B. E. 3AJIM3HSAK

OCHOBBI BBIYNCJIUTEJBHOM
POU3UKHU

Yacrtp 1. BBeieHue B KOHEYUHO-Pa3HOCTHbIE METO/bI

KpaTtkoe onucanune npujaraeMsix NporpamMmm.

OT0 NPUIOKEHHUE COJACPKHUT KPATKOE OMUCAHME IPHUIIaracMbIX
mporpaMM, KOTOphIE MOTYT OBITh HCIOJNB30BAHBI KAk s
MPaKTUUECKUX 3aHITHH, TaK W TPH BBIMOJHCHUH KYPCOBBIX U
MUTUIOMHBIX ~ TPOCKTOB.  JIOMONHUTENpHYIO  HH(pOpMAIHIO 00
WCTIOJh30BAHUH TMPOrPaMM MOXKHO HAaWTH B IpuMepax. XOTs aBTOp
MPUIOXKUT BCE YCHIIHSI JUI TOTO, YTOOBI MPOrpaMMmbl padboTanu 0e3
omuOOK, HM aBTOP HU W3JaTeNb HE HECYT HUKAKOW OTBETCTBEHHOCTHU
3a MOCJISICTBUS IPUMEHEHHS 3TUX MTPOrPamMM.

Hwxe MpUBOAUTCS CIIMCOK MPUIAraeMbIX MPOTPAMM U KPaTKOE
OIMCaHNE OCHOBHBIX (DyHKIIHH.



OcHoBHas QyHKITUSA [Ipumepsl uW  BCIOMOTaTelbHBIC
dyHKIIMH

heat 1d un example4_1,f1 _e4l, f2_e41,
fs_e4l

heat 1d_nun example4_2, f1_e4d2, f2_e42,
fs_e42

heat 2d es example4_3, gl_e43, g2_e43,
g3_e43, g4 e43,fs_e43

stefan_1d example4_4, f1_e44, f2_e4d4,
fs_ed4

properties

Cross example5 1,1 _e5b1, f2 e51

lw acoustics example5 2, fl e51, f2 e51

roe example5_3, f1_eb51, f2_e51

godunov__acoustics example5 4, f1_e51,f2_e51

pem example5 5, f1_eb1, f2_e51

Ilw_gasdynamics example6 1, example6 2

godunov_gasdynamics example6_3

waf_gasdynamics example6_4

waf tvd gasdynamics example6_5, limiter_mina,
limiter_supera, limiter_ultraa,
limiter_vanAlbada, limiter_vanLeer,
limiter_Lin

riemann

helmgotz_2d_sor example7_1, gl _e71, g2 _e71,
g3_e71,94_e71,a e71,b_e71,
f e71

helmgotz 2d_fft example7_2,9l1_e71,g2_e71,
g3 e71,94 e71,f e71

helmgotz_2d cg example7_3,gl_e73,g2_e73,
g3_e73,94_e73,a_e73,b_e73,
f e73

poisson_2d td example7_4, gl_e74,g2_e74,
g3 e74,94 e74,a e74,f e74

ns_2d_vsf example8_1, g1_e81, g2_e81,
g3_e81, g4 e81




function [uu]=heat_1d_un(ud,kappa,a,nx,h,time,tau,b,gamma,
bl,br,tbl,fbr,fs)

Haznauenue

Bxopuble mapameTper

Brixonnsie napaMeTphbl

ud
kappa

nx

time
tau

gamma

bl, br

fbl, fbr

fs

uu

BeluncieHHe OJHOTO Liara 1o BPEeMEHH
o cxeme (4.3)

Temneparypa B MOMEHT BpeMeHH i
Koagpdumuent TeMIIepaTypo-
IIPOBOJIHOCTH (K)

KoaddurpeHT TermmonpoBoaHOCTH

Yucino ceTouHbIX y3/10B

[Iar o mpocTpaHcTBy

MoMeHT BpeMeHH ly+1

[ar no BpemeHu

IMapametp Kt/ h?

