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An important problem of natural and technical sciences still remains the creation of a physically accurate model of the system "liquid-gas", which would work equally well throughout the temperature range of the existence of a vapor-liquid equilibrium of real substances or their mixtures. As a result, empirical state equations have to be widely used, which determine the connection between the physical parameters of the system with the help of approximating functions [1].
When creating empirical equations of state, the true values of variables describing the thermodynamic state of a given system are unknown. When optimally determining the parameters, the empirical correlation equations can reproduce true physical connections with sufficient accuracy. Measured values of variables contain measurement errors of independent and dependent variables and these errors do not depend on each other. Systematic errors may occur in the data sets during the process of measurement. They can be found by way of a critical comparison of the results obtained by different authors. There are areas of variables that have been studied in detail for given substance or mixture. But there are also areas of variables where experimental data are very small or completely absent. If this system was studied by different authors, it is difficult to assess the consistency of such results. Such situation may be prevented by the various investigated areas of the existence of the phase equilibrium, application of the various methods of studying this system or the fact that the measurement of system parameters in these studies was done with different accuracy.
If there is a very good equation of state adapted to the high-accuracy values of the variables describing the state of the system, then it will be useful for a rigorous evaluation of the values of measured state parameters for different systems. The quality of the empirical equation strongly depends on the choice of its mathematical structure. The method of simple selection of structures very rarely succeeds in obtaining good results. The way out of the situation is to apply methods of optimizing the equation structure. Optimization of the structure of the empirical equation is the choice of such a structure that maximally approximates the results of approximation to the true values of the variables describing this thermodynamic system [2-4]. The reproduction of measured values can be improved by adding new members in different variations. Consequently, the structure optimization method must be used to determine the effective members of the equation, which enables us to find the shortest empirical equation that best matches the experimental data. 
We set the task of finding a universal mathematical structure, the use of which allows reproducing both branches of the binodal with good accuracy and performing extrapolation in those areas of coexistence of phases which, due to abnormally high values of temperatures and pressures and, accordingly, high reactivity of the studied substances are inaccessible to study with the help of modern scientific equipment. The equation, which consists of linear and power members, was used as the basis.
The method of regression analysis can be realized by selecting only those members that are most effective, taking them as an initial solution. Then exclude members that do not affect the quality of approximation. You can first select the member that most improves the equation and add new ones until the specified length of the equation is reached. But both approaches are not effective. We applied step-by-step regression analysis to achieve the goal [2]. The method is based on a certain set of data and a general approach that contains all the terms that are considered effective. This creates a regression matrix in which mathematical algorithms can be used to find an effective combination of terms. The sum of the smallest squares is used as a criterion for estimation. The mathematical algorithm of step-by-step regression analysis initially includes a term chosen from the general approach, which reduces the largest sum of the smallest squares, being included in the corresponding equation. After adding a member, the individual members of the equation are checked for significance, becoming the coefficients of the equation. If it turns out that the coefficient is slightly different from zero, it is considered ineffective, and it is excluded from the equation. Those terms that help reduce the amount of squared errors are also tested. Thanks to these tests, the effectiveness of the method can be greatly improved. 

An advanced step-by-step regression analysis becomes very uncomfortable when the number of members exceeds a hundred. We made an attempt to apply the evolution optimization method. It resembles the mechanism of biological evolution. A certain set of parallel equations (first generation) is considered. The equations use Mutation and Crossing over methods, and the second generation equations are formed. The method has been successfully applied in [4] to develop a fundamental equation for oxygen. However, the application of this approach involves the presence of sufficiently powerful computers. We succeeded in using the physical approach to creating a universal approximating state equation to overcome this problem within step-by-step optimization. As a result, an analytical expression was obtained that does not have adaptive coefficients that do not have physical content and which describes the entire temperature region of the coexistence of liquid and gas with high accuracy.
Literature

1. Span R. Multiparameter   equations   of   state – an   accurate   source   of   thermodynamic   property   data. – Berlin:  Springer-Verlag, 2000. – 363 p.

2. Wagner W. Eine mathematisch statistische Methode zum Aufstellen thermodynamischer Gleichungen – gezeigt   am   Beispiel   der   Dampfdruckkurve   Reiner   fluider   Stoffe.   Fortschritt-Berichte   VDI-Z,   Reihe   3, Nr. 39, VDI-Verlag, Düsseldorf, 1974.
3. Ewers J., Wagner W. A method for optimizing the structure of equations of state and its application to an equation of state for oxygen // Proc. 8th Symp. Thermophys. Prop. – New York: 1982. – P. 78–85. 
4. Setzmann U., Wagner W. A new method for optimizing the structure of correlation equations // Int. J. Thermophys. – 1989. – Vol. 10. – P. 1103-1126.
