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CTAUMOHAPHAA OE®OPMALUA KOHCTPYKUUU BUOA
MNACTUHA - COCTABHOMU CJTOU C YINIPYITOU CBA3bIO
PaccmatpuBaeTcsi geAcTBMe MOABWKHOW Harpy3kM Ha GeCKOHeYHYH MNnacTuHy,
MOKOSILLYIOCA Ha COCTaBHOM Crioe C YNpYyrod CBfi3blo. [ns pelweHusi 3agauv
npeanaraetca 3¢eKTUBHbIA YUCIIEHHO—aHaNUTMYeCcKun metod. PelueHne nony4veHo
C MOMOLLbLIO MHTErpasibHOro npeobpasoBaHus Pypbe U crneunanbHOro YUCIIEHHOro
anropMtMa, OCHOBaHHOro Ha wMeToge ®ainnoHa ANA HaxXOXAeHWs WHTerpanos
obpalueHus. NMpoaemMoHCcTpupoBaHoO BNnUsiHWe noaaTnMBOCTU coeAuHeHuAa
Ha 3aKOHOMEpPHOCTU pacrnpegerieHMss Mo TOJMWMWHE COCTaBHOW KOHCTPYKLUU
nepeMeLLeHUs1 U HanpPsKeHWUs.

Knrodeeble cnoea: Oduccunayus, ynpyaasi Cesdb, MomeHyuasbHble GYHKUUU,
UHepyuanbHocme nNpPocsolku, npeobpasosaHue Oypbe, memod PalifioHa.

BBepeHue. AKTyanbHOCTb 3ajay MCCneaoBaHUsi AMHAMUYECKUX Xapak-
TEPUCTUK KOHCTPYKLMKA, YMNPOLLEHHbIMW MOZENsSMU KOTOpbIX SIBNSOTCS
COCTaBHbl€ MNACTMHbI U LUNUHAPUYECKNE ODOSMOYKM, CBSA3aHA C LUMPOKUM
NCMOMb30BaHNEM TaKMX KOHCTPYKUMIA B PasfUYHbIX OTPacrsxX HapOLHOro
X035IMCTBa YKpauHbl, B YACTHOCTU, B COBPEMEHHOW aBMaLIMOHHOW U KOCMU-
YECKOW TEXHWKE, CYOOCTPOEHUU, CTPOUTENBCTBE UHXEHEPHBIX COOPYXEHWUN
n aBuratenen. Bce oHM JOMKHbI OTBEYaThb BbICOKUM TpeboBaHWAM Hagex-
HOCTM MpU 3KCMyaTauMm B pasnmyHbIX YCIOBUSX, KOTOpble obecnevnBatoT-
€Sl HE TOMbKO 3a CYET COOMIoAEHNS TEXHONMOMMYECKUX XapakTepUCTUMK maTe-
pvana u3genvsi, Ho U NyTeM KOHCTPYKTOPCKUX pelueHunn. Pabotocnocob-
HOCTb W HaOEXHOCTb CIOWCTOW KOHCTPYKLMW CYLLECTBEHHO 3aBUCUT
OT MPOYHOCTU COEAMHEHMSI ee CIoeB, NO3TOMY pa3paboTke MeTodoB pacye-
Ta MPOYHOCTU MEXCINONHBIX COEAUHEHWA MOCBALIEH pPsa COBPEMEHHbIX
nccneposanHuii [2]. OgHako, B 60mMblUMHCTBE paboT B 3TOM HanpaBreHUn
JOnyckaeTcs HanuMune uaeanbHOro ()KeCTKOro UMM CKOMb3ALLEro) KOHTakTa
MeXay COCTaBMnSALMMN 3NIEMEHTAMWN KOHCTPYKUMIA. Ha npakTuke xe gocTa-
TOYHO YACTO BO3HMKAKT CUTyauUWUW, B KOTOPbIX HEOOGXOAMMO Y4UTbIBATb
Hanuune NPOCIONKX, UMEIOLLEN NOAATNIMBOCTbL B HOPManbHOM U KacaTerb-
HOM HanpasneHuu [4].

