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THE RESEARCH OF THE STABILITY OF POLYSYNTHETIC TWINS IN THIN FILM
WITH FOLIATED SUPERSTRUCRURES OF AB STOICHIOMETRIC COMPOSITION

Andruhova O.V., Lomskikh N.V., Rusanova L.V., Ovcharov A.A., Starostenkov M.D.
General Physics Dept, Altai State Technical University, Barnaul, 656099, Russia.

In the present work the stability of the twins structure in the metal ultrathin film and alloy
surface with foliated superstructures of AB stoichiometric composition is considered. The investi-
gation is performed using in the limits of the model of stochastic diffusional atomic ordering. Or-
dered metal thin film with hard square lattice, where twin antiphase boundaries (from 1 to 8) are
formed in the direction <11>, is studied. The sensitivity of pine-like domain structure with regular
alternation of axis C to the temperature is investigated. The ratio of ordering energy in the first two
coordination spheres, when twin boundaries keep in the definite temperature interval, is determined
empirically. Parameter of long-rang order is determined in the layers, situated on both sides from
the boundary and inside domains one. It was obtained, that temperature of phase transition Tc
changes in the dependence on density of twin boundaries. With the growth of density of twin
boundaries, transition temperature increases. The density of the twin antiphase boundaries, when
the structure of the domains appears to be stable till high temperature, is determined.

STABILITY OF TWINS STRUCTURE IN ULTRATHIN FILM WITH FOLIATED AB
SUPERSTRUCRURES

Andruhova O.V., Lomskikh N.V., Rusanova L.V., Ovcharov A.A., Starostenkov M.D.
General Physics Department, Altai State Technical University, Lenin St 46, Barnaul, 656099, Rus-

sia, tel. (3852) 368522, fax (3852) 225451, e-mail: ntsc@desert.secna.ru

In the present work the stability of twin structure in the metal ultrathin film and alloy surface
with foliated superstructures of AB stoichiometric composition is considered. The investigations are
made using the stochastic methods.

Twin antiphase boundaries (from 1 to 8) are formed in the direction <11> in the initial mate-
rial. The atomic reconstruction of the material is realized under the diffusion of atoms at the vacant
points of the crystal lattice. The sensitivity of pine-like domain structure to the temperature is inves-
tigated. The ratio of ordering energy in the first two coordination spheres, when twin boundaries are
kept in the definite temperature interval, is determined empirically.

It was obtained, that the temperature of order-disorder phase transition changes in the depend-
ence on density of twin boundaries. With the growth of density of twin boundaries, transition tem-
perature increased. The density of the twin antiphase boundaries, when the structure of the domains
appeared to be stable till high temperature, is determined.

EVOLUTION OF THE THIN FILM STRUCTURE WITH ANTIPHASE BOUNDARIES IN
THE ORDERED PROCESS

Andruhova O.V., Gurova N.M., Lomskikh N.V., Kozlov E.V., Starostenkov M.D.
General Physics Department, Altai State Technical University, Lenin St 46, Barnaul, 656099, Rus-

sia, tel. (3852) 368522, fax (3852) 225451, e-mail: ntsc@desert.secna.ru

The evolution process of the thin film structure in the transformation order – disorder was in-
vestigated in the limits of computer experiment. It was used the model of diffusion in the two-
dimensional binary thin film (AB) with hard square lattice. The following parameters are varied:
temperature of annealing, concentration of vacancies, initial meso- and micro- structure of thin film.
The initial structures of the modeled thin film contained antiphase boundaries were considered.

It was studied mechanisms of domains coalescence and relaxation of antiphase boundaries,
dividing them. The influence of boundaries length on the process of the antiphase boundary struc-



7

ture evolution at different annealing temperatures was examined. Also it was studied the effect of
boundaries “washing” and their transformation in interphase boundaries. It is established that phase
transition order-disorder passes wide two phases sphere and heterophase fluctuations of ordered
phase proceeds to it. Four main mechanisms, leading the thin films to disordered state, were ob-
tained.

STRUCTURE-ENERGETICAL CHARACTERISTICS OF CRYSTAL LATTICE NEAR
COMPLEX PLANAR DEFECTS IN SHAPE MEMORY ALLOYS

Starostenkov M.D., Baranov M.A., Romanenko V.V., Chernyh E.V., Dubov E.A.
General Physics Department, Altai State Technical University, Lenin St 46, Barnaul, 656099, Rus-

sia, tel. (3852) 368522, fax (3852) 225451, e-mail: ntsc@desert.secna.ru

Nowadays application sphere of ordered alloys is wide because they have uniqul phisico-
mechanical, electro-magnetical and thermal properties, depending on structural features of ordered
state of material. In the result of their comparison with pure metals major part of defects can be
formed in ordered alloys. Investigation of their energies and atomic features is considered to be im-
portant. Ordered systems D03 (alloy Fe3Al), L12 (alloy Ni3Al), D024 (alloy Ni3Ti) and D019 (alloy
Ti3Ni) were investigated in this paper. Energetic and structural features of planar defects were
found in basic and prismatic orientations of main sliding systems for antiphase boundaries and in
pyramidal – for twins the method of computer simulation. Also it was obtained interaction of anti-
phase boundaries with point charges.

It can be noted, that sedimentation of substitution defects and vacancies at antiphase bounda-
ries leads to deformation of crystalline structure, having many layers. Their zones, saturated with
point defects, interchange with unsaturated zones. It was established that such crystalline recon-
struction (at the given conditions) can appear in result of thermoactivated processes. Energies of
complex defects (point defect and antiphase boundary) decrease in comparison with energy forma-
tion of single antiphase boundary.

CONSTRUCTION OF INTERATOMIC POTENTIALS IN ANISOTROPIC CRYSTAL
STRUCTURES

Baranov M.A., Chernyh E.V., Romanenko V.V., Starostenkov M.D., Rakitin R.Y., Krymskikh A.I.
General Physics Department, Altai State Technical University, Lenin St 46, Barnaul, 656099, Rus-

sia, tel. (3852) 368522, fax (3852) 225451, e-mail: ntsc@desert.secna.ru

It is known, that the stability of anisotropic crystal structures with hexagonal and tetragonal
lattices of the knots can not be reached by the use of isotropic central pair potentials of interatomic
interaction. In this connection the most acceptable in the use of anisotropic non-central potentials,
which take into account the symmetry of the crystal lattice. For the description of interatomic inter-
actions in hexagonal crystals, we made an attempt to construct a similar potential on the basis of
sufficient approved Morse function. The parameters of interatomic potential were determined from
the conditions of the stability of crystal HCP lattices. Numerical values of the parameters were de-
termined for the metals: Cd, Co, Hf, Ti, Mg, Zr, Zn. At the description of the properties of ordered
alloys and intermetallids with the superstructures D019 and D024, the same type of interatomic po-
tential was used. The values of potentials parameters, describing the interactions of atoms of the
same type, were the same as in pure metals. The set of the known properties of the definite alloy
was used for the determination of the parameters of interatomic potentials, describing the interac-
tions of the atoms of different types. In particular, the values of the lattice parameters, ordering en-
ergies and formation energies of antiphase boundaries were taken into account at the determination
of the potential parameters in the alloy Ti3Al.
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CONDENCED PHASES STRUCTURE AND THEIR COMMON CRITICAL POINT
Basin A.S.

Institute of Thermophysics SB RAS, Novosibirsk 630090 Russia

Among processes of production of many materials the leading role belongs to metallurgical
technologies of deriving of metallic blanks and products from melts. It is known that an unsound-
ness of a solid material essentially depends on quality of a melt and an evolution of defects. There-
fore researches of physical properties of substances in a liquid state and their changes in crystalliza-
tion processes are uniformly important with traditional material-science by researches of solid mate-
rials during thermal, mechanical, chemical and beam influences.

The list of researched physical properties of substances and materials is very wide but the
special importance is represented a density and it defects in macro- and microvolumes, and also
atomic volumes va in individual substances and in alloys. For example, a long time is known the
rule Hume-Rothery: the metallic alloys are received stables, if the residual of atomic volumes of
components does not exceed 15%. It means in particular that dimensions of atoms themselves are
rather stable within the limits of temperature technological modes including a melt state, crystalli-
zation and solid substance (material). The emerging and research of metallic clusters and also de-
riving nanocrystalline and cluster materials was made the problems of nanostructure determination
especially actual.

In this work some results of research about correlations of rigid and liquid condition of ele-
mentary substances are given on the basis of cluster model of a structure of substance in condensed
states. The temperature interval of these condition makes from T = 0 K up to the TC - temperatures
of the critical point " liquid / vapour (gas) ". This interval includes also the point melting-
crystallization TL, near to which are rather well known a macrophysical property of many sub-
stances, including macrodensity ρ, interatomic distances R1 and coordination numbers Z1 in nanos-
tructure. Before was shown ([1] etc. earlier), how the structure of crystal characterized by numbers
R1S and Z1S, will be transformed to a structure of liquid with the meanings R1L, Z1L. Essentially that
after melting R1L < R1S but Z1S = Z1L at many substances. In other hand the comparative study of
literary data about meanings R1 of majority of elementary substances in liquid and solid states was
realized. ([2] etc.) This research has shown that R1 in the time of heating of metal crystals in an in-
terval (0, TL) is increased less than by 2 % if structural transformations are not present in concrete
substance. As show many experimental data values R1 and Z1 of liquids do not practically depend
on temperature in an interval (TL, TC) or decrease a little.

These results well correspond to the theory of a cluster structure of liquids developed by us. In
this theory we assume, that a natural elementary cell of crystal and liquid both are stable minicluster
consisting of central atom and Z1 atoms of the first coordination sphere on a distance R1. The iden-
tity of elementary cells in an interval (0, TC) allows calculating a critical density ρ and also the tem-
perature TC and pressure PC value. At the same it used of a model of spherical atom by a diameter
da = R1 and van der Waals equation of state. On this basis the accounts of main properties the criti-
cal point "liquid / gas" of many substances having various structures of a crystalline condition are
conducted: the PC (Z1=6), BCC (Z1=8), HCC (Z1=12). They have a little bit distinguished theoreti-
cal parameters of a minicluster model owing to a difference in Z1 and denseness of atoms packing in
a crystal.

The results of all estimates have shown good concurrence known experimental (only Hg, Cs,
Rb, K) and other data ρC, TC and new settlement values at many metals. Thus the obtained evalua-
tions once again testify to genetic coincidence of solid and liquid state of substance. It is exhibited
first of all in uniformity and invariance of main nanosructural characteristics of condensed states:
Z1L = Z1S and R1L ≅  R1S, rigidity of spherical volume of atoms va and stability of a number of other
values. All this specifies also a duality of atomic structure of liquids and different character of
packing of atoms in micro- and in macrovolumes. In microvolumes (in miniclusters) the atoms of a
liquid are situated as in the crystal. In macrovolumes the liquid consists obviously of chains of
miniclusters, joint by rigid connections between separate atoms of the first coordination spheres of
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connected miniclusters. By increasing of temperature the volume of atoms and miniclusters remains
constant but intercluster volume increases. The space disposition of chains can rapidly change as a
result of mechanical or thermal effect. This ensures mutability of a structure, high fluidity of liquids
and many other special properties exhibit also in the critical point "liquid/gas". In the close vicinity
of critical point the miniclusters begin to break up that causes of fast growth of a thermal capacity.
With T = TC all mass of substance turns to gas for which Z1 = 1. Process of gas cooling close of
critical point from a condition ρ = ρC, T = TC, P = PC first of all reduces to formation of free clus-
ters, then cluster aggregates, which are linked (are condensed) in small drops of a liquid. In a
gravitational field these drops turn in macrovolume of liquid.

In carried out researches all circumscribed transformations are considered as thermal though it
is obvious that in their basis the quantum processes in electronic subsystems of substances ensued
feed or removal of energy lie.
1. Basin A.S.. Transition of a structure of a crystalline lattice in a structure of a liquid // Evolution
of defective structures in condensed mediums. - Barnaul: Altai State Technical Univ., 1996. - P.29.
2.  Basin A.S. A ratio of dimensions of atoms in nanostructure of solid and liquids // Evolution of
defective structures Kochanenko D.V. in condensed mediums. - Barnaul: AltaiSTU, 1998. - P.18.

WEAR RESISTANCE SURFACE LAYERS ON METALS FORMED BY
MULTICOMPONENT ELECTROEXPLOSIVE ALLOYING

Budovskikh Е.А., Martusevitch E.V.
Siberian State University Of Industry, Russia,

654007  Novokuznetsk, Strkkirova, 42
Tel: (8-3843) 46-22-77, Fax: (8-3843) 46-57-92, E-mail: gromov@physics.sibsiu.ru

The impulse effect on metals of plasma jets generated at electrical explosion of conductors,
results in melting away of thin surface layers and interaction of a melt with vapor-plasma and con-
densed products of explosion. The main features of electroexplosive alloying are determined by
action on a surface by action on a surface by thermal impulse and gas-dynamical pressure, hydro-
dynamic processes in a melt, heterogeneous structure of jets. The comparative analysis of the avail-
able references shows the large potential opportunities of development in this direction. The wide
choice of materials of exploding conductors causes wide opportunities of application of a method.
For one pulse of treatment it is possible alloying of surface layers by the area up to 5...10 cm2 and
thickness up to 20...40 cm. The application of electrical explosion and phenomena, accompanying it
in various technologies of treatment of materials, now has resulted in creation of the appropriate
equipment distinguished by simplicity of a design, low cost, high reliability and ecological safety.
In this paper are presents the results of metallographic investigations of treatment of titanium alloys
and steels by aluminum and carbon and by aluminum and boron also. The electroexplosive alloying
carried out for creating at once layers heat resistance or wear resistance. Measurement showed that
properties of surface are increases on a several times.
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FORMATION OF A GRADIENT STRUCTURE OF METAL AT TO DIFFERENTIAL
QUENCHING OF RAIL STEEL

Grachev V.V., Petrov V.I., Sarychev V.D., Gromov V.E.
The Siberian State Industrial University, Kirov St. 42,

Novokuznetzk, Russia, 654007, E-mail: step@sibgiu.kemerovo.su
Tel: 8-3843-462277, Fax: 8-3843-465883

Now already it is possible to ascertain, that the uniformity of metal materials used in the prac-
tical purposes, not always is desirable. The large interest is represented by materials with, so-called,
gradient structure. In such material, structure and, hence, all properties are monotonous or un-
monotonic function of coordinate, in which role distance from a surface up to a considered deeper
layer acts more often. As the practice shows, the creation of gradient structures can be very per-
spective with the purpose of increase of operational resistance and durability of railway rails.