Iapamerp y

= 0 — sBHas cxema

> 0 — HesiBHAs cxeMa

Tun rpanndHoro yciaosus npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpaHUYHOE yCIIOBHE NIEPBOTO poja
= 1 — rpaHUYHOE yCIOBUE BTOPOTO poja
HNmena m-¢aiiioB B KOTOPBIX 3amaércs
3aBHCHMOCTh TeMIIepaTyphl I
TEIJIOBOTO IOTOKa OT BpeMeHH npu X=0
u X=l, coorBeTCTBEHHO.

Ums m-daitna B KoTOpoM 3amaérest
(GyHKIUS BHEITHET0 MCTOYHHUKA Teria B
3aBUCHMOCTH OT KOOPJMHATHI M BPEMEHH.

TemmnepaTypa B MOMEHT BpEMEHH ty+1



function [uu]=heat_1d_nun(ud,roc,a,nx,h,time, tau,b,gamma,
bl,br,tbl,fbr,fs)

Haznauenue

Bxopuble mapameTper

Brixoansie napamMeTphbl

[Tpumeuanue

roc

nx

time

tau

gamma

bl, br

fbl, fbr

fs

uu

BeluncieHHe OJHOTO Liara 1o BPEeMEHH
o cxeme (4.16)

Temneparypa B MOMEHT BpeMeHH i
MaccuB 3HaueHU pPC B y3JIaX OCHOBHOH
Pa3HOCTHOM CceTKH

MaccuB  3HaueHuit  koaddunmenra
TEeMJIONPOBOAHOCTH B y3max
BCIIOMOTaTeJIbHOM CETKU

Hucno ceToyHbIX y37I0B

[IIar o npoctpaHcTBy

MoOMEHT BpeMeHH ly+1

[Har no BpemeHu

[Tapamerp y

= 0 — sBHas cxema

> 0 — HesiBHAs cxeMa

Tun rpanndHoro yciaosus npu X=0 u X=l,
COOTBETCTBEHHO.

= 0 — rpaHUYHOE yCJIOBHE IIEPBOrO pojia
= 1 — rpaHUYHOE yCIOBHE BTOPOTO poaa
HNmena m-¢aiiioB B KOTOPBIX 3amaéres
3aBUCHMOCTh TeMIIepaTyphl W
TEIJIOBOTO IOTOKa OT BpeMeHH npu X=0
1 X=|, COOTBETCTBEHHO.

Nms m-daiima B KoTOpoM 3amaéres
(GyHKOUS BHEUTHETO MCTOYHHUKA TEIUla B
3aBUCHMOCTH OT KOOPJMHATHI ¥ BPEMEHH.

Temnepatypa B MOMEHT BPEMEHH li+1

DyHKIMA MOXKET ObITh UCHOJIb30BAHA JUIS
peILICHUs HEJIMHEHOro ypaBHEeHHs (cxema
(4.18)). Ilpu 3TOM HEOOXOOMMO TOIBKO
Ha  KOKIOM  IIare [0  BPEMEHH
NepecYnTHIBaTh 3HaYeHUs [0C, a u tau.



function [uu]=heat_2d_es(ud,kappa,a,nx,ny,hx,hy,tau,time,
bxl,bxr,fbx],foxr,byl,byr,fbyl,fbyr,fs)

Haznauenue

Bxopuble mapameTper

Brixoansie napamMeTphbl

ud
kappa

a
nx, ny

hx, hy

time
tau
bxl, bxr

fbxl, fbxr

byl, byr

fbyl, fbyr

fs

uu

BeluncieHHe OJHOTO Liara 1o BPEeMEHH
o cxeme (4.27)

Temneparypa B MOMEHT BpeMeHH i
Koagpdumuent TeMIIepaTypo-
IIPOBOJIHOCTH (K)

KoaddurpeHT TermmonpoBoaHOCTH

Uncino CeTouHBIX Y310B MO X H Y,
COOTBETCTBEHHO

larn mo mnpocTpaHcTBY 1O X H Y,
COOTBETCTBEHHO

MoMEHT BpeMeHH ty+1

[ar o Bpemenu

Tun rpanmgHoro ycnosus mpu X=0 u
X=lx, COOTBETCTBEHHO.

= 0 — rpaHUYHOE yCJIOBHE IIEPBOrO posia
= 1 — rpaHUYHOE YCJIOBHE BTOPOTrO poja
Vmena m-¢aiioB B KOTOPBIX 3amadrcst
3aBUCHMOCTh TeMIIepaTyphl I
TEMJIOBOro MOTOKAa OT Y M BPEMEHU Ipu
X=0 u X= lx, COOTBETCTBEHHO.

