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TPYOOEMKOCTb YUCIEHHbLIX METOAOB PELLEHUA KPAEBbIX 3ALAY

8( 8u> 3( 8u)+ _ g
oz \ oz ) oy \ay) "IV

u‘ =0
o0

TPYOOEMKOCTb

Meron 3eiinens W = O(N?) a.o.
Merox SOR W = O(N?3/2) a.o.
Muorocerounsriit merox VW = O(N) a.o.

YHuBepcaibHag MHOrOceToYHasi Texaosnorud VY = O (N In INV) a.o.

I"N. Mapuyk. MeTtoabl BbluncnutenbLHou matematuku. M: Hayka, 1989. 608 c.
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YHUBEPCAJIbHAA MHOIMOCETOYHAA TEXHOJIOIMUA
d(fc ()\(:c) —) —g(x)u(z) = —f(x), 0<xz<1,
u(0) = p,, u(l) = p,, A(x) > a>0, g(x) >0

Y-mopudukanus pemenns u(x) = c(x) + a(x)

Y -momucpumIpoBaHHad KpaeBad 3adada

d dc
(2@ ) - s@ ele) = r(@),
c(0) = py —w(0), c(1)=p, —a(l),

I7e IMpaBad 9acThb 7 ()

r@) =~ (A@) 5 ) + 9(@) @) — (@)
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NMOCTPOEHUE BbIYUCITUTENNIBHOWU CETKHU
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NMOCTPOEHMUE «I'PYBbIX» CETOK
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MHOIMOCETOYHAA CTPYKTYPA

Hynesol ypoBeHb
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OTOBPAXEHUE MHOEKCOB
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AMNMMNPOKCUMALMUA HA MHOTOCETOYHOW CTPYKTYPE

C,. — C,. Ci.y — Cy.
{i+1} {i} {i} {i—1}
<A>{7»‘|‘]—} h232l _<A>{?’} h232£
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MHOIOCETOYHbIW LUK
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«MHOIOCETO4YHOE» NPOIrPAMMHOE OBECINEYEHUE
NOCTPOEHUE U XPAHEHUE MHOIOCETOYHOW CTPYKTYPbI

LevelX=0 LevelX=1 LevelX=2
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NPOrPAMMUPOBAHUE

O6o03HaueHnE
U.

1

OmxHOCeTOYHASd IIpOrpaMMa
U(i)
IlceB/iOMHOrOCETOUHAS ITPOrpamMmMa

U(TxV(1)) mwm U(TxF(1))
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«MHOIOCETO4YHOE» NPOIrPAMMHOE OBECINEYEHUE
AMNMNPOKCUMALUA WLABNMOHHbIX ®YHKLUMOHAINOB

QuKTHUBHBIE TPaHU

GV(O31) P e T e e M2 e T T 0 2 e e
Gf(2;2) ®DukTUBHBIE Y35bI 0 1 2 2
O & PR G2

GV(252) 0 1 5

e V5

of
{i}
(9) iy = %Y g(x) dx
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«MHOIOCETO4YHOE» NPOIrPAMMHOE OBECINEYEHUE
AMNMNPOKCUMALUA WLABNMOHHbIX ®YHKLUMOHAINOB

-« [ paHuubl o6nactm  ——m=
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WNNIOCTPATUBHbLIN MPUMEP

o (@) + o (M) + o (Ve ) = =7

r7e

Xr(u) =u Y, /\y(u) — u_ba Az('u’) =u"

r7ie a, b 1 ¢ CyTh HEKOTOpbIE II0JI0XKUTeIbHbIe KOHCTaHThL. MHOro-
ceTounble urepamua Y MT HauHEéM ¢ HyJIeBOro HavaJbHOI'O HPUOJIN-
xemng 1'% = 0 u emmEmanoro mus kosddummmentos (A%)(0) =
(AY)(9) = (A*)(®) = 1, mockonLKy Ipe/moaraercs, 9To aHAJINTH-
gecKad 3aBucIMOCTh A” (u), AY(w) m A*(u) Hem3BecTHA.

Camasa menkas cetka 101 X 101 X 101 B eguamaHOM KyOe (2.
Tounoe pemnienne KpaeBoii 3aJa9un 3a/IaHO B BUJIE

u(x,y,z) = eV,
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CxoaumocTtb YMT npwu peweHnn 3agavum Qupuxne gna HeNMHENHOro ypaBHEeHMU!

