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Abstract: The global existence of a weak solution of a inhomogeneous
boundary value problem for the reaction-diffusion—convection equation
with variable coefficients is proved. The maximum and minimum
principle for the substance’s concentration is established. The solvability
of the boundary control problem is proved on weak solutions of the
boundary value problem under consideration.
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1 Bsegnenme. IlocTaHoBKa KpaeBoii 3amadn

WaTepec K nccae0BaHUIO KPAEBBIX 3371at U 33/1aY YIIPABIECHU s HEJTH-
HEHHOrO ypaBHeHUs peaxknnu—Iuddy3un—KOHBEKIIMU BbI3BAH, B TOM YHC-
Jie, OUCKOM >hMEKTUBHBIX MEXAaHU3MOB VIIPABJIEHUS COOTBETCTBYIOIIUMU
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nporteccamu. Buibop 0oJiee peasinCTUYUHBIX MOZEJEH, yUUTHIBAIOIINX HEJIN-
HEWHYIO 3aBUCUMOCTD KOI(MDMUIMEHTOB B YPABHEHUN U I'PAHUYHBIX YCIOBUSIX
MOJIEST OT KOHIIEHTPAIMY BEIEeCTBA, MO BCEH BUIAMMOCTH, MPEATOUTUHTEh-
Hell u s TpoBepkn 3 PEKTUBHOCTH UCTIOIB3YEMBIX yIpasaeHuii. B ¢Boto
odepesib, UCCIEIOBAHNE HEOMHOPOJHBIX KPAEBBIX 33/1a4 TMO3BOJISIET NUCTIOJh-
30BaTh TPAHUYIHOE YIIPABIEHNE, KOTOPOE JErde PEean30BaTh. 3/16Ch OTMETHM
paborsr [1, 2, 3, 4, 5|, a Takxke crateu [6, 7, 8], MOCBSIIEHABIE UCCIETOBAHIIO
KPAEBbIX U 3KCTPEMATBLHBIX 3319 JITsT psifa O6Iu3Kux Momeseti.

B orpannuennoit obnactu  C R3 ¢ rpannneit I' = 09 paccmarpusaercs
CTETYIONTAsT KPAaeBast 33,19

—diviA(p)Ve) + k(p,x)p+u-Vo=fBQ, p=1 ual. (1)

3/1ech ¢ — KOHIIEHTpAIHsT (3arpsI3HSIIOINEro) BEIeCTBa, U — 33 JAHHbI BEK-
Top ckopoctu, A(¢) > 0 — koadpdurment muddysun, k(p,x) > 0 — kK0adh-
dutmenT peakiuu, X € €, f — obbeMHAs IOTHOCTb UCTOYHUKOB BEITIECTBA.

Ha samauy (1) npu 3amanubix GyHKIUIX A, u, k, f 1 1 6yJaeM cChLIaThCs
HIUXe, KaK Ha 3a7a49y 1.

B nacrosmeii pabore ¢ ucnosb3opanueM rnpunnuia Jlepe-Illaynepa goka-
3aHo 1yioba/IbHOE CYIIeCTBOBaHUE caaboro pernenus 3ajgadu 1 B cjiydae, Ko-
r1a HeJIMHEHHOCTD k:(go, )  sIBIIAeTCA MOHOTOHHOH. Takoil mogxon aBiseTcs
asprepHaTHBOM mpuMenennto npuHimna laynepa B caygae, korma k(p,-)
orpaHmteH 1o coorBercTByomeil LP nopme (cum. [9] u [10]).

astee ycraHaBIMBAIOTCSA JIOCTATOYHBIE YCJIOBUS HA UCXOJIHBIE JIAHHBIE 3a-
gaun 1, Ipu KOTOPBIX CIPABEIIUB IPUHITUI MUHUMYMa ¥ MaKCUMyMa, JIJIst
KOHIIEHTPAIIUU .

Hakowner, na ciabbix perrennsax 3aja4du 1 JI0Ka3bIBAETCH Pa3PEIUMOCTD
3aJa4n YIIPABICHU, POIb YIPABIECHUS B KOTOPO UrpaeT PyHKINA 1), UMe-
IOIIasd CMBICJI TPAHUYHOT'O SHaQYEeHWA KOHIICHTPAIINuM.

