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Pedepar:

1. O6'exT mociiKeHHs1 — MPOEKTYBAHHS aBialliiiHUX i paKeTHUX KOHCTPYKLIl 3 HEeJliHITHMMU BJIaCTUBOCTSIMU
3'eIHaHb i ONOP NPY AMHAMIYHUAX HAaBAaHTAKEHHSAX; METa JOCJIIIPKEHHS — HayKOBe OOIPYHTYBAaHHS Ta pPO3pO6Ka
METO/IiB i TEXHOJIOTi} NPOEKTYBaHHS aBialjiiHUX i paKeTHUX KOHCTPYKIil 3 IPYy>KHO-AEMI(PEPHUMU €JIeMEHTAMU
Ha OCHOBI HEJIIHIMHUX MaTeMaTUYHUX MOZEJIEN i METOIB 71 BUSBJIEHHSA Ta YCYHEHHS PE30HAHCHUX i HECTIMKUX
KOJIMBaHb IIPY IMHAMIYHNX HABAHTAKEHHSIX; METOIH AOCIIPKEHHS — MOJIE€JIIOBAHHS HEJIHIHUX KOJINBAHb
€JIeMeHTIB 00J1aJHaHHS i CUCTEM JIiTa/JIbHUX alapaTiB KOMIIJIEKCOM aHaJiTUYHUX i YACJIOBUX METOIiB aHali3y
JIiHIAHUX i HesliHINHUX cucTeM (piBHSHHA JlarpaHxa, MeToq, ['asbopKiHa, MeTOH, HeliHIMHUX HOPMAJIbHUX (POPM
KOJIMBaHb, pO3KJazaHHs B psau Teisopa ta Oyp'e, MeTOH, CKiHUEHHUX €JIEMEHTIB, METO/L, TPOJIOBKEHHS PO3B'sI3aHb

3a [1apaMeTpoM 3 YTOUHEHHSIM PO3B’s3KiB Ha KOKHOMY Kpolli iTepaniiinum metonom HpioToHa, METOAM YMCITIOBOTO



iHTerpyBaHHS); pe3yJIbTaTH JOCIIKEHHS — PO3PO0JIEHO AITOPUTMHU Ta NAaKeTH MPUKJIALHUX TPOrpam Mg
BM3HAYEHHS ONTUMAJIbHUX IIapaMeTpiB NpyKHO-AeMII(pepHOi MiABiCKM Ha aMOpTHU3aTOpax 6J10Ka KOHAUIIOHYBaHHS
IIOBITP4 JIiTaka, a TAKOXX PO3PaxyHKy PE30HAHCHUX KOJIMBAaHb PaKeTHUX TPYOOIIPOBO/iB Pi3HOI KOHPiryparii
LIJISIXOM YK CJIOBOTO MOJEJIIOBAHHS KOJIMBAHb IIPU PO3PAXyHKOBUX BUIAJKAX JUHAMIYHMX HAaBAaHTAXXEHB;
3aIIPOIIOHOBAHI METOM i TEXHOJIOTII MPU3HAYEHO [J11 BUKOPUCTAHHS B a€POKOCMIYHIN IPOMUCIIOBOCTI 1P
BUpillleHHi IPO6JIeM BiICTPOIOBAHHS BiJ] pe30HAHCHUX YacCTOT i 3aXUCTY Bif] IepeBaHTa)XeHb; HOBU3HA — BIleplle
PO3p06JIEHO HAYKOBO OOI'PYHTOBAHI METOJIM ITPOEKTYBAHHS IPY>KHO-AEMII(PEPHUX €JIEMEHTIB 00J1aHaHHS, SIKi
BiZJPi3HAIOTHCS TUM, 11O iXHi TapaMeTPy YTOYHIOKOTLCS IIPU JOBELEHH] 3a pe3yIbTaTaMU KOMIT'IOTEPHOTO
MO/JIEJTIIOBAHHSI KOJIMBAJIbHUX IIPOLECIB i3 3aCTOCYBAHHSIM HEJIHIMHUX MaTEMAaTUYHUX MOJEJIEN | METO/IB, a HE
HATypPHUX BUIIPOOYBaHb; BIlepllie PO3pO0JIeHO HAYKOBO OOI'PYHTOBAaHI METOY IIEPEBiPHUX PO3PaxyHKiB 00J1aJHAaHHS
AepOKOCMIYHOI TEXHIKY, 1[0 HABAHTA)KEHO CYMiCHOIO Ji€10 BHYTPIIIHIX J)KepeJl Bibpallii i KoJIMBaHHSIMU CUJIOBUAX
€JIEMEHTIB I1JIaHepa, i po3p06JIeHO METOAU BUSIBJIEHHS KOMITIOTEPHUM MOJIE/TIOBAHHSIM HECTIMKUX PEKUMIB
KOJIMBaHb, a TAKOX BiZICTPOIOBAHHS Bif] IUX PEKMMIB €JIEMEHTIB 3 HEJIIHINHUMU KOHCTPYKTUBHYUMU B'S35MU Ha eTarli
IIPOEKTYBaHHS; BIleplie po3p0o0JIeHO HeliHiliHI MaTeMaTH4Hi MOZeJli pOTOPIiB yCTAaTKyBaHHS JIiTaKiB, 110
HaBaHTakeHi OJIHOYACHOIO Jielo nucbanaHcy i Bibpauii myanepa, sIKi JO3BOIUINA YUCIOBUMH €KCIIEPUMEHTaMU
BU3HAYUTHU PE30HAHCHI 4YaCTOTHU, XapaKTEP KOJUBAHb IPY BTPATi CTIKOCTI, a TAKOXX [10KAa3asu, M0 BilCTPOIOBAHHS
BiJl p€30HAHCIB MO’KHA BUKOHATHU 6€3 3MiHM KOHCTPYKLi i rabapuTiB 3MiHOI KyTa KOHTAKTy B IapUKOMiJIIUITHUKAX;
BIlEeplIe PO3PO0JIEHO HEJIHIITHY MaTEMAaTUYHY MOJIEJIb Fa30PiIMHHOrO AeMidepa NajluBHOTO TPYOOIIPOBOLY
PiZVHHOI pakeTH, 3a KO0 PO3PAXYHKOBUM IIJIIXOM MOKHA BU3HAYMTU PE3OHAHCHI i HECTINKI PEKMMU KOJIMBaHb
CTOBIIA PiJMHU B TPyOOIIPOBOJ|; CTYIiHb BIPOBaIKE€HHS — pe3yJbTaTu BrposaaxkeHo B IIT «AnToHos» Ta 1 Kb

