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3ACTOCYBAHHS METOAY MAJIOI'O HAPAMETPY I1PH
MOJEJIOBAHHI 3AJTIAY TEOPII B’AA3KOIIPYKHOCTI

[Ipu noOynoBi Mozeneil ckiIagHuX 3aAad Teopii MPYKHOCTI 1 B'I3KOMPY>KHOCTI TOBOIUTHCS BIABATHUCS
JIO CIIPOIIEHHS MO3BUIFHUX CHUCTEM PiBHAHB. OTHIM 3 e(peKTHBHUX IiAXOIB € METOIU Maux mapamerpis [1]. ¥V
JaHii poOoTi ommcaHuii MeTox 30ypeHb KOJIM Malliil Iapamerp SBIsi€ COOOI0 BiJHOLICHHS XapaKTepUCTHUK
s)opctkocTi. [lodatkoBi ifgei meromy BukianmeHi B [2]. Y naHiii poOOTI MeTOJ y3aralbHECHO Ha BHIAJOK
NPOCTOPOBHUX 3ajad JiHIiHOI Teopii B's3kompykHOCTI. Bramocss He NPOCTO PO3MIENUTH HANpyXeHO-
nedopMoBaHMi cTaH Ha TPU CKIJIAJIOBI 3 PI3HUMH BIACTHBOCTSMH, ajie 1 30eperTy 3B'I30K MK UMM CTaHAMH,
110 MiZIBUIILYE SKICTh MaTEMaTU4YHOI MoOJieNl 1 Habmkae 11 1o peanbHoi 3axadi. st neMoHcTpanii e)eKTUBHOCTI
pOOOTH MAaHOTO METOJY HABEJICHO PO3B’SI3aHHSA MOJCIBHOI 3aaadi Ui B'SI3KONMPYKHOIO OPTOTPOIHOIO Tija 3
MITIHAPAIHOO aHI30TPOIIIETO.
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INPUMEHEHHWE METOJA MAJIOT'O ITAPAMETPA TP MOJEJIMPOBAHHU 3AJIAY
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Ilpu nocmpoenuu mooeneii CRONCHVIX 3A0a4 Meopuu YApyeocmu U 6s3KOYAPY2OCmU NPUX0OUmcst
npubezamsv K ynpowjeHuio paspewaowux cucmem ypagrenui. OOHum u3 3¢hexmugnvix nooxo0o8 a6ia0mcs
Memoovl manvix napamempos [1]. B dannoti pabome onucan memoo 03MyujeHutl Ko20a Manvlll napamemp
npedcmagisiem coOol  OMHOUEHUe JHCeCMKOCMHbIX — Xapakmepucmuk. Ilepsonauanvhvie udeu memood
usnodicenvt 6 [2]. B oannoti pabome memoo 060dwen Ha Cryuaui npocmpaHCmeeHHbIX 3a0a4 JUHEUHOU meopuu
gssKoynpyzocmu.  Yoanoce He Npocmo pacujenumsv HANP#CEHHO-0epOpMUPOBAHHOe COCMOSHUE HA Mpu
cocmagnawue ¢ PasuYHbIMU CEOUCMEAMU, HO U COXPAHUMb C8513b MEJCOY IMUMU  COCMOSHUAMU, YMO
ROBbLIUUAEN KAYeC80 MAMEMAMUYecKol MoOelu 1 npubnudxicaem ee K peaivbhol 3adave. Jisi demoHcmpayuu
aghpexmugnocmu pabomel 0AHHO20 MemoOd NPUBEOeHO peuieHue MOOeIbHOU  3a0auu Ol 6A3KOYNpy202o
OpMOMPONHO20 MeNd € YUIUHOPULECKOU AHUZOMPORUEIL.

Kniouegvie crosa: acumnmomuyeckuii Memoo, Menood Maio20 napamempd, OpmomponHsill MamepudJ,
BS3KOYNPY20CTb, YUIUHOPUHECKAS, AHUZOMPONUS, MOOENbHASL 3A0a4a
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APPLICATION OF A METHOD OF SMALL PARAMETER AT MODELLING PROBLEMS
OF THE THEORY VISCOELASTICITY

