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Pedepar:

1. Y po6oTi npoBeieHO KOMIJIEKCHI JOCTiIKeHHS MeXaHi3MiB audpakiii X-1pomeHiB y 6araTomapoBux CTPYKTypax.
Po3pob6seHo meTon 06paxyHKy 6araTo-xBuboBoi Audpakiiii y niaHapHUx 6araTomapoBuX CTPYKTypax Ta [10Ka3aHo
110ro NpaKkTUYHE 3aCTOCYBaHHS 151 iHTepIIpeTallii eKCIEPMMEHTaJIbHUAX JAaHUX. MeTo[] 6a3yeThCsl HA PO3B'SI3KY
piBHSIHB MakcBeJi1a [j1s1 IJIOCKUX X-XBUJIb 6€3 CIIPOLIEHb i MOXKe OYyTU 3aCTOCOBAaHUM [I71s1 TOBi/IbHOI reomMeTpii
nudpaxuii (BigOUTTS 41 MPOXOMKEHHSI) Ta JOBLJIBHOTO KYyTOBOI'O Ziarna3oHy. HaBeeHo IpuKjagyu 3aCTOCyBaHHS
METO[y IJ1s1 aHaJli3y eKCIIepUMEHTAJIbHMX KpUBUX nudpakuifiHoro Binourts (KIIB), KpuBUx J3epKaabHOTO BiflOMTTS,
PEHIHrepiBCbKOTO CKaHYBaHHS Ta KAPT OOEPHEHOr0 NIPOoCTOpy. PO3B's13aHO AucniepciliHe piBHSHHS 0714 2-X, 3-X, 4-X
ta N-XBrub0oBOi gudpakiii Ta modymoBaHo AUCIEpCifiHI TOBEPXHi 1715 1[uX BUNATKIB. [Ipy po3B'sI3Ky BpaxoBaHO
eeKT NOTJIMHAHHY Ta Pi3Hi reomeTpii gudpaxiii. BkazaHo Ha NPUYMHYU Ta LJISIXU YHUKHEHHS IPOGJIEM YHCETIbHUX
PO3paxyHKiB y BUNAJIKy 6araToxBusboBoi audpakuii. [IpoananizoBano BrmB Ha KIIB rpanieHTy ckiamy Ha Mexi
mapis. [TokazaHo, o HAUGINBLI aIeKBATHO KPUBI BiZOMTTS /17151 3pa3KiB, 110 AOCIiIKyBaINCh, OIIUCYIOThCS

rinep6oJIiYHUM 3aKOHOM IpafiieHTa Ha rpaHui mapis InGaAs /GaAs. 3aCTOCOBaHO MeTOIM aBTOQITyBaHHS IJIsl



anauizy KJIB. 3anpornoHoBaHO METOLMKY KOHTPOJIIO CTPYKTYPU LIAPiB LIJISXOM BUMIPIOBAHHAX a3UMYTaJIbHUX

3aneskHocrtei K/IB, mo 103B0JIsI€ BUBHAYUTY MapaMeTPU aHi30TPOIHOI Aedopmallii KpUCTaTiYHOI I'PATKU.

2. The thesis is devoted to investigation of X-ray diffraction in multilayered structures. A new approach for
calculation of N-beam dynamical diffraction in planar multilayers is developed and its applications for
experimental data analysis are shown. The main features of proposed model are: plane waves are considered;
propagation equation, derived from Maxwell equations, and boundary conditions are solved without
simplifications; suitable for any geometry (Bragg, Laue, Bragg-Laue); 3D simulation in reciprocal and 1D in real
space; covers the whole angular range, including grazing angles, backscattering and specular reflection; precise
calculation of any polarization with information about diffracted and reflected beams polarization; no principal
limitation on quantity of reciprocal lattice points taken part in diffraction; arbitrary layers thickness (valid for both
thick and thin layers); all calculation are carried out for x,y,z projections of wave vectors, diffraction vectors and
electric field. The examples of developed approach application, such as diffraction curves (DC), reflection curves,
Renninger scan and reciprocal space maps are shown. One more method for N-beam diffraction in multilayers
calculation is presented. This method is less common and is suitable only for coplanar case and only sigma
polarization, but it is faster then 3D algorithm described above. Dispersion equation for 2, 3, 4 and N-beam
diffraction are numerically solved and dispersion surfaces for these cases are drawn. For two-beam case the
simplified (quadratic) and exact (quartic) equations are solved analytically. Absorption is taken into account and
different geometries as well. For many-beam cases (more than two) the way for avoiding numerical problems is
shown. These problems arise if the wave vectors are expressed in Cartethian coordinates with the origin in (000)
point. This is explained by the fact that there could be many origins of wave vectors near the same Lorentz point,
so the precision of computer calculations is not enough to distinguish the difference between solutions (its order
is about $S107{-5}S) while the value of these roots is about S1S. That's why the origin of coordinate system must be
placed in Lorentz point. The influence of composition gradient on boundaries between GaAs and InGaAs layers in
8-period superlattice is analyzed. Four type of gradient functions were considered: sharp, linear, quadratic and
quadratic-hyperbolic. With the last function the best coincidence between simulated and experimental DC near
substrate peak was achieved. But for good intensity correlation on the far tails of DC different parameters of
composition gradient must be set for each boundary in superlattice. For this reason autofit procedure was used
and this gave better results. Anisotropic deformations investigation was done with the help of measuring
azimuthaly dependent diffraction curves. It allows to explain satellite peaks period dependence on azimuthal angle
and shift of the zero satellite. The first fact is well known tobe explained by the structure diffraction vector
misorientation to the surface normal, while the latter is more interesting and is explained by local InGaAs layers
misorientation. A new method of structure analysis via calculation of two-dimensional maps of azimuthal
dependent intensity distribution is presented (one axis is usual §
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