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1. Incepraniiina po60Ta IpUCBIYeHA BUPIIEHHIO aKTyaJbHOI HAYKOBOI 3a71a4i, a came, JOCIiIKeHHS, 1[0 BKIIOYa€E B
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Takox nopgaHo 3arasnbHy iHGOpMAalLilo 00 HAYKOBOI HOBU3HU OTPUMAHUX PE3YJbTATIB i3 3a3HaY€HUMU
BiIMIHHOCTSIMU Oflep>KaHUX Pe3yJIbTaTiB Bif BitoMux paHiue. HaBeneHi gaHi mpo ocobucTuil BHECOK 3100yBaya Ta
IIpo arpoballilo MaTepiasiB gucepratiii. Y nepuomy po3szisi npecTaBieHo OCHOBHI [10JI05KeHHS Teopii Ta
3aCTOCYBaHHS HeJIiHINHUX HOpMasibHUX GOpM (MOJI) KOJIMBaHb. Jl0JaTKOBO OOI'PYHTOBAHO B3a€MO/Iil0 MAaTrHITHOTO
110J151 3 €JIEMEHTAMU JIOCTiKyBaHOI CUCTEMU. 3a3Ha4€HUI1 PO3/IiJl TAKOXK MICTUTDb iHPOPMALLiI0 PO ACUMIITOTUYHI
METOJM HEJIHIMHOI IMHAMIKM Ta METOIY AOCIIIPKEHHS CTIMKOCTI pyXy JUHaMi4HUX cucteM. OTpUMaHuR
AQHaJIITUYHUI PO3B'SI30K IIOPIBHIOETHCS 3 PE3yJIbTaTaAMU YUCEJIbHOTO MOJIEJIIOBAHHS, 1[0 6a3yeThCsl HA METO]
Pyure-KyTtu 4eTBepTOoro nopsaxy. [1o4aTkoBi yMOBU 115 YMCEJIBHOTO PO3PaXxyHKy MOJ] KOJIMBaHb BU3HAYAIOThHCS
aHaJIITUYHUM PO3B'SI3KOM. [Ipe cTaBjieHO YK CesbHi MPoLeypH, sIKi BUKOPHUCTOBYIOTHCS B POOOTi. Y Apyromy po3misi
HaBeJleHO JOCJiI)KEHHS MOJ, KOJIUBaHb aBTOHOMHOI CUCTEMH IOB'SI3aHUX MAsITHUKIB Y I10J1i MarHiTHUX cUJjl 6e3
yPaxyBaHHS JUCUNATUBHUX CUJI. BUKOPUCTOBY€ETLCS NIPEICTABIEHHS] MAarHiTHOTO BIUIUBY Y BUTJISIAI SIK PO3PUBHOI,
TakK i HermepepBHOi QYHKUIN. Y BUNAIKy po3pyUBHOI (PYHKIi, e TPUCYTHIl CTPUOOK, Y PiBHSHHAX PyXy BUKOPHUCTAHO
[Tage-anpokcuMaliilo MarHiTHOro BIUIUBY. CyTTe€Ba HEJiHIMHICTD, IPUCYTHS B CUCTEMI, IPU3BOAUTD 0
HEeOOXiJIHOCTi 3aCTOCYBaHHS caMe aCUMIITOTUYHUX METO/IB IJ1s1 aHali3y GopM KoruBaHb. UUceIbHe MOEJII0BAaHHS
[IPOBEMIEHO 3 BUKOPUCTAHHSIM OTPUMAHOTO aHAJIITUYHOTO pilieHHs. [IpoBeieHO NOCiIKEeHHS BIIJIMBY I1apaMeTpiB
CHCTEMHU Ta [I0YaTKOBUX YMOB MasITHUKIB Ha IMHAMIKy CUCTEMU, sIKa MOXKe OYTU SIK PETyJISIPHOIO, TaK i CKJIaHOIO.
CTilIKiCTb peKMMIB KOJIMBaHb BU3HAYAETHCS 32 JOIIOMOTOI0 YMCEJIBHOTO TECTY, SIKUH I10B'I3aHUI 3 KpUTEPieM
CTiMKocCTi 3a JIanyHoBuM. [1py bOMY CTIMKICTb BOCIIIKYETBCS MIJISIXOM OLiHKY OPTOrOHAJIbHUX BiIXUJIEHD Bif,
Bi/INIOBiIHMX MOJAJIbHUX TPAEKTOPIl y KOHQIrypauiiiHoMy poCToOpi CUCTEMU. Y TPETbOMY PO3JIiJii OIIUCYETHCS
