waste gases of technological furnace contain soot, fluorine and uranium compounds, carbon and nitrogen oxides
In connectionwith this,i t 6 s u r dgeeemt effective techn@agies for environmertandly utilization of
such wastes [3].

This work is devoted to the valuation and optimization of used oil burning rates in plasma reactor as
dispersed combustible compositions of optimal composition (D@@)jch have an adiabatic combustion

temperature not less than 120(6]. Reactor circuit is showed at the picture 1.

Pic.1 Plasma reactor circuit:
17 air flow; 27 air plasma jet; 3 disperser; 4 waste gases.
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Air input into the reactor is carried out via impeller for an achievement of definite swirl angle, ishich
necessary for the uniform distribution by reactor volume of input DCC for burning and stabilization of burning
flame pattern. Reactor valuations were carried out for the following combustible composition, which has
adi abatic combust % 8% df esetpodl rf 4 t 18% ef water)2 Nefrics for PFB reactor
valudion are showed at the table 1.

Table 1.

Metrics for PFB reactor valuation

Parameter Values range .Samplmg
Increment

Air flow rate atreactor inlet Vaf 30é 19 10m/s
Air flow swirl angle at the reactor inldt, 30660 15°
Air plasmgjet rateatthe reactor inletVpj 5¢é 21i/s 5m/s
Temperaturef the air plasméet at thereactor inlet Tpj 2000 4000K 500K
CWFC droplets size at the reactor inlegc 10°% 1 Om 2Lt
CWFCdroplets rateVcwec 1é 1r/s 1m/s
CWEFC droplets temperature at the reactor inlgfrE 300 é &0 100K
CWEFC flowrate at the reactor inlet, Myrc 500 é 1IMm( 500l1/h

e
el o
Y1l Y

LUENT 6.3 (3d, pbns, pdf13, ske)

Pic.2. PFB reactor model computat@rgrid at the
Gambit 2.4 program

Pic.3. Temperaturerofile of DCCcombustiorby:
Upy= 2000 K; b= 20 m/s; \e=80 m/s; Tocc=600 K;
Wpce=1000 I/h; V=3 m/s;; =60°.

Pic.4. Temperaturgrofile of DCCcombustiorby: Pic.5. Temperatureorofile of DCCcombustiorby:
Up; =4000 K; VPJ =20 m/sy \/AF =80 m/sy TDCC: Upy= 4000K, VPJ = 20m/s, \/AF= 0 m/S, -E)CCO=600 K;
600K; Wewrc= 1000 I/h; Vewee = 3mis;/j = 60 Wpce= 1000 I/h; Vpee= 3 mis;/ =30".

For PFB reactor valuation a software package ANSYBENT 6.3 was used, which hadaage databasef
gaseousliquid and solid fuels and allows toestimatemulti-phaselaminar and turbulentflows, heat transfers
chemicalreactions.For the construction of the PFB reactor model geometry and computagiachgirogram
Gambit 2.4 was used (pic. 2).

For PFB reactor valuation ngagremixed combustion model was chosBXCC droplets motion inside the

reactor was estimated using discrete phase masaehange omomentum heatand massbetween the gaand
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droples included inthe calculation alternatingwith the valuation ofdropletstrajectories and the continuity
equationof the gasphase The initial conditions of the input into the PFB reacteere set bythe disperser
surfacewith uniformly distributed orits finite number ofpoint sources

Pictures 3i 5 showstypical temperatureprofiles of DCC combustionalongthe reactorat differentinitial
parametersf his work

According to the results of the spent valuations and the analysis of the received regldfinad and can be
recommended for practical realization following reactor operation ratesrf@gronmentafriendly used oil
combustion a®CC of an optimal compositiof22% used oil {4 : 78% water):

1  up;=3000K
Vpy=20 s
Ve =80m/s
Tpocc=600 K
Wpcc= 10001/h
Vpee = 3m/s
j=30

= =4 4 -4 A -2
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There is contamination of vacuum oils compounds of uranium and fluorine in the process of technological
equi pment work at the isotope separation plant PC ¢|Sict
out by spraying and burning in thechnological furnace to produce the wet water of flue gas of uranium oxide
concentrate powders which due to the high content of carbon black is subjected to additional annealing.
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ELECTROPHYSICS CHARACTERISTICS OF COMPOSITES WITH NANOMATERIALS
IN MICROWAVE RANGE
O.A. KochetkovaA.E. Leukhina
Scientific Supervisor: Associate professor, candidate of science O.A. Dotsenko

Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: apr@mail.tsu.ru

This paper focuses on the results of electro physics characterigieasurements of
polymethylmethacrylate + multiwall carbon nanotubes (MWCNT) and/or nanopowders-,0¥\dM Z-
hexaferrite composites. Camsite containing MWCNTs has a frequency dependence of permittivity.
Composite with MWCNTs and nanopowders do not have the frequency dependence of permittivity. Obtained

results can be used for calculation of microwave absorbers.
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NUCLEAR AND RADIOACTIVE S ECURITY CONTROL OF IRRADIATED NUCLEAR FUEL IN
SHIPPING AND STORING SYSTEMS
N.l. Kravchenko, F.V. Gnetkov, S.D. Kadochnikov
Scientific Supervisor: senior teacher, candidate of physithematical science S.V. Bedenko

Tomsk Polytechnic University, Russia, sk, Lenin str., 30, 634050
E-mail: kravh@tpu.ru

