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PaccmarpuBaetcs 3amava pacrpoCTpaHeHUs TUIOCKOH IIMITHHAPHUYECKOM BOJTHEI B HICATBHOMN COKUMAaEMOH JKHIIKOC-
Tu. CTpyKTypa pelieHus UMeeT BUJI HHTETPaIbHOTO YPaBHEHH C TIEPEMEHHBIM BEpXHUM IpenesioM. CyIecTBeH-
HOU 0COOCHHOCTBIO MOJYYCHHOTO PEIICHUS SIBJISICTCSI OTCYTCTBUE Pa3phiBa MapaMeTPOB Ha (PPOHTE aKyCTHUECKOM
BOJTHBI. PelieHne BOJIHOBOTO ypaBHEHUS U CXOASIICHCS M PacXOIsIIeiics 0CeCHMMETPHUYHON IIMITHHIPUYECKOM
BOJIHBI aBTOPAMU CTAaThH OBIJIO PacIpOCTPaHEHO Ha CIIyyail HEOCECUMMETPHYHOMN [MIHHAPUYECKOI BOJTHBI IPHMeE-
HUTEJILHO K CUCTEME YpaBHEHUH HeaIbHON CoKMMaeMoH KuakocTH. CucreMa ypaBHEHUH HeaIbHOM COKMMaeMoi
JKUJIKOCTH B HWIMHIPUYIECKON CHCTeMe KOOpIMHAT 3amrcaHa B Oe3pasmepHoM Buje. Pemenne cucrems nudde-
PEHLMAIBHBIX YPAaBHEHUI HAalJIEHO B BUJIE pa3ioxkeHus B pax Pypbe 1o ymioBoi koopanHare. Beeaenne aBromo-
JIeJIbHOM NePEMEHHOM 1T03BOJINIIO MPUBECTH CUCTEMY YPAaBHEHMI B YACTHBIX MPOU3BOIAHBIX K CUCTEME YpaBHEHUH
B OOBIKHOBCHHBIX TIPOU3BOJHBIX. PellieHne CHCTeMbl OOBIKHOBEHHBIX UM PEepeHINAIBHBIX YPAaBHCHHUI TOTy4eHO
B SIBHOM BHJ€, IPEICTABIIAIONIEM KOMOWHALINIO TIOMHOMOB YeOhlIieBa epBoro ¥ BTOPOTo pojia Il CXOAsIIEHCs
U pacXOAsIIEiicst BOIHBI COOTBETCTBEHHO. [lapaMeTpbl JaBlieHUs] U CKOPOCTH, XapaKTEePU3YIOLIHE aKyCTHYECKYIO
BOITHY, pPacrpoCTPAHSIONIYIOCS B KUIKOCTH, OITMCAHBI B BU/IC MHTETPAIBLHBIX YPaBHEHHHU. SIIpaMu HHTETpaIbHBIX
YpaBHEHUH SBIAIOTCS YAaCTHBIE PELICHUS CHCTEMbI OOBIKHOBEHHBIX AU depeHnanbHbIX ypaBHeHHH. [lepexonHbie
(YHKIHH HHTETPATIbHBIX YPABHCHUI ONPEICISIOTCS U3 TPAHUYHBIX YCIOBUIL. YCIIOBHS HA TPAHUIIC pa3jieia MOTyT
OBITh 3aJ]aHbI YHCIICHHO. M3110)KEHHAS B CTaThe METOMKA MOKET OBITh IIPIMEHEHA /ISl PEIICHHUS TNIOCKOW HecTa-
LUOHAPHOH 3a1a4l THAPOYTIPYTOCTH LIMIIMHAPUIECKOW 000IOUYKH € KUAKOCTHIO.
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BI/ICTO‘IHI/IKaX [1-10] paccmoTpeHa IuIOCKas
HeCTallMOHapHas 3a7a4a TUAPOYNPYTOCTH JUIs
LWINHAPHYECKOH 000JI0UKH C KUIKOCTBIO.

Cuctemy ypaBHEHHUI UACAIbHON CXKUMaEMOM
KUJKOCTH B IIMJIMHAPUYECKON CUCTEME KOOpAHHAT
3aruiieM B 0e3pa3MepHOM BUJIC
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PaccMoTpuM cXOISTIIYIOCS aKyCTHYECKYHO BOII-
HY, PaclpoCTPaHSIONIYIOCS OT TpaHulpl 7 = 1.
VYpaBHeHue (poHTa CXOASIIEHCS BOJHBI OIpele-
JIIeTCsl cooTHoIeHueM » + ¢ — 1 = 0. 3HaueHusIM
z > 1 COOTBETCTBYIOT TOYKH Iepen (hpOHTOM, BO3-
MYIIEHUS B KOTOPBIX PAaBHBI HYJIO. 3HaueHue z = 1
COOTBETCTBYET (DPOHTY BOJIHBI, 3HAYCHUE JIABIICHUS
U CKOPOCTH Ha KOTOPOM CUHUTAETCS PaBHBIM HYIIIO.
Hnst |zl £ 1 wn > 1 pereHue cUCTEMbl ypaBHEHHUN
(3) umeer BUA

