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I'maBa 1

IIpocrpancrsa C.JI. CoboJjieBa

1.1 OcHoBHBIE OoIIpeieIeHns 1 0003HAYUEHUS

ITycts € — orkpeitoe mogmuokecTso R™, n > 1, u (Q = R"\ Q — nonon-
Henue MHOXKecTBa {2 j10 Beero npocrpatcrsa R™. Yepes C™°(Q2) mbl 0b03HauaeM
rnpocTpancTBo (ByHKIwmii, 6eckonedno udddepeniupyeMbix B €2, a uepes C™()
— cyxenus Ha ) Gynkuuii uz C°(R™). TIpu srom nog CF(€2) mbl Oyjem nojpa-
symeBaTh MHOKecTBO dyHKImi 13 C°(R") ¢ KOMIAKTHBIME HOCHTEJISIMU, MPU-
naiexxanumu §). Bmecro CF°(2) wacro ucnosb3yercst oboznadenue D(€2).

Ananoruuano onpegensiorcs kiaacesl C*(), C*(Q), C5(Q) dbynkuuii ¢ nenpe-
PBIBHBIMU LIPOU3BOHBIMU LOPSIIIKA, S.

[IpocTpancTBo M3MepuMbIX (DYHKIMIA Ha M3MEPUMOM 110 Jlebery MHoxKecTBe

E CR", pist KoTOpbIX

nfan(E):( [E Iflpda:> <00, p>1.

oyem obosrauars Ly(E). B ¢Boo ouepeip, 101 Ly comp(£2) MBI Oyjiem moHnMaTh
IPOCTPAHCTBO (DYHKIMI, CyMMUDPYEMbIX CO CTEHEHbIO P Ha BCSIKOM KOMIIAKTE,
NpUHAJIeXKAIeM OTKpbiToMmy MHoxkecTBy ). Jlns xkparkocru numem L(E) Bme-
ct0 L1(E) v Leomp(2) BMeCTO Ly comp(€2).

Ecin B 0603Hauenusix mpocTpancTs 1 HOPM OTCYTCTBYET yKasaHue Ha 00/1aCTh
Q, To umeercs B Bujy, uro {2 = R". Unrerpuposanne 6e3 ykazanusi Mpejiesion
TaKKe T0JIPa3yMeBaeTCsl BbIMOJIHEHHBIM 110 Bcemy R™.

Kak 310 npussito, nosaraem |a] = a3 + ...+ a,, a! = aql...ap! n 0% =
(0/0x1) ... (0)0xp)™, ryie a = (g, . .., () — MYJIBTUUHJIEKC.

Beroy nuxke o BY Mbl ojipasymeBaeM oTKpbiThiii map BY = {y : |y —z| <
r} paguyca v > 0 ¢ nenrpom B Touke z € R" a mnox SP — chepy SF = {y :
ly — x| <r}. Ecom x = 0, To Bmecro BY u SY numem jis kparkoctu By u S,



Ob6JiacTh () HA3LIBAETCS 3BE3IHON OTHOCTUTEIHHO HEKOTOPOI CBOEH TOUKH, ec-
JIM JIOOOH MCXOJSIIIMI U3 ITOM TOYKK JIyd UMeeT He DOJiee OJIHOIO MepecedeHms ¢
of.

O6utacts €2 Ha3BIBAETCS 3BE3IHON oTHOCUTENRHO MHOYKecTBa M C (2, ecsin ona
3Be3/Hasi OTHOCUTEJILHO KarkKJIOW TOUYKM, HpuHaiexKaiein M.

st paccTosinns Mexkly AByMs MHOXKectBamu My n My Oynem ncIob30BaTh
obosnauenne dist( My, Ms).

Tosopum, 4ro nocseoBarebocTh GyHkiwi ; € D(Q), i = 1,2,..., cxo-
aaresa K @ € D(Q), ecom naitgercs komnakr K C §) Takoit, 4T0, BO-IEPBLIX,
suppw; C K, i = 1,2,..., a, Bo-BTOpbIX, ||; — @|lcs() — 0 npn i — oo =
BCSIKOTO T€JI0I0 HEOTPHUIATEIBHOTO YUCIa S, TJIe

[Vles) = Z Sup 0%|, e C(Q).

la|<s

Jluneitubiii pyuxiponas f ua D(€)) OyjieMm HA3bIBATH HEIIPEPBIBHBIM, €CJIU JIJIs1
0001 mocsenoBarenbioct @; € D(Q), i = 1,2,.. ., cxondmeiicss K QyHKIUH
p € D(Q),

i f(pi) = f(g).

ONPEAEJEHUE 1.1.1. MHOXecTBO JIMHEHHBIX HENPEPLIBHLIX (PYHKITUOHAJIOB
na D(€)) naspiBaercs npocrpancTBoM 006001enHbix dyukimii D'(€).

Camo D(f)) mpuHATO HA3BIBATH MPOCTPAHCTBOM OCHOBHBIX (hyHKIMit. [leii-
creue dynxiponana f € D'(Q) na ocuonyio dyuknuio ¢ € D(Q) npunsaro
obosnadarh (f, p).

[TpocrpancTso ocHoBHBIX dyHKIW D () MOXKHO HAJIEIUTH TOMOJOTHEN, CXO-
JMMOCTD B KOTOPOii B TOYHOCTH COOTBETCBYET OIUCaHHOM Bbiie. [Ipu srom D' ($2)
Oy/leT COCTOATH M3 JIMHEHHBIX (PYHKIMOHAJIOB, HEIPEPBIBHBIX B 9TOH TOMOJIOTHN.

Leomp(£2) ecrecrBennbiM obpasom BrJIajbiBaercst B D'(€2), ecim Besikyio dyH-
KO f € Leomp(€2) 0TOKIECTBUTH ¢ DYHKIIMOHATIOM, JIEfCTBYONH MO MTPABILILY

(f,so)z/gfsodfc, v € D(Q). (1.1)

B uacruocru, D'(2) comepxur B cebe C(Q2), mockosbky C™(§2) C Leomp(€2).
Oyukiun u3 Leom,(2), nonnmaemble kak 00001IeHHbIE, Oy/ieM HA3BIBATH PErYJIsp-
ubivu. Ouesnro, D'(2) He HCUEPIBIBACTCST OJHUME PETYIAPHBIME (DYHKIHSIM.
B kadecTBe mpuMepa, TMOITBEPXKJIAIONIEr0 3TO, JOCTATOUYHO PAaCCMOTPETh TaK Ha-
3bIBaeMyIo JiesibTa~-pyuknnio Inpaka

(0,¢0) =(0), €D ).



Ynpaosrcnenue 1.1.1. Tlokaxkure, 910 pasnuaubiM QYHKIAAM U3 Loy (€2) co-
OTBETCTBYIOT pasJjuunbie GyHKIponaanbl uz D' ().

[Tycrs f € C(Q). Kak cBsizanbl Mex, 1y coboit 060011eHHbIe (DYHKIMN, OTOXK-
nectBiasieMble ¢ f u npousBojnoi 0 f /0x;? VInTerpupyst o 4acTsiM, IMeeM

[Tocsiensist popmysia HABOJAUT Ha MbICJb Jiyist Besikoro f € D/(Q)) oupejesnuts
df /0x; € D'(2) paencrBoMm

(g;fi’ ):_(f’ 32)7 » € D(Q). (1.2)

Corutacto (1.2) sobast Gynkius f € D'(2) B 0bobueHHom cmbicie judde-
peHnupyemMa 0eCKOHETHOE YNCIIO pas3, IPUYeM

(0°f, ) = (=1)I(f,0°),  »€DQ)

HJId BCAKOTO MYJIBTUMHIAEKCa (.

