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INOMMWPEHH XBUJIb Y IIPY’KHOMY HIAPIL, IO KOHTAKTYE 3
IHIAPOM B'AA3KOI CTUCJIMBOI PIINHU

Pestome. YV pavkax mpusumipHux nineapusosanux pieusaHe Has'e-Cmokca 0ns piokoeo cepedoguiya
ma mpueuMIpHUX JIHIUHUX PIGHAHbL KAACUYHOI meopii npyscHocmi 0l meepoo20 mila HaeoeHo NOCHAHOBKY
3a0a4i NPO NOUWUPEHHS 2APMOHIYHUX X6UNb Y NPYICHOMY WLapi, AKUL KOHMAKMYE 3 WapoM 6'a3Koi cmuciugoi
piounu. Ilposedeno uucenvhe 00cniodcenHs, NOGYOOBAHO OUCNEPCITIHI KPUBI MA GCMAHOGIEHO 3ANEICHOCHII
azosux weudxkocmeil i koegiyicnmis 32acants Moo 8i0 8'si3xocmi piOUHY, MOBUUHY ULAPY PIOKO2O cepedosuula
ma mosujuHY meepoo2o uLapy O MupoKo20 CheKmpa 4acmom.

Kniouosi cnosa: npyoicnuii wap, wiap 8'a3x0i cmuciugoi piouHu, 2apMoHIuHI XGui.

O. Bahno

PROPAGATION OF WAVES IN ELASTIC LAYER WHICH
CONTACTS WITH A LAYER OF VISCOUS COMPRESSIBLE FLUID

Summary. The problem about the propagation of acoustic waves in elastic layer which interacts with
a layer of viscous compressible fluid is considered. The study is carried out basing on the three-dimensional
linearized Navier-Stokes equations for viscous fluid and linear equations of the classical theory of elasticity for
the solid layer. Statement of the problem and approach that are based on the use of general solutions of
linearized Navier-Stokes equations for viscous fluid and linear equations for elastic body is applied. The
dispersion equation is obtained, which describes the propagation of harmonic waves in the hydroelastic system
within the wide range of frequencies. Numerically the characteristic equation is solved and dispersion curves
are constructed for the wide spectrum of frequencies in the case of a thick elastic layer. Dependencies of phase
velocities of normal modes of Lamb from the thickness of elastic layer in the case of absence of interaction with
fluid are given. For the hydroelastic waveguide dependencies of phase velocities and attenuation coefficients of
modes from the thickness of layer of viscous compressible fluid are presented. Dependencies of relative changes
of phase velocities of normal modes from the thickness of fluid layer are also given. An influence of the viscosity
of liquid medium, thickness of layers of elastic body and fluid on the phase velocities and attenuation coefficients
is analyzed. For hydroelastic system with increasing of the thickness layer of viscous fluid the velocity of zero
antisymmetric mode tends to the Stoneley wave velocity and velocity of zero symmetric mode tends to the
Rayleigh wave velocity was shown. With increasing of thickness of liquid layer the velocity of the first
antisymmetric mode goes to the wave velocity, the value of which is less than the propagation velocity of sound
in liquid. Phase velocities of all other higher modes tends to the propagation velocity of sound in liquid. It was
showed that in the case of thick elastic layer for all modes there are layers of fluid of certain thickness and there
are certain frequencies for which the influence of viscosity of the fluid on the phase velocities and attenuation
coefficients is minimal. It was also found that for certain of modes, exist as certain frequencies and certain
ranges of frequencies wherein the influence of fluid viscosity on the phase velocities and attenuation coefficients
of these modes is significant. The developed approach and the results obtained allow for wave processes to
establish the limits applicability of the model of an ideal fluid.

Key words: elastic layer, layer of viscous compressible fluid, harmonic waves.

