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1. Inceprauiiina po60Ta IpUCBIYeHa BUPIlIEHHIO aKTyaJIbHOI HAyKOBOI 3a/1ayi, II0B'sI3aHOI 3 pe30HaHCHOIO
[IOBEJiHKOIO CUCTEM 3 OOMEXKEHUM 30yI’)KeHHSIM. MeTol0 fucepTaliiiHoi pob0Ty € AOCIiIpKEHHS CTallioOHaPHUX
PE30HaHCHUX PEXXUMIB Ta IEPEXiNHUX MIPOLECIB B OKOJIi pE30HAHCY, B HEJIIHINHUX CUCTEMAX 3 OOMEXEHOIO
IIOTY>KHICTIO (HeifileaJIbHUX CUCTEeMax), L0 MICTATh HeJIiHiHI raCHUKY KOJIMBAaHb, & TAKOX BUOIp TaKuX rapameTpis
POBIJISIHYTUX CUCTEM, SIKUH 3a0e3Ieuye CyTTEBE 3MEHIIEHHS aMILIiTy] pe30HAaHCHUX KOJMBaHb. O0'eKT
OOCJTiIKEHHS — AUHAMiKa CUCTeM 3 0OMEXXEHUM 30YIPKEHHSIM B OKOJIi PE30HAHCY MIXK 4YaCTOTaMU 30y IKE€HHS Ta
[IPY>KHOI migcucremMu. [IpegMeT JOCIiIKeHHs — aHaJli3 CTalliOHapHYX PE30HAHCHUX PEKUMIB KOJIMBaHb Ta

