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E. Balasanyan
THE BOUNDARY LAYER OF A TWO-LAYER STRIPE
The article views the boundary layer type solution in case of full contact between the layers for an anisotropic
two-layer by means of the asymptotic method. Homogeneous mixed boundary conditions of the theory of elasticity
are provided on the longitudinal sides of the two-layer Stripe. The boundary layer type solution exponentially
declines when moving away from the edge, while the index of the exponent is determined by the characteristic
transcendent equation.

B pabome acumnmomuueckum mMemoooM NOCMPOEHO pewleHue Mund nozpaHuino2o cios Oasl AHU30MPORHOU
O0BYXCIIOUHOU NOJNIOCLL, NPU NOJHOM KOHMAKMe Mexcoy CAOIMU, HA NPOOOJbHbIX CMOPOHAX KOMOPOU 3a0aHbl
00HOPOOHbIE CMeulaHHble Kpaesvle YCaogus meopuu ynpyeocmu. Ilonyuenvt Gopmynvt 0ns onpedeneHus 6cex
HanpsiiceHull u nepemewjenui. Pewenue muna nozpanuuno2o ciosi 3KCHOHEHYUAIbHO 3amyxdem npu YOaieHuu om
Kpas, d ROKA3amelb SKCNOHEHMbL ONPeOeSiencs U3 XapaKmepucmuiecko20 mpancyeHOeHmMHO20 YPAGHEHUSL.

HanpsokeHHO-1e()opMUPOBaHHOE COCTOSIHUE CIIOMCTBIX TOHKHX TeJl, KaK M B CiIydae OJIHOPOJIHBIX,
COCTOWT W3 BHYTPEHHEr0 W THUMA IOTPAaHUYHOTO CJIOS COCTOSHWA. PemnieHne Twia MOrpaHWYHOTO CIIOS
9KCIIOHEHIIMANBHO 3aTyXaeT INpW YyNaJeHWH OT Kpas, a IO0Ka3aTeldb O3KCIOHEHTHl ONpeAenseTcs U3
XapaKTepUCTUIECKOTO TPAHCIIEHIEHTHOTO ypaBHeHus [1] .

B pabGore [3] acuMOTOTHYECKHM METOJIOM IOCTPOCHO PElIeHHe BHYTPEHHEH 3a7aud CIOUCTHIX OaloK.
Tam >xe puBesieH 0030p paboT MO METOAaM pacueTa CIOUCTBIX KOHCTPYKIIUH.

B pabore [4] paccMOTpeH BOIPOC ONpeeIeHHs HANPsHKeHHO-1e(hOPMUPOBAHHOIO COCTOSHUS B ILIOCKOM
3aj1a4ye JUIsi aHW30TPOMHOMN TOJOCHL, HA TPOJOJIBHBIX CTOPOHAX KOTOPOW 3aJaHbl 3HAYSHHS HAIPSDKESHUI.
OO6cyx1IeHa MPUMEHHMOCTb MTPUKJIATHBIX U ACUMIITOTHYECKAX METOJIOB JIJIsl aHU30TPOITHBIX MaTEPHAIOB.

B pabore [5] HOCTpOEHO pellleHUE THUIA MOTPAHUYHOTO CJIOS JUIS CIIOMCTHIX aHU30TPOIHBIX OaJoK.
HccnenoBano moOBeAeHWE TIEPBOTO KOPHSA XapakTEPUCTHYECKOTO YpaBHEHHS B 3aBHCUMOCTH  OT
reOMETPUUYECKUX M (U3NUEcKuX napamerpoB. C 3THM KOPHEM, B OCHOBHOM, CBSI3aHa CKOPOCTH 3aTyXaHHsI
TTOTPAHCIIOS.

B pabote [6] acHMITOTHYECKUM METO/IOM TOCTPOCHO pEIIeHre BHYTPEHHEH 3aJa4uMl JUIsl aHU30TPOITHON
JIBYXCJIOMHOMN IOJIOCHI, NPH IOJHOM M HEMOJHOM KOHTAaKTE€ MEXIY CIOSIMHM, Ha IPOJOIBHBIX CTOPOHAX
KOTOpOM 3aJjaHbl CMEIIaHHBIE KPAEBHIE YCIOBUSA TEOPUU YIIPYTOCTH.

