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AnHoTanusa. PaccmarpuBaercst cunekrpasibHast 3agada Heiimana juis oneparopa Jla-
IJ1aca Ha JIBOSIKOIEPUOANYIECKON KBaJIPATHON pelerke TOHKUX (auamerpoM € <K 1) Kpy-
TOBBIX IWJIMHJAPOB C y3JaMH — MHOXKECTBAMHU EJUHUYIHOrO pasmepa. Ilokazamo, |ro
IyTeM U3MEHEHUs] WJIU YJAJIeHUsI OJHON MJIM HECKOJIBKUX I0JIyOEeCKOHEYHBIX IIIEPEHT y3-
JIOB MOXKHO 06pa30BaTh B CYNIECTBEHHOM CIIEKTPE UCXOJHOM PENIETKH JOTIOJTHUTEIbHBIE
CIIEKTPAJIbHbIE CEIMEHTBI — 30HBI MPOXOAUMOCTH BOJIH. (COOTBETCTBYIOIIUE BOJHOBBIE
MPOIIECCHI JIOKAJIU30BaHbl B OKPECTHOCTSIX YIIOMSIHYTBIX IIepeHr, obpasdymomux I-, V- u
L-o6pa3uble OTKPBITHIE BOJTHOBOABL. Pe3ybTaT MmoJlydYeH MpU MOMOIIHA ACUMITOTHIECKO-
ro aHajn3a COOCTBEHHBIX YHUCEJ MOJEJIbHBIX 3a/a4 Ha Pa3HOOOPa3HBIX sYeifikax Iepuo-
JUIHOCTH.
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§1. BBenenune

1.1. MoruBupoBKa. 13 mpakTudeckux HaOJIOIEHUI U3BECTHO, YTO B OIpe-
JIETIEHHBIX YCJIOBUAX BO3MOYKHA, JIOKAJU3AIUS BOJHOBBIX ITPOTIECCOB B Y3KUX OKPECT-
HOCTSIX GECKOHETHBIX MM MOJy0eCKOHETHBIX MIEPEHT JTe(hEKTOB, MHOPOIHBIX BKJIIO-
YeHUI WJIM MHBLIX NepUOAMYecKuX W NUJIMHIPHYECKUX BCTaBOK. Ecim Bo3MylleHHe
JTBOSIKOIIEPUOINIECKOIl CTPYKTYPBI COCPE0TOUEHO BHYTPH IIPSIMOTO IIMJINHJIPA U CO-
XpaHseT NepUOJNIHOCTL B Hanpasjexun ero ocu (puc. 1(b),(c)), To usydenue mo-
MTOJTHUTENBHBIX YIACTKOB CYIMIECTBEHHOTO CIIEKTPA, BHI3SBAHHBIX STUM BO3MYIIEHAEM
7 TIPOBOIAPY FOINX JIOKAJIN30BAHHBIE BOJTHOBBIE TIPOTIECCHI, TPOU3BOANTCS TIPA TIOMO-
I YACTUIHOTO TIpeobpazoBanus lenbdania u TpedyeT aHAIN3a TOUEK JTUCKPETHO-
'O CIIEKTPa U COOTBETCTBYIOMIUX SKCIIOHEHIIMAIBHO 3aTYXAIOMUX MOJI, 06pa30BaHHOIM
MOJIesIbHOM 3amaun ¢ napamerpoM ®@roxe (cp. 1. 1.2). Bmecre ¢ Tem HapyieHue
[IEPUOJMIHOCTH, HALIPUMED, u3jioManuble mepenru ua puc. 2(b),(c), — yriossie or-
KPBITBIE BOJTHOBOBI, JEIAIOT IpUMEHeHre mpeobpasosanus [enbdania HEBOZMOK-
HBIM U BBIHYXKJIQIOT UCIOJIB30BAThH YCJIOXKHEHHBbIE Monxozbl. B [1] 6bu1 pasobpan
obmuit MeTo 1 uAeHTH(UKAIINY CYIECTBEHHOTO CIEKTPa IBOAKOIIEPUOAMIECKOI cpe-
IIbI C HECKOJIbKAMU I10JIyGeCKOHEUHBIMU IIePUOJANYIECKUMI MIePEeHraMi MHOPOJHBIX

PaGora Bbmosinena npu dunancosoit noggepxkke CIIGIY (mpoext 0.38.237.2014). Pabora
[IEPBOT'O aBTOpPa BBIIOJIHEHA Takyke Ipu momuepkke Jlaboparopun um. II. JI. Hebprmesa CIIOLY,

rpanTa IIpasurenscrsa PP (morosop 11.G34.31.0026) u OAO «TasupomuedTh».
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BKJIFOUEHUH U/ WIH T10JI0CTel, KOTOpbIe (IePeHTH) PACIIOIOXKEHbI O YIJIOM OJHA K
JIpYTOil. YIPOIIEHHOE OIICAHNE COOTBETCTBYIOIIEH IIPOIIEyPhI IPECTABICHO B § 4.
Kakunx-mu60 cosepRaTebHbIX KOHKPETHBIX OpUMEpoB B [1] He mpuBeseno. B nan-
HOIt paboTe TP MOMOIIU ACUMIITOTHYECKOTO aHAJIN3a U3 CTAThU [2], Te GBI n3yueHn
CIIEKTP HEPHOANIECKOTO BOJHOBOJIA, COCTOSIIIErO M3 CeMeHCTBa UJIEHTUIHBIX «Oy-
CYH», HAHU3AHHBIX HA TOHKYIO <«CIHILY», IIPOBEPSIETCsI, YTO NIPU COTJIACOBAHUY T€O-
METPHYIECKIX XapAKTEPUCTHK YIJIOBBIX OTKPBITHIX BOJHOBOJIOB Ha pHC. 1 B ompeje-
JIEHHBIX YaCTOTHBIX JIHalla30HaX BO3HUKAIOT PENIeHHst OJJHOPOIHOI 3a1aun Helimana
Jutst orteparopa Jlamnaca — pacIpOCTPaHSIIONIHECsS BOTHBI, KOTOPBIE JIOKATH30BaHbL
B Tpy6UaTONl OKPECTHOCTH YIJIOBOTO BOJHOBOJA M 9KCIIOHEHIMAIBHO 3aTYXal0T DU
yaanerun ot Hero. Ha ¢dbusndeckoM ypoBHe CTPOroCTH U 6€3 IIPEJMETHBIX BBIBOJIOB
0/I06HBIe 00bEKTHI 00CY K IAIHCH B [3, TuI. 7).

1.2. Ilepuoauveckas CTPyKTypa W ee Bo3myieHus. Ilycts w C R3 —
OTKPBITOE CBSI3HOE MHOYKECTBO € TJIaJIKOl rpaHuteii Ow, comepxanieecs B Kyoe Qp, =
(—h/2,h/2)? n Brmouatomee uaTepsas! (Pj_, Pj ) upn j = 1,2, rae Pio = (ah/2,
0,0) u Poq = (0,h/2,0). Ompenennnm meodncIeHHbIe ¢ABUrA (OyCHHBI)

w(/B) - {EE - (.’IIl,.’IIg,.’I/B) S RS : (1131 - /8171:2 - B27:I;3) € W}, (1)

rie B = (P1,P2) € Z*> u Z = {0,41,+2,...}, a TaksKe ceMeHCTBO TOHKUX KPYTOBBIX
IIUIAHIPOB (CIIHIY)

'/‘/6(17]) - {‘T € RS : |"L"L 7.]|2 + |':637’L'|2 S 52}7 1= 172a ]E N)

¢ paguycom £ € (0,&0), MaJbIM apaMeTpoM. JIBOSKOIEPUOAMIECKYIO CTPYKTYDY
Q(e) (em. puc. 1(a)) ompesiesnm COOTHOIIEHNEM

o) ~ (U Uxran)u( U @)

i=1,2 j€Z Bez?

