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Llenb paboTsi

Cucrema ypasHeHuii Hasbe-CTokca ans BsA3KOW HECKMMaEMOii
MKUOKOCTI:
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LUenbto paboTbl siBASIETCA NOCTPOEHME, peanun3auus n mMmogudukaums
N3BECTHbIX SBHbIX METOAOB PELUEHMNS 3TO CUCTEMbl YPAaBHEHUN, a Takxe
MX CPaBHEHME Ha Npumepe 3aga4n OOTEKAHUSI U YCTAHOBNEHMNE BAUSIHUS
pa3fNNyYHbIX annpOKCMMaLNii ONepaTopoB Ha KaYeCTBEHHOE MOBefeHMe
peLueHusi.



[locTaHOBKa MOJeNbHO 3a4a4m

Puc.: Obnactb pewenus 3apaqn.
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7lBHas TexHWKa paclienneHnss onepaTopoB

TexHunka pacwenneHna Ha OCHOBE annpoOKCUMAUUN YPAaBHEHNA OBUXKEHNA
B ABHOM BUAe:
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ANroputM sIBHO TEXHUKM.

1. Bbluucnsem npomMexxyTo4HOE noJsie CKOpOCTeii:
o =3 — (7, V) — 18V + Rl AT,
e
2. Pewaewm ypasnerue lNyaccona:
1 .
A¢ = 7(V, v )v
T

3. Haxognm 3Ha4YeHnsi CKOPOCTY 1 JABJIEHUS HA CIEAYIOLLEM LIAre no
BpeMeHu:
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«[lo4yTn» aBHasa TexHuka

TexHuka paclwenneHna Ha OCHOBE annpoOKCUMAUMN YPAaBHEHNA OBUXKEHNA
B HEABHOM BUAE:
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[ns BblYMCneHNs CKOPOCTM U JABAEHME HA CEAYIOLLEM BPEMEHHOM
MOCTPOMM NTEPALMOHHbIA NPOLIECC, KAaXKAYIO UTEPALNIO KOTOPOro byaert
OCYLLECTBASITb MO SIBHOW CXEME:

G = 1 — (30, V)F) — rvpletD) ¢ é AT,
(v,o=t) =0,
50 = 1—5/7 p(O) _ pl.

EctecTBeHHbIM yCNOBMEM OCTAaHOBKM MTEPALMOHHOIO npouecca byaer
CnepyoLLee BblpaXkeHMe:

max{||p® — p&D| |, |[7 — 5|} <e.



«[loytn» asHasn TEXHUKA, YCKOpEHNE CXO4NMOCTHN

MNocTpoeHHbIi NTepaLnOHHbI MPOLIECC MOXXHO MHTEPNPETUPOBATL Kak
pelueHne HennHeRHoro ypaeHeHust u = f(u) METOZOM NpOCTON nTepauunn:

uCt) = £(u9), u®) = (7 p)), f onpenensietcs anroputmom.

MpumeHnMm meTOA CcekyLmX:

5u(s+1)(u(s) — u(s_l))

(s+1) _ ,,(s) _
et SuG+) —guls)

u® = £(u®),
rpe outtY) = F(ul)) — (),

MpakTnyeckn, NprMeHeHne MeToAa CEKYLUMX AAET YMEeHbLUeHne obLiero
KOJINYECTBA MTepaumii B ABa pa3a.



TexHukK BbICLWINX NnopAAKOB MO BPEMEHM

Boinnwem oguH n3 metonos PyHre-KyTTa BTOpOro nopsigka gns
cuctembl OY o = g(u):

u® = £(r,u), u® = f(r, D),

u+ u®
5

=

3peck (7,u) = u+ 7g(u) — BbIpaXKeHUEe, KOTOPOE BLIYMCASET NCKOMYIO
byHKLMIO C NEpBbLIM MOPSIAKOM.

Myctb Teneps u = (U, p), f onpepensieTcs anropnTMom BbIOpaHHON
TEXHUKYW pacLiensieHus.

COBepLIJI/IM ABa NocnefoBaTeNIbHbIX WAra Nno BPpEMEHN, B KA4eCTBE
HEN3BECTHOW (PYHKLMMN HAa HOBOM Ciioe DepeTcs cpeaHsisi BeNNYMHa
TEKYLLEro 1 nociaefHero pacCHMTaHHOro CJIOS.



Annpokcumaunus MeTOAOM KOHEYHbIX pa3HocTell. PacuyeTHas
ceTka

MycTb ws — MHOXKECTBO Y3/10B, B KOTOPbIX 3HadeHue nons f
ONpefensieTcsi pelleHnem YpaBHEHUA, TO CTb Y3/10B, JIeXKalLX BHYTPM
obnacTu, n Ha rpaHMUax, KOTOPbIM MpPeAnucaHbl KPaesble YCAOBUS
Heiimana.

MNycTb yf — MHOXECTBO y3J/10B, B KOTOPbIX 3a4aHO KPAEBOE YC/IOBME
Nnepeoro poaa.



