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Tema guceprauii:
1. PobacTHe kepyBaHHS 0€3MiJIOTHUM JIiTAJIbHUM arlapaToM IIPU MauX LIBUIKOCTSIX

2. Robust control of an unmanned aerial vehicle at low speeds

Pedepar:

1. O6'eKT BOCIiIKEHHS — NIPOLECU IIPOEKTYBaHHSI pOOaCcTHUX crucTeM KepyBaHHS BITJIA B yMOBax HEBU3HAYEHOCTI;
MeTa JOCJiIKeHHs — MiaBuLieHHS e(eKTUBHOCTI CCTEM KepyBaHHS 6e3MiJIOTHUMU JITaJIbHUMU arnlapaTamu B
yMOBaX HEBM3HAUYEHOCTI AMHAMIKY, SKi PYHKIIOHYIOTh Ha MaJINX WIBUAKOCTSIX, LIIJISIXOM PO3pO06JIEHHS! METO/iB
CHHTEe3y POOACTHHUX 3aKOHIB KEpyBaHHS; METOAM NOCIiIKeHHs —ineHTudikauis nuHamiku BITJIA; ontuMisanis
HEJIiHITHMX KPUTEPIiB i CHHTE3y pOOaCTHOIO KEPYBAaHHS; TEOPis KEPYBaHHS B IIPOCTOPi CTaHiB i 4aCTOTHOI 061aCTi
17151 Io6ynoBu nrHamivyHoi Mmogeri BITJIA i cuctema aBTOMaTUYHOTO KEPYBAaHHS; POGACTHA CTIKOCTbD 1 aHaJIi3
pobacTtHocTi i sikocTi poboTtu BILJIA; Teopis BUIIaJKOBUX IIPOLECIB /111 MOJIEJII0BaHHS 30ypeHb; Teopis Hoo-cuntesy
i MiHIMi3aLii CTPYKTYPHO CUHTYJIIPHUX YUCEJI IJIs1 CUHTEe3y pOOACTHOrO KepyBaHHSI; TEOPisl aBTOMAaTUYHOTO
KEepyBaHHS [TOJIbOTOM; TeOpilo IM(PPOBUX CUCTEM; Pe3yIbTaTy — 3aIIPOIIOHOBAHO KOMILJIEKC MEeTOiB inenTudikauii i

CHHTEe3y POOaCTHOTO KEPyBaHHS Ha OCHOBI p-cuHTesy i [11]]-3aKkoHiB ni1s Tunosux i HoBux BITJIA no3Bosisie