Ha puc. 1(a) aBazkibl MTPUXOBAHHOE U IITPUXOBAHHOE MHOYKECTBA — f9eiiKa [epu-
OIMIHOCTHU 1 OECKOHEYHAs IIEPEHTa ee CIBUTOB

w(e) = Q) N{|z1]| < 1/2,]z2] < 1/2}, T(e) = Q(e) N {]z2| < 1/2}. (2)
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Puc. 1. JIBosikonepuoguyeckast pemterka (a) u pemerku (b) u (c),

IIepuoanveCKue B OJJHOM HaIIpaBJICHUU.
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OnumeM J[Ba NMPUHIAIIAAIBHO Pa3IMYaONIUXCsI CIIOCO0a JIMHEWHBIX BO3MYIIE-
HUIT JBOSKOIEPUOIMIECKON CTPYKTYPhI. 1lepBbiit M3 HUX — yIaJieHrne WjIu 3aMeHa
mesoit mepenru Tea. 1lycTs we — Apyroe Teso ¢ TEeMHU 2Ke FeOMETPUIECKUME CBOIi-
cTBaMu, UTO U y Tesa w. Anasormuano dbopmyse (1) onpemennm MHOXKeCTBa we () 1
TIOJIOZKHIM

le) = (U LGJZ%(i,j))U(B UB ﬂw(ﬂ)), Q) m@)u(ﬁgzw.(ﬁl,m).

ITpu rakom usmenenun (cm. puc. 1(b),(c)) crpykrypa coxpaHser HepUOIUIHOCTD
B0k ocu abenucce. Ilo Bropoit popmyste (2) onpenennm muoxkectsa I, (€) u Il ().
Jlpyroit ctocob BO3MyIIEHUI — yIaJIeHue WM U3MEHEHUE TI0JIOBUHBI [IIEPEHTH:

Q' (e) = Qo(e) U ( U w(ﬂ1,0)>, Q/(e) = Q' (e) U ( U w.(ﬁl,())).
B1=1 £1=0
B §3 umeem jieii0 ¢ 6oJiee CJIOXKHBIMEA KOHCTPYKIUSAME — Y/IaJIeHUe (3aMeHa) TEJ B

JIBYX TOJTyOECKOHEUHBIX IIEPEHTax, 00Pa3yoIuX OTKPBHITHIN BOJHOBO/I B BUJIE JIUTE-

pol L mim V (em. pue. 2(b)(c)). Takwme crpykTypbl 0603HAUAEM COOTBETCTBEHHO
gepes QL (g), QL (e) nm QY (g), QY (¢).

1.3. ITocrtanoBka 3aga4 u o0IMe cBeaeHus: o coekrTpe. Ilycrs ) — oxna
u3 obJsiacreii, omucaHHbIX B 1. 1.2. Paccmorpum crnekrpaJibHyo 3agady Heiimana
i ontepaTopa Jlamraca

—Agu(z) = du(z), € Q, dyu(r) =0, z €09, (3)
U ee BApUAIMOHHYIO (POPMYJIMPOBKY
(Vau, Vov)a = Mu,v)q Yo € HY(Q),

e (+,+)q — CTaHJapTHOE CKaJsipHOe pou3Beienne B ipocTpancTie Jlebera L2 (€2),
a ipoctpanctso Cobomesa H1(£2) cHabKeHO CKaTAPHBIM TPOU3BEIeHIEM

(u,v)q = (Vau, Vav)a + (u,v)q. (4)

Bagaue (3) oreuaer (cm. [4, i 10]) HeOrpaHWYEHHBIN TOJOKUTETBHBIH CAMOCO-
NpsizKeHHbIH oneparop &/ B npoctpanctse L2(€2). Onepatop &/ GyaeM cHaGXaTb
MHJIEKCAMH M apryMeHTaMH, YHacJeJO0BaHHLIMH OT MHOXKecTBa {), Ha KOTOPOM OH
paccmarpuBaercs (cp. 1. 2.1).

Cuekrp o(47) omeparopa &/ B 00IIEM CJydae UPEICTABISETCI B BUJE JU3b-
IOHKTHOTO OO'bE/IMHEHNsI CYIECTBEHHON 0¢s(27) M AUCKPETHON 04;(2/) KOMIIOHEHT:

o(A) = 04i(F) U 0es ().

ITockonbky obmactu Q(e), Qo(g) u Qo (€) nEpHOANIHDL, AUCKPETHLIE CIEKTPBL COOT-
BETCTBYIOIIKX OIIEPATOPOB IycThl. KpoMe TOro, 04eBUAHbl BKIIOYCHUS

o((e)) D o((e)), o(de(e)) D a((e)). (5)

OcHOBHas 11eJ1b pabOThI — NPEJJIOYKUTD MIPOCTHIE YCJIOBHsl, TIPH KOTOPBIX BKJIIOYEHHST
(5) OKa3BIBAIOTCSI CTPOTUMM.
B §4, cienys cxeme, npejyioxkennoii B [1], mposepsieM paBeHCTBa

‘765(*5/0/(5)) = UGS(J%L(E)) = Oes (Ao (€)), 085(25/./(5)) = UGS(EQ/OL(E)) = Oes(Aa(€)).

OHaKO B 00J1ACTSX C OTKPBITHIMEI BOJIHOBOJIAMU He MCKJIFOUEHO TOSIBJIEHUE JTUCKPEeT-
HOT'O CIIEKTPa — OH 00Cy2Kmaercs B 1. 3.3.



OTKpbITHIE BOJTHOBOJABI B JIBOSIKOIICPHOAHIECKIX COUJICHEHUIX obacreii 1211

L Lt
L 5 O-0-0

00000
L L X XX
DEBB S

@
@

Puc. 2. L- u V-06pa3uble OTKPbITbIE BOJIHOBOJIBI.

§ 2. BeckoHe4YHas IIEMOYKA C JIOKAJIBHBIM J1ePEKTOM

2.1. Yactuuynoe npeodbpaszoBanue I'eabdanga. Ilockosbky B 9TOM MyHK-
Te pedb HOimeT TOJIbKO 06 1-NeprHoAnYHbIX 110 IepBoil KoopauHnare obractax $)(eg),
Qe(g) m Qo(g), mMapaMeTp € W MHAEKCH ®, O MO0 BOZMOXKHOCTH He THIIEM HHA B 060-
3HAYEHUN COOTBETCTBYIOMIMX 00acTell, HU B 0003HAYEHUSIX OMEPATOPOB.

ITpumennm yacTuaHOe peobpasosanue Lenbdanma (em. [5] u, Hanpumep, [6;7,

§3.4])

1 )
T Z e~ MRy + K, z9, 23). (6)
kez

U= ﬁ(‘rﬂﬂ - U(‘T’T/) =

Ono ycTanaBImBaeT U30MOPMOU3MBI
L*(Q) ~ L*(0,2m; L2(IT)),  H'(Q) ~ L*(0,2m; H)(IT)), 1 = 1,2,
rae L%(0,27; B) — mpoctpanctso Jlebera byHKIHMit cO 3HAYCHUSAME B GAHAXOBOM

IpocTpaHcTBe B, cHab:KeHHOe HOPMOit

1/2

27
IV L2(0,27: B) | — / IV (n): B|2dn
0

IIpocrpancrBo H%(H) cocrout n3 pyuxmuit U € H 2(H), VJIOBJIETBOPSONINX PAaBEH-
cTBaM

1 ) 1 1 ) 1
U(§7$2,$3) = €”7U<—§,$2,$3), 31U<§,$2,$3) = 6”731[](—5,962,963), (7)

B TO BpeMsl KaK 3JIEMEHThI IIPOCTPAHCTBA H%(H) [TOJTYMHEHBI TOJIBKO [IEPBOMY YCJIO-
Buio (7). Yepes 9; obo3HaueHa YacTHAS IPOU3BOJHAS 10 IIEPEMEHHOI ;.

ITpeo6paszosanne lenbdanna npusoauT 3agady (3) K ceMeficTBy 3a/ad, 3aBUCS-
muX OT KBasuuMmyJbca 1 € [0, 27]:

—AU(x,n) = An)U(z,n), €U, 0,U(xz,n) =0, x€dll\(T-UT}), (8)

¢ yenosuavnm kpazunepuoraoctn (7); 3aech [y = 11N {x; = £1/2}.