IOCJIiIKeHHSI JIOKaJIbHOI Ta cuH@a3Hoi GOpM KOJIMBaHb JUCUNIATUBHOI CUCTEMU JIBOX IOB'SI3aHUX MAsITHUKIB y
MarHiTHOMY I0JIi. fIK i y IpyromMy po3mijii, BAKOPUCTOBYETbLC [1Ba IIPEACTABIEHHS MarHiTHOTO BILIKBY.
AHaNITUYHUN PO3PaXyYHOK OTPHUMAaHU 32 NOIIOMOTOI0 METOy 6araTb0X MacIuTabiB, IKMI YCHILTHO 3aCTOCOBYETLCS
came [I0 IMCUNIATUBHUX cUCTeM. BriyiuB napameTpisB cuctemMu Ha GOpMHU KOJIMBAHb AOCIIIPKEHO SK IJIS MaJuX, TakK i
L7151 BHAYHUX [IOYATKOBUX KyTiB HaXWUJly MasgTHUKIB. OLliHKa CTiMKOCTi IPOBOJUTHCS MIJIIXOM [TOOYIOBY TPAEKTOPii
Ha ($a30Bil i KOHIrypauiHii NJI0MKUHAX, a TAKOX 32 JOIIOMOTOI0 YUCEJIbHOTO TECTY, 110 OYB ONKUCAHUI Y IPYTOMY
po3zisi. Y BUCHOBKaxX HaBeleHO OCHOBHI pe3yJsIbTaTH HayKOBOI POOOTH 100 BUPiLI€HHS I0CTaBI€HUX HAyKOBUX
33724 JOCIiIKEHH. 3a pe3ysbTaTaMu AOCIiIP)KEeHHS OTPMMAaHO TaKi HAyKOBi pe3yJsbTaTy: Briepine npoBeneHo
DOCIIiIPKEHHS IMHAMIKM MasgTHUKOBOI CUCTEMU B I10JIi MAarHiTHUX CWJI, iHEPLiliHI KOMIIOHEHTH KOI CYTTEBO
BiZIPi3HSIOTHCS. Briepiue HoCIigKy€eTbCsl CTIKICTb MOJI KOJIMBAaHb MAsITHUKOBOI CUCTEMU Y I10JIi MarHiTHUX CUJIL.
[IpoanamnizoBaHo BIJIUB 3MiHU NTapaMeTPiB MasITHUKOBOI CUCTEMU Ha PETYJISIPHY Ta CKIaAHy JUHAMIKY CUCTEMU 3
IIpeJCTaBJIeHHSIM TaKkoi NoBeIiHKY Ha ¢a3oBiil NIouuHI Ta y KOHGirypauiilHoMy IpoCTOpi cucTeMu. 3HaleHo Taki
006J1aCTi 3Ha4€Hb IIaPAMETPIB, SIKi 3a0€3M1€YyI0Th iCHYBaHHS CTIMKOrO JIOKaJi30BAHOTO PEKMMY KOJIMBaHb
MasITHUKOBOI cucTeMHU. [IpakTuyHe 3HaUY€HHSI OTPUMAHUX PE3YJIbTATIB MOJIAra€e y TOMY, 110 NOCiIKEHHS IUHAMIKN
IIPY>KHUX CUCTEM Yy MarHiTHOMY I0JIi € BE€JIbMU BaXXJIUBOIO ITPOOJIEMOIO CaMe B CY4acHill iH)KeHepHiil paKTHLi,
30KpEMA, y MalIMHOOYAyBaHHI, aepOKOCMIYHil TexHilli Ta iH. BasKIMBUM 17151 32CTOCYBaHb € TaKOX JOCIiIKEHHS
MOJKJIMBOCTI JIOKai3alii KosmBaHb. PO3p06JieHi METOOUKY JOCTIIKEHHS MOXYTh OYTH 3aCTOCOBAHi 11715
PO3B’I3aHHS Pi3HOMaHITHUX iHXKeHepHUx 3a1a4. KpiM Toro, 11i MEeToMKy Ta OTprMaHi pe3yabTaTu pobJsTh BHECOK
y 3arajibHy Ta [IPUKJIaJIHy T€OPilo HeJliHiHUX KOJIMBaHb. Pe3ysibTaTu poOOTH MOXYTh OYTH BUKOPUCTAHI B
imKeHepHUX pobOTax, IPUCBIYEHUX IUHAMILII MAIIAH, MEXaHi3MiB, KOHCTPYKLil Ta NpuafiB. 3a pesysbTaTaMu
IOCJIiIPKEHHS MiITBEPIPKEHO NPAKTUYHY Ta TEOPETUYHY LiHHICTh PO3PO0JIEHUX METO/iB, HAZJaHO IIPAKTUYHI

