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YAK 517 :519.4

Kirura BXoIUT B 3aBOSBABUIYIO MHPOBOE NIPH3HAHHE SHIHUKJIONEIHIO
COBPEMEHHOM MaTeMaTHKH «D/1eMeHTE MaTeMaTHKy», CO3NalHylo rpyi-
noit (ppaHUY3CKHX YUeHHX, BHICTYNAIOWHX NOJ KOJIEKTUBHHIM NCEB-

- poirumoMm H. Byp6axu. Psn ToMoB 2TOf sHuuKIONENHH Yie BHIIEA

B PYCCKOM IIepeBOJIe H NOJYYHJ 3aCJAYKEHHO BEICOKYIO OIIEHKY CO-
BETCKHX YY€HHX. DTOT BHNYCK, cOcTosmiMi u3 aARyx rrae: «Hopmu-
poBauunie ajreSpui® u_<«JIOKaJbHO KOMNAKTHHE KOMMYTATHBHHIE
TPYNOL», BHFOJHO OT/MYaeTcs OT npovux TpynoR H. BypGakn Tem,
YTO OH MAaJO CBS3aH C APYrHMH TOMAaMH TPAKTaTa, B HEM HeT H3-
numnelt ofmuoctH. KHura u3oGuayer MeToZHYeckHMH ycoBepimeH-
CTBOBAHHAIMH M OTPakKaeT CaMHE COBpeMeHHHe pesyJbTarsl. Ona
npeIacTaRJsieT HHUTepeC A9 MaTEMATHKOR DA3JHUHHX ChHelHaJbHO~
creft — OT CTYZ€HTOB 10 HAYYHHX paGoTHHKOB.
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OT PEOJAKTOPA NEPEBOIA

COBeTCKOMY UHTATEJIO NpelJsaraercss NepeBON NMEPBHIX NBYX
rnaB «CnekrpanpHoii Teopuu» H. Byp6aku. Koportko moxHO
CKa3aTh, 4YTO 3feCh COOpaH HOpPEIBAPUTENBHHIH MaTepuast AJs
IIOCTPOEHHNS CHEeKTPAJbHON TECOPHH B CTAHZAPTHOM IOHMMAHHH
3TOTO CJOBOCOUYETAHHS, 4 HMEHHO, 3JeMeHThl reJib()aHIOBCKOH
TEOpPHH KOMMYTATHBHBIX 6aHAXOBBIX ajire6p H MOHTPSITHHCKOM
TEOPUH XapaKTepoOB, NpUUeM MOCJeNHAR pa3BHBaeTca ¢ OGLIMX
no3unuil (yHKIHOHAJILHOTO aHaJH3a.

Pasymeercs, aBTOp CBOGOAHO TO/Nb3YyeTCs CCHIJAKAMH Ha Npy-
THE " YyacTH CBOero OOLIMPHOIO TpPaKTaTa, M 3TO Kacaercd He
TOJBKO TeOpeM, HO H TePMHMHOJIOIHHM, a Takxe OGO3HAYEHHH
(KOTOpBIE HE BCErna 3aHOBO OGBACHAIOTCS). B OCHOBHOM UMeIOTCH
CCBHIJIKH HA TOMA, MOCBALUECHHBIE TONOJIOTHH, ajrefpe ¥ HHTErpu-
POBaHHIO, YXKe INepeBefeHHbBIE HA PYCCKHH A3bIK. BMecre c Tem
HCKYIIGHHOMY 4HTAaTeNJIo cJaenyeT co6/04aTh H3BECTHYIO OCTO-
POXHOCTB, IOCKOJIBKY, HANpHMEP, B TOM, UTO Kacaerci GaHa-
XOBHIX aJjre6p, TepMuHOJOrHs, ucnoiabayemas H. Byp6aku,
IaJeKo He BCerna COBMAajaeT C NPHHATOH W yCTosiBilelcsa B Ha-
lIe# MaTeMaTHYecKoH JuTepartype. TeM He MeHee, MBl IO IOHAT-
HBIM IIPHYHHAM He COUTH BO3MOXKHHIM CKOJBKO-HUOYAb Cepbe3HO
H3MEHATh TEPMHHOJIOTHIO aBTOPa. :

B nesnoM uanoxeHHe XapaKTepH3yeTcs MOJHOTOH H SICHOCTBIO;
B YACTHOCTH, 3TO OTHOCHUTCH K NpPUMEHEHHSAM anmapara roJo-
MOpHBIX PyHKuMiE. M3 MHOrouHC/IeHHBIX ynpaxKHeHUH YHTATENb
CMOXKET MOJYYHTh HEKOTOpoe (npaBna, He COBCEM MOJHOE) Mpex-
CTABJIEHHE O COBPEMEHHOM COCTOSIHHH YKa3aHHHX obJacTei.

B coorBercTBHH co cBoumu npaBusamu (Nomina sunt odiosa),
H. Byp6akn He ykaseiBaeT aBTOpPOB TeOpeM H H3Geraet CCBIJIOK
Ha COYMHeHHs Apyrux asTopoB. Hano monarats, YTo HMeHa,
KaK o6hHO, OyAyT Ha3BaHbl B KOQHLE.

E. T'opun



TIABA IY)
HOPMHPOBAHHBIE AJIFTEBPbI

§ 1. O6uwue ceenenus o6 anre6pax

1. Anzebpor ¢ edunuyeii

ITycts K — KOMMyTaTHBHOE TeJO, T. €. TIoJe. ITycte A — adg-
re6pa Haix K, cozepxamias equsHuHbI seMent e. Ilapa (4, e)
naspiBaeTcs aszebpoli ¢ edunuyeti Han K, a ajre6pa A —ee
ocnosanuen. Tak KaK e ofHO3HAUYHO onpelessercs no aareépe A4,
TO, GONMYCKAas HEKOTOPYIO BOJBHOCTb Peud, MOXHO Has3mBaTb A
asre6polt ¢ enunnueii. ITycts (A, e) u (A’, ') — nBe aireGpu
¢ enunneii. Mopgpusmom areebp ¢ eunuyeil u3 (A, e) B (4, &)
naspipaercsi mopduam ¢ us A B A’, rakoii, uro ¢(e)=¢’. Ilox-
aare6pofi anre6psl ¢ epunuuei (A, e) nasniBaerca napa (4’, e),
raie A’ — nogaare6pa A, coxmepxkalas -e.

EpunuuBbi 3/ieMenT yacto o6o3Hayaerca CUMBoJIOM 1.

ITycts A — anre6pa Haxm K. Hamommum (Ase., ra. VIII,

npuIox., n° 1), uTo na sexTopHoM npocrpancrse A =KX A MoxHo
ONpenesuTh CTPYKTYpY aareGphl, TaKylo, 4TO

‘ (A, a) (w, b)=(hp, Ab + pa -+ ab).

Mycrs e==(1, 0). Torga mapa (A, ¢) HasmBaeTcd anreGpolt
¢ enunulelt, noayuennoil us A npucoedunenuen edunuysi. Eciu
A’ — gakasi-uu6ynp npyras asre6pa Hag K, (A, ¢) — aureGpa
¢ efunuied, NosyueHHas u3 A’ NPHCOGRMHEHHEM €IHHUIBI, ¥
@ — Mopdusm u3 A B A’, TO CylleCcTByeT W IPUTOM €JHHCTBEH-
HHl Mopduam aire6p ¢ exunuueil us (A, €) B (A’, &), sBasio- -
muficss NPOAOJIKEHUuEM ¢. .

2, Cnexrp saementa 8 aszebpe ¢ edunusei

OnpEnenERuE 1. [Tycre A—aneebpa ¢ edunuyeil Had noaen K,
u nycre e — ee eOunuya. JJaa Kandozo x & A CnekTpom x OTHO-
cureasno A Hassigaercs mroixcecrso ecex A& K, Taxkux, 4ro
aneMenT x — he He saeasercs obparumoim 8 K.

!) Pesysbratst raas [ uw 11 omwpatores na Matepuan xmmr 1—-VI n
CBOAKY  Pe3yJ/bTaToB 'KHHMIH, noCBslleHHOo# MuorooGpazuam (Variétés). [[Ipn
CCBUIKAX Ha Hee HcrnoJb3yercsi coxpamekne (Var:, R.)] ’




8 Hopmuposaunsie daszebpu ra 1, §1

Cnektp OyzmerT ofosHauaTscs Sp,X WJIH, €CJH 3To He NpPH-
BOIMT K HemopasyMmeHHio, Sp x.

3ameuanud. 1),Ecin A={0}, To Sp0O= 0.

2) Oas. xaxporo A & K umeeM Sp (Ae) = (A} (ecan 4 == {0}).

3) O toro uto6el x < A 6uim o6paTHM, Heo6xonUMO H
jocratoudo, ytobu 0 ¢ Sp x.

4) Mlyers x& A u P=K|[X]. Ecin A=K, To cyuectsyer
MHoroused P, € K [X], Tako#i, uto P (x) — P (A) e = (x—Ae) P, (x);
caejoBate/bHoO, ecu A & Sp x, To P (A) = Sp P (x); uuaue roop,
P(Sp x) = Sp P (x). O6paTtHo, nycTb p & Sp P (x); NpeanoSoxRUM,
uto K auszebpauxecku 3amxuyro w deg P = 1; nycts P(X) — p=—=
=a(X —A;) ... (X —A,)— pasnoxenue MmHorouseHa P(X)—p
Hd MHOXHTeNH TlepBofi cTenmeHu. VMeem

,P(x)——p,e=a(x—kle) cos (x —Age).

ITosTomy A, =Spx gmaa uekoroporo i u, sHauHT, u=P(})
< P(Sp x). Takum obpasom,

P(Sp x)=Sp P (x).

DTO COOTHOIlIEHHe oOCTaeTc CHPaBeJJHBHM H B TOM cJayvae,
Korga P — KoOHCTaHTa, ecad TOJAbKO Spx 3= .

5) Ecau x & A — HUJBNIOTEHTHHIH 3JIE€MEHT, TO, COTJ4CHO 3a-
meuaHuio 4, (Sp x)" = {0} nas HeKOTOpOro 7 H, CleOBaTEJbHO,
Spx={0} (ecsiu A == {0}). .

6) [IpenmosoxuM, uto moje K anre6Gpaduecku 3aMKHYTO.
Nycts x&A u R=P/IQ=K(X), rane P H Q — B3auMHo mpo-
cTele MHorowneHsl. [lpexgmonoxuM, manee, uto Q(x) oGparum, ’
T. e. 0 & Q(Sp x). Torna moxHo 06pasoBaTh R (x)=P (x)-Q (x)'l==
—=Q(x)”" - P(x). Tokaxem, uTo ecsH R — He KOHCTaHTa, TO
CIpaBel/IUBO PaBEHCTBO

Sp(R(x))=R(Sp x).

HeilicTBuTenbHO, 3aMensAs B cjayuae Heo6xonumoctu R Ha R —
(rme peK), 10CTaTOMHO YCTAHOBUTH 3KBHBAJEHTHOCTb

R(x) ob6patum & 0& R(Spx)
P(x) obparuMm & 0¢ P(Spx).

Ho nocnennee caexyer us saMeuanusi 4, eciH P He KoHcTaHTa,
H OueBHJHO, ecad P — KOHCTaHTa, paBHass A, Tak ‘Kak A0
B CHJIy NPEANOJIOKEHUS OTHOCHTeJ bHO R.

7) Nyers A u B—pgBse aare6pul c enuHumed Hap K,
@: A—> B — moppusm asre6p ¢ epununeil ¥ x € A. Toraa scuo,
uTo Spp@(x) < Spyx.

nan
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8) IMyctb A — aare6pa c exuuuueit, R — ee pagukan (Aaze.,
ra. VIII, § 5), ¢ — xanouuueckuit mopousm u3 A B B=A/R.
Torna ecau x= A, 10 Sppe(x)=Sp,x. [leficTBuTeabHO, 10~
CTaTOYHO JI0Ka3aTh, UTO ecuu ¢(x) obpatum B B, To x obpaTtum
B A. BriGepeM Takoii aseMeHT y € A, uto ¢ (x) 9 () =9 () ¢ (x)=
=g(e). Torna xy=e+ R, yx=e-+R. 3uauur, xy u yx obpa-
THMH M, CJIe[l0BaTesbHO, ¥ 06paTHM. B wacTHOCTH, ecan x = R,
1o Spx=={0} (npu ycnosuu, uto A =% {0}).

9) Iycts (B;) — cemeiicTBo  agreGp ¢ exuuuueil, npHueMm
B;=(A;, ¢;). Tlonoxum A= 1:[ A;, e=(e). Torma (4, &) — an-

re6pa ¢ exguuuuefl, HaspiBaeMas npousBeneHueM aJarebp B;.
Ecmn x=(x;) = A, T0 Spr=USpAi X
i

Mpumepsn. 1) [Iycrs A — anre6pa HenpephIBHBIX KOMILJIEKC-
HHIX QYHKIHH Ha TONMOJOTHYeCKOM npocTpauctse. Toraa cnextp
ajemedTa [ & A coBnamaer ¢ mroxecTs8om 3naqenut GyHKuMH f.

2) Mycte A — anre6pa ¢ equHHLEeH KOHEYHOro paHra Hap
noaeM C. HOaa toro uTobul aneMeHT x & A Onli obpaTuM, He-
06X0AMMO M JOCTaTOUHO, UTOOH JHHeHHOe mnpeoGpa3oBaHue
y+—>xy B A uMeJio OTJHUYHHI OT HyJss AeTepMuHaHT. [losToMmy
CIIEKTp 3JEMeHTa ¥ COBMNAajaeT C MHOXKECTBOM KOpHell XapakTe-
PHCTHYECKOro MHorouJseHa aiemedrta x. Ecom A — anre6pa sujo-
MOp(bH3MOB BEKTOPHOrO NMpoCTpaHcTBa V KoHEUHO# pasMepHOCTH
Haa nojeM C, TO CHeKTp X COBNajfaeT, CJeIOBaTeNbHO, C MHO-
XeCTBOM COOCTBeHHbIX 3Hadenul] npeobpasobaunus x. DToT pe-
3yJbTaT, BoOGlle roBops, He Beped, korga dimV GeckoHeuHa

(ynp. 2). L
Onpefeaenue 2. ITycte A — ancebpa ¢ edunuyeii nad K, u
nyers x < A. Jlaa Kamdozo A & K== Sp x. nosoxun :

R(x, ) =(he—x)"".
dynkyus h—> R(x, A) & A Hasvisaerca pe3oabeenTol X.

ITpu O¢uKcupoBaHHOM X 3HaueHHd R(x, A) KOMMYTHPYIOT.
IlefACTBHTENbHO, €CIH A, W € K, TO HMEET MECTO PaBeHCTBO

(he —x) — (pe — x) =@ —p)e.
ITostomy ecam A, p & Spx, To
(1) (A_M)R(x’ MR(x, w)=R(x, p) — R(x, A).
Ecmu x, y=s A n AeK, 10
(Ae—x)—(Ae—y)=y — x.
ITostomy ecau A & SpxUSpy, 10
(@) R(y, My — 2 R(x, )=R(y, ) —R(x, 4).
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3. Cnexrp saemenra 6 aarzebpe

IMycrs A — anre6pa Han noneM K u x & A. HasoseMm cmek-
TPOM 3/1EMEHTA X OTHOCHTENbHO A CHEKTP X OTHOCHTENBHO all-

re6pbl ¢ enuHMued A, mosaydyeHHOR H3 A npHcoequHeHHeM elH-
HHULBL.

Cnektp B 3TOM cMbiciie ofo3Hauaercs Sp/, X MJH, €CJH 3TO
He NPUBOAMT K Helopasymeuuto, Sp’ x. 3amernM, uro 0 < Sp/, X
s qoboro x < A. '

Ecnu @ — mopdusm u3 A B aarebpy B, To Spj (x) < Sp/, x.

3ameuanus. 1) Ilyete A— aare6pa ¢ epuuuuesi. Pac-
CMOTPHM €€ OcHoBaHWe, 0603Hauast ero Ho-npexuemy uepes A.
Ecmn x € A, To '

Sp;x=SprU{0}.

JleAcTBUTE/IbHO, MYCTh € — eNHHULA aarebpnl A ¥ e — eauHUNA
aare6pri A, HeTpyaHO [poBepHTh, HTO (e—e) - A= A-(e—e)=0,
T. e. uto aare6pa A mpexacraBasiercs B Buie npousBeneHns A.
n K (e —e). Hame yTBepxjeHHe Temepb cJelyeT H3 3aMmeua-
Hua 9, n° 2.

2) U3 mpenbiayiuero 3aMeuaHHs BhiTeKaeT, UTO ecau B — an-
re6pa vag K u x& B, To

Spyx =Spz x =Spy xU{0}=Spj .

3) Econ x mpuHapexut pagukany anre6ps A, To Sp/, x == {0}.
dro cieayer u3 3ameuanus 8, n°2.

- Tleepnoxkexue 1. [Tycre A — nexoropasn areebpa u x, y < A,
Tozda
Sp’ (xy) = Sp’ (yx).

IMepexoas k- aJgre6pe A, MOXHO OrpaHHYUTLCH TeM ClayuaeM,
korga A comepxur exuMHnuy e. Torga AOCTaTOYHO J[OKa3arh,
uto ecnd A =0 M ecau 3JeMeHT Xy — Ae uMeeT oOpaTHHE 2,
TO 3JeMeHT yx — Ae Takxe o6patHm. Mmeem

(yx — Ae) (yzx — e) = y (xy2) x — yx — Ayzx + Ae =
: ==y (Az + e)x — yx — Ayzx + Ae =he,

a takxke (yzx —e)(yx —Ae)=»>~e. Tak Kaxk A 5 0, To u3 3THX
PaBEHCTB CJEAYeT, UTO 3JEMeHT yX — Ae o6paTum.

MoXHO yKasaTh Takylo ajare6py ¢ eguuuied A u Takue sne-
MeHTH ¥, y € A, uro Sp(xy);é Sp(yx) (ynp. 3).
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4. Hanoanennsvie nodanzebpol

Onpepeaesue 3. [Tycre A — aacebpa ¢ edunuyeil. Ilodaa-
2ebpa ¢ edunuyeld B A naseisaeTcs nanoanennoil)), ecau Ka-
ocObtii snement us B, obparumeui e A, obparum- 8 B.

Ecau B — nHamosanennas mnojanare6pa B A, To s KaxAoro
aneMeHTa X € B cupasensiuso paBencrso Spp x = Sp,x. Tlepe-
ceyenue J0Goro cemMeficTBA HANOJHEHHBIX MojgaJarebép B A
sBJIseTcA CHOBa HanoJHeHHOH mogaJsrebpoit B A. CregoBarenbHo,
ecit M c A, To mepeceueHde B Bcex HamoJAHEHHBIX NojgajareGp
anrebpel A, comepxkamux M, sABJAfeTCst HAUMeHbLIE! HaIOJHEH~
Hol momasareGpoi, comepxauteii M. Takas nogaare6pa B Hash-
BaeTCs HaloJIHeHHOH mopasreGpoll B A, nopoxcdenHod MHOXe-
crBoM M. Kommyraur M’ mHoxectBa M B A sBJaAETCS HamoJs-
HeHHoll uojajare6po B A (Tak Kak ec/ad 3JeMeHT x oBpaTuMm
B A u KomMmyTtHpyer ¢ M, To x~! TaKke KoMMyTupyer ¢ M).
Tosromy OukommyTaHT M” muomkecrsa M coxepxur B. Ecau
sJaeMeHTH W3 M KoMMyTHpylOT, To aJjrefpa M” kKoMMyTaTHBHA
H, 3HAudT, B Takxe KOMMyTaTuBHA.

Besikan MaKkcHMasbHAsh KOMMYTATHBHAs monasre6pa B A
ABJACTCH HalloJIHeHHOH mnopaare6pol, TAaK Kak- OHa CoBMajaer
CO CBOMM KOMMYTaHTOM.

Myctb x= A u B — uanoasensas noxzasare6pa B A nopo-
XKjaeHHad seMentom x. Torma B coBmamaer ¢ MHOXECTBOM B
BCex sneMeHTOB BHAA P(x)Q(x)™', rme P=K[X], QK [X] u
Q(x) ob6patum B A. B camoMm xene, B,—nonam‘e6pa B A, co-
gepxalias e; ecjH 5SJeMeHT P(x)Q(x)”" ob6patum B A TO H
agemenT P(x) obpaTum B A u, suaunr; saemenT P (x)”' Q(x),
ob6patusiii K P (x)Q{x)”', npumamnexur B,. Taxam oGpasowm,
B, — nanoJsuenunaa nomamare6pa u B B;. C npyroii CTopoHHI,
ecit P K[X], Q= KI[X] u Q(x) o6patum B A, To P(x) = B,

Q(x) = B u, 3uauur, (x)"'eB i P(x)Q(x)~' = B. Caenona-
TeabpHo, By < B.

5. Xapaxrepot xommyraruenoii anrzebpoi ¢ edunuyeil

Onpejenenue 4. I[Tycre A — kommyraruswas aszebpa c edu-
ruyed. Xapakrepom anacebpot A wassieaercs mopusm anszebp
¢ eQunuyeli us A 8 K.

MuoxecTBo Bcex xapakrtepoB anare6pnl A 0603Ha'{aETCﬂ ye~
pes X (A).

Ilycte A 1 B — gBe KOMMY TaTHBHbIE a.m‘eﬁpbl C equHHIEH,
h— mopdusm anrebp ¢ enuuuneit us A B B. Orobpaxkenue

') B Teopuu rpynn B anajoruumofi curyauuu ynorpebasierca, TePMUH
cepsanrnan. — Hpun. ped, :
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y—>yoh u3 X(B) B X(A) oGosnauaercs uepes X (h). Ecuau
k— mMoppu3M u3 B B KOMMyTaTHBHYIO aareGpy C efHHHIEH, TO
X(koh)==X(h)o X (k). Ecau 1, — ToxnecTBeHHoe 0ToGpaxeHne
anre6pul A, 10 X(1,)— ToxaecTBeHHOE oToOpaKeHue MHOXKe-
ctBa X (A).

Ecan h — clopbeKTHBHHIH MoOpdH3sM, To X (h) sBasieTcs: GHek-
uueidi us X (B) Ha MHOXKECTBO Tex xapakTepoB aareGpnl A, KOTO-
pble aHHYJHPYIOTCS Ha sjape mopdusma h.

Iycte Ay, ..., A, — KOMMyTaTHBHHE aireGpbi ¢ eJHHHUEH
u A— aarebpa c¢ emununeit A, X ... X A,. Ilycts, pnanee,
7; — Kanonunueckoe orobpaxenne us A Ha A,. Torma X (xn;) ecTsb
6uekuusa X (A;) Ha Hekoropyio yacTh X; B X(A), a uMeHHO Ha
MHOXECTBO TeX XapakTepoB aJjre6pn A, KoTtopbie obpalaiorcs

B Hyas Ha || A;. Sicwo, uro X; momapHo He mepeceKaioTCs.
i#i

C npyroii cTopoHH, uyctb % < X (A), U nycTb i — TaKOA HHHEKC,
uto % (x) = 0 mas HeKoToporo x & A;; Ana BCexX j, 7= i u Bcex
y< A; uMeeM
% (£) % (%) =% (xy) =% (0) =0.
CaegoBatensto, % (A;) = 0, U M03TOMy XapakTep ¥, aHHYJIHPYeTCS
Ha H 4;, mak uro X (A) sBasercs obbesunenneM X,.
X

Ilycte B — anre6pa ¢ enununed 4,® ... ®A,. Toraa

A >l A, ... x'An).
ectb oro6paxenne u3 X(B) B X(4,) X ... XX(4,), a
(xly CRS ] xn)l'_'}xl® o ®xn

“#Bisercst < 6ro6pawennen 3 X (A4)X ... XX(4,) B X(B).

JIerko npoBEPHTh, YTO KOMIO3HIMH 3THX 0TOOpaKeHUH ABJAIOTCA
TOXKJAECTBEHHHIMH OTOOpaXKEHHSIMH MHOXecTBa X (B) M MHOKe-

X(A)X ... X X(4,).

IMostomy MoxHo oroxpaectsuth X (B) u X (4) X ... X X(4,).

Ilycte A — komMmyraTuBHas anarebpa c epununefi. Ilycrs
Y — MHOXecTBo Bcex ee HpeasoB KopasmepHoctn l. Has ka-
xporo < X (A) umeem Keryc Y. OroGpasxkenne y+—> Kery
siBasiercs: Guekuunedl X (A) ma Y. JlelicTBuTesbHO, ecan -7,
TO CyIIeCTByeT eJHHCTBeHHHiH H3oMoppuam K-aareGpu ¢ enu-
Huned A/3 Ha K, W KOMIO3HLUHA MOD(PH3MOB

A—>Af3—K
ABJSIETCH €JHHCTBEHHBIM XapakTepoM aJare6pnl A ¢ sapoMm .

~ Ecm xeA n y=X(A), to y(x)= Spx; neficTBuTebHO,
Tak Kak %(x — x(x)e)=10, 10 aneMeHr x — y(x)e He obpaTuM.
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Iaa gaxaoro agneMmeHta x € A 0603HauuM yepe3 9 ,x, HJH
npocto 9x, dyukumo x>y (x), onperenennyio Ha X (A), u
HasoBeM ee npeobpasosanuem [esspanda sremenra x. Otobpa-
xeHne ¥ ectb Mopdusm asrebpei ¢ epuHHLel A B aare6py
c egunuueit A, o¢yukuuit Ha X(A) co sHaueHuaMu B K; 3TO
oroGpaxenne HaawiBaeTca npeobpasosarnuem ensvgpanda. Ilyctnb
B — xommyratuBHaa aarebpa c exuHuuei Ham moqaem K, B, —
anre6pa c emuHuuei Bcex ¢yHRuui Ha X (B) co 3HaueHusAME
B K, h — mopdusm amareGp c egunuueid us A B B; Torga oro-
6paxenue X (h): X(B)— X (A) onpemenser Mepdu3M anreGp
¢ enunuueii h;: A, — B,, u nuarpamma

AﬂéA,

(3) . hl Ih,
7 v
BTB—> Bl

ABJAeTCT KOMMyTaTuBHOH. [leficTBHTEJNbHO, QJIs Kax10ro x = A
u Kaxjoro y & X (B) umeeM

(4) Gp(h(x)) () =2x(h(x))=(X(h)(x))(x)=
=32 ()X EB)0)) = hi (G4 (%)) ()

IIpegnonoxum Teneps, uto K — Tomosorudeckoe teno. Ha-
nenum X (A) TtomoJorue mnoTOUeUHOH (NMPOCTOMA) CXOLUMOCTH
Ha A u TONMOJIOrMYeCKOe NPOCTPaHCTBO X (A) HA30BEM NPocTpaH-
creom xapakrepos aseebper A. drta Tomnosorus B X (A) aBiserca
craGefimeir Tomosorued, B KOTOPOH QyHKuMn ¥,x maa Bcex
x e A uenpepoiBHel. Ecan A — Mopduam agrebp c enuHunei
u3 A B B, to oroGpaxenune X (h): X(B)—> X(A) HempepbiBHO.
Eciu h— copvektuBHbli MoppusMm, TO o6pas X (h) — MHOXKe-
CTBO BCEX XapakTepoB ajre6pn A, paBHBIX HyJIO Ha sjpe MoOp-
dusma h, —3amkuyr B X(A); c Apyroii €TOpPOHMBI, TOMOJOrUA
Ha X (h)(X(B)), uHayunpoBaHuas TomoJorued na X (B) ¢ no-
Momplo orobpakenuss X (h), ecTb TONOJIOTHS NPOCTOH CXONU-
MoctH B A, T. e. 3Ta TONOJOrMS HHAYLHPYETCs TONOJOrHed
B X (A); apyruMu cJaoBaMu, X (h) ABISETCA 20MeoMOPPUIMOM
npoctpanctsa X (B) Ha HEKOTOPYIO 3aMKHYTYI0 YacTb B X (A).