6JI0KN a b | c v E@ p9 WU
1x1x1/025 050 075 4 9.00-10"° 0.317 1.44
1x1x1/025/050/075 5/2.83-107°/0.169 | 1.77
1x1x1/025/050 075 6/2.40-107% 0.1152.01
3 xXx3x%x3 0250500753 6.01-10"°]0.256 1.55
3xXx3x3 025050075 42.27-107°%/0.1101.80
3Xx3x%x3 0250500755 2.14-10"°]0.075 2.06

VV/JJ&
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3AKNKOYEHUE
1. YMT saBasieTcsi 0IHOCETOYHBIM BAPHAHTOM MeTo/1a 3eiixesis
U OCHOBAHA HA MPUMEHEHUU OCHOBHOI'0 MHOIOCETOYHOI0 NPUHIIMIIA
B O/IHOCETOYHOM AJITOPUTME.
2. U3menssembivMu napamerpamu YMT saBiasiorcs:
a) KOJIMYEeCTBO CIVIAKUBAIOIINX UTEPALUN;
0) ynopsiiouuBaHue HEU3BECTHBIX B OJIOKM (1Jis1 AaHU30TPONHBIX 32/1a4);
B) MapaMeTp HUKHEH pesakcauuu (115 HeJIMHEHMHbIX 32/1a4);
I) KpUTEePHil 0CTAHOBA MHOIOCETOYHBIX UTEPALUA.
KosmyecTBo MHOTOCETOYHBIX UTepauuii Y MT, HeoOxoquMbIx
JJISl YUCJICHHOT0 PellIeHUsI KPaeBbIX M HAYAJIbHO-KPaeBbIX 3a/1a4,
He 3aBUCHUT OT KOJUYECTBA y3JI0B CeTKH N, 0AHAKO BHIYUCJIUTE/IbHAA
CTOMMOCTh KaxK10ii MHOroceTouHoi urepamuu cocranjsier O(N Ig N)
apupMeTHYeCKUX ONepanuu.
3. Tpynoémkocts YMT suiub 0/iM3Ka K ONTUMAJIbLHOM, POUTPbILI
B 00béme Bhruucjenui (C Ig N apudmernueckux onepanmii) 00ycj10BJIeH
MUHUMYMOM MPOOJIEMHO-HE3aBUCUMbIX KOMIIOHECHTOB. L)
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YUCNEHHOE PELUEHUE
YPABHEHUU HABBLE-CTOKCA
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YpaBHeHus HaBbe-CTokca
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PASHECEHHASA CETKA
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KOHTPOJbHbIE OB bEMbI ANA ANTPOKCUMALIMM YPABHEHUW N-S
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NTIMHEAPU3OBAHHbIE YPABHEHUA HABBbE-CTOKCA

3.) CETOYHBIII aHaJIor YpaBHEHHUs HePa3pPbIBHOCTH

(n+1) (n+1) (n+1) . (n+1)

i+1j ij 4 i+ ij — 0
h h

L Yy

b) JII/]I-IeapI/IBOBaHHbIﬁ CETOYHBII aHaJIOT YpaBHEHNd ABVRKEHUA I10 X

W (n+1) E  (n+1) s  (n+1) N _(n+1) P (n+1)
Uij U; 1 _I_Uz'j Uiy _I_Uij WU;j—1 +Uij U;jt1 +Uz‘j W, ;
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C) JII/]HeapI/IBOBaHHbIﬁ CeTOYHLIN aHaJIor YpPpaBHeHHUd NBUKEHUA 110 Y
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YpaBHeHus HaBbe-CTokca
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CMAXWMUBATEJ1Ib BAHKU
Cdopmupyem moaBekTop (6J10K) HEM3BECTHBIX
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N3 KOMIIOHEHT CKOPOCTH Ha I'PaH4dX KOHTPOJIBHOTI'O 06'béMa, MCIIOJIb-
3yeMoro Aajid alllipOKCUMallui ypaBHEHMUA HEPa3PbIBHOCTHA
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CIrMAXUBATEIb BAHKA
1. CrnaxuBaresib BaHku siBJIfieTCsl BADHAHTOM MeTo/1a 3eiiaesis
CO CNeNHMAJIbHBIM YIIOPSII0YeHHuEeM HEM3BECTHBIX
2. Cucrembl JIYUYII Bcerna pemarT COBMECTHO, IPUMEHEHHE
criiaxkuBare)is Banku k pemnenuro ypapuenuii Hasbe-Crokca He Tpedyer
HAYMaHHbIX YPABHEHM JJisi BBIYUCJICHUS JABJICHUSA U HAAYMAHHBIX
rPAHUYHBIX YCJIOBHH K HEMY
3. Boamo:kno popmupoBanue CJIAY npu ucnojib30BaHMU TPYyNNbI
KOHTPOJIbHbIX 00bEMOB

