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1. AKTyanpHICTb TEMU BU3HAYAETHCS TUM, 1110 Ha CbOTOJHILIHIN AEHb HAYKOBI JOCIIIKEHHS 31 CTBOPEHHS HOBUX
3pa3KiB MarHiTHUX MiAIINITHUKIB, 4 TAKOX CIIOCOOIB MaTEMATUYHOTO ONUCY TUHAMIYHUX MIPOLECIB, 110
BiZOYBalOThCS B TAKUX CKJIAJIHUX €JIeKTPOMAarHiTOMeXaHiYHUX CUCTEeMaX, 3 METOI0 a/IeKBaTHOTO BUOOPY IapaMeTpiB
MarHiTHuX nigmunaukis (MII), siki 3a6e3ne4yioTh HeOOXiHI AMHaMiUHi XapaKTePUCTUKU BCiel pOTOPHOI MalluHy, €
JIy>)Ke HarajJbHUMU, TOMY 110 iCHYIOUYi METOAM i MiAX04M 0 MOJIEJIIOBAHHS 1 aHasi3y AuHaMiKu pOTOpiB B MII MaroTh
LTy HU3Ky He[loJIiKiB. MeToro pobOTH € BUpIlIeHHS] HAyKOBO-TIPUKJIAAHOI IIPO6IeMU 3i CTBOPEHHSI HOBOT'O
3arajibHOTO CII0CO0Yy MaTeMaTUYHOIO ONMCY AMHAMIYHOI I0BE/IiHKM POTOPIB B CUCTEMAaX 3 MarHiTHUMU
MiJIIATNTHUKAMY PI3HUX TUIIB, KW BilPi3HAETHCSA y3arajJbHEHICTIO MMiIX0LY i IOBHOTOIO ypaxXyBaHH HEJHIHOTO
B3a€MO3B'I3KY IIPOLECIB, KOTPi Bifj0YBAIOTbCS B TaKill CUCTEMI — €JIEKTPUYHMX, MAarHITHUX i MEXaHIYHUX, 10