IMocranoBka mpo6aemMu. Po3BUTOK HayKuW 1 TEXHIKM BHCYBa€ HOBI IIiJBUINEHI
BUMOTH [I0 JOCHI/DKeHb Yy Tally3l aeporiipompy’KHOCTI M, 30Kpema, 10 BHUBUEHHS
PO3MOBCIO/PKEHHST XBHJIb Yy MPYXKHHUX TiJlaX, IO KOHTaKTYIOTh 3 pigwHOI. CYyTHICTH iX
MOJIATAE B HEOOX1THOCTI MOBHIIIOTO BpaxXyBaHHS BIACTHBOCTEH peaTbHUX TBEPAMX 1 PLAKHX
CEPEeJIOBHIII 1 Ha I[ill OCHOBI aJICKBATHOTO OIUCY PI3HOMAHITHUX SIBUII 1 MEXaHIYHUX €(EKTIB,
XapaKTepHUX ISl TUHAMIYHUX TPOIIECIB Y T1IPONPYKHUX XBUIEBOIAX.

AHaJgi3 BiZOMHX pe3yJbTaTiB J0CTiIKeHb. XBUJi, IO MOIIUPIOIOTHECS B3I0BXK
IpaHUIll KOHTAaKTy MHPYXKHOTO INapy Ta IIapy piAuHH, HaleXaTh J0 4YHCla y3arajlbHEHb
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TPYHTOBHO JIOCJIDKEHUX OCHOBHUX THIIIB aKyCTHMUHUX XBWIb: Pemes, Croymmi, JlsBa Ta
Jlem6a. Ormnsi poOiT 1 aHaui3 pe3ybTariB, OTPUMAHUX y paMKaX KJIACHYHOI Teopii MpyKHOCTI
Ta MOJISJNI iJealIbHOT CTHCIMBOI piwHM, HaBegaeHo B [1]. Pa3om 3 ThM, 3Ha4YHE NMpaKTUYHE
BUKOPUCTAHHS MOBEPXHEBUX XBHJIb BHMAara€ BpaxyBaHHs BJIACTHBOCTEH, sSKi NpUTaMaHHI
peaslbHEM cepenoBUIaM. Jlo Takux (akTOpiB HAJIEKUTH B'SI3KICTh PIIWHU. 3ajadi, sKi
PO3IIISTHYTO, Ta Pe3yJIbTaTh, OTPHMaHi 3 ypaxyBaHHSM Ii€l BIACTHBOCTI PiJJMHU, HABEJCHO B
[2-4].

Mera po6Goru. JlocmiguTh AMCHEpCIHHWIA CHEKTp XBHJIEBOIO TIpoOIECy Y
TIAPOTIPYXKHIM CHCTEMi: TPYXHUH Imap — Imap B'SI3KOi CTHCIWBOI pITUHA Ha OCHOBI
TPUBUMIPHHUX JliHeapu30BaHUX piBHAHb Has'e-CTokca Ui piAKOro cepeioBUINA Ta
TPUBUMIPHHX JIIHIHHAX PIBHSIHB KJIACHYHOI TEOpii MPYKHOCTI JJIS TBEPJIOTO TiJIa.

IocTranoBka 3axavi. Y ganiil poOOTI ISl JOCTIKEHHS MOIIMPEHHS XBUIIb Yy IHapi
piAMHU, 1O B3aEMOJIE€ 3 TPYKHUM IMApOM, 3aly4eHO MOJETh B'S3KOI CTHUCIHUBOI
HBIOTOHIBCBKOI pifuHH. [Ipy 1bOMYy BHKOpPHCTaHO TPHUBHMIpHI JliHEApU30BaHI PpiBHSHHSI
Hag'e-Ctokca mjis piauHU, IO 3HAXOAWTHCS y CTaHI CIOKOIO 0Oe3 ypaxXyBaHHS TEIUIOBHUX
epekTiB. B sKocTi migxomy oOpaHO TOCTAaHOBKM 3aqad 1 METOJA, IO 0a3yroThCs Ha
3aCTOCYBaHHI IIPEICTaBIICHb 3arajbHAX PO3B'S3KiB PIBHSIHB PyXY B'I3KOT CTUCIMBOI PiJJHHU Ta
MPYKHOTO Tijia, 3aIPOTIOHOBAaHUMH y podoTax [5—10].