1. Ilocmanoeéxka 3adauu u OCHO8Hble cOOmMHOwlenus. PaccMaTpuBaeTcs BOIPOC OMpPEIEICHUs
HaNpsHKEHHO-1e(DOPMUPOBAHHOTO COCTOSIHMSI THIA TOTPaHUYHOTO CJOS B IUIOCKOW 3ajade st
aHU30TPONTHOM [JIBYXCJIOWHOW TONOCK: Q 4,y ;0< ¢< ,— 1, < v< 3,k + 1, << . DBennuumsl,
OTHOCSIITUECS K BEPXHEMY CJIOI0, OTMEYEHBI HHACKCOM (1), a K HIKHEMY CJIot0 - nHAEKCOM (2). Tommmab
CJI0EB PaBHBI ;& KOO(QULIMEHTHI YIPYTrOCTH alf “¢ = ,2:, k - HOMep cnost. KoopnuHatHyto cucrema
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BBIOpaHHO TakMM 0O0pa3oM, yToOBl ochb (x pacrmojaragach MEXIy closMH. Ha MpomosibHBIX CTOpOHAx
TI0JIOCHI 331aHbI OHOPOAHBIE CMEIIaHHBIE YCIOBHS TEOPUH YIIPYTOCTH:

O'”;jz ), up(jz ), Impu y = 1.,
O-W/Zp): ), V;Z]: ), npu y = - . (1.1)

KpaeBI)IG YCJIOBUA Ha TOpHAX x = ), [ TIOKa IMPOU3BOJIBHBIC, 4 MCKAY CJIIOSIMHU BBIMNOJIHACTCA MOJTHBIN

KOHTAaKT, TO eCTB

P ’ 1” p 2 va P2 o2
I[nﬂ MTOCTPOEHUSI TIOTPAaHUYIHOTO CJIOS BOMW3M TOpIa X = ) B ypaBHEHUSX Teopuu ympyroctd [1,4,5]
clienaeM 3aMeHy TepEMEHHBIX

t=</h, &=v/h. (1.3)
Pemenve nosyueHHBIX ypaBHEHUH HINeTCA B BUAe QyHKIWH THUIA IIOTPaHUYHOrO ciog [1,4,5]
N
O_ V0 p€s” h
RY“=)> e "R} exp A (1.4)
5=0
rae Rp ~-Ar060e u3 HaHpH?ﬂeHHﬁ Hu HepeMeLgeHHI/IIjI HOFpaHCJ‘[O;[.Z ~IIOKa3aTEAb HHTEHCHBHOCTH, /1 = const

XapaKTEPU3YET H3MEHSAEMOCTb HaHpHH{eHHO-,H,e(pOpMPIpOBaHHOFO COCTOsIHHA. A}\ﬂ MOrpaHU4YHOIO CAO4,
COOTBETCTBYIOLIEro Kparo & = ), ReA > ). Yucro J BbIOHpaeTcs caeayromum obpasom [1,4,5]

X, =Y am HaIlPszKEHHH, X, =X+t an repeMelleHHH.

[MoncraBus (1.4) B ypaBHEHHs TEOpPHH YNPYroCTH, MpeobpasoBaHHble 1o (opmyne (1.3), ¢ yuerom
BBIIICH3IOKCHHBIX 3HAYEHUH J , TMOJMYy4YUM CIEIYIOLIYI0 CHCTEMYy OOBIKHOBEHHBIX AN(QepeHIHanbHbIX

ypaBHEHUI
<. f[o'é’sd -
- laxﬁ’s'@j —F - 4/: )
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<. o ‘ig/
~lon Zc: - (1.5)
- luts"g = 111 xh"g + 112 "g + llg /ES g:
AT e e ¢
—”d ~ e = 1ok o g o g
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u €= /anjd O-é j.|. aéj ks (]do'é ]\ (1.6)
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XapakTepucTUUECKOE ypaBHEHHE, COOTBETCTBYIomee (1.7), B 3aBUCHMOCTH OT KOI(HUINEHTOB
a f‘, MO>KET MMETh KOPHU CIEAYIOIMX TUIOB [1,2]

a) =5 0O) +p .+p B) ¢ + [

B cmny 00beMHCTOCTH COOTBETCTBYIOIIMX (GOpMyI, B NaibHEHIIEM OrPaHHIUMCS PACCMOTPEHHEM
JBYXCJIOMHOM IMOJIOCHI U3 OPTOTPOIIHBIX CJIOEB (zlgj— az(;j ) .