The traditional heat treatment does not allow to receive such complex of properties of rails,
which to the full answered the requirements, showed to them. The most simple and effective way of
artificial creation of a demanded gradient structure of a rail is the differential quenching, at which
during short time, but very intensively are cooled from temperature of an austenization a surface
and surface layer, with the subsequent rather slow general cooling of other volume of a material.
Such quenching forms in a surface layer the gradient structure having raised hardness and durabil-
ity, the most favorable heterogeneity of the head of a rail is created; a firm, strong top layer and
rather soft central part.

In the given work is shown, that the differential quenching of rail steel forms in the head of a
rail a surface layer (depth of 1-2 mm) raised hardness, with the expressed gradient structure. Within
the limits Of this layer the characteristic unmonotonous dependences of the size of a grain and pa-
rameter of thin structure of a pearlite (thickness of plates of ferrite and cementite) from distance up
to a surface of processing, because of the special thermal conditions are revealed which are created
by a differential quenching in a surface layer of metal.

CLASSIFICATION OF POIINT DEFECTS AND THEIR COMPLEXES FOR TWO-
DIMENSIONAL HEXAGONAL CRYSTAL LATTICE

Starostenkov M.D., Dudnik E.A.
General Physics Department, Altai State Technical University, Lenin St 46, Barnaul, 656099, Rus-

sia, tel. (3852) 368522, fax (3852) 225451, e-mail: ntsc@desert.secna.ru

Classification of point defects such as vacancies and their complexes, point defects of substi-
tution (PDS) and their complexes for two-dimensional crystal lattice was made in the given paper.
Main energetical and structural characteristics for static and dynamic systems were calculated. All
possible, configurations of point defects and their groups were shown. It was made the analysis of
structural and energetic peculiarities in the area of point defects and their complexes.

Possible combinations, structure and configurational energy of point defects and their com-
plexes of different types, which can form in two-dimensional thin film of atomic planes (111) of
L12 superstructure were studied in the model of hard spheres. It was studied energetical advantage
of unification of single point defects (vacancies, PDS) into complexes: divacancies, threevacancies
and their complexes, consisting of two and three PDS. The maximum value of bond energy of sin-
gle vacancies at the unification of single vacancies into complexes was reached, when the distance
between vacancies was equal to the radius of the first coordinational sphere. This value decreased
with the increasing of the distance between vacancies. Annular substitution of the pairs of PDS at
the first coordinational spheres along one of closely packed crystal-graphic directions was advanta-
geous at the unification of single PDS into complexes. Geometrical figure, having PSD at their
apexes took the shape of a disk. Local structure near the complexes of the nearest divacancies, re-



ceived by the method of molecular dynamics, was changed, taking into account the displacement of
atoms in the result of relaxation. The elements of atomic packing, corresponding to the symmetry of
non-crystal, the fifth and other orders appeared in the crystal structure. Such areas could be called as
nanocrystal cluster or quazi-crystal cluster (pic.1). Atomic-structural reconstruction was studied as
the formation of the dislocations in three-dimensional crystal (рic.2).

                         a)

        
                              a)                                                               b)
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Pic.1. Configuration, consisting
of three vacancies, taking into
account the relaxation: a) the areas
of local distortion of lattice sym-
metry, where the displacement of
atoms is more than 20%.
Pic.2. Pictures of packing of atomic rows are observed:
a) dipole;
b) disk of vacancy.
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MODEL OF DEFECTS EVOLUTION IN ION-IRRADIATED FCC-METALS
Gafner J.J., Gafner S.L.

Khakassian State University, Abakan, Russia 655017.

Various aspects of the irradiation-induced evolution defect microstructures have been studied
 number of years both experimentally and theoretically. It has been a common practice to treat
roblem of defect accumulation during irradiation within the framework of mean-field theory
 chemical rate equations. However, under cascade damage conditions, none of the assumptions

 in the conventional approach is valid because of a massive intracascade recombination and
taneous clustering of vacancies and self-interstitial atoms (SIAs) already during the cooling-
 phase of the cascades and subcascades. In an effort to overcome these discrepancies and to be
to incorporate the physical features of the damage production in multidisplacement cascades
subcascades have been proposed a new model called “production bias model” (PBM). The
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model takes explicitly into account the consequences of intracascade recombination and spontane-
ous formation of clusters of vacancies and SIAs. The PBM also depends on the removal of SIAs
clusters, which may occur via the one-dimensional glide of small SIA loops. It is necessary to note
that the interaction of defects as a rule is shown at a nuclear level and to carry out a direct experi-
mental research rather difficulty. An alternative way is the computer modelling by a method of
Monte-Carlo with use of binary collisions approximation. The computer program is executed in
frameworks РВМ model with reference to an irradiation of fcc-metals by high-energy ions forming
the cascade of damages, and simulates migration and interaction of defects, annealing of defects by
means of their recombination and аnnihilation on sinks, ignoring interaction between separate at-
oms. It is based on a simple model defects diffusion and their interaction and physically is correct
by relatively dilute concentration of defects. The similar computer simulation allows more com-
pletely to check up regularities influencing to migration and a reactions between defects, obtained
by interactions of defects by molecular dynamics modelling.

MONTE-CARLOES SIMULATION THERMAL ANNEALING IN Cu
Gafner J.J., Gafner S.L.

Khakassian State University, Abakan, Russia 655017.

The diffusion of defects in Cu after irradiation by high-energy ions can be investigated by
Monte-Carlo methods in frameworks РВМ model (production bias model). Clusters of both types
(interstitials and vacancies) are thermally stable. Point defects and defect clusters centred on lattice
sites, with radii related to their cluster size. Mobile defects move one lattice site at a time in ran-
domly chosen directions. The order in with the defects are chosen to move is determined by random
selection, depending on the number of mobile defects and assigned relative jump probabilities.
Glissile clusters diffuses through the crystal lattice until it is trapped by any immobile defects. The
mobility of the one-dimensionally diffusing glissile clusters is comparable with that of the single
SIAs. Two defects interact when their separation falls within the assigned critical reaction distance
for that interaction. The interaction product is placed at the target defect's lattice site. The annealing
is continued until no mobile defects remain in the volume being annealed. When simulating the
thermal annealing in a single cascade region, the cascade is placed at the centre of a volume that is
somewhat larger than the cascade in all directions. For simplification of calculation were conducted
for want of voids in simulated area. Such approach is reasonable by doze of irradiation below than
10-2 displacements per atom (dpa). The outcome received by repeated calculations at different sets
of the defective configurations within the framework of given initial parameters. Under condition of
low temperature ions irradiation, simulated a complete stage thermal annealing of the high-energy
collisions cascade. On the basis of a computer program some features of evolution defective micro-
structure reshaped on a surface of metals after transit of the high-energy collisions cascade were
investigated. The role of one-dimensional motion of interstitial clusters in a broad interval of differ-
ent initial conditions was systematically studied. The analysis of influencing of mobility of vacan-
cies on formation of all defective microstructure was conducted. The final distribution of defects on
a cluster size was studied in case of short and full stages of a thermal annealing.

INTERRELATION OF REACTIVITY, STABILITY AND DEFECT STRUCTURE OF
ENERGY MATERIALS

Gazenaur E.G., Frolova Ya.S., Krasheninin V.I.
Kemerovo State University, Kemerovo, Krasnaya, 6, 650043, Russia, telephone: (83842)233527,

fax: (83842)233885, e-mail: specproc@kemsu.ru

This work is prolongation of cycle of works devoted to investigation of influence of defect
structure heavy metal azides (tread-like crystals of leads azide and silver with average sizes
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10×0,1×0,03 mm3) on physicochemical processes, flowing past after energy effect. Experimentally
set, that irrespective of a view of energy action (radiolysis, photolysis, electrofield decomposition)
the sluggish decomposition heavy metal azides (HMA) flows past with formation of nitrogen (N2),
polymeric compound of nitrogen (N6), metal, and is determined by defect structure of substance.
Process of sluggish decomposition HMA is localized in reactionary regions (RR), which generated
from edge dislocations in surface region of a crystal. The average sizes of RR make 10×20×5 mkm3

in AgN3 and 20×30×5 mkm3 in PbN6 (to detection of RR applied a method of pits). A role of dislo-
cations in formation of products of decomposition estimated as follows. If by action on dislocation
structure to deduce dislocations from a chip, at the subsequent energy action of decomposition is
not observed within 20 clocks. During this time the chips are chemically inertial to the mentioned
above energy actions. A requirement the shaping of a RR - presence of edge dislocations and pres-
ence in chips of impurities with concentration not less than 10-16 см-3 is revealed experimentally. In
a RR long-lived time after the termination of effect the processes of decomposition are prolonged,
accompanied by generation of nonequilibrium electrons and holes, therefore in a RR the cluster of
an intermediate product (N6) the existence and which stability is confirmed by quantum-chemical
calculations is shaped. The procedures of control of time of formation of a RR designed which al-
lows targeted to set reactivity HTM, and also to drive time of formation of intermediate product.

THE ULTRASONIC SPECTROSCOPY OF POLYMERIC MATERIALS
Golubj P.D.

Barnaul State Pedagogical University, Barnaul, Russia

The ultrasonic researches allow to obtain a full and reliable information about physical prop-
erties of different systems, including polymeric materials. In samples the values of velocities of
ultrasonic waves longitudinal and shear propagation, received by ultrasonic methods, are usually
used for determination of elastic modulus. Our researches lead to conclusion about this, that on the
basic of the ultrasonic measurements it is possibly to study the wide spectrum of polymer charac-
teristics.

The unique correspondence between the elastic modulus and strength properties of the mate-
rials allowed to realize the estimation of their strength, the limit of forced elasticity and also cohe-
sion energy.

The bond between the elastic modulus and thermophysical properties of the materials are
stipulated the forces of intermolecular interaction, determined the character of oscillation processes
in polymer chains. The obtained relations allowed to calculate their coefficients of thermal expan-
sion, Debye temperatures, thermal capacities and thermal conductivities.

The modern model conceptions and special theories point the way of determination of the row
of parameters of the interchain interaction, including the power indexes in potentials of attraction
and repulsion and also Grunyez constants.

We showed that it could be received information about the structural peculiarities of the
studied objects, using the ultrasonic measurements. On the basic of realized experiments the coeffi-
cients of polymer chains packing, values of unconfined space of some polymer chains and Rao con-
stants, corresponded to them, are calculated. The values of average free path of the thermal pho-
nons, founded from the acoustic measurements, show on sizes of ordered domains in the studied
structures.

The comparison of parameters, obtained on the basic of ultrasonic data, with the results of di-
rect measurements, establishes their satisfactory correlation. It gives the foundation to consider the
acoustic methods are the more effective and reliable instrument for the spectroscopy of polymeric
materials.
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FORECASTING OF CYCLIC CRACKING RESISTANCE OF LOW-CARBON LOW-
ALLOYED STEEL 0,09С2MN1S IN CONDITIONS OF THE UNIFORM STATE OF

STRESS
Gretskaja I.A., Sosnin O.V., Konovalov S.V., Kovalenko V.V., Tsellermaer V.V., Gromov V.E.

Siberian State University of Industr, Kirov str., 42, Novokuznetsk, Russia, 654007
Tel. +7-3843-462277, Fax. +7-3843-465792, E-mail: gromov@physics.sibsiu.ru

There are accelerated methods of an estimation of cracking resistance at static and cyclic
loading. Under the real conditions the material is more often subjected to an completely cycling
loadings. The methods of the accelerated definition of parameters of cracking resistance are effec-
tive enough and less time taking. Advantage of these methods is that at their use it is possible to
calculate a theoretical curve of cracking resistance under characteristics of static strength, without
testing.

In the given work cyclic cracking resistance of cylindrical samples with a circumferential
notch was estimated on low – alloyed steel 0,09С2Mn1S (0,09%C, 2%Mn, 1%S). Samples in di-
ameter 3mm and length of 300 mm preliminary were annealed at temperature 680oC during 30
minutes, then they were subjected to natural ageing.

Standard tensile tests were carried out on the "Instron" machine with record of the diagram in
coordinates loading P – absolute elongation Δl. True stresses (S) and true deformations (ε) were
determined by the method of plastic–destructive analysis and constructed stress – displacement re-
lation in doubles logarithmic coordinates. Cyclic cracking resistance was estimated with the help of
the kinetic diagram constructed as dependence of growth rate of a fatigue crack dl/dN on amplitude
of stress intensity factor.

Limiting (critical) value of stress intensity factor (fracture toughness) was (determined) ac-
cording to standard techniques. Stress range was estimated according to expression

L.K πσ∆=∆ 640 , where L=(D-d)/2, D – external diameter of a sample, d – diameter of an isth-
mus in a plane of a circumferential notch. Quantity of loading cycles, necessary for appearance of
cracks in the concentrator was estimated according to Manson-Koffin equations
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n σεεε 5316060 =∆=∆ − , where εk=ln[1/(1-φ)] – initial plasticity of  a material, E –
the modulus of elasticity.

At known values of true stresses and deformations in this work calculation of quantity of cy-
cles before formation of cracks was made depending on amplitude of plastic deformation.

Thus, in the work it is predicted cyclic cracking resistance of cylindrical sample from steel
0,09С2Mn1S with a circumferential notch in conditions of the uniform state of stress. At change of
stress intensity factor ΔK=17 MPa/m2 quantity of loading cycles before appearance of cracks was
200, strain amplitude was Δε=1,5% and crack growth rate v=5,5.10-5 mm/cycle.

DUCTILE-BRITTLE TRANSITION IN ALLOYS ON THE BASIS OF FE-SI
Medvedev M.V., Glezer A.M.*, Gromov V.E., Voronov I.N.