Po3risiHemMo 3amady npo MOIMUpPEHHS aKyCTUYHUX XBHJIb Y TiIPONPYKHIN CHCTEMI,
0 CKJIAJIAEThCS 3 MPYKHOTO IIapy Ta mapy B'SI3K0T CTHCIUBOI pinuHU. P0O3B'130K 0TpuMaeMo
13 3aJlydyeHHSM TPHUBHMIPHHUX DPIBHSIHb KJIACHYHOI Teopil MPY>KHOCTI Ui TBEPJOro Tijia Ta
JiHeapr30oBaHUX piBHSAHL Ham'e-CTOKca JUIS piMHU, IO 3HAXOTUTHCS Y CTaHi CHOKOM. Y
paMKax MpUHHATHX MOJEIeH OCHOBHI CIIBBIJHOIICHHS JUIS CHCTEMH TPYXKHE TBEpHE TiJIo —
B's3Ka CTUCIIMBA PiJIHA OYAyTh MaTH BHUTJISIT

- = (= 0% ou, Ou =

A+ (A+u)VIV-i)l-p—=0, 0, =ul —+—=L |+ A0 Vi, 1
lu ( ,U) ( u) atZ ) /u auj au’ J ( )
y * — 1 — 1 #* = [ -
6_v_V A +—Vp——v V(V'v)zO, Gp* :ag;ao = const ; 2)
ot Lo 3 op

* — * aV av * 2 *
P=—pS, +A8Vv+u|—+—2L| 1 =—"u. 3
A M PP 34 ®)

TyT BBeseHO Taki MO3HAYEHHS: #, — KOMIIOHEHTU BEKTOpa IEpPEMIIIEHb TBEPIOrO
TiNa; p— WIUIBHICTh MaTepianxy MpYXXHOTOo mapy; A Ta g — KoHcTaHTh JIsme marepiamy
TBEPIOTO TiNa; V, — CKJIaA0Bi BeKTOpa 30ypeHb IIBMKOCTI PiMHM; o Tap— 30ypeHHs
IIUTBHOCTI Ta TUCKY B PIiIUHI; v Ta ,u* — KIHEeMaTUYHWHA Ta JAUHAMIUYHUN Koe]ilieHTH
B'SI3KOCTI PIIVHU; PO, Ta d, — IMIJIBHICTh Ta MIBUAKICTh 3BYKY B PIJIMHI Y CTaHi CIIOKOIO.

PiBaocti (1) omucyroTh MOBeAiHKY TBepaoro Tina. Maili KOJMBaHHS B'SI3KOT
CTHCIIMBOI PiJIMHU, IO 3HAXOJMUTHCS B CTaHI CIIOKOIO Ta 0€3 BpaxyBaHHS TEIJIOBHX €(EKTiB,
OMHCYIOTH criBBigHOMmEHHS (2)—(3).

Jlati IpHIIYCTHMO, 10 TIPYKHHIA IIap 3al0BHIOE 06°eM - 00 <z' <o, - h? <72 <0, - o
<7’ < o0 Ta KOHTAKTYE 3 MAPOM B'SI3KOT CTHCIHBOI PIAWHH, IO 3aiiMae 06’eM - oo <z' < o0, 0 <
72 < hl, -0 <z’ < o, Bynemo BBakaTh, IMO 30BHIINHI CHJIH, SKi JIFOTh Ha 3a3HA4YeHi
CepeIOBHING, PO3IO/iIeHI PIBHOMIPHO B3JO0BXK 0ci 0Z°. OCKINBKH y IbOMY BHIAKY XBHIIS,
sIka GIKATB y HAIPSIMKY Oci 0Z', 1 36ypeHHs, 1o i BUKIMKAIOTh, HE 3aJIeKarh Bijl 3MIiHHOT Z°,
TO 3a/a4a Oy/e IUIOCKOIO i MOXKHA OOMEXHTHUCS BHBUCHHSIM MPOIECY MOIIMPEHHS XBHIb Y