Oueparop & (g,n), nopoxaeHHbId 3anaueii (8), (7) Ha mepuosMIeCcKOM B Ha-
IPABJIEHUA OCH To MHOXKecTBe 1(£), nMeeT JIMIIb CYIIECTBEHHBIN CIIEKTD JIAKYHAD-
HOU CTPYKTYPbL

o (e,n)) = 0es((e,0)) = (J Bnle:n);

(@

n=1
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IIPU 3TOM

s

o (@)= |J o(en)=

n€elo,2x] n

B (€), PBnle) = U Br(e,m).  (9)

1 n€[0,27]

2.2. U3BecTHble acuMnToTuKU. Vcnosnb3ys pesynbrarsl u3 [2] (cM. Takke
[8-10] m zmp.), yKaykeM aCMMITOTHKY CIEKTPAJIBHBIX CETMEHTOB %y, (e,n) Ipu € —
0. JIns hopMyTMpOBKH pe3yabTaTa PACCMOTPUM JBE NPEETbHBIE 3aJa9n: 33Ty
Heitmana Ha MHOXKECTBE W

—Ayv(z) =vv(x), T €w, Oyv(z) =0, = € Jw, (10)
u 3aa1y upuxie Ha nmpomexxytke (0, £)

—0%w(z) = pw(z), z € (0,€), w(0) =w(f) = 0. (11)
O6oznaunm yepes 0 = A; < Ay < A3 < ... TOCIEIOBATEILHOCTD, TIOJYIEHHYO [TPU

y4aeTe KpaTHOCTeH 00benHeHneM mocienoBaTeabHocTn 0 = v; < vp < vg < ...
cobcrBennbix unces 3agadn (10) u nBaxkapl (KAK FOPU3OHTAJLHBIE, TAK U U BEPTHU-
KaJIbHBbIE [IepeMbIUKY Ha puc. 1(a) uMeror jmHy £) yITEHHOI 110C/Ie0BATEIbHOCTI
{72202} jeq coberBennbIx ncen 3asmam (11).

Teopema 1. CyImecTByIoT TaKme BeIHIHHBI Oy, Br (1) H Y5 (N), TO
Br(em) = [Mn + ane + Bu(n)e® + O(7?), Ay + ane + Yu(n)e® + O(7/?)].

Dra Teopema sBJIAETCs AHAJIOIOM TeopeMbl 2 u3 [2]| ¢ Toil b pasHureii, 910 B
MOCJIeTHEH PACCMATPUBAJIACH HE JIBOSKOIIEPHOINIECKAS CTPYKTYPa, a OECKOHETHDII
BJIOJIb OJTHOI ocu BoJIHOBO. KoaddunuenTsl ay,, 3, U 7y, ABHO BBIpasKaloTcs depes
cobersennble dynkuun 3a0a4 (10) u (11), a rakxe siapo [lyaccona G(x, y, v) 3amaun
(10). BaBucuMoOCTBH OT TTapaMeTpa 1) HelpepbIBHAS U 27-TleprouiecKas. TodHbIe
dopMysbl 1asee BOCTpeOOBAHBI He OYAYT, OMHAKO MOTYT OBITH IOJIYY€HBI IIPOCTOM
mopudukanueit hopmyn us [2].

OuepaTopsl e (£, 1) 1 (€, 1)) — KOMIIAKTHBIE BO3MYIIIeHUsI oriepaTopa & (¢, 1),
T. €.

UES(%(E’T/)) = o'es(’Q{'(Ea 77)) - 065(%(5777))’
OJTHAKO HE MCKJIIOYEHO MOABJIEHUE Yy HUX JUCKPETHOTO CIeKTpa. llocTpomm m 060c-
HyeM aCUMOTOTHKY IIpu ¢ — ( COGCTBEHHBIX UHCeJ OIlepaTopa e (£,7) B JakyHaX
ero cunekrpa. B §3 OyayT nmpuBeleHBl aHAJOIMYHBLIE Pe3yJbTaThl JJIS OllepaTopa
o(g,m), a TakKe Apyrue 00OOINEHUsT PE3YIbTATOB.

2.3. ®opmasgbHasg acuMOTOTHUKA. llycTh A* — cOOCTBEHHOE YHUCTIO 3a/1aTH
Heiimana Ha MHOMXKECTBE W, 4® — COOTBETCTBYIONIAsT COOCTBEHHAA (DYHKITHST, HOPMHU-
posanHast B mpocTpancTie L2 (w, ). TIpemonokum, 9To TouKa \® JIeXKHUT BHE CIIeKTPa
Oes(4 (e,m)) u, B wactaocTH, A* # 0. Torma y 3amaqm (8), (7) Ha MHOXKecTBe I,
ecThb coberBeHHOE uncio A®(e,7), paclosokeHHOE B OKPeCTHOCTH TOUKU A®. Bosee
TOYHO 9TO YTBEPXKJEeHHe ChOPMYIUPOBAaHO B TeopeMe 2. B 3TOM IIyHKTE IOCTPO-
UM aCUMIITOTHYECKUE npejcraBienus iy A°(n) u cooTBeTCTBYIONMEH COOCTBEHHOM
dbyukuun U(-,n), a B ciepyolieM IyHKTe IpuBegeM obocHoBanue. s mpocro-
TBHI PACCMATPUBAEM MPOCTOe coOCTBEeHHOE uncyao A°®. JlerasbHbBI aHAIN3 KPATHOTO
COBCTBEHHOTO YMCIIa B CXOXKell cuTyanun ObUT IPOBEJIEH B [2].

[Tpumem acuMITOTHYECKUI aH3AIl

A%(e,n) = A* + X ()e? + X5 (1).
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Ansan jyist yuxmn US (-, 7)) yerpoes 6ostee citoxkHO. J1Jist ero onmcanusi BBEIEM Ce-
Jiytorme 0603HAMEHUST: TaCTH TOHKOTO TnHIpa A% (1, ), IPUMBIKAIONHE K TEJTY W
B TOYKax P4, 0603HaunM uepe3 O14, 1. e. O14 = AL(1,0)N{xx; € (h/2,h/2+L)}.
Anajornvnple 9acTH, IPUMBIKAIOIIAE K We B TOYKaX Pt W cofepxammuecs B 11, (),
obosHauuM epe3 Oop, T. 6. Oox = AL(2,0) N {Lze € (h/2,h/2 + ¢/2)}. Acumun-
ToTUYecKoe pazioxkenue pyHkimn U KOHCTpYMpYyeTCs M3 BHEIIHEro Pas3JIOoyKeHUs
u® +e2u® + ... Ha we, BHEIIHIX PA3TOKeHHIT W+ +ewjy ... na©jp npuj = 1,2
U BHYTPEHHUX Pa3JIOKeHUil B OKpecTHOCTSX ToYeK Pjy. IIpumensem meros cpaiu-
BaeMbIX ACHMITOTHIECKUX pasJyioxkeHuit (cM. [11,12] n 1p.) MOTHOCTHIO AHAJIOIUIHO
[2]. Tpusenem kparkyio cxemy mocrpoenns. OYHKIMEH w14 MEPEMEHHON T HAXO-
JIATCA U3 3a7a4
—0fwix — ANwix =0 ma (h/2,h/2+ 1),
wli(ih/2) = u'(Pli), wli(ih/2i€) = 0.

