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Po3rnsHyTo 3aBfaHHS KepyBaHHs MapamMeTpUYHO-HEBM3HAYEHOK AMHAMIYHOK CUCTEMOK 3 BUKOPUCTaHHAM
crocTepiraya posLIMPeHOro BekTopa cTaHy. CucTeMa KepyBaHHS MoOyfoBaHa 3a ABOKOHTYPHOK CXEMOI, fe
30BHILLHI KOHTYp 3a6e3meyye BUKOHaHHA 06paHOro KpUTEpito KepyBaHHS BEKTOPOM CTaHy, & BHYTPILLUHIWA KOH-
TYp peanidye KoMMeHcaLlito abo 3MeHLLIEHHS BMN/IMBY CYMapHOro BEKTOPa eKBiBa/IEHTHOTO 30yPeHHS.

MeTol0 focnifkeHHs € po3pobka MpoLesypy CWMHTE3y CrocTepiraya PO3LUMPEHOr0 BeKTopa CTaHy 3
ypaxyBaHHAM napameTpUUHOI HEBU3HAYEHOCTI 06'eKTa KepyBaHHA Ta BUMOT [0 3aMKHYTOrO KOHTYPY KOMGiHOBa-
HOI CMCTEMU KepyBaHHS, 3alaHUX Y YacTOTHi obnacTi.

Mig yac npoBefeHHs AOCMIMKeHb BWMKOPWUCTAHO METOAW Teopil KepyBaHHS, po6acTHOrO KepyBaHHS Ta
KOMM'OTEPHOr0 MOZE/NOBaHHS.

BnnvB napameTpuyHOi HEBU3HAYEHOCTI 06'eKTa KepyBaHHSI Ha 1i0ro KepoBaHWii pyx MpeacTaBneHuid siK
CTPYKTYpOBaHe 36ypeHHs, L0 OnucyeTbCs Y opMi 6104YHO-AiaroHanbHOI MaTpuui. MOHATTS CTPYKTYpOBaHWX
CUHTYNAPHWX YACEN BUKOPUCTAHO NPY BU3HAYeHHI Mipy pobacTHOCTM cuCTeMU.

3 BMKOPWCTaHHAM METOAO/IOTIT ONTUMI3aLiT CTPYKTYPOBaHNX CUHTYNSIPHUX YKCEN 3arpornoHoBaHa NpoLeay-
pa CMHTe3y cnocTepiraya posLMpPeHOro BeKTopa CTaHy Mpy po3rnsi 3aMKHYTOro KOHTYPY KOMGiHOBaHOi cucTe-
MW KepyBaHHA 3 ypaxyBaHHAM MapaMeTpuUyYHOi HEBM3HAYEHOCTI ii MaTeMaTMyHOi Mogeni. Bumorw, Lo 3ab6esmne-
YyHTb 3aflaHy SIKICTb Ta CTIlKIiCTb 3aMKHYTOI0 KOHTYPY CUCTEMU KepyBaHHS 3 ypaxXyBaHHSAM CrMeKTpaibHUX Bna-
CTMBOCTEl 30ypeHb Ta MepeLLKo] BUMIpIoBayiB, ChopMy/bOBaHO B YACTOTHIN 061acTi 3 BUKOPUCTaHHAM 4acToT-
HO-3a/1eXKHUX BaroBux (yHKUili. [1s cuHTe3y KOMOIHOBaHWUX PErynsaTopiB 3 ypaxyBaHHAM MiHiMi3auii CTPYKTY-
POBaHMX CUHIYMSIPHUX umcen po3pobneHo anroputM D-G-L-K iTepayiii. EDeKTVMBHICTb 3anponoOHOBAHOIO MNiaxo-
[y NpointocTpoBaHa YncenbHUM NprknagoM. HasegeHo pekomeHAaauii OO0 CUHTE3Y NapamMeTpuyHO pobacTHMX
KOMGIHOBaHUX PerynsTopis.

MpakTn4Ha LiHHICTb OTPUMaHUX pe3ynbTaTiB Nonsrae B TOMy, L0 po3pobnieHa npoliesypa L03BONSE 3MeH-
LUMTY KOHCEPBATU3M PO6ACTHNX KOMBIHOBAHMX CUCTEM KepyBaHHS Ta, K HacNifokK, NiABULLMTY AKICTb KepyBaHHA
y BUNaAKy napameTpuyHOI HeBM3HAYEHOCTI 06'eKTa KepyBaHHS.

Kntoyosi cnosa: crnocTepiray pos3WMPEHOro BekTOpa CTaHy, nmapameTpuyHa HeBM3HAuYeHiCTb, pobacT-
HICTb, CTPYKTYPOBaHE CUHTYNSIPHE YNCTO.

