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Anomayis. YV cmammi Hagedeno pesyromamu po3paAxyHKy bacamowaposoi
KOHCMPYKYii muny ‘“KOHYyc-yuninop-Kouyc”, AKa 3Haxooumvcsa nio i€l cun002o ma
memnepamypro20 Haganmadicenns. bazamowaposi xoncmpykyii ma cucmemu i3 Hux
WIUPOKO  3ACMOCOBYIOMbC 6  DI3HUX 2any3sax, Oe nompione NOEOHAHHA KilbKOX
eracmusocmell — HANpuKiao, MIYHOCMI, MenIoI301aAYil, 38YKOI30MAYii, cmiikocmi 00
sonoeu, eozHio mowo. OcHosnumu cepamu ix euxopucmanns € OYOI6HUYMEO,
NPOMUCTIOBICMb, asmomo6ineOydysants ma agiayis, GilCbKO8A MA KOCMIYHA MEXHIKA.
Po3spaxynox bacamowaposux koncmpyKyiii mac pao ocobausocmet, wjo 8iOpizHAE 11020
8I0 OOHOWLAPOBUX CUCMeM, OCKLIbKU NOMPIOHO 8paxosyeamu 63aemooilo wapis, ixHi
@isuxo-mexaniuni enacmusocmi ma gynoamenmanvre npusnavenns. Taxuil po3paxyHox
BUMA2AE YPAXYBAHHSA AHIZ0MPONIL, MINCULAPOBOT 83AEMOOIL, MENIOBUX MA MEXAHIYHUX
Haeanmaoicenv. s yb02o CMBOPIOIOMbCS CKAAOHI MOOeni AKI 0aiomb MOMCIUBICHIb
mouHiule npocHO3y8amu NoGediHKy ma 008208IYHICMb KOHCMPYKYii. IcHye Kinbka
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meopemuyHux nioxo0ié 00 Po3PAxXyHKy 6a2amowaposux KOHCMpPYKyiu, i eubip meopii
3anexcums 6i0 Muny KOHCMpYKYii, il moewjuHu, muny HAGAHMANCEHHs, a MAKONC 6i0
HeoOXiOHoI moyHoCmi.

B ocHogy docnidcenns noknadenuil 6apianm KiHyes0-3Cy8HoI meopii po3paxyHKy
bazamowiapogux niacmun ma 060JOHOK 3 YPAXy8aHHAM memnepamypu 6 inomesax 0s
nonepeunux oomuuHux nanpyscenv. Ha nepwomy emani 0ocniodicenns po3e’sa3yeanacs
3a0aua cmayionapHoi menionposionocmi bazamouiaposoi 000JI0HKY 8 AKIl 3ACMOCO8AHA
einomesa w000 po3nodiny memnepamypu no moswjuni bazamowapogozo naxemy. Ha
OCHOBI OMPUMAHUX XAPAKMEPUCIUK MEMNepamypHo20 NoJs, po3s fA3yeandcs 3a0aid
MepMOnpyscHoi  pieHogazu  ckiadeHoi  obononku. Ompumani  Kpatogi  3adaui
MEenaAonposiOHOCMi i MePMONPYIHCHOI PIBHOBASU DPeanizy8anucs MemooomM OUCKPEemHOl
opmozoHanizayii.

Ax eunausae i3 no6yooeanux epaghixie, NPOSUHU i HANPYIHCEHHSA, AKI GUHUKATOMb
npu 0ii memnepamypHozo nois, 6 4-20 pasie nepesuwyioms AHANOSTYHI eTUUUHU, AKD
ompumani npu cunosomy Hasammagicenui. Lle ceiouume npo me, wo BUHAUANLGHUM
gaxmopom HanpysxceHo-0ehopmosaroco cmarny cKiaodeHoi 0OO0IOHKU € MmeMNnepamypHuil
6NIUB.

