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destruction of the corresponding structural elements. Therefore, it is important to estimate the
time during which these elements can fail under cyclic loading conditions. This issue is also
relevant for safe long-term transportation of structural elements according to real cyclo-grams
of transportation. This research proposes a method for estimating the durability of structural
elements with cracks. It was supposed that the cracks form chains. These defects are quite
dangerous, because under the action of cyclic loads they can lead to the fusion of cracks and
the destruction of the structural element. The Paris criterion was used to assess crack
resistance. The stress intensity factors are calculated by solving the hypersingular integral
equation [1]. The method allows us to find out the number of cycles in which defects in the
chain will grow to unacceptable sizes. Fatigue durability, determined by the number of cycles
to failure under alternating stresses, consists of the number of cycles to the initiation of a
crack and the number of cycles of its propagation. This time serves to determine the durability
of the structure and the terms of the inter-repair period. The problem is to determine the time
(number of cycles), after which the crack grows to a critical size, and the structural element is
destroyed. A method of assessing the durability of structural elements in the presence of
chains of cracks under conditions of cyclically variable loads has been developed. The
method made it possible to find out for how many cycles the defects in the chain will grow to
unacceptable sizes in composites [2]. Such calculations must be made to determine the
duration of the inter-repair and inter-inspection periods. The obtained data testify to the
validity of the recommendations and technical requirements for welds in hydraulic turbines.
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The new analytical method and computational technique have been developed for
simulating free and forced vibrations of compound fuel tanks in launch vehicles at various
mission stages, including conditions of overload and microgravity, while accounting for the
impacts of liquid sloshing. This technique employs innovative computational schemes and
integrates advanced finite and boundary element methods with an analytical approach and
their theoretical foundations. The proposed numerical method is more precise and efficient
than existing counterparts and software packages, making it suitable for detailed simulations
of fuel tank vibrations. It enables the consideration of coupled effects, including elastic wall
deformations, fuel sloshing, varying liquid levels, changes in gravitational acceleration, and
different free surface configurations at various mission stages. Additionally, it accounts for
the influence of rigid and elastic internal baffles installed to dampen sloshing. To solve the
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above mentioned problems of free vibrations for an elastic shell of revolution coupled with
liquid sloshing it is necessary to determine three systems of basic functions: modes of liquid
in rigid shell under the force of gravity; own modes of the empty shell; modes of the fluid-
filled elastic shell without including the force of gravity. Thus, the problem under
consideration involves the following steps. First, we obtain the sloshing frequencies and
modes using rigid wall assumption. Second, we obtain the natural frequencies and modes of
the empty tank with elastic walls. Third, we define the free vibration frequencies and modes
of the elastic tank without considering effects of sloshing. Finally, the second order system of
differential equations is received for determining the dynamical characteristics of fluid-filled
shells in coupled formulation. The numerical simulation of the system obtained will be done
using finite and boundary element methods and 7-8 order Runge-Kutta method. The computer
technology is based on coupled usage of reduced finite and boundary elements methods
together with analytical approaches [1],[2].
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У даній роботі проведені дослідження поширення пружних хвиль кручення в
шаруватому композитному нестисливому матеріалі з початковими напруженнями при
проковзуванні шарів. Дослідження виконані в рамках тривимірної динамічної
лінеаризованої теорії пружності для тіл з початковими напруженнями з використанням
методу, викладеного в [1].

Розглядається шаруватий композитний матеріал з початковими напруженнями, який
складається з шарів двох типів, що чергуються. Матеріали і початкові напружено-
деформовані стани є однаковими для розглянутого типу шарів. На границях розділу
шарів неперервними є лише нормальні до шарів напруження та переміщення, а всі
дотичні напруження рівні нулеві.

Матеріали шарів вважатимемо гіперпружними ізотропними з довільною структурою
пружних потенціалів. У разі трансверсально-ізотропних гіперпружних матеріалів шарів
будемо вважати, що вісь ізотропії спрямована уздовж осі 3Oy .

Вважаємо початковий напружений стан однорідним. Також приймаємо, що для
кожного з шарів мають місце наступні співвідношення:

(1)