Baech ke ormerum paborsr [11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25|, noCBAIIEHHBIE MCCIE0BAHNUIO KPAEBbIX M 9KCTPEMAJILHBIX 3a-
Jad SIS MOJTe el TeroMaccornepenoca, obobaonmx mpudanxkenne byccn-
Hecka. Tak »xe ormernm pabors |26, 27, 28, 29, 30, 31, 32, 33|, nocssuieHnbe
CJIOKHBIM PEOJIOTUYECKUM MOJIEJIAM AUHAMUKHU YKUIKOCTH.

2 PaspemmumocTh KpaeBoii 3agadn

Huzke mbl 6ynem ncnosnbzosark npocrpancrsa Cobonesa H*(D), s € R,
H°(D) = L*(D), rae D obosmaqaer obmacts € wmm ee rparumy I'. CooTrert-
CTBYIOINE TPOCTPAHCTBA BEKTOP-QyHKIUI Oymem obo3nauarh Kak H S(D)S
n L?(D)3. CkangpHbie Iponsseennus W HOPMbI B npoctpanctsax H®(D) u
H*(D)3 wmn 8 L*(D) u L?(D)? obosnauatorcs kak (+,-)sp u || - ||s.p nm
(v)p a || - ||p- Yepes || - |li,0 u | - |1,0 0bo3HAUNM HOPMY U IOTYHOPMY B
HY(Q) wm HY(Q)3

Beejsiem yHKIIMOHAIBHOE IPOCTPAHCTBO [IJIsi BEKTOPA CKOPOCTH W:

Z={velL'Q)?:divv=038Q}
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1 PYHKIMOHAIBHOE MHOXKECTBO
LY(D)={he LYD): h>0us. 8D}, 1<q<o0.

JLiust 11pou3BOJILHOIO ruJibbeproBa npocrpancrsa H vepes H* oboznadum
COIPSKEHHOE K HEMY MPOCTPAHCTEO.

I1yCTh BLIIOHSIOTCS CAEAYIONINE YCAOBUS:

(H.2.1) Q — orpanmuennas obiacTs B npocTpancTse R? ¢ rpammmeit ' €
00,1.

)

(H.2.2) f € L2(Q)3, ue Z, ¢ € H/*(D);

(H.2.3) naa moboit by w € H () cnpasenmuso sroxenue k(w, ) €
Li(ﬂ) s moboro p > 5/3, Tae p He 3aBUCHT OT w; W HA JIOOOM MIape
B, ={w e HY(Q) : |w|l1.0 < r} pamryca r BHINOIHIETCA HEPABEHCTBO:

[k(wi,-) = k(wa, )| o) < Lllw — wallpay Ywr,we € H'(Q).

Baeck koHCTAHTA L 3aBUCHT OT 7', HO HE 3ABUCHT OT W1, W3 € By;

(H.2.4) nenuneiinocrs k(p, -)p sBJseTcst MOHOTOHHON B CJIE/YIOIIEM CMbIC-
Jie:

1
(k(p1, )1 — k(w2 )2, 1 — 92) > 0 V1,00 € H' (Q);

(H.2.5) dyukuus A(7) — menpepbiBHag npu 7 € R u cymecTByoT moJio-

SKUTEIbHBIE KOHCTAHTBI Ampin X Amax TAKHE, 9TO
0 < Amin S A7) < Apax V7 € R.

Ormernm, uro yeaosus (H.2.3), (H.2.4) onuceiBator omepatop, IeiicTBy-
fommmit w3 H(Q) B LP(Q), rae p > 5/3 (moapo6uo cu. B [4]).

Hamomuum Takzke, 4To 1o Teopeme BioxKernus CobosieBa, IPOCTPAHCTBA
HY(Q) m H(Q)? sxragpsatores, coorsercrsenno, 3 L¥(Q) u L ()3 menpe-
PBIBHO P $§ < 6 1 KOMITAKTHO TIPH S < 6, a TaKyXKe ¢ HEKOTOPOI KOHCTAHTOM
Cs, saBucameit or s u (), cupaBeJIuBbI OLIEHKN:

1Rl Le@) < Csllbllne Vh € HY (),
IVl < Csllvile Vv € H'Y(Q) . (2)

CrpasejivBa crie/yromas Texandeckas jseMma (noapobuo cum. B [34, 35]).