peKoMeHallii, o0 3aCTOCYBaHHS PO3PO06JIEHMX METOIB Ta PO3IJISIHYTO IE€PCIEKTUBU iX ITOAA/IBIIOIO PO3BUTKY.

2. The dissertation is devoted to solution of an actual scientific problem, namely, research, which includes the
construction and analysis of the stability of nonlinear normal vibration forms in a system of connected pendulums
in a magnetic field when the masses of the pendulums differ significantly. The purpose of the dissertation is to
study nonlinear normal forms in a substantially nonlinear system with two degrees of freedom under the influence
of magnetic forces, provided that the inertial components of the pendulums differ significantly. The object of the
study is the nonlinear dynamics of pendulum systems under the influence of magnetic excitation. The subject of
research is to obtain nonlinear normal modes of vibration of the pendulum system; analysis of their stability, along



with the influence of changes in system parameters on vibration mode. The introduction substantiates the
relevance of the research topic and indicates the methods used, purpose and objectives of the study in accordance
with the subject and object of the study. Also provided is general information on the scientific novelty of the
results obtained with the indicated differences between the results achieved and those previously known. Further
details are given on the personal contribution of the applicant and on the testing the dissertation materials. The
first section presents the main provisions of the theory and application of nonlinear normal vibration modes.
Additionally, the interaction of the magnetic field with the elements of the studied system is substantiated. This
section also contains information on asymptotic methods of nonlinear dynamics and tools for investigating the
stability of motion of dynamic systems. The application of presented asymptotic methods is demonstrated by an
example of a system of two connected pendulums without considering the influence of magnetic excitation and
restoring moments of the pendulums. The resulting analytical solution is compared with the results of numerical
modeling based on the fourth-order Runge-Kutta method. Initial conditions for numerical calculation of modes of
vibrations are determined by analytical solution. The numerical procedures used in the work are presented. In the
second section, the study of the vibration modes of the autonomous system of coupled pendulums in the field of
magnetic forces without considering dissipative forces is given. The magnetic impact representation is used in the
form of both discontinuous and continuous functions. In the case of a discontinuous function where a jump is
present, Padé approximation of magnetic action is used in the equations of motion. The significant nonlinearity
present in the system leads to the need to use asymptotic methods for the analysis of vibration modes. Numerical
modeling was carried out using the obtained analytical solution. A study of the influence of the system parameters
and initial conditions of pendulums on the dynamics of the system, which can be both regular and complex,
sometimes similar to chaotic, has been carried out. The stability of the vibration modes is determined using a
numerical test, which is associated with the Lyapunov stability criterion when the stability is investigated by
assessment of orthogonal deviations from corresponding modal trajectories in the system configuration space. The
third section describes the study of local and in-phase vibration modes of the dissipative system of two coupled
pendulums in a magnetic field. As in the second section, two representations of magnetic influence are used. The
analytical calculation was obtained using the multiple scales method, which is successfully applied to dissipative
systems. The effect of system parameters on vibration modes has been investigated for both small and significant
initial angles of pendulum inclination. The determination of stability is carried out by constructing trajectories on
the phase and configuration planes using the numerical test described in the second section. The conclusions
provide the main results of scientific work on solving the research tasks. According to the results of the study, the
following scientific results were obtained: For the first time, a study was conducted on the dynamics of the
pendulum system in the field of magnetic forces, the inertial components of which differ significantly. For the first
time, the stability of the oscillation modes of the pendulum system in the field of magnetic forces is investigated.
The influence of changing the parameters of the pendulum system on the regular and complex dynamics of the
system with the representation of such behavior on the phase plane and in the configuration space of the system is
analyzed. The following areas of parameter values were found that ensure the existence of a stable localized mode
of oscillation of the pendulum system. The developed research methods can be used to solve various engineering
problems.
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BaacHe IlpizBume Im's I10-6aThKOBI:
1. Mazyp Ousbra CepriiBHa
2. Olga Mazur

KBasidikanis: k. ¢.-m. 1., gor., 01.02.04
I,quTH(l)iKaTop ORCID ID: 0000-0002-9330-0664
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kog 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:

1. MapruneHnko 'ennapin FOpiftoBry

2. Gennadii Martynenko

KBasigikanis: 1. 1. n., npodecop, 05.02.09
InenTudikarop ORCID ID: 0000-0001-5309-3608
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"
Kopg 3a €IPIIOY: 02071180
Micue3Haxoa>KeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Bpecnascbkuii Imurpo BacuiaboBuy

bpecnascbkuil IMUTpo BacuiboBuy

Cypranosa lOis EgyapziBaa

VkpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



