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AnHOTanusa

B crarpe mccnenoBaHO BAWSHAE CTPYKTYPBI PEIIeTIaThIX KOHCTPYKIUH Ha PacIpoCcTpaHe-
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CTPaHEHWeM BO3MYINEHWI B HUX. BbIMOIHEH aHam3 3aBUCUMOCTH CKOPOCTH PAaCIPOCTPAHEHUS
BOJIH B M30THYTHIX PEIIETYATHIX KOHCTPYKIHAX OT 4acToThl. [Ipemioxkena npukiiagHas KOHIEI-
TyaJbHAsT MOIEIb MPUOOPA, W3MEPSIIOIIETO YACTOTHI BOJIH.
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Abstract

The influence of lattice structures on the propagation of elastic waves in these structures
is analyzed. The statement of problem is formulated within the framework of linear elasticity
under small strains. To solve this problem, the finite element method and the Fidesys CAE-
system were used. Different variants of plane lattice structures are modeled: the classical lattice
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1. BBenenue

AUTMTHBHDBIE TEXHOJOTHH TIO3BOJISIIOT CO3/IaBATh pPeIleTdaThie CTPYKTYPBI TPOU3BOJILHON (hop-
MBI, BAPbUPYS F€OMETPUICCKUE TTAPAMETPBI CTPYKTYPbI. Takue KOHCTPYKITHHU IITUPOKO UCIIOJIb3YIOT-
cd JIJid co3/ianus Meramarepuasios. CBoiicTBa MeramarepuaJsia 00yC/JOBIEHbI He CTOJIBKO CBOHCTBAMHU
COCTABJISIIONINX €TI0 3JEMEHTOB, CKOJBKO MCKYCCTBEHHO CO3/aHHOM MepUoINnYecKoil CTPpYKTYpPOil u3
MaKPOCKOTIMIECKUX JIEMEHTOB, 00JIJIaloINX TPOU3BOJILHBIMKI pasMepamu u dhopwmoii [1]. C yue-
TOM Da3BUTHUs TexHoJoTHN 3D medarTn, mo3BoJIsitoNIeil co3/1aBaTh HOBBIE CTPYKTYPhI OYKBAJIBHO HA
TJia3ax, CTAHOBUTCS OYE€BUIHO, YTO HOBBIM BUTOK TEXHOJIOTMYECKOTO PA3BUTHUS HEPA3PHIBHO CBI3aH
¢ 0Tpacabio MeTaMaTepnasoB. [loaToMy MMeIOT CMBICJ YNCIEHHBIE SKCIEPUMEHTHI, HAlPaBJIeHHbIE
Ha CO3/IAHWE PEIIeTYATHIX CTPYKTYP CO CHEeIUATbLHBIMYU CBONCTBAME, HATIpUMeE]D, /st (DUIbTpaIun
ONPEJIEJIEHHOI0 YaCTOTHOT'O CIEKTPA.

Ananusy (QU3MKO-MEXaHWYECKUX CBOWCTB PEIETYATHIX CTPYKTYP HOCBAMIEHO OOJIBIIOE KOJIHU-
gectBo Trybamkanmit. Hampumep, B [2| npemmoxen cmocob ONMEHKHM OCTATOYHBIX HANDPSZKEHUI Tpn
LPON3BO/ICTBE UMILIAHTATOB C UCIIOJIb30BAaHUEeM pererdarbix crpykryp. B [1] paccmarpusaercs pac-
IPOCTPaHenne JIeKTPOMATrHUTHBIX BOTH B MeTaMaTepuaiax. JduHaMirdeckne CBORCTBA PeIIeTIaThIX
CTPYKTYD TPU PACTPOCTPAHEHUN aKyCTHIECKUX BOJH MCCIEIOBAHbBI B [3,4].

Henbio qanuoii pabOTHI ABIAETCA M3YUEHUE BIUAHUS PEIIETIATHIX CTPYKTYP HA PACIpPOCTPa-
HEHUE aKyCTHYECKUX BOJIH B PEIIETYATHIX KOHCTPYKIHUAX PA3HON KOH(MDUTYPATTHH.

