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BBEJEHNE

B macrosameit pabore g 3amaum Ctokca,
SIBJIATONIENCS  JIMHEAPU30BAHHBIM  BapUAHTOM
HesuHeiiHbix  ypaBuennii Haspe-Crokca [3],
B IepeMeHHBIX 'CKOpocTb-masienume”  [12]
pa3BuBaeTCd HOBBII TIOAXO0[, OCHOBAHHBIA HA
€€ HHTeIpeTanun KaK 3a/Ja491 OITHMAJIBHOTO
yIlpaBJI€HU, rjae B Ka4deCTBe yupaBJj€HUA
UCTIOJIB3YETCS TPAJINEHT JABJICHUS, BXOJSIIIHI
B IpaByl0 dYacTb, a IeleBoil (QyHKIMOHAJ
NpeJICTaBIeH  HOPMO#  JWBEPTEeHIMU  OT
COCTABJISIIOIIUX CKOPOCTH B COOTBETCTBYIOIIEM
[IPOCTPAHCTBE.

Tor  daxr, uro
3ajad  MaTeMaTudeckoit  u3umKd  MOXKHO
CBECTH K PEeITIeHn o 9KCTPEMAJTBHBIX
3a/la4,  XOPOII0  W3BeCTeH U  IIUPOKO
ucnonssyerca  [4], [15].  dms  pemenus
COOTBETCTBYIOIIINX IKCTPEMAJIBHBIX 3aJa4
MCIOJIB3YIOTCH, KaK I1IPaBWJIO, I'DAJIMEHTHbBIE
merogel (8], Ilpu  srom, eciam ucxopnas
3ajlada = HEKOPPEKTHA, TO  MIPUMEHSIOTCS
MeTobl  peryagpusaiuu. B HacTosiieii
paboTe WCIOJIB3YETCS MeTOJ, WTEPATUBHON
peryasapusalium, WCI0Ab30BaHNe KOTOPOro B
paMKax TaHHOHW CXeMbl r'apaHTUPyeT CUJIbHYIO
CXOJIUMOCTh ~ ONTHUMAJIbHBIX  YIPaBJEHUN U
COCTOSIHUM peryasapu3oBaHuHON 3agaun. ma
TPUMEHUMOCTHU METOJa N OTITUMAJIBHOTO BbI60pa
mapaMeTpoB J0Ka3aHbl AuddepeHnmpyeMocTs
d)yHK]_[I/IOHaJIa o yHIpaBJICHUIO, BbIIIOJIHEHUE

perrenmne MHOTHUX

ycaosusg  JIummmia,  HaliieH  omepaTop
POEKTHPOBAHUS.
Yucnennomy pemennio  3agaan  CTokca

IIOCBAIIEHO OO0JIBINOE KOJHUYECTBO IIyOInKaImit
B CBA3M C MHOTOYNC/IEHHBIMH MIPUIOKEHUSIMI,

a Takxke TeM akToM, dUT0 3PdeKTUBHOE

pemrenust  9TOW  33JaYM  OTKPBIBACT  IIyTh
K perenunio HeJIMHEAHBIX ypaBHEHU
Happe-Crokca (cm., wmampumep, [1]). U3

HU3BECTHBIX METOIAOB DPEIICHNA CT&HHOHapHOﬁ

zajaun  CTOKCA B IEpPEMEHHBIX ''CKOPOCTb-
gapjienune,  MMeOmUX B CBOEH  OCHOBE
BapUaIlMOHHbIE  METOJ/Ibl OTMETUM, IIpeXKJe

Bcero, meroipl dppoy-I'ypsuna u Yazass [7],
nuddepeniuaibHas dopma KOTOPBIX,
OCHOBaHHAsI HA BapHUAIMOHHON (OPMYIHPOBKE
MCXOMHOM 3871241 1 Teopuu JpoiicreernocTn [15],
NO3BOJISIET  OTJIEINTH TPOIECC HAXOXKJICHUS
HEM3BECTHBIX, pellas TeM CaMbiM 1pobsemy
OTCYTCTBUS YPABHEHHs Ha JABJICHUE.