Siberian State University Of Industry, Novokuznetsk, Russia,
E-Mail: Konovalov@Physics.Sibsiu.Ru

*I.P.Bardin State Science Center for Ferrous Metallurgy.
e-mail: glezer@imph.msk.ru

The rapid increase of ductile-brittle transition temperature Td-b in Fe-Si alloys is observed in
process of growth of the silicon concentration. Transition of magnitude Td-b from range of the nega-
tive temperatures in range of the positive temperatures is happened when processes of atomic or-
dering begin to play a significant role. Value of Td-b in alloys on the basis of iron-silicon is struc-
tural-sensitive and depends on the grain size.
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Influence of alloying elements on propensity to ductile fracture of the ordered alloys on the
basis Fe-Si, was regularly observed, on the one hand, to reveal alloying elements which favorably
influence to plasticity and establish their optimum concentration and, on the other hand, to under-
stand the reasons of similar influence and finally to find out a nature of brittleness of alloys on the
basis iron-silicon.

Analyzing the received data it is possible to pick out some alloying elements (Al, Ga, Nb, Cr
and Ni), which reduce Td-b and expand an interval of plasticity of the iron-silicon alloys.

Practically all alloying elements lowering propensity to fragile destruction, to some extent in-
fluence parameters of atomic ordering of the investigated solid solutions. The only thing from the
alloying elements, lowering Td-b, but not varying parameters of atomic ordering, is Nb. It is possible
to assume, that Nb influences electronic structure  iron-silicon. With the purpose to be convinced of
it studying electronic spectra of alloy Fe-11аtom%Si alloyed 1аtom% of Nb, with the help of a
method of x-ray photoelectronic spectroscopy was undertaken. Appeared, that  alloying Nb results
to expansion a valence band and in shift of a maximum of a spectrum in area high  energy of  in-
teratomic bond, and also to increase of an index of asymmetry 2р3/2 - a level of iron. It, apparently,
is caused by increase of density of a charge at the Fe atoms, as accompanied by decrease of cova-
lent component of bond.

We do not consider influence of  the grain size to the plasticity, because all values Td-b were
given in the standard grain size d0, and the variation of the grain size for concrete structure is easy
carry out, for example, at selection of a regime of preliminary thermomechanical treatment.

NANOSIZABLE STRUCTURES UNDER CONDITIONS OF
ELECTROSTIMULATED DEFORMATION

Petrunin V.A., Tsellermaer V.Ya., Gromov V.E.
Siberian State University Of Industry, Russia,

654007 Novokuznetsk, Str.Kirova, 42
e-mail: step@sibgiu.kemerovo.su, tel: (8-3843) 46-22-77, fax: (8-3843) 46-57-92

The synergetic scheme of the slaving of the plastic deformation by the large scale displace-
ments in material is realized in [1]. The transition of the large scale displacements from the level of
grain to the micro cracks level is remarkable phenomenon in the upper paradigm.

The universality and scaling leads to the formation of nanosizable structure of the carbide
phase particles (Fe3C) on the boundaries of material fragments [2]. Dislocations, forming boundary
grains (dislocation walls – small angle boundaries) are characterized by scaling [2]. “Mobile” dislo-
cations (“dilatation and shear on the one atom”) are formed by “electron wind”, and “fixed” dislo-
cations are formed by drawing, and fatigue et cetera [1].

The scaling under (far) nonequilibrium conditions is discussed in [2]. Many experimental data
on the electroplastic deformation are correlated with effective electron wind stresses σ = (mυF/e)⋅j
[1] with the good accuracy, where m – the electron mass, υF – the electron velocity on the Fermi
surface, e – the electron charge, j – the electric current density.

So, the factor growth of own stresses of mobile dislocations (defermined by the electron
wind) is the saurce of nanosizable structures in the material.
1. V.A.Petrunin, V.V.Kovalenko, S.V.Konovalov, V.E.Gromov, O.V.Sosnin // Izv.vuzov.
Tcheurnaya metallurgiya.- 2000.- №12.- p.46-50.
2. V.A.Petrunin, V.Ya.Tzellermaer, V.E.Gromov // International school-seminar “Evolution of
defect structures in condenced media”. (Reports, 2-7 september, 1998), Alt.GTU, Barnaul, Russia,
ed.M.D.Starostenkov.-p.50.
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ELECTRO-SLAG TECHNIQUE OF CAST DIE TOOL PRODUCTION
Kirienko A.M., Guriev A.M.

Altai State Technical University, Lenin St 46, Barnaul, 656099, Russia,
tel. (3852) 368522, fax (3852) 225451, e-mail: ntsc@desert.secna.ru

The method of steel smelting is the essential for steel properties to be obtained as well as
alloying and modifying processes. One of the main problems to be solved by metallurgists is the
improving of steel quality that as a rule directly correlates with the purity of steel.

There are some metallurgical methods to obtain high quality steel: deoxidizing, alloying, re-
fining and degassing and some methods of refine remelting – electron-beam remelting, electro-slag
remelting, and so on. The electro-slag technique (electro-slag remelting ESR, electro-slag casting
ESC) to manufacture a cast die tool is the most promising because of electro-slag refining process.
This process is the most commonly used in industry and have advantages over others processes. In
the course of ESR the electric current generates the heft in the synthetic slag bath. The heat main-
tains the slag bath in liquid state and melts the metal electrode to be remelted.  Metal during
remelting process is purified from impurities, gases, non-metallic inclusions because of interaction
between drops of metal and active slag melt and progressive solidification of melt from the bottom
to the top. That provides the forming of dense structure ingot. The ESR process is used for produc-
tion of steel ingots of hard working tool, stainless, acid-proof, heat-resistant steels, low alloying
steels for forgings and high-temperature strength steels. There is a tendency to increase both - ingot
mass and a ESR unit capacity.

For the electro-slag crucible melting (ESCM) requirements to the shape and the surface of
consumed electrode are minimal. Possible to melt electrode changeable in cross section and shape,
assembled from different peaces of metal by welding. The electro-slag casting is suitable to get
castings from any materials (steels, alloys, cast iron with globular graphite and so on). So, con-
sumed electrode is composed from proper chemical composition blanks.

Electro-slag production process is clean enough. That allows locating bays of electro-slag
centrifugal casting (ESCC) or electro-slag casting in metal moulds (ESCMM) directly in heat-
treatment, welding or repairing workshops. The sufficient loading is the necessary condition to start
the ESC bay in any enterprise. Different special-purpose equipment to produce wide range of
blanks with the mass from kilogram to ton and more by ESCC and ESCMM methods was worked
out in the welding institute named by E.O. Paton (Ucrane).

The foundation of ESC process is the melting of consumed electrode. Liquid metal moves
from the edge of melted electrode to the mould through the liquid slag without contact with sur-
rounding air. Solidification of casting occurs within the thing skin of a slag lining (skull). That re-
sults in negligible interaction with mould material and smooth surface of a casting that may be usu-
ally used without subsequent machining.

Refining process of metal to be remelt generally occurs during the contact with the slag of
high activity. This contact takes place in thin layer of melted metal on the edge electrode to be
melted, in drops of metal when move through the slag bath and in the boundary between slag and
metal bathes.

The advantage of EDC over others casting processes is the possibility of selective refining
from different impurities by adjusting a chemical composition of using slag.
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INFLUENCE OF HIERARCHY OF STRUCTURAL DEFECTS AND INTENSE
DEFORMED CONDITION ON PHOTOCHEMICAL DECOMPOSITION WHISKERS

CRYSTALS B-AZID LEAD
Ivanov F.I., Chmeleva К.V.

Siberian State University Of Indystry, Russia,654007  Novokuznetsk, Str.Kkirova, 42, E-
Mail: Step@Sibgiu.Kemerovo.Su,Факс (8-3843) 46-57-92

A perfection of a crystal structure of whiskers crystals b-azid lead and the developed methods
of revealing dislocation have allowed to divide the influence of a concentration of linear defects
(dislocations), dot defects and an intense-deformed condition into their photochemical decomposi-
tion by the light from an area of its own absorption.

In the report is shown, that the concentration growing dislocations is influenced on the photo-
chemical decomposition. At a deformation by the bend in the field of elasticity occurs the move-
ment of the dislocation, accompanying by the increase of an optical density WC b-PbN6. The for-
mation of nitrogen with the photochemical decomposition first of all begins on dislocations, caused
by the background of a sample. From a comparison of curves of a dependence specific gas isolation
from density dislocations is visible, that growing dislocations create in WC conditions for the more
effective course of the process of photochemical decomposition, rather than again entered.

Within the limits of the used mechanism of elementary stages of photochemical decomposi-
tion b-PbN6 the increase of concentration of dot defects at the deformation results at initial stages to
the primary formation of Vk-centers (holes seized on cation vacancies) and to the increase of the
induction period of a beginning the gas isolation. At significant times of the photochemical decom-
position, when the most part of cation vacancies will be filled by holes, there is a secondary capture
of holes and an allocation of nitrogen.

The role of the intense-deformed condition, arising at photochemical decomposition or defor-
mation, is reduced both to a separation of dot defects in fields of elastic strains and the formation of
charging heterogeneities, and to the decomposition in the electrical field of charging heterogeneities
or the field of a piezoelectric effect, found out in b-PbN6. A dependence of influence of temperature
on electrofield and the photochemical decomposition confirms the existence of area of phase transi-
tion b-PbN6 at temperature 360-380 K to the centrosymmetrical condition. The maximum in the
dependence of the specific gas isolation on the temperature falls on an area of segnetion phase.

STRUCTURE OF DIFFUSION FRONT ON SQUARE LATTICE
Khaimzon B.B.

Novokuznetsk State Pedagogical Institute, Novokuznetsk, Russia
Pokryshkina 11-14, Novokuznetsk, 654005, Russia

Phone (3843) 36-76-90, e-mail: khbb@nvkz.kuzbass.net

The structure of diffusion front and dependence of parameters of this structure on time for a
two-dimensional square lattice is investigated. The diffusion was simulated as a random walk on
four nearest neighbours. Each partiсle at regular intervals jumps on one from four nearest node of a
lattice, if this node is free. If it is occupied, the partiсle remains on a place. To exclude any correla-
tions in transition of partiсles, the exhaustive search of partiсles on each step was made in a random
sequence.

The diffusion front (shell) was constructed for each picture of diffusion. The concept of diffu-
sion front (shell) can be introduced only in computer simulation and is closely connected to the per-
colation theory. The shell is self-similar fractal. Following parameters of shell structure was stud-
ied: fractal dimensionality, number of nodes, average coordinate along a direction of a diffusion.

The new concepts are introduced: a sceleton and boundary of the shell. For them the same pa-
rameters as for a shell were investigated. Many additional parameters of a shell also were investi-
gated: number of nodes in closed loops of a sceleton, number of loops of a sceleton, number of dead
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branches, number of ramifications of dead branches, averages of nodes in a loop of a sceleton and
in one dead branch and so on.

All these magnitudes are power functions of time (number of steps). All indexes of power of
these functions were calculated.

TRANSFORMATIONS IN DEFECT STRUCTURE AND PLASTIC DEFORMATION
STAGES
Koneva N.A.

Tomsk State University of Architecture and Building
Tomsk, 634003,Solyanaya sq. 2;e-mail:kozlov@mail.tomsknet.ru;

fax(382 2) 653362

The paper is devoted to an analysis of dislocation ensemble organization on different work-
hardening stages. The classification of dislocation substructures and dislocation-disclination ones
observed at active deformation of metals and alloys is given on the base of experimental data re-
ceived by the author with the colleagues. Transformations in dislocations subsystem which lead to
substructure formation are considered. Order parameters determining these transformations are in-
troduced. Signs of autonomous behavior of dislocation subsystem and development of transforma-
tions in dislocation ensemble which similar with kinetic order-disorder transformations are ana-
lyzed. Basic peculiarities of phase transformations of dislocation subsystem are determined. Two
main sequences of transformations of dislocation structure (low-energy dislocation structure -
LEDS and high energy dislocation structure- HEDS ) observed at increase of dislocation density or
deformation degree are introduced. Experimental data testified about self-organization processes in
dislocation substructure are given : 1)parameters characterizing development of different substruc-
ture are connected by direct or inversely proportional dependencies; 2)there are bifurcation points
on dependencies of local scalar dislocation density in a concrete dislocation substructure from aver-
age scalar dislocation density. A nature of change of the stages of work-hardening connected with
substructure transformations is discussed. Data about a rate of accumulation of different defects on
the different deformation stages which responsible for internal stress field and behavior of work-
hardening coefficient are given : it is a scalar dislocation ensemble on stages II, dislocation charges
on stage III and partial disclinations on stages IV.

NEW VIEW ON THE HALL- PETCH PROBLEM. STRENGTH OF ULTRA-DISPERSED
MATERIALS

Zhdanov A.N., * Kozlov E.V.
Altai State Technical  University,

*Tomsk State University of Architecture and Building

The classical the Hall-Petch relation: 2/1
0 kd −+σ=σ  (σ0 is a strength to sliding in a grain

body, k is coefficient, determining a contribution of a grain size d) is known very long time.. It is
possible to output this relation on a base of different models: (1) connecting a grain size with a
stress in individual slip bands; (2) based on a dependence of a dislocation density from a grain size:
(3) on a base of analysis of a role of a grain dislocation sources; (4) on a base of dividing all dislo-
cations on statistically stored ones and geometrically necessary ones. With a development of a
physics of ultra-dispersed materials it was determined that coefficient k is not a material constant. It
is changed when an average size of grains is changed. Besides the coefficient k depends from a type
of grain boundaries, a possibility of sliding on grain boundaries, a presence of disclinations in joints
of grain boundaries, a material texture and other factors.
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In the paper it is analyzed a behavior of the Hall parameter k at changing a grain size on sev-
eral orders. A change of a deformation mechanism at a change of a grain size is considered and a
role of local stresses on grain boundaries is analyzed.

PLASTICITY AND REACTIVITY OF WHISKERS SILVER AZIDE
Krasheninin V.I., Kuz′mina L.V. and Khramchenko V.E.

Department of Solid State Chemistry, Kemerovo State University,
650043, Krasnaya, 6, Kemerovo, Russia

Telephone (3842) 23-12-26
Fax (3842) 23-38-85

E-mail: specproc@kemsu.ru

Silver azide is an initiating (primary) explosive. Physicochemical properties of silver azide are
well studied and it is often used as a model material in solid state chemistry. However, a number of
formerly unknown features of silver azide behavior was observed.

Thus, the sizes of diamagnetic silver azide crystals under a strain and in the magnetic and
electric fields have been found to change. The relative lengthening of the samples is 10-3. It was
established that the value and the sign of this effect was changed (i.e. the anisotropy was observed)
depending on the orientation of a crystal in the magnetic and electric fields. The change of the di-
mensions results from the effect of the prolonged energetic force.

