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AHHOTAIS

IIycts O C R? — orpamnuennas obsiacts ¢ rpanunei kracca Cl. B obmactn
O paccMmaTpuBaeTcs cTanmoHapras cucremMa MakcBesa mpr yeIoBUIX WIeATBHOM
MTPOBOJIMMOCTH Ha Tpanuiie. [Ipesmnosaraercs, ¥To0 MarHuTHas TTPOHUIIAEMOCTH 3a-
JAaHA TOCTOAHHON MOJ0KUATETHHON (3 X 3)—ManHue171 o, @ AUJIEKTPUIECKA IIPO-
HHUITAMOCTB NMeeT B 1)(X /€ ), re n(x) — BemiecTBennad (3 X 3)-Marpura-QyHKIN,
TMEePUOAMIECKAT OTHOCUTEMBHO HEKOTOPOH PEITIeTKH, OTPAHNIEHHAS W MTOJTOKUTETb-
HO ompeneneHHasd. 37ech € > 0 — majwlii mapamerp. CumTaeTcs, 4TO OJHO N3
ypaBrenuii cucrembr Makcsesia (To, KOTOPOe COAEPKUT POTOP MAHUTHON HANpsi-
JKEHHOCTH) OJHOPOJHO, & HpaBasg YacTh I' BTOPOTO YPABHEHHS] — COJCHOUIAJb-
nasg BekTOp-pyHkima kaacca Lo. M3BecrHo, dro mpum € — (0 perieHus CUCTEMBI
MakcBesisia — 97eKTpUIecKas HaAPIKEHHOCTD Ug, TEKTPUIECKAsT WHIAYKIINT We,
MArHUTHAs HANPSKEHHOCTb Ve W MarHUTHAs WHIYKINS Ze c1abo cxonarcs B Lo
K COOTBETCTBYIOIUM YCDPEJIHEHHBIM TOJIAM Ug, W, Vo, Zo (PEIEeHnsIM yCpeTHeH-
Hoit cucrembl Maxkcsemna ¢ addexrusabiMu Koaddunmenramu). Mbl ycuimnsaem
KJIACCHIECKNe Pe3yabTaThl. [1oKazano, 4To Moasd Ve U Ze CXOAATCA K Vo U Zg CO-
OTBETCTBEHHO II0 HOpMe B Lo, IputeM MOTpentHocTH onennBaiorcs depe3 Cellr| L,
(mopsimok Tounblit). Jrst TOSIEH Ve M Z, MOJIy9EeHBI TAKKE AlPOKCUMAIINH 110 SHED-
reTuyeckoii Hopme ¢ norperrsoctsaMu uga Cv/e||r||r,. Jist u, u w, Haiinens! amn-
npokcuMaluu 1o HopMe B Lo ¢ norpemmnoctamu Cv/e||r| -

Kimrouesbie cJjioBa: nepuogudeckue JguddepeHiuaibible OepaTophl, OMepaTop
Maxkcsesiia, ycpeaHenne, OIePaTOPHbIC OIEHKH TTOTPEITHOCTH.

Uccnenosanue Boimonero npu mojjep:xkke PH® (mpoekt 17-11-01069).
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BBenenue

PaGota orHOCHTCS K T€OpUH ycpeaHeHus (FOMOTEHU3AINN) TePUOANIecKUX Mu-
dbepernmanbHBIX OonepaTopos. JInTepaTypa mo TeOpuHM yCpeIHEeHUus OOMINPHA; MbI
orpannanMcst ynmomuaanueM mouorpadmii [BeLPap| [BaPal, [Sal [ZhKO].

0.1 OmnepaTopHbie OI€HKH TTOTPENTHOCTH

Oycrs I' € RY — pemerxa. g D-mepuogmaeckux dyukmuii 8 R? ncnomszyem
oboznauenne f(x) := f(x/e), e > 0.

B cepun crareit [BSull BSu2, BSu3| Bupmana u Cycaunoit 6611 1pejioxen u
pPa3BUT TEOPETUKO-OMEPATOPHBIHA T0/IX0/] K Teopuu ycpeiuenus. V3yqasics mmpo-
KUl KJIACC MATPUYHBIX CUJILHO SJLTUITUIECKUX OTIEPATOPOB A, BTOPOro nopsjika,
IEeHCTBYIOMIHUX B Lg(Rd; C™) u gomyckaronux GhakTOPU3AIIIO BH/IA

A = b(D)*¢*(x)b(D). (0.1)

3aecy Marpuna~-GyHKIHs ¢(X) OrpaHUYeHa, MOJOKUTEJBHO OTNpEeIeIeHa U Mepu-
opmdaHa oTHOCUTEabHO perterku I, a b(D) — marpuuHsblil oneparop mepBoro mo-
panka suga b(D) = Z;.lzl b;D;, IpudeM €ro CHMBOJ HMeeT MAKCHMAJbHBIN DaHT.
[Tpocreifimmuit npumep omeparopa — 9T0 CKaJIAPHBIN JJIMITUYCCKUR onepa-
top A. = —divg®(x)V = D*¢*(x)D (omeparop akycruku). OmepaTop yopyroctu
TaKKe AO0MYyCKaeT 3alluCh B BUJIC . B QICKTPOANHAMUKE BO3HUKACT BCIIOMOTA-
TenbHBIT omeparop A. = rota®(x)rot — Vve(x)div, KOTOpBIH MOKHO 3aIUCaTh B
dopme .

B [BSul] 6vu10 moxazano, uto mpu € — 0 pesomseenta (A. + I)~! exomwr-
ca 1o onepaTopHoii Hopme B Lo(R%; C) x pesosmbeente afdermushozo onepamopa
A? = b(D)*¢" (D). 3aech ¢° — mocTosHAEAS TONTOKUTETHHAS MATPHITA, HA3bIBAC-
Mast aipexmuenot mampuyed. CupaBejIuBa OIEHKA TOTPEITHOCTH

I(Ae + D)7 = (A% + D)7 1y ey Ly (re) < Ce (0.2)

B [BSu3] 6buma naitgena anmpokcumarys pesosbserts (A: + 1)1 mo mopme ore-
paTopos, aeiicryiomux u3 Ly (R% C") B npocrpancrso Cobosresa H'(RY; C™):

H(.AE + I)il - (.AO + I)il — €’C(5)||L2(Rd)%H1(Rd) < Ce. (03)

Baecs K(e) — Tak HasbiBaeMblil kKoppexmop. OH COMEPKUT OBICTPO OCIULTHDYO-
Imuil MHOXKHITEIb, & IOTOMY 3aBUCUT OT &; 1pu aroM ||[K(g)||p, g1 = O(e™h).
Onenku , TOYHBI 110 TOPSAKY. Pe3ysibTarel TAKOTO TUIA MOy IHIH
Ha3BAHUE ONEPAMOPHBIL OUEHOK NOZPEUHOCMU B Teopun ycpeauerud. /Ipyroi moz-
X0J K ONEPATOPHBIM OIIEHKAM MOIPEITHOCTH — MOJUMUIUPOBAHHBI METOJ Iep-
BOTO IPUDIMKEHNsT WX METO CABHATa — OBLT mpemioxken 2KnkoeiM. B paborax



[Zh, [ZhPas]] stum meronom onenxn (0.2)), OBLIN YCTAHOBJIEHBI IS OTIEPATO-
POB aKyCTHKH W YIpYrocTh. JlaapHeillnme pe3yIbraThl 00CyKIATCI B HEJTaBHEM
o63ope [ZhPas2].

OmnepaTopHble OIEHKH NOTPEITHOCTH HM3ydYaauCh TAKxKe W I KPAaeBbIX 3a-
gag B orpammuentoil obmacty @ C RY ¢ mocrarodno Taagkodl CpaHMIE; CM.

[ZhPasll, ZhPas2l [Grll [Gr2l [KeLiS, PSul [Su3l [Su4, [Sub|. Ilycts Ap, u An. —
oneparopsl B Lo(O; C"), 3anannsie Boipaxkennem b(D)* g% (x)b(D) upu ycioBusx
Hupuxse mubo Heitmana va rpanunme. Ilycrs A% u A?V — COOTBETCTBYIOIITE -

dexrupHble oneparopbl. ClpaBeiiMBbl OLEHKI

(A + D7 = (A7 + D7y (0) - a0) < C (0.4)
(A e + D71 = (A) + 1) = K, (&) | L0y (0) < C'/2 (0.5)

Baecs b = D, N, a K,(¢) — coorBercrBytomuii koppekrop. OreHka HMeeT
rounpiit nopsiox O(g) (rakoit xe, kax s 3aaun B RY). Tlopsiyox onenku (0.5)
Xy7Ke 0 CPABHEHUIO C ; 9TO O0bACHIETCS BAWSHUEM TPAHUITHI 00JIACTH.

B [ZhPasl] ¢ momorbio MeToma ¢IBUTa JjIst OMEPATOPOB aKYCTHKU U YIPYTOCTH
ObLTa TOJTy9eHa OIeHKa, u anasor ouenkn (0.4), vo ¢ morpemnocreio O(V/€).
Ananornunble pe3yabTaThl He3aBuCUMO Obuin yceranosiensl 'puzo [Grll [Gr2] ais
onepaTopa aKyCTHKH C MOMOIIHIO MeToga andosamara. OUeHKa TOTHOrO TOPAIKa
Brepsble Obuia mosydena B [Gr2]. Ciydail MaTpUUHBIX SJTUITHYECKUX Ole-
paropos nzyuaiucs B [KeliS| (rme paccmarpubanuch paBHOMEPHO SJIMITHYECKHE
OIEPaTOPbl P HEKOTOPBIX YCJIOBHUSIX PeryJspHocTd KoadbduimenTos) u B pado-
rax [PSul [Su3l, Sudl [Sub| (rae 6bwim nosyuenst onenxu (0.4), L1l OLACAHHOLIO

BbIIIIE€ KJIaCCa CHJIBHO JIJIMIITHYECKHX onepaTopOB).

0.2 VYcpennenmne cucrembl Makcsenaa B R3

O6cyaum Tereps 3a5ady 00 yCpeHeHHH CTauoHapHoil cucrembr Makcseta B R3.

ITpesnosoKuM, 9TO JUIJEKTPUIECKas U MAUHUTHAsT IPOHUIAEMOCTH 32 aHbI
marpunamu-gyHkiusavu 7°(x) u pf(x), rae n(x) u pu(x) orpaHndeHsl, 10J10KN-
TeTLHO OTIPe/Ie/IeHbl U MepuoMaHE oTHOCHTensHO pemerkn 1. Yepes J(R?) obo-
3HAYUM MOIPOCTPAHCTBO BeKTop-pyukmmii f € Lo (R3; C3), naa xoropeix div f = 0
(B cmbICTe pactipenenennit). Yepes U, V. 0003HAUNM HATPAZKEHHOCTH JJTEKTPUIE-
CKOr0 U MArHWTHOTO MOJIEl; We = 1°U., Ze = UVe — BEKTODBI 3JIEKTPUIECKON U
marauTHO# naykimit. Oneparop Makcsenna M. MBI 3auChbIBaeM B TEPMUHAX WH-
JYKITHI, CauTas Mot We, Z. cojleHougaabasiMu. Torma oneparop M. neiicrByer
B npocrpancree J(R3) @ J(R3) u samaerca soipazkenuem

_ 0 irot (uf) ™1
M. = <—irot ()1 0

4



Ha eCcTeCTBeHHOW obmactn omnpenenenns. Omepatop M. CaMOCONPSKEH, eCan
pacemarpusars J(R3) @ J(R3) Kak HOAIPOCTPAHCTBO B BECOBOM IPOCTDPAHCTBE
Lo(R3;C3; (n°) 1) @ La(R3; C3; (uf) 1), Towka A = i steisieTcs peryisipHOi TOIKOf
ILIs omepaTopa M..

O6cymum 3a1a4y o nosegenun pe3obsentol (Mg —il)~! nmpu mamom e. Mnadge
TOBODsi, HAC HHTEPECYET TIOBEIEeHNe PeIeHuit (W, Z.) cucreMbl Makcpesura

Zc

(M. —iI) <W€> - (‘3) . qre J(RCP, (0.6)

a Tak¥Ke ToBeAenwe Mol u. = (°) tw. w v = () " lz..

Yepeuennsiit onepaTop Makesesta MO mveer kosdbdurments 7Y, 10; xopormo
W3BECTHO, UTO 3D DEKTUBHBIE MATPUITHI 770 u uo — TaKWe XKe, KaK JJid CKaJasPHBIX
sumnnTrdeckux oneparopos —divn®V u —div ufV. Ilycrs (wo,z9) — perienne
yepeaHentod cucrembl MakcBesmia

o0 (2)-0)

muy = (n9) " two, vo = (1) 'z. U3 kTaccmuecknx pesynbTaToB (CM., HAIpH-
mep, [BeLPap, BaPal, [Sal [ZhKO]) ussecrno, uro upu ¢ — 0 Bekrop-dyHKIuM
U, We, Ve, Z: caabo cxodamea B Lo(R3; C3) K COOTBETCTRYIOMIM yCpeTHERHBIM TIO-
JIAM g, W, V(, Z(.

OmnepaTopHbIe OMEHKH TTOTPEITHOCTH A1 crucTeMbl Makceesia N3YyYATUCH
B paborax [BSull rmasa 7|, [BSu2l, §14], [BSu3, §22|, [Sul], [BSu4] =n [Su2]. B
[BSull, BSu2, BSu3| paccmarpusasncs caygaii pr = 1 n ObLIM HOJIyYeHbI alllipoOKCH-
MaIu He 715 BeexX dusndeckux nosteit; B [Sul] pacemarpusascst obmmii corydait, HO
annporcumanuy OblH HafijieHsl He jis Beex noJeil; B [BSud]| 3amaua 6b1a nosso-
CTBIO PEIleHA B CIyYae MOCTOSTHHONW MarHWTHON MPOHUIIAEMOCTH; HAaKOHeT, B [Su2)
3aja4a ObL1a TMOJHOCTBIO Pertena B obmem caydae. MeTos cocTosiyi B peayKinm K
3aJa49€ YCPEIHEHHUS 8 BCIOMOTATEJIBHOr0 YPaBHEHH BTOPOrO IOpdaKa. Pemre-

HUE CHCTEMBI MOKHO 3allMCATh B BUIE W, = wéq) + wér), Z. = zgﬂ + zgr),
(@) () (r) (r)

rie (we',ze ) — pemenue cucreMmbl mpu r = 0, a (We ’,Zs ') — pelleHne CH-

(r) _(r)

crembr ipu q = 0. Paccmorpum ays npumepa (we ', ze ). Ilepsoe ypasHeHue

(r) (r)

WwWe ' = rot (ua)_lzg MIOJICTABUM BO BTOPOE W TMPHUJEM K CJEIVIONeH 3aatde s
(r).