CBSI3b MEXK/JIY 3AJJAYEI CTOKCA 1
3AJJAYEN OIITUMAJILHOTO
VIIPABJIEHUSI

Cramuonapnasi cucrema ypapaeanit CTokca
B "eCcTeCTBEHHBIX " TIEPEMEHHBIX C OJHOPOIHBIMEI
TPAHUYIHBIMU yCJIOBUAMU MOZKET 6BITB 3alluCaHa
B BU/JIE

—vAy = f —gradp B Q,
divy =0, (1)
Yloa = 0.

31ecn
v > 0 — BA3KOCTb YKUJKOCTH;

f= (@), fa(@), ..., fulx)) : @ — R —

BHEIITHSIS CUJIA;

Yy = ((yl(x)ayQ(x)aayn(I)) Q- R -
HEU3BECTHAS BEKTOP-CKOPOCTD KHUJIKOCTH;

p = p(z) : Q — R — HemsBecTHOE IaB/IeHUE
KIIKOCTH,
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omeparops! div, grad, A 6epyTcsa TOIBKO IO
IPOCTPAHCTBEHHOW KOMIIOHEHTE T.

B nacrosimeit paboTe CTpONTCS UTEPAITNOHHBII
poIrece, TTO3BOJTATONITAI HAXOIUTh TaK
HA3BbIBACMOCH CUJIBHOE pDeIICHHUE:

Onpenenenne 0.1. FEcau [ - 3adannas
dynwyus  uz  (La(Q)",  mo  cuavhbim
(0b0buwennvim)  pewenuem  3adauu (1)
naszviearom @Gynkyuy Yy € (WiO(Q))”, p €
W4(S), npu xomopwx nepevie déa pasencmea
cucmemvi (1) 8LINOANAIOMCA 6 NPOCMPAHCMEAT
(L2(2))™ u Lo(2) coomeememeentio.

9BOJIIOIIMOHHAA 3AJAYA CTOKCA 11
HABBE-CTOKCA

[Mycrs Qr = (0, T) x Q, Sy = (0, T) x 09,
rme 0 < T < oo.

B kauectBe oOCHOBHBIX (QYHKIMOHAIBHBIX
HPOCTPAHCTB, B KOTOPBHIX PaCCMaTPUBAIOTCS
HAYAIbHO-KPAeBble  33J[a4l, KaK IPABUJIO
BBICTYIAIOT IPOCTPAHCTBA (DYHKITHI HA OTPE3Ke
CO 3Ha4YeHWsIMM B 6aHAXOBOM NpocTpaHcTBe [3].

Iycts Ly(a,b; X), 1 < p < 00 — MHOXKECTBO
u3MepuMbix 110 Boxuepy dynkuuii u : [a,b] —
X, 11s1 KOTOPBIX

b
/Hu(t)Hg( dt < oo,

Muoxecrso Ly(a,b; X), 1 < p < o0
obpasyer 06aHAXOBO IIPOCTPAHCTBO C HOPMOIA,
olpeie/igeMoil paBeHCTBOM

b 1/p
full ) = | [ IOl e < o0
a
DsoJnonuonHas 3aaada CTokca,
% vAy=f—gradp & Qr,
divy =0B QT,
_ (2)
y’ST - @7
Yli—o = vo(x), = €Q
ABJIACTCA .HI/IHea,pI/ISOBaHHbIM Ba,pI/IaHTOM

HecTanmoHapHbIX ypasuenuii Hasbe-CTokca

n
S—vhAy+ ayi% = f—gradp B Qr,
1=

divy=0 B Qr,
y‘ST = ¥,
Yli—o = vo(z), =€

3necw f: Qr — R", f € (L2(Qr))" myo: Q—
R".

