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AnHoTanus:JlanHast cTaThsi MPEACTABISIET 0030p MPEAJIOKEHHOTO alropuT™Ma Jis
BBI60pa OIITUMAJIBHBIX Ha4dYaJbHbIX yCHOBI/Iﬁ JJIA MaTeMaTHYECKOHN MOACIN OIIMCBHIBAOIINUX
¢usnveckne mporecchl. B OCHOBE MpeACTaBICHHBIX B CTaThe TUIIOTE3 JISKUT IIMPOKUN Kiacce
MaTeMaTH4YCCKUX 3aaa4 U3 o0acTu HpPIKJIa,HHOP'I MaTCMAaTHKU, HMeHyeMOﬁ TeopI/Ieﬁ O6paTHBIX
3aaay. Hapsmy C TCOPCTUYCCKHMMMU BBIKJIIaAJJKaMU, CTaTbsi [[aéT OIMMCaHuC PE3YyJIbTATOB,
MOJYYCHHBIX B PE3YyJbTAaTC MPOBCACHHOI'O BBIYHUCIHUTCIBHOI'O 3KCIICPUMCHTA, TaKXKC
MpeJIaraeTCs HaNpaBiICHUE [JIs MPOBEACHUS JAJbHEMIINX MCCIEAOBAaHUNA 10 JTaHHOMN
TEMATHUKCE.

KiroueBrsie crmoBa: mpsimas 3amavya, oOpaTHas 3ajada, MaTeMaThueckash MOJIEIb,
Tel'[J'IOMaCCOO6MeH, Ha4YaJIbHBIC YCJIOBHA, MHOT'OCJIONHAs 06J'IaCTL, BCIioMoOrarTrcjabHas 3aaada,
uTepaluroHHas popmyia, MeTo1 OaaHca.

Annotation: This paper represents an overview of the suggested algorithm for sampling
an optimal initial condition for the mathematical model describing real world physical
processes. Proposed hypothesis suggests an implementation of the broad range of the theory of
applied mathematics, videlicet the theory of inverse problems. As well as the theoretical basis,
this paper gives a brief description of the analyses for the results obtained through the numerical
experiment and purposely gives a direction for the further investigation for research on this
topic.

Keywords: direct problem, inverse problem, initial conditions, heat transfer, multi -
layered area, conjugate problem, iterative formula, balance method.

Annotanusa: byn makanana (usukanblK MpolecTepil CUMATTAaUThIH MaTEeMaTHKAJbIK
MOJIeTIb YIIIH OHTAiNIbl OacTanmkbl MIAPTTapAbl TAHIAYJbIH YCHIHBUIFAH aJTOPUTMIHE IOy
*Kacanmagpl. Makanana KenTipuIreH TUIloTe3anap Kepl ecenTep TEeOpHsChl Jel aTajaThlH
KOJ’IIlaH6aJ'IBI MaTCMaTUKa CaJlaCblHAArbl KOIITCICH MAaTCMATUKAJIBIK CCCITEPIre Heri3nem“eH.
TeopusnblKk ecenTeyiaepMeH KaTap, Makajlaja ecenTey TokKIpuOeci HOTHIKECIHJIE abIHFaH
HOTIDKEJIEp CHUMATTAJFaH >KOHE OChl TaKbIphIl OOWBIHIIA opi Kapail 3epTreyre OarbIT
YCBIHBIIFaH.
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Tyliin ce3nep: Typa ecem, Kepi ecel, MaTeMaTUKaJbIK MOJENb, KbUTy MEH Macca
anMacy, OacTamkpl JKarjaiyiap, Kem KaOaTThl aiiMak, KOMEKII ecell, WTepaTUBTI (opmyia,
OaaHc 9fici.

Setting up the mathematical model that accurately describes the physical process of
specific interest is a key feature of a good design for developing or optimization of various
engineering systems. There are a challenging set of tasks and problems in front of the modernity
international society of engineers and mathematicians in today’s fast developing and constantly
changing world. With the help of the symbiosis of an advanced theoretical base of the broad
theory of applied mathematics and the lavish opportunities provided by the innovative field of
the computational technologies, modern international community of engineers and
mathematicians push the frontier of the tremendous potential of the human race.

Mathematical modeling allows us to obtain an information that is necessary to get in
order to accomplish design or development of innovative technologies in any enterprises,
allowing to escape unpleasant casualties or a high production cost. It is easier and, what is more
important, much more safely to simulate different conditions acquired from the real world
restrictions on proposed numerical and computer models rather than in real life.

A broad branch of applied mathematics, which is called as the theory of inverse
problem has found a wide application in everyday practice of designers and engineers all over
the world. When speaking about the inverse problems, we refer to the process of calculating
from a set of observation the causal factor that produced them: initial data or the governing
parameters of the considering process.

