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RESUMO

O objetivo do estudo é esclarecer o mecanismo de interagao interatdmica no modelo de Ya. |. Frenkel e
associar este processo com a propagacao de ultrassom na rede cristalina de metais, bem como com a velocidade
de propagacao de ultrassom em hastes de diferentes materiais tomados como amostras padrao para determinar
0 modulo de Young. Foi analisado 0 mecanismo de interacao interatdmica no modelo diatémico de Ya. |. Frenkel.
Foi criado um modelo que ligava o processo de interagdo das camadas eletrénicas de atomos com a velocidade
de propagacgédo do som, levando em conta a estrutura da rede cristalina metalica. O novo modelo permite o
célculo tedrico da velocidade de ultrassom em diferentes redes cristalinas de metais. Como resultado da
pesquisa, verificou-se que os valores das velocidades de ultrassom calculados teoricamente coincidiam com uma
precisédo suficientemente alta com os valores obtidos experimentalmente de sua propagacgdo, o que possibilita
correlacionar o indicador de velocidade com as propriedades de resisténcia dos metais.

Palavras-chave: distdncia interatémica, pardmetro de rede cristalina, velocidade longitudinal, velocidade
transversal, velocidade do som na haste, frequéncia de oscilagdo de um atomo.

ABSTRACT

The purpose of the study is to clarify the mechanism of interatomic interaction in the model of Ya.l. Frenkel
and to link this process with the propagation of ultrasound in the crystal lattice of metals, as well as with the
velocity of propagation of ultrasound in rods from different materials taken as standard samples for determining
the Yung's modulus. An analysis of the mechanism of interatomic interaction in the diatomic model Ya.l. Frenkel
is made. A model that linked the process of interaction of the electron shells of atoms with the speed of sound
propagation was created, taking into account the structure of the metal crystal lattice. The new model allows the
theoretical calculation of the ultrasound velocity in different crystal lattices of metals. In the result of the research,
it was found that the theoretically calculated values of the ultrasound velocities with a sufficiently high accuracy
coincided with the experimentally obtained values of its propagation, which makes it possible to correlate the rate
indicator with the strength properties of metals.

Keywords: interatomic distance, parameter of the crystal lattice, longitudinal velocity, transverse velocity, speed
of sound in a rod, oscillation frequency of an atom.
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AHHOTALUA

Llenb uccnegoBaHmsa — yTOYHUTb MEXAHM3M MEXaTOMHOro B3aMmoaencTeumsi B mogenu A.M. ®peHkensa u
CBSi3aTb AaHHbIV NPOLIECC C pacnpoCTpaHEHNEM YyrbTpa3Byka B KPUCTAINIMYECKON peLleTke MeTarnmoB, a Takke
CO CKOPOCTbIO pacnpoCTpaHeHUs ynbTpa3Byka B CTEPXHAX U3 pasHbIX MaTepuarioB MPUHATbIX B KayecTBe
cTaHgapTHbIX obpasuoB anga onpefeneHus moayna HOWra. lNpoBegeH aHanvM3 MexaHu3sMa MeXaTOMHOro
B3aMmogencTema B [AByxatomHon wmogenn HA.UN. ®penkens. CosgaHa Mofenb, CBdA3aBluasi npouecc
B3aMMOJENCTBUSA ONEKTPOHHbIX 0BOMOYEK aTOMOB CO CKOPOCTbIO PacnpOCTpaHEeHWsa 3BYyKa, y4yuTbiBaloLlad
CTPOEHME KpUCTaNN4eckon peluetke Metanna. Hoeas moaenb NO3BOMSET NPOBOANTL TEOPETUYECKUIA pacyeT
CKOPOCTEN YyrnbTpa3Byka B pasHbiX KPUCTan/IMYECKMX pelueTkax MeTannoB. B pesynbrate npoBegeHHbIX
nccnenoBaHun 6GbINO YCTAHOBEHO, YTO TEOPETMYECKM PACCUMTaHHbIE 3HAYEHUSI CKOPOCTEW YrbTpasByKa C
OOCTaTOYHO BbICOKOM TOYHOCTBbKO COBManM C  SKCMEPMMEHTANbHO  MOJTyYEHHbIMW  3HAYEHUSIMU  E€ro
pacnpoCTpaHeHWs, 4YTO MO3BONSIET CKOPPEnMpoBaThb MoKasaTesflb CKOPOCTM C MPOYHOCTHBIMW CBOWCTBAMMU
MeTannos.

