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1. Mogei i aIrOpUTMHU IPUCKOPEHHS 30DKHOCTI iTepaliiHUX NPOLECIB B 3aJjla4axX PO3PaxyHKy i onTuMizanii
0060JIOHKOBUX €JIEMEHTIB KOHCTPYKILiil

2. Models and algorithms for accelerating the convergence of iterative processes in the problems of calculation
and optimization of shell elements of structures.

Pedepar:

1. Incepranifina po60Ta IpUCBIYEHA PO3pOOLi METOIIB PO3PAXYHKY 000JIOHKOBUX KOHCTPYKLil 3 HEOGHOPITHNMU
napamerpamu. Po3pobiieHo epeKTUBHUI aITOPUTM MPUCKOPEHHS 36KHOCTI iTepalifiHYX [IPOLeCiB, 110 BUHUKAIOTh
IIpY pO3B’sI3yBaHHI HeJIiHIMHUX 33/1a4 PO3PaxyHKy i BUOOPY ONTHMMaJIbHUX [1apaMeTPiB 000JIOHKOBUX €JIEMEHTIB
KOHCTPYKIIi# Cy4acHOI TeXHIKM (30KpeMa, KilbLIeBUX IIJIACTUH, YyTJIUBUX MEMOPaH CUHYCOiAaIbHOTO IPOodiio,
IVHAMOMETPUYHMX 1ai16, CUIb(OHIB), HECUMETPUYHO HABAHTAKEHNX HEOJHOPITHUX 000JIOHOK OOEPTaHHS 3

IOBiBbHOIO GOPMOIO MEpHUIiaHy Ta 3MiHHOIO JXOPCTKICTIO TP BEJIMKUX NepeMileHHsX. [1inXin rpyHTyeThCs Ha



BMKOPHMCTaHHI aBTOPCbKUX IIPUIOMIB CHIJIBHOTO 3aCTOCYBAH—-HS METOLly PEJIAKCYIOUNX MHOXKHUKIB (JIiHiHA
eKCTparoJisuis), nosinomis Jlarpanka i HeioToHa (B dopmi meTomy Anamca) Ta itTepaniiiHoro npouecy EiiTkeHa —
Credpdencena. CyTb nifxony noJisirae B 3MEHIIEHHI KiJIbKiCTb eTalliB iTepaliiiHoro npouecy po3p’si-3yBaHHs
MIOCJILOBHOCTI JIIHIMHUX KPAaOBUX 33124 LIJISIXOM II€PiOAMYHOI €KCTPaIoJIsaLii 3Ha4eHb JIIHIMHUX CKJIaJJ0BUX HA
OCHOBI BJIaJINX NONEPeIHIX KPOKiB, 3aMiCTb IPOBENIEHHS BChOT0 06cAry o6uncyieHs Ha k-my kpoui. [To6ynosani
eeKTUBHI aJIrOPUTMU Ta HaBeJleHi pe3yJIbTaTu pPO3B'SI3yBaHHs HeJiHiI-HUX KpalloBUX 33724 AJIs1 pPi3HUX
MaTeMaTU4YHUX MOJIeJIel ONUCY MOBEMIiHKY TaKUX 000JI0—~HOK 3 HEPETYJIIPHUMU [1apaMeTpamu. JJOCTOBipHICTb
niAxony MiATBEPAKEHA Pe3yIbTaTa—MHU CIELiaJbHUX €KCIIEPUMEHTAJIbHUX AOCiIKEeHb. [17151 BUIaaKy
HECUMETPUYHO HaBaHTaKeHUX 000JI0HOK 006epTaHHSs 3MiHHOI y3[I0BK Mepu/liaHy >KOPCTKOCTI po3pobyieHni
aJITOPUTM 3aCTOCOBAHO [1J1 3MEHIIEHHS KiJIbKOCTi PO3B’s13aHHS KPalloOBUX 3a71ay [ CUCTEM 3BUYAlHUX
Iv(epeHLiaTbHYX PiBHSHD 3i 3MiHHUMU KoeQillieHTaMy HIJIIXOM [TPOTHO3YBaHHS 3HaY€Hb KoeillieHTiB
PO3KJIa/ieHb BiillyKyBaHUX QYHKLiH B psiau Oyp’e. 17151 3MiHHOI y BOX HAIIPSIMKAX >KOPCTKOCTI 3a/1a4a
PO3B’A3Y€ThCSI LJISIXOM 3aCTO-CYBaHHS JUCKPETHO-KOHTUHYAJIbHOI'O METOY NPSIMUX, KOJIA B OKPY>KHOMY
HaIpsIMKY BUKOPUCTOBYETbCS CKiHU€HHO-Pi3HULIEBUI MiJIXi]], B MEPUiOHATIBHOMY — 3a7ja4ya iHTerpy-BaHHs
OJHOBHUMIPHUX KpallOBUX 337124, a pO3pO0JIeHUI aITOPUTM NPUCKOPEHHS 30DKHOCTI — AJ151 3BMEHIIEHHS KiJIbKOCTI
PO3B’s13yBaHb TaKWX 3a7ay4. PesysnbpraTtu gucepraltlii, SIKi IOaHi y BUTJISI ONKCY ajJrOpUTMIB, rpadikis i TabauIp
YUCJIOBUX PO3PAXYHKIB Ta JAHUX €KCIIEPUMEHTAIbHUX JAOCIiIPKEHb, MOXKYTb OyTH 6€3I10-CepelHbO BUKOPUCTaHI
L7151 CKOPOUEHHSI OOUYMCIIIOBAJIbHUAX BUTPAT B 334a4ax PO3PaxyHKy i BUOOPY ONTUMAaJIbHUX IapaMeTpiB LIMPOKOTro
CIEKTPY 33/1a4 MeXaHiK1 060JI0HOK. KiTI0uoBi ¢J10Ba: IPUCKOPEHHS 301KHOCTI, YMCIIOBI aITOPUTMHU, 3MiHHA

