H3zeecmua Hayuonanvroti akademuu Hayk Pecny6nuxu Kasaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

PHYSICO-MATHEMATICAL SERIES
ISSN 1991-346X
Volume 4, Number 302 (2015), 182 — 185

UDC 517.957.6

ANALYTICAL SOLUTION OF THE HEAT EQUATION
WITH DISCONTINUOUS COEFFICIENTS

M. M. Sarsengeldin’, N. T. Bizhigitova®

'Suleyman Demirel University, Almaty, Qaskelen, Kazakhstan,
"*Department of mathematics and natural sciences,
E-mail: merey(@mail.ru

Key words: Integral Error Functions, heat polynomials, moving boundaries.

Abstract. The main idea of the developed method is based on the use of Integral Error Functions and Heat
polynomials which a priory satisfy the heat equation. Linear combination of these functions allows to solve heat
equations in domains with moving boundaries with discontinuous coefficients.

Introduction. Solution of heat equation by heat polynomials in domains with nonmoving boundaries
were considered in [1]. Heat distribution in degenerate domains substantially complicates the problem and
cannot be solved by classical methods represented in [2] and [3]. Only for special cases it is possible to
construct Heat potentials, however in general solution reduced to the system of Integra-differential
equations which contains singularities. In this paper we consider analytical solution of the heat equation
with discontinuous coefficients in domain with moving boundary which degenerate at the initial time.
This problem is a part of study where the two phase spherical Stefan problem with two moving
boundaries has to be solved. We follow the method represented in [4] and utilize Heat polynomials to
solve the problem.

Problem statement. It is required to find the solution of the Heat Equation
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Problem solution. We represent solution in the following form:
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Where coefficients A4, , A,
moving (7). Using Hermite polynomials we represent (7) in the form of Heat polynomials:
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C, have to be found. Moreover, it is necessary to find unknown
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From (5) for x =0
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Using above expression we have
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To find A4,, we use multinomial coefficients of Newton’s Polynomials.
It is known that
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after making substitution 7 = w/; we have
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1s a multinomial coefficient in our case
Thus to derive recurrent formula for A4, , we take both sides of (5), 2k — times derivatives at 7 =0,

we use multinomial coefficients and get following expressions.
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Thus A4,,, coefficients are found explicitly and can be calculated from (15) and (16) where C, 0 [4/]

or C, ;[4/—2] multinomial coefficients or sums of coefficients at /3, ;.
To calculate C, we apply Leibniz, Faa Di Bruno’s formulas and Bell polynomials
Using Leibniz formula we have
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Using Faa Di Bruno’s formula and Bell polynomials for a derivative of a composite function we have
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Thus utilizing (11), (15), (16) and (21) we find 4,,,4,,.,.C, coefficients of functions (7) and (8).
Convergence of (7) and (8) can be proved by following the analogy of the proof represented in [4].
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Abstract. Algebra with identity (@ - b) = ((L : (’:) - b is called a right-commutative. In [2] the basis of the
free right-commutative algebra constructed by rooted trees. Studies varieties of free algebras lead to the study of
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