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Byousk T. XapakTep Hanpy:keHb JJIsl HeilealbHOI0 KOHTAKTY HA NMOBEPXHi c(epoilajbHOr0 BKIIOYEHHS
1pH il MOB310BKHBOI'0 PO3TATY Ta YHCTOr0 3THHY

Po3rnsiHyTO MpOCTOPOBY 3afady Teopii MPYKHOCTI MPO PO3MOJIIT HAMPYKEHb Y TPaHCBEPCATBHO-130TPOITHOMY
CEpeIOBHINI, SKE MICTUTh TakKe K BKJIIOUCHHS, Ha MEXi po3aiuty ¢as. JlocmiKeHHs IOBOIATH, MO0 HA MEXI pPO3IiTY
HATPYXXCHHS MalOTh JIOKAJILHHUI XapaKkTep 1 MBUAKO 3racaroTh i3 BiJIAJICHHSIM BiJl TOBEPXHI BKIFOUCHHS.

3ayBakeHO, 110 B MeXaHilli JeOPMOBAHOTO TBEP/OTO Tijia BaXKJIMBE MICIIE MOCITAI0Th MPOCTOPOBI 3aaadi Teopii
MIPY>KHOCTI 1 TEPMONPYXKHOCTI CTOCOBHO PO3MOALTY HANpYXEHb B OKOJII HEOJHOPITHOCTEH, sIKi MalOTh KOHCTPYKTHUBHI
kommo3uTH. 11]o/10 MIlHOCTI TakWX MarepianiB, X BUPOOHHITBO MOTpeOye iHpopMallii PO JTOCITHEHHS KOMIIOHEHTaMHU
HaINpy>KeHb €KCTPEeMAIbHUX 3HAa4YeHb y MEBHHUX 30HaX (30HaX pyHHyBaHH:). Taki ekcTpeMalbHI 3HAUEHHS JTOCSTalOThCS
MEepEeBaXHO HA MEXI1 po3iny (as.

OnHuM 3 edeKTUBHHX METOJIB PO3B’A3KY 3amauy Teopil HmpyxkHOcTi € Meron Dyp’e, SKUH IPYHTYETHCS Ha
IPE/ICTAaBIEHHI 3arajbHUX PO3B’SI3KIB DIBHSAHb PIBHOBAarM uepe3 NoTeHWianbHI GyHKLII. OCOOIMBICTb 3aCTOCYBaHHS
Mmetonry Oyp’e — BUKOPUCTaHHS Pi3HUX IPEJCTaBlIeHb PO3B’sI3Ky piBHAHL Jlame uepe3 rapMoHiuHi GyHKIIT, 110 ae 3MOry
LIYKaTH PO3B’ 30K Y BUIIAI PsiB.

PosrisiHyTO 3agady Npo pO3NOJIT HalpyXeHb HEOOMEXEHOIO TPAaHCBEPCAILHO-130TPOITHOTO CEpEeNOBHIIA, SKe
MICTHTh aHI30TPOIIHE, BIJTHOCHO MEXaHIYHHMX 1 TEIUIOBHX BJIACTUBOCTEH, BKIIOYEHHS Y (QOpMi CTHCHYTOro cdepoina 3a
JiHIHHOTO omHOOCHOrO HarpiBy. Ha Mexi po3ainy ¢a3 3anmpornoHOBaHO YMOBH HEife€albHOTO MEXaHIYHOTO i TEIIOBOIO
KOHTAaKTiB.

Po3B’s130K TPOCTOPOBOT 3ajavi 3a 3aJaHUX TPAaHMYHUX YMOB Ha ITOBEPXHI BKJIIOYECHHS JIHIHHOTO CHIIOBOTO i
TEMIIEPaTypHOTO TMOJIB 3BOAUTHCS JO PO3BUTKY IIYKAHWX IOTEHIIaNbHUX (QYHKIIA y TPUTOHOMETPUYHI pPsIM 3a
npueaHaHUMHU QyHKIissME JIexaH pa Mepiioro i Ipyroro pois.