Ynpaotcnenue 1.1.2. Haiigure npoussognyio or O-gyHkipn XeBucaiiia

0, <0
(9(:1:):{1 x>0

Omeem: 0'(x) = d(x).

O6061eHEbIe DYHKIMA MOXKHO YMHOXKATH Ha OCCKOHEUHO IJIAJKUE, €CJIH JIJIsI

mobbix f € D'(Q) u ¢ € C*(Q) nonoxuth

(Wf,0) = (fY,0) = (f,ve),  ©€DQ).

Ynpaotcnenue 1.1.3. Ilokaxkure, 9T0 NIpHUBEIEHHOE BLIIIE ONpEIeJICHUE SABJIs-

ercst ecrecTBeHHBIM. VIMEHHO, mycThb ¢ : Leomy(2) — D'(2) — Bioxkenue mpo-
crpatcTBa Leomp(€2) B D'(QY), samannoe npasuiom (1.1). Torga (¢ f) = ¥u(f)
aist i0bbix f € D'(Q) u 1 € C(Q).

CrpaseinBa m3BecTHasi (popmyna anddepeHnpoBaHust TPOU3BEICHUST
Wf) =4¢'f+of,
rie f € D(Q) uy € C®(Q).

Ynpaorcrnenue 1.1.4. JlokaxkuTe mocjejinee COOTHOIIEHUE.
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[ajiee Mbl XOTUM BBISICHUTH, KaKUM 0Opa30M y ODOOIIEHHBIX (DYHKIMNA OCY-
1ecTBIsieTcst 3amena nepemennoit. [lycrs umeercs juddeomopdusm oTKpbITOIO
muoxkectsa G C R™ na Q, peanmsyromuii 3ameny nepementoit © = z(y), y € G.
O6parhyto 3ameny Oyjem obosnaudars y = y(x), x € €.

[Tycrs f € C™(Q). Pacemarpusas cynepniosunuio f(z(y)) kak 060011eHHY 0
(GYHKINIO, OUEBUJTHO, TTOJTYyIUM

(@) oly) = / F(x())e(y) dy
- / F(2)p(y(x)) |det |9y 0x]| dx
= (f(@). oly ())\detnay/axub o € D(G),

rie ||0y/0z|| — marpura Akobu.
[Tycrs reneps f(z) € D'(Q2), onpepenum byukuuio f(z(y)) € D'(G), nonaras

(f(x(y), o(y)) = (f(x), p(y(x)) |det |0y /Ox]l]), ¢ € D(G).

Ynpaorcnenue 1.1.5. Jlokaxxure npaBuio JudepeHnnpoBatus CyIepIo3UI

Gyl Z (% j

j=1

Oz;(y)
8y¢ ’

r=r(y)
rie f(z) € D'(Q).

ONPEAEJEHUE 1.1.2. Muoxecrso 06061iennbix Gynkiuu uz D'(§2), upuna/i-

aexxkarux L, () BMecTe co BceMu MPOM3BOHBIME MOPSJIKA 1M, HA3BIBAETCS PO~
crpancrsom C.JI. Cobomesa W (€2).

[Ipocrpancrso C.JI. CoGomesa W' (2) = {f € D'(Q2) : f € L,(Q),0°f €
L,(Q),|a| = m} ecrecTBenHBIM 00pA30M HAJENSETCA CTPYKTYPOil HaHAXOBA TPO-
CTPAHCTBa C HOPMOW

flhwpior = ([ Arrae) = [ 5 ospas
|a|=m

Vnpaosenenue 1.1.6. Hoxaxmure momnory W (§2).

o
ONPEAEIEHUE 1.1.3. Ilox W'(§2) byieM nonnmaTsh 3aMbIKaHie MHOKECTBA
Cg°(€2) B nopme npocrpancrsa W™ (€2).



1.2 Ilnornocts C*(§2) B W'(Q)

Paccmorpum Heorpunaresnbhyto dyukinnio w € C3°(By) makyio, 9o

/w(x) dr =1,

rie © = (x1,...,2,) ER" n>1,dx =dz;...dx, Obosnaunm

wp(x) = %w <%> , h>0.

Pasywmeercst, 6ynem umers wy, € C§°(By), npudem

/wh(m) dr = 1. (1.3)

OTIPEAEJEHUE 1.2.1. Beckoneano ruajkasi (pyHKITHST
up(x) = /wh(:z: —yu(y)dy, = €R" h>0, (1.4)

HasbIBaeTCs yepeatenueM GyHKIUn U € Leomp(R™) o Crekiosy-IIsapy.

JIEMMA 1.2.1. IIyemov u € L,(R™), p > 1. Tozda
(1) Nunllz, < llullz,,
(2) [Ju —upllz, — 0 npu h — +0.

Joxasamenvemeso. Jokaxem onenky 1. (1). [lpumensis nepasencrso Lenbiepa,
Oy IUM

/ dyeon(z — y)luly)] = / dywi (z — y) (i (= — )lu(y))

< ([ aventa - y>); ([ dwente =)

= ([ dvente - plator)’

auist Besikoro © € R™ rie 1/p+1/qg = 1 (B cayuae p = 1 caeayer dbopmaibHO
noJIOKUTh ¢ = 00, 1/q = 0). Takum o6paszom,

/dx\uh(x)\p = /da: (/dym(w—y)\u(y)\)p

< /daz /dywh(:v—y)\u(y)\p

— /dy\u(y)\p/dxwh(ﬂf—y)-

7



st 3aBepiienust jjokazarebersa 1. (1) ocraercst BOCIOJIB30BATHCs COOTHOIIIE-
ruem (1.3).

HokaxkeMm yTBepkjierHue 1. (2). 3aMeHoOil mepeMeHHOl 2 = & — Y TepenuieM
(1.4) B BUIE

up(x) = /wh(z)u(a: — 2)dz.

Tem cambiM,
up(z) —u(zr) = /wh(z)u(x —2)dz — /wh(z)u(a:) dz
= /wh(z)(u(:v —2) —u(x))dz,

OTKY/1a, OYEBUTHO, HAXOUM

/dx lup(z) — u(x)|P < /da: </wh(z)|u(:v — 2) — u(x)]| dz)p. (1.5)

B To e Bpewmsi, BBUJly HepaBeHCTBa lesbjiepa

[zl - 2) = u@)] = [ d2u] ()i ulz - 2) - u(@)

< ([azan) ([ sentoluta ) - u<x>|p);

_ (/ dz won(2) ulz — 2) — u(:r)\p> y

nostomy (1.5) siteuer 3a coboit onienky
/daz up () — (@) < /dx /dz won(2)u(z — 2) — u(@)]?
_ /m dzwh(z)/d:r (e — 2) — u(@)P?
< sup /dm (e — 2) — u() .

|2|<h

st 3aBepiiieHns JIOKa3aTebCTBa JIEMMbI JIOCTATOYHO YOEJUTHCs, UTO

sup /dx lu(z — 2) —u(z)]” — 0 upu h — +0. (1.6)

2|<h
HOC.HG,ILHGG CoOoTHOIIEHNE TPUBHUAJILHO B CJIydaec
u(z) = xn(w), (1.7)
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rjie X1 — Xapakrepucruieckas gpyHkuus napajuienenunesna 11 = (ap,by) X ... X
(@p, by). Ho torpa (1.6) cupaseyuso u st Besikoit u € Ly(R™), t.k. snneiinast
obosrouna ynkiuit Buga (1.7) mioraa B Ly(R"). O

Ynpascrnenue 1.2.1. dus obobmenunix dhyuxiuii f € D'(R™) Tak:ke MOXKHO
ONPEJICJINTE TPOLE/YPY YCPeJAHEHNs, aHaJOrnYHYIO TOil, KOTOPYIO Mbl PacCMaT-
PUBAJIN BbIIIE, €CJIN T10JIOKUTD

fu(x) = (f(y),wn(z —y)).