Bompocy  TeOpeTm9ecKoro  MCCaeI0BAHUSA
samau Hapbe-CToKca MOCBAIMIEH NeMBI  ps
U3BECTHBIX ~ MOHOrpadmii  Kak  HECKOJbKUX
nociaeHuX Jecsituiaernii (cMm., vampumep, [5],
[6], [7]), rak u nociennux ger [3], [14].

Beegem mpocTpancTBO

Loo (@) = peW} (@) [pdo=0

Q

Hapsiy ¢ 3amaqeii (1) paccMoTpuM CJiery Fonyto
3a/1a4y ONTUMAJILHOIO yIIpaB/IeHUs:

I(w) = vyl 0 = [ |4iv )| de — int,

Q
(4)
rne u € U,
U={ve(L(2))": v=gradp, p € Lao(N)};
Yy — 00001IIeHHOE pereHne u3

(Wo(@)" < (H2(Q))" N (HY(Q))" sanaun

—VAY, = f —

B CJy4Yae OJHOPOJHBIX TPAHUYHBIX YCJIOBUM U
Yy — ODOOIIEHHOE PEIIeHne 13 (H 2 (Q))n 3aTa9K

{ —vAy = f —u, (6)
Yloo =

u, x € (5)

B ciydae Oojee  obrux
IPaHUYHBIX YCJIOBUI.

oy obobmenubiv permenuem u3 (Hg(Q))"
sagaan  (5) mpu (BUKCUPOBAHHOM yTIDaBJIEHUH
u € U monnmaercs dbynxmmsa y, € (Hg(Q))",
Y/IOBJIETBOPSIIOIIAs UHTErDAIbHOMY DAaBEHCTBY

[3, cTp. 28]
V(s 9)) = (£.9) gy V9 € (HA@)"

Bamerny, 4uro ecam 3amada (1) mmeer
pemerne  (y,p) € (WQQO(Q))" X La o(€2), 0
sagaua  (4)- (5) mmeer pemenme (y, gradp) €
(WiO(Q))” x La(Q2) u J(gradp) = 0. Takum
o6pa3oM, B 9TOM ciydae pernenue 3agaan (1) ¢
OJTHOPOJHBIME KPAaeBBIMH YCJIOBHAMA Y|5n = 0
cBoauTCsl K perternto 3agaan  (4)- (6).

Paccyxnast AHAIOTUIHBIM
pellieHne 3BOJIIOIMOHHON 3a/1a4un
OBITH TTOJIYYEHO U3 3a/a91

HEOTHOPOTHBIX

obpaszom,
(2) moxer

I(w) = vl g, = [ Idivondode — inf,

Qr
(7)
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U=Ly0,T; G),
G={ve (L))" : v=ygradp, pe€ Ly ()},

rIe Y, — 0DODIIEeHHOe perenne n3
Ly(0,T, (H{ (Q))") sagaun

—Z —VAy,=f—u, z€N (8)
B ClIyd4ae OJHODPOJHBIX I'PAHUYHBIX YCIOBHUIl U
Y — 000DIIIeHHOE perterHne u3

Lo(0,T; (W3 (2))") sanaum

Oy _
5t —VAy, = [ —u, v€, (9)
Y |8Q =¥

B cay4dae Oojiee  OOmMMX — HEOIHOPOIHBIX

TPAHUYHBIX YCJIOBHUIA.

METO/, UTEPATUBHOM
PETVJISIPU3AIIUN [1JI151
CTAIIMOHAPHOW 3AJTAYN CTOKCA

Jlnsg  peleHnss — TOCTABJIEHHBIX  3ajad
ONITUMAIBLHOTO YIIpaBJIeHUs OyeT UCIOIb30BaH
METOJ, UTEPATUBHON Peryaspu3alii IPOeKInu
rpaguenTta (cm., wanpumep  [8]). Ilpuunna
UCIIOJIB30BAHNs  MPOLEAYPhl  PEryJIsapU3aium
COCTOMT B TOM, 4YTO UPH  OTCTYTCTBUHU
CTPOroii  BBINYKJIOCTH  MHHUMH3UPYEMOTO
dyHKIMOHAIA ~ MOXKHO  TOBOPHTH  TOJIBKO
0 caboit CXOIUMOCTH UTEPAIMOHHOMN
NOCJIEIOBATEILHOCTH  YIPABJIECHUH B METOJe

