THE STRUCTURE OF THE UNDERSURFACE LAYER OF ALLOYS IN
THE REGION OF INFLUENCE OF THE RELATIVISTIC TUBE-LIKE
ELECTRON BEAM AND THERMODYNAMIC MODELS

V.F. Klepikov”, V.F. Kivshyk”, S.V. Berezovsky, V.V. Lytvynenko”, V.V. Bryukhovetsky",

N.I Bazaleev”,

V.V. Uvarov?

VScientific and Technological Center of Electrophysics, NAS of Ukraine;
28, Chernyshevsky Str., P.O.BOX 8812, UA-61002 Kharkiv, Ukraine;
tel.: (0572) 404720, fax: (0572) 475261;
e-mail: ntcefo@yahoo.com;

? National Science Center "Kharkiv Institute of Physics and Technology",
1, Akademicheskaya st., UA-61108, Kharkiv, Ukraine

Influence of the pulse tubular relativistic electron beam on the structure of near-surface layer of steel 45 has
been studied. It is shown that in the range of contact between the tubular beams and target the convexity and
junction zones are arise. The convexity is characterized by the structure with microporosity and the junction zone
has a high porosity. The thermodynamic model is proposed to describe the modulated structures appearing in the

irradiated objects.
PACS: 29.17.+w

1.INTRODUCTION

One of the prospective ways of modifying the
properties of materials is the electrophysical treatment
[1]. The treatment with the pulse beam of relativistic
electrons leads to the alteration of physical and chemical
undersurface layer of materials that is often used to
obtain durable and protective coatings. At present, the
investigations are conducted to develop technologies for
the treatment of materials with powerful energy fluxes
having the predefined form provided by the
configuration of a cathode of an emitter. Due to the
heterogeneous distribution of energy through the cross
section of the beam the values of the modifiable
parameters, e.g. microhardness, are different on the
surface and in the volume of the irradiation object. It is
emphasized in paper [2] that under the influence of
powerful microsecond beams the pressure oscillations
are created in the solid target being displayed as wave-
like alterations of the microhardness along the irradiated
zone. Therefore, it is interesting to study that the
structure features of the undersurface layer modified by
the tube-like beam of electrons, and to develop the
technique of describing the modulated structures and
soliton-like states which appear in the irradiated object.

2.EXPERIMENTAL METHODS AND
DISSCUSION

The initial plates of the steel 45 of thickness 3 mm
were irradiated with the high-current impulse beam of

relativistic electron having the density of energy 10’
W /sm> (the beam energy E, = 0.5MeV, the
current I, = 4KA , the pulse width 7, = S00™%s).

The cylindrical cathodes were used as the electron
emitter, which generated the tube-like electron flux [3].
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The rate of cooling of the melted part of the target was
of the order 10°K /s .

Fig. shows the microstructure of the undersurface
layer of steel 45 in the region of the most intensive
influence of the pulse tube-like electron beam (the
region of influence of the beam edge). The etching of
the grinded samples did not show the existence of the
crystal structure of the steel 45 plates. This could
witness that the condensation of the melted part of the
target leads to the amorphyzation of the undersurface
layer.

The wave of compression and decompression
formed under the beam influence is able to cause both
the wavy alteration of microhardness and the
heterogeneous distribution of cavitation.

The later is the characteristic feature of the
undersurface layer modified by this way. It is possible
to distinguish three characteristic zones of the region of
influence being considered (fig.). The melted zone has
microdispersed cavitation. Then the region with highly
pronounced oriented cavitation follows where the size
of caves substantially exceeds that size in the preceding
zone. The zone of thermal influence is again
characterized by the microcaves.

3.THERMODYNAMICAL MODEL

The spatially modulated states with the order
parameter ¢(X), arising in alloys under the beam

influence are described with the minimum of the
thermodynamic potential pf the form:

0 :<Do+jdx§(¢">2-y(¢'>2+q¢2+£¢4

V>4, P are the material parameters.
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Such one-component and one-dimensional models
are not only the convenient objects for investigating the
general aspects of theory but also reflect the concrete
situations in different physical systems (modulated
structures in ferroelectrics and magnetics [4], spinodal
decomposition etc). The analysis of such models could
be important for investigating the phase transition of the
first and the second order in systems with ¢ > 1
because of the special role the (quasi)low-dimensional
structures can play in these cases.

