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ATIMTIPOKCUMAILIU SJIJIMIITUYECKNX YPABHEHUII C
PA3PBIBHBIMU HEJIMHENHOCTAMMU

Paccmarpupaercs curyauns, KOra pe30HAHCHAS /UITHIITHYECKas Kpaebas 3aJada ¢ PaspbiBHOIN Heln-
HEHHOCTBIO ABIACTCA HAeadn3alneil pacrpee/leHHOIl cHCTEMBI ¢ HENPEePBLIBHBIMU MO ha30BOIl HMepeMeHHoi
HEeJIMHEeHHOCTAMH, MMEIOIINX V3KHe VYacTKH B obiactn u3Menenns (asopoil nepemeHHoil, rie oreieInThb
U3MeHeHHs] HeIMHeHHbIX NapaMeTPOB HEBO3MOXKHO. M3yuaercsa Bompoc 0 OIM30CTH MHOMKECTE pelleHnii pe-
AJIBHOI 1 HIeaIH3WPOBAHHON CHCTEM.

MaremaTndeckne MOJIe/IH B I'HAPOJAHHAMEIKE, 3JIEKTPOMU3HKE, TEOPHUHU YIIPABICHHA MO-
IYT NPHBOANTD K 3JUIMOTHYECKHM KPaeBbIM 33J1a4aM ¢ pa3pblBHBIMU HeJTHHeiHocTsaMu. [Ipn-
Mepbl TAKHX IOCTAHOBOK NPHKJIAJAHBIX 3a/a9 MOKHO Hafitu B [1] u [2].

PaspbiBHbIe HeTHHEHHOCTH MOI'YT BO3HHKATH KaK HIeATH3AIliH HEeIPEePBIBHLIX MPOIEC-
COB, ¥ KOTOPBIX HAO/II0AAI0TCA Y3KHe HHTePBaIbl B 00/1acTH 3HadYeHnil (dha30Boii nepeMenHoii
¢ OBICTPBIM M3MEHEeHHeM HeJMHEHHBIX MapaMeTpoB mpolecca. Tak Kak CTPYKTYPY H3MeHe-
HUA NapaMeTpa Ha TaKuX HHTepBaJaX OTCJIEIUTh, KaK NPAaBUJIO, HEBO3MOXKHO, TO 3aMEHAIOT
nmapaMeTphl Ipolecca Ha Kazk/JI0M H3 pPacCMaTPHBAEMbIX HHTEPBAJIOB HA PA3PLIBHYIO He/IH-
HeitHocTh. [Ipu 5TOM BO3HHMKAaeT BONPOC O OJM30CTH MHOXKECTB PelleHHil ypaBHeHus ¢ uiea-
JIU3UPOBAHHBIMHU XapaKTePHCTUKAMH U ¢ HCXOJAHBIMU MapamMerpamu. lanHas mpob/ema Oblia
nocrasiaena B pabore M.A. Kpacnocenbckoro u A.B. ITokposckoro 3| u a/1g Ko3puuTuBHBIX
S/TMNITHYECKHX KPAeBbIX 3a1a4 H3y4dadach BApHALMOHHBIM MeTona0oM B [4]. Bosee obmmii Bo-
npoc 0 OJIH30CTH MHOKECTBA PENIeHHH BO3MYIIEHHOTO YPaBHEHHSI K MHOKECTBY pelleHuii
HCXO/IHOMN 332491 PACCMATPHBAJICA B 5] B mpeamosioxkennu, 9T0 HeTMHEHHOCTH MOHOTOHHBI,
u B [6] B ciiyuae, KOra HEIMHEHHOCTH YI0BJIETBOPSAIOT OJHOCTOPOHHEMY VCJIOBHIO JIummmIa.

B nanmnoii pabote paccMaTpuBalOTCH LINNTHYECKHE KPaeBble 3aa4d B OrPaHHYeHHOIl
obmactu 2 C R" ¢ orpaHu4YeHHOH Pa3pBIBHON HEIWHEHHOCTBIO, ¥ KOTOPBLIX COOTBETCTBYIO-
mlasg Kpaesas 3aja4a JJ1s JUHeHHOH 4YacTH ypaBHEHHs UMeeT HeHY/IeBble pelleHus (pe3o-
HAHCHBII C/Iy4ail), anmpoOKCAMAIIMH KapaTeol0PHeBhbl U CXOIATCA K HEIMHEHHOCTH HCXOIHOM
Kpaesoii 3a1aun B MeTpuke L;(£2 x R). Toka3siBaercs TeopemMa O CyIIeCTBOBAHUM TOCIEI0-
BaTeILHOCTH pelleHnil MpuOTHKeHHBIX 3a1a4, cxoaameiica B Cp(£)) K pemeHmio HCXoaHOi
IrpaHuyHoil 3a1a4yn. [Ipu sToM A1d anmpoKCHMMHUPYIOIIUX 3a/a4 OepyTcs pemieHns, J0CTaB-
JA10IHe a0COMIOTHBIT MHHUMYM COOTBETCTBYIONIEro (hyHKIIHOHAIA, COMOCTOBIAEMOTO Kpa-
€BOH 3/LIMIITHYECKOlT 33a/1aue IPH BapHaIlMOHHOM Ttoaxome. /loka3aTeabcTBO CYIIECTBOBAHUS
TaKHX pelleHHil ONHpaeTcs Ha Pe3yJIbTaThbl, moaydenubie B [7]. Ormerum, uro B [4| Ha Hemn-
HEefHOCTb MCXOTHOTO YPaBHEHUS W Ha aNlpOKCUMHUPYIOIHe HeJHHeHHOCTH HaKJ/IaIblBaJnCh
Goslee KeCTKHe OTpaHHYeHHs, 4eM B JAaHHOIl pabore, a B ormyue or [5] u [6] He TpeGyercs
OT He/IMHeHfHOCTH BBIMOJIHEHNS OJHOCTOPOHHETO YCJI0BHUs JIumimuna.