Llenbto gaHHOro nccnenoBaHUs sIBMsSIieTCA M3ydeHue BRUsSIHUS nofdaTnu-
BOCTU COEOMHEHWsI Ha 3aKOHOMEPHOCTM pacnpegerneHyss no TonwuHe
COCTaBHOW KOHCTPYKLMUWM  KOMMOHEHT  HanpsbkeHHO—AeddOopMUPOBaAHHOMO
COCTOSIHUSA.
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MocTtaHoBKa 3apgaun. PaccmartpuBaeTtcss 6eckoHedHas nnactuHa, KoTo-
pasi onMpaeTcs Ha ABYXCMOMHYIO KOHCTPYKLMIO C YNPYro CKMEnKon mexay
cnosimu. HxHMIM cnowm »ecTko cuenneH (nonHoe cknemsaHne 6e3 nogatnu-
BOCTU) C aBCONIOTHO XXECTKMM MONynNpoCTpaHCTBOM. MnacTuHa nogBepxeHa
OENCTBUIO HOPMAaInbHOW Harpy3ku, He 3aBUCALLER OT KOOpAuHaTbl Y U OBU-

XKyLLEeNcsa C NOCTOSHHOW CKOPOCTbIO B MONOXWUTENBHOM HarnpasrieHuM Ocu
Ox. Takas Harpyska BbI3blBaeT B ONUCaHHOW Bbllle cucTeme Mniockoe ae-
opMupoBaHHOe cocTosHMe. CuuMTaem, 4YTO C MOMEHTa NPUNOXEHWUS
Harpysku nNpoLusio 4OCTaTOYHO MHOIO BPEMEHU, Npouecc yCTaHOBUBLLMIACS,
B NOABWXHOW CUCTEME KOOPAMHAT NEPEMELLEHUS U HaMPSXKEHUSA He 3aBUCAT
OT BPEMEHU, @ CKOPOCTb ABWXEHWUSI Harpy3ku BXOAMT B peLleHne Kak napa-
mMeTp. Mogynb ynpyroctu, NNOTHOCTb M TOMWMHA ANS pas3nnyHbiX CroeB
KOHCTPYKLUWN HeoaMHaKoBbl, OAHaKO B Npefenax Kaxaoro Crosi MOCTOSHHbI.

OunHamuyeckne ypaBHeHWUs OBWXKEHUS ANS KaXaoro crosi B nepemelle-
HUAX UMEIOT BUA:
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roe Cpk, Cq — CKOPOCTM pacnpoCTpaHeHWs BOMH PacCTsHKEeHUs-CxKaTus

W BOJH CABUra B KaXJ0M U3 CITIOEB KOHCTPYKLUN; U(k) — BeKTop nepe-
MelleHun Touyek k-ro cnos B HanpaBreHUM KOOPAMHATHbIX OCeEN
X, Z;Gy, Vi, px — mMoaynb casura, koaddpuumeHT [NyaccoHa n maccoBast
NAOTHOCTb; MHAEKC 1 OTHOCMTCA K BepXHEeMy (Harpy>xeHHomy) crow, 2 —
K HUXKHEMY.

[BwxeHne NNacTHbl ONUCLIBAETCS YPABHEHUSIMU C Y4ETOM NOMNEPEYHOro
cABUra n nHepummn BpaweHus (Tuna TumolueHko), npu atom F # 0 — noBepx-
HOCTHas HopMmarbHas Harpyska Ha nnacTuHy [1]:
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30ecb o — yron noBopoTa MOMEPEYHOro CeYeHus; k? — COBUIOBOW KOadb-
duumeHT TUMOLLEHKO; qc(x,t), rc(x,t) — HOpMmanbHOEe M KacaTernbHOoe Ha-
NpsPKEHUs, OEeNCTBYIOLLME HA NOBEPXHOCTM pasgenia NnacTuHbl U BEPXHEro
cnosi;  p,v, G—NnNoTHOCTb, KoadduumeHT [lyaccoHa v Mogynb caBura
nnactumHbl; U, W — nepemelyeHus Todek cpeamHHON NOBEPXHOCTU NNACTUHbI
B HanpasfieHun ocer X n z. T, =1, ecnu y4nTbiBaeTca MHepUMs Bpalle-
HusA, u T, =0, ecnn He yunTbIBaETCH NPU BbIBOAE CUCTEMbI ypaBHEHUA (2).

CTbiKkoBKa Cnoes, ¢ y4yeToM Marsion TOMLWWHbI I'IpOCJ'IOVIKVI buee nHepuun-
anbHOCTU, MOoAeNnnpyeTcd cneayrowmmMmm 3aBUCUMOCTAMNU:

npu z=0:
&y 2. ;0 (2).
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YcnoBus KOHTaKTa Ha rpaHvue ABYXCIOMHOM KOHCTPYKUMu OyayT umeTb
BUA;

1) Ha rpaHuLe pasfena NnacTuHbl U Cros B CRyvae XeCTKOro KOHTaKTa
npnz=nh:

o =qc (xt); o =z (x1); UP =w; Ul =u —h%; @)

2) Ha ocHoBaHUM Npu 2 =—hy: U)((z) :ng) =0. (5)

