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OBLIAS XAPAKTEPUCTHKA PABOTbI

AKTYaJIbHOCTh TeMbl: OJIMNTHYECKME 33la4d CO CBOOOAHOM rpaHMUEH,
MCIIO/IB3Ys TEOPHIK) BapUALMOHHBIX HEPABEHCTB, BIEPBbIC ObLIM M3yueHbl Jlepu
X. n Cramnakkpa I'. B ux paboTax mosydyeHbl pe3yJbTaTbl O CYLIECTBOBAHMH,
€AMHCTBEHHOCTH M TJIaJKOCTH pELUeHHH, a TaKkKe IJIAAKOCTH CBOOGOAHOM
rpaHMUBl B 3ajaye C TMPENATCTBUEM IJIAI MHHUMAJIBHOH MOBEPXHOCTH B
IByXMEpPHOM cjy4ae. Pe3ynapTarel O riaakocTd CBOGOJHON TpPaHMIBI MOMCHO
Ha#iTh B paborax JI. Kagapennu, A. ®puamana, U. Bianka, I'. lllaxronsua u
Apyrux. B naipHeilneM BapHaLlMOHHBIE HEPAaBEHCTBA JJUIMIITUYECKOrO THIA
M3y4anuch MHOTMMH aBTopaMHu. B paborax X. Bpesuca, XK. JI. Jluonca, P. E.
Ilopantepa ¥ JAp. JOKa3aHbl TEOPEMBl CYIIECTBOBAHUS M EAMHCTBEHHOCTH
SMUIMNTHYECKHX  BAPMAUMOHHBIX  HEPaBEHCTB IS  MOHOTOHHBIX W
NCEBIOMOHOTOHHBIX OMEPATOPOB.

Kiiaccuueckum mnpumepoM napaboiMyeckod 3amaud co CBOGOAHOM
rpaHuued ssisercs 3anava Credana. 310 MatemaTHueckas MOAENb npouecca
TasHUA JbAa B Boxe Temneparypbl 0°. AHalOrMYHbIE 3aJauyd IMOJYYAKTCH,
HarpuMmep, MpH MOAEIMPOBAHUH (PU3NYECKUX MPOLECCOB OXIANIECHUS HKHUAKOrO
MeTajla B [POM3BOJACTBE CTAJIbHOIO TPOCA, TEMJIOBOrO PE3aHHA [MMIa3MEHHbBIM
Jay4oMm Mertauidyeckoro aucra. B paborax @. E. Bpoymepa u X. Bpesuca
JI0Ka3aHb!l aOCTPAaKTHbIE TEOPEMBbl CYLIECTBOBAHMS M €IMHCTBEHHOCTH Ciabbix
peleHUi HeNMHEHHBIX BAPHALMOHHBIX HEPaBEHCTB apaboJIMYecKoro THMA AJis
CEeBAOMOHOTOHHBIX onepaTopos. B pa6orax XK. JI. Jluonca u P. E. llloantepa,
MCMOJb3Ys TEOPHIO MOJYrpyMNM, [OKa3aHbl TEOPEMbI cymecraoaaumx u
€MHCTBEHHOCTH C/Ia0BIX pelieHHH napabon4ecKuX BapHaLMOHHBIX HEPABEHCTB
AJ1st ICEBAOMOHOTOHHBIX ONEPaTOpOB M MMPHBEAEHDBI YCIOBHUS, IPH KOTOPHIX OHH
OynyT FIagKUMH.

[Tcesnonapabonuueckue ypaBHEHHs ¥ HEPAaBEHCTBA XapaKTEPH3YIOTCH

HaJIMYUEM B HHUX TPETHErO MOpAAKa CMEWIAHHBIX MPOHW3BOJHBIX — BTOpOro



nopsaka Mo MNpPpOCTPAHCTBEHHBIM [MEPEMEHHBIM M HEPBOro 1o BPEMEHHOMY,

Harpumep

u,—Au, —~Au=f(u).