KnioueBble crnoBa: MexamoMHOe paccmosiHue, napamemp KpuCmasnnudyeckol pewemku, npodosibHasi

CKOpOCMmb, roriepeyHas CKOpoCmb, CKOPOCMb 38yKa 8 CmepxxHe, Hacmoma KonebaHusi amoma.

INTRODUCTION

Increasing requirements to ensure the
quality and reliability of new designs in conditions
of real workloads require improvements in non-
destructive testing methods to determine
allowable loads based, for example, on the use of
acoustic control of the ultrasound propagation
velocity in finished products, and the results of
which comparing with the ultrasound velocity
propagation results obtained in determining the
strength of control samples, by testing them till the
complete destruction (Wright, 2017).

The difference of such method from the
actual loading conditions is that under the
destructive method, the external loading
parameters of the control sample are regulated
both by the size of the samples themselves and by
the speed of their stretching, because only within
these limits obtain the values of Yung's modulus
for test materials, close to each other, which
accept as the main characteristic of one or another
material (Ashcroft and Mermin, 1977; Hamburg,
1997). In this, the model, that connecting the
structure of the crystal lattice with the strength
properties of metals, as well as with the speed of
propagation of ultrasound in these metals do not
exist (Kir, 1986; Maltseva et al., 2007). Therefore,
all calculations of the velocity of propagation of
ultrasound are carried out on the basis of
equations using the values of the Yung modulus.

MATERIALS AND METHODS

The relevance of the study of the structure
of the crystal lattice of various metals is that all the
physicomechanical parameters used in practice,
for example, the speed of sound in the stem of the
material or strength characteristics, which
obtained experimentally and related with the
composition of the structure of metal itself,
determined by the parameters of the unit cell
(Pearson, 2013; Zadiranov, 2008). In connection
with different values of ultrasound velocities,
obtained experimentally using the method of
molecular acoustics, and the values obtained on
the basis of equations using the Yung modulus, it
is proposed, based on the refinement of the
diatomic model of interatomic interaction Ya.l.
Frenkel, create a theoretical model of the
interatomic interaction in the crystal lattice to
calculate the values of sound speeds through the
parameters of the unit cell (Formalev et al., 2017;
Greshnov, 2007). What determines and the
purpose of the research: clarification of the
mechanism of interatomic interaction of the model
Ya.l. Frenkel in metals, which allowed relating the
process of ultrasound propagation in crystal
lattices of metals with the sizes of these lattices.

The main research method was chosen
theoretical analysis, which allowed to specify the
model for constructing the interatomic interaction
of a metal bond. This theoretical refinement makes
it possible to calculate the values of ultrasound
velocities in metals with high accuracy of the
coinciding with the values of ultrasound velocities
in metals, obtained experimentally on the basis of
the molecular acoustics method, data about which
are given in reference literature.
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RESULTS AND DISCUSSION:

It is generally accepted to calculate the
velocity of propagation of a longitudinal wave in a

thin rod using the formula (Equation 1), where, v,

— velocity of propagation of a longitudinal wave in
a thin rod, p — substance density, a E- Yung's
modulus, determined on the basis of experimental
data such as Equation (2). Here F — is the
proportional component of the force; S — surface
area over through which the force spreads; L —
the length of the deformable rod; AL — modulus of

change in the length of the rod as a result of elastic
deformation.

Thus in the reference book (Anurev, 2001)
the following data of the Yung's modulus for iron
E =200 GPa, and the density of iron p= 7830

kg/m3. So, in accordance with the reference data
according to Equation (1), we calculate the speed
of sound in the rod (Equation 3). The resulting
propagation velocity of the sound wave in the rod

using the acoustic method isv,, =5170. It would

seem that the error of the calculated and
experimentally set speed is negligible (Equation
4).

