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JUIMHHBIX TEOMETPUYECKH HEJIMHEHHbIX 000JI04KaX, COAepk allUX BSI3KYI0 HEC)KHUMAEeMYIo
KHJIKOCTh, Ha 0a3ze CBSA3aHHBIX 3a/1a4 THAPOYINPYTOCTH, OMHMCHIBAEMBIX YPaBHEHUSMHU JIMHAMHUKHU
000JI04eK U BSI3KOW HEC)KMMaeMOM KHJIKOCTH, B Buie 0000meHHBIX ypaBHeHHi KopreBera ne
Bpuza (KzB). Taxke MeromoM BO3MYIIEHMM 1O MajoMy IapamMeTpy 3ajadd I10JTYy4eHbI
MaTeMaTHYeCKUe MOJENM BOJHOBOIO Ipolecca B OECKOHEYHO [UIMHHBIX TI'€OMETPUYECKU
HEJIMHEHHBIX COOCHBIX IWJIMHAPHYECKUX YIPYruX OOO0JOYKaX, OTIMYAIOIIMECS OT H3BECTHBIX
Y4E€TOM HAJIUYUSl HECKHUMAeMON BS3KOM KHJIKOCTH MEXAYy O0O00J0YKaMu, B BHJE CHCTEMBI
0000meHHbIx ypaBHeHud KnB. B mpeacraBieHHON cTaThe MPOBEACHO HCCICIOBAHUE MOJICTH
BOJIHOBBIX SIBJICHHII B JIBYX T'€OMETPUYECKH HEJIMHEUHBIX YINPYTHX COOCHBIX LHMJIMHIPHUYECKUX
000JI04YKaX, COACPIKAIIMX BI3KYI0 HEC)KUMAEMYIO JKMIKOCTh, KaK MEXIy HUMH, TaK U BHYTPH U
OKPYKEHHBIX YIPYrol cpenoW, AEHUCTBYIOLIEH, KaK B HOPMaJIbHOM, TaK WU B HPOJOJbHOM
HarpaBJeHUU. {1 pacCMOTPEHHBIX CUCTEM YPABHEHUN C Y4ETOM BIIMSHUSA KUAKOCTH C IIOMOIIBIO
noctpoenust 6asuca ['péOHepa mosydeHbl pa3HOCTHbIE cxeMbl Tuma Kpanka-Hukoncona. s
reHepaluy dSTUX pPA3HOCTHBIX CXEM MCIIOJIb30BaHbl 0a30BbIE HHTErpalbHbIE PA3HOCTHbBIE
COOTHOIIEHUS, KOTOPBIE ANMPOKCUMHUPYIOT UCXOJHYIO CUCTEMY YPaBHEHUH.

KirroueBsle ci0Ba: HEIMHEWHBIE BOJIHBI, BSI3Kas HEC)KMMAeMasi JKUJIKOCTh, IAJIMHIPUYECKUE
yIpyrue 000JIOUKH.

Abstract. The present article deals with further developing of perturbation method for
deformation non-linear waves in an elastic cylinder shell, filled with viscous incompressible liquid
without inertia of its movement, surrounded by an elastic media and under construction damping in
longitudial direction. Surrounding medium presence leads to integral-differential equation, to
generalizing Korteweg-de Vries ones and possessing the same soliton in the form of a solitary wave
- a soliton. It does not contain an arbitrary constant number unlike Korteweg-de Vries equation
solution. The viscous incompressible liquid presence inside the shell behavior is described by
means of dynamics and continuity equation, is solved together with boundary conditions liquid
adhesion to a shell wall. The solution is presented by direct expansion of unknown function by
small parameter of hydroelasticity problem and reduced to the problem for hydrodynamics
lubrication theory equations. The equations solution defines the tensions on the part of the liquid,
the tensions influence the shell longitudinal and normal directions. The liquid presence in the shell
adds to longitudial deformation waves equations one more equation member, which does not allow
to find exact solution. Construction damping in a longitudial direction adds the same equation
member, like liquid presence does. They posses opposite signs in the case of shell Poisson
coefficient being smaller than 1/2. In contrary case signs coincide. Liquid presence in the shell and
construction damping demand for numerical research. The liquid presence leads to the equation,
generalizing Kortevega-de-Vrisa equation, lacking the exact solution and demanding numerical
investigation. The numerical investigation is carried out with the use of the modern approach,
relying on the universal algorithm of commutative algebra for integro-interpolation method. As a
result of difference Grobner basis construction, the difference Crank-Nicolson type schemes are
generalized. The schemes were obtained due to the use of basic integral difference correlations,
approximating the initial equations system. Computational experiment showed that in the case of
construction damping and liquid impact have opposite signs but coincide in value, their influence
does not case and a soliton propagates without changing its direction and its amplitude, which
coincide analytical solution. If constructive damping exceeds liquid impact, the wave amplitude
decreases; in the opposite case the wave amplitude grouse.

