C800600HbIE KONEOAHUSL MHO2OCOUHOU HCUOKOCIU, PA30ETIeHHOU YNpyeumu
UHEPYUOHHBIMU MeMOPAHAMU

aMILTITy]a KOTPOTO 3MIiHIOETHCS B3JOBXK HANpPsAMKY pyxy (micmepcis) Ha Bia3HauCHHS
Big ¢poHTa XBUIh Penes B 3anayi JlemOa, 110 Mae MOCTiHY aMITTITY/Ty.

V. N. Tishchenko, Ju.A. Shevljakov. A problem of a cylindric eradiator.

SUMMARY . The transitional processes in an unlimited elastic medium with a
cylindrical rectilinear cavity under striking excitation of the own Bio's waves are
investigated. These processes are provoked by a normal axis-symmetrical loading (so
called “a problem of acylindric eradiator”), which is attached to the cavity. Comparing
with an analogous problem with a flat border (Lamb’s problem) for surface curvature
upon processes under study is done. It's proved that Bio's waves have a front moving
with a speed of Reley’s waves. This front amplitude is changing in direction of mathion
(dispersion). It differs from Reley’s waves front in Lamb’s problem which amplitude
stays constant.
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CBOBO/IHBIE KOJIEBAHMSI MHOT'OCJIOMHOM ) KUJKOCTH,
PA3JEJEHHOW YIIPYTUMU UHEPIIMOHHBIMHA
MEMBPAHAMMU

OO6o6mensl pe3ynbTatsl pabor [1-3] Ha cityyait MHOTOCIOWHOM KHUAKOCTH C
YOPYTUMH WHEPIIMOHHBIMU MeMOpaHaMu Ha CBOOOJHOW W BHYTPEHHUX MOBEPXHOCTSX.
BriBeneHo dacToTHOE ypaBHEHHE, YAOOHOE IS AHAJTUTHYECKOTO W YHCIICHHOTO
HCCIECNOBAaHUN [JI1 NPOU3BOJBHBIX 3HAYCHUN IUIOTHOCTEH Kuakoctedl. Ilomydeno
YCJIOBHUE YCTOWYMBOCTH COOCTBEHHBIX KOJCOAHWH MEXaHUYECKOW CHCTEMbI IS
JIBYXCIIOMHOM >KUJIKOCTH W TIPOBEJICHBI YHCIICHHBIE UCCIIEI0BAHMS TIEPBOM COOCTBEHHON
YaCTOTHI.

B awuccepramyu [4] ¢ mnosunumii QyHKIMOHATBHOTO AaHAIM3a PacCMOTPEHa
aHaJoOTMYHas 3ajaya JUisl TMPOU3BOJBHON MOJOCTH B MPEANOJIOKEHUH, YTO KUIKOCTH
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pacIoNioKEHbl B MOPSKE BO3PACTaHUs BEJIMYMH IIOTHOCTEH. JloKa3aHbI TeOpeMbl
CYIIECTBOBAHUS CHJIBHOTO pEIEHUs] 3TOM HayaJbHO-KpaeBOM 3alauM M HCCleAoBaHa
CTPYKTYypa CIEKTpa COOCTBEHHBIX KOJICOAHUH.

1. IMocranoBKa 3agauM. PaccMOTPHM MEXaHHYECKYIO CHCTEMY,
COCTOAIIYIO W3 M HACANBHBIX HECMENIMBAIOMIMXCSA JKUAKOCTEH C
wiotHocTssMu [, (1=12,..., M), 3amoJHSIONMX >KECTKUI KPYroBoi

IWJIMHAP paadyca @ COOTBETCTBEHHO a0 riyomH hy. Ha coOomno#

MOBEPXHOCTH BepxHed skuakoctd (I =1) W Ha IMOBEPXHOCTAX pasneia
MHOTOCJIOMHOM JKUJAKOCTH PAaBHOMEPHO HATSHYThI THOKHE WHEPIMOHHBIC
MeMOpaHBbI C TIOTOHHBIMU YCHJIMAMH T,. MeMOpaHbI KECTKO 3aKPEeILICHBI

no kparo. [[BmwkeHue >XKUIKOCTEH W MeMmOpaH OylaeM paccMaTpuBaTh B
cucreMe koopaumHaT OXyZ, pacrojoXeHHOW Tak, 9TO IUIOCKOCTh Qyz

COBIIQJIAa€T CO CBOOOJHOW TMOBEPXHOCTHIO BEpPXHEW IKUIKOCTH B
HEBO3MYIIIECHHOM COCTOsIHMM, a och OX  HampaBjieHa BIOJb OCH
MIMHApa. 3amady OyaeM pemaTh B paMKax JIMHEHHOW TEOpWH, a
JBUKEHUS )KUAKOCTEH OyZeM CUNTaTh OTCHIIMATBEHBIMH.

