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AHHOTAIIN A

B orpanmuennoii obmactu O C R3 wxmacca CM! paccmarpusaercs cra-
nuoHapHas cucreMa MakcBe/aa pH yCIOBHASX WJEATBHON MPOBOJANMOCTH
Ha I'DaHUILEC. Hpe,ﬂﬂof[araeTCH, YTO AUIJICKTPUYIECKad W MalrHUTHad ITPOHHN-
naemoctu umeror Bui n(x/e) u p(x/e), rae n(x) u u(x) — cummerpudHbie
(3 X 3)-marpuibi-OyHKIUKN, NEPUOJAMIECKHE OTHOCUTEJIBHO HEKOTOPON pe-
IIIETKU, OTPAHUIEHHBIE U TTOJOXKUTETHHO ONpeeaeHtbie. 371ech € > 0 — Ma-
Jblit mapamerp. Mssecrno, uto npu € — 0 permenns cucreMbl MakcBesia
— DJIEKTPUIECKAst HANPSKEHHOCTb Ug, JEKTPUYIECKAasd WHIYKINS W, Mar-
HUTHAs HAPAKEHHOCTb Ve U MarHUTHas MHAYKIHS Z. CJIa00 CXOOATCA B
L2(O) K cOOTBETCTBYIOMNM YCPEAHEHHBIM MOJISIM Uy, W(, Vo, Zo (DeIeHn-
SIM yCpeIHeHHO# cucreMbl Makcesesna ¢ o9hdek TuBHBIME Ko hUIIneHTaMm).
Mgl ycuinBaeM KJIaCCHUECKHAEe PE3YJIbTAThl U HAXOAUM AIlPOKCUMAIINU JIJIst
nojieii Uz, We, Ve 1 z. 1o HopMe B Lo (). IlorpentHoctn OMeHUBAOTCS depes
Cve(lldl|z, + x|z, ), re coneHonnabHbIE BEKTOP-(DYHKINN U I' — IIPABbIe
9aCcTH ypaBHeHHi cucreMbl MakcBesuia.

KnrodueBble cjoBa: mepuommdeckune gudepeHnmnanibHbe  OmepaTopsI,
yCpeaHeHne, OMePATOPHbIE OIEHKW MOTPEITHOCTH, CTAIMOHAPHAA CHUCTEMA
Makcgesura.

Uccnenosanue suinonaeno npu noggepxke PH® (npoekr 17-11-01069).
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BBEJEHUE

Pabora oTHOCHTCS K Teopum ycCpeaHeHWs! (TOMOTEHM3AIlNN) TEePUOInYe-
ckux auddepeHnnaabHBIX 0epaTopoB. JluTeparypa 1Mo TeOpUH yCPeTHEHU S
o6IIMpHA; MBI OTPAHUYINMCS yIToMuHaHuEeM MoHorpadmii [BeLPap, BaPa, Sa,

ZhKO).

0.1. Oneparopubie omenku norpemtsocru. IIycrs I' € R? — pemerka.
Tns D-nepuoamaeckux dbyuknmit B R ncmonesyeM o6o3HaueHne

fe(x) = f(x/e), e>0.

B cepun crareit [BSul, BSu2, BSu3| Bupmana u Cycansoit 6611 1ipesiio-
JKEH W PA3BUT TEOPETUKO-OMEPATOPHBIN MONXOM K Teopun ycpeanennd. 3y-
qaJIcd H_[I/IpOKI/Iﬁ KJIaCC MAaTPUYHBIX CUJIBHO JJIJIMIITUYECKUX OIIepaTOopOB A€
BTOPOTO TOP4JIKA, AefCTBYIONINX B LQ(Rd; C™) u monyckatomux ¢hakTopusa-
OUIO BHOA

A. = (D) (x)b(D). (0.1)
3aeck marpuna-GyHKIms g(X) orpaHudeHa, MOJO0KNUTEJLHO OlpejeseHa 1
nepuogngHa oTHOCHTENbHO permerkn [, a b(D) — marpuunblii oneparop
nepsoro mopsnaka suga b(D) = Z;l:l b;D;, TpudYeM ero CHMBOJ HWMeeT
MakcuMasibHbIl pasr. [Ipocreitmmit npumep oneparopa (0.1) — 310 cKa-
JApHBIR 3mnTuaeckuit oneparop A, = —divg®(x)V = D*¢*(x)D (omne-
parop akycruku). Oueparop yupyrocTu TakzKe J0IyCKAaeT 3aluCh B BHJE
(0.1). B smerTpojmHAMUKe BO3HUKAET BCIOMOTATEIbHBIH omepaTop A, =
rot a®(x)rot — Vve(x)div, kKoropsiit MoxkHO 3amucatsh B dhopme (0.1).

B [BSul] 6B1110 mokazamo, ato mpu £ — 0 pesombsenta (A:+1)~! cxoanres
no omepaToproit HopMe B Lo(R%; C?) k pesombsente afiexmuenozo onepa-
mopa A° = b(D)*¢°b(D). 3zech ¢° — mocToAHEAL TIONIOKATETLHAS MATPHITA,
HazbIBaeMas afiexmusnotc mampuyet. CpaBelinBa ONEeHKa, MOrPENTHOCTH

1(Ae + 1) = (A” + D7 Ly ey Lo(re) < Ce (0-2)

B [BSu3| 6ni1a maiinena anmpokcmManms pesobentsl (A. + 1)~ mo wop-

Me omeparopos, meicreyromux u3 Lo(R% C") B mpocrpancrso Coboesa
H' (R, C"):

I(Ae + D)7 = (A" + )71 = eK ()| Ly @ay iy < Ce. (0.3)

Baecy K(g) — raxk naswiBaembliii Koppexmop. OH cogepKuT ObICTPO OCIU/I-
Jupytowuit Muoxkures; upu sroM ||K(e)|p, g1 = O(e™ ).

Omuenxu (0.2), (0.3) Tounbl O TOPsAKY. Pe3ybraThl TAKOTO THUIIA TIOJTY-
YU HA3BAHWUE ONEPAMOPHBIL OUEHOK NOZPEUHOCTNU B TEOPUU YCPETHEHU.
Jpyroii moaxom K ONEpaTOPHBIM OIEHKAM IOTPENTHOCTH — MOAA(UIIPO-
BAHHBIN METOJI IEPBOro MPUO/TMKEHNsT UM METOJ CIBATA, — OBLT IPeIIOKEeH
2Kukoseim. B paborax [Zh, ZhPasl| srum merogom orenkn (0.2), (0.3) 6buin
YCTAHOBJIEHBI JIJIsl OIIEPATOPOB aKYCTUKU U yIpyrocTh. Jlanbueiinme pesyiib-
TaThl 06CYKIAI0TCs B HeaBHeM 0030pe [ZhPas2|.



OneparopHble OIEHKHU MOTPEITHOCTH U3Y9aUCh TAK¥Ke U JJIsi KPAEBBIX
3a/a4 B orpamnuennoil obaacru @ C RY ¢ gocrarouno riagkoil rpaHuieit;

cM. |ZhPasl, ZhPas2, Grl, Gr2, KeLiS, PSu, Su3, Su4, Suj|. IIycte Ap,
u An. — oueparopsl B Ly(O; C"), 3amanmbie BoipaxkenueM b(D)* g (x)b(D)
npu yciosun dupuxite smbo Hefimana na rpanune. Hycrs A% n A% — co-

oTBeTCTBYIONNE 3 (DEKTUBHBIE omepaTophl. CTIPABEIIMBBI OIEHKT

(A e + 1) 7" = (A + D)7 10y La(0) < Cé, (0.4)
(A + 1) = (A + 1)7F = K, (0) | 1o (0) s 1 (0) < Ce2. (0.5)

Baecs b = D, N, a K,(¢) — coorBercrBytommuit koppexrop. Onenka (0.4)
umeer Tounbii opsgok O(g) (taxoit xe, kax s 3agaun B RY). Tlopsiox
onenkn (0.5) xyzke no cpasaeruto ¢ (0.3); 910 00bsICHSIETCSI BIAMSIHUEM TDa-
HHUIIBI 00JIACTH.

B [ZhPasl]| ¢ nomomuipio mero/a ¢iBura jijist OHepaTopoB aKyCTUKU U YIPY-
rocru ObLia noaydena ouenka (0.5) m ananor onenku (0.4), HO ¢ morpern-
Hocrbio O(y/€). AHajioruuHbIe PE3ybTaThl HE3ABUCUMO ObLIN YCTAHOB/IEHbBI
I'puso |Grl, Gr2| mas oneparopa aKyCTHKE ¢ TIOMOIIBIO MeToma andOJITIH-
ra. Orenka Towroro mopsiika (0.4) Buepsele Oblia moyena B [Gr2|. Coaywait
MATPUYHBIX JUIHIITHYECKUX ornepaTopos m3ydascs B [KeLiS| (rme paccmar-
PHBAJIMCh PABHOMEDPHO SJUITMITHYECKUE OMEPATOPHI TPU HEKOTOPBIX YCJIOBHU-
SIX peryssipocTi Koadbdununentos) u B paborax [PSu, Su3, Sud, Sub| (rme
6t mostyaenst oreHkn (0.4), (0.5) 118 OMMCAHHOTO BBIIIE KJIACCA CHIIBHO
JUTUIITUIECKUX OIIEPATOPOB).

0.2. Ycpennenue cucrembl Makcsesna B R?. O6cyauM Temeps 3a1ady
06 yCpejHeHHN CTaluoHapHOi cucTeMbl Makcsesia B R3.

[Ipenmosnokum, 94T0 JUIIEKTPUUECKAS U MATHUTHAS IIPOHUIIAEMOCTH 3a-
JaHbl MaTpunaMu-gyukusayu 1 (x) u pf(x), rae n(x) n p(x) orpanudens,
MOJIOYKUTETHHO ONPEIESEHbl U MEPUOJANIHBI OTHOCUTEILHO permerku . Ye-
pes J(R3) obozmaumm mopmpocTpancTBo BekTop-bynkmmit f € Lo(R3;C3),
anst koropeix divf = 0 (B cumbicie pacnpenenenwmit). Yepes u., ve 0603Ha-
UMM HAPSTKEHHOCTH JEKTPUUECKOTO0 W MAUHUTHOTO TOJEH; W, = 71U,
Z. = p°Ve — BEKTOPBI 3JIEKTPUYECKOH W MarHuTHOW wHIyKimi. Omnepa-
Top Maxkceesia M. MBI 3alUCHIBAEM B TEPMWHAX WHIYKITHH, CAUTAS TTOJIS
We, Ze cojienougaababivu. Torma omeparop M. aeficTByeT B MPOCTPAHCTBE
J(R3) @ J(R3) u 3amaerca BoIparkenmem

ME=< 0 ) irot(u5)1>

—irot (n°)~ 0

Ha eCTeCTBEeHHO# obtacTu onpeenenus. Oneparop M. caMOCOIPSIZKEH, eC/IH
pacemarpusarh J(R?) @ J(R?) Kak moampocTpaHCTBO B BECOBOM MPOCTPAH-
cte Lo(R3; C3; (n°)™1) @ Lo(R3;C3; (uf)~1). Touka A\ = i apastercsa pery-
JAPHOM TOUKOH a1 onepaTopa M.



5

O6cymum 3a1a4y o noseienun pesosbsentel (M. — iI)~! npu manowm e.
Nnaue roBopsi, HAC HHTEPECYET MOBEICHUE PerteHuil (We, Ze ) cucrembl Makc-

o (M. —iI) (W) = (‘j) . qre J(RCP, (0.6)

Ze
a Taxske moBeenne moseit u. = (n°) lwe w ve = (pf) " lz..

Vepenuenusiit oneparop Makcsemna MO umeer xosdpdurmentsr n°, u’;
xopomro u3BecTHO, 4o 3hdexrupube Marpuint 7° u pu’ — Takme xe, Kax
JUIS CKAJISPHBIX ajuinunTudecknx oneparopos —divn®V u —div u*V. Ilycrs
(Wo,Zg) — perrerne ycpeaHeHnoi cucrembl Makcsemia

or-n(2)- (1),

unug = (n°) " two, vo = (u°)"tzo. U3 kmaccuuecknx pesyabTaTon (CM., Ha-
upumep, [BeLPap, Sa, ZhKO|) ussecrro, aro npu £ — 0 BekTOp-hyHKIMM
U.,W., V., 2. crabo crodamea B La(R3; C3) k coorsercTBytomuM ycpeHen-
HBIM IIOJIAM U0, W(, V(, ZQ-

Ouneparopable onenku norpemuocru s cucrembl Makcsenna (0.6) usy-
vasuck B paborax [BSul, riasa 7|, [BSu2, §14|, [BSu3, §22|, [Sul, BSu4| u
[Su2|. B [BSul, BSu2, BSu3| paccmarpusascs coyuait fr = 1 u 6bLin 1101y 4e-
HbI AIIPOKCUMALIMK He JIsi BeeX usnueckux noseii; B [Sul| pacemarpusai-
cst o0IMit caydail, HO AMTPOKCUMAINY ObLIN HANJEHBI HEe /s BCeX TOJIel;
B [BSu4| 3amaua Gbuta MOJHOCTBIO DEIIeHa B CJIydae TOCTOAHHONW MArHUT-
HOIl ITPOHUIIAEMOCTH; HAKOHell, B [Su2| 3asada OGbliaa MOJHOCTBHIO DEIlleHa B
obmem ciydae. MeToz coCTOAI B peIyKINK K 3a7a49€ YCPeAHEHNs /IS BCIIO-
MOTaTeIBHOTO ypaBHEHUs BTOPOTO mopsiaka. Permenne cucremsr (0.6) MOXKHO

3aIMCATh B BUJE W, = wffl) +w£r), Ze = zgq) —|—z§r), rie (Wéq),zgq)) — perme-

mne cucrembl pu r = 0, a (wgr),zg)) — perenne cucrembl mpu q = 0. Pac-
(r) _(r) (r) _ ey—1,(r)

cMoTpuM Jiist ipuMepa (We . Ze ). IlepBoe ypaBHenne we ° = rot (u) ™" zg

(x),

MOJICTABAM BO BTOPOE M TIPHJEM K CIEAYIOMEN 3a/1aue JIIs OIS Zg
rot (n°) " 'rot (1) 'zl + 27 =ir, diva® =o0.
(r)

Ilocae 3amenst fg(r) = (,ug)_l/ 2z¢" u cnatna YCJIOBUA COJIEHOUJAJIBHOCTH, T10-
.HyLIELeM7 qTOo fg(r) ABJIACTCA PCIICHUEM JIJIUIITUYICCKOrO ypaBHeHI/IH BTOPOTO
IopdaKa
Lf®) 4+ £ = (pf) 12, (0.7)
rae
Le = ()™ rot (n°) " 'rot () % — (u°) 2 Vdiv () /2. (0.8)
(r)

IIpu sToM moste W, ’ BBIpazkaeTcs depe3 MPOU3BOIHLIE DeIleHus:

w() = rot (uf) V20,

£

B cayuae nmocrosiuroro p omeparop (0.8) oTHOCHTCA K KJIaccy OmepaTo-
pos (0.1), gTo mo3BOJIsIET MPUMEHNUTD K ypapHeruto (0.7) obime pe3yabTaTsl



pa6or [BSul, BSu2, BSu3|. B ciyuae nepemMeHHOro p 910 yKe He Tak, OjiHa-
KO yJIaeTcsi BOCILIOJIb30BaThCsl pesysibraramu abcrpakTaoit cxembl u3 [BSul,
BSu2, BSu3| mng usyuenusi omeparopa (0.8); aro 6s110 Tpoenano B [Sul,
Su2|. Utorom 3THX pACCMOTPEHHUIl SIBUJIACH ANTPOKCHUMAIMS PE30JIbBEHTHI
(M. —4I)~!. B ommmame ot pesobBents omepatopa (0.1) B obmenm caywae
9Ta Pe30JIBBEHTA HE NMEET IIPEJIEa M0 OEPATOPHONR HOpME, HO [ HEeE MOZK-
HO yKa3aTh alPOKCHMAIHIO depe3 cyMMmy pesoabsentsl (MY —il)~! u mexo-
TOPOTO KOPPEKTOPA HYJIEBOTO TOPsIKa (C1a60 CXOAAIIErocs K HYJII0); OIEHKa
HorperrHocT uMmeer Tounblit mopsiok O(g). B Tepmunax perenuit 310 Bie-
Yer aIpOKCHMAITIH I BeeX (pU3HIecKuX moeit mo Hopme B Lo(R3;C3) ¢
orenkamu norpemtaocteit opsiaka O(e). K npumepy, Bpinuinem pesy/brar
IS U

[us —up — ugl)”m(u@) < Cg(”QHLg(R?’) + HI‘HL2(R3))-
(1)

3/1ech MOTPAaBKa, Ug ~ MHTEPIPETHPYETCA KAK KOPPEKTOP HYJIEBOTO MOPAIKA;
OHA BBIPAXKAETCA Uepe3 Uy, PEIeHne HEKOTOPO “HmonpaBoOdHON’ CHCTEMBbI
Maxkcsesia u HEKOTOPBIH OBICTPO OCIUJLIUPYIOMIMH MHOXKUTEIb. [Ipr 3TOM
cnabbIil IpeJies monpasKy ugl) PaBEeH HYJIIO.

0.3. Ilocranoska 3agauu. OcHoBHbIE pe3yJibTaTbl. B Hacrodieit pabo-
Te U3YYAeTCsl YCPeTHeHne CTallMOHAPHON cucTeMbl MaKcBella B OrpaHiIeH-
noit obsactn @ C R? ¢ rpamumeit knacca CL'. MpbI onupaemcs mna 0611yio
Teopwto oneparopa Makcresaa B MPOU3BOILHBIX 00JIACTAX, PA3BATYIO B Pa-
6orax [BS1, BS2| Bupmana u Cosomsika.

TTo-mpexkreMy cumTaeM, 4TO JUIIEKTPUYECKAA W MATHWUTHAS TTPOHUIIAE-
MOCTH 33J[aHbl OBICTPO OCHMJLIMpYIOmmME MaTpuiamu 7°(x) n p(x). Ha
rpanurte 0O0JACTH CTABATCA YCJIOBUA WA bHON mpoogmmoctu. Jlms du-
BUYECKUX TI0JIeHi MCMOIB3YIOTCA Te Ke 0003HaueHus, 9T0 u Bhime B m. 0.2
Omneparop Maxkceenna M., 3anmucanHbiii B TepMUHAX WHIAYKIINAIN, TeHCTBYET
B ipocrpanctee J(O) @ Jo(O), rae J(O) n Jo(O) — conenomgaabable MOI-
npocrpanctsa B Lo(Q;C3), onpenenennsie mmxe B (1.3), (1.4). Oneparop
M 3am3eTCa BRIPAsKCHIEM

M. = 0 irot (pu)~*
£ (—irot U 0 >
HA €CTECTBEHHON 00JacTH ONpeeNeHns, YIATHIBAIOMEH KpaeBble YCIOBUS
(em. (2.1) mmxke). Omeparop M. CAMOCOTPSIKEH, €CJIH PACCMATPUBATH
J(O) @ Jo(O) kak MOATPOCTPAHCTBO B BECOBOM MPOCTPAHCTBE

Ly(O; C% (1) ™1) @ La(O; C; (1) 1),
Mur m3ygaem pezorbsenty (M. —il) ™!, NHbIMHT cI0BaME, HAC HHTEPECyeT
HOBEJIeHNe perennii (W, z:) cucreMbl Makcsesuia

(M. —iI) <W> = C}) . qe JO), re Jy0), (0.9)

Z¢

a TaxyKe ToBeJeHue moei u. = (n°) ‘w. u v. = (u°) lz..



