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Stu g;; Ha3LIBAWTCS QyHKyuamu nepexoda (a Takke orobpaxke-
HUSMH HJIM MATPULAMU nepexoda) paccoeHus E.

Ecan & ects CP- (wnum R- mau C-amanuTHUeckoe) pacc/oeHHe, TO
g ssasores C*- (unn R- wian C-ananuTnueckuMu) 0TOGpaskeHHSIMH.

3.1.3. 3ameuanuda. OOGpaTHO, nycThb X — TONOJOrHUECKOE Xaycaop-
doso mpocrpactBo u U ={U;]}—otkpeitoe nokpuitue X. Ilycrs
gt U;y— GL(g, C) — HenpepbiBHBIe OTOGpaXKeHHs, TaKHe, UTO

gij (%) gja (%) = g (%)
aas seex x&U;NU;U, O6osnaunm yepes S TONOJOTHUECKYIO
cymMmy Ui(U,-XC"X{i}). Onpemennm Ha S OTHOIIEHHE >KBUBAJICHT-
HOCTH ~, TIOJarasi

(v, 0, ) ~(, v, j), eecim ¥'=x n v =g,(x)v.

Jlerko INpOBEPHTb, YTO 3TO OTHOLIEHHE OTKPHITO, a ero rpaduk
3aMKHYT; MN03TOMy ¢akropupoctpanctso E =S/~ xaycnopdoso.
IMycrs p’: S— X — oroGpaxkenne

(x, v, )—>x.

DKBUBAJIEHTHblE TOUKH IIPH OTOOPaKeHHH p’ MMEIOT OJHHAKOBHE 00-
passl, H nosTOMy p’ ompejensieT HempephlBHOE oToOpakenue p: E— X,
Ecau n: S — E — ecrecrBeHHOE 0TOGpakenne GakTopnpoOCTPaHCTBA, TO

pt U=, v, i): x€U,;, v=CT,

H, ciepoBaresbHO, orobpaxenue m|U;X C? X {i} saBasercs romeo-
mopdusmom Ha p~'(U;). Otcioma cpasy cJenyer CyLlecTBOBaHHe
romeoMopdusmMa

o p~ (U)—->U,;xC?
co cBolicTBaMH, Koropble TpeGyiorca B onpemenenun 3.1.1. Taxuwm
o6pasoM, E=(E, p, X)— BekropHoe paccsioenne. M3 ckasaHHOro He-

TIOCPEJICTBEHHO cJieAyer, YTO (GYHKUUAMH Ilepexoja pacc/oeHus §
(orHocuTenbHO TOKpPHITHS 1) gBASIOTCA Kak pas OTOOpaXKeHHs g;;.

Ecau X sapaserca CP- (R-, C-amaqumTHYeCKHM) MHOrooGpasmen,

TO TpHBEJeHHAas Bhillle KOHCTPYKuHus 3agaer C*- (R-, C-amauuruue-
CKO€) paccJ/ioeHHe.

3.1.4. 3ameuanue. Ilycts §=(E, p, X)— BeKTOpHOE pacc/]oeHHe H
gij+ UiﬂUj*GL(q, C)

— MAaTpHIL Hepexojfa pacc/aoeHus £ oTHocHTebHO MOKphiTHE U ={U}

npocrpanctsa X. Ilycrb {V},o , — u3Meabuenue noxputusa U u

T =T
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— «H3MeJbyaoiee oTo0paxeHHe», T. €. TaKoe OTOGparxkeHue, uTo
Vo<Ugy Aast Beex asof, Ilyets hyg— cyxenue 8ria) (g HA

Vo Ve, a g =(E', p/, X)— BeKTOpHOE paccC/OeHHe, MOCTPOCHHOE, KaK
B sameuanuu 3.1.3, ¢ Qynruuamu nepexona {hq}. Torna E’ spasercs
(bakTOpPNpPOCTPAHCTBOM IPOCTPAHCTBA

= (Ve xC?x{a)).

es=A
[ycts u': 8’ — E — oroGpaxkeHnune, ONpee/sieMOe yCIOBHEM
4 —
u'(x, v, @) =@ (x, v),

rnei=1(a) u @; p" ' (U)—->U,xCI— HsoMopcbnst HHIYLIHPYIOUIHE
byHKIHY nepexona g;;. Torpa oroGpaxenue u’ HHIYLUUPYET H30MOP-
dusm u: g—>E.

3.1.5. IpEnsoxeHuE. ITycrs £ =(E, p, X), &'=(E’, p’, X) — dea sexrop-

notx paccacenus u W={U}, W = Ua} — 08a OTKPOLTOLY MOKPOLTU X.
Hycre (g}, {g¢) — marpuyer nepexoda 0as &, ' cooreercrsento,

onpedeasemvte nokpeiruamu W, W cooreercreenno. BekrTopHeie pac-
croeHun § u & uzomoppuer 8 TOM U TOALKO 8 TOM Caydae, Koeda
8bLNOAHEHO Caedyioujee ycaosue:

Cyujecrsyror obujee usmenvuerue

B = {VA,};\,EA
nokporruit W u W u usmersuarouyue orobpaxcenus
™ A>T, v A—> o4,
TaKue, 4ro
VacUsmNUvay

Kpome T020, CYuecTsytor Henpepolensie orobpascenus hy: V,—>GL(q, C),
raxue, 4To 018 6cex xEV,NV,

7o (%) €y o (0 By ()7 = 87y 1y (0):

4 Cornacio 3ameuanuio 3.1.4, MB MOXKeM cuuTaTh, uro U=1
H UYTO 3TH HOKPHITHS HMEIOT OLHO M TO XK€ MHOKXECTBO HHIEKCOB A.
D10 obuiee NOKpLHITHE MBI 0603HAUMM uepes B,

[Ipennonoxum, 4yto cyuiectsyer usomopdusm u: §—&’. Ilycts

0, p (V)= V, XC% g p 7 (V,)—>V, XCF

— H30MOPhH3MbI, HHIAYIHPYIOUIHE MATPALB [ePexXoia g,,, g, COOT-
BeTcTBeHHO. Torga otoGpaxenus

—a oo m=!
U, =@, ~ Loy
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siasiotcss usomopduamamu V, X C? ua ce6s. ITostomy cymiectsyior .
HeNpepLBHEE OTOGPAXKEHHS
hy: V,— GL(q, C),
Takue, uyToO
u(x, v)y=(x, b (x)v), x&V,, veC

Hanee,
7—1

uho@AoQ);‘ou;l:(p;o(pu ,
a TakK Kak qJ,boqaljl(x, 0) =(x, iy (x) v) u auHaJjoruyHast ¢dopmyJa

] -1
cnpaBefTHBa LA @y ° @, , TO MBl NOJNyYaeM DaBEHCTBO

h 1

= g;u_
O6paTHo, TIPEeANoJIOKHUM, UTO CYLIECTBYIOT HENNPEPhIBHBIC 0T06pa}KeHHﬂ
h?»: VA._> GL (qr C)’

hg?»u u

Takue, 4TO
h,‘gmhgl = g;»u’
U ONpejeuM OTOGpa’KeHHS
% P! (V)= Vi XCh qp: p 7' (V) >V, X €
TaxK Xe, Kak Bolime. ITosoxum
(%, v) = (x, hy(x)0)
M pacCMOTPHM oTofpaxkeHue
% euy o @y pTH (V)TN (V)).

OueBHIHO, OHO siBAsieTcs H3oMopdusmom. HemnocpeacTseHHO NpoBe-
psercs, uro wa p~'(V,) N p~'(V,) uMeer MecTo paBeHCTBO
r—1 =1
04 ouho(ph__q)u ouuo@u,
SrtuMm onpeneasieTcss usomopdusMm u: ¢, p

3.1.6. 3ameuaune. Ilycts &, =(E|, p;, X), . =(E,, p,, X)—nBa
BEKTOPHBIX paccioenus. Ilyerb a=X u E,=E, ,BE, ,. O6038auum
yepe3 E IH3BIOHKTHOEe O0'beJHHEHHE MHOXKecTB FE !

E= ] E.
as= X

u o6o3nauuM uepe3 p: E— X oroGpaxkenue e—>a, ecan e E,.

Ecau U — otkpriToe noxMHoxkecTBo X, AJsi KOTOPOro CyLIECTBYIOT
H30MOp P U3 MBI

e p;'(U)y—>U xC% @y p, (U)—>U X C*,
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TO BOBHHKAET GUEKTUBHOE OTODpaxkKeHHe
-1
@ p  (U)—>UXC" %,

onpesesisieMoe YCJIOBHEM e @Pe,—>(x, vy, vy), Tae @ (e)=(x, v),
Qo (es) = (¥, vy). Scno, uro Ha E uMeeTcs €IMHCTBEHHAs TOMOJOTHS,
OTHOCHTEJIbHO KOoTOpoH MmuoxectBa p~!(U) orkpuitet B E, a Bce
onpejieJieHHBle BHILE OTOGpaKeHHA ¢ ABJAIOTCA TrOMEOMOpdH3IMaMH.
Bekropuoe pacciaoenne §=(E, p, X) ¢ 3TOH TomoJorueil HaseBaeTcs
npamoii cymmoii (Man cymmoti Yurnu) paccloeHHdl & H E; ee MBI
Oynem 0603HauaTb CHMBOJIOM

§=§1@§2-

Ecnu paccioenus &, & 3ajaioTcs MaTpuuamu mepexona gi), gﬁJ
oTHocuTeabHO mokpeitua {U;} npocrpadcrBa X, TO MaTpHUH mnepe-
xona s £, moJyueHHble M3 YKAa3aHHBIX BhIE H30MOp¢H3MOB, 3a-
LaloTCsl pPaBeHCTBOM

gilx) 0

g, () =gW(x)Dgf) (x)= 0 g2/

3.1.7. 3aMeuanue. Ecau §;, E,— BeKTOpHBIE paccsaoeHuss Hapg X, To
AHAJOrHYHHIM 06Pa3oM MOXKHO OIpeJeJHTh BEKTOPHBIE PacC/IOeHHs

E1®&, Hom(, &) u A(E),
TaKHe, YTO [/ J060ro a & X Mbl COOTBETCTBEHHO HMeeM
Ea=El.a®E2.ar Ea=H0mC(El,m E2,a)v Ea=/\pE].a,

rae (E, p, X) o603HauaeT COOTBETCTBYIOLIEE DPaCCJOEHHE.
Ecau &, =0, — TpuBHaJbHOE pacc/joeHHe paHra l, To paccioeHnue

Hom (g, ¢)=¢;

HA3HIBACTCSH CONpAMEHHbIM K E; CJOH 3TOTO PAacCJOEHHST B TOUKE
a <= X sIBISIETCH NPOCTPAHCTBOM, CONDSXKEHHHIM K CJIOI0 E, B TOUKE 4.

BekTopHOoe paccsoenue &; ® E; Ha3bHIBAETCH TEHBOPHLIM npoussede-
Huem paccaoeHud E;, &y, a AY(§;) HasblBaeTcs p-ii BHewHell CTenensro
paccjoeHust &;.

Ecan {U;}— ortkpriToe noxkpoitme X, a paccnoenus §,, & mnopo-
HKJIAI0TCSl MaTPUIaMK Tepexoia gi, gﬁ’ COOTBETCTBEHHO, TO § = ®E,
HMeeT MaTpHUb Nepexoia g;;, OupefenseMble PaBEeHCTBOM

8 (x) = g(ili) (x) ® g(i2j) (x)s
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Ijle TOCJefHHI YJeH O3HauaeT KPOHeKepoBo'!) (Muu TeH30pHOE) mpo-
*
H3BEJeHHe I:/Ia’rpnu gg]) H g(i2]). Hauee, paccioenne §; AMeeT MaTpHILI
epexoia g;,, ONpejensieMble PaBEHCTBOM
* t -1
gg/(x)= gij(x) ’

rne ‘A— maTpuna, TpaHCNOHHpOBaHHasg K A.

Hsomopidusm
L ® M*~Hom (M, L)

J11 KOHEYHOMEPHBIX BEKTOPHHIX mpoctpaucts L, M, rrze M*— conps-
KeHHoe K M, mopoxkaaer H30MOp(dHIM

§, ® &~ Hom (g, &),

rae &;, E;— BEKTOpDHBIE pAaccIOeHHdA. B yaCTHOCTH, AJIS MOGOro Bek-
TOPHOTO DPAacCC/JIOEHHS § HMeeTCs eCTEeCTBEHHBIH H30MOpdu3M

£ ®¢& ~Hom (g, ).
IMycts &, &, g{, &, — BEKTOPHBIE paccjoeHus Haj X, U NyCTh
us t,—E, k=12,
— otof6paxenns paccaoenuit. Torpa ans Kaxzao# Touku a <X onpe-
nenaener C-nmuHefinble oTOGpaxeHus
uk, a: Ek, a - EI;, a
Ee=(Ep Pp X), t1=(EL Pp X)). Onn unpynupyior C-nunelinnie
oTo6paxKeHHus
u'l, a ®u2. a: El, a® EZ, a_>E;, a®E;, a’
KOTOpbIe B CBOIO OUepe/b ONPENeJAT MOPDHHIM
U ®uy § @ QF,

. 7
Ananoruuno, fas mwo6oro paccnoenns § MopdusMel u: § —>§ AHAY-
IHPYIOT OTOOPAXKEHHsT PaCCJIOeHHH

Hom g, &,)— Hom (g, &) Hom (g], &)~ Hom (g, ).
B 4acTHOCTH, MBI MMeeM MOD(hU3MBI
B &, A () A7 (E) > A7 (&)

1) Eciu A u B —xBanpathele (n X n7)-MaTpuuB, TO HX KPOHEKEPOBHIM HOPOHU3-
BegenneM A @ B HasmBaeTcst MaTpuua pasmepa #? X n?, KoTopas NONYHaETCH, CCJH
BMECTO KaWJIOr0 SJEMEHTa a;, B MaTpHIe A nocraButh (r X n)-Marpuny a”B; KO-
poue, ARB= (ai].B). Dra MaTpHUa oupenenseT JHHEAHLIH ONePaTOP B TEH3OPHOM
NDOM3BENeHAHN ABYX A-MEDHHX BEKTOPHHX NPOCTPAHCTB, AGHCTBYIOMHA M0 Qopmyse-

(A @B) xQy) = (Ax) ® (By). - Hpum. nepea,
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3.1.8. 3aMEuAHHE. COOTBETCTBYIOUIHE OINpEJeJ]IeHHs] MOXHO IpHMe-

HHTh K JEeHCTBHTEJbHBIM BEKTODHBIM PAaccC/qOCHHAM, a TaKXe K Ck-,
R- u C-ananuruueckum BEKTOPDHBLIM DPAaCCJOCHHAM.

3.1.9. Tpumep. Ecam V ects C*- (R-amamuTuueckoe) MHOrooGpasme
pPa3MepHOCTH 7, TO KacaTeJbHOE paccJoeHHe

TWV)= U T. v),

asV

pBejgeHHoe B § 2.2, aBasdeTcss AeHCTBHTEJNbHBIM Cck-1- (R-ananurnue-
CKHM) pacc/JOeHHEeM paHra n; TakKMM XKe SBJseTcs H KOKacaTeJsbHoe

paccJoenne
Tvy= 1,W.

asV

Paccioenne p-popm AP T*(V), onpenenenHoe B Teopeme 2.2.8, mpen-
craBJasieT co60i p-10 BHemHol crenels AP (T*(V)) paccnoenus T (V).

Ecau V — xoMIJIeKCHO aHajJuTHYeCKOe MHOroo6pasue, TO BCE€ 3TH
PaccJOeHHsT SBJSIOTCS TOJOMOP(GHBIMH BEKTODHBIMH DAacC/JOEHHSIMH.
KpoMme TOro, Ha KOMIJIEKCHOM MHOrooGpasuu V MB MOXKeM Ompeje-
JHTh paccjoeHue ¢opm tuna (p, q):

* * \
go,q(v)z U gﬂ' q(V’ a)
asV
(cMm. sameuanue 2.4.10). dr1o ecrb R-aHAaNIHTHUECKOE KOMIJIEKCHOE
BEKTODHOE paccJjoeHne Hang V.

3.1.10. OnpeneneRHE. [Tyets V ecTh CF-Muoroo6pasue u &= (E, p, V)—
mo6oe C*-BextopHoe paccioenne Han V. Ilyers U — otkpeiToe mof-
muoxecTBo V. Hasosem C*-cewenuem s paccnoenus & mam U Beskoe
CF-oro6paxenne s: U E, Takoe, uToO 0T06pax<e1me pes TOXKIe-
CTBEHHO Ha U MuoxecTBO Takux ceueHMH MH OygeM 0603HAuaTh
cumBosoM C* (U, §).