HPOEKIUU I'PAJAUEHTOB K PEILIEHUIO BAPUAILIMOHHON

3aIaYUN [8]. A mockosbKy  byHKIHOHAT
J(u), ompeneneHHbi B (4), saBagerca
[POCTO  BBIMYKJIBIM (cMm. yTBepzK/I€HUE
0.1), ans  TONydeHWs]  CUJIBHO-CXOIAIIEHCsS
[OCJIEI0OBATEIHOCTH yIpaBJIeHui Oyem
UCIOJIB30BaTh CIeqy IO M3BECTHBIMN
pesysnbrar u3 paborsl |8, v 2, 9 |.
IIycrs rpebyercs naiiru

inf = J,.
I =7

O6oznaunm U, ={v e U: J(v) = J,}.

Teopema 0.1. ITycmo

1) U — swunykioe 3amMEHYMOE MHOHCECTNEO
u3 euavbepmosa npocmpancmea H; dymxuus
J(u) ewnykaa u Jupdepenyupyema na U,
npuuem

| (u) ]| < Lo(1+[ul), YueU,

Ly = const > 0;
xpome mozo, J, > —oo, U, # 0

2) noepewrocmu 6 3adaruu NPUBAUHCEHUT
Ji(u) daa epaduenma J'(u) ydosaemesoparom
YCA0GUIO

[T () = J"(u) || < 6, (1+ [Jul]) (10)
VueU, k=12..., lim & =0;

3) nocaedosameavrocmu {0}, {ax}, {Ok}
maKosvl, Mo

0 >0, ap >0, B, >0, k=1,2,..;
lim (0 + ag + Bx) = 0,
k—oo

lim M: tim % % — o,
k—oo Ozkﬂk k—oo O k—oo

oo

Z apfr = +o0.

k=1

Tozda nocaedosamenvrocms Uy, ONPEICAAEMAA
YCAOBUEM

ug+1 = Py (uk — B (J,g(uk) + akuk)) , (11)

k=1,2,.., u € U, cxodumcs no nopme H %
mouke Uy € Uy ¢ MUHUMAALHOT HOPMOT.

Baecy Py — omepatop mpoekTupoBanus |§]
Ha MHO2KECTBO U.

Cremyromume yTBepK/ICHUS yCTAHABINBAIOT
JIOCTATOYHBIE YCJIOBUS HMPUMEHUMOCTH JTaHHOI
TepeMBbl K 33J[a9€ ONTHMAJLHOTO YIPABJICHUS
st cranronaproii 3agaan Crokca (4), (6).
Teopema 0.2. Qynxyuonas J(u), onpedeserrioi
6 (4), dufdepenuyupyem no Ppewe,

J (u) = 21y,

2de Py € (W3 o(Q))" ~ obobusennoe pewenue
3adavu

—vAY, = grad div(y,) 6 €, (12)

a Yy € (W220(Q))" ~ 0bobwennoe pewenue
3adavu
—vAy, = f—u s (. (13)

Teopema 0.3. Onepayus npoexmuposaHus
v = PUda de (LQ(Q))TL7

U={ve (L))" : v=gradp, p € Lo ()},

c800UMCA K CACOYIOUEMY:

v = gradp, (14)
2de p — pewenue 3adavy Hetimana
Ap =divd 6
o =d-nlyg 19)
on |yq

6 npocmparcmee Lo o(€2). 3decv n— eexmop
sHewnets nopmasu % epanuye 02 obaacmu €.
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Ucnons3ys  cpoiictBo  Jlmmmmma — |§]
qia dysknmona  J(uw), BO3MOXKEH BBIOOD
mapaMeTpoB, obecreduBaromnuii 601ee 6BICTPYIO
CXOAMMOCTD MTepaIoHHOro nponecca (11).