AHanuTtuyeckoe peleHue. byaem cuntaTb, YTO C MOMEHTA HarpyXeHus
NPOLLUO AOCTaTOYHO MHOIO BPEMEHU, MPOLIECC MOXHO CHMTaTb YCTaHOBUB-
LUMMCS, U B NOABWXHON CUCTEME KOOPAMHAT KOMMOHEHTbl nepemMeLleHuns
N HanpsKeHUs He 3aBUCAT OT BpemeHu. [pu paccMoTpeHun ycTaHoBMBLLE-
rocs npouecca npumeHsaeTcst npeobpasoBaHune Manunnes, ¢ MOMOLLbIO KOTO-
poro B CTaUMOHapHbIX AUHaMUYeCKnX 3ajadax MCKNoYaeTcs HesaBucumas
nepemeHHas t. Kpome TOro, nepengem k Ge3pa3mepHbIM MEpPEMEHHbLIM
no popmynam:
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Mocne nepexona k 6e3pa3mepHbIM NEPEMEHHbIM B MOABUXHON cucteme
KOOPAWHAT ypaBHEHWS ABWKEHMS NNAacTUHbI (2) npeobpasytoTcs criedyowmm
obpasom
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0ns panbHenwero pewweHns AaHHON 3a4a4u NPUMEHSIeTCs KOMMIeKCHoe
MHTerpanbHoe npeobpasoBaHve ®Oypbe Mo NepemMeHHOM 1 KO BCEM WCKO-

MbIM (QYHKLMSAM, NOCINE Yero NMOUCK PeLleHNst CBOAMTCS K aHanu3y KpaeBoun
3aJayu B NPOCTPAHCTBE U300paXkeHUin. YpaBHeHus (6) B NpoCTpaHCTBE M30-
OpakeHU NpumyT BUA
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BblpasnumM 13 nonyyYyeHHOW CUCTEMbl Yrosl NoBOpOTa NOMEpPeYHoro cedve-
HUA O W HOpMalbHOE HanpsXeHue nnacTUHbI qc yepe3 KOMMOHEHThI

nepemMeLlleHuna:
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Ona nHTerpyupoBaHns ypaBHEHUN OBWXEHUSA CNOEB BBOOATCHA MOTEHLMU-
arnbHble PyHKUMK:
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KoMMNOHEHTLI HanpsiKeHMs1 B CrOsiX Bblpa)karoTcs Yepes3 NnoTeHumnarnbHble
yHKUMK cnegyrowmm obpasom:
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BuoonameHeHHble BOMHOBbIE YpaBHEHUA OBWXEHUA OnA onpeneneHunsa
noTeHunanbHbIX beHKLI,VIl;I 3anuulyTcAa B Buae:
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OOwue pelleHnss nonyyeHHblX ypaBHeHWW (7) MOXHO nNpeacTaBuTb
B BMAE:

w(z,f):cfk)exp(z; ﬂlk)+C§k)exp(—zE ﬂlk);
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I'Iepemel.u,eHVlﬂ Yyepeld noteHuunarnbHble (byHKLI,I/II/I B MOABWXHOW cuUCTeMe
KOoOpAUHAT BblpaXakTca cnegyrwnm 06p830MZ
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Mocne npumeHeHuss npeobpasoBaHna Oypbe KOMMOHEHTLI TeH3opa nepe-
MELLIEHWNI 1 HanpshKeHW NpeacTaBnAlTCA B BUAE:
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Moactaenasa pelweHusa ona noTeHumanbHbiX yHKUMI (8) B BblpaXkeHWs!
ONS KOMMOHEHT HanpsbkeHun n nepemeLleHnin(9), nomnyyMMm 3aBMCUMOCTU
BMAa:

ud = (c(‘" exp( N ) c) exp(— zi A ))—

|§( (k)exp(zk kz )+ D( )exp( zk\/g))
U§Z) :[2/1“‘_2‘/'( (/11“5)] (C(k)exp( \/K)+C( )exp( Zk v ))

Gy 1-2v
—2i§ﬁ-(Dl(k) exp(zﬁ \@)— ng) exp(—z;ﬁ)).

Mocne BBeAeHWst HOBbIX NEPEMEHHbIX MO hopmynam:

c;= c(") exp(\/_ Bklz) D;% =p{9. Gl exp(\/_ Bk/Z)

M yOOBneTBOpss rpaHUYHbIM yernosuam (3)—(5), nonyyaem cuctemy nMHEmHbIX
anrebpanyecknx ypaBHEHWN OTHOCUTENBHO HEW3BECTHbIX C?(k),D?(k), roe
71,2, k=1,2.

