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3aKOHOM IyJbCalMy JABJICHUS JKUIKOCTH Ha Topuax. Mcmosb3ys MeTon NpUBENCHHOW MAaccChl,
yhpyras IlacThHA IPEACTaBIAETCsS OJJHOMAcCOBOM cucteMoil. B pabote onpeneneHsl mpuBeaeHHAs
Macca U KO3(pGUIMEHT )KECTKOCTH OJTHOMACCOBOM cucteMsbl. PazpaboTaHa mareMaTHuecKasi MOJEIb
paccMaTpuBaeMON MEXaHWYECKOH CHCTEMBI, KOTOpas MpeACTaBiIseT co0Oil CUCTEeMY ypaBHEHHH
JUHAMMKU BSI3KOW )KHMJIKOCTH M YPaBHEHUE OJJHOMACCOBOM MOJIEIIH, C COOTBETCTBYIOIMMU KPAEBBIMU
ycnoBHsMU. BBeneHbl B paccMOTpeHHE Oe3pa3sMepHble IEpEeMEHHbIE M XapaKTEepHBIE Mallblie
napaMeTpsl 3ajadd. PerieHne nocTaBiIeHHOW 3aadyd THIPOYNPYTOCTH IPOU3BOIUTCS METOAOM
BO3MyIIeHUH. B KayecTBe MajbIX MapaMeTpOB 3aJadyd BBIOPAHBl OTHOCHUTEIbHAs TOJIIMHA CIIOS
BA3KOW HEC)KMMAaEeMOM JKUKOCTH, U OTHOCUTENbHAS aMIUINTY1a KosebaHuii mrammna. Vcnonabs3zoBaHue
METO/1a BO3MYILICHUH [TO3BOJIMIIO JTMHEAPU30BaTh 3a1a4y THAPOYNPYTrocTH. JInHeapu3oBanHas 3a1a4a
pelieHa Uil peXHMa YCTAaHOBHMBIIMXCS TFapMOHMYEeCKMX KojeOaHuil. IlocTpoeHsl aMIuMTynHO-
YaCTOTHBIX XAapaKTEPUCTUKHM IITaMIla M IUIACTHHBI, & TaKXK€ W JaBJICHUS B CJIO€ XUAKOCTH.
IIpon3BeneHbl YHUCIEHHBIE pPAacueThl IOBEIEHUSA AaMIUIMTYJHO-YAaCTOTHBIX XapPaKTEPUCTHK U
OIIpEJIEJIEHbl PE30HAHCHBIE YaCTOThI KOJIEOaHUH.

KiroueBble cjioBa: Tuapoynpyrue KojeOaHus; Bs3Kas JKUAKOCTb, IUIACTHHA, LITaMII,
MaTeMaTHUYecKoe MOJEIMpPOBaHUE; YIPYroe OCHOBaHHWE BuHKIepa, aMIUIUTYIHO-YaCTOTHBIE
XapaKTePUCTUKH