DyHKIMN wot TEPEMEHHON Xz UMET BUJ wai (T2) = wa(ze — h/2), wa_(z2) =
e~ Mwy(xy + £+ h/2), Tye we — pereHue 3aa4n

—03wy — Awa =0 ma (0,£), wo(0) =u*(Pay), wa(l)=e"u(Py).
DyHKINM W14 W W BBINACHIBAIOTCS SBHO:
sin(vA*(z1 F L F h/2))
D
sin(vVA*zy) sin(vA* (22 — 0))
sin(vA*0) sin(vA*0)

BuytTpemnnue passoxemnnst okoso To4uek Pj1 mmeror Bug u® (P4 ) +eVis (z)+
[Tpu 3TOM BesumnHbl Vit (x) = v;+(€+) 3aBUCAT OT OLICTPBIX IEPEMEHHBIX &4+ =

(62,62,

e = el(xa; —n/2), €D =F(-1Ye ey, €5 = las,

" ABJIAIOTCA pEIIeHUAMUA 3a/ a9 Heiimana JJId YpaBHEHU A Jlamnaca na, O6’beILI/IH€HI/II/I
TIOJIYIIDOCTPaHCTBa U HOJ'Iy6eCKOHe“IHOFO KPYyTroBoro nujJanHIapa

E={=(6,8,8) & <0mm & >0, & +1&6)° < 1}

C 3aJIaHHBIM ITOBEJICHHUEM Ha OECKOHEUIHOCTH:

v; () = £0jwjx (£h/2) (xa(€) (2/€) ™ + xr () (&1 + 1))
F (-1)05—ju® (Pix) (xi(€)€2 + xr (§)az)
+ 0su®(Px) (xa(§)&s + xr(Eas) + 0;+(8).  (12)
ITpu sTom x; u X, — TVIaAKHE cpe3arorie PyHKIINN, PABHBIE €IMHUIE HA MHOYKECTBAX
{& <0, [¢] > 3} u {& > 3} u mymo Bre MHOXKecTB {&1 < 0, [£] > 2} u {& < 2}
coorBercTBeHHO. [locTosinabie ay, k = 1,2, 3, BO3HUKAIOT B PA3JIOKEHUSX DEIIEHU

(12) mo HEOOXOMMOCTH U OUPEEJSIIOTCST UCKITIOUNTENHHO 110 CEUEHUIO IIUINHIPOB
A, KpyroBOMy B paccMaTpuBaeMoM ciaydae. OcTaTKu U4 yIOBIETBOPSIOT OIEHKAM

19j(&)] + €IV (€)] < ClEI%, € € suppxa,

|82 (6)] + | Vet ()] < Ce™ &, € € supp x;-

wy(z1) = Fu®(Pit)

wa(x2) = eMy® (P2o)

—u*(Py.)
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Craraemoe u(?) BHeNIHErO PA3IOKEHNS HA We HAXOMUTCS U3 38, TA4M
—Au?(z) = Xu® (z) = \Put(z), =€ w,,
Opu?(x) =0, € dwe\{Pis, Pas}, (13)
ul? () ~ £0jwjr (£h/2)2le = Pix)™!, x— P

O6oznaunm bj+ = £270;wj+ (+£h/2). Pymxrmio u?) mpencraBuM B BHIE CyMMBI
u® = +s, tue

s@) = > Nja@bja®r(@), ®jr(z) = (drlz — Pr|)!
j=1,2,a—+
u Xja(x) = X("T - Pja|)a X € C((:)O[O’+Oo)a
x(ry=1lumpur <rg/2, x(r)=0npur>ry, 0<yx<L (14)

3zmech u masnee s IPOCTOTHL CUUTAEM, YTO BHyTpHU Iapos B, (Pj,) rpaHana MHO-
JKECTBA We IJIOCKAA U, B YACTHOCTH, OpXjo = 0 Ha Owe (cM. [2], roe paccmorpena
00IIas CUTyarys ).

3AMEYAHUE 1. ®ynkiua v’ — pemenne 3agaun
A" (@) = A (@) = AP (nu® () + (Ay + A)s(@), @ € w,, (15)
Ot () =0, € Ow,. (16)

ITpaBag 9acTb ypaBHeHUs B 3aja4e npuHaiexnt L (w,) npu ¢ < 3. Cnemosaresns-
HO, perterne u', ecyu CymiecTByer, nonajaer B npocrpancrso Cobonesa W2 (w,), B
qactHOCTH, Vu" € LP(we) pu p < 6 1 u” € L (w.).

ITockosbky A® # 0, mo asbrepHaruBe OperosibMa yCJIOBHEM PA3PEITUMOCTH
samaan (13), kak u 3amaan (15), (16), cayKuT paBeHCTBO

A () = VA (ctg (VA ) ([u® (P)” + Ju® (Pro) P + Jut (Peo) P + |u® (Por)[)
— 2cosncosec(VA L) u® (P )u®(Py.)). (17)

Jamee moTpebyroTes creayone aCHMITOTHIeCKNE TIeHBl Ha MHOKECTBAX O+ .
DyHKIMN W), SABIAIOTCA PEIICHUAMA 3a1a1

—0fwh o (z1) — Nwip(z1) =0, 21 € (h/2,h/2+ 1),
’wlli(:l:h/Z) = :I:@lwli(:I:h/2)a1:tﬁgu'(Pji)ang@gu' (Pji)ag, w'li(:lzh/Z:I:K) = 0,

a GyHKIUI wh, mMeroT BIA wh , (z2) = wh(wa—h/2), wh_(x2) = e~ Mwh(zo+L+h/2),
rje wh — pelleHne 3a1a49u

— 02wl (x2) — Nwh(xa) = 0, a9 € (0,£),
w’Q(O) = 62w2+ (h/2)a1 — O1u® (P2+)a2 + O3u® (P2+)a3,
w’g(é) = ei”(—agwg_(—h/2)a1 —+ alu.(Pg_)ag + 63U'(P2_)a3).

2.4. ObocHOBaHUE ACUMIITOTUKHU. B MHTErpajibHOM TOXKIECTBE, 0OCIIYKU-
BatomieM 3aa4y (8), (7) na mHO)kecTBe I1,,

(VzU7 vxv)H. - A(n)(Uv V)H.7 (18)
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npobuble pyHKIu V 6epyTes U3 MOIIPOCTPAHCTBA H}, (I1,) dbynxmuit uz H(I1,),
YZIOBJIETBODSIIONIMX TlepBoMy (yCTofanBoMy) ycaoBuioo Kpasumepuomuasocta (7).

CkaJisipHOE IpOU3BEJIeHNe B IPOCTpaHcTBe (1) = H% (T1,) ompesesnM aHAIOTAY-

HO (4) 1o dopmyne (U, V) = (V,U, V.V, + (U,V)n,. Beeaem nomoxnrenbHbIi
HeNpepbIBHBIT onepaTop T'(7) ¢ MOMONIBIO COOTHOIIEHHST

<T(77)U7 V> - (Uv V)H.7 Uv Ve %(77)
Toryia BapuanuonHas 3ajada (18) mepenuceiBaeTcs B BUJIE
(U, V) = (An) + (T (n)U, V).

Tem cambiM oneparop T'(n) sBIsSETCS PE30JbBEHTOlH omeparopa e (£,7) B TOUKe
A = —1. s npoBepKu HaJau49us COOCTBEHHOIO YUCJIA ONEPATOPA e (£,1)) B Ced/2-
okpectHOCTH ToukE A* + A(2) (n)e? nocraTouno ybemuThCA B TOM, UTO Y OHepaTopa
T(n) ectb cobersennoe wncio B Ce®/2-oxpectroctn Touku (1 + A* + A2 (n)e?)~1.
JloKa3aTebCTBO TOC/IEIHETO (DAaKTa OIMPAETCS Ha JIEMMY O «IIOYTH COOCTBEHHBIX»
qUCIaX.

JIemma. ITycre 57 — ruiab6epToBO MPOCTPAHCTBO, J — CAMOCOHDSIXKCHHBIH
omepatop B J, He HMEOIHIT TOYEK CyIECTBEHHOIO CIIEKTPa Ha oTpeske [b — 7,b +
7] € (0,+00). Ecim cymecrByer HerpuBHaJIbHbBIE BeKTOp % € J, JJjisi KOTOPOIO
\TU —bWU; A| < 7||%; H)||, To HA MpOMERyYTKE [b—T,b+ T| ME2KHT XOTS GBI OTHO
COBCTBEHHOE YHCI0 onepaTopa 7 .

