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Byonsik T. IIpo Hecy4y 34aTHICTh KOMIIO3UTIB B YMOBaX BCeCTOPOHHBLOI'0 HANPY:KEHOI'0 CTAHY

3acrocyBaHHS y OyAiBHUITBI KOHCTPYKIIH 13 KOMIIO3UTIB HEMOXIIMBE 0€3 TOYHOrO BU3HAYEHHS 1X HeCcydoi 3IaTHOCTI Ta
BMiHHS HaJiliHO mependadyaTy rpaHUYHI HAaBAaHTA)KEHHS KOXHOIO KOHKPETHOTO KOMIIO3MTa B YMOBaXx ekciulyarauii. Taki
Ipo0JIeMU HaJIeXaTh 0 MPOCTOPOBUX 3a]iayu Teopii MPYXKHOCTI NPO PO3MOALT HAPYXEHb NepOpMOBaHOrO TBEPIOro Tijla,
sKe MICTUTh pi3HI HeogHOpinmHOcTi. EneMeHTH CHIOBMX KOHCTPYKLIH CKIQJalOThCd 13 KOMIIO3MTIB, BHI'OTOBJIECHHX 13
PI3HOOPIEHTOBAHUX OJHOHAIPABICHUX IIapiB, a00 BKIIOYEHb, 10 MAIOTh (HOpMy, HalpHKiIaz, cepoiniB, BKIAJCHUX Y NEBHiH
OC/IIZIOBHOCTI 3a TOBIIMHOK. OTpUMaHHS JOCTOBIpHOI i MOBHOI iH(popMalii po po3nozin HanpyxeHo-1eOpMiBHOTO CTaHy B
€JIEMEHTaX KOHCTPYKLil I0B’53aHO 3 BUKOPHUCTaHHAM €()eKTHUBHHMX aHAJIITHMYHMX I YHCEJIBHUX METOJIB PO3B’A3KY 3a1ad Teopii
HPY)KHOCTI.

3 ypaxyBaHHAM BHUMOI' Cy4aCHOI TEXHIKM CHJIOBA KOHCTPYKLIS i3 KOMIIO3UTY Ma€ CKJIAJATUCh i3 HaJIMHHUX €JIEMEHTIB, MaTH
JIOIYCTUMUI TEPMiH eKCILTyaTallii i OyTH MaJlouyTIMBOIO 0 HACTAHHS IPAaHUYHOrO TEPMiHY eKCIuTyaTallii. ¥ 3B’ 53Ky 3 PO3BUTKOM
1 BIPOBAPKEHHSAM HOBMX KOHCTPYKTHBHMX MatepiajliB BUHHKJIA HEOOXiHICTh HAaBUMTHCS OLHIOBATH IX MILHICHI BJIACTHBOCTI 3a
PI3HUX BUJIIB HABAHTAXKCHHS.

EdexruBHuM MeTos0oM po3B’sI3Ky HMPOCTOPOBUX 3a/1ad TEOpii MPYKHOCTI JUIS OAHO3B’SI3HUX HPOCTOPOBHX Tl € Meron Dyp’e,
KU 6a3yeTbCs Ha [IPE/ICTaBIICHHI PIBHAHD PIBHOBaru yepe3 MOTCHLiaNIbHI (QYHKLIT, 110 PO3KIIAIAI0THCS B PAAU 3a MPUEIHAHUMU
bynkuismu Jlexanapa.

Po3p’s3aH0 3amady Hpo PO3MOILUT KPYrOBUX i MEpHAIAIBHHX HANPYXEHb 3a Iii BCECTOPOHHBOIO PO3TATY Tijla, SIKE MICTHTH
cepoinanpHe BKIIOYCHHS B yMOBAX HeiZleaJbHOIO MEXAaHIUYHOIrO i TEIUIOBOIO KOHTAKTYy 3aJIeXKHO BiJ reomerpil BkimoueHHA. Ha
OCHOBI YHCEJIBHOI'0 aHaJi3y AOCIIDKCHO KOHIICHTPALLII0 HATIPYKEHb Y CEPEAOBHILII Ta BKIFOYEHHI 32 BCECTOPOHBOIO PO3TATY 3a i
niHiliHOro mons. BusBieHI MexaHiYHI 0COONMBOCTI TMONIB HampyxeHb. OTpPHUMaHO pPO3NOIT KOHLEHTPALii KpyroBux i
MEpHiaJIbHIX HAIPYXEHb.