[Tokaxwure, uro f, € C*(R™) u f, — f B cnabom cmbicsie npu h — +0.
[Tocsienee o3naqaer, 4To

(fn,0) = (f, )

lim
h—+0
711 Besikoii bymkium ¢ € D(R™).

SAMEYAHUE 1.2.1. Jlerko mougaTh, 4to jiemMa 1.2.1 npumenumMa u K pyHKIU-
v u € Ly(Q), tae Q@ — obmacrs B R, n > 1. JeiicTBuTebHO, MpOgoKast U
nysem na 0Q, nomyanm u € L,(R™).

TEOPEMA 1.2.1. ITycmwv ) — ozpanurennas 0baacmb, 36e30HAA OMHOCUMEAD-

o mexomopoti ceoeti mouwu. Tozda npocmpancmeo C*(§2) naommo 6 W' (§2).

Joxazameavcmeo. Bes orpannuenuss obIHOCTH MOXKHO CUMTAThH, UTO OOJIACTD
) 3BesjiHAs OTHOCHTENLHO Hadaia koopiumar. Ilyers w € Wi'(S2). Hna A €
(0,1), koropoe Gymer BbIOpaHo mozxke, obosHaunM v(xr) = u(Ax). OgeBuiHo,
v e WG), rne G = X1

[Tpomomxkum dbynkmmn v 1 0% € L,(GQ), |a| = m, nyrem na (G.

st nponsBoiHON yepeiHerust (PYHKIUT U CIIPaBEIINBO CJIEAYIOIee BhIParke-
Hue

Oue) = [ Lo~ i) dy
— (1) / Pz —yo(y)dy, = ER"

C apyroit cTropoHbl, yepeiHsisi TpousBoHyo 0%v, |a| = m, noayuum

(0°0)u(x) = / wn( — )00(y) dy = (—1) / 0w — y)oly) dy

nng seex ¥ € Q, 0 < h < dist(Q2, CG).

Tem cambim,
(0V)nlg = 0%ilg, o] =m, 0 < h < dist(Q,0G). (1.8)
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Cormacro nemme 1.2.1 npu dukcnposarnrom A > 0 OymeMm umerh

li — =0
hgilo | UHL,,(Q)

Jm ([(0%0)n = 0%l1,0) =0, || =m.

U3 s1ux aByx npejenos u coornomenus (1.8) ciemyer, 4o

hll)rf_lo H?Jh - UHW;TL(Q) = 0. (1.9)

[Tycrs 3aan0 npoussBosibHoe € > 0. Boibepem A > 0 takoe, qTo

c 1.1
v — UHW;"(Q) < > (1.10)
Beuy (1.9) naiinercs, nasee, Bermecrsennoe auciao h > 0, 17151 KOTOPOTro
€
|vn — UHW;n(Q) < B%
O0beaunsgs mocjeHne HePaBEeHCTBA, 3aBepIlaeM JI0KA3aTeJIbCTBO TEOPEMBI.

[]

Ynpaorcnenue 1.2.2. ITouemy MoxKHO BbIOpaTh A > 0 Takoe, 9T0 Oy/IeT BBIIOJI-
rero (1.10)7

1.3 HHTerpajbHble onmepaTopbl CO CJI1aboit 0COOEHHOCTHIO

B sTroMm pasjesie Mbl OyJieM U3y4aThb HHTEI'PaJibHbIE OIEePATOPhI BUIA

f(@,y)
(Au)(z) = | T——ruly) dy, (1.11)
gz =yl
rie E — usmepumoe orpannuentoe nojgmuoxkectso R, n > 1, f € Lo (E X E)
n 0 <\ <n-— HEKOTOPOE BEIIECTBEHHOE YMCJIO.

TEOPEMA 1.3.1. IIyemv» E — xomnaxm, [ € C(E x E), 1 < p < oo,
1/q+1/p =1, u npu smom A\qg < n. Tozda dopmyra (1.11) onpedeasemn enoane
nenpepwenoe omobpasicenue A : L,(E) — C(E).

oxasamenavcmeo. Ilpennosoxum cradasa, 9To p < 0o. ITokaxkem, 910

| f(z,y)]

; |x_y‘A\u(y)\dy < 00 (1.12)

st moboro © € E, u € L,(E).
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B camowm jiesie, BBujly HepaBeHcTBa [esbjiepa

LSyt < ( EMdy); (f u(y)Vﬂdy)’l’. (1.13)

g lr =yl
B To xe Bpewms,

q 1 d
E |z =yl ExE Qs |v —y|M

rjie const > 0 B nmpaBoif 9acTu 3aBUCUT TOJBKO OT f, A, ¢, n, a p > 0 BbIOpaHo
TaKUM, 1T00bI 1map B cojepKasn MHOXKeCTBO F (HaIpUMep, MOXKHO B3sTh p =
diam F).

Omnenkn (1.13) u (1.14) vememienno BjekyT 3a coboit (1.12).

ITycrs, nanee, M — orpanndennoe nojmMuoxectBo npocrpanctsa Ly(€2). Torna
A(M) npenkommnaktho B C'(E).

Heiicteurensuo, Beujy (1.13) u (1.14) cemeiicrso A(M ) paBHOMEPHO OrpaHu-
aeno. [Tokaxkem, uro A(M) paBHocrenento renpepbiBHo. COrIacHO HEPABEHCTBY
[enbiepa umeem juist Bcex uw € M u x1,29 € E

(A)(on) - (Au)aa)] < [ fony) K@) | sy

r =yt s —yA 1
< (/E fony)  fl2a,y) qdy>q
< (/ |u<y>|pdy);. (115)

1 — y|? - 2o — y|*
[Tycrs |27 — x| < 0, e 6 > 0 — BermecrBennoe uncio. Toraa

flany)  fleay) [* flrny)  flasy) |
X | W= X x| W
Ellrr =yl EE ENB;} 21—y |22 — y|
q
X Y x Y
+/ z J‘(_lzy)A_Jf(_2z/)A dy.
E\By} 71 — Y| 22 — ¥l
(1.16)

[Ipu sTOM, OUeBHIHO,

(/EHB;}

f(xlay) f(l'Q,y)

|71 — y\A |72 — ?J|A

1 1
q q q q
ENBy} 71 — Yy

q
l‘ Y
N / f (@ y)A dy
ENB,} |22 — Yy

Q=
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st mepBoro mHTErpaJia B MpaBoil yacTu TOCJEIHEr0 HePaBEHCTBA CIIPaBE/I-
JIUBa CJiejlyIolas OlleHKa,

/ f@ny)
ENBy}

T < const 8",
|71 — 9]
rie const > 0 He 3aBUCHUT OT T, To.

q dy
0y < 1y [

enBz |21 — Y|

Hst BTOpOTO ColaraeMoro BBUy BKJOUeHnsi Byl C B3P crpaBeinBo aHaso-
I'UYHOE HEPABEHCTBO

/ f(w,y)
ENBy}

. < const 6" M,
|29 — |
rye const > 0 Takyke He 3aBUCHUT OT Iy, To.

q dy
0y < 1y [

ENBy? |72 — y|M

[Tycts 3amano € > 0. B cuity cka3zaHHOTO BBIIIE HalETCs BEIECTBEHHOE TUCTIO

0 > 0 Takoe, 9TO
/EQB;%

JIst JIIOOBIX X1, To € E, yJIOBJIETBOPSIONIUX COOTHOIIEHUIO |T1 — Xo| < 0.

