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O6'ekm Oocniddcenns — AVUHAMIKA CHCTEM 3 OOMEXEHHUM 30y/KECHHSIM B
OKOJIl PE30HAHCY MK YACTOTaMH 30Yy/IXKEHHS Ta IPYKHOI MJICUCTEMH.

IIpeomem Oocniodcenns — aHal3 CTallOHAPHUX PE30HAHCHUX PEKHUMIB
KOJIMBaHb Ta MEPEXIAHUX MPOIECIB B CUCTEMAaX 3 OOMEKEHHM 30YyIKCHHSIM, SKi
MOJICTIIOIOTHCS TUHAMIYHUMU CUCTEMaMHU 3 TPhOMa CTENIEHSIMU CBOOO/IH.

B nwuceprariiiniii poOOTI pO3TISAAETHCA JTUHAMIKA JIESIKUX CHUCTEM 3
oOMexeHUM 30y/DKeHHSIM B OKOJl pe3oHaHcy. Jlo cucreM 3 OOMEXEHUM
30y/>KeHHSIM (200 HelJeaTbHUX CUCTEM) BIAHOCATHCS TaKl CUCTEMH, JI€ 3BOPOTHIN
BILJIMB MPY>KHUX €JIEMEHTIB CHCTEMH Ha JIKEPEJIO €HEPril € CYTTEBUM. 30KpeEMa, /10
TaKMX CHUCTEM MOKHa BIJHECTH CHCTEMH, i€ TOTYXKHICTb JIBUTYHa € HE JIyXKe
3HauyHOI0. B Takux cucremax 30yIKEHHS 3aJIeKUTh BiJ MEpeMIlIeHb 30yIKEeHOT
npyxkHoi miacucremu. Ha mouatky 20 cTopiyus BiIOMUN HIMEUBKUH (Pi3UK
A.3omMmepdenpa Brepie onucaB e€heKT 3HAYHUX PE30HAHCHUX KOJHBaHb, KOJHU
3HaYHAa YacTWHA CHEprii JBUTyHA YXOJIWTh Ha MiATPUMaHHS ITUX PE30HAHCHUX
KOJIMBaHb, 110 3aBaXKa€ BUXOAY JBUTYHA HA HOMIHANIbHI 00epTH. Bixke B 50-Ti poku
MUHYJIOTO CTOpiuYs BimoMuil ykpainchkuii BueHuit B.O. KonoHnenko naB mepmii
aHamiTuuHui onuc edexty 3ommepdenbaa. [licas Mporo AOCIIHKEHHS B IbOMY
HanpsMmy npoaoBxyBas gk B.O. Kononenko, Tak 1 iHui BueHi. KinbkicTs po0OoT 3
JVHAMIKA HelJIeaJIbHUX CHUCTeM 3HAa4YHO TOIIMPWIACh B OCTaHHI poku. B
JTUCEePTaIiitHIi poOOTI PO3MIISIHYTO TpU MOJIEN] HeigeanbHux cucteM. OqHa 3 HUX —
€ MOJIENb, 10 MICTUTH JKEPEJIO €HEepTii, MPYyKHY MiACHUCTEMY Ta MasTHUKOBUI
racuTellb KOJIMBaHb. [HIII CUCTEMU MOB’s3aH1 3 AMHAMIKOI MOPTAIbHOI CUCTEMHU

(sTka TpecTaBiIeHa MPYKHOIO IMICUCTEMOI0), POTOpPa Ta HEBPIBHOBAKEHOI MacH B
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aKocTi racutens. s omaHiel Mozaeni oOpaHO CYTTEBO HENIHIMHUN 3B’SI30K MIXK
BKa3aHOI0O Macol0 Ta MOPTaJIbHOI pamoro, JUIsl 1HIIOI B 1M 3B’S30K JOJIaHO
JiHIAHY CKIaaoBy. Bci Momeni onrcaHo HEMiHIMHUME CHCTEMaMH 3 3 CTETICHSAMU
cBoOOaM. MeTosioM OaraThoxX MacimTabiB MoOyAOBaHO CTalllOHApHI PE30HAHCHI
pSKUMH KOJWMBAaHb CHCTEM, IO pO3IBIalOThCA. Jlami 3 BUKOpPUCTaHHSIM
anpokcumariii [Tame moOymoBaHo mepexiaHi IpoIecu. 3a JOTOMOTO0 YHCEITHHOTO
MOJICJIIOBAHHS JIOCIIIKY€EThCS MOMJIMBICTh 3MEHIICHHS PE30HAHCHUX MPY>KHUX
KOJIMBaHb MUISIXOM 3MiHH MapaMeTPiB BKa3aHUX CHCTEM.