IUTOIMHI 0z' 7.
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OTmxe, 3a3HaUYCHA 3aJlada 3BOJUTHLCS JI0 PO3B'sI3aHHS cucTeMu piBHSIHB (1)—(3) npu
TaKUX TPAaHUYHUX YMOBAX:

ou ou
_ _ _ oy, _ou, .
P, 2,20 — 021 z,=0 Py, =0 = Om|z,=00 Vi|z,=0 = PYRESTE Valz,=0 = Py “4)
01|z =—h =0, 0, Zy=—h =0, P, Z=h =0, P, 2, =h =0. %)

Y  nopmamplioMy AL CIOPOIIGHHST  pO3B'SI3aHHS  3ajadi  TipONpPY>KHOCTI
CKOPHCTAEMOCS MPECTABICHHSIMH 3arajIbHAX PO3B'SI3KIB JUIS TBEPIUX MPY>KHUX TiJ 1 B'SI3KO1
CTHCIIMBOI PiJIMHH, 3allporoHOBaHUMU B [5—10],

wo O, (A2 o O p O ©)
' 07,0z, A+p dz2 A+poz, A+port [V

v :‘92}(2 + 52)(3 oy = 2’ 1, _62}(3 (7)
Yozt ezor’ t azor oz

7ie BBE/ICHI MOTEHINIATIM ¥, € PO3B'SI3KaMH TaKUX PiBHSIHb:

O, # T p OO el pO) Lrnf O |
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Jlnst aHauizy momMpeHHs 30ypeHb, SKi TapMOHIYHO 3MIHIOIOTHCS 3 YacOM, PO3B'SI3KH
CUCTEMH PIBHSHB PO3IIYKYIOTHCS Y KiIaci O1KYyUUX XBHITh

7, =X (z,)expli(kz, — o)) i = 13, )

ne k (k =f+1 }/) — XBUJIbOBE YUCIIO; ¥ — KOE(IIIEHT 3racaHHs XBUJIb, @ — KPYroBa 4acToTa.

3ayBaxxumo, IO OOpaHWil y JaHiii poOOTi Kjac TapMOHIYHUX XBWIIb, SKHHA €
HaWOUIBII TIPOCTHM 1 3PYYHHM Y TEOPETHUYHHUX JOCIIDKCHHSX, HE OOMEXKYe 3arajibHOCTI
OTPUMAaHUX PE3yJIbTaTiB, OCKIJIBKH JIHIMHA XBUIS TOBUIBHOI (hOpMH, SK BiIOMO, MOKe OyTH
MpeJicTaBjIeHa HA0OpOM TrapMOHIYHHUX CKIanoBuX. Jlam po3s’s3yrorees ABi 3amaui [ltypma-
JliyBisiss Ha BIAcHI 3HA4YEHHs MAJs PIBHSAHb PyXy HpPY)KHOTO Tila Ta PIIUMHHA, a TaKOXK
3HAXOAAThCS BiAMOBIMHI BiacHi QyHKI. [Ticas miacTaHOBKH pO3B’S3KiB Y TPAaHUYHI YMOBH
(4)—(5) oTpuMyeMO cUCTeMY JIHIHHUX OJHOPIIHUX aNreOpaiuHuX PIBHSIHb BITHOCHO CTaIHX
iHTerpyBaHHs. Buxoasum 3 yMOBH iCHYBaHHS HETPHBIQJIBHOTO PO3B’SI3Ky Ta MPHPIBHIOIOYA
BU3HAYHHUK CUCTEMH JI0 HYJISI, OTPEMYEMO JTUCTIEPCiitHE PiBHIHHS

det || emn(c,y,k,u,p,po,ao,u*,mhl /¢, wh, /cs)||: 0,m,n=18, (10)

1e ¢ — ¢a3oBa MBUAKICTE MOJ] Y TIIPONIPYXKHIN CUCTEMI; 4, — TOBIIMHA IPYXXHOTO Iapy; /, —
TOBIIMHA APy PiouHH, ¢, (¢. = g/ p ) — NBAIKICTH XBHII 3CYBY B TBEPIOMY Tilli.