OtpuMaHi pe3yiabTaTH AEMOHCTPYIOTH, IO HAsSBHICTH BKIIIOYEHHS y (OPMi CTHCHYTOTO cdepoina B IPYKHOMY
TPaHCBEPCATBLHO-130TPOITHOMY CEPEIOBHIIII 32 HEileaTbHOr0 KOHTAKTY y BUIAIKY MO3IO0BKHBOTO PO3TATY B3IOBXK oci OZ
3aJIe)KHO Bifl BiTHOIIEHHS Ocell cdepoina He CyTTEBO BIUIMBAE HA KOHIEHTPALIIO HAIIPYKEHb, MPSIMYIOUH 10 HOMiHAJIBHUX
3HAUCHb; KOHLEHTPALisl HOPMaJbHUX 1 KPYrOBUX HAaNpYKEHb Ma€ CTUCKAJIbHUI XapakTep, NPsIMyIOYM 10 HOMIHAJIbHUX
3HAYEHb 13 30UIbIICHHSM CITiBBIIHOLICHHS Oceil cepoina.

Kawuogi ciioBa: noteHianbHi QyHKIii, TpaHCBEpPCaIbHO-130TPOIIHE CEPEIOBHUIIIE, HeleadIbHUIH KOHTAKT, Cepoi.

Bubniak T. Character of stresses for non-ideal contact on the surface of spheroidal inclusion under the action
of longitudinal tension and clean bending

A spatial problem of the theory of elasticity about stress distribution in a transversal-isotropic medium containing
the same inclusion at the boundary of the phase separation is considered. The studies show that, at the interface, voltages
are local in nature and rapidly attenuate with distance from the inclusion surface.

In the mechanics of a deformed solid, spatial problems of the theory of elasticity and thermal elasticity, which relate
to stress distribution in the neighborhood of inhomogeneities with structural composites, occupy an important place. With
respect to the strength of such materials, their production requires information on the achievement of stress components of
extreme values in certain zones (zones of destruction). Such extreme values are generally reached at the interface.

The problem of obtaining reliable information about stress distribution in materials or structural elements is very
important with consideration of the real picture of interfacial interaction, which is related to the use of the effective
methods of solving spatial problems of elasticity theory.

The study of spatial problems of thermoelasticity for homogeneous isotropic and anisotropic bodies in general
formulation is fraught with great mathematical difficulties because of the complexity of constructing the solution of a
partial differential equation that satisfies certain boundary conditions.

One of the effective methods for solving the problems of elasticity theory is the Fourier method, which is based on
the representation of the general solutions of equilibrium equations through potential functions. A feature of the Fourier
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AHaniTuuHi Ta yKMc/0Bi MeTOAM B MeXaHili Ta ¢pi3uni pydHyBaHHS Oy/JiBeJIbHUX MaTepialiB i KOHCTPYKLIiH

method is the use of different representations of the Lame equation solution through harmonic functions, which allows one
to search for a series solution.

The paper deals with the problem of stress distribution of an unlimited transversely isotropic medium, which
contains anisotropic, relatively mechanical and thermal properties, inclusion in the form of a compressed spheroid with
linear uniaxial heating. At the boundary of the phase section, conditions of non-perfect mechanical and thermal contacts are
proposed.

The solution of the spatial problem under given boundary conditions on the surface of inclusion of the linear force
and temperature fields is reduced to the development of the sought potential functions in trigonometric series by the
connected Legendre functions of the first and second genera.

Satisfying the boundary conditions, an infinite system of linear algebraic equations for determining the expansion
coefficients, which has a convergent solution, is obtained.

The obtained results show that the presence of inclusion in the form of a compressed spheroid in an elastic
transverse isotropic medium at imperfect contact in the case of longitudinal stretching along the OZ axis depending on the
ratio of spheroid axes does not significantly affect the stress concentration towards nominal values; the concentration of
normal and circular stresses has a compressive nature, going to the nominal values with the increasing ratio of the spheroid
axes.

Key words: potential functions, transversal-isotropic medium, non-ideal contact, spheroid.