Jlemma 1. Cywecmeyem makoti o2paruseroil
camoconpsaoicernvili onepamop A, umo

J ()= Jw)=Au—-v) Vu,velU (16)

npuvem

1
JAl <L, L=—

2

Vu,veUl. (17)
Caencrsue 0.1.

2de Lo = const > 0

VYreepxkaenne  0.1. Qynryuonan  J(u)

svnykavtt wa U.

C yuerom Teopembr 0.2, jemmbr 1,
ciencrus 0.1 u yrBepxaenus 0.1 cieyromas
TeopeMa SBJIAEeTCS CJEJICTBUEM TeOpeMbl 2
paborer |2].

Teopema 0.4. Ilycmo nocaedosamensvrocmu

{yk}zozl, {1/1’“}20:1, {uk}z"zl onpedeaenvt c

NOMOUHIO UMEPAUUOHHO20 TPOUECCA
N I
vAyP=f—ut gt = (18)
—VAka = grad div yk, wk ‘BQ =0, (19)
A =t = gy (20 at),(20)

ApFtl = divd*' 6 Q
ks ey n‘ (21)
omn g o0’

wF = gradp™t, k=1,2,...,

-1
ede Br = 2(L+20), a {apfil,
YJdoBAEMBOPAETN, YCAOBUAM
> « -«
ag > 0, Zak:oo, lim WZO.
1 k—oo Qg

Tozda npu awbom u; € U
Jm lug = u gy @) =0,

3decv L — xoncmanma 6 ycaosuaxr semmo, 1.

MoXKHO TOKa3aTh, YTO CXOAMMOCTH Uk B
(L2(€2))™ Bieder 3a coboil CXOAMMOCTL Y B

1 n
(W ()"

Hns ssomrormonnoii 3amaun Crokca  (2)
YCTAHOBJIEHA TEOpeMa.

Teopema 0.5. Ilycmbv nocaedosamesvrocmu

{yPre,, {wFe,, {u*}5e, onpedeaenwi c
NOMOWLIO UMEPAYUOHHO20 NPOYUECCA
o>
E —VAyk:f—’U,k,
(22)
v (@, 0) = yo, ¥*| = nulz,t),
T
o k
o vAYF = grad divy®,
ot (23)
i@, T) =0, vF| =,
St
A" =k — <2¢k + akuk) ; (24)
ApF*t = divd*! 6 Q
Aphtl _ gk n‘ , (25)
o sa e}
uhtl = gradpk“, k=1,2,...,
2de By = 2(L+2m)"", a {on}2,

ydosaemeopaem Ycao8uAM

(o ¢]
. Oyl — O
ag > 0, Eak:oo, lim +72:0.
k—o0 Qg
k=1

Tozda npu arwbom u; € U
klggo ek —u ||(L2(QT))" =0,

3mech  KaxKOblii  Iar  UTEPAIMOHHOTO
[IPOIECCa COCTOUT B PELICHUU JIBYX YpPaBHECHUN
TETJIONTPOBOIHOCTH W OHOM 3agaqun Heirmana.

BBIYVICJINTEJIBHAS CXEMA

B nmammom paszene OyayT paccMOTPEHBI
BOIIPOCHI TIOCTPOEHUA BBIYUC/JIUTE/JIBHBIX CXEM
JUTSI UTEPAITHOHHBIX TTPOIECCOB, PACCMOTPEHHBIX
B teopemax (0.4), (0.5). Pasnocrrble cxembl
OyayT MTOCTPOEHBI HA PABHOMEDHBIX CETKAX st
obstacreit KBaJApaTHON (OPMBI B JIBYMEPHBIX
€BKJIN/JO0BbIX IIPDOCTPAHCTBAX.