Hanee, dyukmusa f(z,y)/|z — y|* menpepuisra na xommakre E x E\ {(x,y) :
|z — y| > J}, a 3HAUMT M paBHOMEPHO HeNpepbiBHA Ha HeM. TakuMm 0OpasoM,
cymecrsyer 1 € (0,9) rakoe, 4To

/ f(:chy) f(332,y)
E\B;}

; o1 =yl e =y

q

g
dy < =
¥=3

f(xlay) f(l’Q,y)

\561 — y|A B |332 — y|A

q

1S
dy < —
¥=3

JUIst BCEX T1, Lo € E| yI0BIETBOPSIONUX HEPABEHCTBY |T1 — Xo| < 7).
Tem cambiM, BBy (1.16) nosydum

/ flzny)  flza,y)

71 — y|* N 2o — y|*
JUIst BCeX T1, Ty € E rmakux, uro |z — 2| < 1, orkyma coryacho (1.15) Gymem

q
dy < ¢

MMETh PABHOCTEIEHHYIO HelpepbiBHOCTHL cemelicTtsa A(M).

ITycts Tenepb p = co. B aToMm ciydae 1o yciaoBuio TeopeMbl ¢ = 1 u A < n.
Unrerpan B npasoii gacru (1.11), oueBuiHo, ompeiesieH i Besakoro @ € F, tak
KakK

|f(z,y)]

EM—yPW@H@

IA

dy
flle UL, /—
I et o) | o

I flleexp llullr g (diam E)™* < oo,

IA
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Kommnakrrocrs oneparopa A : Ly (E) — C(FE) caeiyer u3 oneHkn

f(xl?y) f(l'Q,y)
(Au)(a) = (Au)(a2)| < i) | - dy
e ller —yP - Jer =y
U U3 pacCyxK/JleHuit, npuBejieHHbIxX Ha ¢. 11-12. [l

SAMEYAHUE 1.3.1. Tpebosanus na dhyukiuio f B Teopeme 1.3.1 MoryT ObIThH
ocyiabsiennl. IMenno, ara Teopema ocraercs B cuiie u B caydae [ € Lo (FE X E)N
C(F x E\ diag(E x E)), tne diag(FE x E) = {(z,z) : © € E} — nnaronaib
muoxkectBa F X E. JlelicTBUTE/ILHO, HUYTO HE MELIAET HPEJICTABUTH OlEepaTop
(1.11) B BUgE

fl T,y
i) = [ 2R ay
e A\ — HEKOTOPOE BEIECTBEHHOE YHUCIO TakKoe, 9To A < A\ n A\g < n, a
filz,y) = fla,y)lz —y| € O(F x B).

TEOPEMA 1.3.2. IIyemv p1 > 1, /g1 + 1/pr = 1, A1 > n, u nyemv E
— CeuENUE UBMEPUMO20 02Panu“enno20 mrodcecmea B C R™ naockocmuvio pas-

MepHocmu, S, 20e
n—(n-—Ap <s<n. (1.17)

Tozda unmezpan 6 npasoti wacmu (1.11) cxodumesa nowmu das ecex v € Ey 6
cmuicae mepo, Jlebeza na Eg. ITpu smom (1.11) onpedeasem enoane nenpepvichuii
onepamop A : Ly (E) — Ly, (Es) daa 4100020 6eusecmeennozo wucia py marozo,
YImo

SP1
1< = : 1.1
SP<P= LT (1.18)
oxasamenavcmeo. Tlonoxxum s Besakoro € > 0
fO(xvy)
Aou)(x :/—uy dy
() = [ Sy
' (2, 9)
\T, Y
Acu)(z) = | —%u(y) dy,
(i) = [ EEBug)

rie fo = xof u fo = Xxeof; cooTBeTCTBEHHO, Yo M X: — XapaKTEPUCTUUECKUE
dbyukunn Muaoxkects {(z,y) : |z —y| > e} u {(z,y) : |z —y| < e}
OueBnIHO, Oy IUM

A= Ay+ A..

Orobpaxenne Ay : Ly (E) — Ly, (E;) sBnsercs komnakTHbiM. JlokaxeMm,
aro A. MOXKHO CJIeJIaTh CKOJIb YTOJHO MaJIbIM B HOpMe GaHaXoBa MPOCTPAHCTBA
HEeTIPEPBIBHBIX 0nepaTopoB u3 Ly, (E) B Ly, (E;).
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I[Iycrs w € L, (E) Takoe, 910

lullz,, (2) = 1. (1.19)
Nmeem

(=, y)|u(y)|
[z =yl

Paccmorpum cneppa caydait 1 < p; < po < po, 1 < po. [Ipumenss k mpapoii
qactu (1.20) HepaBenctBo [esbjepa, Haxoum

(A)@)] < [Py [ dy, veB.  (1.20)

/M@MMM@::/%mwwmﬁm@p;d

—dy
|z —y| T S T

P1 %
( / xg(x,y)luA(y)l dy>
g v =yl

e\
y ‘\;t(y);'(A_Al)qQ dy| ,zeE, (121
o=

IA

riae 1/ps + 1/go = 1. Ilpu 9T0M BemmecTBeHHOE YUCIO A; MBI XOTHM BBIOPAThH
TaKHUM, 9TOOBI OBLIO BLIIIOJHEHO COOTHOIIEHUE

()| R)*

E |Qj — y‘()\—Al)(D

dy < const < oo (1.22)

rjie const > 0 He 3apucur ot * € E n or pyHKINKA U.
[Tpeanonoxkum, 9TO HAM yIAJI0Ch 9TO CAEJATh JIJIS HEKOTOPOTO A1, YIOBJIETBO-
PSTIOIIETO YCJIOBHIO
A1pa2 < S. (1.23)

Torma obwemunsas (1.20) u (1.21), 6ymem nvernb

p1
[Acullr,, 5,) < const/ dx/ Xe(@,y)|u(y)| d

|z — |>\1p2

Xe(,v)

< const/ u(y)|”* dy
El ()] i P

< conste® NP2, (1.24)

e ds@ — 3JEeMEeHT S-MepHOTo obbeMa cederns Es, a const > 0 He 3aBUCAT OT U
u €. [locnenuss ornenka oirekaer u3 (1.19) u u3 HepaBeHcTBaA

x dsx
/ L’?j) dsx < / +A < const e NP2,
E, | — y‘ Lp2 {zeE:|z—y'|<e} ‘x —Y | 1Pz
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rie iy — oproronaJjnbHas NPoeKIms Touku y Ha Ey, a const > 0 ne 3aBucur or y
uE.

