© Kysnenos E.A., 2019, Oxeanonornueckue ucciegoBanus, 2019, Tom 47, Ne 1, C. 78-79

YIK 534.222.2 DOI: 10.29006/1564-2291.JOR-2019.47(1).22

KBA3HU-JIATPAH)KEBOE UHTETPUPOBAHME JIBYMEPHBIX YPABHEHUM
IMPAHATJIA 1 BYCCHUHECKA B HEBA3KOM IIPEJEJIE

Kysnenos E.A.

Qusuueckuti uncmumym um. [1.H. Jlebeoesa PAH, Mockea, Jlenunckuii np-km 53c4
Unemumym meopemuuecxoui puzuxu um. JI1.J[. Jlanoay PAH Yeproeonoska,
npocn. Akademuxa Cemernosa, 14, Mockea, 142432.
e-mail: kuznetso@jitp.ac.ru
Crarpst moctymnuia B pefakiuo 25.12.2018, ogodpena k nmeyaru 30.01.2019

Jlnist crucTeM ruIpOAMHAMUYECKOTO THIIA, OTICHIBAIOIINX JIOKATBHO HECKIMAaEeMbIe
JABYMCPHBIC TCUCHUA )KHL[KOCTGﬁ B OTCYTCTBHUU JUCCHUIIAINU, MTPCAJIOKCH KBA3U-JIarpaH-
JKEBBI METOJl UX MHTEIPUPOBAHUS. DTOT METOA OCHOBAaH HA MPUMEHEHHH HETOIHOTO
npeoOpa3oBanus JlexkaHapa, Koraa He3aBUCHMBIMH NIEPEMEHHBIMH CTaHOBSITCSI JIarpaH-
JKCB UHBAPUAHT (T.C. HCU3MCHHAs BEJIMYHHA BOJIb TPACKTOPUHA )KHHKOﬁ qaCTI/IIII)I) BMECTO
OJTHOM U3 JIBYX JIEKAPTOBBIX KOOPAUHAT, a OCTAIbHbBIC — JpyTas JeKapTOBa KOOPAMHATA U
BpEMsI — OCTAIOTCSl HEM3MEHHBIMH. TakuM 00pa3oM, 3TOT METOJ] OCHOBaH Ha OOpaTHOM
npeoOpa30BaHUU OJTHOM M3 JEKAPTOBBIX KOOPAMHAT U MO TOW MPUYMHE OTIUYACTCS OT
nosHoro mpeodpaszoBanus Jlexannpa. Knaccuaeckuil mpumep moaHoro npeodpazoBaHus
Jlexxannpa — 310 npeoOpa3zoBaHue romorpada Iuisi penieHus ypaBHEHUH OJIHOMEPHOTO
M309HTPONHNYECKOTO TeUeHUs ra3a. B manHoii pabore moka3aHo, 4To ypaBHEHHE IS Ja-
TPaHXXeBOTO MHBApUAHTA MOCJIE MPUMEHEHUs HETIOHOTo ipeodpazoBanus Jlexxanapa u
BBE/ICHUST (PYHKIIMI TOKa MPEBPAIIACTCsl B JTMHEHHOE YpaBHCHUE M MOXKET OBITh pa3pe-
IICHO IyTEM BBEJICHUS MPOU3BOMASIIEH QYHKIIUUA. DTOT METOJ OKa3aics dP(EeKTUBHBIM
JUISL PEIIeHUs] BYMEPHOTO HEBSI3KOro ypaBHeHus [Ipannmis (3T0 ypaBHEHHE OMUCHIBA-
€T TIOBEJICHUE TIOTPAHCIION ), YTO JaJI0 BOBMOXXHOCTh MTPOMHTETPUPOBATH 3TO YpaBHEHHE
MOJTHOCTHIO. B KadecTBe marpaneBoro MHBapHaHTa B Clyyae HYJIEBOTO TPaIUCHTA JaB-
JICHHsI BBICTYNAeT KOMIIOHEHTa CKOPOCTH BIOJIb TBEp0i TpaHuIlbl. [lonyduenHoe pere-
HUE 3aITUCHIBACTCS Yepe3 HavaIbHBIC YCIOBHS U YIAOBICTBOPSET TPAHUYHBIM YCIOBHUSIM
HENPOTEKaHMsI Ha TBEPI0M IrpaHulle. AHAJIN3 ATUX PEIICHUH T0KA3bIBAET BOSHUKHOBEHUE
O0COOCHHOCTH IS TPAJeHTa CKOPOCTH Ha TPaHHIIe. DTa 0COOEHHOCTh BOSHUKAET 3a CUET
OTIPOKHJIBIBAHUS TIOTOKA. B TOUKe ONMPOKHIBIBaHUS TPAIUEHT CKOPOCTH oOpamaercs B
0eCKOHEYHOCT 110 CTEHEHHOMY 3aKOHYy ~ (f,—f)" , T1ie £, — BpeMs 00pa30BaHHs 0COOEHHO-
ctu. JlaHHOE pelieHre OMHUCHIBACT MOSBICHUE CUHTYISPHOCTU THUIA CKJIAJKH, KOTOPOE,
BO3MOXKHO, CBSI3aHO C sIBIIEHHMEM OTphiBa. [loka3aHo Takxke, 4to ypaBHeHue [Ipanaris
JA0IMYCKACT UHTCTPUPOBAHUC JIJISA HpOHSBOJ’IbHOfI 3aBUCUMOCTHU JaBJICHUSA OT HpOIIOJII:HOﬁ
koopauHaThl. Hambosee mpocTo OTBETHI 3aMHMCHIBAIOTCS JUIS CIydas MMOCTOSHHOTO Ipa-