B nmepmomy po3auti gucepraiiiiHoi poOOTH 3poOJeHO Oriisia icTopii
JOCIIIJIKEHb CUCTEM 3 OOMEXEHOI MOTYXKHICTIO Ta OIJIAJl Cy4YaCHOTO CTaHy €l
npobiemu. ONHMCAaHO TakOX MPOOJEMY PO3BUTKY ACMMIITOTUYHHMX METOJIIB, SIKI
aAKTUBHO BUKOPHUCTOBYIOTHCS ISl aHATITUYHOTO JOCTIKEHHSI HEJIIHIMHUX CHUCTEM.
3po0eH0 TakoXK O] MpoOJieMH TaciHHS KOJWBaHb, 3A€OUIBIIOTO IUIIXOM
BUKOPUCTAHHS TMACHUBHHUX JWHAMIYHUX TacCUTENIB, CEpell SKUX MOXYTh OyTH
MasTHUKOBI TaCHUTEI, €JIEMEHTH y BUTIIsAI1 (hepmu Mizeca, BIOpOynapHi €IEMEHTH,
CYTT€BO HENIHINHI OCLWISTOPH Ta 1H.

B npyromy po3aini poOOTH MaHO OMHMC OCHOBHUX MOJENEH, IO
PO3IIIAIAl0THCS, 30KpEMA, MPEJCTABICHO BIANOBIAHI PIBHSHHA PyXy Yy BUIJISI1
HEJHIMHUX cucTeM 3 3 cTemneHsMu cBoOoau. OOroBOPIOETHCS BBEJEHHS B I
PIBHSHHS MAaJioTO MapaMeTpy, IO BaXIWBO JJISl TMOJAIBIIOT0 BUKOPUCTAHHS
acUMINTOTUYHOTO aHami3zy. Jlana iHdopmarllis moA0 €QPEeKTUBHOCTI METOIY
O0aratb0X MacmTadiB, SKHM BUKOPHCTOBYETHCS B POOOTI 1 TOOYAOBH
CTAaIllOHAPHUX PEKUMIB pyXy, Ta ampokcumarii Ilage, sKi BUKOPUCTAHO IS
noOya0Bu mnepexigHux rmpoieciB. IlpencraBnena Takox iHpopmallis BITZHOCHO
KOMIT'IOTEPHUX  TpOrpaM, SKi  BUKOPUCTOBYIOTHCA  JUISI  MOJIEIIOBaHHS
CTaI[lOHAPHUX Ta MEPEX1THUX PEXKUMIB Ta JJi1 BUOOPY TaKUX MapaMeTpiB CUCTEM,
K1 JJO3BOJISSFOTH 3MEHIIIUTU aMILTITYyIH KOJINBAHb.

Tpertiit po3ain poOOTH MPUCBIUEHO MOOYAOBI CTAIIIOHAPHUX PEKUMIB PYXY
CUCTEM 3 OOMEKEHOI0 MOTYXKHICTh IMpU HAsABHOCTI pe3oHaHcy 1:1. Merogom

OaraTb0X MacmTaOlB OTPUMAHO AMILUTITYIM KOJUBaHb AK (YHKIII mapaMeTpiB
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CUCTEMH, SIKI MOXYTh OYTH 3HaAWJEHI 3 CHCTEMM HEJIHIMHUX aireOpaidHux
pIBHSIHb, SIKa PpO3B’SI3yeTbcsi MeTojioM HpioToHa. 3po0iieHO  MOPIBHAHHA
OTPUMAaHHX aHATITUYHUX PE3YNbTATIB 3 Pe3yJbTaTaMH YHCEIFHOTO MOJICIIOBAHHS,
SKE TPOJEMOHCTPYBAJIO JOCTATHHO BUCOKY TOUHICTh IIMX PE3YJIbTATIB.