Matematuyeckoe MOJEIHPOBAHUE TUIPOYIPYTrOro MOBENEHHUS SJIEMEHTOB COBPEMEHHBIX
KOHCTPYKIIMH 1 MAILIUH SIBJIICTCS BAXKHOM TEOPETUUCCKOW U MPAKTUUECKoi 3anaueii [1-4]. Hanpumep,
IJI0CKas 33]1a4a O TUAPOYIPYTUX U3TUOHBIX KOJIEOaHUAX MPSMOYTOJIBHOM IIACTUHBI, IOTPY>KEHHOU B
UJCAIbHYI0 HEC)KMMAaeMyl0 >KMJIKOCTh CO CBOOOJHON IOBEPXHOCTBbIO HccienoBaHa B [5].
Matematuueckas MOJENb I UCCIEA0BAHUN Xa0THUECKUX THAPOYIPYTHX KOJIeOaHH MIaCTUHBI ITPH
€€ B3aUMOJECHCTBUM C IIOTOKOM HJEabHOM HEC)KMMAaeMOM JKUJIKOCTH pa3paboTaHa U MCCIIEI0BaHa B
[6]. UccnemoBanue koneOaHUIl KPYIJIOH IUTACTUHBI Ha CBOOOJHON TOBEPXHOCTH UACANBHOM
HEC)KUMAEeMOM KUJKOCTH BBIMOJHEHO B [7]. AHaIOTMYHOE HCCIEIOBAaHUE TPOBEACHO B [8] mis
KpYTJI0H MIACTHHBI, TOTPYKEHHON B BOJLy CO CBOOOIHOM MOBEpXHOCTHIO. B pabore [9] nmpeanoxena
MareMaThyeckas MOJIeNIb H3rHOHBIX KOJICOaHU OaJIKU-TIOJIOCKH, B3aUMOJICHCTBYIOIIEH ¢ U1eaTbHOMN
KHUJIKOCTBIO, U HA €€ OCHOBE IIPOBEJCHO NCCIIE0OBAaHUE KABUTALMOHHOTO PECYpCa MMIIb3bl JIBUTaTENs
BHyTpeHHero cropanusi. C Apyroil CTOpoHbl, KpaiiHe BaKHO MPOU3BOIAUTH YUET BA3KOCTH KHUJIKOCTU
IpU HCCIEOBAaHUU THAPOYNPYrux KkojeOaHuil. Hampumep, uccienoBaHMIO Ba)XKHOCTH YydeTa
NeMI(UPYIOIINX CBOMCTB CJIOS BS3KOW JKHJIKOCTH, Ha KOTOPOM IPOMCXOJAST T'apMOHHUYECKHE
KosiebaHus OeCKOHEYHO JUIMHOW Oaiiku, mocssmieHa padora [10]. B pabotax [11-18] paccmoTpens!
3aJlauM TUAPOYIPYTrOCTH OJHOPOIHBIX, PEOPUCTBIX M TPEXCIOMHBIX IJIACTHH, 00pPa3yIOIIMX CTEHKU
KaHala W B3aWMOJICHCTBYIOIIMX CO CJIOEM BSI3KOH JKUAKOCTH B YCIOBUSAX BHOpalMu KaHama U
MyJAbCAllMU JIaBJIEHUS B KUIAKOCTH. ['mapoynpyrue kosjeOaHUs CTEHKM KIMHOBHMJIHOTO KaHajla C
BSI3KOM KHUJIKOCTBIO HccenoBansl B [19-20]. B pabote [21] mpeayioskeHa MmareMaTU4ecKasi MOJIENb s
uccleoBaHUM  KoneOaHuM  OaJkM B TMOTOKE  BA3KOM  KHUJIKOCTH  MPUMEHMUTEIBHO K
npe3onpeodpazoBaTensaM. ['mapoynpyrue KoiebOaHusT KOHCOJBHO —3aKpEIUIEHHOW TIJIaCTUHBI,
HaXOJAIICHCS B TOTOKE BS3KOW HEC)KMMaeMOW JKHJIKOCTH HcclieloBaHbl B [22]. Bmecte ¢ Tewm,
NIPEJCTaBIsIeT MHTEpPEeC HCCeloBaHME KOJeOaHUM IMIacCTUHBI-CTEHKM KaHalla, YCTAHOBJICHHOH Ha
YIOPYTrOM OCHOBAaHHMH U B3aHMOJEHCTBYIOLIEH C BA3KON KUIAKOCTBIO.

