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B pabore paccmarpuBaercss OomMcaHHWE BHXPEBBIX TEUEHUN MJCaJIbHOM HECHKU-
MaeMOM KHUJIKOCTH Ha OCHOBE (hopMasii3ma JIarpaHKeBol MexaHuku. Vcronb3ys mose
CMEIIECHU XKUJKUX YacTUIl B KauyecTBE 000OIIEHHON KOOPAMHATHI, BBHITUCHIBAETCA Jia-
IpaHXuaH, ONMCHIBAIOLINI TMHAMUKY MaJbiX Bo3MyieHui (Konbses, YepHsbiies, 2018).
CootBercTByIonMe ypaBHeHHs Jlarpanka mpencTaBisioT co0oi ypaBHEHHE JUIS TIOJS
cmemenus (Drazin, Reid, 1981). D10 ypaBHeHUE SKBUBAJIEHTHO ypaBHEHUIO | €bMIosib-
1a JJI1 BO3MYIIEHHUH 3aBUXpeHHOCTH. [losie cMemenus onpenensercss Kak pasHOCTb I10-
JIOKCHHUH KUAKUX YaCTHUL] HA TPAEKTOPUAX B BO3MYILIEHHOM U HEBO3MYILIEHHOM TE€YCHHU-
AX. XOTs 3TO ONpEesICHUE JAaeTCsl B TEpMUHAX JIarPAaHKEBBIX NIEPEMEHHBIX, CBSI3aHHBIX
C KUJKUMU YaCTULIAMU, CaMO I10JIE CMEUIEHUSI SIBJISIETCS DIEPOBOM EPEMEHHOM, BbIpa-
JKarouieics yepes3 BO3MYLIEHHsI CKOPOCTH U 3aBUXPEHHOCTH.

PaccMoTtpen npumMep UCONb30BaHMsI JIarpaHKMaHa JUIsl PELICHUs 3a/1aul O coXpa-
HEHUU KBaJPYIIOJIBHOTO MOMEHTA BUXPEBOro TeueHus. C ucrnonb3zoBanueM teopemsl He-
TEp MOIYYECHBI YCIOBUS HA CTALMOHAPHOE TEYECHHE, ITPH BBIIIOJIHEHUN KOTOPBIX KBaApy-
MOJIBHBIM MOMEHT MaJIbIX BO3MYILEHUN 3TOrO TEUEHUS SBJISETCS MHTETPAJIOM JIBUYKEHUS
(Kombes, Yepneies, 2018). [TokazaHo, 4To 3TH yCIOBUS BBIIOIHSIOTCS ISl CTPYHHBIX
TE€YECHUI, ONHOPOIHBIX BIOJb IIPOJOJIBHON KOOpAUHATHL. [10o/IydeHHBIN pe3ysbTaT uMeeT
Ba)KHOE 3HAUEHUE B a9POAKYCTHKE B CBA3M C TEM, YTO KBaJAPYIIOJIbHBIII MOMEHT BUXPEBO-
IO TeUEHUsI IPEACTaBIsIeT COOOH ITIaBHBIM WIEH Pa3/I0KEeHNsI KOMITAKTHOTO aKyCTHYECKO-
ro ucrounuka mo yuciry Maxa (Lighthill, 1952; Crow, 1970).

Paccmotpeno 00001ieHe 3TUX Pe3yIbTaTOB Ha HEJIMHENHBIH citydaid. [lomyden na-
IpaHXuaH Jyisl IPOU3BOIBHOIO HEIMHENHOTO 1o cMenieHusl. COOTBETCTBYIOIIME ypaB-
Henust Jlarpanxa coBnagatot ¢ auddepeHunanbHBIMA ypaBHEHUAMH, ONMUCHIBAIOIIUMHI
HEJIMHEHHYI0 TUHAMUKy nonsd cMerieHus (Morrison, 1998), a pasnoxxeHue JiarpaHxu-
aHa 0 MaJIbIlM BO3MYLICHMSM 0 KBAaJPATUYHBIX YJICHOB JAET JIATPAHKUAH JTMHEWHON
CUCTEMBL.