CoopyauM «I109TH COOCTBEHHYI0» (DYHKINIO %/ Ha OCHOBE IIPOBEIEHHOI'O aCUMII-
Tormaeckoro anamsa. s sroro Beesem dynkuun x by (x) = x (™! (z — Pj+)), rae
X — cpesatomas dyrkmus us (14). [ycrs eme 27°%(x) = > x4, (2). 3nech n namnee

Re

CHMBOJI Y . O3Ha4aeT cyMmmupoBanue 1o j = 1,2 u o = +. Urak, nojoxum
Jre

U(x) = (1 - 27°(2))(u () + 2P (2)) + Zm Xja (@) (u® (Pja) + €Via(x))
=3 (1 X @)Xa (@) (" (Pia) + (& = Pia)Vou® (Pia) + acbjo®a(x))
IIPU T € W,

U (@) = (1~ X5 (@) (Wja () + €0 (27)) + X (@) (wja (@B /2) + €Via (@)
= (1= X5a (@) Xja (@) (wja (ah/2) + (z; — ah/2)jwja(ah/2) + ewfy (ah/2))
npn @ € Qjo u % (z) = 0 mpn z € Ile \ (we U U Oja).
Bresien emme amorowen Teitopa dymgimm u®:
tia[u®|(z) = u*(Pja) + (z = Pja)Veu® (Pja)-

IIpenyioskenue 1. Bepro coornomenne | % — u®; L2 (w.)|| = O(£3/?).

JIOKABATEJIbCTBO. YKazaHHas HOpMa OlleHMBaeTcs ceepxy cymmoit L2 (ws)-
HOpM

A = [[XGa (u® = tja[u®])

y A12 - HE2(1 — %6)(’&(2) — Z bja)(}aq)ja) )

Jrox

Asz = || XGa(u* (Pia) + €Vja — tialu])].
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Baarosapst popmysie Teitsiopa u®(x) — tjq|u®](z) = O(e?) Ha HOCHTENE CPESKH X0
nMeeMm

1/2
A < ( / lu* (2) —tja[u'](x)|2dac) < Ot < CeT,
Supp X5,

Hopma Ajp ne npesocxomut Bemunnbl Ce? BBy 3amedanns 1, a Hopma Az He
npesocxomut Ce?/? 1o memme 5 uz [2]. O
IIpenyioskenue 2. Bepro coornomenne |V (% —u®); L?(w.)|| = O(3/?).

JIOKA3BATEJILCTBO. IIpoBepka cBoauTcst K 06paboTKe TaKUX L2(w.)—HOpM:

Ao = [l = tialwDVarGall, - Az = [1XGa Ve u® ~ Lialu®])
Agz = HgQ (u(Q) _ Zj@ bjaX}aq)ja)vgg(l _ 5?//‘8)

2 2 1
Az = HE (1= 25)Ve (U( ' Zj,a bjOéXjaq)ja)
1 . .
Azs = || Va (Xja (u* (Pja) + Via — tialu®])]].
IlepBbIe ABE OIMEHUBAIOTCS ¢ MTOMOIBIO popMmysibl Teittopa amst pyHKIUT ©®, a Tak-
e crrefyiomux mabmonenmit: |Vyx5,| < Cye™! u mepa mmozects supp |x5,| n

)

b

)

supp ‘szia’ umeer mopsiok €. CoenoBarennno, Ag < C(e3(e2671)2)1/2 < Ce5/?
u Ay < C(e2e2)Y/?2 < (Ce%?. Cormacmo 3amedanmio 1 omaTh mOIydaeM, UTO
Agg + Agy < Ce?. Hepasenctso st Aos siBIsieTcst ciejicTueM jgeMMel 5 u3 [2]. O
Ilpeanoxenue 3. Bepuo coornomenne | % ; H (0;4)] = O(e).
JIOKABATEJBCTBO. Kak u B npeiozkeHusx 1 u 2, TIaBHBIM YJIEHOM aCHMII-
TOTHKH HOPMBI CJTy?KHT BbIpazkeHne ||wjqo; H(04)] < Ce|lw;; HY(0,0)]]. O
CaexncrBue. Bepno coorromrerue | % ; 7 (n)|| = V1 + A* + O(e).
Teneps o6paboraem wopmy || T(0)% — (1 + A* + A2 ())e2) =1 ; 5 (n)|. Hna
9TOrO JIOCTATOYHO ONEHUTH PA3HOCTD

(v$%> sz)H. - ()‘. + )‘(2)(77)52)(%7 Z)H. (19)

PABHOMEPHO OTHOCUTEJIbHO Beex (yukuuit Z € 4 (n) ¢ equnnanoit Hopmoit. Ipu
IpeobpPa30BaAHNY PA3JIMIHBIX CKAJSIPHBIX TIPOM3BE/IeHNH U3 BhIpaskeHus (19) ucmoss-

syem bopmyity
(V(xu),VZ) = (Vu,V(x2)) + (uVx,VZ) — (Vu, ZVx). (20)
Ilpennoxenue 4. BepHo cooTHOIIeHmEe
(Vo ((1 = 2%)u®), Vo Z)uwy = A*((1 = 27)u®, Z).,
=2, 0 (Va((U = XGa)atialut]), Va2),,,

S Zj . (tialu*1VaXja, VaZ),,, + Zj . (Vatjalul, ZVaXa),,, + 0(55(/2)).
’ ’ 21

JIOKA3ATEJILCTBO. B coorsercTBum ¢ ToxkaectsoM (20) Hammmem e dop-
MYJIBI
(Vao((1 = 29)u®), ViZ)w, = (Vau®, V(1 = Z°)Z))w,
+ (u'VI(l - %8),VzZ)w. - (Vz’u.,va(l - %6))w. == A41 + A42 + A43,
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> (Va((1- X%)X}aﬁja[u']),vzz)w,
=2 (Valtialw']) Ve (1= X5a)Xa2)),
*Z- (talu*1Va (1= Xja)Xja)» Vo Z).,,
=2 (Valtialu'), 2V (1= X5a)Xja)).,, = Ass + Ass + Ase.
Tockombky {A*,u®} — cobcrpennas mapa saxaun Heiivama B we, mveen Ay —

A ((1— Z%)u*, Z).,. Kpome Toro, Agq =0, TaK Kax tjo|[u®| — nuneitnas dbynkims
U ee HOPMaJIbHAs MPOU3BOHAS AHHYIMPYeTCs Ha Ows N SUPD Xj,- PaBencrsa

Va(l= 2 == VaXjar Vel(l=Xa)Xja) = VaXja = VaXia
IIPU JIOCTATOYHO MAJIOM € BJIEKYT 3a CODOM COOTHOITEHUS

Agp—Ags = — ZN ((u®~tjalu*DVeX5a, VaZ),, —Zj . (Ealu®1VaXjo: Va2),,

Agz — Aup = Zj o (VI(U ja[u ]) ZVIXN + Z vmtja[u.]a Zle}a)w.

Cr103k¥B UX, MOJIyYAM NIPaBYIO 4acTh (21). HaKOHeLL7 BEPHBI OIEHKU

[((w® = tja[u*]) VaXfa: Va Z) | SCEEe )2 2 ()| = Ce¥2,
(3 Va (0" — alt D VaXas 171 2),, | € O ez ) 2) 17023 2| < O,
(22)
ABJITIONMMecs cyiegacTeueM gopmynnl Teitopa aaa dyukmuum u®, HepaBeHcTBa ['E/1b-
Jepa, a Tak)Ke HepaBeHCTBA Xapiu mjid QyHKuuM Z, UpudeM 7jq(z) = |z — Pjol.

VIMeHHO 9TH MCTOYHUKY MOPOKIAIOT B CPEJHUX dacTsx (opmyi (22) cremenn napa-
MeTpa € C PA3HBIMHU MOKa3aTeaIsIMA. [

Ilpennoxenue 5. BepHo cooTHomeHmne
(Val(1 = 29)u®), Vo Z)u, = X (1= 27)u®), 2)0, = 2D ((1 = 27°)u*, 2).,
= (sVa(l1 = Z°),VeZ)w, — (Vas, ZVa(1 — ZF))u. +O0(/?). (23)
JIOKA3ATENBLCTBO. Ilocse npumenernst dbopmyast (20) ocraercs: IpOBEPHUTSD,

qTO

W'Vl = Z°),VeZ)w, — (Vo , ZVo(1 — 2%))0. = O(e'/?).

