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2. Analytical calculation of beams with variable rigidity on a non-homogeneous elastic foundation

Pedepar/anoTamnis:

1. O6'ekTOM HOCHIIIKEHHS € Tpoliec edpOpMyBaHHS 6aJIKOBUX KOHCTPYKILH, 110 B3a€EMOIIIOTh 3 CYLiIJIbHOIO
IIPY>KHOIO OCHOBOIO. MéeTa [OCIiIKEHHS T10J1ra€e y CTBOPEHHI Ta 3aCTOCYBaHHI aHAJliTUYHOI MOZEJIi 3TMHY 6aJIKOBUX
KOHCTPYKIiil HerepepBHO-3MiHHOI )KOPCTKOCTI, 110 OOIMPAIOThCSI HA HEOJHOPIJHY CYLiJIbHY NIPY)KHY OCHOBY
Binksiepa, 3 ypaxyBaHHSM JIOBiIbHUX HellepepBHO-3MiHHUX KoedillieHTa IIOCTeJIi Ta 30BHIIIHbOTO HABaHTa KEHHSI.
Metonu nocmigKeHHs — Mif, 4ac TOCiIKeHb BUKOPMCTOBYBAIMCh METOAM TEOPIi IPY;KHOCTI, OIIOpY MaTepiais,
OyziBeJIbHOI MEXaHIKM, MaTEMAaTUYHOTO aHaJIi3y, Teopii AudepeHiaNbHUX PiBHSIHb, TEOPii QYHKIIOHANBHUX PSIiB,
MaTpuyHoi Ta JiHiliHOI asnre6pu, MoBa nporpamysaHHs Visual Basic for Applications, ckiHueHHO-eleMeHTHUI
aHai3 B nporpamHomy komizekci JIIPA-CATIP, nomyk, BUBYEHHS Ta aHali3 JliTepaTypHUX JKepeil, 00podka Ta
aHaJli3 OTPUMAaHMX Pe3yJbTaTiB, a0CTpParyBaHHsl, aHaJli3, CUHTE3, iHIyKLid, AeayKuis. [IpakTuiHe 3Ha4eHHS
OTPMMAaHUX PE3yJIbTATiB pOOOTU MOJIAra€e B TOMY, 110 CTBOPEHA aHAJIITUYHA MOZEJb PO3PAXYHKY 6aslOK 3i 3MiHHOIO

3TMHAJIBHOIO JKOPCTKICTIO Ta 3MiHHUM KoeQillieHTOM I0CTeJli MOXKe OyTH BUKOPUCTAaHa IIpY [TPOEKTyBaHHI 1 aHai3i



pi3HOMaHITHUX iH)K€HEePHUX KOHCTPYKLil, Hacamnepes y 6yniBHULTBI. HaykoBa HOBU3HA POOOTH MOJISITAE Y TOMY,
110 pO3pO6JIEHO aHAJIITUYHY MOJeJIb CTATUYHOIO 3TMHY 6aJIKOBUX KOHCTPYKILIiH 3 IOBiIbHOIO HEIlepPEPBHO-3MIHHOIO
3TMHAJIBHOIO KOPCTKICTIO, 110 OONUPAIOTHCSI HA HEOHOPiAHY CYLiJIbHY IIPY)XHY OCHOBY THUIly BiHKiepa, sika
6a3yeTbCsl HA TOYHOMY PO3B'SI3KY BiJJ[IOBiJHOTO HEOJAHOPIHOTO A epeHLiaTbHOr0 PiBHSHHS 3TMHY 0aJIKY;
OTPUMAaHO 3aMKHEHi aHaJIiTU4HI BUpa3Hu [iJ1s BUSHAUYEHHSI OCHOBHUX I1apaMeTpiB Hanpy>keHo-1edopMOBaHOTO
CTaHy 6aJIKM — ITPOTUHY, KyTa [TOBOPOTY, 3TMHAJIbHOTO MOMEHTY Ta MOINEPEYHOI CUJIM O /111 BUIIAJIKY JOBiJIbHUX
HelepepBHUX 3aKOHIB 3MiHU YKOPCTKOCTI 6asiku, KoedillieHTa IoCTeJli Ta 30BHIIIHbOTO HAaBAHTa)KEHHS;
3aIpOINIOHOBAHO aHAJITUKO-YMCEJIbHUI METOJ, peaisallii TOYHOro po3B’s3KY y BUTJISi CTENIEHEeBUX PSiB, AJIs
SIKOTO OTPUMAaHO PEeKYPEeHTHI CHiBBifHOImEeHHS KoeillieHTiB, 1m0 3a6e31e4yioTs eeKTUBHE 00YMCIeHHS
IapaMeTpiB Hapy>keHO-71e(POPMOBAHOTO CTaHy 0ajIku y OyAb-sIKOMY Iepepisi.

2. The object of the study is the deformation process of beam structures interacting with a continuous elastic
foundation. The aim of the research is to develop and apply an analytical model for the bending of beam structures
with continuously varying stiffness resting on a nonhomogeneous continuous Winkler elastic foundation, taking
into account arbitrarily continuously varying subgrade reaction coefficients and external loading. Research
methods - the study employed methods of elasticity theory, strength of materials, structural mechanics,
mathematical analysis, differential equations theory, functional series theory, matrix and linear algebra, the Visual
Basic for Applications programming language, finite element analysis using the LIRA-SAPR software package, as
well as the search, study, and analysis of literature sources, processing and analysis of the obtained results,
abstraction, analysis, synthesis, induction, and deduction. The practical significance of the obtained results lies in
the fact that the developed analytical model for the analysis of beams with variable flexural stiffness and variable
subgrade reaction coefficients can be applied in the design and analysis of various engineering structures,
primarily in civil engineering. The scientific novelty of the work consists in the development of an analytical model
for the static bending of beam structures with arbitrarily continuously varying flexural stiffness resting on a
nonhomogeneous continuous Winkler-type elastic foundation, based on the exact solution of the corresponding
nonhomogeneous differential equation of beam bending; obtaining closed-form analytical expressions for
determining the main parameters of the beam stress-strain state - deflection, angle of rotation, bending moment,
and shear force - for the case of arbitrary continuous laws of variation of beam stiffness, subgrade reaction
coefficient, and external loading; and proposing an analytical-numerical method for implementing the exact
solution in the form of power series, for which recursive relations for the coefficients were derived, ensuring
efficient calculation of the stress-strain state parameters of the beam at any cross-section.
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