PaccmarpuBaercs Bompoc 0 B3aMMOCBSI3H MPEATIOKEHHOTO MOAX0Ja K OMHMCAHUIO

JUHaAMUKH HeC)KUMaeMoi KHUAKOCTHU U HU3BCCTHBIX IIOAXOA0B, OCHOBAHHBLIX Ha (bOPMa-
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JU3ME JarpaHKeBOi MEXaHUKH ¢ KOOPAMHATAMU JKUIKUX YaCTHUI[ B KaueCcTBE 0000IICH-
Hbeix koopauHat (Chapman, 1978; Tonuapos, IlaBnos, 2008; Kysnemnos, Pyban, 1998).
[Tokazano, yTo mepexon OT JarpaHkuana, noixydeHsoro B (Kysueros, Py6an, 1998), k
BUJly JUIS TPOW3BOJIBHOTO HEJIMHEWHOTO TOJISI CMEIICHUS, MOXXET OBbITh OCYIIECTBIICH
npeoOpa3oBaHUEM JIarpaHKEeBbIX MEPEMEHHBIX (KOOPAWMHAT KUAKWX YacTHI[) K dilye-
POBBIM NEPEMEHHBIM (IIOJIF0 cMelleHUs). PaboTa BhINONIHEHA MpPU MOAJAEPIKKE IpaHTa
PH® Nel7-11-01271.

KuroueBble ci10Ba: Hec:)kMMaeMasi KUIKOCTb, JJarpaHkKuaH, 3aBUXPEHHOCTD, M0JIe
CMEIICHHUS, )KHUJIKHE YaCTHIIbI, HHTETPaJIbl IBUKECHUS, KBAIPYOIbHBII MOMEHT
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The paper discusses the description of vortex flows of an ideal incompressible
fluid based on the formalism of Lagrangian mechanics. Using the displacement field
of liquid particles as a generalized coordinate, we write out the Lagrangian describing
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the dynamics of small perturbations (Kopiev, Chernyshev, 2018). The corresponding
Lagrange equations are the equation for the displacement field (Drazim, Reid, 1981):
This equation is equivalent to the Helmholtz equation for vorticity perturbations. The
displacement field is defined as the difference in the positions of liquid particles on
trajectories in disturbed and undisturbed flows. Although this definition is given in terms
of Lagrangian variables associated with liquid particles, the displacement field itself is
an Euler variable, expressed through velocity and vorticity perturbations. An example
of using Lagrangian to solve the problem of conservation of the quadrupole moment of
a vortex flow is considered. Using the Noether theorem, conditions on a stationary flow
are obtained, under which the quadrupole moment of small perturbations of this flow is
an integral of motion (Kopiev, Chernyshev, 2018). It is shown that these conditions are
satisfied for the jet flows uniform along the longitudinal coordinate. The result obtained
is important in aeroacoustics due to the fact that the quadrupole moment of the vortex
flow represents the main term of the decomposition of a compact acoustic source in
Machnumber (Lighthill, 1952; Crow, 1970; Kopiev, Chernyshev, 1995).

The generalization of these results to the nonlinear case is considered. The
Lagrangian is obtained for an arbitrary nonlinear displacement field: nowhere Gis Green’s
function of the Laplace equation. The corresponding Lagrange equations coincide with
the differential equations describing the nonlinear dynamics of the displacement field
(Drazin, Reid, 1981). Expansion of the Lagrangian in small perturbations to quadratic
terms gives the Lagrangian of the linear system. The question of the relationship of the
proposed approach to the description of the dynamics of an incompressible fluid and
known approaches based on the formalism of Lagrangian mechanics with the coordinates
of liquid particles as generalized coordinates (Chapman, 1978; Goncharov, Pavlov,
2008; Kuznetsov, Ruban, 1998) is considered. It is shown that the transformation of the
Lagrangian obtained in (Kuznetsov, Ruban, 1998) to the Lagrangian can be carried out by
transforming Lagrangian variables (coordinates of liquid particles) to Eulerian variables
(displacement field). This study was supported by the Russian Science Foundation,
project No. 17-11-01271.
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