Iycrs MY — yepenmenusrii oneparop Makcsena ¢ kosddumuentamu n°,
1. Yepenuennas cucrema Makcsesa nMeer B

- (7)-(0)

Monosxmv ug = (1) "two, vo = (u°)1zg. Kax w B crywae zamaum B R3,
kyaccnaeckue pesyabrarel (cm. [BeLPap, Sa, ZhKO]) nator caabyio cxo-
mmvaocts B Lo(O; C3) BekTop-byHKIIi Ue, We, Ve, Ze K COOTBETCTBYIONIAM
YCPeJIHEHHBIM TIOJISIM Ug, W, V0, Z(-

MpbI HAXOMM amMmpPOKCUMAIIUH JIJIsi BCEX YeThIPEX MoJeil Ug, We, Ve, Z 110
ropme B Lo(O; C?). DTu anmpokcnmMaIiy aHaJIOTHaHB APYT ApyTy. Hampm-
Mep, JJisi Uz Pe3ybTaT UMeeT BU/T

lue = uo —ulV| 1,0y < Ce2(lldll Ly (0) + 1Tl (0)- (0.10)
(1)

ITompaBky us ' MOKHO WHTEPIPETHPOBATH KaK KOPPEKTOP HYJIEBOTO TIOPSI/I-
Ka; OHA BBIPAKAETCA depe3 Uy, pelleHre HEKOTOPOii “IIOIpaBOYHON’ CHCTEMBI
MakcBejuta, 1 HEKOTODPBIH OBICTPO OCHULIUPYIONUH MHOKUTEH. [Ipu oM

cnabblii Tpejiesl TOIpPaBKu ugl) paBeH HYJII0. YXyJIIeHne MOpsiKa OINEeHKH
(0.10) mo cpasHenmio co caydaeM 3aga4du B R? obbacHgeTCa BIIAHAEM Ipa-
HHIBI 00JTaCTH.

B ciydae, Korjia MarsMTHas [OPOHUIAEMOCTH 3ajaHa [OCTOAHHONW MaT-
pureit po u q = 0 B mpasoit gacru (0.9), pe3ysbrar IOMyCKaeT ycmie-
Hre. Dror ciayvaii GbLT MccaenoBaH oTaenabHo B pabore [Sub]. Oxazasnocs,
YTO TIPpM TaKHUX MTPEANOJOKEHUAX ITT0JIA Ve U Zg CXOOAATCAd K Vg U Zp CO-
oTeeTcTReHHO MO HOpMe B Lo((O;C3), a morpemuocTs oneHWBaeTCs depes
Ce|lr||1,(0)- s moseit u. n W, GBLIH HafiIEHBI aNTPOKCAMAIIAT C TOTPert-
1/2

HocThio Ce HI'HLQ(O)‘

0.4. Meron. Kak u pgjs 3amadnd B ]R3, MEeTOJ HCCJIeIOBaHNSA OCHOBAH Ha
PEOYKINE K M3YYeHHIO0 HEKOTOPBIX KPAEBBIX 33034 /sl YPABHEHNH BTOPOTO
nopaaka. B ciayuae q = 0 Bo3umKaer 3a7ada

rot (11°) ~'rot (Hs)_lzgr) + Zgr) =ir, div zé‘") =0,

r . (0.11)
(27)uloo =0, ((nF) ot (45) "2+ ]o0 = 0.
B cnygae r = 0 zmesio cBognTes K 3ajade
-1 e\ — 1, (A) (@) _ . (@)
rot (1) 'rot (n°) " we " +we =iq, divwe’ =0, (0.12)

(F) W) o0 = 0, (rot (F) " wi¥), 90 = 0.

Bagaun (0.11) u (0.12) moxoxku ApyT Ha JApyra, HO OTJHYAIOTCA THIIOM Kpa-
€BBIX YCJOBUI. DTH 3a/a9l UCCIEAYIOTCS 10 OTAETHHOCTH.
O6cymum 1t mpumepa 3a1ady (0.11). Mer ommmpaemcs Ha pe3yIbTaThL JJIst
(r)

3ajaun B R? u urmem npubmzKenue pelenus ze ' B BUAE CYMMbI TPEX dile-
(r)

HOB: 3 (DEKTUBHOIO 110/ Z; ~, KOPPEKTOPa (IIOXO0XKEro Ha KOPPEKTOp B R3)
U TOMPABKU THUIA MOMPAHUYHOTO CJIOsi. DTa MOIPABKA SIBJISIETCS PEIIEHIEM



HEKOTOPOI KPAeBoii 3a/1a4u Jjisi yPABHEHUA C OBICTPO OCITUJLIADYIOMIMMU KO-
s dutmenramu. BoisicHsieTCs, YTO MOIPEIIHOCTD TAKOr0 TPEXICHHOrO PH-
OJIMZKEHUsT B 9HEPTeTUIECKON HOpMe mMeeT TOUHBIN mopsmok O(e). Oxna-
KO, TIOMTPABKY TUITA TTOTPAHUIHOTO CJIOS TPYIHO KOHTpOIupoBaTh. OCHOBHAS
TeXHUYECKasi paboTa CBsi3aHa C OINEHWBAHUEM TOTMPABKU TUIMA MOTPAHUIHO-
ro cios. OKazpiBaeTcs, 4To oHa umeer Mopsaaok O(y/€) B SHEPreTHIecKOH

HOpMe. DTH PaCCMOTPEHHUs MO3BOJISIIOT HPUOIN3UTEL DelleHue 2" CyMMOit
s derTuBHOrO 1o0JIsi U KOppekTopa ¢ TouHocThio O(41/€).

Awnamormunbiv 06pazom msydaercs 3amada (0.12). Conocrabass pesysb-
rarel ais 3aga4 (0.11) u (0.12), Mbl u3BJEKAEM PE3YJIBTATHI JII CUCTEMbI
Makcsesna.

0.5. Ilman crareu. Pabora comepxkur cemb maparpacdoe. B §1 cobpanbr
npeJBapuTe/ibHbIe CBeJeHus. B §2 jmana mocTaHOBKA 3ajadu u ¢HOPMYyJin-
POBaHBI OCHOBHBIE pe3yJibTarhl. B §3 npoBejieHa pejayKius 3a/ia91 K u3yde-
Hrio KpaeBbix 3a71a4d (0.11), (0.12). B §4 uccrenyerca 3agaqa (0.11), orse-
garorad caydar q = 0. OnuceiBaerca 3pekTuBHAS 33,1219, OTPEIEITeTCS
mepBoe TPUOIUKEHNE K PEITEHNI0 U BBOJANUTCS TIOTIPABKA THUTA TIOTPAHIIHOTO
cnosi. Popmynupyercd Teopema 4.6 06 oTeHKe MOTPABKY TUTA TOTPAHUIHOTO
CTI0s;, M3 3TON TEOPEeMBI BBIBOJISITCS OKOHYATETHHBIE PE3YILTATH JIJIsT CHCTe-
Mbl Makceesta B ciyuae q = 0. §5 mocBdIleH 10Ka3aTeabCTBY TeopeMbl 4.6.
Ananornunoe nccrenosanune 3agaau (0.12) (caywait r = 0) nmposegeno B §6
u §7.

0.6. O6o3unavenus. [lycte §, H, — KOMIJIEKCHBIE cellapadOebHbIE THIIhb-

6eproeel mpocTpancTBa. CUMBOIBL (-, - )g U || - ||y o3HAUAT CcKagsgpHOe
[pOU3BesieHne ¥ HOPMY B §); CUMBOI || - |55, O3HATAET HOPMY JHHEHHOTO
HETPEPBIBHOTO OTiepaTopa u3 ) B ..

CumvBostet (-, -) u | - | O3HAYAIOT CKAIAPHOE IIPOU3BEIEHNE U HOPMY B

C", 1 =1, — equanunag (n X n)-marpuna. Ecan a — (n X n)-marpurna, To
CUMBOJI |a| 03HAUaeT HOPMY MATPHUIBI @ KaK JuHelHoro oneparopa B C™. Uc-
nosn3yem oboznadennst X = (z1,z2,73) € R3, iD; = 8; = 9/0x;,j = 1,2,3,
D = —iV = (D1, Do, D3). Knaccer L, BexTop-dyukiuit B obactu O C R3
co 3uadenusmu B C" oboznagaem gepes L,(O;C"), 1 < p < oco. Kiacest Co-
6oseBa C"-3Haunbix byt B obaacru O obosuadatores epes H*(O; C™).
Yepes HE(O; C") obosnauaercs sambikanue kiacca C§°(O; C*) B npocTpan-
cree H1(O;C"). Ilpu n = 1 numenm npocro L,(O), H¥(O) u 1. 1., HO HHO-
r/la MBI [IPUMEHsIeM TaKWe YIPOINEeHHble 0003HAYEHUST U JIJIsi IPOCTPAHCTB
BEKTOP-(OYHKIMI WK MATPUIHOZHAYHBIX (DYHKIMHA. PasaudHbie OleHOYHbIe
nOoCTOsTHHBIE 0b03HavaroTcs cumponamu ¢, C, C, € (BO3MOKHO, ¢ HHIEKCAME
U 3HAYKAMH).



1. TIPEJBAPUTE/IbHBIE CBEJAEHMS

1.1. Pemerka. Ilycte I' C R3 — pemerka, nopoxkaenHas 6a31coMm
aj,ag,as, T. €.,

I={ac R3: a=za; + 2as + 2333, 2; € Z}.
Yepes  C R3 0603HaunM 3/1eMEHTAPHYIO dUeiiKy permerTkn 1
Q= {X eR?: x= t1a; + toas + tsas, —1/2 <t; < 1/2}.

Iycrs by, ba, by € R? — Gasuc, apoficTsennslit x aj,az, as, T. e., (b, a;) =
27d;;. Himxe ncmomp3yeM o6o3Hadenus

2ro = min_|b;|, 2r; = diam Q.
Jj=12,3

s T-nepuogmaecknx dymrkmmit f(x) 8 R? Gygem mommzosarhes 06o-
snauenueM f°(x) := f(x/e), rne € > 0. Iy KBaJPaTHBIX MEPUOANIECKUX
marpui-gyuknuit f(x) obo3nagaem

Tl [ regax, 1=l [ 760 ax)
Q Q

Ilpu onpegenennn [ cumraercs, uto f € Lioc(R?), a npu onpesenennn f
npenosaraercs, uro marpuna f(x) neocobaa u f € Ly 1o (R3).

Yepes H LH(Q;C") obozmamaerca MTOANPOCTPAHCTBO TeX (GYHKIHI n3
H'(Q;C"), T-iepwogmeckoe MPoIoKene KOTopbix Ha R mpumaiesxut
Hl%)c(]RS; Cn)

1.2. CraaxxkuBanme mno CreksoBy. Ham mnoumamoburca omeparop 5’5(”),

£>0, neiicreytommit B Lo(R3;C") (rae n € N) mo mpasmy

SO =07 [uix—emde, we LESC), )
Q

U Ha3BIBAEMBIN ceaaorcusarowum onepamopom no Cmekaosy. Mbl omycka-
eM mHAeKC n ¥ mumimeM mupocto Se.. OueBmmmo, S:D%u = D%S.u npm
u € H°(R3;C") u mobom MyTbTHHHIEKCe o, TAKOM 9TO | < 0. Bamerm,
97O

Sl Lo®3)— La(r3) < 1. (1.2)

Hawm monazobsites crepytomume cBoiicra oneparopa S: (cum. [ZhPasl, nem-
mbl 1.1 un 1.2] u [PSu, npegyoxenus 3.1 u 3.2|).

Ipeagosxenue 1.1. Jlasa 060t dynryuu u € H(R3 C") swmoanerno
[Seu —ullp,rsy < er1l|Duflz,ws),

2de 2r1 = diam ).
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Ipennoxkenne 1.2. ITycmo [ — T-nepuoduueckan dymnryus 6 R, npuyem
f € La(Q). ITycmo [f°] — onepamop ymmoocenus na dynxyuro f€(x). Tozda
onepamop [f¢]S: nenpepwsen 6 La(R3) u cnpasedausa ouernka

I1f€1Sell Lo(R3)— Lo (r3) < \Q|_1/2|\f\|L2(Q)-

1.3. ®@ynkiuoHaabHble Kjacchl. Ilyers O C R? — orpanumuennas o6-
nacthb. Ecim rpanura 0O n BeKTOp-QYHKIMS U(X) JOCTATOUHO IJIAJIKHe, TO
KOPPEKTHO OIpeJIe/IeHbl HOpMaJbHas U KacaTeJIbHas KOMIIOHEHTHI Ha Tpa-
HUIE: U, U U; COOTBETCTBEHHO. B HeraaJKo#l cUTyanuu MOXKHO TOHHMAaTh
paBeHCTBA Uy |po = 0 1 ur|pp = 0 B 0b6obImentHoM cMmbicae. Hamomunm ciie-
ayrorue onpeenennst; M. [BS1, BS2].

Onpegnenenne 1.3. ITycmov u € Ly(O;C3). Ecau divu € Ly(O), mo pa-
8encmeo Uy |po = 0 no onpedeaeruro oznauaem, 4mo

(0, Vw)r,0) = —(divu,w),0), Yw € HY(0).

Onpenenenne 1.4. ITycmv u € Ly(O;C3). Eeau rotu € Lo(O;C3), mo
pasercmeo Ur|go = 0 no onpedeaenuto o3nauaem, 4mo

(u,rot 2) 1,0y = (rot u,z) 1,0y, Vz € Ly(O;C?) : rotz € Ly(O;C?).

Iycrb s(x) — cummerpuanas (3 X 3)-marpura-gyuknus B O ¢ BelecTBeH-
HEIMHI 3JIeMEHTaMu, TpudeM 8,5 + € Ly 1 8(x) > 0. Tlommvo 06bIaHOrO0
npoctparctBa Lo(Q; C?) mam monamo6ures BecoBoe TPOCTPAHCTBO BEKTOP-
dbynrumit Ly(O;s) = La(O;C3; s) co ckangapHbIM Tpon3BeIeHnem

(1. £2) 1 0) = / (s(x)81(x), fa(x)) dx.
(@)
BsejieMm /1Ba IIOIPOCTPAHCTBA COICHOMIATLHBIX BeKTOP-(YHKIMIA B Lo:

J(0) :={u € Ly(0;C?) : / (u, Vw)dx = 0, Yw € H}(0)}, (1.3)
@

Jo(0) :={u € Ly(0;C?) : / (u,Vw)dx = 0, Yw € H'(0)}. (1.4)
@

Mommpoctpanctro (1.3) cocronT u3 Beex dynxnuit u € Lo (O; C3), aas koTo-
peix divu = 0 B cmbicsie pactupegenennii. [Togmpocrpanctso (1.4) o6pasyror
dbyrxmur u € Lo(O;C3) raxme, aro divu = 0 w uylpo = 0 (B cmbicae
onpegenenns 1.3). Muoxkecrsa (1.3), (1.4) MOKHO paccMaTpuBaTh Kak IO/
npocTpaHcTBa B BecoBoM npocrpancree La(O;s).

1.4. O11eHKU B OKPECTHOCTU TPaHUIlbl. B 3T0M myHKTE MBI (DOPMYyIHPY-
€M JIBa BCIIOMOTATEIbHBIX YTBEPXKJIEHNS, CIIPABEIJIMBbIX /19 OIPAHUYEHHbBIX
obmacreit O C R? ¢ gmmmmmesoit rpamureit; cM. [ZhPasl] wm [PSu, §5].
Tounee, 1pesroaraercs CIeayoIee.

Vegosue 1.5. IHyecmo O C R3 — ozpanuvennas obaacmo. Iloaosicum
(00). = {x € R? : dist{x; 00} < &}. Ipednoaosicum, wmo cyuecmeyem
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wucao €9 € (0,1] makoe, wmo nosocky (00)2z, MONCHO NOKPLIMD KOHEH-
HHIM qUCAOM okpecmuocmet, donyckarouur Juddeomopdusmu kaacca COL
pacnpamasowue zparuyy 00. Obosznanum 1 = eo(1+7r1)~L, 2r; = diam Q.

Yeaosue 1.5 rapaHTHpyeETCs JUMIIATIEBOCTBIO TPAHUTILI. UHCTI0 £9 3aBUCHAT
st ot obgiactu O, a €1 3aBucut ot obsiactu O u napamerpos perrerku [

Jlemma 1.6. ITycmo swinoanero ycaosue 1.5. Obosnauum Boe = (00)2:NO.
Tozda umerom mecmo caedyrouse YmeepHcIeHUs.
1°. Jaa moboti ynxyuu u € HY(O) evinoaneno nepasencmeo

[ R ax < el o) lelzacey 0 <= < 2o
2e
2°. Jlaa moboti ynwuuu u € HY(R3) svinoaneno nepaserncmeo
Lo, OO i < Bl gy, 0 < < < 2o
2e

Hocmoannas By 3asucum moavko om obaacmu O.

Jlemma 1.7. Illyemv ewnoaneno ycaosue 1.5. Ilyemov f(x) — T'-
nepuoduneckas Pynxyua 6 R® maxas, wmo f € La(Q). Ilycmov S. — one-
pamop (1.1). Tozda npu 0 < ¢ < €1 daa moboti dynkyuu u € H'(R3;C")
BHINOAHEHO HEPABEHCTNEO

o OIS0 < Bt 1 g ey
2e
3decw By = Bo(l +71), 2r; = diam Q.

2. TIOCTAHOBKA 3AJAYN. OCHOBHHBIE PE3VJIBLTATHI

2.1. Ilocranoska 3amaun. Ilycrs B8 R? 3a1amb1 cuMMeTpHYHEIE MATPHITHI-
dyrkmu 7(x) n p(x) pasmepa 3 X 3 ¢ BENIECTBEHHBIMY 9/IEMEHTAMMU, [1E€PU-
OJTMYECKNEe OTHOCHTEIBLHO penreTku ' m Takme, 4To

7, € Loo, n(x)>0; pp '€ Lo, u(x)>0.

pemonoxum, aro O C R? — orpanndentas 06/1acTh ¢ TPAHUIIEH KIaCCa,
CUH1. Mel u3yuaem 3/1eKTPOMATHUTHBIN PE30HATOP, 3AMOJIHSIONMI 06/1aCTh
O. Cumraem, 9TO JAMITEKTPUUECKAST W MATHUTHAS NPOHUIAEMOCTH 33/IaHbI
marpumamu 7°(x) = n(e71x) w pf(x) = p(e1x).

HanpsizkeHHOCTH 37IEKTPUYECKOTO U MATHUTHOTO TOJIell 0603HAYAI0TCS de-
pe3 u.(x) u v.(X) coorBercTBeHHO. BEKTOPBHI 3JEKTPUIECKOH 1 MArHUTHOM
WHJYKIUH CBA3aHBI C HOJSIMU Ug, Ve COOTHOILIEHHUSIMU W (X) = 1 (X)uc(x),
z:(x) = pf(X)ve(x).

Omneparop Maxkceesia M., 3aucannblii B TEpPMUHAX UHAYKIWH, AeCTBY-
er B npocrpanctse J(O) @ Jo(O), paccmarpuBaeMoM Kak IO IIPOCTPAHCTBO
B BECOBOM ITPOCTPAHCTBE

Ly (0;C% (nF)™") @ Lo (0; C%; (1) 1),
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1 3aJaeTCd BbIPDazKC€HUEM

M, = ( 0 B irot (ua)_:l)
Ha 0bBJIACTH OTpee/IeHnsT

Dom M. ={(w,z) € J(O) & Jo(O) : 1ot (1°) 'w € Ly(O; C?),
rot (u°) 'z € La(O;C?), ((n°)~'w)rloo = 0}

o

(2.1)

31iech KpaeBoe YCJIOBHUE JIJisi W IIOHUMAETCs B CMbIC/e onpeetenus 1.4. 3a-
MeruM, 910 B 001iem ciryuae Dom M, He conepxkurcs 8 H 1((9; (Cﬁ), IIOCKOJIb-
Ky KO3 PUITUEHTHI HE TIPEIIT0/IATraloTCs T IKIMU.

Oueparop M. camoconpsizken; cM. [BS1, BS2]. ITosromy rouka A = i siB-
JITeTCsT PEryJIsipHOil TOUKOit onepaTtopa M.. Hawa yeav — n3yanTh moBeie-
HHe pe3oabBenTs (M, —il) ™!, HLIMHI cIoBaMm, HAC MHTEPECYET MOBEICHIE
pertenuii (W, z.) ypaBHeHUsT

A
we-in(3) = (). acs@.reno. @2

3
a Tak:Ke ToBeeHHe moieit u. = (1) 'w. m v. = (u°)"'z.. B mompobmoit
sanmucn cucrema Makcsesta (2.2) mveer Buj

irot (uf) "tz —iw. = q,

—irot (n°) " ‘w. — iz, =,

divw, =0, divz. =0,
((na)_lwe)‘rb(’) =0, (Zs)n‘a(’) = 0.