O6benunsas cKkazaHHOEe BhHILIE, MH BHAHUM, UTG IIPOCTPAHCTBO
X (A X ... X A,) oTOXAECTBJIAETCA C TOMOJOTHYECKOH CYMMOIi
npoctpaucts X (4,), ..., X(4,). Touno TaK xe, X(4,®...®A4,)
OTOXJECTBJIAETCS C TONOJIOTHYECKHM TIPOH3BEIEHHEM IPOCTPAHCTB

X(A) X ... XX (A4p).
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6. Cayaai ansze6p Ges eduruyot

OnpexeneHuE 5. [Mycre A — Kommyrarusnas arcebpa. Xapax-
Tepom anzebpst A nasvieaercs mopgusm us A e K.

MuoxecTBo Bcex xapakrepos. aiareGpst A oGosnauum X’ (4).
Monoxum X (A)=X’(A)=={0}. Ecau A obaagaer egunuuei e,
to X(A) sBAseTCs MHOXECTBOM BCeX XapakTepoB aJjreGphl
c eauunuei (A4,e). HdefAcTBUTENBHO, AJS TOTO YTOGH XapakTep
g & X’ (A) 6bl1 HeHYJ/IEBHIM, HEOGXONHMMO H HOCTATOYHO, YTOGH
x(e)=1.

Ecau h: A— B — MopduamM KoOMMY TATHBHBIX a.rn‘eﬁgi TO,
Kax ¥ Bhillle, onpenensercs orobpaxenne X’ (h): X/ (B)— X’ (4),
koropoe nepesogur 0 B 0. Hmeem X’ (koh)=X’(h)o X’ (k).
Ecan h ciopbektused, to X’ (k) GuektusHo oro6paxaer X’ (B)
Ha MHOXECTBO Bcex xapakrepoB aJgre6pun A, o6pauraiomuxcs

B uyJb Ha sape A. Ilycts A, ..., A, — KOMMyTaTuBHHE aJreGpHl,
A=A, X ... XA, nu a; A— A, —KaHonudueckuti MoOp(pu3M,
rorga X’ (m;) — 6uekuus MHoxectBa X’(A;) ma wacte Xi MHO-

skecrBa X/ (A4), a MMEHHO Ha MHOMXECTBO BCEX XaPaKTepoB aJf-
re6psl A, o6paniaomuxcsa B HyJb HA I[ A;; kak B B n°5, MH
I E3!

BuAHM, uTo X’ (A) sBasiercs o6beauHenueM Muoxects Xi. C npy-
roit croponsl, X;Xj=={0} mnas i==j; B uacruoctu, X;i== {0}
o6pasyior pasbuenue mpoctpancTBa X’ (A)=={0} =X (A).

Ias Bcakoro x <= A uepes Fux uaum npocro ¥'x o6osHa-
yaercss pyHKuua y+—> % (x), onpemenennas na X’(A). OtoGpa-
xenue 9’ sisagercs Mopduamom u3 A B aarebpy A, dysxuui
X’(A) — K, o6pamalomuxcs B Hysab B Touke 0. ITycts B — KoM-
MyTaTHBHast aire6pa, B, — anqre6pa Bcex ¢ynkuuit X/ (B)— K,
paBubix HyJaio B Toyke 0, A — mopdusm us A B B; rorna X’ (h)
ompeneaser MopdusM h: A — B,, Takoit, uto A 0Fy=Fzoh.
O603naunm uepe3 Y, x (uau npocro $x) orpanuuenue Fx Ha
X (A) u uasoBeM ero npeobpasosanuem lersgpanda asemenra x.

Iycrs A — anre6pa c eaunHue, nosydyenuas u3 A npucoe-
auHenueM eaunupbl. Orpannuense Ha A J1060r0  xXapakrepa
anre6pu A onpenessier xapakrep aare6ps A; 06paTHO, Kax b
xapakTep Ha A JOUYCKaeT eQHHCTBEHHOE MPOJOJIKEHHE N0 Xa-
pakrepa A. IlosTomy onpeaesena KaHOHWYeCKas OHeKuHsi U3
. X’(4) B X(A), nospossoouias OTOXIAECTBHTb 3TH JBa MHOKe-
crBa. Takum o6pasoM, xapaktep 0 anreGpu A OTOXAECTBIAETCS
C eJMHCTBEHHHIM XapakTepoM aJjre6pel A — TeM, AP0 KOTOPOro
coBmajaer ¢ A.

Oro6paxenne y+—> Kery aBaserca Guekuueir usz X (A) na
MHOJKeCTBO peryJapHbIX HAeaJoB KopasmepHoctd | B A (Aze.,
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rat. VIII, mpunox., n° 1); pefictBuTenbHO, ¢ 0qHO# cTOpoHHl, X (A)
MOXHO OTOXIECTBHTb C MHOMKECTBOM XapaKkTepoB aareGpu A,
He ofpamjaiomuxcsd B HyJb Ha A; ¢ gpyroil cTOpoHH, OTOGpa-
KeHue m——:»aﬂ/l~ aBJsieTcst Ouexuued MHOXKECTBA MaKCHMAaJb-
HbIX HAeaJoB B A, OTJAMYHLIX OT A, Ha MHOXKeCTBO MAaKCHMAJb-
HBIX peryaspHeX HgeaaoB B A (Aze., ra. VIII, upunox.,
upens. 4); NJs 3aBepllleHHs J0OKA3aTeJNbCTBA HOCTATOUHO Telepb

NpuMeHUTb CKasaHHoe B n° 5.

Ecin x€A 1 x &X' (4), To % (x)  Spx x u, 3nauurt, y(r)=
e Spax. o ‘

IpennonoxuM Tenepb, 4To K — Tomosorudeckoe tenao. Ha-
neauM X’ (A) tonosoruedt mpoctofl cxogumocTH Ha A; noayyes-
Hoe - TaKUM 006pasoM TOMOJOTHYECKOe [POCTPAHCTBD Mbl IIO-
. mpexHemMy OypeMm o6GosnauaTe X’ (A). Ecam A — mopdusm us
A’B B, To orobpaxenue X’(h): X’(B)— X’(A) ueupepuBHO.
Ecau h ciopbektuBed, 10 X’ (h) saBAfeTCs roMeoMopdusMoM
npocrpancTBa X’(B) Ha ero o6pa3, u 310T 06pa3 3aMKHYT
B X’ (A). Paccmorpum A=A, X ... X A, u ucllonb3yeMm Te ke
o6Go3Hauenus, 4To W Bhime; X’/ (m;) ecTb roMeoMop(usM npo-
crpanctBa X’ (A;) ua X}, upuuem X{ samkuyro.B X’(A); no-
aroMy Xj=={0} oTkpniTo B X’(A). Mopdusmer X’ (x;) oupene-
JSIOT HempepoiBHOE oTOGpaxkenue cymMMul S mpocTpanctB X’ (A;)
na X’(A); Jer<o m)0BEPUTb, 4TO 06pa3oM 06beLHHEHHS] OKpect-
HocTe#t Touek 0= X’(4)), ..., 0=X'(4,) sABasercs OKpecr-
Hoctb Touku 0 < X’ (A). Bee s10 mokassiBaer, uro X’ (A) xaHo-
HHYECKH OTOXKIECTBJSETCS c)g;axropnpoﬂpaucmom cymMnl S.
B yacraocru, npoctpanctBo X (A) oToxXpmecTBJ/seTcss € CYMMO#
npoctpanctB X (4;). ‘

Ecmu x = A, 1o ¢yuxkuus Fax denpepnisHa na X’ (A).

KaHxounueckas Guekuus u3 X’ (A) va X (A) aBasercs romeo-
MopdusmoM. Ilycte B — anre6pa c emununedt Hagx K u B’ —ee
ocuosanue. Torga npoctpanctso X (B) oToxkaecTBaseTcs C MOJ-
upocrpanctsom X (B’) 8 X’ (B’).

7. IIpumurusnvie udearvi

IMycte A — anre6pa uag K, E — BekTOopHOE HPOCTPAHCTBO
Hang K. HasoseM npedcrasaenuem anare6pst A B E Mopdusm
us A 8 £ (E). IBa npepcrasyeHds m; u 7, aare6psl A B npo-
crpanctBax E, u E, HA3HBAIOTCA 3K6UBAAEHTHOIMU, €CIH CYIle-
cTByer H3oMopdusm E; B E,, upeobpasyiouuil wx;, B m, I[Ipen-
craBjenHe m aare6pnl A B £ HasbiBaeTa HenpusoOumsim, eciaH
E == {0} n ectu eguHCTBEHHBIMH NOANPOCTpaHCTBAMH B E, uu-
BAapHAHTHHMH oTHocHTeabHO m(A), apaswores {0} u E. Ilpeamno-
fIQXKUM, UTO 7 — HENPUBOAMMQE HEHyJeBoe Npencrasienue. Ecaun
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¢ — HenyJieBofi ajgeMent B E, 1o n(A)E — HHBapHaHTHOE OTHO-
cuteasHo n(A) HenyseBoe NMOANPOCTPAHCTBO (B MPOTHBHOM CJy-
. yae K&=E u n(A)={0}); nosromy n(A)t=E. CaexgoBaresnHo,
apnyJaarop N saementa £ B A sABigerca JEBHIM PeEryJsApHLIM
upeasnom (Aze., ra. VIII, npraox., n° 2) H % 5KBHBAJIEHTHO Npe-
craBieHHIO, onpeieseHHoMYy A-ncesgovonyaeM A/N; Tak Kak n
HENpPHBOAHMO, To N sB/IsETCS JIeBHIM MAaKCHMAJbHBIM DEryJsp-
HeiM uaeasoM. O6Gpatho, ecan N’ ecTh seBHH MaKcHMaJbHBIH
peryaspHelfi Hpean B A, To npexgcrasaeHue aareGpn A, olpe-
neasiemoe A-ncesmoMmonyieM A/R’, apasercsi HENPHBOAHMBIM H
HEHYJIeBbIM.

Onpeneaenue 6. ITycre A — aszebpa nad K. IlpumurusHoim
udeasom 8 A HaselsaeTca AGPO  HenpusoOUMO20 HeHYAe8020
npedcrasienus arzebpor A.

Ecau A — xoMMyTaTHBHas aare6pa, To IPHMHTHBHEIE HJAEAJbI
B A ABJIAIOTGA peryJsipHEIMH MaKCHMAaJbHHIMH HpieasaMu B A.
JeficTBATe IbHO, HENPHBOAMMBIE HEHYJIEBHE NpeNcTaB/eHHs B A
COBNAJAIOT € TOYHOCTHIO [0 3KBHBAJEHTHOCTH C IpeaCTaBJe-
HHAMH BHIA Ty, OHpED,e.IIe}IHbIMH A-ncesnomonyaem A/R (rae
N — mMarcuMasbHbIH peryaspHbiii Hgeas B A); B CHJy KOMMyTa-
THBHOCTH A, fAnpO oToGpa)keHHs mx coBmagaer ¢ R.

JlemMa 1. Iycre n— HenpusoQumoe npedcrasieHue airze-
6pst A 8 sexToprom npocrparcTée E Had K.

(i) Tycre Y — dsycToporHuii udea/z 8 A. Ecau n(J) %0, 1o
AR HenpusoduMo.

(ii) Hycrs I, Jp— J8a dsycroponuux udeara & A, raxux,
uro () # 0, n(Jp) 7= 0. Tozda n(JiI,) #* 0.

MuoxecTBo Tex 3jeMeHTOB E, KOTOphie aHHYJHPYIOTCA OTO-
Opaxenuamu 1 (3J), HHBADHAHTHO OTHOCHTEJNbHO MPeACTaBJEHHS
n(A) 1 He coenagaer ¢ E, a caegosaTesnbHo, 3T0 MHoxkecTBo {0}.
[MostoMy eciu E — HeHy.sieBo#t 3ieMeHT H3 E, 1o n(J)E 7 0;
Tak Kak m(J)E HHBAPHAHTHO OTHOCHTEJBHO n(A), Ton(Jg=E
H, TakuM oOpasom, yrsepxkienne (i) mokasano. C gpyroii cro-
pOHBI, MpexbAyllee paccyXkaeHHe MoKaswBaer, uto n(J,) E=E,
n () n(Jp) E = E; cnenoBarenbuo, n(¥,3,) 0.

JIEMMA 2. ITycrs 3y, Iy — F8a dsycroponnux udeara 8 A,
a § — npumurusnetii udeas 8 A. Toeda ecnu X codepucur F,%,
(s 4ACTHOCTY, ecat: % codepacur $,N o), 70 I codepacur aubo
AU60 %y,

[Mycts n — HempHBOAYMOE MpencTaBjeHHe ¢ axapoM J. Ecuu
IDI v IDJ, To, Kak Nokaswipaer gemma ! (ii), n(J;Ip)+40,
OTKyZLa Caepyer, 4T0 J 2 JiJ,. B
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JIEMMA 3. [lpednoaoxcum, 4o arzebpa A codepxcur eduruy-
uotil anement. Ilycre § — Osycroponnuii markcumarvrudl udean
g8 A. Tozda . a8aseTca NPUMUTUBHBIM UOEAAOM.

CymecTByer JeBHH MaxkcHManbHbit Hoean M B A, comep-
Cxkampit . TlycTh 5t — KaHOHHYECKoe (HeHYyJ/1eBOe, HeNPHBOIUMOE)
npencraBaesne A B A/M. Taxk kak JA <M, To sanpo I’ npex-
CTaBJIEHHS T CONEPKHT J; caefoBaTeNbHO, ¥ =3I H J ABngerca

NPpUMHTHBHBIM HAEAJOM.

ITyets J (A) — MHOXKecTBO BceXx NPHMHTHBHLIX HAeajioB B A.
Has xaxpolt vactd M amare6pel A o6o3nauum uepe3 V (M)
MHOJKECTBO BCeX NPHMHTHBHBIX HAcaJjoB B A, coxmepxauux M.
dcho, uto ecad § — NBYCTOPOHHHA Hieas B A, NOpOXKIEHHHA M,
to V (M)=V (J); ecan M cBonuTCA K eIHHCTBEHHOMY 3JIEMEHTY X,
to Bmectro V({x})) wmm Oymem mucate V (x). OtobpaxeHnue
M~—>V (M) sBasercd MOHOTOHHHM (yOHIBAIOIHM) IO OTHOIIE-
HHIO BKJaoueHHs. Vimeem

() Vo)y=J(4), VI)=g,
(6) v (U Mi)=v(21Mi)= Nv )
. il el =)

nas mo6oro cémeiictea (M), ., yacredi aare6pm A. C npyroi
CTOPOHEI, COIVIACHO JeMMe 2,

(7) |4 ((:Sl N (:Sz) =V (31%2) =V ((31) uv (?52)

aas mo6oi. mapbl [BYCTOPOHHHX HIeanoB ¥y, X, B A. ®opmyan
(8) — (7) mokasmBaiot, uto yactu V(M) B J(A) aBasioTcs 3amK-
HYTHIMH B HekoTopo# TomoJorud Ha J(A). drta Tomosorus Ha-
spiBaercs ronoaceueli JJacexobeona na J(A).

IMycrs T — mekoropas uyactb B J(A) u P(T) — nepeceuenne
BCex s/jeMmenToB (umeasos), sxomsmux B T. $cho, uro I(T)—
neycroponnuit uneas B A. Torpa samuikamne T B J(A) ects
HalMeHbinas 3amkayTtas uactb B J(A), comepxamas T, T. e

V(7). .

ITeeanoxenuE 2. [Tycre %, [y — 08a pasaudHsix ssemenra
8 J(A). Iru saementor ordenenst 8 Tonoaozuu I (A).

IleficTBHTebHO, MyCTh, HAMPHMEP, J; & J,. MHOXKeECTBO. Bcex
%= J(A), comepxammx ¥, ABAAETCH 3aMKHYTOH uacteio T
B J(A), Tako#i, uto =T, FH&T.

IpennoxeERuE 3. [Tycrs & J(A). a1 Toeo urober {J} 6vta0
- 3amsuytoim 8 npocrpancrse J(A), wneobxofumo u docrarowwo,
4r0bor Y Obla MAKCUMANOHOIM NPUMUTUBHOLM UOEAAOM.

JleficTBHTEILHO, 3aMBIKAHHE OLHOYJIeMEHTHOro MHOxecrBa {3}
COCTOHT H3 MPHMHTHBHHX HAeanos B A, copepxkaimux §
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[Iycts A — MHOXKECTBO BCEX KJACCOB HENPHBOAHMBIX HEHY-
JIEBBIX TpejcTaBieHnit anre6psi A. Eciu KaxaoMy NpeicTasJe-

HHIO ne A nocraButh B COOTBETCTBHE €r0 NP0, TO MOXYUHTCHA
CIODBEKTHBHOE OTOGpaxeHne A (A). Tonouorus B J(A) ompe-

feNsieT TONOMOTHIO B A, 3aMKHYTHIMH MHOKECTBAMH B KOTOPOM
CayXaT npoo6pa3sl 3aMKHYTHX MuoxectB B J(A) npu orobpa-

®enut A—J (A).
Mpennoxenve 4. Ecau arcebpa A codepycur edunuyy, TO
npocrpancrsa J(A) u A K8asuKOMNAKTHOL.

JlokasarenncTBo pocratouno mnposectn aag J(A). Ilycrs
(T;)y — cemeiicTBo 3aMkHyTHX Hacreil B J(A) ¢ mycTsiM nepece-

yegneM. Ecan 6l Z'f(T,-)sé A, To o0KaszaJjoch GbHI, UTO Zf(T,)
i i
CONEPKHTCA B  HEKOTOPOM  JBYCTOPOHHEM  MaKCHMAaJbHOM

upeane §. Ho & — npumutuBabil upneaa (aemma 3). IMostomy
J=T; pna kaxporo j, TaKk Kak T; 3aMKHyTO, H MBl IpHILJIH

K nmporuBopeuno. CJaenoBatenbHO, 2?(T,-)=A. [Mostomy 1=

=x;+ ... +x, tRe 1, E4T}), ..., x,E F(T,n). Cunenosa-
TEJIbHO, f(T;l)-l— +f(T,n)=A H T;ln e NTy,=0.
ITpennosoxum, uro A — KommyrarusHaa areebpa ¢ edunu-

yei. Tononorus JIxeko6cona Ha J(A) asasiercst TomoJorueH,
uuaynuposanHot Ha J(A) Tomosorueii Sapucckoro mpocToro

cnektpa A (Komm. aze., ra. 11, § 4, n° 3, onp. 4).
Hpeu,no.nomnM, yto aarebpa A xomMyratusHa, a K Haﬂ.e-
aeHo tonoJgoruell. Kanonnuecknii usomopdpusm K na £ (K) no-

3BOJIAET OTOXKIECTBHTb 9JEMEHTH NpocTpaHcTBa X (A) ¢ npen-
craBJeHHAMH anareGpel A B BeKTOpHOM - npoctpaHcTBe K. Tem

caMbHM onpenensieTcst orobpaxenne X (A) B A, aBasmouleect,
QUEBHIHO, HHBEKTHBHHIM. MOXHO, C/Ie10BATEIbHO, OTOXKAECTBHTD

X (A) ¢ HeKOTOpOH HacThiO mpocrpaHcTBa A.

[pEnaoXEHUE 5. Tonoaoeus, undyyuposannas ua X (A) ro-
noaozueit 8 A, caabee ucxodnodi Tonosoeuu 8 X (A).

JleficTBUTEIBHO, NYCTH T—saMxﬂyTaa qactb B A. Torga T

eCTb MHOMNECTBO NpeCTaBjeHHA me A ¢ ﬂILpOM COlepKAIHUM
HeKkoTopylo uyacts M aare6pbi A. Ilostromy T (1 X(A) asasercs
MHO)ecTBOM Tex -y & X (A), Koropsie aHHysupyTCa Ha M, T. e.
3aMkayToil uacteio X (A). Tlpeasioxenye NoKa3aHo.

B obmeM cayuae X(A) He asagercd MOLMPOCTPAHCTBOM
g A'{cM. § 7, ymp. 6c). -
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§ 2. HopmupoBaHHbie aareGpnl

1. O6wue ceedenusn

Onpenenenue 1. Hopmuposanrnoii KomniaexcrHod aareebpoii
HA3618QETCA a/zae6pa A Had nosem C, cHabicennas HoOPMOL
x+—>| x|, Takod, 4o :

(1) Iy i<tz lly

0aa awoboix x, y= A. Ecau npocrpancrteo A noano np 3roii
Hopme, TO 2080pAaT, 4To A — 6anaxosa anzebpa.

dt1o ompejeseHHe HECKOJBKO OTJIHYaeTCs OT AAHHOIO paHee
(O6wy. Ton., ra. 1X, 2-e usn., § 3, n°7), roe TpebyeTcsi B OTJIH-
ype oT (1), uTo6bl. HopMa YHOBJeTBOpsaa YcJoBHIO | xy|l<C
Lal x|yl (@ — neoTpuuateannas HOCTOHHHaH) Onuako Mbl
BHAeJH (CM. TaMm 3Ke), YTO TorjAa CYIecTByeT SKBHBAJEHTHASA
HOpMa, yIoBJaeTBopsiouias ycaosuio (1). Ha mpoTsaxenun Bceit
3Tofl TrJaBbl MBI mpHAepxuBaeMcs onpepeqaeHds 1. CiaoBo «kowm-
nJeKCHAas», KAK MPaBHJO, ONYCKaeTCsl, H BCIOAY, I'Jie HE OrOBO-
PEHO MPOTHBHOE, MOAPA3yMEeBAETCs, YTO OCHOBHBIM IOJIEM CJy-
)KUT moJge C.

Ilycte A — HopMmHpoBaHHas aJarebpa. Kaxpas nomanre6pa
B A, cHaGxeHHAs HHAYLUHPOBAHHOH HopMOﬁ ABJISICTCH HOPMH-
poBanHoil anre6poi. Ecau m — nByCTOPOHHUI 3aMKHYTHA Hieas
B A, To aare6pa A/m, cHaGkKeHHAs HOPMOH

[#l=infllx]l (< A/m),
XEX

AABJAETCS. HOPMHPOBAHHOH anre6poil. Aare6pa, NPOTHBOMOJIOXK-
Hast K A, ¢ Toll Ke HOpMOH, a TaKxKe IOIOJHeHHe ajreGpu A

CyThb HOpMHpOBaHHble aJre6pnl. Ecium Ay, ..., A, — HopMHpO-
BaHHBle ajre6pel, To aare6pa A, X ... X A,, cHa6GxKeHHasa HOP-
MOH :

(%), = sup x|

|I Di<al (SR el

SIBJIIETCA HOPMMpPOBaHHOM aJare6poil.

ITycts (y,) — cemelicTBO aaemMeHTOB M3 A; HaHMeHbIIAsA 3aMK-
HyTas nopa/nrebpa B B A, comepxalias BCe 3JEeMEHTH Y, Ha-
3bIBAETCH 3aMKHYTOH momanreGpoil B A, MOPOKIEHHON 3j1eMeH-
TaMH Y,; €cqH B = A, To roBopAT, YTO Y, TONOAO2UHECKI NOPO-
acOaloT HOPMHPOBaHHyIO aarebpy A, uam uto (y,) — cucrema
Tonoaozu4eckux obpasyowux HOPMHPOBaHHOH anareGpul A,
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Ilycte A — HopMHpoBaHHas asare6pa. OnpemenuM HOpPMY
na A, nonaras (A, x)ll=|A|+[lxi. Vimeem

NG D)@ D I=tanl Al xy + px Ayl
<IAlpl+lxight-tptlixl+1210g)l="
=1 D@ Dl -

ITosromy A npeBpauiaercs B HOPMHUPOBaHHYI0 aare6py, HasH-
BaeMYI0 HOPMUPOBAHHOL arzebpoii ¢ eQunuyel, noayvennoi us A
npucoedurenuem edurutot,

Ilycte A — HOpMHMpOBauHas aJrebpa. Huaa xr< A nyers L,
H R, —orobpaxenuas y—>xy u y—>yx us3 A B A. Torga
x —> L, (cootBercTBeHHO X +—> R,) — Mopdusm anre6pu A (coor-
BETCTBEHHO, MNPOTHBONOJNOXKHOH K-A anreGpn) B &£ (A), Takoi,
410

@) ML A<=l BRI %]

Ecin A comepxur enuuuuy e, To x=L.e=R,e; caegosa-
TeJIbHO, -

6] xi<hLel-Nell,  NxI<SURLH-Nelk

Torma x—>|{ L, || ¥ x—>|| R, || — HOpMBI, 53KBUBAJICHTHHE HCXOA~
ot x—>| x[, ynoBmerBopsiowye, Kpove Toro, ycuaosuw (1)
Ecau k tomy ke A 5= {0}, unaue rosops, e 550, 10 u3 (2) u (3)
caenyer, uto ||le{>=1; oueBugno, uro || L. =] R,|i==1.

2. MMpusmepnt

1) Ilycre Q — JjokajapHO KOMIAKTHOE HpocTpaHcTBo, A —
ajrebpa KoMmmJieKCHuX (yHKUu#, HenpepelBHBIX Ha & W cTpe-
mamuxces K 0 Ha GecKkOoHeuHOCTH, cHaGXKeHHAs HOpMoil

I Fll=sup|f(#)].
FA==3"]

Torma A sBAseTca KOMMYTaTHBHONH GaHaxoBOH asre6poi.

2) Iyers A — anre6pa dyukuuit f: (0, 1) — C, HenpephIBHBIX
BMECT€ CO CBOMMH HpOHSBO,U,HbIMPI A0 TOPAAKA 1 BKIIOUHTENbHO,
cHalKeHHAA HOpPMOH

n

1= Y4 sup 17201

k=0
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Ecan |, g A, 10

ifgh="Y, zrsupl )™ () | =

Y k=0
= 2 o sup 2 (:’) & (t) g(k—s) (t)’ <
k=0. N
n k ]
<Y N s Gup 179 @) (supl 8- (9 1) =11 I .
k=0 5s=0

ChnenoBaresnbHo, A-—KOMMyTaTHBHaﬂ 6anaxoBa a.nre6pa ¢ enu-
HHLeH.

3) Ilyers G — soka/ibHO KOMMAKTHasl Ipymina, CHaémeHHaﬂ
mepolt Xaapa. Torma L!'(G) sBaserca Ganaxosolt aare6poit,
B KOTOpOH TIPOH3BE/EHHE ONPEJeNeHO KaK CBEpTKa (HHureep.,
ra. VIII, § 4, n°5, mpean. 12). Ecam G — xomMmyTaTHBHas
rpynma, To srta Ganaxosa aare6pa TakxKe KOMMYyTaTHBHA.