Moreover, we have studied first the slow decomposition of silver azide crystals under the
mentioned influences. The availability of the momentary postprocesses after the energetic treatment
has been found. The interdependence between the decomposition reaction and the effect of size
change has been stated. The time required for the highest possible change of crystal sizes has been
turned out to coincide with time when the maximal volume of the “trapped” gas evolution was ob-
served.

It is assumed that the cationic sublattice affects on the change of the dimensions of silver az-
ide crystals.

THE INTERACTION OF THE TiFe SURFACE STATES WITH SIMPLE ADSORBATES
Kulkova S.E.a,b, Valujsky D.V.b, Chudinov D.V.a, Kulkov S.S.a, Smolin I. Yu. b

aTomsk State University
bInstitute of Strength Physics and Materials Science of the Russian Academy of Sciences, Tomsk

634021, Russia
fax: (382-2) 250576, work phone (382-2) 286848, home: (382-2) 258024;

E-mail: kulkova@ms.tsc.ru

In the past two-decade the properties of metal surfaces have been the subject of an inreasing
number of experimental and theoretical studies. The electronic properties of transition metal (TM)
alloys are less investigated. It is known that adsorption of hydrogen or oxygen may modify the
properties of TM interface growth. Surface oxygen can considerably improve surface order and
enhance the magnetic properties. Hydrogen plays also a crucial role in the properties of various
materials. However, the modification of surface electron properties by hydrogen or oxygen adsorp-
tion is not well understood. TiFe is known as hydrogen storage compound, one of the key material
for the development of future clean hydrogen energy system but it is very difficult to activate. It is
believed that the activation of a thin film of TiFe hydride is much easy. The main goal of the pres-
ent work is to study the bonding mechanism between simple adsorbate and TiFe (001) and (110)
surfaces states. A full potential linearized augmented plane wave method was applied for the cal-
culations of the electronic structure for (001) and (110) B2-TiFe surfaces with hydrogen or oxygen
in the different adsorbate sites. The surface was simulated by repeated slabs separated in z-direction



20

by a vacuum region. To determine the stable adsorption geometry we have allowed a minimization
of the total energy with respect to the height of the adsorbed atom measured from the center of the
top layer of the pure TiFe surface. Four different adsorption geometry (H adsorbed on-top of Fe or
Ti atoms and H adsorbed on a bridge position between Fe or Ti atoms) were considered for (110)
surface. In the case of (001) surface H (O) has been considered in the fourfold hollow position. The
atomic positions were relaxed by minimizing the forces acting on the atoms. Our results suggest a
possibility of the reconstruction of both (001) and (110) surfaces. The adsorption on the Ti-
terminated (001) surface is found to be preferable. Comparing the total energies of the four H ar-
rangements on the TiFe (110) surface we find that Fe-bridge adsorption is most favorable. The pre-
sent results indicate also that hydrogen atom exhibits a larger affinity with Fe atoms rather than Ti
atoms. The chemical bond between surface states of substrate and adsorbate is analyzed. As a result,
it is shown that the hydrogen and oxygen adsorption characteristics are well understood in terms of
the chemical bonds between atoms. The microscopic explanation of the local surface reactivity is
suggested. The influence of hydrogen (oxygen) adsorption on magnetic properties of Fe-surface and
subsurface atoms is also discussed. It is shown that the formation of surface oxide layer hinders the
hydrogen adsorption.

This work was supported by the Russian Foundation for Basic Research grant (N 02-02-
16336).

THE BAND STRUCTURE CALCULATIONS OF METAL-SEMICONDUCTOR
INTERFACE

Subashiev A.V. 1, Kulkova S.E.2,3, Khanin D.V. 3
1 State Technical University, St. Petersburg, Russia,

2Institute of Strength Physics and Materials Science of the Russian Academy of Sciences,
Akademichesky 2/1, 634021, Tomsk, Russia,

3Tomsk State University
fax: (382-2) 250576, work phone (382-2) 286848, home: (382-2) 258024;E-mail:

kulkova@ms.tsc.ru  fax: (8122) 5526706, work phone (812) 5527793, home: (812) 2345252;E-
mail: arrsen@spes.stu.neva.ru

The modern generation of highly polarized electron sources is based on photoemission from
semiconductor nanostructures. Strained GaAs-based short-period superlattice structures are found to
be the best for this purpose. To achieve considerable improvement of the both emitted charge and
electron polarization an optimization the cathode heterostructure parameters is necessary. In the
present paper a full-potential linearized augmented plane wave (FLAPW) method is used to investi-
gate (MeAs)1(GaAs)1 (001) multilayer structures with Me=Al, In, Cs, Mn as well as clean and cesi-
ated GaAs (001) and (110) surfaces. Such ab-initio calculation can elucidate the microscopic origin
of change in the electronic properties in the interface area, in particular, the magnetic anisotropy of
heterostructures consisting of ferromagnetic metal and semiconductor and to explain their so-called
half-metallic behavior. In addition, we have studied the adsorption of alkali metals on the GaAs
(001) and (110) surfaces that leads to a drastic decrease of the work function. This phenomenon is
known to be quite different from that for the alkali metals adsorbed on the metal surfaces. For com-
parison the work function dependence on the coverage for cesiated Au (001) and Cu(001) surfaces
is also evaluated and found to be in good agreement with experimental results. The atomic layer
model for the Cs as well as for the metal and semiconductor substrates was used instead of the
popular jellium model. The interaction of the surface states of GaAs and metal substrate with adsor-
bate and charge transfer is discussed. The layer resolved density of states, electron energy spectrum
and single particle charge densities of some surface states are analyzed. The origin of the surface
states within the fundamental band gap and the reconstructed surface properties with Ga-dimer in
the surface layer of GaAs (001) (2x1) structure are discussed. The computer simulation allow one to
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obtain the correct physical-chemical trends for realistic Me/Sc interfaces, to predict the properties of
GaAs-based heterostructures and suggest their composition.

This work was supported by the Russian Foundation for Basic Research grant (N 00-02-
16775 and N 02-02-16336), INTAS grant (N 99-00125) and CRDF (N RP1-2345-st-02).

CU-TIB2 NANOCOMPOSITE AS MOTOR OIL ADDITIVE.
Mamylov S.G., Lomovsky O.I., Kwon Y.S.*, Mironenko I.G.**

Institute Of Solid State Chemistry And Mechanochemistry Sb Ras, Kutateladze,18. 630128, Novo-
sibirsk, Russia, mamylov@solid.nsc.ru *Research Center Remm Of Ulsan University, Ulsan 680-

749, Korea.**Novosibirsk State Academy of Water Transport, Schetinkina,33, 630099, Novosibirsk,
Russia

There are some recent tendencies in development of additives to motor oils. One of these is
the preparation of metalcladding additives able to growth copper metal layer at the wearing surface
up to one micron of high. The perspective type of additive is characterized by great remedial activ-
ity of motor part surface. It is known, that attachment of remedial additive into lubrications results
in formation between friction surfaces thick (up to 100 and more micron) layers, which are closing
down wearing defects. A material of films is metal ceramic composite containing copper and hard
inorganic substance, generally, alumina and silica.

The literature overview demonstrates, that one of the perspective challengers for the role of
ceramic grains is the titanium diboride with his unique physical properties At target aggregate for-
mation it is important to receive not simple fragments of ceramics in metal matrix of composite, but
as more as possible shallow fragments, in a limit of nanometer sizes.

Aim of the present paper is the investigation of some friction pairs with introduced or-
ganometalceramic composition based on copper - titanium boride composition from the point of
view of system friction coefficient.

Copper – titanium diboride composite material containing titanium diboride 1.3 – 3.5 nm par-
ticles in 50 – 100 nm copper grains was prepared via mechanochemical reaction of titanium and
boron in copper matrix. Dispersion of composite particles in oil was made by mechanical treatment
in high intensive planetary ball mill.

Friction pairs “steel-steel”, ”steel-bronze”, “steel-aluminum alloy” were studied in oil with
additive. The measuring of moment of friction with the subsequent recalculation was conducted on
the friction installation MI-1. Friction moment dependences upon temperature and load were ob-
served. The main result of investigation one may formulate as next: for “steel-steel” pair the friction
coefficient decreasing up to ten fold is observed.

The results are discussed in terms of correlation of shift module values of bulk and remedial
materials. The relation of modules of steel and copper matrix composite is optimal among investi-
gated materials.

MULTISCALE STRUCTURE of NANOCROCRYSTALLINE METALS
Mulyukov R.R.

Institute for Metals Superplasticity Problems, Russian Academy of Sciences, Khalturin str. 39, Ufa
450001 Russia; tel: +7 3472 253710, fax: +7 3472 253759, e-mail: radik@anrb.ru

The nanocrystalline (NC) metals with an average grain size of about 100 nm prepared by se-
vere plastic torsion straining were objects of investigations in the given work.

Samples of Cu, Co, Fe, Ni, Pd, W and 18Cr-10Ni stainless steel were deformed by two de-
formation modes: torsion under quasihydraustatic pressure or equal channel angular pressing.

The micro-, atomic, hyperfine magnetic and electronic structure of metals was investigated by
TEM, calorimetry, x-ray, EXAFS, Mössbauer spectroscopy as well as field ion microscopy, field
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electron microscopy and field electron spectroscopy. According to the results of these investigations
grain boundaries in NC metals have excess enthalpy. The first neighbor number and a value of local
electron work function are decreased. NC metal contains atoms in two states. Atoms in the first
state have parameters of hyperfine magnetic structure typical for usual coarse-grained iron while
atoms in the second state have different parameters and low Debya temperature. It is important to
note that their parameters are fixed. A thickness of a layer of these atoms near grain boundaries is
about 10 nm. The local electron work function for grain boundary region in NC metal have de-
creased magnitudes.

A two-phase (grain phase and metastable grain boundary phase) model of NC material struc-
ture with is suggested for explanation of revealed features of structure and physical properties of
NC metals.

THE MICRODEFECT ENSEMBLE EVOLUTION EFFECT ON CRACK BRANCHING.
Plekhov O.A.

Institute of Continuous Media Mechanics, Ural   the Russian Academy of Sciences, Perm, Russia
тел. (3422)391263, факс (3422)336957

poa@icmm.ru

The microbranching of fast cracks leading to their dynamic instability is one of complex
problem of fracture mechanics. The recent Russian and foreign experimental investigations of
cracks have shown the main role of structure kinetics of material under failure and allowed us to
consider the problem in the framework of the statistical theory of mesodefects. Using the results of
this theory we obtained the non-linear constitutive equations for the tensor parameter of microcrack
density and carried out the numerical simulation of the dynamic instability under crack propagation.
The self-similar solutions of the kinetic equation showed the existence of a specific type of the de-
veloped stage of damage, which is characterised by the explosion-like kinetics of the microcrack
growth on the spectrum of spatial scales. From the results of the self-similar solution analysis it
appeared that the steady-state - branching transition occurs when the microcrack ensemble has no
enough time for generation of the self-similar pattern and its evolution (it corresponds to nucleation
and evolution of a daughter crack). In this case the statistical distribution of the material properties
starts playing a considerable role in this process and the crack takes the other more effective way of
dissipation of external energy.

The theoretical and numerical results were supported by the direct experimental study of
crack dynamics in PMMA specimen using the high speed camera and experimental investigation of
the crack surface. It was shown that in the branching regime the crack radiates an acoustic wave and
its surface demonstrates the self-similar properties. We have processed the acoustic signal from the
fast crack in terms of the correlation integral and established the existence of correlation indexes
( 4.0≈ν ) for this regime of crack propagation, which corresponds to the stochastic crack tip dy-
namics.

The main results of this work are:
•  crack propagation and generation of daughter branches results from the blow-up kinetic

of the microcrack ensemble localized on the spectrum of spatial scales;
•  theoretical explanation of the reasons for crack branching and limits of the steady-state

crack velocity;
•  determination of the scaling properties of acoustic crack emission in terms of the corre-

lation integral;
•  computing of crack branching and acoustic emission from the crack tip.
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STRUCTURE-ENERGETICAL TRANSFOR MATIONS IN THE STRONG DEFORMED
ALLOYS 40ХНЮ AND 36НХТЮ.

Alontseva D.L., Plotnikov S.V., Toktogulova D.A. (East-Kazakhstan state University, 34, 30-
Gvardeiskaya divisia st., 492020 Ust - Kamenogorsk, Kazakhstan, phone 40 - 61 - 71, e-mail

plotsv@ektu.kz and airport@ukg.kz, fax (3232) 272636)

Authors of the submitted work carry out  research of influence of a high degree of cold rolling
deformation on structural - phase transformations at the subsequent ageing industrial dispersionno-
hardening alloys on basis Ni-Cr.

Research of thin structure was carried out on transmission electronic microscope JEM -
100CX (foil). For studying the common character of structure used an optical microscope "
Neophot 21 " and diffractometer DRON –3 for studying phase structure of samples. Mechanical
tests included one axis static tension with a measurement of breaking point σb, relative fluid limit
σ02, relative lengthening till gap δ (%). The fractography a cross break studied on electron-zoned
microanalyzer SUPERPROBE 733 JEOL in a raster mode secondary electrons.

Result of the analysis of experimental data are the following conclusions:
1. The concrete modes of mehaniko-thermal processing including a high degree of de-

formation and the subsequent ageing are recommended, allowing to receive fine-grained struc-
tures with high properties of plasticity in alloys 36НХТЮ and 40ХНЮ.

2.  Formation of different types of structures is revealed at ageing strong deformed al-
loys: structures a microduplex in 40ХНЮ and special microstructures from elementary cells of
cellular precipitation (ECCP) in 36НХТЮ. The size and a volume fraction in an alloy of cells
ECCP is determined by time of aging  at the constant temperature of ageing.

3.  It is established, that high degrees of in an alloy 36НХТЮ generally do not change
morphology of structural - phase transformations, but instead of γ′- phases is cellular precipita-
tion of η-phase. The new circuit of structural - phase transformations in an aging alloy
36НХТЮ is offered at 1023-1123K after flattering with ε≥95%.

FORMATION OF FINE-GRAINED STRUCTURE IN ALLOYS 40ХНЮ AND 36НХТЮ
FOR INCREASE OF PLASTICITY.