B cBoto ouepenn, (1.24) Biaeder 3a coboit yrBep:kenue Teopembl. JleificTBUTE b-
HO, YCTPEeMJISIS € K HYJIIO, TIOJyInM

|A:|| = sup HAEUHLPQ(ES) — 0. (1.25)

[ull L, (m)=1

OcTayioch JUIIb YCTAHOBUTD CIPABETHBOCTE (1.22) 1jisi HEKOTOPOTO A1, y/I0-
BJIETBODPSIONIEro ycaosuio (1.23).
Ecin p1 = po, 10 cripaseymBocts (1.22) rapaHTUPYyeTcsi COOTHOIEHUEM

(A= A)g2 < n. (1.26)
[Mojcrasisist go = po/(p2 — 1), nepenuiiem ero B Bu/jie
Aip2 > n — (n — A)ps.

Takum obpasom, coriacto (1.17) cyriecTByer BerecTBeHHOe YUCI0 Aq, JJist KO-
TOPOIo OJIHOBPeMeHHO BbinosHeHb! (1.23) u (1.26).
B ciayuae p; = 1, nonaras B (1.22) A1 = )\ OyzeM, OYeBUIHO, UMETh

|uly )\
Ix—y\“l p Ml dy =1

I[Ipu srom crpasenmmBocts (1.23) Beitekaer n3 (1.18).

Tem caMbIM, MOXKHO IIPEJIIOJNOXKUTE, 9T0 1 < p; < po < po. Obo3HaAINM

ps=p1 /(1 - pr/pe) ) = % o1

[Ipumensisi K jteBoit yactu coorrornenus (1.22) HepaBeHcTBO [esbiepa ¢ mo-
kazarensmu 1/p3 + 1/q3 = 1, nonyunm

e )
(/ iz — y\ A o d?J) " (1.27)

Orcroa caeayer, 9To €CJIn HaM YIACTCS MOJ00paTh A\ Takoe, 9To

<
/ P y\ /\ W dy < const < 00,
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rie const we 3apucut o1 € E| 1o cormacho (1.19) coorrorenne (1.22) rakxe
OyJieT clpaBejJInBo.
[Tocaensist oneHKa HEMEJTIEHHO BBITEKACT U3 YCJIOBHST

()\ — )\1)QQQ3 <n. (1.28)

[Toncrapmsis B (1.28) siBHBIE BBIDAXKEHUST JIJIST g2 U G3 Uepe3 P U Po

o — D2 G — pi(pe — 1)
pp— 1 pa(pr — 1)’
HepeHI/IIHeM €r'o B BUJ€E
~(n— A
A > n—(n )pl.
p1

Takum obpaszowm, st Toro, aTodsl coornomennst (1.28) u (1.23) Oblan ojimHO-
BPEMEHHO BBITIOJIHEHBI JIJIsT HEKOTOPOTO A JIOCTATOYHO, ITOOBI

—(n—\
s _n—(n-Nm

1.29
P2 P1 ( )

Octasoch TosbKO 3aMeTuThb, uto (1.29) cremyer n3 (1.18), u Teopema 1.3.2 B
ciaydae 1 < p; < py < po, 1 < po MOIHOCTHIO JTIOKA3AHA.
[Tycrs Tenepb p; = po = 1. meem u3 (1.19) u (1.20)

|Aculz,, ) < maxl|f / Ay / xe(z )l

ExE |z — y|A
X=(, y)
- dy [ X8V
waIf] [l [ o
< conste™?,

rjie const He 3aBUCUT OT U 1 € (3aMeTuM, 970 A < 1 110 OIPEJETCHUIO OTIEePATOPa

A). Yerpemsisisi B 9TOM COOTHOIIEHUM € K HYJIFO, BHOBb IpUxouM K (1.25).
Hakowner, mpeamosoxKuM, 9To py < pi. B 3TOM ciydae KOMIAKTHOCTH OTOO-

paxenust A : L, (E) — L,,(FEs) BbITeKaeT U3 JOKa3aHHON paHee KOMIAKTHOCTH

orobpaxennss A : Ly (E) — Ly, (Es) n HENPEepbIBHOCTH TOXK/ICCTBEHHOTO OTiepa-
topa I : Ly (Es) — Ly, (Es). O

Ynpaorenenue 1.3.1. Tlogemy oneparop Ag : Ly, (E) — L,,(Es), BBeICHHDIN B
JIOKa3aTeIbCTBE TeopeMbl 1.3.2, sBJsgeTcss KOMIAKTHBIM !

Homnyctum, aro 7 : g — ) — B3aUMHO OJHO3HATHOE OTOOparkKeHre OTrPaHim-
gennpix obnacreit Qg C R"uQ C R*, n > 2, upuuem 7 € C1(Qy) nu 77t € CHQ).
Ob6osnaunm 'y ={z = (x1,...,2,) €EQp: 251 =...=2, =0}, e 1 <s<n
— IeJI0e YHCIIO.
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Muoxecrso I' = 7(I'y) Oyjiem Ha3biBaTh OBEPXHOCTHIO PA3MEPHOCTH § KJIACCA,
Cl

[Tycrs Ey — usmepumoe mo Jlebery mogmuoxkecrso oy, u £ = 7(Ey). IIpo-
crparcteo Ly(I' M E), p > 1, ecrecTBeHHBIM 00PA30M OMPEIEISETCs, KakK MPO-
cTpaHcTBO u3dMepumbix Ha I' N E dyukiumit v Takux, 4T0

HUHLp(mE):( / |v<5>|pdrg) <,
I'NnE

rje dl'e — ssement s-mepnoro oobema nosepxuocru I' B Touke § € I'. Hecnoxkno
YBUJIETH, UTO

dl'r(z) = () dsz,

rie dsx = dxq . ..dxs - 31eMeHT s-MepHoro obnbema minockoctTu 'y B Touke x € Iy,
a () yJaoBIeTBOPSIET HEPABEHCTBY

1 <y(z) < (1.30)

JIJIs HEKOTOPBIX BEIeCTBEHHBIX unces ¢; > 0, ¢o > 0, He zapusnmx or x € [y.
B wacrrocru, v € L,(I' N E) rorga u Tosibko Torga, korga v o 7 € L,(I'g N Ep).
I[Ipu srom u3 (1.30) HenocpeCTBEHHO BHITEKAET, YTO

1 1
cf [lvo Tz, ey < lIVllz,mne) < 5 llvo Tl monE)-

ITocnenee o3navaet, 4To OTOOParKEHUE Tp & U > VO T ABJIAETCSA TOIOJIOIMYCCKUM
romeomopduamom L,(I'N E) na L,(I'y N Ep).

Jlerko mposeputb, uro orobpaxkenue 7 @ Ly (E) — L,(Ey), ¢ > 1, neiicrBy-
[OIIee [0 TOMY K€ IPABUJIY T : U +— U O T TAKKe ABJIACTCH TOMOJOIMYCCKUM
romeomopdusmom npocrpancts Ly(E) u Ly(Ep).

