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O HEYCTOMYUBOCTHU PEIIIEHUN
SBOJIIOIITMOHHBIX YPABHEHUMN
COBOJIEBCKOI'O TUIIA HA IT'PA®E

I1.0. ITuesosaposa

Uccnenosana ycTONYMBOCTE W pa3peInuMocTh 3axadn Komm qia ypasue-
HHE AUjt — Ujtze = PUjez — OUjzazs + YU, 33TAHHBIX HR KOHEYHOM CBA3HOM
¥ OPHEHTHPOBAHHOM rpade ¢ yCAOBHSIMH HEIPEPHIBHOCTH M OajiaHCca NOTOKA B
€ro BepINUHAX.

KumioueBble ciioBa: ypashenue coboaesckozo muna, zpad, dasosoe npocmpancmeo, duromomuu peuwerud

BBeneune

IIycts G = G(B; €), rae U = {V;} — muoxkecTBO BepmuH, a € = {E;} — MHOKecTBO pebep, G
— KOHEUHBIN CBA3HBIM OPMEHTHPOBAHHLIN Ipad, IpuueM Kaxkaoe ero pebpo E, nmeer nuuuy [, €
R} u mromans nonepeunoro cedenus d, € R ;. Ha rpacde G paccmorpum nuHeiiHble ypaBHEHAS
B YACTHBIX NPOM3BO/IHBIX

)\ujt — Ujtzx = ,Buja:a: — QUjgggz + YUy (0.1)

OTH ypaBHEHWS OMUCHIBAIOT SBOJIIOIUIO CBOOOIHOM MOBEPXHOCTH (DUIBTPYIOMIEHCS KU AKOCTH
(cm. [1] u Gubmuorpaduio Tam). OHE OTHOCATCS K OBIIMPHOMY KJIACCY YpPaBHEHHI COBOIEBCKO-
rO THUIA, KOTOpHIE B HOC/I€JHEe BPeMs aKTHBHO M3yYalOTCS B Pa3jIMYHBLIX acrnekTax. VIzydenue
JudbepeHnAIBHBIX ypaBHEHUH Ha rpadaX HAYaJI0Ch B KOHIE IPONLIoro sexka (cm. [2] u 6ubnmo-
rpacduio ram). [lepsaa pabora no ypasueHusiM cobosieBCKoOro Tuna Ha rpadax [3] semura B 2002 r.,
HepBas AuCCepTanusi 10 AaHHol npobiaemaruke [4] sammmena B 2005 r. OgHAKO Ipexe BO BCEX
paboTax IO ypaBHEHHAM COOOJIEBCKOro THIIA HA I'padax M3ydJasuch TOJLKO AAHAMHUYECKUE YPaB-
Henust (cM. knaccudukammio o IA. Ceupumoky [5]). Jaunas crarbs COEPXKUT UCCIENOBAHAE
9BOJIIONMOHHBIX YPaBHEHHUH cOB0IEBCKOTO THIIA HA I'pade.

Hac wnrepecyror pemenus ypasaennit (0.1), yI0BIeTBOPSIONUTHE CIEAYIONAM YCIOBAIM:

u;(0,8) = ug(0,t) = up(Im, t) = un(ln, ), (0.2)

rne E,, Ey € E%V;), B, E, € E“’(VZ)(EO‘(“’)(V,) — MHOMKECTBO pebep ¢ HauaygoM (KOHIIOM) B
Bepmuse V,); a Takxke

> djuge(0,t) = D drtiga(li,t) =0. (0.3)

EjeEa(Vi) Ex€B* (V)

Yenorust (0.2) TpebyIOT HENPEPHIBHOCTH PEINEHAH B BEPIIMHAX rpada, IPHYEM B ITHX YCIOBHIX
TEPMHH <OTCYTCTBOBaThH>HE 3HAYUT <OBITh PABHBEIM HyJ0>. CKaxeM, eCjid B BepIIHHY V, BCe
pebpa <BXOIST>, TO IEPBHIE ABa PaBeHCTBA B (0.2) UMEHHO <OTCYTCTBYIOTS, & HE <PABHbI HYJIIO> .
Ecnn, x npumepy, rpad cocrout u3 ogHOro pebpa u aAByx Bepumd, To yeaosus (0.2) orcyrersyior,
a ycnosust (0.3) upespamatorca B ycaosus Heitmana. Ecimm xxe Bepmumna y rpada onsa u pebpo
Toxe oo, To yciaosuga (0.2), (0.3) npeBpaImaoTcsa B yCaOBUA COTIACOBAHAL.
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I1.0. IIusoBapoBa