3ayBaXMMO, IO OCOOJUBICTH PO3MOBCIOJKCHHS 30ypeHb Yy TLAPONPYKHOMY
XBWJIEBOJII 3a3HAUYEHOI CTPYKTypH 3YMOBJIEHA HAsBHICTIO B MPYXHOMY TUIl Ta piuHi
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TpaHUYHUX TIOBEPXOHb. lle 3HAYHO YCKIATHIOE KApTHHY XBHJIBOBOTO TIOJNSL y HBOMY.
[IpuunHOIO HOTO € Te, MmO y (OPMYBaHHI MOJSI B TIAPONPYXKHIM CHUCTEMI CYTTEBY pPOIb
BiJIICPalOTh HE TUIBKHM HASBHICTH PiJIMHU, & TAKOXK B3a€MOJIiSI XBHJIb 3 MMOBEPXHEIO MPYKHOTO
Tijla, KOHTAKTYIOYOTO 3 PIJKAM CEpeOBHINEM, aje U HasBHICTh BUILHUX TPaHUIb Ta IX
B3aeMoOBILUTB. CKiagHa B3a€MOJiS XBHJIb, IOPO/DKEHHX TPAHWUYHAMHU TIOBEPXHSIMH,
MPU3BOANUTH O BUHUKHEHHSI TaK 3BAaHUX KBa3iMOBEPXHEBUX MOJI.

Bim3Haunmo, mo otpumane gucnepciiine piBHsHHSA (10) € HaWOULIBII 3aralbHAM 1 3
HBOTO MOKHA OTPHUMATH CIiBBIIHOIICHHS JIJISl PSIIy YaCTUHHUX BUMAJKIB, SKi PO3TIISIHYTI B
pobotax [1-4, 6-12]. 3okpema, SKIIO @, CIpSMyBaTU A0 HecKiH4YeHOCTi, To (10) nepexoaurs
y PIBHSHHSI [yl BU3HAUEHHS ITapaMeTpiB MOJ y BUMAAKY B3a€EMOJII 3 B'SI3KOI0 HECTHUCIUBOIO
pimmroro. SIKmo i mokmactd piBHEM Hymo, To 3 (10) OTpEMaeMo pe3ylbTaTH I
TiIponpykHOI cucTeMu 3 ifeanbHOr0 piguHoo [1,11,12]. Ilpu p,=0 piBuicts (10) nepeiine B
PIBHSIHHS JJIsl BU3HAUCHHs MBHJKocTeld XBuib Jlem6a [1]. fIkmo nogarkoBo cupsmyBatH /i,
JI0 HECKIHYEHOCTi, OTPUMAEMO CITiBBIIHOIICHHS IS BU3HAYEHHS IIBUAKOCTEH MOBEPXHEBUX
xBuib Penes [1]. Ilpu p, #0 ta A — o piBHIicTH nepeiine y piBasaHsS CToyHii [1].

AHaJi3 4YNCI0BUX pe3yabTaTiB. Y ToJanbioMy aucnepciiae piBHsHHS (10)
pPO3B’sI3yBaJIOCS  IIBUIKO30DKHUM  iTepariitauM  MeTomoMm. [lpu  1boMy po3paxyHKH
MPOBOJIMITACS JUISI CUCTEMH OPICKIIO-BOJA, sSIKa XapaKTepH3yBaiacs TaKAUMHU TapamMeTpaMHu:
npyxuuit map — p=1160 kr/m3, A=3,96*109 Ila, £=1,86*109 Ila; map piguaE -

£,=1000 /™3, a,=1459,5 m/c, i =0,001. Pe3ynbTatn 06uKCIeHs HaBeAEHO Ha puc.1-8.