Keywords: nonlinear waves, viscous incompressible liquid, elastic cylinder shell
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B pabote paccmaTtpuBaeTcsi 3ajaua B3aUMOJACHCTBHUSL BA3KOM HEC)KMMaeMOM
KHUIAKOCTBIO C JIByMsSI COOCHBIMH T€OMETPUYECKH M (PU3NUYECKH HEIMHEHHBIMU
000JI0OYKaMH C YYETOM BJIMSHUS YOPYroll cpeapl Ha BHEHIHEI0 OO0OJIOUKY.
AHajiorudHas 3a7ada 0e3 BIMSHHS YIIPYrou cpejibl Obliia paccMoTpeHa B padote [1].
Pemenne 370l 3amaun ©MeeT BaXKHOE 3HAYCHHE JJIS aKyCTHUYECKOW TUArHOCTHUKU U
HEPa3pyIIAOIIEro KOHTPOJII MaTepuanoB. Bo MHoOrom wuHTepec K MOAOOHBIM
3aJayaM HHUIUMUPOBAH HEOOXOJMMOCTBIO aHajdu3a YINPYruX W JAUHAMAYECKUX
CBOMCTB HAHOOOBEKTOB, B YACTHOCTH, KAPOOHOBBIX HAHOTPYOOK.

B coBpeMeHHON BOJMHOBOM [IWHAMHMKE OJHHMM W3 BA)XXHBIX HAIPABICHUN
ABJIIETCS W3YYEHHME IIOBEICHMS BOJIH JedopMmanuil B ymnpyrux oOosoukax. B
YCIIOBUSIX BUOpPALIMK B3aMMOJIEUCTBUE BA3KOW HEC)KMMAEMOU KUAKOCTU C YIPYTUMHU
000JI0YKaMH HCCICIOBAIOCh B [2-4], a ¢ y4éToM BpallleHHs XHIKOCTH - B [5].
[IpoGneMbl pacnpoCTpaHEHUsT BOJH B YIPYIMX M BA3KOYINPYIMX TOHKOCTEHHBIX
KOHCTPYKLHUSAX, B TOM YHCJI€ B OECKOHEUHO JUIMHHBIX IWJIMHIPUYECKUX 000JI0UKaxX
0e3 B3aMMOJICHCTBUS C BS3KOW HEC)KUMAEMOU JKHJIKOCTBIO, PACCMATPUBAIKCH B [6] ¢
MO3MIIMY TEOPUHU COJMTOHOB [5,6].

M3BecTHBI MaTeMaTHYECKHE MOJIENH, YYHUTHIBAIOIIME BIUSHUE BI3KOH
HEC)KMMAeMON JKUJIKOCTH Ha BOJIHOBBIE TMIPOIECCHl B OECKOHEYHO JUIMHHBIX
rCOMETPHYCSCKHA M (PU3UUICCKH HETMHEHHBIX oOosioukax [7, 8]. Ilpu 3ToM HaiieHbI
b GdeKThl BAMSHHUS BSI3KOW HEC)KHMMAEMOW JKHIKOCTH Ha TOBEICHHE BOJIHEI
nedopManuu B 000J0YKE B 3aBUCUMOCTH OT Kod(duuuenta Ilyaccona marepuana
00osouku. B wacTHOCTH, PH HAIWYUH KUIKOCTH B 00OJIOUKE M3 HEOPTaHUYECKHX
MarepuasioB (paznu4Hbie TPYOONPOBOABI B TEXHOJOTHYECKUX COOPYKEHUSX)
BBISIBJICH SKCIIOHEHLIMAJIbHBIA POCT aMIUIMTYAbl BOJHBL. B ciyyae opranmdeckoro
MaTepuaia (KpOBEHOCHBIE COCY/Ibl) BOJIHA B )KHUJIKOCTHU OBICTPO 3aTyXaer.