W3ydyenue psana BaxHbIX NPUKIALHBIX 3314, KaK YCTOHYMBOCTE

NBVDKEHHST BOJIYKA C T[IOJOCTBKO, HAIlOHEHHOW uaeanbHO! HKHUAKOCTBIO,

IBWKCHHWE HEHBIOTOHOBCKMX JKHUAKOCTEH, OXNaXJEHHE CIOKHBIX Cpel,
BJIArOMEPEeHOC B MOYBOTPYHTAX, U T.A., IPUBOIAT K paccMOTpeHuto 3anay Kouu
¥ CMELLIAHHBIX 33a4 JJI TAKMX CHCTEM, KOTOpBIE HE Pa3pelinMbl OTHOCKTENBHO
CTaplIMX [POM3BOAHBIX [0 BPEMEHH. Marematuueckas Mbnens npouecca
¢GuibTpauuy KHOKOCTH B IOPHCTOH Cpele C TpelMHaMH HAM [polecca
TETUIONIPOBOIHOCTH B OJXHOPONHOM  cpene

OpUBOAAT K  H3YYCHHIO

TCceBAONapaboNHYECKUX BapHALIKOHHBIX HEpPaBEHCTB. OHH TaKXKe BO3ZHUKAIOT B
3afa4ax ¢ NpensATCTBHEM H B IPYTHMX 3aayax co CBOGOAHOM rpanuiei. B pabore
Hu benenerro u IlloBanTepa HoKa3aHO, YTO pewleHHe OnHO(DA30BOH 3amaun
Credana Moxer ObITh NPHUBENEHO K pELIEHHIO MCEBAONapaboNu4ecKkoro
BapHaLlHOHHOTO HEPaBEHCTBA. '

B pabore CxapnuHu O6buUla pacCcMOTpEHa JMHeHHas 3aaya

ncesuonapa60nuqecxux HEPABEHCTB BTOpPOro nMmnopsjika B OJHOMEPHOM

MPOCTPaHCTBE, & [CEBAONApaboNMUECKHE YPaBHEHHS BBICOKOTO MOPALKA
usydeHsl B paborax bBpuana, M. Ilrammuk u ap. Obuyio Teopuio
MCeBAONapaboNMYecKuX YpaBHEHHH W HEpPaBEHCTB MOXHO HaWTH, HalpuMmep, B
paborax T. B. Tunra, C. A. l'annepna, B. X. ®opaa, M. O. Baca, C. II.
JlaBpenioka, M. B. [Tracunka, P. E. [lloBantepa M. Boama.

Hacrosuias agucceprauus NOCBSILIEHA H3YYEHHIO OJIHOFO Kjaacca
BAPHALIMOHHBIX HEPABEHCTB, JUIA KBa3sWIMHEHHBIX MCEBAONApabOoHYECcKuX
ONeparopoB, a TaKXe [AO0Ka3aHbl abCTPaKkTHBIE TEOPEMBI O CYUIECTBOBAHUM,
€IMHCTBEHHOCTH M TMIAAKOCTH pELIeHHH AN HEKOTOpOro Kjiacca HenMHEeHHBIX

0nepaTtopoB (B YaCTHOCTH /IS [ICEBAONApabOIHHECKHX ONEPATOPOB).
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Ilens pa6oThl COCTOMT B HCCHEAOBAHMM aOGCTPAKTHBIX BapHALHMOHHBIX
HEpAaBEHCTB, a TakKe B WK3YYEHHM pAla BONPOCOB O  CYLIECTBOBaHMM,
€[IMHCTBEHHOCTH, MIAJAKOCTH U OrPaHHYEHHOCTH B OECKOHEYHBIX MHTEpBaIax
BPEMEHH pELIeHMH  BapHALMOHHBIX HEPABEHCTB [  KBasHJIMHEHHbIX
rnceBONapabonuuecKux OneparopoB (C BEIPOXKACHUAMH MK 6€3 HuX).

Mertoapl aHaau3a: B auccepTauMu MCCIEAYIOTCS METOAb! (YHKIHOHAIBHOrO

obuieit Teopud aAHddepeHUHanbHBIX YPaBHEHMH C YaCTHBIMM

nonyrpymnm

aHajiM3a,

[POM3BOAHBIMH M  METOX JIHHEHHBIX AN 3BOJIFOUMOHHBIX
BapUalHOHHBIX HEPABEHCTB.

Hayunas HoBu3ua: 1. JIOka3aHO CyUIECTBOB2HHE W €AMHCTBEHHOCTH pelUeHHH
i8¢ Kjacca KBa3HJIMHEHHBIX

BapHallMOHHBIX OJHOI'0

HEpaBEHCTB
nceBAONapaboIMyecKuX onepaTopos.