Beegem B obmactn Qr = [0, T| x €, rae
Q = [0,1] x [0,1] — exunnunblii KBaIpPAT,
DPABHOMEDPHYIO PA3HOCTHYIO CETKY C IIArom A 1o
IPOCTPAHCTBEHHON IIEPEMEHHON U BPEMEHHBIM
maroM 7 (WM UTEPAIMOHHBIM IIArOM TIPH
pelennn ypaBHEHN METOIOM yCTAHOBJICHHUS ).
IIycrs @0 = 1 2?) 1,] =

{z: = (xwxj
0,...,N}, 290 = (0,0), zxy = (1,1), h =
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1/N— mar cerkn, w — MHOXKECTBO BHYTPEHHHUX

Y3JI0B CETKH W, a 7 = w\w — MHOXKECTBO ee
IDAHUIHBIX y3JI0B (BCE OIpe/eseHnus] B3STHI
u3  |9]). Ompemenmnm B y31ax PpPa3sHOCTHOI

cetku (i, j) cerounble (DYHKIUM y,’j, uﬁ, z/;,’j,
JUIsi  TIOCTPOEHWsI ~ PA3HOCTHBIX  AHAJIOrOB
urepannoHHbix mporeccos  (18)- (21), (22)-
(25).

BBossi Ha cerke @ Pa3HOCTHBIE AHAJIOTH
Ay, grad; divy, divy m grad; cooTBeTCTBEHHO
oneparopos A, graddiv, div, grad, moxno
[OCTPOUTH PA3HOCTHYIO ANMPOKCHMAINIO IS
UTepanunoHuelx mporeccos  (18)- (21), (22)-
(25).

s ypasrennit (18) u (19), aprsrormmmucs
KpaeBbIMU 3ajadaMu Jlupuxie [11s ypaBHeHUS
ITyaccona,  wmcnosb30Bajsach  CTaHIAPTHASI
[STUTOYEYHAs] PA3HOCTHAsI CXeMa  BTOPOIO
nopsjka rounocru |9

Jnsi kpaesoit 3agaun Heiimana (21) Obuim
UCIIOJIB30BAHbl  PE3Y/IbTaTBl  PabOTHI [10],
r7e, 3a/aBasi MPOEKIMIO DEIeHns Ha HYJIeBOe
COOCTBEHHOE TOANPOCTPAHCTBO OIllepaToOpa u
CTpPOsI NPABYIO 9YacTh TaK, ITOOBI PA3HOCTHAS
3ajaua  Oblia paspennMma, aBTOp MeTOJOM
alpuoOpHAaX OLEHOK JIOKa3asl CXOAUMOCTh K
PELIEHUIO, UMEIOLIEMY TY K€ CaMylo IPOEKLHIO
Ha COOCTBEHHOE MOAIPOCTPAHCTBO HEIPEPHIBHOI

(1)

3a/la9M B CETOYHOW HOPMe W21, a B |11]
JIOKa3aHa PABHOMEPHAS CXOJAUMOCTH, TIPUIEM
CKOPOCTH ~ CXOAMMOCTH B o0bomx paborax
COBIIQJIAET C MOPSIKOM AIPOKCUMAIUH.

st anmpokcmmariuu  omeparopos  div
u grad Obuim PACCMOTPEHBI IEHTPAJIBHO-
Pa3HOCTHBIC AIIIIPOKCUMAIIUKX W KOMIIAKTHBIC
pazuocTu [13]| ueTBepTOro mopsiKa TOYHOCTH TI0
IPOCTPaHCTBEHHOMY 1ary |13 aist moBbIenns
3araca yCTOM4YUBOCTH.