Hawm npupgercs paccMaTpuBaTh He TOJILKO HENPEPHIBHEIE CEUEHHS §;
Torga 310 6yAyT orobpaxenus s: U — E, AJsT KOTOPBIX p o 8 — TOXKJe-
CTBEHHOe oTofpaxeHue.

Ecan s — npounssosipHoe ceuenne & Hax U, 1o nocutesem s (B U)
HasbiBaeTcs 3aMmbikanue B U wmuoxecrsa {a <= U: s(a) == 0,}; snech
0, — HyJ/IEBO# 3@ MeHT BeKTOpHOro mpocrpaucrea E, = p~!(a). O6siuno
MBI GyzeM omyckaTh HHAekc a u BMecto 0, mucats mpocto 0.

MgroxectBo C*-ceuennii paccaoenus § Hag U, uMeIOUIHX KOMIAKT-

k
Hble HOcHTeJd, o6osnauaerca cumBosaom Co (U, E).
3aMeruM, uto ecan &=, — TpHBHAJbHOE pACC/OEHHE paHra g,

t0 MHOKecTBO CF(V, ¥,) MOXHO KaHOHHYECKH OTOXIECTBHTb C MHO-

JKEeCTBOM Ha6opoB u3 ¢ dyHkuuit kiacca C* wa U. Kak u B 1. 1,
Ml OyaeMm ynoTpelJsTh A/ HEro 0GOo3HaUeHHE c* (U, q). Anano-
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ruuHo, Cs (U, ﬁ,,)=Cg(U, g) ecTb MHOXecTBO HaGOpOB H3 ¢ QYHKUHH
Knacca C* ¢ KOMMAKTHHIMH HOCHTEJISIMH.

‘Tlyers §=(E, p, X) — BeKTOpDHOe DPACCJOCHHe C MaTPHIAMH nepe-
X0ja g;; OTHOCHTe/JbHO OTKphTOro mokphitusi {U;} u

o p'(U)—->U, XC*

— cOOTBeTCTBYIOIMUe H3oMopduamel. Ecau s — cevenue § Hapg X, TO

0TOOpaKeHHs
S;=@Q;°8: Ui"")Ui X (0

ONpeaesaT OTOOpaKeHHus
o U,—»C%
Tax kak @;'os,=s, 10
§,=Q; O(pj_l OS];
OTKY/a CJEIVEeT, YTO
0;(x)=g;; (x)0;(x) nnsa Bcex x=U;NU;.

O6partno, oro6paxkenus o, U;—C? cBsazauuble ycjaoBusMH o; (x)=
=g;(x)o;(x), x€U;NU,;, onpeiensaioT ceueHHe § DPACCAOCHHA §
no dopmye

s=¢@;los, na U, s, () =(x, o, (x)).

10 ceuenne mpuHaAnexur kaacey CF(R- mam C-amanutuuno) B TOM
H TOJBKO B TOM C/Ayyae€, KOrJa TaKHMH SIBJISIOTCSI BCe 0.

3.1.11. TIpEnJoXEHKE. [Tycrs & — paccaoenue panea 1 (1. e. aunednoe
paccaoenue). Toeda & wusomoppro ¥, (r. e. TpusuaissHo) 6 TOM U
TOALKO 8 TOM CAy4ae, Ko20a § umeer HenpepwvleHoe ceyeHue S, TakKoe,
yro s(a) =0 0asn ecex a.

4 Ecin E =X X C — rpuBHaJbHOE pacclIOeHHe, TO BCAKOE OTO-
6paxenne x+—>(x, ¢), rae c < C\ {0} n He 3aBucur OT X, mpeacra-
BJsieT cOGOH HemnpephHiBHOE ceueHMe, BCIOAY OTJAHYHOE OT HYJIS.

O6GpaTHO, NyCcThb Takoe ceueHHe § cyiuectByer. OmpenenuM O0To-
6paxense § — 0, nIpH KOTOpPOM

e—>(a, A),

TAe e — NPOU3BOJbHbLIA 3jeMeHT u3 p~'(a) u A=C Ttaxkoso, uTO
e=As(a) (Mpl moJab3yemcs Tem, uto S (a) %= 0 nast Bcex a < X). Oue-
BHAHO, 3TO OTOGpaxKeHHe sABJAsieTcs H3omopduamMom & Ha O P

W3 3TOro npennoxeHus cjelyeT, UTO ecaH § — JuHefiHOe paccJjoe-
Hue, TO pacciaoende § ® £* tpuBnasbno. B camoMm xede,

EQ®E > Hom(, %),

a ceueHne s paccsioenus Hom (§, &), aaa xoroporo s(a) ectb TOXIE-
¢TeHHQe oToOpaxenue p~!(a), HUrZAe He paBHO HYJIO.
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10 saMeuanne npuMeHuMo K C*-, R- n C-ananutuueckum Juuei-
HBIM PacCJOEHHUAM.

3.1.12, SaMeuauue. Ecan E=(E, p, V) — BexTopHOe paccjoeHHEe, TO
agas Jgwooro orkperoro MmHoxkectBa U <V tpoiika (p~'(U), p, U)
TOXKE SIBJSIETCH BEKTODHBIM paccjioeHueM; Mbl O6yzeM o603HauaTh ero
gE]U. 3ro ob6o3nauenre OyAEeT HCNOJb30BAThCA TaKXKe AJA 3aMKHY-
THIX TOogMHOXKecTB V.

§ 3.2. Ipeobpasosanun Pypve

[ycts Q — orkpuiToe MHOXKecTBO B K™ M p — neficTBUTEIbHOE UHCIIO,

> 1. MHOXeCTBO KOMIJIEKCHEIX H3MepHMbIX 1o JleGery ¢yHruui f

Ha Q, 145 Koropeix ¢yHkuua |f|? unrerpupyema mno wmepe JleGera,

o6pasyeT BeKTOpHOe NpOCTPaHCTBO. DAaKTOPNPOCTPAHCTBO 3TOTO

NpOCTPAHCTBA 10 MOANPOCTPAHCTBY (YHKIMIA, PaBHBIX HYJIO MOYTH
BCIOY, €CTh 0aHAaXOBO NPOCTPAHCTBO OTHOCHTEIbHO HOPMBL

1F = (Qj |f (x) 1P dx)

Mbl 0603HauMM 3TO GaHAXOBO NPOCTPAHCTBO cHMBOJoM L7 =L7(Q).
Yacto Mbl GyAeM OTOXKAECTBJSATh 3JEMEHTH STOTO IPOCTPAHCTBA
c mpemcraBiasiOlHMH HX ¢yHkuuaMmu. Ecan p=2 u [, g= L?(Q),

MOJIOXKUM
(f; g)La = f f (x)de.
Q

OTHOCHTEJLHO 3TOrO CKajspHoro npousBefenus L2(Q) asuisercs
THALOEPTOBBIM MPOCTPAHCTBOM.

Mycrs f & LY (R"). Hpeobpasosanue Dypse f dyuxuun [ ompexe-
asercsa GopMyoH
F @)= [f(etwvdsx,

Rn

e E=Ep, ..., &) H {x, EY=x + ... + x5,
ITycth & — mHOXecTBo Beex C*-bynkuuit f 8 R, Takux, uro mas
ao6oro ueaoro N >0 u mwoboro a=(qa, ..., a,) GYHKIHUA

(1+1xB" D% (x)

orpannuena B R". Muoxectso & HasniBaercs npocrpanctsoM IlIsapna
WJIM TPOCTPAHCTBOM GrCTpo yOmBawomux ¢ynxkuuit B R”. das mo6oro
ne#cTBuTesibHOTO p, 1 << p<oo, mMHOXKecTBO ¥ cojepxkures B L? u
SIBJISIETCS1 €r0 TJIOTHBIM MOJMHOMKECTBOM. BoJiee Toro, mjast J0o6oro

=0y, ..., a) U 0060 [ S F (yHRIHs D°f Toxe npuHAAIEKUT P,
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B uacTHOCTH, BCe INPOH3BOAHBIE [ orpanuueHel. Jas J06oH (yHK-
nua fe # Mo uMmeeM

/a\ lal.ag
(D) (&) =i"""e°F (2,
at ./a\
(D°F) ) = ((—ix)* } ().
Hanee, ecau [ = L' (R"), 1o
1T @<,
aaa awo6oi Toukn =R M3 arux saMeuanuii mosayuaercs
3.2.1. Cagncreue. Ecau fe P, 10 u f= 2.

B naJabHefilleM BCe HHTErpaJbl, B KOTOPHIX 0GJIACTb HHTETPHPO-
BaHHs $IBHO He yKasaHa, Gepyrcs mo Bcemy R”.

3.2.2. ®opmyaa ospamEHH. Ecau f= P, 10
flx)=(@m) ™ [T @ei=®dg, xeR"
R" ,
4 Tlyere o= . Torna, BBHLY OrpaHHYEHHOCTH 7, byHRUHsA
@ (&)f (¢) unrerpupyema. ITo Teopeme Py6HHH MBI TMOJyyYaeM
(3.2.3)

[e@F@e v dz=00)"" [ o)eiwof [[)etw ay}dz=
=)™ [ dy [0 @) etos vag =
= @0 [fet+t)dt (9@ et Pde= [ [ (x+H () dt.

Tenepp ¢uxcupyeM g & ¥ u nosoxum @ (¢) = g(et), e>0. Toraa

$ (1) =e""g (t/e),
H NOTOMY

[e@F@e=va=[flx+He " gte)dt=
- j Fx+et) g (1) dt.

Tak kak GyHRUMH [ U g orpaHHueHH, a [ W § HHTErpupyeMbl (oHM
npuHajiexar ¥, coraacHo ciaexctsuio 3.2.1), To MB MOXKeM nepeiTH
K 1pefeay npu €~—>0 MOJ 3HAKOM HHTErpasa M TMOJNYHHTH

gO) [f@ewvar=F@ [ g at.

ITonaras
g@®=exp(5(E+ .. +§i)),
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MBI BHAHM, UYTO
g1)=g(),

gO)=(m~" [ gydt=1.

Hcnosnb3ysi 3TO COOTHOLIEHHe B NPHBEJEHHON BhHIIe (GopmyJe, MbI
noJiyuaeM HYXKHBIH pesy/bTaT:

F)=@n)™" [ T @) e =g, »
3.2.4. CagncteuE. Ecau f, o= P, 10
[fee@d=[o@T@®d

dto caenyer us (3.2.3), ecau taM noa0XHTh X = 0.

1 NOTOMY

3.2.5. CaeacteuE. Ecau feL'R"Y u g= P, 10
[e@F@et=vdi=[f(x+0)g®at

dro caemyer u3 paBeHcrBa (3.2.3),

HCNOJIb3YeTCs TOJIKO OI'DaHHYEHHOCTD
BepsuBo fuas Beex [ & LY(R").

B JI0OKa3aTe/bCTBe KOTODPOTO
[ u Kotopoe mostoMy cmpa-

3.2.6. Caencreue. Ecau f, g= &, 10

(fw g)L2=Ga Q)Lu

B uacrunocru, 0asn moboii gynkyun f P mor umeen l|fl|L2=”flle.

4 Ilycte o = & onpepensiercsi paBeHCTBOM

@ (f)=¢ ().
Torpa, no ¢opmyne 3.2.2,

g(0)=(20)" [ gE)er = v,
B3siB CONpSXKeHHOE BLIpAXKEHHe, NMOJYYHM, UTO |
g =20 [gE)e-ievdr=¢(v).
Tenepnr Halle NpejJOKEHHe BLITEKaeT M3 cJeicTBHd 3.2.4. P

3.2.7. 3ameuanuie. Ecau fe LP(R") nas mekoroporo p>1, To aas
ao6oit pyHknHE g & P npousseneHue [g unrerpupyemo. Kaxpas
dyukunst fe LP(R") onpenensier mostoMy JIHHEHHBH (yHKUHOHAT [
Ha & no dopmyJe

G o=[i0e0d, o=z
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droT ¢yHKUMOHAN [ MH HasoBeM npeoGpasoBanueM ®Pypbe mas
¢ynxuunn f. Ecou mpu nekoropoMm ¢, 1<{g < oo, cymecrsyer (yHK-
uns g < L7(R") (L”(R")—3T0 MHOXKeCTBO H3MEPHMHIX (YHKIHI,
paBHOMEDHO OTDAaHHYEHHHIX BHE MHOXKECTBA MepDH HYJb), TaKas, 4TO

F, 9=[gxexds, 92,

TO MBl ckaxkeM, uro [ mpunaagexur L7(R"), 6ynem oroxaecTasts |
¢ g u nucath f=g. 3aMeruM, uTo (QYHKUHSA g, €CJAH OHA cyue-
CTByeT, ONpeleseHa OJHO3HAYHO C TOUHOCTBIO IO 3HAYEHMH HA MHO-
xecTBe Mephl HyJb. Kpome toro aia fe L'(R") sro onpenenenne
corjacyercs ¢ LaHHBIM paHee, BBHAY cJjeactBus 3.2.5.

3.2.8. Teopema ITaammepeas. Ecau feL2(R), 10 fe= L2 RY u
”f“L’-—-”f"L""

« ITycrs f & L?(R"). Torma cymecrtByer mociaexoBaTenbHoCTs {f,}
sanemenToB &#, rakas, uto ||[f—f,l,,—>0. Cornacso cnexcrsuio 3.2.6,

”fv'—fu”Lﬂ=”f'v—'fp, ”L”
a oTrcrjga cjaeayer, uto

Iy~ Full,.—0

npH v, . —> oo. Bauny nosnorer L2 (R") cymecrsyer dynxnus g< L2 (R?),
Takasi, 4To R
lg=ryl.— 0.
OueBunHo, ~
Ngll,.= vli)n; Wil = vli)nlll Foll =Tl

Kpome Toro, ans Jo60l &= F MB HMeeM
[e®ewat=lim [F,()o@dt=tim [f,)¢@ar
V>0 V>0

Buny chaencrBus 3.2.4. Tak xak f,—~>f B L*u ¢=L? 10 u3 He-
pasencrBa IllBapua caexyer, uto ;s Bcex 9= ¥

[ewowat=[imewat=(, o). »

3.2.9. TIpEnnoXEHHE. DPopuysy obpauwjenus 3.2.2 MoxHO 3anucare
8 sude :

Fl—x)=f), fe9.

U3 teopemnl [lnaHulepesst ciefyeT, YTO 3TO COOTHOIIEHHE Chpa-
BE/JIMBO TakxKe ANA mo6oi dpynkuuu [ & L? (34ech, KOHEYHO, paBeHs
CTBO BBIMOJIHSETCH TOYTH BCIOAY).

1/, 6 3ak, 751
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Ecau teneps f = L'(R"), 1o no caexcruio 3.2.5 nas yoboit 9 = F
Mbl HMeeM

[oEe)fEet=vds= [(x+eng (@) at.
Econ, xpome TOTO, fe L', 10 nepast wacts mpu e—> 0 CTPEMHTCH K
0) [ Feyet v dg

nas aoboro x &R”. Kpome Ttoro, Tak Kak & L!, To npasas HacTh
crpemutest B L' (R") x

f [ o@at.
Orciofia cnepyer, uto ecau [ u fe‘ LY(R™, ro
F(=n=Fx)

noutu ectody. B uactHocTH, [ coBmamaer (MOYTH BCIOAY) € OTrpaHH-
YeHHOH HelnpepHBHONH (QyHKuHEH.

3.2.10. ITpensioxenue. Ecau f, ge= LY (R?), 1o

[1x=9gy)Idy<oo

nouru 0aa ecex x. Jlasee, ecau Mol HOLONCUM
(F+e)(x)= [ F(x—y) g ) dy,

r0 gl <Ifl-llgl.

4 JTocTaTouHO 10Ka3aTh 3TO HEPABEHCTBO AJs cayyas f >0, g=>0.
Torma no teopeMe PyGHHH

f dxff(x—y)g(y) dy = f g(y)dyjf(x—y)dx=
=U g ) dy)(j f(x)dx)<oo. >
3.2.11. 3ameuauue. Ecau f, g = L*(R"), 10 '

[1Fx—9 g @) ldy<eo
NOoYTH AJif BCEX X H

|[Fle—9)g@dy|<IFlL- gl

3ro TPpHBHAJbHOE CJAEACTBHE HEPABCHCTBA HIBapua.