Hamr moaxox 3akirogaercs B pefayknuu 3a1auu Kommu
Uj(.’l}; 0) = 'U'Oj(x), z e (O,IJ) (04)

st yparenuit (0.1) k 3agage Komm
4(0) = uy (0.5)

151 abCTPAKTHOTO JIMHEHHOrO 9BOJIIOIIMOHHOTO YpaBHeHUs COOOJIEBCKOTO THTIA
Lu = Mu (0.6)

U IPVIMEHEHWH 3aT€M METOJOB TEOPHM OTHOCHATEIBHO P-CeKTOPHANbHBIX omeparopos (cM. [6], ri.
5). Kpome Toro, Hac WHTepecyer yCTOMUIMBOCTH pemrenuii ypasaenuit (0.1), koTopyo Msel Gymem
u3ydyaTh B TepMHHAX auxoroMuii pemenuit ([6], ri. 6). [losToMy craThs KpoMe BBOAHOM YacTd B
CIIMCKA JIATEPATYPHI COAEPKUT ABE JacTH. B mepeoii mposomurcs peaykuus 3aa4aum (0.1) — (0.4)
k 3agage (0.6), (0.5), a Bo BTOpO#i CONEPKUTCA OCHOBHOM DE3YJIBTAT CTATHH.

1. IlocTaHoBKa 3aJa4un

Yrobet peayuuposars 3amaqy (0.1) - (0.4) k 3amage (0.5), (0.6), BBesmem B paccMoTpenue ciie-
Ayiomue nmpocTpancrsa: § = {g = (91,92, .., V3, ...) 1 g5 € L2(0,4))} 1V = {v = (v, v2,...,vj,...) :
v, € W}(0,1,) u emomueno (0.2)}. [IpocrparcTBo § — rIts6epTOBO CO CKANAPHBLIM yMHOXKEHHAEM

L

<gh>= > d]/gjhjda:,

E;ec 0

a mpocTpaHCcTBO U — 6aHAXOBO ¢ HOPMO

l]
ol = 3 4, / (v2, + v2)da.

E;jec 0

BameTum, 9To B CuITy TeopeM Bioxkenus Cobosesa byrkmum u3 W4 (0, l,) abcomoTHO Henpe-
PBHIBHBI, TIO3TOMY TPOCTPaHCTBO Y onpesesieHo0 KOPPEKTHO.
O603nauum uepe3 V* conpsixennoe K Y OTHOCHTENHHO JBOUCTBEHHOCTH < -, > MPOCTPAH-
CTBO U POPMYJIOit
l]
< Av,w >= E d, | upwyzdz,u,v € W,
E;e€ 0

sazanum oneparop A € L(B,V*). B [7] nokazano, uro ero cuektp o(A) HeoTpHUIATENEH, [UC-
KDETeH, KOHEYHOKPATEH M CTYLIAeTCs TOJBKO K +00. 3aHyMepyeM coOCTBeHHEbIE 3HaUeHHs {Ag}
omeparopa A 1o HeyOLIBAHUIO C YYeTOM MX KpaTHOCTH. Torma OopToHOPMHPOBAHHOE (B CMBICIIE
§) cemeitcTBO cooTBeTCTBYIOIMX COGCTBEHHBIX (byHKIWME {@} oneparopa A ob6pasyer 6a3uc mpo-
cTrpaHcTBa U B CWIy ILUIOTHOFO M HeNpephIBHOrO BioxeHus Y C §.

Bseziem B paccMoTpenne eme oaHo Ganaxoso npocrpancTso U = {u = (u1, U2, ..., uj,...) 1 Uy €
W2(0,1,), u semonnsiores (0.2), (0.4)} ¢ Hopwmoi

l]
2 2 2
llz = 3" 4, / (u2yy + 12, + u2)de.
E;ec€ 0
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O HeycTOMYMBOCTH pereHuii 3BOJIOUMOHHBIX YPABHEHHUM. ..

B cuny yxe ymoMsHyTBHIX Teopem Bioxkenusi CobojieBa mnepBbie NpOW3BOAHBIE (DYHKIMT H3
Ww(0, l;) abCOJIIOTHO HENPEPHIBHEL, IIO9TOMY KOPPEKTHOCTH OIIPEe/esIeHus IpocTpancTBa iU obec-
neqena. HerpyzaHo 3ameruts, uro {¢x} C 4, a B cuny mwiorHocTH Bioxerns Y C § cemelicTBO
{©r} obpasyer 6azuc B U. Popmynoit B : u = (—Uizg, —U2gx, -y —Ujzz, ---) 3JABAAM OIEPATOD
B :4 — F. OueBuguo B € L(U,F) u Bu = Au npu Bcex u € i, nostromy o(B) = o(A). Bozemem
A € R u nmocrpoum omeparop L = A + B. Ilo nocrpoennto oneparop L € L(U;F), a ero cuextp
o(L) = {A+ A}