OJIST Ze
rot (n°) "trot (u) 'z + 2 = ir, dival® =0.

(r)

— r
[locse 3amensr e ' = (uf) 1/ 2z§) U CHATUS YCJIOBUS COJEHOUJIAJIBHOCTH, TIOIY-

r
HJaeM, 9TO (pg ABJIAETCH PEHICHUEM JIJIMITUYECKOT'O YPAaBHEHUA BTOPOT'O IIOPAIKA



Lo + @l =i(u)" P, (0.7)

rae
Lo = ()™ rot () "rot (uF) 7Y = (uF) 2V div () /2, (0.8)
(r) (r)

[Ipu 3TOM 1I0JI6 We @  BbIpasKaercd 4Yepe3 IPOU3BOJHBLIC pelleHud: We — =
rot (,ua)_l/Qcpgr).

B cay4ae mOCTOAHHOTO 4 OTIEpaTop OTHOCUTCA K KJACCY OMEepaTopoB
(0.1), 9aro mosBOMSET MPEMEHHTH K ypABHEHHIO o0mue pe3ynbTaThl paboT
[BSull, BSu2, BSu3]. B ciay4ae nepemenHoro p 910 y:Ke He Tak, OJHAKO YIAeTCs
BOCIIOJTB30BaThCsT pesyabraTaMu aberpakrroit cxembl w3 [BSull BSu2l BSu3| ans
uzyuenns oneparopa (0.8)); s1o 610 npomenano B [Sull Su2]. Mrorom stux pac-
CMOTpeHHIl SBHUJIACH ANPOKCHMAIA pe3oabsenTsl (M. — il)~!. B orimume ot
PE30JIbBEHTHI OIIepaTOPa 9Ta, PE30JLBEHTA, He MMEET MTPEJIEa Mo OMePaTOPHOIt
HOpMe, HO JII Hee MOKHO YKa3aTh AIlIPOKCUMAINIO 9Epe3 CyMMY Pe30JbBEHTHI
(M® —4I)~! u mekoTOpOro KOppeKTOpa HYJIEBOr0 HOPsIKa (C1a00 CXOAIErocs K
HYJTI0); OIIeHKA TOTPENTHOCTH uMeeT To4uHbIi nopsanaok O(e). B repmunax pemennit
3TO BJICYET AITPOKCHMAITIY I BeeX (bIM3MHUecKnX mosteit mo Hopme B Lo(R3; C3) ¢
onerkamu norpertnocreii nopsizka O(g). K npumepy, Boimmrmem pesyabrar s Ue:

la = uo — a1 w5y < Cellall s, + lrlas)).

(1)

3/ech TOMPaBKa, Ug = WHTEPIPETUPYETCS KaK KOPPEKTOpP HYJIEBOTO TOPSIIKA; OHA
BBIPAXKaeTCs uepe3 Uy, Pellenre HeKOTOPoi ,, TTompaBodHoii” cucreMbl Makcpesia
¥ HEKOTOPBIH OBICTPO OCIWLIUPYIONHI MHOXKUTEIb. [Ipu 2TOM Crabwiilt mpenesn

(1)

MIOIPABKA Ug ~ PaBEH HYJIIO.

0.3 IlocranoBka 3amauu. OCHOBHBIE PE3YJIbTATHI

B nacrosimeit pabore usydaercs ycpegHeHNe CTAaIMOHAPHON cucTeMbl MakcBesia B
orpaungennoii obiacru O C R3 ¢ rpanuneit kacca Ch!. Mbr onupaemcs Ha 06111y10
Teopuio oneparopa Makcsessia B IIpOU3BOJIbHBIX 00JIaCTIX, PA3BUTYI0 B paboTax
[BS1, BS2] Bupmana u Conomsika.

ITpeamookumM, 9TO MArHWUTHAS TTPOHUIIAEMOCTD 33,1aHA TTOCTOSTHHON MTOJIOK M-
TeJBLHON MATPUIeH (i, & AUITEKTPUIECKAS TPOHUIIAEMOCTE — OBICTPO OCIULINPY-
foreit MaTpurieit n° (x) Ha rpanwure craBarca ycaoBus miaeabHON MPOBOIUMOCTH.
Jost busmdeckux 1moseil NCnob3yoTcs Te ke 0003HaueHns, 9To 1 Bbiie B 1. [0.2]
Omnepatop Makcsemia M., 3anncanfblii B TEDMUHAX WHIYKINAI, TeHCTBYeT B MPO-
crparctse J(O) @ Jo(O), rre J(O) n Jo(O) — conenongagibHbIe MOAIPOCTPAHCTBA



B Lo(O; C3), ompenenennnie muxe B (5.1)), (5.2). Oneparop M. 3amaerca phipaske-

HIeM .
0 irot g
M. = 0
€ (—irot (nF)~t 0 )

HA €CTECTBEHHON 00/1aCTH ONPE/IeNIeHNsl, yINTHIBAIOMEH KPAaeBble yCIOBHS (CM.
(5.4) mmxke). Oneparop M. camoconpsizkeH, ecain pacemarpusarsd J(O) @ Jy(O) kak
TOITPOCTPAHCTRO B BecosoM mpoctpanctse La(O; C3; (n°)™1) @ La(O0; C3; ).

Mbr nsygaem pesonbsenty (M. —il)~!. VHbIME cI0BaMH, HAC HHTEPECYET O
BejleHUE pernennii (We, Z:) cucrembl Makcsesia

We

(M. —iI) ( ) - Cj) . qc€J(O), re J0), (0.9)

Zc
a TaKyKe TIOBeJeHue moei u. = (7°) 'w, u v, = o 2.

Mycrs M? — yepeanennsiit oneparop Maxcsesta ¢ kosdgdurmentamu n°, fig.
YcpenaenHas cucreMa MakcBesana nMeeT BUJT

- (2)-3)

[Monmoxum ug = (no)*lwo, vy = ualzo. Kak u B ciayuae 3a7a4n B R3, Kjaccude-
ckue pesyabratel (cM. [BeLPap|, BaPal [Sal ZhKO|) nator crabyro cxopumocts B
Lo (0O; C?) BexTop-dyHKIIMi Ue, We, Ve, Z: K COOTBETCTBYIONIHM YCPETHEHHBIM TIO-
JIAM Ugp, W(, Vo, ZQ.

Mu1 ycmnimBaeMm KaaccudaecKwe pe3ynbraThl B ciaydae q = 0. Onwmiem wmarmmm
OCHOBHBIE pe3y/bTaThl. Ilpn q = 0 mosts v, 1 z. cxogarcs no HopMe B Lo(O; C3) k
Vo U Zg, TPUIEM UMEIOT MECTO OIEHKU MOTPEITHOCTEN TOYHOTO MOPAIKA:

Ve = Vollzo(0) < Cellr|l 1,0
|22 — 2ol L,(0) < Cellr]lL,0)-
[TOMEMO 3TOTO, MbI HAXOJMM ATITPOKCAMAIHHT JJTs Ve U Z. o Hopme B H(O; C3):

|ve — vo — evgl)HHl(o) < C€1/2”I'||L2(O)7
1ze — 2o — €28V | g1 (o) < Ce2||r]| 1y 0

371eCch KOPPEKTOPhI vél) u Zél) COMIEPKAT OBICTPO OCITU/LIUPYIOIIHE MHOYKUTEIN, WX
wopMel B H'(O; C?) umeror mopagox O(e~!). Hakomer, MbI IosrydaeM amIpoKCH-

MaIuy A1 mosieif Ue u W 1o Hopume B Lo(QO; C3):

! Ce 2|t L0,

CEl/zHI‘HLz(O)-

lue — o — ulV||,0)

(
€
(1

NN

[We —wo —w )HLQ(O)
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(1) (1)

[TonpaBku us ' u wg/ MOI'yT OBITH HHTEPIIPETUPOBAHBI KAK KOPPEKTOPHI HYJIEBOTO
MOPSIJIKA, UX CJIaObIN TIpesesl paBeH HYJIO.

Ciyuait cucreMbl npu r = ( cji02KHee U He pacCMaTPUBAETCH B HACTOSIIEH
pabore.

0.4 MeTon

Kak u B ciydae 3agaun B R3, MeTos BCC/IeI0BAHIS OCHOBAH HAa PEIYKIHH K H3Y-
YEHUIO BCITOMOTATELHOTO omeparopa L. BToporo mopsiaka. CHada a Mbl H3yIaeM
YCPEAHEHNE STOTO ONEPATOPA, & MOTOM YK€ M3BJIEKAEM PE3YJIbTATHI JIJIst CUCTEMBI
Maxcpemna.

Omnepatop L. aeiictyer B Lo(O; C3?) u dbopMambHO 3a1aeTcs BRIPasKeHTeM

L. = ,ual/zrot (n°(x)) " 'rot ,u(;l/Q — u(l)/QVVE(X)diV u(l)/Q (0.10)

TPU I'PAHUYIHBIX YCJIOBUAX

(1 *Pnloo =0, ((°(x)) " rot (1 /*@))-lao = 0. (0.11)

Crporoe omnpejenenne oneparopa L. maercs depes kpajaparuunyo dgopmy. s
npuMeHeHus K cucreme MakcBesura 66110 ObI JOCTATOYHO CIUTaTh V(X) = 1, HO JJIst
BoJib1IEll OOLIHOCTH Mbl U3y 4a€M OLIEPATOD ¢ MEPEMEHHBIM KOIPDUITUEHTOM
v°(x). Oneparop L. momnyckaer 3anuck B pakropuzosartom euje b(D)*¢¢ (x)b(D),
OJIHAKO TpsIMasi CChLIKA Ha pesyabrarsl pabor [PSul [Sull [Sud| seBosmoxkna, mo-
CKOJIBKY B 3TUX paboTax m3ydannch caydanm Kpaesbix ycaosuit Jupuxie mudo Heii-
MaHa, & B PACCMaTPUBAEMOM Celvac Cjydae KPaeBble YCIOBUs UMEIT CMe-
manublii Tun. [losromy HAM HEODXOJIMMO yCTAHOBUTH AHAJIOI'H OIEHOK ,
JIUTsl PE30JIbBEHTHI orieparopa L.

MeToz oy dennst TAKWX OTEHOK OCHOBAH HA PACCMOTPEHWN ACCOTTMUPOBAHHOMN
3ajaun B R3, MCIOIb30BAHUT TOTOBLIX PE3y/ILTaTOB B R3, BBEJCHNN MONPABKH S,
THITA TTOTPAHUTHOTO CJIOST W HA TIMATEIbHOM anaamn3e 370t monpasku. CyniecTBen-
HYIO POJIb UTPAIOT MCHOJIb30BaHUe CrazKuBanusg no CTeKI0BY (epBOHAYATHHO 3a-
umcrsoBanuoro usz [Zhl [ZhPasl]), ouenku B e-okpecTHOCTH IDaHuIbl 1 COOOpaKe-
HUA JIBOWCTBEHHOCTH.

0.5 Ilman crarem

Pa6ora comgepxxut nsarh naparpados. B §l| paccmarpuBaercst MogeabHBIA omepaTop
L. sroporo nopska B Ly (R?; C?); nocrpoen addek THEHEI oTIepaTop 1 TPHBEICHET
M3BECTHBIE PE3YIBTATEI 00 ammpoKcHManin pe3oabsents! (L. + 1)~ 1. B §2|spomut-
cst MojenbHbIN oneparop L. B La(O; C3), omuchbiBaeTcss 3 PEKTUBHEIN omepaTop



U IPUBOJATCSA BCIIOMOTATETBHBIE YTBEPXKAeHHs (00 OMEHKAX B £-OKPECTHOCTH TPa-
Huibl). B §3| cchopmymmpoBatbl OCHOBHBIE PE3YILTATHI 06 AMMTPOKCUMAITNH PE30JThb-
BerThl (L. + 1 )*1 U MTPOBEJIEHBI TIEPBhIE JIBA ITAIla J0KA3ATEJIbCTB: PACCMOTPEHA
acconMMpoBaHHAA 3aja4da B R>, BBeJeHa TONpPaBKa S; THIA HOIPAHIYHOTO CJIOM,
JI0Ka3aTeJIbCTBO OCHOBHBIX TEOPEM CBEJEHO K MOJYYEHHUIO OIEHOK HOPM IOIIPaBKH
s. B mpocrpanctax H!(O;C3) u Ly(O;C3). B 4] monydens: Tpebyemble omen-
K HODPM TIONMPABKU S U 3aBEPIIEHO JT0KA3ATENBCTBO TeopeMm u3 §3. [IOCBSIIIEH
ycpeaHeHnIo crtamuonapuoit cucrembl Makcesesna npu q = 0. IIposenena penyKims
3aJa4uM K BOIPOCY O IOBEJIEHNM Pe30/ibBeHTH orneparopa L.. Ilosyyen nrorossrit
pesysbTar 06 annpokcuManuu pemennii cucremsl Makceesta (teopema [5.3)).