IMocTanoBka mpodJjemu. Po3r’s3anns 3agad  Kpacca, S. C. [ligctpuraga, O. M. Iloginmpuyka Ta
KamiTaJbHOTO OYMIBHUIITBA 1HXKEHEPHUX CIOpPY[ MO-  0araTboX iHIIMX yYCHUX.
B’s13aHE HacamIlepes i3 palioHaJbHUM BUKOPHCTaH-
HAM BUJIUJICHHX KOIITIB. Y TOIIyKaX IIISAXIB ITiJBH- IlocranoBka 3aBnanHs. Hame 3aBmaHHa —
HIEHHS SIKOCTI OYAIBHHUIITBA BaXIIMBY POJb BUKOHYE  PO3IIIHYTH 3aJady IIPO PO3MOILT HalpyXeHb He-
JIOCITiJUKEHHS JIOBrOBIYHOCTI Oy IiBeJIbHUX MaTepiaaiB ~ OOMEKEHOIO TPAHCBEPCAILHO-130TPOIHOTO CEepeso-
i KOHCTPYKIIiH, AKi 3a3HAIOTH KOMIUIEKCHOTO BIUIMBY  BHINA, SIKE MICTUTh aHI30TPOIIHE, BiIHOCHO MeXaHid-
YMOB €KCILIyaTamii. 3ami300€TOHHI KOHCTPYKI{ii, HHX 1 TEIUIOBHX BJIaCTHUBOCTEH, BKIIOUEHHS y (opmi
OOIMIIOBANBHI Ta TiAPOI3ONALiMHI MaTepiamw, jnaku, CTHCHyToro cdepoina mpu nii B3goBx oci OZ
GapOu TOWmIO 3MIHIOKOTHCA TiA i€ 30BHIMIHIX  IO3JO0BXKHBOTO PO3TArY 1 YMCTOrO 3rHHY; Ha MEXi
YMHHMKIB:  OMNajiB,  KONMBaHb  TEMIIEpAaTypu, PO3IUTy (a3 3ampoNoOHYBaTH YMOBH HEiJ€aIbHOTO
COHSYHMX TIPOMEHIB, IO TNPHU3BOAMTH JO 3MiHM  MEXaHIYHOIO KOHTAKTY.
MIITHICHUX XapaKTePUCTUK KOHCTPYKIIIH.

Baxnuporo € mpo0ieMa OTpMMaHHS JOCTOBIp- Buknan ocHoBnoro marepianay. Posrnsanemo
HO1 iH(popMaIlii PO PO3MOMIN HANpPYkKeHb y MaTe- 3alady IIPO PO3MOJUI HANpPYKeHb HEOOMEKEHOro
plamax 9u eneMeHTax KOHCTPYKLIA 3 ypaxyBaHHIM Tp&HCBGPC&JII:HO-ii%OT.pOHHOFO CCPE/IOBHINA, SKE Mic-
pealbHOi KapTHHH MiK(pasHOi B3aeMogii, mwo mo- THTH aHI30TPOIHE, BiHOCHO MEXAHIYHUX 1 TEIUIOBUX
B’SI32HO 3 BHKODUCTAHHSAM e(EKTMBHHX MeTonis  B/IACTHBOCTCH, BKITIOUEHHS y (OpMi CTHCHYTOrO

PO3B’s3Ky MPOCTOPOBHX 3a71a4 Teopil nmpyxHocTi [3]. ccbeppma 33 TOB3/IOBXKHBOTO  POSTATY. Ha wmexi
po3miny (a3 MpOMOHYIOTHCS YMOBH HEifeaIbHOTO

MEXaHIYHOTO 1 TEIUIOBOTO KOHTAKTIB.

EdextnBHUM MeTOOOM pPO3B’SI3Ky IPOCTO-
POBHX 3a1a4 Teopii mpyxHocTi € MmeToa Dyp’e, skuid
IPYHTY€ThCS Ha NPEJICTABICHHI 3arajJbHOTO PO3B’A3-
Ky PIBHSHB PiBHOBaru uepe3 MOTEHIaIbHI (YHKIII.
Lei#t meron mO3BOJSIE IIYKATH PO3B’SI30K Y BUTILAII
psmiB, Hampukian, 3a ¢yHkuismu Jlexanapa, abo
[HTErpaliB BiJ TapMOHIYHUX (YHKIIH 3 HEBIZOMHMHU
KoedimieHTaMu Yu TyCTHHAaMU [5].

Po3B’s130k mpocTOpoBOi 3amaui 3a  3aJaHUX
TpPaHUYHUX YMOB Ha MOBEPXHI BKJIFOUCHHS JIHIHHOTO
CHJIOBOTO 1 TEMIepaTypHOTO IIOJIB 3BOAWTHCS [0
PO3BHHEHHS IIYKAaHUX TMOTEHIHATbHUX QYHKIIH Yy
TPUTOHOMETPHUYHI PN 32 NPUETHAHUMH (QYHKITISIMU
JlexaHipa MepIIoro i APyroro posiB:

AHaJii3 ocTaHHIX JocigxkeHb i myOsikamii.
JlocniKeHHsT IPOCTOPOBUX 3a/ad Teopii MpyKHOCTI
JUIS OJTHOPITHUX 130TPOIMHUX Ta aHI30TPOMHHX TiNl Y
3arajibHiil TIOCTAHOBIII TIOB’SI3aHE 3 MaTeMAaTUYHUMH
TPYAHONIAMU Yepe3 CKIamHy HOOYIOBY pO3B’SI3KYy
CHUCTEeMH IU(PEPCHIIATPHUX PIBHIHb Y YAaCTHHHUX
MOXIJTHHX, SKUI BiJINIOBIJIa€ TPAHUYHUM YMOBAM.