BcranoBneHo, 110 i3 30UIbIICHHAM BiJHOIICHHS HiBocel cepoina (b — Benuka, o —Mana IiBoCi) 3a [ii BCECTOPOHHBOI'O PO3TSATY

. . o . b
KOHIICHTpaIllsl KpYrOBUX HAIIPY>KCHb O 0" 3HA4YHO 3pOCTa€, a MCpU1aJIbHUX HAIIPYKCHb G CIIaJac 13 301IBILICHHSIM BIJTHOLICHHS — .
a

KurouoBi ci10Ba: noreHnianbHi QyHKIIT, TpaHCBEPCATBHO-130TPOIHE TiJIO, HEllealIbHUI KOHTAKT, chepoil, 1ojIe HalpyKEeHb.

Bubniak T. About bearing capability of composites under conditions of all-round stress

Use of the constructions, made of composite materials, in the building is impossible without a precise analysis of their bearing
capability, predicting of ultimate strength of each concrete material under set conditions of exploitation. Such problems shape the
subject of space theory of elasticity, which considers distribution of stresses within solid body, containing various heterogeneities.
The elements of force constructions are composed of different oriented undirectional plies or inclusions, e.g. in the form of
spheroids, input in a sequence through a thickness. The receipt of reliable and complete information about distribution of the
strained-deformed conditions in the construction elements is associated with the use of effective analytical and numeral methods
for solution of the tasks of elasticity theory.

Considering the requirements of modern technology, the power structure of the composite should consist of reliable elements, have
a pertissible exploitation period, and be insensitive to the onset of the time limit. Development and introduction of new
constructive materials forces the necessary to learn how to assess their strength under different types of load.

The effective method of solution of space problems of the theory of elasticity is presented by the Fourie’s method, which is based
on representation of the equations of equilibrium over potential functions, expanded in the series for Legendre-associated
functions.

The research has solved the problem of distribution of circular and meridian stresses on the effect of comprehensive stretching of
the body, which contains spheroid inclusion in the non-ideal mechanical and thermal contact, depending on the inclusion
geometry. Basing on numerical analyses, the authors of the work have studied concentration of stresses in the environment and
inclusion under all-round stretching and effect of a linear field. The article supplies results of the investigation as to mechanical
features of the stress fields.

It is confirmed that under increase of the spheroid semiaxes ratio (b — is a small semiaxis, a — is a large semiaxis) and all-round
stretching, concentration of circle stresses o, significantly increases and concentration of meridian stresses decreases under the

. . . b
the increasing ratio of —.
a

Key words: potential functions, transversal-isotropic body, non-perfect contact, spheroid, field of stresses.
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AHaniTryHi Ta YMCI0Bi MeToAM B MeXaHili Ta ¢isuLi pyliHyBaHHA Oy/iBebHUX MaTepiaiB i KOHCTPYKLiH

IToctanoBka npo0aemMu. 3acTocyBaHHS Y
OyIiBHUITBI KOHCTPYKIIiil 13 KOMIIO3UTIB HEMOXKIIHNBE
0e3 TOYHOTO BH3HAUCHHS iX HECY4ol 3JaTHOCTI Ta
BMIHHS HaAiiHO mependavyaTd TpaHUYHI HaBaHTa-
XKEHHS KO)KHOI'0 KOHKPETHOI'0 KOMIIO3UTY B YMOBax
ekcryatanii. L{ukn Takux mpobneM HaJIeXKHUTh 10
MPOCTOPOBUX 33124 TEOpii MPYKHOCTI MPO PO3MOILT
HampyXeHb y AehOopMOBaHOMY TBEPAOMY Tili, sKe
MICTUTh pi3HI HeomHopimHOcTi. EnemenTn cmioBux
KOHCTPYKIII CKIAAal0Thcd 3 KOMIIO3HTIB, BHTOTOB-
JEHUX 13 PpI3HOOPIEHTOBAHMX OJHOHAMPABICHUX
nrapis, a60 BKIIIOUEHb, 10 MAIOTh (popMy, HAIIpUKIAL,
ctepoiniB, OpieHTOBaHUX Y TEBHiHM MOCIIIOBHOCTI 32
TOBIIMHOK. OTpUMaHHS JOCTOBIpHOI W TOBHOL
iH(OopMaIIil Mpo po3MOIiN HANpPYKEHO-Ae(POPMIBHOIO
CTaHy B €lIEeMEHTaX KOHCTPYKIiH MOB’S3aHE 3 BHKO-
pUCTaHHAM €()EKTHBHUX aHANITUYHUX 1 YHCEITbHUX
METOJIIB PO3B’SI3KY 3314 TEOPii MPyKHOCTI.