0.6 OO0o3Hauenuda

[Iycre §, H. — KOMILIEKCHBIE cerapabesibHble THbOEPTOBbI pocTpancTsa. Cum-

BOJIBI (+,+)g ¥ || - ||p O3HAuwaAOT cKamspHOE MpoW3BeJEHNWe U HOPMY B §); CHMBOJI
| - [|9— 5, O3HATAET HOPMY JIMHEHHOTO HEPEPBIBHOTO OmepaTopa u3 §) B §..
CumBoJibl (+,+) ® | - | 0O3HAYAIOT COOTBETCTBEHHO CKAJsIPHOE MPOU3BEJEHNEe U

Hopmy B C", 1 = 1,, — enmuangnas (n X n)-marpuna. Ecim a — (n X n)-mMarpura,
TO CHMBOJI |a| 03HAaYaeT HOpMY MaTpHIBl @ Kak JjuHeiinoro omneparopa B C". Hec-
nosb3yeM obosHauenus X = (r1,72,73) € R3, iD; = 0; = 0/0zj, j = 1,2,3,
D = —iV = (D1, D2, D3). Knaccer Ly, Bektop-bymknuit & obmactn O C R3 co 3ma-
yenusmu B C" obosnagaem gepes L,(O;C"), 1 < p < oo. Kaccor Cobostea C™-
swaunbx Gynximit B obractu O oboznauarorcs wepes H*(O; C"). Yepes Hj(O; C™)
obosmadaeTcs 3ambiKanue Kiacca C5O(0;C") B mpoctpanctee H(O;C"). Ilpm
n = 1 numem npocro Ly(0), H*(O) u T. 1., HO HHOIAA MBI IPUMEHHEM TAKUE YIPO-
HIeHHbIe 0003HAYEHNS W I TIPOCTPAHCTE BEKTOP-PYHKIMI UM MaTpUIHO3HAY-
HBIX (PYHKIMI. Paszmmanbie omeHoIHbIe TOCTOSHHBIE 0003HAYAIOTCA CUMBOJIAMHE C,
C, C, € (BO3MOXKHO, ¢ HHJIEKCAMY ¥ 3HATKAMMU).

0.7

Bonee obmeit 3agade 00 yepeIHEHUN CTAITMOHAPHON crucTeMbl MaKCBeLIa B OrpaHH-
YeHHON 00JIACTH B CIydae, KOrma 00e MPOHUIIAeMOCTH 3aIaHbl OBICTPO OCIIAILIUPY-
OIMMEI [TEPUOTUIECCKAMY MATPUIAMUA-PYHKIIASIME, aBTOP ILIAHUPYET IMOCBSITUTD
OTAENBHYIO CTATHIO. 3ajadua npu r = 0 (ocTaBmasgca He PACCMOTPEHHOH B
HACTOsIIIEH paboTe) OKAZKETCST JaCTHBIM CIyUIaeM 3TOi obIeit 3a1aqm.

Aprop BrIpaxkaer bmarogaprocts H. JI. @unoHOBY 33 KOHCYJIBTAIUIO IO TTIOBOTY
cBOIiCTB oneparopa MakcBeraa u I0JIe3Hble 3aMeIaHNUSsI.



1 MogensHbIii onepaTop BTOporo nopsifka B R?

1.1 Pemerka
Mycrs I' € R? — pemterxa, nopoxpennas 6a3ucom aj, as, as, T. €.,
'={ac R?: a = za; + 203y + 2333, zj € L}.
Yepes Q C R3 0603ua9MM 3/1eMEHTAPHYIO dUeiiKy permerkn L'
Q={xeR’: x=ta; +tas +tzag, —1/2<t; <1/2}.

Jna T-nepuonngeckux dynknmit f(X) B R3 6ymeM moIb30BATHCH 0BO3HAUEHIEM
fé(x) = f(x/e), tne € > 0. s KBaJpaTHBIX MEPHOJUIECKUX MATPHII-(DYHKITHI
f(x) oboznagaem

Telo [ rxax g (mrl / f(X)‘ldX>_1-

Ipu onpenenenun f cauraercs, 4ro f € Ll,loc(Ri‘), a IIpH onpeje/ieHun [ mpeJio-
staraercs, uro marpuna f(X) meocobas u f1 € LLlOC(R‘g).

Yepes H L(Q; C™) obosmawaercs mognmpocTpancTo Tex dynkmmit w3 H'(; CM),
(R3; C™).

[-neprouaeckoe poIoJyKenne KoTopbix Ha R3 npuaamiexur Hi
loc

1.2 CraaxkuBanue mo CTekJIOBY

Ham nonasoburca oneparop Sék), e > 0, neiicrytonmit B8 Lo(R3; CF) (rme k € N)
0 TIPABUILY
(S%®u)(x) = |Q /u(x —ez)dz, ue Ly(R3CF), (1.1)
Q

Ha3BIBAEMBIH ceaaocusatowum onepamopom no Cmexaosy. Mbl OlycKaeM HHJIEKC
k n mmmenm mipocto Se. Ouennno, S.D%u = D*S.u npu u € H°(R3; CF) u mobom
MyJBTHHHJIEKCE (, TAKOM 9TO || < 0. 3aMeTnm, 9ro

1Sl Ly (®3)— Lo(r3) < 1. (1.2)

Hawm nowazmobsires coemytomue csoiictsa oneparopa S: (cum. [ZhPasll, nemwmsr 1.1
u 1.2] u [PSul, npennoxenns 3.1 u 3.2]).

Ipengoxenne 1.1. [asa 060t dynwyuu u € HY(R3; CF) svinoanerno
[Seu — ul[1,®sy < er1||Dul|g,rs),

2de 2r1 = diam Q).
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Ipennoxenne 1.2. ITycmo f — I-nepuoduveckan dynryua 6 R3, npuvem f €
Lo (). Hycems [f€] — onepamop ymmoocenua na dynryuto f€(x). Tozda onepamop
[¢]S: nenpepmeen 6 La(R3) u cnpasedausa ouenka

ILFEISEl L (r3) Lo (r3) < U2 £l L0 -

1.3 Ompeneaenne omneparopa L.

[Iycth po — cuMMeTpuIHAs TONOKUTETbHAS (3 X 3)-MaTpUIia ¢ BEIEeCTBEHHBIME
ssiemerTamu. Ilycts cummerpuunas (3 X 3)-marpuna-gyHKiws 1(X) ¢ BelecTBeH-
HBIMU 3JIEMEHTAMU ¥ BeIeCTBeHHast (DYHKINS V/(X) HEPUOJANIHBI OTHOCUTEIBHO Pe-
metku [, mpuaem
-1 . -1
7N " € Lo, n(x)>0; v,v " € Ly, v(x)>D0. (1.3)

B mpocrpancrse Ly(R?; C?) paccaorpum oneparop Lo, GopMaTbHO 33 aHHbI
nuddepeHInaIbHbIM BbIPAKEHUEM

L. = ual/2rot (n°(x)) " 'rot ,ual/Q — u(l)/QVVE(x)div u(l)/Q. (1.4)

Omneparop L. TpUHAIIEKAT KJIACCY OIIEPATOPOB, MPEJICTABUMBIX B (DAKTOPHU30BAH-
wom Buge (0.1), T e, L. = b(D)*¢°(x)b(D). dror Kaacc msyuancs B paborTax
[BSull, BSu2| BSu3|. B mamewm ciyuae g(x) — (4 x 4)-marpuma-dyuknus, a b(D)
— (4% 3)-marpuunsiii quddepenianbHbIil OIepaTOp NepBOro nopsaka. A uMeHHo,

. -1/2 -1
—irot i n(x) 0 )
b(D) = 0 , X) = ( . 1.5
) (—idivuéﬂ) 9(x) 0 vx) (1.5)
N3 (1.3) caenyer, aro marpuna g(X) MOJ0KUTENBLHO OLPEJEIeHa U OIPAHMYEHA.
OueBuno,

gl = max{lln™ 2w IVllze}s 97 2w = max{llnllz.s 177 2o -

Omeparop b(D) moxkuo 3amncars B Buje b(D) = Z?Zl b;D;, Tae bj — MOCTOSIHHDBIE

marpunbl. Cuvoa b(€) = Z?:l b;€; oneparopa b(D) mmeer Buz

—1/2 0 —& &
b(&) = (T(gt)uf)/g ) , =& 0 =&, &€=(& & &).
& to =& &0

Boimostaeno yciosue

rankb(§) =3, 0+#¢&eR3. (1.6)
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DTO yCJIOBUE PABHOCUIBLHO OIEHKAM

apls < b(€)"b(E) < aqls, [€| =1, (1.7)

C TTOJIOZKUTEJIBHBIMU TTOCTOAHHBIMHA (Y, (7. JIerko y6e,Z[I/ITbC5{ B CIIpaBeIJINBOCTHU
9TUX OIICHOK C IIOCTOAHHBIMHU

ao = min{luo| s lug 71}, a1 = |pol + g .
Crporoe onpejesienne oneparopa L. JaeTcs depe3 KBaJIpaTudayn ¢hopMy
Lol i= [ (6" (D), b(D)ep) dx
R3

= / (407" () ot (g 240, ot (g 2@} + V= (x)ldiv (115> p) ) dx,
RS
p € HY(R3C?).

[Ipn HAMUX TPEANOIOKEHNAX CIPABE/JIMBEL IBYCTOPOHHNE OTIEHKHT

1| Del||7, sy < Ll #] < 2| Dpl7,gs),  » € H' (R C), L9

a=allg 7L, =019l
Taxum obpazom, dpopma [, 3avMrHyTa 1 HeoTpuarebHa. [TopoXK IeHHDBIN €10 caMo-
compsizKennsIit omepaTop B Lo (R3; C3) Mbl 1 o6o3naaem uepes L.

1.4 3SddexTusnbiii oneparop L°

B coorBeTcTBUEM ¢ 0OTIUME TTPABUIAMHU CTPOUTCS IPPHerMuUEHbIT onepamop
£0 = b(D)"¢"(D), (1.9)

rae ¢ — TmocTosAHHAS MOI0KHUTELHAS MATPHIA, HazklBaeMas afifexmusnoti. OHa
OIpeJIesisieTCsl Yepe3 peleHre BCIoMoraTeJbHol 3aa4an Ha saeiike Q. [lycrs A(x)
— (3 x 4)-marpurna, ABIgOMasics [-IepHOTNIECKUM DEIeHHeM 3a1a91

b(D)*g(x)(b(D)A(x) + 1) =0, /A(x) dx = 0. (1.10)
Q
Torna
¢ =19 /ZJ’(X) dx, g(x) = g(x)(b(D)A(x) + 1). (1.11)
Q
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OtmernMm cpazdy, 9To JIETKO MPOBEPSIETCS OIEHKA
1A a1 () < €alQ[M2, (1.12)

1 _
re nocrosmuas € szasucur sums ot |pol, g, Inllies 17 i, 17w,
lv=Y| L., m mapamerpos pemrerku I

DddekrupHblil oneparop s Lo 6bu1 nocrpoen B [BSull riasa 7] B cayuae
o = 1 u B [BSudl| B obmem ciaywae. st MOJHOTBI M3I0KEHUS MBI TOBTOPSIEM
COOTBETCTBYIOIIUE TOCTPOCHUSI.

Haitnem marpuiy A(x). [ycrs e, j = 1,2, 3,4, — crangaprabte optel 8 Ct u €5,
j=1,2,3, — cTanmapTHLIE OPTHI B C3. BekTopy C = Z?Zl Cje; € C* comocrasuM
pexTop C = Z?:l C;e; € C3. Bekrop-dbynkuns v = AC € ﬁl(Q;(C?’) ABJIAETCH
pemerneM ypasaenus b(D)*g(x)(b(D)v(x) + C) = 0, koTopoe cefiac TPUHIMAET
B

ugl/zrot (n(x))™* (rot (/1,0_1/2V) + 16) - M(l)/QVV(X) (diV (M(l)/QV) + iC4> =0.

Wnage ropops, v € H 1(Q; C3) ynosnerBopser TOXIECTBY

[t w0t (1) + 4ot ()

Q
B (1.13)
+ / v(x) (div (u(l)/Zv) + iC’4> div (,ucl)/2z) dx =0, ze HY(QC?).
Q

Ucnonbsyst pasiioxkenne ,ual/2z = £+ Vh, re £ € HY(Q;C3) u div (uof) = 0
/

. 1/2
(pazioxenue Beitns), samumem roxgecrso (1.13) upu z = py’“f. Torpa sropoe

~1/2
craraemoe B ([1.13) ofparurcs B Hotb. YuursiBast, uro rotf = rot (g, / z), npu-
XOJIUM K TOXKJIECTBY

/((n(x))l(rot(uolﬂv)—i—ié),mt (ug?2))dx, =ze HY(Q;C3).  (1.14)
Q

Nz (1.14) caenyer, aro
()~ (ot (g v () +iC) = i(V(x) +¢)
IpU HEKOTOPBIX P € H Q) m ¢ € C3. CnenosarensHo,

rot (ug "/ *v(x)) + iC = in(x)(V®(x) + ). (1.15)
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U3 ([1.15]) BerTekaer, uro
/(n(x)(VCD(X) +¢),VF(x))dx =0, FeH(Q).
Q
Takum obpaszom, & € H 1(Q) ects penrenme ypapHeHns
divn(x)(V®(x) 4+ ¢) = 0. (1.16)

Benomunas onpesesenne sddextusroit marpuns 70 aus oneparopa —divn(x)V,
nMeeM

n’c = Q7! /n(x)(V@(x) + c) dx. (1.17)
Q
Uurerpupys (1.15) u yuursisas (1.17), naxomum
C =1c. (1.18)

C apyroii croponsr, u3 (1.13) u (1.14]) BeITekaer ToxIECTBO

/ V() (div (1 *v) + z'C4> div (ut/?z)dx =0, =z € H'(Q;C3).
Q

D10 03HaUaeT, YTO Haifigerca Takas nocrosiHHag o € C, aTo
. 1)2 . .
v(x) (div (p v) +iCy) =ic (1.19)

HomMuoxas ma v(x)~! u nurerpupys, nomyuaem CylQ| = o [ov(x)"!dx.
Tem cambinm,
a=vCy. (1.20)
IloncraBnszr C = e, naiigem crounbusl v;(x) = A(x)e; marpunst A(x). U3
[15), (C18), (L.19) u (T-20) sumwo, uro npu j = 1,2,3 croaben v; € H(€;C?)
— 9TO TMEPUOUIECKOE PEITeHNe 33/ [aun

rot (g "/ ?vi(x)) = in(x)(V®;(x) + ¢;) — i8;,
=0, v;(x)dx =0.
/

Bnech ¢; = (n°)7tej, a ®; € ﬁl(Q) — permenue ypastenus (1.16) npu ¢ = c;.
Pemenue 3amaqn (1.21)) Moxuo npejcrasurs B BUjIE

/

n
div 115/, () 2

. —=1/2
vj(x) =ip, "rotpj(x),
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rae p; € H'(€;C?) — pemenne samaun

vot (13 10t p; (%)) = () (Ve;(x) + ¢;) — &,

divpj(x) =0, p;(x)dx = 0. (1.22)
/

Ilpu C = ey w3 ([L.15), [T.18), [.19) u (L.20) sumno, uto v4 € HY(Q;C?) —

9TO IIEPHUOANYIECKOE PeIlleHNEe 3a a9

rot (ual/ZV4(x)) =0, div (u(l)/QV4(x)) =i(w(x)"'-1), /V4(x) dx = 0.