O6osnaunm 1epe3 Arp omeparop, CTaBAIIdil B COOTBETCTBHE (DYHKIUUA U €
L,(E) orpannuenue na muoxecrse I' N E wnTerpasa n3 npasoit qactu (1.11).

Lk *\—1
[Tosiozkum 110 onpejenennio Ap, = 74 o Ap o (7%)7". CkazaHHOe MOXHO MTPOUJI-
JIIOCTPUPOBATDL ¢ MOMOIILI0 KOMMYTATHBHOM JarpaMMbl

L(E) "~ L,(INE)

| |

Lg(Ey) — Ly(To N Ep)

Ar,

Ob6uiacth onpenenernss Dom Ap omeparopa Ap He Iycra, T.K. COIEPKHUT, IO
KpaitHeit Mepe, HysneByio dpyHKImo. OnHAKO JJIsI IPOU3BOJLHBIX P U ¢, BOODIIE
rosopst, Dom Ap moxker e coBmagars ¢ L,(E).
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Pasymeercst, Dom Ap, = 7*(Dom Ar). Tem cambiv, Dom Ar = L,(E) Torna
1 TOJBKO Toryia, Korja Dom Apy = Ly (Ep).
3anmcpiBast onepatop Ar B SBHOM BHJIE

-1
/ ‘7_ y‘/\ ( (y))dy7 :UEFOHE()v

3aMeHofl IeMennbIX 2 = 7 () 1oayInm
T,z
(Ap,u)(z) = / L?\u(z) dy, x¢€lyN Ey,
B |2 — 2]

rjie
2 — 2| det dr(2)])
e @) ),

Tak kak 7! € C*(Q), 0 MmoxnO yrBepKAATL, uT0 fo € Loo(Ey X Ey). Hpy-

fo(xv Z) —

I'MMU CJIOBAMU, Mbl [IpUBeJin oneparop Ap, K Bujy, uzyuennomy B Teopeme 1.3.2.
Buecte ¢ rem, orobpaxenue Ar, : L,(Ey) — L,(I'g N Ey), oueBuino, sBisercs
abCOJIIOTHO HENPEPBIBHBIM TOTJIa U TOJIHKO TOTJIa, KOIJia abCOIOTHO HEITPEPhIBHO
Ar: L, (E) — L,(I'N E).

Mror HammMm paccyKJIeHusM 1ojaBoauT ciejactsue 1.3.1, chopmyninpoBanHoe
HUXKeE.

CHEACTBUE 1.3.1. IIycmo p1 > 1, 1/q1 + 1/p1 = 1, Aq1 > n, u nycmo E
— ceyenue u3Mepumoz0 ozpanudeninozo mmoocecmea B C R™ noseprrocmuio
pasmepnocmu s xaacca Ct. Tozda ecau swnoanenv yearosus (1.17) u (1.18),
mo uwmezpas 6 npasots wacmu pasencmea (1.11) cxodumea nowmu das ecex
r € Es 6 cmvicae mepu Jebeza na Es. Ipu amom (1.11) onpedeasem enoamne
nenpepvisnoill onepamop A : Ly, (E) — Ly, (Es).

Ynpaoscnenue 1.3.2. Hokaxkure coornomenne (1.30).

Pewenue. Kosdunuent () 4ucieHHo paBeH s-MepHOMY 00beMy HapaJiiesie-
UIe/ia, HATAHYTOro Ha BeKTopbl fi = O7(x)/0x1, ..., fs = O7(x)/0xs, Kaca-
TeJibHble K noBepxHoctu ' B rouke 7(x) € T’

(fi. /1) - (Fi, )
v(x) = |det : :
(fs: 1) oo (fsi f5)

OTKYJIa, B 9ACTHOCTH, BHITEKAET HEMPEPHIBHOCTL (DYHKINM 7y Ha KOMITaKTe ().

C sipyroit croponst, y(z) He MOKeT 0OpAIATHC B HyJIb HUE JIls KaKnx 1 € .
B camowm giene, umeeM f1 = dr(z)eq, ..., fs = dr(x)es, Tae dr(r) — KacaTennb-
HOe oTobpazkenne B Touke r € (Y, a e; = (1,0,...,0),e5 = (0,1,...,0), ...,
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e, = (0,0,...,1) — kanonuueckuit 6azuc B R". [losromy, eciu 661 00bem a-
paJuiesIennie)[a HaTaHyTOrO Ha, BEKTOPbI f1,. .., fs, PABHJICA HYJIIO, TO OTCIOJIA
CJeI0BaI0 ObI, UTO BEKTOPHI fi,..., fs, MTUHEHHO 3aBUCUMBI, 8 3HAYUT y OTOO-
paxkenust d7(x) HerpuBHasbHOE 51J[p0. HO 370 NPOTHBOPEUUT HEBLIPOXKJIEHHOCTH
dr(z).
Taxum obpazom,
inf v(x) > 0.
x€Q)

Henpepwisaocts dbyrKImn v Ha {2 Takyke Bjeder 3a coDOi OIEHKY

sup v(x) < oo.
l’eﬁo

1.4 IIpeacraBnenne pyukiuii mo C.JI. CoboseBy

TEOPEMA 1.4.1. ITycmw  — ozpanunennan 06aacmv, 36e30Ma4 0MHOCUMEN-
no wapa By, By, C Q, u nyemv u € C™(QQ), m > 1. Toeda

u@) = Y o /B oa()uly) dy

|Bl<m~1
+ ;m/g)—faif’ze)aau(y) dy (1.31)

daa mobozo x € Q, eder = |y —zx|, 0 = (y —x)/r, pg € CF(By) u fo €
COO(RQTH—I)'

Hoxasamenvcmeo. Tonoxmm

m—1

T ),/ wn(z + t0) "L dt,

Y(x,r 0) = _(mT

rie wp, € Ci°(By,) Takoe ke, kak B pasmene 1.2. Torma 1) GecKoHEUIHO TiiajiKast
QyHKIUSA, TPUIEM

aif(x,r,e) —0, i=0,...m—2
or r=0
" 8m—1 00
m_,élb (I, r, 0) = — / wh(x + te)t"_l dt.
or r=0 r

Ouenuyno rakxke, 4ro ¥(z,r,0) = 0 npu 10cTaTOIHO OOJIBIIKMX T
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Unrerpupyst mo gactsiM, nMeeM Jijisi BCAKOro T € §2

> 0" u(x +1r0) B 10" (2,7, 0) e
/0 Y(x,r,0) S dr = (—=1) e u(x + 1) »
+ (—1)m/ Mu(:ﬁ +r6) dr,
0 orm
OTKYJIa HAXOJIUM
u(x) / wi(z + O™ dt = / Mu(m +7r0) dr
0 0 orm

ot [t T g

I/IHTerI/IpyH 9TO paBeHCTBO 10 9 -~ Sl, B CBOIO O‘{epeﬂb, HO.quI/IM
o0
() / 05,(6) / won( + 10)™ L dt
S 0

B > 0"Y(z, T, 0)
— /S1 dSl(Q)/O — u(x + ro)dr

e [ as) [ v o

rie dS1(0) — snement obbema cdepbl S1. ApyruMu ciosamu,

_ [ 9"l 0) u(z +§)
u(e) / wnle +E)dE = A L *
O"u(x +1r0) d¢

(1) /R bl le e/l

_1 *
r—lel, o=¢/le] 11"

B T0 ke BpeMsi, IO onpeeeHuo (pyHKINT Wy,

/nwh(wé)df —1

Takum 00pa3oM, U3 MPEJIbIIYINEr0 COOTHOIIEHUS CIIEJLYeT, YTO

o™ (x,r,0) u(z + §)
_ ol b) d
o) / o™ e o=esg 1M :
O"u(z + 1) dé

+ (—1 ml w 7575 g Teln—1"
1 [ el =G e

Haxomerr, coBepiitasi B IpaBoii 4acTu mocieiHel popMyIbl 3aMeHy IepeMeHHOii
wHTerpupoBanus y = & + &, mosyaum (1.31). O
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Hajiee HaM 11oTpedyeTcsi 0JIHO POCTOE, HO BeChbMa TOJIE3HOE YTBEPIK ICHUE.

