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I. I0. MAPTHHEHKO

MATEMATHYHE MOJIEJTIOBAHHS TA KOMIP'IOTEPHA CUMYJISIIA SABAL HEJITHIHHOI
JTAHAMIKH BIBPOI'ACHOI TA BIBPOI30JIIOI0Y0I KOMILIEKCHOI ITACUBHO-AKTUBHOI
MATHITHOI OITOPH 3 TIOBOPOTHUM ABO OBEPTOBUM BEPTHUKAJBHUM IITOK-BAJIOM

VY cTaTTi po3risAnaeThes CHeliani3oBaHe OpHUriHaJIbHE KOMII'IOTEpPHE HporpaMHe 3a0e3MedeHHs Uil PO3paxyHKy Ta aHaji3y mapaMeTpiB AWHAMIiKH
IITOK-Bally BiOporacHoi Ta BiOpOi30JI0090i KOMIUIEKCHOI ITOBHICTIO MarHiTHOI ONOPU ITACHBHO-aKTUBHOTO THUITy 3 ypaxXyBaHHSM pI3HHX THIIB
MarHiTHUX ejgeMeHTiB. OG'€KTOM JOCII/DKEHHS € JHHaMiKa LITOK-Baly, Ha SIKOMY BiOpOi30JbBaHHN BaHTaX MOJXKE PO3TAIIOBYBATHCS 3BEpXy abo
3HKU3y. OCHOBHOIO METOIO € MOJICIIFOBAHHS Ta Bi3yauizallist HeHIHHUX SBHII JUHAMIKU [IbOTO IITOK-BAY 3 ypaxyBaHHSIM MOXJIMBOCTI HOTO TIOBOPOTY
a00 00epTaHHs, a TAKOXK B3a€MOIIOB’SI3aHOCT] €IeKTPOMArHiTHUX Ta MEXaHIYHUX KepOBaHUX mpouecis. IIpencTaBienns pe3ynbrariB y rpadiynomy ta
TEKCTOBOMY BUIUISIaX aJalTOBAHO JUIS BH3HAYCHHS AMHAMIYHHMX XapaKTEPHCTUK Ta OLIHKH CTIHKOCTI pyXy B HEPE30HAHCHUX, HABKOJIOPE30HAHCHHUX,
pe30HaHCHUX Ta pobo4YoMy BiOpOi30JIbOBaHOMY abo0 BiOporacHomy pekuMax. MareMaTH4YHUIl ONUC BHUKOPHCTOBYE aHAJITUUHY Mojesb. Bona
0asyerbcss Ha audepeHiansHux piBHAHHAX Jlarpamka-MaxcBemna y ¢opwmi, mopiOHii mo piBHsHb Payca B mexamimi. Ilpu mpomy peanizoBaHO
BpaxyBaHHs HETIHIMHMX CHJIOBHX Ta JKOPCTKICHUX XapaKTEPHCTUK SIK pajiajbHUX NAcHBHUX MAarHiTHHX €JICMCHTIB ONHUPAHHS, TaK i OCHOBOIO
KEPOBAHOTO EIEKTPOMArHITHOTO EJIEMEHTa OIMPAHHS B 3al©KHOCTI BiA IHOro mapaMeTpiB Ta MapaMeTpiB CHCTeMH KepyBaHHs. Pearmizaris
KOMIIT'FOTEPHOTO MOJIETIOBAHHS Ta Bi3yaiizamis HENIHIHHUX SBHII JUHAMIKH IITOK-BAIy B MarHiTHOMY IOJIi OyJa BUKOHAHA 32 JONOMOIOI0 CHCTEMH
KOMIT'FOTEPHOT MaTeMaTHKH y BUIVIAJI HeNiHiiHOI iMiTauiiiHo-o04ncoBanbHOI Mojeni JUHAMIKKM BiOporacHoi Ta BiOpOi30NI0I0HU0T KOMILIEKCHOT
acHBHO-aKTUBHOI MarHiTHOI omopu (IOM-JIBI'BIMO-H). Ls imiTariiiHa MOAeIb Ma€ MOXKIIMBICTh TOOYIOBH BiOpOrpam, CIEKTpOrpam, TPaeKTopiit
pyXy, }a3zoBuX TpaekTopiil Ta cTpoOocKomiuHuX nepepisiB Ilyankape, a TakoX TPUBHMIPHUX CIEKTPIiB, aMILIITYyJHO-4AaCTOTHHX XapaKTEPUCTHK Ta
3aJIOKHOCTEH aMIUIITyJ CcyO- Ta CyHmeprapMOHIK BiJ INBHIAKOCTI oOepTaHHs Ta/ab0 AMHAMIYHOTO 30y/DKEHHs JUIs BHOPAHMX TOYOK IITOK-Baly.
Bepuoikariro IOM-/IBI'BIMO-H 6yino npoBeeHO MHUISIXOM IMOPIBHSHHS CHMYJUSILIHHHX OOYHCIIOBATBHUX PE3YJIbTATIB 3 E€KCIEPHMEHTAIbHUMH
JTAHIMH JUIs Ta00paTOpHO-eKCIIEPUMEHTAIEHOTO 3pa3ka BiOporacHoi Ta BiOpoi30IIio040i KOMILUIEKCHOI TAaCHBHO-aKTUBHOI MarHiTHOI OIIOPH.