Tun rpannaHoro ycnosus mpu Y=0 u y=
ly, cooTBeTCTBEHHO.

= 0 — rpaHUYHOE yCJIOBHE IIEPBOrO pojia
= 1 — rpaHUYHOE yCIOBHE BTOPOTO poaa
Vimena m-QaitioB B KOTOPBIX 3amagrcst
3aBUCHMOCTh TeMIIepaTyphl W
TEMJIOBOr0 MOTOKAa OT X M BPEMEHU IpU
y=0 u y=ly, cooTBeTCTBEHHO.

Ums m-daiima B KOTOpoM 3amaéres
(GyHKOUS BHEUTHETO MCTOYHHUKA TEIUIa B
3aBUCUMOCTH OT X, Y ¥ BpEMEHH.

Temnepatypa B MOMEHT BPEMEHH li+1



function [entu,uu,sf]=stefan_1d(entd,ud,ro,cs,cl,as,al,lh,up,nx,h,
tau,time,bl,br,fbl,fbr,fs)

Haznauenue

Bxopuble mapameTper

Brixoansie napamMeTphbl

ud, entd

ro
cs, cl

as, al

up
nx

time
tau
bl, br

fbl, for

fs

uu, entu

sf

BeluncieHHe OJHOTO Liara 1o BPEeMEHH
o cxeme (4.38)

TemmnepaTypa ¥ 3HTalbNOMS B MOMEHT
BpeMeHH tk

[InotHOCTB Cpenpb

TennoémkocTs TBEPAON U KUAKOH (a3bl,
COOTBETCTBEHHO.

Koaddumment TEIIONPOBOJHOCTH
TBEpIOH 31 JKUIKOHM ¢assl,
COOTBETCTBEHHO.

CkpalITast TEIJIOTA [IaBICHUS
Temnepatypa miaBieHus

Yucao ceTouHbIX y3/10B

[Iar no npocTpancTBy

MoMeHT BpeMeHH ly+1

[Har no Bpemenu

Tun rpanndHoro yciaosus npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpaHUYHOE YCIIOBHE MIEPBOTO POJa
= 1 — rpaHUYHOE YCJIOBHE BTOPOTrO poja
Vmena m-QaitioB B KOTOPBIX 3amaércst
3aBUCUMOCTb TeMIIepaTypbl W
TEIIOBOTO MOTOKA OT BpeMeHH npu X=0
1 X=|, cOOTBETCTBEHHO.

Nms m-daiima B KoTOpoM 3amaéres
(GyHKIUS BHEIIHEr0 MCTOYHUKA TEIUla B
3aBUCUMOCTHU OT KOOPJUHATBI U BPEMEHHU.

TemnepaTypa M 3HTaIbIMS B MOMEHT
BpPEMEHH ti+1

JlokanpHas mons TBEpHON dazer B
MOMEHT BPEMEHH ty+1



function [dis,cg]=properties(kh,r,method)

Hasnauenue

Bxonansle napamerpsl

BoixonHble napameTpsl

kh

r
method

dis
cg

Bruncnenne kodh¢unmeHTa 3aTyxaHus
n Oe3pa3sMepHON TPYNIOBOH CKOPOCTH
cerounoro pemenust Buzma (5.3) s
Pa3IHYHBIX CXeM

BonHOBOE 4HCIIO0 YMHOXKEHHOE Ha IIIar 1o
HPOCTPAHCTBY

[Tapametp Kypanra

Merton perienus

'Crs' — cxema «kpecT»

'IXw' — cxema Jlakca-Benapodda

‘roe’ — cxema @. Poy

‘god’ — cxema C. K. TonyHoBa

‘pem’ — cxema PEM

Koadduipent 3aryxanust
be3pasmepHasi rpynmoBas CKOpOCTb

function [uu]=cross(ud,um,c,ro,nx,h,time,tau,bl,br,fbl,fbr)

Hasnauenue

Bxonnblie napamerpsl

Brixoanbie mapameTpsl

ud, um

Cc
ro

nx
h
time
tau
bl, br

fbl, for

uu

Bbluncienrne OMHOTO Iara mo BPEMECHH
o cxeme (5.2)

Pemenue B MomeHT BpeMeHM lk1 U 1k,
COOTBETCTBEHHO.

