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YucienHoe perierne mapaboIndeckoil 3aa4n ONTUMAJIBHOTO YIIPABICHUS C
MOTOYEIHBIMU OTPAHUICHUSIMU HA (DYHKIIUIO COCTOSHU.

A. B. Jlanuu, A. A. [Lrarounos

AnHoTanuga

PaccmoTpena 3agadua ONTHMAJILHOTO YIIPABIEHNS CHCTEMOIl, OMMCHIBAEMOI 3a,/1a-
qeit Jupuxie g JuHEHHOro napado/MIecKoro ypaBHeHUs, IPA HAJIUYUN TIOTO9eq-
HBIX OIpaHUYEHNI HA (PYHKIUIO YIPABJACHUS W HA COCTOSHNE cucTeMbl. PyHKIMe
yIpaBJIeHUS CJIYy2KUT [IpaBas 4acTb rnapabdomyaeckoro ypapuerus. OyHKInoHA 1ie-
JIV COZTEPKUAT PACIIPEIeIeHHOE B IIPOCTPAHCTBEHHO-BPEMEHHO 00/1acTH HAOIIOIeHTE.
ITocTpoena KOHEUHO-pA3HOCTHAS AIIPOKCHMAIS PACCMATPUBAEMON 3aadd OITH-
MaJIBHOT'O praBﬂeHI/IH C MCIIOJIL30BAaHUEM SIBHOM TI0 BpEMEHUN alIllPDOKCUMaIlnuH I1a-
paboIMIeCcKOTO YpaBHEHNsI COCTOAHNA. /l0Ka3aHO CyIeCTBOBAHNE ee eNHCTBEHHOIO
pemenus. [loctpoeHa COOTBETCTBYIONIAS CETOYHON 3aa4e ONTUMAJIBHOIO YIIPaB/Ie-
HHUS CeJIOBas 337a49a C OrpaHmdeHuaMu. /0Ka3aHo CyIecTBOBAHNE PEIeHUs CeJl-
JIOBO# 3aJla9W W CXOAUMOCTH OOODIIEHHOTO WTEPAIMOHHOTO METOa YIA3aBbI I ee
pemrennd. [IpuBeseHnbl pe3yabTaThbl BRITUCINTEILHBIX SKCIEPIMEHTOB.

KirroueBbie CJIoBa: ONTUMAJILHOE YIIPaB/IeHUE, 1apadOJIMIecKoe ypPaBHEHUE COCTOsI-
HUSl, OTPAHUYEHNSI HA COCTOsIHME, KOHEUYHO-PA3HOCTHASI alllIPOKCUMAIINSI, UTePAMOHHbIH
METOL,

BBenenne

3a/auu ONTHUMAJBLHOIO YIIPABJIEHUsI ¢ OIPAHUYEHUSIMU HA COCTOSIHUE CHUCTEMbI, OIUCHIBa-
eMoii 1mapabo/IMIecKuM yPaBHEHUEM, BO3HUKAIOT, HAIPUMED, PHU MOJETMPOBAHUY PH-
KJIAJHBIX 33729 ¢ daszoBbiMu mepexogamu (eM. [1] - [3] u 6ubamorpaduio stux pabor).
B crarpe paccmorpena MojenbHasg 3aJada ONTHMAJLHOIO YIPABIEHUSA ¢ JTHUHEHHBIM Ia-
paboTMUeCKIM YPABHEHUEM COCTOSHUS M € IOTOYCYHBIME OTPAHMYEHUSIMH Ha (DYHKIIUIO
cocrostuust. JIOKa3aHO CyIIeCTBOBAHUE €JIMHCTBEHHOTO peleHust chopMyJIMPOBAHHOI 3a-
JIa9d Ha OCHOBE ODIIel TeOpUH BBIITYKJIOIO aHAJIN3a U ONTHMAILHOrO yipasienus [4], [5].
[TocTpoeHbl €6 KOHEUHO-PA3HOCTHAS ANTIPOKCUMAIMS U UTEPANMOHHbI METOJ| pelneHus,
SABJIAIONIAIICS TIpe00yCIOBIEHHBIM BapUAHTOM MeToja Yizasbl. OG0CHOBaHbI pa3peln-
MOCTH CETOUHOI 381241 U CXOJAUMOCTH UTEPAIMOHHOIO METO/Ia, IIPUBEIEHA AllOCTEPUOPHAL
OlleHKa TOYHOCTH urepanuii. OTMeruM, 4To peaausalis MeToia OCY IEeCTB/IAETCsl HOJIHO-
CTBIO 110 siBHBIM (hopMyJ/iam. [IpuBejieHbl Pe3yJIbTAThl BbIYUCIUTEIbHBIX IKCIIEPUMEHTOB,
KOTOPbIE€ CBHIAETETHCTBYIOT 00 3(pHEKTUBHOCTH MPE/IJIOKEHHOTO METO/IA.