Kurodosi cioBa: BiOporacHa Ta BiOpoi3ounsiiliHa oropa, IaCHBHO-aKTHBHUI MarHiTHUI MiJBiC, AMHAMIKa IITOK-Bally, HENiHIHHI IpouecH Ta
SIBUII[A, MATEMATHYHE T4 KOMII IOTEPHE MOJCIIOBAHHS, IMITA[IHHO-00YHCITIOBAIBHA MOJIEITb.

G. YU. MARTYNENKO

MATHEMATICAL MODELING AND COMPUTER SIMULATION OF NONLINEAR DYNAMICS
PHENOMENA IN A COMPLEX PASSIVE-ACTIVE VIBRATION-DAMPING AND VIBRATION-
ISOLATING MAGNETIC SUPPORT WITH A SWIVELING OR ROTATING VERTICAL ROD-SHAFT

The article discusses specialized original computer software designed for calculating and analyzing the dynamics parameters of the rod-shaft in a
vibration-damping and vibration-isolating complex fully magnetic support of the passive-active type, accounting for various types of magnetic
elements. The object of the study is the dynamics of the rod-shaft, where a vibration-isolated real weight can be positioned either at the top or bottom.
The primary goal is the modeling and visualization of nonlinear dynamics phenomena of this rod-shaft, considering the possibility of its swiveling or
rotation, as well as the coupling of electromagnetic and mechanical controlled processes. The presentation of results in graphical and textual formats is
adapted for determining dynamic characteristics and evaluating motion stability in non-resonant, near-resonant, resonant, and operational vibration-
isolated or vibration-damping modes. The mathematical description utilizes an analytical model based on Lagrange-Maxwell differential equations in a
form similar to Routh’s equations in mechanics. This approach accounts for the nonlinear force and stiffness characteristics of both radial passive
magnetic support elements and the axial controlled electromagnetic support element, depending on its parameters and the control system parameters.
The implementation of computer modeling and visualization of the rod-shaft nonlinear dynamics phenomena in a magnetic field was carried out using
a computer mathematics system in the form of a nonlinear simulation-computational model of the dynamics of a vibration-damping and vibration-
isolating complex passive-active magnetic support (SCM-DVDVIMS-N). This simulation model enables the generation of vibrograms, spectrograms,
motion trajectories, phase portraits, and stroboscopic Poincaré¢ sections, as well as three-dimensional spectra, frequency response characteristics, and
dependencies of sub- and superharmonic amplitudes on the rotation speed and/or dynamic excitation for selected points of the rod-shaft. Verification
of SCM-DVVMS-N was performed by comparing simulation results with experimental data obtained from a laboratory prototype of the vibration-
damping and vibration-isolating complex passive-active magnetic support.

Keywords: vibration-damping and vibration-isolating support, passive-active magnetic suspension, rod-shaft dynamics, nonlinear processes and
phenomena, mathematical and computer modeling, simulation-computational model.
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