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MODELING OF CONDITIONS OF PHASE TRANSFORMATIONS
IN MICRO-AREAS OF METAL MATERIALS WITH EXTREME PENETRATION
OF MICROPARTICLES

The stability of chemical bonds under the action of shock waves and free electrons in the
thickness of metal targets is modeled on the basis of quantum mechanical calculations. At the same
time, analytical solutions of the Schrédinger equation in ellipsoidal coordinates are made and the de-
pendences of the energy of chemical bonds under different conditions are obtained, which clearly
show the conditions of their stability. The conditions of ultra-deep penetration of microparticles have
been experimentally established and it has been shown that the physical state during ultra-deep pene-
tration can vary from the plasma to the amorphous or crystalline state.

Keywords: mathematical modeling; ultra-deep penetration; physical state; stability of chemi-
cal bonds.

Ilpogedeno modenosanns cmitikocmi XiMIMHUX 38 A3Ki8 Ni0 i€l YOAPHUX X8Ulb MA BLIbHUX
eNeKmpoHi6 8 MOBWT MEMANIUHUX MiuleHell Ha OCHOBI KBAHMOBO-MeXaHIUHUX po3paxyukie. [Ipu yvomy
npogederi ananimuyni po3e sa3xku pisnaunsa Lllpeduncepa 6 enincoidanbHux KOOpOUHAmMax ma ompu-
MAHI 3a1edHCHOCMI eHepeil XIMIUHUX 36 S13Ki6 Npu PI3HUX YMOBAX, AKI HA2HAOHO NOKA3VIOMb YMOSU iX
cmitikocmi. Excnepumenmanvio 6cmarnogneni ymosu Hao2auboKo20 NPOHUKAHHS MIKPOYACMUHOK ma
NOKA3AHO, WO Acpe2amHuil Cmawn nio 4ac Ha02IuboKo20 NPOHUKAHHS MOJICe 3MIHI08AMUCS 6i0 NiaA3-
M08020 00 amoppHo2o abo KpUCMALIYHO20 CIAHY.

Knwuogi cnosa: mamemamuyre mMoOen08anHs, HA02AUOOKe NPOHUKAHHS, AepeamHuti CmaH,
CMIUKICMb XIMIYHUX 36 "A3KI6.

Problem’s Formulation

The creation of functional materials with improved operational and technological properties,
as well as to reduce the cost of their production, is one of the most promising tasks of modern mate-
rials science. Impulse and periodic impact on the processed material with high-speed and high-energy
macro- and microparticles leads to a change in its structural and phase characteristics. One of these
methods is high-speed bombardment of targets with microparticles using the energy of a cumulative
explosion, which is capable of providing particles with a wide range of velocities and energies. Sur-
face treatment of materials with high-speed flows of microparticles is widely used in mechanical engi-
neering to obtain superhard alloys.

Depending on the speed, temperature, properties of particles and the surface to be treated,
coatings are formed and implantation into the surface layer takes place. In this case, particle streams
can be used with a wide range of velocities — from tens to several thousand meters per second and
pressures up to tens of GPa. The study of high-speed collisions of microparticles is widely used for
research purposes.

The method of surface doping with high-speed microparticles makes it possible to form shock
waves in a wide range of pressures and velocities, which radically change the characteristics of the
target material under study [1—4]. One of the problems that arises when bombarding materials with
microparticles at supersonic speeds is their abnormally deep penetration deep into the metal (Usheren-
ko's method). As a result of numerous experiments, it was found that anomalously deep penetration of
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microparticles into the matrix occurs — up to 1000 of their diameters, instead of the classical 5—6
[1]. In addition to anomalous penetration, new chemical elements were discovered in the passage
channel, which were not observed before the bombardment, and a change in the state of aggregation of
the material is also observed [5—6]. Classical thermodynamic calculations, the theory of phase transi-
tions, experimental studies of phase and structural transformations in a solid using various physical
methods of influencing the microstructure indicate that such influences as impact, heating, compres-
sion, the passage of an electric current, etc. new results. The question also remains open: where does
the energy come from two to four orders of magnitude more than the energy of a microparticle? A
comprehensive study of superdeep penetration of microparticles into metals and their alloys is the
most appropriate way to create a theory of superdeep penetration.