Alontseva D.L., Erbolatuly D., Plotnikov S.V. (East-Kazakhstan state University, 34, 30-
Gvardeiskaya divisia st., 492020 Ust - Kamenogorsk, Kazakhstan, phone  40 - 61 - 71, e-mail

plotsv@ektu.kz and airport@ukg.kz, fax (3232) 272636)

Using features of preliminary cold deformation at ageing alloys, it is possible to offer phase
and structural transformations easily sold ways of reception of a ultra fine-grained microstructure in
alloys 36НХТЮ, 40ХНЮ, that will allow to realize in the given alloys transition in a superplastic
condition.

Mehaniko-thermal processing of alloys 36НХТЮ and 40ХНЮ (industrial dispersionno-
hardening heat resisting alloys of standard structure) included training on a single-phase solid solu-
tion, flattering and ageing in vacuum is no worse 1 Pа. Research of thin structure was carried out on
transmission electronic microscope JEM - 100CX (foil). For studying the common character of
structure used an optical microscope "Neophot 21" and diffractometer DRON –3 for studying phase
structure of samples. High-temperature tests of samples of an alloy 40ХНЮ on a stretching carried
out on installation 1246Р-2/2500 in an interval of temperatures 1153-1323 K in vacuum no worse
10-2 Pа.

As a result of research conclusions are made:
1. Metallography and elektronno-microscopic researches it is established, that in an alloy

36НХТЮ to a condition of superplasticity there corresponds a special microstructure from ele-
mentary cells of cellular precipitation. The size and volume fraction in an alloy of these cells is de-
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termined by time of aging at the constant temperature. A superplastic condition in an alloy 40ХНЮ
the structure provides a microduplex.

2. One axis the stretching of samples of an alloy 40ХНЮ at high temperature has shown
that preliminary processing, namely: training 1323 K (5 mines) + flattering with  ε= 90% provides
occurrence of a superplastic condition of an aging alloy in an interval of deformation’s speeds  10-4

- 10-2 с-1 and in an interval of temperatures 1153 - 1323 K.
3. The concrete modes of mehaniko-thermal processing including a high degree of defor-

mation and the subsequent ageing are recommended, allowing to receive fine-grained structures
with high properties.

HARD ALLOY SURFACE LAYER MODIFICATION AFTER VARIOUS ION CURRENT
DENSITY HIGH POWER ION BEAM TREATMENT

Tarbokov V.A., Remnev G.E., Makeyev V.A., Kuznetsov P.V.*
High Voltage Research Institute At Tomsk Polytechnic University, Tomsk, Russia

634050, Russia, Tomsk, Lenin av., 2a, phone/fax +7-3822-419158, vlad@ephc.tomsk.ru
*Institute Of Strength Physics And Material Science Of RAS, Tomsk, Russia

Modifications of surface layer of hard alloy tool made from BK-8 (WC-92%, Co-8%) and
T5K10 (WC-75%, TiC-5%, Co-10%) have been investigated to determine factors influencing the
hardening covers adhesion increase.

To analyze the surface properties electron Auger spectroscopy and X-ray analyze method
were used. Change of surface relief and microhardness was determined for different current density
in these investigations. Observations show that surface roughness and microhardness have maxi-
mum value when current density reaches 70-100A/cm2. Chemical and phase compositions changes
have threshold level when current density reaches 200-250A/cm2.

High power ion beam (HPIB) treatment leads to changing of physical-chemical properties of
semiconductors and metals. Also, it has been observed by X-ray analyzes and metallographic in-
vestigation that surface layer significantly changed. Using of definition conditions of HPIB treat-
ment results in significant enhancing of details working properties. It had been established that life-
time increases average in 2,5-3,5 times for cutting tools were treated by HPIB.

Expansion on source of HPIB lifetime and development of technology for hardening non-
resharpened cutting tools results in practical application of this technology for hardening these tools
for repairing of railroad engine wheels.

Using of HPIB is a perspective way of cleaning and surface activation before hardening cov-
ers coating such as TiN. Some of HPIB treatment conditions lead to significant increasing of cover
adhesion strength and cover’s durability and, as a result, to enhance operational functionality of
hard alloy cutting tools. Earlier investigations shown that easy-melting impurities were vaporized
from surface and free oxygen from grain boundaries was removed when surface layer was treated
by HPIB. Thus, surface cleaning is occurred. Grain boundaries become less-defined and WC and
Co inter-solution occurs. Consequence of that is healing of grain boundary defects with strongly
constrained Co-W-C atoms.

Morphology change investigations of hard alloy surface layer in dependence on HPIB pa-
rameters are presented in report. Aim of the work is to determine of aggregate factors that leads to
covers adhesion increasing.
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THE PROBLEM OF K-STATES AND CONCENTRATION PHASE DISCONTINUITY
Vasil’ev L.S.

Udmurt State University, Universitetskaya St. 1, Izhevsk, Russia,
E-Mail:Lvas@Uni.Udm.Ru, Phone (3412)761794

The macroscopically nonuniform distribution of alloying elements in the continuous and
monophase structure of steels and alloys in the low-temperature annealing range (K-state) was dis-
covered experimentally more than half century ago. No more or less adequate explanation of this
effect was given to it since  the formation of stable segregations in a continuous phase could not be
substantiated in terms of the then existing state of the art in the field of phase conversion thermody-
namics. Hence, the K-states had to be recognized as extremely finely-dispersive precipitations of
the second phase, the precipitations which result from the phase stratification corresponding to that
phase diagram domain that stretches between the coherent and heterophase stratification curves [1].
The status quo has remained unchanged since then.

Meanwhile, based on the existing experimental data, the K-states  can be concluded to arise
exactly in a continuous phase which is stratification-free. This served an incentive in looking for
new K-state problem solutions [2,3].

In the present paper we offer a correct thermodynamic substantiation of the existence of stable
segregations in continuous phases of steels and alloys. The analysis of free energe of solid solutions
indicates the presence of a domain of monophase states with thermodynamically stable nonuniform
distribution of  dopant concentrations (the domain of a K-state) directly above the destruction curve
for a non-stoichiometric solid solution with a tendency to ordering (or formation of chemical com-
pounds in the case with stoichiometric composition).

 [1] A.G. Khatchaturyan. Phase Conversion Theory Ant Solid Solution Structure, Moscow.:
Nauka (1974) 383.

[2] L.S. Vasil’ev, The 6th Intern. Sem.“The Defective Structure Evolution In Condensed En-
vironments. Computer Simulation”. Barnaul, Russia, November 19-23 (2001) 95.

[3] L.S. Vasil’ev, V Russian University-Academic Conference, Abstract Book. Izhevsk.
(2001) 19.

COMPUTER MODEL OF DEVELOPING THE MACROSTRUCTURE OF GAS-
THERMAL COATINGS

Vinokurov G.G.
Institute of Physical-Technical Problems of the North, SB RAS, Yakutsk, Russia

The macrostructure of a gas-thermal coating is formed under continuous effect of some ran-
dom factors (turbulence of the high-temperature gas flow, distribution of particles, different degree
of heating, etc.). Earlier the author has developed the statistical approach to the description of the
macrostructure of gas-thermal coatings. The Local density of a coating has been chosen as the char-
acteristic of the macrostructure. The following assumptions have been made while constructing the
statistical model:

local density of a coating is a random function of a distance to a substrate;
change of the local density by layers is a random Markovian process.
The aim of the paper considered is to reveal the main statistical regularities of developing the

macrostructure of gas-thermal coatings on the basis of the elementary model of random packings on
the plane.

The monodisperse flow of two-dimensional round particles falling on a smooth substrate is
considered. It is assumed that during the contact between a particle and a substrate or another parti-
cle the solidification without deformation takes place. Thus a random packing of round particles is
formed in the plane. To determine the local density in some region of a random packing we have
calculated the total area of particles and their fragments entering into the packing. The program



26

formed in the MathCAD7 PRO has been used for the calculations. Characteristic realization of a
random packing of particles on the plane is presented in the Figure where coordinates are in mi-
crons.

The following statistical regularities of the formation of random packings have been revealed:
formation of regular tree-like structures is revealed which points to the existence of the stable cor-
relation of local density between the layers of a random packing of particles; the same regularity is
observed in gas-thermal coatings;
- average density of random packings near the substrate changes regularly: two maximum are
observed at the distance of a characteristic size of particles; this regularity shows the influence of
the state of substrate roughness on the distribution of average density of a gas-thermal coating; at
removing from a substrate the average density is relaxing to the total density of a packing;
- variance of the local density varies nonmonotonously but it grows with the increase of the
distance to a substrate; the same dependence is also observed in gas-thermal coatings.

EFFECT OF LASER TREATMENT ON WEAR RESISTANCE OF PLASMA COATINGS
Larionov V.P., Bolotina N.P., Vinokurov G.G.

Institute of Physical-Technical Problems of the North Yakutsk, Russia

Plasma spraying of coatings is one of the promising methods of improving the wear resistance
of machinery parts and mechanisms. In this case, to provide the necessary strength of adhesion to a
base, plasma coatings are often subjected to fusion by different methods: in heat-treatment and in-
duction furnaces, in a high-temperature gas current, by an electric arc, etc.

In the paper presented the effect of CO2-laser fusion on wear resistance of plasma coatings
has been studied.

A self-fluxing powder of the Ni-Cr-Si-B system with the dispersion 80-150 mcm has been
used as a material for plasma spraying. Specimens for spraying have been steel cylinders with a 50-
mm diameter.

Plasma coatings have been sprayed on under the following technological conditions: arc cur-
rent – 210 A; arc voltag – 140 V; spraying distance – 120 mm; plasma producing gas – nitrogen.

Fusion of plasma coatings has been performed by a continuous CO2 laser with the length of
an emission wave 10,6 mcm under the following technological conditions: emissive power has been
varied from 1 to 2 kw, rate of beam travel – from 30 to 80 mm/sec.

Coefficient of mixing, depending on the depth of layer melting-down and plasma coating
thickness, has been taken as a characteristics of laser fusion.

Specimens with the fused coatings have been tested for wear resistance according to the
“disk-disk” scheme under the conditions of boundary lubrication; degree of wear has been deter-
mined by the weight method.

The results of the tests show that there is a specific interval of the values of the coefficient of
mixing within which wear of fused plasma coatings is minimum.

The data of the micro-X-ray spectrum and X-ray structure analyses of a treated surface show
that the improvements of wear resistance is prompted by the formation of strengthening phases that
takes place at the laser fusion conditions considered above.
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FIELD EMISSION FROM NANOCRYSTALLINE METALS
Zubairov L.R.1, Litvinov E.A.2, Yumaguzin Yu.M.3, Ivchenko V.A.2, and Mulyukov R.R. 1

1 Institute for Metals Superplasticity Problems of Russian Academy of Sciences, Khalturin str. 39,
Ufa 450001 Russia; tel: +7 3472 253710, fax: +7 3472 253759, e-mail: linar@imsp.da.ru

2 Institute of Electrophysics of Ural Branch of Russian Academy of Sciences, Russia
3 Department of Physical Electronics, Bashkir State University, Russia

The enhanced interest to nanocrystalline (NC) materials is attributed to their unusual physical
properties significantly different from those of usual coarse-grained counterparts. A large volume
fraction of grain boundaries within NC metals and their special, non-equilibrium states play a
significant role in formation of its specific properties. The specific behavior of physical properties
from NC materials allows to wait the features of the electronic structure from these materials.

Specific features of an electron structure of the NC tungsten and NC nickel were studied by a
method of field electron emission spectroscopy. The NC structure with average grain size about
100 nm was processed in samples by severe plastic deformation. The microstructure was studied by
ion and transmission electron microscopy.

Depending on a probing area on the emitter surface (grain boundary, near grain boundary, far
from grain boundary) the energy distribution of field-emitted electrons for NC samples either have
additional maximum in the low energy region of distribution or have a break in high-energy edge or
have one-peak form. On the basis of the our theoretical analysis it can be concluded that due to
formation of NC structures (by means of severe plastic shear straining under quasi-hydrostatic pres-
sure) paths of currents with low work function at grain boundaries occur in metal.

LIQUID-SOLID PHASE TRANSITION OF FESI ALLOY IN DROP TUBE.
Li G.L., Liu R.P.

Institute of Material Science and Technology, Yanshan University, China.
Email glee1979@eyou.com Tel 86-335-8064504

Amorphous liquid-solid phase transition of FeSi alloy was studied in the paper. By means of
optical and a scanning electron microscope (SEM), morphology transition of primary phase and
eutectic is found through observing the samples of different diameter. When the diameter of the
sample is larger than 1.0mm, faces dominate in the sample, indicating the faceted growth mode.

Further with increasing the diameter of the sample, most morphology is spherical shape, and
faceted shape is reduced. As the diameter of the sample is as small as 0.2mm, morphology of the
primary phase is branch shape, indicating the morphology transition from faceted structure to den-
drites. With the decreasing of the samples║╞ diameter, morphology transition of eutectic from fac-
eted and club-shaped to separate eutectic.

--http://www.eyou.com

MICROSTRUCTURE OF AL88NI7Y5 ALLOY SOLIDIFIED UNDER HIGH PRESSURE
Rui X. (Materials Science and Engineering College, Yanshan University)

The microstructure of Al88Ni7Y5 solidified under 6.0GPa has been analyzed by X-ray diffrac-
tion, metallograghy and SEM. The results show that the melted temperature of alloy can increased
more than 400� and the grains and the secondary phase are remarkably fined after high pressure
treatment.

KEY WORD  Al88Ni7Y5 alloy; high pressure; solidification microstructure; melt temperature



28

SUPERCONDUCTING MGB2 THIN FILMS BY HOT FILAMENT CHEMICAL VAPOR
DEPOSITION

Wang T.S., Tian Y.J., Chi Z.H., Hu Q.K., Luo X.G., Qi H.H. and Li D.C.
School Of Materials Science & Engineering, Yanshsn University, Qinhuangdao 066004, China

J. Y. Xiang and D. N. Zheng
Institute Of Physics & Center For Condensed Matter Physics, Chinese Academy Of Science, Beijing

100080, China

A new method for preparing superconducting MgB2 thin films has been introducted. MgB2
films have been prepared on (110) Al2O3 single crystal substrates by in-situ and ex-situ hot-filament
chemical vapor depositions. For the ex-situ process, amorphous boron film grown by hot-filament
chemical vapor deposition was encapsulated in a evacuated quartz tube with excess Mg and an-
nealed at 820� for 1.5h. For the in-situ process, B2H6 gas was decomposed at the hot-filament and
reacted with Mg vapor, and then formed MgB2 films on the substrates. The structural properties of
the films were examined by X-ray diffractometry, indicating that both the in-situ and the ex-situ
processed films are [101] oriented. The superconducting critical transition temperatures of the thin
films were determined by magnetization measurements, indicating that the ex-situ processed film
shows a zero-resistance transition temperature (Tc0) of ∼ 37K, while the in-situ processed film shows
Tc0 of ∼ 35K.

