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O PEIIEHNN BOJIHOBOI'O YPABHEHU
[P HETOYHO 3AJIAHHBIX KOSOOUIMNEHTAX OYPHE OYHKIINU,
SAJIAIOIIEN HAYAJIbHYIO ®OPMY CTPYHEI

H. . Brick

B pabore paccmarpuBaercs 3amada ONTUMAIBEHOTO BOCCTAHOBJIEHUS PEIIEHUs] BOJHOBOTO YPABHEHUS II0

3HadyeHUAM Kod3bdunuentoB Pypbe GyHKIUM, 3amar01eil Ha4aIbHyI0 POPMY CTPYHBI, 33JJaHHBIM C IIO-

CPEITHOCTHIO B paBHOMepHON HOpMe. [IpuBoauTcs perrenne 60stee o0t 37241 BOCCTAHOBJIEHHUST OIIEPa-

TOpAa, OIPEJEJIEHHOIO Ha BECOBOM IIPOCTPAHCTBE BEKTOPOB U3 l2, MO NPUOIMKEHHBIM 3HAYEHUSIM KOOPIH-

HaT 3TUX BEKTOPOB.

1. IlocranoBKa 3aga4uu

PaccmoTpumM Bo/THOBOE ypaBHEHUE € HYJIEBHIMU I'DAHUYHBIMU YCJOBUSIMU U HYJIEBOH Ha-

YaJbHON CKOPOCTBIO

Ut = Uz,

u(0,t) = u(m,t) =0,
u(z,0) = f(x),
ug(z,0) = 0.

Kax uzBecTHO, TOUHOE pelnieHne 3TOH 3aa9u UMeeT BUJ,

(e.0)
= Zaj(f) cos jtsin jx,

2 ™
= —/ f(z)sin jz dz
T Jo

— ko3pdunuentor Pypoe dbyukuuu f(x).
[Ipeanonoxkum, uro f(-) € W3([0,7]), rae

rie

WaN(] = { f(-) € La([0,7]) : F™V(-) abe. nenp. na [0,], || f™

(')HLQ([O,WD <1 }7

19C) o) / lg(a)|2 da.
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Bynem caurtars, uTo HAM U3BECTHBI TPUOJIMZKEHHBIE 3HAYEHUS 11€PBBIX N KO3(DDUITUEHTOB
Qypbe dynkuun f(-) y1,..., YN, IpHIeM

la;(f) —yj| <65, 6;>0, j=1,...,N. (3)

[TocraBum 3a71a41y MOMCKA ONTUMAJIBLHOTO METO/Ia BOCCTAHOBJIEHHsI PEIlleHNs 3a1a4u (2) B MO-
menT Bpemernn 1’ na kiracce W3 ([0, 7)) mo nrdopmannonnomy oneparopy F| g\f (6 =901,...,0n),
KoTOpBIil Kaxkoit dyukmun f(-) € W3 ([0,7]) comocrabiisier MHOXKECTBO BEKTOPOB Y =
(Y1,---,YN), YIOBIETBOPSIOMNX yCIOBHIO (3).

B kadecTBe MeTOI0B BOCCTAHOBJICHHs Oy/leM PacCMaTpPUBATh IIPOM3BOJIBHBIE OLEPATOPHI
@: RN — Ly([0, 7]). [oepewrocmoto 60ccmanosaenus Tst TAHHOTO METOMIA (0 HA30BEM Be/TH-
THHY

€(T, W;([Ovﬂ]%Fng(p) = sup Hu(7T) _So(y)(‘)HLz([O,Tr])'
FOEWs([0,7]), y=(y1,....y) ERY
laj (f)—y;1<05, j=1,...N

Besmuuna

E(T, WZ([0,7]), FEN) = inf e(T, Wi ([0, 7)), F,
(T, W5 ([0, 7]), F5") @:RNHLQ@,W])( 2 ([0,7]), 57, )

Ha3BbIBAETCS N02PEULHOCTIDI0 ONMUMAALHO20 B0CCTNAHOBAECHUA, & METO, Ha KOTOPOM JTOCTUTa~
eTCs HUXKHSAS IPalb, HA3LIBACTCS ONIMUMAALHBM MEMOJOM G0CCTNAHOEACHUA.

Paccmorpum Gostee ob1iyio 3a1ady ONTHMAJILHOIO BOCCTAHOBJIEHMs omeparopa (): X —
lso, 38 IAHHOTO PABEHCTBOM

Q‘T:(nll‘lvn2$2a"°)v ]GNv

riae ¢ = (r1,22,...) € X, a
[e.e]
X = {w: (x1,22,...) : |lz]|x :Zl/j|x]~| < oo},
j=1

. o 2 ) ) .
vj > 0, j € N. Homoxum pj = nj u GyneM Ipeaiosarars, 4ro pi/vi — 0 mpn j — oo.
Torpa npu Bcex z € X Qx € lo. Hac unrepecyer 3ajia1ua BocCTaHOBJIEHUs oriepaTopa () 110
PUOJTMKEHHBIM 3HAYEHUSIM 11ePBhIX N KOMIIOHEHT X1, ..., TN -

[Honoxum

W= {reX: zlx <1}
Bysiem cunTarh, 9To s Kaxkjoro x € W nam uzBecteH BeKTOp y = (Y1, ..., YN ) TAKOil, 4TO
lz; —y;| <6;, j=1,...,N.