2. Opmomponnas 08yxciounas noioca. PaccMoTpuMm ciydaii, Koraa
<«
AFI= 6 TIRPAS - laé%féj: ).
O
a
Torma B = %
ay
OTUM KOpHSM COOTBETCTBYET clexaylomiee pemieHue ypaBHeHus (1.7)[1]
S . Y ‘ N,
O'yﬁ”‘~1é’/: <o+ 9("‘»;’50slﬁk§+ C¢o+ 0 ¢ sinAp, & 2.1
B(21) 4% p%s2 %2 p€s_ npou3BOJIbHbIE NOCTOSHHBIC WHTETPHPOBAHMS .

[To popmymnam (1.6) BEIAMCIHM 3HAYCHHS BCEX HanpfmceHHﬁ Y TIepeMeIIeHUi

o “I= B cosif *A‘Sj /1 CoosAB £ - —8 sinAg £ 1 y €I
J

)
— B sinip £ CEI ;:6’ cosAB £ -B £ D KinAp ¢ A AES
L J

‘ ]
s . kD - o KD
o 5= B sindf LA M—cosﬂﬁ_ Z-p Csindf ;Jf G2y

2.2)
~ 1. ]
+p cos/”tﬂ;C(”# P TrosAp T+ qu/w,,;r )6
L )
‘Sj Q L - zlz'ﬁos/lﬂ ”A(U+ 6 L - 112 /Q’,osﬂ,ﬂ I+ 2a ” ,B sinAf £ ]; G2y

] . . r 5 ] -
ISP S Sinp L - %ﬂ,, cos2f £+ S~ S L sinap L } <

p

V(’Sj:/ll‘ allﬂ +a12ﬂ +aésﬂ §m/1ﬂ //A(bj*‘

|

~~ 1 P
(a1(1:3 _a12 as(é'ﬁos;tﬂ_.;*'/{‘_anﬂ +a1213 +a66:3 ;’mﬂﬂ g fB( o+

l ¢¢ s
_‘fi/ - 112:3 - l(xﬁﬂ ﬁos;tﬂ ;/Cé o

. ] o~
6 - ’12 - l66ﬂ é’vOSlﬂ o+ _(a - ’12 lsﬁ’jmﬂﬁgjf DARE

VY 10BIETBOPUM YCIIOBHSAM IOJHOIO KOHTakTa (1.2) HEM3BECTHBIC BEIMYMHBI C BEPXHUM HHIEKCOM 2
BBIPA3WB Yepe3 BETUYUHBI C HHIEKCOM 1, morydnm:
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A= 442
BYI=  BCIt o0 )

CeO= . c¢ :61,3@’ (2.3)
A
DQSD: ) 4(,s]+ :2D(’SJ,
rae ]
k, = 11? B - lllﬁ - ’12]"' ’O k. = al(fﬂ
1 s 2 - )
N 2a1¢{”8 al‘f'ﬁ
k, = 3a1(1/ﬂ— - lé]_ ’6(6)_ hi ﬁ + 11§]+ lg o ”4
3= 5 , 2.4
i an ﬂ,
) =
2a11 ,B
I = 3a“ ﬁ - z“ﬁ + zl9+ 1663— zlfj— zsﬁjﬂ
5 )
2all ﬂ
b - 3a11 /5’ - »a(ﬂ + 1194- ZO zl‘f]— 16%)
6 )

26111 :B,

YaoBneTBOpUB  OJHOPOAHBIM  ycioBusaM (1.1) TomyduM  CIHEAYIOUIYyI0 CHCTEMY OJHOPOIHBIX
areOpanvecKuX ypaBHEHUH OTHOCUTEIFHO HEM3BECTHBIX MOCTOSHHBIX 4 €5 pC¢s) €3 pCso

A(’s)coserB(’S:c: cosz+C(’S]sinz+D(’s:§A sinz =)

AC“Lcosz+BY- § zcosz+ !¢ sinz }C(S%sinz+D(’S: ¢ zsinz— !¢ cosz =)

AC- Bm*z* cosmz+ & - mzsinmz ;B(’S: 4.8 +k, p 7 cosz—

—kB ¢ mzsinmz +CC 4, + Bt mzcosmz—km’Z sinmz + 2.5)
+D R & mzcosmz+k,B & sinmz 5 )