IMPURITY DIFFUSION OF MO IN ZR57NB5CU15.4NI12.6AL10 BULK METALLIC GLASS
Wang X.Y.1,2, Sun L.L.2, Li G.L.2, Liu R.P.1, Zhang J.2 and Wang W.K.1,2

1.College Of Material Science And Engineering, Yanshan University, Qinhuangdao,066004, P. R.
China

2.Institute Of Physics, Chinese Academy Of Science, Beijing, 100080, P. R. China

Impurity diffusion of Mo in Zr57Nb5Cu15.4Ni12.6Al10 Bulk Metallic Glass is studied by ion im-
plantation combined with secondary ion mass spectroscopy (SIMS). Activation enthalpy Q and pre-
exponential factor D0 of diffusion are obtained to be 1.95 eV and D0=1.13×10-5 m2s-1., respectively.
The viscosity of Zr57Nb5Cu15.4Ni12.6Al10 Bulk Metallic Glass is investigated below the glass transi-
tion temperature. The result shows that the viscosity coefficients decreases with the increasing of
temperature from  1.07×109 poise at 593 K to 1.42×107 poise at 673 K.

PRESSURE DEPENDENCE OF CRYSTALLIZATION, PHASE TRANSFORMATION
AND MICROSTRUCTURE OF ZR41TI14CU12.5NI10BE22.5 BULK METALLIC GLASS

Yao Y.1,2, Wang W.K.1
1, Institute of Physics, Chinese Academy of Sciences, 100080 Beijing, P. R. China and

2, Material Science and Engineering School, Yanshan University, Qinhuandao, Hebei, P.R.China

High pressure can induce atomic rearrangement in metallic glasses and alter most of their
physical properties. It is also powerful tool for modifying and controlling the nucleation and growth
in metallic glasses. For examples, pressure is an effective in influencing the relaxation and crystalli-
zation process of amorphous solids induced by thermal annealing; by controlling the crystallization,
bulk metallic glasses could crystallized to very fine-grained nano-structural material under high
pressure..

Ingots with nominal composition of Zr41Ti14Cu12.5Ni10Be22.5 were prepared by melting a mix-
ture of elements in a Ti-gettered arc furnace, and remelted in a vacuum-sealed quartz tube, then
quenched in water to obtain rods with diameters of 12 mm. High pressure was performed in a six-
anvil apparatus. NaCl powder was as the solid pressure transmitting medium. A NiCr-NiAl thermo-
couple was mounted near sample to measure temperature within ±2K. HRTEM observation was
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performed in a JEOL-2010 operating at 200kV.The DSC measurements were carried out under a
purified argon atmosphere in a Perkin-Elmer DSC7 device at a heating rate of 10 K min-1.

The glass transition, crystallization and supercooled liquid region (ΔT=Tx-Tg) are different for
the three alloys after a various treatment. The obtained parameters of Tg, Tx, Tpi andΔT arelist in
Table 1. From the results, it can be seen that the first crystallization peak is more sensitive to the
annealing and high pressure: it shrinks after preannealing and disappears when annealed under high
pressure.

Table 1. Thermofynamic and kinetic parameters of the as-prepared Zr41Ti14Cu12.5Ni10Be22.5
BMG (alloy A) and BMG annealed at 623 K for 2 h (alloy B) and at 572 k, 3 GPa for 1 h (alloy C).
Tg, Tx and Tp2 are measured at a heating rate of 20 K/min.

sample Tg
(K)

Tx
(K)

Tp1
(K)

Tp2
(K)

ΔT
(K)

Eg
(KJ/mol)

Kog
(s-1)

Ep1
(KJ/mol)

Ep2
(KJ/mol)

K0p2
(KJ/mol)

Alloy A 629 710 723 741 81 559.1 1.41x1045 192.6 272.5 2.56x1017

Alloy B 631 681 707 730 50 453.3 1.47x1036 256.7 317.1 4.07x1020

Alloy C 687 731 750 44 200.4 3.52x1013 378.3 6.0x1024

From the DSC traces of the BMG annealed at high pressure at different heating rate, the sig-
nificant structure relation induced by preannealing and high pressure annealing has been observed.
The experimental results indicate that the BMG contains a large amount of vacancy-like free vol-
ume. The relaxation results in microstructureal transition from short-range order to medium-range
order and significant effects on the subsequent glass transition and crystallization.

The pressure dependence of crystallization of the BMG reveals that high pressure markedly
decreases the crystallization temperature. It is deduced that high pressure annealing can promote
crystal nucleation by decreasing the work of formation of the critical nucleus, but it also restrains
crystal growth by decreasing the diffusion velocity of atoms.

EPITAXIAL TL2BA2CACU2O8 SUPERCONDUCTING FILM GROWTH BY EX SITU
RF MAGNETRON SPUTTERING

Sun Y.X., Yu D.L., Liu S.M., He J.L., Luo X.G., Li D.C. and Tian Y.J.
College of Material Science and Engineering,

Yanshan University, Qinhuangdao 066004, People’s Republic of China

Epitaxial superconducting Tl2Ba2CaCu2O8 thin films were successfully deposited on single
crystal (001) LaAlO3 and (001) SrTiO3 substrates. Precursor films made by rf magnetron sputtering
were thalliated at high gas pressure.

The obstained Tl-based superconducting films are characterized by X-ray diffraction(XRD) θ-
2θ  scans, ω scans and  ϕ scan. Scanning electron microscopy (SEM) is used to observe film mor-
phology. Energy dispersive X-ray analysis (EDX) is used for compositional analysis. Transmission
electron microscopy (TEM) is used for microstructure analysis. The electrical property was deter-
mined by the four-probe method.

The morphology and the property of the film are related with post-annealing temperature and
the duration. By optimizing the method of preparation, highly c-axis oriented and epitaxial films
were obtained. The rocking curve of the (0,0,12) reflection had a FWHM of 0.29°. X-ray ϕ scans
and TEM revealed better epitaxial growth. No reaction layers are observed between superconduct-
ing thin film and substrate. The highest zero resistance temperature Tc0 reached 108K.
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RESISTANCE TO WEAR OF ZR41TI14CU12.5NI10BE22.5 BULK METALLIC GLASS
Wang W.K., Li G.L., Wang L.M.

College of materials science and chemical engineering, Yanshan University, Qinhuangdao
066004, P. R. China

Behavior of resistance to wear for Zr41Ti14Cu12.5Ni10Be22.5 bulk metallic glass (BMG) is in-
vestigated. It is found that three stages are involved in the wear loss-operating time curves in the as-
quenched and annealed samples. They are running-in, steady-state and severe wear stages respec-
tively. An increase of the wear resistance ability is observed in an order: crystallization state, as-
prepared state and relaxation state. Besides, no sliding wear-induced crystallization is observed in
both as-prepared and relaxed samples, indicating good thermal stability of the BMG

PROBLEMS OF DESIGN AND SEARCH OF NEW ACENTRIC OXIDE CRYSTALS FOR
OPTOELECTRONICS

Kidyarov B.I.
Institute of Semiconductor Physics SB RAS, Novosibirsk 630090, Russia,

Phone : 7(3832)-333266, fax: 7(3832)-332771, kidyarov@isp.nsc.ru

The family of the «acentric» oxide crystals plays an important role in the development of op-
toelectronic devices. In the past twenty years, about fifty new efficient non-linear optical (NLO),
piezoelectric and electrooptic crystals have been found and several novel self-frequency doubling
(SFD) laser media have been created by using of ones. There are some approaches for search and
properties prediction of such materials, including a computer-assisted materials design. The phe-
nomenological model of classification and search for new NLO crystals have been early suggested
by us [1]. The combination of chemical bond lengths for all components of crystal is a first crite-
rion, which determine the structure, properties and chemical systematic of material.

In this report such approach is continued, the list of acentric crystals is extended and more
detailed analysis is presented for polar, pure piezoelectric, enantiomorphic and optical active binary
oxide crystals. It is shown that a formation of acentric binary oxide crystals is represented with ro-
sette of two ellipses, plotted on plane of the oxide bond lengths, and acentric ternary oxide crystals
– with rosette of two ellipsoids. The polar crystals are arranged near ellipse lines and piezoelecrical
ones – more uniformly inside these ellipses. The crystals having all mentioned properties arranged
inside of two separate truncated ellipses. The dependence of «acentric» properties on chemical bond
length is non-monotonic and it divides the oxides in some typical groups. In view of this phenome-
nological model is valuable how for the evolution of theory, so and methodology classifications, of
search and the synthesis of novel promising materials for use in optoelectronics.

B.I. Kidyarov, E.V. Pestryakov. Phenomenological search for new nonlinear optical crystals //
Bull. Russ. Acad. Sci. Phys. (USA), 1999, Vol. 63,  № 6, p.859-60.

THEORETICAL ANALYSIS OF FORMATION OF STABLE AND METASTABLE
PHASES AND COMPOUNDS IN BINARY OXIDE SYSTEMS

Kidyarov B.I.1, Kaplun A.B.2, Meshalkin A.B.2
1Institute of Semiconductor Physics SB RAS, 2Institute of Thermophysics SB RAS,

1630090 Novosibirsk, Russia, Phone: 7(3832)-333266, fax: 7(3832)-332771, kidyarov@isp.nsc.ru

Many complex oxides (makol⋅nbpor) can dissociate at melting and then crystallize at deep su-
percooling with formation of different metastable compounds or eutectics. The calculation of liq-
uidus lines of solid compounds in bi2o3 - geo2, li2o - b2o3 systems have been carried out in subregu-
lar solutions model and then the extents of dissociation (αααα) of complex compound have been calcu-
lated in melting point (tm) by the method of work [1].
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The qualitative theoretical analysis of nucleation kinetics in such systems has been carried
out. The complex binary compound (makol⋅nbpor) is really nucleating in melts of virtual ternary
system (1-αααα) ⋅⋅⋅⋅  (makol ⋅nbpor)  + αααα⋅⋅⋅⋅ (makol) + αααα (nbpor).  The kinetics of the association (makol) +
(nbpor) = (makol ⋅nbpor)  in supercooled melt  can be a limitative stage of the nucleation process. So,
the energy of formation of critical nucleus in virtual melt (∆gc) can be written at first approximation
as:

AN = ∆GC = 1/3⋅σSC = 16π/3⋅σ3/[RTLLN(Cα/ CL)]2                     (1)

Cα = (1-α)/[1+α(M+N-1)]                                                            (2)

CL  = (1-αL)/[1+αL(M+N-1)]                                                        (3),

Where - cαααα , cl , cαααα
’
 and cαααα

’’
 is compound concentration in virtual melt and one at melting point,

at  overheated and undercooled state correspondingly (cα
’
 < cl(cα)< cα

’’), σ - interface «solid-liquid»
tension.

The experience is shown that possible melts supercoolings (∆∆∆∆t) is nearly proportional to dis-
sociation extent ααααl, (∆∆∆∆t ≈ kααααl) in these systems. Besides, at deep supercoolings the field of crystalli-
zation of low dissociated compounds can be more then one for strong dissociated compounds and
metastable eutectic crystallization is possible in case of high αααα and ∆∆∆∆t. Other peculiarities of crys-
tallization of complex oxides have been discussed more detail.
V.M. Glazov, L.M. Pavlova. The Chemical Thermodynamics And Phase Equilibria. M.: Metal-
lurghiya. 1988.

DESIGN OF CRYSTAL GROWTH TECHNOLOGY FROM AQUEOUS SOLUTIONS
Kidyarov B.I.

Institute of Semiconductor Physics SB RAS, 630090 Novosibirsk, Russia,
Phone: 7(3832)-333266, fax: 7(3832)-332771, kidyarov@isp.nsc.ru

The explanation of the large diversiform of minerals, the diversity of types of crystallization
processes is needed for the «first principle» knowledge about basic laws of crystal formation [1].
The system studies of the nucleation kinetics in many salt aquosystems have been carried out by
statistical method of many samples. The interrelation into crystallization and thermodynamic pa-
rameters of solutions has been established by plotting of various dependencies: solubility product
(SP), the enthalpy of dissolution (∆∆∆∆Hs) and the solution supercooling (∆∆∆∆T) (supersolubility -xss) on
ionic salt radii (Ri);  the deviation extent from an ideal Debay-Hückel model of electrolyte solution
(q) on SP and Ri. It is shown, that SP, ∆∆∆∆T, ∆∆∆∆Hs and types of solution crystallization are changing
periodically due to an increasing of ionic dimensions of salts. It is stipulated by the simultaneous
changing of a crystal lattice, a crystal lattice energy and a solute hydration energy for solutions of
I-I and others types of electrolytes. It is known that the surface entropy factor αααα (α = ξ{(∆∆∆∆Hs(T,
x)/kTm) – ln xs(T)}) predetermines  the law of defect or perfect crystal formation [1].

In this work it is shown that the salts solutions of all types divide into three main groups,
having large, middle and small supercooling. On this bases the certain correlation into SP, ∆∆∆∆T,
crystallization salt types and methods of crystal growth from solution has been established [2]. Con-
sequently, it is possible approximately a priory predict an optimal method and condition of perfect
crystal growth for new promising materials by estimation of dimensional factors of salts.

1. Sangwal K. // J. Crystal Growth, 1989, V.97, p.393-405.
2. Kidyarov B.I. // Collected materials of International conference «Crystallogenesis and Mineral-

ogy», St. Peterburgs State University, 2001, p.174-6.
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DISLOCATION PROCESSES AND PHASE TRANSITION AT A HIGH-
TEMPERATURE CREEP OF ALLOYS

Nikonenko Е.L., Konovalova Е.V., Koneva N.A., Popova N.A., Sizonenko N.R., Kozlov E.V.
Tomsk State Architecture Building University

The methods of a diffraction electronic microscopy and X-ray diffraction analysis the exami-
nations of a phase composition and thin structure of an alloy VKNA - 1В were carried out, which
were prepared by of a directional crystallization. Then the heat treatment of the samples were sent
so: 1).annealing at T = 11500С, 1 hour; 2) annealing at Т = 11000С of various time; 3) agings at Т =
8000С, 50 hours. The subsequent trials for a creep were carried out at Т = 11000С at a loading
100 МПа. The time of trial varied from 3 to 77 clocks.

