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VYPAXYBAHHS TEOMETPUYHI HEJIIHITHOCTI ITPU MATEMATUYHOMY
MOJEJTIOBAHHI 3AJIAY TEOPII ITPY>XKHOCTI
binosa O.B.
Vkpaincokuti depxcasHuli yHigepcumem Hayku i mexHoa02iti /IHinpo, Ykpaiua

Bcryn. OpHi€lo 3 HaBaKIMBIMIMX Iijiell OOCAIAXeHb OCTaHHIX POKIB €
BpaxXyBaHHS CKJIQOHMX BJIACTUBOCTEN MaTepiasiB (HEMiHIMHICTb, aHi30Tpormis,
eJIeKTPOIIPYKHICTb, B’SI3KOIPYXKHICTb, TOIIO), 1110 HAOIMKAaE MaTeMaTUUHY MOZesb
0 peanbHUX 3amad. Hanpukinazn B [3] 3ampoOlOHOBAaHO MeTOJ, PO3B'S3aHHS 3aladi
eJIeKTPO-B'SI3KOMPY;KHOCTI  Jy1s1  6araTo3B'SI3HMX IUIACTUMH. MeTOIOM MaJioro
rnapaMeTrpa 3agadya 3BeJeHa [0  PEeKypeHTHOI  MOCIiZOBHOCTI  3ajay
€JIeKTPOB 'SI3KOIPY)XHOCTi, 1[0 PO3B'SI3YIOTbCSI 3 BUKOPUCTAHHSIM KOMIIJIEKCHUX
MMOTEeHIIiaJIiB.

OcHoBHa uyacTtuHa. Hexali cucrtema KOOpAMHAT MaTepiajbHa 1 IIpu
nedbopmyBaHHi gedopmyeTbcsi. Lleit MeTon omnyucaHHS Oe@OpMOBAHOrO CTaHY
Biomuit Ik MeTof, JIarpaHska, Ko KOOpAMHATH IMOTOUHMX TOUOK HeJlehOpMOBaHOi
cucTemMu (UMCe/IbHO) CITiBIAAal0Th 3 KOopAMHaTamMmu 1edopMOBaHOiI CUCTEMA.

B TpuBuMIpHi/i 3agaui Teopii IPYKHOCTI 3 YypaxyBaHHSIM KiHIIeBUX
nedbopmalliii posib xXapakTepuUCTUK nedopmallii TIpalOTb KOMIIOHEHTM TeH30pa

nmedopmalliii, 0 B 1eKapTOBili ccTeMi KOOPAMHAT X, Y, Z MalOTh BUTJISIA:

e. =u +1 u?+vi+w?), e, =v +1 Uz +v2 +w?
1l_x§xx x’22_yzyy A

1
By =W, +E(u22 +V? +Wf), B, =U +W +UU +VV +WW, (1)
€5 =V, + W, +UU, +V,V, +WW,,
€, = Uy +V, +UU, +V,V, +WW,.
Ze Uu,V,W- KOMIIOHEHTM BEKTOpa 3MillleHHs.

BBeleHi HAcTyIHi IepeTBOPeHHSI KOOpPAMHAT Ta IIyKaHMUX @YHKILiK, 10

3aJ1ekaTh Bi, MaJIOro IapamMeTpy &, [0 XapakKTepu3ye aHi30TPOITii0 MaTepiany [2]

— 0" — () qof — 0
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i () i ) (i i MGy
u® = gA U('), vi) = g7 V('), w® = g~ W('), i=123.

(2)

Takum 4MHOM, SIK i B JIiHiIHi MTOCcTaHOBIII [5], B HeiHilHIl Teopii MPYy>KHOCTI
MOXYTh OYyTM OTpuMMaHi Tpu Buau AeGopMOBAaHMX CTaHIB 3 Ppi3HUMU
BJIACTUBOCTSIMM, IO BUSIBJISIIOTHCSI B BIIMiHHOCTiI ITOPSIAKIB KOMIIOHEHT BeKTOpa
3MillleHb Ta IX Ppi3Hii BiAMIHHOCTI 3a KoopauHataMu. I[IlokazaHo, IO MOXXKHa

OTpUMATU TPU BiAMOBIAHMX HATIPY>KEHUX CTaHMU.
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[luTaHHS MpPO HampykeHO-AedopMoBaHMII CTaH TPUBUMiIPHOTO TeOMETPUYHO
HEJIHIIHOTO Tijla 3BeJeHO OO0 IHTerpyBaHHS pIiBHSIHb pPIBHOBAarM B [OeKapTOBil

cUCTeMi KOOpAuHAT X, Y,Z:
[(1+ U)oy, +U,0p, +uzc713}x +[(1+ U)oy, +u,0, + UzUzs}y +

+ [(1+ U, ) Oy +U, 0y + u2033l =0,

©)
[vxa11 + (1+vy )012 + vzalgjX + [vxa12 + (1+ v, )022 + VZO'23j|y +

+ [vxa13 +(1+v, ) oy +vz<;33]Z =0,
[wxall +w,0, +(1+ Wz)alg}X + [onlz +W,0,, +(1+ WZ)GZSL +
+ [wxa13 +W,0,, +(1+ WZ)O'33]Z =0

TIIpY BigMOBiAHMX KPaiiOBMUX YMOBAX.