4) Bossmem B mpumepe 3) G=Z. Torga L!(G)— Ganaxosa
agre6pa . NMOCAENOBATENbHOCTEH (Cp)_o p <o . TAKHX, HUTO

e, | <00, OTHOCHTENBHO YMHOMKEHHS (cn)* (ch) == (dn), Tae
n N

do= D CoChp, B HOPMH || (cn) == Xlcn|. Dra aarebpa co-

p=—00
HEpKHT B KayeCTBE eNHHHUE IIOCAENOBATENBHOCTD (e,), nas
KoTopo#t e, =0 1npu Bcex n =0 u eg=1. [asa x—-(c) nycTh
Q(x)— Henpepbumaﬂ #a U QpyHKuHs, 3HaYeHHe KOTOPOH B TouKe ef

paBHO 2 c,e™. JIerko npoBepuTh, 4TO @ ecTb Mopdusm u3 L' (G)
—00

B aqre6py A ¢ynxuui, HempepniBubix Ha U, B KOoTOpo#i yMHO-
JKEHHE OINpeieseHo Kak oOwmuHdoe ywmuoxeHue. MuTerpupys
IO Y/JEHHO paBeHCTBO : '

(Sepetst) - emint =@ (a)(et) - o,
p
nONYYHM, UTO

an
ta=gx [ @) () emint at,
@

H, CJej0BaTe/bHO, MODPGhH3M ¢ HHBeKTHBeH. Aare6pa A, cuab-
KeHHas HOpPMOM, KoTopas HHAyuupyercs HopMo#l B L'(G) ¢ no-
MOIIbI0 ¢, HasbiBaeTcsl 6aHaxoBOH ajare6pai a6GCOMIOTHO CXOJMSI
muxca pagoB Pypoe. OHA COAGPKHT B KauecTBe EAHHHILH
¢yHknHIO, ToXAecTBeHHO paBHyio 1. (Cm. ra II, § 1, n°2 u 9).
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5) ITyere A—kpyr|z|<<1 B C. [lycts A — anre6pa ¢QyHK-
UHf, HeIPEpHIBHHIX HAa A H aHAJHTHYECKHX BO BHYTPEHHHX TOU-
Kax A, cHaGxenHas HopMo#t [f|==sup |f(f)|. Torza A — xom-

te A

MyTaTuBHAas 6aHaxoBa aJjrefpa c egHHHUEH.

6) ITycrs E'— 6anaxoBo mpocrpancrso. [Ipocrpancrso £ (E)
omeparopoB B £ ¢ oObluHON HOopMoOfi sABJAsieTcss GaHAXOBOH aJ-
re6pofi ¢ eguHHUILeH.

3. Cnexrpanronvii paduyc

[Teennoxenne 1. [lycre A — Hopmuposannas  aszebpa.
ITocaedosaressrocts (ll x" ll”") cxodurcs npu n—»> oo 048 Kaxdozo
xe A, u ee npedes pasen mf | xn |[7n,

[MonoxuM a,=|x"||. Ecan x— HAJBNOTEHTHBIA 2JEMEHT,
' TO NPEIJIOXKEHHE OUEBHIHO; IMO3TOMY MBI MOXKEM CYHTaTh, UTO
0,>0 nas Bcex n. MMeer MecTo HEPABEHCTBO Optn <s Unly'.
3adukcupyem HeKoTopoe Iesoe uncao m>0. JIi1a BesKoro
uensoro n>=0 nyers p(n), ¢(n)— unennle uucaa, TakKHe, 4TO
n=p(n)m+q(n), 0<{g(n)<m. HMeer MecTo HEpPaBEHCTBO

1 1
anln < Aaﬁl(ﬂ)/naq/?n) .

[lonaras B atom HepaBeHCTBe n—> o0, MH NIIOJYUUM HEPDABEHCTBO

lim supal/®»<Cal/™, us Koroporo ciaesyer HepaBeHcTBO
n-»oo

limsupali*<< mf al/m < liminf ol/?,
n->+oo n->+o

_AoOKaswiBaloliee Halle MPEAJOKEHHE.
© Oneepeaedue 2. Jag Kaw0o20 SNEMEHTQ X HOPMUPO-
saunosi aneebper uucao lim || £ [V = inf | x" " nassieaercs
- n=»o0 >0
CNeKTpanbHbLM PAdUYcOM 3ieMenTa X U obognaxaercs 4epesd p (x).
Slcno, uro

(4) ‘ eI,
(5) o =p(xft (k=1 2,...).

Ecnn p(x)=| x|l a1a Besakoro x €A, To B culy (5) umeem
| x2=|x|P. O6patno, npexmosoxum, uro |[**|=[x[f nna
awboro x= A. Torma || =[x F" mna Bcex meamix n3>>0,

2"
caenoBateabho, || x|l==|x H ; ToJaras n— -+ oo, Imosayuaem,
uto || x [|=p(x).
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OnreaeneEHUE 3. OieMmeHT X A Ha3v180eTCS  KBA3UHU/ b-
norentroim, ecau p{x)=0.

DTo onpefeseHHe MOMKHO BHIOH3MEHHTb CJeLYIOIMM o6pa-
goM: AJas Jwoboro A & C uncaa ||(Ax)" || orpannuens; uap eme
TaK: njs Joboro A & C umeeM (Ax)" —0 npu n->oo.

Bamevanne. QyHKUHA X +—>p(x) HA A, OyAyYH HHKHeH
rPaHbI0 HeNmpephBHBIX (QYHKLHHA X +—> || x"l]”", noJyHenpepLBHA
cBepxy; BooOllle TOBOPS, OHA MOXKeT He ObIThb HenpephiBHOMK;
MOXKeT Jjaxe cayuutbess (ymp. 5), UTO mIOCJELOBATEJIbHOCTD
HHJbIOTEHTHHIX 3JeMeHTOB B A CXOZMTCH K 3JIeMeHTY, KOTopblii
He SBJAETCH KBA3HHUJbNOTEHTHBIM.

4. O6parumoie saemeHTH

Ieennoxenne 2. [Iycre A — b6anaxosa aazebpa u X — He-
oo

KoTopouii aaement aroti aazebper. Tozda pad X A"x", paccma- .
n=0

Tpusaemoll KAK cTenenHol pad oT A, umeeT 8 KauecTse paduyca

cxodumocty wucao 1/p(x). Ecau A codeprcur edunuyy u ecau

p(x)<1, 0 gaement 1 — x obparum, u obparnoim K Hemy 3ie-
00

MeHTOM s8AfeTcs X x™.
n=0

-
Ilas pagpyca CXOQMMOCTH Psifa O A"x™ HMeeT MecTo hopMyJia
. n=0

1 1

limsup [ x*[7* ~ p(x) "
n~»+oo

Ecau p(x)<1, To pag X x" cxomures abcomortHo. Tak Kak
n=0
p

(1—x) é_o x"=(2 x”)(l — x)==1— xP+!, 10 s7meMenT (I — x)™"

n=0 /

(o]
CylIecTByeT H paBeH X x".
n=0
CnencteuE 1. Ecau areebpa A colepacut edunuyy, To epynna
06paTUMbLX INEMEHTO8 8 A COOepiUT OTKPLITLIE WAD C YeHTPOM
8 1 paduyca 1. :
DroT (pakT HeMemsJeHHO cJeyeT H3 TOTO OGCTOATEJbLCTBA,
yTO HepaBeHCTBO || x||<<1 Baeuer 3a coboit p(x)<1.

Hanomuuwm (O6y. ron., ra. 1X, § 3, npena. 13), uto rpynna G
OoOpaTHMBIX 3JEMEeHTOB SIBJSIETCSl OTKpuiTOL yacToeio anreGpul A,
YTQ ToNOJOrHst Ha (, HHAYNHPOBaHHAs TQmoJorHed 8 A4, CQrMa-
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COBaHAa CO CTPYKTYpO# TPYNIH H YTO ToNoJorudeckas rpynna G
noaxa.

Cnexcrsue 2. [Mycte A — 6anaxosa aizebpa, <§— sesoil
(cooTseTcTeenno npaesili) peeyraprsiil Maxcumaibroul udeas 8 A.
Tozda udear § samrHyT.

ITycrs (A, e) — 6anaxoBa aare6pa, noaydeHHas us A npu-
coenunenueM enuHuubl. CyliecTsyer Jesbli (COOTBETCTBEHHO
npashifi) MakcuMasdbHui HReaa I B A, Takofl, uto JNA=Y
(Aze., ra. VIII, npanox., npena. 4). Torza I He nmepecekaercs
C OTKPHITHIM LIApOM C LEHTpOM B e pajuyca | (ciexcrsue 1),
nostomMy § ¥ A, 4, ctano 6bth, I =3I, T. €. HIea I 3aMKHYT.

CaencrBue 3. Padukan Ganaxoeoli airzeGpst 3aMKHYT.

JleficTBHTENbHO, PAJHKAJ ABJAAETCH NepeceyeHHeM BCeX JeBhIX
peryJasipHbIX MaKcuManabHHX Hieaqos (Aze., ra. \VIII, npunox.,
n° 3).
© IlpepaoxeHHE 3. [Tycte A — 6anaxosa aszebpa ¢ eduruyed.

(i) Ecau saement x = A obaadaeT se8vim (COOTBETCTEEHHO
npasvim) o6paTHeLM Y, TO KaxcOoui asement x' & A, Takod, 4o

Ix — x i<l yll"l, ob.aadaer saesotm (COOTBETCTBEHHO HPAGHIM)
obpaTHst M.

(ii) Mycrs (x,) — nocaedosaTensHocTs daeMenTos us A, obaa-
daroujux nesoimit (COOTEETCTBEHHO npasbimu) 0OPATHOLMU Yy,
cxodawanca K nekoropomy x & A. Ecau nocaedosaTenrsnocts (y,)
oepanu4ena, To x obpaTum caeéa (COOTEETCTBEHHO CRpPAsa).

Iycts %, y, X’ & A takoBhl, uto yx=1u{x' —x{< lly .
HMeer Mecto HepaseHcTBO ||l —yx'|=|yx—yx’ Iyl X
X x— x'{|<1, us Koroporo cJjaelyer, 4to Yyx’' — oGpaTHMHI

* pJEeMeHT, M, 3HauHT, x’ o6paTum cjaeBa. AHAJOTHYHO ROKa3hi-
Baercsi yTBepxKaeHue o6 o6paTHMOCTH clnpasa.

Mycts %, Y, ¥*<S A TakoBH, 4TO Y,X,=1, x, cxomurcs
K x f1u n—>00 H| Y, ISKM <+ oo. JI1 1ocTaToOUHO GOMbIIHX N
umeeT MecTo Hepasenctso| x, — x [|< M~ <[y, I, nostomy (ii)
crepyer us (i).

OnreaenenuE 4. [Tycre A — Hopmuposannas aszebpa, x — sae-
ment us A, L, u R, — orobpascenus yr—>xy u y—>yx 8 A.
Tosopar, 4To X — ae6wuiii (COOTBETCTEEHHO NpPaesil) TORO.A02U-
yeckui Oeautens Hyan, ecau L, (coorsercreenno R,) e asaneTca
2omeomoppusmon A na L,(A) (cooreercreenno R, (A)).

Coranacio 06uy. ton., ra. IX, 2-e usn., § 3, teop. 1, ato
onpefe/eHde MOXKHO cHOpMYy/HPOBATh CaelylOmHM o0pasoM:
CYLIECTBYeT NOCJeNOBaTeAbHOCT: (2,) B A, Takas, 4To || 2,|==1
W X2, CXOmHMTCH K 0 (coorsercrBenHo 2,X CXOJHTCA K 0).
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-JleBblll (COOTBETCTBEHHO NPABLIf) JeJHTEb HYJSA SBJAsSETCH
JeBbIM (COOTBETCTREHHO NPABBIM) TOMOJOTHUECKHM Jl€JIHTEJ/EM
uyas. Ipepnonoxus, uto A coxepxur epununy. Jlesri (coor-
BETCTBEHHO TPABBI) TOMOJOrHYECKHH JesHTe b HyJis He oGpaTum
cjeBa (COOTBETCTBEHHO CHpaRa); B CaMoM JeJe, eCJ/H, Hanpu-
mep, yx=1 u xz, cxomurca k 0, To z,=y(xz,) cxomurcs
K HyJI0, H yc.nosne [z, ]l=1 He MoXer BHNOJHATHCA AN
BCEX A

IeeasoxeHHE 4. [Tycre A — banaxosa aacebpa c edunuyeil.
Ecsru snrement x 8 A He obpatum caesa, HO ssafeTcsa npedelom
nocaedosareavocty  (x,) 00parumovix cAe8a IAEMEHTO8, TO
x — npaseiti Tonoaozudeckull deautess HYAA.

IMycrs y, — AeBbifi o6patunii k x, Coriacuo npeasoxe~
o 3 (ii), |y, |l CTpeMHTCH K 4 oo. ITyers 2, =]y, "' y,. Torna

lz, =1 n z,x,=ly, I CTPEMHUTCS K HyJ/I0, a 3HAUHT, Z,X==
=z.X, 1 2, (x X,) CTPeMHTCH K HYJIO.

nPEJlJIO}KEHHE 5. Mycte A — Hopmuposannas aseebpa ¢ edu-~

Huyel, B — Hanoanennas nodascebpa 8 A. Tozda B — raxoce
Hanoanennas nodaazebpa s A.

HeficTruTe bHO, NYCTh X — 3JeMeHT u3 B, oOparumnit B A,
H (x,) — nocienoBaTe bHOCTh TOYeK B B, crpemsamascs K x.
Tor,u,a JJs JNOCTaTOYHO éonbmnx n 3JeMeHT X, odpamM B A

nx;! CTpeMHTCH\K x~1. Tak kak x;'< B, To x“eB

Ecau (1) —~ HekoTopoe cemeficTBo 3jeMeHTOB B A 0 B - na-
nojHeHHas nojajre6pa B A, MOPOXKAEHHAA 3THM ceMefiCTBOM,

ToO B ecTh HauMeHblIas 3aMKHYTas HanoJHeHHad nojaJarebpa
B A, comepxamas Bce y,. OHa HasmBaeTCcsd 3aMKHYTOU Ha-
noaxentoil nodasreebpol, NOPoNOeHHOE SAeMEHTAMU Yy,

5. Cnexrp saemenra 6 nopmuposannot arzebpe

TeoreMA 1, lTycte A — 6anaxosa aszebpa c edunuyed u xsA.

(i) Sp x aeaserca komnaxrHol wacrero e C..

(ii) Paduyc nHaumensuwieeco 3aMKHYTOZ0 KpYyea 6 C ¢ yenrpom
e Hyae, codepxcaujezo Sp x, pasen p(x).

(iii) Pesoasvsenra h—> R (A, x) s1emenra x ects 2010M0pPHAA
dynkyus 8 obaactu C==Sp x, obpawarowasca 8 Hyis Ha Gec-
KOHe4HOoCTU. H)neer MecTO paseHcTso

.We Ry x)=(=D" kIR 2)**1.
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Iycts Ao C==Spx u y=x—»A, Ecau pe C, npuuem

lui<ly='I", to snement x—(Ao+p)=y—p=y(1 —py~")
o6patuM, H Ium 00paTHOrO K HEMY 3/€MEeHTa, B CHJIY IpeaJio-
JKeuHs 2, CNpaBejJMBO PaBeHCTBO

© (r—Gat )™ =471 3

. [TostoMy pe3oJsbBeHTa 3/E€MEHTa X onpefesieHa u rojioMopua
B OTKPHTOM Kpyre C LEHTPOM B ToYKe Aq paguyca ||y=' |
TakuM 06pasoM, A0Ka3aHO, YTO MHOXKecTBO Cw=Sp x OTKpHITO
H YTO pe30JbBEHTA 3JEMEHTA X roJoMop(Ha Ha 3TOM MHOXKeE-
cree. @opmyaa (1) § 1, n°2 nosBonser HamnHcaTh PaBEHCTBO

' %R(x, A)= — R(x, A)’, M3 KoTOpOro C NOMOUIbI0 HHAYKIHUH
no k nonyqaercn, YT0

dlk Z_R(x,)=(—1"EIR(, x)kH

Oas kaxporo a >0 o6o3HauuM uepe3 A, 3aMKHYTHI KPYyT
B C c ueurpom B Touke 0 paxgmyca a. Ilycte A — He paBHnoe
HYJI0 KOMIJEKCHOe 4HCJIo, Takoe, 4to {A|p(x)< 1. Toraa, co-

IJ1aCHO NpPeAJIOXEHHIO 2, 3JeMeHT x—A""'=2""(Ax — 1) o6pa-
THM H :
(7) (A"I . x)—l 2 n+l n

.~ TeM caMbBIM [0Ka3aHo, YTO pe3oJbBEeHTA 3JEMEeHTa X ollpe-
JeseHa H rosoMopdHa BHE Ay, M crpeMutcst K 0 Ha Geckoneu-
Hoctu. [lpepmosaras, uro cyuecrtsyer uuciao a < (0, p(x)(,
Takoe, 4TO SP X COACPHKHUTCA B A,, MB BHAHM, YTO (YHKUHS

- -1
= '—x) onperesena n rosomoppra npu 0<{A{<a~!
H: crpeMuTcst K O mpH A, CcTpeMsilleMCs K HyJIO, H 4TO, CJIERO-
'BaTe/bHO, PAAHYC CXOAHMOCTH psAa (7) He Membie a~1>p (x)™';
HO 3TO NpPOTHUBOPEYHT npepJoxkenuio 2. Teopema pokasana.

Caeacreue 1. ITycre A — nopmuposannas aszebpa ¢ edunu-
yed u xe A, Ecau A= {0}, ro Spx+#* .

~ Ilpemmonoxum cuavyana, uyro anare6bpa A nmnoana. Ecuau
Spx=(J, To pesoJbBeHTa 3JeMeHTa x rojomopdHa B C H
paBHA HYMO Ha GECKOHEYHOCTH; CJefOBaTe/lbHO, OHA TOXKIe-
CTBEHHO paBHA HYJIO H, 3HayuT, l=x-R(x, 0)=0 u A={0).
B ofumem cayyae CQOTHOIIEHHE Spax=(J Baeuer 3a coboii

Spr—@, orxyga A—{O} u A={0}.
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CaenctBue 2 (reopeMa  Tembbanma — Masypa). Mycre A —
nopmuposannan arzebpa Had C. Ecau A—reso, o A=C- 1.
Eciu x= A, 1o cymecrsyer A& C, Takoe, UTO 3JEMEHT
x — A He obparuMm (cnenctsue 1), otkyna x—A=0u x=C- L

CaepcrBue 3. [lycre A — 6anaxosa aseebpa ¢ edunuyed,
x — obparumsiii aaemenr 8 A, taxot, uro | x||=|x"'|=1.
Toeda Spx< U.

IMycts A —kpyr [2|<<1 8 C. B cuay teopemn 1 (ii), umeem
Spx<A u Spx~'c A, uTo 4 nOKa3BIBaeT yTBepkKAeHHE (CM.
§ 1, n°2, sameuanue 6).

Caencrsue 4. Ilycts X — KomniexcHoe 6anaxo8o npoctpat-
crgo, L (X)— aneebpa Henpepoisnotx andomopdpusmos X u
A — Henyaesas nodaiszebpa 8 Q (X), rakas, uro X — npocroii
A-ncesdomodyrs. Toeda

(i) Bcaruii sndomoppusm npocrparcrea X (ne o6azareavro
HenpepoLensLil), nepecTanoso4Hblli ¢ A, ecTs 20MOTeTuUs.

(ii) Ecau u — Hexoropetii andomoppuam (He ob6a3arersHo He-
npepotgrotli) npocrpancrsa X u ecau &y, ..., £, = X, 10 cywe-
creyer asemenr v A, rakod, uro vE =uk,, ..., vk, =uk,.

BuiGepem snement §je X, Takofi, uto AE, =~ {0} (caenoa-
tesbHO, AEy==X). Ilyctb B — MHOXKecTBO 3HIO0MOP$U3IMOB Npo-
cTpaHcTBa X, nepectaHoBouHbX ¢ A. Hus Beakoro u & B mycthb
A, — MHOXecTBO (HemycToe) Bcex 3JieMEHTOB U & A, TaKHX, 4TO
vty = uk;; nosoxum Jull=inf|v|. fcno, uto ecau u, ' =B
Hiel, ro lutwiilull+ el |Aul=iAlllull. C npyroi
CTOPOHHI, HycTb & > 0; cymiecTByIoT v, v/ & A, Takue, uTo VE;—uk,,
vE=utp oI ull+ e 0" <l 0/ ||+ €; Torna vv'gy = vu'Ey==
= uw'vEy=u'uf, otkyna |[uu|<llvv’ |<(Nul+e)- (4 I+ ¢),
H OKOHYATEJbHO

N ull<<hul-Na |l

Taxum o6pasom, B — HopMHpoBaHHas aJre6pa u 1< B.
Tak xak X — mpocroii A-ncespomony.b, To B -—rteno (Aae.,
ra. VIII, § 4, n°3, npena. 2, n npuiox., n°2). Ilostomy (ciaen-
creue 2) B=C-I.

Jlna nokasatesbcTBa yTBepkAeHHs (ii) mocraTouHo ycrano-
BHTb CJACHYIOLIYIO JeMMYy.

Jlemma 1. Hycro A — aaeebpa nad nosem K, M — npocroi
A-ncesdomodyrs, rakoti, uro A+ M £ {0}. Jaa scakoii Kowey-
Hotl nocredosarershocTu (%;), <<, 31eMeRTO8 6 M u Kaxdozo
asemenra b us 6ukommyranra K M cyzqecreyer aaeMenT aS A,
Takou, 41 ax;=bx; npu 1<in
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Ananns nokasatenbCcTBa TeopeMul mIOTHOCTH (Aze., ra. VIII,
§ 4, n°2, teop. 1) mokasniBaer, YTO OHO NEpPeHOCHTCH Ges H3Me-
HeHHsl Ha clyya#dl InpocTHX NCeBAOMOAYJeH, NpH YCNOBHH, UTO
cnpaBefiiMBa NPHBEJEHHasT TaM Xe JjeMMa 1, T. e. yacTHHIH
cayuaii chopMyaHpOBaHHOH 3gech neMMEl npH n==1. Ho MHo-
xkecTBo N aneMenroB x & M, takux, uto A- x=={0}, aBnsercs
noANCceBAOMOAYJEM B M, H Tak Kak OHO N0 INpeANONOKEHHIO
He coBnagaer ¢ M, TO OHO CBOAMTCA K HYJIIO; TOrAa ISl KaKAOTO
x&=M nmeeM A-x=M H, B 4aCTHOCTH, CyIIeCTBYeT 3JE€MEHT
a <= A, takoH, uto ax = bx.

CnencterE 5. ITycrs A — 6anaxosa arzebpa u x = A. Toeda
(i) Sp’ x — xomnakrnas uacrs 6 C.
(ii) Paduyc waumenswezo samxuyroeo kpyea 8 Cc yenrpom
8 0, codepaaweco Sp’ x, pasen p(x).
(iii) JIas T020 4TOGBL 34eMEHT X 6blA KBASUHUALNOTEHTHLIM,
Heobxodumo u docrarouno, 4robet Sp’ x ={0}.

YrBepxaenns (i) u (ii) BHBOAsITCS NyTeM NpHUMeHEHHS Teo-
peMbl 1 k 6aHaxoBo#i anre6Gpe, nosayueHHol M3 A mnpHcoegn-
HeHHeM eJMHHUBL. YTBepxkaeHue (iii) caemyer u3 (ii).

3aMeuanna. 1) [Ing npoH3BosbHOrO HENYCTOrO KOMIMAaKTa
B C MOXHO ykasaTh 6aHaxoBy anre6py C eXHHHIeH H Takof
ee DJIEMEHT, CHEKTP KOTOpOI'O B. TOYHOCTH COBNAjfaeT ¢ 3THM
KoMnakToM (yup. 6).
~2) Iycts A— 6anaxoBa anre6pa ¢ ejauHuuell n x < A.
B cuay teopemni 1, MHOXecTBO C==Sp, x aB1sIeTCS OTKPHITOH
yactei0 B C H, CJef0BaTeNbHO, JNOKAIbHO CBA3HO. [To3TOMY ero
KOMIIOHEHTH! CBSI3HOCTH OTKPBITH. B cuny TeopeMsl 1, no Kpaii-
Helf Mepe OZHA M3 3THX KOMIIOHEHT CBSI3BHOCTH COHEDIKHT MHO-
xectBo Tex A= C, nna koTopuix |A|>p(x); Bce oCTajbHbE
KOMIIOHEHTH CBSI3HOCTH, OUEBHAHO, OTpaHHYEHH.

6. Cnexrp ornocureavno nodanzebpol

TIPEAnoXKEHHE 6. [Tycte A — Ganaxosa aseebpa ¢ edunuyed, .
B — samknyras nodaseebpa e A, codepucawan 1. Toeda daa -
kamdoeo x<= A cnpasediuso cooTHoulenue Sppx D Spux U _
2panuya Sp,x codepocur eparnuyy Sppg X.

Cootnomenne Sppx>Sp,yx yxke nokasano (§ 1, n°2,
sameuanne 7). Ecan A — Touka rpanuusl Spgx, TO cyulecTByer
IOCNeNoBaTeNILHOCTh (A,) TOUYEK HONMOMHEHHS K Sppx, cTpe-
Msmages K A. Torjia sneMeHRTH X — A, o6paTHMH B B u crpe--
MSATCSI K SJIEMEHTY X -—A, KOTOPHH He SIBJASETCA OGP2aTHMEIM
B B; cliefoBaTenbHO, X — A ecTb JIeBHl WM Upasuii (npens. 4)
TONOJIOTHYECKUIl AenuTe b Hyna B B, a 3HauuTt, n B A, IlosToMy
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— ———

A= Spax. Tak kak Sp,x < Spgx, To A He MoXKeT GHITb BHY-
TpeHHeH Touko#l Sp,x.

CnenCTBHE. MroxecTso Spp x asasercs obvedunenuem Sp,x
u, ObiT6 MOJCET, HEKOTOPbLX O02PAHUYEHHbLX KOMNOHEHT C8A3-
nocTu Cm= Sp 4 x.

[Mycte U — KommnoHeHTa cBA3HOCTH MHOXKecTBa Cw==Sp,x.
Kaxnas Touka rpanuusl (Sppx)NU B U saBasgercst Takxke
Toukofl rpasuiun Sppx B C H, 3HAUHT, TOUKOH rpaHHIB Sp,x
(npema. 6). Tak xak UNSpyx=, 10 SpgxU ne umeer
rpaHuuHnx Touek B U; Ho Toraa, mnockoasky U cBsA3HO,
SppxNU= nau U, uem u goKasniBaeTcsl CJelLCTBHe.

dto caencTsue GyxerT mononaueHo B § 3; cM. caexcrsua 1
n 2 npenjoxenus 9. :

v

§ 3. KommyTraTuBusie 6auaxosbl aareGpul

1. Xapaxkrepo, kommyrarusnoii 6anaxoeoii arzebpor

HanoMHuM, 4TO OCHOBHHIM I0JiIeM 31ech sBaserca C.

TeorEMA 1. Ecau A——lcoandeTuenaﬂ banaxosa asecebpa,
TO KaoxcOetii xapaxkrep A Henpepoigen u ezo Hopma < 1.

[Mycts y & X’ (A). Oas xaxnoro x & A umeem ¥ (x) < Spax
(§ 1, n°6); caenomarempro, |%(x)|<<p(x)<lxll (§ 2, caen-
creHe 5 TeopeMbi 1), UTO M J0Ka3LIBaeT TeopeMy.

CaepcteHE. [Tycte A — kommyraruenas banaxosa aszebpa.
Toeda npoctparcteo X’(A) komnaxrno. IIpoctpancrso X (A)
AOKAAGHO KOMNAKTHO; OHO KOMNAKTHO, ecau A codepocut edunuyy.

Ilycts, A’ — 6anaxoBo NPOCTPAHCTBO, [BoficTBeHHoe K A.
Enunuunetii. map A] B A’ cnabo xommnakten (Ton. sekr. np.,
ra. IV, § 5, npena. 4). B cuny Teopemn 1, X’ (A) <= Af, u scHo,
uto X’ (A) caabo samkuyTo B A’. Caemosarenbho, X’(A) xom-
naktHo M X (A) JoxkaabHo kKoMnakTHo. Ecau A copepxkuT enu-
Huny 1, To X (A) ects MHOXKecTBO BCex xapakTepos ¥ & X’ (4),
Takux, uto %(l)=1; nosToMy OHO 3aMKHYTO H, 3HAUHT, KOM-
nakTHo B X’ (A). .

Mu yeugum (n°2), uTo m060e KOMIAKTHOE MPOCTPAHCTBO
romeomopduo X (A) s HeKoTopo# nmopxonsiei KOMMYTaTHBHOH
anre6per A ¢ epunuued.

