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REPRESENTATION OF THE METHOD
OF THE FICTION AREAS IN HYDRODYNAMICS

Annotation. The question of the representative application of the method of fictitious domains for numerical
calculations of flows of a viscous incompressible fluid with use in the fictitious domain of an artificially formed
system of equations of dynamics with a small parameter in the denominator and tending to zero is considered. It was
investigated on a number of examples of linear differential equations of the influence of a small parameter on the
convergence of the solution. The problems of establishing adequate initial and boundary conditions in a fictitious
arca arc singled out. Specific examples with differential equations with a small parameter are given, which
theoretically show the divergence of solutions as the small parameter tends to zero. Numerical calculations of flows
of a viscous incompressible fluid in a channel with an internal shoulder for two types of artificial fictitious regions
directly and exhaustively showed the falsity of the method of fictitious regions.
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PENPE3EHTATUBHOCTb METOJA
PUKTUBHBIX OBJIACTEN B I'MAPO/IMHAMMUKE

AnnoTanusi. PaccMaTpuBaeTcst BOPOC O PEIPE3CHTaTHBHOM MPUMEHEHHH METOa (PUKTHB- HBIX 0OIacTed At
YHCTICHHBIX PACUCTOB TCUCHUH BSI3KOH HECKUMACMOHM >KHIKOCTH C HCIOIb30BAHHEM B (PMKTHBHOH 00IacTa wc-
KyCCTBEHHO 00pPa30BaHHOM CHCTEMBI Y PABHCHHUI JUHAMHKHA C MAJIBIM IIAPAMETPOM, CTOSIIEM B 3HAMCHATEJIE H CTpE-
MAImeMcsa K Hyno. Mccne1oBaHo Ha pAac MPUMEPOB JIMHEHHBIX AU((epeHIHaTbHBIX YPABHCHUH BIMSHUS MAJIOTO
rmapaMeTpa Ha CXOAMMOCTb PCIICHUS. BbIIeneHbI MpOOIEMBI IMOCTAHOBKM AJCKBATHBIX HAYAIBHBIX M KPACBBIX
ycnoBud B (UKTHBHOHM oOxactw. [IpmBencHBI KOHKPETHBIC NMPHUMEPHI C TU(PPEpPCHIMATGHBIME YPaB- HCHUSIMH C
MAaJbIM MAPAMETPOM, TEOPETHUCCKH MOKA3BIBAIOMINE PACXOAUMOCTD PEIICHUH IPU CTPEMJICHHH MAJOro mapaMerpa
K HYJIFO. UHCICHHBIC PACYCTHI TCUCHUH BA3ZKON HECKAIMAEMOH YKHIKOCTH B KAHAIEC C BHYTPEHHUM YCTYIIOM AJIA ABYX
THIIOB UCKYCCTBEHHBIX (DMKTHBHBIX 00IACTEH HEMIOCPEICTBEHHO M MCUCPIBIBAOIIE TOKA3ad (haIbIIMBOCTh METOIA
(PMKTHBHBIX OOIACTEH.

KmoueBnie cj10Ba. YpaBHCHHUS, (PHKTHBHAS, 001aCTh, TAPAMETP, PCIPS3CHTATHBHOCTS.

Wpero BBEACHMS HCKYCCTBEHHO OOPa30BAHHBIX (uKkmueHvlx obaacmeti Buepsric npeanoxui Cayises
B [1-2] ¢ Uenp0 YHCICHHOrO PELICHUS MNapa0OIMYecKOro YPaBHEHHS B OONACTH € KPUBOIHHECHHOU
TPaHHLICH, «HEYAOOHOW» AN BBECACHHS NPIMOYTOJIBHOM CETKH, B CHIY 4ero (UKTHBHBIC 0O0macTu
JOJDKHBI OBITH TPSMOYTOIBHBIMH B Pa3HOCTHRIX Metogax. B ruapoaunamuxe [3] meron (QUKTHBHBIX
obnacreti (M.¢.0.) ObUT CBEACH K TOMY, YTO HA TPAHUIC (DUKTUBHOW 00JACTH OIMHOOYHO TOCTABUIIH
HyJlegvle KPacBble YCIOBHS A JABICHUS U CKOPOCTH B 33Aavax THAPOIMHAMHKH € LEITBIO MEPEBOJA
3agaun Heiimana ana pasnenus B 3amauy Hupuxne. Hynegvie KpaeBble VCIOBHS AT JABICHHS
MPOTHBOPEUaT H3UKE TCUCHHS JKUIAKOCTH B TOM CMBICIIC, UYTO B YPABHCHHS JUHAMUKH KUAKOCTH BXOJHUT