1.1. IlocranoBka 3aga4n

TlocTamoBka MeXaHWYIECKON 3aaH:

[Ton permeTko#t TOHUMAETCA CTPYKTYPa, COCTOSINAS 3 MHOXKECTBA Y3JI0B PABHOMEPHON KBA/I-
PaTHON CeTKM Ha IIOCKOCTH M KPUBOJMHENHBIX YIPYTUX CTEePrKHEN HMOCTOAHHOTO CEYECHUS, COeau-
HSITOIIHUX COCETHUE Y3IIHI.

[Ipeamomaraercs, 910 OCKH BCEX CTEPXKHEH PACITONOKEHB! B TIJIOCKOCTH CETKHW W TTPEICTABISIIOT
cobo#l Tyru OKpyzKHOCTEIH.

B osHOM 13 y3/10B Ha rpaHUIE PENIETKH 3a/aeTCsi TOuedHas cusa (puc. 1), Benmamna KOTOpoi
MEHSIETCSI CO BPEMEHEM TI0 3aKOHY

U(t) = (770(15617”0”)2 sin(27 ft),

rje f — 9acToTa, (v — MapaMeTp, XapaKTepU3yIOUi aMIUIUTY Ly KojaebaHuil, ¢ — Bpems.

Cnna — mvmynse Bepnare — geficTByeT B IJIOCKOCTH PEMIETKM W HAIMpaBIeHa MO BHYTPEHHEH
HOpMasm 70 =(0, 1, 0) K rpaHUIle PEIIETKH.

Ha pucynke BbIZeIeHa TOYKA MPUIOKEHNAs CUJIBI W TIOKA3aHO HAIpPaBJIeHue ee AeiCTBUd.

IIpu pacyerax cucrema KOOPJMHAT BLIOpaHa TAKUM 00Pa30M, 9TO HAYAJI0 KOOPIUHAT COBIIAa-
eT C OFHWM M3 YTJIOBBIX Y3JI0B PEIeTKH 0 Hadala IMPUI0KEHUS CUJbl, OCH T W § TapasuIebHbl
JITHUSIM, COEJMHSIIOIIUAM COCEJIHIE Y3JIbl, & OCh 2 MEePIEHINKY/ISIPHa IJIOCKOCTH PelleTKH.

ITpeamosraraeTcst, 9TO BCE CTEPAKHU UMEIOT OJIMHAKOBYTO (DOPMY M TOCTOSHHOE KPYTOBOE CEUeHIe
TOJIIIUHEL h.

TakzKe IpenoaaraeTcs, 9To PENIeTKa He 3aKPEILIeHA, a TakKe MMEeeT OJIMHAKOBbIE PA3MEPbI 110
OCAM T W Y.
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LB o r ) S0, TFiAey
3
Puc. 1. YemoBus HarpyKeHust pereTdaToit CTPYKTYPhI (CTpeJ'[KOﬁ MOKAa3aHO HAIIPABJICHUE NM-
MyJAbCa W TOYKA €r0 NMPUJIOXKEHUS, OTAEJbHbIe CTEPXKHU TTOKA3aHbl PA3JINYHBIMHI OTTeHKaMI/I).
MaremaTudeckasi MOCTAHOBKA, 33/1a9W OCYIECTB/ISIETCI B PAMKAX JIMHEIHON TEOPUH YIPYTOCTH
IIPH MAJIBIX JedOpMaIIAAX [5—7] U BKJIIOYAET CJIEIVIOINEe YPABHCHU:
e VpaBHEHUS JBUKEHUHA CILIONTHON CPEAbI IPU OTCYTCTBUU MACCOBBIX CHJI:
80’1']‘ 82ui
- = p
oxd o2’

rae u; = u;(X, t) — mepemernenus, 0;; = 0;j(X, t) — KOMIIOHEHTDLI TeH30pa HAIPSKEHNUI, p —