TeopEMA 2. [Tycte A — Kommyrarusnas 6anaxosa aszebpa.
Orobpascenue v+ Kery seaserca 6uexyued X(A) Ha MHO-
HeCT8O PeeyAApHbLX MaKcumaavHolx udeasos 8 A.
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_ Tlycts & — peryssipublii MakcuMaJjbHbE HAeas aare6pe A.
Tak kak ou 3amxayT (§ 2, caegcrsue 2 npeasoxeHus 2), To
A/%— 6anaxoBa aare6pa. Ho tak kak A/ —reno (Ase., ra. VIII,
npuaoxk., npeaa. 3), ro pasmeprocts A/ nan C pasua 1 (§ 2,
creacTsue 2 Teopemnl 1) W, sHauuT, KopasmepHocTs J B A
paBua 1. YTBepKieHHe TEOpPEMHB CJeJyeT TOTAA H3 CKasaH-
Horo B § 1, n°6.

MoXeT CAy4HTbCS, YTO KOMMYTAaTHBHas Ganaxoma aire6pa A Ges exgu-
HHIL He COZEPHKHT HH OJHOrO MaKkcHMaabHoro uieana; toria X' (A) cso-
nutcs K {0} (em. ynp. 4). . .

fcno, uto muoxecrsa J(A) w A (§ 1, n° 7) MOXHO oTO-
JKAECTBUTL ¢ MHOKecTBOM X (A). 3To mMo3BoJsIeT paccMaTpPHBATh
Ha X(A) u caabyio TomoJsoruio, W TomoJoruio Ixekofcona,
KoTopas sBJsieTcs MeHee cuabHo#t (§ 1, mpean. 5). Koraa mu
6ynem paccMatpuBaTh X (A) Ges ykasaHusi, 0 Kakoil TONOJIOTHH
HIET peYs, TO Bcerna GyleT MOAPA3yMeBaThbCH, YTO Pedb HAET
0 caa6oil ToNOJIOTKH.

2. Hpumepnt

[MeeanoxERUE 1. ITycTe Q — 40KAABHO KOMRAKTHOE NPO-
cTpancTso, A — aazebpa HenpepoLHoLX KOMHACKCHBIX (QYHKYUL,
crpemamyuxca Kk 0 Ha bGeckoneunocTu 8 Q, chabicennas HOPMOLL
||f||=';;ug|f(t) . Jaa rawdoi samxuyroi wactu ® g Q nycre

= :

Ip — MHOJECT8O 8Cex fe A, pasnoix wysno na ®. Toz2da oro-
6pascenue O >, AsafeTcs OueKkyuell MHONCECT8A 3AMKHYTHLX
yacrell 8 Q Ha MHONMeCTB0 3aMKHYTBLX uldeanos 8 A.

ScHo, llTO_‘ Yo — 3aMkHyTHE HAean B A. Ecom O+ @, To
cymecryer fe @/, rakoe, uro ¢ @, u, 3HAaUHT, CYIIECTByeT
dyuguus [ < A, paBHas Hyno Ha O U He paBHas HyJIIO B TOUKe f.
Torna f =g u [ & Jps crenoBatessio, orobpaxenne O —> I,
uHBeKTHBHO. [IycTs § — samkHyTsil upean B A. [Tycts @ — muo-
KeCTBO Touek f<Q, Takux, uto [()=0 naa Bcex feS.
Torpa ® — samkHyTas uacTe B Q u J <3, Ilpeanosoxum, -
uro & Jp, >0 1 ¥ — KOMIIAKTHOE MHOXECTBO TOUCK ! & Q,

rakux, aro |f(f)|>=e. Odas kaxporo t < ¥ cymecrByer ¢yHK-
nusg [, =%, rakasa, uyro |f,(f)|>1, W, sHauuT, Takad, uTO
{f:(u)|>1 B HexoTOpOit okpecTHOCTH V; Touky f. Jlasee, cyue-
CTBYIOT &y, ..., t, & ¥, Takue, uTO-

‘F‘C_Vt‘U UVt

n
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Torna ge=Ffify,+ - +lf, €3 n g.>1 na V. Hueen
fe'g, (1 +&7g,) "' =%, u o1a DyHKUUA PABHOMEPHO CTPEMHTCH
x f, xorma e crpemurcs K HyJio. TakuM obpasoM, fe JI=37,
oTKyla I, I u, HaKoHel, J==J,.

3ameuanue. Ilycrs §— unean B A. Ilpeanosnoxum, uro
Mg Kaxjaoro < Q cylecTyer 3/J1eMeHT B J, He PABHHIA HYJIIO
B Touke f{. Torma umo6asa KOMIJIeKCHas HelmpepelBHas Ha £
dyukuns fc koMnakTHeIM HocuTeseM K npuHagnexutr 3. B camom
JeJe, KOHCTPYKIHUSA, C MOMOIILI0 KOTOPOH MBI MOCTPOH/IH (YHK-
uulo g, NPH A0Ka3aTeJbCTBe MpeABLAYILEro yTBepXAeHHs, MO~
3BOJISIET 3[eCh [0Ka3aTh CYIIeCTBOBaHUE QYHKUUK g & J, TaKo#,
uro g >0 Ha Q@ u g>1 Ha K. Tenepr MOXHO mocTpouTh h & A,
Takywo, uro f==gh, otkyna f .

Cuencrsue 1. JIasa kaxdoeo t = Q obosnauum wepes I, MHO-
acecteo [ A, pasneix Hymo 6 Touke t. Toeda oTobpancenue
t—>, ‘measerca Ouexkyuell npocTpancTsa Q Ha MHONCECTBO
3AMKHYTHLX MAKCUMAAbHOLX udeanos 8 A. 3Tu udearst pezyraprel.

DToT pe3yJbTaT HeMeAJEeHHO CJeayeT H3 NpeatoxeHus .

OGo3HauuM uepes € KoMNakT, MoJayuYeHHBIH H3  mpHcoe-
JUHeHHeM OecKOHeuHO yAageHHo#t ToukH o. Torma A oroxue-
cTBasieTCA - ¢ 6aHaxoBoH aJjre6pof KOMILJIEKCHBIX HeNPephiBHLIX

GyHKIMA Ha Q, paBHBIX HYJIO B Touke o. KMMeeT Mecro

CaenctBue 2. Jaa xamdozo = Q obosnauum uepes e
xapaktep aaeebper A, onpeleieHHbii ¢ NOMOULLIO PABEHCTEA
& (1) == (¢) npu ecex [ & A. Tozda orobpascenue t —> e, sgrnerca
eomeomopgpusmom Q na X’(A). Caabas tonosoeus u ronosozusn
Hocexobeona na X (A) cosnadaror.

SlcHo, uTo f+—> €, — HEMPEPHIBHOE HHBEKTHBHOE 0TOGPaKeHHe
n3 Q B X’(A). OHO CIODBEKTHBHO H, CTaNo ObiTb, B CHJY
caencrsusa 1 um Teopemnl 2, siBaserca romeoMopdusMoM. Ecanm
F — cnaGo samkuyras uacts B X (4), To e, B CHJIy CKAa3aHHOTO,
COOTBETCTBYeT 3aMKHyTas yacTh B (Q; cJiefoBaTeJbHO, COTJIACHO
npepsoxkensio 1, oHa 3aMkHyTa B TomoJjiorux JlkekoGcona.

3. MIpeo6pasosanue I'easpanda

IMycts A — KomMyTaTHBHAs GaHaxoBa aare6pa. HamoMuuM,
uTo A Kaxjaoro x < A- uepes 9,x uau Yx o6osHauaercs
bynkumsa x—>y(x) Ha X(A4), uro 9x HaswmBaerca npeobpasoss-
Huem Tlervgpanda saemenra  x H 4TO .oTOGpaKeHHE X+—> Gy
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HasmiBaeTcss npeobpasosanuen [easpanda. CaenoBatesbHO, [0
ONpeJe/IEHHIO HMEeT MECTO PaBeHCTBO

&x) (0) =x (%)

[Tpumeps. 1) B mpumepe 1, § 2, n°2, X(A) ortoxne-
crBasercsi ¢ Q (caencTBue 2 npepsoxenus 1), u mpeo6pasgBa-
sue Tenbdansa COOTBETCTBYET TOXKAECTBEHHOMY OTOGDPaXKEHHIO.

2) AunanoruuHo, B mpumepe 2, § 2, n°2, X(A) oroxuecr
sasiercst ¢ (0, 1), a é——c TOXAECTBEHHBIM OTOOpaKeHHEM
(§ 7, n° 1, npumep).

3) B nmpumepe 5, § 2, n°2, X(A) oroxnuecrsasercs ¢ A,
a ¥ — c ToxnaecTBenHbIM otobpakenuem (§ 7, yup. 6).

. 4) PaccmorpuM, Kak u B npumepe 4, § 2, n°2, 6anaxoBy

anre6py A abcomoTHo cxomsimuxcsi psinos Pypse. Jas Kaxporo
usU oro6paxenue fr>f(u) sBasercs xapakrepoMm ¥, an-
rebpel A. Ecan fo= A — toxnpecrsennoe orobpaxenne U, To
Xu (o) =u; mostoMy orobpaxenne uw>y, u3 U Ha X(A)
IBJISIETCS] HHBEKTHBHBIM (H, OUeBHIHO, HempepbiBHbIM). IlycTs

1€ X (A). Takxax |fy|=[/5" =1, 10 [x(F) <1 u|x(Fy) <1
nostomy ¥ (fo)<=U u, sanaunr, cymwecrsyer 4 < U, takoe, uto x (fo)=
==y, (fo).- Tax kak {fo, fy '] TOIOJIOTHUECKH MOPOXKAAOT BCiO A, -

TO Y =17, CregoBaTesbHo, oOToOpa)keHHe uw+>7Y, ABJIsETCS
romeomoppusmoM U Ha X (A) H MOXHO OTOXIECTBHTb 5TH /iBa
npoctpaHcrBa. Ilpu 3ToM &, COOTBETCTBYET TOXKIECTBEHHOMY
oto6paxenuio. 3naunt, X (L'(Z)) oroxnecrBasercs ¢ U, u ecnu
(c,) € L' (Z), 10 L ((c,) oroxaectBasieTcss € (QyHKuUHEH

o0
et X ceint na U.

-— 00 . .
5) Ilyets A —xkpyr.|2{<l B C, I' —ero rpanuua, A — an-
re6pa KommaekcHeix ¢yukuui f na I', xoropuie mpomonxaiorcs
Q
KaK HellpepuiBHBle QYHKIHH B A, aHAJHTHYecKHe B A, ¢ HOPMOH
| fii=sup|f(#)} W3 npunuuna makcumMyMa CcJemyer, 4TO af-
tel .

re6pa A KaHOHHYECKH H3oMop(dHA aJjre6pe, paccMOTPeHHOH
B § 2, n°2, npumep 5. Ilosromy X (A) oroxpectisiercs ¢ A,
u ecnn fe A, 1o G — nenpepuiBHoe mpojgoskenue f B A, ama-

JUTHUECKOoe B A.

Tlpepnoxxenue 2. [Tycre A — Kommyrarusnas Gawaxosa as-
2ebpa. Dynxyun 9x Henpepsisra 8 Kawdoil Touke x & A u crpe~
Mmurcs K Hymo Ha Geckoneunocru 8 X (A).

B § 1, n° 6 Mul Bugeau, 4To QYHKUHA ¥ —> 7 (x) HeIpepbIBHA
fga X’(A) u pasHa uymo B Touke 0. Tak xak X’(A) oroxazect-
Basiercs ¢ KomnakTHdHkanuel AsekcaHApoBa MpocTpaucTsa
i
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X (A4), To 1aa 3aBeplieHHd N0KA3aTeJbCTBA OCTAETCA BOCHOJb-
30BaThCA CJENCTBHEM.TeopeMul 1.

ITeEnsoxenne 3. IHycre A — kommyrarusnasn- Ganaxosa
aseebpa u x < A. Tozda )

(i) O6vedunenue muoxcecrea swasenui Gx u muoxcecraa {0}
cosnadaer co Sp’x.

(if) Ecau A colepxcur edunuyy, T0 MHOX¥eCT80 3HA4eHUL GX
cosnadaer co SpX; 8 4AcTHOCTU, 0Ast TO2O, 4TOObL dNeMEHT X
6oLa  obparum, Heobxo0umo u Jdocrarouno, 4robor Fx Huede
He PABHAAOCH HYAH. -

IMpennosoxkuM, uto A COAEpKHT €XHHHUY. ¥YKe AoKasaHo,
yro maa Kaxporo ¥ < X (A) suauenue y(x) < Sp x. O6parHo,
nyctb A < Spx. Torna saement x — A He obpatuM. Caenosa-
TeJbHO, OH CONEPIKHTCH B MAaKCHMaJbHOM Hpease aarebpm A
H, 3Haunr, cyumecrsyer y & X(A),: Tako#t, uwro x(x—A)==0
(reopema 2). Tem cammM yrBepxknuenie (ii) HokasaHo.

O6parumcst Temepr K ofweMy cJaydaio. Muoxecrso Sp/,x

COBIIagaeT ¢ MHOXeCTBOM szx HJH, 4TO TO XK€ CamMoe, C MHO-

JKecTBOM 3HaueHHH Fx X Ha X (A) =X’ (A), otkyzna caenyet (i).
. + 00 . -
Caeacteue. Tycrs [ (etf)y= 2 c ettt — abcoatoTro cx00auuiics

pad Dypse. Ecau | nuede ne npunumaer snaxenue 0, 1o [~
npedcrasasnercs abcoroTHO cxol0awumca padom Dypoe.

D10 yTBEpKIEHHE CJeLyeT H3 IPHBEIEHHOrO BHIE MpH-
Mepa 4 n mpexyoxenua 3 (ii).

ITPEgnOXKEHHE 4. ITycre A — KommyrarueHas 6anHaxosa ai-
2ebpa, B — ascebpa Henpepol8HbLX KOMRACKCHbIX QyHKYUi, cTpe~
mamuxca & 0 Ha 6eckoneunoctu e X(A), ¢ Hopmoi {|ff=
= sup |f(#)|. Toeda

teX ()

(i) ¢ ssaserca mopgusmom us A 8 B, rakum, uro |Fx||=
=p(O)<| x|l :

(ii) s Toeo wurober npeobpaszosanue & O6biao U30MeTpu-
weckum, Heobxodumo u docrarouno, urober || x%|==||x|F Osn
gcex x < A.

B cuay § 1, n° 6, npeoGpasoBanue ¥ assaserca MoppusMoM
3 A B B; |9x|l=p(x) B cuny npensioxenuss 3 M CJAEACTBHA 5
Teopemn 1 § 2.

(ii) crenyer us (i) u § 2, n°3.

IlrEpsi0KEHHE D. ITycte A — Kommyrarusnas banaxoséa ar-
2ebpa. Caedyroujue HeTbipe MHONeECTea cOBRAGQIOT;
1) sadpo npeobpasosanusn I'esvpanda;

9 3ak. 1236
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2) MHOJNCECTBO 5/EMEHTOB X, TAKUX, 4TO Sp’ x={0}

3) MHOIMCECTBO KBABUHUABNOTEHTHBIX 34eMENTO8 8 A;

4) paduraa asecebpor A.

Mycrs Ny, Ny, N3, N, — st MuomecrBa. HMmeem R =N,
(npenmoxenne 3 (i)) u Ry,=N; (§ 2, caencroue 5 Teopemu 1).
MroxectBo R, ABAseTCa mepeceueHHeM BCeX PeryJasipHHIX MaKCH-
MaJbHHX Haeasos B A H, CJefoBaTes]bHO (Te%{Jema 2), nepe-
CeueHHEM siiep BCeX XapakTepoB B A; smauut, ¥

Cnepcreue. ITycre A — 6anaxosa aszebpa, x u y— 06a
Kommyrupyrouux aiementa A. Toela

(i) umeror mecro nepasencrea p(xy) <p(x)p ¥, p(x+ N

<e(*)+o(y)

(ii) Ecau saement y K8a3unuronorenten, To Sp’ x=Sp’ (x+y);
ecau K Tomy e A codepocur edunuyy, To Sp x==Sp(x+ y).

. DTH yTBepXJeHHA HEMeJJIEHHO CBOAATCH K CJyYalo, Korga
anre6pa A COREPXHT eIHHHIY, a rocne paccMOTPEHHs! 3aMK-
HyTOH HamoJHeHHo# mnopanreGpe B A, MOPOXAEHHOH x H Y, —

K cayuato, Korna A KkommyratuBHa. Toraa (i) cmexyer u3 mpem-
Joxenus 3, a (11)——PI3 npenmoxeHust 3 u b.

A

3ameuyanusa. 1) BooGue rosops, F(A) ue apasgercs Hu'
3aMKHYTHIM B B, Hm Bclogy muioTHeM B B (§ 7, ynp. 7).

2) 9(A) paspenser toukn B X (A): ecan ¥y, Y, — ABE PasJaHU-
e Toukn X (A), To cymecrsyer 3JIeMEHT x < A, takoit, 1TO
X1 (%) 7= Xp (%)-

3) Ecau y = X (A4), To CYLLECTBYET SJIeMEHT 13 % (A), ue o6pa-
mawuAics B HYJb B TOUKE .

4) Ecim A conmepxut exununy, 1o 9 (A) aeaserca Hamos-
HEeHHOHN mofaJjre6poil anreOps HempepblBHHIX GYHKIHA HA X(A)
(npenmoxenue 3 (ii)).

5) Mu yBugum (§ 4, Teopema 2), uto % (A) mHBapmanTHO
OTHOCHTEJbHO JeHcTBHA rosoMopdHbX GYHKIHA.

4. Mopjusmor kxommyrarusuvix Ganaxoseix arze6p

Tpepnoxenus 6. llycre A u B — 08e Kommyratushsie 6ana~
xo8b. aseebpol, h— mopgpusm ux ocuosanuii. Toeda ecau
B — ancebpa 6es paduraira, To Mopdusm h nenpepoisen.

Myers (a, )= AX B —Touka 3aMblKaHua rpaduka G
oro6paxenns k. Ilycts x = X’ (B). dyukuus (x, y) >y (h(x))—
—-x(y)—(X’(h)(x))(x)—x(y) HenpepsiBHEa Ha A X B u ofpa-
maercs B HyJb Ha G; cJeloBaTeJbHO, OHA paBHa HyJIO
B Touke (a, b). ITostoMmy (A (a))=y (b) ans Besakoro ¥, < X/ (B).
Tak kak B=— aare6pa Ge3 paaukana, 10 h(a)=0>b. Takum
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o6pasoM, rpapuk G 3aMKHYT H, 3HaA4YHT, MOpOH3M A Hempe-
puiBed (Ton. sexr. np., ra. I, § 1, cuex. 5, teop. 1).

IMpexnosoxkenHe © KOMMYTATHBHOCTH A He fABJAeTCS HEOGXOAHMEM
(yup. 11).

Cnenctsue. Jlro6ble O8e HOpMbL HA KOMAACKCHOU KOMMYTa-
TusHOl aneebpe 6es paduraia, onpedersrouyue CTpykTypy Gara-
xo80ii anreebpbt, 3KBUBANEHTHOL.

JloCTaTOYHO NMPHMEHHUTb MpEAJIOKEHHE 6 K TOXIECTBEHHOMY
-.orobpaxkeHuo aroi \fmre6pm.

Ilycte A B B — aBe KOMMyTaTuBHble GaHAXOBHl aJreGpsl.
Cornacio § 1, n°6, ecqiu A: A— B — ciopbeKRTHBHBIH MOphuU3sM,
to X’ (h)— roMeoMopdusmM X’(B) Ha 3aMKHyTOe HOANPOCTPAH-
ctBo B X’ (A), nepepomsimuéi 0 B 0 (unbekTuBHbiM X’ (A) MOXeT
GbIThb NMPH BHINOJIHEHHH 3HAYHTENbHO Gosiee caaboro mpexmoso-
wenust, cM. § 7, npemn. 1 (iv)).

ITycts Tenepp h: A—> B — uABEKTUBHHIA MopdusM. Boobnie
rosopst, X’(h) He fABAAETCS CIOPBLEKTUBHEIM OTOGPAXKeHHEM;
HeoOXonauMoe ycaoBue AJA Toro, 4ToOH orobpaxenue X’ (k)
OBIIO CIOPBEKTUBHBIM, MOMYUAETCs U3 CJACAVIONIEro MPEJIOKEHHUs.

ITpepnoxenuE 7. ITycre A u B — O0se kommyrarusnoie 6ana-
xo86L anzebpel ¢ edunuyeii, h: A— B — moppuam arzebp ¢ edu-
Huyeii (ne ob6asaressro Henpepotsroill). Toeda ecau X (h) — crops-
exrusnoe orobpasicerue, To h (A) — nanoanennas nodarzebpa 8 B.

IlycTs 3jeMeHT x & A Takos, 4To h(x) ob6patuMm B B. Has
Beskoro y € X (A) umeem x=X(h)(€) u &t = X(B). ITosromy
%(x)=E(h (x)) % 0; cnemoBarenbHo, x ob6parum B A (mpesJso-
xenue 3) u h(x) obparum B A (A).

d1o Heo6XonMMOe YCJOBHE CIODBEKTHBHOCTH HE SIBAsETCA
JIOCTaTOUHBIM, KaXKe B MPEAIOJOXKEHHH, YTO 4 — H30METPUUECKOe
oto6paykenue (ynp. 14). Onnako cnpaBefiiBO ClAEAyIONIee

TTpeanoxenuE 8. [Tycre A u B — Ose kommyraruensie 6ana-
xogul anrcebpor ¢ edunuyeii, h: A—> B — unsexrusnoui moppusm
anreebp ¢ eOunuyeil (He 06a3aresbho Henpepol8HbLil), & — 348 MEHT
us A. Ilpednosodum, 4To 3amKHYyTas HANOAHenHas nodaizebpa
8 A, noposcdennas ssemenrom a, cosnadaer ¢ A.

Curedyrougue ycaosus 3K8UBANEHTHOL:

a) X (h) — cropsekrusroe’ orobpadscerue;

b) k(A) — Hanoinennas nodaszebpa 6 B;

¢) Sppa=Spzh(a)

a) = b) caeayeTr u3 HpENNOKEHUA 7.
b) = c) oueBugHO, Tak KaK Sp,a=Spj 4 k(a).

2*
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¢) = a) caepyer u3 § 1, n°5, (4), u KommyTamBHocm qua-
rpaMMHl

X (B) 295 X (4)
Iph (a»l l.‘m‘_(a)
Spp h(a) L Spaa

rZie BepTHKaAbHHE CTpe/NKH 0603HAYAIOT CIOPBEKTHBHBIE OTOGpa-
wenust (npepa. 3), a { — KQHOHHYECKYI0O MHBEKLHUIO. ¥ TBepIK/le-
HHE C) O3HayaeT, YyTo OTOGpaxeHue i GuekTupHO. K3 Hamero
NPEATIONOKEHUST OTHOCHTENbHO 3JeMEeHTa @ CJENYyeT, YTO OTO-
6paxenne X (A)— Sp,a GHEKTHBHO, TaK KaK MHOXECTBO TOUEK
B A, Ha KOTODOM COBM2Jal0T 1Ba XapakTepa, SIBISAETCH 3aMK-
HyTOl HamoJHeHHON moxanreGpoii B A. [Toatomy X (4) — ClOpbeK-
TUBHOe OTOOpaxKeHHe.

5. Cosmecrnolii cnexrp

ITycrs B=CJ(X)); o] — anre6pa c exunnnei KOMIICKCHBIX
MHOTOU/JEHOB OT ceMeficTBa mepeMeHHHX (X;). Hdaa kaxpmoro
x < X(B) umeeM (X (Xy)),cr € c*; scwo, " uro oToGpaxeHue
x> (4 (X2)), < a SBISETCS TOMeOMOpdH3MOM npocTpancTBa X (B)

Ha NpoM3BeIeHHe c* npocrpacTe C, Tak YTO MOXKHO OTOXIe-
CTBHUTb 5TH JBa NPOCTPaHCTBA.

MIycts, namee, A— KOMMyTaTHBHAS 6anaxoBa anre6pa ¢ enn-
Hunel, (x,), o, — HeKoTopoe cemeiicTBo ee sjaemeHroB. Torpa

CYUIeCTBYeT H IPUTOM e€QMHCTBeHHHINH Mopdusm h: B — A, Taxof,
yto h(X,;)=1x, nas kaxporo A. OtoGpaxenue X (h): y+>
*‘”(X(xx))xe A SIBJSIETCS HelpepblBHBIM 0T06an<eHHeM us X(A)

s CA. OHO HaspiBaercs orobpaxcenuen X (A) e ct, onpeae/teu-
noum cemeticreom (x,). Ero o6pas seasercs kommaxkroM B C* 1
HA3bIBAGTCH COBMECTHbIM CHEeKTpom ceMelictBa (x;). CoBMecT-
HBLH coextp ob6osnavaerca Sp,((x,)) wmam Sp((xy)). Touxa
(e )hep 43 ct npuHagaexxut Sp((x;)) B TOM M TOJBKO TOM CJy-
yae, eC/I4 BCE SJEMEHTHl X; — C; HaXOLATCH B HEKOTOPOM OJIHOM
H TOM e MaKcuMaJbHoOM MHJeasne anare6pn A, Apyru™Mu cjo-
BaMH, €C/AM NOPOXKJEHHbI MMU upgean He copmamaer ¢ A. Ecuau
ceMefCTBO (¥;) CBOZMTCS K €IMHCTBEHHOMY SJEMEHTY X, TO Ml
cuoBa nosayuyaeM crnektp Sp x (mpegn. 3 (ii)). Ecaiu A’ A, 10
Sp (M eas) fBISETCH 06pasoM Sp ((xa)y <) TPH KAHOHHYECKOM

oro6paxennu C* B CV. B wactaocrs, Sp ((xahea) c:hHASp X,
N (=]
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[lycts 2, (AEA)——KoopnnHaTHHe dbynkuun va C*. Ecam
yx & X(A4), To snauenue 2z, X(h) B Touke y ectb % (x); caemo-
BATEJbHO, 2 ° X (h)=9x,. -

ITyctb A u B — Be KOMMyraTHBHbie 6aHaxoBHl ajareGphl
¢ enuHuned, @ — MopduaM aJrebp c enuHuueir us A B B,
(x,) — cemefictBo 3saeMentos H3 A. Jlaa Kaxxoro xeX(B)
HMEeT MEeCTO PaBeHCTBO

% (@ (x2)) = (X (@) () (x2),
nosatoMy Spg((@ (1)) = Spa((x,)), u xmarpamma
X(B) X2, X(4)
i i

Sps (@ (x)) -8 pa((x))

rie {-— KaHOHMYeCKad WHDBEKUHS, a BEPTHKAJbHHE CTPEJKH
0603Ha4YalOT 0TOOpAXKEeHHs, ONpeAe/ICHHbE ceMeHcTBaMH (cp (E%))
u (x,), KOMMyTaTHBHA.

IMpEnnoxEHuE 9. (i) [Tpednososcun, 4TO HaAnOAHERHAS MOO-
areebpa 8 A, nopoodennan cemeiicrson (x,), naotua ¢ A. Toeda

orobpaxcernue X (A) e ct, onpedeaeHnoe cemelicTaom (x,;),
aeanerca zomeomopuamon X (A) na Sp((xy))-

(ii) Hpeatw/toofcum, 4T0 nodaizebpa ¢ edunuyeti 8 A, nopoo-
Oennas cemeucmom x,, naotna 8 A. Toeda 0as rcaomaou TOYKU

(c)) = ct Me@grauyze Yycaosus 3K6UBANEHTHbL:
a) ()= S
b) 1 P ((c))) <|IP((xa)) | 942 mobozo P e Cl(X)];
&) 1P((ea)I<p(P((x))) Oaa amobozo P& C[(Xp)].