3ameuanue 2.1. Bmecmo mouku X = © MOHCHO Goii0 6vt 63AmMb Ipyeyio
PELYAAPHYIO MOUKY das onepamopa M.

2.2. DdpexTusnanie marpunbt 7° u p’. Urobsr onpegenurs 3bdexTus-
ayio Marpuiy 1°, PacCMOTPUM BCIOMOIATEILHYIO sajlady Ha sveiike ().
Ilycrs e, e2,e3 — crangaprubie optel B R3. Tlyers ®; € H1(Q) — nepn-
OJINYECKOe Perenne 3aa4un

divn(x)(Ve;(x) +e;) =0, /q)j(x) dx = 0. (2.3)
Q

(Penrenne nonnmaercsa B ciabom cmbicie.) Onpegenum (3x 3)-marpuiy Yy, (x)
co cronbuamu V®;(x), j =1,2,3, u Marpury

1(x) == n(x)(Yy(x) + 1). (2.4)

DddekruBHas MaTpuUIa 170 onpeJlesigdeTcd KaK CpeJiHee 3HAUeHUe MaTpPUILbI

(2.4):
=190 [0 dx.

Q
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OKka3sbIBaeTCst, 4T0 MaTPULA 170 moJToXKuUTEMbHA. HaM 1moHas0bnTcss Takxke
MaTpuILa
e 0\—1
Gy(x) :=n(x)(n")"" - 1.

AnajioruuHbiM  00pa30M  OIPEEAeTCs MOJOKUTEIbHAS (P PEKTUBHAS
marpuna 0. Ilycrs v, e H L(Q) — mepmosmmeckoe pererme 3aa0m

div pu(x)(V¥;(x) +e;) =0, /‘Ifj(x) dx = 0. (2.5)
Q
Ompegemmm (3 x 3)-marpuny Y,(x) co cronbmamm VV,(x), j = 1,2,3, u
MaTpHUILY

fi() = p(x)(¥iu() + 1). (2.6)
Dddexrusraz mMarpuna p ompenersercsa paBeHCTBOM
o= ]Q|1/ﬁ(x) dx. (2.7)
Q

Hawm momagoburces Tak:ke MaTpuIia

~ 0y—1
Gu(x) == p(x)(u”)" — 1.
OrMeTuM HEKOTOpBIE CBOHCTBA 3((DEKTUBHBIX MATPHII, & TAKXKE CBOICTBA

pemrenuii 3a1a4 (2.3) u (2.5).

Sameuanune 2.2. 1) Cacdyrowue ouyenku 0aa sfdexmuenmr mampuy us-
secmubl Kok euakra Potiema — Peticca:

n<n’ <7y, p<p’ <L
Omcroda svmexalom HepaseHcmsea
%l < llzaes 1)< Mows 100 < Nitllpwes 1627 < Ml Lo

2) Mampuywi-pynryuu Yy, Gy, Y, G, nepuoduuns, u umerom ny.aesoe cped-
HEEC SHAYEHUC.
3) Hecaoocho nposepums ouenk

1/2 _ 1/2
1¥all oy < Il =12 1002, .
1/2 _ 1/2 .
1Yl Loy < Il 2 12 19112,
_ 1/2 _ 1/2
19511 L) < (2ro)~ mll2 I~ M 13/2 1922, 29

S1non1/20 —111/2 1/2

195110y < @ro) lal /2 I 12 1002

4) Coenaacro [LaUr, o1, 3, Teopema 3.1|, nepuoduueckoe pewenue P; s3adawu
(2.3) u nepuoduueckoe pewenue V; szadauu (2.5) oepanuuenvl, npuem

@il <Cpy IV5llL, <Cuy, j=1,2,3.

ITocmosmmnasn @] sagucum moavko om |||, |17 1. w Q; nocmosnmnas
C,, sasucum moavko om ||l r, [0~ Lo u Q.
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Hawm nonamoburcs Takake Caeayolee My IbTUILINKATOPHOE CBORCTBO MaT-
pun, Y7 u Y75 em. [PSu, Coepcrsue 2.4].

Jdemma 2.3. Jasa moboti dynxuuu v € HY(R3) npu e > 0 svinosnerns
OUEHKU

/ IYWE(X)\QIU(X)\QdX</31,n/ IU(X)!2dX+ﬂ2,n€253/ [Vu(x)|* dx,
R3 R3 R3

[ WEPIG0R dx < 1 [ TG i+ 52,2 CE [ [9ut) P ax
R3 R3 R3
Hocmosnnvie By, u By sasucam moavko om |n||L.. w |77 L. ; nocmosn-
note By, u B, sasucam moavko om ||ulln., w || Lo, -

U3 nemmpr 2.3 cenyer, 9T0 MAaTpAIBL-DYHKIME Y," 1 Y] ABIAIOTC MyJTb-
TuIIIKaTopaMu u3 Kiaacca Cobosea H(R3;C3) B Lo(R3; C3).

2.3. 9ddekruBnbiii oneparop Makcsesuia. Idihexmusnoil onepamop
Maxceeana M peiictyer B mpoctpanctse J(O)® Jo(O), paccmaTpuBaeMoM
KaK IOJIPOCTPAHCTBO B BECOBOM IPOCTPAHCTBE

La(0; €% (n°)™1) @ L2(O; C% (%) ),
1 3aJaeTCAd BbIpaKeHUEeM
0 0 irot (u¥) =1
M= (—z’rot (n")~t 0

Ha 00JIACTH OIIpeIesIeH st
Dom M° ={(w,z) € J(O) & Jo(O) : ot (n°)'w € Lo(0;C?),
rot (1) 'z € Ly(0; C%), ((n°)~'w)-|a0 = 0}.

Baaronaps yeiosuio 00 € O obnacts onpenenerns Dom MO conepskures
B H'(O;C®%) u momyckaer ciemyiomee onucanme:

Dom M° ={(w,z) € H'(0;C°) : divw =0, divz =0,

(") 'W)rloo = 0, z4]p0 = 0}.
B,ZI;er KpaeBble yCJIOBUYd Ha W U Z ITIOHUMAIOTCA B CMbICJIE TEOPEMBI O CJi€/IaX.
Ykazannoe cBoiicrso 6b110 ycranosiero B [BS1, reopema 2.3 npu ycaosun
00 € C? u B [F, Teopema 2.6] mpu yeaosun 90 € C3/219 5 > 0.
Pacemorpum addexkTrBHYIO cructemy Makcpesia

(MO —iI) (;"(?) = (‘3) : (2.11)

u monoxmM ug = () 'wo 1 vo = (u°) 'zo. B moapobuoit 3ammcn cucrema

Makcsesta (2.11) mmeer Buj

(2.10)

ivot (1) "'z — iwp = q,
—irot (n°)"1wg —izg =,
divwg =0, divzg =0,
(M°)~'wo)rlao =0, (20)nloo = 0.
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Kunaccuaeckue pesyabrars: (cm. [BeLPap, Sa, ZhKO|) nokassisator, aro
upu € — 0 BexTOp-bYHKIMM Ug, W, Ve, Z: caabo crodsmes B La(O; C3) x
COOTBETCTBYIONIMM YCPEIHEHHBIM MOJIAM Ug, W(, Vo, Z0-

2.4. OcHoBHble pe3yJibTarbl. Mbl ycTaHABINBAEM AIPOKCUMAIUN JIJIs
nosieif Uz, We, Ve, z. 10 HopMe B Lo (Q; C3). [ hopMyTHPOBKE Pe3yIbTaToB
HaM IOHAIOOMTCS ellre OHa “ompaBounasy’ cucrema Makcsesia:

(MO —iI) @’;) = <‘3§> . (2.12)

D10 cucreMa ¢ 3pdpekTUBHBIMU KO duImenTaMu, Ho BEKTOP-(DYHKINN (¢,
r. B mpapoit yactu 3aBucar or €. OHU OUpeeJIeHbl CIeYIONUM 00pa3oM.
Ipomomxmy dbynxmmm q u r mysem ma R3 \ O:

~ . Jax), x€0, ~\_ Jr(x), x€O,
q(x){o, x € R3\ O, r(x>{o, x € R3\ 0.

Hanee, paccmorpum Bektop-dbynxmm Se(Y,7)*q n Sc(Y)'r, npunase-
wamme Lo(R3; C3). Mpr yuin, 4o oneparops S (V)] = ([Y;]8:)" u
S(Y,))*] = ([Y7]S:)* menpepbiub B L2(R3;C3) B ety mpetoskenms 1.2.
IMycts Pjo — oprompoexTop mpoctpanctra La(O; (M) ™1) ma J(O) un 7720
— oprompoexTop mpoctpanctia Lo(O; (u°)~1) ma Jo(O). Cyxas sexrop-
bynxmm S:(Y;7)*q u Se(Y)7)*T na obmacts O m mpuMeHsst TPOEKTOPh! Ppo
u 7330 COOTBETCTBEHHO, OTIPeIe M (DYHKITHH

Qe = PpS=(Y;)"q, 1o :=PoS(Y;)'T. (2.13)
Taxum obpazom, q. € J(O) u r. € Jy(O). Ucnonssys npemnoxenne 1.2 u
HepapeHcTBa (2.8), onenum HOopMbl yHKIWH (2.13):

< ! ,
HCIa||L2((9) ||77||LOO(Q)H77 HLOO(Q)HQHLQ(O) (2.14)

Irellzo0) < HM||LOO(Q)||H_1HLOO(Q)Hl"||L2(0)~
ITo periennsim cucremsr (2.12) oupejesnnm “noupaBodsbie” 10J1si
. = (") W, V.= () 'z (2.15)
B cuny (2.10) umeem U, We, Ve, 2 € HY(O;C3).

3ameuanue 2.4. “Ilonpasounvic” noaa ., We, Ve, Ze CAGOO CTOOAMCA K HY-
10 6 La(O;C3) npu e — 0. Omo nempydno nposepums, ucnosbsys “ceofi-
cmeo cpedneao ananenua’ u mom Gaxm, 4mo npasvlie Yacmu qe, Te CUCTEMDL
(2.12) codeporcam 6voicmpo OCUUAAUPYIOUSUE MHONHCUTNEAL € HYAECBIM CPED-
HuMm 3Havenuem; cm. (2.13).

Hair ocroBHO#l pe3ysibTar — CJie/IyIoIas TeopemMa.

Teopema 2.5. [Tycmo (w.,z.) — pewenue cucmemv (2.2) uu. = (n°) we,
ve = (uf) 'z, Iyemn (wWo,2z0) — pewenue sfdermuenoti cucmemn: (2.11)

uug = (n°)"two, vo = (u°)tzg. Iyemov (We,2.) — pewenue nonpaconoti
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cucmemo, (2.12), a 0., V. onpedeaenwt 6 (2.15). Hycmov Yy, Gy, Y., G, —
nepuoduyeckue Mampuus-PpyrKuuY, esedennsie ¢ nyrwkme 2.2. Hycmos wucao
€1 noduuneno ycaosuro 1.5. Tozda npu 0 < € < €1 6uNOAHEHDL OUEHKU

e — (14 Y5) (o + 1) | 1,00y < Cre"? (lallzoo) + Itllzao)) - (2.16)
[we = (1 + G5)(wo + W)l 1,0y < Coe"? (llallny(0) + Tl ny(0) s (2:17)
[ve = (L+Y)(vo + V)l zy0) < Cse'2 (ldllzy0) + Il 2o0)) » (218)
|ze — (1 + G})(Z0 + Ze)| Ly 0) < Cye'/? (lall o0y + el Ly@)) - (2.19)

Hocmosannwe Cy,Ca,Cs3,Cy sacucam om wnopm |0|lo.., |1n e, lello.,
|, om napamempos pewemxu T u om obaacmu O.

Bameuanne 2.6. 1) 3amemum, wmo (14 Y7)(ug + U.) € Ly(O;C?), no-
cwoavky ug + U € HY(O;C3), a mampuya-dynryus Y, Aeasemca myav-
munauxamopom uz H(O;C3) 6 La(O;C3); cm. aemmy 2.3. Ananozuumo,
ANNPOKCUMAUUY s NOACT We, Ve, Z. makoice npunadaesicam Lo(O; C3). 2)
Annpoxcumauuu s Ve, We, Vo U Z. aHas02uHYL Opye dpyey. Hanpumep,
NOAE Ug NPUBAUNCAGEMCA CYMMOT YEMBIPET YACHOG!

u. ~ ug + Y;uo + U, + Y;ﬁs.

3decwv nepsoe cagzaemoe — YCpedHEeHHoe Noie, 4 OCMAAbHLE MPU YAEHE CAG-
60 CTO0AMCA K HYAI0 U MO2YM ObiMb UHMEPNPEMUPOSAHBL KOk KOPPEKMO-
ol HYae6020 nopadka. 3) Hopsadok ouenor us meopemvr 2.5 yxydwaemcs no
CPAGHENUIO C AHANOZUNHBLMY OUeHKamu Oan 3adavwu 6 R amo obsachaem-
ca sauanuem epanuybs obaacmu. 4) Pesyavmam meopemv, 2.5 donycraem
POPMYAUPOBKY 8 ONEPAMOPHHIL MEPMUHAL:

(Mo — i)™ = (I +GF)(M° —il) NI + 2.)| < Ce'/?,

G0 P,0S.(YE) I 0
e __ n _ n n
g - ( 0 GZ) ) Zs - ( 0 PBOSE(YE)*H> )

a IT — onepamop npodosdscenun HYyseMm.

2de

3. PEAVKIIMSA 3AJIAYM K YPABHEHUSIM BTOPOI'O ITOPSIJIKA
ITpeacraBum pemenne cucremsbr (2.2) B BUE
W, = Wéq) + Wgr)’ 7. — qu) + 7

rie (wéq),zéq)) — pemenne cucrembr (2.2) npur =0, a (wér), zér)) — perire-

aue cucrembl (2.2) npu q = 0. Mosokum
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Torza (Wé ), r )) — perrenne 3a1a9n
wé‘”) = rot (,ue)*lzgr),
rot (ns)_lwgr) +20 = ir,
(r) (r) (3.1)
divw =0, divze :O,
((n°)~ IWE )rloo =0, ( )n’{)(’) =0.
IMapa (we (@) Z£Q)) SIBJISICTCST PEIICHNEM 33,1 H
qu) = —rot ()~ (q)’
ot (1) 12— w — i
) _ (a) _ (3-2)
divw:¥ =0, divz:? =0,

() WD) oo = 0, (2D ]a0 = 0.

r o o
"3 (3.1) Bugno, uTo zg ) ampsercs perTeHneM CIIeayIoImeil KPaesoil 3a1a9m
OJis yPaBHEHUS BTOPOTO MOPSTKA

rot (n°) ~lrot (,ug)_lzgr) +2) = ir, div 2" = 0, (3.3)
(28 )nloo = 0, () ~rot (1) "2 rla0 = 0.
B cuny (3.2) dynkuus qu) SABJIIETCA PEIIeHreM KPaeBoi 3a/1a9m
rot (,us)*lrot (77 )~ lw@ 4wl = iq, divw!? = 0, (3.4)
(") wi)2loo = 0, (rot () " wi)uloo = 0.

Bagaun (3.3) m (3.4) MOX0KM APYT HA APYTA, HO OTIMYAIOTCHA TEPEMEHOM
poeit koaddurnnenToB n° u 4, KPAEBLIME YCJIOBUIMH, & TAKKE YCIOBUAMUI
Ha npaseie gactu: r € Jo(O), q € J(O). Mbl nuccienyem s1u 3a1a4u 10~
OTJIETBHOCTH, 8 3aT€M COMOCTABAM PE3YJIBTATHI.

QddexTuBHbIE OIS Uy, W(, V(,Z) U IIOIPABOYHbLIE 0L Ug, We, Ve, Ze
TAKZKe TIPEJICTABMM B BUJE CYMMBI JIByX CJIAraeMbIX — C WHEKCaMu (q) u
(r) coorBercreenno. Cnaraemble ¢ nnjgekcoMm (q) orpevaror ciaydao r = 0, a
ciaraemble ¢ wHAekcoM (r) — caygaro q = 0.

4. ICCAEJOBAHUE 3AJIAYHN B CJAYYAE q =0

4.1. Cummerpu3arus. 3aMeHa @, = (;1,5)’1/22?) ceoauT 3aa4y (3.3) K

{ (1)~ Y2rot (n°) ~trot (1) V2, + . = i(p) "M 2r, div (uF) 2, =0,
(1) Y20 )nloo = 0, ((nF) ot (1) ~H2¢,) |90 = 0.
(4.1)
Baeck r € Jy(O). ABroMaTHIECKN @, SBISETCT TaKKe PEIeHHeM SJITHIITH-
YECKOI'0 ypaBHEHNs

(Lo + D, = i(ps)7r, (4.2)
re oneparop L. GopMasbHO 330aH T hepeHITHaJIbHBIM BhIPAsKEHTEM

Lo = (1) rot (1) Mrot () "2 — (uF) /2 Vdiv (1) /2
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¢ rpaamanbiMu yeaosusmu u3 (4.1). Crporo rosops, oneparop L. — 310
camoconpsizkennbiii oneparop B Lg(Q; C3), orsevarommii 3aMKHyTO HEOT-
puIaTeIbHON KBaapaTudHO# hopme

el = [ (10 ot (1) 2ot (1) P2p) + v () )
Dom . = {¢ € Ly(0;C%) :  div (1F)?p € Ly(0),
rot (1%) V% € Lo(0;C%), (1) ?@)nloo = 0}.

(4.3)
BamkHyTocTh opmbl (4.3) BeITekaer u3 pesyasraros [BS1, BS2|.

Bameuanue 4.1. 1) Boobwe zo60ps, Dom . ¢ H'(O;C?). 2) Bmopoe epa-
nuunoe yeaosue ¢ (4.1) — ecmecmesennoe, ono e ompasicaemca 6 obaacmu
onpedesenua xeadpamusnot gopmut l.. 3) Popma . u onepamop L. pacna-
da0mea 6 OPMO20HANDHOM PASAONCEHUL

Ly(0;C?) = Jo(0; %) @ G(O; 15,
20e
Jo(O; =) = {£ = (u%)'/*f € Jp(0)},
G(O1F) = {(1¥)/*Vw : we HY(O)}.

4.2. DddexTusnaa 3amaua. ycrs n° u pu® — sdpdexrusabie MaTpuIp,

)

onpegenennbie B 1. 2.2. Tomomum @ = ()~ QZ(()T . Torna ¢, aBnsercs

peleHneM 3a/1a4u

{ (10)~12rot (n%)~rot (u0) =24 + o = i(u0) "V 2r, div (10)/2py =0,
(1) 200)nlo0 = 0, ((1°)~trot (k%) ~2¢y) |90 = 0.

(4.4)
ABTOM&TI/I“IQCKI/I CPO ABJIAECTCA TaK>Ke peH_IeHI/IeM QJLJIUIITUYECKOTIO ypaBHeHI/IH
(L0 + Do = i)~ (4.5)

rae L0 — camoconpsikennsiit oneparop B Lo(Q; C3), oreuaromuii 3aMKiy-
TOW HEOTPUIATESTHHON KBAAPATHIHON (hopMe

lole, ] = /@ (4"~ w0t (1)~ 2,30t (1)1 20) + fdiv (1) 22 dx,

Dom [y ={p € Ly(O;C?) : div (u°) /2 € Ly(0),

ot (1) € La(0;C%), ((1°)*@)alao = 0.
(4.6)
3a cuer ycnosus raagkoctn rpamunsl (00 € CHY) mrokectso Dom [y cos-
Hajaer ¢

Dom o = {p € H'(O;C%) : ((1°)*@)nloo = 0}.
®opwma (4.6) KOIPUUTHBHA: CIIPABEJIUBBI JIBYCTOPOHHUE OICHKH

101310y < ol @] + [913,0) < 2l@l3no) ¢ €Domb. (A7)
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Mocrosunast ¢ 3asucut ot ||pllr., 47 Lo [|7]|Le # 0T 0Bmactu O, a co
sasucut ot ||plloe, 1 Hoe, In7 Ly 1 or obnacru O. Ykaszauubie cBoii-
cTBa 6bLIM yeTanoBTeHs B [BS1, Teopema 2.3| npu yeaosmn 00 € C? u B [F,
Teopema 2.6 mpu yeaosun 00 € C3/29 5 > 0.

