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1. CraTuyHi Ta IMHAMIYHI XapaKTEPUCTHKU €JIEMEHTIB KOHCTPYKLi/ PAKETHOI TEXHIKU 3 YpaxyBaHHIM SABUIL

TiIpONPYKHOCTI Ta MJIACTUYHOCTI

2. Static and dynamic characteristics of structure elements in space technologies considering plasticity and hydro-
elasticity effects

Pedepar:

1. Incepraniiiny po60Ty IIPUCBSIYE€HO BUPIlIEHHIO HAYKOBO-TIPAKTUYHOI 3a71ayi, 110 MOJISITa€ B CTBOPEHHI METOIiB
BU3HA4YE€HHS PyIHIBHMX HaBaHTaKEHb 0O0JIOHKOBMX KOHCTPYKIiH 3 BpaXyBaHHSAM IJIACTUYHUX JepopmMariiit
Marepiainy i po3po06Lii METO/iB OLiHKM YaCTOT KOJIMBaHb 0aKiB 3 ypaxyBaHHSAM e(eKTiB ripo- IPY>KHOCTI 3a Pi3Hi
YMOBH €KCITyaTallii 3 BAKOPUCTaHHSIM METOIiB KOMITIOTEPHOTO MOZE/I0BaHHS. Ha OCHOBI PiBHSIHb PyXy
CYLIiJIPHOTO CEpPefoBUILA PO3POOIEHO €NNHUM MMiTXiM O PO3B'SI3aHHS KpPallOBUX 33a4 WIJISIXOM BUKOPUCTaHHS
METO/ly 3Ba’)KEHUX HEB'sI30K Ta [100y40BU OCHOBHUX PO3B’s13yBaJIbHYUX CIIiBBiJHOLIEHb HA OCHOBI METO/IiB CKIHYEHHUX
Ta FPAaHMYHUX €JIEMEHTIB. B OTpYMaHUX CIiBBiIHOMIEHHAX BUKOPUCTAHI Pi3Hi 3aJIEXKHOCTI MK Hallpy>KEHHSIMU Ta
nedopmanisimu abo mBUAKOCTIMU Jedopmanii. [To6y1oBaHO HenepepBHi i JUCKPeTHI Mozesi 171 BUBHAUYEHHS
4acToT i POpPM BiJIbHUX KOJIMBAaHb O00JIOHKOBUX KOHCTPYKIIi# 3 Bifjcikamy, YaCTKOBO 3alIOBHEHUMU CTHCJIMBOIO
B'SI3KOI0 PiIMHOI0, 3 ypaxyBaHHSIM IIPY>KHOCTI CTiHOK, IIJIECKaHb 3alI0BHIOBAYa, Pi3HUX PiBHIB 3a[I0BHEHHSI Ta
NepeBaHTKEeHHS. JJOCIIKEeHO KOHCTPYKILIO IPYroro CTYMEHs! pAKETU-HOCISI 3 METOI0 BU3HAYEHHS BJIACHUX 4aCTOT
KOHCTPYKLi Ta I1ecKaHb BiZIbHOI IOBEPXHi piiMHM 32 Pi3HUX YMOB eKcIyaTaii. [Io6yg0BaHo 3a1€5KHOCTI 4aCcTOT
Bif, piBHS TpaBiTallii B II0JIbOTI IEPLIOrO CTYIIEHS Ta 3aJIEKHO Bifl 4aCy MOJIbOTY B [IOJILOTI IPYTOTO CTYIIEHS 3
ypaxyBaHHAM IIPYKHOCTI CTiHOK Ta Pi3HUX PiBHIB lIepeBaHTAXKEHHS. JJOCIiI)KEHO MILJHICTb ITOCYAUH TUCKY IIPU
OJIHOYACHI [Iii BHYTPIlIHBOTO TUCKY i CTUCKAI0YOI CUJIM Ha KPUIIKY 6aKa. PO3p061eHO METOIVKY BUSHAUEHHS
PYIHIBHOTO HaBaHTaXeHHS. [Ipy IbOMY KOMITIOTEPHE BipTyaslbHe BUITPOOYBAHHS BilTBOPIOBAJIO CXEMY Ta
METO/,0JIOTII0 HATYPHOI'O €KCIIEPUMEHTY. 3aIllPOIIOHOBAHO Pi3Hi CKIHYEHHO-€JIEMEHTHI PO3PaxyHKOBi CXEMU 3
METOIO BpaxyBaHHS KOHCTPYKTUBHUX OCOOJIMBOCTEN Ta MOKJIMBOCTI CIPOLIEHHS SIK BipTyasbHOI, TaK i HATYpHOI
Mogei 6aka. Pe3ysbTaTé po3paxyHKy 3a yTOUHEHOIO TPMBUMIPHOIO MOZEJIII0 IIPAKTUYHO 30iraloThCs 3
pe3yJIbTaTaMU 181 CTIPOIEHUX MOJIEJIEN, IO JO3BOJINJIO 3pOOUTH BUCHOBOK PO MOXKJIMBICTh BUKOPUCTaHHS
CIIPOILEHUX MOJIeJIe! He Jivie [IPY BipTya/lbHUX, a U [IpY HATYpHUX BUIIPOOYBaHHIX. HafaHO OLiHKY HaNIpy>KeHO-
1e(OPMOBAHOTO CTaHy UUJIIHIPUYHOI 000JIOHKU 3 [1€PiOJIUYHOI0 CUCTEMOIO OTBOPIB, OTPUMAHO PYIHIiBHI
HABaHTAKEHHS Ta BU3HAYEHUII MOMEHT IOSIBU TPIilIMH. 32 JOMOMOTOI0 KOMITIOTEPHOTO MOJIEJIIOBaHHSI 3/1iiCHEHO