2. TlocTpoeHne aHAJIWMTHUYECKOT0 pelIeHUsl 3agavyu. 3amada o
COOCTBEHHBIX KOJICOAHUSX paccMaTPUBAEMON MEXaHUYECKOW CHCTEMBI B
TI0JIE CHJIBI TSKECTH MOJKET ObITh chopMyaupoBaHa B Buje [3]:

D@, =0, (=1 2, ..., m), (1)

ﬂCDi/ﬂr|r:a:O,ﬂFm/'ﬂx\X:_Hmﬂ:O (2)

T /Ix= TW/Tt, T@,_,/IX=T,; /X (x=-H;) (3)
7°WwW, éTwW 19w 1 7°WUu_R-R, _

o m & I i TIr +r2 1q° H_ T (x=-H) )

W[ _.=0,  R=-p( 10;/Nt+n,goW - Qt)). (5)

i-1
o] v

3nece H, =g h,, H; =0, P u F; — naBnenue u noreHnman ckopocrei
k=1

i -oii skuakoctn; Ky =1 gdg /T ; Wi, 4, dg —CcooTBeTCTBEHHO MpOrno,

IUIOTHOCTB ¥ TOJIIIUHA | -0if MeMOpaHbl; g, — YCKOpEHHE CBOOOTHOTO

najneHus, N, —neperpyska; Q, (t) — IPOM3BOJIbHAS (DYHKIIHS BPEMEHHU.

Orpann4yuBasCch MEPBOM MOJION 11O YIIIOBOK KOOpPIUHATE, PEIICHUE
3angaun (1)-(5) 6ynem nckats B Buje [1-2]

@, =wcoswtcosq ¢, (x,r), W, =sinwtcosqw; (r), (6)
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IDI(S
¥
0 = a (Ane"nx+ Bn€ k“X)Rl(knr) (i=12,..,m- 1),
n=1
¥
(Pm = é. Ann COSh kn (X+ Hm+1)Rl(knr)’ (7)

n=1

Ry(k.r) = (kor)/ 3y (my), o =k,a, ‘]1((”}1):0’

w(r)=A 25+ A, Rllr). 2200 =8 by Ryl

PP, pE=g(r - 1i)/T - Wiy >0

Z,(pr) =1 . ~ ~
' fdh(kr), k*=-p7>0
O Zi(pr)Ry(k,r)dr a
b, =2 , N2 =y R3(k.r)dr. (8)
NZZ(pa) " O

Pemenne W;(r) neomHopogHoro nuddepeHnaIbHOTO MpeacTaB-

JSeTCS B BHJE CYMMBI OOIIETO PEHICHUS OIHOPOJHOTO W YaCTHOTO
peleHHs HeOHOPOAHOTO ypaBHeHus [5)]. [loacrasiss cooTHomeHus (6) —
(8) B ypaBuenus (3)-(5) u, MCHOIB3ys OPTOrOHAIBHOCTH C BeCOM I Ha
orpeske [0,a] ¢dyukmuii beccens .Jl(knr), MOJIy4aeM CHCTEMY JIMHCHHBIX

YPaBHEHUH [UI OollpesieNieHus Hen3BecTHbIX A, B, C,, A:

kn ((Aﬁ-ln - Aﬁn)e- bt (Bi-ln - Bin)eknHi ): 0,
Am-ln e b Bm-ln eanm = A\nnShkmn’
kn(pin e i Bin eani )= AﬁBin +Cina (i :1- ey M- 1)’
knAnnShkmn = Anbmn + Cmn’ (9)

2 2 ®° - ko Hi
(92 +k3)Cin = 21 An - praAzn)e o +
+(PiBin - pi-1B-1n)€ " ] (i=1..,m-1)

2
Q) -
(przn + kr?)cmn =T[pmAm Cthn - pm-l(An—ln € anm+ Bm-ln eanm)- (10)
m
¥

a(Ab, +C,)=0 (i=1..,m). (11)

n=1
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Pemas cucremy (9) otHocutensHo A, B, Haxoxum

An ="t (eKin an - ai+1n)/(23h‘<in)’ Am =8y /shK
B, =e Mg g, - &, )/(2sh) (=L ..m-1),  (12)

rae

ain = (Abin +Cin)/kn » Kin = knh .

