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Abstract

New generations of ultrashort and intense laser pulses as well ashigh power
synchrotron radiation sources and x-ray free electronlasers have promoted fast
developments in nonlinear optics andx-ray spectroscopy.The new experimental
achievements and the appearance of varieties of novelnonlinear phenomena
call for further development of theories. The objective of this thesis is to
develop and apply thetheories to explain existing experimental data and to
suggest new experiments.

The first part of the thesis is devoted to nonlinear propagation of optical
pulses. It is shown that the vibrational levels can be selectively populated by
varying the duration, shape and intensity of the pump pulse. We obtained a
strict analytical solution for the resonant two-photon interaction in a multilevel
system beyond rotating wave approximation. Simulations show that the
polarization anisotropy of the two-photon excitation affects strongly the
anisotropy of photobleaching.The two-photon area theorem is reformulated
with taking into account the dynamical Stark shift and the contribution from
the permanent dipole moments. In general the dynamical Stark shift does
not allow complete population of the excited state, but it can be compensated
by detunings in atoms. A dynamical theory of the sequential two-photon
absorption of  microsecond pulses  is developed to explore the role of
transverse inhomogeneity of the light beam on optical limiting properties. 
The propagation of ultrashort laser pulses in nondipolar and dipolar media is
investigated with special attention to the generation of superfluorescence and
supercontinuum and the formation of attosecond pulses.

The second part of the thesis addresses the interaction of molecules with x-
ray radiation.  We explore here the role of nuclear dynamics in resonant Auger
scattering. Multimode simulations of the Auger spectra of ethylene molecule
explain the main spectral features of the experimental spectra and show that
the spectral profiles are formed mainly due to six vibrational modes. We
predict the Doppler splitting of the atomic peak in resonant Auger scattering
from SF6 molecule for circularly polarized x-rays. This effect is confirmed
by the recent experiment. A new scheme of x-ray pump-probe spectroscopy,
namely, resonant inelastic x-ray scattering accompanied by core-hole hopping
induced by strong laser fields is suggested. The laser-induced promotion of core
holes opens the symmetry forbidden scattering channels and gives rise to new
spectral lines in the x-ray scattering spectrum. The strength of the symmetry
forbidden lines becomes strong when  the time of Rabi flopping is shorter
than the lifetime of the core-excited state. We study the role of propagation of
femtosecond x-ray free-electron pulses on the Auger process. Simulations show
  that there exists a strong competition between Auger decay and stimulated
emission. The Auger yield and Auger branching ratio are strongly suppressed in
the course of pulse propagation.
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