There are phases γ and γ’ as main on the basis of fcc lattice. The β-phase having vcc a lattice
had place only sometimes. γ’-phase has ordered location of atoms with superstructure L12. At all
heat treatment γ’ is the basic phase. The fraction of γ-phase (solid solution on a basis nickel, having
the short-range order) does not exceed 20%.It was established, that after a directional crystallization
samples consist of major areas (γ’+ γ) phases and separate coarse particles γ’ - phase.

The particles γ’ - phase are classified by their sizes: 1) greatest sizes (20-90µm) have sepa-
rately located round shape particles γ’1; 2) much smaller sizes (on the order) - particle of γ’II; taking
place inside two-phase area (γ+γ’); 3) still smaller sizes have particles γ’III, taking place inside an
mixture (γ+γ’III), located in large particles γ’1; 4) most small size (~ 0,05 microns) have particles
γ’IV, taking place in interlayers (γ+γ’IV), bordering γ’II in two-phase areas (γ+γ’).

Concentration inhomogeneities, phase composition, morphology of phases in γ’-phase quan-
titatively were investigated. On the basis of it the mechanisms of a creep were analysed. It was es-
tablished, that the basic contribution to a creep is imported by a dislocation creep in volume of a γ’-
phase. The considerable role of a diffuse creep is detected at a phase transition γ→γ’→γ. The esti-
mation of a role of the contribution of a diffusion creep inside γ'-фазы, stipulated by shaping of
concentration inhomogeneity is carried out. Is shown, that the structural modification of a phase γ'I
is labile at all actions near temperature 11000С. On the contrary, in these requirements the phase γ'II
- inconvertible.

LEGITIMACIES OF THE DISSIPATION OF ACOUSTIC ENERGY AT THE CYCLING
OF MARTENSITIC TURNING INTO ALLOY TINICU

Plotnikov V.A., Kochanenko D.V., Usolkin K.M.
The Altai state university, Barnaul

mailto: plotnikov@phys.dcn-asu.ru <mailto:plotnikov@phys.dcn-asu.ru>
mailto: vic@bspu.secna.ru <mailto:vic@bspu.secna.ru>

In alloy Ti50Ni40Cu10 the first stage of martensitic transformations (MT) at cooling В2�В19
(В2 - a superstructure such as CsCl, В19 - the trimetric martensite) proceeds according to a micro-
explosive kinetics. A microexplosive kinetics of occurrence, and it is equal also disappearances of
martensitic crystals represents spontaneous reducing (cutting) a martensitic crystal up to the termi-
nating sizes. It is considered, that such process of travel of martensitic boundary is carried out with
rate not below rate of reducing of elastic waves in the given crystalline environment.

Both at direct В2 � В19, and at revertive В19 � В2 transformation it is observed produced
acoustic radiation. Acoustic radiation is unsymmetrical - radiant energy at direct transformation
surpasses radiant energy at revertive. Cycling martensitic transformations feebly influences a type
of asymmetry, lowering energy of acoustic radiation produced at direct transformation however is
observed. Annealing (heating up to 600 0С) of previously nanocycled material reduces starting rela-
tions of a radiation energy at direct and inverse.
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The situation essentially varies at carrying out of cycles В2 � В19 and В19 � В2 of trans-
formations at an application of an exterior mechanical load. The consecutive stage high of an exte-
rior mechanical loading in cycles of a MT up to some limit results in lowering, and then high of
energy of acoustic radiation produced at direct В2 � В19' transformation. At revertive В19' � В2
transformation the level of acoustic energy does not change.

The cycling of martensitic transformations at a stationary value to an external loading is ac-
companied produced acoustic radiation which unsymmetrical character decreases with propagation
of quantity of a loading. And the level of radiated energy grows at inverse, and at direct - remains to
stationary values.

These data testify, that introduction in the energy balance of martensitic transformation of an
exterior mechanical energy changes character of an acoustic dissipation of energy. As the factor of
pinch of a share of a heat of dissipation at direct transformation amplification of a correlation may
act in spontaneous travels of martensitic boundaries at formation of system of martensitic crystals
under influence of an external load.

ATOMIC STRUCTURE OF SPECIAL TILT GRAIN BOUNDARIES IN METALS
AND THEIR INTERACTION WITH THE VACANCIES.
Starostenkov M.D., Demyanov B.F., Kustov S.L., Kuklina E.A.

General Physics Department, Altai State Technical University, Lenin st 46, Barnaul, 656099,
Russia

In this work, tilt grain boundaries in nickel and aluminium were computer simulated.
Symmetric GBs (special boundaries) with reverse density of coincidence sites 9 and 11 with an
axis of turn [110] and with reverse density of coincidence sites 5 with an axis of turn [100]
were studied. The atomic interactions were described by Morse semi-empirical central-force
potentials. The stability of atomic structure of GBs was analyzed by the method of energy sur-
face construction using rigid two-dimensional relaxation where the atoms at shift one grain
relative to another are in sites of corresponding lattices and full atomic relaxation by molecular
static method.

The calculation showed that GBs in coincidence site lattice model were unstable. Stabili-
zation was achieved by an additional displacement at some vector. The directions and values of
these vectors were determined. The investigated GBs had several states - stable state having
minimum energy and metastable ones. The variants of reorganization of GBs from one stable
state to another were investigated. The directions and values of potential barriers of GB sliding
were found. The relaxation along the normal of GB plane was the reason of origin of excess
volume on the GB. The values of GB excess volume were determined for each point of an en-
ergy surface.

Interaction of vacancies with symmetric grain boundaries with an axis of turn [100] in
pure Al were computer simulated. The energy of GB-vacancy interaction was determined as
the difference of energies of a crystal, containing the vacancy near GB and crystal, containing
vacancy separately of GB (with identical quantity of atoms). Both crystals (with and without
GB-vacancy interaction) were relaxed using full atomic relaxation. The initial structure of the
GB was coincident with GB given by the coincidence site lattice model. The vacancy was gen-
erated in each of several GB-adjacent planes. Simulations showed that the energy of GB-
vacancy interaction had negative quantity, thus vacancy generation near special GB was profit-
able.
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COMPUTER SIMULATION OF ELECTRONIC DISTRIBUTIONS IN ATOMS CU, NI AND
AL AND POTENTIAL CONSTRUCTION OF INTERATOMIC INTERACTION OF IT ALLOYS

Baranov M.A., Brazovskaya O.V., Brazovsky V.V., Bumazhnikova K.N.
General Physics Dept, Altai State Technical University, Barnaul, 656099, Russia.

We suggest electronic density of external shells of each atom was approximated spherical Gauss
function as follows:
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One use the assumption that atoms cooperate only by means of coulomb forces. Then the po-

tentials, described the interactions of atoms of different sort (A and B) in alloys, are easy con-
structed by using elaborated methodics:
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Parameters of distributions αA and αB obtained by condition crystal stability of pure metal using given
size of the elementary cell and the sublimation energy.  

The calculated values of elasticity modules of metals correspond with the experimental values.
The calculated values of defects formation energies of ordered alloys NiAl (B2) and Ni3Al (L21), calcu-
lated within the framework of model, are about 1,0 ÷ 1,3 eV.

LONG-PERIOD STRUCTURES IN AL3TI ALLOY
Velikokhatnyi O.I.1,2, Eremeev S.V.1,3, Naumov I.I.1,4, and Potekaev A.I.3

1. Institute of Strength Physics and Material Science, Tomsk, 634021, Russia. 2. Carnegie Mellon
University, Pittsburgh, PA 15213. 3. Siberian Physico-Technical Institute, Tomsk, 634050, Russia.

4. Rutgers University, Piscataway, NJ 08854

It is well-known, that in Cu-Au, Cu3-xPd1+x, Cu3-xPt1+x, Ag3-xMg1+x and other systems very in-
triguing ordered phases − long-period superstructures (LPSs) are formed. The existing electronic
theory of long-period states attributes these to the Paierls instability of the electronic spectrum of
the initial disordered state consisting in opening of an energy gap on the nesting patches of the
Fermi surface (FS). LPSs are formed not only in noble metal alloys but also in other systems, in
particular Al3Ti.

LPSs in a Al3Ti system are very much similar to that in Ag3Mg (a comparatively short period
compared to that in Cu-Au, stability at all temperatures, and commensurability of an average period
with respect to the basis L12-superstructure). In spite of the similarity of their behaviour, some
authors assume that the nature of the LPSs in Al3Ti is different from that in noble metal alloys and
in  Ag3Mg. The present work is devoted to investigating this assumption. With this aim an attempt
is being done to find the FS nesting patches that may be responsible for the LPS formation in Al3Ti.

Ab initio calculations and analysis of the electronic spectrum and electronic susceptibility of
ordered Al3Ti have pointed to existence of some FS nesting patches directly connected to the ob-
served LPSs formations in this alloy. Distinctive feature of this system from noble-metal alloys is a
considerable dependence of the antiphase domain value on the thetragonal degree c/a of the basis
crystalline cell.
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PHASE COMPOSITION AND DIFFUSION LAYER FORMATION MECHANISM IN THE
PROCESS OF  CARBON STEELS TITANIZING BY THE POWDER  MIXTURES

CONTAINING THE SPECIAL ADDITIONS OF NICKEL AND COPPER
Ligdenov B.D., Guriev A.M., Kirienko A.M.

East-Siberian State Technological University (Ulan-Ude)
Alti State Technical University (Barnaul)

PC Altienergo, production-repairing enterprise (PRE) (Barnaul)

The influence of different elements and chemical compounds upon the nature of carbon steels
diffusion strengthening was studied. The composition of diffusion titanizing saturant mixture pro-
viding a high saturation rate of titanium into steel surface was presented. The structure, phase com-
position and carbon steel diffusion case formation mechanism in titanizing process by saturant
powder, consisting of Ti – Ni and Ti – Cu alloying compositions as well as K2TiF6 allying compo-
sition was learned.

Investigation of the saturating capacity of saturant medias that was studied brought to conclu-
sion that Ti – Cu alloying composition used as powdered saturant media is effective. Application of
it as the addition to known media for aluminum-thermal titanizing gives considerable effect: on the
surface of low carbon steel the  case to be formed contains a large amount of intermetallic particles
and the case of a high carbon steel contains the intermetallic and carbide particles.

Powdered Ti - Ni alloying composition is the perspective saturant media to obtain intermetal-
lic coverings.  K2TiF6  compound is the effective  activator of diffusion in titanizing process.

THE DETERMINATION OF MELTING TEMPERATURE, LATENT MELTING HEAT
AND TEMPERATURE COEFFICIENT OF LINEAR EXPANSION BY THE METHOD OF

MOLECULAR DYNAMICS
Poletayev G.M., Starostenkov M.D.

General Physics Department, Altai state technical university, Lenin st 46, Barnaul, 656099, Russia,
tel. (3852) 368522, fax (3852) 225451, e-mail: genphys@agtu.secna.ru

It is important to know such characteristics as melting temperature and temperature coeffi-
cient of linear expansion for solving the problems, connected with amorphous state and melting of
simulating materials, by the method of molecular dynamics. The determination of these values is
necessary for the approbation of using potentials of interatomic interaction and for proof of the
simulation method, in particular the method of determination of the initial temperature and the ini-
tial parameter of the lattice of the simulating metals.

The methods of determination of the mentioned values by the method of molecular dynamics
are shown in this work. The method of determination of melting temperature is based on the phe-
nomena of the destruction of crystal structure, it needs some energy, called latent melting heat. The
atoms of two-dimensional metals Ni and Al, described by two types of the potentials: Morse and
Lennard-Jones, are considered as the examples. It is found, that the values of melting temperatures
and temperature coefficients of linear expansion of the simulating two-dimensional metals at the
usage of Morse potentials are well agreed with the values, corresponding to the real three-
dimensional metals. Melting temperature, obtained by the method of molecular dynamics, has the
value 1750 K for two-dimensional Ni (known experimental value is 1726 K for three-dimensional
Ni), 1000 K – for two-dimensional Al (known experimental value is 933 K). The dependence
graphs of temperature coefficient of linear expansion on temperature for two-dimensional Al and
Ni, determined by two different methods, are presented in Pic.1 (a, b).  The dependencies, corre-
sponding to real three-dimensional materials, are also shown here.
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a)    b)
Pic.1. Temperature coefficient of linear expansion of two-dimensional Al (a) and Ni (b) in the de-
pendence on temperature: 1 – determined by the first method; 2 – determined by the second
method; 3 – experimental data for real three-dimensional metals Al and Ni.

COMPUTER SIMULATION OF PHOTOCONDESATION
Brazovskaja N.V., Brazovsky V.Ye., Shalnev A.A.

General Physics Dept, Altai State Technical University, Barnaul, 656099, Russia.

Photocondensation of vapor Br2 and SF6 on the glass surface were investigated by computer
simulation. Recently Galashin and co-authors experimentally obtain drop of iodine in the center of
laser beam on a glass surface. At a later time Petrov's group made more detail investigations of this
phenomenon with Br2 and SF6.

We used pressure vapor Br2 and SF6 in the range 30-100 Torr. System were irradiated by
resonant laser field. Intensity of the laser irradiation were above 100 watt/cm2. The results are pre-
sented as distribution of density of condensate as function of distance between molecule and sur-
face.

In the range of low intensities the increase of intensity of irradiation lead to growth the num-
ber of layers. We explained it by increasing of dispersion interaction. At a later time growth of
number of layers lead to warming-up of condensate. As a result appeared a desorption.

Both processes condensation by light and thermal desorption are equilibrium.
We obtain four layers in system gas+surface+light: 1) condensate, 2) transitive superficial

layer of condensate, 3) dense layer of gas, 4) free gas.