However, Equation (1) is applicable under
narrowly regulated conditions (does not take into
account the “scale factor”) and does not reflect the
process mechanics, which is determining the
growth of the speed of ultrasonic waves in the
process of elastic deformation of the rod, observed
in practical research (Semukhin et al., 2000). In
other words, the proposed formula (model) does
not fully reflect the mechanics of the process,
which is determining the properties of the material
and is not related to the structure of the crystal
lattice of one or another metal.

According to O. Bravais's classification,
iron has a body-centered cubic crystal lattice
(Figure 1). The base of which is an elementary
cubic cell, in which the positively charged metal
ions are located at the vertices of the cube, and
one more atom is in the center of its volume, that
is, at the intersection of its diagonals (Prokhorov,
1998).

Considering the mechanism of sound
velocity propagation in a metal, we will proceed
from the fact that: "The vibrations of crystal lattice
are one of the main types of internal motion of a
solid, when the constituent of his structural
particles (atoms, ions, molecules) oscillate around

an equilibrium position - the nodes of crystal lattice
(Prokhorov, 1998).

And since "... the interaction between
atoms is final by quantity, then in the crystal there
is a certain maximum frequency of oscillations

@, (usually @ ~10" Hz)" (Anurev, 2001). As a

result, let's suppose that in the elementary cell of
iron all atoms oscillate with the same frequency

(4]

max "

In work (Frenkel, 1972), Frenkel shows that
"... in the case of sound waves, the wavelength is
limited to the minimum value, which equals
(approximately) to twice the distance between the
atoms, which is associated with the discrete
structure of the body ..." and is defined as Equation
(5), whence the speed of sound propagation in the
unit cell is defined as Equation (6).

So, as according to Equation (6), the speed
passage of the wave depends on the wavelength
and frequency, and appears possible to estimate

the parameter «,, — the length of the edge of the

unit cell of iron based on the experimental values
of Aand u.

In order to clarify the building of the crystal
lattice, we use the determination of the size of the

edge ¢, on the basis of the parameters of the

BCC lattice of the iron elementary cell, which were
established by the method of X-ray structural
analysis (Mitkevich, 1932). In order to clarify the
building of the crystal lattice, we use the
determination of the size of the edge on the basis
of the parameters of the BCC lattice of the iron
elementary cell, which were established by the
method of X-ray structural analysis (Mitkevich,
1932). Figure 2 shows a schematic representation
of an elemental volume-centered cubic cell of iron
ABCDD C'B’A’ with a central atom located at the
intersection of spatial diagonals. at the point O.

As can be seen from Figure 2, there are 2
atoms on the lateral verge of the edge AB, and the
total length AB and the radius of the atom Rawom are
determined by X-ray structural analysis and

constitute, respectively, AB =, =2.866-10"""m

and R, =126-10""m. Calculate the distance

between the electron shells of atoms, m (Equation
7), which will make Equation (8).

So, there is some distance A between the
boundaries of the electron shells of atoms, through
which the interaction takes place.
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At the same time, the length of the spatial
diagonal AC’, determined on the basis of the
Pythagorean theorem, is equal to Equation (9) and
after the expression in the sizes of the edge AB =

o, will get Equation (10) and, having made the

further transformations, in the final form, the size
of the diagonal of the lattice is defined as Equation
(11) Next, substituting the value of the size of the

atom a,, =2.866-10"""= m, determine the size of

the spatial diagonal of the crystal lattice (Equation
12).

However, according to the crystal lattice
model (Figure 2), on this spatial diagonal should

be located4R ., that is, the length of which
should be equal to Equation (13).

As seen, the spatial diagonal of the AC °,
calculated according to Equation (11), is smaller,

then 4R, . In this case, the atoms in this model

must be overlapped by the electron shells or be in
a deformed state. In fact, such a model leads to
the fact that two different types of interaction
between atoms should be observed in the one unit
cell of iron:

« through the deformation of the electron
shells of atoms (deformed by the central atom)

* the interaction of the electron shells of
atoms, located at the top of the cube, occurs at a
distance A, whose mechanism is unknown
(Cohen, 1986).