[ToncraBu cootHommenus (12) B (10), moaydum cHCTEMYy JIMHEHHBIX
ypaBHeHuit oTHOCUTENBHO C; (Cpiy1n = Aper =0):

b|-1nci-ln +-ﬁncin +b|nCi+ln =- |-1n'§-1+ain'§ - bln'&ﬂ' (13)

B marpuunoii popme pemenue cuctemsl (13) ¢ yaerom (12) umeer Bu

C, =(D;*T, - E)A,

WA
A +C,=D;'T, A, . (14)
31ecn
( ~ ~ ~ \ ~
Co =(CineCrm)'s Ay = (A Ay) s Ay =b,0A,
B = kf il,'pilll(pia)/ll(pia) (pi2>0)
n=—*n I~ . ~ ~ ~
" pP ik (k) /uka) (k2 =- p2>0)
éﬂ_ln bln 0 L 0 0 0 9
gbln T2n b2n L 0 0 0 =+
Dn(wz)=g L -
Q 0 0 0 L bm- 2n -Fm-ln bm-lni
€0 0 0 L 0 b,y Twmg
T =T~ @, 0y =28/[u2- 1), T, =Tk, (2 +k2) /w2,
a,, =r, ,cothk, ,, +r, cothk;,, b, =r;/shk;,, r, =0,
T, — InaroHanbHas MaTpHLa, COCTOsIAs U3 dieMeHtoB I,, E —

eIMHUYHAS MaTpHIa, a K0Od(QGUIUESHTHI D, BrarciaeHs! o popmynam (8).
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[Moncrasus (11) B (14) u mpoBens npeoOpa3zoBaHusl, aHATIOTHUYHBIC

[2-3],

MOJTYYUM

MHOTOCJIIOMHON JKHJIKOCTH,
MeMOpaHaMH, He 3aBUCsIIEe OT Kodpduuuenta b, :

3nech gijn =a k:gijn/Dn’ B, =

D, 1_ngnH ij=1

MaTpulel, To u oopatHast matpuna D

eCcTh Gjjp

= Gjin-

Eciu ona u3 riny6us sanonsenns b, =¥ (0, = Guean = Gz =0),
TO U3 ypaBHeHus (15) momyaum
S ~ S ~ |8 = S ~
A%, L adwddewn L A Jkam
n=1 n= n=1 n=1
M @) M M @) M =0,
S ~ S~ |3 ~ S -
a g L a gkkn a gmk+1n L a gmmn
n=1 n=1 n=1 n=1
rIe
_ I R T
gijn =a ksgljn’ in — ‘D Dkn 2 ’ kiln _%’
kn k+1n
éﬂ-n Eln L 0 9 éﬂ-lﬂn Bﬂn L 0 9
D le T2n L 0=+ D ghﬂn Ti+2n L 0 _
- T I N Y © T
é 0 0 L T, é 0 0 L T,5
Ecnm ke Bce h =¥ | To u3 (15) cnexyer
Ul _ 3 /=
O a g In :0’ giin :ankn/Tin '
i=1n=1
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a i L A %m
n=1 n=1
M @) M
5 - $
a gmln I— a gmmn
n=1 n=1
nl+ Yijn

HaCTOTHOC

ypaBHEHUE

COOCTBEHHBIX  KOJICOAHUI

pa3/ieICHHOM yNPYTMMH HWHEPLHUOHHBIMU

(15)

-1
—3JIEMEHTHI MaTpulbl D,
/ D, . Tak kak D, sBisiercs nuHeR4aTol CHMMETPUYHON

! Taoke GyeT CHMMETPHYHOI, TO
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Takum o6paszoM, eciam K-if ciioif KHIKOCTH HMeeT OECKOHEUHYIO
ryOuHy, TO yacToTHOE ypaBHeHue (15) pacmamgaercst Ha 1Ba HE3aBHCUMBIX
ypaBHeHusi. Ecim sxe Bce h =¥, T0 ypaBHenue (15) pacmamaercs Ha m
HE3aBHCUMBIX YPAaBHEHHM.