8.2.12. IlpepnoXEHHE, Ecau f, g P, 10 f+g&F u
S n2e .
(" g)=(@n)"f- &
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« V3 oueBHZHOTrO HepaBeHCTBA
[xP=lx—y+yP<<2lx—yP+2lyP

CJIEYET, YTO
T+ xP<2(I+]x—~yP) (1 +1yP).

[Tosromy, coraacro 3ameuanuio 3.2.11, pas aw6oro a=(a;, ..., o)
u Jawoboro x =R" Mo umeem

(A +1xP¥[D*F+g) (<2 IF 1.1 ],
rne
F)y=1+1xPVDF(x), & @)=>1+]1xPVg(x).

Orciona caenyer, uto [+ g= P. Nadee,
() ®=0n " [ et vax [ [(x—y) gl)dy=
=)™ [ gy)dy [ Fx—y)e-t = vdx=
= (@)™ [ gly)e-twvdy [ (et du=

=" g f@). »
3.2.13. CnencrBuE. Ecau f, g= &, 10

~

(Fe) =)™} = .
JT10 BHTeKaeT U3 npensoxenns 3.2.12 u dopmyas 3.2.2.

3.2.14. 3ameuanne. Ecmn feL'(R") wmm feL2R") u g2, 1o
byukuust f=g Toxe onpenenena (mo npensoxenuio 3.2.10 u same-
uanuo 3.2.11). Kpome roro, ecmu fy&¥ u fy—>f B L' nam L2
B 3aBHCHMOCTH OT TOro, HpHHamiexur ad [ x L' wau L2, 1o f,* g
PaBHOMEPHO CTpeMsaTCs K f*g (ecain fe L% To cornacho 3ameua-
nao 3.2.11, a ecan feL', to BBuay omenkn |f,(E)—FE)I<
<Ify—=Ffl,—0). Jlerko Bugers Takke, uTO B JO6OM cayYae MPOH3-

BeneHus f,g crpemsarcs x fg B L. Orciona caeayer, uto

()= eo™"F ¢,
e g% u fe L'(R") win f = L2 (R%). Asanoruuso, B 3THX Ipef-
NOJIOKEHHSAX, Mbl HMEEM

(F) = @n)™*F « &.

3.2.15. 3AMEUAHHE. Bce ussiokeHHbe 37eCh PeayJbTaTH PacmHpoCcTpa-
HAIOTCA HAa (GYHKUHM CO 3HAUCHHAMU B KoHeuHoMmepHoM C-BeKTOpPHOM
npocTpaucTBe. Mul 6yseM HMu NMOJb30BAThCH H B 3T0M GoJsee obuieM
cjaydae, He yIOMHHas o0 3TOM sIBHO.

1/, 6
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§ 3.3. JMuneiinvie dupdepenyuarsvnoie onepamopot

IMycte V — npousBosbHoe C™-MHOroo6pasme pa3MEpHOCTH 7 H
tE=(E, p, V), n=(F, q, V)—1Ba C™-BeKTOpPHHX pacc/oeHus Haxg V.
Bynem cuurarb, yto rankg=r u rankn=s.

3.3.1. OnpeEgeneHUE. Jluneinoim Oupdepenyuarsnoim oneparopom
(unu mpocTo lLH(I)(I)GpEHHPIaJIbeIM oneparopom) P u3 pacc/oenus &
B 1 HaseiBaercsi C-auHefiHOe oTOGpaKeHHe

P: C*(V, §)—>C™(V, ),
Takoe, uTo AJsa Jioboro ceuenns s CT(V, g)
supp Ps = supp s.

3pecs C*(V, E), C*(V, n) 0603Haua0T COOTBETCTBEHHO NPOCTpPAH-
crBa C™-ceuenuit &£ u m.
3ameTuM, uto 370 oToGpaxkenne nopoxnaer C-auneiinoe orobpa-

KEeHHe
Py: C*(U, §)—>C*(U, n)

1Jis ao6oro oTkpeToro MHOxecTBa U C V, KoTopoe Toxe sBJseTCs
JUHEeHHBIM au¢d¢depeHnHaNsbHHIM onepatopoM. B camoMm gede, ecau
ae U, to nyctb ¢— ¢yukuus xnacca C” c wocurenem B U, pas-
Hast 1 B okpectHOoCcTH a. Ilas Jwboro s < C™ (U, &) onpexenum ceye-
Hue ¢s < C™ (V, E), noaaras

(05) (%) ={ ga’(x)s(x), ecn x = U,

ecmn x & U.
A Temeppr MBI MOXEM B3SITh
(Pys) (a) =P (9s) (a).

3.3.2. TlpepnoxeHHE. ITycrs Q — orkpeiroe mHoxcecreo 6 R* u P—
aunetinoil Ougpepenyuarsnoii oneparop us 8, 8 9, Toeda daa atwo-
601 Touku a < Q Habdyrcs oxpecrrocts U = a, yesoe wucro m>0
u Koncranra C>0, rakue, 410
[ Puly <Cllttlm
048 1106020
ueCy(UN{@), 1)

(Hanomuum uro noaywopmor e Co (U, r) onpedessatorca pasexcraamu
e, = E E supr w,(x), w=@, ..., u))
lal<<m j=1

« ITpeanosoxum, 4To 3TO YTBEPKAEHHE HEBEPHO MJIsi HEKOTOPOH
Toukn a Q. Ilycrtb Uy — OTHOCHTE/NbHO KOMIAKTHAsi OKPECTHOCTh d
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B Q. Torma Ha#xeTcss OTKPBLITOE MHOXKECTBO

U e Uy \{a}
H CeUcHHe
Uy = C(°)° (Uly r):
TaKoe, 4TO
| Puill o> 2% uy -

Ianee, mHoxectBo U, \ U, ABaseTcsi okpecTHoCTbiO a. Ilo mpepmo-
JIOXKEHHIO, HAaWJeTCss OTKPEITOE MHOXKECTBO

U2§(Uo\[71)\{a}
H CceyeHue
us = Cq (Uy, 1),
Takoe, UTO ,
I Puyll o> 2|y .

Tak 00 HMHAYKUHM Mbl MOXKEM MOCTPOHTb MocJenoBaTesbHOCTh {U,}
OTKPHITHIX MHOXECTB,

U,cUg\{a}, U,NU,=@, ecan k1,
H TOCJeLOBATEeNbHOCTh CEUeHUH
u,eCy (U, ),

TaKHX, YTO ”
| Pugll o> 27 | g .
IlycTb
© ok
"y 27", i
el L9

OueBuHO, 3TOT psAx cxomutcd B C™ u, TakuM o6pasoM,
7
wecy (U, r)

rae U’ — oTHOoCHTeJNbHO KOMIaKTHas okpecTHocTs U, B Q. Kpome
TOTO,
~k -1
ulUk=2 ”uk”k -uk|Uk.

Orciofta ¥ u3 yeqosust supp Pf < suppf nas Bcex f caenyer, uto
PulUp=2""{upll;" (Pug)| U
Tak xaK || Pug |l o> 22%| ug ll, TO cymectByer Touka x,&U,, Takas, uTo

| Paag (x5) 1> 2% g les

otkyaa | Pu(xz)|>2% C zpyrofi croponsl, Tak kak u < C®(Q, r), 10
cevenue Pu HenpepsiBHO B Q (mockosbky Pue C™(Q, s)) u noromy

6 3ak. 751
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orpaHuueHo B U, IDTo NpoTHBOpeUHE [OKAa3HIBAET HAIlle HpefJoNKe-
HUe. P

3.3.3. TeoreMA IIeTPE. [Tycre Q — oTkpoiToe muoxecrso 6 R* u P —
Auneiinetll Ougpepenyuansrvii oneparop uz 9, 8 O5. Toeda 0as r0bozo
OTHOCUTEABHO KOMNAKTHO20 noOmHooecTsa Q € Q nabdyrcsa yeroe
yucaro m>=0 u C™-orobpasenus a, mHowcecrea Q 8 NPOCTPAHCTEO
aunedinbtx  orobpamcenuii R 6 R (r.e. (s X r)-marpuy), rakue, uro
Oan awboix uesCe(Q, r), x=

(3.3.4) (Pu) (x) = |a|2< aq (x) (D%) (x).

=sm

o Ilyets U — npou3BO/IbHOE OTKPHEITOE NOAMHOXeCTBO Q. [Ipedno-
A0XCUM, UTO CYLIECTBYIOT KOHcTaHThl C >0, m >0, Takue, 4TO

(3.3.5) |Pullo<<Cllul, nas Bcex uesCq (U, r).
JlokaxeM cHauaja CJefymollee:

3.3.6. Ecau cevenue usCq (U, r) asaserca m-naockum 8 rouke a &= U
(cMm. ompemenenue 1.5.1), ro (Pu)(a)=0.

[To nemme 1.5.2 cyiecTByeT nocnenoBare/ibHOCTL {u,} 3/7eMeHTOB

us Cg (U, r), paBHBIX HYJIIO B OKPECTHOCTH @ U TAKHX, UTO || tty—t |l — 0
npu v—>oo. CornacHo (3.3.5), Pu, paBuomepHo Ha U crTpemsaTcs
K Pu. [anee, Tak Kak

supp Pu, < supp Uy,

a u,=0 B OKPeCTHOCTH a, TO

(Puv) (a) =0
¥ TOTOMY
(Pu)(a) =lim (Pu,) (a) = 0.
Iycrs ey, ..., e,—6asuc 8 K. Ecain u=C™ (U, r), T0

u=2u,e,, quCw(U, 1).
j=0

Tlyctb Wy, 4» @ = U, — MOHOM
Ha,e ()C) = (x - (J)a-
Torna

1 r
w= Y rtaa XD @e; +F,

jal<m j=1

rae [ aBasiercss m-miockoil B Touke a. Ilostomy BBURY (3.3.6)

Pu) @)=Y N P (a.aes) (@) Do, ().

la|<m j=1
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Oro6paxenne a—>P (u,, 4e;) (@) saBasetcss C™ 0T06pa>KeHHeM Q (a He
toqsko U) B R, Tak kak

g, ¢ = 2 (g)("’ a)a—Bp’ﬁ, 0>

B<a

a nmo ycaosuio P (us ¢e;) ects C™ -0T06pa>KeHHe Q B R°. Urak, mu
NoJIyyaeM:

3.3.7. Ecau eoinoanena ouyenka (3.3.5), 1o cywecrsyror C*-orobpa-
geHusn a, muoxcectsa Q 8 npocrpancrso (s X r)-marpuy, raxue, 4To
Oas scex usC” (U, r)

(Pu)(x)=I Z< a, (x) (D) (x), x<U.

o<

Teneps MH MOXKeM JOKasaTh TeopeMmy. M3 npemmoxenuns 3.3.2

cienyer, yto ecan Q & Q, TO CYIIECTBYeT KOHEUHOE YHCJO TOUeK
Xpy o0ey Xy =Q ¥ koHCcTaHTH C, m>0, Takue, 4TO

I Pull o <Cllttlim
AAs BCeX ueCy (Q' NU s r).

CorsiacHo yrBepxkjaeHuo 3.3.7, cymectByloT C™-0TOGpameHHT ag
MHOXKecTBa Q' B IpPOCTPaHCTBO (s X r)-MaTpul, Takue, UTO

Py ()= 3 a,() (D) (x),  x=@\Jlx).
Taxk xak o6e 4acTH TOTO PABEHCTBA HENPEPHIBHB B ', TO MBI nOJy-
yaeM ypaBHeHue (3.3.4). »

Curepnylomias TeopeMa npejcrasader co6oit Teopemy [Terpe B Gosee
obuiefi cCHTyanuH.

3.3.8. TeoreMA. [Iycre V — muozoobpasue xaracca C%, & u n— gekrop-
note paccaroenun kaacca C™ cooreercrsenno pawea r u s. [Tycre P —
Aunetinol Ougppepenyuansnoui oneparop usz t 8 v. Toeda y ramdoi
Touku a <V Hnatiderca okpectrocrs U, Oupgeomopdran orkpeoiromy
muoncecrsy Q = R®, rakas, 4ro paccaoenus & u v rpusuassro wad U,
a undyyupyemoiii oneparop usz ¥, 8 ¥, nad U umeer sud

2 a, (x) Do,

lal<lm
2de a, — Hexoropoie (s X r)-marpuysr Kaacca C*

ITycts V — mHOrooGpasue kaacca C%, asV u m,— KoJbuo po-
cTkoB CT-QyHKUUHA, paBHBIX HYJNIO B TOUKe a (CM. ompejeseHHe,
caenyioitee 3a onpepnesennem 2.1.8). Ilyctb &, m— BEeKTOpHHE pac-
cnoenus kjaacca C™ Hag V u P — suHefinblil Aud epeHnalpHbLi One-

6‘
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patop u3 £ B 7. Cuou &, m B Touke @ &V 0003HAYHM COOTBETCT-
BEHHO &,, 7g-

3.3.9. Onpeaenenue. [Topadkom op(a) omepatopa P B Touke a =V
Ha3blBaeTcs HamOoJbllee LieJoe yucjao m, Takoe, uto P (f"s)(a) %0
AJIS HEKOTOPOro pocTtka [ & m, u HekoToporo ceueHus s C7(V, §).

IMopsanok P onpegensieTcss Kak man op (a).
ae

3.3.10. 3amEuAHHE. Jlerko mpoBepuTh, UTO MOPSIZOK omeparopa, 3ajma-
BaeMmoro paseHcTBOM (3.3.4), ecTb HauGoJsibliee IeJ0e YUCIO m, NI
KOTOPOTO CYilleCTByeT MYJbTHHHAEKC a, |a|= m, TakoH, uTo a,#* 0.

Caenymwoluee npeoxkeHue npuHanaexut Xépmanaepy [2] u nmeer
GoJIbLIOE 3HAYEHHE N/ JajbHeHlllero pa3BUTHS TEOPHH, TaK KaK OHO
NPHUBOAUT K TeopuH NceBroaH(depeHnHaNbHbIX ONEPaTOPOB.

Tak Kak JIOKaJbHO BCSIKOE BEKTOPHOE paccjoeHue H30MOphHO
TPUBHAJLHOMY, TO MBI MOXKeM TOBOPHTb O JIOKaJbHOH pPaBHOMEPHOH
CXOJMMOCTH BMECTE CO BCEMH YACTHBIMH ITPOM3BOJHBIMH MOCJENOBA-
TesbHOCTH 3JaeMeHToB s, = C™(V, §). Jluneitnoe nan nosem C oro-
6paxenne L: C*(V, £)—C”(V, n) 6yneM HaswBaTh c1a60 Henpepoig-
HbLM, ecad st Jio6ol nocnenoBarensHocTu {s,} ceuennit uz C*(V,§g),
JIOKAJbHO PABHOMEPHO CXOAAIEHCS BMeCTe CO BCeMH YaCTHBIMH NPO-
M3BOAHBIMH K ceuennto s < C”(V, E), nocaenoarespnocts {Ls,} cxo-
JIUTCH PAaBHOMeDHO Ha KOMIAKTHHIX NMOAMHOXKeCTBax V K Ls.

3.3.11. TropeMA. Caabo uenpepvisnoe C-auneiinoe orobpascenue
L: C*(V, g)—=>C™(V, 1)

ABASCTCA AUHCLHbIM OuepenyuairsoHoin oneparopom nopadka <K m
8 TOM U TOALKO 8 TOM Cayiae, KO2Oa Gb6INOAHEHO caedyroujee Yycao-
ue:

Han mobox s=C (V, t), acV u moboi Odeilcreuressroi
C™-ppynryuu f na V pynxyus

% (4) (a) = e= M@ {L (se') (a)}
ABAALTCA MHOZ0YNCHOM NO A CTenexy < m CO SHAHEHUAMU 8 Tj,.

4 Tor ¢axr, uro %(A)— MHOrousjeH cremeHH < m JJas Ja060ro
JUHeHHoro nuddepeHnuaNsHOTO oliepaTopa MOPSAKa < m, Hemocpen-
CTBEHHO IIPOBepsieTCs] BBHIUYHCJACHHUSIMH B JIOKAJbHBIX KOOpPAUHATAaX.

Hasa noxasartesnbCTBa O6GPATHOTNO MBI IOCTYIOHM CJAeLyIONHM oGpa-
3oM. Ilyctb

n()= X % (f, 5) (@)1,
Torma otoGpaxkenue
. a—xy(f, s)(a)
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ONpeNieNseT SAeMEeHT
wy(f, s)=C~(V, ).