2. B pednekcuBHoM baHaxoBOM MNpPOCTPAaHCTBE HCCI/IEOBAHO BapHalMOHHOE
HEpaBEeHCTBO JUIi OJHOro Kjacca HEeJMHEHHBIX OMNepaTopoB M JAOKa3aHo
CyUIECTBOBAHME, €AMHCTBEHHOCTD M [IaAKOCTh CabbIX peLIeHHH IPH HEKOTOPBIX
MPEANOJIOKEHUAX. :

3. PaccmortpeHa 3ajaya BapUALMOHHBIX HEPABEHCTB MUl  KBasHIMHEHHBIX
ncesponapaboauyecKux Oneparopos, JOMYCKAMOUIMX BBIPOKAECHHE HA FpaHuue
POCTPaHCTBEHHBIX MEPEMEHHBIX, U J0Ka3aHO CYIECTBOBAHUE, €AMHCTBEHHOCTD,
rA3JKOCTh M paBHOMEpHas OrPaHUYEHHOCTh €€ PELEHHH MpPU ONpeAeeHHbIX
MPEANOJOKEHHUAX.

Teoperuyeckas ¥ MPaKTHYeCKas HEHHOCTb: PaboTa HOCHT TeopeTH4eckui
xapakrep. Ee pesymbTaTel MOryT OBITh HCHO/B30BaHbl B HMCCIEAOBAHUAX
BAPUALIMOHHBIX HEPABEHCTB, HA4a/JbHO-KPAa€BbIX 3a1ay M TEOpUM 3ahay Co
CcBOOOJIHOM IrpaHHLIEN.

Anpo6auus paGorei: Pe3ynbTaThl JUCCEPTALMHU JOKIA1BIBAIMCE HA CEMHUHAPAX

Kaq)eﬂpbl TEOpHHK ONTHUMAJIBHOIO YIIPpABJICHHA H ﬂpH6JIH)KCHHbIX METOA OB,



kapeapel AnddepeHUHAnbHBIX YpaBHEHMH M CEABMOM  MEXIYHApPOIHOM
couMalbHOM KoHrpecce B Mockse (31 suBaps — 3 depais 2007 rona).
My6auxauuu: [To Teme gucceprauvu onyGIMKOBAHBI NATH HAYYHBIX CTATEH.
Cnncok paGoT npuse/ieH B KOHLE aBTopedepara.

CrpyxTypa u o6bem paborbi: JluccepTalis COCTOMT M3 BBEIEHHS, Tpex rias,
3aK/IIOYEHHs U CITUCKA JIMTEPaTyphl U3 76 HaUMEHOBAHUM, CONePXKHUT 77 CTpaHHL|

TEKCTa.
COJJEP)XXAHUE PABOTBI
Bo BBenenun oGocHOBaHa akTyanbHOCTs paboThl M AaHbl o6GwHeE

NMOCTaHOBKH 3a4ay.

B

_[IaBe 1 paccMOTpeHo  ciemyiollee  mceBaonapaboauueckoe
BapHaLKOHHOE HEPaBeHCTBO Haz ruIB6epTOBBIM MPOCTPAHCTBOM
U=L2(0,T,WZI(Q)), $78 R™ " illyert K={u€U,u]zZO} -

ou
BBINYKJIbIH, 3aMkHYTBIA KkoHyc, u D={ue U,E— eU,u(x,0)=0}. Iona
t

sanannoro f € U', tpebyercs naiitu u € K () D, ais kotoporo
ou
(LE,v—u)+(Mu,v—u)Z(f,v—u),‘v’veK, (1)

rae onepatopet L u M :U — U’ onpenenensi, kak

(Luy)= ”z U(x)————dxdt+ I.[ao(x)uvdxdt,

0QiJj=1

(Mu,v) = j jzb (x, Vu)—dxdt+ j [BoCeyuvexat

0Qi=1
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INpennonaraetcs, 4TO MaTPUIA KOOPUUHEHTOB Q) (x) cummerpuuna (To ects