P(2)=B,T,(2);
B ( n
V”(Z)ZTKE n+1(2)+ 1(2)) (4)
U,,(z>=’§"( T, () - (z)]
n+

riae B, — k03 QpUIMEHTbl MHTErPUPOBAHUS;
T (z) = sin (n arccos z) — MOJIMHOMBI YeObI-
IeBa.
Crnenys [8, 9], pemenue cuctemsl (2) s
n-i TAPMOHUKH PA3JIOKEHHUS 3alIUIIEM B BHJIE
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HeusBecTHble mMepexoiHble (QYHKIUU ®, (D),
o, (1), ®, (T) cBI3aHBl MEXKIY COOON 3aBHCHMOC-
TSIMI/I KOTOpre MOJTy4YaloTCsl TOCJE MOACTaHOBKU
ypaBHeHui (5) B cucremy (2) 1uist n-if rapMOHUKHU
pa3ioKeHus

o, (0)=0,0)=-o,(7).

Hnst ompeneneHus: MEPexXOAHBIX (QYHKIMHA HC-
MOJIB3YeTCsl TpaHWYHOE YycioBHe. B wacTHOCTH,
ecnu npu » = 1 3a7aH 3aKOH WU3MECHCHHSI HOPMAaJlb-
HOHM COCTAaBIAIONICH CKOPOCTH KUIAKOCTH W(®, 1),
TO TepexoHas QyHKIMA O (T) ONpENeNAeTcs U3
HUHTCTPAJIBHBIX YPABHCHUU JIA 11-U TAPMOHUKHN
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SIBIISICTCS 33JaHHOM (PyHKIIMEH BPEMEHH, TO UHTET-
panbpHOEe ypaBHeHHUe (0) pemiaeTcs OJUH pa3 s
BCETO MHTEpBaJIa
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PaccmoTpum  pacxondinyrocss  aKyCTHYECKYIO
BOJIHY, PaCHpOCTPAHSIONIYIOCS OT FpaHulbl 7 = 1.
VYpaBHeHrEe PpPOHTA PACXOISAIICHCS BOJIHBI OIpeie-
JIIeTCsl cooTHomIeHueM ¢ — r + 1 = 0. 3HaueHusIM
z < 1 COOTBETCTBYIOT TOYKH Iepen (PpOHTOM, BO3-
MYIICHUS B KOTOPBIX PaBHBI HYJIO. 3HaueHue z = 1
COOTBETCTBYET (DPOHTY BOJIHBI, 3HAYCHUE JIABIICHUS
U CKOPOCTH Ha KOTOPOM CUUTAETCS PaBHBIM HYIIIO.
Hnsiz>1wun> 1 pemieHne cucTeMbl ypaBHEHHIH (2)
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Crnenys [3, 4], pemenue cuctemsl (1) s
n-i TAPMOHUKH PA3JIOKEHHUS 3aIHUIIEM B BHJIE
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HeusBecTHble MepexoiHble (QYHKIUU ®, (D),
o, (1), ® (T) cBI3aHBl MEXKIY COOOH 3aBHCHMOC-
THMI/I KOTOpre MOJTy4YalOTCsl TOCJE MOACTaHOBKU
ypaBHeHuil (4) B cucremy (1) st n-ii rapMOHHUKHU
pa3IoKeHus:

o (=0 (1)= —copn(r).
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Hnst ompeneneHuss NepexoAHBIX (QYHKIMHA Hc-
MoJb3yeTcs TpaHUYHOE YCiloBHe. B wactHOCTH,
eciu npH » = 1 3a1aH 3aKOH U3MECHEHHsI HOPMaJlb-
HOM COCTaBISIOLIEH CKOpOCTH kuakoctu W(o, 1),
TO NepexoaHas q)yHKLII/ISIU o (1) onpenenseTcs u3
HWHTETPAIbHBIX YPABHEHUH TSI 11-H TApMOHUKHU

j‘”—“)[— Ul @) +—U,, (é)jdr ,.9)
5 2 n+1 n—1

e § =t —1+ 1; W (¢) — n-a rapmonuxa W(o, ?).
Cnncok NuTepaTypbl

[1] TI'puromwox 2.U., l'opumkos A.I. Hecrauunonapsas runpoy-
npyroctb obomouek. JI.: Cymocrpoenue, 1974, 208 c.