(1) Hych % * =X (A). Ecau x(x',,)=x' (x,) nas Bcex A, TO
X H x COBNANAIOT HA HallOJTHeHHOH Mozasrebpe B A, OPOX-
JIeHHOH CEeMEHCTBOM X;, W B CHJY HENPEepHBHOCTH ¥ H 7 — Ha
camoil asmre6pe A. CaemosareqbHo, X (k) ABisieTcs HelpephIB-
HOH Ouexknmei X(A) Ha Sp((x)) u, crano GuTh, roMeOMOpHH3-
MoM, Tak Kak X (A)— Kommaxr.

(ii) Ecmu ()= Sp((xy) v P=C[(X,)], To cymectByer xa-
pakrep Y =X(A), Tako#, uro ¢, =1y (x;) mas Bcex A, OTKyZna
PP ((e) =120 (P (x)I<0(P((xp); cremoBaTesnho, a) = c);
c) = b) oueBuano, TaK Kak p(x)<{|[x | Ilycth Temepn B Touke
()= C* nam Bcex PeC[(X,)] uMeeT MecTo HepaBeHCTBO
[P (e ) ISP () Il TIyets A” — monasre6pa ¢ eguuuueil B A,
nopoxaeHHasa ceMmedictBoM (x;). Ycaosue P((x,))=0 Baeuer 32
coboii pasenctso P((c,)) =0; caegoBareqbHO, CYLIECTBYET MOp-
¢uam E: A’—C, tako#t, uro §(x,)==c, nas Bcex A. Taxk kak

12 (e <UL P (el Il
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TO 3TOT MOP()H3M NPOJOJIKAETCS MO HENMPEPHBHOCTH XO Xapak-
Tepa ¥ anrebpel A=A, otryna.(c,) ="(x(x,~)) & Sp (fxy)).

Caencreue 1. ITycre A — xommyrarusnas 6araxosa arzebpa
¢ edunuyeti, (x,)— nexoropoe cemeiictao ee 3semenros, A’ —
6anaxosa nodasezebpa ¢ edunuyeil 8 A, noposdennan cemei-
craon (x,). Toeda Spy ((x;)) A845€TCR NOAHOMUAALHO BOINYKAOL
o6osoukoll (npunoxenne) muomscecrea Spy((xy)).

JeficTBHTeIbHO, corjacHo npensoxennio 9, Sp, ((x,)) mpen-

craBasieT coGoit MHOXKeCTBO Touek (¢,) = CY, Taknx, uto | P ((c;)) | <
<L p(P((x4)) nast Bcex P C[(X,)]. Ocraercsi 3aMeTuTh, UTO

p(P((x))= , sup. [% (P ((x)) | == . ‘ssgpwl P((x(x) | =

= sup |P(c)l
cESpa((*a))

Caepcreue 2. ITycre K — xomnaxr 8 C. Mycre K’ — o6vedu-
HeHnue komnakra K u oepanuuenHotx cea3HbIX KOMROHEHT Jo-
noanenun Cw=K. To20a K’ f845€TCA NOAUHOMUAALHO BbINYKAOL
oboaouroit K. :

U3 ckasannoro B NMpHJOXKEHHH caenyer, uro K/ comepxuTcs
B 5TOH MOJHHOMHAJBHO BHNyKJoH o6osouke. C gpyroit cro-
ponbl, MHOXeCTBO C ==K’ sBJseTCA €IHHCTBEHHOH HeOI'paHH-
qeHHOH CBsI3HOH KOMMOHEHTOH C== K. Tak KaK OHO OTKPHTO H
COLEPXHT BHEIIHOCTh HEKOTOporo Kpyra, To K’ — KoMnaxr.
Iycre A =% (K’) — xomMyTaTHBHass GanaxoBa ajre6pa C enm-
HHIleH HEMNpepLIBHHIX KOMIJIEKCHBIX (YHKUHHA Ha K’ ¢ paBHo-
MepHoil HopMo#. Ilyery x = A — ¢yuruusa {1 na K’. UmeeMm
Spax=K’; cnenoBatesbHo, MHO¥ecTBO C==Sp,x cBasHo.
IMosTomMy ecnm uepes B 0603HauHTL 3aMKHYTYIO MHOZA/Te6py
C enuHUNeH B A, NOPOXKIECHHYIO 31E€MEHTOM X, TO Sppx=Sp,x
(§ 2, cnencrsue npensoxenus 6). Hrak, B cuay npengoxe-
uns 9 (ii), Spgx u, cramo 6HTh, K’ aBAsSETCS TOJMHOMHAJBHO
BHINYKJABIM MHOXKECTBOM.

YTBepxkjeHne caeiCTBHS 2 CTAHOBHTCS Hegeptois npu samede C pa C?
(ynp. 23). .

CaenctBuE 3. [ITycre K — NOAUHOMUQABHO BbinyKAOE HOO-
mHoxecrso 6 CA. ITycte A=% (K), A, — mHoxecrso cyxcenui
Ha K muoeousenos na CA u A’ — zamwikanue A, 8 A. Hycre,
Oanee, Oan Kawmdozo 2K orobpascenue %,: [+>[(2) ecres
xapaxrep A’. .

(i) Orobpancerue §: z+—>1y, AsaneTca eomeomoppuamom K
na X (4).

(ii) Hycro (2)), o, — cemeiicTso cymenuid na K xoopdunar-
Hoix ¢ynxyuwl na CA, ITycrs @ — orobpamenue X(A) 8 CA,



1 Foromopgroe (hyHKYUOHANbHOE ucHUCAeHUe 39

onpedeaernoe cemeiicréom (2,). Toeda Qo ssaserca rowdecr-
gennoim orobpascenuen K u K=Sp,((2,)). - :

Tak Kak 2, TomoJiorHUeckH nopoxknpawor A, To ¢ aBasgeTcs
romeomopdusMom npoctpanctsa X(A’) na Sp 4 ((2,)) (mpenr. 9 (i)).
SIcHO, uTo @o P — TOXKIEeCTBeHHOE oOTob6paxkenHe K, mostomy P
HHBEKTHBHO (M, OYEBHIHO, HENpepuiBHO) H Sp, ((EA))DK.
B cuny cuaepctBus 2 mnpejgoxenusa 1, Sp,((z,))=K. B cuay
caeactus 1 npeanoxenus 9, Sp ((2,)) =K, ubo muoxecrso K
MOJHHOMHAJbHO BBINYKJO. TakuM o00pasoM, . AB/IAETCS CIOPbEK-
THBHBIM OTOGpakKeHHEeM H, CJieJOBaTeJlbHO, roMeoMopdu3MOM
komnakra K na X (A). :

§ 4. Toaomopdroe GyHKUHOHAJBHOE HCUHCIEHHE

Beoay B stom maparpade cumBosom A oGosunauaercs Gana-
xoBa ajarebpa ¢ ejuMHHIEN.

1. Popmyauposka ocHOGHOLU Teopemb

IMycts E — koMnekcHoe GaHaxoBo mpocrpaicTso H U — o
kpuras yacte B C". OGosnaunm uepes O(U; E) xoMmmiaekchoe
BEKTOPHOE IpocTpaHcTBo ¢yHKOHH, rosoMopdHux B U, co 3Ha-
yenusaMHu B E, cHa6keHHOE TONOJOTHeR KOMIAKTHON CXOLHMOCTH.
IMycts K —komnakr B C* u U — y6uBawinee ¢uabTpyomeecs
MHOXECTBO €ro OTKPBITHIX oKpecTHoctell. Ecam U, U<l n
U'cU, 10 umeerca orobpaxkenue cyxeuus us O(U; E)
B O(U’; E). UuayktuBueifi npejea npocrpancts O (U; E) orho-
CHTEJILHO 3THX OTOOpaKeHHH sBJAETCH JOKAJIbHO BHIIYKJBIM
npocrtpaHcTBOM H o6Gosnauaerca O (K; E); ero sjeMeHTH Ha3b-
BAIOTCH POCTKamy (GYHKUHHA, rojJoMOPGHBIX B OKPECTHOCTH KOM-
nakra K, co 3HaueHusAMH B E; MOXHO & rOBOPHTb O SHAYEHUAX
TaKkoro poctka Ha K. - -

dcuo, utro C(U; A), O(K; A) — aire6pni ¢ efHHHLEH H UTO
moxHo, ecan A = {0}, kaHounuecku oroxpectsuth C(U; C) u
O (K; C) c nogaare6pamu aarebp O (U; A) u O(K; A). Iloroxum

OW; =0y 0K O=0(K).
IMycte M — HekoTOpOe MHOXecTBO. Ecan a =(ay, ..., a,)sM"

Hms<n, TO NOJOKHM =, ,(a)==(aj, ..., a,). Ecan a<= A",
TO HMeeT MeCTO PAaBEHCTBO

T, n(SPa)==Sp (n,, , (a)),
OTKyna BosHHKaer Mopdusm m, .1 O(Sp(m, ,(a)))—C(Sp(a)).
O6o3naunm uepes A cymmy muoxecrs A%, n=1, 2, 3, ....
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Teopema 1. [lycre A — Kommyrarusrasn. banaxosa anzebpa
¢ edunuyei. Toela cywecrsyer u npurom eéuucreeuuoe orobpa-
acenue av—>0,, Koropoe Kaxcdomy ac A crasur s coorser-
CT8Ue HenpepolBHbIL MOPHUIM a/zaeépceduuuueﬁ 0,: O(Spa)— A,
obaabarouuil caefyrouumy ceolicTeamu:

(i) Ecau a=(ay, ..., a,) U ecau 2, ..., 2, — POCTKU KOOp-
Ounarnox pynxyuii na C* 8 oxpecrrnoctu Spa, 10
Q.(z))=a, ..., 0,(2,) =a,.
(i1) Ecau a=(ay, ..., a,), m<<n u =0 (Sp(n, ,(@a)),

0, (@, o () =0y, (D

JlokasaTeJnCTBY 3TOH TeopeMbl mocBsiiieHn n° 2—6. .

2. Ilocrpoenue nHexkoropvix dupepenyuarsuoix popm

B srom nyukTe anre6pa A mpexpmoJsiaraercsi KOMMYTaTHBHOM.

ToBops o OeckoHeuHo AHddepeHuHpYeMbHIX (YHKIHAX Ha
oTKpbiTo# Yactu B C", Mbl OyneM HMeTb B BHAY COOTBETCTBYIO-
Iyi0 BellecTBeHHYI0 CTPYKTypy. CranpaprHuie o603HayeHHS
AH(PepeHIHaNbHOTO HCUHC/IEHHS Mbl HCIIOJIb3Ye€M OTHOCHTEIbLHO
stoit cTpyKrypu. [lox nuddepenuuasbHbiME GopMaMH  MH
Bcerna OyaeM mojpa3yMeBaTh BHelllHHe AHGepeHIHATIbHBE
dopMe, a yMHOXeHHe 3THX ¢opM Bcerga OyAeT BHEIIHHUM
YMHOXEHHEM.

Jlemma 1. Mycre a=(ay, ..., a,)= A" Cytqecmy;or becko-
Hewno Oudepenyupyemoie oTobpascenus vy, ..., v, 43 C"==Spa
6 A, Takue, uwro Oas aecakoeo z=(z, ..., )EC"—Spa

uMeeT MeCTO paseHcrso
(zl hat 01) 0,(2) + ... + (Zn_ an)vn(z)= L.

1) st Kaxkmoii TOUKH Zg==(Zg), ..., Z0,) EC"==Spa cy-
IeCTBYIOT OGOYHKLUHH 4, ..., 4, CO 3HAUEHHAMH B A, onpexe-
JeHHbie H OecKoHeuHO AuddepeHiupyeMble B HEKOTOPOH OT-
KPHTOH OKPECTHOCTH TOUKH Zy H TaKHe, 4TO B 3TOH OKPECTHOCTH
(Zr—a)u(z)+4 ... +(z,— a,)u,(z)=1. JleiicTBHTESbHO, 33+
MeTHM BHauaJje, YTO cymec'rByxo'r SJIEMEHTbI b,, eess by, eA
Takue, 410 (29i—a) b, 4+ ... (zo,,—a) =1 (§ 3, n°5).
Anement (2, —a)b,+ ... +(.,—ay)b, oép.aTnM B A, ecJH
z=(2, ..., 2,) TNPHHALJEXKHT NOCTATOUYHO MaJsiOH OTKPHITOH
OKPECTHOCTH TOUKH Z;, H Temepb JOCTAaTOYHO MOJOXKHTb B 3TOH
OKPeCTHOCTH

u ({)= b; (é (2; — az) b,)—]~
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2) VI3 npegriaymiero cjaeayer, YTo CYILECTBYeT OTKPHITOE Io-
kphitie (V,), ., MHOxectBa C"==Spa mn aaa xaxuoro A &L
CYUIECTBYIOT GYHKUMH Uy 3, +.., U, s CO 3HAUEHHAMH B A,
omnpeneneHHple H Geckoneuno audbepeHuupyemere B V,, Takwue,
uo (1 —a)up @+ ... +@=,—a,)u, (z)=1 8 V,. Coraacuo
O6w. ton., ra. 1, 4-e u3g., § 9, Teop. 5, noxpurrue (V,) Moxno
CYHTaTh JOKaJbHO KOHeuHbIM. Jlasee, cymecTByeT ceMelcTBO
(fh < HEOTpHUIATEILHEIX GeCKOHEUHO RHbdepeHuHpyeMEIX Gy HK-

wii B C"==Spa, takux, uro supp(fy)=V, =u xZLf’“=l

B C"==Spa (Var., R.). Tlpomonxkas DYHKIHIO fylt;, HYJTeM
B (C"==Spa)=V,, Mu nonyunM ¢ynxuuio (0G03HauHM ee uj,)
cOo 3HaueHHsMH B A, olpexeleHHylo H OeckoHeuHo AHddepen-
napyemyio B C"==Spa. Tak kak gaa i=1, 2, ..., n cemeir-
CTBO (Supp (ugk))AEL ABJNAETCS JIOKAJIbHO KOHEYHHM, TO QyHKIHA

v, =AZ u}, GeckoHeuHo nH(depenunpyeMa B C"=Spa. C 1py-
el 3

roit cropousl, nyctb z& C”"e=Spa. Ilycrs L’ — Koneunoe moa-
MHOMECTBO HHAEKCOB A < L, takux, uto z<V,. Torna

3

(@—a)n@=3 3

ASL’ i— (zi - ai) u;" (z)=

i

]

= 3 i@ D= a)m@=(Z h) 1=1.
eL iél AeL

Jlemma gokasana.

Jlemma 2. Mycre a=/(a,, ..., a,) A" u h— 6beckoneuno
Ouppepenyupyemoe orobpascenue C" e C, pasnoe 1 6 okpect-
nocru Spa. Tozda cywecrsyoT Geckonewno Ouddeperyupyemsie
orobpasxcenus u,, ..., u, u3 C* 8 A, raxue, 470 013 Kawdoi
T04KU Z=(Zy, ..., 2,) E C" umeer MecTo pasencTso.

(1) (zr—a)u @+ ... + (2, —ap)u, (z)=1—h(2).

JeficTBHTE/IbHO, CYLIECTBYIOT OTOGpaseHHs Uy, ..., U, H3
C'==Spa B A co cBoHiCTBaMH, yka3auHuMH B semMe l. Ilo-
JIOKHM

u;(z)=(1—h(2)v;(z), ectu z=C'==Spa,
u; (z)=20, ecqiu z< Sp a.

Torxa GyHKUHH u; GeckoreuHo U depennupyemb B C"==Spa
M paBHbH HYJIO B OKPECTHOCTH Spa, a cJenoBaresibHo, GecKo-
weuno nubdepenuupyemn B C". Pasencrso (1), ouesumHo,
cnpasenuBo s z& C == Spa, a 111 z& Spa o6e ero uactu
o0pamapTcss B HYyJb.
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3ameuanne. Ecau n=1, to gaa z&C==Spa umeem
w@=1—h@E)z—a)"

JIemma 3. Mycre a, h, w, ..., u, ob6aadarr csolicTeamu,
yrazannoiny 6 aemme 2. O603Haqum uepes o Ougddeperyuaib-
Hyro popmy duydz, ... du,dz, crenenu 2n na C" c¢ Koappu-
yueuranmu 8 A. Toz2da

(i) umeer mecto coorrowenue supp @ = supph.

(ii) Jan i=1, 2, ..., n cywecrayror Oudpepenyuarbrote
popmer B; na C" creneuu n—1 ¢ kKoagppuyuenramu 8 A, ra-
Kue, 410

(i —a)o=d(hp;dz, ... dz,).

(iii) Cywecrsyer Oupepenyuarvrnan popma p na C" cre-
" nenu n— 1 ¢ kospduyuenranu 8 A, rakas, uro (n+ 1) he — o=
=d(hdz, ... dz,).

Huddepennupys paBencrso (1), moayyaem

n n
(2) ' iZI u, dz; + 121 (21 —a))du;, = —dh,
OTKyAa CJefyeT, UTo

3 dhdz, LI: (du; dz)) = — (2, — a;) o.

Torza _.d(h (igi du,)) dz, ... dz,=dh (jl;[i du,) dz, ... dz, =

= +(2;—a;)®, H 3TO paBEHCTBO [MOKa3blBaeT cHpaBejJu-
BocThb (ii). M3 (ii) monyuaercsi, uto ‘

n n
(1—ho= 121 (2, — a)) w0 = 121 ud (W dzy ... dz,),
otkyna supp(l —h) o Csupph, a 3To COOTHOLIEHHE BJEUET 3a

coGofi (i). Haxowren, mnosoxuM 1:=_Zlhuidz,(jg_(du, dz,))-
Torna ' ‘

n
dv= X u;dh dz; ( II (dy dz,)) + nho,
i=1 ey
- HJH, ¢ yuyeToM (3),
n .
dté—zlu,(z,—ai)m+nhm=—(l — h)o 4 nho =
={n-+ 1) ho — o,

YTO H JOKa3blB4ET yTBEpKAeHHe (iii),
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PaccMorpuM Temepb, KAaKHM H3MEHEHHAM HojBepraerca ¢op-
Ma ©® NOPH HEKOTOPHX MojaHdHKauuax h, u;, ..., u, {(a ocraerca
dbukcupoBannrim). HayneM ¢ ognoft mpocrefiiefi MogndHKanHy.

JIEmma 4. Ilycre a, h, uy, ..., u, obaadarwr ceoilcreamu,
yKkasantnoimu 8 semme 2. Ilycre k — beckoneuno dugpgpepenyu-
pyemoe orobpamenue C* 8 A, i u j—dsa yervix 4ucsa us
unrepsasa (1, n). Onpedesun uj, ..., u,, o pasencreamu

uy=u,+ (2, —a)k, wj=u,—(2,—a)k,
uj=uw, Odaa ls=i,j,
| o' =duldz duydz, ... du, dz,.
To20a umeer mecTo pasencrso (2, — d]) u(z)+ ...+ (zn —a,) X
Xul(z)=1—h(z), u cywyecreyer dugppepenyuarstias popmua P
crenenu n—1 na C" ¢ koapuyuenramu e A, Taxas, uro
suppypsupph u © —o’ =d(Pdz, ... dz,).
JeficTBHTEILHO,
dujduidz, ...dz =

=(dw; + kdz; + (zj—a;)dk)(duy—k dz;—(z;—a;) dR) dz2,...dz,=
=(dw; duy —(z; — a;) duydk — (2; — aj) du; dR) dz, ... dz,.
CuegosaTenabHo,

du; du; (l ﬂ”du,) dz, ... dz, —du,du, (ll_! idul) dz,...dz,=

=—<2 (zl—a,)duldk>( 1 du,) dz, ... dz,
=1 11,

H ¢ yueToM (2) 3TO PaBEHCTBO MOXKHO HPOJOJKHTb:

dhdk( ] du,)dz, ...dz,,=d(hdk( I du,)dzl ...dz,,).
17, | 141, ]

JlemMma 5. ITycre a, h, u,, ..., u, obaadatr ceoicreamu,
ykasannoimu 6 aemme 2. Ilycte b’ — becxoneuno dudgepenyu-
pyemoe orobpascenue C" & C, paenoe 1 8 oxpectnocTu Sp a.
ITycre uj, ..., u, — Geckoneuno Auppepenyupyemoie oTobpaice-
Hus C" 8 A, Takue, uro 013 ecex z & C" umeer mecTo pasencrso

(z—a)uw @+ ... + (zn’-- a,)t, (z)=1—H(z).
ITycre o =dujdz, ... du)dz,. Toeda cywecreyer duppepen-
yuanrvnan chopma § crenenu n—1 na C" ¢ Kospuyuenramu

6 A, raxaa, uro suppP(supph)U(supp?’) u 0—o' =
=d((Ppdz, ... dz,).
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»

INuas gaxgoro z <= C" noJoxuM ‘
0, (2)=u; (z) u,(z) — u,; (z) u} (z),
B (z2)=ui(z) h(z) — u, (2) W' (z),

tTaK uTo a5 ==— a;; H suppp; < (supp h)U (supp #’). Nmeem
u;(z) —u, (z)= u; (z) <1Z=1 (z, —a)uj(z)+ h (z)) —
— 1, (z)(;l (2, — a)uj(@) + 1 (z)) = 21 (2;— a)) 0, (@) + B, (2

j=
IMonoxum uf (z)=u;(z) —B,(z), u=(u;, ..., u,), u' =
= (uf, ..., uy). Torna
w=u+ X vy,
i<y

.

- rae v;; — oTo6paxkenus C* B A", a9 KOTOPHIX i-1 KOMIIOHEHTa
paBHa (2; — a;) a;;, j- KOMIIOHEHTa DaBHA

(2; — ay) oy =—(2; — a;) Qs
a BCE OCTaJibHBIe KOMIOHEHTH PaBHH HYJIO. B CHJIy JeMMH 4,

cymectsyer auddepeHunanbias dopma P, cremenn n—1 B C*
¢ koabdunnenramu B A, Takas, uro suppyP, <supph u

©—duldz ... du;dz,=d(p dz, ... dz).
C npyro#t cTopoHsl, gutddepenuansHas. hopMa
duf dz, ... du) dz, — o =
=d (&, —B,)dz, ... d(u,—B,)dz, —dujdz, ... du dz,
IPEeACTABJSCTCS B BHAE CYyMMBI q:épM
* dﬁzl ces dﬁip du;l cee du;n_p dz,...dz,, p=1,

OTKYHA H CJEAYET YTBEPXKIEHHE JieMMHL.

3. Hocrpoenue orobpascenuii 6,

B aToM mnyHKTe MBbl OpexmoJsaraeMm, uro ajare6pa A KoMMy-
TATHBHA. : :

IMycts a==(ay, ..., a,) € A", U — oTKpBITasi OKPECTHOCTb Spa.
Torma cymecTByeT GecKoneuno auddepeHuupyemoe oToGpake-
nue h u3 C" B C, pasHoe | B OKpecTHOCTH Spa H Taxoe,
urTo supp A — kKomnakT, copepxammuiica B U. Ilycts, masee,
Uy, v .., U,— OTOGpaXKEHUS CO CBOHCTBAMH, YKA33HHEIMH B JieMMe 2.
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Ilycts

o=du dz, ... du,dz,.
Torpa supp o — KoMmnakr, comepxamuiica B U (memma 3).
Mosromy pas kaxpaofi dyukuuu f < O (U; A) MoxHo o6pasosaTs
3JIeMeHT BHIA ffo), npunagnexamuit A. B cuay seMMb 5 u

U
dopmynsl CToKca, 3TOT 3JEMEHT 3aBHCHT TOJBKO OT a U [ U He
3aBHCHUT OT BHIGOpa A, 4y, ..., u,. [lonoxum
(4) el (h=n (@)™ | fo.

. U

Torna oro6paxenue f+—>0f (f) us O(U; A) B A sBasercs
Aunelnbim. 10 oTobpaxKeHHe, KpOMe TOrQ, HEMpephLBHO; AeRcT-
BHTEJIbHO, UCN0J/1b3Y sl BBeAeHHbIe Bhilie 0603HaUeHHSA, MBl BHIUM,
4yTo cyuecTByer nmocrosuHasa M >0, rakas, yto

l62MI<m sup 1f@

C npyroii cTopousl, ©Ff 3aBHCHT To/bKO OT pocTka GYHKIHH |
B OKpecTHOCTH Spa. B camom gene, nycts U, U’ — oTKphTHE
okpecTHocTH Spa u f e O (U; A), |/ = O (U’; A). Tlpennonoxum,
yro f u [’ coBmagaloT B HEKOTOPOH OTKPHITOA OKPECTHOCTH
U” > Spa; rtorga cyuecrByeT GeckoHeuno auddepennupyeMoe
oro6paxenne ~A u3 C" B C, pasuoe | B okpecTHocTH Spa u
Takoe, uro supp A < U”; mocTpors o MpH MOMOIUM ki, Mbl BHAKM,

4TO _‘lfco= ff’cp, H Hallle yTBEPXKAEHHEe JO0Ka3aHo.
B v

Ecnie feO(Spa; A), mm nonoxum O, (F)=06L(f), rae
f — Kaxkoi-HuGyAb NpeACTaBHTENL pocTKa [. M3 npemsyumux

paccMoTpeHHH cJenyeT, 4To ©, — AuHeilHOe Henpepbl8HOe OTO-
6paxenne u3s O(Spa; A) B A.
4. Hpocreiimue ceolicréa orobpaxcenui 6, -

Mbl mo-mpexueMy npeanosaraem, 4ro aare6pa A KomMmy-
TaTHBHA.

Jlemma 6. ITycre a e A", P— muozowsen na C" ¢ koag-
puyuentamuy 6 A, P— ez2o pocTox 8 okpecrnocT Spa u

fe0o(Spa; A).
Tozda ©, (Pf) =P (a) 0, (f).
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- O6o3nauuM, Kak ¥ paHbuie, 4epes 2y, ..., 2, KOOpAHHATHbIE
¢byHKUMHE Ha C”, TOTrZA AOCTATOYHO [OKa3aTh JEMMY 1Js CJy-
yast, Korga P=21 ... Zn, rne e, ..., e, = N. Hunykuus no
e+ ... -+ e, No3BoJsieT OrPaHAUYUTHCS myqaeM, Korga P =z;.
ITyerts f——KaKon HH6Y1U: NpeiCTaBuTe b |, T. €. TOJOMOpdHAS
GyHKUHS B HeKOTopoH OTKphiTo#f okpectHocts U D Spa. [lycts
h — 6eckoneuno nuddepeHuupyemoe orto6paxenme us C* B C,
paBHoe 1 B OKpeCTHOCTH Spa, C HOCHTeJeM, COAepKaiuMcs

B U. Hcnoabsyst o603HaUenus Uy, ..., U,, ® JeMM 2 U 3, uMeeM
8Y (z/f) = nl (2mi)™" J. zfao,. l
X U
a8y (f)=n! 2ni)™" J. a;fo.
U

Hcnoab3yss auddepenuvansuyio dopmy f; aemme 3 (ii),
[OJIy4YdM paBEHCTBO ‘

(i —a))fo=fd (hﬁ, dzy ...dz,))=d(hp;dz, ... dz,)

_(rak Kak dfdz, ... dz,=0); crenoBareJbHo, J. (z: —a))fo=0
U

4YTO W KOKa3HIBaeT JAeMMY.

Hanomuum Tenepb caepyiomme dakre (Var., R.).

1) Ilyers V — otkputas uyacte B G, rpaHuima KoTopoft
F — GeckoHeuyno auddepeHiypyeMoe NOAMHOT0OODAa3He pasMmep-
Hoctd 1 B C. Caenyloiine ycJoBus 5KBHBaJIeHTHBL: (i) rpanuna V
coBnagaer c¢ F; (ii) mna kaxpgoii Toukn 2 & F cyuecTBYIOT
OTKpHTass okpectHocTb U Touku 2 B C u GuektuBHOe oTOOpaxke-
"HHe ¢ okpectHocTd U Ha oTKpHITHII egunnunblil wap B C, Takoe,
uto @ H @~ ! GeckoHeuno auddepeHuUPYEeMB ¥ CHPABEAJIUBE

COOTHOIIICHU S .
zeUNV&EIe(2)>0,
zeUNF& Y9()=0

zeUNC=VES Tp(2)<0.