Q

CnenoBarensHo, vy (x) = iu(l)/ 2Vp(x), rae p(x) — [-nepuonndgeckoe pemenue ypas-
HEHUS
—div (poVp(x)) =1 —wr(x) ", (1.23)

Taknum obpazom, marpura A(x) nmeer Bu
Alx) =i (ugl/Q\If(x) u(l)/ZVp(x)) : (1.24)

rae V(x) — (3 x 3)-marpuna co croabiamu rot pj(x), j = 1,2,3. Marpuna g(x) =
9(x)(b(D)A(x) + 1) mpeacraBsercs B BUIe

o (n(x)7Hrot (ug ' W (%)) + 13) 0
0= ( 0 R () + 1)
C yuerom u ,
J(x) = <E(X) "‘0(770)_1 2) ’ (1.25)

rae 3(x) — (3 x 3)-marpua co cronbruamu V®;(x), j =1,2,3. Orcioga cormacuo
(1.11)) monyuaem
0y-1
o_ ((n°) 0
¢ = ( K V) . (1.26)

Takum o6pazom, acdbdexrusHblii oneparop (1.9) 3amaercs auddepeHnmuaabHBIM BbI-
parkeHuem

LY = Mal/Qrot (n°) " trot ,u(;l/z — u(l)/QngiV u(l)/Z (1.27)
na obmactn H2(R3;C3).
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OrMeTnM U3BECTHBIE ONEHKHU i HOPM 3 MEKTUBHBIX KOIMMUIIHEHTOB:

] < nllzwe, 1) <M Hlzw, el < Wllzw, 1@ < v L

(1.28)
Cumpost 3PPEKTUBHOIO OLIEPATOPA 3a43€TCH BbIPazKeHUEM
~1/2 _ —1/2 1/2 1/2
a(8) =y (€ () 1€y + €.
C yuerom (1.28) cumBos a(§) momdnHEH OlEHKAM
c1léf’1 < a(f) < 2l€’1, £ eR’ (1.29)

Baeck nocrosiHEbe ¢ M C2 — T€ XKe, uTo B (|1.8]).

1.5 CeoiicrBa 3¢dpPexrusroit marpuns! 7°. Coiicrea dyHKIuit P;
Tnst scpdexturoit MaTpuis 70 BBIIOJIHEHB! OIEHKH
n<n’ <7, (1.30)

u3BecTHble Kak Buaka Poiirra-Peficca. Cum., nanpumep, [BSull rnasa 3, Teopema
1.5]. Beygennm ciayuan, Korga oxHo u3 HepaeHcTs B (|1.30) mpesparaercs B pa-
BEHCTBO; cM., Hanpumep, [BSull rnasa 3, npeynoxkenns 1.6 u 1.7].

Ipennoxxenne 1.3. 1) Pasencmseo n° = 7 pasnocusvio coaenoudaivbnocmu
cmoabyoe 1;(x) mampuye 1(x): divn;(x) =0, j =1,2,3.

2) Pasencmeo n° = 1) PABHOCUALHO NOMENUUAALHOCTIU CMOAOU06 Kj(X) Mampuivl
n(x)"t kj(x) = C? + Vfi(x), i =1,2,3, npu nexomopux c? eCufe HY(Q).

Bameuanne 1.4. 1) Ecaun’ =7, mo ®;(x) =0, j = 1,2,3, u X(x) = 0. Cozaacro
(L-25), 6 amom caynae smnoaneno g(x) = q°.

2) Ecau n° = n, mo n(x)(V®;(x) +¢j) = €;, j = 1,2,3; cm. [BSu2, Bameuanne
3.5]. B amom cayuae vi(x) =0, j=1,2,3, mo ecmv ¥(x) = 0. Ecau, xpome moezo,
v(x) = Const, mo v4(x) = 0. Caedosameavrno, 6 amom cayuae A(x) = 0.

Huxe mam monanobarcs HekoTopble cofictsa dynknuit ®;, 7 =1,2,3.

Bameuanne 1.5. Cmoabuv, mampuyv, X(x) — amo eexmop-gynxyuu VEP;(x),
J=1,2,3, 2de ®; — nepuoduueckoe pewenue sadawu

div n(x) (V;(x) + ¢;) = 0, /q>j(x> dx = 0, (1.31)
Q

npu c; = (n°)~1e;. Coznacno [LalUy, rnasa 3, reopema 13.1] pewenue omoti sadawu
ozpanuveno: ®; € Loy, npuuem nopma ||P;|r.. wonmposupyemesa wepes ||n||r..,
In L. v napamempu, pewemxu T
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Crenytomee yreepxenne mposepeno B [PSul ciegcrsue 2.4].

Mpeanosxxenne 1.6. Jlaa aoboti dymryuu v € HY(R3) emwnosneno nepasencmeo

/\(V%)E!QIUP dx < BillullZ, msy + Boe? (195117 .. IDull7, sy
R3

2de nocmosnnvie B, By sasucam moavko om |nllr.. v (|07 o -

1.6 Anmpokcumarnus pe30JbBEHThI onepatopa L.

[Mpumensis Teopemy 2.1 u3 [BSull rnasa 4] x oneparopy (1.4]), moayuaem cremyro-
A pe3yabTar.

Teopema 1.7. Ilycmo L. — onepamop (L.4). IIycmo sfpdexmusnniii onepamop L°
onpedeaen 6 (1.27). Ipu e > 0 cnpasedausa ouenka

1(Le+ D)7 = (L2 4+ D)7 My @) > 1a@®s) < Ce.

Hocmosnnas Cy sacucum auuso om |pol, 1t |, 10l oo 177 Lo [Vl 17 £
u om napamempos pewemsu L.

AnmporeuMaIisg  pe30JbBEHTHI 0 HOPME OTEpPaTOpPOB, JeHCTBYIOMINAX W3
Ly(R3; C3) & mpoctpancreo Coboresa H'(R3; C?), 6u11a nomywena s [BSudl Teope-
ma 10.6]; ammpokcumarysi comeprkaia KOPPEKTOP, BRIIIOYAONINAN CrTazKHBAOTIIHI
oneparop uHoro tuna, dem Se. B [PSul reopema 3.3| 66110 mokazano, 4o Mox-
HO TrepeiiTn K crazkuBaauio o CreksioBy. Chopmynupyem pesyabrar u3 [PSu| B
npumenennn k oneparopy (1.4). Beexem xopperxmop

K. = A*S.b(D) (L + 1)~ L (1.32)

3neck S: — omeparop cruaxupanus 10 Creknosy, onpenenennsrii 5 (L.1)), a mar-
pua A — mepmoguieckoe pemenne sagaun (L.10). Omeparop b(D)(L° + 1)~
nenpepbiser w3 Lo(R3;C3) 5 HY(R3;,C*). B cuny npepioxkenus u 7 BKJIIOYE-
mnst A € H(Q) oneparop ASS. menpepsisro nepesoanr H(R3;C*) 5 H(R3; C3).
IMosTomy koppekTOp menpepbisen u3 Lo(R3; C3) 5 H(R3; C3). C yuerom

(1.5) n (1.24)) momyaaem

K. = (ualﬂ‘I/aSerot M51/2 + ,u(l)/Q(V,o)aSediv “(1)/2) (L% + 1)L (1.33)
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Teopema 1.8. ITycmo sunoanenv, ycaosus meopemss [L.7] Hycmo xoppexmop Ko
onpedeaer 6 (1.33). IIpu € > 0 cnpasedausa ouenka

I(Le+ D)7 = (L2 4+ )7 — eKell @) 3y < Cae.

Mocmosnman Gy sasucum auwo om |pol, g |, 10l 17 zw, IV, v Ew
u om napamempos peuwemru L.

13 Teopembl HECJIOXKHO  BBIBOJIUTCS  AlllIPOKCUMAITAST ISt , TIOTOKA®
g°b(D)(Le + 1)1 em. [Sudl Teopema 1.8]. Crpaseymsa onerka

lg°b(D)(Le + 1)7F = GFSbDY(LY + 1)~ ) Lo (r9) < Cse, (1.34)

rae Cy sasient amms ot |uol, g, [nllews [ o, Illze, v~ 2. 1 or ma-

pamerpos pemterku I'. C yuerom (1.5) u (1.25)) nmeem

~ () trot g V(Lo + 1)1
D(DY(Lo + 1)t = —i [ (1) Tt h c , 1.35
g°b(D)( ) l( e (a1 1)1 (1.35)

_ . 0)-1 4 3¢ t Y2000 L -1
FSD)(L0 + 1)~ = — (1) F 2ot L HIT) g g
vSediv py (LY + 1)

IToxazkeM, uto B oreHke ((1.34) MOKHO 3aMeHNTH S, TOXKIECTBEHHBIM OLEPATO-
POM; 3TO IIpUBECACT JIUIITb K USMEHCHNIO KOHCTAHTBI B OIICHKE.

Jlemma 1.9. Ilpu € > 0 cnpasediusa ouerka
15°(Se = DD (L + 1)~ 1y (3) > Ly (r3) < C'e. (1.37)

Hocmosnman C' sasucum auuro om |ol, g ', 1Ml zas 177 2o, Wz, v Ew
u om napamempos peuwemru L.

Joxasameavcmso. B cuy (1.36) seBast qacts B (1.37]) oneHuBaercs depes

19°(Se = DHDY(LY + 1) 1y m3)— 1o &%)

(1.38)
—-1/2 _
+ [|X°(S: — I)rot / (L0+1) 1\|L2(R3)—>L2(R3)-
[Ipumensa npeIoxkenne orieHnM tepBbiil wieH B (|1.38)):
0 0 —1
lg°(Se = DOD)(L" + 1) || Ly(R3)— Lo (R3) (1.39)

< ellgll Lot IDOD) (LY + 1) 7H| 1y 1) 1 (r3)-
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Benommmast, €ro 3¢ — marputa co crombuamn (V®;)¢, j = 1,2, 3, onennm BTOpoi
wier B (|1.38]). Mcmoanyst npegmoxenne a 3aTeM OPEJJIOKEHNE ¥ HEpaBEH-
crio (|1.2)), nmeem:

1(V®;)5(Se — Dot 1 > (L0 + 1) 7| ) La(r)

< VB8 — Drot g (L0 + 1) 7Y 1y w10 (m2)

+V/Bael @5 Lo I(Se — I)Drot g (L0 + )71 1 (ms) o v3)

<e(VBir1 + 2v/B20|12 || L) IDBD) (L0 + 1) 7|1 (R3)— 1 (R3)-
ik} u BBITEKAET OIIEHKA,

IDBD) (L0 + 1) 7| ) L) < sup €6(€)(a(€) + 1)V < a) et (1.41)
c

(1.40)

B urore mepasencrsa ((1.39)-(L.41) Bmecre ¢ 3amevammem BJIEKYT HCKOMYIO
orercy (3. .

Teneps u3 (1.34)—(1.37) BeITeKaer cnemytommii pesyabrar.
Teopema 1.10. Ilpu € > 0 cnpasediusa ouerka
lg°6(D)(Le + 1)~ = FBD)(LY + 1) Ly @3)— Lo(rs) < Cae.

Hnave 2060pa,

_ —-1/2 _ _ —-1/2 _
1(n) ™ot / (Le+ D)7 = (")~ + 29)rot py / (L0+1) 1HL2(R3)—>L2(R3) < Cse,

. 1/2 - . 1/2 _
[v=div Mo/ (Le+1) ' — vdiv Mo/ (ﬁo +1) 1||L2(R3HL2(R3) < Cse.

Hocmosnnas Cy sacucum auuso om |pol, 1ty |, 10l oo 177 Lo W12 177
u om napamempos peuwemru L.

Beinesum qacTHBIE caydan. Yuaureias npeanoxenue [1.3] u sameqdanue [I.4] u3
teopeM [[.§ u [I.I0] Be1BogmM criemytornumii pe3yIbTar.
IMpeanoxxenne 1.11. 1) Hycms n° =7, m. e. cmoabuwst mampuuse 17(X) coaeno-
udaavuot. Tozda npu € > 0 cnpasediusa oueHka

(%) rot g (Lo + 1) = (%) rot g ALY + 1) (k) 1o (3) < Cae.

2) Hycmo n° = 7, M. €. CMoABYbL MAMPULDL n(x)~1 nomenyuasvro. IIycmo, kpome
mozo, v(x) = Const. Tozda xoppexmop (1.33) obpawaemcsa 6 nyav u npu e > 0
BHINOAHEHA OUEHKQ

1L+ )7" = (L2 4+ D) 7MLy me)— i rs) < Cae.
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2 MogaenbHBIN OormiepaTop BTOPOTO TOPsAJKa B OTpPaHU-
4eHHOII o0jslacTn

2.1 Omnpegenenue oneparopa L,

Hycrs O C R — orpannuennas obmacts ¢ rpammueii knacca C1. Uepes n(x)
obo3HaUMM eUHNIHbIN BeKTOp BHermHed nHopMmaan K 00 B Touke X € 00. IIpoek-
M0 HA HOPMAaJh TPEeXMepHOil BeKTOp-byHKIMK u(X) Ha TpaHuie obaactu 06o-
3HAYaeM depe3 U, (x) := (u(x),n(x)), a KacaTeJbHYIO COCTABJSIONLYIO Uepes3
u,(x) :=u(x) — u,(x)n(x).

ITycrs xkoadbduimentTst (g, 7, v yAoBIerBopsor ycaosusiM myakTa [[.3] B mpo-
crpancTBe Lo(O; C3) paceMOTpHM KBaIpaTHIHYIO hOPMY

Llp. ol = [ (o (bD)p. D)) dx
O

(2.1)
= [ (10760 r0t () w0t (1240 + 1 (0 v (/%)) .
O
33/IAHAYIO Ha 00JIACTH OTPEIEICHI
3 -1/2 3
Domli. = {p € L2(O;C?) : rot (p, ") € L2(0;C?), 2.2)

div (15 * @) € La(0), (1g/*@)nloo = 0}.

Anpropro yenosms s (2.2) ma BexTop-bymkmmo ¢ € Lo(O;C3) (B Tom wmce u
KpaeBoe ycsioBue) moHumarorcsa B obobrennom cmbicae; cm. [BS1 BS2|, a rakxke
onpesenenne 5. 1| miKe. 3a caer yeaosus riagkocti rpanmsl (00 € CH1) mmoxe-

crBo (2.2)) coBmamaer ¢
Dom |, = {cp e HY(O;C3) : (ut*@)nloo = o} .