Research should be carried out in the field of physics of micro- and nanosecond time intervals,
since all registrations of data from experiments on superdeep penetration occur for sufficiently long time
intervals and are average statistical. Therefore, the description of individual acts of interaction, decay
processes and the formation of chemical bonds, they must be carried out using quantum mechanics.

Analysis of recent research and publications

To clarify the conditions for superdeep penetration of microparticles into metal obstacles, the
idea of destabilizing the microstructure of metal materials in limited microvolumes during the action of
external physical factors is proposed. Among such methods of destabilization may be: synthesis of sin-
gle crystals of metastable diamond under shock compression, previously destabilized graphite-metal
systems [1—2]; transitions of graphite and zirconium to the amorphous state under the simultaneous
action of high pressure and irradiation with heavy ion fluxes [5]; abnormally deep penetration of micro-
particles into metals with the formation of chemical elements that were absent before the interaction [6].
When using classical experimental methods of metal processing, the above results were not obtained.
As a result of numerical experimental studies, it has been established that the mechanism of collective
interactions of ultrafast microparticles with metal obstacles is significantly different from the interac-
tions of single microparticles with them. Dynamic interactions of the particle flow radically change the
physical, chemical and mechanical properties of materials [1]. The process of penetration of micropar-
ticles has a complex mechanism, and their movement is difficult to describe with known physical mod-
els. As a result of experimental studies, it was found that the effect of superdeep penetration is absent
for single particles [1,7—38], but is observed only in the case of acceleration of a very large number of
microparticles [8]. In addition, it was found that superdeep penetration of microparticles occurs if the
size of microparticles is within certain limits, the so-called "scale factor", and the speed of their colli-
sions does not go beyond the speed range (0.5 ... 3.0 km / s) [9 —11]. As the microparticles pass, the
formed channels are filled with new phases, which are formed from obstacle elements, microparticle
elements and new chemical elements that were not observed in the initial materials.

Formulation of the study purpose

Establishment of conditions for the occurrence of the phenomenon of superdeep penetration of

micron-sized microparticles and changes in their state of aggregation.
Presenting main material

The movement of a microparticle in a metal target along the channel is accompanied by high
pressure, the influence of microsecond high-energy shock waves that lead to the destruction of chemi-
cal bonds. Fig. 1 shows the schemes of the cumulative charge of microparticles (Fig. 1, a) and the
model of penetration of a microparticle into the target (Fig. 1, b). Fig. 2 shows a diagram of the motion
of a single microparticle and shock waves inside the target after a cumulative explosion. If in the zone
of passage of a microparticle there is a superposition of shock waves arising both upon impact on the
surface of a metal target and reflections from obstacles inside the metal itself, then a shock wave front
and a strip of a shock wave provoked by other microparticles appear (Fig. 2). Dislocations, crystallites,
and impurities can be considered as obstacles. The interaction of shock waves, ultrahigh pressures
with valence and free electrons leads to an increase in their vibrational energy. The reduced viscosity
will be as long as the microparticle is in the area of the shock wave [11, 12]. If we assume that a mi-
croparticle after a cumulative shot moves before colliding with a target at a speed of 1000 m / s, then
after hitting a metal surface, the propagation velocity of a shock wave will increase to 5100 m / s (for
steel). Therefore, the depth of the penetration channel depends on the front and the stripe of the shock
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wave in the direction of motion and the thickness of the metal target h (Fig. 2). Also, the size of the
particle (the so-called “size factor”) has an important place [11]. Taking into account reflected waves,
we take the average time of passage of shock waves to be twice the time of passage of shock waves
through a metal target #,,,.=2h/v, and the penetration depth is statistical in nature. The collective mo-
tion of many particles leads to the fact that they become electrified, and when they collide with a metal
surface, excess negative charges go to the metal surface, and then into the microparticle passage chan-
nel. Charges entering the channel of passage of microparticles interact with chemical bonds, contribut-
ing to their destruction. As a result, the molecules disintegrate, losing valence electrons and electrons
of the outer electron shells. In connection with such a development of the situation, in a limited space
at micro- and nanosecond time intervals, a limited volume of cold plasma appears, and the viscosity of
the metal sharply decreases. The calculations show that the viscosity of the metal is comparable to the
viscosity of water at temperatures from 55°C to 80°C [11]. If the motion of shock waves in the plasma
stops, then the formation of chemical bonds begins. Moreover, the rate of formation of chemical bonds
is about 10°—107® /s, which, under certain conditions, leads to the formation of amorphous phases
[12]. As an example, we present photographs of the surface morphology (Fig. 3) and electron diffrac-
tion patterns of the channel of passage of the SiC microparticle in steel (Fig. 4, point A).