JIMCHTA JaBIICHUS BIOJb CTEHKH. J[71s1 cucteMbl byccrHecka ypaBHEHUE IS IFIOTHOCTH
MOXET OBITh pa3pemIeHo ¢ MOMOIIBI0 3TOTO METOa, B pe3yJbTaTe CHCTeMa CBOTUTCS K
OJTHOMY YPaBHEHHIO JJIsl IPOU3BOAAIIEH (PYHKIIUU.
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Jannas pabota BeInosHeHa npu nopaep:xke [IporpamMel GyHIaMeHTaNbHBIX HC-
cnenoBanuii npesuauyma PAH «Henuneitnas nuHamuka: QpyHaaMeHTaIbHbIE POOIEMbI
U IPUIIOKEHUS.
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For the hydrodynamic type systems locally describing incompressible two-
dimensional fluid flows without dissipation we suggest quasi-Lagrangian approach for their
integration. This method is based on application of incomplete Legendre transformation
when the independent variables become a Lagrangian invariant (i.e. the constant quantity
along the fluid particle trajectory), instead of one of the spatial coordinate, and the rest ones
which are another spatial coordinate and time. Thus, this method is based on the inverse
transform of one of the spatial coordinate and by this reason differs from the the complete
Legendre transformation. The classical example of the complete Legendre transformation
is the Hodograph transformation applying to solve the equations for one-dimensional
isoentropycal gas flows. In this paper it is shown that equation for the Lagrangian invariant
after applying the incomplete Legendre transformation and introducing the stream
function transforms into the linear eqation can be resolved by means of the generating
function introduction. This method is turned to be effective for solving the inviscid two-
dimensional Prandtl equation (this equation describes the boundary layer behavior) that
allows one to integrate this equation completely. In the case of the constant pressure
along the boundary the parallel velocity component represents the Lagrangian invariant.
The obtained solution is written through the initial data and satisfies the non-penetrate
boundary condition. Analysis of this solution shows the formation of the singularity for
the velocity gradient on the wall. This singularity appears as the result of breaking. At
the breaking point the velocity gradient tends to infinity according to the power ~ (z,—)"'
where 7, is the singular time. This solution describes the appearance of the folding type
singularity. It is shown also that the Prandtl equation admits complete integration for
arbitrary dependence of pressure on the longitudinal coordinate. The simplest solution
is written for the case of the constant pressure gradient. For the Boussinesq system the
equation for density can be resolved by this method that reduces to one equation for the
generating function.
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