\ 9

\ 9

4. CkopocCcTh CXOAMMOCTH CIiIaxkuBaTe/iss BaHKU HeBeJIMKa, CX0AMMOCTh
He I0Ka3aHa

S. Criaa:xkuBare/ib Banku npumMenuM k pemenuio Hedoapmux CJIAY
6. Cuuraercs Jy4muM CriiaKuBarejaeM JAJ MHOTOCETOYHbIX METOIOB |
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MUKPOOBUIATEIb
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KATAITIU3ATOP MUKPOABUIATENA
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PASHECEHHASA CETKA B KATAJIUSATOPE MUKPOOBUIATENSA (385x3150)

PXOXOXOIXOXOIXOIXOXOXOIXOIXOIXPXOXOPXOIXOXOIXOXOXOIXOXOXOIXOXOIXOIXOXOPXOXOXOIXOXOIXOIXOXOXOIXOIXOIXOXOXOIXOIXOXOIXOXOXOIXOXOXOIXOIXOIXOXOXOIXOXO
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3-MOOUPUKALIMA YPABHEHUWN HABBE-CTOKCA

Ypasaeansa Hasre-CTokca B onmepaTopHOii (popMme

N(S) = f

> -momuduKkanus perrerust S = ¢ + S
Y -moqudukanms ypaBHeHamiAi HaBbe-CToKca

N(S) = N(c+ S’) = N*(c) —I—N(S’)
Ypasaeaus HaBbe-CTokca B Y -omepaTopHoii popme

N*(c) = f — N (8)
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MOLOEJIbHAA 3AOAYHA
I'pannmyHbIe ycaoBHUd Jij1s KOMIIOHEHT CKOPOCTHU 3aJlaHbl B BUJIEe

100y(0.2 — y), mpm y < 0.2,
u(0,y) =
0, upu y > 0.2,
u(l,y) = u(x,0) = u(x,1) = 0,
100(z — 0.8)(1 — ), upu z > 0.8,
v(x,1) =
0, mpu r < 0.8,
v(0,y) = v(l,y) = v(x,0) = 0.
Y & /ﬂm\

1 " ceTKa Re v q Pl(v(fg}

101 x 101 | 100 (500) 0.132 (0.167)
1001 x 1001 | 100 (500) | 4 ' 5 0.151 (0.194)

—
(A
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AEKOMNO3ULUUNA OABNEHUA
IIpeobpasyem naBienue, 106aBss 1 BLIYATAs cIaraeMble, KaxKJioe U3

KOTOPbIX 3aBUCUT TOJILKO OT OﬂHOﬁ HpOCTpaHCTBeHHOﬁ KOOPpJUHATDLI

p(t,xz,y,z) = p*(t,x) + p(t,y) + P° (L, 2)
—|-(—pm(t,.’1:) — py(t9 y) — pz(t,z) + p(t,.’IJ, yaz))a

rae sepxame MHJICKCbl T, Yy U Z II0OKAa3bIBAIlOT 3aBUCUMOCTDb TOIr'o WJIN

NHOT0 CJjaraemMoro OT nmpoCrpaHCTBEHHbBIX KOOpAWHAaT. BBE,Z[éM 000-

SHAYEeHUNe
pajyz(ta LylY, z) = —p” (ta 33) _py(ta y) _pz(ta z) _I'p(ta LylY, z)
Torna naBjieHme MPeICTABAMO B BUJIE

p(t,z,y,z) =p (t,xz) + pY(¢t,y) + p°(¢, z) + PY*(¢, x, v, 2)
-

-
W
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MOLEJNbHAA 3ANJAYA (BcnomoratenbHas 3aga4a)

a) YPaBHeHHUE JBHU2KCHUNI 110 X YPaBHEHHNE IIOCTOAHCTBA PaCXxo/a

ra(uZ) N d(vu) _ _d—paj B lapﬂ?y] N 1 (8211, n 32’&)
ox oy dx ox Re
1

ox? 0y?
1 T
JU(w,y) dy = bfu(O,y) dy — Of‘v(é“, 1) d§

\

0) ypaBHeHHe JABMXKeHNS 10 Y M ypaBHeHHe IMOCTOSHCTBA Pacxo/a

(0 (uv o (v? dpY Op™Y 1 /8%v %
(wo)  O(vT) _ _dp¥ _[OP™] | L 9%
ox dy dy oy Re \ 0x? 0y?