B crarbe He 3aTPOHYTHI BOIPOCHI CXOAMMOCTH CETOIHON cxeMbl. Vceiiej0BaHuio CX0/11-
MOCTH U TOYHOCTH METO/Ia KOHEUHBIX 3JIeMEHTOB /I IapaboIndecKoil 3a1a9i ONTHMAb-
HOI'O YUPAaBJIEHHs ¢ OTOYEYHbIMEU OIPAHMYEHUSIMU HA (DYHKIMIO COCTOSIHUS HOCBSIIEHA
pabora [6].



IrepaiiiOHHbIe METOJIbI PENeHnst JIJIi HEKOTOPBIX MAapa00JMIecKuX 33124 ¢ MOTOYed-
HBIMH OTpaHNYeHusIMI Ha (DYHKIIMIO COCTOsIHNS nccyenoBanbl B [7], [8]. Hacrosimas pabora
SIBJISIETCSI MPOJIOJIZKEHUEM UCCJIe0BAHUIl B 06/1aCTH UTEPAIMOHHBIX METOJIOB JJI CeTOU-
HBIX AIIPOKCUMAIHIT 33129 ONTUMATIBHOTO YIPABICHAS ¢ OTPAHUYEHUSIME HA COCTOSIHHE

18] - [16].

1. ®opMyIupoOBKa 334391 ONTUMAJIbLHOTO YIIPABJIEHUA U €€ alIIPOKCUMAIIN4.

[Iycte 2 = (0,1)",n > 1, Qr = Q x (0,T], ¥ = 9Q x (0,T] u cocrosinue y(x,t)
YIIPaBJILeMOil CUCTeMbl sB/ISeTcs pellenueM 3ajdaun JJupuxiie juisd ypaBHeHUs TeILIOLpPO-
BOJIHOCTH C ylupasjenuem u(z,t) B 1paBoii yactu

dy

E—Ay:uBQT; y=0mnad; y(z,0)=0mupuzec. (1)

s mo6oro u € Lo(Qr) cymiecTByer e JuHCTBeHHOE 0600IIeHHOe perrenue 3anaun (1) u3

0
npocrpanctsa W(Qr) = {y € Ly(0,T; Hy(Q)), (9_?Z € Lo(Qr)} u cpaBeyiuBo HEpaBeH-
crBo ycroitausocru ([17], p.370)

dy
HyHLz(O,T;Hol(Q)) + HEHLQ(QT) < cflullza@r)- (2)
OHpe,ZLeJII/IM CﬂeﬂyIOH_H/Ie MHOZKeCTBa OFpaHI/I‘{eHI/Iﬁ Ha praBﬂeHI/Ie n COCTOdHUeE:
Usa = {u € Ly(Qr) : |u(x,t)] < Umax . BC. B QT}, Umax > 0,

Yos ={y € W(Qr) : Ymin(z,t) < y(2,t) < Ymax(z,t) m. BC. B Qr},

Ymax (T, 1). 3a1a10M 11€71€BO# (DYHKIIMOHA ¢ PACIPEIETeHHBIM B 00J1acT ()1 HADJIIOIeH-
eM Yy € Lo(Qr):

1
J(y,u) = 3 /(y(m,t) — ya(x, 1)) dzdt + % /quxdt, a>0.
Qr Qr

Bynem pemarh 3aja4y onTuMa/bHOTO YIIpaB/JIeHUS

min J(y,u),
(y,u)eK ( ) (3)
K ={(y,u) € Yaq X Uyq : BBINONHEHO ypaBHEeHUe cocTosiaust (1)}.