Kniouoei cnosa: bacamowapogi konempykyii, ckiadeni 06010HKU, KIHYeB0-3CY6HA
meopis 6azamouwiapogux naacmuH ma 060I0HOK

Beryn

AHaniz JirepaTypHHX [KepeJ Ta TMOCTAaHOBKAa Mpo0dJeMu.
BararomapoBi KOHCTPYKIIii Ta CHCTEMH i3 HAX ITUPOKO 3aCTOCOBYIOTHCS B PI3HUX
ramy3sx, e IMOTpiOHe o€ THAHHS KUTBKOX BIACTHBOCTEH — HATIPHUKIIA, MIITHOCTI,
TEIUIOI30IIAIII1, 3BYKOI30IIALIT, CTIHKOCTI IO BOJIOTH, BOTHIO TOIIO. OCHOBHUME
chepamn  iX  BHKOPUCTAHHS €  OymiBHHNTBO,  TIPOMHCIIOBICTB,
aBTOMOOLTEOYIyBaHH Ta aBiais, BilicbkoBa Ta KocMiuHa TexHika [1,2].

Po3paxyHok OaraTomapoBUX KOHCTPYKIIH Ma€ psia OCOOIMBOCTEH, IO
BIJIpi3HsI€ HOTO BiJ{ OJHONIAPOBHUX CHUCTEM, OCKIJIBKH MOTPIOHO BPaxoBYBAaTH
B3a€EMOJIII0 MIApiB, IXHI (I3MKO-MEXaHIuHI BJIACTUBOCTI Ta (yHJAaMEeHTalbHEe
npu3HaveHHs [3,4].

Takuii po3paxyHOK BHMAara€ ypaxyBaHHsS aHI30TpoOIMii, MDKIIApOBOT
B3a€MO/Iii, TEIJIOBUX Ta MEXaHIYHUX HaBaHTaXeHb. J|Js IIbOTO CTBOPIOIOTHCS
CKJIaJTHI MOJIeNi SIKi Jaf0Th MOXKJIMBICTH TOYHIIIE ITPOTHO3YBATH IMOBEIIHKY Ta
JOBIOBIYHICTH KOHCTPYKIII [5,6].

IcHye Kinbka TEOPETHYHHUX MiJXOIIB /O PO3PAaXyHKY OaraTomapoBHX
KOHCTPYKIIH, 1 BUOIp Teopii 3a1eKNuTh BiJl TUILy KOHCTPYKUIT (TUINTa, 000JIOHKA,
0anka, TNIACTHHA), 1l TOBIIMHY, THITY HABAHTa)KEHHS (MEXaHivHe, TEIUIOBE TOIIIO),
a TaKoX BiJ HeOOXigHOT TOUHOCTI [7,8].

Krnacnuna Teopist miaacTuH i 000IOHOK, sIKa 3aCHOBaHA Ha NPHITYIIEHHI,
o0 HOpMaJi JO0 CepeAHboi TOBEpXHI  3aMUINAIOTECS  NPAMHUMH i
MePICHINKYISIPHUMU Ty nedopMallii, Ma€ CyTTeBE OOMEKEHHS.
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Bona mpamroe  go0pe nuie Juisi TOHKAX OJHOIIAPOBHX KOHCTPYKINH i
MOXe OYTH 3acTOCOBaHa /I PO3PAaXyHKY TOHKHMX IUIACTHH Ta MPOCTHX
OJTHOIIIAPOBUX OOOJIOHOK.

Tomy pmnst OGararomapoBuUX KOHCTPYKLIH HEOOXiIHO 3aCTOCOBYBATH
YTOYHEH] Teopii 3 ypaxyBaHHSM IIOIEPEYHOrO 3CYBY, MIKIIAPOBHX B3a€MOJIH,
HEO/HOPITHOCTI MaTepially 1O TOBIIMHI Ta yMOB KOHTAaKkTy Mix mmapamu [9,10].