CKOpOCTb PacipoCTpaHEHUS BOJIHBI
[InoTHOCTH Cpelibl

Yuco ceToUHbIX y3/10B

[lar no npocTpancTBy

MoMeHT BpeMeHHU ly+1

[ar no Bpemenu

Tun rpanndHoro yciaosust npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpaHUYHOE YCIIOBHE MIEPBOTO POJa
= 1 — rpaHUYHOE YCJIOBHE BTOPOTO poja
Vimena m-QaitioB B KOTOPBIX 3amalrcst
3aBUCHMOCTb PEIIEHHs WIN IPOU3BOIHON
petiendst ot BpemeHdn mpu X=0 u X=l,
COOTBETCTBEHHO.

Pemenue B MOMeHT BpeMeHH ti+1



function [uu,pu]=lw_acoustics(ud,pd,imp,nx,time,r,bl,br,fbl,fbr)

Hasnauenue

Bxopuble mapameTper

Brixoanbie mapameTpsl

ud, pd
imp
nx
time

bl, br

fbl, for

uu, pu

BblumcieHHe OJHOTO LIara 1o BPEeMEHH
o cxeme Jlakca-Benapodda (5.6)

CKOpOCTb W JIaBICHHE B MOMEHT
BpemeHH tk

3HaueHue pC

Yucno ceTouHbIX y3/10B

MoMeHT BpeMeHH ty+1

[Tapamerp Kypanra

Tun rpanndHoro yciaosus npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpaHn4HOE ycnoBue Ha U

= 1 — rpaHUYHOE yCJIOBHE Ha P

Vmena m-QaiiioB B KOTOPBIX 3amaércst
3aBUCUMOCTH CKOPOCTH HJIM JIaBJICHUS OT
BpeMEHU npu x=0 u x=l,
COOTBETCTBEHHO.

CKOpocTh ¥  JaBiCHHE B  MOMEHT
BPEMEHH i1



function [uu,pu]=roe(ud,pd,um,pm,imp,nx,time,r,bl,br,fbl,fbr)

Hasnauenue

Bxopuble mapameTper

Brixonnsie napamMeTphbl

ud, pd
um, pm
imp

nx

time

bl, br

fbl, for

uu, pu

BblumcieHHe OJHOTO LIara 1o BPEeMEHH
o cxeme @. Poy (5.12)

CKopocTb U JaBlIeHHE B  MOMEHT
BpEMEHH tk-1

CKOpOCTb M JaBI€HHE B MOMEHT
BpeMEHH fi

3navenue pC

Hucno ceToyHbIX y37I0B

MoOMEHT BpeMeHH ly+1

[Tapamerp Kypanra

Tun rpanndHoro yciosus npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpanuuHOE ycoBue Ha U

=1 — rpaHUYHOE YCJIOBHE Ha [

Vmena m-QaiioB B KOTOPBIX 3amagrcst
3aBHCUMOCTh CKOPOCTH HJIM JaBJIEHUS OT
BpEMEHHU npu x=0 u x=,
COOTBETCTBEHHO.

CkopocTb ¥ JlaBJIeHUE B  MOMEHT
BpeMeHH tk+1
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function [uu,pu]=godunov_acoustics(ud,pd,imp,nx,time,r,bl,br,fbl,fbr)

Hasnauenue

BxopHble mapameTper

Brixoanbie mapameTpsl

ud, pd
imp
nx
time

bl, br

fbl, for

uu, pu

Bbr4ncienne OfHOrO miara mo BPEMEHHU
o cxeme C. K. 'onynosa (5.16)

CKOpOCTb H  JIaBICHHE B MOMEHT
BpemeHH tk

3HaueHue pC

Yucno ceTouHbIX y3/10B

MoMeHT BpeMeHH ty+1

[Tapamerp Kypanra

Tun rpanndHoro yciaosus npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpaHn4HOE ycnoBue Ha U

= 1 — rpaHUYHOE yCJIOBHE Ha P

Vmena m-QaiiioB B KOTOPBIX 3amaércst
3aBUCUMOCTH CKOPOCTH HJIM JIaBJICHUS OT
BpeMEHU npu x=0 u x=l,
COOTBETCTBEHHO.