B derBepTOoMy po3aii po3risAacTbes MOOYyI0Ba MEPEXITHOTO MPOIECY Y
BKa3aHUX BHWINE CHUCTEMax. BBOmIThCI HOBI 3MiHHI UIsi  €()EKTUBHOTO
MPE/ICTABIICHHS MEPEX1THUX MPOIECIB; KPIM TOTO, PO3B’S3KU PIBHSAHb, OTPUMAHUX
paHile MeToIoM 0aratboX MacmTadiB, MPEACTaBICHO B CTEMCHEBUX psmax. Jlami
Il P BUKOPUCTOBYIOTHCS TIPU MOOYI0BI IPOOHO-pAIlIOHATBEHUX AllPOKCUMAITIN
[Tage, 1o MICTATH eKCIIOHEHTH. [Ipyu IbOMY BUKOPHCTOBYETHCS TAKOXK J10AATKOBA
yMOBa HaOJM>KEHHS IEPEXITHUX MPOLIECIB A0 NOOYIOBAHUX PaHILIE CTAllOHAPHUX
PE30HAaHCHUX peXHUMIB. UuncenabHE MOJIEIIOBAHHS IOKa3aJl0 JOCTaTHBO BHUCOKY
TOYHICTh 3alIPOIIOHOBAHOTO MPE/ICTABICHHS MepexiaHoro mnpoiecy. Komm’orepue
MOJICJIIOBAaHHSL JIEMOHCTPY€E, IO HABITh MPU HASBHOCTI I1HIIMX PE30HAHCIB, B
PO3MIISIHYTUX CHUCTeMaX HaWBaKJIMBIIIUM € came pe3oHaHc 1:1.

[stuit  po3ain poOOTH MPUCBAYEHO aHAII3y MOMIJIMBOCTI 3MEHILECHHS
aMIUTITY]l CTAaIllOHAPHUX PE30OHAHCHUX KOJWBAaHb IUISXOM 3MIHU TapameTpiB
CUCTEM, IO 3pOOJIEHO MLUIIXOM KOMII FOTEPHOIO MOJIETIOBaHHS. BuuineHo Ti
napameTpH, sKI € HaiOuIbII Baromi JJis BKAa3aHOTO 3MEHILEHHS aMIUITY.
30kpema, Jisi BCIX PO3TJISHYTUX CHUCTEM JIY)K€ BaXKIMBUM JUJISI 1IbOTO BUSIBUBCS
napamMeTp HEIIHIMHOCTI B XapaKTePUCTUKAX NPYNKHUX EJIEMEHTIB CHUCTEM, IO
po3rianaThes. Came 3pOoCTaHHS LbOrO IMapaMeTpy HPHBOJIUTH IO CYTTEBOTO
3MEHIIICHHSI aMILTITY] IPYKHUX KOJINBAHb.

Kito4uoBi cnoBa: HeniHitiHi KOMUBAHHS, GLIbHI MA GUMYULEHI KOJIUBAHMA,
HeloeanbHi cucmemu, pe3oHAHC, YACMOMU, ACUMNMOMUYHI MemooOu, YUCENbHI

Mooei, nepexionuii npoyec.
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ABSTRACT

Lebedenko Ya. O. Research of the resonance stationary modes and transients
in nonlinear systems with limited power supply. — Qualifying scientific work on
the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 113 — Applied mathematics. — National technical
university "Kharkiv polytechnic institute”. — Ukraine, Kharkiv, 2023.

The object of study is a dynamics of the systems with limited power supply
in the vicinity of the resonance between frequencies of excitation and elastic
subsystem.

The subject of the research is an analysis of the resonance steady states and
transient in systems with limited power supply, which are modelled by dynamical
systems having three degrees of freedom.