IIpu m=1 u dyr, =0 ypaBuenue (15) coBmagaer ¢ YaCTOTHBIMH
ypaBHeHHIMH padoT [3, 5].

3. UccenoBaHue BONPoca 00 YCTOHYHBOCTH COOCTBEHHBIX KoJIeOaHMil
Heo6xonumbim YCIIOBHEM YCTOHYHUBOCTHU KOJIcOaHUit
paccMaTpUBacMOl MEXaHWYECKOM CHUCTEMBbI SIBISCTCS MOJOXHTEIBHOCTh
BCEX KOpHEH yacToTHOro ypaBHeHHs (15). /s ABYXCIIOHHOM JKHIKOCTH
(M=2) ¢ ynpyruMH WHEPIMOHHBIMH MeMOpaHaMH Ha CBOOOJHOW H
BHYTPEHHEH MOBEPXHOCTSIX 4YacTOTHOe ypaBHenue (15) 3ammchiBaercs B
Bu/e [2]
¥ ¥ ¥ <2
é gllné O22n - aeé glzng =0, (16)
n=1 n=1 n=1 a

rae

glln = 2n? g12n = bln’ g22n :Tln ' Dn :TlnTZn - blZn

Jlns mpuOJIMKEHHOTO aHajdu3a CBOOOJHBIX KOJICOAHWH MEXaHH-
YECKOW CHCTEMbI OTPaHWYUMCS JIBYMsI WieHaMH psiga B ypaBHeHuu (16),
T.K. y4€T OJHOTO 4YCHA psJa HE NMPHUBOJUT K YPAaBHEHHIO, COJEpIKAIIEMY
HEU3BECTHYIO YaCTOTY

bw* - bw® +b, =0, (17)
by =(a,B,, +a,B,, )(aB,, +a,B,)- C?,
b = (aBy, + 8,8, & A, +a,A,)+ (@B, + 2,8y (@A, +2,A,),
b, = (& A, + A @A, +3,A,), Ay =KT +ak, (ri - riy),
B, =k.k,T, +a,, C*=ab, +ab,, a, =ak’.
Buksanparnoe ypasuenne (17) OyaeT MMETh MOJNOKHMTENBHBIE KOPHH,

cClin

b >0,i=12, (18)

T.K. TIpH JIIOOBIX mapametpax cuctemsl b, >0. U3 (18) cnenyer ycnoBue

YCTOﬁqHBOCTH CcOOCTBEHHBIX K0JeOaHNil MEXaHNUYECKOM CUCTEMBI.

& Ay +a,A,; >0
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AR1041

3 3
<MT72 = RL, (R»17.855).

nx(r =T )
O ak tak 9o ag,

[TonyyeHHOE YCIIOBHE YCTOMYMBOCTH HE 3aBHCHUT OT TJIyOHMH
3aIOJIHCHUS, HHEPIIMOHHOCTH MEMOpaH ¥ HATSKCHHS BEpXHEH MEMOpaHHbI.
Ecmm r, £r,, 10 Bce kopHH ypaBHeHUS (17) MONOXHUTETBHBI U

BCErJia CyLIECTBYET JiBa Habopa coOCTBEHHBIX yacToT. Eciu sxe ) > T ,,
TO TIpH

n, = RTZ/[ago(r - 1)

IPOUCXOJUT NOTeps ycTounBocTu. Takum oOpazom, pu
r,>r,, OONbBIION meperpy3ke MW MaJOM HaTSKEHUU

e BHYTpEHHEH MeMOpaHbI BO3MO>KHA noTeps
YCTOMYUBOCTH.

Ecnu yuuthiBath Tpu wieHa B psaax (16), momyuum
5 ; . R=16.707, a npum uereipex — R=16.182. Takum
0o0pa3oMm, ¢ JOCTaTOYHOM JUIsi MPAKTHUKA TOYHOCTBIO
MOkHO cuntath R=16.182.
Yucnennole wucciaenoBanus ypaBHeHus (16) Obuim
NPOBEJCHBl TPU CIEAYIOMUX 3HAYEHUSX IMapaMeTPOB:
° h =h, =10, rydy =rdy, =1.0, a=1.0.Ha puc. 1-3
%\g]»\'* u300paxeHbl  TpauKH  3aBUCUMOCTH  KBajpata
0 13 n, 0e3pazMepHOit MepBOM COOCTBEHHOM YacCTOThI

.

