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THE USE OF A MATHEMATICAL METHOD OF 1. G. FILIPPOVA
IN THE SOLUTION OF BOUNDARY VALUE PROBLEMS
OF VIBRATIONS OF CYLINDRICAL SHELLS

Abstract: In the present work deals with the questions for problems of torsional and longitudinal vibrations of
cylindrical shells of variable thickness in a more general setting that allow to formulate a boundary value problem in
the solution of private problems of vibrations of a cylindrical shell under various conditions at the end of the shell. A
review of the well-known in the scientific literature studies in the field of vibrations of rods and shells is given in
many works. However, these works did not reflect and did not formulate the boundary value problems of oscillation:
along with the approximate equations of oscillation, there are no strictly justified boundary conditions at the ends of
the rods and shells arising from the developed mathematical approach, and the boundary conditions from the static
problems were applied. In addition, the necessary number of initial conditions depending on the order of time
derivatives of the required functions was not justified and the arcas of applicability of the approximate equations of
oscillations were not investigated.

Key words: regional tasks, cylindrical shell, oscillation, torsion vibrations, Bessel function, close equalization,
three-dimensional task, variable radius.

Cylindrical shells of variable radius are found in many constructions and buildings. In the scientific
literature, the theory of oscillations of cylindrical shells is constructed using the hypothesis of flat
sections. Below this problem is solved with the use of a mathematical method used in the works of 1. G.
Filippov and A. Zh. Seitmuratov.

To derive the equations of oscillation of the rod of variable radius we have the following three-
dimensional boundary value problem: equations of motion in potentials
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where r = F'(z) - variable radius of the rod; initial conditions are zero. Potentials @ and y, let us seek
believing

@ = T st }dkf@o exp(pt)dp;
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For the values @, i,, converted by Fourier and Laplace potentials after substitution (3) in the
equation (1) we obtain the ordinary Bessel's differential equations of the imaginary argument
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whose solution is limited in the case of » =0, equal
Dy = AL, (ar); Wi =Byl (,BI’) (5)
representing the displacements of U ., U in the form
uy = [ Yk Ju, o exp(pridp
0 0
for u, ,,u, , obtaining the expression
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after decomposition of the Bessel's function in power series of the argument.
Instead of continuous integration A,, B, we introduce a new
U, =a’ 4, —kp’B,; W, = k4,~ B’B, (M

herewith W, - the transformed offset of the axis points z of the rod U, - s derived from the
displacement #, , along the radial coodinate 7 also at »=0. In the new variables U,,/¥; as before

U, o,U,, will be written in the form
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By reference (8) to k, p, for displacement u,, #, we obtain expressions
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/151), /1(21) - describes the propagation of longitudinal and transverse waves along the Z .

Substituting the general solutions of the three-dimensional problem (9) in the boundary conditions
(2), to determine U/, W we obtain a system of equation

L, )+M,,(W) = f,A;;

(10)
L2n(U) +M2n(W) = fnszAZO

where operators LM, are equal
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The equations (10) are the general equations of longitudinal oscillation of a rod of variable radius.

Due to the complexity of the equations (10), we obtain from them the approximate equations of the
longitudinal vibration of the rod. Limited to the first summands in the series of operators (11), we obtain a
known equation for the constant radius rod

L ow oW _,
i, o o

: (£, = £ =0) (12)

in this case, the speed of the longitudinal wave of compression in the rod is equal to

e & b(3a2 —~ 4[’92)”< (a2 —~ bz)fl

and is given in various textbooks and books.

If we limit ourselves to the first two terms in the series of operators (11), we obtain a refined equation
that generalizes the equation (12).

If the rod of variable radius, then from the general equations of oscillation (10) we obtain the simplest
equation of the second order

aZW
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where the variable coefficients of the p; (2) in the derivative of W are equal
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OUWIAHAIPJIIK KABBIKIHAJTAP/JABIH INETTIK TEPBEJIIC ECEBI YIIIH
NI OPUIUTIINOBTBIH MATEMATHKAJIBIK HIEITY 9ICIH KOJLIJIAHY

