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Abstract  

The paper discusses the coefficient inverse problem for one-dimensional heat equation with inaccurate initial data. A conjugate difference 
problem is developed on difference level. The problem is solved by method of interval analysis. Condition of applicability of Thomas 
method and its computational convergence are obtained. Estimates of the interval width of solutions of difference problems and functions 
of Thomas method are also gained.  
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1 Introduction  

The aim of the work is to find an effective coefficient of 
thermal conductivity of materials. Methods of finding 
thermal conductivity have been studied by many researchers, 
as an example we refer to works [1-5]. However, when it 
comes to practical application of the developed methods, the 
new circumstances are found out that are not taken into 
account in the theoretical development of methods of 
calculation of thermal properties of materials. For example, 
composites consisting of a matrix and inclusions of various 
shapes are widely used as structural and functional materials 
in various instrumentation devices. Significant number of 
works are devoted to the research of thermal conductivity of 
composites. However, calculation formulas in these studies 
were obtained, as a rule, either as a result of processing of 
experimental data in relation to specific materials, or by 
setting a priori distribution of temperature and heat flow in 
models of the structure of heterogeneous bodies [6]. 
Material of different inclusions in the composite can have 
different thermal conductivities [7-11]. In this case, when 
assessing the effective thermal conductivity composite is 
considered as multi-phase [12, 13].  

Thermal properties of soils are key elements in 
determining speed of movement and haloe forms of thawing. 
The thermal conductivity of unfrozen and frozen ground is 
one of the main parameters that is difficult to determine by 
indirect method. This parameter is influenced by many 
factors: genesis, structure of ice, size and configuration of 
soil particles. Therefore, the actual thermal conductivity 
may differ significantly from the calculated one [14]. For 
most materials the thermal conductivity is weakly 
dependent on temperature, so the sample heating can be 
neglected. Exceptions are permafrost soil, whose thermal 
conductivity strongly depends on temperature, and in the 
range of natural or calculated temperatures close to zero, 

may vary up to 30% or more [15].  
One of limitations of using devices to work with the 

frozen soil is insufficient limit of thermal conductivity 
measurement, focused either on working with insulating 
materials, whose thermal conductivity is significantly lower 
than the thermal conductivity of the soil, or with building 
materials [16]. Furthermore, currently a large number of 
devices use nonstationary method of determining the 
thermal conductivity, which involves heating and 
subsequent cooling of the sample, and the resulting speed of 
propagation of the thermal wave is interpreted by certain 
thermal conductivity value. This method reduces time 
needed for measurement and is applicable to materials 
whose thermal conductivity does not depend on the 
temperature. Using this method to determine the thermal 
conductivity of frozen soils can lead to incorrect values 
because of the wide temperature range in the sample and the 
phase transition of water in the ground due to excessive heat 
exposure of device. Consequently, the thermal conductivity 
of soil is determined in a state which does not exist in nature, 
and the value may differ up to 30% or more from thermal 
conductivity under natural conditions [16].  

Therefore, in view of above arguments, accurate, well-
defined models and algorithms are not suited to solve 
problems that, by their nature, are too complex and 
multisided. The most relevant and promising for studying 
complex thermodynamic systems, under condition of 
uncertainty, are interval methods. Such methods allow to 
take into account the uncertainty and inaccuracy in 
coefficients and parameters of such systems. 

2 Conclusions  

In the course of work, the following results were obtained:  
 An iterative method is developed to find the thermal 

conductivity coefficient with inaccurate data for the 
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complex thermodynamic metastable systems;  
 Stability of the method of solving the coefficient 

inverse problem is studied with inaccurate data for 
the heat conductivity equation.  

The obtained results reflect the actual problem of 
developing elements of the theory of automatic control of 
interval-specified objects of various classes and the 

development of interval methods in management theory, 
which allows to reduce the computational cost. These results 
can be used for various applications in the management of 
modern objects of industries in education. Theoretical and 
practical results will be used in the construction of interval 
algorithms to study the thermal parameters of metastable 
rock systems. 
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