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2. Deformation, dynamics and stability of structurally anisotropic cylindrical shells in a spatial setting

Pedepar:

1. Incepranifiny po60Ty IIPUCBSIYEHO PO3B’SI3aHHIO, B paMKaX IIPOCTOPOBUX CIIiBBiAHOLIEHb JIiHIHOI Teopii
IIPY>KHOCTI, Ba’KJIMBOI HAyKOBO-TEXHIYHOI ITpobemMy, 110 MOB'sI3aHa 3 JOCIiIKeHHSIM I1apaMeTpiB Hallpy>KeHO~
nedopmosaHoro ctany (HJIC), BiIbHUX KOJIMBaHb TOBCTOCTIHHUX, @ TAKOXK CTIIKOCTI HETOHKUX LIapyBaTUX
KOHCTPYKTUBHO aHi30TPONMHUX LUJIIHAPUIHUX 000JI0HOK. KOHCTPYKTUBHA aHi30TPOIisS 3yMOBJIEHA YTBOPEHHSIM
MaTepiany 3 OfHi€I0 MIOMNHOIO NPY>KHOI CUMETPIi, 110 NMapaJiesibHa CEPENVHHIN IOBEPXHI, BHACIITOK YKIAaHHS,
OPTOTPOIIHOTO, Y BIACHUX OCSIX, BOJIOKHUCTOTO KOMIIO3UTA, Iifl JeIKUM KYTOM [10 TBipHOI LIMJIiHIPUYHOI OO0JIOHKH.
O6rpyHTOBaHa HEOOXIiIHICTh BUKOPMCTAaHHS IIPOIIOHOBAHOTO MiAXOY N0 PO3PaxyHKiB aHI30TPOIIHUX MIAPYBAaTUX
LUUIIHIPUYHUX 0O0JIOHKOBUX KOHCTPYKLil Y MOPiBHSHHI i3 OPTOTPOITHOIO MOJIEJIII0 MaTepiay. B SIKocTi BuxigHOro

marepiasy /ij1s1 BATOTOBJIEHHS 000JI0OHOK BUKOPUCTAHO BOJIOKHUCTI, @ TaKOX QYHKI[IOHaJIbHO-TPaJi€HTHI



KOMIIO3UTH. BUKOHAHO [OCIiIPKEHHS TapaMeTpiB, o onucyoTs HIC Bif cuoBOro, TeMnepaTypHOro Ta
TE€PMOCUJIOBOTO BILIMBIB, BIIbHUX KOJINBAaHb, CTIKOCT] aHI30TPOITHUX LUTIHAPUYHUX OO0JIOHOK 3aJI€5KHO Bill BULY
IPAaHMYHUX YMOB Ha TOPLAX, FEOMETPIii KOHCTPYKIUIN 32 TOBUIMHOIO, [IPY YPaxXyBaHHi KYTiB YKJIaIaHHS BOJIOKHUCTUX
KOMITIO3UTiB. KJIt04OBi CJ10Ba: TEOPist MPYXHOCTI, IPOCTOPOBI CIiBBiAHOLIEHHS, HAIIPY>KEeHO-1e(POPMOBAHUI CTaH,
4acTOTa BiJIbHMX KOJIMBAaHb, CTIMKICTh, HUJIIHAPUYHA 000JIOHKA, aHI30TPOIIis, PYHKIiOHATBHO-TPaJi€HTHUI

Mmarepia.

2. The dissertation work is devoted to solving, within the framework of the spatial relationships of the linear theory
of elasticity, an important scientific and technical problem related to the study of the parameters of the stress-
strain state (SSS), free vibrations of thick-walled, as well as the stability of non-thin layered structurally anisotropic
cylindrical shells. Structural anisotropy is due to the formation of a materialwith one plane of elastic symmetry
parallel to the middle surface due to the laying of an orthotropic, in its own axes, fibrous composite at a certain
angle to the generatrix of the cylindrical shell. For the first time, an approach has been developed to construct a
system of six differential equations of motion of the spatial linear theory of elasticity for thick-walled cylindrical
anisotropic shells. The approach is based on a modification of the Hu — Washizu variational principle, which makes
it possible to write the boundary conditions and Hooke's law relation corresponding to the equations in a three-
dimensional formulation. When using the derived system and the corresponding boundary conditions, the values
of stresses and displacements from force and temperature influences can be established under various types of
boundary conditions at the ends of a layered thick-walled composite anisotropic cylindrical shell also made of
functionally graded materials. An approach based on the use of the Bubnov - Galerkin analytical method
procedure is presented to reduce the dimension of a three-dimensional system of differential equilibrium
equations obtained from a spatial system of equations of motion by neglecting terms that take into account the
temperature effect and the frequency of free oscillations. When a distributed lateral pressure is applied to a shell,
the use of the Bubnov - Galerkin method consists in expanding the stress and displacement functions into double
trigonometric Fourier series in the circular direction and along the generatrix of the cylindrical shell so that they
satisfy the conditions at its ends. The resulting normal Cauchy one-dimensional system of differential equations
makes it possible to determine the parameters of the stress-strain state of thick-walled anisotropic layered
cylindrical shell structures from the specified force action. When a shell is exposed to axial pressure or a shear
load (torsion) distributed along the ends, an approach to reducing the dimension of a three-dimensional system of
equilibrium equations is proposed, which includes the assumption that the stress-strain state parameters of the
cylinder are constant in the circular direction and the use of the method of straight lines along the generatrix of
thick-walled anisotropic layered cylindrical shells. In the case of temperature or thermoforce influences, an
approach is presented to reducing the dimension of a three-dimensional system of differential equilibrium
equations obtained from a spatial system of equations of motion, based on the use of the Bubnov - Galerkin
analytical method. The system of differential equations of normal Cauchy form obtained in this way makes it
possible to determine the parameters of the stress-strain state of thick-walled anisotropic cylindrical shells under
temperature or thermal force influence. Based on the spatial system of equations of motion, derived using the
modified Hu - Washizu variational principle, using the analytical method of Bubnov - Galerkin, an approach to
obtaining an infinite one-dimensional system of differential equations is presented, which makes it possible to
determine the frequencies of free vibrations of thick-walled layered anisotropic cylindrical shell structures. Based
on the modified Hu - Washizu variational principle, an approach to deriving a system of six homogeneous
differential stability equations of the spatial theory of elasticity for non-thin anisotropic cylindrical shells has been
developed for the first time. Using the Bubnov - Galerkin method, an approach has been developed for the first
time to reduce a three-dimensional system of differential stability equations to a one-dimensional normal Cauchy
form. To solve one-dimensional solving systems of differential equations about the stress-strain state from force
or temperature influences, free vibrations of thick-walled and stability of non-thin anisotropic cylindrical shells, a
numerical method of discrete orthogonalization was used, respectively adapted for their implementation. On this
basis, software systems have been created for personal computers that allow solving new problems of establishing
the parameters of stress-strain state from force, temperature or thermal effects, free vibrations of thick-walled



and stability of non-thin anisotropic composite cylindrical shells. The necessity of using the proposed approach to
the calculations of anisotropic layered cylindrical shell structures in comparison with the orthotropic material
model is substantiated.
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