LEGITIMACIES OF AN ACOUSTIC EMISSION AT MARTENSITIC DEFORMATION IN
ALLOYS WITH THERMOELASTIC MARTENSITIC TRANSFORMATIONS

Plotnikov V.A., Kochanenko D.V., Usolkin K.M.
The Altai state university, 656099, Barnaul, street. Lenina 61

mailto: plotnikov@phys.dcn-asu.ru
mailto: vic@uni-altai.ru

To apply of a mechanical loading in a cycle of thermoelastic martensitic turning into alloys
on the basis of an intermetallic compound gives nickel of titanium in accumulation of deformation
at direct transformation and a deformation relief at revertive. The simple thermal cycle in the inter-
val of temperatures containing an interval of reversible martensitic transformations is accompanied
essentially unsymmetrical acoustic radiation, and the radiant energy, produced at direct transforma-
tion considerably exceeds the radiant energy, produced at revertive. During such repeated cycles of
martensitic transformations energy of acoustic radiation at direct transformation the level drops ex-
ponentially before saturation. At inverse radiant energy remains to a stationary value.
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Opposite, at carrying out of the composite thermomechanical cycles of martensitic transfor-
mations when serially incremental loading is enclosed only at direct transformation, the monotonic
propagation of energy of acoustic radiation is observed. At inverse radiant energy is constant. That
is asymmetry of an acoustic emission amplifies.

If serially incremental loading is enclosed only at inverse acoustic radiation at direct trans-
formation degrades, and at revertive is confidently fixed. Thus, inverse of asymmetry of an acoustic
emission is observed.

If serially incremental loading is enclosed both at direct and at revertive transformations en-
ergy acoustic radiation at direct transformation grows only in some interval of loadings, at revertive
radiant energy is constant.

THE EVOLUTION OF GRADIENT STRUCTURE-PHASE STATES AT
CRYSTALLIZATION OF FERRIT STEEL WELDING SEAMS

Gagauz V.P. – PhD.student, Kovalenko V.V. – Senior Researcher, Tsellermaer V.Ya. – Vice Direc-
tor, Gromov V.Е. – chief of chair of physics, Kozlov E.V.1 – chief of chair of physics, Konovalov

S.V. – assistant
Siberian State University of Industry

Address: Kirov Str., 42, Novokuznetsk, Russia, 654007
Tel. +7-3843-462277, Fax. +7-3843-465792, E-mail: gromov@physics.sibsiu.ru

1 – Tomsk State University of Architecture and Construction,
Address: Solinaia str. 2, Tomsk, Russia, 634003

Tel: +7-3822-654263, E-mail: kozlov@mail.tomsknet.ru

The purpose of the present work is the research of structure and phase composition of a
welded seams of steel 09G2S with thickness >30 mm, used in casings of blast furnaces.

The metallographic researches of structure and the phase composition of a welded seams have
shown, that a method and a way of welding in a melted zone form the gradient structure having
following characteristic features. In the centre of a seam the biphase structure consisting of grains of
ferrite and pearlite is forming. The grains of ferrite have the anisotropy with factor of anisotropy
k=L/D~2.

The layer, adjoining to the given one, has similar phase composition, however the morphol-
ogy of pearlite in it changes strikingly. The lamellar structure pearlite does not come to light, the
pearlite grains are broken into colonies of the submicronic sizes. The interphase boundaries have a
gear (fragmentary) structure. The grains of ferrite thus change a little bit. The revealed features of a
structure-phase state of the given layer allow to voice the assumption about the incompleteness of
phases division and process coagulation.

The further structure formation of the steel seam is carried out by recrystallization of grain
structures. The nuclei of steel recrystallization are formed along boundaries of initial grains. In pro-
cess of removal from the centre of a seam the volume fraction of recrystallization a material grows,
the formed grains are increased in the sizes.

The transitive zone forming in the field of contact of melting with solid material, is charac-
terized by the third type of structure consisting of large grains, with plates. Such structure due to the
morphological attribute may be referred as widmannstatten ferrite.
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THE ANALYSIS OF THE DISLOCATION SUBSTRUCTURES EVOLUTION DURING
FATIGUE OF AUSTENITE STEEL

Sosnin O.V. – Senior Researcher, Konovalov S.V.  – assistant, Kovalenko V.V. – Senior Re-
searcher, Tsellermaer V.V. – Ph.D. Student, Gromov V.E. – chief of chair of physics, * Kozlov E.V.

– chief of chair of physics, * Ivanov Yu.F.  - docent, *. Popova N.A 2 – professor
Siberian State University of Industry

Address: Kirov str., 42, Novokuznetsk, Russia, 654007
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*Tomsk State University of Architecture and Construction,
Address: Solinaia str. 2, Tomsk, Russia, 634003

Tel: +7-3822-654263, E-mail: kozlov@mail.tomsknet.ru

The problem of fatigue fracture of steels and alloys is important despite a young history of in-
vestigations. The vast literature about dislocation substructures being formed during fatigue refers
to pure metals.

In this work such a problem was being solved for austenitic steel 45G17Yu3 (0,45%C,
17%Mn, 2,74%Al) undergone the fatigue tests before fracture.

The analysis of dislocation substructure of steel was being carried out by methods of elec-
tronic diffraction microscopy of thin foils.

The quantitative analysis of steel dislocation substructure in its initial state showed that the
largest density of dislocations spreaded along the volume is fixed by net-shaped substructure; the
maximum level of curvature-torsion of the crystalline lattice is in fragmented substructure. Here, in
fragmented substructure the elastic constituent of material curvature-torsion is maximum.

The fatigue tests of steel (N=7⋅104 cycles) brings to the evolution of dislocation structure –
substructure of dislocation chaos is transformed into net-shaped dislocation substructure. The de-
formation of steel is accompanied by an increase of scalar density of the dislocations from 1,3⋅1010

to 1,8⋅1010 cm-2 in net-shaped substructure and from 0,5⋅1010 to 1,1⋅1010 cm-2 – in fragmented one.
In steel structure undergone the tests for fatigue, in small quantities there are the deformation

microtwins. The test of steel for fatigue is accompanied by essential increase of curvature-torsion
amplitude of the crystalline lattice in fields with net-shaped dislocation substructure. The cyclic
deforming of steel fields with fragmented substructure is accompanied by some other processes
despite that the scalar density of dislocations located inside of fragments essentially grows (more
than in two times), the curvature-torsion of crystalline lattice of these fields material is decreased.

THE EVOLUTION OF MESOSCOPIC SUBSTRUCTURE AND ELECTROIMPULSE
SUPPRESSION OF FATIGUE FAILURE OF AUSTENITE STEEL
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The problem of the fatigue failure of steels and alloys is actual now inspite of its long history
of research. It is connected with that, many constructions and products of crucial purpose are used
in such modes, but their failure occurs suddenly without marked previous signs.

The change of structure, phase composition and failures of steel 08X18H10T subjected to
low-cycle fatigue has been studied by methods optic, rastered and transmission electron diffracting
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microscopy on mesolevel. The reasons of resource increase and suppression of fatigue failure by
electroimpulse treatment in a moment of transition to the third critical stage of the dependence of
ultrasound speed on a number of cycles loading have been found out.

Firstly, the electrostimulation brings to slowing-down the process of self-organization of dis-
location substructure, i.e. in zone of fracture in initial sample there is a cell substructure, but in
electrostimulated one there is a transition of grid substructure to cell remained unfinished. Sec-
ondly, the electrostimulation suppresses the process of martensitic γ→ε transformation occurring in
zone of fracture of research material. The suppressing of γ→ε transformation plasticizies the steel.
Since in electrostimulated sample ε martensite is in smaller quantities and in the background of cell-
grid dislocation substructure, the stability to nucleation of microcracks in the latter is higher than in
initial material. Thirdly, the electrostimulated sample is failed in higher values of scalar density of
dislocations and density of curved extinctional contours, in smaller quantity of microcracks and
smaller value of torsion curvature of the crystalline lattice in comparison with initial sample.

THE PROPERTIES AND STRUCTURE DEGRADATION OF BOILER ELEMENTS
AFTER LONG OPERATION
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In this work the change of mechanical properties and structures of boiler pipes from steel 10
(0,13%С; 0,44%Mn; 0,23%Si; P, S≤0,02 %) after 50 years of operation at working pressure ≤
1,5МPа and temperature ≤2500С were investigated.

As a result of operation there was a change of all basic mechanical characteristics. The yield
stress and tensile stress have decreased accordingly on 27,5 % and 16,5 %, and specific elongation
before break and reduction of area – have increased by 15,7 % and on 9 %.

Table 1.

Material
σт,

MPa
σв,

MPa δ, % ψ, % Velocity of ultrasound,
m/s

Steel 10 in a condition of  delivery 364 510 25,4 56 2851±2

Steel 10 after  operation (50 years) 264 426 29,4 61 2865±0,2

In an initial condition steel has the ferrite-pearlite structure where the pearlite volume fraction
does not exceed 15%. The boundaries of the ferrite grains are thin and precise. The precipitations of
carbide phases are absent both in the body of ferrite grains, and on the boundaries. After the long
operation the structure becomes a very non-uniform. The alongside with sites where it has remained
practically former, there are the zones of local recrystallization where the average size of a grain has
increased from 17,6 microns up to 22,2 microns. In these zones there is no the pearlite component.
On the other hand, the increased content of pearlite is observed on the edges of such zones. Obvi-
ously, the strong disorder of microhardness from 1430 up to 1700 MPa is connected with these
facts. Also it is important to note, that the fracture of the samples took place in area of such recrys-
tallization zones.
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DISLOCATION SUBSTRUCTURES EVOLUTION OF STEEL 45G17YU3 DURING
ELECTROSTIMULATED FATIGUE TEST
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In this work the influence of impulse electric current on dislocation substructure being formed
in austenitic steel 45G17Yu3 as a result of fatigue tests.

Steel 45G17YU3 is the polycrystalline GTsK – solid solution on the basis of iron. There are
chaotic, net-shaped and fragmented dislocation substructures. Their volume fractions are correlated
as 1:2:7.

The treatment of steel having passed the fatigue tests by low-frequency electric current (elec-
trostimulation) results in proceeding the relaxation processes in material. The grain structure is re-
constructed by nucleation and growth of recrystallization grains (found by us for the first time in
this work). The new grains are being form near the boundaries of the old grains or their joints. The
dislocation substructure is reconstructed partially: substructure of dislocation chaos is formed
(∼ 0,05 of steel structure), the scalar density of dislocations in this case is guite low than in chaotic
structure, appearing during hot rolling of steel; the volume fraction of net-shaped structure (upto
∼ 0,4) is decreased and of fragmented substructure (∼ 0,55) is increased. The processes of return run
in two channels: annihilation of dislocation results in reconstruction of net-shaped substructure into
chaotic one; the creeping of dislocations, i.e. the net-shaped dislocation into fragmented one. The
process of microtwinning is initiated as a rule in net-shaped dislocation substructure.

The action of electric current on steel results in decrease of scalar density of dislocations lo-
cated in fragmented and increase of dislocations density placed in net-shaped substructure.

FORMATION OF GRADIENT STRUCTURE–PHASE STATES AT ROLLING OF BIG
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The purpose of the present work is the investigation of the laws of plastic deformation and
fracture of armature of big diameter from steel 18G2S (0,18%C, 2%Mn, <1%Si) alongside with
detailed research of their defect structure and phase composition.

The armature of low-alloy steel of various diameters strengthened by a method of interrupted
quenching in a stream of high-speed mills of West-Siberian Metallurgical Works.
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The researched material at the certain way of etching of face section of rod reveals the con-
centric zones differing by a degree of etching and the various colors. The macrostructure and the
amount of zones and their parameters depend on the diameter of armature. Zones are not equivalent
on the sizes. As a rule, the greatest volume is occupied by the intermediate zone. The central and
undersurface zones are rather insignificant and have the similar character.

The metallographic structure analysis revealed the qualitative and quantitative distinctions in
the structure of zones. The etching picture of undersurface zones is characteristic for the martensitic
similar structure. In the central zone the areas of the pearlite structure are observed and we can see
also the structure characterized by the fine undergraine chaotically located particles of carbide
phases. The intermediate zone contains elements the both zones considered above.

The analysis of grain structures has revealed two types of grains: the large grains with the
sizes of 30-40 microns, having an equilibrium configuration of boundaries and the fine grains hav-
ing sizes of 3-5 microns and located along boundaries.

The structure formed on martensitic mechanism concerns to the massive matrensite. It repre-
sents the crystals of α-iron parallel located to each other. The average cross sizes of crystals are 1,5-
2 microns.

The bainite structure is close to structure of the above described martensite according the
mechanism of formation and to morphological attributes. The bainite has the form of crystals
(lenses) having units of microns in cross sizes the longitudinal – the tens of microns.

CONCENTRATION VARIATION OF ADDITION AT LATERAL BOUNDARIES OF
GRAINS UNDER ELECTRONIC EXPOSURE

Postnikov D.V.1, Plotnikov S.V.2 Gulkin A.V.2
East-Kazakhstan State University (Ust-Kamenogorsk-City)

East-Kazakhstan State Technical University (Ust-Kamenogorsk-City)

The experimental investigation of additive re-distribution under electronic beam revealed a
recovery of the additive at grain boundaries. Additive accumulation mainly takes place at the
boundaries that are perpendicular to material surface, whereas there is no an observed recovery of
additive at the boundaries that are parallel to the surface.

The additive recovery is caused by spot fault gradients near the grain boundary. The grain
boundary is an intensive run-off region of vacancies. Therefore, the average vacancy distribution
profile near the grain boundary changes its pattern.

The above case indicates that there are two additive fluxes. One of them is vectored perpen-
dicular to the surface, and the other one is parallel to it, i.e. it is vectored to the grain boundary. A
study of the perpendicular and parallel boundaries shows that there is no additive settling at the
boundaries that are parallel to the surface, since the general flux is vectored to the parallel bounda-
ries. There is no such kind of phenomenon at the grain boundaries that are perpendicular to the sur-
face. Besides, the perpendicular boundaries are more effective run-off regions for vacancies, since
there is a slower build-up of the region with vacancies due to displacement of the vacancies to the
surface.

To compute concentration of vacancies we will consider a grain on the surface as a model.
The computations indicate the presence of vacancy gradients vectored to the surface and grain
boundaries, which are perpendicular to the surface.

Comparison of the experimental and theoretical outcomes shows a good agreement between
the theoretical model and actual processes occurring under the exposure. This theory discloses wide
potentials for application of diffusion processes in alloys.


