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1. AHani3 B3aeMOZii €JIEKTPOMAarHiTHOrO BUIIPOMIHIOBaHHS 3 pyxoMuM BI1JIA 3 BUKOPUCTaHHSIM METO/iB HEJIHINHOI

IHHaMIiKU

2. Analysis of the interaction of electromagnetic radiation with a moving UAV using the methods of nonlinear
dynamics

Pedepar:
1. MeTa po60Ty —- BU3HAUEHHS] HOBMX O3HAK PO3Ii3HaBaHHS 0e3MiJ0THUX JIiTasbHUX anaparis (BILJIA)

MyJIbTUPOTOPHOIO TUILY 332 PaXYHOK BUSIBJIEHHSI OCOOJIMBOCTEN B3a€MO/Iii €J1eKTPOMArHiTHOro BUIPOMIHIOBAaHHS 3

obeproBumMu poropamu BITJIA 3 BUKOPUCTaHHSIM METOiB HEJIHIMHOI AnHaMiKu. O6'eKTOM JOCiIKEHHS € IPOLeC



B32€MO/Iii €JIEKTPOMAarHiTHOr0 BUITPOMIHIOBaHHS 3 00€PTOBUMU poTopamu BITJIA MysIbTUPOTOPHOTO TUIYy. MeToaun
IIOCJIiIKEHHS: METOIM Teopii HemiHiHOI quHaMiKy, Teopii KomuBaHs i Teopii dpakTasiB, METOAYM TPOBEEHHS
€KCIIEPUMMEHTIB 1 4aCOBOr'0O Ta CIIEKTPAJIbHOIO aHaJli3y CUrHasiB. TeOpeTUYHi pe3ybTaTh: CTBOPEHO MaTEMaTUYHY
MOJ€eJIb IOMJIEPiBCBKOIO CUTHAIY, BiOMTOrO Bif 06epTOBUX POTOPIB BIIJIA, po3p061€eHO MeTOAM aHali3y CUTHAJIIB,
Bim6UTHX Bif MyZbTUPOTOpPHOTO BIJIA, siKi 6a3yl0ThCsl HA MOOYAOBI (Pa30BUX OPTPETIB 3 Pi3HOIO YaCOBOIO
3aTPUMKOIO Ta PO3PaxXyHKY iX ppakTajbHUX po3MipHOCTell. HoBM3HA: 3aIpOIIOHOBAaHO BUKOPUCTAHHS PpaKTaIbHUX
HeJIn(pepeHLiOBHUX PYHKLIiN IJ151 MOJIeII0BaHHS 0COOIUBOCTEN (OPM BiIOMTUX CUTHAJIIB, BU3HAYEHO HOBi O3HAKU
posnizHaBaHHs BITJIA - ¢popma $pa3oBoro nopTpery Ta BeauurnHa GpaKkTaabHOI pO3MIPHOCTI, pO3p061€HO METOAUKY
POB3IIi3HaBaHHS TUITY PyXOMOT0 MysibTupoTOopHOro BITJIA. CTyreHs yIpoBaKeHHS: pe3yJIbTaTh POOOTH MOXYTh
OyTy BUKOPUCTaHUMHU IIPU IiJrOTOBLIi Ta IPOBEIeH] HaBYaIbHUX JIEK1ill y BULIMX HaBYaJIbHUX 3aKJafax
MiHicTepcTBa OCBiTH i HAyKM YKpaAiHy, [ie IPOBOIATLCA LOCIIIPKEHH Y rajy3i HeiHIMHOI IUHAMIKK Ta
¢dpaxranbHOro aHanizy. Cpepa BUKOPUCTAHHS: pO3pO0JIeHi y Auceprarii MeToIY Ta METOINKA MOXKYTh OYTH
BMKOPHCTaHUMMU B YCTAHOBAX i opraHisalisx, ski 3aiiMaioTbcst 6e3rnocepeHbO CTBOPEHHSIM HOBUX i

YIOCKOHAJIEHHSIM iCHYIOUMX CUCTEM PO3Ili3HaBaHHS PafiioJIoKaLiliH1X 3aCO0iB.

2. The purpose of the work is to determine new features of recognition of unmanned aerial vehicles (UAV) of
multirotor type by identifying the features of the interaction of electromagnetic radiation with the rotating rotors
of UAV using nonlinear dynamics methods. The object of research is the process of interaction of electromagnetic
radiation with the rotating rotors of the UAV multirotor type. Research methods: methods of nonlinear dynamics
theory, oscillation theory and fractal theory, methods of experiments and time and spectral analysis of signals.
Theoretical results: a mathematical model of Doppler signal reflected from rotating UAV rotors is created, methods
of analysis of signals reflected from multirotor UAV are developed, which are based on construction of phase
portraits with different time delay and calculation of their fractal dimensions. Novelty: the use of fractal non-
differential functions for modeling the features of reflected wave forms is proposed, new features of UAV
recognition are identified - the shape of the phase portrait and the fractal dimension, the method of recognizing
the type of mobile multirotor UAV is developed. Degree of implementation: the results of the work can be used in
the preparation and conduct of educational lectures in higher educational institutions of the Ministry of Education
and Science of Ukraine, where research is conducted in the field of nonlinear dynamics and fractal analysis. Scope:
the methods and techniques developed in the dissertation can be used in institutions and organizations that are
directly involved in the creation of new and improvemen to fexisting radar recognition systems.
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