CKOpocTh ¥  JaBiCHHE B  MOMEHT
BPEMEHH i1
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function [ub,pb,uu,pu]=pem(ua,pa,ud,pd,imp,nx,r,time,tau,
al,a2,a3,b1,b2,b3,bl,br,fbl,for)

Haznauenue

Bxopuble mapameTper

Brixoanblie mapameTpsl

ua, pa

ud, pd

imp

nx
time
tau

al, a2,
a3,

b1, b2,

bl, br

fbl, fbr

ub, pb

uu, pu

Berducienne OfHOrO miara mo BPEMEHHU
o cxeme PEM (5.22)

CpenHue Ha pPa3sHOCTHOM HHTEpBalle
CKOpOCTb U JIaBJICHHE B MOMEHT BpPEMEHU
tk

CkopocTb M JaBleHME B y3lax
Pa3HOCTHOM CETKH B MOMEHT BpeMeHH i
3Havenue pC

Hucno ceToyHbIX y37I0B

[Tapamerp Kypanra

MoMeHT BpeMeHH ly+1

[Har no BpemeHu

[Tapametpsr cxembl PEM (nmpuBeneHs! B
[punoxennu A)

Tun rpanndHoro yciaosus npu X=0 u X=,
COOTBETCTBEHHO.

= 0 — rpaHuuHOE ycioBue Ha U

= 1 — rpaHUYHOE YCIIOBHE Ha P

HNmena m-¢aiiioB B KOTOPHIX 3amaéres
3aBUCUMOCTH CKOPOCTH HJIM JIaBJICHUS OT
BpEMEHH npu x=0 u x=l,
COOTBETCTBEHHO.

CpemHue Ha pa3sHOCTHOM HHTEpBasC
CKOPOCTh M JIaBJICHHE B MOMEHT BPEMEHHU
tiea
CKopocTb W JaBIEHHE B  y3Jax
Pa3sHOCTHOW CETKM B MOMEHT BPEMEHH
tir1
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function [rf,uf,pfl=riemann(x,t,r1,ul,pl,r2,u2,p2,gamma)

Hasnauenue

Bxopuble mapameTper

Brixoanslie nmapameTpsl

X
t

rl, ul,
pl
r2,u2,
p2
gamma

rf, uf, pf

BbIuKCIICHHE TOYHOTO PELICHHUS 331a4H O
pacmajie pa3pbiBa JUIS HICANBHOTO ra3a

Koopnunara

Bpewms

HavaneHple  3HaueHHs IUIOTHOCTH,
CKOpOCTH U aBieHus npu X<O0
HauanpHble ~ 3HaueHMs  IDIOTHOCTH,
CKOPOCTH U JaBieHus npu X>0
IMoka3zarens agradaTe

3HayeHHE IIJIOTHOCTH, CKOpPOCTH u
JABJICHHS B TOYKE X B MOMCHT BPCMCHM t

function [d,u,p,e,time]=lw_gasdynamics(dd,ud,pd,h,nx,r,cad,tp,

Haznauenne

Bxonnbie napamerpsl

Brixoansie napamMeTphbl

dd, ud,

cad
tp

gamma
bcl, ber

time
d,up,e

gamma,bcl,bcr)

Pacuér OJIHOMEPHOTO TEUEHUS
uaeanbHOro rasa mo cxeme Jlakca-
Benppododa (6.3)

Pacmipesenenne MmIOTHOCTH, CKOPOCTH
JIaBJICHHUs B MOMEHT BpeMeHH t=0

[ar no npocTpaHcTBY

Yucno ceTouHbIX y3/10B

[Tapametp Kypanra

Koo dummenT nckyccTBeHHON BI3KOCTH
JlnurenbHOCTD rporecca
(IpubmIKEHHAs )

ITokaszaTens aguabaTsl

Tun rpaHn4HOro yciaoBus mpu X=0 u x=,
COOTBETCTBEHHO.