The processes of decomposition and formation of new phases are confirmed by X-ray micro-
scopic, X-ray phase, electron microscopic analyzes. It can be seen from Fig. 3 that the morphology of
the target surface has changed greatly due to the passage of the microparticle through the channel.
Electron microscopic microdiffraction data indicate the presence of an amorphous component. Fig. 4
shows three diffusion halos, which are inherent only in the amorphous phase. On the other hand, the
formation of an amorphous phase according to classical laws is possible only from a liquid state by
ultrafast cooling [12]. However, the energy for melting a microparticle and metal inside the micropar-
ticle passage channel is not enough [4].
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Fig. 1.a. Explosive accelerator diagram for Fig. 2. Model of the passage of microparticles
throwing microparticles: 1 — detonator; 2 — in a metal target: H is the average thickness of the
explosive charge; 3 — metal shell of the cumula- layer of microparticles, R and r;, r, — the radii vec-
tive recess; 4 — microparticles; 5 — target tors of sound shock waves of microparticles, H and

L — dimensions of the flow of microparticles after

Fig. 1.b. Model of particle penetration into a cumulative explosion, /# and /; — dimensions of

the target [1]: 6 — microparticle; 7 — plasma; 8 the target, V and v- velocity of microparticles in air
— area of collision of plasma flows; 9 — chan- and sound waves in the target, p; and p, — obstacles
nel structure in the way of shock waves
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Fig. 3. Surface morphology of the sample in
the region of the microparticle passage channel

Fig. 4. Electron diffraction pattern of the
sample At point A

The assumption that the phase composition changes during the interaction of shock waves with
chemical bonds that destroy them is evidenced by the fact that the formation of new chemical elements
occurs in the collapse zone (Fig. 1b, point 8), where local nuclear fusion occurs. and there is a transmu-
tation of chemical elements. In addition, mass spectrometric X-ray spectral analyzes recorded the pres-
ence of new chemical elements that were not present in the starting materials (Tabl. 1) [1, 6]. No new
elements were found at the front of the microparticle movement (Fig. 1, b, point 7).

Table 1. Chemical composition of a steel target after treatment with a stream of lead microparticles

Sample No. CHEMICAL ELEMENTS, %
Ti Cr Fe Al Mn S Cu Pb
Ref. target | 0,00 0,0013 99,98 0,00 0,00 0,007 0,00 0,00
composition
in points
Ref. particle 100
composition
A 0,00 52,99 0,04 28,83 18,14 0,900
B 28,61 13,99 39,17 0,55 17,68
\Y 0,31 0,18 43,83 0,00 30,39 25,01 0,28
G 41,64 0,22 45,74 0,12 12,27
D 43,32 0,03 40,00 0,54 16,11
E 46,50 0,14 36,22 0,43 16,71

Fig. 5 shows the visible spectrum, reflecting the radiation during the transition of electrons
from one shell to another in the processes of decay and the formation of chemical bonds during super-
deep penetration of lead microparticles in steel. It can be seen from the figure that the set of emission
lines has an almost continuous spectrum, and this indicates an infinite number of transitions of elec-
trons from one state to another, both during the ramp and during the formation of new phases.
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Fig. 5. Spectrogram of visible radiation obtained by bombarding a steel target with lead mi-
croparticles

As an example, let us give the results of bombardment of a steel target with lead
microparticles. Results of X-ray spectral microanalysis at several points in the canal area. The table
shows that transmutation of chemical elements is taking place and, obviously, local nuclear reactions
are taking place [4].

In view of the above experimental data, let us consider the quantum-mechanical aspects of
changes in the stability of chemical bonds under the action of various external disturbances, since
atomic transitions, decay and formation of chemical bonds have nanosecond time intervals. To con-
firm this hypothesis, we will use the solution of the Schrodinger equation in ellipsoidal coordinates.
This formulation of the problem most fully corresponds to the real orbits of valence electrons. The

Schrédinger equation for an electron moving in the field of two stationary Coulomb centers (Z, and
Z,), located at a distance in ellipsoidal coordinates, has the following form [13, 14]:

AY +2[E+U(r,,r)]¥ =0, (1)
whereU (7,,7,) — operator of potential energy, », and r,— distance from the electron to the

charges Z, and Z,; E— energy of the electron; A— Laplace operator in an ellipsoidal coordinate
system, expressed using the Lamé coefficients [15]:

4 o , .0 0 N 4 02
A=l— 2 122l a2 s ,
{Rz(/leryz){@/l( Vo1 TH )ay} Rz(/lz—l)(l—yz)égoz}

then the Schrédinger equations (1) in ellipsoidal coordinates will have the form:

4 [0p 0,0 o0 4@ i
{W{a(ﬂ ) 8/1+8/1(1 78 alj+R2(/12_1)(1_#2)a(pz}\l’+2[E+U(/1,/¢)]\P 0. ()

The solution to equation (2) is possible by separating the variables A and x in the potentials,
and the condition is satisfied:

UA )X = 1*) = ¢, (A) = 0, ().

This class of separating functions includes potentials:

8) U(Ap) = 2Z,c N 2Z,c
RA-p) R(A+p)

two charges Z, and Z,, a — coefficient that depends on the nature of the Coulomb forces;

; — is the potential of the Coulomb interaction of an electron with

b) U = A(X* — u*)— potential created by an isotropically oscillating two-center spatial oscillator;
¢) any superposition of the previous potentials.
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In expression (1), it is enough to pass to ellipsoidal coordinates in order to use the potential (a)
and (b) for approximate methods of solving two-center problems with a basis that depends on R. For
the Coulomb potential, we represent the solution of equation (1), which is divided into three ordinary
differential equations order [15]:

2
{ d - +A2}CD(¢)):O, 3)
0p

2

i(1—;,2)i+ A —ple+rpZ T+ AY (u) =0, (4)
ou ou l1-u

o ., 0 N 2 N
— A -1)—- +Ae+AZ"-A|X(1) =0, 5
{81( )81 A -1 } ) ©)

where @(p) = exp(iAp), A|— integer.
ER® ., . .
&= > ;27 =(Z,+Z,)R/a ; A(R) — constant separation of variables.

Equations (4) and (5) have two regular singular points with coordinates (+ 1), and one regular
at infinity (+). Many general theorems are applicable to this equation, which are valid for ordinary dif-
ferential equations of the second order, in particular, the discrete spectrum of these boundary value
problems will be nondegenerate [16]. Equations (4) and (5) contain functions of depending on parame-

ters A,E,R,Z_,Z,, which are entire functions of parameters, therefore, by Poincar¢'s theorem, the
solutions will be entire functions of parameters. If Z, =0, then the equations for the func-

tions X (A1) and Y (u) exactly coincide, and the solution to the hydrogen-like problem has the form

Y=X(A)Y (1) O(9) . (6)

The analysis carried out for equations (3—5) makes it possible to distinguish a model equation:

6 1 - A2 C 6 2 6 A2 62 2 0
—t——+—Fe+—(1 - )—- +nn+1)+ + AN F () =0, (7)
{aﬁ T G,u( ”)ay T (n+1) Py (2, 14, 9)
whose solutions will be:
FO(t,p0) =M, (N=2)B (u)e™. ®)
2

In [16], the constructed Green's function for the operator of equation (7)

, , , 1 , 2n+1) (n—A)! N —iNod
R Y e A LA AN
F(—K+A+l) 1
where Gn(,,,',k):r(A—zl)szA(zat).WkA(zat), t<t', a= —6‘,ifk=E, A =0, then
+ 2 2

G, (@t k)= %e”’e”" 2att'2at + 2at' =3+ C +In2at + In2at’ + E.(-2at) + E,(-2at’)].

At t <t and f= % the singular term must be excluded from the expression. The presence of the

Green's function makes it possible to find a solution with perturbation:

c-z+ N-1 )
+ +ute+ L (10

(12 Tauray HETH )
Since the perturbation is a continuous and bounded function, the iterative process will be similar. If the
solution of the model problem (7) at certain values k,A,n, can be expressed in terms of func-

Wt ) =W () +W(u) =

tions £ , (£)Y, , (1 )e™? , then the solution to a real problem will look like
Vinnot0) = faOY,(1)0(0) = [ Gt 1, 10,0 W (U, s 0 W (G o). (1)
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The presence of the Green's function makes it possible to find a solution of the Schrodinger
equation with perturbation. After the first iteration