Omnepatop L0 apjsercs CHIBHO S/UTHITHYECKUM OIEPATOPOM C IIOCTOSH-
HEIMI Ko duruentamu. Yeaosue riaaakoctn rparnnsl 00 € CH! obecneun-
BaeT CBOMCTBO MOBBIIIEHNs TIafKoCTH: pesosibsenTa (L0 + 1)~ menpepripHa
u3 Lo(O;C3) B H?(0; C3). Brmonnena omeHka

1L+ D)7 10y m2(0) < s (4.8)

r1e moctogaHas ¢, 3apucnt auntb ot |9l ., 177 Les 1lloa, 47| L., woT
obmactn O. Tem cambim, omeparop L0 MozknO 3amars muddepeHnTnaIbHbIM
BBIpAYKEHUEM

L0 = (u°)~?rot (n°) "ot (1) T2 — (u0) M2 Vdiv (1°)1/2
Ha 0bJIACTH OlpeesIeHnst
Dom £° = {¢ € H*(O;C) = ((1°)"*¢)nloo =0,
(%)~ "rot (1) ")+ [a0 = 0}

Bameuanue 4.2. 1) IIpu ycaosuu 00 € CHL (u docmamouno enadkuz xo-
appuyuenmaz) nodobroe c60UCMEO NOBVUEHUA 2AG0KOCTIU Pewerutll 3a0a-
wu Jupuxae aubo Hetimana Oaa CUADHO IAAUNMUNECKUT YPABHEHUT 6MO-
po2o nopadka modicro natimu, nanpumep, 6 knueze |McL, rnasa 4]. Joxasa-
MEABCNBO OCHOBGHO HA MEMOJe DPASHOCTHHEL OMHOWEHUTE U CYULLCTNEERHO
ONUPAETNCA HG YCAOBUE KOIPUUMUSHOCTIY KEadpamuyurot dopmov.. B nauem
cayuae Kosddunuermos onepamopa L0 nocmosrnt u 6vnoaneno yciosue Ko-
apyumuenocmu (4.7), LOMA 2PANUYHBIE YCAOBUA UMEIOM, CMEWAHNBIT TVUN.
Hempydno mem orce memodom ycmanosumy C80TCME0 NOSHLEHUA 2AG0K0-
emu v daa onepamopa L°. 2) @opma ly u onepamop L° pacnadaromca e
OPMO2OHANDHOM PA3AOAHCERUY

Ly(0;C%) = Jo(0; 1°) @ G(O; 1°),

20e
Jo(O; 1) = {f: (u)'*f € Jo(O)},

G(0; 1) = {(1°)2Vw : we HY(O)}.
B cuny (4.5) u (4.8) emonmeno ¢, € H?(O;C3), mpuaem

_ 1/2
leollz2(0) < el 12 el Laco)- (4.9)

Hycrs Po : H?(0;C3) — H%(R3;C3) — juneitnblit HenpepbIBHbIil onepa-
Top npogoJsKenus. ObozHauum

HPOHH2(O)—>H2(R3) =: C@. (410)
Homoxmm @ := Poyp, € H*(R3;C3). Cormacro (4.9) u (4.10),
@0l 523y < Cillrl| L,y (0), (4.11)
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—1y1/2
rae C1 = Cocyllp IHL/OO'

4.3. TlonpaBoyHnas 3ama4a. [loxoxum p, = (,ﬂ)*l/?aé"). Torna p, sBs-

eTCsl pereHneM 3a/1a9u

{ (1) Y210t (1°) ~trot (10)V2p, + p. = i(u) " ?r., div (u0)V2p, =0,
((10)Y2p)nloo =0, ((n°)~trot (1°)~Y2p.)r]a0 = 0.
(4.12)

ABTOMaTI/IquKI/I [)5 ABJIACTCA TaKZKe PEIMEHUEM IJIJTUTITUYIECKOTO YpaBHEHU A
(L0 + D)p, = (1) V2.
B cuny (2.14) u (4.8) semonneno p. € H?(O;C3), npuaem
—113/2
el a2y < eslill ool 22 el oo, (4.13)
Honoxmm p, = Pop,. € H*(R3;C3). Cornacro (4.10) u (4.13),
1P|l 23y < Callr]| o0 (4.14)

riie C2 = Cocx||pl| L., |1 Loo

4.4. TlepBoe npubsnkeHne K .. Ilycrs ¢, — pemmenne ypasuenus (4.2).
ByneM nckaTh mepBoe IpHOIMXKEHNE 1P, K DelIeHnio ¢, B hopMe, IOX0XKeit
Ha mepBoe NpubJIMKeHne K PereHnio aHaJoruyanoi 3a1aam B RS, usyuen-
roit B [Su2]. Beemem crawana meobxommmeie obbexTh. Myers Wi(x) — I'-
nepuogndeckas (3 X 3)-marpuria~-pyHKIHs, ONPeIeIeHHAs BblPaXKeHeM

Wii() = p(x) 720 (1) T = () AL+ V() ()T, (4.15)

rae fi(x) — marpuna (2.6). Tlomoxum c; = (u°)~'/2e;, j = 1,2,3. Mycrs
VU ,(x) — I'-nmepuomuieckoe pernenue 3a/1a4u

div j(x) (V5 (x) + ¢;) = 0, /Q\iuj(x) dx = 0.
Ilycts £1;(x) (rme 1,5 = 1,2,3) — I'-nepuoauyeckoe pereHue 3a1a49u
1(x) Y 2rot (x) L (rot () 1265 (x) + ey x (V;(x) + cj))
— p(x)'?v (div p(x)285(x) + iy - (u(x)(V;(x) + Cj)) =0,  (4.16)

/Qflj(x) dx = 0.

Iycrb Ay(x) (rpe I = 1,2,3) — D-uepuopnueckas (3 x 3)-marpura-gpyHKius
co cronbuamu fi;(x), j = 1,2,3. OrMeTnM OreHKy

A1l o) < CalQ[Y2, (4.17)

rae nocrosmmast Oy sauent ot ||1lr., 107 e 0o, le ze v o7
napameTpos pemterkn ['; em. [Su2, o. 5.3].
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Sameyqannue 4.3. Hempydno nposepums (cm. [Sul, u. 4.4]), wmo das pewe-
nus 3a0awy (4.16) 66NOAHEHDL COOMHOWEHUA

div pu(x)"/265(x) = ey - (1) /%e;) — ier - ((x)(1) "/ 2e;), (4.18)
n(x) " rot u(x) 265 (x) = i(1+ Yy (x) (1) (e x (1) 2ey))

+in(x) ! (((1 + Yu(x))(uo)_l/zej) » el) . (4.19)

Iycrs dyrkmm @, p. € H2(R3?; C3) Beenens B mynkTax 4.2 u 4.3 cooT-
sercrBenHo. Ilycrs S — oneparop criazkusanug no CreksoBy (cum. (1.1)).
IlepBoe mpubsmKenue P, K PeIIeHNI0 @, ypasHeHus (4.2) uieM B Buje

3
Y. = (W.)"S(g +p.) +¢ Z A7 S:Di(pg + p.)s

" (4.20)
Y. =Y. |o.

Beipazkenne (4.20) mogcka3aHO BHIOM EPBOTO MPHUOIMKEHUsI K DEIICHHUTO
ypasuermnsa B R3, amamormanoro (4.2); em. [Su2).

Jlemma 4.4. Bunoanens coommowenus b, € La(O;C3), rot (uf)~Y24p, €
Lo(0; C3), div (uf)V?4h, € Lo(O) u ouenu
1% = (Wa)"Se(@o + Po)llLa0) < CoellrlLao), (4.21)
(7)ot (1)~ Pap. — (1 + Y;) (1) 'rot (1) 7125220 + Be) 12 (0)

< Caellr] o0
(4.92)

div (1%) 29, || 1,00y < Csellrll Lo(o)- (4.23)

Hocmosanmmwe Cs, Cy, Cs sasucam auwv om wopm ||[0llL.., 107 e, olloa,
I~ oo, napamempos pewemxu T' u obaracmu O.

Jokasameavemeo. B cumy npepioxenust 1.2 u (4.17), (4.20) nveem

3
Y. — (W5)"Se(Po + Pe)llLo0) = 5\\; A7S:Di(@o + )| 1,0

< eCAV3| g + Pl (0)-

Bumecte ¢ (4.11) u (4.14) sto Bieder onerky (4.21) c¢ mocrosiHON C3 =

OA\/g(Cl + Co).
IIposepum remeps (4.23). Coracuo (4.15) u (4.20) umeem:

3

(1) Pape = [ (1°) 2 S:(@g + Pe) + € Y (1) P ATS-Di(@g + Pe)-
=1



22

W13 ypasuenuit (2.5) caepyer, uro div fi(x) = 0 (1. e., quBepresuus ot cro/ib-
1o Marpunpl [1(X) pasha nys0). CienoBaresbHo,

3
div ()" *ep. =Y (@ (%) %e;) - V[S:(@o + P.)];

j—l

+¢ Z [div (u°)Y2A%)S.Dy(By + P.) (4.24)

+e Z °)25) - VDiS: (@0 + Pe)l;-
l,j=1

3nech [Se(@g + p.)]j — j-asi xoopamnara BekTOp-bDyHKIMH S:(Po + p.),
a div (uf)Y/2A; — sro marpuma-crpoka (c smementamu div (,U,E)l/QflEj, Jj=
1,2,3). O6osnaunm mocsegoBaTespHble caaraemble B (4.24) wepes Ji(e),
Ja(g), J3(g). locmenuuii wiren omeHnM ¢ TOMOIIBIO pemozkenus 1.2 u (4.17):

1/2 .
1 3(e)l| a0y < Bellull 2 Call@o + Pl 2y < Chellrllry),  (4.25)
vie €4 = 3|ull}/2Ca(Cy + Co). Mt yeumm (4.11) w (4.14).
B cuny (4.18), ediv ()Y 2Af — 3T0 MaTpHIA-CTPOKA C 3JIeMEeHTaMH
ier - ((u")"/2ej) — ey (i (u%) " 2e;), j=1,2,3.
C yuerom sToro Belpazkenue nis Ji(e) + Jao(e) ynpomaercs:
Ji(e) + Ja(e) = Y (VIS=(@0 + po)]i) - (1) %e;) = div (1°)'/2S- (@0 + Pe)-
7j=1
B cuy npenioxkenns 1.1 u (4.11), (4.14) umeem
Idiv (u%)!/2(S2 = 1)@ + Pl Lo es)

<erillpl 2110 + Bell e es) < Chellr oo

rae C = ||,u||L *(Cy + Cy). Yuursbas, uro div ()2 (g + p.) = 0 B
obmactn O (cm (4 4), (4.12)), mosmyaaem

171(e) + J2(e) Lo (0) < CrellrllLy(0)- (4.26)

N3 (4.25) u (4.26) Boirexaer ouenka (4.23) ¢ nocrosiunoit Cs = Cf + Cf.
Ocraercst uposepurs (4.22). Umeem:

3
(1) 2 = (L4 Y (1) V280 (B0 + o) 2 D (1) /2AS-Dul@o + )
=1
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Hockombky Y, (x) — marpuna co cronbuamu VW;(x), To rot (Y +1) = 0.
CirieioBaTe/IbHO,

()~ "rot (u) /%4,
3
= )Y (VISe(@o + B2))y) x (¥ +1)(n) "V 2e;)

=1
3 4.27
+e(n) Y [rot (u°) " 2AF1SDi(@o + Pe) 120

—1

0 0 0
bh=10 0 —i|, =10 . by = 0
0 i ' 0

0 —1

oS O O
O O =,
O = O
O O O

Boipascenne rot (uf)"1/2Af ecrn marpuna co cromGuamu rot (uf) foj,
Jj =1,2,3. Obo3naunm nocaesoBaTenpHble ciaaraemere B (4.27) gepes F(e),
Fy(e), F3(e). B cuny npemmoxenns 1.2 u (4.11), (4.14), (4.17)

— _ 1/2 ~ ~
IF3() a0y < elln ™ lpw ™ 1/23CAl1@0 + Pell ey < Callrl Lo(o),
(4.28)

ve Co = [l . | 1/23CA (G + Co).
Coruacuo (4.19), £(n°)~'rot () ~Y/2A5 — a0 Marpuna co crosbamu

i) )7 (e x (1) 2e5) )+ilrF) (14 ¥)(0) 7 V%e;) =€)
D10 1nO3BOJISIET yIPOCTUTH Bhipazkenue st cymmbl Fi(g) + Fa(e):

Fi(e) + Fa(e) = (14 ;) (") 'rot (u®)~/2S:(@0 + p.).

Bumecte ¢ (4.28) 310 J0Ka3bIBAET HCKOMYIO OIEHKY (4.22). O

4.5. BBegeHue monpaBKu TUIIA TTOTPAHUYHOTO ¢Jjiog. O6o3HauNM

Rel¢] = (1 +Y;) (%) rot (%) 7 /2S:(@g + Be), vot (1)~ 2¢) L, o)

+ (W) S=(@0 + 2)s Q) a0y — il (1)1, C) 1, 0).
(4.29)
Bsenem mompaBky Twma mOrpaHUYHOTO CJI0S S KAK BEKTOP-(PYHKITHIO B 00-
gactu O, yIOBJIETBOPSIONIYIO YCIOBUSIM

s. € Lo(0;C?), div (u5)'/?s. € Ly(0), rot (1)~ /?s. € Ly(0;C?), (4.30)
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TOXKIECCTBY

(")~ "rot (%) ™1 ?se, w0t (1) 72¢) 1, 0)

+ (div (1) ?se, div (1) 2¢) 1y 0) + (8¢, ) 1a0) = Re[¢], V¢ € Dom L,
(4.31)
1 KpaeBOMY YCJIOBHIO

((15)%s2)nloo = (1) 24 )nloo- (4.32)

Hanomuum, uyro Dom [ onpeneneno B (4.3).

ITokaxkeM, 9TO Pa3sHOCTL IEPBOrO MPUOIMIKEHUS 1P, U MOUPABKU Se JaeT
npubuzKenne ToIHoro nopsiyika O(g) B “OHEpreTHaecKoil” HopMe K PEIIeHuto
. 3amaan (4.1).

Jlemma 4.5. Iycmov @, — pewenue 3adavu (4.1). Ilycmo . — nepsoe
npubaudicenue ¥ pewenuto, onpedeaennoe 6 (4.20). Ilyemov s. — nonpaska,
ydosaemeoparouian coomuowernuam (4.30)—(4.32). Honoowcum V. 1= ¢, —
Y, +s.. Toeda V. € Dom I u swnoanena ouerka

IVl o) + l1div (19) 2 Vel Ly o) + ot (17) ™2 Vel Ly 0) < Coellell Ly 0)-

(4.33)

Hocmoannan Cg sasucum avws om wopm ||0lloe, 17 ow, lllLe
Il o, napamempos pewemxu T' u obaracmu O.

Aoxasamenvcmeo. U3 ycnosuitl Ha ¢, P, U S; BUIAHO, 4TO
V. € Ly(0;C3), div (u)?V. € Ly(0), rot (1°) Y2V, € Ly(0;C?).

B cuny (4.1) pemenne @,  yIOBIETBOPsiET  KPAEBOMY  YCJIOBHIO
(1) )nloo = 0. Bumecre ¢ (4.32) aro Brewer ((1f)Y?V.)ulao = 0.
Canenosarenbio, V. € Dom [..

Hanee, dbyEKINS (0, YIAOBIETBOPSET TOXKIECTBY

((ne)_ert (ME)_I/QQOU rot (ME)_I/QC)LQ(O) + (4,05, C)LQ(O)
= i((ﬂs)flmryOLz(o), V¢ € Dom I,

n yerosmo div (uf)Y2p,. = 0. Bumecre ¢ (4.29) u (4.31) sT0 mpEBOAUT K
TOXKJIECTBY

L[V, ¢+ (Ve, O a0y = —((0°) " rot (1) ™24, 10t (1) 728) (0
— (div (%) 24, div (1%)2C) 10y — (W2, C) 1a(0)
+ (L4 Y;) (") rot (1) T2 S(@0 + pe) ot (1)) L0
+ (W2)"Se(Pg + ) Q)rr(0), V€ € Dom .
Orcroga u u3 JeMMEI 4.4 BEITEKaeT OIIeHKA,
Ve, ¢+ (Vey &) a0 |
< Cgellrllzy o) (HCHLQ(O) + [[div (%) %¢ 1,0y + [rot (ME)_WCHLQ(O)) :
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rae C; = C3 + C4 + Cs. Toncrasnsis ¢ = Vi, npuxopum x ouenke (4.33) ¢
nocrosinuoit Cg = 3C; max{||n|/r..;1}. O

JlemMma 4.5 TOKa3BIBAET, YTO PA3HOCTH 1P, — S JAeT MPUOJINKEHNE K Pellle-
HUIO . C TIOTPENTHOCTHI0 ToUHOTO mopsaka O(g). OnHako, KOHTPOJIUPOBATE
[OTIPABKY S; TPYJIHO, MOCKOJIBKY OHA SIBJISIETCS PEIeHUEM JIUNTHIECKOTO
ypaBHeHUsI ¢ OBICTPO OCHULIUPYIOMUMEU KoadduiimerTaMu. 3aTo yIaeTcs
OIIEHUTD S. B “9HEPreTHIECKOi” HOpME.

Teopema 4.6. [Iycmo s. ydosaemeopaem coommnowenuam (4.30)—(4.32).
Hycmo wucao €1 nodwuneno ycaosuro 1.5. Toeda npu 0 < € < €1 6wnos-
HEHA OUEHKA

1/2 —-1/2

8¢l Lo0) < Cre2(Ix]| Ly (0)-

(4.34)
Hocmosannas Cr; sasucum avwn om nopm ||0lloe, 10 ow, lille,
I~ Lo, napamempos pewemxu I' u obracmu O.

IsellLo(o) + Idiv (1%) sl Ly (o) + [[rot (1°)

HoxazareabcrBo Teopembl 4.6 Tpebyer O0BINON TeXHUYECKOH pabOTHhI;
eMy TOCBSIIEH § 5.

4.6. Annpokcumarnua dpyskmun .. U3 nemmer 4.5 u reopems! 4.6 BbI-

BOAUTCA aIIIPDOKCUMAITUA (byHK]_[I/II/I Pe-

Teopema 4.7. ITycmv ¢, — pewenue 3adawu (4.1). Iyemov wucao €1 noo-
wuneno yeaosuro 1.5. Tozda npu 0 < & < €1 8nnoanens, oyeHKy
lee = (W) (0 + Po)llo(0) < Cse'2(Ix]| sy 0) (4.35)
() rot (%) 2. — (1 + ;) (1) " rot (4) T2 (0 + p2) | (o) (4.36)
< (3951/2”1"“L2(O)-

Hocmosannwe Cs, Cy zasucam auwn om wopm 1)L, 1M e, el
|| Loy, napamempos pewemxu T u obaacmu O.