1.IlocranoBka 3amaun u (POPMYJIUPOBKA OCHOBHBIX Pe3y/ILTATOB.

[Tycrs € — orpanuyennas obaactb R* (n > 2) ¢ rpanuneit I' knacca C%2, a € (0,1),

L'U,(.’L) =- Z(aijuwi)wj —1—6(3?)’16(1')

f,7=1

~ paBHOMEpHO utunTHYecKnit auddepennuaapubii oneparop Ha () ¢ KodbdumerTAMI
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AnnpokcuManui JLTHNTHYeCKAX VPABHEHHIT ¢ pa3pBIBHBIMH HEJTHHEITHOCTSIMI

a;j € C1(Q), a;j(z) = aji(z) na Q, c € C**(Q) [8].
PaccmarpuBaeTcs Kpaesast 3a/1a4a BUJIA

Lu(z) = go(x,u(z)), = €L, (1)
Bu|r = 0, (2)
rae (2) — oHO U3 OCHOBHBIX KpaeBbiX yeaosuii: au6o dupuxiae (Bu(z) = u(x)); mubo Heii-
du da
MaHa ¢ KOHOpMaJIbHO# nmpoussoanoii (Bu(z) = o > i (@)U, cos(n, z;); cos(n,x;) -
L ij=1

HAIIPAB/IAIONTHE KOCHHYCHI BHEIHeil HopMasn K rpanuie [); mubo Tperbe Kpaepoe yCJIOBHE
du
(Bu(z) = B + o(x)u(z), o € CH*(T), neorpunareabna Ha I U He paBHA TOXKIECTBEHHO
ng
ay110). IIpeanonaraeres, urto dyukmus go(z, u) yIOBIETBOPSIET YCIOBHIO (*):
*1. dbyukuus go : 2 xR — R Gopesaesa (mod 0) [9], To ectb oHa oT/IMYAETCS OT HEKOTOPOTA

bopeneroit Ha ) X R ¢yHKINN JIuIIb HA MHOMXKECTBE, IPOEKIMA KOTOPOTo Ha () nMeer
HV/IEBYIO MepY;

*2. JIIs IOYTH Beex o € ) cedenne go(z,-) nveer Ha R paspbiBbl TOIBKO MEPBOTO POJA U

go(x,u) € [9- (2, u), g+ (x,u)], g-(x,u) = liminf go(z, s), g (x, u) = limsup go(z, s);

*3. 11 MouTH BeeX T € {) BepHa omeHka |go(z,u)| < a(z) Vu € R, tme a € L,(Q), ¢ > n.

OMNPEAENEHUE 1. Cuavnum pewenuem 3adawu (1)-(2) naswsaemes dyrwyua u € W2(Q),
s > 1, xomopas ydosaemeopaem ypasreruto (1) das noumu écex x € ) u das komopot caed
Bu(x) na epanuuyy I' obaacmu Q pasen my.ao.

O6o3naunm yepe3 N (L) MHOXKeCTBO pemieHnii OTHOPOAHON KpaeBoii 3a1a4un

Iu = 0,z€ (3)
Bulp = 0. (4)

ONPEJE/NEHUE 2. 3adaua (1)-(2) nasweaemca pesonancnoi, ecau nodnpocmparcmeo N (L)
HEHYAELBOE, U HEPE3OHAHCHOT 6 NPOMUEHOM CAYUAE.