[Ipr peanm3anum ajropuTMa HEOOXOAUMO
HCCCIIETOBATD OfMH BasKHBIIT BOIIPOC
OTHOCUTEJILHO TpuMeHuMocTr Teopembl (.4
K KOHEYIHO-PA3HOCTHOMY UTEPAIUOHHOMY
OpoLEeCCy, KOTOPBIA HOJIydaercs ¢ yderom
ampoKcHMAanmii. A WMEHHO, WCIOJIb30BAHUE
KOHETHOMEDHOII AIIPOKCUMATIAN HTEPATTUOHHOTO
npOIECCa, MOCTPOEHHOTO /1T OECKOHETHOMEPHBIX
IPOCTPAHCTB HEM30EXKHO MPUBOIUT K TOMY, UTO
BMECTO TOYHBIX 3HadeHuit oneparopos J' (ur) =
YF u Py(d*tl) = gradp®t! mam ussecrno
s wx cerounoe npubmnkenne J'(uf) = ¥
n Py(di™) = grad, pi™ coorsercraero.

U3sBecten pesyabrar paboThl [2|, cormacHo
KOTOpPOMY, €CJIH B MeTOJe HTePATUBHOIL
perysstpusanmun (0.1) BMmecTto  TOYHOrO
snadenus oneparopa Py(-) wu3Becrna  ero

[OCTIeZI0BATEIBLHOCTh TpHOImKenuit Py (+), 10
[IpU HAJIOXKEHUN TPeOOBAHUS BHIA

1Py (u) = Peo(u) | <y (L4 [lul)) VueU,
(26)
Oyzer crpaBeyimBO yTBepxjerue Teopembr (.1,
re K yeJaoBuio 3) pobaBuTcs TpeboBaHUe

v >0, k=1,2,..; lim (a+ 0+ %) =0;
k—o0
lim Tk _ 0
k—oo O

3amewarnue 0.1, CormacHo 3amedannio 1
paborsl [2] ycaosue 2) reopembr 0.1 pocrarouno
NPOBEPUTH Ha  MOCIEJOBATEILHOCTH  Ug, a
ycsoBue (2.5) — Ha mOC/I€10BaTE/IbHOCTH
def ,

di, = uk — B (Jp(ug) + agug).

Cnenyromast  jgeMMa JaeT OIEHKWH  JIJIst
CEeTOYHbIX HOPM

HPUdk-‘rl _ PUdl;IZ-‘rl‘

|t = rwh)|

JIlemma 2.  Bunoanweno  pexkypenmmoe
COOMHOWEHUE

T N
(27)
Huilz - UIHO =0,

o - o1l <0 -, -,

2de
k=1,2,...,
Ay, = P(1 = Brag + M),
Byy1(h) = PBu(M sy ]| + 59 1) + 195,
Cr(h) = M||oys || + [[5¢]l-
30decw
M, P - pasnomepno  oz2panuvenmvie
NOAOAHCUMENLHBLE KOHCIMAHINGL, HE 306UCAULUE
om waea cemku, ||, - cemounwii ananoe

nopmw, (Lo(2)™  [9]; ¢ — nopadox mouwnocmu
PEUEHUA KPAEEHLT 3a0aY AN20PUMMA;

|6yF|| - nesaska pasnocmmoozo onepamopa
Janaaca na y*;
60| — nesaska pasnocmmoozo onepamopa

Janaaca na PF;
1

k+1 k+
|0p; || - nesaska onepamopa grad; na pT.
JlokazaresbcTBo OCHOBBIBAETCS Ha
HCIIOIB30BAHUN AlPUOPHBIX OIEHOK JIst 3a/ad
Hupuxse n Heiimana, ycranoBienHbix B [9].
HeTpyiHO HPOBEPHUTH, YTO CHPABE/JIUBO
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CaencrBue 0.2.

k—1 k—1
Bi(h)
k k , !
b= (T |5

A
1

-
Il

CormacHo ~ HEPABEHCTBY  TPEYTOJTHHUKA
HODMa, pa3HOCTH Mexky omeparopom P (uk)
1 ero cetounbiM anamorom Py (u¥) pasma

R DR
(3mecs ||| — mr0Gas ceroynast HopMa).