BUOip KOHCTPYKLii HalIMEHIIO] TOBIIMHY, SIKa BUTPUMYE 33/laHi iHTEHCUBHI KOPOTKOYACHI HAaBAaHTaXXKEHHSI.

2. The thesis is devoted to solution of the scientific and practical problem that consists in developing methods for
estimation of destructive loads on shell structures taking into account plastic deformations of materials and
methods for simulating tank vibration frequencies taking into account the effects of hydro-elasticity under
different operating conditions. Based on equations of continuous medium motion, a unified approach to solving
boundary value problems has been developed by using the method of weighted residuals and receiving the
resolving relations based on finite and boundary element methods. In the obtained relations different dependences
between stresses and strains or strain rates are used. Continuous and discrete models are obtained to determine
the frequencies and modes of free vibrations of shell structures with compartments partially filled with
compressible viscous fluid, taking into account the elasticity of walls, liquid sloshing, different levels of filling and
overloads. The fuel tank of the launch vehicle’s second stage was studied in order to determine the natural
frequencies of structures and sloshing of the liquid free surface under different operating conditions. The
dependences of the frequencies on the level of gravity in the flight of the first stage, and depending on the flight
time in the flight of the second stage, taking into account the elasticity of the walls and different levels of overload,
are received. The strength of pressure vessels under the simultaneous action of internal pressure and compressive
force on the tank lid was studied. The method for determining the destructive load has been developed. The
computer virtual test reproduced the scheme and methodology of the field experiment. Various finiteelement
calculation schemes were proposed in order to take into account the design features and the possibility of
simplifying both the virtual and field model of the tank. The calculation results on the refined three-dimensional



model almost coincide with ones for simplified models. That allowed us to conclude about possibility of using
simplified models not only in virtual but also in field full-scale tests. The estimate of the stress-strain state of the
cylindrical shell with the periodic system of holes is given, destructive loads are obtained and the moment of
cracking is determined. With the help of computer simulation, a design of the smallest thickness that can
withstand the specified intense short-term loads was proposed.
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