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B nuniomuoi padote 22 cTpaHulibl, 3 pucyHka, 6 HCTOYHHUKOB.

Kmrouessie cimoBa: YPABHEHUWSA HABBE-CTOKCA, MATEMATHUYECKAZ
MOJIEJIb, BAPHMAIIMOHHBLIM  TIOJXOJI, JBYX®A3HOE TEYEHUE,
[TIOBEPXHOCTD PA3IEJIA

[lenapro TUIUIOMHON pabOThl SABISETCA MOCTPOCHHE MAaTEMaTUYECKOW MOJEIH Ha
OCHOBE BAPMALMOHHOIO IMOAXOJA Il CUCTEMBI M3 JBYX HECKUMAEMBIX XUIKOCTEH,
pa3JIeJIeHHbIX HEM3BECTHOM MOBEPXHOCTHIO pa3iena.

JI1st TOCTHKEHUS TOCTABJIEHHOM LENH HCIIOIb30BAIUCH

® COBPEMEHHBIE  pE3yJIbTaThbl  YUCJIEHHOTO  MOJEIUPOBAHUSA  3a/1ad
TUAPOJMHAMUKYA HEC)KMMAeMOM JKUJKOCTH TMPU HAJIMYUU CBOOOJHOM
MTOBEPXHOCTU U MHTEP(PEICOB,

® $SBHOE ONMCAaHUE HEM3BECTHOM IMOBEPXHOCTHU pa3jena,

® [IPE/ACTABJIICHHE KPHUBHU3HBI MOBEPXHOCTH pasjieiia ¢ MOMOLIBIO OllepaTopa
Jlarutaca-bensTpamu.

B numiiomHoi paboTe mocTpoeHa MareMarnyeckas MoJelb 1Jisl ypaBHeHui HaBbe-
Crokca B nByx(a3HOW CHCTEME B BUJE MHTErPajbHBIX YPAaBHEHUH JJI1 HEU3BECTHBIX
CKOPOCTH, JaBJICHHUS, TAPAMETPU3ALINH TIOBEPXHOCTHU pa3ziesa U KpUBU3HBI TOBEPXHOCTH
paszena.

HoBu3Ha pe3ynbTaTOB COCTOMT B TOM, 4YTO IIOCTPOEHHAs BapUalMOHHAas
bopMyIMpOBKa MOXKET OBITh NPUMEHEHa /I JajJbHEHIIero MOCTPOSHUSl alropuTMa
METOJla KOHEYHBIX DJJEMEHTOB B ciydae AByx¢a3zHbiXx cucteMm. IlocTpoeHHble
WHTErpajibHbIE ypaBHEHHs 00JafaroT psaoM mpeumyiiecTB. [Ipu pemiennn ypaBHEHHI
HaBbe-CTOokca HE HYXHO MCHOJB30BATh CETKY, KOTOpas SIBHO BOCCTAHABIMBAET
MOBEPXHOCTh pa3jiesia B mpouecce BbluucieHuid. [Ipu 3ToM mMOBEepXHOCTH paszzaena u
KpUBHM3HA MOBEPXHOCTU OyAYyT MOJYy4YEHbl YHUCJIEHHO B SIBHOM BHZAE. JTa BaKHas
reomMeTpuyeckas HHQPOpManMs O CHCTEME MOXKET ObITh HCIOJIb30BaHA IS
NOCTIIPOLIECCUHTA (aJanTaldyd YHCIEHHOTO pEIICHHs, B YacTHOCTH), a TakKxke s
YUCJIIEHHOI'O MOJIEJIMPOBAHUS CIIOKHBIX CHCTEM, KOTJa JONOJHUTEIBHO C MOBEJACHHEM
KHUJKOCTH HEOOXOIUMO YUYUTHIBATh Pa3iIMuYHbIE MPOILIECCHI (3aBUCUMOCTD JKUIKOCTH OT
AIIEKTPOMATHUTHBIX MOJIEH, FTACTUYHOE TTOBEACHUE IPAaHUL] CUCTEMBI).

JluniomMHast paboTa HOCHT TEOPETHUECKMH Xapakrtep. Pe3ynbTaThl MOTYT OBITh
UCIIOJIb30BaHbl Il TIOCTPOEHUSI aJIrOpUTMa METOJla KOHEYHBIX JJIEMEHTOB H
JabHENIIIET0 YMCICHHOTO MOJICITMPOBAHUS 3a/1a4 O IBYX()a3sHOM TEUEHUHU KHUJIKOCTH.

JluriomHasi paboTa BBIIMOJIHEHAa aBTOPOM CAMOCTOSITENBHO.



Thesis project consists of 22 pages, 3 figures, 6 references.

Keywords: NAVIER-STOKES EQUATIONS, MATHEMATICAL MODEL,
VARIATIONAL APPROACH, TWO-PHASE FLOW, INTERFACE

The purpose of the thesis project is to construct a mathematical model based on the
variational approach for a system of two incompressible fluid phases, separated by an
unknown interface.

The following results and approaches were used in the work:

e modern results of numerical modeling of hydrodynamics problems for
incompressible fluids in the presence of a free surface and interfaces,

e direct description of the interface,

e representation of the curvature of the interface with the Laplace-Beltrami
operator.

In the thesis project a mathematical model is constructed for the Navier-Stokes
equations of a two-phase system in the form of integral equations for the unknown
velocity, pressure, parameterization of the interface and curvature of the interface.

The novelty of the results is that the constructed variational formulation can be
applied for further development of finite-element-method algorithms in the case of two-
phase systems. Constructed integral equations have a number of advantages. When
solving the Navier-Stokes equations, you do not need to use a grid that explicitly
restores the interface in the computation process. Moreover, the interface and curvature
of the surface will be obtained numerically in an explicit form. This important geometric
information about the system can be used for postprocessing (adaptation of a numerical
solution, in particular), as well as for numerical modeling of complex systems, when in
addition to the fluid behavior it is necessary to take into account various processes (fluid
dependence on electromagnetic fields, elastic behavior of the system boundaries).

This thesis project is a theoretical one. These results can be used for developing
finite-element-method algorithms and further numerical simulation of two-phase flow
problems.

The thesis project was done solely by the author.