IIJIOTHOCTB.
e 3axon I'yka JIst M30TPOMTHOTO JTHHEHHO-YIIPYTOr0 MATEPUAJIA:
Oij = Akk€ij + 245,

rje €;; — KOMIOHEHTBI TeH30pa JedopMaluii, d;; — cuMBos Kpomekepa, A # i — DOCTOSHHEIE
Jlame, ceszanubie ¢ monysiem IOura £ u koahdurnmentom [lyaccona v coorHorennsaMu

vE FE

A AT P i)

e Coornomenust Komn (reomerputieckne COOTHOIIEHHA):

1 8UZ 8u]'

Eij = 3 -+ -

2 \ 0z Oz
I'panmunble ycaoBus cOOTBETCTBYIOT CAYUAI0 OTCYTCTBUAA HOPMAJILHBIX HAIPSIKEHNH Ha TOBEPX-
HOCTU CTep}KHeIL/'I7 3a UCKJIIOYEeHNEM TOYKHU IIPUJIOKEHHNA CHUJIBI. Haqam)HBIe yCJI0BHUA COOTBETCTBYIOT

PaBEHCTBY HYJII0 HAYaJIbHBIX IIEPEMEeIeHUl U CKOPOCTEeN.
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2. Onucanue permeTdaTbiX CTPYKTYP.

Pacuers! 6bLIH BBITOTHEHBI 1718 PEIETYATHIX CTPYKTYP pazMeprHocTu 40x40. Ha puc. 2 nokazana
bopma KpuBOii, coenuHAOmER 1Ba COCeAHNX y3aa pererdaroii crpykrypsl (310 ayra OAB). Bos-
HECTOCTBb CTPYKTYPBI XaPAKTEPU3YETCsT PACCTOSHUEM ¢ MEXK/Iy CepenHOi KazK 1oit ayru (Toukoii A
HA PHUC. 2) U CEPEINHOl XOP/IbI, COSIMHSIIONIEH KOHITBI 3ToM yTu (Toukoit C Ha 9TOM DHCYHKeE).

Kak Bujino n3 pucynka, crpaseinisa dhopmysia
¢ =R /R - (a/2)".

3nece R — pajuyc AyrH, 6 — PACCTOSHUE MEXKYy COCEIHUME Y3JIaMU PEIeTKH.

M

¥

Puc. 2. Popma KpuBoil, COeIMHSAIONEN COCETHIE Y3Ibl PereTIaToil CTPYKTYPHI.

Permenne 6b110 0ydeHo JTst PENIETOK JIBYX TUIOB — JuTOBOI U 3Be319aTo-Kpyropoit. Opar-
MEHTBI 9TUX PeNIeTOK NPUBEAEHb! Ha PUC. 3.

Puc. 3. ®parments! mudToBOI (CI€Ba) U 3BE3A9ATO-KPYTOBOIi (CIIpaBa) PEIeTok.
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3. Pe3ynbTaThl YNC/IEHHBIX PACYETOB

PacdeTs! BBITIOJTHEHBI METO/IOM KOHEYHBIX 9JIEMEHTOB |6] ¢ MCIOb30BaHUEM CHCTEMBI HHKEHED-
woro anasmm3a Fidesys. Ucnonb3oBauch jimaeitnbie 6a109HbIE KOHEIHBIE D/IEMEHTHI.

Ilpu 3ajannm MCXOMHBIX JAHHBIX JIJIsl PEIleHus 3aja4u 11es1ecoo0pa3Ho HCII0Ib30BaTh Oe3pas-
MepHBIE BEJIMUMHBL: TTapaMeTp BosHUCTOCTH ( = ¢/a, 6e3pa3MepHyIo TOJIIUHY cTep:xKHeill v = h/a,
Bespazmeproe Bpemsi T = tcr/a, HOpMasm3oBaHHyto dacrory ) = fa/cr, rme ¢ = \/g — CKO-
POCTBb TPOJOJIbHBIX BOJIH B CILIONIHOM cpeje. Pacuersl BBINOIHSINCH [IPU CJAEIYIONIUX 3HAYEHUSTX
mapamerpos: v = 0.0005, ¢ = 0.135. B kauectBe marepuasia 0bi1 BeiOpan ajtovuanit: B = 73 ['la,
v =0.33, p = 2700 kr/m>.