PaccmoTpuM cxemy y3KOro IieineBoro KaHaima (cM. puc. 1), 3alOJHEHHOTO BS3KOH
nyJabcupyroei KuakocTbio 3. CTeHKH KaHaja 00pa30BaHbl ITaMIIOM |, IMEIOIUM YIPYTHii Io/IBEC
U TUIACTUHOW 2, yCTaHOBJIEHHOM Ha ymnpyrom ocHoBaHuu Bunknepa 4. Ilnactuna cosepiaer
U3ruOHbIe KoyleOaHus, ee Toamuaa No, a mupuHa 2£ ¥ aauHa D COBMAmarT ¢ JAIHHON M IIUPUHON
mramna. Ha topuax nmnactuHa mapHupHO oneprta. llupuna kanana 2{ 3HaYUTENBHO MEHBILE, €r0
JUTMHBL D, a aMmIuTy el KoJieOaHusl mTaMia Zim U NPOTHOOB TUIACTUHBI Wm 3HAYMTEILHO MEHbIIE
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CpeIHell TONIIMHBI CI0s KUAKOCTU Jp B KaHaie. CBshKeM JeKapTOBYIO cucTeMy KoopauHaT Oxyz ¢
HEHTPOM IIacTUHBL. COTJIaCHO YKa3aHHOMY BBIIIE, Oy/JIeM UCCIIeI0BaTh IUIOCKYIO 3a7ady U MoJarath,
4yro b>>(, T.e. masee cuntaeM pasMep KaHaja B HAlpaBICHUH OCH Y HEOrpaHMYCHHO OoubiuM. Ha

TOpLIax KaHaja, cjeBa M CIpaBa 3aJaH 3aKOH W3MEHEHHUs JaBIICHUS p0+p(cut). Hanee Oynem
HCCIIEIOBATh PEKUM YCTAHOBUBIIUXCS TapPMOHUYECKUX KOJICOAHWM, T.K. BCIEACTBHE BS3KOCTH
KHUJIKOCTHU TIEPEXOIHBIE MTPOLIECCH B pacCMaTPUBAEMON CUCTEME OBICTPO 3aTyXaloT.
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Pucynok 1. Pacuemnas cxema wenegoeo Kanauia ¢ 8A3K0U HCUOKOCMbIO (COCMABIEHO A8MOpaMUL)
3aKOH U3MCHEHUS IaBJICHUS Ha TOpIaX MPEJACTaBUM B BHJIE:
P=Po+pySinat (1)
snecy: PO - cratmueckwit YPOBEHb JABJICHUS, Pm - AMIUTUTYJA MYJIbCAIUS JaBICHUS, @ -
qacTora; t - Bpemsi.

[TporuObI TUTACTUHBI TIPU €€ U3TMOHBIX KoyieOaHUIX OyneM MOACITMPOBATh KaK MepeMeIeHUs
OJIHOMAaCCOBOM CHCTEMBI, B COOTBETCTBHH C MOAXO0J0M, NPeII0oKeHHbIM B [23]. CornacHO JaHHOMY
MOJIXOTY, JIJIsl MOJICIIMPOBAHUS U3TUOHBIX KOJICOAHMH MIACTUHBI HA OCHOBHON MOJIE, OCYIIIECTBIISETCS
mmepexoJl K OJHOMAacCOBOM MoJieuM Ha 0a3e MeToja INMPUBEICHHOHW MacChl, T.€. paccMaTphUBacM

IUIAaCTUHY KaK KCCTKYI0, MMCIOINYIO IMPUBCACHHYIO MacCCy m , 1 MOJABCIICHHYIO Ha IIPYXHHE C

npuBeneHHoi kecTkocThio N . Tlpusemennyro maccy M HaxomuM W3 YCIOBHS paBEHCTBA
KMHETUYECKOM SHEPTUU PACIIPEACICHHON CUCTEMBI U OJTHOMAaCCOBOM CUCTEMBI

= (w,) 2 [ m, (W)

C

2
= pobhy , @

m
3/71€Ch. ¢ - Macca IUIaCTUHBI, NpUXoAAIasaCia Ha CAUMHNUIY €€ IUPUHBI 23, Po . IIJIOTHOCTD

MaTrepurajia IIaCTHHBI, W(X)

COCPEAOTOYCHHUA MACChI X = d.