B kadectBe MeTOMOB BOCCTAHOBJIEHHUSI PACCMATPUBAIOTCA BCEBO3MOXKHBIE OTOOPAKEHUST
p: lJOVO — ly. IlorpennocTsb BOCCTAHOBJIEHUS JIJIs JJAHHOTO METO/IA (0 OIPEIEISeTCs PABEHCTBOM

QW Ivbo)= s Q=
zeW, yellY
|z —y;1<d5, j=1,....N

(3,ZLeCI> o= ((51, ey 5N)7 INI = (xl, e ,xN)).
HOFpGlHHOCTbIO OIITUMAJIBHOI'O BOCCTAHOBJICHUSA HA3bIBACTCA BEJIMYINHA

E(Q,W,In,0)= inf e(Q,W,Iy,0,¢), (4)

w: 1N —lo
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a MeToJ, Ha KOTOPOM JOCTUIaeTCsl HUXKHAA IPaHb, HA3BIBAETCA ONTHUMAJIBLHBIM METOIOM BOC-
craHoBJIeHUs oneparopa () Ha Kiacce W o madopmanun Iy, 3aJaHHON C IIOI'PEITHOCTLIO B
nopme 1.

Cayuaii, korna koaddunmenTsl Pypbe 3aJaHbI C MOIPEIIHOCTHIO B HOPME lév , Kak JJIsl
sagaan (1), Tak u juist 3agaun (4), uccienosascst B pabore [1].

2. OcHOBHbBIE PE3YJIbTATHI
ITycThb v; MOHOTOHHO BO3pPACTaeT,

lim v; =+oo0, lim p;/v; =0.
J—+00 Jj—+o0

Bes OrpaHNY€eHNA O6IHHOCTI/I MO2KHO CHYHUTaATb, 94TO

uN

b1 w2
—z—=...2
V1 1) VN

(TOr0 MOXKHO JIOOUTHCS COOTBETCTBYIOIIEH HepeHyMepoBKoit). Ilycrs ¢ > N takoBo, 4To

p 14
~4 = max ~Z.
Vg j>N v

Ecimm 1161 < 1m udl > &, ITOJIOZKUM

12 Vg

p
pO:p0(5):maX{p3ZVj532‘ <1, B2 ey <p<N},
= Vp Vg

B IIPOTUBHOM CJIy4d9a€ CIUTaeM, 9TO Py = 0.

[Tosroxxum
. > e
bl <G
Teopema 1. lmeer mecTo paBeHCTBO
Po
E(Q,W,Iy,0) = % +> (Mj - %%’) 0z, (5)
U 0

npu 3TOM METOI

Po

. Hao Vi

By)=> (1 — = J> yje;, (6)
=

Vao g
rae ej, j = 1,2,... — crangaprrelii 6a3nc B lo
1, k=3
(e)r =14 P k=12,
0, k#J,

SABJISACTCA OIITHMAJIbHBIM.
BepHeMCH K 3a/1a"e OIITUMaJIbHOT'O BOCCTaAHOBJICHUA PEIIEHNA BOJTHOBOT'O YPaBHEHUA. Ecim

f() € WQn([Oaﬂ-])v TO o
f@) =" a;(f)sinjz,

i=1
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rie

o0
> ia(f) <1,
j=1

T. €. Vj = j*". U3 (2) BbITeKaer, 4To pj = cos? jT. Coorsercreenno g > N TakoBo, 4TO

cos? qT cos? jT
= max

2

cos® qT

Torma B ciyuae, ecian 61 < 1 u cos?T > 23 ,
q

P 2 2
. cos*pI'  cos” qT
pozpo(é):max{p:2]2"5]2~<l, 2 > 2 ,1<p<N},
j=1

nnade pg = 0.

CoOoTBETCTBEHHO
cos? T - cos*(po + 1)T

0 ) cos’qT"  cos*(po+ 1)T
po + 1, an (pO + 1)2n
3 teopembl 1 BbITEeKaer
Cnencrue 1. Imeer MecTo paBeHCTBO
N cos2 o] | . cos2 qoT .
E(T,W;([O,TF]),F& ): T+Z COSQ.]T_T]2 5]2’
0 0

=1

IIpu 9TOM MeTOx

0 §2 cos? qoT -
u(z,T) ~ Z 1 —*5——5—= | y;jcosjTsinjz

— g3 cos? jT
]:

ABJIACTCA OIITHMAaJIbHBIM.

