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V. BizomocTi npo gucepraniio
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Tema guceprarii:
1. AHasni3 B3aeMOZjii €JIeKTPOMAarHiTHOro BUIIPOMiHIOBaHHS 3 pyxoMuM BI1JIA 3 BUKOpUCTaHHAM METOZIB HEJiHINHOI

IUHaMIiK1

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

Pedepar:

1. MeTa po60TH — BU3HAYEHHSI HOBMX O3HAK PO3Ili3HaBaHHs O€3MiJIOTHUX JIiTalbHUX anaparis (BI1JIA)
MYJIBTUPOTOPHOTO THUILY 32 PaXyHOK BUSIBJIEHHSI OCOOJIMBOCTE B3a€MOJi €JIeKTPOMAarHiTHOro BUIIPOMiHIOBaHHS 3
obepToBuMU poTopamu BIIJIA 3 BUKOpHCTaHHSM MeTOiB HesliHiiHOi AuHaMiku. O6'€KTOM JTOCiTKEHHS € IIPo1iec
B3a€MOJii €JIEKTPOMAarHiTHOr0 BUIIPOMiHIOBaHHS 3 06€pTOBUMHU poTopamMu BITJIA MyJIbTUPOTOPHOrO TUIly. MeToau
IOCJIiIPKEHHS: METOIM Teopii HesliHiliHOI AuHaMiKY, Teopii KoIMBaHb i Teopii Pppakrasis, METOY IPOBEAEHHS

€KCIIEPUMMEHTIB 1 4aCOBOTO Ta CIIEKTPAJIbHOIO aHajli3y CUrHaiB. TeopeTUyHi pe3ybTaTh: CTBOPEHO MaTEeMaTUYHY



MOJeJIb IOIIePiBCbKOTO CUTHAIY, Bim6uTOro Bif 06epToBux poTopiB BIIJIA, po3po6yieHO MeToAu aHali3y CUTHAJIIB,
BinbuTHX Bimg MysnbTrpoTOopHOro BILJIA, ski 6a3ytoThest Ha o6y 0Bi (pa3oBUxX IOPTPETIB 3 Pi3HOI YaCOBOIO
3aTPUMKOIO Ta PO3PaxXyHKYy iX ppakTajbHUX po3MipHOCTel. HoBHM3HA: 3apOIIOHOBAHO BUKOPUCTAHHS PPaKTaIbHUX
HeIU(pepeHLiOBHUX (PYHKLIN IJ1s1 MOJE/II0BAaHHS OCOOIUBOCTEN (OPM BiIOMTUX CUTHAJIIB, BU3HAYEHO HOBi O3HAKU
posnizHaBaHHs BITJIA - ¢popma $pa3oBoro nopTpery Ta BearmurnHa GpaKkTaabHOI PO3MIPHOCTI, pO3p061€HO METOAUKY
PO3IIi3HaBaHHS TUITY PyXOMOTro MysbTupoTopHOro BITJIA. CTyneHb yIpoBasKeHHS: pe3yJIbTaTh POOOTHA MOXYTh
OyTy BUKOPUCTAHUMHU IIPU MiATrOTOBLI Ta IPOBELIeH] HaBYa/IbHUX JIEKIill y BUIIMX HaBYaJIbHUX 3aKJIafax
MiHicTepcTBa OCBiTH i HayKy YKpaiHy, Jie IPOBOAATHCS NOCIIKEHHS y rajly3i HeJliHIMHOI AUHaMIKK Ta
dpaxranbHOro aHanizy. Cpepa BUKOPUCTAHHS: pO3pO0JIeHi y AucepTalii MeToIY Ta METONKA MOXKYTh OYTH
BMKOPHCTaHUMMU B YCTAaHOBAX i OpraHisanisx, sKi 3aiiMaloTbcsl 6e31ocepeHbO CTBOPEHHSIM HOBUX i

YIOCKOHAJIEHHSIM iCHYIOYMX CHCTEM PO3Ii3HaBaHHS PaioJIoKaLiliHUX 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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