W
- (opma mporumba mMIACTUHBI, 2 - MPOTHO TMJIACTUHBI B TOYKE

HpI/IBe,[[eHHYIO KCECTKOCThb n OIpeaAC/IiM M3 YCJIOBUA COBIAJACHUA CTATHUYCCKOI'O nporH6a

w . . .
IJIaCTUHBI max | Opu JCUCTBUHM PAaBHOMCEPHO pacHpelCICHHOM HAarpy3Kd SKBHUBAJICHTHOMU CHIIC

F =1 H, co ctaTnueckum nepemMenieHneM 0JJTHOMacCOBOM CUCTEMBI
n = F /Wmax * (3)

Bribupas B kauectBe (hopMbl poruba MjiacTUHKKA Ha OCHOBaHUM Bunkiiepa ee nporu® moj
NeCTBEM  paBHOMEPHO  paclpeieNieHHOW Harpy3kM W TOpeICTaBisisi €ro B BHUJE
TPUTOHOMETPUYECKOIO Psiia MO MPOJOJBbHON KOOPAMHATE, a 3aTEM, OTPAHUUYMBASCH NIEPBBIM YIECHOM
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JAHHOTO Psijia U COCPEeIOTaurBas MacCy B CEpeIMHE TUIACTUHBI, T.€. MPH X = 0, HOTyYUM ClIeyIolne
BBIPKECHHUS JIJIs1 IPUBEJICHHON MACChI U )KECTKOCTH:

. 7D, e(20) ER
. n=——5l+=|—| |P=rgr = (4)
m" = p,bh,/ 32b¢ D 12(1- py)

T

31ech. po - koapounuent Ilyaccona marepuana miaacTUHBL, & - KOAPPHUIMEHT >KECTKOCTH
ynpyroro ocHoBanus (ko3¢ dunment nocrenn), E - mogyns FOHra marepuana miacTHHBL.

B pesynbTate, B npeasio:KeHHOM MOAXOAE, KojieOaHHsl CTEHOK KaHasia OyJIyT OMHCHIBATHCS
CHEAYIOUIEN CUCTEMON YPABHEHHUIA:

mZ +nz =N, mZ,+n’z,=N, (5)

Z, =17y, fl (wt)

371€Ch. M1 - Macca mTamMIa, N1 - ’)KECTKOCTH YIIPYroro noaBeca mramiia, - 3aKOH

Z, =1y, fz (a)t)

. Z
JABMOKCHUA IIITaMIIa, - 3aKOH ABMXKCHUS IIJIaCTHUHBI KaK OJHOMAaCCOBOM CUCTCMBEI, 1m ;

yA o .
am - AMINIMTYABI KoJIcOaHMH ITaMIa U IJIACTHUHBI, N1, N2 - CHJIBI, ICUCTBYIOIIUE CO CTOPOHBI BA3KOTO
CJIOS ) KUAKOCTHU Ha CTCHKU HITAMII U INIACTHUHY.

BI)Ipa)KeHI/Iﬂ U1 ¢yl Ny, N2 3aIMMIIYTCA KaK

( l
N, =b|q,dx N, =-b|q,dx 6
i :[’ HpI/I Z= ZZm f2 (C()t) ; ' :[[ HpI/I Z= 50 + Zlm fl(ai) , ( )

—p+2pv(du,/oz)

snecs dz = - HOPMAJIbHOE HAIPSKEHUE B CIIOE BA3KOM KUAKOCTH [ 1-4].

JIB>KeHUE BSI3KOM JKUIKOCTH, HAXOMSIIEHUCS B Y3KOM KaHaJIe MOXKET pacCMaTpPUBATHCS Kak
nom3ymee [19-20]. JlaHHOoe nBUKEHHME oONUCHIBaeTCs cucremor ypaBHeHuid Haspe-CTokca u
ypaBHEHHEM HEPa3PhIBHOCTH U3 KOTOPOW MCKIIFOUEHBI HHEPIIMOHHBIC YICHBI:

1op (ou, &%, ) 1lop (0%, 0%,
TN e T2 | A TV A T2
L OX OX 0z p 0z OX 0z
’ (7)
ou, N ou, _ 0
oXx 01

u
rae; %, Yz - mpoekumm BekTOpa CKOPOCTH JKHAKOCTH Ha OCH KOODIHMHAT, P - IABIICHHE,

P,V - INIOTHOCTb U KOB(I)(I)I/II_II/ICHT KHHEMAaTHYECKOU BSI3KOCTH JKUIKOCTH.