A Torma yxke KpaeBoe yCJIOBUE MOXKeT ObITH TOHSITO B CMBICJIE TEOPEMBI 0 ceax. B
Hammx npenooxkennsx dopma (2.1) kosprurusaa. CrpaBe MBI IBYCTOPOHHUE
OIleHKN

el 0) < Lele. 0] + Il 0) < 2l@l3no) @ €Domle (23

1|, 17l 2o s HV_IHLOO u ot obmactu O, a ¢

I e, IV|lL., ® o obmactu O. Ykazamubie cBOHCTBa

Ilocrosimnas ¢ 3aBUCHT OT |uol, |1g
samcr ot |piol, |1y,
6b1mn yeranoiaensl B [BS1), Teopema 2.3| npm yeaosmu 0O € C? u B [Fl, Teopema
2.6] mpu yemosum 0O € C3/2H0 5 > 0.
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Taxum o6pazom, dopma ([2.1]) samkHyTa 1 HeorpunarensHa. ITopox ieHHbIH e10
CAMOCOIPSAZKEHHEII oTlepaTop B mpocTpancTse Lo (O; C3) MbI 0603HauaeM gepes L.
Dopmasro L. 3amaerca nuddepeHinaIbHbIM BEIPAKEHUEM

~1/2 - —-1/2  1/2 . 1/2
L. = py rot (7°(x)) ot /2 _ F‘O/ Ve (x)div F‘O/
1/2 ev—1 —-1/2
pu Kpaesblx ycuosuax (i’ @)nloo = 0 1 ((n°)~'rot (u, go))T|3@ = 0. Bro-
poe yCTIOBHE SIBJISIETCSI ,,eCTECTBEHHBIM® U HE OTPAYKaeTCsI B 00JIACTH ONPEe/IeIeHIsT
KBIpaTuIHoi dopmsbr [..

Bameuanne 2.1. B [Sud] npu usyuenuu obuyuz onepamopos suda b(D)* g% (x)b(D)
¢ yeaosuem Hetimana na 2panuye naxaadveanrocs YcAo6UE MAKCUMAADHOCTU PAH-
ea cumeonra b(€) npu 0 # &€ € C™. Ono 2aparmuposa.nso KoSPUUMUEHOCTL K6a0Pa-
muynoti dopmut onepamopa na kaacce H'(O;C"). B nawem cayuae smo ycaosue
ne evinoaneno, zoma npu 0 # € € R? pane mampuyve b(€) maxcumaner; cm. (1.6).
IHodueprnem, wmo 0as Gopmovl l. KOIPUUMUGHOCTND UMEETN, MECTIO NPU YHEME Kpa-

€6020 YCAOGUSA (,u(l)/ng)n\ao =0.

Howa yeav — HAWTH anmpOKCHUMAITHIO IPU MaJOM € ODODIIEHHOTO PEIeHust
3aTAN

o /ot (1 (x)) 1ot (g . (%))
— g2V (x)div (2. (%)) + p.(x) = F(x), x € O; (2.4)
(11620 mloo = 0, ((n°) Mrot (g *02)) oo = 0.

Bneck F € Ly(O;C3). Pemenne mormMaercs B cnaboM cMbicae: ¢, € HY(O;C3),

1/2
(/‘0/ Y. )nloo = 0, 1 BBITIOJHEHO TOXKECTBO

L[er €+ (00 O 1a(0) = (Fy O L)y € € HYO;C?), (1> Onloo = 0. (2.5)

Torma . = (Le + I)7!'F. Tem cambiM, HAC MHTEpECYET TMOBEICHHE PE30TbBEHTHI
(Le + I)™! mpu masom .

2.2 DddexkTusnsniii oneparop L°

[ycrs marpuna 7° oupenenena cornacuo (1.16), (1.17). Hanomuum, uro v — 310
cpeqree Tapmonrmdeckoe Koaddummenta v(x). Mycrs ¢¢ — wmarpuma (1.26). Dd-
dbextusueli onmeparop L — sTo camocompsizxenusli omeparop B Lo(O; C3), to-
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POKIAEHHBIN KBAIPATHIHON (DOPMOit

Pl = [ (4D}, b(D)p) dx
O

= [ (10) r0t () ot (g ) + wldiv ")) ax, (2O
O

o € H(O:C), (1 @)uloo =0.
C yuerom (1.28)) dopma (2.6 mogunnena onenkam

Ll 0y < Ll el + el 0y < lleli o,
1/2

(2.7)
p € HY(O;C?), (1y/"@)nloo =0,

C TeMH Ke KOHCTaHTaMu, 9410 u B ([2.3)).
Ba cyer NIaJIKOCTH I'PAHUIBL CIIPABEIIUBO CE0UCMEO NOGHIUEHUA 2AGOKOCTIVU:
omeparop L° 3amaercst mnddepenmanbHpIM BHIPAKEHTEM

LY = ,ual/Qrot (n°)"trot ,ual/2 — ,u(l]/2ngiv ,u(l)/Q

Ha 00/1aCTH OIIpeieIeHus

Dom L = { € H*(O;C?), (1y/*@)nloo = 0, (n°)"'rot (15 *¢)) _loo = 0}

[Ipu sTom
0 -1 ~
(L + 1) o0y H2(0) < C (2.8)
rje nocrosirnas ¢ sasucut ot [uol, (1o ],
obmactu O.

712> 177 Loy 1l 177 ] 2o 1 0

Bameuanmne 2.2. ITpu ycaosuu 00 € CHY (u docmamouno 2aadkus xosdduyuen-
max) nodobnoe ceolicmeo nosvuenuA 2aadkocmu pewenul s3adawu Jupuzae subo
Hetmana 0as cusvbho 4aunmuaeckur ypagrenuti mopozo nopadke MONCHO HAT-
mu, nanpumep, ¢ knueze [Mcll rmasa 4]. Jokasameavcmeo ocnosano na memode
PASHOCTIHBLT OMHOWEHUT U CYUECTNEERHO ONUPAEMCH HO YCAOBUE KOIPUUMUBHO-
cmu xeadpamuunoti opmus. B nawem caywae xospduyuenmo onepamopa L0 no-
cmoanmvt u 6unoAneno yeaosue xoapyumusnocmu ([2.7), zoms epanuunve ycaosus
umerom emewannolli mun. Hempyono mem sice memodom yemarnosums c801icmaeo
noevienua 2aadkocmu v oaq onepamopa LO.
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o

Ilycts oy — pelieHue , yCpeaHEHHOR 3a1a4u

1o Prot (%) rot (15 2y (x))

— g/ 2V wdiv (g 2 (%)) + (%) = F(x), x € O; (2.9)
(15 polaloo = 0, ((n°)'rot (g% 00). loo = 0.
Unpivm cioamu, bysKIms @, € H(O;C3) ynoBaersopsaer KpaeBoMy YCIOBHIO
(113> Po)nloo = 0 1 Tomaecrny
Clpg, €1+ (20, ) 1a(0) = (Fo Qa0 € € HHOICY), (15" Cnlio = 0. (2.10)
Toraa ¢y = (LY + I)~'F. Ouenka osmawaet, ato @, € H*(O;C3) u

ol s2(0) < €lF | Lo0)- (2.11)

2.3 OmneHKUN B OKPECTHOCTHU TPAHUIIBI

THonoxum

(00), = {X e R? : dist {x; 00} < 5} , €>0.
BriGepem aucna g, &1 € (0, 1], HOqInHEHHbIE CIIEIYIONIEMY YCIOBUIO.

Yenosue 2.3. Yucao g9 € (0,1] maxoso, wmo noaocky (00)s, Mo2CHO N0O-
KPS KOHEUHDIM YUCAOM OTREPOIMBLT MHONCECTNG, QONYCKAIOWUT Juddeomopdus-
mot Kaacca COL) pacnpamasowue epanuyy 00. Iyemo €1 := eo(1 + 1)~ 1, 2de
2r1 = diam 2.

fcuo, uaTo €1 3aBucuT nuink ot obsactu O u napaMerpos pemietkn ['. 3ameTum,
9TO yCJIOBUE TapaHTUPYETCAd JINIH JIMIIMINIIEBOCTHIO I'DAHUIIBI. Mbl HAJIOZKWJIN
6osee cuabHoe orpanmdenue 00 € O aTo6eI obecnednTs oNenKy .

Caenyromue yreepxaennst Obuin nposepens! B [PSul, § 5]; nemma 2.5| ananorny-
Ha jemMme 2.6 u3 [ZhPasl].

Jlemma 2.4. IIpednonooscum, wmo ewinoaneno ycaosue [2.3 Iyemo 0 < & < .
Iosoorcum Be :== O N (00)..
1) Jas aoboti dyrryuu v € HY(O) evinoaneno

[l ax < Beljulmoy o,

€

2) Mas moboti ynxyuu u € H'(R3) svmnoanero
[l < el ol e
(00).

Hocmoannaa B sasucum moavko om obaacmu O.
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Jlemma 2.5. IIpednoaoosicum, wmo evnoaneno ycaosue 2.3 Iycmo h(x) —
[-nepuoduneckas dynryua 6 R3, npuuem h € Lo(Q). Iycmsb S. — onepamop ,
O6osnauum By = PB(1 + r1), 2de 2r; = diamQ. Tozda npu 0 < ¢ < €1 u
u € HY(R3;C*) evnoanerno nepasencmeo

/(80) |7 () P|(Sew) (x) | dx < Bue| QIR (gl sy 1l 2 ).

3 Pe3yabTaThl AJi8 MOAEJIBHOTO yPaBHEHUsS BTOPOIO MO-
pPaJaKa B OTPaHUYE€HHOI 00J1acTu

3.1 Annpokcumaliusg pe30JbBEHTHI oneparopa L.

CdopMmyanpyeM HaIlll OCHOBHBIE PE3YABTATH 00 ANMPOKCAMAIINN PEIEHUS 333490
(2.4). Tna yno6ersa nambHeHIMmIX CChIIOK HA30BEM CIEY oI HAbOP mapamMeTpoB
., JAHHBIMI 33, Ta9n’:

ol 1166 s 1l zes 10 N pwes IW0Eacs 77 s
mapamerpsl perterku 1'; obiacts O.

(3.1)

Teopema 3.1. ITyemwv ¢, — pewenue zadawu (2.4) u ¢y — pewenue yepednennod
sadavu (2.9) npu F € La(O;C3). Ilycmo wucao €1 évbparno cozaacho ycaosuso [2.3)
Tozda npu 0 < & < €1 cnpasedsuss oueHKa

||‘105 - (100HL2(O) < ClaHF”LQ(O)' (32)
B onepamoprwx mepmunaz,
I(Le + I)7' = (L% 4+ D)7V 10(0) > 1 (0) < Cie.
Hocmoannas Cy 3asucum auws om dannnz 3adavwu (3.1)).

711 anmpoKCUMAIiK perenns B Kaacce 1((’); (C3) HY2KHO BBECTH KOPPEKTOPD.
Durcupyem JUHEHHBIN HEIPEPBHIBHBIN ONEPATOP IIPOI0IKECHUS

Po : H(0;C3) — H(R%;C3), s=0,1,2.

Taxoit omepaTop cyImecTByer s J000H OrpaHMYEHHON 00JaCTU C JIUIIITUIIEBOH
rpanuteit (cm., mHampumep, [St]). O6oznaunM

1Pol sy ms ey =: C5 ), 5 =0,1,2. (3.3)



(s)

S
Hocrosuusie Cp’ 3aBucar Toasko or obmactu O. danee, gepes [A®] obozHaunm
oneparop ymuoxenus Ha marpuiy-dbynxnmo A(e7!x), a gepes Rp — omeparop
cyxenns gysxmuii B R? na obmacres O. [lycts S. — omeparop Criaa:KHBaHUS II0

Crekyony; cM. (1.1). Beemem kKopperTop
K. := Rpo[A°]S.:b(D)Po(L° + 1)1

Omeparop b(D)Po(L°+1)~! menpeprisro nepesomut Lo(O; C3) 8 H(R3; C1). Kak
yIKe oTMedasnock, omeparop [Af]S. menpepsisen nz H(R3;C*) 5 H'(R3; C?). Ce-
noBaTehHo, KoppekTop K. mempepoisro nepesoaut Lo(O; C3) 3 HY(O;C3). Uc-

nosib3yst ((1.5) u (1.24]), sanumem KoppekTop B BUjE

K. = Ro (ugl/zmassmt po 4 (V) S.div ug/z) Po(L°+ 1) . (3.4)

ITycrs ¢y — pewenne 3anaquu (2.9)). Monoxum @y = Powy,

P.(x) == Po(x) + epg /AU (x) (Serot g 2 Bg) (%)

+ ent (V) (%) (Sudiv 1 20 (%), x € RS, (3.5)
wa = IIZSIO'
Torma
Y. =@y +eASb(D)py = (L°+ 1) 'F + cK.F. (3.6)

Teopema 3.2. Ilycmo evnoanenv, ycaosua meopemv, 3.1} Iycmo dynxyua p,
onpedeaena ¢ (3.5). Tozda npu 0 < & < €1 cnpasedausa oyerka

. = im0y < Cog'2F | 1y0)- (3.7)
B onepamopruix mepmunaz,
I(Le + 1) = (LO+ 1) — eKell 1y 0)— a0y < Coe™/?.
Iocmosannas Co 3asucum suws om dannux 3adavu (3.1)).

Teopema 3.3. Ilycmv swnoanenv. ycaosua meopemu, [3.11 IHoaroocum u, =

_ —-1/2 _ -1
(1)~ Mrot s *epe, wg = (10)Mrot g
6bl OUEHKU

24,00. Tozda npu 0 < & < €1 cnpasedau-

—1/2
lue — wg — =10t (115 >0 | a0y < CaeIIF | L(0)s

<
(3.8)
2 . 1/2
0.) = vdiv (11 *00) | Loy < C3e [ F | o(0)-

) 1
llvediv (g

Hocmosannas C3 s3asucum suws om dannux 3adauu (3.1)).
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Brigennu cnienmanbabie caydan. B crry npegioxenuns " 3aMevaHus n3
TeopeM [3.2] u [3.3] HemocpeACTBEHHO BHITEKAET ClIeAyIOIee yTBEPIKICHHE.