Puc.2 W :Wza/ g, ot neperpysku N,. Kpuseie 1-3 Ha puc. 1
. COOTBETCTBYIOT 3HAYCHMSIM Py = P, /Py =1, 2, 3, Ha puc.

MOCTPOCHBI C YY4E€TOM HWHEPIHOHHOCTH MEMOpaH

=" 2-3HadeHWsIM py =0.1,0.2,0.3. Ha puc. 3 xpusbie 1u 2
-

N anull MHEPIUOHHOCTH (I gdy =T o,dg, =0 — kpuBast 2) npu
1] r 1

Puc.3

Ir,, =2.0. UucrneHHble HCCIEIOBAHUSA II0Ka3ajd, YTO

ecnn Oonee TsKeNash JKHIKOCTh HAXOJUTCS BHH3Y
(r,>ry) wma r,=r,, To mepBas COOCTBEHHAasi YacTOTa BO3PACTaET C

pOCTOM HEeperpy3ku, a Ipu I , <I, OHa yObIBaeT 10 3HAUECHUS MEPErPy3KU

n, =RT, / (gaz), OIIPEIETICHHOT O YCIIOBHEM YCTOWYHMBOCTH.

NHepumoHHOCTh MEMOpaH MPUBOJIUT K YMEHBIIEHUIO TIEPBOM COOCTBEHHOM
YacTOTHI.
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10. H. Kononos, K.O. Tarapenko. BiIbHI KoJIuBaHHS 0araTomiapoBoi piinHM, siKa
po3aijieHa Npy:KHUMH iHepUiiHMMHU MeMOpaHaAMU.

PE3IOME. VzarameHeHo pesyiapratd po0Oit [1-3] Ha Bumamok OGaratomrapoBoi
PiAMHY 3 PYXHUMH 1HEpIIHHUMHU MeMOpaHaMH Ha BiIbHIN Ta BHYTPIIIHINA TOBEPXHSX.
BuBeneHo 4acToTHe pIBHSHHS, SIKE€ € 3pYYHUM JUIS AQHAIITUYHOTO Ta YUCEIBHOTO
JIOCTi/PKEHb /ISl JIOBUIBHMX 3HAauY€Hb TyCTHH piguH. OTpuMaHo YMOBY CTIiHKOCTi
BIIACHHUX KOJIMBaHb MEXaHIYHOI CHCTEMU JUI JIBOIIAPOBOI PiAMHM i MPOBEACHI YHCENbHI
JOCITIKSHHS TIEPIIOT BIACHOI YaCTOTH.

VY mucepranii [4] 3 no3uiiii (GyHKI[IOHAIBHOTO aHaNi3y PO3INISHYTa aHAJOTiyHa
3aj1a4a JyIsl JOBUTbHOT MOPOXKHUHYU B TIPUITYIIEHHI, IO PiTMHU PO3TALIOBAHI B TOPSAKY
3pOCTaHHA BEJIMYMH TYCTHH. [|OBEJICHO TEOpEeMH iCHYBaHHS CHJIBHOTO PIlICHHS Mi€l
M0YaTKOBO-KPaoBOi 3a7adi i JOCIIPKEHa CTPYKTypa CIIEKTPa BIACHUX KOJIHBAHb.

Ju. N. Kononov, E. A. Tatarenko. Free fluctuations of the multilayered liquid divided
by elastic inertial membranes.

SUMM ARY . The results of works [1-3] on a case of a multilayered liquid with
elastic inertial membranes on free and internal surfaces are generalized. The frequency
eguation convenient for analytical and numerical researches for any values of density of
liquids is deduced. The condition of stability of own fluctuations of mechanical system
for a two-layer liquid is received and numerical researches of first own frequency are
carried out.

In the dissertation [4] from positions of the functional analysis the similar problem for
any cavity in the assumption is considered, that liquids are located in ascending order
sizes of density. Theorems of existence of the strong decision of this initially regional
problem are proved and the structure of a spectrum of own fluctuationsisinvestigated.
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