MeTtogoM  BO3MYIIEHMM [0 MajlloMy [apaMmeTpy 3aJadd  IOJy4EHbI
MaTeMaTHYECKUEe MOJEIM BOJHOBOTO Tpolecca B OECKOHEYHO JUIMHHBIX
reOMETPUYECKH HEIMHEWHBIX COOCHBIX HWJIMHIPHYCCKUX YIPyrux obosioukax [8],
KOTOPBIE OMUCHIBAIOTCS YPABHEHHUSIMHU TUHAMHUKH 000JIOUEK U HECKUMAEMOU BS3KOU
KHUIKOCTH, HaxOIAMICHcs MeEXIy HHMH, C COOTBETCTBYIOIIUMHU KpaeBBIMU
YCIIOBUSIMH, B BUJE cHCcTeMbl 00001eHHbIX yYpaBHeHuil Kopresera ne Bpuza (KaB).
[TokazaHo, yTo BoJiHA Aedopmaluii BO BHEUIHEH 000710YKe MPUBOIUT BO BHYTPEHHEN
000J10YKe K BOSHMKHOBEHHIO BOJIHBI Jiepopmaiuii, KOTOpOil B HayaldbHbIi MOMEHT
BpeMeHH He Obuto. [Iponcxoaut «mepekadka SHEpruu» (depe3 CIoW JKUIKOCTH) OT
BHEITHEW 000JI0YKM K BHYTPEHHEH, B pe3ysIbTaTe ATOr0 BO BHEIIHEH 000I0YKE UMEET
MECTO HEMOHOTOHHOE TMaJIeHUE AaMIUTUTYIbl BOJHBI, M, KaK CIEACTBHE,
HEMOHOTOHHOE CHIDKEHHE CKOPOCTH €€ pacnpocTtpaHeHus. [Ipu 3Tom Bo BHyTpeHHEN
000JI0UKe aMILTUTYJJa HEMOHOTOHHO yBennuuBaercs. C TeueHneM BpeMeHH 3HauCHUs
CKOPOCTEH U aMIUIMTY/I BOJIH B 000JI0YKaxX BhIPAaBHUBAIOTCS.

IlocTaHoBKAa 3a1a4u
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PaccmoTpuM, OKpy)XKeHHBbIE YHOpPYyrod Cpenod, JABE COOCHbIE OECKOHEYHO
JUIMHHBIE yIpPyrHe O0O0JIOUKM Ha PHUCYHKE 1, MEXIy KOTOPHIMH HAXOJUTCS BA3Kas
HeckMMaeMasl >KuAkocTh. lllupuHa menu, 3aHUMaeMod KUAKOCTBIO O, paguyc

= R(l) _ﬁ
2

CpPEIMHHONM moBepxHOcTH o00Oooukn R, R BHYTPEHHUU pagnyc
1

BHemHeH o6omoukn; R, = R® + -2 - puemmwmii aauyCc BHYTPEHHENH O0O0JIOYKU;
) 2 2 >

R; = R® —07 - BHYTPEHHUN paJnyC BHYTPEHHEH 0OOJOUYKH, RM, R® . paanychl
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TOJIIKMHBL. Bce MexaHudeckue MepeMerieHns BHYTPEHHEH 000J0YKH 0003HAYEHBI
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miotrocts; UM, WO - npononbHoe mepemermenne u mporn6, monokHTENbHBIE K
LUEHTPY KPUBU3HBI, X - IPOJOJbHAsA KOOpAUHATA; { - BpeMs; q;, q,, - HaIlIpsDKEHUs CO
CTOPOHBI JKHIKOCTH, KOTOpasi HAXOJUTCSI MEXK Iy 00004Kamu; (,, Q, - HAMPSHKCHUSI
co CTOpPOHBI KUIKOCTH, 3aIOIHSOIIAs BHYTPEHHEIO 000JI0UKY;
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CnenoBarenbHo, U, - IpOM3BOJbHAs (PyHKIMS, a Oe3pa3MepHas CKOPOCTb