Ha pwuc.l mis mpyxHOro Imapy, SKUH HE B3aEMOJIE 3 PIIUHOIO, IPHBEICHO

=c/c,

. . o = . C .
3aJICKHOCTI Oe3po3MipHUX (a30BHUX IIBUAKOCTEH HOpMadbHHX Mof Jlemba € ( ) BiX

6 . . ;l ) ]’l_ _ a)hz H
€3pO3MIpHOi TOBIMMHH MPYKHOTO IHapy (hy, = — ). Homepamm na mo3HaueHO
s
AHTUCUMETPUYHI MOJIH, & NS — BIJIMOBITHO CHMETPUYHI MOJIH.
Ha pwuc.2 mpencrarieHi aucrnepciiiHi KpuBI JUISL TiIPONPYKHOTO XBHIJIEBOIY, SKi
MOKAa3YIOTh 3aJIeXKHOCTI 0e3p03MipHUX (a30BUX MIBUIKOCTEH MO/ BiJ 0€3p03MipHOI TOBIIMHU

.. . . oh
mapy B'S3K0i CTHCIMBOI pimupu /1 (h,=—21) s TPYKHOTO IIapy 3 TOBUIMHOK IO
CS
nopiBHIOE /h;=10.
XapakTep BIUIMBY B'S3KOCTI PiIMHA HA IBUIAKOCTI MOJ[ y TIIPONPYXHIN cUCTeMi
iTFOCTpYIOTh Tpadiku Ha puc.3—5, Je MpeAcTaBleHi 3alleKHOCTI BIIHOCHHUX 3MIiH BEJIMYUH

¢, —c .
—/—>), ¢, — (a3oBa MBUAKICTh HOPMAIBHUX MOX Y
c

i

T1IPOTIPYKHIN CHCTeMi 3 ilealbHOI0 PIIMHOI0; ¢, — (ha3oBa MIBHJIKICTH MOJ y CHCTEMi 3

.
dazoBux mBHakocTelt € (¢ =

B'SI3KOI0 PITMHOIO) BiJl TOBUIMHHU IIApy PiIMHU I s nepmux 11 mox. Ha mux pucynkax
HaBeJIeHO TIpadiKd IS TiAPONPYKHOTO XBHJICBOJY, TOBIIMHA IPYXKHOTO IMApy SKOTO

nopiBHIOE /h;=10.
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6e3p0o3MipHOT TOBLIMHU MPYKHOTO IIapy

Figure 1. Dependencies of dimensionless phase velocities of normal modes of Lamb on dimensionless
thickness of the elastic layer
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PucyHok 2. 3anexHocTi 6e3po3MipHuX (ha30BUX IIBUIKOCTEN MO Bif 6€3p0o3MipHOT
TOBLIMHY APy B'A3K0I CTUCIMBOT pinuHA

Figure 2. Dependencies of dimensionless phase velocities of modes on dimensionless thickness
of the layer of viscous compressible fluid

Ha puc.6-8 HaBeneHo 3anexHocTi 0e3po3MipHUX KOeQII[iEHTIB 3racaHHs MOJA )
(7 =y/ky; k, — XBUIBOBE UMCIO XBHJI 3CyBY B Marepiali HpYyXKHOTO IIapy) BiJ TOBIIUHU

1apy B'S3KO1 piiuHU hi .
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BiJl TOBUIMHY LIAPY PiAnHA

Figure 3. Dependencies of relative changes of phase velocities of normal modes 0a, 1a, 1s and 2s
on the thickness of fluid layer
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PucyHnok 4. 3anexHiCTb BiTHOCHOI 3MiHN BeJTMINHU (Ha30BOT MBUAKOCTI HOpManbHOi Moan 0s
BiJl TOBIIMHY IIApy PiIWHA

Figure 4. Dependence of relative changes of phase velocity of normal mode 0s
on the thickness of fluid layer