Ecau tenmepb Ay, ..., Ap— AeficTBUTENbHBIE uHCId H fy, ..., fr— Hef-
CTBUTEJbHBIE (OYHKIHH, TO MBI TNOJOXKHM

m
e—it(hlfl-!- +Akfk)L (seit(hlfl+ v 'H”kfk)) — Z %y (7\,, f, S) tv
v=0

rae A=(Aqy ooy Ap)y F=(f1, ..., fr). MBI BuguM, 9TO
xy(, [, )=CT(V, n)
H Aaa GUKCHpOBaHHOTO A H Jwoboro uuciaa v>0
%y (VA, f, 8) =0v%, (A, f, s).

Orciona cenyer (HanpnMep, o popmyae Teitaopa), uro %, (A, f, s) (a)—
ONHOPOJHBIH MO Ay, ..., Ay MHOTOUJEH CTENEHH V.

TMycts Temepnr a, = V, as=b, U—oxkpecrHocts {a, b} u
@: U —>Q — uekoropuiit C*-puddeomopduam U Ha OTKPHTOE MHONKE-
crBo Q@ B K" (ue o6si3aresbHO CBfI3HOE).

ITo dopmyse ob6pamenus 3.2.2 pis moboit fe Co (Q) MB HMeeM
Bly) = (2n)™"" [B(n)eiw-Pan,
Rn

rie ﬁ—npeoépasOBaHne dypbe dynruuu p. CremnoBatesbHO, €Cad
seC*(V, &) 1 s(x)=s(x)B(@(x)), 1o

S (x)—-(2ﬂ)'"’2f B(h) e (1 O+ +h®0 ) ¢ (g L .

Tak xax 0T06pax<eHne L cnaGo HempephiBHO, TO OTCIOfA CJEALYyeT,
qTOo

L(s) (@)= 20" [ B@) L {se r* - 24%) () dh =

Rn
m
7Y [ B @, ) (@ et 0@ dn =
v=0p"
~E Y 0wy @ @) f B (A) etk 0 @9 dy,
v=0 jal=v

roe
Oa, v ECT(V, ),
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NIOCKOJIbKY, KaK Y¥Ke OTMeuanoch, %, (A, @, s)(a)— oLHOPOAHBIH MHO-
roujeH Nmo A CTENeHH v CO 3HAYEHHSAMH B 7,. [lo ¢opmyae obpaue-
HHS TOJYYaeM, CJel0BaTeJbHO, PABEHCTBO

(3.3.12) L (sy) (a) = gﬂ IGIE=V g, v (@) i1 (D) (@ (@) ).

Orciofa HemocpeJACTBEHHO  JeJaeM BBIBOA, YTO €CJIH CEueHHe
s Co (V, E) uMeeT HOCHTeJb B JOCTATOYHO MaJioi OKPECTHOCTH @, TO

supp Ls < supp s;

B caMOM JeJie, ecJqu b & supps, To HOCTATOUHO NpuMeHuth (3.3.12)
¢ ¢yukuueit B, Tako#, uto f(p(x))=0 B okpectHoCcTH b M =1 B OKpe-
CTHOCTH supp s, uToOnl ybenurbesi, uto Ls=0 B oxpecrHoctu b. Ta-
KM obpasoM, L — auHeitHBN nuddeperuunanspunit oneparop. To, uro
L vuMeer mopsamok <{m, Toxke Jerko mojaydaerca us (3.3.12). p

ITycte V — Hekotopoe C*-MHorooGpasue u &, n—jaBa C™-BekTop-
HBIX paccaoerus Hapn V. Ilycts P — auHelHBH nuddepeHnHAIbHBIHR
onepatop u3 ¢ B nuopanka m. [lyers T (V) — Oelicreureasroe Kokaca-
TesabHoe paccioenne V (§ 2.2) u p*t T (V)—V — ecrecTBeHHass mpo-
exuus, Ilyers E=(E, p, V), n=(F, ¢, V) u

EXyT'(V)={le, ©)€ EXT(V): p(e)=p* (o)}
(LpyrMMH CJ0BaMu, 5TO MHOXKECTBO COCTOMT M3 TPOEK BHAA: TOYKA

a &V, KokacaTeJbHbIH BEKTOP B TOUKE @& H 3JEMEHT c105 E, van a).
OnpeaeﬂnM oTobpakenue

o: EXyT"(V)—>F
crenyomum o6paszoM. Ilyers a €V u o & Tq (V). O603HauuM uepes f
dyuknuio kaacca C* u3 m,, HHIYLHPYIOUIYIO KOBEKTOD @, T. €. TAaKYIO,
uro o = (df)(a). Ilycts e=E, u ceuenue s <= Cqy (V, E) TakoBo, uTo
s(a) =e (rakoe s Bcerzma cymeCTByeT) [Tosoxum
‘ (e, ) =P ("s)(a).

3ameruM, uto ecan s(a)=0, 1o ceuenue f™s ¥WMeeT B TOUKE a HYJb
nopsiaka > m M, 3HauMT, B 3toM cayuae P (f™s)(a) =0. Takuwm o6pa-
30M, 0 (e, ®) 3aBHCHT TOJBKO OT €, a He OT BHIOOPA CEUeHHs S, yJIO-
BJIETBOPSIIOIIETO  YCJOBHIO s(a)—e Kpome Toro, ecan g=m, u
d(f—g)(a)=0, t0 [=gmodm2 u moromy f"‘—g’"em"“rl Caeno-

BaTesbHO, 15 Jio6oro ceuenuss s Co (V, £) MB mMeeM
P(f"s) (a) = P (g"s) ().

3.3.13. Ompenenenne. OnpeneneHHoe Bhillie OTOGpaxKeHue
o=0p: EX,T"(V)>F

HaswIBaeTcs cumeosom omeparopa P.
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3.3.14. OnpepEJaEHHE. JIuHeHHHA nuddepeHunanpubiii oneparop P us

E B 1 Ha3blBaeTCHA AJAAUATUYECKUM, €CJU MAJs Besakoro o < T,(V),
00, C-nunefinoe oTto6GpaxkeHue .

0, (@): E;—>F, er>ole, o)

HHBEKTHBHO. B 3TOM ciyuae MBI GyfeM Ha3bBaTh P IpPOCTO 3JJHI-
THYECKHM ONepaTtopoM H3 § B 1.

3.3.15. ITpumers. (a) ITycts V — nekoTopoe C*-MHOrOOGpasue pasmep-
HocTH U P = 4P (V) — mHoxectBO C™-nuddepenunanbHbx p-Gopm
na V (¢ KoMniekcHEIMH 3HaueHuaMH). Ecin &7 = APT* (V) — paccaoe-
HHE KOMILJIEKCHBIX p-dopMm Ha V, 10 &P =C%(V, &”). Buewnsia npo-
H3BOJHAS

d: 4P — P!

1
sBasercs AuddepeHnuanLHEM onepatopoM nopsaka 1 us &” s &
CuMmBoJ onepartopa d: S#°— &' 3anaeTcss paBeHCTBOM

ole, o)=co, e=&), o<T.(V)

0
(samerum, uto &, KaHoHHYecku usoMmopdHo C, H, 3HAUUT, MPOH3BE-
neHue e® uMmeeT cMbica). OTciofla Mbl ¢pa3dy IoJaydaeM, 4To ONEpaTop
d: 80— 41 snaunTHYeCKHi.
(b) IMycts V — KOMIIJIEKCHOE MHOTOOGpPAa3He KOMIJIEKCHOH pasmep-
Hoctd n, u nycets S 7 —npocrpanctso C*-udpepennuaabubx Gopu
tuna (p, ¢) Ha V. Ecaum &’ ?— paccioenue dopm Tuna (p, q), 10

A" I=C™(V, &) (cm. § 2.4). Oneparop 3: " 7 — o™ 7*! gpastercs
nuepernnasbuLM onepatopom nopsaka 1 us & s & !, Ecan
g=0, To cuMBOJl 0 onpejesaseTcsi paBeHCTBOM

ale, )= Ne, e=8&Y’, o=Ty(V)

rie o, — IpoeKuus ® Ha go'l(V, a)ciZ(V). 3aMeTUM, 4YTO €CJH
© — AeACTBUTEJbHBEIE KOBEKTOD, TO OTOJpaXKeHHE ® —> ¥y HHBHEKTHBHO.
Tak kak e umeer tun (p, 0), a wy—1un (0, 1), To wy A e=0 B TOM
M TOJbKO B TOM Cjyuae, Korjaa wy =0, e=0. Otcrona cJaenyer, 4to
oneparop 9: " °— "' sasunruveckui.

(c) TpuBuasbHO IpoBepsieTcst, uTo omnepartop U3 &, B O, Ha OTKPH-
ToMm MHOxkectBe B K", KOTOpHI 3ajaeTcst yca0BHEM

(wy, ooy w)—>(Auy, ..., Auy),

62 2
Aw=22 4 40
dx]

Gxﬁ ’
sanunTuuecku#t. OH HaswBaercsi omepatopoMm Jlamsnaca. Mel Gyzem

0603HauaTh €ro Toxe uepes A.
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[Tyctes V — opuenrupyemoe C%-mHOroo6pasue, cueTHoe B O€CKO-
neunocrd, T°(V)— paccsioeHne KOMIJEKCHBIX KOBEKTOPOB H

E"=8&" (V)= N"T(V).
Ecan &=(E, p, V)— npousBojbHOe BeKTOpHOE pacc/oeHHe Haf V H
£" — CONpsIKEHHOE €My DPAacC/O€HHe, TO MHl IOJOKUM
U=t Q®cé” ,
¥ HasoBeM paccioenne & TpaHcnoHupoBaHHHIM K E. EcrtecTBeHHas

IBOHCTBEHHOCTb MEXKJY BEKTODHBIM NPOCTPAHCTBOM H €My COHDSIKeH-
HBHIM OmpejensieT IJs Kaxno a &V oroOpaxenne

Byt Eo X E,—> &, & =(E, p', V).
dTo paer oTobparkeHue “
B: C*(V, &)X C™(V, g)>C™(V, &"),

onpenessieMoe caeayouum o6pazom: ecan ' & C7(V, ¢), s=C* (V,¢),
TO
B(s', s)(a)=B, (s (a), s(a)).

Ecau supp s()supp s’ — komnakt, 1o B(s’, s) ects n-popma ksnaccaC”®
Ha V ¢ KOMNAKTHHIM HOCHTEJNEM, U Mbl HOJOXHM

(s, =5, sy= [ B(s, 9).
v

Ompenesieno Takxe CKaJspHOe Npoussefenne (s, s’), (sameuapue
3.3.16 (a)), npuuem (s, §"), =(s’, ).
3.3.16. 3ameuaHus. (a) OueBupHO,

E)=E)ye®&" =t (") 8",
a 5TO KaHOHHUECKH H30MODPOHO &, Tak kak &" — JuHEHHOe paccioe-
HUe M MBI MOXK€M NIDHMEHHTb 3ameuanue B Kouune § 3.1 (o Tom, yro

1) ® 1" KaHOHHYECKH TPUBHAJABLHO, €CJIU PACCJAOCHHE 1) JHHEHHO).
(b) Ecain § — rpuBHaJbHOe paccioenue, E=(E, p, V) u

h: E—>V X C?
— ¥30MOp$HU3M, TO Mbl HMeeM H30MOPGhHU3M

h: -V xC,
ompefessieMHH Kak oOpaTHHIH TpPaHCHIOHMPOBAHHOMY K A (T.e.
* ty =1 o
ho= hy Iad9 KaXIOH TOUKH aEV). Kpome Ttoro, ecan x e E,,
* *
y €E; 10 g

* Y

v =3 i,

i
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rme h(x)=a X (x;, ..., x)), W {H)=a Xy, ..., y,). Mu Oynem
OTOXJIECTBJIATL TOUKy A(x) ¢ ee mpoekumeit (¥, ..., x;) B C%

3.3.17. TIpEpoKEHHE. [Tycre P — auneinoili dupdepenyuansroiii one-
parop us 8, 68 O; na orxpwrom mroxecree Q< R", sadasaemoiil

PABEHCTBOM
(Pu)(x)= 3 aq(v)Du(x).

Tozda cywecrsyer eOuncTseHrbiii aunelnoll Oupepenyuarsuoll one-
parop P* uz ¥, 6 O, nHaswsaemvii opmarsro conpagcennoln K P,
TQKOU, 4TO

J' (Pu(x), v(x))dx = J. (u(x), P'o(x))dx
Q

Q

s scex uesCo (Q, r), veCo (Q, s). Boaee Toco, P* 3adaerca ¢op-
myaot

(Po) ()= 3 (=1)*'D"(aq (x) 0 ()

[Bmech cxanspuoe mpoussenenue (u;, uy) Bekropos B C' ompeneneno
paBeHCTBOM

r
(uy, uy) =le Upylloy, Uj= (ujl, cony W)y

‘A — marpuna, TpaHcnouuposaHuas Kk A, ¥ A— Marpuna, SJeMeHTH
KOTOPOi#l KOMIIJIEKCHO CONpPSIKEHbl COOTBETCTBYIOLIHM 3JeMeHTaM A.]
D10 J€rko mnoJjydaercss U3 GopMy.Jib

[ o) D (W dx=(=1)'"" [ D (x) ¥ (x) dx,
Q Q

rie @, b= Co (Q).

3.3.18. TropEMA. ITycre P — auneiinsii Ougpdepenyuarsroili oneparop
u3 & e m, ede &, n— sekropusle paccaoenus Had V. Toeda cywecrsyer
eduncTaennslll Aunelinolli Ougpepenyuanrsuei oneparop P’ us v a €/,
TQKOl, 4TO

(3.3.19) {s, P’t’)g, =(Ps, 1),
daa ecex s=Cq (V, &), ' =Cs W, ).
4 OueBHAHO, ecau fecy (V, n'), TO CceyeHHe
Ptecyv,t)

ynosJaetsopsiomee (3.3.19) nas Bcex s =Cq (V, E), onpejeseHo OfHO-
3HayHO. DBoJsee Toro, ecau ceyenne # paBHO HYyJIO HAa OTKPHITOM
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muoxecrse U =V, 10 (Ps, '), =0 nis Beex s ¢ supps<= U, Tak uro
ecsu Beinonnserca (3.3.19), to (s, P’'#'),, =0 nas Bcex sc supps= U,

a orciofia caeayer, uro P’t’ pasuo uyso Ha U. CaeposaresbHo, mo-
CTAaTOYHO JOKa3aTh CylecTBoBaHHe P’ s cayuast, korga V — oTKpHI-
toe MHOxecTBo Q = R", a ¢ u m TpuBnaabusl Hax Q. [lycrs

he: g >QXC, A n—>QXC°

* *
— u30MOpPHU3MH M Az U Ay ~ COOTBETCTBYIOIHE H30MOP(HIMEL COMpPs-
JXKEHHBIX paccioenuit (3ameuanue 3.3.16 (b)). B TepmMunax stux uso-
MopduaMoB nyctb P 3ajgaeTcs pPaBEeHCTBOM

(Pu) (x) = lfl|2< Aa (%) Du (x).

==

Ecnu dx; A ... A dx, o3HauaeT cTaHmaptHylo n-popmy Ha Q, To
J000# 3JeMEeHT

the Fo=F, ® &,
MOXHO €[ HHCTBEHHBIM 00pasoM 3alucaTb B BHIE
th=g,®(dx, A ... Ndx)),, g,=F,
Ecn £ =C3(Q,n), £ =g ®(dx; A ... A dx,), noaoxum
P =F@(dx, A ... Adxy).
3nech [ onpesesseTcs paBeHCTBOM
hy () = P* (hy, (9)),

P —oneparop, hopMaabHO CONpPsiKEHHHH K P, Kak B NPEAJOKEHUH
3.3.17, u nas moboro omeparopa

L= 2 Cq (JC) Da’
Mo olpeneaeHHIO

L=2Xc,(x)D"
Ecin s<=Cq(Q,8) u t/ To XKe, 4To U BHIIE, TO

(Ps, 'y, = [ (Phy(s), By (@))dx, A ... Adx, =
Q

= [ (r (), PE@)dx, A .. A de,=(s, Pty B

3.3.20. OupeneaeHdE. Onepartop P/, onpefe/eHHHH BLIlle, Ha3bLIBACTCS
(popmansno) rpancnonuposannoim K P.

3.3.21. 3amruanue. Ecan pmano R-amanurnueckoe MHoroo6pasue V
u Haj HUM R-aHanuruueckue paccjaoeHusi § U v, TO roBopAT, UTO ole-
patop P: C*(V, &) > C™(V, n) uMeer aHaauTHYeCKHe KO3 HUILHEHTHI,
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ec/ii ceueHne Ps aHaAJUTHYHO BCAKHH pas, KOrAa ceueHHe S aHaJH-
THYHO. JIETKO BHJETh, YTO B TEPMHHAX JOKaJbHBIX KoopamHaT Ha V
¥ (aHa uTHYeCKHX) H30MOP(HUIMOB MeXKIY &, 1 U TPHBHAJIBHEIMH pac-
CJAOEHHSIMHU, 3TO UMEET MECTO B TOM H TOJbKO B TOM cJayuae, Korga P
3ajjaeTcs PaBeHCTBOM

(Pu) (x) = 1 ,2< 0 (x) D°u(x),

(RS

TIe Bce a, sBAsAoTeS R-anannTuuyeckuMu oToGpakeHUsIMHU B IPOCTPaH-
ctBo (s X r)-marpuu. Kpome Toro, Torna um TpPaHCIOHHPOBAHHBLIH olle-
patop P’ uMeer aHa/JuTHUecKHe K03((UIIHEHTHI.