Iepsoe ckansproe mpomssesenue ectb O(e!/?), mockompky dynxius v’ orpanmde-

Ha, Meépa MHO2KeCTBa MHTEI'PUPOBaHUA UMeEET ITOPAIO0K 83, a IIPOU3BO/IHadA CPE3KU —

nopsiiok € 1. JIJIst OIleHKM BTOPOTO CJIAraeMOro IPHMEHsIeM HepaBeHCTBa L'éibaepa
u Xapam:

|(VIU/”,ZV$(1 = 2))w.l

cox, (] enimaer) s

Supp X5,
(r—2)/2
< CZW |supp x5 | NIV LP (wa)-

VuuThIBas, 9TO Mepa MHOMKECTBA SUPD X5, HMEET MOPAIOK €7, TOCTATOYHO TOJIO-
KUtk p = 3 (cp. 3ameqanwue 1). O
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IIpennoxxenne 6. BepHo cooTHOoIIIEHNE
(Vall Vo Z) s — N AND (2N, Z) o, = EZ (VaVias Va (XjaZ)),, +O(E).
(24)

JIOKA3ATEJILCTBO. Biarogaps pasencrsam (21) n (23) gocTaTovHO ONEHUTH
CYMMY CJIE/IYIOIINX BBIPAYKEHUIA:

~(taluIVaxta: VaZ),,, + (Vatjalu], ZVaxts),,, = Act,
e2(sVe(1 = 279), Ve 2wy — (Vas, ZVo(1 = 279))w, = Aga,
(Vo (o (u® (Pia) + €Via)), VaZ),,, = Ass,
—%bja (Va (1= X)X ha®50), VaZ) . = Ass,
22N () (1 = 2%)u®, Z)u, = Ass,
(A° +€2A ) (o (U (Pa) +€Via), Z),,, = Ass,
—(A"+ A M) ((1 = Xa) Xjatialu®], 2),,, = A,
—(A" + A )% (1= X5a) XjaPjar Z),,, = Ass.
IIpumenum TOXK1ECTBO (20) K CKaJIIPHBIM Npou3BeieHusIM Agsz, Agq U MOy IUM
(Vi (Xja (U (Pja) +€Via)), VaZ), = &(VaVias Va(XjaZ)),,.
+ ((u*(Pja) + €Vja) VeXjas vxz)w. —e(VaVja, vaxja)w_ =: 1361 + Bga + Bes,

—%bja (Va (1 = X5a) Xja 2l - —Pja) 7). VaZ)
= —%bja ((PjaVeXjar VaZ),,, = (Va®ja ZVaXja),,.)
+0j0 ((2jaVaXfar VaZ),,, = (Va®jas ZVaX5a),,,) = Boa + Bes.

B nocaenneit dpopmyne yureno, uro (Vy®jq, Vi ((1 — Xia)leaZ))w. = 0 BBEIY
pacroJjioxkeHust Hocureseil cpesamomux ¢GyHknuit. Ciaraemoe Bgy ecThb B IIpaBoii
qactu (24), a Bolpaxenne Bgs B cymme ¢ Agy faeT Hymb, MOCKOJIBKY Xjo = 1 IpH
T € VaXja- Crpynmnupyewm citaraembie Bga 1 Bgz ¢ COOTBETCTBYIOITAMHI CJIATAEMbBIMA
u3 Bg4, a TaKyKe ¢ BhIPAXKEHUSIMU U3 Agy U IOy IuM

((W*(Pja) + eVja — tjalu®] = €%bja (2] - —Pjal) ) VaXja: VaZ) (25)

we’

(Va(u*(Pia) +eVia = tjalu®] = €0ja (2] —Pja))71), ZVaXja) ., (26)

nputem oba Bepazkenus (25) u (26) obraaor maxkopantoit Ce®/? Graromaps jiem-

Me 5 u3 [2|. AnajorumuHoe paccyzKieHue IOIUTCsS U JJIsd CyMMbI cjaraeMbix Agg,
Agr u Ags. Bemmuuma Ags Masia 6aronapst comuozkureso e* u sriodenmo u(?) €
L%(w,). O

IIpennoxxenune 7. BepHo cooTHOIIIEHNE

E . (V:E(/?/7V:EZ)@]'& - (>‘. =+ A(z)(n)sz)(a?/7z)6]a
7,
= § (VaVjas Va 02, (27
€2 jor Va(XjaZ))e,, + OE"?). (27)

JIOKA3BATEJILCTBO. IIpoBepka BIOJIHE AaHAJOTHUYHA IIPOBEPKE IPEJIOXKEeHUS 6,
HAJT0 JIUIIH YIE€CTh MAJOCTDh CEUeHUST ITUTNH/IPOB G);Ta U KBa3UIIEPUOIUITHOCTD PYHK-
mn 7. O
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Ilpensoxxenue 8. BepHo HepaBeHCTBO
1T — (1 + X+ XD () w2 ()| < 2.
JIOKA3ATEJILCTBO. JI0oCTaTOYHO CI03KUTH OlleHKH (24) u (27) n 3aMeTuTh, 9TO

(V VJOHV (Xja )) (V VJCHV (Xja ))6 =0

jo

BBI/Ty TAPMOHNIHOCTH (BYHKIHN V¢, PACTIONOXKEHNS HOCHTENIA (byHKITIN X}a n du-
1
HuTHOCTH (pYyHKIMA X, 2. [

2.5. PopMysIMpPOBKA pe3yJIibTaTa U 00CyXKAeHne. 3aK/I0InTe/IbHOE YTBEp-
KIeHnEe 00 ACHMIITOTHKE SBJISIETCS CJIEACTBUEM IPEIOXKEHUS 8 W JIEMMBI O «ITOYTH
COOCTBEHHBIX» YUCJIAX.

Teopema 2. IIpexnmosoxkum, 9To npocroe coberBerHHoe ancao A°® 3amaqn (10)
He OPHHAJJIEKAT 1ocaesoBareapHocTd {A;}>1, u® — coorBercrByromas cobCcTBeH-
Hast Qpynkius, HopmupobaHuas B L?(w,). Torma mpu gocratodno mMagom € > 0 1
Beex ) € [0,27) y 3agaun (8), (7) B Ils ects coberBennoe umncto A®(e,n), yrosie-
TBOPSIIONIEE OLICHKE

A%(e,m) = A® = AP ()] < 2,

e nonpasounsii wien A2 (n) maiigen mo dopmyme (17).

TakuM 06pa3oM, B yCIIOBUSIX TEOPEMBI 2 PAZHOCTD 05 (e (€))\ 0es (2 (€)) comep-
JKUT He MeHee OJIHOI JIONOTHUTEIbHOI 30HbI TpoxoumMocTr H(e) = [B_(g), B+ (g)],
puIeM

B_(e) = X+ min AP (n)+0(%?), B.(e) = A +e2 max XD (n)+0(?).
nelo,2m) nelo,2m)

Ecimu u®(Py-)u®(Pyy) # 0, To dbopmyaa (17) rapanTupyer, 4To JIMHA cerMenTa %
IOJIOZKUTE/IHHA, U MMeeT HOPSIIOK £2.

OTMeTHM 06CTOATENBCTBO, YIIPOCTHBIICE ACHMITOTHYCCKUI aHAJIN3: ITUPUHA
MHOXKECTBA, We B HAIIPABJICHUAX T U Tz COBIAJAET C IMUPUHON MHOMXKeCTBa w. OT
3TOTO YCJIOBHS MOXKHO OTKa3aTbcsa. CilelyeT JIMIIb IPUHATH BO BHUMAHHE, YTO H3-
MeHeHHUe JIJTMH IepeMblueK MexKIy OyCHHAMH BJOJb OJHOM IIepeHIH TaKyKe MOYKET
OPUBOJUTH K IOSBJICHHUIO JTOMOTHUTENBLHLIX 30H TPOX0oauMocTi. OT4UacTd 3TOT -

dexT obcyx)aaercs B 1. 3.1.