1 y

[v(z,y)dx = [ u(0,€&)dE

0

0

\

rjie purypHeie CKOOKM 03HAYAIOT, YTO YPaBHEHUS JIBMKEHNUS PeIIaioT
COIVIACOBAaHHO C COOTBETCTBYIOIIUMHA YPaBHEHMSIMH IIOCTOSHCTB pac-

X0/1a. (“L
W
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YpaBHeHus HaBbe-CToKca 31

MOLOEJIbHAA 3AAYA (ocHOBHas 3agava)

a) ypaBHeHIEe HEPa3pPbIBHOCTH

ou

__I__

ox

0) ypaBHeHUe JBUKEHHUI MO0 X

O (u?) N o(vu) [dp“"]
ox oy dx
B) ypaBHeHNUe JBYKeHus 110 Y
O (uv) N 8(’02) {dpy]
ox oy dy

+ ~

Op*Y 1 (8211, BZ'U,)
ox Re \ 9xz? Oy?

+ +

Op®Y 1 /0% 82'0)
oy Re \0xz?* 0y?
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MOLOEJNIbHAA 3A0AYA
1 1
0.8; 0.8 -
0.6-— 0.6—_
0.4-— 04__
0_"'|"'|"'|"‘|"‘ O_IIII@
0 0.2 04 X 0.6 0.8 1 0 0.2 04 X 0.6 0.8 1

U3onuHum cpyHKLUM TOKa:
peweHne BCnomMmoratenoHoun (cneesa) n ocHoBHOM (cnpaBa) 3agad npu Re = 100

.

W
W
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U3OBAPBLI B MNIOCKOM MUKPOCOIJIE NABANNA
0.0006 —

0.0004 —

0.0000 I I | [ I I \ | | I I ‘ I \ [ I I I |
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010

NMPUHUUN ®OPMANIBHOU AEKOMNO3ULUA OABNEHUA HAUBONEE
AODEKTUBEH ONA TEYEHUN C BbIAENEHHbLIM HANPABNEHUEM
OABWXEHUA CPEQbI
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3SAMEYAHUA
O PACNAPANNENNBAHUU BbIYUCNEHUIA
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MEPbI MAPAINIENTU3MA

Onpezenenne 1. YekoperneM (8) u sdpdexturoCTRI0 (€) Mapas-

JIeJIBHOTO aJII‘OI)I/ITMa Ha3bIBaeTCd BeJINYNHA
T(1)

2
T(p)

rie T'(1) ecTh BpeMs BBIIIOJIHEHNUS aJTOPUTMA Ha OTHOM ITpoIeccope,
a T (p) — BpeMs BBIOJTHEHNS ITapaIeILHOT0 aJITOPATMa Ha CHCTeMe

S:p?,:

3 P IPOIECCOPOB.
T(1)

1 o
P ~T(1) + T*
p

mpu T* — 0 = & — 1 He3aBUCHMO OT P

VV/JJ&
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MEPbI MAPAINIENTU3MA

Ompenenenme 2. Yckopenumem (S) m 3dbdektnBHOCTHIO (&) Mapad-
JeJILHOr0 aJITOPUTMA 110 OTHOIIIEHIIO K HAIYYIIeMy I10CJIe/I0BaTe b

HOMY aJI'OPUTMY HaA3bIBACTCA BEJINIMNHAa

S (C)
8_pg_T(p)’

rie 7T'(1) ecTh BpeMs BBITIOJTHEHUS! OBICTPENIIIEro mociie/0BaTeIbHO-

ro aJIropuT™Ma Ha OIHOM Tporieccope, a 1T'(p) — BpeMs BBIMOJIHEHNUS
)

T(1) = C,N o CN
1 (> S8=pE=7 !
T(p) = —C,NInN + T e NN 4 T
b ) p P

mpu T* — 0 = & = O(1/1n N) He3aBHCEMO 0T P
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FrEOMETPUYECKUW Noaxon

o ol af 2l ab of of of o

, L1 Ty Ty Ty Ty Tg Ty Ty Ty Ty Camas MenKas ceTka
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FEOMETPMYECKUW noaxon

OCHOBHOM MPOIIECCOP %CaMaﬂ MeEJIKask CETKA
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[TepBbIi MOTYJIb Bropoit Mmoaynb 3°-pIit MOIYIIb
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FEOMETPMYECKUW noaxon

OCHOBHOM MPOILECCOP . Cawmas Menkas ceTka
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[TepBblii IpoLiECCOP Bropou nporeccop 3"-biit IIPOLIECCOP
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3AKIKOYEHUE

KpaeBble N Ha4allbHO-KpaeBbl€ 3aay, KOTOpPbl€ Mbl B NMpUHLUWIE YMEEM pPeELLaThb,
MOTyT ObITb peLlleHbl MeTogoM 3engens ¢ Bbl4UCNUTENbHBLIMU yCuUinmnamm Onn3Knumm
K ONTUMalibHbIM.

HEPELLUEHHbIE NPOBJIEMbI

O60o6ueHne Ha HECTPYKTYPUPOBAHHbLIE CETKU
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