Hakoner, BBegeM B pPacCMOTPEHHE MOC/IEAHEE B JaHHON cTaThe 0AHAXOBO MMPOCTPAHCTBO
domM = {u € h: u, € W(0,,,) m

ijz(07 t) = ukw:c(oa t) = umwx(lmat) = unmw(lna t)7 (2'1)

roe E,, B, € E*(V;), Enm, E, € EX(V;);

Z djU)yans(0,1) — Z dxUkzez(lk,t) = 0} (2.2)

Ej€E%(V;) By €E9(V;)

C HOPMO#1
lJ

2 2 2 2 2 2
”u“u = Z d, /(ujaca:a:z T Uypgr + Uygy T Upy + ug)dw'
E;ee 0

CaenaeM no ycnosusim (2.1), (2.2) Te ke 3amevanns, 9o u 1o yciaosuam (0.2), (0.3) u, ananoruny-
HO CKa3aHHOMY BBHIIIE IPO IMPOCTPAHCTBO il, YCTAHOBAM KODPEKTHOCTH ONPEJEIEHHs MPOCTPAH-
crBa domM. 3ameruMm eme, 9ro nOCKOIBKY {@r} C domM, a Bnoxenwe domM C Y mnorHO
W HEIpPepHIBHO, TO ceMe#cTBO {¢y} aBnserca Gasucom B domM. Ianee, dopmymoit C : u —
(Y1zzze, Y2gzzs:s -+ ) Yjzazs, --) 3a0amuM oneparop C : domM — §, npuuem C €L(domM;F) u
o(C) = {)\2}. BossmeMm a, 3,7 € R u nocrpoum oneparop M = —BB — aC + . Ilo nocTpoernio
oneparop M € L£(domM;F), a suaaur M € Cl(; F).

Urak, 4 u § — 6aHaxoBH! IpOCTpPaHCTBa, a oneparopsl L € £(44;F), M € Cl(U;F). Peaykuusa
sagaum (0.1) — (0.4) k 3amaqe (0.6), (0.5) 3akondena.

2. KoppekrHocTh 3aga4n

Hycre U u §F — 6anaxoss! npocrpancrsa, a L € L(, F) u M € Cl(i, F) - onepaTopst, nocTpo-
ennple B 11.1. Hameit uenbio siBjisiercs JOKA3aTeNbCTBO CyIECTBOBAHUS €IUHCTBEHHOIO PEIICHHS
sazaqn (0.6), (0.5), a Takke mccnenoBanue ycroiuusoctu pentenuii ypasrenus (0.6). Haunem c
ycranoBienus cuiasHOM (L, 0)-cexmopuasvrnocmu onepamopa M.

Jdemma 1. Ilpu wobwz o € Ry u B,7v, A € R maxuzx, wmo aubo —\ ¢ o(A), aubo —\ € a(A) u
—\ He A6AAEMCA KOpHEM YpasHenus aa’ + Ba— = 0, onepamop M cuavo (L, 0)-cexmopuanen.

HeiicTBuTebao, U3 QOPMYJIEL

(.U'L—M)_lzi <Pk > Pk
= A+ M) + ar? + B —

BBRITEKaET, uT0 L- criekTp oneparopa M uMmeeT Buj

—aX? — B+
k() = {u = =B
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I1.O. ITusoBaposa

BEILIIECTBEHEH, JUCKPETEH ¥ CTYINAETCH TOMBKO K = 0o. Jlasee u3 popMmysn

o0
L _ <P > Pk
Ri=2 p—pe
k=1

~1 e <Pk > Pk
(wl = M7 L L = M) ,; (b — p) (v — k) (A + )
anagiornuso ([6], r1.5), HeTpyauo ycTanoBUTH cunbHYyIO (L, 0)-cekTopuanbHOCTL omeparopa M.
Iepeiinem k paccMOTpeHMIO BONPOCa 0 pazpemumoctd 3agaqu (0.6), (0.5). BekTop-dysKiuo
u € C®(R4;u), yrosnersopsifontyio ypasuennio (0.6), HAa30BeM peweHuem TOTO YDABHEHHS.
Pemwenve v = u(t),t € Ry, ypasuenus (0.6) nasbiBaerca ocaabaernvim peutenuem (B CMbICTE
C.I. Kpeiina) 3agaun Kommu (0.5) mna ypasuenuns (0.6), ecin tgr(?+ u(t) = uo.