In order to show that there is one common
type of interatomic interactions in the unit cell of
iron, and to eliminate the contradictions given
above, let's clarify the presentation of "metallic
bond" in the context of the notion about this type
of bond by academician Ya.l. Frenkel. In his book,
Ya.l. Frenkel (Frenkel, 1972) considers the
interaction between two atoms depending on a
certain distance r0, which are forming the total
volume VO of this interaction, in accordance with
the scheme, showed in Figure 3.

Wherein, let us draw attention to the fact
that, explaining the formation of the total volume of
these two atoms, Frenkel points out: "These
electrons, moving between atoms, provide a bond
between them" (Frenkel, 1972). That is to say, that
in fact, this is not about transmitting interaction
through emptiness, but about some kind of
mechanism for the movement of electrons in a
common external orbit formed from the electrons
of two neighboring atoms. The force of attraction
of this diatomic system of Ya.l. Frenkel determines

on the bases of the interaction of electric charges
as Equation (14), where, e, kg "?m¥2 ¢ — is the
electron charge; m, kg — is the electron mass; u, m
/' s — electron velocity; r, m — is the radius of the
orbit of an electron in the Frenkel model.

Proton in view of its relatively large mass is
considered immobile. Also Ya.l. Frenkel (Frenkel,
1972) clarifies: "Naturally, with an increase in the
number of electrons (with a simultaneous increase
in the charge of a positive ion), the force of gravity
of electrons increases and the radius of the orbit
decreases. As a result, the solidity of the bond
increases." But he does not conduct a detailed
consideration of the mechanics of the formation of
a "collectivized" connection in his model. In this
work, it is proposed to clarify the mechanism of
formation of a diatomic model, based on the idea
of the combining magnetic lines of force, given by
Professor Mitkevich in the work (Mitkevich, 1932).
For this, let's imagine the formation and hardening
of a collectivized bond on account of the supposed
transformation of electrons™ orbits, similarly to the
lines of force, as shown in Figure 4.

So, from Figure 4a it can be seen that at
some distance r1 between the centers of two
atoms there are no interaction forces. But when
they approach at a distance r2 «1, the valence
atoms located on the outer orbit join (Figure 4b),
and the electrons collectivize, forming some
distance A, characteristic by that some internal
orbits are at some distance A (Figure 4b) and do
not interact between themselves. However, with a
further decrease in the distance between the
centers of the atoms r3 «2< r1 (Figure 4c),
repulsive forces of the same name charges in
internal orbits appear, under the action of which
the forces of attraction between atoms decrease.

Unification the outer, as well as the
following after it, an electron orbit (Figure 4c),
leads not only to a change in the force of attraction
between the atoms due to an increase in the
number of electrons participating in the formation
of a bond, but also to the occurrence of anisotropy
of properties into the direction of interatomic bond
due to increase the amount of the constricting
magnetic force lines. Wherein, in the proposed
model, the parameters are r3. r2. r1 is greater than
2Ratom, and the presence of A satisfies both the
conditions for the propagation of the speed of
sound and the appearance of the forces of
attraction and repulsion.

Thus, taking into account the introduced
representation of the formation of an interatomic
bond by means of constricting magnetic lines of
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force, the nature and mechanism of the metallic
bond in the unit cell can be explained. On the edge
of the cell, it corresponds to the scheme of figure
4b, and in volume, the interplanar communication
corresponds to the scheme of figure 4c, in
connection with which it is necessary to accept
that the spatial diagonal of the AC “should be
slightly larger than 4Ratom (Equation 15).
Therefore, comparing the spatial diagonal AC
‘with the size of the length of the edge of the unit
cell a;, (11) will get that for the implementation of

the condition (15), the new length of the edge of
the unit cell must be greater than the spatial

diagonal (Equation 16), where the value ¢, must
be Equation (17) or Equation (18).

Using the longitudinal sound velocity v, =

5940 m/ s, established empirically with the help of
the acoustic method and the new parameter of the
length of the edge of an elementary cell of iron

equal to &, =3-10""m, accepted with a certain

excess of 2.5%, we calculate the frequency w Fe
of oscillations of iron atoms (Equation 19). Which,
after substitution of numerical values, will be
Equation (20).