Ipeanoxenune 3.4. 1) [Iycms n° =7, m. e. cmoabuw, mampuuywt 17(X) coreHou-
daavhor. Tozda npu 0 < € < €1 cnpasedausa oueHra

[ue = w0l 1y(0) < Ca2"([F | Ly(0)-

2) IMycmob n° = 1, M. €. COADYbL MATPULDL n(x)~! nomenyuasvus. Hycms, xpome

mozo, v(x) = Const. Tozda xoppexmop (3.4) obpawaemcs 6 nyav u npu 0 < & < &1
BHINOAHEHE OUEHKG

. — @ollmi(o) < Coe?|Fl1,0)-
3.2 [Ilepsniii aTan gokasaTeJbCTBa. AcconunpoBaHHad 3a7a4a B R?

Ouesuno, [[(L+ 1)~ Ly 0)—Lo0) < 1, a noromy [@gll Ly 0) < [IFllLy(0)- B cuy

(2.11)), (3.3) cripaBemuBh oreHKN

~ 0
1Boll Lozs) < CONF N Lao)s (3.9)
~ 2
1@oll 23y < CSEF|L,(0)- (3.10)
TTosoxkuMm B
F:= L% + @0 (3.11)
Torna F € Ly(R%; C%) u Flo = F. B ey (L29), (9) u (B10)
IF || sy < e2l|@oll m2@s) + 1@oll Los) < CallFllLo0): (3.12)

rie Cq = 62508 ) + C’((QO ). Ormernm Taxxe HEPaBEHCTBO, HEIIOCPEACTBEHHO BbITEKa-
oree u3 u (3.12):
(@0, B0l < IFII7,gs) < CIFI7,0)- (3.13)
Ilycrs @, € H'(R3;C3) — obobmennoe pemenne ypaprenus B R3:
Lp. +p. =F,

T. e, p. = (Lo + I)~'F. TIpumennm reopemsl n _ VURThIBAS TAKIKE
(3.12)), mpuxoaum K orenxam

1@, — @ollzore) < Crel|Flp,ms) < C1Cal|F| 1,0, (3.14)
1. — Yllm(rsy < Coe||F|lpymsy < C2Cael|F[ 1,0, (3.15)
1g°0(D)p. — G°b(D)@oll 1, (r3) < Csel|F | pymsy < C3Cagl|F| L, (0)- (3.16)
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3.3 Bropoii aTan mokazaTrejbCTBa. BBeaeHNe TTONPaBKU S,

Bregem ,monpasky“ s. € H'(O;C") xak byHKIHIO, YAOBAETBOPAIONTYIO CICLYTO-
HIAM TOKJIECTBY U KPaeBOMY YCJIOBUIO:

(gsb(D)Sa, b(D)C)Lz(O) + (557 C)LQ(O)

= (§Eb<D)(pO7 b(D)C)LQ(O) - (F7 C)LQ(O) + (()007 C)LQ(O)?
, e (3.17)
¥ € HY(O;CY), (1" Onloo =0,

(119 *s2)nloo = (g *A°S=b(D)@g)nlo0-

ITokazkeM, 9TO yder MONPABKH Sg, HA3IBAEMOI ,, TONPABKOfi THUIIA TOrPAHUIHOTO
ca0st”, IO3BOJIAET HOJLYUUTh IPUO/IMKEHHe DeIleHnst @, 110 H'-nopme ¢ norper-
HOCTBIO TOYHOTO nopgaka O(e).

Teopema 3.5. Ilpu € > 0 cnpasedausa oyenra

H‘Ps d)a +SEHH1(O) C5€HFHL2 (318)

IHocmoannas Cs 3asucum suws om dannwuix sadawu (3.1)).

Jloxasameavcmeo. O6osnaunm V. := ¢, — P, + s.. Torga ¢ yaerom (2.5), (3.6)),

(3.17) u xpaesbIx yciaoBuii (N(l)/2<Ps)n|8(’) =0, (M(l)/290o)n|8(’) = 0 BeImOJIHEHO V. €
HY(0:C%), (45 *V)uloo =0,

e[V, ¢+ (Ve, C)LQ(O) = @ab(D)SDo - geb(D)’ﬁbe’ b(D)C)LQ(O) + (‘Po -, C)L2(0)7

v € HY(O;C%),  (1y*)nloo = 0.
(3.19)

[IepBoe citaraemoe crpaBa 3aluIleM B BHUJE
(F°0(D)@y — g°b(D)@.., b(D)C) 1,(0) + (97D(D)(@. — B.), b(D)C) Ly(0)-
B cuny (L.8), u OHO OTIEHMBACTCS Yepes3
1g°6(D)po — 9°b(D) .| o w3 16(D)C | £ 0)
b (L@ =B —]) 116D < el F o (116 €DV,

rae Cp = Cy <”g*1||2/503 + ﬁC’g). BTopoe craraemoe B mpapoit gactu ((3.19))

sammnieM B BEAE (P — Per C)ro(0) + wE,C) 0)- OHO He mpeBocxoIUT
sesmantnl CLe(|F( 1, 0) €]l Ly 0) BBULY - -7 3aech Cf = C4(C1 + Cy).
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B wrore mnosydaem, 4ro mpapas dvacth ToxgecrBa ([3.19) He mupesocxomuT

. 1/2 .
CoellF a0y (L:1¢, €1+ ICI2 0y) s e C2 = (C5)2 + (CH)*.

Honcrasnsist ¢ = V. B (3.19) u ncmoas3ys MOMYIEHHYIO OIEHKY, MPUXOJIUM K
HEPABEHCTBY

12
(EIVa VA + Vel ) < CselFllLyg0):
Bumecre ¢ muzneit onenkoit ((2.3)) aTo Brewer uckomoe mepasencrso (3.18)) ¢ nocro-

annoit C5 = Cv5c1_1/2. O
BoiBoapt. 1) Uz (3.18)) ciaeayer, aro
e = Y llm o) < CsellFllry0) + lIsell a1 (0)- (3.20)

[TosToMy st TOKA3aTENhCTBA, TeOpeMbI [3.2| Hy>KHo HareKammm 00pa3oM OIEeHATh
HOpMY ISz | 10y

2) 13 (3.6) u (3.18) BugnO, uTO
lpe = PollLa0) < CsellF [ Ly0) + ellASDD)Poll o(s) + [18ell a0y (3:21)

B cuny npennoxenns [1.2{ u omenok (1.12)), (3.13) mveem

- —1y1/2
IA°S.5(D) ol u(es) < €xCallg™ 1P (o (322
Bumecre ¢ (3.21)) sro Biewer
lpe = PollLa(0) < Coel[FllLy(0) + [IsellLa(0)s (3.23)

_1y1/2
e Cg = Cs + €ACy[lg7 | L/oo . CuleoBarenbHo, A4 10Ka32Te/IbLCTBA TeOPEMbI
HaJI0 ONEHATH HOPMY [[S¢ || 1, (o) Hammexamm o6pasom.

4 Omenku monpaBKu. /[oka3aTeabpCTBO TEOpPEM 3.3

Cravana Mbl oneHuM H'-HOpMY MOTPABKH S, M JOKAZKEM TEOPEMY a TaK»Ke
reopemy [3.3] Barem, mcmonb3ys yxke J0Ka3aHHYIO TEOpEMY U coobpazkeHus
JIBOMCTBEHHOCTH, ONeHUM Lo-HOPMY HONpPABKY S U JoKaxkeM Teopemy [3.1]

4.1 Omenka nonpasku B H'(0). loka3aTelbCTBO TEOPEMBI

[Tepenumiem Toxkaectso (3.17), yunrsisast (2.10):
(9°b(D)sc, b(D)C) 1, (0) + (8¢:€) 1,(0)
= ((7° — ¢")b(D) g, b(D)¢) 1,(0) =1 Z:[¢], (4.1)
Ve e HYO:CY),  (1g/*C)uloo = 0.
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Cornacuo (|1.5)), (1.25) u (1.26]) nmeem
—-1/2 —-1/2
Z.1¢] = (2ot uy g, rot g 2¢) Ly 0)- (4.2)
Jlemma 4.1. Ilpu 0 < € < €p cnpasediusa ouenka
1/2
IZ.[¢]] < Cre ||F || ooy (L[S, CDY2, ¢ € HY(O:CY), (g *C)nloo = 0. (4.3)
ITocmosannasn Cy; 3asucum avwo om dannns 3adawu (3.1)).

Joxasamenvcmeso. Hamomunm, aro X(x) — 910 Marpuna co cronbavu VP, (x), j =
1,2,3. CienoBatenbio, Marpuiia X°(x) umeer crosbusl (VP;)(x) = qu>€(x)
—1/2 1/2

1,2, 3. Obo3HAYNM KOOPIMHATE BEKTOP-QYHKIUNI 10t 1y '~ uepes [rot ju, cpo]
7 =1,2,3. Torma
3
Sfrot Mo Lpo = sz V@E [rot 1, 1/2 Pol;
7j=1
’ 1/2
Z < (@5 [rot s 1/2 ‘Po]j) — ®EV[rot g / cpo]j> .
Buecte ¢ (4.2) sTo Breger
Z.[¢] = V¢ + Z[¢), (44)
’ 2 1/2
= Z ( (<I>€ rot i "/ ‘Po]j) 1ot 1 C)LQ(O), (4.5)
: 1/2 1/2
IO[¢) = —e Y (¥5Vrot sy *pol;s ot g ) 0. (4.6)
j=1

B cuny (2.11) u orpammuennoctn dynknuii ®; (cM. 3amedanue [1.5) wren (4.6)
JIOTTYCKAET OTCHKY

IZP1C]] < CrelF |y o) (L1¢: €D, (4.7)

rie nocrosiHHas Cf 3aBHCHT TOJIBKO OT JaHHBIX 3a1adn (3.1). Mer ywin odeBuaHoe
HEePaBEeHCTBO

—1/2 1/2
Irot 15 /*¢llz 0y < Inlly/2 el¢, <. (4.8)
Iycrs 0 < & < gg. Pukcupyem cpesky 0-(x) 8 R? raxyio, uro
0. € C°(R?);  supp 0 C (00)s; 0 < 0:(x) < I;

(4.9)
0:(x) =1 npu x € 00; ¢|VO.| < k = Const.
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THonoxum

fi.:= eV (ng);[rot Mgl/%po]j) =123 (4.10)

u npeacragum aien (4.5) B Buge

IO = (Fe,rot g ¢ 1y 0)- (4.11)

M-

1

J

MBI y9am TOXKIECTBO

(V ((1 — 0)®5[rot ual/z(po]j) rot fu, Uz() )~ 0,

KOTOpOe IIPOBEpSIeTCS MHTEIPUPOBAHHEM MO YacTAM C yYeTOM COOTHOILICHHS
divrot = 0 (mpu mpoBepxke gocrarouno cuntath € H2(0;C?)).

Ocraercst onennts wien (4.11). C yuerom (4.9), (4.10) u 3ameuanus uMeeM

—1/2
15[l o0y < #1191 lTrot g >0l L.
—1/2 —1/2
+||eg<v<1>j>f[rowo / soo]~||L2 )+ el @51 [V rot g %05 o) -

IlepBoe citaraemoe B onermBaercs qepes Ce'/?||F|| Lo(0) G1aronapst jemmve

2.4 n onenke (2.11)). TpeTbe craraemoe B ([£.12) me npesocxopuT CEHFHL2 (0) B CITY

2.11). dns onenku Broporo cyaraeMoro B (4.12) mpumennm npejiozkenue u

19):
16-(V@;)*[rot ual/%o] illza(0) < 10=(V®;)°[xot g > @o 5, e
< VB0t 15 *Bolslla(o01.) + VBNl IV (Belrot g B0l ) ey
< (VB + VBl @51k lrot 15> Bl 001,
+ v/ Boe @ . [V rot 1 2Bl o r-

[epBbIii wieH cpaBa He TPEBOCXOIUT 051/2||FHL2(0) B CHJTY JIEMMBI 1 OTIEHKHT
(3.10). Bropoe craraemoe onennsaerca gepes Ce||F| 1, (o) 3a cuer (3.10). B nurore
MBI IIPUXOJIUM K OIIEHKE

(4.12)

3
Y el rao) < C7e2F | 1y 0)s (4.13)

rjie IOCTOsIHHAS C7 BaBI/ICI/IT TOBKO oT jganubix 3ajgadu (3.1). Cienosarensuo, ¢
YUIETOM . “JIeH JIOILYCKAEeT OIEHKY

1/2
\Ié”[cu < Al 2 1B | g0y (16, €2 (4.14)
Teneps uz ({.4), (4.7) u (4.14) BeiTexaer uckomoe nepasencrso (4.3)). O]
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B R? BBesem byHKImo

¢-(x) := b= (x)A°(x) (S:b(D) o) (%)- (4.15)

JIemma 4.2. ITyemov dynruyua ¢, onpedesena ¢ (A.15). IIpu 0 < e < ¢ cnpased-
AUBH, OUEHKG

Is-ll2n(0) < Cs (/2B llzac0) + el anes) ) (4.16)

2de nocmoannaa Cg sasucum auwv om dannux 3adawu (3.1)).

Joxasameavemeo. B cuny [B.17), (4.1) n (£.9) bysxmma s. — ¢, € H'(O;C3)

1/2
YZIOBJIETBOPSIET KpaeBoMmy ycaoBuio (i, “(se — @, ))nloo = 0 u Tox gecTBy

lg[sg — (,bg, C] + (Sa - ¢57 C)LQ(O) = I&[C] - %[C]u

(4.17)
¢ e HNO:CY). (1 *Cluloo =0,
e
J=[¢] := (g°b(D) ., b(D)C) 1, 0) + (@2, €C) 12(0)- (4.18)
C yuerom AMeeM
(TG < Vel Dbl sy (elC: EDY2 4 12 o) 1€ 2 0)- (4.19)
IMoacrasnsas ¢ = se — ¢, B (4.17) n ucnoawsys " , OPUXOIUM K
HEPABEHCTBY

lelse— bose— b+ 15— 613 0) < 2C2NFI2, o)+ 2¢2l|Debe 2 o) 115l -

C yuerom HmxkHeit onenkn (2.3]) orcroaa mosysaem
Is- = ¢l (o) < Cs (2Pl a0y + Iellances) ) -

rje nocrosiiHast Cg 3aBUCHT JIMIIb OT JaHHbIX 3ajaun (3.1). Dro Baeger (4.16). O

Jlemma 4.3. Ilycmo wucao €1 nodwurerno ycaosuro 2.3 Hyemo pyrnkuyus ¢, onpe-
desena 6 (4.13). IIpu 0 < € < €1 8uINOAHEHDI OUEHKU

@cll Lo ®s) < Coel|F .0, (4.20)
<

el 2 ms) < Croe"? || (0 (4.21)

2de nocmoannwvie Co u Crp 3asucam auws om dannnx 3adawu (3.1)).
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Joxasamenvemeso. Onenka (4.20) Berrekaer u3 (3.22) u (4.9).