Onpenenenne 1. Muooicecmeo P C U Hazweaemesa Pa306vim NPOCMPAHCMBOM YPABHEHUA
(0.6), ecau
(i) ar0boe pewenue u = u(t) aescum 6 B Kax mpaexmopus, m.e. u(t) € B npu ecex t € Ry ;
(11) npu awbom uy € B cywecmsyem eduncmeennoe ocaabaennoe pewerue 3adawu (0.6),

(0.5).

Teopema 1. Ilycmv a € Ry, 8,7y € R u

(i) =X € R\ o(A). Tozda gaszosvim npocmpancmeom ypasruenusa (0.6) cayorcum ece npo-
cmparcmeo .

(ii) =X € 0(A). u —\ ne aeaaemca xoprem ypasHenua aa’+Ba—y = 0. Tozda Pasoevim npo-
cmpancmeom ypaswenua (0.6) asaaemes npocmpancmeo U = {u € 8 (u, ) = 0,—X = A}

Nrak, Bonpoc o cymecTBoBanuu eauHCTBEHHOTO pemenus 3ana4u (0.6), (0.5) pemen. 3ame-
THM, YTO OZHOBPEMEHHO DEIlleH BOMPOC M 0 HECYIIecTBoBaHuM pentenns 3ana4dn (0.6), (0.5), ubo
ecrmu ug ¢ U' B cayugae (ii) Teopemsr 2.1, To pemerus 3anauu (0.6), (0.5) He cymecrsyer. Ilepeitaem
K Bompocy 06 ycroiftunBocru pemenuii ypasuenus (0.6).

IIycts P - dbazosoe npocrpancTso ypasuenus (0.6). Muoxecrso J C B Ha3BIBaeTCH UHEA-
puarmuvim npocmparcmeom ypasaernsa (1.1), ecnm ansa moGoro ug € J pemenne u = u(t, up)
3azgaqn (0.6), (0.5) nexnur B J kak Tpaekropusa (r.e. u = u(t,up) € J npu Bcex t € Ry).

Omnpegnesienne 2. Iosopam, WMo cywecmsyem IKCROHEHYUAALHAA OUTOMOMUA peuteruli yYypas-
nwenusa (1.1), ecau cywecmsytom makxue uneapuanmuvie npocmparcmeas J°, J% C B, wmo B =
P DI*; u ecau cywecmsyrom maxue K, Cs, Cy, € Ry, wmo daa aobwx vo € I° u wo € J* umerom
mecmo nepasercmea ||u(t, vo)|| < e~ Csllvoll,t € Ry u |Ju(t, wo)|| < e Cyllwoll,t € R-. Ecau
B = J°(B =T%), mo 2060pam, wmo pewenus ypasrerus (0.6) IKNOHEHUUAADPHO YCMOTHUBHL
(aKCnOHEHYUAABHO HEYCTOTNUEYL).

Teopema 2. ITycmov o € Ry, 5,7 € R, npusem 4oy < —B%. Tozda
(1) ecau X > —A;, mo pewenus ypaenenua (0.6) sxcnonenyuasvro Yycmotiusot.
(1) ecau A < — A1, mo cyuwecmeyem IKCNOHEHYUGALHAA JuTomoMmus ypasrwerus (0.6).

Hoxasameavcmeo. Ilo reopeme 2.1 dazosoe npocrpanctso P ypasaenus (0.6) BuIisauT ciexy-
omuM 06pa3oM:

P = i, ecnu BeImosiHEHO ycuioBue (i) Teopemsr 2.1,
U, ecom BemommEeno ycmosme (ii) Teopemsr 2.2.

Ecmn 4ay < —f82, T0 ypaBHeHHe a)\z + BAr — v > 0 npu Bcex Ag, ¥ IOTOMY €CIH A > —Aj,
T0 BCce Ui < 0, u 3maunt, J° = P.
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O HeycTOH4YMBOCTH penieHuil SBOJIONMOHHBIX yPABHEHUI. ..

Ecmm ke A < —Aj, To cymecTByeT moanpocrpancTso J* = span {pg : A < —\;}, a moampo-

crparcTBo J* = {u € P : (u,pr) =0, < =i} O

3amerum, uTo B cuity yciosus o € Ry curyanusi, korga pernenus ypapHenus (0.6) skcmo-

HEHOWaJIbHO HeyCTOI./'I“II/IBbI, BO3HUKHYTBH HE MOXKET.

B 3akiroyeHre aBTOPHI CIUTAIOT CBOMM IMPHATHBIM JIOJITOM BHIPA3UTH CBOIO MCKPEHHIOI OJia-

ropapaocTh mpodeccopy I'A. CupuIioKy 3a MOCTAHOBKY 33Ja4M ¥ UHTEPEC K pabore.
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