IIO3BOJISIE JOMOITHCSI MOXKJIMBOCTI aJJ€KBaTHOTO MOJIE€JIIOBAHHS Ta [TOUIYKY Pi3HUX JUHAMIYHUX SIBULL i PEXKUMIB



pOo6OTH 117151 3HAXOAKEHHS PallioHaJIbHUX 200 ONTUMAaJIbHUAX BapiaHTiB KOHCTPYKLill pOTOPHUX MAMIMH 3i 3HI>KEHOIO
BiOpOaKTUBHICTIO 1 MiABUILEHOIO HAZiMHICTIO, a TAaKOX BepudiKallis [[bOT0 CIIOCO0Y i IPaKTU4HEe HOoTro
BUKOpHUCTaHHs. O6'€KTOM OCIiI)KEeHb € JUHAMIYHI ITpoliecy y 6araTOBUMipPHUX B3a€MO3aJIESXKHUX MEXaTPOHHUX
POTOPHHUX CUCTEMAX 3 YPaxyBaHHSIM Pi3HUX (PAKTOPIB, 0 POOJISITh iICTOTHUM BILJIMB Ha iX BiOpaLiliHMIL CTaH Ta
CTIMKICTb pyXy KOHCTPYKTUBHMX €JIEMEHTIB. [IpegMeTOM IOCIIiIKEHD € JIiHINHI | HeJiHINHI ABUIa POTOPHOI
IVHaMiKU B CUCTeMaX 3 MarHiTHUMU MiJIIUITHYKAMU Pi3HUX TUIIB 3 ypaxXyBaHHSIM B3a€MO3B'SI3KY €JIeKTPUYHUX,
MarHiTHUX i MEXaHIYHUX CTalliOHAPHUX i HeCTal[iOHAapHUX IIpoLeciB. [Ipy BUpilIeHHi IOCTaBIeHUX 3a4a4
3aCTOCOBYBAJIMCS aHAJIITUYHI METOAY TEOPETUYHOI MEXaHIKK, TEOPIl KOJIMBaHb, MATEMATUYHOTO aHaJIi3y, Teopil
aBTOMATUYHOTO YIIPaBJIiHHS, T€OPii CTIMKOCTI, €JIEKTPOTEXHIKU, TEOPil ONTUMI3allii, a TAKOXK YMCIIOBi METOIU i
METOJI €KCIIEPUMEHTAJILHUX JOCTiIKeHb. TeopeTuyHa 3HauyllicTb po60THU I0JIsITae y BUPilI€HHI BaXXJIUBO]
HAyKOBO-IIPUKJIAIHOI MPO6JI€MHU 31 CTBOPEHHS KOHLENTYyaJbHO HOBOTO y3arajJlbHEHOro Cloco6y MaTeMaTU4YHOTO
OIMCY OVHAMIYHOI [I0BEAiHKMA POTOPIB B CUCTEMAX Ta MAIIMHAX 3 IACMBHUMM | aKTUBHUMU MArHiTHUMU
nigmunaukamu (TIMIT i AMIT) 3 MeTo0 afieKBaTHOTO PO3PaXxyHKOBOI'O BiITBOPEHHS! JIIHIMHUX Ta HEJIHIMHUX sIBULL
POTOPHOI IMHAMIKM Ta OLiHKU CTIMKOCTI pyXy pOTOpa Ha Pi3HUX pexkuMax. HoBu3Ha HayKOBUX Pe3yJIbTaTiB
00yMOBJIEHA HASBHICTIO B POOOTi HOBOTO y3arajJbHEHOr0 ClIOCO0Y MaTEMATUYHOTO OMUCY JUHAMIYHOI MOBEiHKU
POTOPIB B [MACMBHUX i aKTUBHUX MAarHiTHUX MiJIINAIHUKAX, MiIXOLiB 1O BU3HAYEHHS IX IapaMETPiB, PE3yJIbTaTiB
PO3PpaxyHKOBUX Ta €KCIIEPUMEHTAIbHUX JOCIIIIPKEHD [10 BCTAHOBJIEHHIO XapaKTEPUCTHUK K CAMUX MarHiTHAX
MiAINANHUKIB, TaK 1 pPOTOPHOI IMHAMIKHU 3 iX IOBHOLIIHHMM YPaxXyBaHHAM, OIIMCY HOBOTO TUILY ITaCUBHOTO
MAarHiTHOTO MiJIINITHMKA 3 KEPOBAHOIO KOPCTKICTIO Ta peasli30BaHOro 3aBISKY IOMy CIIOCOOY BiICTPOIOBAHHSI Bif,
PE30HAHCHUX PEXMMIB B POTOPHUX CUCTEMAaX 3 KOMOIHOBaHMMMY MTACMBHO-aKTUBHAMHU ITOBHUMU MarHiTHUMU
nigBicamu. [IpakTUYHe 3HAY€HHSI OTPUMAaHMX PE3YJIbTATIB I10JISITa€ y TOMY, 110 3aCTOCYBaHHS Y BITYM3HSHIN
IIPOMUCJIOBOCTi pO3p06JIEHUX CII0CO6iB, METONIMK, AJITOPUTMIB i 3aC06iB, ceper, IKUX — KOHLEMIlisl Ta CIoci6
1o0yJ0BY aHATMITUYHUX MOZeJsIel [1JIs1 ONKCY NUHAaMIKU POTOPIB B TIACUBHUX i aKTUBHUX MarHiTHUX MiINITHUKAX,
CII0Ci6 aHasi3y eeKTpOMarHiTHUx Kis AMII, MmeTonuka CKiHi€HHOEJIEMEHTHOI'O PO3PaxyHKY CUJIOBUX i
JKOPCTKICHMX XapakTepucTuk MII, KOMITIOTEpHIi Ta MporpaMHi 3acobu 1151 po3paxyHKy napameTtpis MII i poTopHoi
nuHamiky, HoBuii Bug, [IMIT 3 KepoBaHOIO >KOPCTKICTIO Ta CIIOCIO6 MPOXOPKEHHS PE30HAHCHUX PEXKMMIB IIPY PO3TOHi
i 3ylIMHi pOTOPIB B NaCUBHO-aKTUBHUX MATHITHUX MiJIBiCaX, JO3BOJISE MigBULIIUTH JOCTOBIPHICTb PO3PaxyHKOBOTO
BA3HA4Y€HHS [TapaMeTPiB POTOPIB, MarHiTHUX MiAIWITHUKIB i cuctem yrpasiiHHsa AMIL. Pe3ysbTaT HAyKOBUAX
IOCIIiIKEHDb BIIPOBAIKEHO B NMPaKTUKY [TAT «Cymcbke HBO», a TakoK HayKOBY Aisi/IbHICTD | HABYaIbHUI [IPOLIEC

HarjioHasbHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiBCbKUI MOJIITEXHIYHUIN IHCTUTYT».

2. The relevance of the topic is determined by the fact that nowadays scientific studies on a creation of new
samples of magnetic bearings, as well as the methods of a mathematical description of dynamic processes,
occurring in such the complex electromagnomechanical systems, in order to adequately select the parameters of
magnetic bearings (MBs), which provide the necessary dynamic characteristics of the whole rotary machine are
very actual, because the existing methods and approaches to modeling and analyzing the dynamics of rotors in
MBs have a number of disadvantages associated. The aim of the work is to solve the scientific and applied problem
of creating a new general approach for a mathematical description of the dynamic behavior of rotors in systems
with magnetic bearings of different types, which differs from the existing ones by a generalization of the approach
and a completeness of taking into account a nonlinear interrelation of processes occurring in such the system -
electric, magnetic and mechanical ones, that allows to achieve a possibility of adequate modeling and search for
various dynamic phenomena and operational modes to find rational or optimal variants of designs of rotary
machines with a reduced vibration and an increased reliability, as well as a verification of this method and its
practical use. The object of the study is dynamic processes in multidimensional interconnected mechatronic rotary
systems, taking into account various factors that have a significant effect on their vibrational state and a
movement stability of structural elements. The subject of the study is linear and nonlinear phenomena of rotor
dynamics in systems with magnetic bearings of different types, taking into account an interconnection of
electrical, magnetic and mechanical stationary and non-stationary processes. When solving the set tasks,
analytical methods of the theoretical mechanics, the theory of oscillations, the mathematical analysis, the theory of



automatic control, the theory of stability, the electrical engineering, the optimization theory, as well as the
numerical methods and the methods of experimental research were used. The theoretical significance of the work
consists in solving an important scientific and applied problem of creating a conceptually new generalized method
for a mathematical description of a dynamic behavior of rotors in systems and machines with passive and active
magnetic bearings (PMBs and AMBs) in order to adequately reflect linear and nonlinear phenomena of the rotor
dynamics and to evaluate a stability of a rotor movement in different modes. The novelty of the scientific results is
conditioned by a presence of a new generalized method for a mathematical description of a dynamic behavior of
rotors in passive and active magnetic bearings, approaches to a determination of their parameters, results of
calculation and experimental studies for a determination of the characteristics of the magnetic bearings
themselves and rotor dynamics with their full consideration, a description of a new type of passive magnetic
bearings with controlled stiffness and a based on it method of detuning from resonance modes in rotor systems
with combined passive-active complete magnetic suspensions. The practical value of the obtained results consists
in that an application in the domestic industry of developed methods, techniques, algorithms and tools, among
which: concept and method for constructing analytical models that describe the dynamics of rotors in passive and
active MBs; the method for analysis of electromagnetic circuits of AMBs; the technique of finite-element
calculation of power and stiffness characteristics of MBs; the computer and software tools for calculating the
parameters of MBs and the rotor dynamics; a new type of PMB with a controlled stiffness and a way of passing
resonance modes when accelerating and stopping rotors in a passive-active magnetic suspension, improves a
credibility of calculating the parameters of the rotors, the magnetic bearings and control systems of AMBs, which
enables to reduce costs and an energy consumption, increase reliability and competitiveness for enterprises. The
results of scientific researches were introduced in practice of PISC “Sumy NPO”, as well as a scientific activity and
an educational process of the National technical university “Kharkiv Polytechnic Institute”.
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