25



MEXAHIKA TA MATEPIAJIO3HABCTBO

S Y i Vi F}Iz

0.008 =
g
va

[
[IF]
I

0.004 L

0:000 —‘ﬂ:\/ ]

-0.004

0.1 2 4 6 g 10 12 14 16 18

PucyHok 5. 3aie)XHOCTI BiTHOCHUX 3MiH BeJIMUMH (Pa30BHX HIBUAKOCTEH HOPMAJbHUX MOJ 22, 3,4, 5, 6
Ta 7 BiJ TOBUIMHY LIAPY PiAnHU

Figure 5. Dependencies of relative changes of phase velocities of normal modes 2a, 3, 4, 5, 6
and 7 on the thickness of fluid layer

PesyabTraTén nmociimxenHs. 3 rTpadikiB, HaBeJleHUX Ha puc.l, BHUILUIMBAE, IO
MIBUJIKICTh HYJBOBOI aHTUCHMETPUYHOI Mojau JlemOa mpu 3pOCTaHHI TOBIIUHH IPY>KHOTO
mapy npsMye J0 IMBHIKOCTI XBUJI Perest 3HU3Y, a MBHIKICTh HYJIHOBOI CHMETPUYHOT MOJIH
npsmye no mBuAKocTi xBwiai Penes sropm. IllBmakocti ycix Bummx Mmon Jlemba mpwm
30UTBITICHH] TOBIIMHU TPY)KHOTO IMapy HPSMYIOTH JO IBHAKOCTI XBHJII 3CYBY B MaTepiaii
IPY>KHOTO Tija.

I'padixum 11 rigponpyKHOI CHCTEMHU, SKi HaBeJIeHI Ha puc.2, JUIS BUMAAKY TOBCTOTO
npyKHOTO mapy 3 /=10, Mo po3risiaaeTbes TYT, TOKA3yIOTh, O TPH 3POCTaHHI TOBIIUHA
piIKOTO TMapy MBHAKICTE HYJIHOBOI aHTHCHMETPHYHOI MOJHU MPSIMYE JIO IIBHJIKOCTI XBHII
CroyHJii, a MBUJAKICTh HYJIBOBOI CHMETPUYHOI MOJM — JI0 IBHAKOCTI XBwi Penes. Ilpu
30UTBITICHH] TOBIIMHU PiJIKOTO IIAPy MIBHJKICTH MEPIIOi aHTHCHMETPHIHOI MOIH MPSIMYE JI0
HIBUJIKOCTI XBWJII, BEJIMYMHA SKOI MEHIIE IIBUAKOCTI MOIIMPEHHS 3BYKY B piauHi. Pa3oBi
MBUAKOCTI YCiX 1HITUX BUAIITHX MOJI IPSIMYIOTH JIO MIBUAKOCTI IMTOIIAPEHHS 3BYKY B PiJIHHI.
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PucyHok 6. 3anexHocTi 6e3po3mipHuX KoedinieHTiB 3racanns mox Oa, 1a, 1s, 2a, Ta 2s
BiJl TOBLIMHY LIAPY B'SI3KOI piAMHU

Figure 6. Dependencies of dimensionless attenuation coefficients of modes 0Oa, la, s, 2a, and 2s
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on the thickness of layer of viscous fluid
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Pucynok 7. 3anexHicts 6e3po3mipHoro koediuienra sracaHas moan 0s
BiJl TOBIIMHY IIapy B'I3KO1 piIuHI

Figure 7. Dependence of dimensionless attenuation coefficient of mode 0Os
on the thickness of layer of viscous fluid