In the dissertation the dynamics of some systems with limited excitation in
the vicinity of resonance is considered. Systems with limited power supply (or
non-ideal systems) include such systems where the reverse influence of the elastic
elements of the system on the energy source is significant. In particular, such
systems include systems where the motor power is not very significant. In such
systems, the excitation depends on the movements of the excited elastic subsystem.
At the beginning of the 20th century, the famous German physicist A. Sommerfeld
first described the effect of large amplitude resonant oscillations, when a
significant part of the motor's energy goes into maintaining these resonant
oscillations, which prevents the motor from reaching its nominal speed. Already in
the 50s of the last century, the famous Ukrainian scientist VV.O. Kononenko gave
the first analytical description of the Sommerfeld effect. Then investigations in this
direction were continued as by V.O. Kononenko, as well by other scientists. The
number of works on the dynamics of non-ideal systems has increased significantly
in recent years. Three models of non-ideal systems are considered in the

dissertation. One of them is a model containing an energy source, an elastic
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subsystem and a pendulum damper. Other systems are related to the dynamics of
the portal frame (which is represented by an elastic subsystem), the rotor, and the
unbalanced mass as a damper. For one model, a significantly nonlinear relationship
between the unbalanced mass and the portal frame was chosen, for the other one, a
linear component was added to this relationship. All models are described by
nonlinear systems with 3 degrees of freedom. Stationary resonance modes of
oscillations of the systems under consideration were constructed by the multiple
scales method. Next, transient is constructed using Padé approximants containing
exponents. With the help of numerical modeling, the possibility of reducing
resonant elastic oscillations by changing the parameters of the specified systems is
analyzed.

In the first Section of the dissertation, an overview of the history of research
into systems with limited power supply and an overview of the current state of this
problem is made. The problem of the development of asymptotic methods, which
are actively used for the analytical study of nonlinear systems, is also described.
An overview of the problem of vibration damping is also presented, mostly by
using passive dynamic dampers, which may include pendulum dampers, elements
in the form of a Mises truss, shock elements, significantly nonlinear oscillators,
etc.

In the second section of the work, a description of the main models under
consideration is given. In particular, the corresponding equations of motion in the
form of nonlinear systems with 3 degrees of freedom are presented. The
introduction of a small parameter into these equations is discussed, which is
important for the further use of asymptotic analysis. Information is given on the
effectiveness of the multiple scales method used in the work to construct stationary
modes of motion, and on the Padé approximations used to construct transients.
Information is also presented regarding computer programs that are used to
simulate stationary and transient modes and to select such system parameters that

allow reduce the amplitudes of oscillations.
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The third section of the work is devoted to the construction of stationary
regimes of systems with limited power in the presence of 1.1 resonance. The
amplitudes of oscillations as a function of the system parameters, which can be
found from the system of nonlinear algebraic equations solved by Newton's
method, are obtained by the method of many scales. A comparison of the obtained
analytical results with the results of numerical modeling was made, which
demonstrates a sufficiently high accuracy of these results.

The fourth section examines the construction of the transient in the above-
mentioned systems. New variables are introduced to effectively represent transient
processes; in addition, the solutions of the equations previously obtained by the
method of many scales are presented in power series. Further, these series are used
in the construction of the fractional-rational Padé approximants. At the same time,
the additional condition of the approach of the transient to previously constructed
stationary resonance modes is also used. Numerical modeling shows a sufficiently
high accuracy of the proposed representation of the transient. Computer
simulations demonstrate that even in the presence of other resonances, the most
important is the 1:1 resonance in the considered systems.

The fifth section of the work is devoted to the analysis of the possibility of
reducing the amplitudes of stationary resonant oscillations by changing the system
parameters, which is done by computer simulation. Those parameters that are the
most significant for the indicated reduction of amplitudes are highlighted. In
particular, for all the considered systems, the parameter of nonlinearity in the
characteristics of the elastic elements of the considered systems turned out to be
very important for this. It is the growth of this parameter that leads to a significant
decrease in the amplitudes of elastic oscillations.

Conclusions complete the dissertation work.

Keywords: nonlinear oscillations, free and forced vibrations, non-ideal
systems, resonance, frequencies, asymptotic methods, numerical models, transitory

process.
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