Annpokcumaunus MeTOAOM KOHEYHbIX pa3HocTell. PacuyeTHas
ceTka

Punc.: Mprnmep pacuertHoii ceTku.
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Annpokcumauns MeTOL0M KOHEYHbIX Pa3HOCTENA.
PasHecenHas ceTka

Puc.: Mpumep pasnecenHoii pacyerHoii ceTku.
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Annpokcumauns MeTOL0M KOHEYHbIX Pa3HOCTENA.
PasHocTHasa cxema

Onpegennm pasHocTHble onepatopbl Vi 1 Ap Kak anmnpokCumMaumo
CooTBeTCTBYOWMX AnddepeHunanbHbIX onepaTopos dopMyiamn
LEHTPaNLHON Pa3HOCTM, HAMPAB/EHHbIX TPEXTOYEUYHbIX pa3HocTel (Ha
rpaHuue) 1 BTOPO Pa3HOCTHON Npou3sogHon. PasHocTHas cxema

NepBOro Nopsifika No BPEMEHN:
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Annpokcumauns MeTOL0M KOHEYHbIX Pa3HOCTENA.
MOHOTOHHOCTb Cxembl

PaszHocTHasi cxema He DyfeT sSBASTHCS MOHOTOHHOR Npu Ntobom BhIGOpe
ware no spemenn. JJobaBum B pasHOCTHYIO CXEMY MOHOTOHU3MPYIOLLYIO
KOPpeKLUIO,

u) = Cuj, i =T,N—1,

1J

2 1) . T 1
u? = cu =T M—1.

3pech:

Cyu; = ClampMinMax(uj, ui—1, uiy1),i = 1, N —1,rne
min(a, b), u < min(a, b);

ClampMinMax(u, a, b) = < max(a,b), u > max(a,b);
u, nHaye.



Annpokcumauns METOLOM KOHEYHbIX Pa3HOCTENA.
Pe3synbTaThl pacyetos

MapameTpbl ceTku:

h
Lx:4,Ly:2,N:40,M:20’7—:1_3.



Annpokcumaunst MeETOAOM KOHEYHbIX Pa3HOCTENR.

Pe3synbTaThl pacyetos

Puc.: CkopocTb TeveHns npu t = 1007, Re = 200.
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Annpokcumauns METOLOM KOHEYHbIX Pa3HOCTENA.
Pe3synbTaThl pacyetos

Puc.: CkopocTb TeveHns npu t = 4007, Re = 200.
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Annpokcumauns METOLOM KOHEYHbIX Pa3HOCTENA.
Pe3synbTaThl pacyetos

Puc.: CkopocTb TeveHns npu t = 4507, Re = 200.
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Annpokcumauns METOLOM KOHEYHbIX Pa3HOCTENA.
Pe3synbTaThl pacyetos

Puc.: CkopocTb TeveHns npu t = 5007, Re = 200.
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AI'II'IpOKCI/IMaLl,I/ISI METOAOM KOHEYHbIX 0bbeMOoB

Vicnonb3syem uHTerpanbHblii Bug cuctems! ypasHeHuii Hasbe-Ctokca gns
NoOJIy4EeHNS KOHCEPBAaTMBHON PAa3HOCTHOM CXEMbl
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Beepem cnegytouiue onepatopsi:
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AnnpokcnmMaums MeTofloM KOHeYHbIX 0bBbEMOB
onepaTopbl

AnnpokcuMmupyem onepaTopbl Ciegytowmum obpasom:
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AnnpokcnmMauns MeTofloM KOHe4YHbIX 0bbeMoB. PesynbTaThl

pacyeToB

Puc.: CkopocTb TeveHns npu t = 5007, Re = 200.
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MeTop apobHoro Lara

MeTton apobHoro wara noagpasymeBaeTt AafibHeliliee paclienieHue
ypasHeHus Bioprepca Ha ypasHeHus Xonda u TennonposogHocTu:
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MeTop apobHoro wara. Ypastenue Xonda

C yyeTom ypaBHEHUS HEPa3pbIBHOCTU, KBAa3UINHENIHOE ypaBHeHMe
MepeHoca MOXET ObITb 3aMnNCaHO B CMEAYIOLLEM BUIE:
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Bynem uncnons3oBath cxemy Jlakca-®pugpuxca BTOporo nopsigka.
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MeTop apobHoro wara. PesynbTaTbl pacyeTos

Puc.: CkopocTb TeveHns npu t = 5007, Re = 200.
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MeTop apobHoro wara. PesynbTaTbl pacyeTos

Puc.: CkopocTb TeveHns npu t = 6707, Re = 200.
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MeTop apobHoro wara. PesynbTaTbl pacyeTos

Puc.: CkopocTb TeveHns npu t = 8307, Re = 200.
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MeTop apobHoro wara. PesynbTaTbl pacyeTos

Puc.: CkopocTb Tedenus npu t = 10007, Re = 200.
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3aknto4yeHne

PesynbTaTbl pacyeToB NMokasasu, YTO Ha AAaHHOI 3ajade obTekaHus
BbIGOP MOCTPOEHHONR KOHEYHO-PA3HOCTHOA NN KOHEYHO-OOBEMHOI
annpokcnumaummn AI/ICbey3VIOHHbIX YJIEHOB, PACHET NO ABHbIM NN
HEeABHbIM CXemMaM, Bb|60p CETOK HE HECET CYLECTBEHHbIX OTANYNA B
NOBEAEHUN PELLEHNS,

KauecTBeHHO Hamsydwee pewseHne Obio NOSyHeHO NPUMEHEHUEM
MeToAa ApobHOro wara, KOTOpbIA Npegnonaraet ganbHelillee
pacwenyieHNE KOHBEKTNBHbIX 1 'D,IIICb(by3VIOHHbIX 4YJ1€HOB, 4YTO NO3BONAET
MPUMEHSITL YNCIIEHHBIE METOAbI PELLEHNST TMNEPDONMYECKMX YPABHEHMIA.
To ecTb rnaeHbIM (DaKTOPOM MOJYHEHUS HAWYYLIErO PEeLIeHUs
BbICTYNaeT uMeHHo annpokcumauus (U, V).



Cnacubo 3a BHUMaHne!