Taking into account the existing definition
(Prokhorov, 1998), "In those crystals, where each
node is the center of symmetry, all normal waves
are flat polarized: atoms in any normal oscillation
make reciprocating - translational movements
around their equilibrium positions", let's imagine
the structure of the crystal through the interrelation
of two elemental cells (Figure 5), which reflect both
the structure and properties of iron.

Due to the homogeneity of the structure of
the bulk-centered cell, this construction can be
carried out at any vertex of the unit cell cube,
which allows us to conclude that all waves in the
elementary cell will be flat polarized and the atoms
will perform normal oscillations around the
equilibrium position in one plane (Regel et al,
1974). Thus, to transfer an elastic oscillation under

the action of an external pulse J, (Figure 2) from

atom A to atom A’, when a transverse wave
occurs, it is necessary to use two interatomic
bonds: AO and OA " (Figure 2), which will lead to
increase 7 the transmission time of the pulse
(Equation 21).

Because of the fact that the distance of the
interatomic bond between the central atom and the
atoms located at the vertices of the cube are the
same, then and the time of passage of ultrasound

will be the same, and therefore we have the right
to write the following expression (Equation 22). In
this case, Equitation (21) will take the following
value (Equation 23).

Accordingly, the velocity of the transverse
wave v, will be calculated as Equation (24), which

after the substitution of numerical values -
Equation (25) with an error of 0.9% can be taken
equal to Equation (26).

Wherein, the transverse velocity obtained
by an experimental way - by the method of
molecular acoustics, is in the range of
v, =3100£100 m/s. Thus, the transverse velocity

v, , calculated through new parameters of the unit

cell of the iron crystal lattice, almost coincides with
the transverse velocity v, obtained by the

molecular acoustics method. As can be seen, the
applicability of the calculation method through the
refined lattice parameters of the iron elementary
cell, which takes into account the structure of the
crystal lattice, confirms the assumption about a

single frequency “nx = Jdem oscillations of all

atoms in the elementary cell of an iron. Whereas
the existing model of the unit cell, as was shown
above, reveals different manifestations of the
oscillation frequency of the atoms in the same
volume of the unit cell. In addition, the proposed
model admits that the oscillation frequency of
atoms under different loading conditions and
temperature will be different, but the same for the
entire cell volume of the material, therefore, that's
why in accordance with the Van der Waals
principle, it can be extended to the entire volume
of the test material (Umansky et al., 1955).

In order to show the constancy of the
frequency of oscillation of atoms in the volume of
the metal, we calculate the transmission rate of
interaction between atoms from point A to point O
(Figure 5) — Equation (27), from where Equation

(28). This speed v,,, calculated at the same

frequency as the longitudinal and transverse
speeds, coincides with the speed of sound

propagation in the rodv,,, =5170m/c, determined

by the method of molecular acoustics. The
difference is — Equation (29).

As can be seen, the refinement of the
parameters of the crystal lattice made it possible
to increase the accuracy of calculating the speed
of sound in the rod, and also the direction of
propagation of the speed of sound in the rod
through the spatial diagonal was clarified. The
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mechanics of this process can be explained in
order, that the sound, when it falls on the surface
of the rod, undergoes reflection, which leads to a
kink of the vector of oscillations in the plane to the
vector of oscillations in space, namely - along with
the diagonal of the unit cell (Formalev et al., 2016).

In accordance with the fact that, based on
the refinements made, it was possible to
determine all the velocities, by connecting the
interatomic interaction distances with the speeds
of sound propagation, we can write the general
equation for calculating any velocity for a unit cell

as Equation (30), where { _is the length of the
interatomic bond, expressed in terms of the edge
parameter of the unit cell; @ — the frequency of
oscillation of atoms in the unit cell; 7 —the number
of interatomic interactions used to transmit sound
in different planes of the unit cell. Moreover,
Equation (30) is also true for the face-centered
cubic elementary lattice ABCDD'C'B'A™ (Figure
6).

To prove the validity of the proposed
principle, by analogy with iron, we will calculate the
theoretical rates for copper. Considering that the
specified size of the face 4Cu depends on the
fulfillment of condition (15), which is responsible
for a single process of interatomic interaction, AB
> 4 « RCu, with RCu = 1,28 -10"°m, which was
obtained through the X-ray-structured analysis,
the size of the face of the face-centered cubic cell
of copper should be larger (Equation 31). Then,
with some assumption, we take that the new size
of the copper face equal to Equation (32).