§ 3. PazHoobpa3Hbie OTKPbHIThIE BOJTHOBOIbI

3.1. YpaneHue IIepeHru Teji. Yjasenue uesoii mepenru 6ycun (puc. 1(b))
i Byx noayiepenr (puc. 2(b)) TakKe HOPOXKIAeT JONOJHATETHHbBIE CETMEHTHI
B CYIECTBEHHBIX CIIEKTPAX ONepaTopos s (c) u o (£), Tak Kax omeparop 2/ (e,n)
upu 1 € [0,27) Moxker npuoGpectr (M TPHOOPETAET) JAUCKPETHBIN CHEKTD, OTBE-
YAIOMWH 3aXBAYEHHBIM BOJHAM, JIOKAJTA30BAHHBIM B OKPECTHOCTSX «Y/IJTAHEHHBIX>
TOHKHX HepeMblueK B pererke 11, (g) nm HOL(E).

Teopema 3. IIpeamosoxnm, daro mpu HerkoTopoMm k € N coberBenHoe wmcsio
Ay = m2k2(¢ + 1)72 sagaun JIupuxae na marepsare (0,( + 1) He npuHAAIEKAT
nocregoareapaoct {A;}j>1. Torma mpu g0CTATOYHO MAJBIX € M IPH BCEX 1) €
[0,27) y sazaun (8), (7) B I, ects coberBennoe aucio A°(e,n), yaoBIeTBOpsIOLICE
oIeHKe

[AR(e,m) = A}| < Ce.
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JIOKA3ATEJIbCTBO IPOBOJUTCS MO CXeMe U3 [2]|, KOTopasi TakKe IO3BOJISET
[OCTPOUTH MJIA/IIINE UI€HBl ACHMITOTUKE Benaunbl Af (e, n).

Teopema 3, Kak u TeopeMa 2, obecliedMBaeT MOsABJIEHNE JONOJHATEILHBIX 30H
IIPOXOMMOCTH B CIIEKTDAX OIepaTopos s (e) u /™ (), nmpmaem cummerpus o6iia-
cru QOL(E) OIIATH TAPAHTUPYET UX JABYKPATHOE BXOXKJECHUE B Oeg (%L(E)) Ilyrem
YMEHBIIIEHNsT MHOYKECTBA W (T. €. yBeJMdeHusi COOCTBEHHOTO uncya Vo 3agaqn (10))
TIEePBBI JIONOJTHUTEIIbHBIN CETMEHT, PACIIOJIOZKCHHBII B MAaJIOl OKPECTHOCTH TOYKHA
Ay = 72(€ + 1)72, MOKHO TIOMECTHTH B NEPBYIO JIAKYHY CHeKTpa oes(/(€)). Ybe-
JITYEeHNE MHOYKECTBA W TTO3BOJIIET PACIOJIOKATH JOTOJHATEHHBIN CETMEAT BHYTPH
JIAKYHBI C JIIOOBIM 3a/JaHHBIM Halepe HOMEpPOM.

3.2. V-0b0pasHsblii BoJIHOBOA,. [IpuBeneHHbBIN aCHMITOTUYIECKHIT aHAIN3 TIPU-
CHOCabJIMBACTCS K TEOMETPUUECKH 60JIee CJI0XKHBIM OTKPBITHIM BOJTHOBOJIAM B JIBOSI-
KOIIEpHOIIecKoii permerke ()(¢) u TpebyeT Jnih HE3HAYUTEIbHBIX n3MeHenuit. Ha-
IpUMep, [IPU UCCJIEIOBAHUN CIEKTPa V-00pa3HOTO BOJIHOBOMA, M300ParKEHHOTO Ha
puc. 2(c), caeayer IPOM3BECTH HOBOPOT KOODIMHAT Ha yroa 7/4 m cxxarume B /2
pas. Iosyvennsrii Takum 06pa3oM BOJHOBOJ OyJIET HAIOMUHATEL CTPYKTYPY Ha pHC.
2(b) (B 0Boux ciydasx yJaJeHbl JBe NePIeH UK YJISPHbIE TIOIYIIEPEHTH TeJl U JaCTh
nepembriek). Henomaganne unciaa \p, = 72k2(¢ + 1)72 Ha HeNpepBIBHbIH CIIEKTD
Oes (4 (€)) mo-nipexkHEMY TrapaHTHPyeT 00pa30BaHUE JIOMOJHUTEIBHOTO CIEKTPAIb-
HOI'O CEIMEHTA B Ocg (%V(E))

Puc. 3. L-o0pa3ubiii OTKPBITHIN BOJIHOBOJ, C JJIMHHON IE€PEMBIYKOIL,

MOPOXKIAIONIEH U30JIMPOBAHHBIE COOCTBEHHBINA YUCIIA.

3.3. HuckperHsbrii crieKTp. Teopembr 2 1 3 00€CIIEINMBAIOT CTPOTOCTDH BKJIIO-
vennii (5) M3-3a MOSABJIEHUs JIOMOJHUTEIHHBIX 30H TIPOXOMMOCTH JIOKATN30BAHHBIX
BosH. Onpesennn obiacts QF (g), ormmaatomyiocs or obnactu Qo (g) na puc. 2(b)
JUarOHaJIbHON NEePEeMBIYKON ¢ PaIlyCOM € U JJINHON 2(\/5 — h), coenuHsIONIEdt y3/IbI
¢ nenarpamu (0,0) u (2,2) (puc. 3). BBuay KOMIAKTHOCTH BO3MYIIEHUs PABEHCTBO
Oes (43/7} (€)) = 0es (%L(E)) coMHeHMHt He Bb3bIBaeT. Culeyromuil pesyabTar mosy-
9aeTCs NPY TIOMOIIY ACUMITOTHIECKOTO aHAIN3a U3 [2], a 060CHOBaHNE ACUMITTOTHKH
[IPOBOJIUTCs, HAIIPUMED, 110 cxeme u3 [13].

Teopema 4. IIpeamosioxxum, uTo npu HekKoTopoMm k € N cobcTBeHHOE THCIIO
A = 72k%(2v/2 — h) 2 3agaun qupuxie na uarepare (0,2v/2 — h) ne npumagre:KuT
mu nocaegoBareabaoct {A;}j>1, ai mocrenosarersroctn {22 (0 4+ 1)72},>1. To-
Lia npn joctatouno MagoM € y sazgaun (3) B QL () ecrs cobersentoe uncao A(e),
YV/IOBJIETBOPSIIONIEE OI[CHKE

|A(e) — A| < Ce.
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8 4. [omonnenune

OmnmeMm npeyiozkeHHy 0 B mybsamkaimu [1] nporeaypy BeiBoja hopMysIsl

T (0)) = (U %n@) U( U oulaen))

n€[0,27)

I CYIIECTBEHHOTO CreKTpa 3amadn (3) B obmacti Qe (g), m3o6parkennoii Ha
puc. 2(a). Ilpu srom AB,(¢) — cermentst u3 (9), a 04:(He(€,n)) — AUCKPETHBIN
CIIEKTP MOJIeIbHOM 3amaun (8), 3aBucsimeit ot mapamerpa Pioxke 7.

CuHryssipHasi MOCJIeI0BATEILHOCTD Beiiig B Touke A € 0.5(e(€)) crpourcs
[0 CTAHJAPTHOH cXeMe, HA KOTODPYIO He BjugeT orcyrcrBue (3amada B (e(€)) miam
mamrane (3amada B (a7 (¢)) oTKpeITOrO yriaosoro BomHooma. Bemm A = A(n) €
cai(He(e,n)) m U(-,n) — coorBercTByomasi cobcTBeHHAsT DYHKINSA, IPUHAIIERKA-
mas npoctpanctsy H(Ilq(g)), a 3Ha4UT, SKCIOHEHTMAIBHO 3aTyXaIomast TIPH Ty —
+00, TO MOKamM3OBaRHasA BosHa Proke w(x,n) = 11U (z,n) TOPOKIAET CHHTY-
JISPHYTO TIocyIeoBaTenbHocTh Beitnga uy = || Xnw; L2(Qe(€))|| "' Xyw, rie N € N u
Xy € C®(R) — cpezaromast dhyHkims ¢ rpadbukom Ha puc. 4. B camom sere,

IXnw; L2 (Qa(e)]l = OY2), (A + N Xnw; L2 (Qa(e)]| = O(1),

a 3Ha"uT, uy — 0 cmabo B L2(e(¢)), Tax Kak supp uy Nsuppuys = @ upu N # N'.
IMTousTHO, YTO BTOPOIl pyKaB BOJHOBOMAA, Ha KOTOPOM uy = 0, He CKa3bIBACTCH HA
CBOHCTBAaX TOCJIEIOBATETBHOCTH {Up } .