Hoxazamesavcmeo. N3 nemmbr 4.5 u reopembl 4.6 HEIOCPEICTBEHHO BBITEKAET
OTIEHKA,

lpe = el a(0) + lIrot (19) ™2 (. = ) L0y < (Co + Cr)e' 2 [x (o)
mpu 0 < € < €1. Bmecte ¢ memmotir 4.4 9T0 BiedeT CiIeIyIONINe HeEPaBEHCTBA!
lpe — (W) S=(@0 + )l a(o) < Che'Pltll sy, O <e<er,  (437)
1(n*) ™ rot (1) ™2, — (1 + Y;7) (") ~rot (1) 72 S:(@0 + Pe) La(o)

< Che' 2t 0 0 <e<en,
(4.38)

rae Cy = C3 + Cs + Cr, Cy = Ca + (Co + C7) |0 | Lo -
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Ocraercst 10Ka3aTh, YTO CLVIAKUBAIOMIUA Oneparop S: B HEPABEHCTBAX
(4.37), (4.38) MOXKHO 3aMEHHUTH TOXKJECTBEHHBIM; 9TO OTPA3UTCS JIMIIb HA
KOHCTaHTaX B oneHkax. B cmry (4.15) u memmbr 2.3

(W) (Se = D(#o + Pl (0)

= () 2@+ Y, (1) (Se = D)@ + Pe) (o)

<l 2 1 2 10S: = D@0 + o)l es)

1/2 ~ ~
a2 195 (1) 7Y2(S2 = D) (@0 + B oy
1/2 —111/2
< Nl 22 (1+\//31,u (5= = D@0+ Bl oy

e/ BauCull(S: = DV (@0 + Pl -

ITepsoe ciaraemoe B CKOGKaX OLEHIM C OMOLIBIO Ipetoxkenust 1.1, a Bropoe
¢ momorbio orenku (1.2). Yarem takxke (4.11) u (4.14). Dro pieuer

IW2)"(Se = 1)(@o + Be)ll1a(0) < Csellrllzy0), (4.39)

e € =l 12 (04 VB +2y/B2uC) (€1 + Co). W (437)

u (4.39) oirexaer uckomas onenka (4.35) ¢ nocrosuuoit Cg = C§ + CY.
AHaJIOrMYHbIM 00Pa30M, C IOMOIIBIO JeMMbI 2.3, npeioxkenus 1.1, onen-
u (1.2) u wepasencrs (4.11) u (4.14) BeIBOAUTCS OLEHKA

12+ Y500 rot (1) 72(S. — D@0 + Pl a(0) < Cheltlinao)s (4.40)

vae €Y = |l Yoo ey (r (14 \/B1.y) +21/BonCh ) (C1+Cy). M3 (4.38)
u (4.40) Boirexaer ouenka (4.36) ¢ mocrosuuoit Cy = Cq + Cy . O

4.7. OkoHYaTENABHBIN pe3ynabTaT B ciaydae q = 0. Beiumem Bbipazke-
HUS JJIS OJIeH ¢ MHAEKCOM I' B TepMHUHAX (DYHKIUH (P, , BBeIEHHOU B IIyHKTE

4.1:

v = (1) V2, 20 = (1F) 2,

ul = () rot (1) ., wl) = rot (u) V..
AnagoruaHbIM 00pa3oM, 3¢phEeKTUBHBIE TTOJIS C HHIEKCOM I' CBSI3aHbI C PYHK-
nueil ¢, BBEIEHHON B IIyHKTe 4.2:

vi) = (1) V2, 2l = (10) 2y,
ug”) = (1) Mrot (1) ey, i = rot (1)
ITonpaBovHBIE OIS ¢ HHIEKCOM I' BRIDAKAKOTCS depe3 p, (eM. myHKT 4.3):

P = ()W, 7 = (),
a) = (n°)"trot (1) V2p., W) =rot (u°) " p..

€

DTHU COOTHOIIEHUS BMECTe C TeopeMmoil 4.7 HelmocpeCTBEHHO TPUBOAAT K
OKOHYATEJHFHOMY Pe3yabTaTy B ciaydae q = 0.
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Teopema 4.8. ITycmo (w§ ), zgr))
gr)_(a)l() ()_( )1()

We ", Ve

pewenue cucmemv, (2.2) npu q =10 u

(r) (r))

Hycmos (w7, — pewenue apgperx-

) ) _ (,0)-1,0,

muenot cucmemo, (2.11) npu q =10 u uér) = (") "twy”, vy

(r) ~(r)

Iyemv (We,2e’) — pewenue nonpasounoti cucmems: (2.12) npu q = 0,
a ﬁé“) = (n° )flvAvgr), GS) = (uo)*l’z\gr). Iyems Y,, Gy, Y,, G, — nepuo-
duueckue mampuybl-Pynruuy, eeedennvie 6 nynkme 2.2. Ilyemo wucao &1
noduuneno yeaosuro 1.5. Toeda npu 0 < € < €1 6UNOAHEHDE OUEHKU

[uf — (1 + Y +8D)|| 1,0y < Coe/?|xl|1,0)
lw® — (1 + G5 (W + 5 L 0) < Collnllzwe 2l 0),
v — (1 + YE)( + V)| 0y < CSHlfl\|L0051/2H1‘”L2(O)7
w@—wl+Gm<“+m9numm<cme§“wwbw>

Hocmosnvie Cs, Co sasucam om wopa 0|, 17 Lws lellie, 1 ow
napamempos peuwemxu I' u obaacmu O.

5. OHEHKA ITOIMPABKIM TUIIA TTOTPAHMYHOI'O CJIOA

DToT maparpad mOCBAIIEH HOKA3ATETHCTBY TeopeMbl 4.6.

5.1. Oroxgecrsienue Dom . u Dom [y. Karouepoe 3nadenne s gab-
HEHMIIero uMeeT CAeIVIONasd JIEMMAa.

Jlemma 5.1. Cywecmeyem aunetinsd onepamop T, : Doml. — Dom [y,
maKol 4mo daa PyHKGuY Cg =T.¢, ¢ € Dom ., swnoanenn pasencmea

div (1°)1/2¢0 = div ()12, rot (1) /2¢0 = vot (u) V%, (5.1)

U OUEHKU

1€211 2000y < Crollllz(0)s (5.2)
1€21 110y < Cun <HCHL2(O) + [[div (1) 3¢ 1y 0y + llrot (1%) 7 2¢ 1y 0)
(5 3)

Hocmosanmnaa Cro sasucum auwn om ||pllo., | L., @ Ci1 sasucum om
mex orce seaucurs u om obaacmu O.

Joxasameavcmeo. PaccMoTpuM Be BCIOMOTATETBHBIX 33IatM.

IlepBast BCcriomoraresbpHasa 3agada. Ilycte ¢ € Doml.. Obosnaunm
fo = div (u¥)2¢ € L2(0). Tlyers ¢o1 € HY(O) — obobmentoe perrenme
zagaun Heiitmana

div (Ve 1(x) = fo(x), x € O;  (1"Ve1)nloo = 0. (5.4)

VeioBue pazpermMoCTy BLITIOTHEHO, TTOCKOIBKY

/fs(x)dXZ/diV(ug)l/QCdx=o
o @)
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8 cuny yeaosust ((pf)/2¢) a0 = 0. Pemenue 3agaun (5.4) oupeseneso ¢
TOYHOCTBIO JI0 MOCTOSHHOIO CJAraeMOr0; HaM MOHAI00MTCS TOJNBKO (OHO-
SHAYHO OTPEJE/IeHHBI) IPaIueHT pernenns. Perienne yaoBIeTBOPIET TOXK-
JIeCTBY

[ @0V Twrdx = [ ()¢ V) ix, e YO (55)
@] @]
[Monoxum C2,1 = (u0)Y/2V . 1. Toryia BEITOTHEHE! COOTHOIEHHU ST
div (u%)"/2¢2 1 = div (i)', ot (1) 728, = 0, ((1°)2¢21)nloo = 0.
(5.6)

IMoacrasnss w = ¢ B ToxAeCTBO (5.5), IPUXOAUM K OLCHKE

1€ 11 acoy < Il E2 112 1€ 2o ) (5.7)

Venosue riagkocty rpanump (00 € CH1) obecnieunsaer cBoiicTBoO TOBBIIIE-
HUS TJIQKOCTH perenns 3aaun (5.4): BeimosHeno skmodenne ¢. 1 € H2(O)
U OIIEHKA

16211110y < eallfell Lao) = ealldiv (1) %¢ s o). (5.8)

IocTosgHAAS €] 3aBUCHT JHIML OT HOPM ||| r., |||, o oT obmacTn O.

Bropaa Bcmomorarenpnas 3agada. Ilycto ¢ € Dom .. Obozmaanm
ge = div 0 (pf) "¢ € H-Y(O). Myers ¢ o € H'(O) — 0606miennoe perre-
Hue 3amaun Hefimana

div Ve 2(x) = g(x), x € O (1"Ve2)nloo = (1°(1)™*¢)nlao-
Crporo rosops, pemieHne ¢.2 IOHUMAETCH KaK 3JIEMEHT IIPOCTPAHCTBA
H'(0O), yaosaeTsopsiommii ”HTErpagbHOMY TOXKICCTBY

/<u0V¢e,2,Vw) dx:/mo(m)—mc,vm dx, Ywe HY(0). (5.9)
@ o

Pernenne onpeesisiercst ¢ TOYHOCTBIO [0 MOCTOSIHHOTO CJIArAE€MOr0; HAM II0-

HaT06mTCA TOMBKO rpatment pemenns. 1lomoxmy ¢0 5 = (u0)V2((u)~12¢ -
k)

V. 2). Torga BeITIOIHEHBI PABEHCTBA

div (u°)2¢2, = 0, ot (1) 722, = rot (1) T2¢, ((1°)2¢25)nlo0 = 0.

(5.10)
IoacraBiss w = ¢, 2 B ToxKACTBO (5.9), IPUXOAUM K OIEHKe
1/2 _ 1/2
(Y2 e 2]l o0y < Ml E2 1 12 1€ La0)- (5.11)
CirefoBaTe/IbHO,
1/2 _ 1/2
1251 o0) < 20l 2 1 12 1€ Lo 0 - (5.12)

U3 (5.10) u (5.12) crexyer, aro CS,Q € Dom Iy C H'(O;C?). lpu stom (cp.
(4.7)) .
1€2 21l 1.0y < ca(f[rot (1)~ / Cllzao) + €l 2o (0))- (5.13)

IocTogHAA o 3ABUCHT JHIML 0T HOPM |||z, ||~ |1, w oT obmacTn O.
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omoxum €2 = 271 + ng. Torpa u3 (5.6) u (5.10) cuepyer, 4ro BBILOJI-
Henb! cooTHotennst (5.1). 113 (5.7) u (5.12) BeiTekaer omenka (5.2) ¢ mocTo-
suuoit Cig = 3”“”2@”:“71“2@ Haxower, (5.8) u (5.13) BiekyT HepaBeHCTBO
(5.3) ¢ nocrosiuuoii C1; = max{cy, ca}. O

3ameuanue 5.2. B ycaosuazxr aemmor 5.1 cnpasedauso pasercmeo

(1) V20 — (u5) V2 = V(heq — ¢ ). (5.14)

IMycts 0 < € < &g (e anco g9 BLIOPAHO B COOTBETCTBUM C yCaoBueM 1.5).
®ukcupyem cpesky 0.(x) na (2¢)-okpecraocts rpanunb 0O, 061ama0nLy o
CJIeYIOIIUMU CBOMCTBAMMU:

0. € C°(R?), 0<0.(x)<1, suppb. C (00)s,
0-(x) =1 upu x € (00)., ¢€|Vl.(x)| < k= Const.

ITocrognuaa k 3aBucur aumb ot obaactu O.

(5.15)

5.2. Anasm3 nepsoro wiena B R:[(]. Obo3nauum nepsoe ciaraemoe B
(4.29) uepes J.[¢] u npencraBum ero B BuJe CyMMbBI YeThIPEX UJIEHOB:

()= i JP¢), ¢ €Doml, (5.16)
e -
TV = (Vi (") ot (s 0)*1/23 (@0 + ), vot (1 E)*l/zob oy (517)
TN = (1) Hrot () ™2, w0t (1) ~1/2¢) 1y (5.18)
TDNE = (") rot (u°) 72 p.,vot (1) 7V3¢) 1, (5.19)
TIE) = (") trot ()7 2(Se = 1) (@0 + p2), vot (1)~ 2¢) 1,0 (5.20)
Jlemma 5.3. Yaen (5.17) npu 0 < € < €1 nodwunen oyenre

T < Cooe el aqoyllrot (15) 3¢ ao), ¢ € Doml.  (5.21)

Hocmosnman Ciz sasucum om wops |1nllze, 117 Lw, etlle, I iw,
obaacmu O u napamempos pewemxu L.

Joxazameavcmeo. O6ozuasum h. ;= [(n°) " Trot (1) ~V/2S.(@g +p:)lj, § =
2,3. Cronbup! MaTpuipl Y,® HMEIOT BUJ (V&) = =eVes, j=1,2,3. Oue-
Buno, (VOS)he j = eV(PShe ;) — @5V he ;. CHGI];OBaTeJIbHO,

T =TVl - TV (5.22)
rie
3
EZ (V (@5he,j),Tot (1 E)_1/2C>L ©)’ (5.23)
=1 ’
3
52 (<I> Vhe j,rot (u°)~ 1/2C>L2((9) (5.24)

J=1



30

ITycrs 0. — cpeska, noguunennas ycaosuam (5.15). Ynen (5.23) moxHO
LPEJCTABUTE B BUJIE

3
j(l) =¢ < V(0. <I> he.j),rot (u® —1/2 ) , 5.25
SCRDS Dt ET) L (52)
[OCKOJIBKY
V((1 = 6.)®%h, ;), rot 6—1/2> —0,
(VU= 0 B5heg) ot (5 %€
9TO NPOBEPAETCS WMHTETPUPOBAHHMEM 110 YaCTAM C yI€TOM TOXKIECTBA
divrot = 0. (Ilpu nposepke MmoxnO 3amenurs rot (uf)~1/2¢ ma

rot (u0)~1/2¢%, rne ¢Y € Domly. Crauana cumraem, uto ¢ € H?(O;C?),
a 3aTeM 3aMbIKAeM DEe3yJILTAT M0 HeMPEPLIBHOCTH. )
Haee, nmeem

5V(95<I>§h€7j) = (6V95)(I)§h57j + Gg(Vtij)EhE’j + EG\JD;VhEJ‘. (5.26)
Ileproe ciaraemoe crpasa OIeHEM ¢ TOMOIIBIO (5.15) n jemmebr 1.7:
1(eVO:)D5he

< eV258Y%0

L2(0) < Kl ®5he 5| £, ((60)s0)

— _ _ 1/2 )~ ~

72119 ooy I~ oo ™ 12 120 + Bell ey

opu 0 < € < €1. Buecte ¢ (2.9), (4.11), (4.14) 70 BIEUET
1(eVO:)D5he

‘Lz 0) X < Cppe /2||THL2 ), 0<e<en,

_ 12 —13/2y, —11/2
e Clp = w8 (2r0) " nll 2 In 12w 12 €+ Co).
st otteHK® BTOPOTO CITArAEMOTO B npaBoﬁ vactu (5.26) npumennm (5.15)
u gemmy 1.7:

10:(V®;)°he jll o0y < (V1) he il Ly ((00)s0)
< 282102V | oy I e I 2 1B0 + Bell 2 e
upu 0 < € < e1. Yunrssag (2.8), (4.11) u (4.14), npuxoaum K HEpaBeHCTBY
10:(V®5)he jllpo0) < C 1251/2”I'||L2((’))a 0<e<en,
rae Cfy = 82 Inl2 1172 Hu‘lHlL/j (C1+Ca).

Hakower, Tperbe ciaaraemoe B mpaBoit 9act (5.26) ONEHHBACTCS € TOMO-
IO TpeJToX)eHnd 1.2:

ell0c®5V he jl L, (0) < €l R5V e 4

L2(R3)

1/2 (5.27)
< el 72| @ ||L2(Q)||77 Moalle 12 1@0 + Bell a2
Buecre ¢ (2.9), (4.11) n (4.14) 510 gaer
ell0=25Vhe il 1, (0) < Clalrllza00)s (5.28)

_ 1/2 —_1n13/2 _ 1/2
vae Cy = (2ro) Il I 132 12 (€ + Ca).
B uTore momyaem

eV (005 3) | L0y < Crze" el Ly0), 0 <e<en, (5.29)
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rae Cra = Cly + Cly + V. Orciona crieayer onenka dmena (5.25):

|TVC)] < 3C2eM2([r]| ooy rot (1) 2 Ly0y, 0<e<er.  (5.30)

Ilepeitnem k paccmorpenuto wiena (5.24). Ananormano (5.27), (5.28)

195V he,jl Lo0) < CialTllLa(0)-

CrenoBare/ibHO,
(T€]] < 3Celr o) ot (147) 3¢ Laco)- (5.31)
B urore, u3 (5.22), (5.30) u (5.31) moxyvaem mcKOMymO omeHky (5.21) c
nocrogunoii C1g = 3(C12 + C13). O

Ynen (5.20) onenum ¢ momMompio npeioxerns 1.1:

(IO < ertlr ™ ool 1121@0 + B2l a2y rot (15%) 7% | (o).

YauteBag (4.11) u (4.14), npuxoauM K HEPABEHCTBY
1T70[¢) < Cizel|r||p, (o) llrot (/f)_l/QCHLQ(O), (5.32)

_ _q1y1/2
eae Cig = rlln a2 (€ + o).
nen (5.18) mpeoGpasyewm, ncrnossys semmy 5.1. yers ¢0 = T.¢. Torma
¢% € Dom Iy u rot (uf)~1/2¢ = rot (u°)~1/2¢°. Crenoparensho,

TEE] = ((n°)trot (1°) 24, rot (1) 72¢0) 1,10

[TockobKY ¢ sBIsieTCst 060OIIEHHBIM pererreM 3aaa4qu (4.4), BBIIOJTHEHO
TP = —(00, € a0y + (1) 7?1, ¢0) (0 (5.33)
Anasnornunbiv o6pasom npeobpazyem e (5.19):
T = (") rot (1)~ p.,vot (1) 72¢0) Ly(0)-

Tockosbky p, siBysiercst 06061eHHBIM perienrem 3aia4du (4.12), BeIoIHEHO

TP = ~(per €0 o0y + (1) 7?12, ¢ 1y 0 (5.34)

5.3. Hansuedmmuit anamm3 R.[¢]. U3 (5.16), (5.33) u (5.34) caenyer, aro
dynrimonan (4.29) MOXKHO IPEJICTABUTH B BU/JE
Re[¢) =T + TV + (W) S:(@o + Po) OLa(0) = (90, € 1a(0)
— (P ¢ a0y + 1 (1) %12, ¢ 0

+ir, (10) 722 — (1) 72 L 0)-
(5.35)
B cuny (5.14) nociennee cnaraemoe B (5.35) obpamaercss B HOJb:

(r, (u0) 20 — (ME)_1/2C)L2(O) = (r,V(¢e1 — bc2))r00) =0,  (5.36)
nockoIbky r € Jo(O) (em. (1.4)).
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Ucnonwsys (4.15), npeacraBum tperne caaraemoe B (5.35) B Buje

(W) Se(@0 + P2): ) a0y = (7 (1) 725:(@0 + p2)s (1) ™%C) a0)
= TN+ T+ (1) (o + p2), (1) 72 Ly (0)

(5.37)
rie
TN = (1 = 1) (1®) " 2S=(@o + P2), (1) %) 10, (5.38)
T = ((1O)*(Se = 1) (@0 + P2), (15) V) 10 (5.39)

Teneps u3 (5.35)-(5.37) coenyer npencrasienue
(

R:[¢] = TV + TP (¢ + TOKC) + T¢]
+i((10) 21, ¢ 10 + (B0 2 (g + p2), (1%) 72 = (1°) 72 1,00

B cuy (5.14) nocenee caaraemoe B (5.40) ofpaimaercss B HOJIb: 40
(1) (o + pe), (1) T3¢ = (n 0)_1/2C2)L2(O) (5.41)
= ((u")"*(0 + p2), V(92 = 61)) La(0) = 0,
nockobky (1°)Y2(pg + p.) € Jo(O). Cormacro (5.40) u (5.41),
R[] =TV + T+ IO+ IO+ IO, (542)
T =i((1°) ™ ?re, ¢ 1y 0)- (5.43)

5.4. OneHka 4JIeHOB jg(S) (] jE(G) [€]. Crenytormas ieMMa TpaTUIHOHHA
B TEOPHH yCpeaHeHus. s moIHOTE N3/I02KEHNS MBI IIPABEIEM €€ ¢ JOKA3a-
TEJILCTBOM.

JIemma 5.4. Ilyemo f(x) — mampuya-dgynxyua (2.6), a p° — sfpexmus-
naa mampuya (2.7). Cywecmeyrom dynrkyuu Ml() € Hl(Q), i,1,7=1,2,3,
maxue 4mo

T (%) — s = ZaMlJ ), Li=1,23, (5.44)

M (x) = —Mﬁ)(x), il,j=1,2,3. (5.45)

B'bbno./LHe'H'bL OueH%"U/
1M 10y < CAIAY2, Chyi=rg M nlloe, 6,05 = 1,2,3, s
VMO Ly < CHIQIY2, Clri=2llpllrn,  inlj = 1,2,3.