&0

i HeNpepbIBHbI,

a, (x)=a,(x)), dynxunu a,, M YIOBJETBOPSAIOT

YCJIOBHSAM:
Ya,(068, 2 el VxeQ VEe R, &, >0,
i,j=1

ax)z o, Vre ) apnl),

@
3 (b6 ) =bem)E —1) = BlE -1l Vx e Q, V¢ ne R, B, >0,

i=l

b(x)z . Nx€Ef) P, >0,
|6,(x,$) = b,(x. )| < B[ 7,

b BB e

B naparpage 1.1 ciaeaywouas 3ajaya,

COOTBETCTBYIOLIAs CHJIbHOM 3aaave (1)

npuBeneHa cnabas

(L—g—‘;—,v—u)+(Mu,v-—u)2(f,v—u),VveKﬂD’ 3

ue K

a TaKKe A0Ka3aHa
Teopema 1. CunbHOe pelieHHE BapHallMOHHOrO HepaBeHCTBa (T.e.

pemeﬂne 3amauu (1)) sABAsAETCA M CNaGbIM pelIeHHeM (T.e. SBIAETCS pelleHUeM

nns 3anaqu (3)).

B naparpade 1.2 uccrienoBaHbl CBOHCTBA ONepaTopoB a LuM
Tip1 yCAOBUAX (2) ¥ AOKa3aHbl CIEAYIOILHME JIEMMBI:
Jlemma 1. Onepatop M, npu ycnosusx (2), ssasercs

NCEeBAOMOHOTOHHBIM U KO3PLUHUTHBHBIM ONEPATOPOM.



Jlemma 2. Onepatop L, npu ycnoBusx (2), ABASETCA HENPEPHIBHBIM

OnepaTopoM.

Jlemma 3. [Tycts G(h), onpenenennas no gpopmyse

¢)(t G h)a
0, t<h

t>h
G(hWe(t) =

JIMHEeHHas nojayrpyinna, i1 KOToporo oneparop —'a—' ABJIAETCA I'€HEepaTopoM C
4

obnacteio onpenenenus D . Torna (L

I———fﬂqo,(o) 20 qsscex peU.

Jlemma 4 (ycnosue corsnacosanus). Jins mo6oro u € K cywecrByer

MOC/I€0BATENBHOCTE U ; € KN D Ttaxas, uto u e b R

Ou,
llm(L U, —u)<0.

[IpuBeneHHBIE BBIIE PpE3YJbTAThl IMO3BOJIAIOT, HCIOJB3Ys TEOPHIO
NOJIyrpyIil, J0Ka3aTh CIEAYIOUIYIO TEOPEMY CYIIECTBOBAHHS M €IMHCTBEHHOCTH
cnabbIx pelueHHH.

Teopema 2. Ilpu ycnosusx (2) 3agaya BapualMOHHBIX HepaBeHCTB (3)
MMeeT eIMHCTBEHHOE PeLlIeHHe.

B naparpade 1.3 npuBeneHa cieaylollas HavyajlbHO-KpaeBas 3ajaya,

COOTBETCTBYIOLIAA HCCJIEAOBAHHOW HaMM 3ajavye BapHallHOHHBIX HEpPaBCHCTB

(1): ans 3aaaHHBIX f € L,(0,T;L,(2)) u u, € L,(Q), uolr >0 Tpebyercs

HalTH U € VV;(O,T;VVZZ(Q)) >

Aasl KOTOpOro cChpaBe€iyiMBa  cClaeayroLuas

CHCTEMa COOTHOILUEHHUM
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ou

L—a—+Mu = f(x,?), (x,t) € Qx(0.T),

u|l=0 3 uo (x)’

>0,

4)
ou

ov,,

0 U
—— +
ov, ot

u. _é__gu__‘_
ov, ot

~

|-
L

M yxe

ou
ovy,

=0.

U3 NpOCTPaHCTBA

3nech Ly vu IEHCTBYIOT

L,(0,T; W) s L,(0,T; L2 (©2)) no popmynam

S

.Jl

OrnepaTopkl

) +a,(x)u,

(a,, (x)

—é%(b.-(x,w»«»bo(x)u,

i

a HOpMaJibHbIE POU3BOJHBIE [10 ONepaTopaM L u M onpepensiorcs, kak

ou

= A ——cos(v X%
ov, ,;1 ’(x)

= Zb (x,Vu)cos(v,x,).
aVM i=1

JlokasaHa crieayioiuas Teopema 06 IKBUBANEHTHOCTH (B HEKOTOPOM CMBICIIE)

HaYyanbHO-KPAeBOH 3a1a4u, C COOTBETCTBYIOLIEH € 3anadyeid BapUaLMOHHBIX

HEepaBEHCTB.
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