PaccMOTpUM IPOU3BOIHbBIE
Djép, = £(D;6.)A°S.b(D) @y + 0 (DyA) S-b(D)@g + e0-A°S. D;b(D) @y, (4.22)
Hopma nepsoro ciaraemoro crpasa ouenusaercs ¢ nomotnpto (4.9) u memmsr 2.5}

ell(D;0c) A°Sb(D)@o|| Ly (rs) < K[IAZS(D) Pl L, ((00).)

~ 1/2 ~ 1/2
< HEA/ B2 [B(D)Bo 7 oy ID(D)Bol sy < Chog™ 2P0

rae Clp = ﬁ@A\/ﬁ*alﬁCg). Mer yamu (L.7), (1.12)) u (3.10). Ananorudso, u3 jseMMBbL
2.5, (L.7), (1.12) u (3.10) BBITeKAET OmeHKA HOpMBI BTOpOro caaraemoro B (4.22):

16:(D;A)°S=b(D) ol ) < Cloe™?(IF || a0,

~, 2
rae Cfy = Cav/ ﬂ*alcC((g). Hopwma tperbero ciaaraemoro B (4.22) orenusaercs Ha

ocuopanmu npexnoxenns [1.2] (1.7), (1.12) u (3.10):
el|0-A*S.D;jb(D)@o|l 1, rs) < CloelIF Il o0

(2
rae il = QfA,/alcC((Q). B uTore mpuxoauM K OIeHKe

ID. ||, z3) < C1o8 2| F | 1,0

e mocrosmas Cio 3aBucHT A o1 manabx 3asaqan (3.1)). Buecre ¢ ([@.20) sro
Bieuaer (4.21)). O

N3 semm n HEMOCPEJICTBEHHO BBITEKAET CJIEIYTIONIEE YTREPIK IEHUE.
Canencreue 4.4. Ilpu 0 < € < €1 8vNOAHEHG OUEHKA
sl 10y < C1ae' ¥ Ly(0), (4.23)
2de nocmoannas C11 3a8ucum Auwd om JannsL 3adaui .

Basepwenue doxasamenvcmea meopemn [3.2] M3 (3.20) u (4.23)) serrexaer nckomast
onerka (3.7) ¢ mocrostanoit Co = Cs + C11. U
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4.2 Jloka3aTeJbCTBO TE€OPEMBI
s (3.7) caeayer onenka
Hgab(Dprs - wa)HLz(O) < 01261/2HFHL2(O)7 (424)

re nocrostiias Cig 3aBUCHT JIMIH OT Manibix 3aa4n (3.1). Cornacuo (3.6) nveem

9°b(D)p. = g°b(D) g + £g°b(D)(A"S5-b(D) )
3
= ¢°b(D)py + 9" (b(D)A)*S:b(D)@y + £ Y g°b;A°S.D;b(D) g,
j=1
3
= G°b(D)py + 97 (b(D)A)*(Se — )b(D)By + & Y _ g°b;A°S-D;b(D) .
j=1

Hopwma Tpernero craraemoro crpasa onermnsaerca depes Cel|F||1, o) B camy mpe-

noxenns [1.2] (1.12) u (3.10). Bropoe craraemoe cipasa MOXKHO 3aIMCATH B BUJE

(2 + (")t = (n°)71) (S — I)rot M01/2¢0> |

9" (b(D)A)* (S — I)b(D)py = —i < ( )(S. — Ddiv 415
v—v . — iv iy "o

AHAJIOMMYHO J0KA3ATE/ILCTBY JIEMMbL ucnosb3yst upegozkerue [LI u upemo-
sxenne [1.6] HeTPyIHO TPOBEPUTH OLEHKY

lg°(B(D)A)(S= = DbD)Po |y (w2) < CraellFllLo(0):
rae nocrosiHHast Cly 3aBUCAT JINIIL OT JaHHBLIX 3a1a4du (3.1). B utore momygaem
lg°b(D)tp. — (D)ol Ly (0) < Cr2elFll a0, (4.25)

rjie mocTosiHHast C1g 3aBUCKT JIMIIH OT JAHHBIX 3ajadn (3.1)).

13 (4.24) u (4.25) BeITekaer TpeGyemas OlEHKA
l9°b(D)ep. — G°b(D) Pyl 0y < (Ciz + Cr2)e (|F |y 0,

paBHOCHIIbHAs nape HepaseHcTs (3.8)). O

4.3 Omenka nonpasku B Ly(0). 3aBepineHne 10Ka3aTeIbCTBA TEO-
peMsr |3.1

Jlemma 4.5. IIpu 0 < € < €1 cnpasedausa ouenka

Is2ll o (0) < CazellFllLo0), (4.26)

2de nocmoannas Ci3 3asucum avwo om dannos 3adavwy (3.1)).
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Joxasameavcmaeo. HyCTb G € Lo(O;C3). Homosxum ¢, := (L. + I)"'G. Hon-

CTaBUM B TOXKIECTBO (byHKm/Ho ¢ = (.. Torna neBas wacTe TOXKIECTBA
sanuiercs B Buje (Sq ¢6, G)r,(0)- CrenosarennHo,
( ¢57 )LQ(O [C ] jE[Ce] (4'27)

B cuny (4.4), (4.7), (4.18), (4.20) u (4.27) ¢ ygerom oueBUAHON OlEHKH

la[C&7C&] + ||CE||%2(O) < ||G||%2((’))

nMeeM

|(S€ - d)e’ G)Lz(@)’ < (C’IY + CQ)EHFHLQ(O)HG”LQ(O)

) (4.28)
+ |Iz:g )[CEH + ‘(ggb(D)(ﬁs? b(D)CE)L2(0)|

[Mockombky dyuknun £, n ¢, cocpenorodens: B e-okpectHocTn rpanutp JO (cM

(4.9), (4.10) u (4.15)), m3 (4.11)), (4.13) u (4.21) monyqaem

IZEO(C + 1(9°0(D) b, B(D)C.) 10y < Cise 2 IF | Ly0) IDCcll iy, (4:29)

rae nocrogunas Clg 3aBUCAT JIUIIb OT JaHHLIX 3a1aan ([3.1)).

[pumennm yxe JOKA3aHHYIO TEOpeMy Annpokcuvupyem ynxuuio ¢, ge-
pes Co + eA°Sb(D)Cy, e (o = (LY + I)71G u ¢y = Pol,. Nmeewm:

HDCSHLz(BE) < HD(Ca - CO - 2::AESEb(:D)CO)”LQ(O) + ”DCOHLQ(BE)

] . (4.30)
+ €[ D(A*S:0(D)Co) | L, ((00).)-

Tlepsoe craraemoe crpasa onennsaerca depes Coc/?|| G|, (o) B ety Teopemsr
Bropoe craraemoe orenupaercs aepes /Beel/?|| G| Lo(0) Omaromaps memme u
onenke (2.8)). Ouenum Tperbe caraemoe:

e D(A“S-6(D) o)l (90).) < (DAY S-b(D)Coll 1, (90).) + llA*SDED)Eoll 1, 29)

1/2 < 1/2

< VB2 [B(D)Co 17 iy DDl ) + EalDBD)Col o e)-

Mp! nenob3osa 31eck gemmy [2.5] npepnoxenne [1.2|u oueny (1.12). YVuurosast
rakke anasor onenku (3.10) pust g, ybexpaemcst, uro Tperbe ciaaraemoe B ({4.30)

HE IIPEBOCXOIAT C{’gsl/ 2G| Lo(0), TAe Ci3 3aBUCHT JIHITH OT JAHHLIX 3a1aqnd (3.1)).
B wrore npuxomum K HEPABEHCTBY

Dl (5.) < (Co+ V/BE+C13)e 2|GllLy0), 0 <e<ern. (4.31)
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Coorrommenus (4.28)), (4.29) u (4.31) Brexyr

|(8e = 92, G) y(0)| < Ci3e||FllLy(0)|GllLy(0), VG € L2(O; CY),
e moctostHEas Ci3 3aBUCAT JIUIIb OT JAHHBIX 331890 (3.1). CrenoparessHo,

182 = bellLo0) < Crzel[FlLy(0).
Bumecre ¢ onenkott (4.20) sto saeger (4.26)). O

Basepuenue doxasamenvcmea meopemus [3.1] U3 (3.23) u (4.26) serrexaer nckomas
onerka (3.2) ¢ nocrosanoit C; = Cg + C13. U

5 CrammonapHas cucremMa MaKkcBesia

5.1 ®OYHKIUOHAJIbHBIE KJIACCHI

Kak u npex e, npeanonaraem, uro O C R3 — orpanuuennas 06/1acTh ¢ rpaHnmeit
kracca O, Hamomunu cremyrommue onpenerenns; cm. [BST], BS2).

Onpegenenne 5.1. ITyemv u € Lo(O;C3). Ecau divu € Ly(O), mo pasencmeo
u,|so = 0 no onpedesenuro osnavaem, wmo

(ll, VW)LQ(O) = —(le u,w)Lz(O), Yw € Hl(O)

Omnpegenenne 5.2. [Iycmo u € Ly(O;C3). Ecau rotu € Ly(O;C3), mo pasen-
emso Uy |po = 0 no onpedeaenuio oznauaem, ¥mo

(u,rotz)r,(0) = (rotu,2),0), Vz € La2(O; C3): rotz € Ly(O;C3).

ITycts maTpuna iy u marpuna-gysaknus 7)(X) yA0BIeTBOPAIOT yCJIOBUAM Ty HK-
ta 1.3. Ilommvo obbraaOr0 mpocTpancTsa Lo (O; C?) Ham moHan06aTCs BecoBbIe Ipo-
crpancTBa Lo BexTop-dyHKImit: mpoctpancto Lo (O; (n°)71) = Ly(O;C3; (n°) 1)
CO CKaJIIPHBIM ITPOU3BEIEHUEM

(£1.82) Lo (0 (ne)-1) = /((Ua(x))_lfl(x),ﬁ(xﬁdX
o

1 aHasormgroe mpocrpanctso Lo(O; py b = Ly(0;C?, o 1) co ckansprbiv mpous-
BEJICHAEM

(6182 01y = [ (80610, £ dx.
@]
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Beenem mBa moampocTpaHCcTBa COEHOUAATBHBIX BEKTOP-MyHKIWMIE B Lo:
J(0) :={u € Ly(0;C?) : / (u,Vw)dx =0, Yw € Hj(O)}, (5.1)
@
Jo(0) :={u € Ly(0;C?) : / (u, Vw)dx =0, Yw € H'(0)}. (5.2)
@

Hommpocrpancrso (5.1) cocromt 3 Beex dynrmmit u € Lo(O; C?), mra KoTopbx
divu = 0 B cmbicae pacupegesennii. [lopnpocrpancrso (5.2)) obpasyror dbynknun
u € Ly(O;C3) rakwe, aro divu = 0 w u,|go = 0 (B cmbice ompegenenns [5.1).

5.2 TlocraHoBKa 3aga4u

Mp&r u3ydaem 37eKTPOMATHUTHBIN pe3oHaTop, 3anoaustomnuit obaacts O. Cunraem,
9TO MAarHUTHAS MTPOHUTIAEMOCTD 33JTa€TCA TTOCTOSTHHON MATPHUTIEN [ig, & TAIJIEKTPH-
"ecKas TTPOHHETAEMOCTE — MaTpurei 17°(x) = n(e~'x). HampsskenHocTn 91eKTpu-
YeCKOro ¥ MarHMUTHOIO T10Jieil 0603HAUAI0TCsT 9epe3 Ug (X) U Vo (X) COOTBETCTBEHHO.
BeKTOpBI 3/IEKTPUYECKON U MAHUTHONH MHIYKIIAH CBA3AHBI C TOJISMHU Ug, Ve COOT-
HOLIeHUsIME W (X) = 1 (X)uc(X), 2e(X) = pove(x).

Omneparop M, 3anucansblii B TepMUHAX HHAYKIINN, JeCTBYeT B HPOCTPaH-
cree J(O)® Jo(O), paccmarpuBaemoM Kax nogmpocTpanctso B La(O; C3; (nF) ™1 @
Ly (0;C3; ugl), 7 33/1aeTCsT BBIPaXKEHNEM

. 0 irot pal
M. = (—z’rot (nF)~t 0 ) (5:3)

Ha 00J1aCTU OTIpeie/IeHusT

Dom M. ={(w,z) € J(O) ® Jo(O) : rot (n°)"'w € Ly(0O;C?),

ot iy 7 € Lo(0;C), (1)~ 'w)rloo = 0}, 54)

Bech KpaeBoe yCJI0BUE JjIst W TOHUMAETCST B CMBIC/IE OTPEIEIeHUS
Omneparop M. camocompsiken; cMm. [BSIL BS2]. Touka A\ = i geasiercsa pery-

JAPHON TOYKOM omeparopa M.. Hawa ueab — W3y9nTh MOBEJCHUE PE30JbBEHTHI

(M. —4I)~'. UHpIMHE cl0BaME, HaC HHTEpecyeT HOBeIeHne PelleHuil (W, Z:) ypaB-

HEHUA
(M. —il) <W> = <q) ., q€J(0), re Jo(0), (5.5)
€
a TakyKe ToBefenue moiei u. = (n°)"'w. m v, = Lo lz.. B mogpoGuoii 3anucu
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cucrema Makcsesuta (5.5]) umeer Buj
irot ,uo_lz€ —IW. = (q,
—irot (n°)"'w, —iz. =,
divw, =0, divz, =0,
((ne)_lwa)TbO =0, (Zs)n|8(’) =0.
Iycrs n° — adbdextunnas marpuna, onpeenennas s (1.16), (1.17). [ycrs MO
— sddexrusnrii oneparop Makcsesta ¢ Koaddummentamu 70 1 g (ompenenen-
ublii anasornyno (5.3)) u (5.4)). Paccmorpum ycepeaenHoe ypaBHEHE

(MO —iI) (‘;’5) = (‘3) , (5.7)

u onpesesm otz ug = (1°) " two 1 vo = 1y 2Zo. B mompo6uoit zanucu (5.7) mveer
B

(5.6)

irot ualzo —iwWg = q,
—irot (n°) ~lwq — izg =T,
div Wy = 0, div zZy = 0,
((1°)~'wo)zlao = 0, (20)nloo = 0.
Knaccuaeckue pesynbrarsl (cM. [BeLPap|, BaPal, [Sal, ZhKO|) nokaswisator, aro
mpu € — 0 umeem mecmo caabas cxodumocms 6 La(O;C3?) noseti ue, we, Ve, z:
COOMEEMCMEYIOULUM YCPEOHEHHBIM NOAAM Uy, W(, V(, Z(.