3.3.22. 3ameuaHuE. Ecam P — sanunTHuecKu# omnepartop U3 § B m H
rank =rankm, To onepatop P’ Toxe 3/MNTHYECKHH. 3aMETHM, 4TO
yC/JIOBHE Ha DaHI HEOOXOAMMO, TaK KaK €CJaH CYUIeCTBYeT 3JIIHITH-
yecKHuil omepaTtop M3 paccjaoeHud £ B paccaoenue v, To rank§ <rankn.

Teopema 3.3.3 npunapaexur Ilerpe [1], Teopema 3.3.11 — Xép-

maunzepy [3].

§ 3.4. IIpocmpancmea Coboresa

IMycts Q — oTkphiTOe MHOXKecTBO B K*, p — nelicTBuTeILHOE UHCIIO,
p>=>1 u g, m—uense uncaa, g =1, m=0. Ilycts

f=(f1, ey fq): Q——)Cq

— oto6pasxenne kaacca C*. Paccmorpum mnpocrpanctso C™-oto6pa-
xenudt [: Q—>CY, pasg KoTOpHIX

Y Y (1D ) dr<co.

lal<<mj=1Q

B 5ToM HpOCTpPaHCTBE MBL ONpeLeadM HOPMY |f |n, p, TOJaras

1L ,= X% X [ 1D ax

jal<<m j=1Q

(3amMeTHM, UTO HEPABEHCTBO TPeyroJbHHKA CJELYeT H3 HEPaBEHCTBA
Munxkosckoro). Korna Hajo yKasbiBaTh 3aBHCHMOCTb OT £, Mbl Oynaem
Q

o6o3HauaTb 5Ty HOpMy uepes |fl. ..

3.4.1. OnpEAEAEHHE. IlomoJiHeHye BHILEYKA3aHHOTO NPOCTPAHCTBA MO
nopme |f |, , HasbiBaerca npocrpancréon Coboresa Hp, »(R). Tlonoa-

00
HEHHe OTHOCHTeNbHO HOPMH |f |, , mpocrparcTBa Co (Q, g) Bcex
C®-oro6paxenuit muoxectsa Q B C? ¢ KOMIAKTHHIMH HOCHTEJISIMH
o
0603HauaeTcs CHMBOJIOM Hpy, , ().
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Mycete vy, v, eCY, v;=(v, ..., vy,). IlonoXKHM, Kak OGBIUHO,
q
(vy, v9) =v§1 UiyOzy-
Ecnuaf=(f, ..., f): Q=>C'ng=(g;, ..., g;): @—>C?— namepumeie

0T06pa}K€HHH, Mb! IIOJIOXKHM

G oay=Y [f(g@de= [ ((x), glx)dx
Q

v=1Q
B NpPEANOJOXKEHHH, UYTO Bce NMpou3BefeHHs f,(x) g, (X) cyMMupyeMsl.

3.4.2. 3ameuanus. Ecou f=(f,, ..., f,) u Bce f, & LP(Q), T0 MBI 3TO
GyneM sanuchiBaTh Tak: f e LP(Q, q) uwiu f& LP. Ecin cymecTByor
dyukunn h* = L (Q, ¢), 1<k < o, |a]l<<m, Takue, uto

[ (), D*g () dx = (=)' [ (4% (x), g ()) dx
Q Q

fast Beex g < Co' (R, g), Mul Gymem roBoputh uto | umeer B L* cia-
Gble MPOM3BOLHBIE O TOPAAKAa m BKAouuTeapHo. Otobpamenus A"

HA3LIBAIOTCH cAaboimu npoussodusimu f. 3aMetum, uto A%, ecau OHH
CYLIECTBYIOT, ONpe/ieJeHbl OXHO3HAYHO (C TOYHOCTbIO A0 3HayYeHHIt Ha
MHOXECTBaxX MepH HYJIb).

Ecau remeps {f,} — nocienosaresibHocTs 37eMeHTOB M3 C™ (R, q),

cxopamascst B H,, ,(Q), To {D“fv} cxopures B LP(Q) mpu |o|<im.
Iycrs f*—npenea 3toit nociexosarenbnoctn B LP. Toraa

{f,, D°g) = (=1)'*"(D%,, gy — (= 1)'*'{f*, @)

nas aoboro orobpaxkennus g Cq (Q, g). Otciona caexyet, uto f*—
ciabble NMPOU3BOJHbLIE OTOOpAaKEHHUS

f=[=limf,.

B uacruocry, ecau {f,}), {g,} —aBe mocae0BaTENbHOCTH, ONMpEAEISO-
uMe OJMH M TOT XK€ 3JeMeHT u3 Hy, ,(RQ), To

limD%,=1imD%, npu |ao|<m.

TakuM o6pasoM, ecau [ & H,, ,(Q), Mo Moxem onpefeants D,
noJsiarast

D°f=1imD,, ecan f,—>f B Hp ,(Q), [,=C7(Q,q).

[yers tenepy 0<Sm' <Km u & Hpy,, ,(Q). Torga cymecrsyer mocie-
posartesbhocts {f.}, [, =C7(Q, q), dyHmaMeHTaJbHAs OTHOCHTENbHO
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HODPMBI | g |, , ¥ OTIpefesiiontast siement f. Tak kak | g/, P < gl

TO NOCJefoBaTebHOCTS {f,} QyHIaMeHTA/IbHA H OTHOCHTE/JBHO HOPMbL
lgl,y, , ToaroMy oHa ompexesser HEKOTOpbIH anement [ H_, , (),

He 3aBHCALIXH, OYEBHLHO, OT BHIGOpa MOCJEN0BATENbHOCTH {fv} onpe-
nensomed f. [Moxoxum

f,=i(f)=im,m'(f)-

3.4.3. TIPEANIOKEHUE. Juneiinoe orobpaxcerue i: Hm, p(Q) —> Hu, , (Q)
ABAACTCA BAONCCHUCM.

4 Eciv i(f)=0 u {f}—nocaenosareapnocts B C*(Q, q), onpe-
meqstiomas f, 7o f,—>0 B LP(Q). Ecin g=Cq (2, g), T0

0=lim{f,, D°g)=(=1)"""lim(D°f,, g) = (= )'*' f*, g)
npu |a |<<m, orkyaa f*=0 npu |o|<m u, 3nauur, f=0B8 Hp,p (Q). B
OueBHAHO,
(3.4.4) i(Hm, p(Q) < Hur, p (Q).

Ianee, ecan ¢ CF (Q)=Co (Q, 1), T0
of & Hp, (@)

nas gwoboro f & Hy, ,(Q), n Torna

D*(9f) = X, (3 ) D% - D™ mpu [al<m

B<a

Kpome Toro, ouesnaHoe BKmouenne Co (Q) < Cy (R") mopoxmaer oro-
6paxeHue

Hm,p(g)”‘)Hm,p(an)a
coxpanstiomee HopMy. IlosToMy MEl OyieM 4acTo OTOX[ECTBJATH
Hpm, ,(Q) ¢ MOANPOCTPAHCTBOM B Hm » (R®).

3.4.5. HepaBeHucrBo Ilvankape. [lycts Q — orpaHuueHHOe OTKPHITOE

MHoxecTBo B R" u [ & Cp (Q). Torna ecau unciao M (3aBucsinee ToJAbKO
orT ) ZOCTAaTOYHO BEJHKO, TO

X1

f(X):‘ ax‘ (t Xy v ',xn) dt’
-M

u no HepaseHcTBy l[lIBapua

Ui <c@|z- -
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o
Orciona caenyer, uto 0as aw6oii ¢pynkyuu [ < Hy,, , (Q) umeer mecro
Hepasencrseo

1l » < C(Q, mI IDHO,,

3.4.6. 3AMEUAHHE. [nsa Hamux neqaeit HaHGOJIee HHTepeceH cJayydai
p=2. B atoM cayyae.MH IHUIIEM

Hp o @ =Hp(Q) 1 Hu 5(Q) =H,(Q)

Hopwma |f |, OueBHIHO, HHAyLHDYeTCS CKaJsPHBIM MPOH3BEAECHHEM

I, gla=1f, g1= Y, Efuf,(x)ng,u)

lelsKm j=1 Q

Takum o6paszom, H,,(Q) u Hm( ) — ruab6epToBH mnpocTpaHcTBa. Pa-
GotaTh € STHMH NPOCTPAHCTBAMH HECKOJbKO Jerde, uyeM ¢ OOLHMH
npocrpancTBaMu ,,, ,(Q) mo Toff mpuuuMHe, YTO B HHX JeHCTByeT
reopema ITnanmepens. Ecau m =0, To H, (Q)-—L2 (Q) u BMmecro [f, gl
mMbl GyneM nucatb {f, g).

3.4.7. TlpennoXEHUE. [Tycrs [ < H (R™ u f—npeoépasosauue Dypse
Oasn f. Toeda cywecrsyror He sasucawytie or [ KowcTanrsl c¢j, ¢3>0,
TaKue, 4To

[+ Epmf@PE<IfE<e, j(1+lal2)’”[f(§)l2d§
th
« HepasencTBo mocraTouno gokasath aas Co (R , q), TaK KakK 3TO

o
NPOCTPAHCTBO MIOTHO B Hp, (R"). Jlerko BuaeTh, 4TO CYL(ECTBYIOT KOH-
CTaHTH ¢[, ¢,>0, Takue, 4TO

(3.4.8) c,(1+|g|2)'"< 2 lg F<e(l+1gP™, teR™

Ecau reneps f=(f, ..., fq), To no teopeme 3.2.8
q q A~
= X NI wla= Y X [ID% @l da-
Ja|<<m j=I1 loj<K<m j=1

¥ Y [lePif @ ra,

loaj<m j=1
¥ Hallle TpeJIOKeHHe C/efyeT H3 HepaBeHcTB (3.4.8). P

3.4.9. TeEoPEMA. H meeT mecTO paseHcTso

i ()= ()= (1 = L6 a1 [ (18T @ Pl <o),
Rﬂ
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o Ilycts yHKIUSA p=Cy(R", 1) para 1 npu |x|<<| u BCioxy
0<p(x)< 1. Iyers f=eH,, (R™) u

fo(¥) =@ (x) [ (x).
Torma f, uMeeT KoMImakTHbIH HocuTeab. Kpome Toro,
Dfy= ﬁg (5)0%0°% ey =o(F)-
Y

Ouesugno, Bce DBp, paBHOMepHO mo v orpanuuens, DBg,—0 npu
v—>o00 B Kakmoil Touke R*, ecan [B|>1, u D%,=¢g,— 1. Cueno-
sateanto, D°f,— D% 8 L*(R*, ¢), | a |<<m, u, suauur, f,—f B H,(R").

Tak Kak Bee [, & H,, (R"), Mbl cpasy nosyuaeM, uTo H, (R = H, (R,
Janee, no mpennoxenuio 3.4.7,

Hp @) < {1< LR, q: [T @ Pdz<oo .
Rfl

O6partHo, ecau

Ja+iepiEPds<eo
Rll

nas mekoropoit f& L2(R, g), 10

A+1EP™fE) = L2 R, g).

IMosToMy Haliiercss nocJenoBaTeJbHOCTh BeKTop-GyHKuu#A {g,} B &,
Takas, 4YTo

£y @=L +1ED™ )
B L2(R", q). Hauee,

g (L+EPD™ 2,

TaK uto, no ¢opmyae obpauteHus 3.2.2, mailnercsa A, = P, upeobpa-

soBaHue Dypbe koropoil ects &, (1 +|ER)”™% Torna h, = H, (RY),
a TaK Kak

[A+1ED™ A @~ R @ Pds= [ 18,0~ 8 @ Pdg —0

Opu p, v—> 00, TO U3 npepsnoxenns 3.4.7 caexyer, uro h, CXOLATCH
B H,(R"). OueBumno, k,—f B L?>(R" ¢), u orciofa cJjenyer Hama
Teopema. »

3.4.10. OnPEAEJNEHHE. MH yxe BuiesH, uTo H,, ,(Q) BKIaAbBaeTcs
B Hy,(Q)=L*(Q, g). Mo 6yaeM roBOpHTb, uTO OTOOpaKeHHE
feL?(Q, q) crpoeo Ouppepenyupyeno 8 LP do nopsdxka m (BKIO-
YUTEJbHO), €CaH AJs Jio6oro moaMmHoxecTBa Q & Q cyxkeHue f|Q
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NpHHALIEXKUT o6pasy H, ,(Q) B LP(Q,q). Ilpu p=2 mu Gyzem

[pOCTO TOBOPHTH, 4TO [ cTporo anddepeHIHPyEMO.

3.4.11. Teorema. [1ycre @ — ¢pynkyua kaacca C* ¢ KOMRAKTHBIM HO-

curesem 8 R*, ¢=0, suppo={x: |x|<1} u fcp(x)dx=1. Hycrs
13

R
Q. () =e @ (x/e) u Q— orkpoiroe muoscecrso 8 K*. Jaa f <= LP(Q)
u x=R" noaowcum

@ N = | @ (x—9)f (4) dy.
Q

Toeda: (a) qa)e*f—>f 6 LP(Q) npu e—0 daa awoboi [ LP(Q)
(b) ecauf = Hy,, ,(Q), TO
D% (g #f) =+ Df, |al<m.
o ITpogomxkum | B K*, monaras f(x)=0, ecan x ¢ Q. Torxa
@c*f—F) ()= [ @ (x =) (F(9) — [ (1)) dy =
= [ e(=9(y+n-Ff)dy.
ryl<e

ITo HepaBeHcTBY I'énpnepa npu p>1 MB HMeeM

, plp’
(@ * F =) (x) |ﬂ<< [ewr dy) [ 1F@+0-F0)rdy,
lyl<e lyl<e
rae p’ onpeneasiercs us pasenctsa 1/p + 1/p” = 1. (Ecau p =1, 1o nep-
BbIH MHOXKHTEJb CIIPaBa HALO 3aMeHUTb Ha sup| @, (y) |=e""sup|o(y)|.)