Meton @yp’e € onHUM 3 e(PEKTHUBHUX METO/IIB
PO3B’sI3KY 3a1ad Teopii IpyKHOCTI. BiH IpyHTYyeThCS
Ha TPEINCTaBICHHI 3arallbHUX pO3B’s3KIB PIBHIHB
piBHOBaru depe3 moTeHHiaNbHI QyHKHii. CyTHICTH
MeTony Pyp’e — BUKOPUCTAHHS Pi3HUX IPEICTABICHb
PO3B’s3Ky piBHSHB Jlame depe3 rapMoHiuHi QyHKIIT,
10 Ja€ 3MOTY IIYKaTH PO3B’SI30K Y BUTJIISAL psiB [4].

BaxxmuBi pe3ynbratd B po3B’s3Ky 3a1ad Teopil p(m A
npyxHocti orpumani B pob6orax FO. M. KosnsiHo, Di(x.y,2)= i nil n+m e (P;)Quy (i) B
B. JI. Prauora, 1. O.Morosunosiy, K. B. ConsHik- PPV e i(2n+2) | (n+m+1)(n+m)
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Puc. Konyenmpayis nanpyscenv npu posmszy

Po3paxyHOK TepMOHANPYKEHOTO CTaHy TpaHC-
BEpCAITLHO-130TPOMMHOTO ~ Cepe/ioBHIIAa 31 cdepo-
IHaIPHUM BKIIFOYEHHSAM ITiJ JI€I0 JIHIAHOrO TeMmIle-
paTypHOTO OIS MPOBOAMBCS B YMOBAX HEiJCaTbHOTO
KOHTakKTy U MarepialiB i3 NPYKHUMH XapakKTe-
PUCTHKAMH:
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(10°H/M?) €u1=597; C2=2,62;

Cs=217; C2a =6,17; Cus =1,64;

cepenoume — (10°H/M®) ¢, =20,65 ¢, =15,25;

¢, =10,45; c,;=35,15; c,, =8,45. Vci immi ¢; =0

SIK JIJISL BKJTFOUEHHSI, TaK 1 JJIsl CepeIOBHIIIA.
JlokanmpHUil xapakTep HamnpykeHo-ae(GopmiB-

HOTO CTaHy Ha IOBEPXHI TPaHCBEPCAILHO-130TPOII-

HOTO CEepElIOBHINA 3 BKIFOYCHHSAM y BHIJIAI cepoina
300paxeHo Ha PUCYHKY.

BKIKOUYCHHA

BucnoBkn. Ha ocHOBI aHamizy OTpUMaHUX
YUCIIOBUX pE3yNIbTaTiB BHSABICHO TaKi MeXaHiuHI
0COOJIMBOCTI, 3yMOBJICHI MOPYIIEHHSAM YMOB CIIal0 Ha
TpaHuI po3aity ¢as:

® HASABHICTH BKJIIOYEHHS Y ()OPMi CTUCHYTOTO
cdepoina B Mpy)kKHOMY TPaHCBEPCAIbHO-130TPOITHOMY
CEPEeIOBHUIIII 3a HEiJeaTbHOr0 MEXaHIYHOTO KOHTAKTY
Yy BHUNAIKy IO3IOBKHBOTO PO3TATY B3IOBXK oci OZ
3aJIe)KHO BiJ BIJHOIIEHHS ocell cepoina He CyTTEBO
BIUIMBaE Ha KOHICHTPALIIO0 HAMPYKEHb, IPSMYIOUN
JI0 HOMIHAJBbHUX 3HauCHb (CyLiIbHI KPUBI);

® KOHIICHTpAIlil HOPMAJIbHHUX 1 KpPYroBUX
HATPYXCHb Ma€ CTUCKAIbHHHA XapakTep, MPAMYIOYU
JO HOMIHAJFHUX 3HAa4YeHb 13 30UIBIICHHSIM CIIiB-
BITHOIIEHHSI Ocel cdepoina (ITPUXoBi JiHiT).
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