At construction of models of challenges of the theory of an elasticity and viscoelasticity is necessary to
resort to simplification of resolving set of equationses. One of effective approaches is method of small
parameters [1]. In the given work the method of perturbations is described when the small parameter represents
the ration stiff performances. Initial ideas of a method are stated in [2]. In the given work the method is
generalized on a case of spatial problems of the linear theory viscoelasticity. It was possible to split not simply
the intense-deformed condition on three components with various properties, but also to keep connection
between these conditions that raise quality of mathematical model and approximates it to a real problem. For
demonstrating an overall performance of the given method the solution of a modelling problem for a viscoelastic
orthotropic skew field with cylindrical anisotropy is reduced. At mathematical modelling the intense-deformed
condition of viscoelastic skew fields with switch connections or battening plates it is possible to use various
methods, both analytical, and numerical (for example, a finite element method). To shortages of numerical
methods it is possible to refer complexities in view of strong anisotropy of a material. At a solution of a problem



an asymptotic method applied by authors nuances of a select of small parameter give a boomerang effect. The
more strongly anisotropy of a material, the more precisely received solutions. Earlier the given method has been
applied to a solution of contact problems about a load transmission from elastic switch connections to elastic
plates with curvilinear anisotropy.

The analysis of the differential equations of the spatial theory viscoelasticity an orthotropic skew field is
lead. The intense-deformed condition of such skew field is split on three components with various properties
which are connected through boundary conditions on shearing stresses. The solution of an initial problem is in
the form of superposition of components.

The possibility of a statement of boundary conditions for searching trial functions that reduces a solution
of a spatial problem of the theory viscoelasticity to sequentially solved boundary value problems of a potential
theory is shown.

As the received solutions represent transforms of Laplace the method of returning to pre-images by means
of two-point approximant Pade and limit representations of required magnitudes is offered. Effectiveness of such
approach is shown on a modelling problem.

Keywords: asymptotic method, orthotropic material, viscoelasticity, rectilinear anisotropy, cylindrical
anisotropy, modelling problem

Po3srissHeMO B'SI3KONpY)KHE TUIO, Marepiall SKOr0O € OPTOTPOINHUM IOJO SIK MPYXKHUX, TaK i
B'I3KONPY)KHUX BIAcTUBOCTEH. ['ONOBHI HampsiIMKM aHi30Tpomii 30iraroTbCsi 3 JEKapTOBHMH  OCSMH
koopauHat X, Y,Z . CroiBBiTHOIIEHHs MK AedOopMalisiMUd 1 HaNpyXEHHSIMU B IIbOMY BHIIAJIKy MOXYTb OYyTH

3aIMCaHl TAKUM YHHOM:
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Komnonentu TeH3zopa aedopMariiit €11,€22,€33,€23,€13,€12 BUPAKAIOTHLCS YEPE3 MPOEKIIiT BEKTOPa
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3acTocoBytoun meperBopeHHs Jlammaca 3a Wacom 3 mapamerpoM [ o cmiBBigHOmeHb (1) i
PO3B’S3YI0UH iX IIOA0 TpaHC(HOPMAaHT HANPYKEHb, OTPIMAEMO
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Tenep nutaHHA Mpo HarpyXeHO-IeGpOpMOBaHUN CTaH TPUBUMIPHOTO B'S3KOIPYKHOTO OPTOTPOITHOTO
Tida MOKe OyTH 3BEICHO N0 iHTeTPYBaHHS PiBHIHB
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3a BIANOBIAHUMH TPAHUYHUMHU YMOBaMH.

Tyt 1 nani iHAEKCH X, Y, Z MO3HAYAIOTh AM(EpeHIiFOBaHHS 32 BiIMOBITHIMH KOOPIUHATAMH, a THIbIA
Haj OykBaMu Bu3Hauae TpaHchopManTu Jlamnaca. IlependadaeTtnes, mo koedimientu IlyaccoHa mocuth Madi i
HEXTYETHCS IX TBOPaMHU.

PiBasnHA (5) aHanoriuHi piBHAHHAM PIBHOBAard B MEPEMIIICHHAX MPYKHOTO OPTOTPOMHOTO Tija i mpu
ACHMIITOTUYHOMY aHaNi31 IMX PIBHSAHB Cix BUOpaTH Manuii mapameTp. TakuM mapamMeTpoM MOXKE CITY>KUTH

BEJIMYHMHA Ex , OCKUIBKH JUISI PEATbHUX OPTOTPOITHUX MaTepiamiB Ie BiTHOIIEHHS MIHCHO € MajguM. AJe SIKIIO

napaMeTp neperBopeHHs Jlarulaca P He 30iraerbcs 3 HyasMHu abo moirocaMu (DYHKIII, TO B SKOCTI Majoro

nmapameTpa Moxke OyTH oOpaHa BeIM4YHHa, & OCKUIBKU IPHU I[bOMY BiTHOIICHHS F3(p)/ F 1(p) HE MepeBUILYE
OJIMHUIII.



