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[ToOGynoBaHO poO3B’sI30K 3a/1adi PO MPYXK-
Hy JedopMmalito 6araromapoBoi chepuvHoI mo-
CYIUHH 32 JIii pIBHOMIPHO PO3IIOALICHOTO THCKY
Ha BHyTpimHii moBepxHi (puc. 1). Ilocyamna
CKJaJeHa 3 IgealbHO 3’ €OHAHUX €JIACTUYHHX
mapis r, , <r<r,, m=L12,...M, r,=R/R ,

r, =1, BIACTHUBOCTI MaTepially SKHUX MOXYTb

JIOBUIBHO 3MIHIOBATHCSA 34 TOBIIMHOIO. Po3B's-
30K MOOYZIOBAaHO 3a JIOMOMOTOI0 MiJIXOMY, KU
TIyMa4yuTh IIAPYyBAaTy CTPYKTYpy SK MiTiCHE
TIJI0, pa30M 13 MOJU(IKOBAHOK CXEMOI METOY Puc. 1
0e3MOCepeIHBOTO THTETPYBAHHS, IO A€ 3MOTY

po3rIsAAaTH OaraTomapoBy MOCYAHHY SK KOMIIO3MIIAHY cdepy 3 KyCKOBO-
3MIHHUMH MTPOQIJIIMH BIIACTHBOCTEH MaTepiairy:

M
S()=21,)8,(r), M
m=1
ne f,(r) — HemepepBHa (yHKUiA B MeXax m-To mwapy r, , <r<r,,

S @»=H@r-r,_)-H@r-r,), m=12,....M, H(r) — gynkuisa I'eBicaiina. Jlnsa
BU3HAUEHOCTI IpPUIyCKAEMO, IO 3HaueHHA G(yHKOil f () Ha Mexax mapy
r= rmfl

I"—)I"m711 I”—)l”m.

Ta »=r, BHU3HAYAIOThCA SK OJHOCTOPOHHI IpaHMII BIANOBIIHO IpH

Peanizauis Merony Ge3nocepeqHboro iHTerpyBaHHs [1] mepexbauae dhopmy-
JIFOBaHHS KJTIOYOBOTO PIBHAHHS B TEPMiHaX HaNpPyKeHb, IO OB’ A3aHO 3 BiJMOBI/-
HUM T epeHIIiIoBaHHIM 3MiHHUX KOe(II[iEHTIB, 3aTy9€HUX JO OCHOBHHX PiBHSIHB
3akoHy ['yka. Lle BucyBae BUMOrH AM(EPEHIIHOBAHOCTI IS MaKpPOCKOMIYHUX
(yHKIIOHATFHUX TIPO(LTIB BIACTHBOCTEH MaTepiany, mo mependadae Hemepeps-
HICTh WX QYHKIIN Ta iX mepmuX moXigHux. BoueBuIp 1151 BUMOTA HE 3310BOJIBHS-
eTbcs Tipu BUKoOpucTaHHI momaHHS (1). Ilo6 momomatm mro mepemkomy Oyio
BUKOPHCTAaHO amapar y3arajbHeHOTro nudepeHIioBaHHS sl (OpPMYIIIOBaHHS
KIIIOUOBHX PIBHSHB Yy HanpyxeHHsx [2]. ¥V [3] 3ampornoHOBaHO anbTepHATHBHHN
QITOPUTM BUBEACHHSA KIIOUOBOTO pIBHAHHS, SKUH Ja€ 3MOTYy YHHKHYTH
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CEKLISA 3 — MEXAHIKA HEOHOPIOHWX TBEPOMX TIJT, METAMATEPIAJTIB TA HAHOCTPYKTYP
SECTION 3 - MECHANICS OF NONHOMOGENEOUS SOLIDS, METAMATERIALS, AND NANOSTRUCTURES

BHKOPHCTaHHS y3araJbHEHOTO TU(EpEHIIIOBaHHs. 3alporoHOBaHa MoaudiKamis
0a3yeThCs Ha 3aCTOCYBaHHI MiAX0AY Oe3MmocepeHbOTo IHTErpyBaHHs 10 PIBHSHD Y
TepMiHax aedopmartiil, sSKi He 3aJie’KaTh BiJl BIaCTUBOCTEH MaTepiaiy.