3 rpadiuHoro Matepiady, HaBEJICHOTO HA PUCYHKAaX, BHUILTUBAE, IO JJIS BCIX MOJ
ICHYFOTH PiJIKi IMApH ITEBHOT TOBIIWHY Ta IEBHI YaCTOTH, IS SKUX BILIMB B'SI3KOCTI PIAMHA Ha
(ha30Bi MBUIKOCTI Ta KOe(IIIEHTH 3racaHHs MOJ € MiHIMATLHUM. PazoM 3 TUM TSI psiTy MOJ
ICHYIOTh SIK TICBHI 9acTOTH, TaK W 1HTEPBaJIM YacTOT, IPH SIKUX BIUTHB B'S3KOCTI PiJIMHU Ha
($a30Bi MBUAKOCTI Ta KOEPIIIEHTH 3racaHHs IUX MOJ| 3HAUHUH.
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Pucynok 8. 3anexxHocti 6e3po3MipHnX KoedimieHTiB 3racanns mox 3, 4, 5,6 Ta 7
BiJl TOBLIMHY LIApY B'A3KOI piAMHU

Figure 8. Dependencies of dimensionless attenuation coefficients of modes 3, 4, 5, 6 and 7
on the thickness of layer of viscous fluid
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MEXAHIKA TA MATEPIAJIO3HABCTBO

BucnoBkn. Ha ocHOBI TpuBHUMIipHHX JliHeapu3oBaHUX piBHAHb Hap'e-CTokca uist
B'S3KOI PIMHM Ta JHIMHUX pPIBHSAHb KJIACHYHOI TeOpil HMPYKHOCTI JUIsI TBEPAOro IIapy
moOyT0OBaHO JMCIIEPCiHI KPHUBI Ta JTOCIIPKEHO MOMMUPEHHS aKyCTUYHAX XBUJIb Y ITHPOKOMY
niana3oHi yactoT. [IpoananizoBaHO BIUTMB B'S3KOCTI PiIMHU, TOBIIMHU MPY>KHOTO Ta PiKOTO
mapiB Ha ()a30Bi IIBHIKOCTI Ta Ker)iuieHm sracanns Moz Ilokasamo, mo y BHIMagKy
TOBCTOTO TIPYXKHOTO IIapy JUIS BCIX MOJ| iICHYIOTH DiJIKi ITapy TEBHOI TOBIIMHH Ta TEBHI
YaCTOTH, JUISl SKHX BIUIAB B'SI3KOCTI PiAMHA Ha (pasoBi MBUIKOCTI Ta KOCILIEHTH 3racams
MOJI € MiHIMaTbHUM. BUSBICHO TaKOXK, IO JUIS PSITy MOJI ICHYIOTh SIK ITE€BHI YacTOTH, TaK i
iHTepBaJId YacTOT, MPHU SIKUX BILIMB B'SI3KOCTI PiAMHU HA (ha30Bi MBUIKOCTI Ta Koe(illieHTH
3racaHHs WX MOJ 3HauHWH. PO3BHHEHMIA MiXi] Ta OTpUMaHi pe3ylbTaTH JTO03BOJISIOTH JIIS
XBHJICBHX IPOIIECIB BCTAHOBUTH MEXI 3aCTOCYBaHHS MOJENI iJIeabHOI CTHCIMBOI PiJWHHU.
BoHr MOXyTh OyTH BUKOPHCTaHI y TaKMX OOJIACTSX, SK CEWCMOJIOTIS, ceficCMOpO3BiIKa Ta
THIIAX.

Conclusions. On the base of three-dimensional linearized Navier-Stokes equations
for viscous fluid and linear equations of the classical theory of elasticity for the solid layer the
dispersion curves were constructed and propagation the of acoustic waves in a wide range of
frequencies were explored. The influence of the viscosity of the fluid, the thickness of the
elastic and fluid layers on the phase velocities and attenuation coefficients of modes were
analyzed. It was showed that in the case of thick elastic layer for all modes there are layers of
fluid of certain thickness and there are certain frequencies for which the influence of viscosity
of the fluid on the phase velocities and attenuation coefficients is minimal. It was also found
that for certain of modes, exist as certain frequencies and certain ranges of frequencies
wherein the influence of fluid viscosity on the phase velocities and attenuation coefficients of
these modes is significant. The developed approach and the results obtained allow for wave
processes to establish the limits applicability of the model of an ideal fluid. They can be used
in the fields such as seismology, seismic and etc.
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