2) Tlyets K — kommakt B C. CymecTByer q>yﬂnamem~anbﬂaﬂ
cHCTeMa OTKPHITHIX OTHOCHTE/IbHO KOMIAKTHHIX okpecTHocTed V
komnakTa K, rpaHuua Kaxno#d M3 KOTOPbIX — GeCKOHEWHO mUd-
depennupyemoe NOJIMHOT006pa3ue pasMepHOCTH I B C — coBna-
naer ¢ rpanuued V.

3) IIycts W — oTHoCHTeJbHO KOMIAKTHAsi OTKPHITas 4acTb
B C, rpamnuma Koropoil F — Geckoneuno nauddepenuupyemoe
nonunorooﬁpasﬂe pa3mepHoctH | B C — coBnajaer C rpaHu-
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nefi W. Torza CyLIECTBYET H NMPHTOM eIHHCTBEHHAs OpHEeHTAIHS
Ha F, takasg, uro gas Joboi auddepeHnmanbHOl dopMbl T
creneHH !, GeckoHeuHo JHddepeHIHpyeMOl B HEKOTOPOH OTKpHI-
TOK oOKpecTHOCTH MHoxkecTBa W, wHMeeT MecTo paBeHCTBO
fdr=f1:. KomnakrHoe wmHorooOpasue F, cHaG:KeHHoe 3ToH

14 F
OpHeHTalHeH, Ha3biBaeTCSl OPHEHTHPOBAHHHIM KpaeM W u ofo-

anauaetrca W.

BepHemcss kK orobpaxeHHI0O ©, H paccMOTpHM CHayajga cay-
ya#f, korga n=1.

JJemma 7. Iycre x — saement A, U — orkparas okpecr-
nocre Spx u fe O(U; A). Mycre V — OTKPOITAA OTHOCUTEALHO

- KOMRAKTHAA OKPECTHOCT6 Sp X, Taxas, uro V <= U, npusem epa-
Huya V — beckoneuno Ougdpepenyupyemoe noamuoeoo6pa3ue

pasmeprocty 1 8 C u cosnadaer ¢ epanuyed V. Toeda umeer
MecTo pasercTso

6 ()= 5 f F@)(z— 57" da.

Ecau U=C u f(2)=1, 10 @,’{(f):l.

. JeficTBHTebHO, cyliecTByeT OeckoHeuno nuddepeHuupyemoe
oroGpaxenue h: C—>C, paBHoe | B OKPeCTHOCTH Sp ¥ H HMelo-
miee KOMOAKTHBIH HOCHTeJb, coiep:kamuiics B V. [lanee, cyie-
crByer OeckoHeuHo nuddepeHnupyemoe orobpaxkenue u: C—» A,
rakoe, 4T0 (2 —x)u(2)=1—~h(2) nas Bcex z=C. Torma
fdudz=d(fudz) u u(z)=(2—x)"' ua rpaunne V. Ilosromy

2in®Y (f) = f fdudz= f d(fudz)= f F)z—x)" dz
v v v

Ipexnonoxum Ttenepp, uro U=C u f(2)=1I. Buobepem
B KauecTBe OKpecTHOCTH V OTKpuiTHIE miap ¢ Hentpom B 0
panuyca R>|x|| (rak utro Spx<V). Tornra B C==V umeer
MECTO PaBeHCTBO'

(z—x)"'=zl(l—z ) =2t 1 fz 2o p b2 L

Hamomuum (Var., R.), uTo fz”dz=0 s n=—1 u
v

f 2~ 1dz = 2in. CaenoBaTennHo, f (z— Jc)-"l dz==2in- 1,
Voo - vV
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JIEmMMA 8. (i) 1 ssedentozo 6 n° 1 moppuama X, , umeer
MeCTO pPABeHcT80

Ll
ea Oy = 9"‘m’, n (@

(i) Ecau i— pocTox ¢ynkyuu 1 8 oxpecrHocru Spa, 10

8.(1)=1.
ITycte a=(ay, ..., a,). Jlocratouno poxkasarh (i) nas
m=n—1.Ilycts a’=(a,, ..., a,-1), U — HekoTOpass oTKphITan

okpecthocth Spa’ B C*' u [ = O (U; A). Iyers [ — orobpaxe-
HHe BHIA - '
| &L (2, 2) > ()

‘w3 U X C B A; acho, uto f =0 (U X C; A). Cymectsyer Gecko-
HeuHo Aud¢depeHnupyeMoe oToGpaxenne h’ (cooTBeTcTBeHHO A”)

ua C"”' B C (cooTBeTCTBEHHO H3 C B C), paBHoe | B oxpect-
HoctH Spa’ (coorBercTBeHHO Spa,), C KOMIAKTHEIM HOCHTEJIEM,
copepxamuMcs. B U (coorserctBeHHo B C). [lajee, cyuIecTBYIOT
GeckoHeuHo JHbdepeHIHpyeMble OTOOPANKEHHS Uy, ..., Uy

uz C"”! B A, rtakue, uro \
@ —a)u @)+ ... F(2pm1 — @yt (2)=1—H(z")

a1s Bcex z & C*', m GeckoHeuno nuddepeHHpyeMoe oTo-
GpaxeHue u, uz C B' A, Takoe, uto (2, — a,)u, (2,)=1—h"(z,)
ans Bcex 2,<=C. Torma ¢yuxuus hA=~H Q h” Ha C" Gecko- -
HeuHo AHd¢epeHnEpyeMa, paBHa | B OKpecTHOCTH Sp a H HMeeT
KOMIAKTHRIH HOCHTe b, comep:kamuiics 8 U XC.

Jlast mo6oro z==(z', z,) = C"~! X C nmeem
(zr—a)@, @@+ ... +(2h1— an-1) (-, ® 1)(2) +
+ (2, — a ) (W @ u,) (z)=1—h"(z") + 1 (2') (1" (2,)) = 1 —h(2).
C apyro#t cropoHnl, Beipaxenue du,dz, ... du, ,dz,_,dh’
asastercss AuddepeHnuanbHoil popmoii cremenn 2(n—1)-f |
Ha C"' H, cJen0BaTeNbHO, PABHO HYJIIO; TNOITOMY
d{u, ® Ndzd(u, ® 1)dz, ... d'(u,,_l ® dz,—d (W & u,)dz, =,
=rQNdu & 1)dz, ... du,—, ® 1)dz,~1d (1 ® u,)dz,.
Ys onpenesenns O, (f) caenyer, uro
8. (l=nt@m)™" [ ("& N @ Nd(w ® Ndz ...
UXc ,
o dy—, ® Ndz,,_ d(1 ® u,)dz, =

—nl (Qiu)‘"( (1w dudz, ... du,,_,dz,,_l)( ( du,,dz,,).
U C

e
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U3 nemmul 7 cienyer, qTofdundz,,=2in- 1. B cuay siemmer 3 (ii 1)
C
n J'f'h' dujdz; ... du,_dz,-,= J. [rdudz, ...du,_,dz,.,=.
U U

92ix)?!
= & o, (),

cJeJ0BaTeNbHO,

6, (f) — ! @i gz_n)_

O (f') 2in =0, ().

Takum o6pasowm, (i) nokasauo, a (ii) cienyer u3s (i) 4 JeMMHl 7,

JIemma 9. [Tycrs a = 4". Ecau | — mnozousen na C* ¢ Koagh-
puyuenramu e A, To 0, (f)=f (a).

dto crenyer u3 jemm 6 u 8 (ii).

Jlemma 9 (a TakKe Cc/efCTBHE IPeIOKEHHS 1) ompaBarBaer
caenyioumiee oGo3nauenne. Ecan a = A", U — oTkphiTast okpecr-
Hocts Spa u f=C(U; A), To nojoxum .

U
(5) f (a)=8a (f).
(dTo o6Go3HaueHHE COTJIACOBAHO C O00O3HAUEHHEM, BBEJEHHBLIM

B Aae., ra. IV, ecan [ — mHorousien.) Ecin fe C(Spa; A), To
NOJIOKUM TaKkKe :

©) fa)=6u(D. .

Tleepnoxkedue 1. ITyecrs @y, Qg +.., P, — NOAONHCUTEAbHBLE
qucaa, 11— noauyurundp 8 C", onpedesennoiii HepasencTeamu
1 21<Ps - ovr 12,1<0s Iyers u=20ml ...anX?l o Xne
e A[[X,, ..., X,]]— crenennoii pad ¢ xoagpuyuenramu us A,

exodawuiica 8 II; nycre [ — 2osomoppuan ¢yukyus, asaaro-
waaca cymmoil sroeo pada e II. Ilycrs, Oaasee, asaemeHT

a=(y, ..., a) = A" raxos, uro p(a)<py, ..., 0(a,)<p,.
Toeda pad, COCTABAEHHbLL U3 3AeMEHTOB C, . @)} ... an < A,
R,
cxodurea abeoarorno, Sp(a)=1II u
. a a
f(a)—Zcml e Ot

Jlns Kammoro XapakTepa x ajire6pe A CIpaBeNHBO Hepa-
BeHcTBO | % (a;) |<<p(a;) <ps; caenosarenasno, Sp(a) =II. Tlycts
2y ..., 2, — orpanuuennsi Ha Il koopaunaTHeix ¢pyukuuit 8 C*.

&y

Toraa psn K3 (ca‘ PR LS z‘,’lﬂ) cxonures B O (I A) K PyHK-
uun f. TIpuHUMas BO BHHMaHHe JeMMy 9 U HENpePLIBHOCTH OTO-
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6paxennst f+>f(a), Mbl HpHXOAMM K BBIBOAY, YTO CEMeiiCTBO
(c0ll .__ana‘l’l azﬂ) cyMMHpYeMO B A M ero cymMma pasza f(a).
Haxkownen, nycts A; TakoBn, uTo p(a;)<A;<p;. Cymecrsyer
nocwmmaa k, >0, rakas, uto [af | < kiA? nas seex n, H TaK KaK

"c “A .. Agr <+ o0, 1O CcemeilcTBO (cal anal . an")
adcwuomo CYMMHpPYeMo.

CnencrBue. IIpednosomcunm, wro A==C. Ilycre a=
—(al, ..., a,)=C" rax uro Spa={a}. IIycro | c‘—_‘O'({a}) Tozla
F(a) e cmeicae pasencrsa (6) cosnadaer co snanenuem | 8 a.

TIeEgnoxenue 2. Ilycre B — xommyraruswan 6axnaxosa
anzebpa ¢ eQunuyeil u » — Henpepolstbii Mopduam arzebp ¢ edu-

uuqueﬁ u3 A 8 B. Hycrs a=(ay, ..., a,)= A" b,=»xr(a)),
b=(by, ..., b,) (rax uro Spb< Spa). ITycre, Oa/tee, U — or-
KpbiTas okpecTHocTs Spa u FEO’(U A); umeem A ofEO'(U B)

Toz0a A (f(a)) = (h o f) (b).

" Ilycts A, u,, ..., u, ob6aafaioT IO OTHOUIEHHIO K a CBOHCI-
BaMH, ykasaHHoiMH B JjeMMax 2 u 3. Iasa Bcex z & C” uMeer
MecTO paBeHcTBO

i (2] i bj)l(u, (Z))=l(i (2] —_ a,) U (Z)>= 1 — h(Z). .
i=1 J=1 .

CaepoBarenbHoO,

(oD (B)=n! Qi)™ [A(F(2)d@Aou)dz, ... d(ou,)dz, =
U .
— nl (2in)~"A ( [f@aduadz, ... du, dz,,) = (f (a)).
U

" Caencreue 1. Hycre y=X(A) u f =0 (Spa). Toeda
xF@=F @), ..., x(a))

DTo BHITEKAeT H3 MNpefoXKeHHSA 2 W CJeJCTBHS TpejJoxKe-
. Hus 1. N

3.ameuanne. Ilycb ae A" Ecam A — anreGpa Ges
pajukana, To oro6paxenue f—>f(a) u3a O (Spa) B A siBistercs
eduncraennoim otobpaxenweM ¢ u3 O (Spa) B A, Takum, 4t0
2@ M) =TF (@), ..., x(a,)) mrn Beex y & X(A).

Cnencrsue 2. Ecau f= O (Spa), ro Sp(f@)=f(Spa).

DTO BHITEKAET M3 CJCACTBHA | U ONPE/IEIEHHs COBMECTHOTO
CneKTpa. ‘
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Hpumep. Ilycts a(t)= 2 a,e’™ — cymma abcoi0THO cxo-

aamerocs psaga Pypee (§ 2, n° 2). Ilycrs S — MHOXKecTBO 3Ha-
uenuii a. Ilycts [-—rosomopdHas (KOMIJEKCHAs) (YHKIHS
B OKpecTHoCcTH MHOXecTBa S. Torna foa ecrh cymma abconoTHo
cxonauterocs pana ®@ypee. [leficTBuTennno, S ABJISETCS CHEKTPOM
3/ieMeHTa a B ajre6pe A aGcomoTHo cxoxpsmuxcsi pAnos dypoe
(§ 3, n° 3, mpumep 4), ¥ HOITOMY [OCTATOUHO NPUMEHUTD CJAEICTBHE
1 B cayuae, xorga n=1. dToT pesynTaT 06061 aeT yTBEpP:K-
IeHHe, CopepiKaleecs B CJACNCTBUH npemyoxenus 3, § 3.

5. lea pesyavrara o naorsocru

MrEpsoxEnnE 3. ITycre K — noaunomuarbno a8wvinyKaviil
(npusoxenne) komnaxr 6 C" u P — MHONECT8O POCTKOB MHO-
eousenoe Ha C" ¢ xoagpouyuentamu us A e oxpecrnoctu K.
Toeda P naorno 8 O (K; A). .

ITyers U— orkpbitas okpectHocts komnakta K u f & O (U; A).
CymecTByeT (mpujoxeHue, JeMMa 2) KOMIAKTHAasi OKPECTHOCTh
V D K, Kotopasi NOJWHOMUAJMLHO BRIIYKJA u conepxutca B U.
IMycrs P’ (cooTBeTcTBEHHO Pg)— MHOXKECTBO CyXeHu#t Ha V
MmHorousiedoB Ha C” ¢ kosdpdunuenraMmu B A (COOTBETCTBEHHO
B C). Ilycrs B (coorBercTBenHo B,) —.6anaxoBa aJarebpa, moay-
YeHHasi B pe3yJbTare 3aMbIKaHus MHOXecTBa P’ (coorBercT-
Benno Pg) B € (V; A). JIas nokasaTeqbCcTBA YTBEPKAECHHS JAOCTA-
TOUHO mnposeputh, uro f|V & B. Tlycts 2y, ..., 2, — cCyXKenus
Ha V kooppumnatHuix ¢ynkuuit B C"; owu npunapsiexar B, u
Spri(21 ..., 2,)=V B cuny caencrsusi 3 npepsoxenus 9 § 3.
Tak kak A MOXKHO OTOXKAECTBHTL C HOpMHMPOBaHHOH mopaJjre6-
poit B P’ u, crajo 6uHTh, B B, TO [ onpenenaser -HEKoTo-

pufi aaemenr fp B O(U; B); mockomeky Spg(2y, ...,2,) <
< Spg. (2, «.., 2,)<= U, Moxuo o6pasoBaTh 3jeMEHT b=
=fg(2y, ..., 2,) B B. Ilyero§=(¢;,..., ¢, )=V u A — mop-

¢usm gr—> g () us B B A. Torna Aofz={. Us npennoxenus 2
caepyet, uto b(&)=f(, ..., L,)- 3naunr, f|V=0be B.

Jas n=1. uMeer MECTO TaKxke¢ CJenyloIee

IMeepnoxkEHYE 4. ITycte K — komnakr 8 C u Q — MHONMcecT80
POCTKOB 20A0OMOPPHLLY PAYUOHANGHbIX QYHKYUL 8 OKpecTHOCTU
komnakra K. Toeda Q naorno e O (K).

[Mycts f—ronoMopdHast Gyukuns B oTKpHITOH OKpectHOCTH U
komnakrta K. CyulecTByer KoMnakTHas okKpecTHocTs V DK,
conepxamascss B U. Ilyers Q' — MHoxkectBo cyxenuit mHa V
pannoHansHbix byuknuil Ha C, wenpepnBubix HA V, a C — 3a--
mbikanne Q B € (V). Ilyctb, panee, 2 — ToXAECTBEHHOE OTO-
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6paxenre okpectHoctd V. Torpa C — 3aMkHyTas HanoJHEHHAs
noganre6pa B % (V), nopoxiennas 2. Mmeer Mecto paBeHCTBO
Spe2 == Spgy 2 =V. IlosTomy MOXHO 06pa30BaTh 3/EMEHT (@
B C. CorsacHO cJeACTBHIO | mpensioxeHHs 2, 3TOT 3JjeMeHT B C
- copnanaer ¢ f|V. Buauur, |V sBaserci paBHOMEPHHIM Ipe-
IEJNOM 3JIEMEHTOB U3 Q’, M N0Ka3aTeqbhCTBO 3aBepLieHO.

6. Hoxasareavcrso teopemoi 1

[Mo-npexHeMy anre6pa A mpegmoJsiaraeTcsi KOMMYTaTHBHOIA.

Jemma 10. [Tycre a=(ay, ..., a, )= A" u Uc=C"— or-
KpoiTas okpectnocTe Spa. Tozda 6 A cywecrsyror saemenTs
Quats « s Qpypy Takue, 4T0 npoekyus wa C" norunomuairsro
sanykaoti oborouku Sp(ay, ..., a,.,) (koropas npedcrasaser
coboii uacre 8 C" X C¥) ecrs mexoropas uacre U.

Iycts (a3); < o — CeMeficTBO 3JeMeHTOB M3 A, coiepiKaliee
cemefictso (a;, ..., a,) H TONOJNOTHYECKH MOpoXiaawooulee A.
IMycts s — kaHoHHYecKasi mpoexuusi CA ua C”, m mycms U'=
=n"!(U). Torna U’ — okpectnocTs Sp((a;)) u Sp ((a;)) — nonu-
HOMHaJbHO BHIIYKJI0Oe MHOXecTBO (§ 3, mpexnoxenue 9). B cuny
JeMMH | NpUJIOKEHHS CYLIECTBYET KOHEYHOEe IMOLMHOXKECTBO Aq
B A, conepxawee {l,..., n} u Takoe, uro pr, (U’) comep-
JKUT [OJUHOMHANbHO BHIIYK/IYIO 0060/0uKy S  MHOXecTBa
Pra, (SP((ah < 2))=3p((@h <) Cuenosaresnno, npoekuus S
Ha C" ecth uacts U.

YTBepxkieHHe TeopeMsl 1, Kacamouweecs CYyUeCTBOBaHHS,
6yneT YCTAaHOBJIEHO, KOrZa MH JOKaXeM Clefyloliee

Meennoxenue 5. Iycro a=/(ay, ..., a,) & A". Orobpaxe-
Hue f+—>f(a) us O(Spa; A) 8 A as4asaeTca HenpepolBHLIM MOpP-
" uamom ancebp ¢ eduHuyel, KoTopulll npeobpasyeT pPoCTKU
koopdunarnelx pyuxyuii Ha C" 8 okpecTHOCTU Spa 6 Ay v« ., Ay

C yueroM JeMMH 9 [OCTAaTOUHO HOKa3aTh, YTO ecan U —
OTKpHTasi OkpecTHOCTh Spa u fe O (U; A), g= O (U; 4), To

7 (fg)(a)=T(a)g(a).

_Myctb apyys - . vs Qpyy BHIOPAHBL B COOTBETCTBHH € JeMMoii 10.
IMycth = — kaHouuueckas npoexuust U X CP wa U. Torpa ¢pyuk-
nau fom, gom, (fg)em rosomopdrn B obaactu U X C?, co-
Jlepxauel NoJHHOMHAMNBHO BBINYKAYIO 060/10uKy K COBMECTHOro
cektpa Sp(ay, ...y Ayip)-

B cuay npenyioxeHHs 3, CYWIECTBYIOT [MOCJELOBAaTEIbHOCTH
(Py, P, ...), (Q), Q ...) MHOrousesos Ha C"*? ¢ xosdpdu-
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[HeHTaMH H3 A, Takue, YTO POCTKH MHOIOWIEHOB Py, P,, ...
(coorBercTBeHHO Q, Q ...) B OKPECTHOCTH KoMmmakTra K crpe-
MSITCSL K POCTKY (GYHKUHH [of (COOTBETCTBEHHO gom) B OKpe-
ctHoctd K. Tlostomy poctku PiQy, PyQ,, ... B oKpecrHocTH K
cTpeMsiTCSl K DOCTKY (yHKUHH (fg)om B oxpecmocm K. Hs
JeMMBI 9 caenyer, uro

-

(PQ) (@1, «vr Grep)=Pi(ans - s Grep) Qi@ -ty Guyp),
OTKyIa B IlpefieJie MOJydaeM
(fg" my(ag, ..., an+p)=(f° m)(agy « ..y an+p) (gom) (ap s an+p)j

B cuay nemmb 8 (i) orcioga nosyuaercs pasencto (7).

Oxonuanue Goxasareascrea Teopemol 1.
4 'y
IycTb (@a)aE Aoy (@a)aeA(m) nBa ceMeiictBa mop(H3MOB

co 'cBOHCTBAMH, YKa3aHHBIMH B ¢opmyJHpoBke TeopemH 1. Ham
HAJJIEXKHT N0Ka3aTh, YTO OHH coBmaxgaioT. Ilycts ay, ..., @, € A,
a=(a, ..., a,) 1 U —orkpurass okpectiocts Spa. Ilyctsb
fe O (U). Mu 31aeM, 4To B A CYIIECTBYIOT 3JEMEHTH G, 1y - .o
«ves Quyp, TakHe, uTO N(L) = U, roe m — KaHOHHUECKAAA NPOEK-
uus C""? Ha C", a L — nojHHOMHAJbHO BHIMYKJas 060J0UKA
cnektpa Sp(ay, ..., Q,4p). Ilonoxnum g=fomn; mycts f (coor-
BETCTBEHHO §) — POCTOK (GYHKUHH [ (COOTBETCTBEHHO g) B OKpe-
cTHOCTH Spa (cooTBeTCTBEHHO Sp(ay; ..., Gu4p)); MO NpeAno-
JIOXKEHHIO

ea (f) T_=®(“|""- % 1p) @, @;(f) =®Eal, e By ) (&)

Ho Tak kak ©, u o COBMNAanaOT Ha
@y, oo, an+p) (al,..., an+p) !

MHOXECTBe POCTKOB MHOI'OUJIEHOB 7 - p HepeMeHHHIX B oxpecr—
nocru Sp(ay, ..., @,.,), TO OHH COBNANAOT H B TOUKe F, mo-
CKOJIBKY DOCTOK g B OKDECTHOCTH MHOXecTBa L siBJsieTCSl mpe~
JeJOM DOCTKOB MHOrouwieHoB (mpent. 3).

3ametum, uTO TpelJioXKeHHE 3 HeMENJIEHHO NPHBOJHT TaKxke
H K cJefyiolliel TeopeMe eIHHCTBEHHOCTH.

IMpepaoxenuE 6. ITycre a & A", I[Ipednosoxum, 4ro Spa
A848€TCA NOAUHOMUANBHO BotnyKavim. ITycTe 2, ..., 2, — POCTKU
koopOunarnoix  Qynkyuii Ha C" 8 okpecrHoCTU Sp a. Toeda
orobpascenue fv—>f (a) s8anerca eduncreennoim HenpepoisHb M
mopguzmon ¢ arzebp ¢ edunuyeti us O(Sp a) 8 A, rakum, 4ro
Q()=2ap ..., 9(2,) = a,
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7. Cynepnoauyus 8 (ynxyuonasvbRoOmM ucdUCIeHUL

TeopEMA 2. ITycte A — KOmMMyTaTusHAR 6£maxoea a/zee6pa‘
¢ edunuyetd, a=(ay, ..., a,ys A" u [, ..., [p— ssemenror us
O(Spa); nycre, Odasee, f=(fi, ..., f,,). Horomum by==

=f(ay, ..., a;) u b=(by, ..., by). Toeda Spb ssrsercs obpa-
son Spa npu orobpaxcenuu

(2o o or 2> (F1 R ey 2Z0)s o ens f,,(zl, ey Z0)).
Mycre FeO(Spb; A). Pocrox cynepnosuyun h=go f
aeanercs aremenrom muoxcecrea O (Spa; A). Toezda :

g(b)="h(a).

1) Ilyets K — NoJHHOMHAJBLHO BHIIYKJasi 060/10YKa CHEKTpa

Spb. CornacHo mpepsoxenHio 5, orobpaxenHe §r—> (g of)(a)
ABJsIeTCS] HeNpepHBHHIM Mopdu3Mom aare6p ¢ eAHHHLEH H3
O (K; A) 8 A, Kotopuii npeo6pasyeT g-10 KOODAHHATHYIO (YHK-
[HIO B fq(al, «wvs @y)=0b,. PaBencrso g(b)=(g o f)(a) Brnoa-
-HsieTCsl, CJeJOBaTEJbHO, B CJydYae, KOrja g — MHOTOUJIEH, H,
3HAYHT, B CHJy TOpeianoxenus 3, aas Bcex §= O (K; A). -

2) Ilycts Tenmepp g — roJoMopdHas (YHKLIHA B OTKPHTOH
oxpecTHOCTH Q D Spb. CylecTBYIOT 3MeMEHTH by, ..., bpy A4,
obsajawmue CJACAYIOIIHMH CBOHCTBAMH: ecju L — moJuHo-
MHAJIbHO BHINyKJast 060/I0uKa CIeKTpa

SP(b1s .+ vs bppg) = CPH

H 7 — KaHoHHyeckass mpoekuuss C7*? ma C?, 10 n(l)cQ
(nemma 10). Iyers fy, ..., [, —ronoMopdHHE QYHKUHH B OT-

KpuiTod okpecrnoctn U D Sp a, Takue, uTO (_fl, en W)y Q.

Torna QyHKuus geomn rosoMopdua B obmactu n~!(Q), koropas
ABJsieTcsl OKpecTHocThlo L. IlyeTh n’ — KaHOHHYecKas INpoek-

s C""7 ma C". OG6oswauas ¢ NOCJEAHHX KOOPAHHATHHIX

dynkuuit ma C"*7 uepes 2,4y, ..., Zy4q HMeEEM
(@em)o(fion’, vovy oty Zpits o vvs Zpyg) =
=go(fien’, ..., fpen)y=hom'.

Ora ¢QopMysa H IepBas YacTb A0Ka3aTeqbCTBA NPHBOIAT K CJe~
JLYIOUIeMy PaBeHCTBY:

(gom)(froa)(e)s -y 2p41(0), - ) =(hon')(c),
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tae ¢c=(ay, ...s Gns Bpyis oo os bpyg), WM, €CAH HPHHATH BO
BHHMaHHe JeMMy 8, X DaBEHCTBY -

g(fl(al, .oy an), veey fp(al, . ey an))=h(al, [ a,,).

Teopema pmokasana.

8. Cayuwaii oduoii nepemennoil

TeoreMA 3. ITycre A — 6anaxosa ascebpa ¢ edunuyeii (He
06430TeNbHO - KOMMYTATUBHAA), X — INeMEHT A, 2 — pOCTOK T Oxc-
Oecrsennoll pyuxyuu 8 oxpecrnoctu Spx. Toeda cywecrsyer
u npurom eOUHCTBEHHbL HenpepbisHbll moppusm ¢ aszebp
¢ edunuyeii uz O (Spy x) 8 A, rakoil, 4ro ¢ (2)=x.