Annortamus: bepinreH Makanaga aiHAIMAmbI KOHE KOIOCYy IMIMHAIPIIK KaObIKIAnap eceOlHCH TYBIHAAWTBIH
CYpaKTap >Kaiurel Macene Kosranmansl. HeriziHeH KaObIKmanmap aWHanmacklHAa OONATBIH Op-TYpJ INApTTapFa
OalmaHBICTBI INETTIK ECENTEepAl KAJBINTACTBIPY MAKCATBIHAA IIUMHIIPTIK KAOBIKIIACHIHBIH — AHHBIMAIBI
KATBIHABIFBIHA OAMIAHBICTHI JKAITEl ¢CceOi KapacTrIphiiaabl. OCBIFAH ACHIHTI )KACATFAH CHIPHIKTAP MCH KAOBIKIIAIAD
TepOEIiCl JKYMBICTAPBIHA KO3 MKYTIPTE OTHIPHIN, KAPACTHIPHIFAH TEPOECIiC METTIK €CENTEPIHAC HAKTHI KaTaH TYPIC
MATEMATHKAIBIK TYKBIPBIMBI JKETKITIKC3 KopceTinmeH. COHABIKTaH Oy skyMbIcTa Oenrini rameM M. OunannmosTeIH
TepOemiC ecenTepiH INCIyAeri MATEMATHKAIBIK SICIH KOIIAHABIT TepOeTiC TCHACYJNCPIHIH KYBIK IIAMACBIHBIH
KOJIAAHY IIAPTTAPhl AHBIKTAJIIBL.

Tyiiin ce3: meTTik ecen, NWIMHAIPIIK KaObIKma, TepOenic, aiHamMansl Tepdenic, beccen QyHRUMACH, KyBIK
TEHJIEY, YII OJIIIEM/Ii €Cell, aifHBIMAIIBI PATHYC.
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*KoKImeTayCKuit rocy 1apcTBeHHbIH yHuBepcuTeT M 111, Yamxanosa, r. Koxmeray

NPUMEHEHUE MATEMATHYECKOI'O METOJA NU.T.0CHJIUNIIOBA
IIPA PEHNIEHUU KPAEBBIX 3AIAY KOJEBAHUA IUJINMHAPHUYECKHUX OBOJOYEK

Annoramua: B Hactosmeidt paboTe paccMATPHBAIOTCA BOMPOCHI AA 33024 KPYTHJIBHOTO H MPOAOIBHOTO
KOJICOAHHH IUIHHAPHUCCKUX 000JOUCK MCPSMCHHOHW TOMIIHHBI B 00716C O0IMICH MOCTAHOBKE, KOTOPBIC MO3BOJIAIOT
(opMyHpOBATh KPACBBIC 3a4aYd TPH PCIICHHH YACTHBIX 3a4aY KOJICOAHHMSA UHIMHAPHICCKOH OO00IOUYKH mpH
PA3MMYHBIX YCIOBHAX HA TOpHe 000m0uku. O030p M3BECTHBIX B HAYUHOW JIMTEPATYPE HCCICAOBAHWUH B 00IACTH
KOJIcOaHHH CTCPKHCH B 000JI04UCK MPUBSAEH BO MHOTHX padoTaX. OTHAKO B 3THX pab0TaX HE HAIILIM OTPAKCHHA H
He Obm C(OPMYJIMPOBAHBI KPACBBIC 3aJa4M KOJCOAHWS: HAPAAY C NMPHODKEHHBIMH YPABHEHISIMH KOJICOAHHA
OTCYTCTBYHOT CTPOTO OOOCHOBAHHBIC T'DAHHYHBIC YCIOBHA HA TOPLAX CTEP)KHEH WM 00OJOYCK, BBITCKAOIIHE H3
Pa3sBUBACMOT0 MATEMATHICCKOTO MOAX0Ad, a MPUMCHATHCH TPAHUIHBIC yCIIOBUA U3 3a0a1 CTATHKH. KpOMe TOTO, HC
000CHOBBIBAIOCH HEOOXOIHMOC YHCIIO HAYATBHBIX YCIOBHI B 3aBHCHMOCTH OT HOPAAKA HPOH3BOIHBIX MO BPCMCHH
OT UCKOMBIX (DYHKIHH W HE HCCICAOBAINCH 00IACTH MPUMECHUMOCTH MPUOIIKEHHBIX YPABHCHUH KOJICOAHUI.

KimoueBnie cjioBa: KpacBble 33Ja4d, LOHIMHAPHYECKAS O0O0JIOUKA, KOJICOAHWE, KPYTHJIbHAS KOJICOAHWL,
(yuxma beccerns, mpuOMKeHABIC YPaBHEHUE, TPEXMEPHAS 331344, IEPEMEHHbIA PaTnyC.
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