AHAJi3 ocTaHHIX JOCTizKeHb i myOsikamii.
EdextuBHUM MeTOIOM pO3B’SA3KY MPOCTOPOBHX 3a/a4
Teopii HPY>KHOCTI AT OTHO3B S3HUX IPOCTOPOBUX
Tin € meron Dyp’e, sIKUH OasyeThCsl Ha NPECTAB-
JICHHI pIBHSHb pIBHOBaru uepe3 IMOTCHIIaNbHI
(byHKIT, 0 PO3KIATAIOTHCS B PSIAM 32 IMPHETHAHUMU
¢yukuismu Jlexanapa.

BaxmuBi pe3ynbTaTH y LHbOMY HampsiMi OTpH-
MaHi y npargx [loxineayka F0.M., Kupnuenka A.M.,
Kyuepsisoro B.A., CokomnoBcbkoro f.1. Ta iH., y sSKuX
€IUHUM TIiIXOIOM TOOYIOBaHI PpO3B’A3KM 3a7ay
Teopii MPY)XHOCTI Ta TEPMOIPYXKHOCTI VIS imeanb-
HOT'0 KOHTAKTY Ha MEeXi1 po3ity ¢as.

IlocTanoBka 3aBaanHsi. Hamre 3aBgaHHs —
JIOCITITUTH HAMPYKEHUH CTaH y CEPeIOBUIII Ta BKIIIO-
YeHHI 32 BCECTOPOHHBOTO pO3TATY 3pa3ka i3
chepoinadbHUM BKIIOYECHHSM, 3aJISKHO BijJ reoMeTpii
BKJIFOUEHHS.

Buknan ocHoBHoOro marepianay. PosrisHyTo
MPOCTOPOBY 3aJa4y Teopil MPYKHOCTI MPO PO3MOILT
KPYTOBHX 1 MepUIiaibHUX HAIpy>KeHb 3a Iii BCecTo-
POHHBOTO  PO3TATY CEpEelOBHUINA, SKE MICTUTh
cdepoinanbHe BKIIOYEHHS B yYMOBaxX HeifeaJbHOTO

MEXaHIYHOTO 1 TEIJIOBOTO KOHTAKTIB 3a PI3HUX
2 2 2
. . b . X4y oz
CIIiBBiHOLIEHb OCel — cdepoina ———+—=1.
a a b
Ilix wac po3B’sA3yBaHHS MPOCTOPOBHX 3a7ay
Teopii MPYKHOCTI 13 chepoiganbHUMH BKIFOYECHHSIMH
3pY4YHO KOPHUCTYBAaTHCh CHCTEMaMH KOOPIMHAT IS

cruchyroro cdepoina [2] (n,,0,,0):

x=a;chn;sinb,;cos¢, y=a,chn;sinbd sing,

z=0»\;a;shn,cosb
(0<n, <o, 0<0,<m, 0<@<2m).

BBenemo no3HaueHHS: chnj =q,, shnj = q_j,
shn; = q_j’ cosf; =p;,sind; = p_j’ chnp =g, shn;o = q_/0 :

Ha rpannuniii nosepxui cdepoina (n, =n;, =
=const ) BUKOHYIOTBCSL YMOBH g, = d,¢,, = G3qs

Na g, =ha,q, =ha,q,,, 1o 3a0e3NedyroTh
HaKJIaJaHHs TPAaHUYHMUX ITOBEPXOHB [1].