Annpokcnmanun uexoaHoit 3agaun (1)-(2) umeror B

Lu(x) g(z,u(z)), = € Q, (5)
Bulr = 0, (6)

rie byskmmn ¢(, u) — KApaTeoaopueBbl W 1N HUX IPH IOYTH BeeX T € () BepHa OlEeHKa
lg(z,u)| < a(z) Yu € R,

1 BBINOJIHAETCH CJIeyiollee yCI0Bue OJU30CTH

f d:c[ lg(z, s) — go(z, s)|ds < 0, npu HeKoTOpPOM § > 0. (7)
Q R
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33.){[8'1‘}*1.\*1, qTo KJIacc armpoxcnnaunﬁ COCTOHUT M3 PEe30HaHCHBIX HJIH HEePe30HaHCHBIX
3a71a4 B 3aBHCHMOCTH OT POJa MCXOJHOH 3a1a4H.

Mooy X :ﬁ-’é(ﬂ), ecu (2) — rparnanoe yeiosue Jdupnxie, u X = WHQ), ecan (2)
— rpaHn4Hoe veaosue Hefimana ¢ KOHOPMAIBHOM IIPON3BOIHON WM TPeThe KpaeBoe YCIOBHe.

Kaxnas u3 3azaa (1)-(2) u (5)-(6) onpenenserca Bxousgmeil B Hee HEJIMHEHHOCTHIO.
CpszkeM ¢ KazK 101l Takoii 3a1adeit dbyHKIHOHA, ONpe/ie/IeHHbIH Ha X W 3aBHCANINI OT TOil
HEJMHeHHOCTH:

u(x)
Jo(u) = J(u) — / d:r./ ale.gide L=0.12,.
10
rje

Jitli = % Z /g;a,-jumumjdx 7+ % /Q c(z)u?(z)dr + %/a(s)uz(s)ds (8)

1,j=1 =

(s 3amaun Tupuxie u 3a1a4u Hefimana ¢ KOHOpMaJIbHO# IPOH3BOAHOM Hogaraem o(s) = 0.
Jonoaunrensuo norpebyem neorpunareabHoctn dyuknuonata J(u) va X, a B peso-
HAHCHOM CJIy4ae ellle W BBIMOJTHEHUS 118 HETHHEHHOCTH go(2, u) CJIeYIONero yCI0Bus:

u(x)
lim /dx/ go(x, s)ds = —oc. (9)
Q 0

uEN(L),||uf|x —++o0

BameTu™, uto u3 (7) u (9) HEMeAJIeHHO CJIeIyeT, YTO /I NPOH3BOJILHOI AIPOKCHMH-
pyIolel 3a/1a4H ¢ HeJIMHeHOCTBIO ¢ BBITIOJIHSIETCS

u(zx)
lim /dxf z,8)ds = —00, 10
ueN(L),||u||=+oc Jo 0 g( i ) : ( )

MOCKOJILKY [T J1I060r0 14 € X BepHO

u(z) u(x) -
/d:r/ g(:r;s)ds—/dx/ golx, 8)ds g/dm/|g(w,s)—gg(m,s)|ds. (11)
Q 0 Q 0 Q R

st annpokenvupytomnx 3a1a4 (5)-(6) BbimoaHeHb Bee yeaoBus Teopemb 1.3 u3 [7],
nosTOMy CcymecTByer dbyHKuus u, € X, Ha KOTOPOil gocTuraercs abCOMIOTHBIH MHHIMYM
Jo(u) Ha X, npuuem mo6oe Takoe u, NIPHHALIEKUT 1-1-’;,2(9) 1 SBJISIeTCS CHJIbHBIM pelleHHeM
sanaqn (5)-(6).

ONPEJEJEHUE 3. [osopam, wmo dan ypashenus (1) ewnoaneno Al-ycnosue [7], ecau nai-
demes He boaee wem cuemmoe cemeticmeo nosepruocmet

{Si: S I}a Sf T {(x.?j) € Rn+1 |'bf- = {:0%(9:’)1 S Q}a i € 1"Vlf“(ljc,l(g-z)

MaxuT, ¥mo 0aa nowmu ecexr T € §) nepasencmeo go(r,u—) > go(x, u+) saeuem cyuecmeo-
sanue i € I, daa womopozo u = p;(x) u

(Lepi(z) — go(z, wi(x)+))(Lpi(x) — go(z, pi(z)-)) >0
uau Lpi(z) — go(z, pi(z)) = 0.

164



ANnpoKcHMAIHH 3/ UTHOTHICCKHX YDABHEHHIT ¢ PA3DPBIBHBIMH HeJIHHEHHOCTAMH

Ecau npeanoiokurs, 4To a1s ypasHenus (1) Buimoaneno Al-ycjaoBue, TO B CHILY Teope-
Mbl 1.3 u3 [7] Haituercsa yukuus ug € X, a1 xKoropoit Jg(ug) = i&l_f Jo(u), mpuuem s060e

TAKOE Uy MPHHAIIEKUT I'i"}f(ﬂ) U ABJIAETCA CUIbHBIM pemrennem 3axadu (1)-(2).