The total oscillation frequency of atoms in
the cell of the copper wCu will be found according
to Equation (6), taking into account the value of the
longitudinal velocity u It = 4700 m / s, which was
set by the method of molecular acoustics
(Equation 33), from where, after the substitution of
numerical values, we will get Equation (34).

Given that there is the possibility of building
a new one, second, unit cell EFKLL'K'F'E" in any
vertex of the cube of the first unit cell, with the
maintaining the size of the edge (Figure 6), the
atoms in the face-centered cubic cell of copper will
oscillate in one plane. In consequence of this, to
transfer a transverse wave from atom A to atom
A’, itis necessary to use two interatomic bonds AO
and OA ". That is, substituting in Equation (27) the
values n = 2; Laa = 3.65 - 10"°m and we, = 1.28 »
10" Hz, we will get Equation (35). Wherein, the
transverse velocity in copper, established by the
method of molecular acoustics, is equal to utv =

2260 m/s. (The error was 3.9%)

The speed of sound in a copper rod u AO,
calculated in accordance with Equation (30), will
be expressed as Equation (36), and when
substituting the values of the length of the
interatomic bond L AO and frequency will be
Equation (37). At the same time, the speed of
ultrasound in the rod, established in an
experimental way, UAO = 3700 m / s (the error is
10%).

It is possible that this error is a
consequence of the inaccuracy of determining the
size of an atom and the length of the interatomic
bond in the elementary cells of materials by the
method of x-ray structural analysis. So when
comparing the parameters of the unit cell of iron,
obtained by X-ray-structural analysis (Chuprunov
et al., 2007), with the parameters of the unit cell of
iron, obtained by calculation, the error is

determined as Equation (38), where, AR, — error
between calculated radius and radius, based on
the experimental values, R,, —radius of an atom

of iron, based on the experimental values, R;—
calculated radius of an atom of iron.

And will be Equation (39) or Equations (40,
41), where , Aca,, — error between calculated
length of the edge of the unit cell of iron and length
of the edge of the unit cell of iron, based on the
experimental values, «,, — length of the edge of
the unit cell of iron, based on the experimental
values, a;,“ — calculated length of the edge of the
unit cell of iron.

In general, the error of X-ray structural

analysis can be attributed to the fact that the

oscillation frequency of X-ray waves is in the range
VU, ., =10"°—10""Hz (Berner and Kronmiiller,

1968), whereby, the time of the fall of a wave on

the surface of an atom will be r=10"°-10""s.
During this period of time, the center of the atom,
located at the point O (Figure 7), will shift relative
to the equilibrium position by some amount + Ax.
Then when accounting the longitudinal velocity

), =5940 m/s and the time of the falling ¢, =107"°

s the displacement of the atom will be equal to
Ax, =8 -1, =6-10""m. What makes up half of

the radius R,, or when accounting ¢, =10"’s,
will getAx, =41, =6-10"m. And since the
atom is in the mode of constant oscillation relative

PERIODICO TCHE QUIMICA « WWW.PERIODICO.TCHEQUIMICA.COM « VOL 15. SPECIAL ISSUE 1
+ ISSN 1806-0374 (impresso) * ISSN 1806-9827 (CD-ROM) « ISSN 2179-0302 (meio eletrbnico)

© 2018. Porto Alegre, RS. Brasil

487



to its center of an equilibrium (Figure 7), then at
different times of the fall 7; the x-ray wave atom

will shift at different distances relative to the center
of oscillation, which will cause a change in the area
of reflection from the Fe atom. In consequence of
which, an error appears in determining the radius
of the iron atom and the interatomic interaction
parameter, which determines the edge length of
the elementary iron cell.

CONCLUSIONS:

The analysis of the interatomic interaction
mechanism of the diatomic model of Ya.l. Frenkel,
on the basis of taking into account the process of
interaction of the electron shells of atoms, made it
possible to create a new model of the metallic
bond, that refined the interatomic distances in the
unit cell. In turn, this made it possible to associate
the speed of the spread of sound with the structure
of the crystal lattice and allowed us to carry out a
theoretical calculation of the ultrasound velocities
for different crystal lattices of metals.