JIemma 1. 3adaua onmumanvrozo ynpasaenus (3) umeem eduncmeennoe pewenue.

Jlokasameavcmso. V13 onpenenennst MuOKecTB Uyg, Yoq 1 HEpaBeHCTBa (2) corejyer orpa-
HUYEHHOCTH W 3aMKHYTOCTh BBINYKJI0r0 MHOKecTBa K B W(QT) X Lo(QT). Kpome Toro,
K He mycro, Tak Kak cogepkuT HyneBoii anement W(Qr) X La(Qr). IlockonbKy KBaIpa-
TUIHBIH DYHKIUOHAT J (Y, 1) — HENPEPBIBHBIN U CTPOrO BBIMYKJIbIH B 5TOM MPOCTPAHCTBE,
TO OTCIO/Ia caeyer chopMyIMPOBaHHbIH pesyiabrar (cM., napumep, |4, riasa 11, npes-
noxenue 1.2). ]



[TocTporM KOHEYHO-PA3HOCTHYIO alpOKCHMAINUIO (3) Ha pAaBHOMEPHOH 1mo = u t cer-
Ke Wy X Wy B Qp, tie w, = {z; = ih, 1 = 0,1,...Ny; Nyh = 1}, wp = {t; = j1,j =
0,1,...Ny; Nyt =T}, Tlyers Vi, — npocTpancTBO ceTOYHbIX (bYHKIMA, ONpPeIeTeHHBIX Ha
CeTKe W, W PABHBIX HY/TIO B TDAHMYHBIX y37ax cerku, y' = y(x,t;) € V), — cerounas
dbynxnusa na BpeMeHHOM cJioe T; = J7T € wy. B nasibHeiiniem ucuosib3yem oJuHaKoOBbIe 000-
3HAYEHUs JIJIsT CETOUHBIX (DYHKIMI U BEKTOPOB MX y3JIOBbIX 3Hadenuit. Yepes N, obo3Ha-
YUM Pa3MEPHOCTDH MpocTpancTBa Vy, uepes ||.||, — eBKIMI0BY HOPMY 3TOTO IPOCTPAHCTRA.
IIycrs A — maTpuma cerounoro omeparopa Jlamraca ¢ HyaeBbiMu ycaoBusmu Jlupuxie
B TDAHUYHBIX TOYKAX CETKH W,. Ee CIEKTD JIeKUT Ha OTPE3KE [fmin(A), tmax(A)], 11
fmax (A) mMeeT mopamok h™2 a fmin(A) > 0 orpaHmYeHo CHE3Y MOMOKUTETLHON TOCTOSH-
HOI1, He 3aBucsieit or h.

AnnpokcnmupyeM KpaeByio 3ajady cocrosiaust (1) siBHON pa3sHOCTHON cxemoii

y — ! i1 ‘ 0
7+Ay] =, j=1,2,....N;, y =0, (4)
2 3
CUMTas BLIIOJHEHHBIM YCJIOBHE T < W, obecneanBaonee yCTOMIuBOCTh CXCMBI.
Mmax

[Iycts pynknust y, HenpepbiBHa. OnpeaenM CeTOYHYIO MEJIeBYI0 (DYHKIIHIO
| ' o
I(y,u) = QZII?/J —yélli+§ZWH§7 (5)
j=1 J=1

U MHOX>KECTBa OrpaHu4YeHui
Ul = {(u!, ..., u™) v € Vi, |00 < Umax}s

, X N | o
Yoo =" 0™) v € Vi Ui Y < Yo}
CeTOqHaH 3aa49a OIITUMaJIbHOT'O YIIpaBJIeHUd MMeeT BHU/I:
min [ (y, u),

(yu)eKs (6)
K ={(y,u) € Y, x U, : sumonueno ypasnenne coctrosnus (4)}.