O6o3naunM depe3 My MHOKECTBO CHILHBLIX pemmenuit 3azaun (1)-(2), 10CTABIAONINX
abcomoTHbI MUHIMYM GYHKIHOHALY J40, yepe3 I, — MHOKeCTBO CHIILHBIX PelIeHnit 3a,1a4n
(5)-(6), nocraBnsromux abeomorHbli Muanmy™m Jy (K =1,2,3,...).

Pacemorpum  nmocie10BaTeIbHOCTD  ANNMPOKCHMHUDPYIONIHX 33Ja4 € HeJHHeiHOCTAMH
gr(x,u), k = 1,2,3..., TaKuMH, 9YTO MM COOTBETCBYET IIOCJIEI0BATEIbHOCTh IapaMeTpoB
6mmzocti O (em. (7)), cTpeMsimasicss K HYJIIO.

N3yuaercs npobiema 6amusoctu Mgy u M, npn k£ — +oc. OcHoBHOlE pesyabTaT pabo-
THI - CYIIECTBOBAHHE y IPOM3BOJILHOI TOC/IeI0BATEILHOCTH PEIICHHI ATTIPOKCHMHUPY IOIIIX
sanaq {u} ¢ up € M, , noamocaenoBarenbrocTn cxoasmeficsa B C' () x pyukuuu u € My,
@opMyIHpPOBKe MOJTYYCHHBIX TEOPEM MPEANONLTIeM TTOHATHE (F-CXOIUMOCTH.

ONPEJENEHUE 4. [Tyemv { A} — nocaedosamenbhocmo MHOHCECME 6 MEMPUMECKOM NPO-
cmpanemee (Z,p) u A C Z. Tosopam, wmo nocaedosameavrocme muosncecme {Ag} 5-
crodumea k mHoxcecmey A no mempuxe p, ecau

sup inf p(z,y) — 0 npu k — +oc,
reAp yGA

8
u nuwym A — A.

TEOPEMA 1. IIpednoaosicum, wmo
1) daa dpynxyuu go(z,u) 6 ypasrenuu (1) ewinoanero ycaosue (*):

2) kapameodopuesw, annpoxcumayuy g (T, u) Heaunetnocmu go(z, u) ydosaemeopsiom He-
pasencmey (7) npu g(x, s) = gr(x,s) ud = & c deltay — 0;

3) pynryuonan J(u), onpedesennviii gopmyaoti (8), neompuuyamener na X ;
4) ecau nodnpocmpancmeo N (L) nenyaesoe, mo umeem mecmo pasencmeo (9);

5) Oas ypasrenus (1) evinoaneno Al-ycaosue.

8
Tozda MHOIICECTNGA M, (1=0,1,2,...) nenycmoi, npuvem My, — My, no mempuxe npo-

cmpanemea CH(Q) npu k — +00. B mom cayuae, xozda M, cocmoum us 00Hol mowky Uy,
aobas nocaedosamenviocmv {uy}, 2de up € My, crodumea x uy no mempuxe AR

PaccmoTpum ciyuaii, Korma MpOCTPAHCTBO pemenuil 3a1a4u (3)-(4) omHoMepHO, u [171s
bynkuun go(z,u) B ypaBaenun (1) Kpome ycaoBusl (%) BBIIOJHSIOTCS CJeylomue TpeboBa-
HUA:

(i) g moutu Beex T € §) CYMECTBYIOT IPEIeIbl

1 u
gu(z) = lim — f il s
0

u—+oo U
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(ii) BBINOJIHEHO ABOWHOE HEPABEHCTBO

f §+($)w(x)dx+/‘ §_($)yfk($)dm>{]>/ §+(_3:)w(:n)d:r—|—f g_(x)yY(z)dr, (12)
<0 w0 J >0

w<0

riae ¢ (x) — 6asucnas Gynknus npocrpancrsa N(L)..

SAMEYAHUE 1. Tpebosarue (i) ¢ yuemom ycaosus (*) eaeuem npuHadiencrocme Gyrryui
7+ (), dueypupyrowuzx 6 yeaosuu (i), k npocmpancmey L,(2). Hs wezo caedyem cyusecmeo-
6anue uHmezpa.noe 6 nepagencmee (12).

3AMEYAHUE 2. Oepanuvenua (i) u (it) obobwaiom wkaaccuveckoe ycaoeue Jlandecmana-

Jazepa [10], 6 komopom emecmo dynxyuti g () npednosazaemes cyuecmeosanue npedeos

i ]ixf go(x, s). Hanpumep, ecau dynruus go(z, u) nepuoduneckas no dasosoti nepemen-
§—T00

HOT U, Mo ycaosue (i) 6vinoanaemed, a npedeavt go(x, s) npu s — £00, 006wEe 2060, He
cyuLecmeyom.