N3 cnencrsus 0.2 BujiHO, 4TO C yBeInYEHUEM
upcjia  UTepalldii BepxHAd ~— OIeHKAa  Ha
k k —
Hu h—u Ho yBeJIMauBaeTcsd, ecnu O =
IIOCKOJIBKY IIPH 3TOM
P(L+2M?)

Ap=————-">0.
k L+ 2q

_2
L+2ay?

Takum obpaszom, mpyu (HUKCHPOBAHHOM IIare
ceTku HeobXouMO (pOPMYJIUPOBATH IIPABUIIO
OCTAHOBA WTEPAIMOHHOTO TPOIECCA, TOCKOIBKY
B 39TOM CJjiyda€ HE BbIIIOJJHACTCA Tpe6OBaHI/Ie

crpemyenus K () OIlEHKH CBEPXY Ha uﬁ - ukHO

[2]. dyst mocruzkeHust »Ke 3aJaHHO TOYHOCTH
HEOOXOJIMMO MPOU3BOJNTH M3MEJIbYeHUe Iara
Pa3HOCTHOII CETKU.

TEYEHUE B KABEPHE C JIBU2KVYIIIENCSH
KPBIIIIKOU

Paccvorpum pe3yJabTaThl IIPUMEHEHUA
Meroga pemennsa 3agaun  Hasne-CrTokca K
PeIlIeHnt0 TeCTOBOM 3aJauu O TeYeHUu B
KBa/IPpaTHOI KaBepHe C ABUXKYLIEcd BepxXHel
KpbIKO#.  3ajada  mpejcraBiasier  coboit
HECTAIMOHAPHOE T€YEHNE BA3ZKON HECZKMMAEMON
KMJKOCTH B  KBa/PaTHON MOJOCTH, KOTOPOE
UHAYIUPYETCAd JBUXKEHUEM C  IIOCTOSAHHONI
CKOPOCTBIO OJHOII M3 ee CTeHOK. PacderHad
obyracTh MpeacTaBasieT coboit KBaapar

Q={(z,y) : z,y € 0, L]}

co croponoit L = 1wm. Bepxaga cremka
MepPeMeIaeTcsi  BIOJb OCH  C  TIOCTOSTHHO
ckopocteio U = 1m/c.  Teuenue
[IPUHUMAETCsl HEeCTAllMOHAPHBIM, JIAMUHAPHBIM,
HEC)KUMAEMBIM W M30TEPpMUYECKUM.  ucCso
Pefinonpaca  paccumThiBaeTCA 1O JIIAHE
CTOPOHBI KaBE€PHBI M CKOPOCTM! BerHeﬁ CTEHKU:

_ pUL -1 _
Re = TR B pacuerax nonaranoces v = - = 1.
B navaabHBII MOMEHT BPEMEHU WCIIOJIB3YIOTCS
OJTHOPO/IHbIE T'PAHUYHbBIE ycaoBus: u = 0, p =
10°Ila. Ha creHKax KaBepHBI BLICTABJISIOTCS

IPaHUYHBIE YCIOBHUSA NpUanmanus (cM. puc. 1).

2

V=l V=0
(0.1) —+
V=0, V,=0,
V,=0 V=0
0.0 >
’ V=0, V0 a0 x
Puc. 1.
Buzyanmmzamumsa  pe3ysbTAaTOB  UMCJIEHHBIX
pacderoB, BbINOJHEHHAss B cpeme Tecplot,

[epeiaeT KadeCTBEHHYI0 KapTUHY TEeYeHHs B
kaBepHe (cM. puc. 2).
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Puc.2. Hampasnenre TedeHms IeHTPaJIBbHOTIO

BHUXDs B YBEJIMYIEHHOM MacimiTabe Ha CeTke

128 x 128 x MomeHTy BpeMenm ¢t = 15 ¢

(Bpemennoit mar 7 = 0.01 ¢)
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