Jlemma 1. ITycmo evnoansomen yeaosus (H.2.1) u (H.2.5), kg € L (Q),
q > 5/3, u € Z, moada cyuecmsytom nosoHCumesvHbe KoOHCmanmot 0,7y,
sasucawue om Q uau om Q u p, ¢ KOMOPLIMU EUNOAHAIOMCA CALOYIOULUE
COOMHOWEHUA:

[(AM)VR, V) < Amaxl[hl[1,0ln]l1,0,
[(u-Vh,n)| <Aylullpa@pellblielnllse Ve h,n € HY(Q), (3)
|(koh, m)| < vpllkoll r(ey IRlI10s Il L0, Vh,n € HY(Q), p>5/3,  (4)
(w-Vh,h) =0, (Vh,Vh) > 6||h]]3 o,
AV, Vi) = N|BlT g, A = 6Amin YV € H'(Q), h € Hy(Q).  (5)

Bynem ucrob3oBaTh CAEAYIONIYIO JIeMMY O JU(MTUHTE KOHIIEHTPAIUU

(cm. [35]).
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JIemma 2. IIpu svinoanenuu yeaosus (H.2.1) cywecmsyem maxan dymi-
yus oo € HY(Q), wmo

wolr = ¥, llpolle < CrllYli/z2,r- (6)
3decv Cr — xoncmanma, 3asucauwas om €.
Yunuoxnm ypastenue B (1) na dbynkuuto h € Hi (Q), mpuvenus dopmyiry
I'puna, npuxogum K ciaaboit bopmysnuposke 3agaun 1
M)V, Vh) + (u- Ve, h) + (k(p,x)p,h) = (f,h) VYh € Hy(Q).  (7)

Onpenestenne 1. @yukmuio ¢ € H(Q), yaosrersopsomyio (7), Hazo-
BeM CIa0LIM pelreHreM 3aJadn 1.
Cnaboe perrennga 3aga4un 1 OyaeM HCKATh B CJAETYIOIIEM BHJIE:

v =0+, (8)
e o — bynxmma n3 gemver 2, ¢ € H(Q) — mosas nemspectHas byHKImS.
TMoncrasass (8) B (7), npubasum k ob6enm gactsiv (7) caaraemoe —(k(po, *)po, h).
TTonmyaum

(M@ +$0)VP, V) + (M@ + ©0) Vo, Vh) + (0 - V@, h)+
+(k( + @0, ) (@ + ¥0) — k(o )0, h) =
= (I,h) = (f,h) — (u- Vo, h) — (k(vo, )0, h) Yh € H3(Q). (9)
Baech
[ll-1.0 < M = |[flle +~Crllullps@psll¢l2r+
+1Crllk(eo, ) llellvll/2r- (10)
st nokaszarenbcrBa paspenmMocty 3aga4u (9) npuMennm npuHimn Jlepe—
HTaynepa. Beenem menuneiiasiit oneparop G mo gopmysie:
(M@ + @0)VG($), Vh) = (I, h) = (A& + ¢0)Vipo, VA) + (u- Vip, h)+
(B + 90, )(@ + 90) — Klgo, Jpor h) — (LB} Vhe HYQ). (1)
Beenem dunnneiinyto o v u n ¢popmy a 1o dopmyJie:
ax(v,n) = (A(c)Vv, V) Ve,v,m € H'(Q).
U3 teopemsr Jlakca—Musbrpama u (11) BeiTekaer, 9o 1is 060t GyHK-
nuu @ € HY(Q) cymecrsyer equncrsennas yuknus s € H (Q), ais koro-
pOii BBITIOTHSIETCST CIEAYIONEee PABEHCTBO:

ax(s,h) = (I,h) Yh € HL().