XN

xz
PARAES QN p g

Puc. 4. I'paduxk cpesaromeit dpyuxmmm X .

ITpuHIUIAIEHO HOBBIM MOMEHTOM B [1] SIBJISIETCST TOKA3ATEIBCTBO CIIEIYFOIIErO
L
daxkra: mobast Touka A € 0es (427. (5)) TIPUHAJIEXKUT TIOJIIO PETYISIPHOCTH OTIEPATO-
pa. Pacemorpum meomHOpoHyIo 3amady Hefimana B BApUAITMOHHON TTOCTAHOBKE:

(Vatt, Vav) g, (o) — A, v)g, 20y = f(v) Yo € H' (Q5(e)), (28)

rie f — (anTn)/mHeiiHbIH HenpepbiBHbI dbyHKIHOHAT Ha H! (Q.L(s)). Jlyta Tpo-
BEPKM yNOMSHYTOro hbakTa JIOCTATOUHO IIOCTPOUTH HPABBIH peryiaspusaTop (ma-
pamerpukc), T. e. Takoii omeparop ZL(e) : H'(QW"(c))" — H'(QW"(¢)), uro
(JZ/.L(E) — N Z%E(e) — Id — kommaxrbiit oneparop B H* (Q.L(s))*. 910 nmenaer-
Csl B HECKOJIBKO IIPUEMOB.

1°. Cuwurasi, 9To U3MeHeHHbIE OYCUHBI PACIOJIATAIOTCS B peleTke Ha puc. 2(a)
BJIOJIB TTOJIOXKUTEILHBIX TOIyoCeil 21 U T2, BBEAEM cpe3atontyio hbyHKImo 27, 00pa-
MIAIONLYIOCA B HYJIb Ha UX MUJIKHIPUYIecKol okpectHoctu ¥ = {z : dist(x,L) < 1},
rme L = {x : x129 = 0,21 + 22 > 0}, u pasuyto exunune npu dist(z,L) > 2.
«Ymuoxum» f Ha cpesky 27 u Hafijiem permenne ug € H'(Q(e)) ananoruunoii (28)
3aja4n ¢ mpaBoii dacreio fo(v) = f(ZLv) B ABosikonepuoamdeckoii obaactu §)(e)
(HamoMUHAEM, UTO TOYKA A JIEKUT BHE CIIEKTpa 3Tol 3amaum). [Iponssenenne 27 ug
aHHyJIApyeTcs Ha ¥ ¥ Mo3TOMY TomajaeT B H! (Q.L (5))*
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2°. Paznocth u® = u — 21U JOJKHA YIOBJIETBODPSATD IIpeXKHel 3a1ade (28) ¢
HOBOI IPaBOil 4aCTHIO

fo(v) = f((1 = 21L)v) = (woVa 2L, Vav)g, r(e) + (Vatuo, vVa ZL)g,r(e),  (29)

npuaeM HOcuTesb byHKIMoHANA (29) pacmosoxen BHyTpH ¥ .

PaccMoTpuM ropusoHTAJIBHBIA pyKaB (BepTUKAJIbHBIA Ha puc. 2(a) aHAIM3U-
pyercs Tak xke). YmHoxkuMm dyskumonan (29) ma cpesky xi°(z) = x*(z1), rae
x*° € C*[R), x*°(t) =1luput >2u x*°() = 0 upu t < 1. Iockonbky byHK-
oHATT fe1 = fo (x‘fo . ) paBeH HyJo npu 1 < 1, MOXKHO nepeiitu K 3anade (28)
B obutactu {e (), 1-nepuoguueckoii Bzoib ocu x1. [IpuMenum K Heil npeobpazoBa-
ure lenbdanna (6) u nomyunm 3amaqay B Ile(e) ¢ mapamerpom @uoke 7 € [0,27) n
HPABOil 9ACTBIO fe1, MMEIOMIEH 10 TOCTPOSHITO KOMIAKTHbI HocHTemb. 110 mpei-
[IOJIOXKEHUIO TOYKA A HE IPUHAIJICXKUT CIEKTPY 0 (e (€,n)) 91Ol 33129, T. €. OHA
umeer perienne Uei(537) € H (Ile(g)). Y6emumcs B TOM, 4TO pelieHne SKCIOHEHIIH-
aJIbHO 3aTyXaeT Ipu To — +00.

3°. Cuenys [6] (cm. Takxe [7, §3.4]), BBemeM BecoBoe npocrpancrso CoboseBa
W} (I1s(€)) ¢ mopmoit [|e?*2a; H' (Il4 (¢)) || m ero nommpocrpancrso W (Ile(€); 1), Bbi-
JlesIsieMOe TIEPBBIM yCJI0BHEM KBasunepuogmanoctu (7). Braromaps xkommaxTHOCTH
HOCUTeNs (DYHKIMOHATA ]7.\1(, 1) on nonaaer 8 W (ITq (€); 7)* npu J1060M BecoBom
nokazarene v € R. CornacHo ofmumM pesynbratam [6] (eMm. Takzke |7, ri. 3, 5])
u3 ycuoBust A € o(%Ze(g,m)), 03HAYAIONIETO OJHOZHAUHYIO PA3PEIIIMOCTh 331891 B
(e (g);n) = Wi (Ile(g); n), BbITEKAET, 9TO Ta ¥Ke 3a/a4a OJHOZHATHO Pa3PeIIi-
va B W5 (Ile(e);n) mpu |B] < Bo u manom fo > 0 (oGmmm st Beex 7 € [0, 2m)).
Takum 06pasoM, ey (1) € Wé (Il (¢); ) upu mexkoropom [ > 0. Ilpumenus 06-
parHoe npeobpasoBanue lenbdania, HOLy<IaeM PEIICHHE Ue1 3a7a4u (28) B (4(€)
I TIpaBoit wacThio fe1, mpmuem e”1%2lug € H'(Q4(g)). B mrore mpomssemenme
X1ue1 € H'(Qu7(¢)) siBnstercsr pemennem samaun (28) ¢ npasoii gacTbio

For (1= x1)0) + [Ag, x1luer = f + f,

y KOTOpOfI IIepBoe cJjiaraemoe O6J'Ia,]laeT KOMITIaKTHBIM HOCHUTEJIEM, a JJId BTOPOT'O
CIIpaBeJIJINBO BKJIIOYEHUE

el € L2(QWh(e)), supp f3 C oz e € [1,2]). (30)
4°. Nrak, HeobpaboTaHHBIM OCTaJICS (DpArMEHT MPaBoii YacTu

fa= F(1 = 27)) + fl + £L.
Yy KOTOPOTO IO TOCTPOEHUIO0 HOCUTEJb KOMIAaKTeH. Kiaccmdeckuii pe3ysabrar [14]

L
npenocTaBisgeT QyHKImo uz € H1 (Q. (5)) C OIATb-TaK¥ KOMIIAKTHBIM HOCHUTEJIEM,
JJIsl KOTOPOI

(Vaus, Vav)g, o (o) — Mus, v)a, 2 o) = (f3,0)a.00) + (Fr0)a,re), v € H (QW"(e)),
npuIeM
felL? (Q.L(E)), supp f C supp us. (31)
5°. Tlomoxkum

RE(E)f = XLuo + X1ter + Xatlez +uz € H' (7 (e)).

Nnmeem (JZ/.L(E) — )\)ﬁ’f eyf—f =14+ f%+ f3, a 3Hagnt, coracHo dpopmyniam
(30) u (31) oneparop (%" () —\)ZE(e)—1d 5 H (Q.L({;‘))* KOMIaKTHBIH. VIMeHHO
9TO 1 TPebOBAJIOCH.
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