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About higher approximations of asymptotic presentlation and selution of
houndary layer in the problem of free vibrations of two-layered orthotropic strip

PaccMorpeinl BRICING UPHOAHMEHNA ACHMOTOTHYECKOTD TPCACTARACHHA DolieHHR J8A5uH O
CODCTRERHRNG KOACOAHHAX ABYXCADHHOR DPTOTPOITHON NOAOCH MPH HETIOANOM KONTAKTE MEMAY CAO-
MM, ADKAZAHG, VTG BIICUDTE IPAGAMaNn He BAKTIOT HE YaCTOTH COSCTRANHLIY KoAeSann, o olathi-
BOHT BAMAHHE TOABKD HE AMIARTYAR 3THE Kosrefunul. OUpeasisHo peIlelHe NOrpauHYHaro cAoK Aad
FIOH NOADCH, BRAGABHD XAPAKTEPMCTHHECKOS YPABHEHHE, KODHH KOTODOID XAPAKTEpHIYIoT cKopocth
JATYAAHES BEAHTHH DOIpAHHTHCND cAcl Hallaene nepare HEROTOPRE KODHH JTONG YPanHiHuA.

COBCTEEHHEIM KOARGAHWAM NMoAOCH MoCRATeHs pabotr [1-4) Hafineme
RACTOTE COBCTHEHHLX RoAeOAHHN ¥ YOTeHOBAEHK CBAZH MesKAY HHMH H CKO-
POCTHMH DAcHpOCTPaHEHHA CeHcMHYeCKHX CABHTOBHIX H MPOAOABHEIX BOAH.
CoGcrBeHHREle KoAeGaHH ABYXCAOHHON MOAGCH HPH NOAHOM KOHTaKTE MEXAY
CADAMM paceMorpent n pabGorax [56,7]. B sToM caydae HeT HenocpepCTBEH-
HOM CBASH MEXAY HacToTaMH colCTBeHHEX koaeBandii M CKODOCTAMH pac-
npocrpatHedss cedcMudeckux Boax. B pafore [B] pacomorpensl cofcTBeHHEIE
koaeDaHnd ABVECAORHOR OpPTOTRONHOR NOAOCH NPH HeNOAHOM XOHTAKTE
MERAY CAOAMM. ADKAZAHO, YTO B NOADCE BO3HHKAIOT CABHIOBLIE H NPOAQALHEIE
COBCTBEHHEIE KoAefanuy. ACHMIOTOTHYECKHM METOAOM BRIBEAGHE! TPAHCLEH-
ASHTHRIE VPaBHEHHS AAR OOPSASAEHHMA HACTOT COOCTBEHHHX KoaeDaHuH,
lNokazado, 9ro coScTBeHHHE DYHKUHM, CCOTBETCTBYIOLIME 3ITHM YacTOTaM,
COCTABAHIOT @@TOrOHAALHYIO CHCTEMY,

B aAanHOA pafoTe PACCMOTPEHL BHICIUME NPHOAMMKENHMA ACHMOTOTHYEC-
KOTO  [IPEACTABAEHMA pEINeHHA 3apa9W 0 CoOOCTBeHHHX KoaeDaHHAX ABYX-
CAOHHOH OpTOTPOMHON MOAOCH [P HelOAHOM HKOHTAKTE MEMAY CADAMH.
ACKAZAHO, UTO BRICINME NPUOAMMEHHA HE BAMAIOT HA YacTOTHl COOCTBEHHRIX
KOAEBAHMA, 4 OKalbBAIOT BAMAHHE TOABKD HAa AMIOANWTYAR 3THX KoaeGaHHH,
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: 0 pelléHHe NOTPAHHYHOIO CADA AAA 3TOH [IOAOCE], BRIBEASHO

KTepPHCTHYECKOe ypaBHeHHe, KODHH KOTOPOTO XapaKTepH3YHOT CKOpPOCTh
W BEAHYHH NOTPAHHYHOTO CAOH.

