The invention relates to efficient high-energy ultrashort-pulse laser systems in which high spatial and temporal radiation quality is ensured. The laser system of this invention includes a quantum amplifier of laser radiation having at least one gain element and at least one compensation element of nonlinear phase. Elements of quadratic nonlinearity, in which cascaded nonlinear phenomena occur, are used for nonlinear phase compensation. The negative nonlinear phase required for compensation is obtained by generating the second harmonic radiation in a type-I SHG crystal under phase-mismatch conditions or in a type-II SHG crystal under phase-matching or under phase-mismatch conditions. Multiple SHG crystals and/or a combination of type-I and type-II SHG crystals may be used. An absolute value of the nonlinear phase which is compensated in the laser system of the present invention is in the range from π to 6π radians, and a residual nonlinear phase of the output radiation does not exceed π radians. In the preferred embodiment, energy of output radiation pulses is at least 200 mJ, and duration of the pulses is in the range from 5 ps to 100 ps, and the total efficiency of population inversion utilization in the gain elements is at least 30 %.