(5.8)

5.3 Cuayuait q = 0. Pegyknusa 3aga4um K MOAEJIbHOMY YPaBHEHUIO
BTOPOTO MOpAIKA

IIpu q = 0 cucrema ((5.6) npuaEMaer By

we = rot ualza,
rot (n°) " tw. + z. = ir,

divw, =0, divz, =0, (5.9)
((na)_lws)fbo =0, (Zs)n|80 =0.
s (5.9) cnenyer, uro z. gaBagercs pemeHneM 3aga4n
{ rot (n°) ~'rot iy *ze + 2. = ir, divz. =0,
(Za)n|80 =0, ((775)_11"0‘5 Halze)TbO =0.
—1/2
Torma dynkmms @, 1= p, ' "z, ABIAETCA PeleHneM 3aaun
~1/2 _ —1/2 . —1)/2 . 1/2
o Prot ()" 'rot pig P + o, = ipg Pr,  divpg P, =0, (5.10)
1/2 _ -1/2 :
(MO/ 905)n|3(9 =0, ((778) rot 120 / LP5)7'|80 =0.
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OueBuIHO, perrieHne 3a,1a9n 1} OJHOBPEMEHHO SABJIAETCA U PEIIeHUeM 33/ a491
—1/2 _ —1/2 1/2 . 1/2 . —1/2
o 1ot (%) " Mrot g P, — g PVdiv g 2. + . = ipg P, (5.11)
1/2 _ —1/2 .
(1% nloo = 0, () ‘rot g > 2)rlo0 = 0.

.1/2
(OrmeruM, gTo ypasaerue div ,uo/ . = 0 oxaxkeTcs BBITTOJTHEHHBIM aBTOMaTHde-

cku 3a cuer ycaosus r € Jo(O; C?).) Bazaua COBITAIAET C npuv =1mn
F = iual/zr.
Ilycts L. — omeparop, BBemenubiii B mynkTe [2.1) ¢ Koaddpunumenramu pg, n° u
v = 1. Mbl ybequnuch, 94T0 pelleHne @, 3aJadn MOXKHO 3aIlACaTbh B BALE
. = i(Le + 1) (g *r).
AnasoruunbiM obpaszom, upu q = 0 acpdexkruBHas cucrema, 3aIUINeTCsd B
BUTE
wo = rot uglzo,
rot (n°)~'wo + zg = ir,
div Wy = 0, div Zy — 0,
((n°)~'wo)rloo = 0, (20)nla0 = 0.

(5.12)

Torna zg ABASETCA peIeHneM 3a,1aun

{ rot (no)—lrot Mo_lzo —+ Zo = ir) div zZo = 07
(z0)nloo = 0,  ((n°)~'rot pg'z0)+|o0 = 0.

1/2

Crenosarenpro, GYHKIUA Qg i= [y ' Zo ABJIAETCH PEIIeHueM 3a1adn

/2 /

_1/2 _ ~1/2 . —1 L2
{ o Prot (n°)~trot g, /‘PU"‘(PO:Z:U’O r, divyy e =0, (5.13)

(10 e0)nloo = 0, (%)~ rot g *pg)rlo0 = 0.

dcuo, aro pemenne 3ana4n (5.13) 0HOBPEMEHHO SBJISIETCS W DEIICHUEM 3a1adu

—1/2 _ —1/2 1/2 . 1/2 . —1/2
g Prot (n°) Mot g 0y — g *Vidiv >0 + g = g ., (5.14)
1/2 _ —1/2 .
(18> o)nloo =0,  ((1°) " rot s1g " *p)+ o0 = 0.
(Ypasuenue div ,u(l)/ 2900 = ( BBINOJIHEHO aBTOMATHYECKU 3a CUYET YCIOBUA I €

Jo(O;C?).) Bayaua (5.14) cosnagaer ¢ @.9) upu v =1u F = i,ualmr.
IMycts LY — 3dbexTHBHbIH OmepaTop, Onpe/e/eHHbIH B TyHKTe ¢ K03d-
dunrmenTaMu i, 770 n v = 1. Torna pemenne ¢, 3anaun (5.13) samumercs B Bue

po = i(LO+ 1) (g ).
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5.4 PezyabTaThl aja cuctreMbl MakcBenna

[Ipumensia Teopemy W UCHOJIB3ysA COOTHOINEHUA Zo = u(l)/ngg, Ve = ual/chg,
1/2 —1/2 . —1/2
Zo = [y Po, Vo =y o, F =1ip

1/2

r, npu 0 < € < €] mosydaeM OIEHKHN

Iz — 2oll o 0) < ol ez = @oll o) < CalpolPlug Ve el 10y, (5.15)

Ive = voll,0) < lng 12l = ol Lao) < Culisg ' lelrl| (o). (5.16)

IIpnmvennm Tenmepnb Teopemy [lockompky mpu v = 1 pellenne ypaBHEHU
(1.23) pasro mysmto: p(x) = 0, o bynknus (3.6) npuanmaer Bug

—1/2 —1/2~
P, = @y +epy UESerot 11y 2By,

/

~ —1/2~ _
O6oszmaumm wo = rot p, '“@q. fAcro, aro W( ABIAETCA TPOJOIKEHIEM (DYHKIIUH

wo = rot ug 1 2(,00. N3 (3.7) cnenyer, uro npu 0 < £ < €1 CHPaBeIVBHI OLEHKN

12 — 20 — €U SeWo | g1 (o) < Colpol 2|5 [V x| oo, (5.17)

Ve = vo — epg O S.Wol| 10y < Calig M2 [Ivl| ooy (5.18)

Harnee, B cury mepsoro ypasmennsa B (5.9) mmeeMm: w. = 10t 1 1 24,05, a
TOTa U. = (na)_lrotualﬂcpg. Awanornuno, wg = rot,ualﬂcpo n u =

(no)_lrot o 1 2<p0. [Ipumensia Teopemy yoexgaemcst, aro npu 0 < ¢ < €
CITPABE/IJINBA, OIEHKA

lue = wo — S*wo|| L0y < Caluag V72 [x ] Ly(0)- (5.19)

Benommnast, uro ¥(x) — marpuna co crombmamn VO, j = 1,2,3, rae ®;(x) —
I-nepuonnaeckoe pemtenne 3agaan (1.31), npencrapuv 9Ty Marpuny B Buge Y(x) =
E(x)(n") 7Y, rme E(x) — marpuna co cronbnamu VYj(x), j = 1,2,3, a Yj(x) —
[-nepuojuaeckoe perenne 33, a49u

div (%) (VY;(x) + &) = 0, / Y, (x) dx = 0. (5.20)
Q

Vunremsas, ato (n°)two = ug, meperrmmen (5.19) B Buze
[ue — uo — E°ug|| 1,0y < Cslug ' [V%" 2| 1, (0)- (5.21)

C yuerom cooTrOMmeHMt W, = n°u., wo = 17Uy u3 (5.21]) BerBOAIM
Iwe —wo — TWoll ooy < Cslutg V2l Lo Il Lo(o) (5.22)

rae T(x) = 7j(x)(n°) "' = 1, 7i(x) == n(x)(E(x) +1).
Coornomrernns (5.15)-(5.18), (5.21) u (5.22)) Baekyr crexyromuit HTOroOBEIT pe-
3ynbrar 06 ycpeanenun pernenuii cucremsl Makcsesia B ciydae g = 0.
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Teopema 5.3. Ipednoaooicum, wmo O C R® — ozpanunennas obracmo ¢ 2panu-
yeti waacca OB, Ipednonrosicum, wmo (g — NOAOHCUMEALNAA MAMPUUL C GEUle-
cmeenHbLMu 2aemermamu, a 1(x) — D-nepuoduneckan mampuya-Pynryus ¢ sewe-
cmeentvLMU saemenmamu maxad, wmo 17(x) > 0 un,n" ! € Loo. Hyemo (We,z:) —
DEWEHUE CUCTIEMD npur € Jo(O;C3). IMycmsy u. = (n°) " *we uve = ualze.
ITyemo (wo,z0) — pewenue ycpednennoti cucmemoe , 6 Komopoti sdpdexmues-
nas mampuya 1° onpedesena cozaacHo u . ycmo ug = (n°)two u
Vo = ualzo. IIpednonooicum, wmo wucso €1 NOOYUHEHO YCAOBUIO . Tozda cnpa-
8€0AUBO CALIYIOUIEE.

1) IIpu € — 0 noaa Ve, Z: cTOOAMCA % Vo, Zo COOMGEMCMEENHO NO HOPME 6
Lo(O;C3). Boaee mozo, npu 0 < € < €1 6bNOANEHDL OUCHKU

Ive = vollLo0) < Gigllr]l Lz 0),

”Ze - ZUHLQ(O) < Q:QEHI‘HLz(O)'

2) Iycmov S: — ceaavicusarouguts onepamop no Cmekaosy, onpedesernvils 6 (1.1).
ITyems W(x) — mampuya co cmosbuamu rotp;(x), j = 1,2,3, ede p; —
[-nepuoduueckoe pewenue zadawu (1.22)). Ilycmo wo(x) — nocmpoennoe eviwe
npodoaoicenue dynxuuu wo(x) na R3. Toeda npu 0 < ¢ < €1 das noaeti Ve, Z.
cnpasedauevl annpokcumayuy no Hopme 6 npocmpancmee H(O;C3) ¢ oyenwamu
nozpewsrocmeti:

Ve = vo — epg " SeWo |1 0y < €362l 1400), (5.23)
|1z — 20 — e¥°S.Wo| Ly0) < €ag?[Ivl|Ly(0)- (5.24)
3) Iyemo ZE(x) — wmampuya co cmoabyamu VYj(x), j = 1,2,3, ede Y;
I-nepuoduuecroe pewenue sadawu (5.20). Mycmo 7(x) := n(x)(E(x)+1), T(x) :=
n(x)(n°)~ — 1. Toeda npu 0 < € < €1 0aa noaeti Uz, W CNPacediussE ANNPOKCU-
mavyuu no nopme 6 npocmpancmee La(O;C3) ¢ ouyenkamu nozpewnocme:
[ue —uo — Z5ug|| 1, (0) < 6551/2”1"HL2(O), (5.25)
Iwe = wo = T*wWo| L,0) < Coe'?[Ir]| L, (0)- (5.26)

Hocmoannwe €1, €, €3, €4, €5, € sasucam auwns om |uol, |y l, 117lLe,
In~ YL, om napamempos pewemuu T' u om obaacmu O.

Bameuanne 5.4. 1) Mu 6udum, wmo cummempuu 6 PE3YAbMAMAT ONL MA2ZHUM-
HOLT Noaetl Ve, Ze U 2ACKMPUNECKUT Noaell Uz, We nem. Maznummoe noas cxo-
dames no nopme 6 Lo, npuuem noepewnocms umeem mounwili nopadox O(e), u
donyckarom annpokcumayuu no nopme 6 H' ¢ noepewnocmamu nopadka O(1/z).
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daexmpuneckue Noas YoGemes AUWD GNNPOKCUMUPOSAMd 1o Hopme 6 La ¢ no-
epewnocmamu nopadka O(y/€). Omo obsacnaemcs OMCYmemeuem CuMMempuy 6
camoti nocmanoske 3adanu: Mol npednoaosicusu, ymo q = 0 6 npasoli wacmu cu-
cmemw (5.5). Ilo smoti npunune noae z. 0KaA3aA0CH PEWENHUEM GCTOMOZAMEALHOZO
YPABHEHUA 8MOPO20 NOPAJKG, & NOAE W BBPASUAOCH HEPES NPOUIEOOHBIE IMO20
PeWeHUA.

2) Ommemum, wmo CPeOHUE SHA%EHUA NEPUOOUNECKUT MAMPUY-PyHKyud Z(X)
u Y(X) pasnvi nyato, a nomomy 6 cusy c60UCMEa cpednezo 3HaueHUA CAObITL
Lo-npedes nonpasox Zfug u Yewqg pasen nyaro. Tozda us , avime-
Kaem, 4mo noaf Ug U W caa60 crodamcea 6 Lo % Uy u Wo COOMBEMCMBEEHH0, 4mo
COZAACYEMECA € KAGCCUNECKUMU pesysvmamamu. Tonpasku Zfug u YWy Moocho
UHMEPNPEMUPOSAML KGK KOPPEKMOPYL HYALB8020 NOPAJKA.

3) Ananozuunoim obpasom, caabuii H'-npedea nonpasor 6,[1,61\11555\7\/'0 u
eWeS.wo us , paser Hyar. Caedo8amesvho, Noaf Ve U Ze CAGOO CTO-

damea 6 H' 1 vy u zg coomeememesenho.

Brigenum teneps crnenmaiababie caydan. C IOMOIIBIO IPeaIoXKEHUs u 3a-
mevanus [[.4] u3 reopems [5.3] BBIBOAUM CrieyIoliee yTBEPK IeHIE.

Ipeanoxenune 5.5. 1) IIycms n° =7, m. e. cmoabup, mampuuywt 1(X) corerou-
daavhol. Tozda npu 0 < € < &1 cnpasedausa oueHxa

[ue — uol[ 1,0y < (’:581/2\\I‘HL2(0)-
2) Ilycmo n° = 1, M. €. CMoABYDL MAMPULDL n(x)~!
0 < & < €1 6UNOAHEHD OUEHKY

nomeryuasvho,. Tozda npu

Ve = voll i oy < €3'2|x]| 1,009,
¢

£1/2

|z — ZOHHl(O) <G HrHLz(O)'
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