Pacuersr mpoBonmninch Jjis Tpex THUIOB PENIETOK: PENIeTKU € TMPSIMOJUHEHHBIMU CTEPXKHIMMA,
mudTOBOM W 3BE3MUATO-KPYTOBOH permeTok. Ha pumc. 4 mokaszano pacmpenmenenue maedopManmii B
OJIVH U TOT K€ MOMEHT BpPEeMeHU i 3TuX Tpex pererok npu ) = 0.038.

yaagpn

Puc. 4. Pacripeniesierne necdpopManuii B pemmeTke ¢ IpsiMOJIMHERHBIME CTEPKHIME (CIeBa), -
TOBOII pererke (B IMEHTPE) M 3BE39aTO-KPYTrOBOil pernerke (cnpasa).

W3 pucynka BujiHO, uTO HamboJjiee MeJJIEHHO BOJIHA PACIPOCTPAHAETCH B 3BE314aTO-KPYTOBOM
pettierke. Jljst pereTku 3Toro Tuma OpILIN MTOCTPOEHBI 3ABUCHMOCTH PACCTOSIHIUS, Ha KOTOPOE PACIIPO-
CTPaHAETCH BOJIHA 33 3ajaHHoe BpemMs 7 = 340, 0T HOPMaAN30BAHHON! YaCTOThI. JTU 3ABUCUMOCTH
MpUBEJIEHBI HA PUC. b T JBYX 3HadeHuit mapamerpa posaucroctu: ¢ = 0.135 u ¢ = 0.206 (BTO-
poe 3HaYeHMe COOTBETCTBYET MAKCHUMAJIBHON BOJHUCTOCTH). [IpsiMble HA PUCYHKE COOTBETCTBYIOT
JuHeltHOM anmpokcuMaruu. PaccTognne oTHeceHO K mapaMeTpy PeNIeTKH a.

Kax Buano n3 rpacduka, npy yBeInvueHUr HOPMAJTM30BAHHONW YaCTOTHI BOJHBI B IMAMA30HE OT
0.0018 10 0.0061 paccrosiiue yBeTMYHBAETCH 110 3aKOHY, DJIN3KOMY K JInHeitHOMY. Takke u3 pUCyHKa
BU/IHO, 4TO OO0JIbIIEH BOJIHUCTOCTM COOTBETCTBYET MEHbIIIEE PACCTOsiHUE, HA KOTOPOE Pacipocrpa-
HSETCs BOJTHA 3a 33JaHHOe BpeMms. Pacdersi, Bomosinenubie npu ) = 0.004 (mpum sToit wacrore
nedopMaIyst PerreTki MakKCUMAIbHA ), TTOKA3aJIU, ITO 3aBUCHMOCTE 9TOTO PACCTOSHUS OT MapaMer-
pa BosHECTOCTH ( TaKKe OM3KA K JIMHEHHON.
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Puc. 5. BaBucuMocTn paccTostHust, Ha KOTOPOE PACIPOCTPAHUTCS BOJIHA, OT HOPMaTM30BAHHOM
vactorsl. CrtomHas juans — ( = 0.135, nyaxktupnast — ( = 0.206. I[IpsiMmbie cOOTBETCTBYIOT JINHEH-
HOW anmpOKCUMAIAW.