Fona(t,1,0) = F* (6, 11,0) = [ Gt 1, 1,0, co’)W(t’,ﬂ',co')dt (12)
1
Fon,(tu,0)=4e ”’eZ{At+A In(t+2) + 4, +Z 2) +(Z‘y+g/12).
r= 1 r+

{Bt+Bln(r+2)+B+ b, }}
(@ +2)

where 4, =—Z" —4ae™E (- 4a)+ 5 +e4”E( —4a)(6a” + ) A, =-27Z"""E (—4a)+0.25;

A =—g—2Z+—Z——2(3+4a—C)e4”EA(—4a)—3a+2—lln2—(lla+12a2+l—£—3aC)-
3 a : 4 2 4

¢ (~4a) - 7 *64"’51‘(‘4“){‘ -2+ 3 (46(1) 1()rb D

B o r=1r-l ( 1)/+p—lb ( l)b .
; ;(451) "r=0..(r=-Dr-Dr-1-p+1) ;;(4(1) "(r— z)v}
o0 r 2 1 b . ) )
"= 22y (3 B+ 025-77]s B = ~dac*'E (-4a); B, =26 E(~4a);

a a (=1'b,
B, =-2+2(3+4a+C)e*E,(-4a) - 2¢* Ei(—4a){— C-In2+ -
’ ;;(40) "(r=0)!
o r=l r-l

TS (=175, b3y CVE (-1)'b, }

SiEa Ga)y (r=D..(r =D =D(r=1=p+1) 55 (4a) (r=D)!

z (=D’p,
“(4a) (r—1)-2
Let us calculate the wave function under the influence of the third center on it has the form (in
this case, these are free electrons and positive ions
Wyonn (Aot 0) = W0, (o s 0) + [ G- 1, 0V, (2, 1, )T (13)

where l//,({), an(ts1,0) =~ 2ate™™ . After the first iteration we will have

) 17 6 ¢ 6 1
v, =Y 2z [} .
fo ;3 {Q"( )Lz ) (2a)3 6a \8a*> 2a

+(002) - 0L(0))-[(E,(—2at) - 2€ = 2ar = In 241 )£V (1,) - B (1) |

£ 3 1 3 1 1-D 3 1 1-D
where &V (1) =72 ++[ +— 7+ +—— L+ —+—+ .
¢ 2a \2a° a)' \4a® & 2a )" 8a' 2d 4ad
BO)=e"| 1, +(1 +2)t +(1 +1-D | + LA 12+1_D t, + 174+ 33 +
2 8a’ 2a 2a (2a)"  4a
+e7> In2at, —+(—+ j ( 1_?jti+ 34+ 13+1_? +
2a 4a 8a" 2a 4a

3 1 1-D 1 1 1-D
+ [ 2a) =€) (8— 20 j‘ma”rf W (9
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D=2 P(u)-
The influence of these interactions is due to the potential ¢;(Z;, 4, 1, ) and is taken into ac-

count by the perturbation theory with the Green's function
W, =W (2,2, 2) 4 [GLE\ 2,2, Z W (' 2,.2, - Z)¥} , ,(t".2,.2,.2,)d7 . (15)
To return from a mathematical model to a real physical problem, we transform equation (7) by

making the inverse change A=t+1, then f{)=[A’-1] " X(]).
Since this transformation is nonlinear, we get an equation of the form

4 19 (2 9 _9 (_ )9 s, 4 o _
{sz—/ﬂ{a@(’l 1)6/1 ﬁ,u(l " )au}” [E+U(’1’”)]+R2(,12—1)(1—/f)a(p2

-2z u 2B -2) ar-2) o, o, 1 &
- - S | e X(2)Y =0 (16)
R(/iz_luz) R +R2(/12—,uz) 6;1( H )a,tl+l—ltlz 00" ( ) (/‘)q)(@)

We see that equation (16) includes the original equation, and the solution to the model prob-
lem takes the form

A+l y

Y=F=[(t+2)] 2.y 2 -e2 .@(%k%,/\ - 1,y)PnA(y)e"A¢’, (17)

where @ — degenerate hypergeometric function.
Consider the first group of energy terms (for n = 0) for the case when A=0. Let's introduce
a; =2b; =,/—¢; . Then, from equation (17), we obtain an explicit form of the model wave functions