JIEMMA 1.4.1. IIpednoaootcum, umo a < Ag < b — sewecmeennwvie wucaa, M
— wmmnoorcecmeo ¢ mepoti Jebeza i, a f : (a,b) x M — R — nexomopas dpynruus
maxas, 4mo

/M £ )] duly) < o0

f(,y) — abcoarommno nenpepwena na (a,b) nowmu das ecexy € M, u

/(a7b)><M‘ on | dAduly) < oo

/fAydu

cxodumes das mobozo X € (a,b), Pynkyui @ abcosommo HenpepuleHa Ha Uuh-

Tozda unmezpan

mepeane (a,b), u npu smom

dgo_(A):/ af(\y)

ona noumu ecex A € (a,b).

Hoxasameavcmeo. Ilo dopmysie Hoiorona-Jleitbnuna

rof(e
Fou) = f00) + [ 2H0

Jgist Bcex A € (a,b) u nouru Beex y € M, orkyja corsiacio Teopeme OyOunu

HaXOJ UM
0 9
©(N) /A do / 01(0.y) dp(y)

Jist Becex A € (a, b). O

CHEACTBUE 1.4.1. ITycmov ) — oepanuvennas 0baacmob, 36e30na4 0MHOCU-
meavno wapa By, By, C Q, u nyemov u € W), m > 1. Toeda 6ce obobwenmvie
npouseoduvie Gynkuuu u nopadka, ne npesocrodswezo m — 1, npunadiescam
npocmpancmey L,(Q), u npu omom

ou(z) = o [ ety

|5I<m o1
faa L, T, 9) (6}
+ ) e 0 uly) dy (1.32)

|al=m

21



nowmu 6c100y 6 ) das aoboeo myasvmuunderca o maxozo, umo |o| < m — 1,
eder =|y—z|, 0 = (y—a)/r, o5 € C(By) t fa, € C*R>™). Hopmw
npouseodnvr 0°u, |o] <m —1, 6 L,(§2) ydosaremesoparom oyenre

Z 107wl 1, 0) < const ||ullwm o), (1.33)

lo|<m—1
ede const > 0 ne 3a6ucum om u.

Hoxazameavemeso. N3 Teopembr 1.2.1 caejyer, 94To CyHmIecTBYeT MOCJEI0BATE -
Hoctb up € C*(Q), k=1,2,..., rakas, 410

Cormtacno narerpagbaoMy npezcrasiaenuio (1.31) u semme 1.4.1 nmeem

rutr) = 3 o [ cmmdy

|Bl<m—|o|-1

+ Joolt.1,0) g, s dy, ol <m—1, (1.34)

n—m-+|o|
jaj=m "
g eex ¢ € O k=1,2,... tie o5 € C°(By) u fa, € C°(R* ) — nexoro-
pbie (DYHKIINH,

[IpaBasg gactsb (1.34) peasusyer HempepbiBHOE OTOODAYKEHUE MPOCTPAHCTBA,
WiH(S) B Ly(2). B cayuae n < (m — [o])p 9710 He CIOKHO yBUJETH U3 TEOPEMbI
1.3.1 u 3amevanus 1.3.1, a B ciyuae n > (m — |o|)p — u3 reopemsr 1.3.2.

Taxum obpazom,

Z 107uk |z, < const |lug|lwm @) (1.35)
lo|<m—1

rie const > 0 ne 3aucur ot ug, k= 1,2,....

[Tepexojs k npegeny B (1.34) u (1.35) npu k — 00, HEMEJJICHHO 1OJIyYaeM
(1.32) u (1.33). .

1.5 Teopewmnl Biaoxkenus C.JI. CoboseBa. DKBUBaJEeHTHBIC
m
HOpMbI B 1pocTpancTeax W' (1)

Huxke mbr Oysiem mipejinoiararh, aro ) — orpanundennasi 00acth B R”, 3Be3/1-
Hasi OTHOCUTEIHLHO HEKOTOPOT'O CBOEro Imapa, a Fy — ceuenne obsactu ) moBepx-
HOCTBIO pasMepHocTH s Kinacca CL.
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g m
Tosopum, aro npoussognas 0%u dbynxiun u € WH(Q) nopsyka |o| <m — 1
umeer ciel Ha Fg, ecan unrTerpals, crosumii B npasoit yactu (1.32), cxomures
OYTH JIJ1s1 BeeX * € Fy B cmbiciie Mepnl Jlebera na F.

TEOPEMA 1.5.1. ITycmo 0 < [ < m — 1 — wyeavie wucaa, (m — )p < n,
n—(m—-Dp<s<nul<qg<sp/(n—(m—1)p). Tozda sce npoussodnve O°u
nopadka |o| <1 dynwyuu u € Wi(S2) umerom caed na By, npuvem das a106020
myavmuunderca o maxozo, wmo |o| < I, onepamop A, : u — 9%ulp enoane
HENPEPLLEHO 0MOOPAHCAET, NPOCMPAHCTNEO W;”(Q) 6 L,(Es).

Hoxaszameavemeso. Ilpumennm Teopemy 1.3.2 K MHTErpajibHOMY HPEJICTABICHUIO

(1.32). 0

B npesnonoxkennsax reopembl 1.5.1 ciey npousBoguabix 0%u, |o| < I, dynHk-
man u € W' () na Ey MOXKHO OIpeieuTh Cle/ly oM SKBHBAIEHTHLIM CIIOCO-
6oM. Paccmorpum mocieoarensuocts up € C(Q), k = 1,2,..., Takyio, 4ro
lu — ugl[wm@) — 0 upn k& — oo. Cornacno reopeme 1.5.1 orpanuyuenns dynk-
it 0%u, |o| < [, na Ey 0b6pasyior GyHIAMEHTATIBHYIO TOCTE0BATEILHOCTD B

npocrpanctse L,(Ey). Ilpenen sroit mocienoaresbroctu u Oyger ciaegom 07w
na F.

TEOPEMA 1.5.2. IIyemv 0 < I <m—-1, (m—Dp<nul<qg<np/(n-—
(m — 1)p). Tozda W,"(Q) enoane nenpepueno ekaaducaemea ¢ WL(S).

Hoxazameavemeo. Tlonaraem B npegblayIeM yTBEPKIECHUN S = N. N

CHEACTBUE 1.5.1. IIpocmparcmeo Wﬁ(Q) BNOAHE HENPEPLLEHO BKAAIVIGA-
emea 6 WHQ) daa ecarozo | <m — 1.