B rakom cayuae, oneparop G, onpeesennsiii ¢opmysoii (11), orobpazka-
er H(Q) B HE(Q) u craBur B coorercTBUe Kazkuoi dbynximun ¢ € Hi(Q)
snement G(p) € HE(Q).

s mokasareabCTBa CyIIECTBOBaHUSI permtenus 3agadu (9) I10CTaToqHO
J0Ka3aTh CyIecTBoBanue permenns ¢ € HE () omepatoproro ypasHenus:

¢+ G(p) =08 Hy(Q). (12)
PaccMOTPHM MOCTe0BATETBHOCTE { Py} € HE () Takyto, uTo

$n — @* cmabo B HY(Q) u cumbro B LP(Q) mpu n — oo, p < 6. (13)
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Borunras (11) mpu ¢ = @, € HE(Q) u3 (11) npu ¢ = p* € HE(Q), byaem
UMETh

(A(@n + o) V(G(&") = G(¢n)), Vh) =
= = ((A(@nte0) =M@ +0))VG(£7), VA)+((A(@ntipo) = A& +¢0)) Vo, V) +
+(u- V(@™ = @n), h)+
F((k(&"+po, )= k(Bntpo, ) (Bntpo), h)+(E(@"+po, ) (@"—@n), h). (14)

Ucnonesyst memmy 1, HepasercTso Lenbepa, yuntsisast ceoiictsa (H.2.3),
u3 (14) BBIBOAUM HEPABEHCTBO:

[(A(@n + #0)V(G($Y) — G(¢n)), Vh)| <
< [[((A(@n + w0) = AM@" +¢0)) VG (") [allhll1 0+
F((A(@n + ©0) = ME" + ©0)) Vo lallhllLot
+y[[ullza@ysllén — @l 2o 1Rll1,0+
+HpLl@nllie + ol l$™ — PullLa@)+
+C6[k(8" + @0, )| /316" — @nllLs @] lIB[l1,0- (15)
IMonaras h = G(¢*) — G(¢y) B (15) n yunteiBag (5), IPUXOAUM K OICHKE
MG(E) = G(@n)llne < [((A(Bn + o) = ME" + #0)) VG(E) o+
F[((M&n + ©0) = AM@" + ¢0)) Vol la+
+[[ullza@sllén — @ llLa)+
W L(8nlln + leollio)|e" — @nllra@)+
+C6[k(" + w0, )l 530 197 = @nll L3 (0)- (16)
Ilo Teopeme o maxxopante Jlebera u B cury (13), onenka (16) o3nagaer

HENPEepLIBHOCTL W KOMIIAKTHOCTD omepatopa G : HE (Q) — HL(Q).
Hapsany ¢ (12) paccMOTpuM OIepaTopHOE ypaBHEHHE:

Gw + WG (Pw) =08 HY(Q), we (0,1]
U BapUallMOHHOE PABEHCTBO:
(A (Pw + ©0)V@u, VR) + w(A(@w + ©0) Vo, V) + w(a - Vi, h)+
w(k(@ + @0, ) (¢ + o) — k(vo, )po, h) = w(l,h) Yh e Hy().  (17)

IMonarasg h = @y, B (17), n yunreBas (5) n yeaosue mororonsoctu (H.2.4),
OPUXOJUM K OI[EHKE

[Pwlie € wMg, Mg = Ci(AmaxCrll¢ll2r + lll-1.0) w,e € (0,1]. (18)
fcuo, uro u3 (18) BoITekaeT oreHka
[Pwll10 < M. (19)

Torma B custy Teopemsr Jlepe-Ilaymepa, cymectsyer pemenne ¢ € Hi ()
orepaTopHOro ypasHenus (12), sksupajeHTHOTO 3a7a4e (9), 1ysi KOTOPOTO
crpaBe/ymBa oreHka (19).
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B raxom ciyuae, cyuiecrsyer ciaaboe pemenue ¢ € H(Q) zapaun (7), e
p = @ + pp U CIpaBeInBa OIEHKA!

lelle < My = Mg + Crllv]li2r- (20)

CupaBennBa CaeAyIONIAs TEOPEMA.
Teopema 1. Iycmo ewnoanaromes yceaosua (H.2.1)-(H.2.5). Tozda cy-
wecmeyem caaboe pewenue o € HY(Q) sadauu 1 u cnpasedausa anpuopras

ouensa (20).