Jokasameavemso. Iycrs Uy (x) — T-nepuogmyeckoe pemenne ypasHeHus

AU (%) = fui (%) — pis- (5.47)
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YeqoBue paspermmoctu obecriedeno coornomenunem (2.7). Tlockobky mpa-
Bast gacThb B (5.47) npumaamexnut Lo(2), To Uy € H?(S2). Homommm

M};’) (x) := 9;Up(x) — U;(x), i,1,5=1,2,3. (5.48)

Ouesnno, Bomosteno (5.45). B cuny (2.5) nuBeprenmus ot croab10B MaT-
purpl fi(x) — p° pasma mymio, T. e.,

3
O6oznaunm f;(x) := Z??: 0;Uji(x). Torma, cormacuo (5.47),

Afilx ZaAUﬂ Za (fji(x) — i) = 0.

Taxkum obpaszom, fz(x) — MepuoanYIecKoe pereHne ypasHenwd Jlarmmaca c
ayJsiesbiM cpeganm. Craenosarensho, fi(x) = 0. Orciona ¢ yuerom (5.48)

Z 9;M (x Z O3U (x Z 0;0,Uji(x

:AU“( )—alfi( ):AUli( ).

Buecre ¢ (5.47) 3r0 npuBoauT K nckomMomy ToxgecTry (5.44).
C nomompio pamo Pypbe JErKO BUAETH, YTO MEPUOIMUECKOE PEMICHNE
ypasuenus (5.47) m0MycKaeT ONEHKH

IVUiGl £y 0) < (2ro) ™ s — pigll o)
IVaUiill a0y < i — il 2o 0)-

2.5) BBITEKAET HEPABEHCTBO
1/2

B cBoto ouepenb, u3 ypaBHeHus (
1 — 153l o) < il o) < el oo 1€
DTO HIPUBOANUT K NCKOMBIM oreHkaM (5.46). O
JIemma 5.5. IIpu 0 < e < €1 uaen (5.38) noduwunen oyenke
TELEN < Cuae' 2 1 0)
X (”CHLQ(O) + [|div (Ma)l/QCHLQ(O) + [[rot (:u‘g)_l/QCHLQ(O)) :

Hocmosnnas Cry sasucum om nops |1l Lo, 107 e, Nollie, I ow,
napamempos peuwemxsu I' u obaacmu O.

(5.49)

Jlowasamenvcmeo. Obosmaunm [(u°)~Y2S.(@y + P)i = Ges, @ = 1,2,3.
Barmmem uien (5.38) B Buje

3
IO =3 (5 = e 16 72C) o (5.50)

La(O
Li=1 2(0)
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B cuiy (5.44) umeewm:

3
i — = > 0;(MY), Li=1,23. (5.51)
j=1
CienoBare/bHO, N
TP = TP - Tl (5.52)
riue
: (4)
7(5) — . 1 €., . ey—1/2
7=c > (M 0e, [065)772CN), (5.53)
3
7B = (eg. . . e\—1/2
Pa=c 3 (00000 16)721) - (5.54)

[Tycts 0. — cpeska, mogunnenHas ycaosusM (5.15). Samumenm wien (5.53)
B BHJIE

VARISEVAUISRRVAdS] (5.55)
3
_ ) (Dye , e\—
THN¢) = 817;1 (85 0-(M 0., 1) 2¢L) (5.56)
3
TOE = 3 (00— MV ae ), () ), o (55T)
li,5=1

Paccmorpum amen (5.56). Umeen:

£0;(0=(M ) q3) = £(0;60:) (M) e + 00, M) e + €0-(M) 01
(5.58)

IepBoe cnaraemoe crpasa oneHnM ¢ TOMOIB0 (5.15) 1 memmbr 1.7

le(@30:)/(MS 4l a0y < KIS el (00120
< 2rB 20 M ool 1210 + Bellim sy, 0 <& <.
Bwmecre ¢ (4.11), (4.14) u (5.46) 310 BI€UeT
le(@;6:) (M) gz,
rae Ciy = Hﬁi/zC’EMHM_IH;{j (C1 + C2). AHayIOrMYHO, JIJIS OIEHKU BTOPOTO
caaraemoro B (5.58) npumennm (5.15) u semmy 1.7:

16:(0;0,7) 4z il . (o)
/21— i 20~ ~
< 22101 20 M g ™ 12 B0 + Bl ey
opu 0 < € < g1. Yunreag (4.11), (4.14) u (5.46), monydaem

1/2

L2(0) < Clae Pltl 0y, 0 < e <e,

10-0;M ) gz il a0y < Clag Pl a0y, 0 < e,
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rue Cfy = i/zCﬁ\}\|u*1H1L€ (C1 + C2). Tperbe cnaraeMoe B TIPABOH 9ACTH
(5.58) oneHuBaeTcsa ¢ OMOIBIO TP IoKernst 1.2:

i)\e _ 7 —11nl/2 )~ ~
ellO= (M )20;42.ll 10y < U2 IMD |yl 12 10 + Bell o o)

(5.59)
Bwmecre ¢ (4.11), (4.14) u (5.46) 310 Jaer
ll0- (M Vo050e,ill a0 < Clielrlly o) (5.60)
rae CY) = C]’V[H,u*lﬂi/oi (C1 + C2). B urTore mpuxomuM K OIEHKe
e10;(0-(M) Vo 4e) | o) < Crac x| iyi0), 0<e<er,  (5.61)

rae Ciq = Ciy + CYy + CY}. Orciona Boitekaer onenka wiena (5.56):

(TP < 9VBCull 2 I o) € a0y, 0 <e<er  (5.62)
Tepeiizem x pacemorpenmio wiena (5.57). B cury (5.14), (uf)~1/2¢ =

() ~1/2¢% + V(o2 — ¢e1). Iro nossosrser zammcars wnen (5.57) B Bue
3

— ) (e, . -
TENC) = e%; (250 = )M 0=, [ 72¢) (- (5:63)

Mpb1 yusin, 9To

3
> (00 =02, 0122 = 6-0))

L2 (O
Li=1 ()

3 .
= Z ((1 — 95)(Ml(;))€qe,i,8jaz(¢s,2 — ¢s,1)) =0,

Li=1 £2(©)

9TO [OJIYYAETCS. MHTEIPUPOBAHUEM 110 H9ACTAM € yd4eToM coorHonreHui (5.45).
(Ilpu poBepKe MOXKHO 3aMeHUTH DYHKIUIO G 2 —¢- 1 Ha ¢ € H?(O), a 3arem
3aMKHYTb Pe3yJIbTAT [0 HEMPEPHIBHOCTH. )

Brmouenne ¢ € H'(O;C3) nmo3sonsier mpoMHTErprpoBaTh 10 9aCTAM B

(5.63):

3
IO =< 3 ((1 _ 95)(Ml(;))€qg,i,@[(uo)’mcg]z)L o
l,i,j=1 2

Ananornuno (5.59), (5.60) BeimosHEHA OlEHKA
11 = 02) (M) e
Bumecre ¢ (5.3) 10 Beder
(T < 9ctiCnlln 1 2ellel zago)
< (I€lat0) + 145 (1) %€ | a0 + 10t (52 a0 )

‘Lz((’)) < i/é/l”rHLz((’))'

(5.64)
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Haxkownen, qien (5.54) onenusaercst anasoruyaso (5.59), (5.60):

T < Craclela(o) [ zaco (5.65)

eae Cua = 9V3CH 2.
B wurore, coornomenus (5.52), (5.55), (5 62) (5.64), (5.65) mpuBomAT K
orerke (5.49) ¢ mocrostanoit C14 = 9||u_1\|L (v/3C14 +CiCr1) + Cis. O

Unen (5.39) oreHuBaercst ¢ MOMOIIBIO Tpeokerns: 1.1:

1/2 —11/2 ~
(TN < erallaly 2 1 1210 + Bl oy 1€ 0

Bumecre ¢ (4.11) u (4.14) 510 jaer ouenky

‘j5(6)[C” < C15EHrHL2(O)HC”LQ(O)? (566)

rie Ci5 = r1(C1 + Co)||pll /2 Il

5.5. Orenka wjieHa g0 [¢]. Ucnonbsys (2.13), sanumenm wnen (5.43) B
BHIE

TN = i((6*) PP S (Vi) T ) o). (5.67)
3ameuanue 5.6. Ilycmo 730 —  OpMONPoEKMop  NPOCMPAHCMEQ
Lo(O; (1)1 ma Jo(O). Hempy(?Ho noKaA3aMb, 4Mo PMOf c HY(0;C?),
ecau £ € HY(O;C3). IIpu smom evinoanena oyenxa

1Pl 0y < cllfll 1 (0)- (5.68)

Hocmoannas ¢ sasucum avws om wopm |||, | L. u 06aacmu O.

YuurhiBasg caMOCONPAXKEHHOCTh OllepaTropa 7720 B BECOBOM IIPOCTPAHCTBEE
Lo(0; (1) ~1), mpencrasmv dbynxmmonan (5.67) B Bume
T = (1) 8- E, P (1) 20 1y 0)- (5.69)

ITycts 6. — cpeska, yaosnaersopstomas ycaosusm (5.15). 3ammmem wnen
(5.69) kak cymmy ;LByX CJIaraeMbIX:

¢l = T+ T, (5.70)
D[¢] = <( O) S (V) F, 0P (10)2¢2) 1y 0), (5.71)
D) = i(u°) 7 S (V)T (1= 0) P (1) 2¢0) 1, 0)- (5.72)

Unen (5.71) onernm ¢ momornpio npenoxenns 1.2, (2.8) u gemmsr 1.6
T < N 2o 152Vl Laces) 1P (1) 22 1 (31
1/2) —13/2 51/2
<Pl 2l 2 B a0 PR ()2 ¢ mr0) 0 <2 <.
YautsBag (5.3) u (5.68), IPUXOJUM K OIleHKe

T < Cuoe? x| oo

. - (5.73)
% (1€l a0y + 148V (1) 2€  a(0) + ot (1) 0
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_113/2 p1/2
mpu 0 < & < 2o, tae Cro = el 72 By e
ITepeitgem k paccmorpennto anena (5.72). @ynkus (1 — 06)7320 (u0)/2¢0
npunagrexnt knaccy H'(O; C?) n obpamaerca B noss na 00. TIpopomkum
ee nyaem na R?\ O, npojoskennyio dbyHKINIO 0603HA4NM Yepes Pe. Jane-
M, uto pe € H(R3; C3). Mepenmmenm unen (5.72) B e

TV =i, Y7 S: (1) Pe) o)

Cronbupl MaTpuipl Y7 umeror sujy eVVys, j=1,2,3. CrefioBaTe/IbHO,

3
T =ie > (1, V (T5[S-(1°) ' Pe)j)) 1a(0)
j=1

3
—ie Y (0, U5V([Se (1) ' Pelj) (0

J=1

ITepBoe ciaraemoe cnpasa obparaercst B HoJb, n0CKOIbKY I € Jo(O). Torma
B cuily upejyioxkenns 1.2 u (2.9) nosyuaem

~ Sy L2y —13/2

(TP < 3e(@ro) il 2 e 2 Il o) | VPel o). (5.74)
Paccmorpnm iponsBoHbIE

Ope = —(0)Ppo (1) 2¢2 + (1 = 62)a Py (1) /72,

Cueposarensno, ¢ yuerom (5.15), semmbr 1.6 u (5.68) umeem:

ellVpellL,0) < HHPSO(MO)WCSHLQ(BQE) + €H7720(M0)1/2C8HH1(0)

< (€268 + el L21¢ o), 0 < e < <o

Bumecre ¢ (5.3) 910 Baeder

e Vpel ry0) < Cire/?

X <HCHL2((9) + [|div (1) 2¢ | L0y + |Irot (/f)*l/QCHLQ(O))

npn 0 < & < eg, vae Gz = (wfy’” + 1ellull}Cir. Teneps us (5.74) u (5.75)
BBITEKAET OIEHKA

|7V < Crse™ x| 1y 0)
X (HCHLQ(O) + [|div (1) 2¢| 0y + |Irot (:U'E)_l/QCHLg(O))

(5.75)

(5.76)

mpu 0 < & < g, rte Cis = 3(2r0) ~lull /2 2o
Coornomtenus (5.70), (5.73) u (5.76) BaekyT

T < (€Cus + Crs)e el o)

X (HC||L2(O) + [|div (M€)1/2C||L2(O) + [[rot (Ma)_l/%HLQ(O)) , 0<e<eo.
(5.77)
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5.6. YdueT KpaeBOTO yCJIOBUsI. 3aBepIlleHNE J0Ka3aTeJbCTBAa Teope-
MbI 4.6. B urore coornomenus (5.21), (5.32), (5.42), (5.49), (5.66) u (5.77)
JAIOT OTleHKY yHKInoHaa (4.29):

R[C]] < C%V2x]l 0

% (1€l a0y + 1iv (1) /%€ o) + ot (1) %1y s 0 <2 < e,
(5.78)
rae C° = C1a 4+ C13 + C14 + C15 + Ci6 + Cis.
Uro6b! yuecTb Kpaesoe ycaosue (4.32), pacecMoTpuM 0600IIeHHOE PerTieHue
& 3amaun Heitmana

div p°VE = div (1) 2., (VE)nloo = (1) * P )nloo.  (5.79)

Pemenne & € H'(O) yaosneTsopsier TOXIECTRY

/wvgg,vm) dx:/<(,u€)1/21/)E,Vw> dx, Vwe HY(0). (5.80)
O O

Jlemma 5.7. Pewenue & 3adawu (5.79) nodwuneno oyenke
(1) 2VE | o(0) < Croe" 2l Ly0), O << (581)

Hocmosmnman Cig sasucum om nopm |[nlLe, 107 e, llie, 07 0w
napamempos pewemxu I' u obaacmu O.

Jokasameavcmeo. Onennm mpasyto gacth Toxaecrsa (5.80). B cuy (4.21)
nMeeM:

/O<(/f)1/2¢e,VW> dX—Ie[w]‘ < Caelltll Lol (1) PVl y0),  (5:82)

rie
Tl = [ () 20005y + .). Vo) .
Cormacuo (4.15) mveem:
(1) (W) S. (B0 + ) = (1) V28 (@0 + )
= (7 — 1) (1) V28 (Bg + Be) + (1) V2(S- — (@ + )
()Y@, + 5.

Hockomsky (10)/2(pg + p.) € Jo(O), To ((1°)*(py + p.), V) L,(0) = 0.
CrenoBaTebHO,

I.[w] = ZM[w] + 2P [w), (5.83)

rie
T0] = / (F — 1O V28, (@0 + B.), Vi) dx,  (5.84)
O

T] = [ ()05 = D@0 + 5. Vo) dx. (5.85)
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Yinen (5.85) ouenum ¢ nomorpto upeioxenus 1.1 u (4.11), (4.14):
TP ]| < Cloellrll ooyl (1) 2Vl o), (5.86)

12 —1,1/2
e Cho = [lulli2 1 121 (Co +Ca).
Unen (5.84) paccmarpusaerca anasorndno (5.50)—(5.62). Nmeem:

3
Ia(l)[w] = Z ((/7182 - M?i)qa,ia al‘*’)L2(o) :
li=1
Buecre ¢ (5.51) sro Bieuer
IO [w] = ZW[w] = M [w], (5.87)
3
i’(l) — . M(l) Qe
e gz,;l <aj(( u ) e )’8lw)L2(o)’
- ()
FW] — ey, .
O[] algjl ((Ml] ) aqu,l,alw)b(o). (5.88)

ITycts 0. — cpeska, noguunennas (5.15). Torga

3
MWl =¢ <8J(96(Mz(f))sq”)’éw)m(@)'
li,j=1

Mpb1 yusin, 910
3

> (81((1 —0.) (M) 4e.), 8lw) — 0,

L2 (O
Lj=1 2O

9TO MPOBEPSIETCs] HHTEIPUPOBAHUEM O YacTsaM ¢ yaeroM (5.45). Vcemonbayst
(5.61), mosryaaem

ZOw]| < 9VBCulli 12 el ool (45) 2Vl ooy, 0 < <en,
(5.89)
cp. (5.62). Ynen (5.88) onennBaercs anasorndHo wieHy (5.54):

ZO )l < Craellel o) 1 (65) 2Vl Ly 0 (5.90)

cp. (5.65).
B wnrore, u3 (5.83), (5.86), (5.87), (5.89) u (5.90) BBITEKAET OIEHKA

IZ. [w]| < Croe?||r|| Lyl (1) >Vl Ly0), 0 < e < e,

riie Crg = Clg + 9\/3(/;14Hu71H1L€ + C14. Buecre ¢ (5.82) 910 B1euer

40 245, ) 5] < oo 2l 0[5 2Tl 0 <€ < e

(5.91)
re Crg = C3 + Cro. Honcrasiss w = &, B (5.80) m mcnosb3yst (5.91), mpuxo-
UM K MCKOMOMY HepaBeHCTBY (5.81). O
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Honoxum f. := (pf)/2VE,. B cuny (5.79) dbynxuus f. yuosiersopser
COOTHOIIEHUSIM

ot ()72 =0, div (u)!?e = div ().,
((:ue)l/QfE)nbO — ((M6)1/2¢5)n|8(’)-

Otrcrioma n u3 (4.30)-(4.32) caenyer, uro s, — f. € Dom/l. n BBRImOTHEHO
TOZK JIECTBO

le[se — o, ¢] + (se — £, C)LQ(O) = ﬁE[C]v V¢ € Doml, (5.93)

(5.92)

rie

Re[€] = Re[¢] — (div (1) 22, div (1) /%¢) 1y 0y — (=, €) 1a(0)-
B cumy (4.23), (5.78) u (5.81)

IR[¢]] < 5051/2“1?’&2(0)

X (HCHL2(O) + [div (1)2¢ | £y(0) + [Irot (Me)fl/QCHLQ(OO , 0<e<ey,

(5.94)

e C° = C° 4 Cs + Cig. Topcranstst ¢ =s.—1f. B (5.93) u ucnonssys (5.94),
HOTydaeM

||SE - fe”Lg(O) + ||diV (/‘a)lﬂ(se - fe)”Lg(O)

_ (5.95)
+ HI‘Ot (HE) 1/2(58 - f€)||L2((9) < C§€1/2Hr”L2(O)7 0<exe,
re C4 = 3max{1, ||| .. }C°.
Conocrasss (4.23), (5.92), (5.95) u semmy 5.7, IPUXOTUM K HCKOMOMY
aepaseHcTBY (4.34) ¢ mocrostnoit C7 = CL 4 C5 + Ci9. D10 3asepwaem doxa-
3ameavcmso meopemut, 4.6.

6. ICCAEJOBAHUE 3AMAYN B CJAYUYAE r = (

6.1. CumMerpusanus. 3aveHa ¢, = (na)_l/ngq)

{ (nF) 2ot () ~trot (nF) V2¢. + ¢, = i(n°)"2q, div (1°)/2¢, =0,
() ~Y2¢.)r|o0 = 0, (vot (11°) "2, )nloo = 0.

cBojuT 3aja4y (3.4) K

(6.1)
Baecy q € J(O). ABromaTndeckn ¢, SIBISICTCS TAKXKE PEIIeHHeM SJITHITTH-
YECKOTO yPaBHEHUSA

(L- + D)o, =i(n°)"?q, (6.2)

rae ouneparop Lo dpopmaibio 3auaH JuddepeHupuaibHbIM BbIPazKeHUEeM

o~

Lo = ()™ 2ro0t () rot ()12 = (1) V2V div (o) /2
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¢ rparngHbIME yeaosusMu w3 (6.1). Crporo rosopsi, omeparop L. — 3T0
CaMOCOIIPAZKEeHHDBIA oneparop B LQ(O;CS), OTBEYAIOMUHA 3aMKHYTOH HEOT-
punaTeIbHON KBaapaTudHoit dhopme

(g, ¢] = /O <<(u5)’1r0t (%)%, vot (n°)~'/% ) + |div (?75)1/205!2) dx,
Dom . ={¢ € Lo(O;C3) :  div (1°)/%¢ € Ly(0),

rot (1F) /2 € Lo(0;C%), (1) ¢)rloo = 0}.
(6.3)
BamkuyTOCTh hopMBI (6.3) BhITeKaer u3 pesyabraros [BS1, BS2].