KpaeBbie yciaoBusl - yclIOBUS NPWIMIIAHUS >KUJIKOCTH K CTEHKaM U YCJIOBHUSA CBOOOJHOTO
HCTEUCHUS Ha JIEBOM M TpaBoM Topiie [ 1-4]:

u, =0, U, =2 oy z=50+zlmfl(a)t); u, =0, U, =2, oy z=22mf2(a)t)’ @)
P =P, + p(at) mpu X=—C P =P, + p(at) mpu X=1, 9)

Beenem 6e3pazMepHbIe IEpeMEHHbBIC
‘//:5o/€<<1, A=12,/6, <<1, T=at é:x/é, 422/50; (10)
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uz = Zlmwug’ . ux = Zlma)uf/‘/l - p = pO + p(T) +pVZ1ma)(50l//2)_1P.

35eck y, A - mapamMeTpsbl, XapaKTepU3YIOIIHe 3a/1auy.

[oxacrasnss (10) B (6)-(9) nonywyaem 3agady ynpyroruipoJuHaMUuKy B 0e3pa3MEepHOM BUJE,
BKJIIOYAIOIYIO B CE0sl ypaBHEHUS TUHAMHKH JKHIKOCTH

P ,0%U, oU, P _ 2|:W282U§ 62U} U, , U,

Doyt ey T =0 11
o ¥ Toer Tagr o4 08’ oc” ag ag D
U YpPaBHEHU JIBUKECHUS CTEHOK KaHaja
¢ ,0U,
m,z, +n,z, = 2b4(p, + p(c)) +MLI(P —2y Jdé
é‘o‘// e} o¢
(12)
mZ,+nz,=-2b/(p,+ ——— || P-2y d
2 +0'2; =20y + ()= j( Aé
[Ipu 3ToM rpanuunsie ycinoBus (8), (9) 3anuuryrcs B BUje
U,=0,U df
P=OHpI/I ¢=+1

VYuuteiBas, 4to Y << 1, B HyJIeBOM npudnmkeHuu no y ypasHenus (11) u (12) ympomatorcs,

2
TaK KaKk B HUX MOXHO HpeHebpeusr wieHamu mpu ¥ . IlpunmMas Bo BHEMaHme, 4to A = o(1), a
KoJIe0aHUs CTEHOK KaHasla 3HaYUTEeJIbHO MEHbIIE TOIIMHBI CJI0S )KUKOCTH, MOYKHO YTBEPXK/aTh, YTO

Zn /2 =OQ) . Torna B HyneBOM MPUOIHKEHUN TIO i U A TOTYUHM:

o 3az[aqy JUHAMHUKHU BH3KOI>1 KNUIKOCTHU B BUJIC ypaBHeHI/Iﬁ
oP 82U oP U, ou
2 v L Oa _gz 0 (14)
55 oc o¢ 55 o¢

Y TPAaHUYHBIX YCIIOBUU

df df
U, =0, U¢=d—21_ mpu { =1 U, =0, U§=d—22_ npu £ =0

; : (15)
P=0 mpu &==1
o YpaBHCHHA ABUXKCHUA CTCHOK KaHalla (IJ_ITaMHa u HHaCTI/IHLI)
M2, +n,z, = 2b0(p, + p(r)) + 2LVEm® j Pd&
0
" ’ (16)
Mz, +1°2, =—2b0(p, + p(r)) -~ ® j Pd§

oV
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Pemenve ypaBHeHU TMHAMHUKU BSI3KOU XKUAKOCTH (14) ¢ yueTom rpaHnyHbIX ycimoBui (15)
MO3BOJISIET 3aMKCATh AABJICHUE )KUIKOCTH B BUJIC

df, z,, df
p=g(e?—1) 2L _fom T2
({f {df Z dz‘} (17)