3 IlpmHIUND MakcmMyMa M MUHUMYMAa

IIycTh BBINOIHSAIOTCS CJIEYIOIIIE YCJIOBUA:

(H'S'l) fmin < f < fimax 1.8, B Q, Ymin <Y < YPpax 1.8, B T

31ech fmin, fmaxs Ymin, Ymax — HEOTPULIATEILHBIE YUCIA.

Bynem cumrars, uro ko3 dunmenT peakinu uMeeT CJACAYIONni BUI;:

(H.3.2) k(p,x) = a(x)k1(p), tae k1(-) : R — R4 — menpepoiBHas dyHK-
nust, a(x) € L*®(Q), npuuem 0 < apin < a(x) < apax < 00 m.B. B Q u
GYHKIMOHAJIBHBIE yDABHEHUS

k1(8) s = fmax/@min, s € (0,400), (21)

k1 (t) t= fmin/ama)u te (O, +OO) (22)
UMEIOT, 110 KpaifHeil Mepe, o oHOMY (TOJIOKUTEIBHOE) KOPHIO Sy U ty.
Teopema 2. Ilycmo swnoanaomea ycaosus (H.2.1)-(H.2.5) u (H.3.1),
(H.3.2). Tozda dns xonuyenmpayuu ¢ cnpasedius caedyrouut npunyun Mak-
CUMYMA U MUHUMYMO:

m< <M ns. s,

M = max{¥max, M1}, m = min{¢min, m1}. (23)

3decv My — murumasvhwili (nososcumenvroil) xopens ypasnwernua (21), a
My — MAKCUMAALHO (NOAOKHCUMENbHbIT) KOperb ypasnenus (22).

HokazarenabcTBo. CHavaja jgokaxem, uro ¢ < M m.e. 8 Q. C s710it me-
abt0 BBesieM dyHkuuio ¢ = max{yp — M,0}. flcHo, 4T0 HpUHIMI MAKCHMyMa
nin onenka @ < M m.B. B ) cupaBejiuBbl TOTJA W TOJABKO TOT/A, KOTJa
@ =0ms. B

Yepez Qs C 2 0603HAYUM OTKPBITOE M3MEPUMOE TIOIMHOXKECTBO 00/1aCTH
2, B koropom ¢ > M. 113 [36, p. 152] u [37] Berrekaer, uro V@ = Vo 1.8. B

Toryia cpaBeTUBLI CIEIYIONINe PABEHCTBA:

M)V, V@) = (M@ + M)VP,VE)gy = (M@ + M)V, V),
(u-Vep,p)=(u-Vg,p) =0,

(k'(SO, ')(Pv ()5) = (k’((p, ')907 @)QM = (k(95 + M, )(95 + M): @)QMa
C y4eTOM KOTODBIX, TojicTasisas h = @ B (9), noaydaem

M@+ M)V, VE) + k(@ + M, ) (2 + M), @)gy = (f;9)- (24)
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B cuny (H.2.8) mina dynxuuit o1 = ¢+ M u o3 = M uz HY(Q) cupasej-
JIUBO DABEHCTBO:
0< (k’(@ + M’ )(95 + M) - k(Ma )M7 @)QM =

= (ko + M, )(¢ + M) = k(M,-)M, @), (25)
nockobKy @ = 0B Q\ Q.
C yuerom sroro BerareMm (k(M,-)M, @) n3 obenx gacteit (24). Byzewm
HMETb, YTO

M@+ M)V, V@) + (k(p+ M, ) (@ + M) = k(M, )M, 9)q,, =

= (f_ k(M’)M’ @)QM' (26)
B cuuy nemmbr 1 n (25), u3 (26) noaydaem oreHky
)‘*H‘/N’H%,Q < (fmax — amink1 (M) M, @)QM' (27)

13 (27) Berrekaer, uro ecau nmapaverp M Boibpan u3 ycaosus (23), 1o ¢ =0
n.B. B .

Jist oKa3aTebCTBa NPUHIMIIA MUHIMYMa BBejieM MyHKIMI W = min{e—
m,0}. Paccyxmas, xak u s byHKOnn @, 3akmodaeM, aro w € H ().
IlycTb B M3MEPUMOM OTKPBITOM MHOXKECTBe (, C ) cupaBeyinBO HEPABEH-
CTBO @ < M.

