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Investigation of thermodynamic and kinetic properties of dense hydrogen plasma is necessary for understanding of fundamental processes taking place in matter under strong interaction. It is also important for applications in astrophysics, thermonuclear synthesis and physics of nonideal plasma. In this work for thermodynamic properties of hydrogen plasma modeling we used quantum Monte-Carlo method, which allows one to calculate different properties of many-particle quantum systems at non-zero temperature with given accuracy. The simulation of ideal degenerate plasma gave good agreement with analytical predictions. Analogous modeling of non-ideal plasma in a wide range of temperatures and concentrations of hydrogen allowed us to learn effects of ionization, electrons pairing and proton ordering “ab initio” [2]. The obtained thermodynamic properties were used for the calculation of deuterium shock Hugoniot at pressures higher 1 Mbar. On the isotherm T = 10 кК we found the region of densities ( = 0.1–1.5 г/см3 in which plasma pressure became negative. If we rise temperature up to T = 50 кК anomalies disappear. Such behavior of thermodynamic functions in Monte-Carlo methods usually takes place at phase transition [3]. Restricted quantum Monte-Carlo calculations [4] and density functional calculations [5] allow one to define the boundaries of this transition more accurately. On a snapshot of a Monte-Carlo cell in the transition region one can found the formation of proton clusters with localized electrons. It leads to a significant drop of system energy. Ignoring configurations in which at least three particles are at distances less than 1.4 of Bohr radius we obtain higher total energy values in agreement with [5]. According to shock-wave experiments [6, 7] at densities ( = 0.3–0.5 г/см3 there is a transition from low- to high-conductivity (quasi-metal) state with a very sharp conductivity rise (about 5 orders). Analogous phase transition with conductivity rise is observed experimentally in electron-hole plasma of semiconductors at low temperatures [8]. Quantum Monte-Carlo calculations represent the phase boundary of such transition reasonably good at temperatures below critical. 
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