OTPMMATH a[IeKBaTHi MaTeMaTnyHi moeJti BITJIA 3a pisHMMU KpUTEPisIMU, CUHTE3yBaTU 3aKOHU POOGACTHOTO
KepPyBaHHS i CKOPOTUTH Yac Ha MPOEKTYBAHHS i BUIPDOOYBAHHS CUCTEM aBTOMAaTUYHOTO KEPYBAaHHS, BUKJIIOYAI0Y1
repeHasnaro/iKeHHs ii napaMeTpiB; HOBU3HA — BIeplie Po3pob6sieHo MeTo], ineHTudikanii mogesni suHamiku BITJIA i
Ilianla30HiB HEBU3HAYEHOCTEN 32 MIOJIbLOTHUMU JAHUMU, SIKUH BiTPi3HSE€TbCSI BAKOPMCTAaHHSM anpiopHoi iHdopMatiii
IIOZ0 palliOHaNIbHOTO BUOOPY CiMelicTBa JiHIHNX MOZesel B HeliHilHIi onTuMizallii, o [103BoJise 3a0e3MeYnTH
aZleKBaTHICTb MOJIeJIel, SKi BUKOPUCTOBYIOTBCS [ CUHTE3y PO6ACTHOTO KEPYBAaHHS; YIOCKOHATIEHO METO],
CHHTEe3y POOACTHOTO KEPYBAHHS HAa OCHOBI [1-CUHTE3Y 32 paXyHOK MaclITabyBaHHS KEPYIOUUX CUTHAJIB, IO
KOMIIEHCY€ 3MiHY 3MiCTy K€PYIO40i MaTpULli JIHIHHOI MOLEJIi 3aJIEKHO Bifl KBaZpaTa MOBITPSHOI LIBUAKOCTI Ta
CIIpolye IpoLenypy CUHTe3y TrHaMidHoi Mogei BITJIA B yM0oBax HEBU3HAYEHOCTI; AiCTaIN OAABIIOTO PO3BUTKY
METO/M MPSIMOTO CMHTE3Y POOACTHOTO i aanTUBHOrO podacTHOro I11/I-peryngaropiB B yMoBax HEBU3HAYEHO]
HeJIiHINHOI JUHAaMiKU 06’eKTa OJ1s1 CUHTe3y KepyBaHH4 BI1JIA, 32 paXyHOK BUKOPMCTaHHSI HEJIIHIMHOTO KPUTEPIIo 3
[IOAi/IOM MapaMeTPiB 3a YyTJIUBICTIO Ha ABi rpymnu i 3MiHOI0 Mogeti BITJIA misxom BBEeHHA WITYYHUX 3aTPUMKU |
IIOCUJIEHHS, 10 03BOJISIE 3MIMCHUTU PeyKIlilo IPOCTOPY MapaMeTpiB, sSKi HalaropKyTbCs, i 30iJIbIINUTY 3a11ac
CTilIKOCTi CUCTEMU; CTYIIiHb BIIPOBAI)KEHHS - PE3yJIbTAaTH BIPOBaKeHi B HaykoBO-#0CAiIHOMY IHCTUTYTI TpobaeM
(pi3nyHOrO MOJE/II0OBAaHHS PEXXUMIB ITOJILOTY JliTakiB HallioHaJIbHOTO a€pOKOCMIYHOrO yHiBEpCUTETY iMm. H.E.
JKykoscbkoro «XAl»; TOB «AepoinxkiHipinr»; HajionanpHOMY a€pOKOCMIYHOMY YHIBEpCUTETI iM. M. €.

JKykoBcbkoro «XAl»; rany3b BUKOPUCTaHHS — CUCTeEMU KepyBaHHA BITJIA.

2. The object of research - processes of designing robust control systems of UAV in conditions of uncertainty; the
purpose of the study is to increase the efficiency of unmanned aerial vehicle control systems in conditions of the
uncertainty of dynamics that operate at low speeds by developing methods for synthesizing robust control laws;
research methods - identification of UAV dynamics; optimization of nonlinear criteria and synthesis of robust
control; the theory of control in the state space and frequency domain for the construction of a UAV dynamic
model and an automatic control system; robust stability and analysis of the robustness and quality of the UAV; the
theory of random processes for the simulation of perturbations; The theory of Ho synthesis and minimization of
structure singular values for the synthesis of robust control; the theory of automatic flight control; the theory of
digital systems; the results - a combination of methods for identification and synthesis of robust control based on
p-synthesis and PID-laws for typical and new UAVs allows to obtain adequate mathematical models of UAV
according to various criteria, to synthesize laws of robust control and to shorten the time for designing and testing
of automatic control systems, excluding reconfiguration of its parameters; Novelty - the method for identification
of the UAV dynamic model and estimation of the uncertainty bounds was developed, which differs from the use of
a priori information regarding the rational choice of family of linear models in nonlinear optimization, which
ensures the adequacy of the models used for the synthesis of robust control; the method of synthesis of robust
control based on p-synthesis is improved due to the scaling of control signals, which compensates for changing
the content of the control matrix of the linear model depending on the square of the air velocity and simplifies the
procedure of robust control synthesis of the UAV dynamic model under uncertainty conditions; further developed
the methods of direct synthesis of robust and adaptive robust PID-regulators under uncertain nonlinear dynamics
of the object for the synthesis of UAV control, due to the use of a nonlinear criterion with the separation of
parameters for sensitivity to two groups and the change of UAV model by introducing artificial delay and gain
model, which allows to reduce the space of parameters that are adjusted, and increase the stability margin of the
system,; the degree of implementation - the results are implemented in the Interdisciplinary Research Institute of
Problems of Physical Modeling of Aircraft Mode Operations of the Kharkiv Aviation Institute; the educational
process of the National Aerospace University named after N. Ye. Zhukovskiy "Kharkiv Aviation Institute";
"Aeroinzhiniring" Ltd; field of application - UAV robust control system;
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