- Ilyctb B —3aMkHyTas HanoJHeHHas nojaJare6pa B A, Nopox-
nenHast sneMentoM x. OHa, OUeBHIHO, KOMMYTaTHBHA H Spgx—=
=Spux (§ 1, n°4). Ecau [ = O (Spyx), To MOXHO 06pasoBaTh
aseMent [(x) B B, a torma otobpaxkenue [r—>f(x) okaxercs
HENpPEepLIBHEIM MoppH3MOM @ aiare6p ¢ exunnued u3 O (Spy x)
B B (caemoBatensHo, B A), TakKuM, 4TO @(2)= %.

IMycts @, @ — nBa HenpepHIBHHIX MopdusMma anrebp ¢ enH-
uuueir 13 O (Spyx) B A, Takux, ut0 @ (2)=¢’ (2)=x. Torpa @
H ¢/ COBNANAIOT HAa MHOXECTBe POCTKOB MHOTOWJIEHOB B OKpECT-
HOCTH Spyx¥ H, CJefoBaTesbHO, Ha MHOXECTBE POCTKOB TO0JIO-
MOp(]HBIX pauuoHaAbHHIX QYHKUHHE B OKpecTHOCTH Sp,x. Ho
3TH POCTKH 06pasyioT BCIOAY ILIOTHOe MHOXeCTBO B U (Sp,x)
H, 3BAYHT, ¢ =¢ . T

~

OnpengneHuE 1. Ecau [ & O (Spyx), o ssement ¢(f), ytéaz
3anubLit 8 Teopeme 3, obosnaxaerca 4epes [(x).

3ameuanune. Ecam aare6pa A KoMMyTaTHBHA, TO 3TO
onpejie/ieHHe COBNajaeT, B CHJIY TeopeMbl |, ¢ onpeneneHneM
n° 4. B ofuleM cayuae, Kak BHIHO H3 J[0KAa3aTeJbCTBa Teo-
pembl 3, [(x) npHHALJEXUT 3aMKHYTOH HANOJHEHHOH TIOA-
aare6pe B B A, nopoxieHHOH 3/eMEHTOM X, KOTOpas KOMMYy-
taTuBHA; 3aeMeHT [(x) B A (B,cMEICc/e onpenedenus 1) coBnagaer
¢ asnemenToM [(x) B B (B cMuicie n° 4).

ITeEnaoxeEHHE 7. [Tycrse A u A’ — Ganaxoset arzebpol ¢ edu-
Huyeil, h— HenpepoieHbiul moppusm asreebp ¢ edunuyed us A
8 A’. ITycte x= A u f=O0(Spyx). Toeda A(f(x))=TF(A(x)).

OTo BHITEKaeT H3 TIpensoXeHHs 2 H OpHUBejeHHOTO BHIIIE
3aMeuaHHs. >

IpEpnoxeEHUE 8. [Tycre A — Ganaxosa aseebpa c¢ edunuyeii,
s A, [€0(Spx) u y=[(x). Obpasom Spx npu orobpasxe-
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nuu [ asaserca Spy. Hycrb gEO‘(Spy) Tak 4to h=gof
e 0 (Spx). Tozda g(y)=

DT0 TaKkKe BHTEKaer us TeopeMH 2 n MPHBENIEHHOrO BHIITe
3aMeYaHHs.

IIrennoxenue 9. ITycre A — banaxosa aszcebpa ¢ edunuyer,
xe A, U—orxkpuras okpectrocts Spx u feO(U). Hycre
V—ompbzra;z OTHOCUTEABHO KOMMAKTHAS OKPecTHOCTs SpP X,

rakas, uro V < U. [pednorowum, daree, uro ezpanuya V
asaserca nodmnozoobpasuem pazmeprocru 1 8 R?, cosnadarowumn

¢ épanuyei V. Hycrs, nalconeq, V—-opueurupoaannbm Kkpaii 'V
(n° 4). Toeda 6/1;1 n—O 1, ... umeer mecro pasencrso

® ) =g j F(2) (2 — x)~""'dz,

Ons n=0 3T0 paBeHCTBO BHITEKAeT M3 JEMMH 7 H INpHBe-
JIEHHOro Bhillle 3aMeuanus. J[oONy¢THM Temepb, YTO HpeaaoXKeHHe
CnpaBell/IMBO 171 HEKOTOpOoro uenoro #n. Ecim 2 ¢ Spx, To,
“corsacHo teopeme 1 (iii), § 2, umeem

© (=0 @)=
=(z — x)~""! —:i— —(n+ D (z—x)"""*f(2).

[Mpumenas ¢opmyay CTokca K KOMINAKTHOMY MHoroo6pa-
suio V, mosyunm

(1) [ e—0""f@)dz = [ d(z— 0" i (&) =0.
v . 1
PasencrBa (9) u (10) Baekyr 3a cobofi paBeHCTBO

[FE@e—x""de=(+1) [[@E—n""dz
v é

OTKYZa, TIO MPeJIIoJN0KEHHI0 HHAYKIUH (MPHMEHEHHOMY K df/dZ),

clenyer, 4To
2m ant
n!

=t L@=(+1) f f(2) (e — 0" dz,

U npenJoXKeHHe NOKA3aHO MK n+ 1.

ITeennoxenne 10. Mycre A — Ganaxosa aszebpa ¢ edunu-
yeit, U — orkpoiran wacrs 8 C. :

(i) Mwuoscecrso Q saemenros x A, rakux, uro Spx = U,
orkpsiTo 8 A.
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(il Mycre [fe O(U). Orobpasmenue x+—>f(x) us Q e A
aganercs anaauruweckum (Var., R.) u, 8 uwacrnocru, Henpe-
poLaHOLM.

IMycts x = Q. Cymwectyer okpectHocTh V O Sp x B C, Takas,
yro V< U u rpanmuna V sapasgercs GeckoHeuno AuddepeHin-
pyeMbM noxgMmuorooGpasuem pasmepHoctd ! B C, cosnmagaiomum
¢ rpanuuess V. Tlycrts | — gauna V, m — Bepxuss rpab FF(A) ]
Ha V u M — Bepxusis rpaub H(A—x)"~|[ Ha C=V. Eciim z€ A
Hflzl-M<{1/2 n ecit A= Ce=V, TO

A—x—z=(1 —z(x——x)")(x—x)

u [2(d — %)~ < 1/2; cneposarensuo, anement A — x—z ofpa-
THM H .

00

A—x—2)"'=h—n"" D@ —x7",
. n=0
npuuen |(z(2 — x)7")*| << 27" Tem cammm noxkasamo, 4ro Muo-
KeCcTBO { OTKPHTO H, KPOME TOrO, 4TO

nf (x + 2) = i j FA)YR— )"z (0 — x)")" da.

n=0 y

Ho BHpaxeHue f FAYA—x)""(z( —x)~)' dr  sBasercs
1%
OIHODOAHBIM MHOTOUJIEHOM CTeNeHd 7 MO 2 (C/AeLOBaTEeJbHO,
aHAJUTHYECKH 3aBHCHT OT 2), C HOPMOH, HE NpeBOCXoAAlleH
miM- 27", D10 HOKashBaeT aHAJIUTAYHOCTb B Q OTOGpaKeHHA
y—f ().

[Meennoxenue 1. [Tycre A — 6anaxosa ascebpa ¢ edunuyeil,
xe= A, U — orkpeiras okpectnocts Sp x, f = O (U), 6 -- paccros-
Hue mencdy Spx u C=={

(i) HAasa kaxcdozo &, rakoeo, uro 0< & <8, cywecrayer no-
-crosnnan k=0, raxas, uro | 7 (x) |I<<RY "0l daan=0,1,2,....

(ii) Ecau saement y = A nepecranosouen ¢ x u ecau p(y) <6,
0 Sp(x+y)=U u ‘

Fe+g)= XL 1 (x),

nl
n=0
npuwem psd 8 npasoll wacru paseHcTsa cxodurcs abCoaOTHO.
3amenan anre6py A ee 3aMKHYTOH HaMOJHEHHOH mopaJre6-
polf, nopoxneHHoH 32JjieMeHTaMd x H Yy (IIpH 3TOM HE MEHAITCH
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Spx 1 Sp(x + y)), Mbl cBeleM 3ajauy K cayuaw, koria A — koM-
MyTaTHBHaa aJireGpa.

Myets 8’ =)0, 6(, =0 — & >0 u K — KOMIakTHas oKpecT-
HocTh Spx, cocrosumas H3 Takux Touek B C, paccTosHue Ko-
Tophix 40 Spx He mpeBocxoaHuT &/2. Tak kak ¢yuxuus [ roJo-
Mop¢dHa BO BCAKOM OTKPHITOM Kpyre paauyca & -+ €/2 ¢ nentpom,
npuHajIexamum K, to, B cuny Hepasencrsa Kommn, cymecrsyer
nocroaunas { >0, takas, 4To

Sup If (2 l <161"‘n

ze K

paa n=0, 1, .... Tlostomy (i) BEHTEKaeT U3 JeMMH 7.

Eciu p(y)<9d, To MoxuHO BHIGpaTh O/, Takoe, uto p(y) <
< & <90. Iyerp V — mHOX)ecTBO Touek C, paccrosinHe KOTOPHIX
oT Spx He npeBocxoZHT 6 — &, H V’—OTKprTbIH map ¢ Ies-
tpoM B O paguyca & B C. Ilycts g — orobGpaxkenue (2, 2/)r—>
—2z+2 us VXV’ B U. Torpa h={og sasaserca oro6pa-
KenueM (2, 2)—=f(z+2") ua V. XV’ B C. Tak kax Sp(x, y) <=
cVXV,, 10 Sp(x+y)=U. B cuay TteopeMH 2, HMeeM
hx, y)=F(x+y). Ho dynxuua h B OV X V’) aBaserca cym~

MoOH pAja
2 @)
n! ‘

nz=0

sfe,

nz=0

CiefioBaTesIbHO, DAL

¢xXoauTCcs, U ero cymMa pasua h(x, y)y="[(x + y). Kpome TOrO,
corjacho (i), aToT psag cxogurcs aGCOJMIOTHO.

9. Jkcnonenra u /weapudm

Hycm A — GanaxoBa asre6Gpa ¢ egunuuedf, u nyctb x < A.
PaccmorpuM o¢yHKuHI0O [(2)=exp2; 43 npensoxenus 1 cie-
LyeT, 4TO )

2 .
(11) expr=l+t+5+ ... +5+.
Tak kak || " [|<<] x|*, To
dexp xll<expl x|,

u pan (11) cxogutcs pasHomepHo B Kaxngom mape B A. Ilo-
aTOMy oroGpaxkeHue x—>expx u3 A B A sABasfeTcs HENpPepHIB-
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HuM (cM. Takxke mpejpmoxkenne 10). Ecam sgement y = A Kom-
MYTHDYET C X, TO, KaK cJenyer H3 mpemsoxenus 11,

(-]

n
exp (x +y) = ¥, Lrexpx,

n=0
OTKyJna
(12) exp (x + y) =expx - expy.
B uactHocTH, 3JeMeHT expx o6paTHM H
(13) - expx)” =exp(— x).

ITycts A — MHOXKecTBO BCex 2 & C, Takux, uro — < Jz<m.
IMycts A’ — MHOXKeCTBO Bcex 2 & C, He NPHHALJEXKAUIHX OTPH-
nateJabHOMY Jyuy (BKawouas Touky 0) Beumiecrsenno# ocu. Torpa
orobpaskenue exp|A ssagercqa- 6uekuuelt u3 A Ha A’ (Dyuk.
deticrs. nep., va. 1II, § 1, n® 7); ob6paruas Guekuus Gyger o6o-
aHauatbes log. Ecau x&= A u Spxc N, To MoxHO oOpasoBarh
anement logx B A; HMeeM Sp(log X)C A u B cuay npenso-
XeHus 8

(14) exp (log x) =x.

C npyroii cropoHsl, ecit y= A u Spy = A, o Sp(expy)= A u
B CHJY NpenJoxeHHs 8

(15) log (expy)=y

B uacrhoctH, ecan usA n p(u)<1, 1o Sp(l —u)yc A n
MoxHO obpasomarh log(l — u). Tak kak

log(l —2)=— 127'1
n=0 ’

aas |z]<1, To, Kak, caenyer U3 mpejioKeHus | M TeopeMu 2,
(-]

oyt
(16) log(l — u)=— —.
n=0
Tlyers G —~rpynna o6paTuMbix saeMeHToB ajire6pu A. Ecuan
amrebpa A kKommyrarusHa, To, KakK moKaswsawT dopuyian (12)
u (13), exp(A) saBaserca noxrpynmoii B G. dra moarpynna co-
JNepkHuT, B cHay (14), oTkpwuiThiii miap ¢ neHrpoM B 1 paguyca 1
H, CJeN0BATeNbHO, SABJAETCH OTKPHITOH (M, cTajo OHTH, 3aMK-
HyTo#l) moxrpynmoii rpynnsl G. Kpome Ttoro, exp(A) sBageres
CBA3HOW MOATPYNNOH, KAK HENPEepPHIBHLIA o6pa3 aare6phl Ko-
Topas caaaHa. CaenoBarensho, exp(A) ecTb cBA3HAT KOMIOHEHTA
eIUHHLH TpynnH G.
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10. Pas6uenus npocTpancréa xapaxrepos

TIeennoxxEHHE 12, ITycre A — kommyrarusnas Oanaxosa
anzebpa ¢ edunuyeli. Ipednoaoscum, uro npocrpancreo X (A)
Jonyckaer pasbuerue wa 08a orkpsireix mroscecrea U, u U,
Toz0a cywjecrsyer u npurom eOuHcTseHnnbil udemnorent j 8 A,
rakoti, 4o 9j paswo 1 na U, u 0 na U,.

IIpocrpauctBo X (A) OTOXKIECTBJSAETCS C HEKOTOPOH HacThblo
B CA nmpu orobpaxkennn x—>(x(a)),c ,» Yactu U, u U, pasHo-

mMepHoro mnpocrpancrsa C4 siBJSIOTCS HelepeceKaloUIHMHCH KOM-
MaKTaMH; CJEH0BATE/NbHO, CYIIECTBYIOT KoHeyHas dacth M C A
M HelepeceKalwlunecss OTKphITHE moxMHoxkectBa Vy, V, B CH,
Takue, 4TO

pU)<V,, pU)c V23

yepes p o6o3HayaeTcsi KaHoHHueckas mnpoekuus u3z CA ma CM.
Ilycts ay, ..., a,— pasunyHele sJeMeHTH B M 'u CH oroxie-
creaeno ¢ C". Ilyers ¢ymknus f pasua 1 wa V, u 0 na V,.
Scno, uto fe= OV, UVy u Sp(ay, ..., a,) =V UV, Tlostomy
MoxxHO o6pa3oBaThb sjeMeHT j=[(a, ..., a,). Tak Kak f2==f},
to ?=j. B cuay crencreua 1 mpemsoxenuss 2, y(j)=1, ecan
y= Uy, 1 x(j)=0, eciu y= U, C npyroit CTOpoHB, NOyCTb
r — HEKOTOpBIH B3JIeMeHT pajHKasna aare6pel A, Tako#, 4ro
j + r — upemnorent. Pasencrso (j + r)? =j -+ r npuBogures K BH-
ay r(1 —2j—r)=0. Ho Tak XKaK ¢QyHKUHS

G(1 —2f —r)=1—2%j

HUTZE He o6pamaercss B-HYJb, TO 3JeMeHT 1 — 2j —r obpartum.
CaenoBatesnbHo, r =0 H ejMHCTBEHHOCTb j MoKa3aHa.

3aMmeuanue. Coxpansis o003HAUYEHHs MpeasioxeHus 12
MOJIOXHM .
Sl=]Aa 32=(1_])A'

Torna &, u §, —ugeanst B A 1 &, + N, = A. C npyroit cTropoHsl,
%, (COOTBETCTBEHHO ) — MHOXXECTBO BCeX X & A, Takux, 4TO
jx = x (coorBerctBeHHO (1 — j) x =x); caenoBaTenvHo, [} Ny==
={0} u J;, Jy—3aMKHyTHIE HReaabl. Anre6pa A OTOXKIECTBIAETCH
c npsimo cymmol aareGp A/S; m AfJ, Ecan oToxjecTBHTH
X (Af%;) 1 X(A/S,) ¢ uactamu mpoctpancrsa X (A) (§ 1, n°5),
To okaxercs, uto X (A/%)=U, u X(A/%,)=U,.

Caenctsue. ITycre A — xommyrarusnas 6Ganaxosa aszebpa
¢ eBunuyeli. Tozda caedyouue Ycao8US IKBUBANCHTHbL:

(1) X (A) csasno;

(ii) 1 u 0 — eduncreennvie udemnorenro. 8 A;
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(iii) A ne usomopna npamoi cymme Hukaxux 08yx Hewny-
Aegblx 6anaxosuix aszebp.

TeEpnoxenne 13. Iycre A — kommyrarusnas 6anaxosa
asrzebpa 6e3 padukaara. Jas Toco urobor A codepacara edunuyy,
neobxodumo u docrarouno, urobor X (A) 66140 KOMNAKTHOLM.

HeoO6XxomuMOCTb BBITEKAaeT H3 CJAeACTBHS TeopemMsl 1 § 3.

[Ipennonoxum, uro X(A) xommakrto. [lyctb A — GanaxoBa
ajre6pa, nosyueHunass u3 A npHCOeNMHEHHEM eIHHHIIE; OTOXKJe-
creum X’(A) u X(A). Torma pomosnenueM K X(4) B X(A)
ABJISIeTCS eAIUHCTBEHHBIH XapakTep Y, anare6pnl A, obpamapmufics
B HyJb Ha A. B cuay npeajoxeHus 12, cyulecTByeT 3/eMeHT
j e A, takoit, uto ¥ (j)==1 nas Bcex y=X(A) u y4,(j)=0. Cure-
goBatesbHo, je=A u y(jx)=9y(x) Das Bcex x= A u Bcex
v & X (A) u, 3HauuT, jx = x, NOCKOIbKY A — aare6pa Ge3 pagu-
kana. Takum ob6pasom, j— emunuuna aareGpol A.

Ieepnoxenne 14. Iycre A — kommyrarusnas OaHnaxosa
anrzebpa, §, — udeasr 8 A, F| — mnoocecrao scex y,< X (A), obpa-
warouwuxcs 8 HYsv Ha Jy, Fy— samxnyroe s Tonosozuu [oce-
KO6COHA U KOMRAKTHOe 8 caab0il Tonoao2uu NOOMHONECTB0
8 X(A), ne nepecexaroweecs ¢ F,. Toeda cywecrsyeT siemeHt
uesyg,, rakod, uro u=1 na F,.

IIycte J, — mepeceuenHe silep XapaxkTepoB, NpPHHAAJekKa-
uux F,. Scuo, uto A/J,—mnomasnre6pa Ge3 paguxkana. Tak kak F,
3aMKHYTO B TONOJMOTHH J:KeKoOGCOHA, TO MHOXECTBO 3JeMeHTOB
13 X (A), obpamaomuxcs B HyJb Ha J,, coBmagaer ¢ F,. Ilo-
TOMY MHOXKeCTBO F,, cHaOKeHHOe TONOJIOTHeH, HHAYIHPOBAHHON
cnaboi TonoJorueii B X (A), coBnagaer ¢ MHoxKecTBoM X (A/%y),
cHaGxeHHBIM caabolt Tonomoruell (§ 1, n° 6). Tak kak F, c1aGo
KOMNaKTHO, To AfJ, comepxut enununy (mpemsnoxenue 13). Ecan
3+ Ny 7= A, To daxTopasrebpa (I, + J0)/p conepxuTes B aape
HEKOTOPOro HeHyJeBOro xapakrepa daxrtopaaredpn A/, (§ 3,
TeOp. 2), a B TaKoM CJyuYae cCyluecTBoBas Obl HeHy/eBOH xa-
pakrep agareGpel A, aHmyaupyomuid §; H I HO Torza okasa-
Jocb Gbl, UYTO BONPEKH HameMy npennogoxenuio F,(Fy5= .
TakuMm o6pasoMm, I+ Jp=A, H cymecTByeT sJeMeHT u < Y,
KJaacc Kotoporo B ¢aktopasnreGpe A/, aBaseTcs €€ eJHHHUHBIM
sneMmentoM. Torma y(u)=1 pna Bcex gy F, Ilpennoxenne
JOKa3aHo. ’ .

Caepcrsue. [Tycte A — Kommyrarusnas 6anaxosa aieebpa,
F, u Fy—3se nenepecexarowuecs wactu npoctpancrea X (A), samk-
HYyTote 8 Tonoaoeuu [loacekobeona. Hycre Fy caabo komnaxrHo.
Toeda cywecrsyer srement u< A, rtaxoid, uro Gu=1 na F,
t $u=0 na F,.
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11. PasGuerus cnexTpa ssemenra aazeGpos

3ameuanne l. ITyers A — GanaxoBa aare6pa ¢ eguuuuei
xe=A n-K=Spx. Ilycrs € — Muoxkecrso uacreit K, Koropuie
ABJSIOTCS OJHOBPEMEHHO OTKPHITHIMH H 3aMKHYTHIMH B K. i
kaxjgoli uvacth H =€ cymecrsyer H NPHTOM €JHHCTBEHHHIH
aneMenr [y e O (K), pasuniit 1 B okpecrHocts H u 0 B okpecr-
HOoCTH-K == H. TTonoxuM juy==fy(x). Torna j, sisaserca upem-
NOTEeHTOM B A, KOTOPHI Ha3HBAIOT AccoyuuposaHHolm ¢ x u H;
IIPH 3TOM CIPAaBENJHBHE COOTHOIIEHHS

(17) iHnH’=jHiH'=jH’iH (H, H =6),
(18) jguw =lIg+ig—isiy H, H6), )
(19) Jp=0, =1

slcho, uto ecum j— Huemmorent anareGpu A, TO jAj ecrb
HOJAMHOXECTBO BCeX 5JeMEeHTOB X & A, TakHux, Uro Xj=jx=x;
OHO fABJAETCS, CJAeHOBATENbHO, GaHaxoBoi momaareGpodi B A
¢ enunuefi j. B vacthocru, ecan H =€, 10 uepes Ay o6o3na-
yaercsd GanaxoBa aJirebpa jyAjy ¢ enununed jy. [lyers B — Ha-
NOJIHEHHAs 3aMKHyTasa nojasare6pa B A, NOPOXKAEHHAsA 3JaeMeH-
ToM x. OHa KOMMyTaTHBHA; e€CJH mpeacTaBjende Bupa K=
=H,UH,U ... UH,asasercs pasbuenneM K na snementn 43 €,
TO DPaBEHCTBO l=jb,1 + ..+ an ABJSETCH PAa3jOXEeHHEM eJH-

HHIbl HAa CyMMy HONAapHO OPTOrOHAJBHBIX HIEMIOTEHTOB B B,
H TIO3TOMY am‘eﬁpa B xaHOHHYECKH orox{necmnﬂercx C HpOH3-
BefeHHeM By >< XBH .

3ameuanue 2. lna H =6 nosoxuM xy = xjy = jyx < By.
HNimeeM xy =gy (x), rne gy — saement u3 O (K), onpeaeneHHbli
COOTHOLIEHHAMH g (2) = 2 B okpectHocTH H 1 g5 (2) = 0B OKpecT
HoCcTH K==H (B caMoM nese, g5 (2) = [y (2) 2). Takam oGpasowm,
ecan H=#=K, 10

(20) Spsxy=HU{0}

Econ K=H,UH,...UH,— pas6uenne Muoxecrsa K na sse-
menrs #3 €, ro

2n x=xH)—]—xH2+ —]—an,
(22) xH.xHj——-O, i=].

3ameuanne 3. Ilycts mo-npexiemy H G u A= C—H,

IIycts hy,, — snement u3 O (K), pasumit (A —2)~' B okpecr-
nocr H 1 0 B oxpectroctdt K == H. Torna (Mg — gy) by, v =Fu}
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CJIELOBATEJbHO, €CAH MOJOXKUTh Ry (A, X)=hy, ,(x) € By, To

23) Ry x)(Mu— xp)=0in— *u) Ry Ay X) =jp,

(29) Ry(h %)k w =g m Ry (s ¥)=0.
TMpeanonoxuM, uto s A& H sleMeHT Ajy— Xy HMeer

obpatubiit y B aareOpe Ay; toraa sieMeHT A — x obpatuM B A

u ero obpatHbii paBeH Y+ Rkesx(A,Xx); HO 310 abeyphHo,
crano ObiTh, A & Spy,xy. OTciONa B U3 (23) cnenyer, urto

(25) Spatn=H
H, 3HAYHT, HMEET MEeCTO COOTHOIIEHHEe
(26) Het @iy 0.

dopmyna (23) mnokaswmiBaer, uTo OQYHKUHA A+—> Ry (A, X),
onpeneneHHass B C== H, aBJIeTCA Pe30JbBEHTON 3JeMeHTa Xy
otHocHTe bHO Ay, Ecan .

K=HU... UH,
—-paaGuenne K Ha snementst H3 G, To
(27) R x)=Ry (b )+ ... + Ry, (b x).

B wyactHocTH, ecan H =6, to ¢pyuxruus A+—> R (A, x) B okpect-
Hoctd ‘H npencrasssieTcss B BHAE CyMMB Ry (A, x) ¥ Hekoropoil
rosoMoppHoi (QYHKIHH.

TIPEpsoxkenuE 156. [Tycre p — usoauposanrnas rouka 8 Sp A X
Toeda

() RO 9)=Roa (s 5)+ Rsp x m a (b 2).

(ii) dynkyus & — Rspr_m; (A, x) 2conomoppra 8 okpecrTrHocTU
Touku w; ¢pynkyus A—> Ryy (A, x) 2osomoppra 8 C=={n}.

(iif) Beauuuna |(x — p)" j,|'" crpemurca k 0, xoeda n—> oo,
u 0aa xamdoeo A = C=={u} umeer mecro pasencreo

(28) R (s x) = 2 (= )" (= )" e

Vreepkaenus (i) u (ii) HeMexsneHHo cJjefylOT H3 TNPEABIAY-
mero. Hokaxem (iii). 3aMeHnss ¥ Ha X — W, Mbl CBOAMM 3TO
YTBepKAEHHE K cayyalo, Koraa p==0. [Tonoxum H = {0} = Sp, x.
Torma cnekTpoM sJjemeHta Xy B Ay ssasercs {0} H, 3HauHT,

97IeMEHT X, KBA3HHH/IbNOTEHTEH, T. €. | x”j,,[l””:——ll(xjﬂ)"ll”"
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crpemutcs K 0. Kpome Toro, B Ay Aas kaxnoro A0 umeer
MeCTO pPaBeHCTBO

M — xH)—l =D A7
'L=0
(§ 2, n°5, popmyna (7)), u3 KoTOporo cieiyer paseHCTBO (28).

CaeactBHE. [Ilycrts p — usoauposannas Touka 8 Spux u
p>0—yeroe uucao. [as 1020 4T06BL TOUKA W ObIAG NOAIOCOM
nopadka p pe3oAbBEeHTbL INeMEHTA X, Heobxodumo u docra-

TO4HO, 4T0bbL (% — p)° 'lj{m # 0, (x — )’y =0.