I. Onpepgredde  49acToT CcoOCTEEHHEX — KoAeDaHMH  ABYXCAOHHOHN
‘oprotpormoft moaock 2= {(x,3):xe[0/],—h <y < h, max(h, h.‘!}f.{f}
@n (HENOAHOM HKOHTAKTE MEeMAY CAOAMH, KOTAA HA AMIEBHX IOBEPXHOCTAX
w F::MBHH .

ol =0, o;=0 mpu y=h (1.1)
P u" =0, v/ =0 mpn y=-h (1.2)
- M YCAOBHA HEMOAHOTD KOHTaKTa MeXay choamu npa ¥ =0

vi=vy" L B, =, s =g =1 (1.3)
| ACHMTOTHYECKHM METOAOM |©,10] mMomHO CBECTH K PEIIeHHKD CHCTEMEl M3 ABYX
|' HHI OTHOCHTEARHO KOMIOHEHTOR BEKTOPA NepeMemenus [8]
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The § L, E=ylh, j=1I, o!=w'h’, ©— sacrora coBCTBEHHEX

: . AAT HCXOAHODO NPMOAMMEHHS 3TH YPAaBHEHHA He3aBHCHMLE, NOCcAe
Ei pemema W YAOBASTEOpPEHHH IpadMdHEM yoaoBuam (1.1),(1.2) ¥ ycaceuam
mmma (1.3} noaydaoTca TpaHCUEHASHTHREIE YDABHEHH:A

 sinyp/Gaug, =0, o = nnyG' 1p' 1E,, neN (1.5)
cosyp" 1G"w,k, =0, o =x(2n-1)JG" 1p" /2L,), neN (18
L
‘acos(bw, ) = ccos{dw. ) (1.7
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Gi=hlh Cy=hlh h=max{h,h}
 OTKYAR OMPEeASARIOTCH YacToThl cOoOCTBeHHEIX KoaeBaHHH., AAA KOMIOHEHTOR
TEHI0Pa HANDSKEHHS NOAYIaIOTCH COOTHOMEHHA
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Pemlenue cuctedul (1.4) npu s>0 6BYAST 3aBHCETH OT ToTD, KaKoe 3HaueHHe ),

B3ATO 34 OCHOBY BEIYMCAEHHH, HAAO PACCMOTPETh KAK 9acTOTH CABHTOBHIX
voreDanuf {1.5),(1.6) TaK ¥ 4acToTHR NPOADABHEX KoAeSaHEM {1.7). Tosromy
pemenne cucreMsr (1.4) npu s 21 Gyaer umers BHA:

=l EY (YN sinmmﬁuq +el cusm PO+
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T V. _
rae Ul G ,u;"”‘v:"”,v?"},v;’ ¥ SRAMIOTCH YACTHHIMH pellenHAMM cHCTe-

mur (14), a ¢ - pewssecrunte nocrosEuble. OUpPeASAHE 11O thopMyaam [1'3}"

KOMIOOHEHTR TEHIODE HANOPAMEHHA H YAOBASTEODHB IDAaHHTHEIM YCADBHAM
(113, {1.2) # yoaosuam KodTaxTa (1.3), VIMTRIEaA AGHHEIE AAA HCXOAHOTO r:ppfﬁ-
AMMEHHA, MNOAYYATCA CHOTeMBl arfeCpaMyecKHMX YpaBHeHMH D'I'HDEHTE-!.E&EI

kozdbduuuenron C¥* . Mexoan ua Toro, wto obuiee pemenne npu s=0 ADAK-
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P! 40t sin | 4p" 0, i siny/ 40" @'z, ]
r;}@ siny 41p" of¢, [ £ mﬂm oz, +6% [p! 4T, o]
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_(;"N'JZ' (};}a}til f CJ{;‘f ii{g)mm J_

