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Control operation over a new phase inclusions growth by supersaturation change when
it is reducing with time is represented in this work. We have got a solution that defines
the low of supersaturation variation with time for maintaining the required law of a new
phase growth.

IIpennoxxen pekuM yHOpaBJAeHUS POCTOM BLIZeeHUS HOBOH (a3bl M3MeHeHUeM Tepechl-
MIeHHOCTH PACTBOPA, IIPU KOTOPOM AMCIIEPCHUS PA3MepPOB BEHIIEJIEHNT YMeHBIIIaeTcs CO BpeMe-
"HeMm. ITonyuena acuMITOTHUYEeCKas 3aBUCUMOCTDL, ONPeAENIAIONIAs 3aKOH M3MEeHEeHUS Iepechl-
HIEHHOCTU CO BPEMEHEM MAJA TOAAepP:KaHUA TpedyeMoro 3aKOHA PpPOCTa BHITEJIEHUA HOBOM
aswl.

New phase growth has already become a canonical section of phase transition physics [1]. In the
common sense the main question deals with definition of the law of inclusion growth under certain
conditions. The rule is to recognize three stages of growth: stage of generation, independent growth and
stage of coalescence [2]. Under modern conditions there is an increasing interest to inclusion growth
because of rapid nanotechnology development [3]. The reason for that is connected with requirements in
nanoparticles of the certain size [4]. It stands to reason that the inverse problem is in the foreground.
The problem should answer the question what conditions are required for the support of a given law of
inclusion growth? In the simplest case the conditions mean the solution supersaturation degree. Clearly
this problem is very difficult even in the simplify case of inclusion growth in the solution supersaturation.
We should pay attention that the condition of independent growth can be put into practice. That is
why the work will study the inverse problem in the regime of independent growth of inclusions or the
one-particle problem.

The work uses the approach considered in [6] for description of inclusion growth under nonstationary
conditions. As it was proved before this approach is also efficient for solution to the inverse problem [7].
Using the results for inclusion growth in nonstationary conditions we have got the solution to the inverse
problem [7]. The regime of inclusion growth under which dispersion of the size is reducing with time is
proposed in the work. We have also obtained supersaturation change over time, providing the required
law of growth. Thus we offer the regime of dispersion reduction according to the size of inclusion during
the growth process through changing supersaturation with certain methods.

Let’s assume that the law of inclusion growth is realized in accordance with still undefined law of
supersaturation change

1)
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Fig. 1. The changing of initial inclusion size AR(0) with time AR(¢) by the law of inclusion growth (1).

In this expression v is a proper time scale of size change and R, is a size of inclusion required to be
obtained in the growth process. On realization of this operation the initial scatter of source dimensions
size ARy is decreasing with time as

Y
AR(t) = ARO7 s (2)

In other words size dispersion is decreasing with time inversely proportional to time. In Fig. 1 the
mechanism of dispersion decrease under the law of growth is shown (1). For a wide range of technological
purposes the size dispersion decrease is quite desirable .In principle from a ratio (2) it is easy to define time
for any necessary dispersion level. Thus the problem leads to finding out the conditions of such operation
realization. Below we will show how it is necessary to change supersaturation for such operation of growth.
For this purpose we use the result of [7] on solution to the inverse problem. According to the work the
supersaturation is defined by the expression

t
, H B(t)- e~ FO C’+/a(r)eF(T)dT ) (3)
0

Were A(t) is the supersaturation and functions entering into this expression are defined with the law of
inclusions growth. Thus

o f(t) = — /(t o,
0

Here D is diffusion coefficient. The constant C' is also defined by initial conditions or more precisely initial
supersaturation A(0). Using these ratios we will define the law of supersaturation changes for realization
of the growth regime (1).
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Fig. 2. In the left the obtained function A(t) (D=0,00001,R../Ro = 100), in the right it is represented
in the double logarithm zoom with the line approximation.

First of all we will note that function evolution of z(¢) can be calculated in the elementary functions.