Despite the fact, that we already have a broad set of the models, describing basic
physical processes, there is a fundamental lack of well-stated models that would reflect
accurately the real world conditions. Beside the necessity of reflecting a key features of the
considered physical process, a good model should also take into account the possibility of
numerical technologies applied for the design of a system, as well as the accuracy of description
of the process. One of the most important factor is to be able to sample an optimal initial
condition for the proposed model. An initial condition usually represents the state of the process
at initial time, i.e. before the considered process acquire any excitation. Sometimes, it is
difficult or even not possible to get the measurements of an initial state of the process due to
some technological peculiar properties of investigated system. Most usual practice for engineers
is guessing for such conditions that leads to not accurate description of the process and even
obtaining of the solution that is weakly describing the features of the developing system in
general.

This article is dedicated to the description of the key ideas of the proposed algorithm
for sampling an optimal initial condition for the mathematical model, describing physical
process. In order to accomplish such sampling, we propose a set of mathematical operations that
require only the possession of the special mathematical apparatus referred to as the theory of
inverse problems. We call it as the inverse problem, since it starts with the results and then
calculates the causes, in our case the initial condition. This is the inverse of a forward or the
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direct problem, which starts with the causes and then calculates the results. Inverse problems are
one of the most important class of mathematical problems inscience and applied
engineering, since this apparatus may give us the required information about the parameters that
we cannot directly observe or measure. In this sense, it appears to be the valuable tool for
sampling the set of preliminary data needed for the model design. Such data may be represented
by the boundary and initial conditions as well as the coefficients of the governing equation of
the proposed model. An implementation of the preliminary part for mathematical and computer
modelling such as the construction of accurately reflecting real world set of parameters should
be an everyday practice for each engineer around the world, since it is a matter of great
responsibility to rely on modern technologies, that people deal with in their everyday life.

As an example, we will consider a one-dimensional model, describing the heat transfer
in a multi-layered non-homogeneous wall. The construction market includes several primary
stages that may be split into three main parts for simplicity. They are the stage of the design of
the building project, the process of the construction and the monitoring of the further
exploitation of an artificial structure. When it is a subject of the building industry, there comes a
great responsibility on an engineer, since it is a matter of human lives safety.

Any material undergoes aging processes, caused by the effects of the physical world
affection. Those effects may vary from the thermal aging of the structure, due to the natural
factors such as the temperature, pressure or the moisture drops, up to the deformation of the
structural elements of the construction due to exploitation peculiarities. In this situation, it is a
matter of great importance to be able to obtain not visible information about the state of the
structure without intermittence to the exploitation process with the help of the methodology of
non-destructive control tools. The mathematical and computer modeling as well as the
implementation the theory of inverse problems comes out to be a valuable tool for such
operations. It is necessary to set a well describing mathematical model that reflects accurately
real world conditions in order to obtain such valuable numerical data for analyses and being
able to make an assumptions and conclusions about the state of an artificial structure and
weather it is safe for further exploitation or not.

In this article, we will demonstrate one of the tool of mathematical apparatus called an
inverse problem theory for sampling fitted initial condition. More precisely, we will
demonstrate an applied mathematics tools, such as the functional and regression analyses,
including numerical methods, used for calculation experiments. We will also discuss the
differences, comparing the results obtained through the numerical experiments with and without
adjusted initial conditions, pointing out the routes for further investigations in research for
sphere of science.

In order to find the proper initial condition, we will use one of the variation calculus
tool, videlicet the functional analyses elements. We propose the following algorithm: 1. We
construct the auxiliary problem, which is defined as a difference of the direct problem model at
current and next iteration; 2. with the help of the balance method, we derive the conjugate
problem from an auxiliary one; 3. constructing the functional, that includes the solution of the
direct problem and the measured temperature, we want to find its minimum, by checking the
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condition pf monotonously decreasing, and from that functional we may derive the recurrent
formulas for unknown coefficients of initial condition.

According to the National Annex of The Republic of Kazakhstan (NTP RK 01-01-5.1-
2013) “General Loads. Temperature Effects”, the problem of determination of the deformation
of construction resulting from the thermal effects, should be solved with the help of choosing
the most rational model that properly describes characteristic distribution of the thermal loads
and temperature field. Temperature effects on buildings caused by climatic and operational
changes in temperature should be taken into account when determining the design parameters of
a building if there is a possibility of exceeding the limiting states in terms of bearing capacity
and usability due to temperature movements and / or stresses.

However, with the help of the theory of inverse problems, we may obtain unknown
data by solving direct and conjugate problems and by performing elements of the functional
analyses. An inverse problem in science is the process of calculating from a set of observations
the causal factors that produced them: for example, calculating an image in X-ray computed
tomography, source reconstruction in acoustics, or calculating the density of the Earth from
measurements of its gravity field.

It is called an inverse problem because it starts with the results and then calculates the
causes. This is the inverse of a forward problem, which starts with the causes and then
calculates the results. Inverse problems are some of the most important mathematical problems
in science and mathematics because they tell us about parameters that we cannot directly
observe
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