4. Iloaxom K n3MEPEHUIO HACTOTHI AKYCTUYIECKUX KoJiebaHmii

13 npoBeeHHBIX BHIYUCIUTEIBHBIX YKCIEPUMEHTOB MOXKHO BUJIETh, 9TO 3aBUCHMOCTH PACCTOS-
HUsI, KOTOPOE TIPOXO/IUT BOJIHA B HAIPABJIEHUU AEHCTBUS TOYEYHOW CHUJIBI, OT YacTOThI KOjebaHwmit
ABJISIETCS] MOHOTOHHOM JJ11 KPUBOJIMHEMHBIX PEIIeTOK, W 3TO PACCTOsIHIE JIOCTATOYHO CYIIECTBEHHO
3aBUCHUT OT 4acToThl. [loaTOMY CTAHOBUTCH BO3MOXKHBIM NPUOJINKEHHOE OIIpPEjIeeHIe YaCTOThl KO-
siebanuil 10 BpeMeHH, 3a KOTOPOe BOJIHA HPOXOJUT OIpeieaeHHOe paccrosgHue. Hampumep, M0xKHO
BOCIIOJIB30BAThHCA YCTPOMCTBOM W3 ABYX PEITIETOK W JBYX TaTYMKOB HA HUX, KOTOPOE M300PaKEHO Ha,
puc. 6. PereTku pacmnosioxkeHb! mapasiebHo ApyT apyry. Cuiibl, TPUIOKEHHBIE K KAXKI0W U3 pe-
IIeTOK, TOJIZKHBI OBITH OJUHAKOBRIMA. Buanmo, npuMepHOe PABEHCTBO 9TUX CHJI MOYKHO 00eCIednTh,
eCJI PACCTOSTHIE MeXKTy PelleTKaMU SBJIAeTCI MAJbIM. PelmeTkrn UMeT pa3antdHyI0 BOJHUCTOCTD
WJIW W3TOTABIMBAIOTCS W3 PAa3HbIX MarepuasaoB. B takom ciydae, ecium B (DUKCUPOBAHHBIN MOMEHT
BDEMEHHU B JaTYUKE (KpacHas TOYKA) OJHOM PEIIeTKN eCTh BO3MYIIEHNsI, & B TATIUKE APYTOil perer-
KM WX HET, 9TO O3HAYAET, UTO JaCTOTA HAXOAWTCS B HEKOTOPOM JAWAIla30HE BO3MOYKHBIX 3HAYEHW,
IPAaHUITBI KOTOPOTO MOT'YT OBITH ONpPEJIEIEHBI [0 JAHHBIM BBIYUC/IUTETbHBIX SKCIIEPUMEHTOB. dem
OJ1MKe TTapaMeTPhl PEITeTOK, TEM MEHBINE TMAa30H BO3MOXKHBIX 3HAYEHNN 9aCTOThI, & 3HAYUT, TEM
BBIIIIE TOTHOCTD U3MepeHusl. BEICOKYIO TOUHOCTD M3TOTOBJIEHUS PEIETOK HYKHOM KPUBUIHBI MOYKHO
obecreunThb, UCII0JIb3Ys QIIUTUBHBIE TEXHOJIOTUH.

B xadecTtBe maTumka HaJIWYWS BO3MYIIEHUH MOXKHO WCIOJIH30BATh MaJEeHBKYIO U JETKYIO ILTa-
CTUHKY, KOTOPAs ABJISIETC BLIKII0OYATEIeM HEKOTOPOI daeKTprdecKoit nenu. Korga BoHa 10xX0auT
JI0 TLUTACTUHKH, TIOCTETHAT OTKIOHSIETCS, 3aMbIKasl 3JIEKTPUIECKVIO Tellb. B 3Ty 1ent MoXKHO, Ha-
npuMep, BKJIYATE JaMITy, KOTOpad OyIeT 3aroparbCd IPU HAJWYUE BO3MYIIEHWH B y3j€, Wan
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Puc. 6. Cxema ycTpoiicTBa U3MEPUTESBHOIO IPUOOPA MaJIbIX YaCTOT.