VYpasuenus (16) ¢ yuerom peuenus (17) npruHUMarOT BUJ
mZ, +nz, + Kz, — Kz, = 2b4(p, + p(7)) ’ (18)
m'Z, +n’z, + Kz, — Kz, =-2bl(p, + p(z))

_ 2y-1
3]1€Ch BBEACHBI 0003HAYECHUS K =8(bpv(Soy”) )

Pemenue ypaBHenuit (18) mpu rapMOHHUYECKOM 3aKOHE MYJIbCAIllMU JaBieHUs Ha Topuax (1)
HMMEET BU/]I

2b/¢ 2b/¢ )
2, = 2P0 DB 4 (w)expifat + g, ()] (19)
nl n1
2b/ 2b/ )
= nP° = nf’m A, () expilat + ¢, ()]

(20)

Keo(w®(m,+m7)—(n,+n"))
(n,—-m?*)(n" -m'w?)

@, () = @, (®) = arCtg(

rae Al(w), A () aMIUIMTY/IHbIE 4YacTOTHbIE xapakTepuctuku (AYUX) creHok KaHana,
orpeJiesiseMble CIIEAYIOUIMMHU BbIPaKEHUSAMU

4(0) = L
(@) = 272 2 2 * 2 *N\2 [ * * N2
J(n, = mew?)? + K2w?(n, + 0" —w?(m, +m"))’(n" —m’'w?)
n*
A4,(w) =

\/(n* -mo’)’ +K?0’ (n,+n" -’ (M +m’))*(n, —maw?)™?
Takum ob6pazom, BelpaxkeHus (19), (20) ompenenstoT 3aKOH THMAPOYNPYTHX HepeMelleHHH

CTEHOK KaHana. MoxHo 3ametntsb, 4to nipr @ — 0 M1 monyuaem A (w) = 1 4 () = l, anpu @ —>®©
UMeeM Al(a)) = O’ Al(a)) = O

Jia  wuocTpaliiM  MOCTPOEHHOM  MOJENN TIPUBENEM IIPUMEP pacueTa IOITY4YEHHBIX
aAMIUIUTYIHBIX YaCTOTHBIX XapaKTEPUCTUK, KOTOPbIE O3BOJIAIOT ONPEAETUTh PE30OHAHCHBIE YaCTOThI
KonebaHuil creHok. Ilpu pacderax ObuIa paccMOTpeHa MOJENb CO CIEAYIOIMMH IMapaMeTpaMu:
£=10" M, do/t = 1/15, b/t =5, holt =2-102, p =1,84-10% kr/™3, v=2,5-10" mM%/c, po = 7,87-10% kr/™3,
uo=0,3,n1=3,6-10° kr/c?, my = 4 kr, E = 1,96- 10! [Ta. Pe3ynsTaThl pacueToB IpeiCTABIEHBI HA PHC.
2-4 (ma puc. 2 npexacrasiensl AUX mpu ¢ = 0 MIla/m, Ha puc. 2 - ipu ¢ = 1 Mlla/m, Ha puc. 3 - npu
e =10 MIla/m).
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[TocTpoeHHas maTemMaTuyeckas MOJIEib U MPOBEICHHbIEC pAacUeThl MOKa3alu BaXKHOCTh ydeTa
HaJU4Msl YyIPYroro OCHOBAaHUS IPHU PACCMOTPEHUU THUJIPOYIPYTroro B3aMMOJAEUCTBUS IUIACTUHBI CO
LITAMIIOM Yepe3 CJIOH BA3KOM KUKOCTH. B yacTHOCTH, pacueThl HOKa3bIBAIOT CYIIECTBEHHOE BIIUSHUE
VIPYToro OCHOBaHUS HA Pe30HAHCHBIC YaCTOTHI KOJIEOAHUH TUIACTUHBI U IITaMIIa (JIaHHBIM YaCTOTaM
COOTBETCTBYIOT MakcuMyMbl AUX, cMm. puc. 3-4). IlpennoxxenHass B paboTe MOJIEIb MOXKET OBIThH
KCII0JIb30BaHa JIJIsl PA3BUTHS HEPA3PYILAIOIMIMX TEXHOJIOTUN JUArHOCTUPOBAHUS YIIPYTUX AJIEMEHTOB
KOHCTPYKLUH, YCTAaHOBJIEHHBIX Ha OCHOBaHMA BuHKiepa, a Takxke ISl ONpeleieHHs] CBONCTB
VIOPYroro OCHOBAaHHSI 1O TlapaMeTpaM BBIHYXKICHHBIX KOJICOAHW YHOPYruX KOHCTPYKIUH,
0a3uUpPYIOMINXCS HA HUX.
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Mathematical modeling of oscillations of a plate
resting on Winkler foundation and interacting with
a stamp through the viscous liquid layer