Pellias nonyvyeHHylo cUCTEMY HEOOHOPOAHbLIX MNMUHENHbIX anreGpaunyec-
KUX ypaBHEHMWii meTogoM [aycca, o4HO3HauyHO onpegensieM HeusBecTHble

KO3 PULMNEHTBI C?(k),D’;(k). CooTtBeTcTBYIOWME GE3pa3MEPHbIE KOMMO-

HEHTbl TEH30pa HaMNPSHPKEHUN U NEPEMELLEHU HAX0OATCA MyTEM MOLACTaHOB-
KM HangeHHbIX KO3 MULNEHTOB B CrieaytoLme BblpaXKeHUs:

187
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B kadecTBe npumepa pacCMOTPEH Crydal HarpyxeHusi nnacTuHbl HOp-
MarnbHOW Harpy3kon, paBHOMEPHO pacnpeneneHHon No nNonoce WMpuHoW 2a ,
aHanuTM4eckoe NpeacTaBneHne KOTOPOW nmocne nepexoda kK 6espasmepHbIM
nepeMeHHbIM U NPUMEHEHWS MHTerpanbHoro npeobpasosaHnsa Pypbe No nNpo-
CTPaHCTBEHHOW KoopAMHaTe UMeeT B1A,

+o0 ) sin §a*
Fd’(g):%. Foh(n)e"gﬂdnz\/%ﬁ)%. (10)

Moactaenas (10) B BblpaXeHMs A1 KOMMNOHEHT NepemeLLeHnii 1 Hanps-
XEHUM 1 NnpumeHss obpatHoe npeobpasoBaHusa dypbe, Nnonydyaem:

—00

(k)
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Gy Gy G
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TTik ([ « .
Ijkzzj?sm(aa )-cos(&n)dg, j=12. (11)
0

WHTterpansl Buga (11) Haxogatcs udmucneHHo no metogy Panmnona [3].
BepxHui npegen v war UHTerpupoBaHns No NPOCTPAHCTBEHHOW KoopauHaTte
onpefensinicb OnbITHbIM NyTeM, obecneunBas 3afaHHY0 OTHOCUTESbHYHO
TOYHOCTb MO BCEM UCKOMbIM BEMMYMHAM.

B xoge 4uMCneHHbIX 3KCNEPUMEHTOB WU3y4anoCb BIMSHWE MeXaHWYeCcKux
N PM3NYECKUX MNapamMeTpOB KOHCTPYKUMM Ha KapTWHY HanpsbkeHHo-aedop-
MMPOBAHHOIO COCTOSHWSA, MOCTPOEHbl KapTWHbLI pacnpedernieHnss KOMMNOHEHT
HanpsPKEHUIA 1 NepeMELLEHUIA NO MNPOCTPAHCTBEHHOW KOOpAUHATE U Mo rnyouHe
cnos. Ha puc. 1 npvBedeHbl KapTuHbI pacnpegeneHns HopMarnbHOro nepeme-
LLIEHUS MO ANMHE KOHCTPYKUMW ANS pas3fnnyHbIX OTHOCUTENbHBLIX 3HAYEHWU MO-
ayns casura.
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Puc. 1 — PacnpegeneHne HopmanbHOW KOMMOHEHTbI NepeMeLleHust
Mo NPOCTPAHCTBEHHOW NepeMeHHOW

OdhekTMBHOCTL anropuTMa [okasbiBarnacb MyTeM PacveTOB KOMMOHEHT
HanpsikeHHO-AePOPMMPOBAHHOIO COCTOSIHUSI B MPOU3BOJIBHOM TOUKE KOHCTPYK-
uvn. B kayecTBe npuMepa, Ha puvc. 2 MPUBELEHb! KapTWHbI pacnpeneneHus
HOpPManbHOro MepemeLLeHnst No rmyouHe Ans pasnuyHbIX M3nyeckux napa-
METPOB YNpyron cknenku mexgy crosivu. OTMETUM, YTO MpU YBEnuyeHum
mogyns casura B 5 1 10 pas nponopumoHanbHO U3MEHSIIOTCS 3HaYeHUst nepe-
MELLEHMS NPY COXPaHEHWWN XapaKTEPHOTO CKayka Ha rpaHuLe pasaena Croes.