Thus
_ Ry, GresinhvVE)
z(t) = i {Roo\/g_F v(Ro — Reo) N }

and the function 5(t) is expressed in explicit form. The function evolution a(t) can be also calculated in
elementary functions although it has got a rather lengthy form

1 0 Wi
"= 3553 | 7077

2

{(Ro — Roo)® 4+ 2RZ, (1 + %) +

7 - arcsinh(t/y) 2 t g2 ANVl 2 s
tt+ ) ((RO+R°°)+4ROR°°7 4R°°(1+7))} 3\/5R(t)

All these dependencies define the supersaturation A(t) in quadrature. However the analytically
calculation of residuary integrals is a difficult problem. Even integrals representation by the means
of special functions is a hardly achievable problem. And integrals expression with special functions
makes it difficult to research the character of supersaturation change. Therefore further we will analyze
supersaturation change with time using calculus of approximations. With quadrature method A({t)
was found that is shown in the Fig. 2. The main conclusion of calculus of approximations leads to
the character law of supersaturation reduction with time (For example, 2 in the left). Such character
shows the opportunity of the simple asymptotic behaviour of supersaturation with huge times. For the
definition of asymptotic behaviour character the same supersaturation dependence is illustrated in the
right fig. 2 in the double logarithm zoom. The well visible straight-line portion proves the power character
of supersaturation behavior with huge times

A(t) ~t™* where ¢ >> 7. (4)

The slope ratio of straight-line portion defines exponent a. Using the least-squares method the exponent
o = 1,98+0.02 was obtained. For visualization the power law with the obtained exponent is shown by the
dish line in the Pic. 2. We can watch a good coincidence of supersaturation behavior with the obtained
asymptotic law (4) with huge times. Considering the obtained simple asymptotic law the exponent « can
be estimated. For this purpose we use the equation that defines inclusion radius change with time under
the given supersaturation obtained in [6]

dR(t) _ D-A(t) .
iy e +VD-0YA(A®)). (5)
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Properly speaking the above cited solution to the inverse problem for supersaturation was obtained using
this equation. Substituted the obtained law of supersaturation change (4) with huge ¢ in this equation
and used the characteristic of fractional differential operator /2 we will get

dR(t) Dt .
7’\“ R(t) +\/5t /2. (6)

We only have to use the character of inclusion growth change (1) with time for derivative evaluation

d};gt) . Comparing asymptotic leading terms of the obtained equation we can easily define the exponent «
1 1

that means o = 2. This value was brought in correspondence with the obtained numerical solution.
Thereby supervising the supersaturation change according to the proportion (4) we can obtain scatter
reduction in size or dispersion in size of new phase growing inclusions. It was ascertained that at the stage
of independent growth maintenance of the regime under which supersaturation is reducing with time in
inverse proportion to the square of time leads to dispersion reduction. At the same time dispersion in
size of new phase inclusions decreases in inverse proportion to time and the inclusions growth can be
calculated with proportion (1). We have to take into account that their dispersion reduction in size also
should be observed under other special speed slowdown of new phase inclusions growth. In this case the
important characteristic is such change of inclusions radius that asymptotically with time becomes a
constant value.
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3MenIueHHsa gucrepcii 3a po3mipamMmu BuJijieHb HOBOI (pa3u 3MiHOIO
MepeCUIeHOCT] POZUNHY

T.B.Kyaix, O.JL IInirincoxa

3alpOTIOHOBAHO PEXKUM YIPABIIHHS 3POCTAHHAM BUJUTEHHS HOBOI (ha3u 3MIHOK MEPECHIEeHOCT]
PO3YHWHY, MPU SIKOMY JUCTIEPCiss PO3MIPIB BHIIEHh 3MEHIIYEThCA 3 YacoM. OTPHMAHO ACHMITOTHIHY
3aJIeXKHICTh, 10 BU3HAYAE 3aKOH 3MIHM TMEPECHUEHOCTI 3 Y4acoM IS MATPUMKH HEOOXiHOTO 3aKOHY
3POCTaHHST BHIIJIEHHS] HOBOI has3u.
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