3. loka3aTeabCcTBO

JOKABATEJILCTBO TEOPEMEI 1. PaccMOTpuM 9KCTpEMATBHYIO 331aTy

oo (o]
Zuj]xjpﬂmax, ]mj]2<5]2-, j=1,...,N, Zuj\:cj\le.
Jj=1 j=1

Ionoxkum uj; = |x]~|2, j € N, u mepenumiem 3Ty 3a7a41y Tak:

o0 o0
ZujUmeaX, ujgéf., j=1,...,N, Zujujgl, u; = 0. (7)
j=1 j=1

Beenem dbyuknumio Jlarpam:xka mjist 9Toit 3a1a4u

N

L’(u, A A, )\N) = Z(—,u,j + )\j + /\Vj)Uj + Z (—uj + )\Vj)Uj,
Jj=1 Jj=N+1

rae v = {u;}jen.
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U3 pabotst [2] (cM. Takxke [3]) BoITeKaeT, ITO eCyiu HANILYTCS Takue A\, A1, ..., Ay = 0, 9To
JUIsT IOIYCTHMOI B 3a/ade (7) I0CIe0BaTeIbHOCTH U = {U; } jeN BBIIIOJIHEHBI yCIOBUS

o~ ~

(@) min L(u, A1, AN) = L@ A AL An),

uj 20
N 00
®) YN (aj - 53.) =0, )\<Z vjily — 1> =0,
=1 j=1
TO U — perenne 3aa4u (7), a ee 3HAYEHHE PABHO

N
D N0+
j=1

N .
Ecym mpu sToMm a1 Beex y € [ cyImecTByeT PelieHne Ty, SKCTPEMaIbHON 33141

N
S~ Nlag = yil? + Azlk — min, =€ X, ®)
j=1
TO
E(Q)W7 INaé) - (9)
a MeTo/,
?(y) = Qu,

SIBJISIETCS. ONTUMAJILHBIM.
Basaua (8) MoxKeT ObITH 3alMCaHa B BHUJIE

N ]
Z ()\j({Ej — yj)2 + )\I/jl'?) + A Z le']Q‘ — min, x € X.
Jj=1 j=N+1

Herpymmo ybemurbes, 94To ee pelieHne ecTb

[Mostomy nocrarouno Haiitu A\, A1,..., Ay = 0 u gonycrumyto B (7) 10C/I€10BATEIBHOCTD
u = {U; }jen, 11 KOTOPBIX OyyT BeIoaHEHbI yetosud (a) u (b). IIpu sTom meTox

N o~
)\4
P(y) =) ni=—1yje; 10
Z_j S (10)

6y,ZLeT OIITUMAaJIbHBIM.

[Tpennonoxkum, uto pg > 0. Ilomoxkum N = @, Aj = pj— @uj, 7=1,...,po, /)\\j =0,
. Vo Vgo
po<j<N.
6?a jzla"-ap()a
2 v
aj = I_ng 1% -
Vg y J = 40,

07 ]>p0aJ7EQO
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Jlerko IpoBEPUTH, UTO MOCJIEIOBATENLHOCTD Uj — JOIYCTHMAsl U BBIIOJHEHDbI ycaosust (b).
IIpu sTom
[e.e]
L, A1y AN) = Fao >0
(’LL, y ALy e ey N)_ _HJ+V_VJ uj = Y,
j=po+1 “©
TaK Kak B CHJIy BBIOODa ¢
Hago  Hj :
P ) J > Do-
Voo o Vj
[Mockombky L(U, A\, A1, ..., Any) = 0, yciaoBue (a) BBIIOJHEHO.
[Moxcrasisist A u A1, ..., An B (9) u (10), nosydaem HOrpeIHOCTb ONTUMAJIBHOTO BOCCTa-

HOBJICHUA N OIITUMaJIbHOCTH METOIA

Po

. KoV

Py) = _nj <1 — = ]> yje;-
i=1 K

Vao g

[ycts po = 0. Ipu stom mmubo 1167 > 1, mmubo il > Ha B o6onx CIIydasX ITOJIOXKIM
141 Vq

A= @, Aj=0,7=1,....,N, Uy = . uj =0, j # qo. Torma moceg0BaTeILHOCTD Uj —

90 90
JOIIyCTUMadd,

]:

WV

0

Vqo Vqo

B cuiy BeIGOpa qo, a L(U, A\, A1,...,An) = 0, To ectb yciosue (a) Beinosneno. Ycsiosust (b)
TaKzKe OUeBIIHBIM 00pa3oM BbInosHeHbl. [Ipn sTom u3 (9) u (10) cremyer, aTo

E(Q,W,Iy,8) = [F©,

Vqo

a Mero p(y) = 0 — onTHMaJIbHLIHA. >
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