BimzHaunMo, mio 3HadaeHuit po3B’s30K € TpaHcopmanTh Jlammaca 1 3anmMIIaEThCsA e 3ajada
3HAXOJUKEHHS OpUTiHaiB. J[ns Mannx i BEIMKHX 3HaYCHb 4Yacy OPUTIHAIM MOXYTh OyTH MOOyJOBaHi TOCHUTH
MPOCTO B ABHOMY BUTJIAI

Qt)=ag+at+... (t—>0), (6)
Qt)=tp+beP+..  (t—>x) %

OpHaK MpH HOMY 3aJIMIIAIOTHCS HEBITOMUMH O0JIACTI MalIMX i BETMKUX YaciB, a TAKOXK PO3B’SI3KH, SKi
CJTiJT BUKOPHUCTOBYBATHU TIPH JOBUIHHHUX 3HaueHH:X dacy. "I'panmuna” inpopmanis (7), (8) mo3Boise CyauTH Ipo

MOBE/IHKY BIANMOBITHUX (YHKLIH npu Oynb-sKMX 3HAYEHHSX 4Yacy, SIKIIO BHKOPHCTOBYBATH JBOTOYKOBY
anpokcumanTy Ilane [3]. Lle dynkiis Burisy

ay +ozlt+,81e'3t +...

T(t)= T (8)
S +yt+0187  +

Koedimientn B (8) 3HAXOIATBCA 3 TOYHICTIO IO 3araJbHOTO0 MHOXHHKA (MOKJIAAEMO JUIs
BusHadeHocTi Og =1) i 3 ymoB, mwo npu poskinagansi B psau ¢yHkuii (9) mpu t—> 0i t—> coBuxommmu 6

acumnroruuni Bupasu (6), (7), Tooto
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[pupiBHiotoun KoeQilliEHTH TPU OAHAKOBUX CTymeHsx [ i e'B t OTPUMYEMO 3HAYCHHS
xoedimientis o, 0 , f1,¥1,01, 1o Bxomsth B hopmyiy (8).

3anpornoHoBaHUil METOJl MOXKE OYTH 3aCTOCOBaHHMM JUIsi PO3B’SI3aHHSI OCECHMETPUYHHX 3a1ady B SKUX
MaTepial T € B'I3KONPYKHUM 3 HUIIHAPUYIHOK aHI30TPOMi€r0. SIK MOJCIbHY PO3MIISHEMO 3a7ady Hpo ik
30CePe/PKEHOI CHJIM Ha KOPJAOH B'S3KONPYXKHOTO OPTOTPOITHOIO HAIMIBHECKIHUEHHOTO Tia 3 MHIIHAPUYHOKO
aHizoTporiero, oomexenoro mionuHow Z =0 (Bick Z cnpsamMoBaHa BcepeauHy Tija).

Cuia npHKIajieHa Ha I04aTKy KoopiuHat, nopiaioe Py mpu 120 (mpu t<Ocumna Bincyras) i
cnpsimoBana y3108x oci OZ . TIpu npoMy rpaHdudHi yMOBH OYyyTh HACTYTHUMH:
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[Tpu 1bOMy 3HaXOJKEHHS PO3B’A3KiB VIS O1bII BUCOKHMX HAOIMKEHP € 3aBIAHHIM THX )K€ TPYIHOLIIB,
110 i B HyJbOBOMY HaOIIMKCHHI

30kpema, 1715 033 NojaaHHsA (9) 3amiCyeThesl TAKUM YHHOM:

O33= Po o1 _g 52 +0 (32) (10)
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3BopoTHe TepeTBopeHHs Jlamiaca BU3HaYae HanpyXeHHs K (YHKII0 KOOpIUHAT 1 yacy. Y pasi, Koiu
MaTepiall TiJia Ma€ MePeBaYKHO 3CYBHOIO MOB3YUICTIO

a=1 F(p)=(p+8)/(p+B+k), e=&F(p)
Ha minii aii cumu (r = 0) Bupas (10) nabyBae Burasgy
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3aCTOCOByIO‘II/I J10 OCTaHHBOT'O BUCJIOBOM 3BOPOTHE MEPECTBOPCHHA Jlammaca OoTpUMaEMO
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VY GinblI CKIAJAHUX 33a4ax 3HaXOJDKEHHs OPHUTIHATIB BUKJIMKAE 3Ha4HI TpyaHoIi. OxHak ans "manux"
1 "BenHMKHX" YacCiB OpHTIHAIHM 3HAXOAATHCS NOCUTH MPOCTO, SKIIO TPaHC(POPMAHTH ySIBHTH B (opMi psmiB 3a
MaJlM IapaMeTpom &