= 0 —xécTKas CTeHKa

= 1 — oTKpBITas TPAHUIIA

PeanbHast AMUTEIBHOCTH HpoLEcca
PacrpenencHue IUIOTHOCTH, CKOPOCTH,
OAaBICHWS. W BHYTPEHHEH OHEpruu B
MOMEHT BpeMeH#u time



13

function [d,u,p,e,time]=godunov_gasdynamics(dd,ud,pd,h,nx,rtp,

Haznauenue

Bxonanbie mapameTpbl dd, ud,

gamma
bcl, ber

time
d,up,e

BoixoaHble napameTpsl

gamma,bcl,bcr)

TEUCHUS
C. K

Pacuér OJIHOMEPHOTO
H7CANBHOTO Ta3a 10 CXeMe
T'omyHoBa (6.10)

Pacnpenenenue MmioTHOCTH, CKOPOCTU U
JIaBJICHUS] B MOMEHT BpeMeHH t=0

[Iar no npocTpancTBy
Hucno ceToYHbIX y37I0B
[Tapamerp Kypanra
JlnurenbHOCTD
(mpubmIKEHHAS)
IMoka3zarens agradaTe
Tun rpasndsoro ycnosust npu X=0 u =1,
COOTBETCTBEHHO.

= 0 — xécTKast CTCHKa

= 1 — oTKpbITas rpaHULa

ponecca

PeanbHast AIMTENBHOCTH IpOIiECCa
Pacmpenenenne MIOTHOCTH, CKOPOCTH,
JaBIEHUs M BHYTPEHHEH »Hepruum B
MOMEHT BpeMeHH time

function [d,u,p,e,time]=waf_gasdynamics(dd,ud,pd,h,nx,r,cad,tp,

Haznauenne

gamma,bcl,bcr)

Pacuér OJIHOMEPHOTO TEUEHUS
HIICAIBHOTrO Ta3a mo cxeme Meroma WAF
(6.12).

[TapaMeTpbl UMEIOT TOT K€ CMBICI, uTO U i pyHKImHU lw_gasdynamics.
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function [d,u,p,e,time]=waf _tvd_gasdynamics(dd,ud,pd,h,nx,r,tp,

Haznauenue

Bxonansle napamerpsl

Brixoaubie mapameTpsl

dd, ud,
pd

h

nx

r

tp
gamma
bcl, ber
limiter
time
d,up,e

gamma,bcl,ber limiter)

Pacuér OJIHOMEPHOTO TEYEHUS
uaeansHoro rasa no TVD Bepcuun cxemsl
metoma WAF.

Pacnpenenenue MmioTHOCTH, CKOPOCTU U
JIaBJICHUS] B MOMEHT BpeMeHH t=0

[lar no npocTpancTBy

Hucno ceToyHbIX y37I0B

[Tapamerp Kypanra

JlnurenbHOCTD rporecca
(IpubmIHKEHHAS )

IMoka3zarens agradaTe

Tun rpanndsoro ycnoeust npu X=0 u x=I,
COOTBETCTBEHHO.

= 0 — x&EcTKast CTCHKa

= 1 — oTKpbITas rpaHULa

Ums m-daitna B KoTOpoM 3amaérest
¢yHkuus-orpannuntens. [IpuBenéHubie
B KHHUT€ OTPaHUUIMTENN IPUITAraroTCsl.

PeanbHast IJIMTENBHOCTH MpoLEcca
PacnpeznesieHHe IUIOTHOCTH, CKOPOCTH,
IaBICHUS ¥ BHYTpPEHHEH OJHEpruum B
MOMEHT BpeMeHH time
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function [u,k]=helmgoltz_2d_sor(f,ac,bc,Ix,ly,nx,ny,g1,92,93,94)

Hasnauenue

Bxopuble mapameTper

Brixoausie mapameTpsl

IIpumeuanue

f

ac

bc

Ix, ly
nx, ny

91,93

92,94

u
k

Pemenne ypasaenus (7.9) ¢ rpaHIYHBIMU
ycnosusmu upuxiie. Metox SOR.

Ums m-daiima B KoTOpoM 3amaérest
GbyHkms npasoit yactu f(X, y)

Ums m-daitna B KkoTopoMm 3amaérest
koadduiment a(x, y)

Ums m-daiima B KoTOpoM 3amaérest
ko3 durent b(x, y)

Pazmep obmactu mo X wum Y,
COOTBETCTBEHHO

Uncno CeTouHBIX Y3I0B MO X H Y,
COOTBETCTBEHHO

VimeHna m-QaiioB B KOTOpPBIX 3amagrcst
3aBUCHMOCTb pemieHus ot Y npu X=0 u
X= Iy, COOTBETCTBEHHO.