There was made a research of the security contro 0
after discharge it from the reactors PWR and BWR. Problem wittingt used fuel is one of the most

i mportant nowadays, because the fuel from PWR ang B
temporary fuel storage pools at nuclear plants. The main theme of this work is to examine a storability of dry

nuclear fuelstorage. There is given an analyze of multiplication constaptfér dry storage. The summary

of the work is that there is an ability of storing
systems and it is much more safety than ¢cweté storphge
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INFLUENCE OF THE X -RAY IRRADIATION ON THE HYDROGEN DESORPTION FROM
TITANIUM ALLOY VT1 -0
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Researching of hydrogen influence on the metal properties gttty of using hydrogen as a fuel makes it

necessary to study the behavior of hydrogen in metals. One of the methods of preparing experimental samples is the

hydrogen saturation from the gas environment. The aim of our study is to study the influeKemys on the
hydrogen desorption from titanium alloys V01

Experimental technigue Ex per i ment al sampl es were pr &hwearocesdoff r on
sample preparation included grinding, polishing and annealing. Grinding was carmgth@andpaper with different
grain sizes from 500mkm to 2500mkm. When changing the sandpaper from one to another the direction of grinding|
(horizontal or vertical) with respect to the samples was changed and the samples were rubbed with alcohel to remov
the accumulated metal dust. In the horizontal direction of grinding amplitude of the arm swing is maximum and in the
vertical direction minimal. Polishing was performed with very fine sandpaper (4000) in the horizontal direction to the
luster of the saples. The samples were then annealed in a vacuum ove@f@560 minutes.

Hydrogenation was p6éas$oRmadt aon t e hetfvecauinlicharnider was i g .
evacuated to the pressuge10° atm and heating of the samples wasied out to the temperature of 860After

Figure 1. Theequipe nt ¢ Gas Reacti on Co
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M pumping out the gases that are desorbed from the sample during heating,

' the chamber was quickly filled with hydrogen to a predetermined pressure.
The initial hydrogen pressure was 2 atm., while the time ofitkgdpe

samples in a hydrogen atmosphere was 60 and 180 minutes for different

samples. Depended of the chamber pressure on time and temperature is

\ automatically recorded by the computer. In the same mode two samples

were placed in the camera. In one sairthle hydrogen concentration was

measured immediately after the saturation in the gas phase and the second
sample had previously been irradiated and then exarfun#te hydrogen
content in itThe samples were irradiatbg X-ray machind NTROVOLT

- 180(Fig. 2) (anode material isungsten)lIrradiation parametergurrent

5mkA, 120volt, 30 minutes

The measurement of hydrogen concentration in the samples was

carried out using the RHEN602 hydrogen gas analyzer (Figure 3).

Fig. 3. Hydrogen analyzer RHEBD2

RHENG602 analyzer is used to nseige hydrogen in large quantities of
metals and inorganic materials, using the principle of melting in an inert atmosphere. -Teghed sample is
placed in the gateway, and after the degassing of the graphite crucible is dropped into it. The saetigé is

a reducing atmosphere of the graphite crucible in an inert gas. Hydrogen present in the sample is released as
molecular hydrogen and measured in the hot cell. Averaged results of measurements of hydrogen concentration

are presenteih table 1.

Table 1.
The hydrogen conteimt thesamplesn weight percent
Saturation times H H+X-ray
60 minutes 0,0145 0,0122
180minutes 0,0162 0,00921

Discussion of results The hydrogen content in the irradiated samples was on average 25% less than the
hydrogencontent in the samples measured without irradiation. In the processrafliation the sample was
exposed to an intense flux of ionizing radiation. As a result, hydrogen as the most lightweight and mobile
impurity could be redistributed in the analydager or leave the sample through the surface.

The development of theoretical ideas about mechanisms of radititmariated migration is presented in the
theory proposed in [1], it is assumed that radiasiimulated migration of light impurity atoms anigfects is
stimulated by the heavy traffic of hydrogen. As a result of studies a new phenomenon has been éxuitaton of
the hydrogen subsystem by radiation. Hydrogen occupies the equivalent position within the metal forms its own sub
system in tk crystal lattice, having frequencies that lie outside the phonon spectrum of the crystal. When the energy is
supplied by radiation the excitation of vibrational degrees of freedom of the hydrogen subsystem occurs.
Nonequilibrium fluctuations in the hydreg subsystem are lofiged in the time scale of electron relaxation in
metals.Thus, migration in and out of the hydrogen atoms is not driven by the energy of thermal fluctuations equal to
KT and the energy of the nonequilibrium fluctuations of the hyregbsystem is significantly greater than KT.

The cause ofhe acceleratiomf hydrogen desorptiofrom metalsand alloysunder theaction of ionizing
radiation maybe a reduction inhe surfacepotentialbarrier to theneutralization ofH + ;the formaton of H,
moleculesandits desorptiorinto the gagphase Desorption oimoleculesas a rulegnergeticallymorefavorable

compared taesorption of atomf].
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At the X-ray irradiation otitaniumalloy VT1-0, pre-saturatedvith hydrogen, hydrogen desoiqt observed
which confirms thetheoretical concepts of thefluence ofX-radiationon metathydrogensystem
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Examinatons of a composition of th&O, and TiNO, structures gained by a plasma spraying on
stainless steel and ability of their structures to hydrogen accumulate are predexdetinations were made
by thermestimulated gas extraction method, together withdbhcondary ion mass spectrometry and electron

auger spectrometry methods.
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Constucted phase diagrammes model @hmensional nanomagnetic with the torn off ends a Gibbs method

and influence of temperature on them taking into account interaction of the third neighbours is investigated
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