JIemma 2. 3adaua (6) umeem eduncmeennoe pewerue.

Jlokxazamensvcmeo. Hemycroe MHOXKecTBO K, OrpaHUYEHO U 3aMKHYTO B KOHETHOMEDHOM
IPOCTPAHCTBE, T.€. KOMIIAKTHO. B ¢BOW0O ouepennb, dynkuus I (Y, u) HenpepsiBHA, IT0ITOMY
cylecTBOBaHuEe ee MUHUMyMa Ha [, ciejgyer u3 Teopembl Beitepmrpacca. [Tockobky
kBajparuunasg GyHkus [ (Y, u) ¢Tporo BBILYKJIA, & MHOXKECTBO K, BBIIYKJIO, TO PEIIEHHE
€INHCTBEHHO. ]

2. Peutenne cerounoii 3aga4du



[Iycts N = N, N; — pa3smMepHOCTb BEKTOPOB Y3JIOBBIX IAPAMETPOB CETOYHBIX (DYHKITU
orxut, E€RV*N - enunnunas marpuna, marpuna L € RV*N onpeesrena pasencTsom

J — -1 .
%—FA(?/J Hpnj:2,...,Nt}.

j_ y! .
(Ly) = {7HpHJ =1,

Matpuna L 1o/10)KuTeIbHO Olpejie/IeHa IPU YCJIOBUU T < . IycTs nanee ¥ u @ —

2
fmax (A)
uHuKaTOpHbie hyHKImE MHOKecTs Y, n UM coorercrrenno, a Oy n Op — ux cy6mud-
dbepenmmansi. Cerovnast 3a/1a4a ONTHMAIBHOTO yipaBienus (6) MozkeT ObITH 3aMicana B

BHJIC
1 Nt ) a Nt
min {1(y,u) +6(y) + ()}, Ly0) =5 My = vl +5 D 1%
= =1

Crpoum g 31oit 3aaun pynknuio Jlarpanzxa

L(y,u,\) = 1(y,u) +¥(y) + o(u) + (A, Ly — u),

rie (+,+) — ckansproe npoussesenue B RY. U3 obmeit Teopun cemiosbix 3a1ad (M. [4],
¢.169) cienyer, uro cemioBast Touka GyHKIuN Jlarpanzka yaoBIeTBOPSIET CHCTEMe

E 0 L™\ [y O (y) Ya
0 aF —E||u]+{0pu)]>]0]. (7)
L —-E 0 A 0 0

Beesiem criepyiomue obosnavenus: z = (y,u)?, f = (y4,0,0)7, ¥(2) = ¥(y) + o(u) un
A = diag (E, aE) , B= (L —E) . Torga 3amaga (7) MoxKeT GBITH 3alMCAHA B BUJIE

A BT\ [z oV (2) f
(B 0)()\)+( 0o )2 \0 (8)
[Tpu uccaemoannu u pemtennu (7) OygeM HCIOTB30BATH CJIEYIONHE PE3YTBTATHI ISk

obuieit ce 1080 3aaun (8):

Vreepxkaenue 1. [11]
1) Hycmo mampuya A nosostcumenvro onpedesena, mampuya B umeem noanod
cmoabyoeuid pane,V — 6unykian, coOCMEEHNAA U NOAYHENPEPLIBHAA CHUZY PYHKUUA,

{z: Bz:O}ﬂintdom\IJ%Q).

Tozda 3adaua (8) umeem mmoorcecmso pewenud X = {(z,\)} u z onpedeaen odnosnaumo.
2) Ecau evimoanens yerosus n.1, a mampuya D = DT > 0 u napamemp p ydosae-
MBOPAIOM, HEPAGEHCTNEY

(DA, A) > g(AngTA, BTA) VA#0, A, =0.5(A+ A7), (9)



mo npedobycrosaernvil memod Yo3a6o.