HNmena m-¢aiiioB B KOTOPHIX 3amaéres
3aBUCUMOCTH pemieHust oT X npu y=0 u
y=ly, cooTBeTCTBEHHO.

Pemenue B y3ax pa3HOCTHOM CETKU
Yucno nrepanuit

HrepaunoHHbl Ipolecc 3aBeplIacTCs
Korja, OO OTHOCHTENbHas OIMOKa
NPUONKEHHOTO  PELICHHS CTaHOBUTCS
menbe dem 10, 160 uncio uTepanui
JOCTUraeT 3HadeHus 3-max(nx, ny).
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function [u]=helmgoltz_2d_fft(f,a,b,Ix,ly,nx,ny,g1,92,93,94)

Hasnauenue

Bxonnsle napamerpsl

BoixoaHble napameTpsl

IIpumeuanue

f

Ix, ly
nx, ny

91,93

92,94

u

Pemienne ypaBuenus (7.9) ¢ mocTosH-
HBIMH KOX((HUIIUCHTAMHA ¥ TPAaHUIHBIMH
ycnosusamu Jupuxiie. Merog Ha OcHOBe
FFT.

Ums m-daitna B KoTOpoM 3amagrest
¢byukuus mpasoit wactu f(X, Y)

3HaueHne KodpduIeHTa a

3nauenue kodpduimenra b

Pazmep obmactu mo X wum Y,
COOTBETCTBEHHO

Uncno CeTouHBIX Y3I0B MO X H Y,
COOTBETCTBEHHO

Vmena m-QaitioB B KOTOPBIX 3amaérest
3aBUCHMOCTb pemieHus ot Y npu X=0 u
X= Iy, COOTBETCTBEHHO.

HNmena m-¢aiiioB B KOTOPBIX 3amaéres
3aBUCUMOCTH pemieHust oT X npu y=0 u
y=ly, cooTBeTCTBEHHO.

Pemenue B y3iax pa3HOCTHOM CETKU
FFT npumensiercs no koopauHate X,

no3toMy Juisi 3(QGEKTHBHOIO pELICHUS
cnemyer 3anaBath NX=2P+1.
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function [u,it}=helmgoltz_2d_cg(up,f,a,b,Ix,ly,nx,ny,g1,92,93,94)

Hasnauenue

Bxonnsle napamerpsl

Brixonnsie napaMeTpbl

IIpumeuanue

up

Ix, ly

nx, ny

91,93

92, g4

Pemenne ypasaenus (7.9) ¢ rpaHIYHBIMU
ycnoBusimu upuxine. Meron Konkyca u
lomy6a Ha ocHoBe FFT.

HauanbHoe npubimxeHue

Ums m-daitna B KoTOpoM 3amagrest
¢byukuus mpasoit wactu f(X, Y)

Nms m-daiima B KoTOpoM 3amaéres
ko3 duiment a(x, y)

Ums m-daitna B KkoTopoM 3amaérest
koo purent b(x, y)

Pazmep obmactu mo X wm Y,
COOTBETCTBEHHO

Uncno CceTouHbIX Y3I0B MO X H Y,
COOTBETCTBEHHO

VmeHna m-QaiiioB B KOTOPBIX 3amagrcst
3aBUCUMOCTH pemreHust oT Y npu X=0 u
X= Iy, COOTBETCTBEHHO.

Vmena m-QaitioB B KOTOPBIX 3amaércst
3aBHCUMOCTb pemieHust ot X npu y=0 u
y=ly, cooTBeTCTBEHHO.

Pemienue B y31ax pa3sHOCTHON CETKU
UYucno urepauuit

HrepaunoHHbIll Ipolecc 3aBepIlacTCs
KoTJa OTHOCHUTEJbHAS omubka
MpUOTIDKEHHOTO  PEIICHUS CTaHOBHUTCS
Menbme gem 107,

FFT npumensercs no koopauHaTe X,
mo3ToMy sl 3(PPEKTUBHOTO PEUICHUS
cnemyer 3anaBath NX=2P+1.
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function [u,k]=poisson_2d_td(up,f,a,lx,ly,nx,ny,g1,92,93,94)

Hasnauenue

Bxonnsle napamerpsl

BoixoaHble napameTpsl

IIpumeuanue

up

Ix, ly
nx, ny

91,93

92,94

u

Pemenue  AByMEpHOro  HEIMHEHHOIO

ypaBHenue (7.2) C TpaHUYHBIMH
YCIOBHSMHI Jupuxie METOJIOM
YCTaHOBJICHHUSI.

