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A method of analytical thermodynamics closure for substances with Lennard-Jones intermolecular interaction potential has been developed based on two reference points of the phase diagram, virial equation of state and the laws of thermodynamics. The virial theorem of intermolecular forces was used; the averaging operator was taken in its explicit form without using the ergodic hypothesis. The self-similarity principle and the renormalizing group method have been used to prove the statement on stability of Boltzmann (-space fractal dimension in the whole set of states. The asymptotics of the equation of state were studied; it has been shown that together with the first and the second laws of thermodynamics, the equation can be reduced to a differential partial equation of the first order for one unknown characteristic function, i.e. thermodynamic potential. It has been revealed that due to the fact that the equation has no independent variables, it can be solved as an ordinary differential equation with accuracy up to integration constants, i.e. the existence of thermodynamic equations closure has been proven.

Based on Onsager principle of local equilibrium and qualitative analysis of repulsive and attractive potentials, together with Langevin equation, quadratic dependence between average virials of repulsive and attractive forces has been obtained and a closed equation system has been formulated in order to determine the compressibility factor as the function of density and temperature. Holleran line has been used to determine the boundary values for the differential partial equation of the first order.  