3AMEYAHHUE 3. Veaoeua (i) u (ii) asaarocs 00cmamouHomMu 0Af GUNOAHEHUA PAGEHCTNEA
(9). Jleticmeumenvro,

u(z)
lim /da:/ go(x, s)ds =
ueN(L)||ul|=+oc Jo 0

= lim tx/da: Y(x) - >
Q

t(x)

t—00

t(x)
[ go(z,8)ds| = —o0
Jo

no meopeme Jlebeea o nepexode k npedeay nod 3xak uHME2PaAG, TLOCKOALEKY NOOBIHINEZDAND-
HaA PyHKYUA no Modyaro ozpanuvena cymmupyemot pynkyuet a(z)|v(z)| npu ecex t € R
u noumu 6cex x € {) u nomoueuHo crodumes nput — +00 K

| s@u@de+ [ g @u@d <o
U0 W<0
anput =+ —00 — K
/ 9. (z)y(x)dx +/ g_(z)¥(z)dz > 0.
w0 >0
C yuerom 3ameyaHns 4 KaK CJI€JCTBHE TeOPEMbl 1 MOJyYaeM CJIeAyIOInii pe3yabTar.

TEOPEMA 2. ITycmo 6 meopeme 1 smecmo ycaosua 4 evinoanenvt ycaoeus (i) u (ii). Tozda
ymeepoicoerue meopemvr 1 0CMAENCA 6EPHBIM.

3AMEYAHUE 4. B cuay samevarnus 3 meopema 2 0bobuiaem ocHoeHotl pe3ysvmam no pac-
emampuseaemoti npobaeme uz [11] (meopemy 4.5.1). Kpome mozo, ewibop annporcumaud
neaunetinocmu 6 [11] maxot owce xax 6 [4].

[Tpu nokazareabcTBe TEOpeMbl 1 MOTPEOYETCs CaeayIomas JIeMMa.

JIEMMA 1. IIpednoaosicum, wmo dynkyuoran J(u), onpedesennvili pasencmeom (8), neom-
puyamenvuoiti. Tozda cywecmeyem noaosicumenvrasa konemanma C maxas, wmo J(v) >
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‘4HHp0KCHM&HHH SJIHNOTHYECKHX }"paBHEHHﬁ C paspbIBHBIMH HETHHEHHOCTAMH

Clv||% Vv € N*(L), 2de N*+(L) - opmozonanvhoe donoanerue & npocmpancmey peuwerul
N(L) sadawu (3)-(4) 6 2uavbepmosom npocmpancmee X.

JokazarenpcrBo. I1peanosioxKuM IPOTHBHOE, TOLAA CYIIECTBYeT II0C/1e10BaTeIbHOCTD
{vn} € N*X(L) rakaga, uro ||v,||x = 1, a J(v,) — 0. Tak Kak mOCJIEI0BATETLHOCTD {Uy }
orpannyesa B pedJeKCHBHOM HpocTpaHcTBe X, TO 3 {vU,} MOXKHO BBIJEIHTH CTab0 CXO-
JSILYIOCS TIO/ITIOCTe10BATeIbHOCT, KOTOPYIO Mbl mepeobosnaunm 3a {v,}. Ilycrs v, — v.
Omnpeneanm Ha X X X dyHKIHOHAJD

J(u, w) =% 3 /s;aijum;wxjd:r+ %/“ c(z)u(z)w(z)dx + %fa(s)u(s)w(s)ds.

ij=1 r
3aMeTHM, UTO 3TO OHINHeHBI KoMMYTaTHBHbIH ynkunonan na X X X, npuuem J(u, u) =
J(u) >0 Vu € X, nosromy st TPOH3BOJILHBIX U, v € X BEPHO HEPABEHCTBO

T (u,w) < J(u,u) - J(w,w). (13)

[Tpu dbukcuposannoM w dbynkunonaa J(u, w) — JHHeHHBIH 1 HelpepbIBHBIT Ha X

Nmeem, cornacuo npeanonokennio J(vy, v,) — 0, a J(v,,v) = J(v,v) (B cuny caaboit
CXOJIMMOCTH TIOC/IeI0BATeTbHOCTH Uy ), HO J%(Vp, v) < J(vn, vp) - J (v, v), OTKyzA Clieyer, 9To
0 = J(v,v) = J(v). A, 3HaynT, KaK cJaeayer u3 HepasexcrBa 13, J(u,v) = 0 ansa moboro
u € X. Takum obGpazom moJydaem, 4To v — cj1aboe pelleHue OJHOPOIHOI KpaeBoi 3a1a4u
(3)-(4). CornacHo TeopemaM O peryasgpHocTH [8], v — cuibHOe pemnieHue 3Toil 3a1a4u. lTax,
v € N(L). Orciona, ¢ y4eToM NPUHAIEKHOCTH U, K N+ (L) momyunm

0= [ (Vu,Vv+uv,0)de — / ((Vv)? + v?) dz,
0 0

u, 3Ha49UT, v = (.