Abstract. The article considers a mechanical model of the narrow channel which formed by
elastic plate resting on Winkler foundation and a rigid stamp with spring suspension. The channel
filled a pulsating viscous incompressible fluid. The pulsation of fluid in channel caused by specified
pressure pulsation law at the channel edges. The plate resting on elastic is modeled as spring-mass
system. Equivalent mass and stiffness of spring were defined. The mathematical model of the narrow
channel was built. It consist of fluid dynamics equation and equation of spring-mass system, as well
as appropriate boundary conditions. We suggested the dimensionless variables and small parameters
for the considered hydroelastic problem. The relative thickness of liquid in the channel and relative
amplitude of stamp oscillations are taken as small parameters. The elastic plate is modeled as spring-
mass system by equivalent mass method. The hydroelastic problem is linearized by perturbations
method. We solved the linearized problem for the regime of steady-state harmonic oscillations. The
stamp amplitude-frequency characteristic and the plate one are received. The calculations of
amplitude-frequency characteristic behavior for stamp and plate were done, as well as, resonance
frequencies were found.

Keywords: hydroelastic oscillations; viscous fluid; plate; stamp; mathematical modeling;
Winkler foundation; amplitude-frequency characteristics

REFERENCES

1. Gorshkov, A.G., Morozov, V.l., Ponomarev, A.T., Shklyarchuk F.N.
Aerohydroelasticity of Structures, Moscow: Fizmatlit, 2000.

2. Morozov V.l., Ponomarev A.T., Rysev O.V., Mathematical Modeling of Complex
Aeroelastic Systems, Fizmatlit, Moscow, 1995.

3. Mogilevich L.l., Popov V.S. Applied Hydroelasticity of Mashino-and Instrument
Making: Saratov: Saratov State Agrarian University, 2003.

4. Kondratov D.V., Mogilevich L.I. Elastohydrodynamic of Machines and Devices on
Transport, Moscow: RGOTUPS, 2007.

5. Haddara M.R. and Cao S. A Study of the Dynamic Response of Submerged Rectangular
Flat Plates // Marine Structures. 1996. Vol. 9. No 10. P. 913-933.

6. Avramov K.V., Strel'nikova E.A. Chaotic Oscillations of Plates Interacting on Both
Sides with a Fluid Flow // International Applied Mechanics. 2014. 50 (3). P. 303-309.

7. Amabili M. Vibrations of Circular Plates Resting on a Sloshing Liquid: Solution of the
Fully Coupled Problem // Journal of Sound and Vibration. 2001. VVol. 245. No 2. P. 261-
283.

Crpanuna 10 u3 11 http://naukovedenieru 91 TVN217


http://naukovedenie.ru/
http://naukovedenie.ru/

NHTepHeT-xypHan «HAYKOBEAEHUE>» Tom 9, N2 (mapT - anpenb 2017)

http://naukovedenie.ru publishing@naukovedenie.ru

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Askari E., Jeong K.-H., Amabili M., Hydroelastic Vibration of Circular Plates
Immersed in a Liquid-filled Container with Free Surface // Journal of Sound and
Vibration. 2013. Vol. 332. No 12. P. 3064-3085.

Indeitsev D.A., Polipanov I.S., Sokolov S.K. Calculation of Cavitation Life-time of
Ship Engine Liner // Problemy Mashinostraeniya i Nadezhnos'ti Mashin. 1994. No.4.
P. 59-64.