00 T
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Puc. 2 — Pacnpe,qeneHMe HOpMaﬂbHOD’I KOMMNOHEHTbI NepemMeLlleHus no FﬂyGVIHe cnos

nOCTpoeHHbIe rpaq)vu(m HarnaaHo OeMOHCTPUPYIOT BNUAHWE noaaTinBo-
CTn coegnHeHna Ha 3akKOHOMEPHOCTW pacnpeperneHna nepemMelleHna
N HanpsXxeHuna.
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CTALIOHAPHA OE®OPMALIA KOHCTPYKLUII BURY
NMNACTUHA-CKINAQOBUUA WWAP 3 NPYXHUMU 3B’A3KAMU
PosrnspaetbcA Ais pyXxoMOro HaBaHTaXEHHSI Ha HeCKiHYeHHY NnacTuHy, Lo
MOKOITbCA Ha CKNafoBOMY Wapi 3 NPyXHUM 3B'A3KOM. [ns BupiweHHs 3apadi
NPOMNOHYETLCA etheKTUBHUA 4YMCeNnbHO-aHaniTU4HUA MeToA. PO3B’A30K OTpMmaHo
3a AONOMOroK0 iHTerpanbHOro nepeTtBopeHHs ®Pyp'e i cneuianbHOro 4YMcernbHOro
anroputMy, 3acHoOBaHOro Ha MeToai ®annoHa AnNA 3HaXOMXEHHA iHTerpanie
ob6epHeHHs1. [IpoaemMoHCTpOBaHO BNMB NiAAaTNUBOCTI 3'€QHaHHA Ha 3aKOHOMipPHOCTI
po3noAiny no TOBLWWHI CKNagoBoi KOHCTPYKLIi NepemilleHHs i HanpyXXeHHs.
Knrouoei cnoea: ducunayis, npyxHull 38'a30K, MomeHuitHi oyHKUil, UHepyianbHicmb
npowapky, nepemeopeHHs ®yp’e, memod DalisioHy.

O. M. Mikhaylutsa, PhD (Tech.), L. M. Yegarmina, PhD (Tech.),
S. O. Yakovleva

STATIONARY DEFORMATION CONSTRUCTION PLATE-TYPE
COMPOSITE LAYER WITH ELASTIC CONNECTIONS

The action of moving load on an infinitely long plate that rests on the composite
layer with an elastic connection was considered. To solve the problem we suggest
an effective numerical-analytical method. The solution is obtained by using the integral
Fourier transform and a special numerical algorithm based on the method Failon
for finding integrals converting. The influence of the flexibility of the compound
on the regularities of the distribution on the thickness of the composite construction
component of the stress-strain state was demonstrated.

Keywords: dissipation, elastic connection, potential remedial functions, inertiality
layer, Fourier transform, the method Failon.

Construction in the form of multilayer plates and shells found wide appli-
cation in modern engineering, aviation, construction of engineering struc-
tures. When analyzing the problems of the impact of moving loads
on layered media were considered subcritical speed of movement of loads
in the assumption of a perfect (hard or sliding) contact between the layers
[2]. However, in practice, between the layers, there is often the interlayer
(gluing), possessed of the flexibility and having different from the bearing
layer characteristics, the influence of which must not be neglected.
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This relationship is inertial and its modeling by normal and tangential
stresses depends on the difference between the respective movements [4].

The infinite plate based on the two-layer construction with elastic bonding
between the layers is considered. The bottom layer is rigidly connected (full
bonding without compliance) with absolutely rigid half-space. The plate
is exposed to the normal load, moving with a constant speed. We believe
that from the moment of application of the load has been a long time, the
process is steady, and in the moving coordinate system the moving and
stresses are independent of time, and the speed of the load is included
in the solution as a parameter.

The movement of each layer structure describes the dynamic equations
of elasticity theory and exact accounting of the mechanism of contact between
the layers. The movement of the plate is described by equations with account
of transverse shear and the inertia of rotation (type — Tymoshenko) [1].
The presence of elastic layer is modeled in terms of connections with
the properties of flexibility and dissipation.

It's assumed, that the loading process of composite construction is steady,
hence, in the movable coordinate system the stress and strain components
are independent of time.

For the implementation of the model the special numerical - analytical algo-
rithm based on the method of integral transform of Fourier and quadrature
formulas for its transform [3] was proposed.

Analytical solution was found by the introduction of potential functions, sa-
tisfying the boundary conditions with the subsequent solution of SLAE.
All the required expressions for the components of the stress-strain state
are in the form of improper integral in the space of images and to obtain
the numerical results the special numerical methods of their joint request,
based on the method Failon for calculation of integrals from intensely oscillato-
ry functions, was applied.

For analysis of determination the number of members of the series,
the upper limit and the step of integration were conducted. The distributions
of the component of the stress-strain state of the spatial coordinates for vari-
ous physical and geometrical parameters of constructions were obtained.
The results are presented into the graphics.
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