Sameuanue 6.1. 1) Boobwe 2060ps, Dom I ¢ HY(O;C?). 2) Bmopoe 2pa-
nuunoe yeaosue 6 (6.1) — ecmecmeennoe, ono ne ompasicaemcs 6 0baacmu
onpedeaenua xeadpamuunoti dopmw I, 3) Dopma I. u onepamop L. pacna-
0ar0mMeA 6 OPMOLOHANDHOM PA3AONCEHUY

Ly(0;C%) = T(O;7°) ® Go(O; 1),
20e
J(Oin°) ={f: (nF)/*f € J(O)},
Go(O;7°) = {(n)/*Vw: w e Hi(O)}.

6.2. DdpexTusnasa zamava. [Iycrs n° u p — sdbdexTurnBIe MATPUIIELI,

onpenenennbie B 1. 2.2. Tomoxum ¢y = (n°)~/ 2w(()q). Torga ¢ aBiasercs

perenneM 3a/1a49n

{ (n°)~1/2rot (1°)~Lrot (n°) ~H2¢py + g = i(n°)~1/2q, div (n°)}/2¢py = 0,
(")~ 2¢p0) 7|00 = 0, (rot (n°)"2¢)n]o0 = 0.

(6.4)
ABTOM&TI/IquKI/I ¢0 ABJIAETCA TaKXKe peH_[eHI/IeM QJIJIUTITUYIECKOT O ypaBHeHI/IH
(L°+ D)y = i(n")?q, (6.5)

rie L0 — camoconpszkennsiii oneparop B Lo(Q; C?), orBeuaromuii 3aMKHy-
TOM HEOTPUIATESLHON KBAIAPATHIHON hopMme

Tolo. ¢] =/ <<(M0)71r0t (") ~2¢, rot (n°) /2 + |div (00)1/2¢\2) dx,
@]
Dom Iy ={¢p € Ly(O; C*) : div (n°)"/%¢ € Ly(0),

rot (n°) 2 € La(0; C*), ((n°)2¢)-lao = 0}.
(6.6)
3a cuer ycnosus riaagkoctn rparumnsl (00 € CH1) muoxecTno Dom?o COB-
naJaeT ¢

Dom 1y = {¢ € H'(O;C?) : (n°)"%¢)+|90 = 0}.
Dopma (6.6) KO3PUUTUBHA: CIPaBeAJJMBLI ABYyCTOPOHHNE OLEHKI

GB35 0) < ole, @) + [917,0) < lldlHi (o) @€ Domly.  (6.7)
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Mocrosmnast ¢ 3asucut ot [0, 177 1w, [l u o1 obmactu O, a Tt
sasucut ot |0l 1o, 177 e, |l Lo 1 or obaactu O. Ykasauubie CBoii-
cTBa 6BLIM yeTanoBIeHs B [BS1, Teopema 2.3| mpu yeaosmn 00 € C? u B [F,
Teopema 2.3| mpu yeaosun 00 € C3/29 5 > 0.

Oneparop L0 SABJISETCS CHIBHO 3JUIMITHYIECKIM OIEPATOPOM C [OCTOSIH-
HBIMI Ko duruentamu. Yeaosue raaakoctn rpasnisl 00 € CH! obecneun-

BaeT CBOMCTBO TMOBBIMeRHs Ta KocTn: pesombienTa (L0 + 1)~! mempeprisma
m3 Lo(O;C3) 8 H?(0;C3). Brmonmena omenka

(L% + 1) 1y (o) m2(0) < &, (6.8)

rJie MOCTOAHHAS Cy 3ABUCHT JIMIIb OT [7]]| L. , I e el Lo |~ Loy 7 oOT
obractn O. Tem cambim, omeparop L0 Mozkno 3amarsh auddepeHnnaTbHbIM
BhIPpaz>KCHNEM

L0 = (%) rot (1) rot (%)% = (n°)"*Vdiv (5°)/?
Ha, 00JIaCTH ONPEIe/IeHUST
Dom L° = {¢ € H*(O;C*) : ((°)?¢)+|o0 =0,
(rot (1) /% ¢)ul00 = 0}

O6ocHoBanue 9Toro cpoiicTea aHasorudHo 3amedanuto 4.2(1).
®opwma [y u omeparop LY pacmagaioTcs B OPTOTOHATLHOM PA3IOKEeHAH

Ly(0;C%) = T(0;7°) ® Go(O;n°),
e
J(Osn°) = {£: (")’ € J(O)},
Go(O37%) = {(1%)2Vw : w e HA(O)}.
B cuny (6.5) u (6.8) rmommeno ¢, € H2(O; C?), mpuaem

~ —11/2
Ibollzzo) < &Il 2 lallza o) (6.9)
ycts Po : H*(O;C3) — H?(R3;C3) — JumHeitHbIIl HeTPepHIBHLIT oTle-

parop mpoxgomkenud; cM. 1. 4.2. Tlomoxum &0 == Po¢, € H*(R3;C3). Co-
raacHo (4.10) u (6.9),

| @oll mr2(msy < €1lldllz,0)5 (6.10)
rae € = Colulln |12

6.3. Iloupapounas 3amada. Ilonoxkum v, = (nO)—l/%Avé‘”. Torna v, aB-

JIdEeTCA peH_[eHI/IeM 3a a9
{ (n°)=12rot (10)~trot (n°) 12w, + v, = i(n°)"1/2q., div (1°)/2v. =0,
(°)Y20.) 7|00 = 0, (rot (n°)~%v:)pla0 = 0.
(6.11)

ABToMaTmyeckn Ve dBJIAETCA TaKzKe€ PEIIECHUEM JIJIMIITHYIECKOI'O YPaBHEHM A

(L° + Nw. = i(n°)~?q..
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B cuity (2.14) u (6.8) sbimosneno v, € H2(O; C3), npuuem

—~ —11n3/2
vl 20y < Ecllnllze I 132 4l Laco)- (6.12)
Hosoxkum v, := Pov. € H*(R3;C3). Cornacuo (4.10) u (6.12),

10| 2 (m3y < C2lldll o (05 (6.13)

~ _1n3/2
rte & = Cotu|nlplln~[13.

6.4. IlepBoe npubanrkenmne K ¢,. [lycrs ¢, — pemienne ypashenus (6.2).
Heitcteya mo amasioruu ¢ 1. 4.4, OymeMm umckarh mepBoe mpubsrmkenue U,
K pelleHuo @, B GopMe, IOXOxKell HA IepBOe NPHOJIUMKEHHE K PEIIeHIIO
AHAJIOTHTHON 3a1a49H B R°.

Bremem neobxomumbie obbexTo. [lycrs Wyr(x) — I'-meprommeckast (3% 3)-
MaTpuIa-OYHKIN, OTPEIeTeHHAT BEIPAYKEHTEM

Wi () = () ~2760) (°) /2 = n(x) 21+ Yy () (") V2, (6.14)

rae 7(x) — marprna (2.4). Tloxoxum ¢; = (n°)""/%e;, j = 1,2,3. Mycrs
®;(x) — I'-mepuopmaeckoe pemienne 3agadu

div n(x)(V(ij(x) +¢c;) =0, /Q&Jj(x) dx = 0.

ITyctn Ej (x) (rme l,j = 1,2,3) — I'-epuoautaeckoe perrenne 3aadm
n(x) " 2rot pu(x) (rot n(x)_lﬂﬁj(x) + ie; X (V:I;j(x) + EJ))

= (%)Y (div y(x) "2 () + e - (n(x)(V;(x) +&5)) =0,
/ Ej(x) dx = 0.
Q

TTycrs A (x) (rme 1 = 1,2,3) — I'-nepuopnyveckas (3 X 3)-marpura-gyHKins
co cronbuamu fi;(x), j = 1,2,3. Ananoruyno (4.17) umeem

||fA\l||L2(Q) < G312 (6.15)

Hns dyuximii Ej CIIPaBEeJIIMB AHAJIOT 3aMevanus 4.3, OTKyAa, B JaCTHOCTH,
(mpm yuere (2.8)) ciemyer oreHKa

lrot ™2 Ayl () < CF 1012, (6.16)

ITocroguupie C; n C’/’A\ sapucat oT |0, 17 e, lelloe, l#7 L., oot
napamerpos pewerku I'.

Iycrs dyrkmm ¢y, v. € H?(R3; C?) Beegens B mynkTax 6.2 u 6.3 coot-
sercrBenHo. [lycrs S — oneparop criazkusanus no CreksoBy (cum. (1.1)).
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ITepsoe upubsuzxkenue Y. K peuieHuto ¢, ypapternus (6.2) uiem B Buje
3
Ve = (W5)*Se(¢o + Ue) + €y AjSeDi(ebg + De),
=1 (6.17)
Y. = Y. o.
Crenytoriiee yTBepKeHIE TTOJHOCTHIO aHAJTOTUYHO jemme 4.4.

Jlemma 6.2. Bumnoaneno. coommowernus 9. € Lay(O;C3), rot (n°)~1/29, €
Lo(0; C3), div ()20, € Ly(O) u ouenru

192 — (Wi)*S=(dbg + D)l a(0) < €sllall Ly (o)

(%)~ ot () 7129 — (14 Y7 (1) Mot (n°) 728 (g + ©2) | a0)

< elldllz, (o)

1div (7)"29]| 1, (0) < €sellall 1y (0)-

Hocmoannmie €3, €4, €5 sasucam suws om 1opm [l oo 17 e, 1l La
I~ o, napamempos pewemxu T' u obaracmu O.

6.5. BBegenue momnpaBkKu TUIA MOTPAHUYHOTO cjios. O6ozHAUNM
Qc[¢) == (1 +Y,) (1) Mot (n°) 2 8c(bg + <), w0t (1) 3¢ 0

+ (WE)*Se(o + <), C) o0y — i((0F) 2, €) 1(0)-
(6.18)
Beesem monpasky THIA HOIPAHHYHOTO CJIOS S; KaK BEKTOP-(DYHKIMIO B 00-
gactu O yIOBAETBOPSIONIYIO YCIOBUAIM

S. € Lo(0;C3), div (n°)Y/?8. € Ly(0), rot (n°)~Y/%8. € Ly(O;C?), (6.19)
TOXKJIECTBY
(%)~ "rot () ~1/%82, vot (n°) ™%¢) (o)

+ (div ("75)1/2@;, div (ne)l/QC)Lz(O) + (8, C)Lg((’)) = Q[(], V¢ € Dom/l\sa
(6.20)

U KPaeBOMY YCJIOBHIO
() 7%82)loo = (1) 1/?92)< a0 (6.21)
Hanowmamy, aro Dom [ onpeeneno B (6.3).

Jlemma 6.3. IIycmv ¢, — pewenue 3adawu (6.1). ITycmv 9. — nepsoe
npubaudicenue ¥ pewenuto, onpedesennoe 6 (6.17). ITycmo S. — nonpaska,

ydosaemeopsowasn coommowenusm (6.19)—(6.21). Hoaoorcum Vo = b, —
Y. +38.. Tozda V. € Dom . u svnosnena ouyenka

Vel ooy + 1div (0)Y2 Ve 1y0) + lIrot (77) ™2V || 10y < Coelldll Lo(0)-

Hocmoannaa € sasucum auvwn om wopm |1llie, 17 e, el
|1~ Y| Loy, napamempos pewemxu T' u obaacmu O.
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Jlemma 6.3 BHIBOAUTCS U3 JIeMMBI 6.2 aDCOIFOTHO aHAJIOTHIHO JOKA3ATE b-
crBy JieMMmbl 4.5.

Jlemma 6.3 IOKa3BIBAET, YTO PA3HOCTH ¥, —S¢ J1aeT MPUOTUKEHNE K PeIlie-
HUIO ¢, B “9HEPTETHYIECKOI” HOPME C IMOTPENTHOCTHI0 TOTHOTO mopsaaka O(e).
OiHaKO, KOHTPOJUPOBATH MONPABKY S. 3aTPYIHUTEbHO. MBI OlleHUBaeM Sg
B “OHEpPreTHYecKoi” HOpMe.

Teopema 6.4. [Tycmo S; ydosaemeopaem coommowenusm (6.19)—(6.21).
IIyemv wucao 1 noduuneno yeaosuro 1.5. Toeda npu 0 < & < €1 6wnoa-
HEHA OUEHKA

Y25 || a0y + lrot (0°) %8| 1oy < €re2ldl 1y (0)-

(6.22)
Hocmoannaa €; sasucum auvwn om wopm |nlloe, 1M e, lello.,
| Y| Loy, napamempos pewemxu T' u obaacmu O.

18ell £o(0) + [Idiv (77)

JoxazaTenbcrBy Teopembl 6.4 mocesiieH §7.

6.6. Annpoxkcumanusi pyakumn ¢.. U3 gemvbl 6.3 1 Teopemnl 6.4 BbI-
BOJINTCS alllpoKcuMalnsgd MYHKINN ¢,. JoKa3aTebCTBO MOJHOCTHIO aHAJIO-
TUYHO JOKa3aTelbCTBY TeopeMbl 4.7.

Teopema 6.5. ITycmv ¢, — pewenue zadawu (6.1). [ycmov wucao €1 nood-
wuneno yeaosuio 1.5. Toeda npu 0 < € < €1 8vnoanens, oyeHKy

. — (W) (¢ + ve)ll a0y < €522l (0
(1) rot (n) 2, — (14 Y,5) (1°) 'rot (1°) 72 (g + vl 1y(0)
< ¢9€1/2||OI||L2(O)-

Hocmoannme €, €y zasucam auwn om wopm ||0llie, 17 iw, lolloa,
I~ Lo, napamempos pewemxu I' u obracmu O.

6.7. OxkonuareJ/ibHBINI pe3yjbTar B cjaydvae r = (. Boimumiem Bbipaxe-
HUS [ T0JIell ¢ MHIEKCOM ( B TepMUHAX (PYHKIIUHU ¢, BBEJICHHON B IIyHKTE

6.1:
ul@ = ()2, wl =) e,
vl = —(4°) rot (F) Vg, D = —xot (7).

AHaOTHIHBIM 06pa3zoM, 3(hPeKTUBHBIE TIOJS ¢ WHIEKCOM (| CBSI3AHBI ¢ (DYHK-
nmeit @, BBeJIeHHON B myHKTE 6.2:

uéq) = (%) "y, W(()q) = (%),

Vil = = (1) "ot (1) "2y, 2 = —xot (1) gy
TlonpaBounble MOIa C MHAEKCOM (] BHIPAXKAIOTCA 9€pPe3 Vg (CM. IIYHKT 6.3):

8 = (") o, WY = (") 0.,

V@ = — (1) rot (n°) Mo, 2Y = —rot (%) 72w,
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DTHU COOTHOILIEHHS BMECTe C TeopeMOil 6.5 HEeloCPeICTBEHHO IIPUBOAAT K
OKOHYATEJIbHOMY pe3yJibTaTy B ciaydae r = 0.

(a) (q))

Teopema 6.6. Iycmov (w.V,z:Y) — pewenue cucmemv (2.2) npur = 0

uul? = (n°)~ wéq), vi¥ = (;ﬁ)*lz@. ITycmo (w(()q) z(()q)) pewenue
asppexmuenot cucmemor (2.11) npur = 0 u u(()q) = (n%)~ w(()q), V(()q) =
() 1z (a), ITycmo (w(q) (q)) — pewenue nonpasownot cucmemvr (2.12)
npur = 0, a u(q) (n")~ 1A§q), Véq) = (MU)*E@. Iyems Yy, Gy, Y,
G, — nepuoduueckue mampuysl-pyrxyuu, ecedennvie 6 nynxme 2.2. Iycmo
wucAo €1 nodwuneno yeaosuto 1.5. Tozda npu 0 < &€ < €1 6BINOAHEHDL OUEHKY

[ul® — (1 + ¥ (us? + 89 1,0y < Cslln 122 all p0)
Iw'? — (1 +GE)(wi + )| 1,00 < Csllnll 22 llall o)
v — (1 4+ Y7)(v§? + 94D)
|28 — (1 + G5) (@Y +29) | 1,0 < Collpll o2l o)

Hocmoanmnmie Cg, € sasucam om 1opm || Lo, 11 oes el ias 1 Lo
napamempos pewemxu I' u obaacmu O.

N

(
5
V) |10y < €oe™?]lall 1, 0)

6.8. 3amepineHne JOKa3aTeIbCTBA OCHOBHOI TeopeMbl. ComocTapiss
Teopembl 4.8 u 6.6, HEIOCPEAICTBEHHO TOIYy9IaeM yTBEPKICHUST TEOPEMBbI 2.5.
IMocrosiaubie B onenkax (2.16)—(2.19) umeror Bu

C1 = max{Co; €s|ln M I}2 Y Co = max{Collnllr.c; €sllnlly*};

Cy = max{Cslp 12, €} Ca = max{Cs||ull ;s Collull 1.0 }-

7. OLEHKA IIOIPABKU S

DToT maparpad MOCBAIIEH HOKA3ATEHCTBY TeopeMbl 6.4.

7.1. OroxkaecrBierHue Dom [, m Dom [y. KirodeBoe 3nauenune misg gajib-
HEUITero uMeeT CAeyIONas JIeMMa, aHAJOTHYHas jjeMMe 5.1,

JlemMma 7.1. C’yu;ecmeyem Aunetinbil onepamop T Dom[ — Dom?o,
maKol 4mo daa PyHKyuY CE =T ¢, ¢ € Dom [5, BVINOAHEHD, PABEHCMEA

div (n°)'2¢, = div (F) /3¢, rot (n°) M3, = 1ot (F) TV, (T.1)

U OUEHKUY

HE{:‘HLQ < Cioll€ll, (0 (7.2)
18- lmrc0) < €01 (I€zao) + 145v ()72l ooy + ot (7)™ %C oo -
(7.3)

Hocmosannaa €19 sacucum avws om 0|, |77 L., a €11 3asucum om
mex orce seaunun u om obaacmu O.
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Zoxasameavcmeo. PaccMoTpuM iBe BCIOMOTATEIbHBIX 33IaM.

IlepBag BcrmomoraresabHas 3amada. Ilycts ¢ € Dom .. O6o3maunm
fo = div (n°)Y2¢ € Ly(0). Myers ¢ € HA(O) — obobmennoe perrenme
zagauan dupuxie

divy Ve 1(x) = fe(x), x € 05 ¢en

Pemenne ynosnersopsier TOXI€CTBY

/<nov&5€,1,vw> dxz/((ng)l/QC,Vm dx, Yw e HLO). (7.5)
@ @

00 = 0. (7.4)

HMonoxmm ¢, 1 = (n°)'/2V ¢ 1. Tor/1a BBITIOJIHEHBI COOTHOTICHS

div (n°)/2C..; = div (n°)"/2¢, rot (n°)7V/2¢. 1 =0, ((1°) 72, 1)-loo = 0.
(7.6)

Kpaeroe ycmoBre BBITIOJTHEHO 33 CUET TOTO, 9TO (PYHKITHS </Z>\671 obparaercs

B HOJIb Ha rpanune 00, a TOrAa M KacaTelbHas COCTABIAIONIAA €€ T'PaJIN-

eHTa Takke O0paImaeTcs B HOJB. llogcTaBiasas w = ¢A>€71 B ToxkecTBO (7.5),

IPpUXOANM K OITCHKE

p [ P [ e (7.7)

Venosue miagkocty rpanumpsl (00 € CH1) obecrieunBaer cBoiicTBO TIOBBIMIE-

1€e 11l 220y <

HUST TJIAJIKOCTHU peltenust 3a1a4u (7.4): BHIIOAHEHO BKIOUYeHUe ¢z 1 € H 2((’))
I OIIeHK3,

ICe 1l (o) < @l Fellzao) = Elldiv (%) *¢| L 0)- (7.8)

Hocrosinas ¢; 3apucut b ot HopM |1\ L., |77 L. 1 or obnactu O.