Hurerpupysa no R* oTHOocHTEJNbHO X M M3BJEKas KOPEHb CTENEHH p,
MBI TIOJIYYaeM

‘ 1/p
Il%*f—flle<e—"f’*’ll<plle'{ fdyflf(ery)—f(x)l”dx}
byl<e

(rze ll@ll,» =suple(y)l, ecin p=1). Orcrona
oD 1/p pd 1/p
lpe*f—Flr<e ( f dy> Ilwllelljluge(flf(x+y)—f(x)l x) =

lyl<e . o o
= IlcpHLp'lggg(J‘lf(x+y)— x) x) -

[Mocnennuil yseH cTpeMHUTCs K HYJO NpH &—>0; 5TO OYEBHAHO, €CJH |
HempepblBHA ¥ HMeeT KOMHNAKTHBIA HOCHTEAb, a JAJS NPOH3BOJLHOH
feL?(Q) sro caepyer u3 TOro, 4TO HempephBHLIE (GYHKIHH C KOM-
HaKTz—IbIMI/I HOcHTeNAMH IJIOTHE B L7 (Q). DTuM 10Ka3aHO yTBepkKie-
Hue (a).
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Yrobn mokasath (b), paccMoTpUM NOCJIe/I0BATEIbHOCTS {f,} sae-
MEHTOB H3 Cs (Q, g), cxogsiuiyocs B Hm »(Q) K manHOMy 3/eMeHTy
f;Hm »(Q). Torpa

D*(ge*N)(0)= [ D, (x— 1)} () dy = lim f(D“cps)(x—y>fv<y)dy=
Q

= lim f(pa x—y)D fv(y)dy—

= J- ¢, (x—y)D f(y)dy=(<Pe*(D“f))(x)- »
Q

3.4.12. TropeMA. Ecau fEHm,p(Q) u sce D°f crpozo Augppepenyu-
pyemsr npu |a|<<m 0o nop;zdtm m’ & L?, o f crpoeo dugp pepenyu-
pyema 8 L? do nopsdka m+ m’ ekaodurensHo.

d Jovuoxan | Ha moaxopamyo C%-OyHKIHIO ¢ KOMIAKTHBIM
HOCHTEJIEM, Mbl MOKEM CUMTaTh, UTO f HMeeT KOMIAKTHHIH HOCHTEJb.
Ecaun dyHxuua @, ompeneseHa, Kak B Teopeme 3.4.11, 10 @, * [ mpu-
Hagnexur kaaccy C®. Ianee, no teopeme 3.4.11 (b),

D (@ +N =g, + (D), |al<m

Taxk Kaxk DfeHmr »(Q), T0o s awbHx o, B, [a|<<m, |BI<

ot umeem D™V (@, « [)=D" (¢, = D"f)= q)e*D (D “f) (reopema 3.4.11 (b ))
Ianee, npu e—>0 3To cxonmca B L7(Q, q) (mo Teopeme 3.4.11(a))
a orciofa cienyet, uto [ & Hpam, p (Q).

’

2

§ 3.5. JTemmor Peanuxa u Coboresa

3.5.1. TIpEnaoXKEHHUE. [Tycrs Q — oepanuuenHoe OTKPoITOE MHONCECTEO
8 R, ¢ — pynxyua kaacca C* ¢ nocuresem e wape {x: | x|<1},

0(0)>0, [ode=1;
Rfl
nOAOICUM
. (x) =e~"q (x/e).
Mycrs p>=1u p’” onpedeasercs ud pasercrsea 1/p+ 1/p" =1, ecau p>1.
Tozda npu m>=1 0as awboii feﬁm,ﬂ(g) MblL UMeenm

loes F =T, , <Aelolyfl, »

20e A— KoncTanra, 3asucauyas Toasko or Q, m u p; npu p=1
nod || @ll » nado nonumare sup|g(x)|.



182 TI'Jl. 3. JIMHEMHBIE 3JUIUNTHYECKUE AUGOEPEHLIMAJILHBIE OITEPATOPBI

d Iyers f— dynkuuss kaacca C° B K* m suppf= Q. das
nwobbix x, y=R" Mb nmeem

Fle+g)—F(x Ey;f——(xwy

3HauuT, ecau
gy(0)=[(x+y) —Ffx),
TO N0 HepaBeHcTBY [éabrmepa

|gy(x n’” IZ[yflp

_of »
Bx; (x+ ty), dt,
OTKyJa

n 1
lg, e <rn”™" Wiy, P [t
i=1 0 gn

n n
_ b 14 -
= Yt [| L wf < Bin P,
i=1 [

i=1

af 4 _

CuepmoBaTenpHo, npu |y|<<e Mb uMeeM

(3.5.2) gyl e <nelfl, .
Hadnee,

@+ A —F ()= [ @) ¢ (x— 1)~ (x)) dy,
Rn

a TaK Kak
supp @, = {x: | x [ e},
TO OTCIOfA NPH p>1 MBI moJyuaeM, HTO

I(q>e*f)(x)-f(x)l<(fIcoa(y)l”'dy)””'( [ If(x+y)—f(x)|”dy)""=

lyl<e
1/
= e~ q>an'< [ 1g,0r dy) 7,
lyl<e

IIPHYEM 3TO HEPABEHCTBO, OUEBHAHO, UMEET MEeCTO, Jaxe ecau p= 1.
ITostomy, corsnacHo (3.5.2),

( [1@es D) =11 d">w< e~ || @l omel f 1 n( f dy>“p -

R* lyl<e

= Zell @l Ifl, ,»
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ITpumensis 370 K npouaBofusiM DY, |a|<<m—1, u HCIOJb3YS IJIOT-
oo =]
HocTe Co (R, g) B Hpm, »(R), MBI noyuaem TpeGyeMoe HepaBeHCTBO. P

3.5.3. TIPEnJOKEHHUE. ITycTe Q — o2panuuenHoe OTKPLITOE MHONCECTBO
8 K" u k— nenpepoisras ¢pynxyus ¢ xomnaxraeim Hocutesem 8 R%
Toeda 0an awboi | < L7 (Q) pynxyus Kf, onpedesseman no gopmyare

(K) (x)= [ k(x—5)] (4)dy,
Q

npunadaemcur LF (R™) u oneparop
K: L? (Q)— L? (R
snoane Henpepoteen (p = 1).

« Tleproe yTBep:KIeHHE OYEBHIHO, TaK Kak 1js f & L? (Q) dynk-
uust Kf HenpepniBHA U ee HOCHTEJb COAEPKUTCH B KOMIAKTE

S={x+y: xeﬁ,yesuppk}.

[TosToMy J[OCTATOYHO INOKAa3aTh, YTO JJs JI060H NOC/TIEeLOBATEb-
nocru {f,} snementos us L?(Q) ¢ [[f,[,» <1 naiigercs noxnocaenosa-

TEJbHOCTb HHJEKCOB {vr}, Takasi, uTo {Kfv} CXOLHMTC PaBHOMEDHO
r

Ha S. Ilo Tteopeme Ackosu, AJS 3TOH LEJH AOCTATOYHO MOKA3aTh,
4TO CEMEeHCTBO {Kf: TES 1} orpaHnyeHo M PaBHOCTENEHHO Hemlpe-

priBHO. s 6 >0 mosioxum
n@)= sup [k(a)—k(D)]
la—b[<8

Torna, mo mHepaBenctsy Iéibuepa,
LKF IR 1T 1o <N £l oy

|KF )= Kf ) | <n(lx—y1) [1F@)1dt <Cn(x—yDIf e

(rak xak Q orpaHuueHo). p

3.5.4. JIEMMA Pennxa. ITycre Q — ozpanuuennoe 0OTKPOITOC MHOMCECTEO
8 R" u 0<<m’ <m. Toeda ecrecreenroe eroxcerue

o [
it Hp, p(Q) = Hpy, 5 (Q)
BNOANREe HenpepouleHo.
« Jlas 1poH3BOJILHOrO HENpPEepHBHOrO omepaTopa

T: Hum, p(Q) = Hur, »(R?)

TR,
I71= sup (——‘ “""”)
f o

Q
o\ Flm, p

I10JI0 2KUM
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H o0003HAYUM uYepe3 j KOMIO3HLMIO BJOXKEHHA [ H H3OMETDHH

ﬁmz,,,(Q)—»ng,,(P”). Ilyets Ty —onepatop f+—> @y #f, roe ¢ynk-
Ius ¢, Ta XKe, UTo B HpenJtoxkenuu 3.5.1. Torma, no aTomy npeg-
JIOXKEHHIO,

T,—jll—=0 mpu e—0.

Hanee, gaxpawpifi onepatop T, siBjafeTca BIOJHE HENPEPHIBHBIM 110
npemioxenuo 3.5.3. Tak Kax paBHOMEpHHIH Npefes BIOJHE Hempe-
PHIBHHIX OTNEpaTOPOB TOXKe BIIOJIHE HellpephlBeH (JIerko JOKasbiBaeMulil
dakT), To TeopeMa JroxkasaHa. P

3.5.5. IlPEnsIOXKERHUE. [Tpu p = 2 aro yreepamidenue doxasvieaercs 6oqee
npocTo ¢ nomoulbro Teopemovt Ilaanuiepeas.

< TTyets & Hy(Q), [Fln<1. Paccmorpum B C* dyHkumo
f(g) = (23’{)—"/2 f f(x) e—-i (B8 F e HxgE) dx,
¢

rae £=(&, ..., £,) =C". Ecau § JeXAT B KOMNAKTHOM MHOXECTBE
S < C", 10 mo Hepasencrsy IlIBapua

IFE<C(S)flms

u, TakuM oGpasom, }E orpaHuueHa Ha S paBHoMepHO mnpH |fl, <1
Hanee, dynkuus f, ouesumHo, ronomoppna B C*. CuaenosateanHo,
no teopeme 1.1.3 u3 moG0i TaKOH NOCHeNOBATEIbHOCTH {f.} Moxmuo
u3BJeub TOANOCIEeNoBaTe bHOCT {f, ), cXOAsAulyloCs PaBHOMEDHO Ha
KOMINAaKTHBIX noaMHoxectBax B C". Mbl yTBEepKHaeM, 4TO COOTBET-
cTBylomas nocuefoateabnocts (f, ) cxoautes B Hpo (Q). Iyers
nano €>0u M >0 Bubpano Tax, uro 1 + | > > 1/e npu| | > M. Tornua,
no npeasioxenuio 3.4.7,

[Fo, =Pl <o [ (L+1ER™ (], =R P <
Rn
<ee [ (+1ER™ |, ~TPde+ 46 [ |F, T de
[§1>M el <M

rae koHcraHta Af(e) 3aBUCHT TOJBKO OT € U m. Tak Kak {’f"r} cxo-

JAHMTCA PABHOMEPHO HAa KOMIAKTHHIX mopmuoxkectsax R”, To mocaepnuit
HHTErpaJ CTPEMHTCS K HYJIO MPH £, §—> 00, OTKYZLA

im |fy, =y, [, <ce Tm f(1+|§12) | P, —Tvs Pde<

r,S=»00

3.5.6. TTpEgOXEHHUE. [TycTs Q——oapanutteimoe OTKPbLTOE MHONECTB0
e R u m — yeaoce neorpuyaressroe wucso. Toeda 048 scakoeo M >0
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Hatidercs KOHCTANHTA A>0, sasucawan trorsko or M, Q u m, raxas,
470 0a5 6cex f & H (Q) svinoanserca wepasencrso

[a+iepmifera<a [ A+1Ep™F@E P
Rn

15 =M

4 Ecan 310 yTBepKAeHHE HEBEPHO, TO CYIIECTBYET NOCJ/EA0BA-
reabrocTh (fy), 5, C*-QyHKUME ¢ KOMNAKTHHIMH HOCHTEJNSAMH B Q,

TaKasl, 4TO

[W+zp™f,@rde =1,

Rn
(1+1EP™ 1y (€ Pde—>0 mpn v-—> oo,
[E1=M
Ecnn cHoBa cuutath &= (g, ..., £,) KOMIJIEKCHEM, TO TrOJIOMOPdHEIE

GbyHKIMH
F, (&) = (2m)~ "2 J' £ () e=d (Cabik oo bate) gy
Q

OyRAyT DaBHOMEDHO OrpaHMYEHHBIMH HAa KOMNAKTHHIX MOAMHOXe-

ctBax C", M TOTOMYy MOXKHO CUHTATh, UTO f, CXOASTCH PABHOMEPHO
Ha KOMNAKTHHX noaMuoxecrBax C" (B uacTHocTH, HA TaKHX TOA-
muoxectBax R*) Kk ronomopduo#t ¢ymruum g (cMm. Teopemy 1.1.3").
Haanee,

A+IEP™ g@) PdE=
MBI <M+

=lim [ (Q+1Ep" R @ PdE=0,

VR MIE < M1

COrJIACHO CAeNaHHOMY npexnonoxenuio. CiaenosatenbHo, g (¢)=0 qias
BCeX JeHcTBUTEJbHBIX §, Takmx, uto M<|E K< M+1. TaK KaK g

rosomopdua B C", 10 orciona cieayer, uTo g =0, H IOTOMY [, cTpe-
MATCS K HYJIO PaBHOMEDHO Ha KOMIAKTHBIX mnojaMHoxkectBax C".
B uacTHOCTH,

[ a+1Ep™f,®PrdE—>0 npn v oo,
151 <M
Tak Kak, N0 IIPEAIIONOKEHHIO,

(1 +1EP™f, €) Pdg 0,

Ri=M
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TO OTCIOfA cJaegyeT, 4YTo

[ (t+1eP™ 1. @) pds 0.
Rn

Mu moJiyuusau NpOTHBOpeuHe. P

3.5.7. 3aMreuanus. Hcnonbsys teopemy Ilaanmepens, M MoxeM

caefyoliuM o6pa3oM 3anHcaTh HepaseHcTBO Ilyamkape: cywjecrsyer
o .

koucranra C(Q, m), Takas, 4to 0as scex [ & Hp, (Q)

[a+iepmif@rd<c@ m [1epmfE) P
r" R"

Takum o6pasoM, npensoxenue 3.5.6 MOXHO paccMaTpuBaTh Kak ycH-
nennyio Gopmy HepaseHcrBa Ilyankape. [lasnee, nns Hepasencrsa 3.5.6
MOJKHO TOJYUYHTh HAWJYUIIYIO H3 BO3MOMKHBIX KOHCTAHT. DTO CBA3aHO
C OueHbp HHTEPECHHIMH BolipocaMu aHaiuda Pypse; cm. Pyke [I].
3.5.8. [ITpepnoxenue. ([Tonspueie xgoopaunatet B K*.) ITycre
Rt={t=R: t>0} u "' —ciepa pasmeprocru n—1 g R* (cm. npu-
mep 2.5.6). ITycro
8: Rt x $" 'R\ {0}
— orobpancenue (t, x) —> tx. Toeda cyuwecrsyer (n—1)-popna o
na S"', rakas, uro
8 (dy A ... ANdy)=1"""dt A\ e.

Kpome to20,

f o #= 0.

Sn—l

4 Ecnu x, ..., x,— CyXeHus Ha S"! koopanHATHHX yHKUU
B R*, To MBI MoxeM B3sTh

o=xidu A ... Adxe A - A dxy,
=1

rge 3Hak A Hajl dx, O3HAUAET, YTO STOT MHOXKHTE/]b HAJl0 ONYCTHTL.
Tor daxr, uyto

f o =0,

Sﬂ—l
caenyeTr us ycJjoBHA

J‘dyl/\ oo Ndy,>0,
U

rne U=08(XxS8""), I={: 1/2<t<1}). p
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3.5.9. JIemma CosoneBA. [Tycre Q— orkpeiroe muomecrso 8 R* u
m>nlp. Toeda 0an scakoeo Komnakta K Q matidercs koucrawra

C>0, rakasn, 4to
sup [f (0) [<C|f lm, »
xEK

dan moboi [ C”(Q), y koropoii suppf < K.

4 MoxHo cunTath, uto Q = R”*, Hanee, aaa sagaunsoro K Hafinercs
xomnakt L <R, tako#, uto ¢pynxkuus
g=gy x—>[(x+y)

uMeeT HocuTéab B L pas Joboro y & K. Takum o6pasoM, mgocra-
TOYHO NOKa3aTh, 4TO Ajs Joboli f = C™ ¢ suppfc L

[FOI<KCIT lm, -

Myers 9 RY X R~ N\ {0} — oTo6paxenne, oUpeneSeHHOE
B npensoxeHun 3.5.8.

Ecnn [f=C*(R*), nonoxum g=fo9. Torma uacTHble NpoH3BOJ-
ueie 0™g(f, x)/0t™ WMOXKHO mNOJyuUuTH CJaenywomuM ofpasom. B R*
CYILIECTBYIOT OJHOPOJHbIE MHOTOUJEHBl §, CTENEHH M, TaKHE, YTO

™g (1, a
(3.5.10) ~%§Tﬂ=l‘2 4 (F4p) D7) y=0(t v =tx;
al=m

B uacTHOCTH, GYHKUHH g, (y/lyll) orpanuuens. Ecan M — gocTaTouHo
Gosbliasi KoHcTanta H x < S*7!) 1o

M
(=™ m—1 0™g (t, x)
=101 oft o dt.