‘OBmmee pemieHde BHYTPEHHEH 3aAAYM GYAST COAEPMKATH MIECTH HEMA-
'BECTHEIX TOCTOSHHEIX ((YHKUMA oT £ ], KOTOpie ONPeASASTCH M3 YCAOBUI
Mu@mﬁmm MOTPAHMYHOID CAOH C DellcHHeM BHYTpeHHed 3aaadn. Takum
'00pasoM BHICUIHE TPHOAMMKEHMS ACHMOTOTHHECKOID NPEeACTABASHMA BAMSIOT
uﬁnnm HA aMIAHTYAR COGCTEEHHRIX KoAeOaHHil.
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2. KaK 4 B CTaTHYECKHX 33AaYaX, NPH H3y4eHHH COOCTBEHHBIX KoAeBaHui
OAHHM M3 }'MDBH'I BONPOCCB ABAHETCH HIVHEHHE XapakTepa NOorpaHHMHOIOD
caoi. AASL MOCTPUEHHA DelIeHHS MOTPAHHYHOND CAOR, B AHHAMHYECKMX ypas-
HEHHAX AAS ABYXCADHHOMA GPTOTPONHOR NOACCH BBEASM HOBHIE NepeMeHHElE

n=x/h,L=y/h, h=max{h, h,}n pewesne Gyaem mucxare 5 BHAE
QU] = QU}{T[ C,)Em . B peayAstaTe noAyNHM cCHCTEMY ypaBHeHWR
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+E pmff, u =0
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rae p[ —NAOTHOCTE CAOEB, a ﬂh”-—ynpyrue roappuumenTs, &=h/l,
., =m’h’. HL‘“ = ui”/f, vf;” = VL”/I — GeapasMepHEle KOMNOHEHTE
BeXTOpa nepememenns. Pemende cucreMmul (2.1) Gyaem HCKATh B BUAER

M _
=y g gl E)et (2.2)

p=0
rae fo’- AroBas ¥3 HCKOMBIX BEAMTHH cHCTeMul (2.1), g, XapaxTepusywor
ACHMITTOTHYECKHE NODAAKH HCKOMBIX BexwTnH. CoHTaeTcH, $T0 Q&"‘ = 0, ecan
m<=0, l'lcgé‘mmz (2.2) B [21), DOAYIHM HENPOTHEODEYHEYID CHCTEMY OTHO-

ewrennio OV ecam npmmste g, =-1 aa nanpowemmi, g, =0 aw
nepeMeleHMit. B peayALTaTe HMeeM

tfr::l-'{”.l U{.rrr:l
lu[ﬁ.:' + = _,_pmw-”tm 0, mg;;u +pm{.u. (1) —q
gy U
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digtt) .
‘f,;_ o LA S S (2.3)

Ma o1oi cecTeEME  HANPAMEHHA BHPAMAIOTCA HEepPed  KOMNOHEeHTH
nepeMeledHd CABAYIONMM obpasom:
Lrﬂ 1 U dVL'“}
G Ly i) ¥ o) R )|
Tiap = “;Eﬂ -V oy = ﬁu'ltﬂ“ hu 7+ ay _“rﬂ; ]
(2.4)
RIE

|
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.ﬂ.”' a, d.ﬁ
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2 AN OTIPEASASHHA MepeMeme i :.rf;"*']'.'ir‘;,""1 MOAYHAeTCH CHCTeMa
;J{JDRUJ} Ilfinvl.r-:l =0, !'.'ﬂvl';f-l'l _lr][if}u‘;'-l‘]' =0 (2.5)
\e oneparopus [ umeror B,

xﬂ{’rai{ﬁ“' —ﬂ,”ﬂm}:‘;. I =aiPgth = d’

5 A +afelp?)

£ d'l
4 =a0 =" (Vo + 0lpA)a) (2.6)
Il -. ‘cHcTeMBl (2.5) caeayer ypassenue (I "IH’ - {flli”)‘ }ui”" V=0, KOTOpOEe
‘B PAIBEPHYTOM BHAE HMEET BHA

d‘ {(in d? (¥E]]
A A v aip + (e 42 W) o
+{}.2a;;‘} +w3PlﬂﬂUl}(1? +a2:'n].!p“'}u[;"'}=ﬂ (2.7)

an 1.4'“ M3 cHcTeMu! (2.5) moAydHM

e :
Y D

Puld? z (2.8)
i 0+l ke ]