Mera i 3aBaaHHA JocaigKeHHA. MeTOrO Ta 3aBIaHHAM JOCIIIKEHHS €
PO3paxyHOK CKJIaIeHOi KOHCTPYKIIi THITY “KOHYC-IMTIiHAP-KOHYC Ha CHJIOBI Ta
TEIUIOBI HaBaHTaAKEHHA. Taka reoMeTpumdHa (opMa OOONOHKH dYacTo
BHKOPHUCTOBYETHCS TaM, Je TIOTPiOHA aepoArHAMiUHa OOTIUHICTh, MIITHICTE 200
epeKTHBHE BHKOPUCTaHHA mpoctopy. lle aepokocMmiuHa TexHika, aBiamis,
CyAHOOYIyBaHHs, Ha3¢MHI CHCTEMH 1 TaKOX HaykoBe 00JanHaHH:. [lepeBaramu
takoi Qopmu 00osOHKM € ii rapHa OOTIYHICTP ONTHMAIBHHHA PO3IMOJILI
HAarnpy>XeHb i IPOCTOTa BUTOTOBJICHHSL.

Marepiaau Ta meToau

B ocHOBy mocniikeHHS NOKJIaJCHUH BapiaHT KiHLIEBO-3CYBHOI Teopil
PO3paxyHKy 0araTonapoBHX IJIACTHUH Ta 000JIOHOK 3 YpaxyBaHHSIM TeMIIEpaTypu
B TimoTe3ax s TONEPEYHHMX NOTHYHMX HampyxeHb. Ha mepmomy erarmi
JOCI/DKCHHS ~ PO3B’sA3yBajlacid  3ajJada  CTaI[lOHAPHOI  TEIUIONPOBITHOCTI
OararomapoBoi OOOJOHKM B SKi 3aCTOCOBaHA TilOTe3a IIOAO PO3IOALTY
TEeMIIepaTypu 1O TOBIIMHI OararomrapoBoro makery. Ha ocHOBI oTpumanHux
XapaKTEepUCTUK TEMIIEPATYpPHOTO MO PO3B’s3yBajacs 3a/iada TEPMOIPYXKHOT
piBHOBaru ckiazneHol obononku. OTprUMaHi KpaioBi 3a/iaui TEMIONPOBITHOCTI i
TEPMOIIPYKHOT PIBHOBAaru peasi3yBajiucs METOIOM JAMCKPETHOT OpTOroHaizamii
[5,6].

Pe3ynbTaTn Ta 00roBOpeHHs

OO0’eKTOM PO3paxyHKY € KOHCTPYKIlisi MOOUILHOI CIIOpYAHM, SiKa SIBIISIE

c000F0 TPHIIIAPOBY CKIIAJCHY 000JIIOHKY THITY “KOHYC-IHIiHAp-KoHYC” (Puc.1).

Puc. 1. Cxema ckitaieHOT 000JIOHKH
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Takoro Tumy MOOiUTBHI CITIOPYAM BHKOPUCTOBYIOTHCSA Y cdepax, Je Taka
¢bopma OOIpyHTOBaHA acPONMHAMIYHUMHM, TEXHOJOTIYHUME a00 JIOTICTHYHUMU
MipKyBaHHSMH. Taka reomerpis 3ycTpiuaeTbCsi B MOOUTBHHX aepOKOCMIYHHX
yCTaHOBKax, aepoJMHAMIYHHMX CTEHJaX, B MOOUTbHMX Kamcynax. Yacrto Taki
KOHCTPYKIIi IMi/UIAraloTh BIUINBY HEPIBHOMIPHOTO TEMIEPATypPHOTO MOJIS.

I'eomeTpuuHi po3MipH i 6y0Ba 000JIOHKH MO TOBLIMHI NOKa3aHi Ha puc.2.