Cornacuo teopemam Bioxkenus CobGosieBa, IMPOCTPAHCTBO X KOMIAKTHO BJIOXKEHO B
Ly (92), mosromy v, — 0 B Lo(2). B cuny paBHOMepHO# 3jiunTuyHOCTH L HMeeT MecTo
HEPABEHCTBO

: 5 i
25 Mv.) 2 x [(an(x)) dx — c/ vi(z)dz,

Ja Q
rae ¢ — makcumyM |c(z)| Ha Q # y — KOHCTaHTa paBHOMEPHOH tHITHYHOCTH. [Toc/e Huil
uHTerpa’ crpemurcs K 0, T.K. v, — 0 B Ly, 1 MOITOMY Ke IlepBOe cJlaraeMoe CTPEMHUTCH K
X > 0 (Beaw ||v,||x = 1). [Tosmyueno nporuBopedue ¢ TeM, 4to J(v,) — 0.

Jlemma 1 mokaszaHna.
2. /loxazaTeqbCTBO TEOPEMEI 1.

ag npocrorsl obo3znauenunit nonoxum Ny =M, [ =0,1,2,....

Henycrora muozxkects Mg, My, My, . .. 6bli1a yeraHoBIeH Bbile. Cpa3y 0OTMETHM, 4TO B
cuy Teopembl BioKennst Co6oJieBa POCTPaHCTBO WE(Q) KOMITAKTHO BKJI3IbIBA€TCA B MPO-
crpancto C*(Q) (T.x. Mo mpeanomoxenuio ¢ > n). [103TOMY B IlepeYHCIEHHBIX MHOKECTBAX
JiexkaT HenpepblBHO anddepennupyembie GyHKINA.

15 1oKa3aTebeTBa TeOPeMbl JOCTATOYHO MOKA3aTh, YTO .18 IIPOU3BOJIBHOI BO3pacTa-
foIIeil MOC/IeI0BATEILHOCTH HATYPATbHBIX YACeN {ny} u3 060l nocaegoBareTbHOCTH { Uy}
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TaKoit, uto uy € M, MOKHO BbLIETHTDH MOJIIOC/IEIOBATEIbHOCTH, cxongamyioca B C(§2)
HEKOTOpoit Touke u3 M.

TTokaszkem CHAYAJIA, YTO MOCIEIOBATEIBHOCTD {uy} orpanudena B npocrpatcree C'(€2).
TIpeAnonoKuM TPOTHBHOE, T.e. YTO TOCIe0BaTebHOCTb {1y} meorpanmyena B C1(). To-
ria U3 Hee MOXKHO BBLICTHTH MONOCIEJ0BATENbHOCTh {uy} TaKylo, 4To ||ug|lcr — +00.
[Tepeo6o3HaunM 3TY TMOANOCIEI0BATEILHOCTD 3a {uy} 1 paceMoTpuM vy = ug/||ug||or.

B cuay Toro, uro uy — pemenne Kpaepoit 3aga4n (5)-(6), mmeem

n

3 (@itha,)s; = —e(e)vi(z) - EEED),

e (@)l
Oynkuuu vy (z) orpanuvens Ha §) eauHHIEH, M0 yeaoBHO |gp(2, uk(z))| < a(z) € Ly(£2),
a |lug(z)||cr — +o0, mo3TOMY HOpMa HpPaBOil YACTH IOC/IeJHEr0 TOXKIeCTBA OrPaHMYEHA B
L,(2) xoncranToil He 3apucsuteii or k. Beé 3T0 Biaeder orpaHMYEHHOCTDH B I-'V‘f(Q) nocJie-
nosareabnocr {vg} [12]. T.k. Wq? (2) — pedirekcuBHOE NPOCTPAHCTBO, TO B OTPAHHYEHHOM
HOCJIe/I0BATETLHOCTH V) 00S3aHa cOAepKAThCA CJIa00 CXOAANascda MOANOC/Ie/10BaTeIbHOCTD.
Bes ymep6a j1s obumocTH GyaeM CHYuTaTh, 4To caMa {vg} c1abo CXOAUTCS K HEKOTOPOMY
v. MBI y2ke orvedanu, 4To B HameMm caydae WZ() kommakrHo Bioxkeno B C! (Q), nosro-
My v = v B CY(Q), a k. ||vp||cr = 1, T0 1 ||v]|cr = 1, Te. v(z) — HenyneBast GyHKIHMS.
B3aMeTHM, YTO A1 Uy KaK W JUIf Uy BLINOJHSAETCS DAHHYHOE VCJIOBHE (2), a 3HAYUT OHO
BBIIIOJIHSATCSH | IS U, T.K. Uy — v B poctpanctse C!(Q).