5. 3akJiroueHue

B pabore mposesierno MoemnpoBanre IMHAMAIECKIX TTPOIECCOB B PEIIETIATHIX CTPYKTYPaxX pa3-
JIMYIHBIX THIOB: B KJACCHIECKON PEIIeTKE ¢ IPAMBIME IPYThIMHE, JI(PTOBOM 1 3BE3TIATO-KPYTOBOM
perreTKax ¢ M30rHYThIMU NPyThamu. Mccie1oBano Bingane CTPYKTYPhI PEIIETKY Ha, MEXAHU3M Pac-
IIPOCTPAHEHNS BOJIHBI. Pe3yabraThl BIYHCINTEIHLHBIX SKCIIEPIMEHTOB OKA3aJ M, 9T0 Hambosee cy-
IIECTBEHHOE TOPMOYKEHNE BOJIHBI 00eciieanBaeT 3B€3/149aT0-Kpyrosas permerka. Ilepearommecs kak
110 TIETIOYKE OT OJIHOTO y3JIa PEITeTKU K APYTroMy KoJiedanms baaromaps BOJHUCTOCTHA OTKIOHSIIOTCS
OT HaIIPAaBJEHUA BO3SMYIIAIIETO BO3IECTBULI.

WccnenoBano BamsHue 9acToOThl KOaebaHW M IapaMeTpa BOJHUCTOCTH Ha CKOPOCTL PACIpPO-
CTpaHeHWS BOJIHBI B HAIIPAB/ICHUU JACHCTBUS BO3MYIIAIONIEH CrIbl. BoIauCuTe/ IbHbIE YKCIIEPUMEH-
Thl [I0Ka3aJd, YTO B TE€X JUAIIA30HAX 3HAYCHUN [1apaMeTpPOB, JJ1d KOTOPBIX IIPOBOJUINCH PACUYEeThI,
3aBUCUMOCTD 9TOM CKOPOCTH OT YaCTOThI KOJiebaHuil u mapamMerpa BOJHUCTOCTU OJIM3Ka K JIMHEHHO.
Ha ocmoBammum pe3yanTaToB MCCASIOBAHUN MTPE/I0KEHA KOHIIENTYaJbHAA CXeMa, Tpubopa s nu3-
MEpPEHHSI YaCTOTH aKYCTUIECKUX KOJIe0aHni, KOTOPBIA MOXKeT OLITh W3TOTOBJAEH C UCIOIb30BAHIEM
AJUTUBHBIX TEXHOJIOIUHA.

Pazpaboranmbiii 0aX01 K THCIEHHOMY MOIEJUPOBAHUIO MOXKHO MCIOIB30BATH U JIjId PEIICHUST
apyrux 3ajgad. Hampumep, MOKHO OIpPEETUTh TeOMeTPH0 Hanbosee MpOvIHON CTPYKTYPEI (Hanbo-
Jlee BBICOKMI npenen TequeCTH) BCEl peneTkyu KakK €JnHOr0 1IeJIOr0 IIPU BO3JACHCTBAM TOYCHHON
cusinl. [pencrasiger waTepec pacuer 3hpOEKTUBHBIX MEXAHUIECKUX XAPAKTEPUCTUK PENTeTIATHIX
CTPYKTYP C M30THYTBHIMHU MPYTHAMHI, B TOM UHCIE OPH KOHEUHBIX AedopMaIusax, HaIpuMep, ¢ HC-
MOJIb30BAHMEM TOJIX0/0B, npemioxkeHHbIxX B [11-14]. Takzke cylecTBeHHBIM TPU HCCIIEI0BAHUN BOJI-

HOBBIX IPOIIECCOB B PEIIETIATHIX CTPYKTYPAX MOXKET OBITh yYET OCTATOUHBLIX HAMPSKEHHH, BO3-
HUKAMOIINX TIPU X W3MOTOBJIEHUU C [OMOIIBIO0 aIUTUBHBIX TexHooruii [15-17|. s sroro moryT
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BBITH UCIIOIB30BAHBI MATEMATHYECKHUE MO/IE/IM, IOCTPOEHHbBIE HA OCHOBE TEOPUU HAJIOXKEHUs KOHedu-
HBIX nedopmarnuit [18-21].
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