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law

ohy T B
715 = \/_T_leXp (A —) : (5)

The solution of this problem is obtained using the law of energy conservation with estimation of
all acting forces and characteristic times of thermal and hydrodynamic processes.

3. Thermocapillary mechanism of erosion
Sometimes erosion phenomena can be explained by the influence of thermo-capillary Marangoni
effect which provokes an intensive convective flow in a narrow surface layer of melting zone owing
to temperature dependence of surface tension of liquid metal. To take into account this effect it
is necessary to consider the special boundary condition for thermo-capillary forces causing radial
stresses on the melted surface:
oV, do 0T

2 O = _d_irlﬁa = hu<r7 t)v (6)

where p is the dynamic viscosity and o is the surface tension. It was shown in 2] that for tungsten
with current density j = 6.45- 107 A/m? and heat flux Qg = 3.2 103WW/m? the Marangoni number
is Ma = 1.13 - 102, while the rate of thermo-capillary convection V, at the molten surface reaches
13m/sec , thus causing the ejection of metal from the molten pool by the thermo-capillary forces.
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Let h > 0 and T, = {a,a + h,a + 2h,-- -} with Va € R.
Definition 1 (see [1]) Let f : T, — R. Then the h-derivative of the function f(x) is defined by

f(0n(t) — f(1)
h, Y

th(t) = t e Ta,

where §;(t) =t + h.
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Definition 2 (see [1]). For arbitrary t,a € R the h-fractional function is defined by

t(a) = h& F(% + 1)
h L(f+1-a)
where I' is Fuler gamma function, and
lim t,(1 ) = ¢,

h—0

Hance, by Definition 1 we find that
D, (tﬁf“)) = at!"™™,

The classical Bessel functions are heavily studied special functions (see [2], [3]) that are defined
via Bessel’s differential equation

ty"(t) + /(1) + (t* — n*)y(t) =0, (1)

for some (possibly complex) parameter n called the order of the equation. In this paper, we propose
the following discrete analogue of (1): the second-order delay difference equation

tO D2y (t — 2h) + 'V Dy (t — h) + t2y(t — 2h) — ny(t) = 0, (2)

The solutions of Bessel’s differential equation, .J,,, are called Bessel functions (of the first kind)
and have series representation

( 1)kt2k+n

Theorem 1 The function
( 1)kt(2k+n)
k'F k +mn + 1)22k+n’

solves (2).

Reference

[1] N.R.O. Bastos, R.A.C. Ferreira, and D.F.M. Torres, Necessary optimality conditions for
fractional difference problems of the calculus of variations. Discrete Contin. Dyn. Syst. 29(2),
417-437 (2011).

[2] Milton Abramowitz and Irene A. Stegun, Handbook of mathematical functions with formulas,
graphs, and mathematical tables, National Bureau of Standards Applied Mathematics Series,
vol. 55, For sale by the Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C., 1964. MR0167642

[3] E. George Andrews, Richard Askey and Ranjan Roy, Special functions, Encyclopedia of
Mathematics and its Applications, vol. 71, Cambridge University Press, Cambridge, 1999.
MR1688958

October 16-19, 2019 165 Nur-Sultan, Kazakhstan