Tak kak vy — v B W7(Q), To Loy = Lv B Ly(Q). Ho Luk(z) = M rjie npasasg

[|ur()] |
4acTh BCJEJACTBHe HepaBeHcTBa |go(x,s)| < a(z) mig n.B. s € R u Toro, uro ||ug(z)||cr —

+00, crpemuTest K HYI0 B Ly (). 3HaunT npu npejeasHOM nepexone k — +00 Mbl HOJTYIuM
pasenctBo Lv(z) = 0 m.B. Ha (). Boime orMedasnock, 4to v — HeHyJeBad (DYHKIHAA, yJ10-
BJIETBOPAIOIIAA KPaeBOMY YCJIOBHIO (2), IOSTOMY v — HETPHBHAJIBLHOE PellleHHe OTHOPOIHOM
Kpaesoii 3amaun (3)-(4).

Ecin sapo N (L) nynesoe, To NpOTHBOPEYHe MOTYYeHO Y2Ke Ha 3ToM mare. Jdamee mpe-
nosaaraem, 4ro N (L) HeTpHBHAILHO.

Tenepsb pasaoKuM Ur KaK Upi + Ugg, THE TepBoe ciaaraemoe u3 N (L), a BTopoe U3 opTo-
ronasibnoro jgononsennd K N (L) B cmbicie Wi ().

3aMeTHM, UTO NOC/Ie10BATeIbHOCTD Ji(ug) orpannyuena ceepxy HyjeM. [leiicTBuTebHO,
T.K. U — TOUKa MUHEMYMa DyHKIHOHAIA Ji, TO BepHO HepaBeHCTBO Ji(uy) < Ji(0(z)) = 0,
rae O(x) — nynesas ua () dynkuusa. C Apyroii cToponb!

ug(z)
Ieue) = T = [ do [ gula s =
Q 0
(w1 +ups)(z)
J (uga) —fdﬂ?/ gr(z, s)ds =
T

ug1(x) (up1+uga)(z)
o [ = f ge(, 8)ds + f gz, 9)ds | >
Q 0 U

r1(z)

ug1(z)
J(ugs) —/Qa(a:)|uk2(:z:)|d:r—[9dx/0 gr(z, s)ds.
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Mbi BOCTIOJIB30BATIHCH TeM, 4TO J (g1 + uge) = J(up2), T.K. upy € N(L), a J(u) = 3(Lu,u)
na W2(Q).
Pacemorpum noyunsiyiocs omenky. Ciaraemoe

i) _[ (@)l

OrpaHuyeHo cHu3y. JeficTBUTEJbHO, COIVIACHO JeMMe 1 CYIIeCTBYeT IOJIOMKHTEeJbHAas KOH-
cradta C' Takad, 4TO

I (ur2) > Ollusalliyy oy 2 C/!;uﬁg(;c)d:z:.

[Tosromy

—a*(z)
sy oy,
)d:r_fﬂ 1 dx

(B moCJIeTHEM HEPABEHCTBE BOCIO/b30BAJNCH OPPAHHYEHHOCTBIO CHU3Y KBaApaTu4HOil hyHK-
IMH C TOJOXKHTEeJIbHBIM crapumM Koddduunnentom). T.k. a € L,(2), tae ¢ > n > 2, 10
MOCTIeTHUI HHTErpajl KOHeYeH.

Tenepr obparumcs K ciaaraemomy — [, dz fnu“(m} gr(z,s)ds B onenke mast Jy(uy). D10
cJlaraeMoe OTJINYAeTcs OT

ug1{z)
L= —[dil?/ go(z, s)ds
) 0

Ha BeJMYHHY, cTpemsmyiocsa K 0 mpu k — +o0o. D10 caeayer u3 omenku (11). Yeranosuw,
aro [ — +oc.

HeticrBurenbao, HopMa ||uki||w;p(q) cTpemutes k +0o ¢ poctom k. B mporusrOM ci1y-
Yae JIJIs HeKOTOPOii MOANOCIeJ0BATEIbHOCTH Uy, HOPMA U1 B IPOCTPAHCTBe W3 () 6bu1a
OBl orpannyeHa. BemoMHHM, 4TO U — U B WE(Q), HO T.K. 110 Teopeme BiokeHuss Cobo-
nesa mpocrpanctBo W2(2) kommakrro Baoxkeno B W} (Q), o vy, — v B W2 (Q). B cuy
OTPAHUYEHHOCTH Uk MOJIYYaeM, 9TO

Tl [ o(@) k(@) dz > f (Cuy(@) — (o) ue(c)

2 y(z) 8 W3 (),
[l [l

KaK H
Uk, Uk + Ugp2

luwller ke

U-‘l’x

(HO.H]:BYQMCH TeM, 4YTO ||uk[|01 = —I—OO). HOCJ‘[G,Z[,HGG 03Ha4YaeT, 4TO IOC/1e10BaTe/ IbHOCTb 3.J1e-
Uk,2