T(p)= o +chg + 2%+ . )1 p 12)

Jnst MaTepiaiy 3 epeBaskHO 3CYBHOIO TIOB3YYiCTIO TIPH BEJIMKUX 3HAYEHHSX Mapamerpa (1o BiINoBigae
manuM 3Hauennsm wacyl) €=Kk/ (p + ﬂ), a mpu Manux P (IO BIANOBiJa€ BEIUKUM 3HAUCHHSAM 4Yacy)

e=Apl/ (p +ﬂ), A=-k/ (,3 + k).Toni nput — 0 Bupas (11) Moske OyTH 3aIIMCAHO Y BUTIIS
Go PDELL1 M_[g] 1

(1+z)

ITepexoasiun 10 OPUTIHAIIB, OTPUMAEMO PO3KIATAHHS ISt QYHKITT
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Ipu Benmukux 3HaueHHsix t (11) naGyBae BUrIs LY

3
_ PoEL 1 1[k+B(, _ (G g Y 1

+&-| —
2zG 22p| B Ei) \k+8) (1+&)

Toni po3kiIagaHHs sl OPUTIHATIB 3aMUCYETHCS B TAKUH CIIOCIO
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Ha pucynkax la) w 16) mokasaHa 3MiHa HampyKeHHs Ha JiHii gii cmm mpu K=3, =1
(puc.1a)); k=25; =05 (puc.16)).

Kpuei 1, 2 mobymosani BimmoBigao 3a dopmymaamu (13), (14) mns Mamux i BeIMKMX 3HAYCHb 4acy,
KpuBa 3 OTpHMaHa B pe3yJbTaTi 3pOIIyBaHHS TIPaHMYHUX PO3KIAMAIB 3a JONOMOrO0 ampokcuManTt Ilane.

. . * . .
BlZ[3Ha‘II/IMO, o TO4YHI 3a 4acOM 3HA4YCHHA HAIIPY>KCHb 033, NOBHICTIO 30iraroThCs 3 OOYMCIECHUMU Ilane-

anpokcumanismu. Lle me pa3 noBoauts, mo anpokcumanTa Ilage no3Bosse edhexkTHBHO OynyBaTH PO3B’SI3KH
3a/1adi Ipy TOBUIFHUX 3HAYEHHSIX 9acy, SKIIO BiIOMi TpaHUYHI pO3KIaJaHHS IYKAaHUX (PYHKIIH.
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Puc. 1. 3mina HOPpMAILHOIO HANIPYKEHHS
Bucnoskn.

[MpoBeneHo ananiz audepeHLiaIbHUX PIBHSIHb IPOCTOPOBOI TEOpii B'SI3KOMPYKHOCTI OPTOTPOITHOTO
tina. HampyxkeHo-nedopMOBaHMi CTaH TaKOro Tijla PO3MICIUIIOETBCSI HAa TPH CKIQIOBI 3  PI3HUMH
BJIACTHBOCTSIMM, SKi TOB'3aHi 4epe3 IPaHUYHI YMOBM 3a JOTHYHMMH HampyXeHHsMHU. Po3B’s30k BuXigHOT
3aJa4l 3HaXOIUTHCS B BUTJIS/I CyNEpHO3HUIIT CKIIaJI0BHX.

[Noka3aHa MOXJIMBICTE (OPMYIIOBaHHS I'PaHHYHHUX YMOB Ul BIANIYKAHHS OCHOBHHX (DYHKIIH,
1110 3BOJUTH PO3B’SA30K MPOCTOPOBOI 3a1aui Teopil B'SI3KONPYKHOCTI 10 KpaioBHX 3a7a4 Teopii HOTeHUiay 110
HOCIIIOBHO PO3B'SI3YOTHCSL.

Ockinpky OTpHMaHi pPO3B’si3KM € TpaHcopmaHTamu Jlammaca, TO 3alpPOIOHOBAaHO METOX
NOBEPHEHHS] J0 OpPHUTIHAJTIB 3a JIONOMOTOK JBYXTOYKOBOI ampokcuMmaHTd Ilajge Ta rpaHUYHUX YSIBJICHbD
IIYKaHUX BeNM4rH. E(heKTUBHICTE TaKOTO MiAXOY TOKa3aHa Ha MOJCIBHIN 3a1adi.
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