Onsay T. Effects of Layer Thickness on the Vibration Response of a Plate-fluid Layer
System // Journal of Sound and Vibration. 1993. Vol. 163. No 2. P. 231-259.

Popova A.A. Mathematical Modeling of Dynamic Processes in Vibration Support with
Elastic Parts of Construction // Bulletin of Saratov State Technical University. 2007.
Vol. 1. No. 4. P. 25-31.

Mogilevich L.1., Popov V.S., Popova A.A. Dynamics of Interaction of Elastic Elements
of a Vibrating Machine with the Compressed Liquid Layer Lying between Them //
Journal of Machinery Manufacture and Reliability. 2010. Vol. 39. No 4. P. 322-331.
Popova A.A. Mathematical Modeling of the Interaction of a Viscous Liquid with Thin-
walled Ribbed Elements of Hydrodynamic Dampers and Pipelines. The dissertation on
competition of a scientific degree of candidate of technical Sciences, Saratov state
technical University. Saratov, 2008.

Ageev, R.V., Mogilevich L.I., Popov V.S., Popova A.A. Viscous Liquid Movement in
a Flat Channel, Formed by a Vibrating Stamp and Simply Supported Plate // Journal
“Trudy MAI” Moscow Aviation institute (National Research University). 2014. No 78.
Ageev R.V., Kuznetsova E.L., Kulikov N.I., Mogilevich L.I., Popov V.S. Mathematical
Model of Movement of a Pulsing Layer of Viscous Liquid in the Channel with an Elastic
Wall // PNRPU Mechanics Bulletin. 2014. No 3. P. 17-35.

Ageev R.V., Mogilevich L.I., Popov V.S. Vibrations of the Walls of a Slot Channel
with a Viscous Fluid Formed by Three-layer and Solid Disks // Journal of Machinery
Manufacture and Reliability. 2014. Vol. 43. No 1. P. 1-8.

Grushenkova E.D., Mogilevich L.I., Popov V.S., Rabinsky L.N., Kuznetsova E.L.
Mathematical Model of Three-layer Plate Interaction with Viscous Incompressible
Liquid Layer under Foundation Vibration // Applied Mathematical Sciences. 2015. Vol.
9. No 112. P. 5551-5559.

Mogilevich L.I., Popov V.S. Investigation of the Interaction between a Viscous
Incompressible Fluid Layer and Walls of a Channel Formed by Coaxial Vibrating Discs
// Fluid Dynamics. 2011. Vol. 46. No 3, P. 375-388.

Mogilevich L.I., Popov V.S., Rabinsky L.N. Mathematical Modeling of Elastically
Fixed Wall Longitudinal Oscillations of Wedge-shaped Channel under Foundation
Vibration // International Journal for Computational Civil and Structural Engineering.
2016. Vol. 12. No 4. P. 9-17.

Popov V.S., Popova A.A., Sokolova D.L. Mathematical Modeling of Longitudinal
Oscillations Tapered Narrow Channel wall under Pulsating Pressure of Highly Viscous
Liquid // Applied Mathematical Sciences. 2016. VVol. 10. No 53. P. 2627-2635.
Akcabay D.T., Young Y.L. Hydroelastic Response and Energy Harvesting Potential of
Flexible Piezoelectric Beams in Viscous Flow // Physics of Fluids. 2012. VVol.24. No 5.
Faria Cassio T., Inman Daniel J. Modeling Energy Transport in a Cantilevered Euler-
Bernoulli Beam Actively Vibrating in Newtonian Fluid // Mechanical Systems and
Signal Processing. 2014. Vol. 45. No 2. P. 317-329.

Mogilevich L.I., Popov V.S. Dynamics of Interaction of an Elastic Cylinder with a
Layer of Viscous Incompressible Fluid // Mechanics of Solids. 2004. Vol. 39 No 5. P.
146-155.

Crpannma 11 3 11 http://naukovedenieru 91 TVN217



http://naukovedenie.ru/
http://naukovedenie.ru/