L 2

T t 3

R1I Ry t,

‘ LT t 1

Puc. 2. BynoBa Ta reoMmeTpu4Hi po3Mipu 000JI0HKH

OOonoHKa Mae HAaCTyNHI TE€OMETPHUYHI XapaKTEpHCTHKH: JIOBXKHHA
KOHIUHUX d4acTuH [;= [3=1,5 M; noBxwHa OWIHAPWIHOI YacTHHA [,=3 M;
MeHIIUH pafiyc koryca R{= 1,4 M, pagiyc nminiaapa R,=1,6 M; TOBIIHHA HECYIUX
mapiB t;=t;=t,=0,002 M, 3anoBHIOBaYa - t,=t.,;=0,08 M. Hecydi mapu BukoHaHi
3 aJIOMIHIEBOTO CIUIaBY 3 XapaKTEpPUCTHKaMH: MoAynb npyxHocti E, = 0,7 -
105 MIa, moaysb 3cyBy G, = 0,27 - 105 MIla, koediuient ITyaccona v, =0.3,
koedimient Teronposignocti A = 163 Br/(MK); koedimient minilinoro
TEMIOBOro poswmupeHHs @, =23-107% 1/K. B skocti 3amoBHioBaua OyB
BUKOPHCTaHul miHomact: E,,, =200 Mlla, G,,, = 77 Mlla, v,,; =0.3, 1 =
0,058 Bt/(MK), a,,; =0. O6omonka nepedyBae Iij] BILIMBOM TEMIIEPaTypHOTO
nojs 1 pIBHOMIPHO pO3MOJIJICHONO IO BCIH MOBEpXHI HaBaHTaKEHHS
inreHcuBHictio ¢ =0,01 MIla.

Ha puc. 3 noka3zanuit po3nojiiyi TeMneparypH BiJIOBITHO Ha 30BHIIIHIH i
BHYTPIIIHIN MOBEpXHAX OOONOHKH, a TaKOX pPIBHOMIPHO pPO3IOJALICHE
HaBaHTAXKCHHS.

3 ypaxyBaHHSM CHMETpii 3a7ia4a po3B’s3yBanacs ais inTepainy 0 < x <
L/2 npu ymoBi cumertpii B Touni x; = L/2. Ha puc. 4,5 npencrasieni emopu
pamianpHUX nepeMimieHs U,, MepuIioHAIbHUX HaNpyKeHb 0'1"'1 1 OKPY>KHHX 0'2'"2
, SIKi TOOYIOBaHi ISl IBOX MEPHUIIOHAIFHUX CiYeHb 00OJIOHKHU (Ha pHC. 3 TOYKU
Aib).
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Puc. 3. Po3nozin TemnepaTypy Ta HaBaHTaKCHHS Ha TIOBEPXHIX
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Puc. 4. Emropu nepemimens U, Ta MepuaioHaTbHUX HAIMPYKECHb 0'1"'1

Ha pucynkax 4,5 muppamu 1 i 2 TO3HAYeHI eMIOPH XapaKTEPUCTUK
HaTpy>KeHO-1e(hOpPMOBAHOTO CTaHYy, SKi IIOOYIOBaHI BIAMIOBIAHO AJA CideHb A i
b mpu TemmeparypHOMy HaBaHTa)KeHHi; HU(POI0 3 - emropH NpH CHIOBOMY
HaBaHTa)XeHHI; uupor 4 - npu oAHOYACHIM Iil Temmeparypw i CHIOBOTO
HaBaHTXKEHHS sl CiueHHS A, nudpor 5 - Te )k caMe HaBaHTAXKEHHS JUIs
cigenHs b.

AHai3 OTpUMaHuX pe3yibTaTiB MOKa3ye, Mo nepemimenus U, (puc. 4)
s 1, 3, 4 BUnaaKkiB 30BHIIIHHOTO HABAHTAXKEHHS MAlOTh JOJATHI 3HAYEHHS, a
JUTS BUIAJKIB 2 1 5 - Bijx emHi 3HaueHHs. [Ipu oMy aOCOIIOTHI MaKCHMAbHI
3HaueHHs U, HOocATaloThCsl TPH TEMIEpaTypHOMY BIUIMBI y cideHHi b.
HaiiOinpmri 3HaYeHHS MEpPUAIOHATBHUX HANpPYKEHb Gf'l MaroTh Micle I
TeMIIEPaTypPHOro HABAHTAXKEHHs y CiueHHi b (puc. 4). OKpyXKHi HATIPYKEHHS 05y
(puc. 5) mpHM BCIX CHOJYYCHHSX HABAHTAXEHb € JOAATHUMH 1 JOCSTaloTh
MakCHUMyMY B cideHHi b 111 HaBaHTa>keHHS BUIY 5.
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Puc. 5. Entopu OKpyXHHUX HanpyXcHb 0'2+2