A"s:k%mzzzcosszr bk, — B mzsinmz +B‘Y 4k, +ﬁ ‘o 7 cosmz—

—ky 5 mzsinmz +C( rézcosmz k,m*z* sinmz +

+ DY KB L mzcosmz+ k,[ £ sinmz 3 )

rIe

z=8;4 m=—="= mz=%; 1 (2.6)
B
OnHoponHass cucremMa ypaBHeHHH (2.5) OyIeT WMeTh HETPUBHAIBHOE PEIICHHE TOJIBKO B TOM
cllydae, KOIJIa €€ ONpeAeiuTeNhb paBeH Hymo. [IpupaBHUBas ONPEACIUTENb CHUCTEMbI K HYJIIO
NoJIy4YuM TPAaHCHCHACHTHOC YPAaBHCHUC

b, sin2zsin2mz + b, €0s2z + :082mz _+b,zsin2z +b,zsin2mz +b,z> = ), (2.7)

OTKy/1a OTIPENeseTcs Z , CleIoBaTenbuo u A . 31ech
b= 3 €k, + ky+ 5 1 by, =203 €k, — »Gksj,
= - L (€ + ,mr b, =- 3 € + k, 1 b, = V,k.m
TpancrienaenTHoe ypaBHeHHE (2.7) WMeeT OECKOHEYHOE MHOXKECTBO KOMIUIEKCHBIX KOpHEH .

Hac wHTepecyroT TOJNBKO KOpPHHU YJIOBIETBOpSIONIME yclioBUi0 Rez > ). PenieHue TpaHCIEHIEHTHOTO
YPaXKHEHHS] MOYKHO HAWTH YWJICHHBIMU MM ACCUMIITOTHYECKUMU MeTogamu [1,3].
OTMETHM, YTO JIUIS OJHOCIIOMHOM IOJIOCHI

C
B=B =P aP=a’ ¢ =-C = k= k= k= ko= k, = kg =),
TpaHCIEHACHTHOE ypaBHEeHUE (2.7) ympomaeTcss ¥ uMeeT Bu [7].
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cos2fBA =
Tak Kkak ompenenuTeNs OJHOPOAHOM cHCTeMbl (2.5) paBeH HyIIO, TO BCE HEHU3BECTHBIC
BETMYMHBI MOXHO BBIP3HTH 4epe3 OIHy HEHM3BECTHYIO, Hampumep, duepes D -.

o 353:2— ‘A +\ CZ0sAB L+ A + D 3inAB L B

0

oirj‘?j: i—r— \ B cosAp T+ \ 3[— " JcosAB T — =8 sinAf :Wf -
L J

N“\)

[
—\ B sindf I+ 2/3 cosAB - CsinAp ,]r NG
L

J
s 1l . [ .
5 AI -\ BsmAp T+ \ 1/1—f‘os/1ﬂ =0 TsinAp T+

_ L J (2.8)

p

1 . ~

+\ B cosAB T+ B JcosAB T+ qunxwf ;’l pASE
L J

)
,f@ Q“) + 1 SosAB L+ s ﬁ QB — ) CoosAB L+ ‘““ T8 5inAB ,]r
J
( a® ]
Q<‘> — D SinAB T+ - LB rosip L+ —i“) — ) &sindB 0D
L J
CsO_ IFA 1 ) 0 ) y)
v, —X Z_lnﬂ +112ﬂ+166ﬁ§1nﬂ +
“_( Wp _ 0 _ @1 2 1_( M o)) ) 2 ]
ay B U les GOS B 7 "‘/1 Wl + B+ e B §1n B 7 f F
_y —6“) —WB 1B SosAB L+

- .1 Jono
6<” — 0B DB LcosAB T+ —(af? == SinAB ; o D

B oxoH4aHMM OTMETHM, YTO B CIyd4ae pemeHHH 0) ¥ B) XapaKTepUCTUYECKOrO0 YypaBHEHUS
COOTBECTBYIOLICE YpaBHEHHIO (1.7), HanpskeHne o | &5~ onpenensiercs o popmymam[1,2]:

a) o, = 44 205 2B, & + 3¢ KinAB, &+ T 0s B, &+ D XInAB, C (2.9)
o fo e "= 4 Thay, A8 cosAB L+ 3€ Jhay, AL sinAB, L +

(2.10)
+ Uy 28 sinAB L+ D Jhay A8 cosAB L

6)

Haiinennoe B paboTe pelieHre THUIA MOTPAHUYHOTO CIIOSI BMECTE C PelleHreM BHYTpeHHeW 3amaun [6],
MO3BOJIIIOT O0JIee TOYHO YAOBJIETBOPATH yCIOBUSAM Ha Topuax. CoOnpsiKeHHE 3THX TUIIOB PEIICHUH MOYKHO
OCYIIECTBUTh OJHUM U3 CIIOCOO0B, U3JIOKEHHBIX B [1,8] .
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