Paccyxpas, Kak u BbIe, IPUXOJAUM K COOTHOUIEHUIO

(A +m)Vi, Vi) + (k(@ + m, ) (@ +m) — k(m, -)m,0)q,, =
= (f - k(m> ')mv ’J])Qma
U3 KOTOPOTI'O BEIBOAUM OILICHKY
)‘*Hﬁ)H%,Q < (fmin - amaxkl (m)m,ﬁ))Qm <0. (28)

U3 seimeckazantoro u (23) Beirekaer, 9ro w = 0. W
3ameuanue 2. s creneHHBIX KOID@PUIMEHTOB PEAKIUH TTapaMeTphI

M u my serko Beraucagtorca. Hanpumep, mst k(@) = || moaydaem, aro
1/2 1/2
M1 = fmax nimi = fmin'

4 3amada rpaHUYHOTO yNPAaBJICHUS

B sanHOM pazjieiie pacCMOTPUM 33/[a4y I'DAHUYHOI'O YIIPABJIEHUS U JI0-
KayKeM ee pa3pelrinMOCTh Ha C1abbIX perteHusx 3agaun 1. Bymem cuntars,
Y9TO yIpaBJieHne 1) MOXKET U3MEHATLCS B HEKOTOpoM MHOxKecTBe K. Bemem

Y = HYQ) x HY2(T -
dyHKIMOHAIBEHOE TPOCTPAHCTBO Y = (Q) x (") u onpenesnm ore
patop ® = (®1,®2): H(Q) x K — Y, fefictsyromuit mo dhopmMymam:

(@1(p, 1), h) = (M@)Vp, Vh) + (k(, ), h)+
+((a- V), h) — (f,h) Vh € Hy(Q)

®2(p, %) = plr —p € HYA(T) (29)
u nepenuireM cyabyio dopmyaupoeky 3agaqdn 1 B Buge P(p, 1) = 0.



3AJAYA TPAHUYHOTI'O VIIPABJIEHU A 151

PaccmarpuBasi 910 PaBEHCTBO KaK yCJIOBHOE OIDAHUYEHUE HA COCTOSIHUE
0 € HY(Q) u yupasienne 1) € K, chopmymmupyem 3a1a4dy yCJIOBHOA MUHM-
MUBATNN:

Ko M1 .
Jp,0) = 1) + 7||¢||%/2,F — min,

O, ) =0, (p,0) € H'(Q) x K,
rae I: H'(Q) — R — c1a60 DOTyHenpephIBHEIL CHI3Y (DYHKIIHOHAIL.
Yepes

Zaa = {(p,) € H'(Q) x K : ®(,9) =0 m J(p, ) < o0}

0603HAMUM MHOZKECTBO J0IyCTUMbIX 1ap 3aja4u (30) u npeainonoxum, 4ro
BBITTOJHAIOTCS CIIEAVIONINAE YCIOBUS:

(30)

(H4.1) K C HY*(I') — menycroe BBITYKIOE 3aMKHYTOE MHOMKECTBO;
(H.4.2) po >0, p1 > 0wm K — orpaamyaenHoe MHOKeCTBO, nw ji; > 0,4 =0, 1,
n dyuknponasn I orpanuyen cCHu3y.

Huxe npuBenem npumeps! (PyHKITMOHAIOB KAIECTBA!
d d
Lp) = llo—¢G: () =l — ¢l o

Baeck p? € L2(Q) (nm ¢ € H(Q)) — zanannbie B nogobaactu Q C Q dbynk-
ITUH.

CupasemBa, CJIe/IyIOMAsA TEOPEMA.

Teopema 4.1. I[Tycmov swnoansomes yeaosua (H.2.1)—(H.2.5) w (H.4.1),
(H.4.2), dynxyuonar I: H () — R caabo nosynenpepbisen u MHofCeceo
donyemumoi nap Znq we nycmo. Tozda sadaua (30) umeem, no kpatined
mepe, oono pewenue (p,) € HY(Q) x K.

