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1. Mopzeni i anropuTMy IPUCKOPEHHS 30DKHOCTI iTepauiiHuX NMPOoLeciB B 3a7jadax po3paxyHKy i onTumizaii
000JIOHKOBUX €JIEMEHTIB KOHCTPYKLil

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. Incepraujiiina po60oTa IpucBsIYeHa po3poodLii METOIiB PO3PaxXyHKY 000JIOHKOBUX KOHCTPYKLI 3 HEOLHOPITHUMU
napameTrpamu. Po3pobieHo epeKTUBHUI aJITOpUTM MPUCKOPEHHS 30DKHOCTI iTepaliliHuX MPolieciB, 1110 BUHUKAIOTh

IIpY PO3B’sI3yBaHHI HEJiHITHUX 33/1a4 PO3PaxXyHKY i BUOOPY ONTUMAaJIbHUX ITapaMeTpiB 000JIOHKOBUX €JIEMEHTIB



KOHCTPYKIiil Cy4aCHOI TeXHIKU (30KpeMa, KiJIbLIeBUX IJIACTUH, YyTIUBUX MEMOPaH CUHYCOIaIbHOTO IPOodito,
IVHaMOMETPUYHUX 111ai16, cub(OHIB), HECCUMETPUYHO HABAHTAKEHUX HEOLHOPITHUX 000JIOHOK O6EpPTaHHS 3
IOBiBbHOIO (POPMOIO MEPHUIiaHy Ta 3MiHHOIO JXOPCTKICTIO TP BEJIMKUX NepeMileHHsX. [TinXin [pyHTyeTbCs Ha
BMKOPHMCTaHHI aBTOPCbKUX IIPUIOMIB CHIJIBHOTO 3aCTOCYBaH—-HSI METOly PEJIAKCYIOUNX MHOXHUKIB (JIiHiHA
eKCTparnoJsiis), noaiHomis Jlarpanxka i HeloToHa (B popmi meTony Anamca) Ta itepauiiiHoro npouecy EifTkeHa —
Creddencena. CyTb ninxony noJisirae B 3MeHIIEHHI KiJIbKICTb eTalliB iTepaliiiHoro npoiecy po3s’si-3yBaHHS
MOCJIJOBHOCTI JIIHIMHMX KPaOBUX 337124 LIJISIXOM II€PiOAMYHOI €KCTpaIoJIsaLii 3Ha4eHb JIIHIMHUX CKJIaJ0BUX Ha
OCHOBI BIIAJIMX NONEPEHIX KPOKIB, 3aMiCTh IIPOBEAEHHS BCbOrO 00CATY 0O0YMCIeHb HA k-My Kpoui. [To6ynoBaHi
eeKTUBHI aJITOPUTMU Ta HaBeJleHi pe3yJIbTaTy PO3B'SI3yBaHHs HEJiHi-HUX KPalloBUX 337a4 AJIs1 Pi3HUX
MaTeMaTUYHUX MOJleJIell ONUCY [IOBEIiHKY TaKUX 000JI0—~HOK 3 HEpPEeTryJIipHUMU I1apaMmeTpamu. JJoCTOBipHICTh
nifgxony MiATBEPAKEHA pe3ybTaTa—MHU CIELjiaJbHUX €KCIIEPUMEHTAJIbHUX JOCiIKeHb. [I71s1 BUaaKy
HECHMETPUYHO HABAHTAKEHUX 000JIOHOK OOEPTaHHS 3MiHHOI Y3[I0BX MEPHU/iaHy >KOPCTKOCTi pO3p06JIeHU
aJITOPUTM 3aCTOCOBAHO [1J11 3MEHIIEHHS KiJIbKOCTi PO3B’s13aHHS KpalloOBUX 3a1ay [IJIs CUCTEM 3BUYAliHUX
IvdepeHLiaTbHUX PiBHSHD 3 3MiIHHUMU KoeQillieHTaMy HIJIIXOM [TPOTHO3YBaHHS 3HaueHb KoeillieHTiB
PO3KJIa/ieHb BiilyKyBaHUX QYHKIiH B psiau Oyp’e. 17151 3MiHHOI y BOX HAIIPSIMKAX >KOPCTKOCTI 3a/1a4a
PO3B’I3Y€ThCSI LJISIXOM 3aCTO-CYBaHHS JUCKPETHO-KOHTUHYAJIbHOI'O METOLY IPSIMUX, KOJIA B OKPY>KHOMY
HaIlPSIMKY BUKOPUCTOBYETLCS CKIHUEHHO-PI3HULIEBUM MIIXiMl, B MEPUIOHAJILHOMY — 337ja4a iHTErpy-BaHHS
OJIHOBUMIPHUX KPalOBUX 33724, a pO3p00JI€HNI1 aJITOPUTM IIPUCKOPEHHS 30DKHOCTI — 17151 SMEHIIEHHS KiJIbKOCTi
PO3B’s13yBaHb TaKWX 3a7ay4. PesynbpraTtu guceprallii, SIKi IOaHi y BUTJIA ONKCY ajJrOpyUTMIB, rpadikis i Tabauip
YUCJIOBUX PO3PAXYHKIB Ta JAHMUX €KCIIepUMEHTAIbHUX JOCIiIPKEHb, MOXKYTb OyTH 6€3I10-cepelHbO BUKOPUCTaHI
L7151 CKOPOU€HHSI OOUMCIIIOBAJIbHUX BUTPAT B 33/4a4ax PO3paxyHKYy i BUOOPY ONTUMAaJIbHUX IapaMeTpiB LIUPOKOro
CIEKTPY 33/1a4 MeXaHiK1 060JI0HOK. KJTIouoBi €10Ba: MPUCKOPEHHS! 30DKHOCTI, YMCJIOBI aITOPUTMU, 3MiHHA

SKOPCTKICTb, THYy4YKi OO0JIOHKOBI eJIeMeHTH, BeJIUKi TepeMillleHHs], eKCIIepUMEHTAaIbHI 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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