PiBHsHHSA NiHIIHOI cTaTHYHOI TEOpil MPYKHOCTI
1 TEpMOIIPYKHOCT1 OTHOPITHOT'O aHI30TPOITHOTO Tijla
MAalOTh BUTJISA:

3, T,,=0, ()

Uy = B[je’j > (2)
e )»,.j, B[j — Koe(ilieHTH TemIOnpOBIAHOCTI 1 JIi-
HIHHOrO PO3IIMPEHHS aHi30TPOIHOrO TiNa;  Cyy

KOMIIOHEHTH TEH30pa INpYXXHHUX BIacTUBOCTEH; O —
npupict temnepatypu I', U, — BEKTOp NepeMilleHb.

PosB’si3anns 3amadi (1), (2) 3a kpaeBUMH
YMOBAMH HEIACAIBHOIO MEXaHIYHOTO 1 TEMIOBOI0
KOHTAaKTiB 3BOAUTHCA JO PO3BUHECHHS IIyKaHUX
MOTCHLIATBHUX (DYHKIIH y TPUTOHOMETPHYHI pSAAU 32
npuenHaHuMH  QyHKIOisIME Jlexxanapa meprioro i

apyroro ponis £ (p) i 0, (ig) [3; 4].
3a/I0BONIBHSIOUN KpaeBi YMOBH Ha IIOBEpPXHi

BKJIIOUEHHS, a caMe:
o =0, U =ull, ©lh=r =0, =1 =0,

OTPUMY€EMO HECKIHUEHHY CHCTEMY JIiHIHHHX
PIBHSIHB JUIS BU3HAYEHHS KOS(II[iEHTIB PO3KIAMIy, sIKa
Mae 301KHUI po3B's30K [5].

Po3paxoBaHo HampyXeHHIl cTaH TpaHCBEp-
CaJIbHO-130TPONHOr0 CepeloBUIIa i3 chepoinanbHuM
BKJIIOUEHHSIM IiJ] Ji€I0 CHJIOBOTO JIHIMHOTO MO 3
OpYKHUMH ~ XapaKTEpPUCTUKAMH  KOHTAKTYIOUHMX

HIOBEPXOHb:
10 H

BKJIIOYEHHS — (10 —J ¢, =597 ¢, =2,62;
M

¢, =2,17; ¢;, =6,17; c;, =1,64;
cepenoBuLIe —(10‘°%j ¢, =10,7;¢, =16,5;

¢; =10,3; ¢,; =35,81; ¢, =7,53.
Yei pewra — ¢, =0, sK s BKIIOYEHHS, TaK 1
JUTSL CEPEIIOBHIIIA.

BucnoBku. Po3B’si3ana mpocTopoBa 3anaya
Teopii MPYKHOCTI Ui TPaHCBEPCAJIHHO-130TPOITHOTO



Poznin 1

Tila 13 BKJIIOYEHHSM B YMOBax Hei/leaTbHOTO
KOHTaKTy Ha MEXi po3ainy (a3 3a CHJIOBOTO HaBaH-
TaxeHHs. Ha OCHOB1 UMCeNbHOr0 aHaNi3y JOCIiHKEHO
KOHIICHTPALil0 HalpyXeHb y CEpEelOBHII Ta BKIO-
YEHHI 32 BCECTOPOHHBOTO PO3TATY 3a Mii JiHiHHOTrO

T10JIA.
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Puc. Konyenmpayis mepuoianorux
I Kpy208UX HaANpyIiCeHb

BusiBiieHi MmexaHi4Hi 0COOIMBOCTI TTOJIIB HATIPY-
*eHb. OTpPUMaHO pO3MOAUT KOHIICHTPAIli Kpyro-
BHX 1 MEpHIiaJIbHUX HaIpyXeHb. BeTaHoBIeHO, 10 13
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301IBIIEHHSM BiJHOIICHHS MiBOce cdepoima — 3a
a

i BCECTOPOHHBOTO PO3TATY KOHILEHTPALlisl KPyTrOBUX

HAlPY)KEHb G, 3HA4YHO 3pPOCTAE, & MEPUAIAIbHUX —

G, —Crajae.
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