) M
HO)=— [ (o dt =
0

JloMHOXast HAa @ ¥ uHTerpupys no S™~', Mu noJyyaeM

M .
™g (1, -
FO) [ o=Cu | j—%t‘T’?—tm Ldt A o,
g1 st=10
OTKyZa ’
’ 4 N (A
@5.11) [O=Cn| [ " ZLED ot p o
0 sﬂ—l

=Cn [ " "gnl)dy, t=llyl
lyl<Mm

(mo mpepstoxkenuo 3.5.8), BBHLY TOro, 4TO

f o F0;

Sll—l
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sliech g, (y) sanaercs dopmyoii (3.5.10). Ecau p> 1, us HepabencTba
lénprepa mosyuaercs, 4TO

|f(0)|<c’< f t“"“"”’dy)"”'( [ Vemn)r dy)”",
fgll<M

lyll<M

rie 1/p+1/p"=1. Tak xak m>n/p, To imn—n)p’+n—1>~1, un
NOTOMY

M
t(m—n) p’d!/=f t(m—n)p'+n—-l dt J‘ (0=C”<oo.
0

1yI<M S

Kpome Toro, Beuay (3.5.10), v
[ l1en(®)Pdy<const-lff, ,

lyh<m
OTKyZa
IFOI<CI lm, p»

4TO H Tpe6oBaNOCh.
Ecau p=1, m>=n, to tpefyeMoe HepaBEHCTBO cCJeAyeT Hemo-
cpencreeHHo u3 (3.5.11). p

3.5.12. Cuencrue. Ecau Q — orkpeiroe mnoxecreo ¢ R u K — kom-
nakrroe nodmnomcecrso Q, ro sup |f(x)|<KLC|flm, , npu m>n/p Oas
x =K

amoboil | C™(Q, g).
/st mokasaTesbCTBa JOCTAaTOUHO NMpHMeHHTh JeMmmy 3.5.9 K KOM-
nonentaM of, re ¢ =C; (Q) u ¢(x) =1, xorna r = K.
3.5.13. [TpEnnOXKEHUE. [TycTe Q — oTkpbiroe mHoxecteo 8 R” u m > n/p.
Toeda scakan ¢pyukyus [ < H,, ,(Q) nouru scrody cosnadaer ¢ Pynx-
yueil, obaadarowei HenpepolBHBLMIL NPOU3BOOHBIMU ROPAOKO8 < M —
—[n/p] — 1; 30ecs [X] — nauboarsuwee yeroe wucao, ne npesocxodsuee X.
« [oMHOXKas [ Ha nopxoasiyio GYHKUHIO ¢ KOMOAKTHBIM HOCH-

(o]
TeJeM, MBI MOXEM cuuTaTh, 4To f& M, ,(Q) u 4TO MHOXecTBO Q
orpanuyeto. Ilycrb

fvEC{o)o(Qr Q), !fv_flm,p_)of

Coraacuo caexcrsuio 3.5.12, nas gawboro koMnakta K < Q natizercs
C >0, raxoe, uTo

sup [ D*(Fy =) (9| <CLD* (Fy = Fu) Iy, » <

<Clfy=fulmp—>0 mpn v, p—>oo, |a|<m=—(n/p).

CunenoBatenbHo, 1pu |al<m-—(n/p) npoussomusle D“f\, CXOAATCS
paBHOMEDHO Ha KOMIIAKTHHIX NMOAMHOXeCTBax Q. P
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3.5.14, TlpeanoxeHuE. [Tpu p=1uau p =2 semna 3.5.9 dokasvisaercs
6osee npocro.

4 Caywat p=1. Eciu M IoCTaTOYHO BEJIHKO, TO

Pt
F= [ ... Lot gty . dty,
-M -M

U 1oToMy 43 HepaBeHcTBa ['ésplepa moJydaercsd, YTO IPH m_=n M
p=1

(3.5.15) < CIT lm, pe

Orcroja ciefyeT Halle HEPaBEHCTBO.

Cayuati p= 2. Bupy Toro, 4ro

f)= 0™ [ Fe)e' ™ Pdg=
Rn

= ()" [ € CP g AT E) (1 + [E P,
Rn

u3 HepasenctBa lllBapua cviexyer, uto

lf(x)12<Cf(l+l§I2 d%flf(& POL+H1ER™de<C'IFE,

(no npepnoxenuto 3.4.7), Tak Kak npu m>n/2

[a+1Eh™"dg< 0. p
Rn
[TosesHo chenath CJaefylollee 3aMeyaHHe O HOpPMax B f.[m(Q):

3.5.16. [TPEaIOKEHUE. []48 406020 € >0 natiderca koncranta C(e) >0,
TaKas, 4To

[FR_ <elfB +C@IfE 0an scex feﬁm(Q).

« JokasatenncTBo mocraToyHo mnposectH aas e Co (R%). Ilo
npeaJoxennio 3.4.7,

PR <e, [ (418D 1F @) P d.
Rn

Jas pannoro e>0 mafinerca koucranra C(g)>0, Takas, uto

A+HEP™ <ecs'(1+IEP™ + C(e)
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s Beex £ =R". TMostomy

1B <e [(+1Ep™F@PE+ClE [ITE@PA,
Rn Rn

M JI0Ka3aTeJbCTBO 3aBEpPUICHO BBHAY Npelnsoxenusi 3.4.7. p

3.5.17. 3AMEYAHHE. DTO NpeAJIOXKEHHE SKBHBAJEHTHO CJeNYIOIEeMY:
O0as mo6oeo €>0 natiderca goucranra C(e) >0, rakas, 4ro das ecex

fe Hn(Q)
]f[m—l<8|f]m+c(8)]flo-
JleMMma Pessnxa ocraHercs BepHOH, €C/IH MBI 3aMEHHM 1-7,,1_,,(9)

Ha Hp,,(Q), B cayuae, korga rpaHuma Q [0CTAaTOYHO TIJafKasi
(cM. Pennux [1]).

HNmeercss HecKOJbKO JokasaTesbcTB JemMMbl CoGogeBa. Cawm
CoGouieB [1] mosyuns HECKOIbKO BecbMa TOUHKIX HepaBeHcTB. OfHAKO
GOJILIIMHCTBO H3 3THX JIOKA3aTe/IbCTB HAMHONO CJOXHee, ueM MpH-
BEJIEHHOE BBILIE.

§ 3.6. Hepasencmesa TI'opounza v Dpudpuxca

B sTom pasmene Mbl OyneM paccMaTpuBath AHbdepeHnnasbHbEe
onepatopsl u3 ¥, B ¥, Ha oTkprTOM MHOXKecTBe Q < R". Ilpexmono-
UM, 4TO, ONEPaTOp 3a7aH B BHIE

(Pu)(x)==| 12< 4, (x) D*u(x), u=C(Q,r).

sm

Hel’IOCpeACTBeHHO BHUJIHO, 4YTO
P(o)(r)=mt 3 gl ... gra, (x) o,

rae v=(vy, ..., v,)=C’, x=Q, f=my u

0
&= af; (%o)-
ITosoxuM :
Pp (x, &)=p (x, §)=pm(x’ g)zlaémgaaa(x)v xEQ, EEIRn;
TOTZla M3 Hallero 3aMmeyaHuss u onpefenenus 3.3.14 caeayer, uro

oneparop P agisercs 3AAUNTUYECKUM 8 TOM U TOABKO 8 TOM cAy4ae,
Koeda 0asn aobox § 0, E=K", x=Q orobpasncenue

p(x, g: C'—C°

unvexrtusno. OYHKIUSA p HA3bIBACTCH XAPAKTEPUCTLHECKUM MHOL0-
yaieHoM olnepatopa P.
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B cayuae r=s moJie3HO paccMOTpeTh 0oJiee YacTHHH BHI TaKHX
OIepaToOPOB.

3.6.1. OnpepenenuE. Jlunefinwt nuddepeHmHambHbl onepaTop
nopsika m H3 paccaoeHus ¥, Ham Q B ceGa HaswBaetcs (pasHo-
MEpHO) CTPO20 JNMUNTUYECKUM, €CJH CYLIECTBYeT KoHcranta C >0,
Takas, uto A4 Beex EER®, x=Q u veC™ Mbl uMmeem

Re(p(x, &) v, v) =CIE["[ 0 P

Ecau n>1, To mM06off CTPOro SMJIHNTHUECKHH OMEPATOpP HMeeT
ueTHHA mopsanok. B camom nene, ecin x=Q u v 0, T0 dyHRuHSA

QE =Re(p(x, &) v, v)

SIBJISIETCS OJITHOPOJHBIM MHOTOUJEHOM cTeneHu m (paBHO# mopsinky P).
SlcHo, uTOo A/1s mOYTH Becex a, b &R" muorounen Q(a+ Ab) or neil-
CTBHTE/bHON NepeMeHHOH A uMeeT mo A cremens m. Ecau m HeueTHoe,
TO 3TOT MHOTOUW/JIEH HMeeT JeHCTBHTeJbHble KOpHH. C apyroii cro-
poHHl, ecyad n>1, To a u b MOXHO mojxo6GpaTh Tak, 4To a + Ab =40
1 Bcex A =R u, BBULY CTPOroH 3JAMHNTHYHOCTH, Q B 3THX TOYKAX
OTJIMYEH OT HYJS.

ITycte P — quHefiHbIf AuddepeHnuaJbueil onepaTop nopsaka m,
us 4, B O, u P, —onepatop nmopspgka m, us 9, B 9, Torna

PyoPpi: C*(Q, r)—>C(Q, 1)

— qunedinnit nuddepenunaspHbil omepaTop. Jlerko npoBEpHTH, UTO
3TOT ONepaTop HMeeT MOPANOK <M+ my. Ecau

p(x, 8): C"—=C°, py(x, &): C°—C!

— XapaKTEePUCTHYECKHE MHOTOUJIEHbl COOTBETCTBEHHO OoNepaTopos P, P,
U ecaH PyoP; uMeeT MNODSNOK m,;+ My, TO XapaKTepHCTHYECKHUH
MHOTOYJIEH 3TOr'0 ONepaTopa PaBeH pyo p;. DTO BEPHO B TOM H TOJLKO
B TOM CJiydae, KOrja pyo p; # 0. B wactHoctH, eciu oneparopul Py, P,
3JTMTITHYECKHE, TO 0TOGpakenue pyo p;: C7— Cf, oueBumno, uubex-
THBHO 1Js {50, a orcioga cleayer, uto omepatop P,o P, Toxe
snauntuueckuii. Janee, ecanm P*— GpopmadbHO CONpPSKEHHHIH K P
omeparop (npennoxenue 3.3.17), To €ro xapakTePHUCTHUECKHH MHOLO-
YyJieH 3ajaeTcsl PaBEHCTBOM

p‘(xr §)=(—l)m tp(x9 g)’ .

rjie p —XapakTepUCTHUeCKHuit Muorousney P.
W3 stux 3ameyaHH#l HENOCPEACTBEHHO BHITEKAeT

3.6.2. CaEencreue. Ecau P — sanunruveckuil oneparop us 9, & 9,
Ha Q, To 018 aobozo Q &E Q oneparop (—1)™ P*o P ecrs pasromepro
cTpoeo saruntuseckull oneparop va Q' 4ernozo nopadxa us O, 8 ceba.
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4 Ecnu
L=(=1)"P*op

H p, — XapaKTepHCTHUECKHII MHOrou/JeH omeparopa L, To
p,=(=1)"p"op,
nosroMy aJgsa mwoboro v =C’ umeem
(pr(x, B)v, 0)=(p(x, E)v, p(x, )v)=lp(x, &) v P

Ecan tenepp x= Q' €Q u [E|=1, [v]=1, To dyukuus || p(x, &) v |P
orpaHuueHa CHH3Y, TaK Kak p{x, §)v =0 BBHAY 3JJHITHYHOCTH P.
W3 ONHOPOAHOCTH CJAEAyeT, uTo

(pr(x, &) v, ) ZCIEP™ |0 P.
3.6.3. HepaBeucrBo T'opnuura. ITycre P — pasnomepro crpozo aasun-
Tudeckull oneparop (4ernoco) nopadxa 2m u3 paccaocenus 9, nad Q

8 ceb6a. Toeda 0asn a106020 OTHOCUTEABHO KOMHAKTHOZ0 OTKPBITO20
nodmnogcecrea Q' < Q naidyrca koncranrot C>0 u B> 0, rakue, uro

(—1)"RelPu, uy =Clul,—Blul}

dan scex uesCy(Q, r).

« Teopema nmoxaswiBaeTcss B TPW ILIara.
HIae 1. Tlycts P uMmeer BUJ

Pu(x)= 3 a,D(x),
la{<om

rae a,—NOCTOSIHHble Martpuubl (1. e. P —omepaTop ¢ MOCTOSTHHHIMH
koapduunentamu). [To Teopeme Ilnanmepesns,

. (Pu, u)={(Pu, 4).
aJsiee,

P/; - lalé?m a“l;a\u (E) =(- 1)'" | a12=2m aaguﬁ (§) + | a|<22m—-1 aailalgua (§)=
=(=1)"p@E)2E)+q € 2E),

TIe p — XapaKTePHCTHYECKHH MHOrouJeH P U ¢ — MHOTOUYJEH CTeNeHH
<2m— 1 (k03pduIUEHTEH KOTOPOro — KOMIIEKCHbIE (r X r)-MaTPHIH),
TaKHM o6pasom,

(=)™ Re(Pu, u) =
= Re j(p (&) 2(), 2())dg+(—1)"Re j(q(@ (&), 2(8))dt >

> flgl"”"lﬁ(%)l"’d’é—ez [a+igpmtiapa,
R" R®
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rae ¢;, ¢;>0; MH HCOOJL30BaJH TOT (akT, 4To, MOCKOJLKY P paBHo-
MepHO CTPOTO 3JUIMNTHUEH, CYyLIecTByeT KoHcranta ¢,;>0, nasa
KOoTOpOH ~

Re(p@E)o, v)=cilEP| 0P,

¥ UTO MHOrouneH g HMeer crenedb < 2m — 1. Ilycts uncio M na-
CTOJIBKO BEJHKO, UTO

g — e (L+1E )" > e (L +[EP"

npu &> M. Torna (nmonarasi ¢;=c;/2) MBI NOJyYaeMm, 4YTO
(=1D™Re{Pu, u) >
>c, [ (+IED"a@PdE—c [ (412D 2@ >
1851 =M AR

Sc [(1+1EP" 2@ Pde—c, [12() P,
R" R™

rie
{es (L 4+1ED™ + co (1 + 1B D™ ).

c,= sup
E1<M
ITo npemnoxkennto 3.4.7 Hafimercs KoHcTanTa ¢ >0, Takas, 4TO
m
(=1)"Re(Pu, uy=clul,—c,|uli.
llae 1T cocrout B ciaemymooumem:

3.6.4. TTpemioREHUE. J]as 410606l ToukU Xy & Q HatideTcs OKPecTHOCTS
U = x,, rakas, 4ro

(—1)"Re(Pu, uy=clull, —Bluf

Orn ecex usCo (U, r); 3decs c, B— nosoxcuressuvle KOHCTAKTOL,
3asucAlUe TOALKO OT X.