[2] TopmkoB A.I', Mensenckuii A.JI., Pabunckwuii JI.H., Tap-
nakoBckuii J[.B. Bonnbl B cromsbsix cpepax. M.: @us-

ruapoynpyroctu obonouek. Kues: Haykosa nymka, 1982.
410 c.

[4] 3ampimses b.B., Skosnes 10.C. [lunamnueckue Harpy3Ku
nipu noaBoaHoM B3pbiBe. JI.: Cynocrpoenue, 1967, 387 c.

[5] JIunuuukwit FO.M., JlsxoB B.H., ®enpamreitn B.A.
HecrannonapHoe B3auMoneHCTBHE yOapHOW BOJIHBL €
YIPYTOil HAIHHAPUYECKON 000JI04KO¥ // YUeHbIe 3aIuCKH
IJATH, 1976. T. 7. Ne 1. C. 80-88.

[6] Mmues E.H., Ilepues A.K. I'mnpoynpyrocts o6omouex. J1.:
Cynocrpoenue, 1970. 286 c.

[7] Caensn JLU. Hecrauuonapusle ympyrue BoaHbl JL.:
Cynoctpoenue, 1972. 374 c.

[8] Cwmupnor B.U. Perienue npenenbHOM 3a1a4u 7151 BOJIHO-
BOTO ypaBHeHHs B cirydae kpyra u cepst / JJAH CCCP,
1937.T. 14. Ne 1.

[9] IImaxoB A.B. YacTHble aBTOMOAETBHBIE PELICHUS BOJIHO-
BOTO ypaBHEHU B 3a/1a4ax ruapoxuHamuky // O6o3peHne
MPUKIaJHON 1 IpoMBINIIeHHON MaTtemaruku, 2008. T. 15.
Bein. 4. C. 723-724.

matiut, 2004. 467 c.

[3] Tyss AH., Ky6enxo B.J[. Teopus HECTAIHOHAPHOR 5p0- [10] XapkeBuu A.A. HeycraHOBUBIIUECS BOIHOBBIC SIBICHUS.

M.-JI.: Tocrexusmar, 1950. 283 c.

CBeneHusa 06 aBTopax

IImakoB Auapeii BsiueciiaBoBuu — kana. ¢us.-mar. Hayk, noueHt, MI'TY um. H.O. Baymana,
e-mail: ashmakov62@gmail.ru

CepedpennuxoB [laBen CemenoBuu — kanz. ¢us.-mat. Hayk, nouent, MI'TY um. H.D. Baymana,
e-mail: caf-math@mgul.ac.ru

IMunos Hukonaii BuktopoBuu — kana. ¢us.-mar. Hayk, nouent, MI'TY wum. H.D. Baymana,
e-mail: caf-math@mgul.ac.ru
Yepuoa Tarbsina BaagmmmpoBHa — crapmmii npenogasarens, MI'TY um. H.O. Bbaymana,

e-mail: caf-math@mgul.ac.ru
Crarbs noctynuia B pepakuuto 05.09.2016 r.

CONVERGENT AND DIVERGENT PLANE CYLINDRICAL
WAVE IN AN IDEAL COMPRESSIBLE FLUID

A.V. Shmakov, P.S. Serebrennikov, N.V. Shipov, T.V. Chernova
BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
ashmakov62@gmail.ru

The article deals with the problem of propagation of plane cylindrical waves in ideal compressible fluids. The
structure of the solution has the form of integral equations with a variable upper limit. An essential feature of the
obtained solution is the lack of a parameter gap at the front of the acoustic wave. In the work by Smirnov V. 1., DAN
SSSR,1937,vol. 14, No. 1, there has been given the solution of the wave equation for an axisymmetric convergent
and divergent cylindrical waves. The authors of the article have extended V.I. Smirnov’s approach to cover the
case of non-axisymmetric cylindrical waves with respect to the system of equations of ideal compressible liquid.
The system of equations of ideal compressible fluid in cylindrical coordinate system is written in a dimensionless
form. The solution of the differential equation system is sought in the form of decomposition into the Fourier
series in the angular coordinate. Introducing the self-simulated variable resulted in a system of partial differential
equations turned into a system of equations with ordinary derivatives. The solution of a system of ordinary
differential equations is given explicitly, that is a combination of Chebyshev polynomials of the first and second
kind for diverging and converging waves, respectively. The parameters of pressure and speed that characterize
the acoustic wave propagation in fluids are described by integral equations. The kernels of integral equations are
particular solutions of systems of ordinary differential equations. Transitional functions of the integral equations
are determined from the boundary conditions. The conditions at the interface can be specified numerically. The
technique described in the article can be applied to solve the plane time-dependent problem of hydroelasticity of a
cylindrical shell containing liquid.

Keywords: ideal compressible liquid, an integrated equation, a wave equation
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