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Bukopucranns 6ajo0k 3MiHHOTO Iiepepiy Jae 3MOT'y ONTHMI3yBaTH CIIB Bij-
HOIICHHS Baru Ta MinHOCTi. [loeqHaHHSA (YHKIIOHATHHO TPaTi€HTHUX MatepialiB
3 pi3HOMaHITHOIO TEOMETpi€r0 3a0e3meuye HeoOXiHI XapaKTepUCTHKH TIPH 3aaHil
Ba3i Ta ajanTye OATKOBI KOHCTPYKIIIT 10 crienuigHIX BIMOT.

JlmHaMika MaTepianbHO HEOJHOPIAHMX OamoK 31 3MIHHHM HONEPEYHUM
mepepizoM aKTHBHO AocHimKyeTscsi [4]. IIpoTe, KOMIIEKCHI Ta CHCTEMAaTH4HI
JIOCITI/DKEHHST MOJIAJIbHUX XapaKTePUCTHK aKCiadbHO (YHKIIOHATIBHO TPaiEHTHUX
0aJIOK 3 KPUBOJIIHITHAM 3MIHHHM TI€pPEPi30M JI0Ci HEAOCTaTHLO po3polbiieHi [2].

[ToTouHe AOCIIIPKEHHS 30CEPEDKYETHCS HA aHAaJi31 BJIACHUX KOJHMBaHb OaloK
i3 aKcianbHO (YHKIIOHAJIBHO TpajieHTHUX MarepianiB (ADPI'M) 3 kpuBOIiHIHHO
3MIHHMUMH TONEpPEeYHHMH MepepizaMH B3JIOBXK iXHBOI JOBXKHHHU. Posrisparorbes
Oanku pizHEX (OpM, BKIIOYalOuM (OPMH YBITHYTHX Ta ONYKIMX KOHIYHHX
niepepisis, sk okaszaHo Ha Puc. 1.

L
a) 0)
Puc. 1. F'eometpii AGI'M 6anok 3amiHHOro nepepiy: (a) onykna gopma; (b) ysirHyTa popma.

[MpurmryckaeTscss TakoX, IO MaTepianbHI BIACTHBOCTI Oalkw, 30KpeMa
Moxyms HOHra, Momynp 3CyBy Ta IIIIBHICTE MaTepialy, 3MIHIOIOTBCS B3IOBXK
MTO3I0BXKHBOT OCi 3a eKkcroHeH MianpHO (1) abo moiHOMianmsHOO (2) QyHKITIEO:

P)= RV, V, = et tt) ()
Ta

P(x)=P +(R, =RV, V. =(1-b(1-x/L)* ©)
ne P(x) - Oyzap-sika 3 MaTepiadbHUX BIACTHBOCTEH, P, - ii 3HaueHHs mpu x =0, a

P 1 P, - BIacTHBOCTI MeTaJeBUX 1 KepaMiUYHHUX CKJIAJOBUX (DYHKIIOHAIBHO
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CEKLIA 5 - ANHAMIKA HEOOHOPIAHWX CEPE[JOBULL
SECTION 5 - DYNAMICS OF NONHOMOGENEOUS MEDIA

IpaJliEHTHOTO MaTepiajiy BiJIOBIIHO.

PiBHsiHHS pyXy OajyKu BHBEJCHO Ha OCHOBI npuHuuMIYy ["aminbTOHa B paMkax
teopii 6anku Tumomenka. Lli piBHAHHS 31 3MiHHHUMH Koe(illieHTaMH Ta Pi3HUMHU
TPaHUYHUMH YMOBaMH PO3B'S3YIOTECS METOJOM TH(EPEHIIaNEHOTO EPETBOPSHHS
(MZTI) [3].

3anpornoHOBaHUN MMiAXi[ TMEPEeBipeHO INUIAXOM IIOPIBHSHHS PO3PaXOBAHHUX
BJIACHUX YaCTOT i3 TAaHUMH 3 JIITEPaTypH Ta pe3yIbTaTaMy TPUBUMIPHOTO aHATi3y,
mpoBeaeHoro B maketi ABAQUS. [Ing BpaxyBaHHS MaTepiaJbHHX TPaai€HTIB Y
CKIHYCHHO-EJIEMEHTHUX MOJEIAX BHUKOPHUCTAHO KOPHUCTYBAaLBKy IiANporpamy
marepiany (UMAT) [1].

Y nmocnipKeHHI JeTalbHO BHMBYECHO BIUIMB pIi3HHX (DaKTOpiB Ha BIIACHI
yactott ADPI'M Oanok, 30KkpeMa MapamMeTpiB MarepialbHHX 3aKOHIB, (opM
MIOTIEPEYHOro Tepepidy, KoedilieHTa CTPYHKOCTI Ta TrpaHM4YHHMX yMmoB. lle
JIO3BOJISIE TNIMOIIE 3pO3YMITH MOJalbHYy AWHAMIKYy TaKMX OaloK i Haja€e WiHHY
iHpopMamito AuA  onTuMi3alii MPOEKTYBaHHS OAIKOBMX KOHCTPYKLIH 3
(HYHKIIOHATFHO TPA/TiEHTHUX MaTepialiB.
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ANALYSIS OF FREE VIBRATIONS IN AXIALLY FUNCTIONALLY GRADED BEAMS WITH
CURVILINEAR VARIABLE CROSS-SECTIONS

This study investigates the free vibration behavior of beams made of axially functionally
graded materials (AFGM) with curvilinear variable along their length cross-sections. The
beams feature a range of geometries, including concave and convex conic sections, and
different material properties that vary according to axial polynomial and exponential
profiles. The equations of motion are derived using Hamilton's principle within the
framework of Timoshenko beam theory. These equations, under various boundary
conditions, are solved using the differential transform method (DTM). A comprehensive
analysis is conducted to explore the effects of multiple factors on the natural frequencies of
functionally graded beams, including material law parameters, variable beam geometries,
slenderness ratios, and boundary conditions.
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