3-33 OGBEMHOCTH BLMMCABHHA DellleHMe ypaBHeHHs (2.7) npuseaeM Aaf
THOW NOAOCH '

=" cosBAL +CL sinPAL + C cosPYAL + CLV sinBYAE (2.9)
iz 177]

y =¥ s (V7)) @,
i e G
Topcraeass (2.9) e (2.8), (24) # 8 rpanwssne ycaoBea (1.1), (1.2) v 8
A KOHTaKTa (1.3), NOAYYMM CAHOPOAHYIO CHCTEMY YPABHEHHA OTHOCH-
wenssecreex O, CY' .CY CP j=1,11 pewenun (2.9). Ars
BOBAHWA HETPHMBHAABHEIX DEIIeHHH CHCTEMH HeoGXOAMMO, YTobH ee
_ ITEAL DABHAACH HYAID, BCASACTRHE dYery) MOAYYHM TPaHCLEHAEHTHOE
e::me (2.11}, oTRYA2 ntrpe,a.werc.ﬂ NOKa3aTeAb IKCMOHEHTH A

(4, + 4,)sinA((B)' — - (Bl —B2)G) +

+(4 = 4,)sin (B’ - ﬁ: ]t.'»z +'ﬂ]| 'ﬂ:}g}‘i"

Lot 44, ysinA((B)' ~B7)G; —(B] +B1)G,)+

{Aj Aq}mnl':{ﬁ: ;x-: +{B: +ﬂ';]c.-l]+

(A A )sinA (B +B8)C, — (B —B3)5,) +

L+ (A = A)sin (B +B7)C, + (B —B3)5,) +

(4 + Ay )sin (B + PG, — (B +BI)G,)+ (2

[ i .1_; 1+ P‘ipu

(2.10)
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+ (A, = A)sin (B + Py )G, + (B! +BI)G,) + 25
+ B, sin J‘n.{[i, —[3‘,_}_*;1 + B, sin l{B, + BI)Q,
+ B sinh(B =pIIC, + B, sinA(B) +p)5, =0
rage
E'BY By —1(B)BY +1)(4B/B; + (B2* +1)*)?
SEE” ;J'! ;l(l_'_vf}
e B = B2 )ABIR; + (B + 1)y B (B P+ 17 + BB (4+ (B 7 +1)))
32[5;’%’(1+v"}
4 - E'BTA-BT)BIBY +1EBB: - (B3 +1)*)*
b BZEHEHE ”{].+v"} Ta
A _BIO-By )RR (BT + 1) 4B ‘Ei“ﬂﬂi” +1)* +Ef’ﬂi’f4+{|3§’ +DY)
i 328111+ vy

| =

4 ETBIBY T —1BIBY - 1@BIB: + (8,7 + 1))
32EJ’J’[3#1 Il(i_‘_vf‘j
4 PO =B )aBIPs + By + 1) )(BIBY (4 +(B; * +1)*) - 4By *pY * = (By* +1)°
e 2B 1+ v")

4~ E'BY-BIBIBY ~ BB — B3 +1)*)’

BEEHBH zﬁ;zu_i_ v)
A _ BB IAPIBL — (BT + )BT (4+ By + 1)) - 4B By ¢ - “"‘U”‘?I
s 32T ()

g _BUBIA-By B " +DMBBL + (81 +D)*)

! 2 ;z .-.rl i
Py ot :Ezﬁl( :: }n i 212)
g - E/BUBI(+BI) (1-B) KB BY +1) :
k] E”ﬁxﬁfl(lﬁ"‘v’“} 3
_ BB (-B: )5+ (4B;P; — (B;* +1)") Y
280 7BY (1+v™)y %

B =E“13f’13f{1+i3 =By B BY 1)
2 E"BIBT (1+v')

