KOJM Maca 3MEHIIYEThCS O OO PIBHSA, HUTKAa MOKE IMOYaTH 3a3HAaBaTH 3HAYHUX
3MiH, BKJIIOYal0YU pyHHYBaHHS.

Onip HUTKU 3pOCTae BHACHIAOK BTpaTh MacH. OCKUIbKM OIIp 3aJ€XHUTh Bij
JOBXKHHM Ta IUIONIl MOMNEPEYHOro IMepepidy, 3MEHIICHHS MAacH MPU3BOAUTH [0
30UTBILICHHS OTIOPY.

BucnoBku. MojentoBaHHsI TIPOLIECY BUTOPaHHS BOJb()PPaMOBOiI HUTKH MOXKE
OyTH 371CHEHO 3a JJOTIOMOT'OI0 CUCTEMU PIBHSHB, SIKA OMUCYE TEPMIYHI Ta €IEKTPUUHI
acnektd poOoTu JamMnouku. Jig OTpuUMaHHS TOYHHUX pPE3yJbTaTIB MOXHA
BUKOPHUCTOBYBATH YUCEIbHI METOIU, Takl sik MmeTo Eitnepa abo meton Pynre-Kyrru.

MopentoBaHHs MOKa3ye, K BoJb(paMoBa HUTKA BTpaya€e Macy 1 HarpiBaeTbes J10
BUCOKUX Temmnepatyp. Lli 1aHi BaxiIuBi AJig pO3yMiHHS TEPMOJUHAMIYHUX MPOIIECIB Y
JaMIIOYKaX pO3’KaploBaHHS Ta MOXKYTh JIOIOMOI'TH Y BJIOCKOHAJICHH] iX TU3aiHy aJis
3MEHILICHHS BTPAT Ta MiABUIIEHHS €()eKTUBHOCTI.
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Abstract. The paper investigates the process of tungsten filament burnout in an
incandescent light bulb by mathematical modeling. Thermal and electrical aspects of
filament degradation are considered, including changes in mass, temperature, and
resistance during operation. The results obtained can be used to improve the design of
lamps and increase their durability.
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Abstract. The paper investigates the bending vibrations of a thin elastic circular
insert in an unconfined medium and performs a numerical analysis of stress
concentration near the inclusion under the action of a harmonic normal load. The
influence of the ratio of the elastic properties of the matrix and the inclusion on the
value of the stress intensity factor (SIF) is established. It is shown that with a decrease
in the stiffness of the inclusion, the dependence of SIF on the wave number becomes
more complicated, exhibiting multiple maxima and minima, and taking into account
the elasticity of the inclusion significantly changes both the value of SIF and the
nature of its dependence on the wave number. The possibility of approximating highly
rigid inclusions as absolutely rigid in practical calculations for various material
combinations is assessed.

Keywords: bending oscillations, an unbounded elastic body (matrix), elastic circular
inclusions.

Introduction. Contemporary challenges in dynamic fracture mechanics, along
with the need to enhance nondestructive testing and flaw detection techniques, call for
continued development of methods to analyze the dynamic interaction of thin-walled
inclusions with their surroundings [1]. A particularly significant case involves circular
(disk-shaped) inclusions. This is largely because thin, disc-like reinforcing elements
are commonly found in machine components and building structures. Such thin
inclusions act not only as stress concentrators but also as fillers in composite materials.
In the fabrication of composites, the matrix is frequently reinforced with coin-shaped
elements of high stiffness [2]. Consequently, these types of inclusions have consistently
been the focus of considerable research attention. The aim of this study is to examine
the bending vibrations of a thin elastic circular inclusion within an unbounded medium,
with the goal of eventually determining the elastic modulus ratios for a wide range of
materials.

Research results. The issue of bending vibrations of a thin circular elastic plate
inclusion is addressed (Fig. 1). These oscillations are induced by the application of a
normal harmonic load on the inclusion.

Fig. 1. Image of a round elastic plate
Let us examine the results of a numerical analysis of stress concentration around
the inclusion, conducted under the assumption that the inclusion is subjected to a
uniformly distributed load. In this context, the expressions for the load function acting
on the inclusion are as follows:
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It was also assumed in the calculations thate=0,05, and in the systemlinear
algebraic equations

1+@

P +2— ZlA nImlQ(Ym = Vi )= F(Ym, Yi)]=iay,

up to 30 interpolatlon nodes were used, which ensured obtaining RIF values with
a relative error of less than 0.1% for the entire wavenumber range.