«IliBnenHe» im. M. K. SIHress; rasy3p BAKOPUCTaHHS — aBiallifiHa IPOMUCJIOBICTb, PaKeTOOyIyBaHHSI.

2. The object of research is the design of aviation and rocket structures with non-linear properties of joints and
supports under dynamic loads; the purpose of research is the scientific substantiation and development of a
system design methodology for aviation and rocket structures with elastic and damping elements based on
nonlinear mathematical models and methods for identifying and eliminating resonant and unstable vibrations
under dynamic loads; research methods - simulation of nonlinear oscillations of elements of equipment and
aircraft systems by a complex of analytical and numerical methods for analyzing linear and nonlinear systems
(Lagrange equations, Galerkin method, nonlinear normal modes of vibration method, decomposition into Taylor
and Fourier series, finite element method, continuation method with solutions improvement at each step by
Newton's iterative method, numerical integration methods); the results of research - algorithms and application
programs packages have been developed to determine the optimal parameters of the elastic-damping suspension
on the shock absorbers of the air conditioning unit of the aircraft, as well as to calculate the resonant oscillations
of rocket pipelines of various configurations by numerical simulation of oscillations in design cases of dynamic
loads; proposed methods and technologies are intended for use in the aerospace industry in solving the problems
of detuning from resonant frequencies and protection against overloads; novelty - for the first time, scientifically
based methods for designing elastic-damping elements of equipment have been developed, characterized in that
their parameters are refined when fine-tuned according to the results of computer simulation of oscillatory
processes using nonlinear mathematical models and methods, rather than field tests; for the first time,
scientifically based methods for testing calculations of aerospace equipment loaded with the combined effect of
internal sources of vibration and oscillations of airframe power elements were developed, and methods were
developed for detecting by computer simulation unstable vibration modes, as well as detuning elements with
nonlinear structural connections from these modes scientifically based methods for testing calculations of
aerospace equipment loaded with the combined effect of internal sources of vibration and oscillations of airframe
power elements were developed, and methods were developed for detecting by computer simulation unstable
vibration modes, as well as detuning elements with nonlinear structural connections from these modes; for the
first time, non-linear mathematical models of aircraft equipment rotors under loads from joint action of unbalance
and airframe vibration have been developed, which allowed to determine resonant frequencies and oscillation
patterns with loss of stability by numerical experiments, and also showed that detuning from resonances can be



performed without changing the design and dimensions by changing the contact angle in ball bearings; for the first
time, a non-linear mathematical model of the gas-liquid damper of the fuel line of the liquid rocket has been
developed, which allowed calculating the resonant and unstable modes of oscillations of the liquid column in the
pipeline; the degree of implementation - the results are implemented at the Antonov Company and Yuzhnoye
State Design Office; industry of use - aviation industry, rocket science
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