BOIHBI C = \/1— 24 , Tax kak ¢ =1— s,
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42 +624P + 42, + 92 — g0 — oy (4P — 40 }+ o9 — 06? = 0. (12)
Cucrema ypaBHeHuit (12) mpu OTCYTCTBMM KHAKOCTH paclafaceTcs Ha JBa

HE3aBHCUMBIX ypaBHenns, 1t ¢

1 (1 1 1 1 1 —
4O +64040 + 40 + o9 - o [V + o, (JpVd ] =0
C TOYHBIM PCIICHHUCM

4O =&cosh2{1 ﬁ{n_(ﬁuaﬁqﬂ} (13)
20'4 2 Oy Oy

" I ¢(2)
2 2) (2 2) —
75t( ) 675( )¢( ) 75( ) 0

nn

1
#? = 22 cosh2 = |23 - 22t L, (14)
20, 2\ o, o,

rac 0'3/0'4 - IPOMU3BOJIbHAs BCIINYHUHA.

C TOYHBIM PCIICHHUCM

Kak crexyer u3 (13) u (14) cxopocts comurona ¢ Goubiie, 4eM CKOpOCTb

COJIMTOHA ¢(2) Inpn OJAWHAKOBLIX aMIUIMTYyA4X. HpI/I HaJIW4Yuy KHUAKOCTH BO

BHYTPEHHEW 000JIOUKE M OKpYKaIIIeH ymnpyro cpenbl Jisl BHEIIHEW O00O0JOYKH
YHCIICHHOE UCCIICIOBAHUE CUCTEMbI YpaBHeHUH (12) mpu HaYaIbHOM yCIIOBHU

¢ (r,0)=0, ¢(2)(n,0)=&cosh2{1\/§n} (15)
20, 2\ o,

IIO3BOJIMTDb OLICHUTD UX BJIMAHUA Ha BOJIHOBBLIC ITPOLCCCHI B COOCHBIX 000JI0YKaX.
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B pe3ynbTate moiy4uM CIEAyIOIIyI0 Pa3HOCTHYIO cxeMy JUlsl ypaBHeHus (12),
aHanoruynyto cxeme Kpanka-Hukosncona juist ypaBHEHUS TETJIONMPOBOAHOCTH:
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Puc.2. Yucnennoe perienre ypaBaenui (12) ¢ HauanbHbIME ycltoBUsAME (15)
npu o, =0.1, 0,=0, 0, =0.004,6,=0.1, 6. =1n 0 =0.
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Puc.3. Uucnennoe pemenue ypasuenuit (12) ¢ HauanbHbiME ycaoBusMu (15)
npu o; =0.1, 0, =0.5, 0,=0.004,5,=0.1, 6, =1u o =10.
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3akiouenue

[Ipy HaMMYUK KUAKOCTH MEXKIYy O000JIOYKaMU MPOUCXOJUT TMepeKayka
SHEPruu. AMIUTUTYIa BO BTOPOM 000JI0UKE MAJaeT, a B IEPBOM — pacTET MOKA OHU HE
BeIpoBHsIIOTCS (Puc. 2). [lpu Hanwuum >KUIKOCTH BHYTPH BTOpPOW OOOJIOYKH Ha
BTOPOM 3Tarie MPOUCXOAUT MaJCHHE aMIUIMTYZ BOJH B 00e€UX 00O0JOYKaX 3a CYET
BSI3KOCTH JKHJIKOCTM W YMEHBIICHHM CKOPOCTH BOJIH 34 CUET MHEPLUUU JBUKCHUS
wuakoctu(Puc. 3). BoiiHOBOE 4KCIIO U, CIEA0BATEILHO, JJIMHA BOJTHBI ONPEACISIOTCS
HaJIMYMEM BIIMSHUS OKPYKAIOIIEH yIIPYTOM CpPeAbl B IPOJOIBHOM HAIIPABICHHUH, B TO
BpeMs Kak €€ BJIMSHME B HOPMAJbHOM HAIPaBJICHHUM CKa3bIBAETCS HAa CKOPOCTH
BOJIHBI.

Paboma evinonnena npu gunancosoti noooepowcxe epanma PODHU 19-01-00014 u
epauma Ilpezudenma Poccuiickoti @edepayuu MJ]-756.2018.8.
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