The stress intensity factor (SIF) values are influenced by the ratio of the elastic
properties of the matrix and the inclusion, including their densities, elastic moduli, and
Poisson’s ratios. To investigate the effect of inclusion stiffness on the SIF, it was
assumed that the inclusion and the matrix share the same density and identical
Poisson’s ratios. The results are presented as graphs in Fig. 2(a), with each curve
representing a specific ratio of the elastic moduli. One of the curves exactly coincides
with that of a perfectly rigid inclusion [3].
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Fig. 2. Research results

Analysis of the graphs indicates that as the rigidity of the inclusion decreases,
the relationship between the SIF and the wave number becomes more complex,
exhibiting multiple minima and maxima. Overall, a reduction in inclusion stiffness
leads to a decrease in stress concentration around it. However, even for very stiff
inclusions, the SIF at certain frequencies can exceed the values corresponding to a
perfectly rigid inclusion.

To assess whether highly rigid inclusions can be approximated as absolutely
rigid in practical strength calculations, the recovery factor was calculated for several
specific material combinations. The results are shown in Fig. 2(b). Solid curves account
for the elasticity of the inclusion, while dashed curves assume the inclusion is perfectly
rigid. Curves 1 correspond to concrete as the matrix and steel as the inclusion, whereas
curves 2 represent a steel inclusion in a lead matrix. It is evident that considering the
inclusion’s elasticity significantly alters both the magnitude of the SIF and its
dependence on the wave number.

Conclusion. The study analyzed the bending vibrations of a thin elastic circular
insert in an unconfined environment and performed a numerical analysis of the stress
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concentration near it. It was found that the values of the stress intensity factor (SIF)
depend on the ratio of the elastic properties of the matrix and the inclusion, in particular,
the density, elastic moduli, and Poisson’s ratios.

The study showed that with a decrease in the stiffness of the inclusion, the
dependence of SIF on the wave number becomes more complicated, exhibiting
numerous minima and maxima. In general, a decrease in stiffness leads to a decrease
In the stress concentration in its vicinity, but even for very stiff inclusions at certain
frequencies the SIF can exceed the value for an absolutely stiff inclusion.

An assessment of the possibility of approximating highly stiff inclusions as
absolutely stiff in practical calculations showed that taking into account the elasticity
of the inclusion significantly affects the value of SIF and the nature of its dependence
on the wave number for various material combinations, in particular for concrete with
steel inclusions and steel in a lead matrix.
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AHOTaUifA. ¥V pobomi docniodiceno 3euHanbHi KOIUBAHHS MOHKOL eacmMUyHOl Kpyaioi
B8CMABKU 68 HEOOMENCEHOMY cepedosuwi ma Npo8eoeHO YUCETbHULL aHANi3
KOHYEeHmpayii HanpyxceHv OLIs BKIIOYEHHS Ni0 O0I€I0 2APMOHINUHO20 HOPMAILHO2O
HasanmasicenHs. Bcmanoeneno 6nnue cniBGIOHOWEHH NPYIHCHUX 61ACMUBOCTEL
mMampuyi ma 6KIIOYeHHs Ha 3HAYeHHA Koeiyienma inmeHcusHocmi Hanpyicets (SIF).
Tloxaszano, wo 3i 3MeHUeHHAM HCOPCMKOCMI 6KII0UeHHs 3anedcuicmeb SIF 6i0 uucia
X8UNb  YCKAAOHIOEMBCS, NPOAGIAIOYU MHONCUHHI MAKCUMYMU MA  MIHIMYMU, a
8DAXYBAHHS NPYHCHOCMI BKIIOYEHHS CYMMEBO 3MiHo€ Ak eeauduny SIF, max i
xapakmep 1020 3aneHCHOcmi 6i0 uucia Xxeuiv. IlposedeHo OYiHKY MONCIUBOCHI
anpoxcuMayii UCOKO-HCOPCMKUX BKIIOUEHb SIK ADCOIIOMHO HCOPCMKUX Y NPAKMUYHUX
PO3PAXYHKAX OJI5 PIBHUX MAMEPIATbHUX KOMOIHAYI.
Kuro4uoBi ciioBa: seunanbHi Koausanms, HeobOMedCeHe NpYyicHe MmiNo (mMampuys),
NPYHCHI KPY2081 BKAIOUEHHA.
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