BucHoBku
Sk BunnmBae i3 rpadikiB, NPOTHHY 1 HAIPYKEHHSL, SIKI BAHUKAIOTh MPH i1
TemrepaTypHoro nosus B 4-20 pasiB NEpeBUILYIOTh aHAJIOTIUHI BEJIMYHHH, SIKi
OTpHMaHi IIPY CUJIOBOMY HaBaHTakeHHI. L{e CBiAYMTh Mpo Te, 10 BU3HAYAIbHUM
(akTopoM  HaIpyKeHO-Ie(OpPMOBAaHOIO CTaHy CKJIaJCHOI OOOJOHKH €
TEeMIIEpaTypHHUH BIUTHB.

Konduaixtu intepecin
ABTOpH 3asBISIFOTH, II0 Y HUX HEMae KOH(QIIKTY IHTEpPeciB MO0 MOTOYHOTO
JIOCITI/DKEHHS, BKITFOUa0Yn (hiHAHCOBUH, 0COOUCTHI, aBTOPCHKUI YK OYIb-SIKHI 1HIIHUIA,
SIKHA MIr OW BIUIMHYTH Ha JOCTIDKCHHS, a TaKOXK Ha pe3yibTaTH, HaBelCHI B LBOMY
JOKYMEHTI.

®dinaHcyBaHHs
JocipkeHHs mpoBoauiaocs 6e3 piHaHCOBOT MiATPUMKH.

JocTynHicTh AaHUX
Vci pani goctynHi B udpoBiii abo rpadiyniii GopMi B OCHOBHOMY TEKCTi CTATTI.

BuxopucTaHHS IITYYHOI'0 iHTEJEKTY

ABTOpH TIATBEP/UKYIOTh, IO HPH CTBOPEHHI IOTOYHOI pPOOOTH BOHU HE
BHUKOPHCTOBYBAJI TEXHOJIOTI] IITYIHOTO IHTENIEKTY.
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Modeling and calculation of a three-layer composite shell of the
“cone-cylinder-cone” type
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Abstract. The article presents the results of calculating a multilayer structure of
the “cone-cylinder-cone” type under the action of force and temperature loads. Multilayer
structures and systems made of them are widely used in various industries where a
combination of several properties is required - for example, strength, thermal insulation,
sound insulation, resistance to moisture, fire, etc. The main areas of their use are
construction, industry, automotive and aviation, military, and space technology. The
calculation of multilayer structures has several features that distinguish it from single-
layer systems, since it is necessary to take into account the interaction of layers, their
physical and mechanical properties, and fundamental purpose. Such a calculation
requires taking into account anisotropy, interlayer interaction, thermal, and mechanical
loads. For this purpose, complex models are created that make it possible to more
accurately predict the behavior and durability of the structure. There are several
theoretical approaches to the calculation of multilayer structures, and the choice of theory
depends on the type of structure, its thickness, type of load, as well as the required
accuracy.

The research is based on a variant of the finite-shear theory of calculation of
multilayer plates and shells, taking into account temperature in hypotheses for transverse
tangential stresses. At the first stage of the research, the problem of stationary thermal
conductivity of a multilayer shell was solved, in which the hypothesis of temperature
distribution over the thickness of the multilayer package was applied. Based on the
obtained characteristics of the temperature field, the problem of thermoelastic equilibrium
of a composite shell was solved. The obtained boundary value problems of thermal
conductivity and thermoelastic equilibrium were implemented by the method of discrete
orthogonalization.

As follows from the constructed graphs, the deflections and stresses that arise
under the action of a temperature field are 4-20 times higher than the similar values
obtained under force loading. This indicates that the temperature effect is the determining
factor of the stress-strain state of a composite shell.

Keywords: multilayer structures, composite shells, finite-shear theory of
multilayer plates and shells.
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