VY pesyibTari 3aCTOCYBaHHS TaKOTO IMiJXOLY IMOCTABICHY 3a/1ady 3BEACHO 0
pO3B’sI3yBaHHS KITIOYOBOTO IHTErpallbHOTO PIBHSHHS APYrOro POIY, PO3B’S30K
SIKOTO OYAYETBCS Yy BUIILSIII SBHOI 3aJIEKHOCTI BiJl BHYTPIIIHBOTO THCKY 3
BUKOPUCTaHHIM METO/Y PE30JIBbBEHTHOTO sIpa. Bi3HaueHHs pe30JIbBEHTHOTO Spa
€ KIIOYOBHMM MOMEHTOM IIPH 3acTOCYBaHHI 3allpOIIOHOBAHOrO MeToxny. Jlis
noOyzoBH 1€l (QyHKIIT BUKOPUCTAHO ANTOPUTM I[OBTOPIOBAHUX SIAEP UUISIXOM
MiICYMOBYBaHHsI HECKIHYEHHOTO psny sifep. Y JESKUX BUITAKax Ii PsSIu MOXKHA
MiZICYMOBYBAaTH aHAIITHYHO abo, SKIIO Il HEe MOXIHMBO, BHUKOPHUCTOBYBATH
3aIllpOIIOHOBaHy CIpOIleHy (opMyly, e(EeKTHBHICTh SKOI NpPOJEMOHCTPOBAaHO
pO3MITHYTHMH TpuKiagaMyu. OCKUIBKHM PE30JIbBEHTAa BU3HAYAETHCA 3a SIPOM
KITIOUOBOTO IHTETPAJIFHOTO PiBHSHHS, BOHA BepOallizye «BHYTPIIIHI BIACTHBOCT
3aj1a4i, 110 03HAYaE 3aJISKHICTH JIMIIE Bijl BIACTHBOCTEH MaTepialry Iapis.

Po3Bsi30K TepeBipsAETECA MUIIXOM TOPIBHSHHS 3 TOYHHMH PO3B’SI3KaMH,
OTPUMAHHMH 32 JIOIIOMOT'00 BUKOPUCTaHHS METOJY IIOLIApOBUX» PO3B’SA3KIB IS
KOHKPETHHX TECTOBUX 3a/ad. BHacHimok Toro, mo miaxix mepemdadae miaxim I0
OJTHOTO TBEPJOro Tijia (OaraTolrapoBe TBEpE TLIO PO3MIISAAETHCS SIK €TUHE TIiIe 3
MOCTYMOBOIO 3MiHOIO MPO(]LIIB BIACTUBOCTEH Martepiany), BiH e)eKTUBHUH K JUIs
AQHAJITUYHOTO, TaK 1 JUIA YHCENBHOTO 3aCTOCYBaHHS ISl JIOBUIBHOT KiIBKOCTI
HEOJTHOPITHUX IIAPiB.
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ANALYTICAL DETERMINATION OF STRESSES IN A MULTILAYER SPHERICAL
PRESSURE VESSEL

An explicit-form solution is constructed for a problem on elastic deformation of a multilayer
spherical vessel due to uniform internal pressure. The solution is constructed through the
use of the single solid approach along with the modified scheme of the direct integration
method which allow for the consideration of the multilayer vessel as a composite sphere
with piecewise-variable profiles of the material properties. As a result, the original problem
is reduced to solving a governing integral equation of the second kind whose solution is
constructed in the form of the explicit dependence on the internal pressure. The solution is
verified by the comparison with exact solutions derived by making use the method of
tailored solutions for specific benchmark problems.
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