TEOPEMA 1.5.3. ITycmo (m — l)p > n. Toeda W'(Q) enoane nenpepuisro
enradvisaemesa ¢ C'(Q).

Joxasamenvcmeo. Bocronbayemest bopmymoit (1.32) u teopemoit 1.3.1. [

TEOPEMA 1.5.4. ITycmo F — nenpepuviénas nosyHopma Ha W;”(Q), NONOIAHCU-
MENDHAA HA BCAKOM HEMPUBUAALHOM MHO2OUAEHE CMENEHU, He NPECBOCLOAUET
m — 1. Toeda natidemcsa const > 0 maxas, umo

P

[ullw @) < const / Z |0%ulPdx | + F(u)
0

|al=m

das nobozo u € W) ().
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Hoxazameavemeso. Ilpennosoxum nporuBrHoe. Toria JiJist BCIKONO HATYPaJIbHOTO
k jomkno cymecrsosarh uy € W)(§2) rakoe, uro

1
P

" / S 0wl de |+ Flu)
Q

|a|=m
ObozHavast "
k
v = ——————,
HukHW;n(Q)
Oy/jieM, OYEBHU/IHO, UMETh
HU]C”W;”(Q) = 17 k= 1727"'7 (136)
n
0 ! 1
/ Sl dr | +Fug < g k=12 (137)
Q
|a|=m
[Tocneposarensnocts vy, k = 1,2,..., orpanuuena 8 W)'(Q2), mosromy u3

HEE MOYKHO BBIJICJIUTD MOJITOCJICIOBATEILHOCT, QyHIaMeHTanbHy10 B Ly (§2). s
LPOCTOTHI Oyj1eM 0003HAUATDH ITY HOJAIOCIEI0BATEIBHOCTD TaKKe U, k = 1,2, .. ..
Nz (1.37) caemyer, 910 3Ta MOCIEAOBATEIBHOCTH OyeT (QyHIaAMEHTATbHA U B
WH(€2), a smaunT

dm o = vllwy @) =0

as nekoroporo v € Wi(€2). Tlpmaem 9% = 0 /15 BeAKOTO MyJIBTUHHJIEKCA O
Takoro, 4ro || = m. Takum 0bpa3oM, v — MHOrOUJIEH CTENEHHU, HE IPEBOCXO/Is-
meit m — 1.

U3 (1.37) u nenpepoisaoctu dyuximn F umeem F(u) = 0. Tem cambim, v = 0,
¥ MBI TIPUXOJIMM K riporuBopeunto ¢ (1.36). O

[TPUMEP 1.5.1. Ilycrs Q — obusacts ¢ rpanutneii kiacca Ct u

/ udS
oN

rje dS — snement (n — 1)-mepHoro obbema rpanuibl OS2,

F(u) =

Y

Corunacho nocieueit reopeme, nomyuum Yu € W) (Q)

/ udS| | (1.38)
o0

1
[ullwi(ey < const </ |VulP dx) +
0

rje const > 0 He 3aBUCHT OT U.
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o
B ciyuae u EW;)(Q) dbopmyna (1.38) mpespaiaercs B HepaBeHCTBO O pupux-
ca

Jtll 0y < const ( [ dsc)” , (139
Q

rje const > 0 He 3aBUCHUT OT U.

Bamerum, uro (1.39) crnpaseminpo u 6e3 Kakux Obl TO HU OBLIO TPeOOBAHUIA,
Kacaronmxes riajgkoctu 0€). JeiictBurennbuo, obsacth () Beerga MOKHO TTOME-
CTUTBb B 1map B, jocrarodno OoJibinoro pajuyca r > 0. IIpu aTom Gyjnem umerb

0 0
W,(82) CW,(B;).
[TPUMEP 1.5.2. Onpenensis noayHopMmy JF COOTHOIIIEHUEM

/udx
Q

HOJLY UMM JIJIsl BCSIKOM (DYHKIMKU U € Wpl(Q) nepasencrso [lyankape
/ wdx
Q

TEOPEMA 1.5.5. lIycmo U — V — W — banazxosv, npocmpancmea, npusem
srootcenue U — V' xomnaxmmno, a V. — W — nenpepvieno. Tozda dasn ar06020
seuecmeentozo wucaa € > 0 natidemes xonemanma C(€) > 0 maxas, wmo

F(u) =

9

9

||UHWP1(Q) < const </ |Vul? dx)p +
Q

rie const > 0 He 3aBUCUT OT U.

[ully < ellully + Ce)|lullw
ona ecaroeo u € U.

Hoxaszamenavcmeso. Ilpennonoxxum nporusnoe. Ilyers mHaligerca € > 0 Takoe, 94TO

lurllv > ellurllo + Fllulw

JIUIs HEKOTOpOit mocsieioBaTesbHocTu up € U, k= 1,2, .... Obo3snauum
%:H£%/ k=1,2,....
Torna nis Becex k= 1,2, ... 6yneM, O4eBUIHO, UMETh
vl =1 (1.40)
u
ellvello + Ellvk|lw < 1. (1.41)
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Tem cambIM, TTOCTIEIOBATEIHLHOCTD Vg, k = 1,2, ..., orpanudena B HOpME MPO-
crpatncTBa U, 1 B cuity KOMIIakTHOCTH BJjioKeHusi U — V' u3 Hee MOXKHO BbIOpaTh
TIOJTIIOCJIETOBATETLHOCTD, CXOJIAIIYIOCS B HOPMe MPOCTpaHcTBa V' K HEKOTOPOMY
snementy v € V. Urobbl He 3arpoMoXKjaTh WHJEKCOB, OyjeM 00O3HAYaTh ITY
OJIITOCTIEIOBATEIBHOCTD TakxKe v, k= 1,2, .. ..

[To yenosuto V' HernpepbiBHO BRI gbBaeTcs B W, nosromy ||vg — vl — 0 mpu
k — oo. Onnako, u3 wepasencrsa (1.41) Boitekaer, uro ||vg||w — 0 npu k — oo,
Takum obpazom, v = 0. Tlocseree Haxogurces B mporusopedn ¢ (1.40). O

CHEACTBUE 1.5.2. IIycmo 1 < | < m. Tozda daa mobozo € > 0 natidemcs
nocmoannas C(€) > 0 maxas, wmo

P

oy < | [ 3 torupde ) o) ( [ upac)
Q) Q

|a]=m
das ecaxoeo u € W(Q),

Jokazamenvcmeo. Ionaraem B Teopeme 1.5.5 U = WM(Q), V = WH(Q) u W =
L,(S2). N

SAMEYAHUE 1.5.1. Pasymeercst, Teopembr 1.5.1 — 1.5.4, a Tak»xKe CJeICTBUS
1.5.1 u 1.5.2 ocratorcss B cujie u B ciydae, Korja ) sapisiercss 00beuHeHrneM
obJiacTeil, 3B€3/IHLIX OTHOCUTEJHLHO HEKOTOPBLIX CBOUX IMApoB. TeM caMbIM, 3TH
YTBEPXKJICHUST CIIPABEJIMBBI JIJIsT BEChbMa, IMIUPOKOTO Kiacca obsacreii 2 (Hampu-
Mep, JIOCTATOYHO HoTpeboBaTh, 4rTobbl J€) umesno Kiaace riaajkocru C 1).
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