A+ 4 U (1) 5 BTA 4
1

SDOWH Z AR 4 B — 0, p> 0 (10)
P

crodumes ¢ a106020 nauarvrozo npubiuscenus: (25, A8y — (2*, \*) € X npu k — oo,

Teopema 1. 1) 3adaua (7) umeem pewenue (y,u, ) ¢ eQuHCMEEHHBLMU KOMNOHEH-
mamu (y,u), cosnadarouumu ¢ pewenuem 3adavu (6).
2) Memod Yozaew, daa (7) ¢ npedobycrosaueamenem D = (L+a 2E) (LT +a~2E),

aukJrl + aw(ukJrl) =) )\k)
yk—i-l + 8¢(yk+1) 3 Ya — LT)\k,

)\k+1 o )\k
(L + a—l/QE)(LT + Cl/_l/zE) + uk-‘rl o Lyk-‘rl -0
p

(11)

CTOOUMCA, ecAU umepayuornvll napamemp p yodosaemeopaem nepasencmeam 0 < p < 1.

Jlokasamenvcmso. Tlpumenum yreepzxkaenue 1 k 3agade (7). OueBuano, uro marpuna A =
diag (E, ozE) CHMMETPUYHA K IOJOKHTE/JILHO OIpejeseHa, a Marpumna B = (L —E)
uMeer 1oJHbI ¢Tos10noBbli panr. @ynkuusa V(z) = ¥ (y) + ¢(u) — Boinyksas, cobcTBen-
Hasg W nojyHenpepbiHag camdy. Kpowme Toro, mysesoit sektop (y,u) = (0,0) asiaser-
csl BHyTpeHHeit Touxoit muoxkectsa Y, x U, = intdom U u yjmoBiaersBopsier paBeHcTsy
Bz = Ly — u = 0. Takum ob6pasom, 3aa4a (7) yI0BIETBOPSIET BCEM YCJIOBUSM 1.1 yTBep-
JKJIeHns 1, I09TOMY OHa uMeeT perenue (Y, u, \) ¢ eJJMHCTBeHHBIMI KOMIIOHeHTaMu (Y, ),
COBLAJIAIONIMUMHE ¢ perrenueM 3a1a4u (6).

[Tepeiiiem K WMCCAEOBAHUIO CXOMUMOCTH HTepalonHoro meroxa (11). B pacemar-
pusaevom ciayuae BA7'BT = LLT +a 'Eu D = (L + o \2E) (LT + o '2E) =
LLT + o™ 'E+4 o Y2(L + L7). 13 nepasencrs

0<a Y2(L4+ LX) < || LAP+ a7 A2 YA#0
caenyer cuexrpaibnas sksusatentaocts BAT'BT u D = (L + o V2E) (LT 4+ o~ V/2E):
(BA;*BT)A M) < (DA N) < 2((BA'BT)MNA) YA #£0.
B wactrocTH, yenoBue cxoqumoctn (9) Beimosaeno mpu 0 < p < 1. O

[Ipu peanmsanuu Kazxaoro mara meroga (11) TpeGyercs pemuThb aBa BKJIIOUYEHUs OT-
nocurenbuo uF ! u Y1 u cucremy ypasmenuit ¢ marpuueit (L 4+ o V2E) (LT + o V2E).
Pemenne srmodenns aut + Op(uFtt) > ¥ skpuBasenTHO mpoexTupoBammio o IA\F Ha
muozkectso Ul a prmouenus y*+ + 0y (y* 1) 3 yq — LT N\* — npoextuposanuio yq — LT\
Ha MHOKecTBO Y. B ciIy TOTo, 4TO 5TH MHOMKECTBa — HapaJlielelue b, TPOeKTHPOBa-
HUE Ha HUX CBOJMTCH K IIPOEKTHPOBAHUIO KOOP/MHAT BEKTOPOB PABbIX YacTell Ha OTPe3KH



npsaMbIX. B ¢BOIO 0depep, B cmity Tpeyroabaoro Buga Marpui L+ o V2E u LT +a~/2E
peIeHnsi CUCTEeM yPAaBHEHUI TaKzKe BBIYUC/IAIOTCS 110 SBHBIM (DOPMYJIaM.