HauanbHoe npubimxeHue

Ums m-daitna B KoTopoMm 3amaérest
¢byukuus mpasoit gactu f(X, Y)

Ums m-daiima B KoTopoM 3amaérest
ko3 duient a(u, X, y)

Pazmep obmactu mo X wum Y,
COOTBETCTBEHHO

Uncno CeTouHBIX Y3I0B MO X H Y,
COOTBETCTBEHHO

Vmena m-QaitioB B KOTOPBIX 3amaércst
3aBHCHMOCTb pemieHus ot Y npu X=0 u
X= Iy, COOTBETCTBEHHO.

HNmena m-¢aiiioB B KOTOPBIX 3amaéres
3aBUCUMOCTH pemieHust oT X npu y=0 u
y=ly, cooTBeTCTBEHHO.

Pemenue B y3iax pa3HOCTHOM CETKU
Yucno nrepanuit

IMporiecc  yCTaHOBJIEHHsS — 3aBEPIIACTCS
Korua OTHOCHUTEJIbHAS omuoKa
NPUOJIMKEHHOTO  PELIEHHsST CTAHOBUTCS
Menbire gem 107,
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function [u,v,w,psi,time]=ns_2d_vsf(u,v,w,Re,tp,Ix,ly,nx,ny,

Haznauenue

Bxonnsle napamerpsl

Brixoanbie mapameTpsl

IIpumeuanue

u, v, w

Re
tp

Ix, ly
nx, ny

bxl, bxr

byl, byr

91,93

92, g4

time
u,v,w

psi

bxl,bxr,byl,byr,g1,92,93,94)

Pemenue neymepHoro ypaBuenust HaBbe-
Crokca B TMEPEMEHHBIX (QYHKIHSA TOKa-
3aBUXPEHHOCTS.

3HayeHUe KOMIIOHEHT CKOPOCTH U
3aBUXPEHHOCTH B MOMEHT BpeMmenu t=0.
Yucio Peitnonbaca

JlnurenbHOCTh rporecca
(IpubIIKEHHAS )

Pasmep obOmactu mo X u Y,
COOTBETCTBEHHO

Yucino CEeTOYHBIX Y3JIOB MO X H Y,
COOTBETCTBEHHO

Tun rpaHuvHOro yciaoBus Ha V npu X=0
U X=ly, COOTBETCTBEHHO.

=0 — 3agaércst 3HaYCHUE CKOPOCTH

=1 — ycnoBue cBOOOIHOTO MPOCKAIIB3BI-
BaHUs

Tun rpannyHOro ycioBus Ha U mpu y=0
u y= ly, coorBeTcTBEHHO.

=0 — 3agaércs 3HAUCHUE CKOPOCTH

=1 — ycnoBue cBOOOZHOTO MPOCKANIb3bI-
BaHUs

Vmena m-¢aiioB B KOTOpPBIX 3amagrcst
3aBHCHMOCTb V OT Y M BpeMeHHU npu X=0
U X= |y, COOTBETCTBEHHO.

Vmena m-QaitioB B KOTOPBIX 3amaérest
3aBHCHMOCTb U OT X ¥ BpeMeHH Iipu y=0
u y=ly, COOTBETCTBEHHO.

PeanbHast AMUTENTBHOCTH TpOIIECCa
3HayeHUE KOMIIOHEHT CKOPOCTH U
3aBUXPEHHOCTH B MOMEHT BpeMeHH time.
OyHKUMSI TOKAa B MOMEHT BpemeHu time.

JIns HOPMAIBHBIX K TPAHUIE KOMIIOHEHT
CKOPOCTH NPHUHSTHL ClEyIOIINe
IpaHUYHBIE YCIIOBUSL:

u=0 mpu Xx=0 u x=ly, v=0 npu y=0 n y=l,
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