Yuursigan, 910 L=,/ A , KOKAOMY sHavennio 03, =3 (1.5),{1.6),(1.7) Gyaer
COOTBETCTEOBATE CYETHOS MHOMeCTEe A, B cHAY cBoiCTBA MOrpaHHYHOTO CAOR
BOAM3H T =B M pcrwEm OrpPaHHYMTLECA TEMH 3HAYEHHAMH A, ¥ KOTODBIX

ReA >0. B taba. 1,23 TpHBeAeHE nepsile HEKOTOPHIE 3HAYeHHA A Mﬁ
ABYXCAOHHO# M3IOTPONHOM HOAOCE!, KOTAZ NEPBLI CAOH COCTOMT M3 TAMKEAGRD

Serona ¢ xapakrepucrukamu B =196-10%ITa, v' =0,3, h,=0,03m,
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%ﬂf_?"--i‘mﬂxw’ M’ @ BTOpoil —H3 JKere3068ToHa C XapaKTepHCTHKaMH h,=0,6M,

=02, E"=20610°TTa, p"=2200 kr/m",

he
: TaGauia 1
] | Fof
T m“n = H"“Q:‘Uaﬁﬁp :'
- 11.231456 18.920071
13.487823 24.448687 + 0.2355103 1
= 12.387022 24.523329
= 20.882408 33.551855+ 0.7924845 1
= 11.0936352 40.1139696
27.3267775+ 1.53846 1 | 40.6994379
B 23.0237454 36.7530113
ek 32.0225267 46.670785
L o 29.80660013 44.339271
il 36.47462594 55.3226502
| Tabarua 2
|
v w'2) =n(2n -1)f(2¢;ﬂ/a;;p”)
=1 2.104068+ 1.203435 1 9.07220246 + 2.547567 1
57704567 +2.108102 1 | 123182246+ 3.00151026 1
o, 4.2890312+2.1684000 1 | 11.6654749+ 2,87538281 I
: 8.20217813+ 2.503663 1 | 15.00433354+ 3.1008088 1
- £,193174658 +2.6124861 | 13.984356+ 3.1388689 1
r' 10.33199346 +2.9141261 | 17.464418+3.33117572
A 7.9741843554 2.7542361 | 161353757 +3.30509543 |
: 12.30682041 +3.0761011 | 19.7630214 + 3.502401051
e G.68349061 + 2.59606321 | 18.17721105+ 3.3590596 |
141845020+ 3.061566 1 | 21.958411713 +3.600637 1
: Tabama 3
; w?, A
y Bt i 4.846649+2.158747 1 | 11.88085478 + 2.860747 |
: 8 50490076 + 2.5750361 | 15.173127618 + 3.082056 1
A53R1.4 7.1306774+2.6138706 | | 1570079007 4+ 3.27505408 I
' 11.753377 +3.0184353 [ | 10.41202110+ 3.4855837 |
S 518447775 13,79258332 + 1,39933227 |
: 538472638 18.38701516+ 2.58080239 1
4516 97543847 + 1.6017353 [ | 21.44805373 + 1.4887937 |
i 16.1643678 + 1.734139 | | 25.3320794
— 6.3119455+ 1.640942 1 | 17.115737099+ 3.2033831 1
12.0015308 272.912442000 + 3.2033831 1
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Ha enimeyrasanmon aArebpaHdecKol cucTeMsl ace OOCTOAHHRE MORHO
BLIDASHTE 9epei opHY, TOrAa Peiiente (2.9) 6yaeT copepxkars CAHY IpymImy
KOMIABKCHLIX MAM ABE TpYNTIEI BELISCTBEHHEIX NOCTOMHHEIX, TTO NO3BOARET
YAOBABTBODHTE ABYM YCAOBMSM Ha KpoMrke x=0. Conpamenme peleH R
HOTDAHMYHOTO CAGS H BHYTpeHHel JAAANH MOMHO OCYHIECTBHTH METOAGM
HAHMEHBIIHY KBAADATOR MAN TPaHUSHOR KoaroRauus [9,1] ]
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