4 Moxuo wHalith Junefinble nuddepeHUHANbHbIE ONEPaTOPH
Q, ..., Qy, R, ..., Ry mnopsgkoB < m wus ¥, Ha Q B cebs,
Takue, 4TO

N
P=2RQ,

Va1

*
rie Rv—omnepatop, dopmanbHO compsiKeHHBIH K R,. [aJjee, MOXKHO

HamHuCaTh
Q,=Q+Q;, R,=R,+R],

rae Q°, RY—omepaTophl ¢ NMOCTOSHHBIME KO3(GdUIHEHTAMH TNOPANKA
<m, a ece koapuyuenror Q,, R pasusr Hyao 8 Touke x,. Torna

(Pu, u) = (P, u)+ § {(Quu, RSu) +(Q5u, Ry +(Quu, Ryuy},
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rae N

P= 2 (RY) = Q

v=1
Tak xkax kosbduunentsr Q), R, paBHH HYJIO B TOUKe X, &EQ H 3TH

omepaTophl HMEIOT HOPAAOK < m, TO AJA Jjwoboro &>0 Halizercs
okpecTHOCTs U = xp, Takast, UTO NOCJENHss CyMMa B HAMHCaAHHOM
BHIUIE BHPAXEHHH 1[0 MOJNYJII0 HE MPeBOCXOAUT e|u [’ nmas Bcex

ueCy (U, r). Tpumenss x P° pesyibTar mepsoro wara, noJyyaem
(—D)"Re(Pu, u) >(co~e)luly,— Bluly, usCyU, 1),
ecsH
(=1)"Re (P, uy=cylull, — Blul2. »

Hlae TII — 370 O6Gmuil cayuat.
Ecin Q' & Q, 10 mo npepnoxennio 3.6.4 HalAyTCA KOHCTAHTH

¢>0, B>0 u goneunoe mnokpuitue Uy, ..., U, MHOXecTBa @, mas

KOTOPBIX

(3.6.5) (—1)"Re(Pu, uy>cluly,—Bluf}, npn usCyU,r),
i=1,..., h

Iycte 1, =CC (U, 1), 0<n, <1 u Xn’(x)=1 jmas Bcex x u3 He-
J 0 i i 7

KOTOpOit OKpecTHOCTH Q' (Takue 1; CYLIeCTBYIOT Io JeMMe 1.2.7).
3ameruM, yTo AAs nopxopsmero C>0, saBucsLIero JHIIb oT {n;},

[Imulf,,- p In,'D“uIEKCIuIquuIm,
laf2m

(P (n;u), mjuy ~{n;Pu, nyu) = (Lu, uy,

rae L — nuddepennuansueiii oneparop nopsigka < 2m —1. Caenosa-
teqbHo (3ammceBas L B Buge X Bpo A, Te Ay —onepatopsl 1o-
panka <<m, By —mnopagka <<m—1), MBl BuAMM, uTO Ha#mercs
C >0, Takoe, uto | (P (n;u), nuy—{(n;Pu, nu) I<C| || -, Orcrona
aas Ja160ro uECS"(Q', r) Mbl IOJyuaeM:

h
clufy=c 3 pyp=,2 3 [nDul<

|a[<m la|lm

<021n,-ulf,,+cclulmlul <

m—1

h
]Z (=1)™Re (P (nu), njuy+ B |ul+C ul lul,_ =

—_

-
< X (= 1)"Re (n;Pu, nu) + B'luB+C"ul,lul,_ =

=1

= (—1)"Re(Pu, u) + B’ |ulf+ C"|ul,|ul,_,
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Hanee, pnas Jqodoro 6>0 u 106X KOMIJIEKCHBIX UHCET W), W@,
2] w,w, | <8l w P+ | wsl.
CJaenoBaTesibHO,
20l <8lul,+-E  up_ <28 ul+CO)|ul
no npexnsoxkenuio 3.5.16. Ecan 6 c/2 3TO JaeT HaM HepPaBeHCTBO
—2—clul,2n<(—l Re(Pu, u)+ By ul?,
cnpaBefsinBOe Jisi noxxoasuiero By>0 u Bcex ueCy (Q', r). >

3.6.6. TIPEn/OXKEHUE. Ecan P — pasHomepHo cTpoeo sAaunTudeckus
oneparop nopaoka 2, OOHOPOOHbLL U ¢ NOCTOAHHbIMU KO3(DPuyuen-
Tamu, T. e.

a
Pu(x)=_ 2 a,D%u(x),
lo|=2m

TO 3TO HEPABEHCTBO MOXCHO HECKOALKO YCuauts. B atom cayuae
8 ao6om orkpvirom muoxecree Q ER" daa scex usCy (Q, r)

(—1)" Re (Pu, u) > c ()] ul,
4 Tak xak

(=D)™(Pu,wy= [(p@ ), 4€)de>c [1EP" 2 @) Paz,
R" R"

TO Hallle YTBEPXKJAEHHe cJefyeT H3 HepaBeHcTBa 3.4.5 M 3ameua-
Hust 3.5.7. p

3.6.7. IlpeasoxenuE. [Tycre Q— orkpoiroe muoscecrso 8 R, ¢ = Co (Q)
u k>=>1—uyeaoe wucaro. Toeda 0an aoboeo €>0 natiderca C(g)>0,
TaKoe, 4TO

DD l<e X DL+ CE) X |9'DYP
lal=k la [=k+1 lo|=k-1

0aa ecex = C*(Q), ede @° — pynryus, roscdecreerno pasnasn 1.

« JlocTaTouHO JOKa3aTh, uTo NpuH k>1 u [B|=k nafizercs C (g),
TaKoe, YTO

"D E<<e X [o**'D%LE+C) X | D%
| a|=k+1 la [=k-1

ITonoxum =4 +vy, rue |p'l=k—1 u|y|=1. Torza
|¢" D% £ = (D°f, ¢**Df) = — (DPF, DY (¢*D%)) =
= — (DPF, 2ke™'DYg - D°f) — (D¥F, @™DP*f) =
= — 2k(D"¢ - " 'D*}, ¢"D°) — (@* 7' D}, ¢*T'DPHYY).
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[To/b3ysich TEM, 4YTO
2| {u, v)l<6|ul§+%lvlg, ecau 6> 0,

MBl TOJyuaeM mJsi Jwgoro 6 >0
lo"DPf ;<o {]e*DF 5+ 0" ' D" [} +Ci (0) 0" 'DF I,
u TpeGyeMoe HepaBeHCTBO JeErKO MoJydyaercs oTcroja. p

3.6.8. HepaBenctBo dpugpuxca. Ilycte £ —orpaHHYeHHOE OTKPBHITOE
MHOXecTBO B K" ¥ P — juueldnbil aaauntudeckuit jaudoepeniuas-
HHIl onepaTtop u3 ¥, B U mopsaka m, 3alaBaeMblii popMyJoi

(Pu) (x) = IaIZ<m a, (x) (D) (x), ue=C=(Q, r).

[Tycts k — mesioe Heorpuuarte/nbHoe uucjo. Toraa
3.6.9. Ecau P umeer nocroaunsie Koapppuyuenrs. a,, TO cyujecreyer
koucraura C >0, Takaa, uto daa scex usCo (Q, r)

lul,,,<<Cl|Pul,

m+k =

3.6.10. /laa awboii Touku x,=Q wmaiidyrcsa okxpecrrhocts U D x, u
koucranra C,>0, rakue, 4to

[Ulmpr <KC | Puly

das scex uezCy (U, r) (smech yxe Ko3pduunents P He 06513aTe/bHO
IIOCTOSIHHEL).

3.6.11. Ecau Q' ornocuressHo KOMRAKTHO 8 Q, TO CyujecTsyer Kow-
cranra Cy>0, Takas, 410

luly,  <KCo{| Pull+1ulp)
da5 scex uesC*(Q, r). B wacrnocru, daa scex usCqy (', r)
[l SCo{l Puly +1ul)

4 JdoxaszarteanctBo 3.6.9. Ilycts p(x, &) =p (&) — xapakre.
pncmqecxnn MHorousen P. Tak kak P—S.)’IJIHHTI/II{eCKI/II/I oneparop,
0o pE)v=*0 aasa |[g|=1, veC’, |v|=1. 3naunr, B cuIy OXHO.
POLLHOCTH, Haijercs o,>0, Takoe, yTO

lpEvl=elEl™iol, t=k", vel
Has nwo6oro M >0 MbB nMeeM

Pul>C (1 +1EP* Pu@Pde=>C [ (+16P* Pul)Pde.

R 151=M

Hanee, Pue)=PE)aE) +qae,

m+k



§ 3.6 HEPABEHCTBA I'OPJIMHTA U ®PUIOPUXCA 197

rae g — mHorouseH crenenn <Km — 1. Tak kak mjs J06BX KOMIJIEKC-
HBIX uyHceJ a, b

1
la+bP>laP—|bP,
TO OTCIOAAa CJaeAYeT CYIIECTBOBAHNE KOHCTAHTHI A>O, TaKOI':I, qTOo

1Pu@) P>+ 1pEa@)F— A +ED™ " 4@ P>

> 1ol e A=A +1EP 2@ P>

=0 (L+HEP™AE)P, ecan [EI=>M
rre M u p;>0 Bbl6paHH HOAXOZSAMIMM oO6pasoM. IIpH TaKoM BHI-
6ope M, o,
|PuB>Co [ (1+1ED™1a () Pde,
1E1=M
u 3.6.9 crenyer u3 npennoxenuit 3.4.7 u 3.5.6.
HJoxasarteanctBo 3.6.10. 3anumem P B Bume P = P04 P/,
rne PO umeer mocTosiHHBIE KO3(OUUHEHTH, a Bce Koadhduuuents P’
paBHH HyJIO B Touke X, (P° u P’ umeior nopsimok m). JocraTouHo
nokasaTh, YTo IJs 3afaHHoro e>0 Hafigercs oxpectHocTh U = xg,

Takasi, 4TO )
[Pul,<eltlnir

aas Beex uesCq (U, r). Paccmorpum
D*(bD%f), lel<m, [BI<k, b=CT(Q), f=CT(U), b(x)=0.

Himeem
p*(60)= Y, (F) DY D™y,
v<h
HuTerpupys mno yactsaM, noayuaeM
|D% - D*** < const - | bl [16(x)] 3 [DY¥(x)fdx,
0 IM<m+k

<m
rae
[bl,= X sup|D*(x)].
IMi<2% U

=

Tak kak b(x)) =0, oTciona cienyer, uTo
|D* (6D [y <ol P14

pas Beex feCo (U), |a|l<m, |p]|<<k, ecam U pocraTouHo Maia.
CJaeoBaTe/IbHO, .
[Pul,<elttlnye

aas Beex u<Cy (U, r), ecnn U — 10cTaTouHO Masias OKPECTHOCTb Xg.



198 -TJI. 3. JTUHEVHBIE 3JJIMNTUYECKUE AUPPEPEHLHMANBHBIE ONEPATOPHI

HdoxkasarteancTtso 3.6.11. Cnavana 3aMeTHM, 4To
1l SC {I Puly+1ulo}

aast Beex usCy (Q r).

B camom pgeae, mycts {Uy, ..., U,}— KOHeuHoe NOKpHITHE o,
TaKoe, YTO
[l SClPule

aas Beex ueCqy (Uy, r). Mycts
nECU) 0<n <1, An(=1
A5 BCeX X M3 HeKoTopoli okpectHoctH Q. Torna

Ilulm+k-2|mulm+k| const - | & [pe1,

I'Pulk—ZIP n;e) |k, < const - | & [rre-t.

Tak kak
[ 0t lmyr << const - | P (myu) l,

TO OTCIOZA IIOJIy4aeTcs: HEePaBeHCTBO
lul2,,<const- {|Pul2 +|uf ,_, }
¥ Hallle 3aMeuyaHue cJenyer u3 npeanoxenust 3.5.16.
ITycte Tenmeps
e=Cr(Q), <o, x)=1

Zisl BCEX X U3 Hexoropon okpecroctn @', u nycth uC®(Q, r) u
m =m+k. as [a|<<m’ Mb uMeem

D*(¢™u) = 2 ( g ) DP¢™ . D* Py = @™ D% + E cﬁqom'"'B’D“"ﬁu,
p<a B, 40

rae ¢ =CP (Q). Bossonst o6e uacTH B KBajpaT, NPHMEHSs HepaBeH-

crso IlIBapua u cyMmupys 1o BceM a, |a|<<m’ =m+k, Mp moay-
yaeM, 4TO

m+k |m+k_ 2 lcpm+kDul2’ const - 2 Itp'ﬁ'DBulﬁ-
B<m+k

lal<m+k

||cp
'COr/IaCHO YCTAHOBJEGHHBIM BbIIe De3y/bTaTaM, OTCIOAA
|@mthu |2, < const - {|P(pm+hu) 2 + | @m+hu 5.

Kpome Toro, u3 npemsnoxenuss 3.6.7 ciaeayer, 4TO

1818 mtknB, (2, ; e
1B <m+ quD Du’“ lm;m-k'(p Dulo+C(a)(,ulo)-
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I_IOJICTaBJIHH 9TU HEpaBEHCTBA H nonénpaﬂ € JOCTATOYHO MaJbIM, MbHI
noJiyuaem, 4TO

|gm+eDeu 3 < const - {| @™ +#Pufy + (lu 5 )).

la 1< m+k

Tak kKak @(x)=1 pia x=Q u suppop=Q, 10 3.6.11 caeayer us
3TOr0 HepaBeHCTBA. P

[IpsiMbiM caegcTBuem 3.6.11 saBasiercs

3.6.12. TeoPEMA. ITycre P — sanuntuueckuii Ougpgpeperyuarsnsiii one-
parop u3 9, 8 O na orxpeirom muoncecrse Q =R", u nycre

P={usC”(Q, r): Pu=0}L

Toeda nocaedosaressrocts {u,} saemenros P cxodurcs 8 TOnOAO2UL
C*(Q, r) 8 Tom u TOAM6KO 8 TOM cay4ae, Koeda Oasn 4106020 KOM-
nakra K< Q

J‘luv—uuFdx-—»O npH v, p—> oo,

K

Bosee ob6ujo, ecau nocaedosaressrocrs {u,) < C*(Q, r) rakosa, 4ro
{Pu,} cxodurca 8 C*(Q, s) u

flu,,—uu RPdx—>0
K

a8 mobozo komnakra K< Q, ro {u,} cxodurca ¢ C*(Q, r).

IpuBefieHHble B 3TOM mnaparpade 10Kas3aTebCTBAa MO CYIUECTBY
COBIANANT ¢ JOKasaTesJbcTBaMu ['opauura [1] u ®puapuxca [1].

§ 3.7. Barunmuuecxue onepamopur ¢ C*-kosppuyuenmanu:
meopema 0 pezyaapHoCcmu

IMycts Q — oTRpHITOE MHOXKeCTBO B R* n P — nunefiupiyt nudpdepen-
nuajbHbll onepatop u3 9, B 9, Ha Q. [Iycts u & Hy(Q). Onpenenum

Pu xax JquHeinblli dyukuuonan Ha Cqg (Q, s), 3afaBaeMblii paBeHCT-
BOM

(Pu) () ={(u, Pv), 0veCs(Q, s).

Ecan ans Hekoroporo p, 1<{p<Coo, cywmecTByeT BeKTOP-QYHKIHS
g L?(Q, s), Takasd, uTo

(Pu) (U) = (g) U)

ans Beex v < Co (Q, s), TO MBl OTOXAECTBHM JHHEHHHBIH GYHKIHOHAN
Pu ¢ g u Gypem nucats Pu=g, Pus L?(Q, s). 3amMeTHM, 4TO 3TO
corjacyercs ¢ oOBUHHIM o0o3HaueHHeM, ecqan u < C™(Q, r). Haanee,
ecin P uMmeeT mopsiok m M uesH,(Q), 10 Pus Hy(Q). Ecan g
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NpHHAIJIEKHT HEKOTOpOMYy noxnpocrpanctBy L%(Q, s)= Hy(Q), To MBI
OyneM TOBOPHUTb TakXke, YTO Pu JeXHUT B 3TOM HOLNPOCTPAHCTBE.

ITycte P — paBHOMEDHO CTPOrO 3JJIHNTHUYECKHH oliepaTop u3 G,
B cebst mopsaka 2m H

N
P=§1Ronv,

rie Q,, R,—onepatopn mnopsaka scm u3 9, B ceba. Jas u,
veCo (Q, r) MBI IOJOKHM

H (u, U) = v§1 <Qvu: va>'

OueBuiHO, 5TO OMpeACJeHHE DACUPOCTPAHSETCH HA SJIEMEHTH u,
ve H,(Q). Ilycts A — neficTBHTE/bHOE YHCJIO, OTVIHYHOE OT HyJId,
Q’CQ Hx=(xy, ..., X,) =Q. Mu numem

x+h’=(xl+hr X9y ooy xn)

M cuHTaeMm, uto x+h & Q, ecmn x Q. Ecmn g = H,,, (Q), Mbl nogia-
raem
h glx+h—g(x)
g (x)=~—————-.
Bce 3TH COrJalleHHs] CYHTAIOTCSt BHIMOJNHEHHBIMH B TNPELJOKEHHIX
3.7.1-3.7.4.

3.7.1. TIpepaoxenue. Ecau ne Co (R, 1), To Haiidercsa koucTaura

C>0, TaKas, 410

[ = () b <Clf b
Oasn scex fe Hy(Q). Haree, naiidercs ¢>0, rakoe, 4o |t |- <<
< cluly 0aa amoboii uE[oim (Q), ecau h docrarouno mano.

4 HMeem
M) (x) =0 (") (x) = n* () f (x + &),

OTKyZa CJeAyeT MePBOE€ HEPABEHCTBO. Uro xacaercs BTOpOro, To0 y Hac
1

uh(x)=f7%‘l—(x1+th, Xoy <oy X,)dt,
(1]

ecin ueCo (Q, r), Tak uTo Tpe6yeMoe HEPaBEHCTBO BHITOJIHAETCS
ans Beex u € Co (Q, r); obliee HepPaBEHCTBO NOJYYAeTCA NMpee/bHEM
nepexojioM. P

3.7.2. TeopEMA. [Tycre f = H,, (Q), m>=1, umeer xomnaxrHoii Hocus
Teas 8 Q. Ilpednoaoscum, 4to cyuecrsyer xoncranta C>0, rakas,

4T0
[H{E, ) 1<Cluln-y
Oan scex ueCy (Q, r). Tozda fEHm+1(Q).