The theoretically calculated values of the
ultrasound velocities with a sufficiently high
accuracy coincided with the experimental values
of the ultrasound propagation velocities obtained
by the molecular acoustics method. A theoretical
explanation is given for the error in determining the
size of atoms using method of X-ray diffraction
analysis, which is associated with an increase in
the reflecting surface due to the fluctuation of the
atom, which makes it possible to verify the data of
X-ray structuring analysis by the method of
molecular acoustic.

The results obtained in this work open up
the possibility of establishing a theoretical
interrelation of the structure of crystal lattices of
various metals with the physicomechanical
properties of materials through the speed of
spread of sound in this material, including under
dynamic loads, what represents significant interest
for non-destructive testing methods.
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Figure 1. Body-centered cubic crystal lattice (BCC) of Bravais

Figure 2. The schematic construction of the iron elementary cell

F

Figure 3. The total volume V0, formed by two atoms in accordance with the model of Ya.l. Frenkel
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f7>f2>f3

Figure 4. Scheme of the formation of a metallic bond due to the transformation the orbits of electrons

Figure 5. The second (dashed) elementary cell is built at the top of the edge of the cube of the first
one with the size of the edge length ¢, =3-10""m

PERIODICO TCHE QUIMICA « WWW.PERIODICO.TCHEQUIMICA.COM « VOL 15. SPECIAL ISSUE 1
* ISSN 1806-0374 (impresso) * ISSN 1806-9827 (CD-ROM) « ISSN 2179-0302 (meio eletrbnico)
© 2018. Porto Alegre, RS. Brasil 490



Figure 6. An elementary face-centered cell EFRLL 'K F'E", built at the top of the edge of the first face-
centered cell ABCDD C'B'A’

Figure 7. The model of the "blurred” in time state of the atom in the unit cell

v, =+ E/p,m/s (1)

E=[F/S]/[AL/L], kg/m-s 2 (2)
v, =4/200/7830 = 5060, m/s (3)
% =[(5170—5060)/5060]-100% = 2,2% (4)
A=2-R,,.,m. (5)
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V=AW m/s

max

A=«

Fe

2-R

atom?

m,

A=0346-10"",m

AC'=(AC)* +(CC')?

N 2 2
AC = 1/2aFe+aFe

AC'=«a,, 3

AC'=2.866-10""m-1.723=4.964-10"" m

4R =4-126-10"=5.04-10""

atom
Fgrav=e2/r2=m-u?/r

AC>4R

atom

a, ~3>504-10""m,
a,, >5.04-10"m/1,723

a,, >2.925-10"m

a)max = vlt/aFe

@, =5940m/s/3-107° m =1.98-10", Hz
2=t For

tAO = tOA‘ = 1/a)max

v, = AL/ 1

v, =3-10""m/1.01-107" = 2970,3m/ s

v, =3000m/s
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Vo =@, V3)/2]- @, (27)
0,0 =2.598-10""m-1.98-10" Hz = 5144m/ s (28)

% =[(5170—-5144)/5144]-100% = (26/5144) -100% = 0.5% (29)

v=" -w-(/n), (30)

aCu > 3.62 -10'°m (31)
GCu = 3.65 -107°m (32)
wcu=ult/aCu (33)
wcu=1.28-10"Hz (34)
utv = 3.65-10°m -1.28 -10 ™8 Hz- (1/2) = 2350 m/s (35)
UAO=LAO-wcu-(1/n) (36)
u AO =3.65 -107°m +(\2/2) -1.28 10 '3Hz- (1/1) = 3321 m/s (37)

AR, =[(R;, —R})-100%]/ Rz ,(%) (38)

= 126071203 4400 0057 609, = 0.047-100% = 4.7% (39)
1.203 1203

Aa,, =[(arf —a,,)-100%]/ «;,, (%) (40)

-10 _ 1010
_310 2'86110 -100% = 0114 100% =0.039-100% = 3.9% (41)
2.866-10 2.866

Aoy,
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