SKOPCTKICTb, THYy4YKi 0O0JIOHKOBI €JIeMeHTH, BeJIUKi TepeMillleHHs], eKCIIepUMEHTAaJIbHI JOCTiIKeHHS.

2. The dissertation is devoted to the development of methods for calculating shell structures with inhomogeneous
parameters. An effective algorithm for accelerating the convergence of iterative processes arising in solving
nonlinear problems of calculation and selection of optimal parameters of shell elements of structures of modern
technology (in particular, annular plates, sensitive membranes of sinusoidal profile, dynamometric washers,
bellows) meridian shape and for accelerating the variable stiffness at large displacements was developed. The
approach is based on the usage of the author's methods of joint application of the relaxing multiplier method
(linear extrapolation), Lagrange and Newton polynomials (in the form of the Adams method) and the Aitken-
Stefansson iterative process. The essence of the approach is to reduce the number of stages of the iterative
process of solving a sequence of linear boundary value problems by periodically extrapolating the values of linear
components based on successful previous steps, instead of performing the entire volume of calculations on the k-
th step. Effective algorithms are constructed and the results of solving nonlinear boundary value problems for
various mathematical models of describing the behavior of such shells with irregular parameters are presented.
The reliability of the approach is confirmed by the results of special experimental studies. For the case of
asymmetrically loaded shells of rotation of a variable along the stiffness meridian, the developed algorithm is used
to reduce the number of solutions of boundary value problems for systems of ordinary differential equations with
variable coefficients by predicting the values of coefficients of Fourier series. For a variable in two directions of
rigidity the problem is solved by applying the discrete-continuum method of lines, when in the circumferential
direction a finite-difference approach is used, in the meridional - the problem of integrating one-dimensional
boundary value problems, and the developed algorithm for convergence acceleration tasks. The results of the
dissertation, which are presented in the form of a description of algorithms, graphs and tables of numerical
calculations and experimental data, can be directly used to reduce computational costs in calculation problems
and select optimal parameters for a wide range of shell mechanics problems. Keywords: convergence acceleration,
numerical algorithms, variable stiffness, flexible shell elements, large displacements, experimental studies
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