[Iycts y*, u* — TouHOe pemenne cerounoii 3amaqu (6). Vcmoab3ys pesyabrar [15], Mox-
HO TOJIYYHUTh CJIEJYIONIYI0 ONEHKY MOrPEeNTHOCTH mpu onpeenennu y*, u* B merone (11)
depe3 HOPMY BeKTopa HeBa3kd v¥ = Ly* — u* ma k-it urepammuun:

ly™ = y* 1 + allu” = u*|* < A" = X pllo*[lp- =
= X = N HplI(L + o 2E) T (Ly* — u)],

Tjie TOCTOSTHHAST C He 3aBUCHT OT TMaroB CeTKN W mapamerpa «, a [|A* — \*"1||p — 0 npn
k — oo. llocie ymHOXKeHHUs 00eMX YacTeil 3TOro HEpaBEeHCTBA Ha AT MOJYyYUM B JIeBOii
YaCTH CeTOdHbIe aHaltorH HOpM Lo(Qr). Otmernm, uro Bexrop (L + o V2E)"Y(Lyk —
uF) BIUMC/IgETCA DU peaM3alii HTePAIIOHHOI0 METO/IA, HOITOMY KOHTPOJIb TOYHOCTH
uTepanuii He Tpedyer GOJBIIMX JONOJHATEJIbHBIX BBIYHCIUTEILHBIX 3aTPaT.

3. PeBy.TIBTaT]')I YUCJI€EHHBbIX pac4deToB

Pemanach ofHOMEpHas MO TMPOCTPAHCTBY 3aJada Ha orpe3ke mo Bpemenu [0,7] =
[0,0.1]. Pemenune umb 0JHOMEPHBIX 33184 Ha HEOOJIBIIOM NPOMEZXKYTKE BPEMEHH MOTH-
BUPOBAHO TE€M, YTO ITO CYNIECTBEHHO YMEHBIIAET 00'beM JAHHBIX U BPEMs BbIUUCJICHHUIT,
B TO BPEMsI KaK BCE TEOPETUUYECKHEe Pe3y/IbTaThl, OCHOBAHHBbIE Ha aJredbpantdeckoM Tpe/-
CTaBJIEHUH CETOYHBIX 3a/1a4, OCTAIOTCI B CUJIE U JIIsI MHOTOMEDHBIX 3a/1a4.

B kauectBe (hbyHKIUN HAGTIOMEHUs BHIOUPATUCH Yg = tsinmx u yq = 1/2tsinwa. Tla-
paMerp peryispusaiuu B nejesoit pynkmun « = 1. I'panunpl B MHOZXKECTBE 1OTOYEUY-
HbIX OrpaHUYeHU Ha (PYHKIUIO COCTOSHUS BBIOMPAJIUCH CJACAYIONUMU: Ypax = (T WK

Ymax = im, Ymin = —10 (B KauecTBe HUZKHEH TPAHUIBI Ypin MOKHO B3STh MPOU3BOJIBHOE

OTPUIIATEILHOE YHCJIO, TAK KaK MPH JIIOOBIX MapaMeTpax perienne Y 3aa4u ONTUMAaILHOTO
YIPaBJICHUsT HEOTPHUIIATEBHO).

Bajavya ObLTa anIpPOKCUMUPOBAHA KOHEYHO-PA3HOCTHON CXEeMOil ¢ ImaramMu Io IMpo-
crpanctey h = 0.01 u h = 0.005 u no spemenn 7 = h*/4. Urepamuonnprii napamerp
p BapbupoBaJics B npegesnax ot 0.75 jo 1. B kauecTBe Hava/ibHOTO npub/inzKenus Oblia
BhIOpaHa ceToyHast (PyHKIUs )\Z(-g-) = 0.