IepexiHUX [IPOLeCiB B CUCTEMAX 3 OOMEXEHNM 30YIPKEHHSIM, SIKi MOJIEeJIIOI0ThCS JMHAMIYHUMY CUCTEMaMU 3



TPbOMA CTEMEHSIMU CBOOOIU. Y BCTYIIi OOIPYHTOBAHO aKTYyaJIbHICTh JOCJITKEHHS PE30HAHCHUX CTallilOHapHUX
PEKMMIB Ta [lepeXxifHUX NPOLECiB y HeJIIHIMHUX chucTemMaX 3 06MeKEeHOIO TIOTY>KHICTIO, ITPeJICTaB/IEHO 3B'I30K
po6OTH 3 HAYKOBUMH ITpOrpaMamy, IJIaHaMU i TeMaMU, HaBeJleHO HayKOBY HOBU3HY, [IPEICTABIEHO IIPAaKTUYHE
3HAYEHHSI OTPUMAaHMX PE3yJIbTaTiB, HAJAHO iHpOpMallilo MO0H0 0COOUCTOr0 BHECKY 30,00YBAaUYKH, IPELICTABIEHO
nepesik my6sikaniii 3a Temoro gucepTatii. B nepmomy po3zini gucepraniiiHoi po6oTu 3po6seHo oris icTopii
IOCTiIKeHb CUCTEM 3 OOMEXXEHOIO IOTYXHICTIO Ta OIJIsIZ, Cy4aCHOro CTaHy Ljiei npobiemu. OnucaHo TaKoxX
Ipo6JieMy PO3BUTKY aCUMIITOTUYHNX METOJB, 5IKi aKTUBHO BUKOPUCTOBYIOTbCS J151 aHAIITUYHOTO JOCJiIKEHHS
HeJIHINHUX cucTeM. 3po6JIeHO TaKOX OIJIsifL, TPO6JIeMU FaciHHS KOJIMBAHb, 3/1€01/IbIIOrO MIJISIXOM BUKOPUCTaHHS
[IaCHBHUX IUHAMIYHUX racUTEJIB, cepel, SIKUX MOXKYTh OYTH MasiTHUKOBI TacUTeJli, €IeMEHTHU Y BUIJIALi pepmu
Miseca, BibpoyzapHi esleMeHTH, CyTTEBO HeJliHilHI ocLungaTOpy Ta iH. B Apyromy po3aisni po60oT faHo onuc
OCHOBHMX MOZEJIEH, IO PO3IJIALAIOTLCS, 30KPEMA, NIPEACTABIIEHO BiAIOBIIHI PIBHAHHSA PYXY Y BUIJISAl HEJIIHIMHUX
cucreMm 3 3 cTeneHsamMu cBo6oay. OGroBOPIOETHCS BBEIEHHS B Lii PiBHSIHHS MaJIOTO [1apaMeTpy, 0 BasKJIMBO [JIs
[10/1Q/IbIIOrO BUKOPUCTAHHS aCUMIITOTUYHOTO aHasli3y. [laHa iHpopmaliis mono epeKTUBHOCTI METOly 6araTbox
MaciTabiB, SKMI BUKOPUCTOBYETHCS B POOOTI /1711 MOOYIOBY CTalliOHAapHUX PEKMMIB PyXy, Ta annpokcrumauii [1aze,
sIKi BUKOpUCTAHO 17151 TOOYA0BY NepexinHux npoiiecis. [Ipencrasiena Takox iHGopMalis BiTHOCHO KOMITIOTEPHUX
IIPOrpaMm, sIKi BUKOPHUCTOBYIOTHCS [IJI MOZIEJIIOBAaHHS CTAlliOHAPHUX Ta MePeXiIHUX PEe>KUMIB Ta [Jis1 BUOOPY TaKUX
IlapaMeTpiB CUCTEM, SIKi 1O3BOJISIIOTh 3MEHIINTY aMILIITYAu KounBaHb. TPeTiil po3[iin po6OTH NPUCBSIYEHO N100YA0BI
CTalliOHAPHUX PEXKUMIB PyXy CUCTEM 3 OOMEKEHOIO IIOTY>KHICTb IIPYU HASIBHOCTI pe3oHaHcy 1:1. MeTonom 6aratbox
MacmTabiB OTPUMAHO aMIUIITYAU KOJIMBaHb K PYHKIii IapaMeTpiB cucTemy, siKi MOXKYTb OYTU 3HAlI€Hi 3 CUCTEMU
HeJIiHINHYX anre6paiyHuX PiBHSIHB, KA PO3B'I3yeThcsl MeTooM HbioToHA. 3p06J1eHO OPiBHSIHHS OTPUMAaHUX
AQHaJIITUYHUX PE3YJIbTATIB 3 pe3yJibTaTaMU YACEJbHOTO MOJEJIIOBAHHS, SIKE IPOJAEMOHCTPYBAJIO JOCTATHBO BUCOKY
TOYHICTb IIUX PE3YJIbTaTiB. B 4eTBEPTOMY PO3[Iijli pO3TJIIa€eThCs IOOYL0BA EPEXiTHOTO MPOLECY Y BKa3aHUX BUILE
cucreMax. BBomsThCs HOBi 3MiHHI /17151 eDEKTUBHOTO MTPEJICTaBIeHHS IIePeXigHUX MPOILECiB; KPiM TOTO, PO3BI13KU
PiBHSIHb, OTPMMAaHUX paHillle METO/IOM 6araTbox MacIiTabiB, MpeACTaBleHo B CTeneHeBux psaaax. Hani ui psau
BHMKOPHCTOBYIOTHCS [IpY NIOOYI0Bi pPOOHO-pallioHaIbHUX anpokcuMaliii [lage, mo MicTaTh eKCrioHeHTH. [1pu
IIbOMY BUKOPHCTOBYETHCS TAKOX OAATKOBA YMOBA HAOIKEHHS IIEPEXiHUX IIPOLIECIB 10 MOOYAOBAHUX paHille
CTalliOHAPHUX PE30HAHCHUX PEXUMIB. UHCEIbHE MOJIEIIOBAHHS [TOKA3aJI0 JOCTATHBO BUCOKY TOYHICTh
3aIIpPOIIOHOBAHOrO NIPEACTaBIEHHS NlepexifHoro npouecy. Komn'iorepHe Moie/1l0BaHHS IEMOHCTPYE, 110 HaBiTh
IIpYU HasIBHOCTI iHIIMX PE30HAHCIB, B PO3IJISHYTUX CUCTEMAX HABKJIMBIIINMM € caMe pe3oHaHc 1:1. ITstuii po3zin
POOOTH MPUCBSYEHO aHAJI3y MOKIIMBOCTI 3MEHIIEHHS aMIUJITy, CTallioHAPHUX PE30HAHCHUX KOJIMBAHb IIJISIXOM
3MiHU MTapaMeTpiB CUCTEM, 10 3pO6JIEHO IIJISIXOM KOMITIOTEPHOTI'O MOJIeIIOBaHHS. BuminieHo Ti mapaMeTpH, sIKi €
HaMOi/IbII BaroMi /1711 BKa3aHOTO 3MEHIIEHHS aMILIITy,. 30KpeMa, [1JIsl BCiX PO3IJIIHYTUX CUCTEM OY>KE€ BOKJIMBAM
1711 UbOTO BUSIBUBCSA [TApaMETP HEJIIHIMHOCTI B XapaKTEPUCTHKAX IIPYKHUX €JIEMEHTIB CUCTEM, L0 PO3TJIALAI0ThCA.
Came 3pOoCTaHHS L[bOTr0O IapaMeTpPy IIPUBOJUTD IO CYTTEBOIO 3MEHIIEHHS aMIUIITy ], IPY>KHUX KOJIUBAHb. Y
BHMCHOBKAax HaBeJJ€HO OCHOBHI pe3y/IbTaT HayKOBOi pOOOTH 1010 BUPIlIEHHS [10CTAaB/IEHUX HAYKOBUX 33134

IOCJIiIKEHHS.

2. The dissertation is devoted to the solution of an actual scientific problem related to the resonant behavior of
systems with limited excitation. The purpose of the dissertation work is the study of stationary resonant modes
and transient processes around resonance in nonlinear systems with limited power (non-ideal systems) containing
nonlinear vibration dampers, as well as the selection of such parameters of the considered systems, which ensures
a significant reduction in the amplitudes of resonant oscillations. 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. The
introduction substantiates the relevance of the study of resonant steady-state modes and transient processes in
nonlinear systems with limited power, presents the connection of the work with scientific programs, plans and
topics, provides scientific novelty, presents the practical significance of the obtained results, provides information
on the personal contribution of the researcher, presents a list publications on the topic of the dissertation. 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. 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. In the conclusions, the main results of the scientific work regarding the solution of the set
scientific problems of the research are given.
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Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Mazyp Ousbra CepriiBHa
2. Olga S. Mazur

KBasigikanis: k.¢.-m.u., nor,, 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"

Kopg 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. TumyeHnko 'asmHa MukosaiBHa

2. Galina N. Timchenko

KBasigikanis: . r. 1., gor., 01.02.04
I,quTH(l)iKaTop ORCID ID: 0000-0001-6399-1321
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

JlebeneHko SIHa OnekcaHpiBHA

VkpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