\Vk,A,n

\a a.t A\ a5 ast
¥ = L. Sl O (1—a.t) -3
%,0,0 ) exp[ ) j 30, ( a; ) exp[ ) j

\a ast
¥ = *(l-a t+0,5a2t* ) ex [——3}
2,0,0 /l‘+2 ( 5 5 ) p

where b; is found by the formula

b, =2k + .4k, + 2L,

. Considering that b0, for bound states, the "+" sign is chosen in the

2 +
+n(n+1)+

L=

formula (...). Based on the solutions of the model problem, we obtain the energies of states corres-
ponding to the quantum numbers 4/=1/2, 3/2, 52u A =0, n=0.
Let us calculate some states by the formula

<lPk,A,n
k,A,n =
<lPk,A,n
where H j— hamiltonian of the two-center problem

R 1 Z 1
H = ——A, —— |+,
,Z::‘( 2 j v

r; 12

H0|:P;,A,n> ’ (18)
v

E

kST ‘I’; A..— wave functions that are solutions of the Whittaker equation [17]
1
4[2 (ay-Z")+e* E, (—4al)(al2 VA —ial}
El = ) (19)

—,0,0
2 R —fa1e4”1E,-(—4a1)
2a1 3
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where a, =—-1+,/05+(Z,+Z,) ,
E3 = ! X

2,00 1
2 122{2—4613 —16a2 — 4az(1+4a3)* ™ E;(—4as )}
as

3 1 1
Xlz{[%_f[y% +4a3j_e4a3E,.(_4a3)J*ha3 +a2 —4a? + 7+ (1643 +8a2 +a3}, (20)

where a, =—3+\/8.5+(Za +7Z,),

E, = {Z(l&z? +28a? +14a, +%+ 05 —% —4a, —27al —40a; —16a; +e*“E(-4a,)-
E’O’O as
-(64(121 +128a’ +80a: +16a; +1)—646155 +176a; —144a; —36a; - a; +0,25}/{R{452 -1-
aS

3
—%as _?ag _% —§e4”SE(—4a5 )(16a? +32a} +20a> +40a, + 0.25)}} . @
5

where a; = —5+\/24.5+(Za +7Z,).
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Fig. 6. The energies of chemical bonds of Fig. 7. The energies of the vibrating chemi-
iron, depending on the interaction with free elec- cal bond of iron (5) without interaction with
trons (a): 1 — no interaction; 2 — with one elec- shock waves, with interaction with a single shock
tron; 3 — with two electrons; 4 — with three wave (6), with interaction with a superposition of
electrons. several shock waves (7).
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Since the solution of the Schrodinger equation with a vibrational potential is reduced to the so-
lution of an equation with a Coulomb potential, then instead of the variable

a, = —1+\/0.5+(Za +Z,) we apply the variable in the wave function « =—1+1/0.5+ZJr +7If% ,

where ¥ — shock wave repetition rate (is a function of wavelength) [9, 10]. Let's calculate the bond

energies for steel. The calculation of energies in different states is shown in Fig. 6, which shows the
stability of chemical bonds when exposed to free electrons (Fig. 6). It can be seen from the figure that
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with an increase in the number of free electrons, the chemical bond energy decreases (Fig. 6, curves 2
and 3), and when interacting with three electrons, the chemical bond is destroyed (Fig. 6, curve 4).
Fig. 7 shows the interaction of vibrating chemical bonds (Fig. 7, curve 5) with single-amplitude shock
waves (single wave (Fig. 7, curve 6) and with a continuous flow of shock waves (Fig. 7, curve 7).
Analysis of Fig. 6 and 7 showed that free electrons and shock waves sharply decrease the energy of
chemical bonds (Fig. 6, curves 2, 3 and Fig. 7, curve 6.) Such a change suggests that a phase transition
is possible. shock waves lead to the destruction of chemical bonds (Fig. 6, curve 4 and Fig. 7, curve 7).
Conclusions

Thus, as a result of the conducted researches it is established:

Shock hypersonic shock waves and free electrons cause a decrease in the energy of chemical
bonds, which leads to their decay in the micro- and nanosecond time intervals.

The movement of a microparticle in the thickness of the metal is possible only when the mi-
croparticle hits the front of the shock waves and when the scale factor of the microparticles is ob-
served.

In a limited volume there is a decay of the crystalline state and its transition to the state of cold
plasma, which is similar to the liquid state. This state is observed during the processes of decomposi-
tion and formation of chemical bonds.