Kpurepuem ocTaHOBKN HTEPANMOHHOTO METO/IA CJIYZKHJIA MATIOCTh HOPMBI HEBI3KU:

lollp- = (7h D" (L + 0™ 2E) ™ (Ly — w) ) < =.

x,t

Pesyibrarsl pacyeToB mpecTaBIeHbl B CIeIYIONNX TaOIUNAX U Ha COOTBETCTBYIOIIIX
rpadukax.



p=075p=1
h=0.01 7 5
h = 0.005 7 5
O’OD? \

0,006 \\
0,005 S
\ = h=0.01,Po=1
0,004 \ = imamas h=0.005,Po=0.75
0,003 e
0,002 \ e

. ‘ . . ALLTTPIY ey

Tabmuua 1: Yucno ureparumit ayst goctuzkenus: roanoctn € = 0.0001 npu yg = tsin(rz) u
OrPAHUYEHUH Yoy = (2. Ha rpaduke npuseseHo noBeieHrne HOPMbl HEBA3KH ||v]| p-1 11s1
Pa3INIHBIX TTapaMeTPOB.

h =10.01 | h =0.005
yq = tsin(mx) 5 5
ya = 1/2tsin(mrz) 3 3

0,008

0,007

0,006

0,005 \ -
\ T ey t sinfpx), h=0.005

0,004 \ 0.5 tsin(px) h=0.005
0,003

0,002 \ o
0,001 \ %
T T T Tosee

Ta6mumna 2: Yucao urepamnuii misa gocrumzkenns tounocta € = 0.0001 opu orpanmyeHnn
Ymax = L, ATEPAITIOHHOM MapamMeTpe p = 1 I pasJIudHbIX Yy Ha rpaduke npuseaeHo
1I0BEJIEHNE HOPMbI HEBSI3KH ||V]|p-1 /I PA3JIMUHBIX HAPAMETDOB.



h =10.01 | h =0.005
Yy =tx 5 5
y=1/2tx 8 8
0,005 \ ...... y=tx, h=0.005

y=1/2 tx, h=0.005

0,004 \
e \
0,002 f

i E; \

Tabsuna 3: Yucsio urepanuii jyis gocruxkenust rounoctu € = 0.0001 npu yg = ¢ sin(7x),
HTEPAIMOHHOM MapaMeTpe p = 1 U Pa3IuIHBIX OIPAHUYCHUSX Ymax = Y. Ha rpaduke
IPUBE/IEHO MOBeIeHne HOPMBI HEBSA3KH ||v]|p-1.



U3 npoBejieHHBIX PACYeTOB CJIEJyeT, YTO

e wmero (11) srydine cXoAUTCsI TPU UTEPAIIMOHHOM TIapaMeTpe p, PABHBIM ero Teope-
TUYECKOHN BepxHeill OleHKe.

L] CKOpOCTb CXOOUMOCTH MPaKTHYECKU HEe 3aBHCHUT OT IIaroB CETKH W OT KOJIMYECTBa
AKTHUBHDbIX OFpaHI/I‘{eHI/Iﬁ Ha Y.

Summary

A. Lapin, A. Platonov. Numerical solution of a parabolic optimal control problem with
point-wise state constraints

An optimal control problem of a system governed by Dirichlet boundary value problem
for a linear parabolic equation is considered. Point-wise constraints are imposed both for
control and state functions. The right-hand side of the equation is a control function
in the problem. Objective functional contains an observation which is distributed in the
space-time domain. Finite-difference approximation using Euler forward scheme for the
state parabolic equation is constructed for the optimal control problem. The existence
of its unique solution is proved. Constrained saddle point problem corresponding to the
mesh optimal control problem is constructed. The existence of a solution for this saddle
point problem and the convergence of generalized Uzawa iterative method are proved.
The results of numerical experiments are given.

Key words: optimal control, parabolic state equation, state constraints, finite difference
approximation, iterative method
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