Bropasa BcnmomorarenbHas 3amada. [lycrs ¢ € Dom .. Obozmnaunm
G- := divn°(n°)~1/2¢ € HY(O). Tycrs ¢. € HY(O) — obobmentoe perre-
Hue 3amaun Jlupuxie

div UOV¢5,2(X) = §€(X)> x € O; ¢€,2|8O =0.
Pe]_HeHI/Ie 55’2 YAOBJIETBOPACT MHTEIPAJIBHOMY TOXKIECTBY
|0 V6ea Vi dx = [ PV V) dx, o€ HYO). (79)
O @

[Monoxum 2572 = (V2 ((nF)~1/2¢ - ngg,g). Tora BBIIOJIHEHB! PABEHCTBA

div (°)Y2¢_ 5 = 0, rot (n°)7V2C. 5 = rot (n°)H2¢, ((1°) 7Y% 5)+lo0 = 0.

(7.10)
IoacraBmsss w = ¢, 2 B TOxKACTBO (7.9), IPUXOAUM K OIEHKe
~ /2, —141/2
|02V e 2 a0y < Il 2 0 12 11€ o) (7.11)
CrefioBaTe/IbHO,
~ /2 —1,1/2
1Ce2lzaco) < 20l 2 I~ 12 1€ s o) (712)
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13 (7.10) u (7.12) cnemyer, arto E&Q € Domly C HY(O;C?), npuuem (cu.
(6.7)) R
I€- 2l 10y < E2(llrot (7)™ *¢| y(0) + 1< La(0))- (7.13)
IHocrostaras €3 3aBUCHT JHIIB OT HOPM [|7]| L, Hn YL, w ot obmact O.
TMosokum CE CE 1+ C€ 9. Torpma uz (7.6) u (7.10) cieayer, 4ro BbIIOJI-

HEHbI COOTHOIIEHU (7 1). U3 (7.7) u (7.12) BriTexaer onenka (7.2) ¢ mocro-
sanoit &g = 3”77H1L/i||17_1||2g Haxownern, (7.8) u (7.13) BiaekyT HepaBeHCTBO
(7.3) ¢ mocrogrHoiit €11 = max{cy, ca}. O

3ameuanne 7.2. B ycaosusaxr semmor 7.1 cnpasedauso pasercmeo
()72, = () 2 = V(e — e)- (7.14)

7.2. Onenka pynknuonasna Q. [¢]. O6ozuaunm nepsoe ciaraemoe B (6.18)

gepes T:[C]:
To[¢] = (1 +Y,) (1) rot (1) 712 Se(bg + Be), vot (1) ~2¢) 0y (7.15)

" TMIpeACTaBUM €0 B BUAE CYMMbI 9€ThIDEX YJICHOB!:

:iz@)[c], ¢ € Dom L, (7.16)
rae
TV = (V5 (1) rot (n°) 7 /2Sc(y + B2), rot (1) %) 10y,
T2¢) = (1) Mrot (n°)~ 1/2¢o,rot<n€>—1/2c>L2(o>, (7.17)
TO[C) = ((1°)Mrot (n°) v, rot (n°) 712¢) Ly (7.18)
T = (1) rot (%) 2(Se — 1) (¢ + De), rot( )2 100y (7.19)

ABCOTOTHO AHAJIOTHYHO JIOKA3ATETHCTRY JIEMMBI 5.3 TPOBEPAETCS OIEHKA,
1TV < €12e™2|dll (010t (0F) 72| Ly0), 0 <e<er  (7.20)

Ysen (7.19) onennaercs no ananoruu ¢ (5.32):

TN < Cusellally oy lIvot (7)™ ¢ s 0)- (7.21)

Hocrogmasie €15 1 €13 3aBucar ot HopM |7l oe, 11 Ly 1l 2o 116~ 2o s
obsactu O u mapamerpon pemietku [

IIpeobpasyem Temeps 4ier (7.17), ucnonp3ys jgemmy 7.1 u Tor dakt, 910
¢ aBasieTca 0600menHbIM perenneM 3agadn (6.4). Vmeem

T[¢] = (1) ot (n°) "2, rot (n°) "2, 1,0

~ e (7.22)
—(b0:Ce) a0y + (M) "7, Ce) Ly (0)
AwnayormaneiM 06pazoM mpeobpasyem wien (7.18):
7;(5) [C] - ((:u'o)_ert (770)_1/21)67 rot (770)_1/225)[/2((9) (7 23)

= _(U87 EE)LQ(O) + i((no)_l/Qq&Es)Lg(O)-
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Mb1 yuaiun, 910 U, siBAsieTcsa 0000meHabIM pernennem 3agaqu (6.11).
Couocrasisist (6.18), (7.15), (7.16), (7.22) u (7.23), upuxoaum K 1Upejicras-
JICHHIO

Q:[¢) =TAVC) + TXVICT + (W) Se(o + ) §) a0)
— ($0:€) 1a(0) — (0=, C) a0y +i((1°) 720, C) g0y (7:24)
+i(a, (1072 = ()72 a0y
B cuny (7.14) nocnennee cnaraemoe B (7.24) obpamaercss B HOJIb:
(@ )7V — (1F) 2 1y0) = (@, V(e — 02)) 100y = 0, (7.25)

nockosbky q € J(O) u (5571 - 55,2 € H}(O) (em. (1.3)).
13 (6.14) ciemyer, ato Tperbe caaraemoe B (7.24) npeacraBagercs B Buje

(W) Se(@o +02)s Q) a0y = (T (1) /2S(g + 02), (1°)™*C) s (0)
= TN+ T+ (1) (o + ), (1) %) 1 0)

(7.26)

rie
T = ((F — n°) (%) ™Y2S: (g + B2, () 2 10 (7.27)
T = ((°)2(S= = 1) (g + D). (F) /%) 10 (7.28)

Teneps uz (7.2 ) (7 26) caiejyer upejcraBieHue
Wi

Q:[¢] = |+ T+ TP + O
+i((n° ) qa:Cg)LQ(O) (") (g +ve), (1) "2¢ = ()¢ 1 (0)-
B cuny (7.14) nocnennee ciaaraemoe B (7.29) obpammaercst B HOJIb: (72
«wvﬂwo+mx<ﬂ*”c—<%*ﬂ2nma .
= ((1")2(d0 + ve), V(e =~ 6e1))12(0) = 0,
nockosbky (n°)Y2(py + v.) € J(O), a qﬁgg — gf)g,l € HO((’)).
Corumacuo (7.29) u (7.30),
Q:[¢) = TVC + T+ T + TO L + TV [¢), (731)
{1¢) = i((n") 0, € (o) (7.32)

Cnenyrompe onenku s 4ieHos (7.27) u (7.28) noay4arorcs aHa 0ruaHO
Jl0Ka3aTeabCTBy JgeMMbl 5.5 u onenku (5.66) coorBeTcTBEHHO:

T < €rae'? |l 1y 0)
X (||C||L2(0) + ||div (7)/%¢]| Lo (0) + [Irot (ng)_l/ZCHLQ(O)) , 0<e<

|7;(6) [€]] < ¢15EHQHL2(O)HC”LQ(O)'
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Hocrosmmbie €14 u €15 3apucsar ot 1opM |7z 177 H 2w, el o, 1107 L
obstacru O u mapamerpos pemerku [

Anamms wiena (7.32) HOX0XK Ha pACCMOTPEHNS MyHKTa 5.5 (HO €cTh HEKO-
Topbie oTinans). Vcmonpsysa (2.13), samumem wren (7.32) B BuIe

TAO) = (") "2 Py Se (Vi) @ €)1 0)- (7.35)

3ameuanune 7.3. Ilycmv P — opmonpoexmop  npocmpancmea

Lo(O; (n°)~1) ma J(O). Hempyono noxasamo, wmo Ppof € H(O;C?), ecau
f € HY(O;C?). IIpu smom evinoanena ouenxa

[Pootllero) < <llfllm o) (7.36)
Hocmoannas < sasucum auws om nwopm |1l L., 07 Ly u o6aacmu O.

YHUTBIBAs CaMOCOTIPAKEHHOCTE OmepaTopa Ppo B BECOBOM TPOCTPAHCTBE
Lo(0; (n°)~Y), npeacrasum dyukmuonan (7.35) B Buje

T[] = i((°) 1S (YE) a, Py (1)) %C.) 1y 0)- (7.37)

[Tycts 6. — cpeska, yaoBierBopstorias yeaosusyM (5.15). 3armmimem aien
(7.37) KaK CyMMy JBYX CJIAraeMBbIX:

T =TV + TV, (7.38)
T[] = i((n") ! <Y;> P ()2 ) 1y 0 (7.39)
T[] = i((n°) 71 S-(¥,9)"q < >7>no<n>/ca>L2<o>. (7.40)

Usnen (7.39) ouennm ¢ nomornbo npeioxkenus 1.2, (2.8) u semmsbr 1.6:

TN < M 2o 1= (V) @l sy 1 Pyo (1) 2C N a8y
2 —11n3/2 2 >
<22 1M1 8o lal Loy 1Py (1) 2 N 1), 0 < & < €0

Yautssag (7.3) u (7.36), IpEXOAUM K OIEHKE
701 < @i Pllall o)

X (”CHLZ(O) + [|div (UE)I/ZCHLQ(O) + [[rot (775)_1/2C||L2((’))) , 0<e<ep,
(7.41)
rae €1 = ez I~ 172 85 e
Tepeitaem k paccmorpenmio wiena (7.40). @ynxmmsa (1 — 6.)P,o(n°)Y 2¢.
npunagiexnT Kiaccy H'(O;C?) n obpalmaercs B HOMb B £-OKPECTHOCTH T'Pa-
aumpr 00. [pomonzxmy ee mysnem Ha R3\ O, mpogomkennyio hyHKIHIO 060-
3HAaUHM "epes P. Jamern, uto p. € H'(R3; C?), mpmaem supp p- C O\ B..
Ilepemnumenm wren (7.40) B BUzE

7;(7) (€] :==i(a, Y;Sa(no)ilﬁa)Lg(O)‘
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Cronbupl Marpuipl Y,7 umeror sujy 5V<I>§ , J =1,2,3. CiienoBareibHO,

3
TO[¢) =ie > (a, V (25[5:(n°)""Be);)) a(0)
j=1

3
—ie Y (a, ®5V[Se(n°) " Bel;) L(0)-
=1

ITepBoe craraemoe cmpasa obpamaercs B HOMb, mockoabky q € J(O), a
o3 [S:(n°)~1p:]; € HY(O). (Bnech Mbl yuuTbiBaeM CBOCTBO CriIazKUBaIONIe-
ro omeparopa Se: (yHkius S.f paBHa HY/JIH0 BHE E-OKPECTHOCTH HOCUTEJISI
dynakuun f). Janee, 1o anasoruu ¢ BbIBOJOM HEpaseHcTBa, (5.76) noydaem

TR < €re? |l 1y 0)

X (||CHL2(O) + || div ("75)1/2C||L2(0) + [[rot (Ua)_l/QCHLQ(O)) , 0<e<eo.
(7.42)
Hocrosmras €17 zasucut ot ||n||z.., |17 |1 7 o6ractn O.
Teneps u3 (7.38), (7.41) u (7.42) cnenyer, 410

ITXD(C)] < (€16 + €17)e 2 lall £y (0)

% (I¢] o) + div () %€l ) + 0t ()¢ yiy) 0 <& < <o
(7.43)

7.3. Yduer KpaeBoro ycJjoBusi. 3aBeplleHNEe JI0KA3ATeJIbCTBA Teope-
mbI 6.4. B nrore coornomenns (7.20), (7.21), (7.31), (7.33), (7.34) u (7.43)
AT orleHKy dyuKnnonama (6.18):

Q- (¢l < €l 0)

< (Il zagoy + v (1)l ooy + ot ()¢ yco)) - 0 < e <o,
(7.44)
riae €° = €9+ €3+ iy + €15 + Ci6 + Ey7.
Ocraercs yuects kpaesoe yciosue (6.21). B cury (6.17) mveem

()"0, = (1 + Y,)S-(1°) "2 (by + Bz)
3
+e 3 0r) V2 R; 5. Di( + B2)
=1
= (") (g + ve) + (Se — D)(n°) (g + Ve)

3
+eY (nF)PAFS.Di(ey + Do)
=1

3 3
+e) V(D5Sebe;) —e > P58 Ve,
j=1 j=1
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rae b j = [(1°)~1/2(y + Ue)]j. Met yamm, aro Y,” — 9To marpuma co cToib-
namu eVE5, j =1,2,3. Ilepsoe craraemoe CiipaBa yI0BJIETBOPHET OJHOPOJL-
nomy kpaesomy yeinosuto ((7°)7H2(¢pg+v:))r|oo = 0. Tlosromy BinosHEHO

((775)71/2198)7"80 = (a£>7'|8(97 (745)

rie

4
a. = Zagk), (7.46)

k=1
alh) = (S. — D)(°) (g + B2), (7.47)
3
al?) = 0, Z(ne)_l/QlA\fsle@o + Ue) (7.48)
=1
3
al® =&YV (0.955.h. ;) , (7.49)
j=1
3
all = —¢0. Y @55, Vb, ;. (7.50)
j=1

B1eck 0. — cpeska, yaosaerBopsitomias yeaosusim (5.15).
JlemMma 7.4. Ilpu 0 < £ < €1 6bINOAHEHDE OUEHKU
lacl|z,0) < €188 |lal 1, (0); (7.51)
[rot ac| 1,0y < €108" [l 1, (0)- (7.52)

Hocmosnnvie €rs u €9 sasucam om |1l Le, 107 Wiw, lelliw, I o,
napamempos peuwemxu I' u obaacmu O.

Jlokasamenavemeo. Unen (7.47) ouenmBaercst ¢ TOMONIBLIO TpeIoskenns 1.1
u (6.10), (6.13):

Sigl/2yE ~ 1
la ) < eralln 21 + el es) < Eellallae)  (753)
rje ngls) = 7‘1H77_1”1L/i(€1 + €3). Ynen (7.48) ouenuBaercs Ha OCHOBAHUU

npempaoxenns 1.2 u coornommennit (6.10), (6.13), (6.15):
—1y1/2 <~ 2
18 llLa(0) < el 112C3 V3160 + Tell ey < €Felalao). (759

vae €5 = [l 12 Crv3(E) + €),
Ynen (7.49) paccmarpuBaercs 10O aHAJOTME C BBIBOJOM oreHku (5.29).
Nneem:

eV (0:955:b-j) = (eV0)®5S:bs ; + 0-(V;)Sebe j + £0.955.Vb. .

Ilepsoe craraemoe onenuBaercs ¢ momomntsio (5.15), memmsr 1.7 n (2.9). Bro-
poe — ¢ momotteio (5.15), memmer 1.7 u (2.8). Tperse craraemoe oneHnBaeTcs
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3a cuer npeanoxenus 1.2 u (2.9). Kpome Toro, kaxapiil pa3 Mbl yuuTbiBaeM
nepasencrsa (6.10), (6.13). D1u coobparkeHust NPUBOJAT K OLEHKE

18Pl 1,0 < €D 2 allLy0), 0 <e<er, (7.55)

3 _ _
taie nocromman €13 sasucnt o [lnllz, [0z, Iall, lle~ L., napa-

MetpoB perierku ' u obactu O.
Unen (7.50) orenmBaercsa Ha ocHOBaHUE mpe/toxkenns 1.2 u (2.9), (6.10),
(6.13):

_ 1/2 — -~ ~ 4
12|z, 0) < £r0) Il 17 L V3l do + Tell sy < €18 ellall L0,
(7.56)

4 _ 172, _
ve €1y = (2r0) ! nll )2 " |1 V(@1 + €2).
Teneps n3 (7.46), (7.53)—(7.56) BeITekaer nckomast onernka (7.51) ¢ mocro-
annoit €5 = Zi:l Cg?.
Pacemorpum porop dbyukmuu (7.46):
rota. = rotal!) + rota® 4 rotal®). (7.57)

Mubr yuu, aro porop dbyukuuu (7.49), oueBuano, pasen nyso. [lepoe cia-
raemMoe OIEHNM C ITOMOIThIo mpestoxkenns 1.1 u (6.10), (6.13):

—11yl/2 7% ~ 1
Irotal|l o) < erlln ™ 112160 + Bell o) < €igelal o), (7:58)

rae 6%) = 7“1H77_1”i/j(€1 + &).
Hamee, nmeeM:

3
rota® = 3(eV6,) x ((ns)—l/QAfsEDl(qso n @E))
=1

3
+ 0. Z[rot 0 Y2 N)FS-Dy(dg + Ue)
=1

3
+e0: > bi(n°)"2ATS.DD;(y + Do)
lj=

Ilepsoe ciaraemoe onenuBaercs ¢ momomntpio (5.15), memmsr 1.7 u (6.15). Bro-
poe caaraemoe — ¢ nomomrsio (5.15), smemmer 1.7 u (6.16). Ounenka Tpersero
CJIaraeMoro ToJIy9aeTcst Ha OCHOBaHWM mpesyoxkenus 1.2 n (6.15). Kpowme
TOTO, KaXKABIH pa3 ucnosn3yores nepasercrsa (6.10), (6.13). 91u coobpa-
KEeHNdA TIPUBOAAT K OITCHKE

Irotal® ||, 0) < €5 *lldllLy0), 0 << e, (7.59)

2 _ _
tae nocrosman €53 sasucnr o [lnllz, [~ ., Iall. lle~ .., napa-

MerpoB perierku ' u obsactu O.
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Pacemorpum reneps porop dynknuu (7.50):
3 3
rotalt) = =) "(eVh.) x (55.Vbe ;) — 0. » (VP (SeVbe. ;).
j=1 j=1
IlepBoe ciaraemoe oreHUBaeTCs ¢ TOMOIIBHO (5.15), memmbr 1.7 1 (2.9). Onen-

Ka JJIsT BTOPOTO CJIAraeMoro nojydaercs Ha ocuosanuu (5.15), semmbr 1.7 u
(2.8). MbI Takzke yaurssaeM (6.10) u (6.13). D10 BiIEUET OIEHKY

4
Irotal®|l L, 0) < €fge?lldlliyi0), 0 <e<er, (7.60)

4 _ —
rjie TOCTOsSTHHASI ngg) sasucut ot |1z, 10 e 1gllie, |7 Lo, mapa-
meTpos pemerku I’ u obnactu O.
B wrore coornomenns (7.57)—(7.60) npuBogsiT K MICKOMOMY HEPABEHCTBY

(7.52) ¢ nocrosiaHOl €19 = @59) + 6(2) + Q%). O
IIycrs BekTOp-dyHKIM h, gBisercs pemernem 3a/1adu
rot (7°)""?h, = rota., div(°)"/?h. =0,
((7°)~?he)r o0 = (a:)rloo-

WNmem pemrenne B Buge h, = (7]5)*1/21“0‘5 Y., roe divY, = 0. Torma Y. €
H'(0O;C?) ynomnersopsieT TO®1eCTRY

(7.61)

/((ng)1r0tTg,r0tF>dx:/(ae,rotF) dx, VF € H'(0;C%).
o o

IMogcrasasas F = Y. u yanrsBag (7.51), moaydaem oreHKy
1/2
el a0 < lInll2 N2l o0y < €222l za(0). (7.62)

re €20 = €|l
Teneps u3 (6.19)—(6.21), (7.45) u (7.61) Bunso, uto S. — h, € Dom|. u
BBITIOJIHEHO TOXKJICCTBO

/[\E [/S\E - h57 C] + (ge - hea C)LQ(O) = és [C], VC S DOHl/[\E, (763)
rae
0.[¢] = Q:[¢] — ((1¥)'rotac, rot (9°)2¢) 1,0y — (he, O 1,0

B cuny (7.44), (7.52) u (7.62) cupasejiusa oLeHKa
1Q:[¢]l < €|l L, o)
x (I€zago) + Idiv (7)€ a0y + ot (7)o

npu 0 < ¢ < &1, rae @° = €% 4 Ty + |l Lo €10. HlopcTasmas ¢ =38, — h,
B (7.63) u ucosszyst (7.64), noaygaaem

I8 = hell,(0) + [1div (n°)/2(8: — he)| 1,0
+[[rot (n°) " 2(5: = he)l| Loy < e [ldllLy(0)

(7.64)
)

(7.65)
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npu 0 < & < e, rue € = 3max{1, ||u||r.. }€°.

Conocrapmss (7.52), (7.61), (7.62) u (7.65), npuxo UM K KCKOMOMY Hepa-
sercrBy (6.22) ¢ nocrosauoit €7 = €7 + €9 + Cop. D10 3asepwaem dokasa-
meavemeo meopemvi 6.4.
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