Cooling of the plasma state occurs similarly to cooling of a liquid. In this case, if the cooling
rate is greater than 105 deg/ s, it is possible the formation of an amorphous state in the channel of the
microparticle

Quantum-mechanical nanosecond processes are a special case of classical ideas about the
theory of formation and transition of substances from one physical state to another.
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MOJAEJIIOBAHHSA YMOB ®A30BUX IEPETBOPEHb B MIKPOOBJIACTSAX
METAJIEBUX MATEPIAJIIB ITPU HAATJIUBOKOMY ITPOHUKAHHI
MIKPOYACTHUHOK

BackeBuu O.C., CoboseB B.B., Cepena B.11., Cepena /1.b.

Pedepar

[IpoBeaeHO MOACTIOBAHHSI CTIMKOCTI XIMIYHHMX 3B’SI3KIB IMiJI €0 YIAPHUX XBUJIb Ta BUTBHUX
EJIEKTPOHIB B TOBILi METATIYHUX MillleHEil Ha OCHOB1 KBAHTOBO-MEXaHIYHHUX po3paxyHKiB. [Ipu mpomy
MPOBEICH] aHANITHYHI po3B’s3ku piBHsHHSA [lpenunrepa B enincoinanbHUX KOOpAUHATAX Ta OTPUMaHi
3aJIeKHOCT1 eHeprii XiMiYHUX 3B’S3KIB IPU Pi3HUX YMOBaX, SIKi HATJISAHO TOKa3ylOTh YMOBH iX CTiH-
KOCTi. 3aJeXHO BiJl IIBUAKOCTI, TEMIIEPAaTypH, BIACTHBOCTEH YAaCTHHOK Ta OOpOOIIOBAaHOI MOBEPXHi
YTBOPIOIOTHCS] IOKPHUTTS Ta BigOyBaeThCs IMIUIAHTALIS B MOBEpXHEBHUH 1map. [Ipy oMy MOXYTh BU-
KOPUCTOBYBATHCS MOTOKU YACTHHOK, II0 MArOTh IIMPOKHH Aiana3oH MBUAKOCTEH — Bil ECATKIB A0
JEeKITBKOX THUCSY METPIiB B CEKyHIy Ta TUCKIB 110 aecatkiB I'Tla. Jns 3'scyBaHHS yMOB HaIraInOOKOro
MPOHUKHEHHS MIKPOYaCTHHOK y METajieBi MEepelKoAM 3arlporoHOBaHO ifelo aectabimizamii Mikpo-
CTPYKTYPH METAJICBUX MaTepialiB B 0OMEKEHHX MiKpooO'eMax mif yac Aii 30BHIMHIX (Gi3ndHHX (ak-
TopiB. Pyx MikpouacTHHKM B MeTaleBiii MillleHI B3/I0BX KaHaJy CYNPOBOIKYETHCSI BUCOKUM THCKOM,
BIJIMBOM MIKPOCEKYHAHUX BHCOKOGHEPTeTHYHUX YyIapHUX XBWIb, 10 MPHU3BOAATH A0 PYyWHYBaHHS
XIMIYHHX 3B'S3KiB. PyX MIKpOYacCTHHKHM B TOBIIMHI METaly MOXJIMBHHA TUIBKH MPU MOMaJaHHI MiKpO-
YaCTUHKHU y PPOHT YAAPHUX XBHJIb 1 IPH AOTPUMaHHI MacmITaOHOro (akTopa MiKpo4acTHHOK. B 00-
MEKEHOMY 00cs31 BimOyBaeThCsl po3Ma KPUCTANIYHOTO CTaHy 1 MepexiJ HOoro B CTaH XOJIOAHOI Iia3-
MU, sika moAi0Ha a0 pigkoro crany. Llel ctan cmoctepiraeThCst NPOTATOM MPOLECiB po3NaLy Ta yTBO-
peHHs XIMiYHHX 3B'A3KiB. ExcriepMeHTansHO BCTAHOBIICHI YMOBH HaATJIMOOKOIO IPOHUKAHHS MIKpO-
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YaCTUHOK Ta MOKAa3aHo, IO arperaTHUN CTaH Mij] 4ac HaArIMOOKOro MPOHUKAHHS MOXE 3MIHIOBATUCS
BiJ] MJIa3MOBOI0 10 aMOP(HOro ado KPUCTAIIYHOT'O CTaHYy.
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