MEHTOB W— OpPTOroHaJBbHOI'O JOIMOJHEHHA JT\'TJ_(L) CXOIHUTCH K HEeHYJIeBOMY 3JIeMeHTY v
Upy || 1

saapa N(L), gero He MoxKeT ObITb, 3HAUAT ||ug1||w; (o) — +00.
OTOT BBIBOJ BMECTe C BKJIOUeHHEM g, € N(L) HemeLT1eHHO BiedeT 3a co0oil TO, 4TO
Iy — +o0 B cuay yeaosud (9)). OkoHUATENBHO, MOIYYAEM

up1(z)
—fda:f gr(x, s)ds — +oc.
a Jo

Taxum 06pa3om, 4IeHbl YHCA0BOI n0c e10BaTebHOCTH {Ji(ug) } MOTYT ObITH IpeaCTaB-
JIeHbI CYM MO JABYX craraeMbIX, OOHO U3 KOTOPBIX OTPAaHHYEHO CHH3Y, a IPVIroe HeorpaHnieHo
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cBepxy, nosromy cama {Ji(uy)} He Moxer GbITh OrpaHHYEHa CBEPXY, YTO MPOTHBOPEYHT pa-
Hee VCTaHOBJIEHHOMY HepaBeHCTBY Ji(uy) < 0. BHAYHT MCXOTHOE MPEeANOJIOKEeHHe O TOM, YTO
Noc.1e/10BaTeIbHOCTD Uy (7) Heorpanmiena B C1(Q), nesepHo.

JL1sl IOC/Ie10BATEILHOCTH Uy, KAK MOCJIEA0BATETbHOCTH DelleHnii Kpaesoil 3agaun (5)-
(6), BBIOJHSIOTCS PABEHCTBA

- Z (aij (2)tpg,)e; = —c(T)ur(z) + gr (2, ur(z)),

Buk|r =1

[IpaBas "acTh HpeanociIeHero paBeHCTBa orpanmdeHa B L,(2) B cmay Toro, 4ro ug(x) —
orpannuena B C1(Q) u |g(z,s)| < a(z) Vs € R (a € Ly(Q)). D10 BIeyeT orpaHnueHHOCTD
B W2(2) nocienoparensrocrn u [12]. Tlpocrpancrso W2 (€2) — peduiexcusroe, nosromy u3
OIPAHNYEHHOM MOCIeI0BATEILHOCTH 1) MOXKHO BBLIGIUTD CJ1a00 CXOAANLYIOCS HOAMNOCIe10Ba-
TeJIbHOCTb, KOTOPYIO Mbl Oyaem monpexkueMmy 0o603Ha4aTh uy. Ilyers up — 4. Kak u panbiie
MBI TIOJIb3yeMCsi KOMIIAKTHOCTBIO BJIOZKeHHs npocrpancrsa W2(€2) B npocrpancrso C! () u
OJIyYaeM, 9TO Uy — U B Cl(ﬁ), a T.K. Bug|r = 0, To 310 Ham naer Bu|r = 0.
Tenepb mokazkem, 4To

Jg(’:':‘.-) = ulJIelg JU(T.U) = du.

BribepeMm npou3BoiibHOE Uy U3 MHOKecTBa ).
Ob6o3HagnM

Vi :/{;d:ﬁ/r;ng(x,S) — go(, s)|ds.

Nmeem Vu € W) (Q) B cnay onenxu (11)

g u(z)
FACIRER A (B ]Q dz ] (052, 9) — go(x, ))d8| < 7.

Tenepsb, UCIOAB3Yd NMOCTETHEE HEPABEHCTBO U ONpeJe/IeHHe Uy U Uy KaK (DYHKIHMA, 10-
CTABJIAIONIAX MUHUMVM COOTBETCTBYIONHM (PYHKIIHOHATIAM, TOJIYYaeM CJIeAYIONYI0 [enouKy
HepaBeHCTB:

do — & = Jo(ug) — v < Jolug) — e < Je(ur) < Je(uo) < Jol(ug) + v = do + Y-

[Toaromy Ji(ug) — do, T.K. v — 0 npu k — +00 110 yCI0BHIO. 3aMeTHM Takxke, 910 Ji(ug) —

Jo(@), uro cnenyer uz coornomennit Jo(ux) — Jo(@) (r.k. dbynkunonan J, HenpepsiBeH Ha

CY(Q)) u |Jx(ur)—Jo(ug)| < v — 0. B urore, Jo(it) = dp = in;{ Jo(w). Kak yxxe orMedanoch
we

BBIIIIE, MOCJIe/IHee BIAEYeT, YTO U ABJISETCS CHAbHBIM pelmeHHeM KpaeBoit 3amaun (1)-(2) u3

I-’[-':f(ﬂ). Ecau xe pemenne mcxoQHOH 3aaauu, JOCTABISIONIee MHHUMYM (bYHKIHOHATY Jo

eJIMHCTBEHHO, TO 3TO Biaeder cxoammocts B C(€)) mepBoHAYAIBHON MOCIEI0BATEILHOCTH
{ur} x sromy pemenmuio.
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