HoxkazaresberBo. [lycts { (¢, ¥m)} C Zaq — MUHEMU3UPYIOIIAS IOCIE-
JIOBATENIBHOCTD s (PYHKIMOHATA, J, 1JIsT KOTOPOi

lim J(om,¥Ym) = inf  J(p,p) =:J".
A J(em,¥m) = b T )

13 Brimeckazanmoro u ycaosuit TeopeMbl 4.1 BBITEKAET OIEHKA
lYmll1/2,r < e

3meck u HUKE ¢; 0003HAYAIOT KOHCTAHTHI, HE3ABUCATIINE OT M.
13 Teopembl 2.1 BRITEKAET OIEHKA

lemll1,0 < co.
CriefioBaTe/IbHO, CYIIECTBYOT C1abble Mpe1eibl:
¢t e HY(Q), o* e HYX(T)

HEKOTOPBIX ToInocaeosareasHocteit { @, } u {1, }. CoorBercryormmue mou-
[OC/IEJOBATEIPHOCTH OyIeM Tak ke 0003HaIaTh {@m} 1 {m }.
U3 kommaxTHOCTH Baoxkerns H'(Q) — L3(Q) for s < 6, BuITekaet, 9T0

Om — ©* € HY(Q) crabo 8 H'(Q)

u cuwibho B L°(Q), s < 6, mpu m — oo,
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Um — * cnabo B HY?(T) npu m — oco. (31)
IMokaxewm, uro ®(x*, u*) = 0 wm
g sroro 3amerum, 9ro mapa (@m, ¥m) YAOBIETBOPSIET TOXKIECTBY
(Aem)Vom, VR) + (k(om, ) om, h)+

+(u-Vo* h) = (f h) Yh e HY(Q). (33)

Ilepeitnem B (33) k npenesry ipu m — oo. Bee nnneiinere craraemsle B (33)
CTPEMSTCS K COOTBETCTBYIOIINM caaraeMbiM B (32). st HeqmHeiHOTO CJla-
raeMoro (A(@m)Vgm, Vh) cipaBeiinBo paBeHCTBO:

(/\((Pm)VSOmv Vh) - (A((p*)vw*7 Vh) =

= ((Mem) = AM@"))Vom, VA) + (V(om — "), A(*)Vh) Vh € Hj(Q). (34)
IMockonbky A(p*) € L*®(§2), To u3 (31) BBITEKAET, 9TO
(V(em — %), M¢*)Vh) — 0 mpr m — oo Vh € H3(Q). (35)
Tlo Teopewme Jlebera o MaXOpaHTON CXOAUMOCTH NMEEM

[((A(em) = A@"))Vom, VR)| < [[(AMem) = AMe™))Vhllal[Vemllo <

< &2 (Mem) = A(@*))Vh)|l@ = 0 mpn m — oo Vh € Hy().  (36)

Bosee Toro, uz (35) u (36) caenyer, uro
(A @m)Vom, VR) = (M@*)Ve*, VA) mpr m — co Vh € Hj(Q).
Haxkownerr, mbr nmeem (cum. [25]):
(E(@ms )Pm, h) = (k(p*,-)@*, h) mpr m — oo Vh € HY().

Iockoneky dbyukmmonan J ciabo momynenpepoisen na H'(Q) x HY/2(T),
To J(p*, ) = J*.

5 3akJjmoueHne

B macTosieit pabore qoKa3aHo T/I00AIBHOE CYIIIECTBOBAHIE CJIA00T0 pertre-
HIS HEOTHOPOIHON KpaeBoil 3aJaun [JIS YpaBHEHHSA peakInu—Inddy3umn—
KOHBEKIINY C TIePpEMEHHBIMI KO3dpHUImeHTaMu. DT0 MO3BOINIO I JAHHOM
KpaeBoil 3a0a4ul pacCMOTPETD 3aady IPAHUIHOrO YIIPABJICHHUS, TOKA3aB ee
paspemmMocTh. B ciaeayoomux padorax Ajs 3KCTpeMajbHol 3anadn Oymer
BBIBE/IEHA, CHCTEMA, ONTUMAJILHOCTH, Ha OCHOBE KOTOpO# OymeT mpoBemeH Ka-
9eCTBEHHBIH aHAIN3 ONTHMAJILHBIX pereHuii. Tak ke B pabore ycTaHOBJIEH
OPUHIIAI MAaKCHMyMa B MAHAMYMa, 11 KOHIIEHTPAIIAH BEIIeCTBA.
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