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

IPaJUCHT JABJICHUS, B CHJIy YEro JMABICHHUC OMPEAC/SCTCS ¢ TOYHOCTHIO A0 AAMUTHBHOW (DYHKLIUH B
HCCTALIMOHAPHBIX TCUYCHHUIX M C TOYHOCTHIO 10 IMPOU3BOJIBHON KOHCTAHTHI B CTalMOHAPHBIX. Kpome
YKa3aHHOTO, (anblIuBOCTh M.().0. COCTOUT B TOM, YTO MPOHU3BOJIBHO CTHIKYIOTCS PCILICHHS ABYX
CaMOCTOSTSIPHBIX HAYATBHO-KPACBBIX 33434 ISl PA3HUYHBIX MO CYIICCTBY CHCTeM Au(h(hEPSHINATBHBIX
ypaB- HCHUH B YACTHBIX MPOU3BOMHBIX, 3aTCM PCUICHUE 334a4U B (DUKTUBHOU HEPU3IMUICCKON 00NacTH
WCTIOJIB3YCTCS B OCHOBHOW HMCXOJHOW 334a4¢ THAPOAMHAMUKUA B YHCJACHHBIX PACUeTax, 4YTO SBHBIM
00pa3oM MPUBOAUT K UCKAKCHHUIO PSIICHUSI OCHOBHOTO YPABHEHUS B (PU3HUCCKOH 00aCTH.

HUpes m.p.o. B ruapogunamuke takosa [3]. Ilycte B dusuueckoii obmactu DD ¢ rpanuueid S
HCOOXOJUMO YHCICHHO PCIIMTh HAYANBHO-KPACBYHO 3a4auy i ypaBHeHuit HaBbpe HeC:kumaemoi
KUAKOCTH

p[%+(V-V)V]+Vp = AV +pF,V-v=0,v|_y=d,v|; =D (1)

C pansO# nenp0 B M.d.o. du3mueckas obmacte 1D pacmmpseTcs MPHCOCIUHCHUEM QUKMUGHOT

npouseonvuoii obmactu DD, co cpoeit rpammmen S B KOTO- POH pemaerca UCKYCCHMBEeHHO

g 2
chopmymupoBaHHas 3amada [3] ¢ HYJICBBIMH KPacBBIMHU YCIOBHSIMH UL JABJACHHUS M KOMIIOHCHT
CKOPOCTH:
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3HAMEHATEE MAJIBI TapaMeTp cTpeMutcs kK aymo: € —> 01

Kazamoce Ob1, omHOro BuAa ypaBHeHHS (2) A0CTATOYHO A TOTO 4TOOBI 3abpakoBarh M.(.O.
OueBHIHO, YTO & - ypaBHCHHE (2) COBCPIICHHO He CcOBHagaer ¢ ypasHeHuem Hasgve (1) mpu majgom
mapametpe € —> 0, HO CcTpeMHTCA K HEMY MNP TPOTHBOIMOJIOXKHO OONBLIIOM 3HAUCHUH TApaMeTpa
& — o0 . Cpasy K€ BOZHHKAIOT CICAVIOIIUE BOIPOCHL.

Bonpoc 1. Yemy a0mkHO OBITH PaBHO KOHKPETHOC YHCICHHOE 3HAYCHHE MAJOr0 Iapamerpa

(paszmepHOCTS | € | = kr/( M3C) )? KakoBsl kputepun ero eioopa’?

On He MoxeT ObITh paBHBIM HYT0. Ecin monoxure & = 0, To ¢uxmuenas 3anaua (2) nepexoqur B
TPUBHATBHOE PABEHCTBO

v, =0 (3)

Ha BCCH Qurmuenoti odIacTu D ¢ , CACIOBATCIBHO, HE OYJCT HCOOXOAUMOCTHA B HAYATIBHO-KPACBOM
& - zamaue (2). B 1o ke BpeMms, OUCBUAHO, YTO MPOAOLKCHHC PCLICHHS UCXOTHOU OelicmeumeibHOm
3agaun (1) B puxTHBHYIO 061acTs 1) . GyaeT HeHyIEBBIM
v, #0
D, " Y (4)
T.€. MOJIYYaCTCs MPOTUBOpEUre ¢ (3).
Bonpoc 2. Ecou € #0, 1o xakuM KpacBBIM YCIOBHEM AOIKCH OBMAZaTh BEKTOP CKOPOCTH
V| S, ) » Ha TpaHULC S ¢ » T.€. KaKk JO/KCH ObITh BBIOpaH BekTop @, A TOro 4roObl PEINCHHE
Quxmuenoii € - 3amaum COBMANO ¢ MPOJOTKCHHEM PEIICHHS HCXOTHOM (DHM3HUECKH OeliCIEUmMeNbHOl

sagaun (1) ? Tlpu secoBnaaeacuuu peruenuit 3a1a4 (1) u (2) B obnactu D . ucnonesoBanue “M.§.0.” B

KO- HCYHO-PAa3HOCTHBIX METOAAX C BBCACHHUEM OOILIECH CETOUHOI 00nactu Tepsier cMbic/1. B gononHeHue
K 9THM BOIPOCaM MPHUBCACHHBIX HIKE KOHTPIIPUMEPOB OVACT JOCTATOYHO, YTOOB! MOHSTEH (HATBIIUBOCTE
“meToga PUKTUBHBIX OONACTCH .
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