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1. EnexTpoMarHiTHe po3CisiHHS y BUIQIKOBUX NUCIIEPCHUX CepenoBUullax: GyHIaMEeHTaJIbHA Teopis i 3aCTOCYBaHHS

2. Electromagnetic scattering in discrete random media: fundamental theory and applications

Pedepar:

1. Incepranist npucBsY€Ha PO3BUTKY Ta BUKOPUCTAHHIO MiKpOQi3YHOTO0 MigXo4y 10 MOJE/I0OBaHHS PO3CisIHHS
€JIEKTPOMarHiTHOTO BUIIPOMiHIOBAaHHSI OKDEMUMH YaCTUHKAMU i BUITAIKOBUMMU IUCIIEPCHUMU CE€PEOBUILIAMMU.
KapaunanbHo nosninmeHo T-MaTpyU4yHUIL METOJ, CTPOTOTO PO3B's3aHHS piBHSIHb MakcBesa. Po3po6yieHo Ta
PO3MillleHO Ha 3arajbHOIOCTYIIHOMY €JIeKTPOHHOMY cepBepi nakeT epekTUBHUX T-MaTpUYHUX IIporpaM. BukoHaHO
IeTaJIbHUM aHaJli3 ONTUYHUX BJIACTUBOCTEN Hec(PepUUHUX YACTUHOK Ta €(eKTiB 6araTopasoBoro PO3CisHHS y
BUIIAJIKOBUX OUCIIEPCHUX cepenoBuinax. Y paMmkax piBHIHb Qonpi-Jlakca qocinkeHo rpaHUuYHUE BUIAA0K TyKe
BEJIMKOI KiJIbKOCTI i1 Iy’ke Masoi 06'eMHOI yIIaKOBKM 4aCTUHOK, BHACJIOK YOT0 OTPUMAHO 3arajibHe PiBHSHHS
IepeHocy i 3arajibHe POpMYJII0OBaHHS Teopii c1abKoi JoKasizallii esleKTpoMarHiTHUX XxBuilb. KnacruyHa teopist
[IEPEHOCY y3arajbHeHa Ha BUMAJIOK JOBIJIbHOTO aHI30TPOITHOTO IJIOCKOIIAPajIeIbHOTO PO3PiIyKEHOTO IUCIIEPCHOTO
cepenoBUIIA. BUKOHAHO aHasli3 TOYHOCTI CKassipHOi (OPMU PiBHSIHHS IEPEHOCY Ta [10KA3aHO, 0 MOXUOKU

CKaJISIPHOTO HAaOJIMKEHHSI CTal0Th HECYTTEBUMU IIPU PO3MipHUX [1apaMeTpax YaCTHUHOK, Oiybmux 3a 3. TeopeTuyHo



BUBYEHA 3aJI€XKHICTb XapaKTePUCTHUK C1abKOi JIoKaizalii Bii ONTUYHOI TOBIMHY IUCIIEPCHOTO Mapy Ta Qi3uYHUX
rapameTpiB PO3CilOI0YNX YACTUHOK i ependadyeHo MoasspusainHui ono3uiiniui edekr. PaktT o4HOYACHOTO
icHyBaHHS$I ONO3ULiIHUX €(EKTIB y SICKPABOCTI 11 NoJsipu3allii 1J1s psly BUCOKOaNbObeIHUX 6€3aTMOCHEPHUX Tifl
CoHSYHOI cHUCTeMHU NOSICHEHO Yy PaMKax Teopii c1abKoi jiokaisalii e1eKTpoMarHiTHuX XxBujb. CHOpMyIbOBAaHO
KUJIbKiCHI BUMOTM 10 KJIIMAaTUYHOI IIPOrpaMu CYIIyTHUKOBOTO JUCTAaHUIMHOTO 30HAYBaHHA a€PO30JIbHMX YACTUHOK Y
3eMHil aTMocdepi. BusiBiieHO iCTOTHe NafiHHS I7106a7IbHOI OIITUYHOI TOBIIUHU TPoriochepHUX aepo30JIiB 3a

ocraHHi 20 pOKiB, SIKe CYIIPOBOIKYETbCS CUJIIBHUMHU PETiOHAJIbHUMU 3MiHAMU.

2. The dissertation describes the development and application of a microphysical approach to the modeling of
electromagnetic scattering by individual particles and discrete random media. The T-matrix method for the
numerically exact solution of the Maxwell equations has been drastically improved. A package of efficient T-matrix
computer codes developed by the author has been posted on a publicly accessible internet site. A detailed analysis
of the optical properties of nonspherical particles and effects of multiple scattering in discrete random media has
been performed. The examination of the limit of a very large number and very small packing density of particles in
the framework of the Foldy-Lax equations has led to the general radiative transfer equation and the general theory
of weak localization of electromagnetic waves. The classical radiative transfer theory has been generalized to
encompass the case of a plane-parallel layer of anisotropic rarefied discrete random medium. A detailed analysis of
the accuracy of the scalar radiative transfer equation has shown that the errors of the scalar approximation
become insignificant for particle size parameters exceeding 3. The dependence of various characteristics of weak
localization on the optical thickness of a turbid layer and physical parameters of scattering particles has been
studied theoretically. A theoretical prediction of the polarization opposition effect has been made. Simultaneous
existence of opposition effects in intensity and polarization for a class of high-albedo Solar System objects has
been explained in terms of weak localization of electromagnetic waves. Quantitative requirements to satellite
programs for remote sensing of terrestrial aerosols have been formulated. A significant decrease in the global
average optical thickness of tropospheric aerosols as well as strong regional changes in the past 20 years have
been identified.
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