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Pedepar:

1. Po3B’s13aH0 3aauy NifBUIEeHHS iHPOPMATUBHOCTI METOLIB IUCTAHLIMHOIO Palio-30HyBaHHS [1JIsl
paziodiznyHNX OOCTiIKEHb T€OKOCMOCY 3a PAaXyHOK BUKOPUCTAaHHSI METOMIB (PPaKTaIbHOTO Ta
MyJIbTU(PaAKTaTbHOTO aHAJIi3iB. 3aIIpONIOHOBAHO HOBiI KOMIIEKCHI ME€TOAM (PPAKTATIBbHOTO aHAJIi3y CUTHAJIIB i
IIpolLieciB — y3arajabHeHu PppaKTaabHUi aHami3, JUHAMIYHUI QpaKTasbHUil aHasi3 i meTon Kopuryodoi QyHkji. I3
BHMKOPHCTaHHSIM CTBOPEHUX HOBUX MOJEJIBHUX MOHO(PAKTaJIbHUX i MyJIbTU(PAKTAJIbHUX CUTHAJIIB
IIPOJEMOHCTPOBAHO OCOOJIMBOCTI, IEpeBaru Ta HeJOJiKM HOBUX METOiB. PO3p06s1€HO OpUTriHabHI aIrTOpUTMHU
MOHO- Ta MyJIbTU(]PPAKTATIBHOTO aHasi3y. 3 iX BUKOPUCTAaHHSIM IIPOBELIEHO AOCiIKeHHs (PpaKTaIbHUX
XapaKTEPUCTHUK PEaIbHUX €KCIIEPMMEHTAJILHUX JAHMX, OTPUMAHUX B METOJAX JUCTAHLIMHOIO Palio30HIyBaHHS

reokocmocy. [IpoaHasnizoBaHo yHiKajbHi peecTpallii rpaBiTallilHUX XBUJIb, iH(Pa3BYKOBUX XBUJIb, 10 BUHMKIIX Mif



yac nafyiiHHg Yens6iHCbKOro METEOPOiza, a TAKOXK YacoBi Bapiallii e1eKTpOMarHiTHOro noJist 3eMili, 1o
cIiocTepiranucs Iif, yac HaJIIOTY>KHOI reOKOCMIvHOi 6ypi 7 — 8 BepecHs 2017 p. Ta MOTY>KHOT'O 3eMJIETPYCY Y
TypeuuuHi 20 ciyns 2020 p., oLiHeHO HU3KY PpaKTaJbHUX i MyJIbTUPPaAKTATIbHUX XaPaKTePUCTUK BiJl[IOBIIHUX
cUrHaliB i npouecis. JJOCiI)KeHO AUCIePCiliHi CIOTBOPEHHS BUCOKOYACTOTHUX (PPAKTATIbHUX

HaJMPOKOCMYTOBUX CUTHAJIIB, 110 BUHUKAIOTS I1if] Yac iX MOMKUPEHHS Y HABKOJIO3EMHOMY CEPELOBUIIII.

2. The problem of increasing the informativeness of remote radio sounding methods for radiophysical
investigations of the geospace by using fractal and multifractal analysis methods has been solved. New complex
methods of fractal analysis of signals and processes, namely the generalized fractal analysis (GFA), the dynamic
fractal analysis (DynFA) and the corrective function (CF) method are proposed. The GFA method significantly
exceeds other existing methods of monofractal analysis in terms of informativeness, as it offers the study of
sixteen characteristics instead of the traditional two or three similar ones. The DynFA method for the first time
combines the capabilities of the fractal and time-frequency analysis methods, and the estimates obtained in one of
them are used to improve the results of the other. Being a universal method, the CF method allows to increase the
accuracy of the assessment of fractal and multifractal characteristics of the investigated signals and processes in
the methods of fractal and multifractal analyzes. Using the created new model monofractal and multifractal
signals, the features, advantages and disadvantages of the new methods are demonstrated. Using the WTMM and
MF DFA methods, as well as new numerical characteristics based on the function of the multifractal spectrum (the
asymmetry coefficient and the index of its relative width, as well as the dimension of the multifractal support), a
multifractal analysis of a set of original fractal and multifractal signal models was performed. New convenient
formats for presenting analysis results have been developed. Features of multifractal analysis of monofractal,
multifractal and non-fractal signals and processes are identified, appropriate recommendations for practitioners
are formulated. Original algorithms for mono- and multifractal analysis have been developed. With their
application, a study of the fractal characteristics of experimental data obtained in the methods of remote radio
sounding of the geospace was performed. Being generated by a unique powerful natural ultra-wideband process
with changing mean frequency (ChMF UWB), the gravitational wave signals were appeared to be fractal UWB
(FUWB) ones with complex non-stationary multifractal structure. However, currently, it is not possible to
unequivocally state whether the received fractal component is part of the gravitational wave signal or whether it is
noise of a completely different physical origin. Both the direct and the reversed signals of the infrasound waves
that occurred during the fall of the Chelyabinsk meteoroid were found to contain a pair of the fractal ChMF UWB
processes with complex non-stationary multifractal structure. Being multifractal, all four ChMF UWB processes
were appeared to be almost anywhere antipersistent. Most likely, the first processes in each pair are related to the
generation and propagation of an explosive shock wave, and the second processes are explained by the generation
and propagation of a ballistic wave. The temporal variations of the Earth's electromagnetic field that were
observed during the super-powerful geospace storm on September 7-8, 2017 were found to contain several ultra-
short and ChMF UWB processes with typical multifractal structure and therefore they can be classified as the
FUWB processes. All disturbances detected were appeared to be multifractal and almost anywhere antipersistent.
The temporal variations of the Earth's electromagnetic field that were detected during the powerful earthquake in
Turkey on January 20, 2020 were shown to be the FUWB processes. Peculiarities of the temporal dynamics of
fractal and multifractal characteristics, which may be associated with the harbingers of earthquakes, have been
revealed. Dispersion distortions of high-frequency fractal ultra-wideband signals that occur during their
propagation in the near-to- Earth space have been investigated.
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