Expression (1) differs from that one used in earlier
papers devoted to the theory of modulated structures of
one-component OP

The power terms in formula (1) describe the
formation of the homogeneous OP states, meaning the
conventional expansion of thermodynamical potential in
the Landau model. The gradient terms in formula (1)
provide the appearance of the space inhomogeneous
phase described by the expression

¢ (x) = ag cos[b(x- xg)]+

aq cos[3b(x- xg)]+ ., L@@

which is the solution of the linearized VDE for the
functional (1) 09 /6¢ = O. The consideration of ¢4

(and ¢6) terms, in fact, does not change the linear

character of solution (1). This circumstance gave rise to
some doubts in the capability of model (1) to describe
the succession of phase transitions: normal phase -
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modulated phase -  commensurate phase. This
succession of phase transitions is successfully described
in the theory of the systems characterized by the two-
component OP and which have the symmetry admitting
the existence of Lifshits’ invariants.

In the theory the states of soliton lattice type are
known to be the consequence of competition and
compromise between the Lifshits' invariants transfering
the system into modulated state and the Dzyaloshinsky's

invariants w,p ™ (1+ cosmg) characterizing the high-

order anisotropy and describing the energy of
commensurability. From the physical point of view this
means that the consideration of the Dzyaloshinsky's
invariants open the channel of the energy redistribution
among different states by means of, for instance, the
transfer processes.

The presented consideration has the character of
useful analogy that helps us in finding the partial
solutions of equation (2) and in understanding the
properties of & -term. But we should keep in mind that
the appearance of the modulated structure type solutions
are usually connected with the existence of the long-
range interactions in the system. Expelling the terms
describing the contribution of long-range fieclds we get
the non-local terms depending only on OP. If we do not
take into account the concrete mechanism of realisation
of long-range interaction, non-linear terms acquire the
form.

4. CONCLUSION

It is found that due to the influence of pulse tube,-
like relativistic one, the zone subjected to melting and
forthcoming condensation has the amorphous structure
with the cavitations of different dispersion. The zone of
transition to the melted part of the target is characterized
with large oriented caves. The analysis of the soliton
solutions with allowance for the derivatives of higher
orders is the promising apparatus for description of the
modulated structures.
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CTPYKTYPA IIPUIIOBEPXHOCTHOI'O CJIOSI CILTABOB B OBJIACTH BO3JIEMCTBUSA
PEJATUBUCTCKOTI'O TPYBYATOTI'O ITYYKA 3JIEKTPOHOB
N TEPMOANHAMMWYECKHUE MOJIEJIN

B.®. Knenuxkos, B.®. Kuewux, C.B. bepe3osckuii, B.B. /lumeunenxo, B.B. bproxoseuxuii, H.H. bazanees,
B.B. Yeapos

W3ydeHo BiaustHUE BO3AEHCTBHS UMITYJIBCHOTO TPYyO9aTOro Imydyka pelIiTUBUCTCKUX 3IEKTPOHOB Ha CTPYKTYPHOE
COCTOSIHHE TIPHITOBEPXHOCTHOTO ciosi ctanu 45. [Toka3zaHo, 4To B 00/1aCTH KOHTAaKTa CTEHKH TPyOYaTOTo ITydKa C
MUILICHBIO BO3HHUKAET BBINYKJIOE OOpa30BaHME, XapaKTEPU3YIOIIEECS MEIKOMOPHUCTON CTPYKTYpOH, a Taxke
IepexofHas 30Ha C TMOBBINEHHOH mopucTocThio. IlpemnokeHa TepMOAMHAMHYECKAss MOJENIb OMHMCAHUS
MOJIyJIMPOBAHHBIX CTPYKTYP, BOSHUKAIONINX B 00JIydyaeMbIX 00BEKTax.

CTPYKTYPA IIPUIIOBEPXHEBOI'O LIAPY CILTABIB Y MICII AIi PEJATUBICTCHKOI'O
TPYBYATOI'O ITYYKA EJIEKTPOHIB TA TEPMOJANHAMIYHI MOJEJIT

B.®. Knenikos, B.®. Kiswuxk, C.B. bepezoscvkuii, B.B. /lumeunenxo, B.B. bproxoeeuvkuii, M.1. bazanecs,
B.B. Yeapos

BuBueHo BmiMB 1ii IMIOYIBCHOTO TpPyO9YaToro Iydka PENSATHBICTCBKUX ENEKTPOHIB Ha CTPYKTYPHHH CTaH
MIpUNOBepXHEBOro Mmapy craii 45. [TokazaHo, 0 y Miclli KOHTaKTy CTIHKH TPyO4YaToro Imy4ka 3 MIilICHHIO BUHUKAE
BUIIYKIIC YTBOPEHH:, SIKE& XapaKTepH3yeTbCsl APiOHONMOPHCTOK CTPYKTYpOKH, a TaKoXK IepexiiHa 30Ha 3
Mi/IBUIIECHOIO TIOPHUCTICTIO. 3alpONOHOBAHO TEPMOJMHAMIUHY MOJETbh ONUCY MOAYJIBOBAHHX CTPYKTYp, SKi
BUHHKAIOTh y OIPOMIHIOBaHHUX 00’ €KTax.
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