1. Khoroshylov S., Martyniuk S., Sushko O., at al. Dynamics and attitude control of space-based synthetic aper-
ture radar. Nonlinear Engineering. 2023. Vol. 12 (1). 20220277. https://doi.org/10.1515/nleng-2022-0277

2. Xopowwnos C. B. CuHTe3 pobacTHOro perynsaropa CUCTeMW KepyBaHHS ""nacTyxa 3 iOHHUM npomeHem". Tex-
HiyHa mexaHika. 2017. No 1. C. 26-39. https://doi.org/10.15407/itm2017.01.026

3. Wu Z., Zhou H., Guo B. et al. Review and new theoretical perspectives on active disturbance rejection control
for uncertain finite-dimensional and infinite-dimensional systems. Nonlinear Dyn. 2020. Vol. 101, Pp. 935—-
959. https://doi.org/10.1007/s11071-020-05845-7

4. Chen Z. Active Disturbance Rejection Control of Second-Order Nonlinear Uncertain Systems with Guaran-
teed Transient and Steady State Tracking Error Bounds. J Syst Sci Complex. 2022. Vol. 35. Pp. 1293-1309.
https://doi.org/10.1007/s11424-022-1010-2

5. Su Z, Sun L., Xue W., Lee K. A review on active disturbance rejection control of power generation systems:
Fundamentals, tunings and practices, Control Engineering Practice. 2023. Vol. 141. 105716.
https://doi.org/10.1016/j.conengprac.2023.105716

6. Zhang Xiaoy., Zhang Xiaoc., Xue W., Xin B. An overview on recent progress of extended state observers for
uncertain  systems:  Methods, theory and applications. Adv Control Appl. 2021. 3:e89.
https://doi.org/10.1002/adc2.89

7. Yang X. Capabilities of Extended State Observer for Estimating Uncertainties. Proceeding of the American
Control Conference. 2009. Pp. 3700-3705. https://doi.org/10.1109/ACC.2009.5160642

8. Gao Z. Active Disturbance Rejection Control: a Paradigm Shift in Feedback Control System Design. Proceed-
ing of the American Control Conference. 2006. Pp. 239-2405.

9. Ran M, Li J., Xie L. A new extended state observer for uncertain nonlinear systems. Automatica. 2021.
Vol. 131. 109772. https://doi.org/10.1016/j.automatica.2021.109772

10. Li Y., Tan P., Liu J., Chen Z. A Super-Twisting Extended State Observer for Nonlinear Systems. Mathematics.
2022. Vol. 10(19):3584. https://doi.org/10.3390/math10193584

11. Zhang Y., Chen Z., Sun M. Trajectory tracking control for a quadrotor unmanned aerial vehicle based on dy-
namic surface active disturbance rejection control. Trans. Inst. Meas. Control. 2020. Vol. 42. Pp. 2198-2205.
https://doi.org/10.1177/0142331220909003

22



12.

13.

14.

15.

16.

17.

18.

19.

20.

Liu J., Sun M., Chen Z., Sun Q. Super-twisting sliding mode control for aircraft at high angle of attack based
on finite-time extended state observer. Int. J. Control. 2020. Vol. 99. Pp. 2785-2799.
https://doi.org/10.1007/s11071-020-05481-1

Xopowmnos C. B. CuHTe3 crnocTepiraya po3LMpPeHOro BeKTopa CTaHy 3 ypaxyBaHHSAM 3afaHUX Y YacTOTHIN
061acTi BUMOT [0 3aMKHYTOr0 KOHTYpY CMCTeMU KepyBaHHS. TexHiuHa mexaHika. 2016. No 1. C. 11-25.
Schrijver E., Van Dijk J. Disturbance Observers for Rigid Mechanical Systems: Equivalence, Stability, and
Designto. ASME Journal of Dynamic Systems, Measurement, and Control. 2002. Vol. 124. Pp. 539-548.
https://doi.org/10.1115/1.1513570

Doyle J. C. Analysis of feedback systems with structured uncertainties. IEE Proc. Part D. 1982. Pp. 242-250.
https://doi.org/10.1049/ip-d.1982.0053

Stein G., Doyle J. Beyond singular values and loopshapes. AIAA Journal of Guidance and Control. 1991.
Vol. 14 (1) Pp. 5-16. https://doi.org/10.2514/3.20598

Balas G., Chiang R., Packard A., Safonov M. MATLAB Robust Control Toolbox 3, User’s Guide. Natick,
MA: The MathWorks, 2009. 182 pp.

Young P. M. Controller design with mixed uncertainties. American Control Conference. 1994. Vol. 2.
Pp. 2333-2337. https://doi.org/10.1109/ACC.1994.752496

Zhang Y., Chen Z., Sun M. Trajectory tracking control for a quadrotor unmanned aerial vehicle based on dy-
namic surface active disturbance rejection control. Trans. Inst. Meas. Control. 2020. Vol. 42. Pp. 2198-2205.
https://doi.org/10.1177/0142331220909003

Liu J., Sun M., Chen Z., Sun Q. Super-twisting sliding mode control for aircraft at high angle of attack based
on finite-time extended state observer.Int. J.  Control. 2020. Vol. 99. Pp. 2785-2799.
https://doi.org/10.1007/s11071-020-05481-1

OTtpumaHo 22.08.2024,
B OCTATOYHOMY BapiaHTi 17.09.2024

23



