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YIK 539.3
B. 3. valu.l,aK“, n. o. valu.l,aKZ, H. H. D,bﬂquKo1

QPDEKTUBHOE NPUBJIMXXEHHOE AHAJIIUTUYECKOE PELLEHUE 3A0AYNU
YCTOUYNBOCTU TPEXCITOMHOUN KOHNYECKOU OBOJIOYKU NPU
KOMBUHUPOBAHHOM HAIPYXXEHUN

ITpedaosceno peweHue auHeuHoU 3adauu 0 nogedeHuu YnpPyz0u MpPexcaouHol Ko-
HUYECKOU 000A0UKU NPU COBMECTNHOM O0eUCMBUU HECKOADKUX BHEULHUX CUA08BLL
Paxmopos (pasHomeprozo 0aBAEHUSL, 0CEB020 CHCAMUSL U KPYMAUWE0 MOMeHma),
8bL3bLBAIOWUL NOMePI0 YCMOUYUBOCTRU KOHCMPYKYuUU. 3adaua ceedena K urmezpu-
POBAHUIO  PAZPEULAIOULE20  CUHZYAAPHOZ0 O00bIKHOBeHHO20 Ougbpepenyuarbrozo
YpasHeHUe ULeCmozo nopadka ¢ nepemenHnwvimu KoapPuyuenmamnu. Conocmasnersvl
pewenHuUs, NOAYUeHHble C UCTIOAb30BAHUEM MemO0008 Pa308blr uHMe2Panos (Mmemod
BKB), 2ubpudnozo BKB—Tanepxuna memoda u memoda KOHEUHbLX pasHocme.
IToxazano npeumywecmeo acumnmomuieckozo 2udpudrozo nodxoda Oas peuteHus
dannozo waacca ypasHerul. IIPoaHaAUUPOBAHO DPAYUOHAABHOE COOMHOWEHUE
MoAWUH U MOOYaetl YNPY20CmU CA0e8 MPeXcAolUHOl KoHUUecKol 060a0uKU, K020a
KOHCMPYKYUsL Haubosee ycmouuusa K 3a0aHHOMY 6udYy BHeuHe20 HAZPYHCeHUS.
O6cyoscdena npobaema NOCMPoeHUs 2PAHUUNBLLY nogepxrHocmeli, 0moeaAOUWUL
obracmu ycmouuusocmu U Heycmouuusocmu kKoncmpykyuu. IloOmeepicdena
apPexmusHoCMb MPexXcAolUnblr 00040UeK 8 Kauecmeae CUL08bLL dremeHmos, Pado-
MAOWUL HA YCMOULUBOCTD.

Katoueswie caosa: mpexcaotinas KoHUudeCKas: 00040UKA, KOMOUHUDPOBAHHOE HAZPYHceHUe,
ycmouuugocms 000a0uKkU, eubpudusiti BKB—Ianepxuna memod, 2paHuuHas mno-
8ePITHOCND.

EPEKTUBHUA HABNVDKEHUA AHATNITUMHUIA PO3B’A30K 3ALAYI CTIMKOCTI TPULLAPOBOI
KOHIYHOI OBONMOHKN 3A KOMBIHOBAHOIMO HABAHTAXEHHSA

3anponoHosarHo pPo3s’s3ok AIHIUHOT 3a0aui MPO NO0EeOIHKY MNPYHIHOT MPUUWAPOBOT
KOHIUHOT 000A0HKU Ni0 0i€t0 0eKinbKOX 308HIWHIXL CUN0BUX UUHHUKIE (PIBHOMIPHOZ0
MUCKY, 0COBOZO CMUCKY 1 KPYMHO20 MOMEHMY), 30amHUX 3YmMo8uUmu empamy cmiti-
Kocmi KoHempyxyii. 3adauy 36edeHo 00 THMe2PYBAHHA PO36’A3YBANLHOZ0 CUHRYALPHOZO
JugpepenyianbHo20 PIBHAHHA WOCMO20 NOPAOKY 31 3MiIHHUMU Koediylenmamu. 3icmas-
NeHO PO036’S3KU, OMPUMAHT 3 BUKOPUCTMAHHAM Mmemodig8 Ppa3osux iHmezpanig (memod
BEB), 2i6pudnozo BEB—Tarvopkina memody i memody CKiHueHHUX pPidHuyb. Jfosedeno
nepesazy acCUMNMOMUUHO20 2I0PUOH020 MIOX00Y OAf PO3E’A3AHHS MAKUL PIBHAHD.
IIpoananizosano payionaavHe CNiBBIOHOUEHHS MOBWUH 1 MOOYAIB8 NPYHCHOCMIT WAPI8
MPUUWLAPOBOT KOHIUHOT 000AOHKU, NPU AKUX KOHCMPYKYIA € Haticmitikiuoro 00 3a0aH020
8UOY 308HIULHDBOZO HABAHMANCEHHS Y 2PAHUYHUX 8UNAOKAX PO38’A3KU NOPIBHIOIOMBCS 3
sidomumu pesyavmamamu. O62080peno npodaemy nod6Y0osu 2PAHUUHUL NOBEPLOHDb, ULO
gidoxpematoroms obaacmds cmitikocmi 810 obaacmi  Hecmilkocmi  KOHCMPYKYLL.
IIi0meepOaceno eeKxmusHicms MPUWAPOBUL OOOAOHOK SAK CUL0BUX eseMeHMis, W0
npayrooms Ha cCmitiKicmo.

Kaiouoei caoea: mpuwaposa KoHiuHa 00040HKA, KOMOIHOBAHE HABAHMANCEHHS, CMIU-
Kicmbd 00040HKU, 2i0pudHull BKB—T'anbopkina memod, epaHuUHa No8epPIHs.

AN EFFECTIVE APPROXIMATE ANALYTICAL SOLUTION TO THE STABILITY PROBLEM OF A
THREE-LAYER CONICAL SHELL UNDER COMBINED LOADING

The solution of the linear problem of an elastic three-layer conical shell behavior under
the combined action of several external force factors (uniform pressure, axial
compression and torque) that can cause the structural instability is proposed. The
problem is reduced to integration of a resolving singular differential sextic equation
with variable coefficients. The comparison of solutions obtained using the methods of
phase integrals (WKB method), the hybrid WKB—Galerkin method and the finite
difference method is made. The advantage of the asymptotic hybrid approach in solving
the equations of the given class is shown. The analysis of the rational correlation of the
thicknesses and elasticity moduli of three-layer conical shell layers is performed at
which the construction is most resistant to the specified type of external loading. The
comparison is made with known results in the limiting cases. The problem of
constructing of the boundary surfaces that separate the stability region from the
instability one is discussed. The efficiency of three-layer shells serving as the load-
bearing elements to ensure stability is confirmed.

Key words: three-layer conical shell, combined loading, shell stability, hybrid WKB—
Galerkin method, boundary surface.
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