[llykani ¢yHKIiI po3K/IafaloTbCsl B psAAM 3a CTeleHsAMM ¢. IlokasaHo, IO
KoedillieHT B IMX PO3BUMHEHHSIX MOXYTh OyTM MimiOpaHi TakMM UYMHOM, IO
OCHOBHI (PYHKIIii B ITepUINX ABOX HAOIVDKEHHSIX 3HaXOISIThCs 3 PiBHSIHb Jlaruiaca

Uss +Un, +UZ: =0,
VEL VAL PVEL <0,
WEHWET WL =0,

B 6isbIll BMCOKMX HAONVDKEHHSIX PO3B’SI3YyIOThCS piBHSIHHSI IlyaccoHa, IpaBi
YAaCTMHM SIKUX BMU3HAUAIOTHCS 3 TMOMNepenHix Ha6mkeHb. [OMOMiKHI GYHKITIT
3HAXOSThCS iIHTETPYBAHHSIM.

BucHoBOK. I[IpoBeneHO aHali3 CHiBBiZHOLIEHb MiX AedopmalissMu Ta
repeMillleHHSIMM OPTOTPOIHOTO TiJia B MeXax IJIOCKOI MOCTaHOBKM 3a4aui Teopii
MPY)KHOCTI 3 ypaxyBaHHSIM CKiHUYeHHMX pgedopmailiii. Po3TISHYTO TakoX
reOMeTPUYHO HeJiHiliHI ocecMMeTpUUHi 3aaadi. SIK i B JiHiIliHOMY BUIIaAKy 3ajava
pPO3IiNSIEThCSI HA [Bi He3aJieXHi: 3amady IMpo naedopmallito, B $IKiit BiACyTHS
KOMIIOHEHTa IlepeMillleHHs v (ane, 3BiCHO, iCHYe HOpMaJIbHe Hallpy>)KeHHS o,, ) Ta
3ajavy KpyueHHs. [IpoBefeHO aHasi3 rpaHMYHMX YMOB, MOKa3aHO MOXJIMBICTb iX
dbopMyioBaHHS i1 OCHOBHMX (YHKIIiI. MeTon 30ypeHHs, 3alIpOIIOHOBAHMIA [IJIsT
PO3B’SI3yBaHHS HeJiHIMHUX nudepeHiaIbHUX PiBHSIHb Y YACTMHHUX MTOXiTHUX, Ma€
TeopeTUYHe i MpaKTUUHE 3HAUEeHHS, € YHiBepCaJbHMUM i MOKe OYTM 3aCTOCOBAHMIA

IJISI aHAUTi3y PisHOMAaHITHMX 3a7a4 MaTeMaTUYHO1 (i3uKu.
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CONSIDERATION OF GEOMETRIC NONLINEARITY IN MATHEMATICAL
MODELING OF PROBLEMS OF THE THEORY OF SPRING
Bilova Oksana

Abstract. Solutions to many problems that are important for practice that arise
in modern technology cannot always be obtained by traditional methods of the
theory of analytical functions or by means of integral transformations. This applies,
for example, to contact problems in which the finite dimensions of the region are
taken into account in at least one direction, or media with curvilinear anisotropy are
studied, etc. The means of the mathematical theory of elasticity are not very
effective for the study of such problems. In this case, it is advisable to use the
achievements of the potential theory. The use of asymptotic methods at the same
time, even in complex cases, makes it possible to obtain well-founded approximate
equations, clarify qualitative regularities, and obtain analytical solutions to
problems. This paper presents a generalization of the perturbation method, which
makes it possible to reduce the study of complex problems of geometrically
nonlinear elasticity theory (in the plane and spatial formulation) to the consistent
solution of simpler boundary value problems of the potential theory. The
geometrically nonlinear theory of elasticity contains some features that make it
different from the classical (linear) theory. The main difference is to take into
account the difference between the geometry of the undeformed and deformed
states of the body under study, when there are movements that cause significant
changes in the geometry of the body. At the same time, the equilibrium equation
must be drawn up taking into account changes in the shape and size of structures.
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Taking into account finite deformations, which when creating mathematical models
leads to significant difficulties in solving problems, but at the same time brings the
model closer to the real problem.

Keywords: asymptotic method, anisotropy, geometric nonlinearity.
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