- IIpuwmep. Ilycts E — koMniekcHoe 6aHaX0BO NPOCTPAHCTBO,
X — €ro HempephIBHHIA 3HAOMOpPu3M. PaccMOTpHM. cniekTp Sp x
3/IeMEHTa X OTHOCHTeNMbHO O0aHaxoBo#H aarebGpel ¢ eQUHHIEH
A=Z (E). Tlyctb H —uactb Spx OIHOBPEMEHHO OTKPHITAA H
3aMkHyTas B Spx. HMaemnoreHt jy, accouuuposanubiéi ¢ H u
ABJSIOMHKACS TPOEKTOPOM Ha 3aMKHYTO€ BEKTOPHOE MOAMNPOCTPaH-
crBo Ey B E, nasmBalor accoyuuposanneim ¢ x v H. Ilycts
7/
Ey — snpo aroro npoektopa. Torma E mnpencrasasieTcd B BHAE
- o 4
TomoJIorHueckofi mpsiMofi cyMMmu moxnpoctpaucrs £y w Ep, Ko-
TOPbIE HHBAPHAHTHH OTHOCHTENBHO 3HIOMOPGH3MAa X, KOMMYTH-
pYyIOILEro € jy. Aare6pa Ay B JaHHOM Clyuae sIBJSIETCH aare6poi
Becex aumoMopdusmos E, ofpamatomuxcs B myab Ha Ey, oT-
HOCHTEJNbHO KOTOPHIX HHBapuaHTHO Ep. Tlycts 4 — HeKoTophlt
‘HENMpepHBHHA sHAoOMopdu3aM E, OTHOCHTENLHO KOTOPOro HHBa-
4
puantisl Eg u Epg; pist Toro uroObi aneMent #|Ey 6bln o6patum,
HeoOXoAHMO M JOCTaTOuHO, uTOOH uj, Obl o6paTuMm B Ay, H
aHaJMOrHyHOe yTBEepxKjeHHe cnpaseanuso aaa u|Ey. Otciona u
4
us (25) cnenyer, uro Sp(x|Ey)=H u Sp(x|Ey) =Spxe=H.
Ecnu H cBogutcss K H30/AMpOBaHHOH Touke u u3 Spx, To
CeKTpoM 3neMenTa x|Ej, sBAseTcs Sp X == {1} H, B YaCTHOCTH,
4 o .
(x — w)|Eqy — aBroMopdusM Egy. C apyrofi CTOPOHHI, 3JeMeHT
(x —w)|Eqy kBasuHuabmoTeHTeH. s Toro uTo6H TOuYKa W
6nlj1a moJilocoM nopsAanka p>0 pe3osbBeHTH 3J€MEHTa X, He-
) -1
00X0AUMO U NOCTATOUHO, UTOOH (x—p)" ™' | Egy =0, (x—p)° | Eguy==0.
14
B sroM cayuae Eyy=FKer(x —n)’ u Egy=1Im(x — p)’. -
MLl MoOXeM pe3lOMHPOBATh HEKOTOPhie H3 NPHBELEHHBIX
3lleCb pe3yJ/bTAaTOB CAEAYIONIHM 0OpasoM.

ITrepnoxkenuE 16. ITycre E — Komnaexcroe 6aHax080 npocr-
PancTeo, x — e20 HenpepoLeHbil sHOOMOPPUIM, W — U30AUPOBAH~
naa touka Sp x, K — donoanenue x {u} 8 Sp x.
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(i) Mycre T' — opuenruposannsiii Kpai oTKpeiTo20 Kpyea A
¢ yenTpom 8 Touke p; raxoeo, 4to K| 'UA)= @. Toeda

. 1 -
=-—2Ef(z——x) le
r

ABARAELTCA uaemnoreurom, 3a8UcCAWUM TOABKO OT X U .

(ii) MTodnpocrpancrsa E’=Imj u E” =Ker | unsapuanrust
oTHoCcUTensHO X, (x — )| E' — K8a3unuAbnOTeHTHbLE  3AeMeHT,
(x —w)|E” — asromopgpuszm E”.

(iii) [aa To20 urobot Touka p boira noswocom nopadka p>0
PE30M6BCHTbL  INeMEHTQ X, Heobxodumo u 00CTaTo4Ho, 4TO06bL

(x— " E 0, (x — p)°| " =0.

§ 5. PeryasipHbie KOMMYyTATHBHble 6aHAXOBBI aJare6phl
1. Onpedenenue u npocrefimue c80licTen

[TrEpnoxene 1. [Tycre A — kommyrarusnas Oanaxosa
arzebpa. Credyrowue ycaosus sK8UBANCHTHbL:

(i) Caabas Tonovaoeus u ronosoceus Jucekobcona na X (A)
cosnadaor.

(i) Hdaa kaxdoco xapaxrepa y < X(A) u Kamdoi crabo
samknyrol wacru F 8 X(A), O0aa koropoi y & F, cywecrayer
anement x e A, raxod, 4to Gx pasrno 1 8 Touxke y u 0 na F.

(iii) dan kamdoeo komnaxkra K 8 craboil Tonoroeuu u Ka-
acdoit crabo samknyroil yactu F 8 X (A), rakoit, wto KN\ F= @,
cywecrayer arement x & A, 0aa koropoco %x passo | nHa K u
0 na F.
~ Myers M= X(A). 3amguyTocth YactTh M B TOIMOJOTHH
Il xxekoGcoHa 03HAYALT, YTO AJA KAKIOro xapaktepa =X (A)m=M
CYILleCTBYeT 3JeMEHT x & A, TaKoit, uto §x obpaitaercs B HYyJab
Ha M, HO oTIHMYHO oT HyJa B Touke Y. [loaromy (i) & (ii).
Slcno, uwro (iif)=»(ii). Haxonen, (i) =(iii) B cuay caeacTsus
npenaoxennd 14, § 4.

Onpenenenue 1. [ycre A — kommyrarusnas 6Oanaxosa

asreebpa. QHna HasvisaeTcs peayrnprol, ecau OAs Hee 86LN0A-
HAIOTCA 3KBUBANEHTHOLLE YCA08UA npedroxceHus 1.

3ameyaunune. Ilycts A — Ganaxosa asare6pa, MOJAyuYCHHAA
n3 A npucoennnenuveMm exuuuubl. Kak mnokasniBaer ycaosue (ii)

npeiJsoXeHHss 1, peryasipHoerr aareGpel A BJjeuer 3a cobo#t
peryasapuocth A. [IpexnonoxuM, 4to A peryaspHa, H IOKaKeM,

yro Torga H A peryaspra. Ilycts F u F’ — nepecekaiommuecs
ciabo saMKHyTHle (CJI€I0BaTeNbHO, KOMIAKTHEE B Caaboé To-

nosorun) uyacti X (A); moctpoHm ssaeMenT X & A, Tako#f, 4ToO

3 3ak, 1236
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9x=0 na F, 9x=1 ua F. Tlyctp 7y, < X (A) — xapakrep,
obpawatomuiics B Hyab Ha A. Ecau y, € F/, To, B cu1y ycao-
pus (iii) npensoxenust 1, cyuecrsyer ajeMeHT x & A, rtakoif,
uro Yx=0 ma F, Yx=1 ua F’. Ecau y, & F, T0o, aHAJOTUYHO,
cymecTByer 3JeMeHT y & A, Takoit, uto Yy=0 na F’, Gy=1
Ha F; mo3ToMy Mbl MOXKeM IOJIOKHTb x=e¢ —y < A.

I[Tpuwmeps. Paccmorpum npumepn § 2, n°2. B npumepax 1
(anre6pa HenmpepblBHBIX (YHKUUA HA JOKaJAbHO KOMNAKTHOM
npocrpancrtee £, crpeMswuxcss K 0 Ha GeckoHewHocTH) H 2
(amre6pa n pas guddepenuupyemoix ¢yukuui Ha (0, 1)) A—
peryaspHass aare6pa (cM. § 3, n°3, npumepn). To ke caMoe
6yner mokasano (ra. II, § 3, nmpennoxenue 1) u pas npu-
mepa 4 (anre6pa L!(Z)). B npumepe 5 (anare6pa ¢yHkumii, He-
HPepHIBHBIX B Kpyre |2[<{1 ¥ aHaJUTHYECKHX B OTKPHITOM
Kpyre) A He siBasiercss peryasipuodt (§ 7, ynp. 6).

[lPEpOKEHUE 2. ITycto A — pecysapras KOMMYTATUBHAA
6anaxosa aareebpa ¢ edunuyedi. Ilycrs (U, ..., U,)— kaxoe-
Hubyds orxpuiroe nokpeirue npocrparcrea X (A). Toeda cyuje-
CTBYIOT IAEMEHTHL Xy, ..., X, E A, Taxue, uro ux cymma passa 1
usupp(@x;))<U; daa i=1, 2, ..., n

JokasarenscTBO nposegeM no Huaykuuu. Ilpu n=1 npex-
JoxkeHne oueBUAHO. ITpeAnoJoKUM, YTO OHO CIPABEANHUBO [JIst
n—1. :

Cymecrsyer otkpbiToe nokpoirue (Vy, ..., V,) npocrpancrsa
X (A), rakoe, uro V, = U; ans raxporo i. Corsiacuo npejpmo-
JIOKEHHIO HHAYKLHH, CYHIECTBYET NOCAELOBATEJNbHOCTb 3JIE€MEH-
TOB X, X3, X4, 0., X, E A, TAKUX, yTO X+ 13+ ... +x,=1,
supp(@x) =V, UV, supp(@x)<V; nna Bcex i>2. [lonoxum
K =supp(9x). Tlyers K; (coorsercTBenno K,)— MHOXKeCTBO
ajeMeHToB U3 K, He mpuHAamnexamux V, (coorsercrserHo V).
Torna K, u K,— Hemepecekalomiecs kKomnakTel B K. Crano
6bITb, CymiecTByeT 3jeMeHT y & A, tako#l, uro Yy=1 ua K|,
&y =10 na K, Ho torna 9 (ry) o6pamaercsa B nya» na X (4)=—K
u Ha K, caemomarteabHo, supp¥9(xy)c<V,< U, anajgoruuso,
& (x(1—y)) pasuo nymio Ha X (A)==K u ua K,, cregosarebHo,

supp@(x (1 —y) =V, < U,.

ITostomy MOXHO mosoxuth ¥, ==x(l —y), xo,=xy, u Torga
MOC/eI0OBATEAbHOCTD Xy, X9y X3, «4.p X, OYyAeT o06s1aJaTh Tpe-
6yeMBIMH CBOHCTBAMHU.

CaenctsHE 1. ycro A — peeysnpraa xommyrarusnas 6arna-
xo8a axcebpa ¢ edunuyeil, ¥ — udear 8 A, f: X(A)—>C — ne-
npepoisran pynxyus. Ilpednoroscun, «uro 0aa kamdoeo y < X (A)
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cyujecreyer saement y, 3, rakod, uro f =y, 6 okpecrrocru y.

Toeba cywecrsyer ssement y =<, raxod, 410 Gy=1[ na X (A).
Tak kKak X(A) —KOMIAaKT, To AJAs HEro0 CYLIECTBYIOT

KOHeuHoe oTKkpbToe mnokpeithe (U, ..., U,) ¥u saementH
Y ++or Yo =, Tarue, uro f=9y, na U, Cywectsywor (npea-
JOXeHHe 2) sJeMeHTH Xy, ..., X, < A, TakHe, 4TOo HX CyMMa

paBHa | u supp (%x;) = U; naa kaxnoro i. Ilycrs

y=x4+ ... + 54, ES.

IMyers, nanee, y & X(A) 1 A — muoxectBo Tex i< {l, ..., n},
s Koropeix y & U;. Ecan i A, 1o Gy, (x) =7 (y); ecan i & A,
To Jx;(x)=0, caenoBarenbHo,

Gy(y)= 2 Gxi (0) Gy, (0) =1 (%) 2 Gx,(x) =
=f(x) El?xi(x)=f(x)-

CaeactBuE 2. ITycre A — peeyrapras kommyrarussas 6ana-
xo8a aszebpa, ¥—udear 8 A; [: X’'(A)—> C — Henpepvisran
dynryus. Ilpednoroxcum 41o 015 Kamwdozo v <X (A) cywecr-
syer aaemenT y, &, raxodl, uro [f='y,. Toeda cywecrsyer

aneMenT Yy =3, Talcoﬁ yro =%y na X’ (A).

Tlycts A — Gaunaxosa ajareGpa, noJdyueHHas U3 A mpucoeau-
HeHneM egumHUH. Torma A peryaspHa (sameuanue) u X' (A)=

==X(A), TaKuM 06pasoM, JOCTATOYHO MPHMEHHTb K A H § caen-
ctBHe | npensoxenus 2.

Ecin 3§ —upean kKoMmyraTuBHofi GanaXoBolt asreGph, TO
Mbi 0603HauHM uepe3 £ (J) MHOXKECTBO BeeX xapakTepos y=X (A4),
IAPO KOTOPHIX conepx«m'r %. Opyrumu ciaoBamu, k() — 3To MHo-
xkecTBo Touek ¥ & X (A), rne o6pamarorcss B HyJb Bce GYHKUHH
Ix pna x=S; A(3) —uacte B X(A4), 3aMKHyTasi B TONOJIOTHH
Jlxkeko6coHa.

IMrennoxenue 3. [TycTs A — pecyrapraa KomMyTaTusxasn
banaxosa arcebpa, § — udeas 8 A, K — nHexoropas wacre X (A),
KOMNAKTHAA U He NepeceKanuancs ¢ h(J). Toeda cywecrsyer
aneMedT u S, rakori, uro Yu=1 Ha K.

DTo yTBepXK/JeHHe SBJSAETCA YAaCTHBHIM CjydaeM MNpejJioxe-
uua 14, § 4.

2, T'apmoruueckud cunres

Tlycrs A — KOMMYTaTHBHaﬂ Ganaxonra aare6pa. Ecau M — He-
KoTopas uacTb B X(A), To Mb 0603HAUHM uepes l’(M) nepece-
YeHHe fnep XapakrtepoB M3 M.

3"
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IIPEnOKEHHE 4. [Tycre A — pecyrapHaa KOMMYTATUBHAA
6anaxosa aseebpa 6e3 paduxaaa. [Tycre F — samknyras 4acre
8 X (A). Mnoocecrso udearos § 8 A, raxux, 4ro h(J%)=F, co-
Oepacur maxcumasoholll asemenr, a umenno f(F), u munumanre-
Holil 34eMEHT, G UMEHHO MHONECT80 § 3/emenT08 X = A, daa
KOTOpoLX HocuTers Pynkyuu Gx Komnakren U He nepeceKkaerca
¢ F. '

YTBepiKaeHHe, Kacalieecs MakCHMAaJbHOrO 3J€MEHTA, ode-
BHAHO. SlcHo, uyto ¥ —wumean B A u uro A(3)>F. Ecau
y< X(A)==F, TO cyiecTByeT KOMNAKTHasg OKpecTHocTh V
TOUKH Y, He mepecekatowasica ¢ F. Ilycrs, Aajee, 3sJeMeHT
x= A TakoB, uro ¥x paBHa | B Touke ¢ H O BHe V; rorza
x €3, crenosaredbHo, ¥ & A () u, snauur, A (J)=F. Haxonen,
NPeAnoJoKHM, 4To S— ugean B A, takoir, uro A(J)=F, Hu
nokaxeM, uto IO J. Ilycte C — komnakrHas uacts X (A), He
nepecekamoumascs ¢ F, 1 X—asaeMenT H3 A, Takoi#, uro supp ¥x = C.
B cHay npeanoxeHus 3, CyLIEeCTBYeT 3/JeMEHT # &%, TakoH,
uro Yu=1na C. Torga $x =9 (ux) ", nockoabky A — anre6pa
%es pamgukana, x=wuxX H, 3HauHT, x . Takum o6paszom,

.

Caencreue 1. Iycre A— peeyispnas kommyraruenas 6a-
Haxosa aizebpa 6e3 padukaira, I — mHOHKeCTB0 Tex x & A, 041
KoTopoix §x umeer KomnaxTHeiuli wocureas. ITpednoaodcum, 4ro

S =A. Toeda kanxdoiii samxnyroiii udeasr 8 A, orauyneii or A,
CO0ePIHCUTCSL 8 HEKOTOPOM pe2yiapHOM maxcumarsHom udeare.

[Tycts ¥ — 3aMkHYTHIH HAean B A, KOTOPHIH HE COMEpPKHTCH
HH B OJHOM PeryJIApHOM MakCHMaJsbHOM uAeane. Toraa 4 (%) == @,

caefoBartenpio, YOI (mpemsoxkenne 4), orkysa O = A

Caencrsue 2. IMycre A — peeyrspuas Kommyrarusuas 6Gaua-
xosa arzebpa 6e3 paduxasa. [lycre x, y = A. Ecau nocuress 9x
KOMNaKTen u co0epicurcs 8 muodxcecTse Tex Todek, 20e Gy 5= 0,
TO 3AEMEHT X KpaTeHn y 8 A.

[Tycre J==Ay. Toraa h(3) ecrp MHONKecTBO F uynelt 9y.
- Tak Kaxk HocuTenb ¥x KOMMakTeH H He Nepecekaerca ¢ F, TO
x <3 (npeanoxenue 4).

OnpepEnEHHE 2. [Tycre A — Kommyrarusnas 6anaxosa
ancebpa. Iosopar, uro A ydosiereopser ycaosur JIurkuua,
ecau 048 kamdozo y < X’ (A) u kandozo x = A, rakoeo, uro 9’ x
obpawaercs 8 HYaAb 8 TOUKe ¥, CHUECT8YeT nociedo8areasbHoOCTs
(%, X3 ...) 8 A, Takas, 4ro x==lim (x,x) u Kawdas Pynx-

n oo -

yus G'x, obpawaerca 6 Hyab 8 nexkoTopoi okpectroctu V,
TOYKU 7.
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. C npyro#i cropoHwl, nycrs A — xomMMmyraTuBHas OGaHaxoBa
aare6pa, §—umean B A, x= A u y<= X’ (A). Tosopar, uto x
npuralaexcur udeary § 8 OKPeCTHOCTU TOYKU 7, €CJAH CYLIECT-
BYET 3JIEMEHT y &, Takoil, yto ¥y=9x B HeKOTOpO# OKpe-
CTHOCTH TOYKH Y.

3aMeuanue. [Iycts A—xoMMyraTuBuas 6aHaxoBa aare6pa,
X¥—munean B A, y—oaaemedT B X(A), Takoii, uro y e A(J);
Torga Jai0Goi 3aeMeHT ¥ & A mpHHANIERHT J B OKPECTHOCTH
ToukH . JleficTBHTE/IBHO, COIJIACHO OmpexneJnenuio 1, cymecTByer
saeMeHT 2 & A, Tako#t, yto ¥’z=1 B OKPecCTHOCTH TOUKH Yy H
%’z2=0 B okpectHocTd A (3J); 3uaunt, z = (npenyoxenne 4),
W, cJiaenoBaTensHo, X2 H Y (x2)=%x B OKpecTHocTH
TOYKH .

JIlemMma 1. Mycre A — pezyaapran kommyrarusHas 6aHaxo8a
arzebpa 6e3 paduxasa, yoosieTsopArwwias ycaosuto [JuTKuna.
Mycre ¥ — samxuyroui udeasr 8 A, x — HeKOTOPbLLI HAeMEHT U3
E(h(X)). Mycre, darce, G — mHoxecTso Touek y <= X’ (A), raxux,
yT0 X npuradsexcur 8 okpecTrocTy Touku . Tozda X/ (A) == G —
cosepuientioe MHOxcecTéo (T. €. 3aMKHYTO M He HMeeT H30JHpO-~
BAHHBIX TOYEK).

SlcHo, 4TO G — OTKPHITOE MHOXKECTBO. IIpenInosoKuM, YTO
X’ (A)== G CcOREpKHT H30JHPOBAHHYIO TOUKY yo. MEHl IOKaxeM,
YTO 3TO MPEANMOJIOKEHHE NPHBOLNT K NIPOTHBOpeunIo. Tak Kak ¥, —
usoaupoBaHHas TOYKa B X’/(A)==G, TO CYmECTBYET OKPECT-
nocts U sTof Touku, Takasd, uTo U=={y < G. Ecan y, %0,
TO CcYIeCcTByeT aneMeHT 4 & A, Aag koroporo $’u==1 B oKpe-
CTHOCTH TOUKH Yo H ¥’u=0 B oxpecTHOCTH X' (A)==U.

[TpuHnMasi BO BHUMAHKUE 3aMeyaHHe, Mbl BHANM, YTO uX IpH-
HAAJAEXKHT § B OKPECTHOCTH MI000H TOUKHM Yy 7= Yo W HE MPHHAN-
JeXHT § B OKDECTHOCTH TOUKH 7, Ecau y,==0, To cymecrsyeT
syeMeHT v & A, Takoit, uto %’v=0 B OKDECTHOCTH TOUKH Yo H
9v=1 B okpecrHocTH X’(A)==U. CHOBa npHHHUMAas BO BHH-
MaHHe 3aMeyaHHe, MBI BHIMM, YTO X — UX NpPHHANJCKHT I
B OKDECTHOCTH JIOGOH TOUKH Y F= Yy H HE IPHHANJ/IEKHUT I B OKpe-
CTHOCTH TOUKH %, MTak, B KaKIOM H3 PAaCCMOTDEHHBIX CJIyYaes
Mbl YKa3aJH 3jJeMeHT y & A, npuHajiexaluil § B OKPeCTHOCTH
n06oH Toukn X’ (A)=={y,} u Taxo#, uto % (y)=0. Tax Kak A
YIOBJIETBOPSET YCJO0BHIO [IHTKMHA, TO CYINECTBYET II0OC/IE10Ba-
TeJBHOCTD (X;, X, ...) B A, TaKasd, YTO X,y CTPEMHTCS K y. lIpH
n-»oco ¥ Kaxjaas U3 QyHkuud ¥ x, obpamaercs B HYyJab B He-
KOTOpOil OKDEeCTHOCTH TOUKH Yo TOrfa X,y IPHHANJIEKHT
B OKpecTHOCTH JI060# Touku u3 X’ (A) u motomy X,y &3 (caen-
crue 2 npeasoxedns 2). B cmay samkayTocTH I HMeeM y E I
Ho rtorpa y npuHagnexur I B OKPECTHOCTH TOUKH Yo H, 3HAYHT,
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% = G Bompeku npepnosoxenuio. ITonyuenHoe nporusopeune
JIOKa3biBAeT JIEMMY.

TlpEanoxkeENnE 5. ITycre A — peeyrapras KOMMYTATUBHAR
6anaxosa anscebpa 06e3 paduxarq, YO08AETEOPAIOWANL YCAOBUIO
HAurkuna. IMycre §— samkuytoul udean arzebpor A, Taxol, 4ro
eparuya h(3) He coOepicuT HenycTolxX COBEPUICHHBIX MHONECTS.
Tozda § cosnadaer ¢ MHONMECTBOM TeX 3NeMEHTO8 X & A, 0an
koropeix (ynkyus Gx obpawaerca 8 Hyss Ha h(3). B uacr-
nocru, ecaun h(J) ceodurca k odwoi rTouke vy, 1o I=Kery.

Myctes x = (A (J)). Hyxno nokasarb, uro x &3J. Tak xak
%’ x=0 ua h(3J), To MHO)ecTBOo (J, BBeIEHHOe B DACCMOTPEHHe
B JeMMe |, OuYeBHAHO, CONEPKHT BHYTPEHHOCTb MHOXKECTBa
h(3)U{0}). B cuay sameuanusi, mpexiectsyiouero Jemme I, G
COJIep KHUT TakKe MHOXKecTBO X (A) == A (J). [ToaToMy MHOKeECTBO
X/ (A)== @G, sBasomeecs COBeplIeHHHM (1eMMa 1), comepKHTCs
B rpauuue MmHoxkectBa A (J)U{0). Vs nawero npenmosoxeHHs
otHocutensto 4 () caepyer, uto X/ (A) == G < {0}, # NOCKOMBKY
X’(A) == G coBeplleHHO, OHO MyCTO. 3HAUHT, ¥ & I (CleACTBHE 2
NpefsoKeHus 2).

§ 6. HuBomoTHBHEIE HOPMHPOBAHHbIE aJareGphl

1. Husoarorusnsie arzebpo

Onpefeaenue 1. ITycre A — aaeebpa nad C. Husoawoyuell
8 A naseigaercs orobpaxcenue x+—=x" u3 A 8 A, Takoe, 4ra

(x*)a == ¥, (x + y)t — x* + y*, (}‘lx)* — }"lxa’ (xy)t =ytxa

dan moboex x, y=A u h=C. Anreebpa nad nosem C, cnab-
MeHHan uHBoaoyuell, HaA36l8AETCA UHBOAMOTUBHOL ar2ebpoll.

OGBIYHO TOBOPAT, UTO SJEMEHT X' CONPANEeH C SJAEMEHTOM X.
TTogMHO)KecTBO B A, MHBApHAHTHOe OTHOCHTEJBHO HHBOJIIOLHH,
HASHBAKT CAMOCONPANCECHHbIM.

HuBoJsioLys sBJSETCS, OUeBHJHO, H30MOp(dH3MOM KoJblia A
Ha npoTHBonoJsoxkHoe Koablo A% Eciu A comepxur exunuuy e,
T0 ¢ =e¢; aare6py (A, e) HasHBAIOT HMHBOJIOTHBHOH anre6poi
¢ eauHHAUeH.

ITpumepsw. 1) I[lycte A — anre6pa Bcex KOMIJIEKCHHX (DYHK-
nuit Ha HeKoTopoM Muoxecrse. OrtoGpaxeuue [r—>f sBasercs
HHBoOJIOLMEH B A.

2) Ilyers H — KoMmJekcHoe TrHAbLOEPTOBO NPOCTPAHCTBO H
A=%Z (H). Oro6paxenne x+—>x* (Ton. sexr. np., ra. V, 2-e
Han., § 1) ssanerca uHBOJMOUMEH B A.
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3) Ilycte G — n0KaJAbHO KOMNAKTHas Trpynna. KasecTuo
(Hureep., ra. VIII, § 3, npena. 2), uto A'(G) sBaserca 6Ga-
HaxoBo# anre6pol, cojepxkamed egfUHUUYHHNA sneMeHT &,. OTO-
Gpaxenne x+—>x~! u3 G ua G mnpeo6pasyer KaxAyio Mepy
pe A(G) B =M (G) (Hureep., ra. VII, § 1, n° 1). O6o-
3HAYMM uYepe3 P’ Mepy, KOMIIEKCHO COMPSIKEHHYIO K Mepe fi.
Oro6paxende p+—>[ gBadercd H3oMopduaMoM GaHaxoBoH
are6psl A'(G) na 6anaxosy anre6py A'(G%. CaexgosarebHo,
oToGpaxkenue p—>u" sBASETCS H3OMETPHUECKOH HHBOJIOLMeE
B A'(G). MHoxXecTBo A orpaHHYeHHBIX Mep, aGCOJIOTHO Hempe-
pBIBHBIX Mo Mepe Xaapa, sBJsieTcs 3aMKHYTOH mNopaareGpoi
B A'(G), MHBapHAHTHOM OTHOCHTENbHO HWHBoJNOUMH (HHuTeep.,
ra. VIII, § 5, n®5). IIycrs f — sreBonnBapuantHas Mepa Xaapa
na G. CHa6uuM L!(G, B) npousBesnenueM (f, g)+—> f+P g u uuso-

aonued f»—~>f*=f-A"l, rae A — monyap (MonyasipHasi GyHK-
must) G u f(x)=Ff(x"") nas Bcex x = G. Torma oro6paxenue
f—7F-B ectb msoMopduaM wuHBoMOTHBHON anrebpul L!(G, P)
Ha A. Btor u3oMopdH3 H3OMETPHUEH.

ITycTb A — uHBOJMIOTHBHAS aareGpa. aeMedT X € A HA3bIBAIOT
PMUTOBBLM, €CIIN X == X", U HOPMAAbHbIM, ecad xx' = x"x. (DTu
onpejesieHHst ABJAIOTCA O0GOOLIEHUSIMH aHAJOTHUHBIX olpeje-
JeHu#, npuseneHHblx B Ase., ra. IX, § 7, n° 3.) Kaxabiit spMu-
TOB 3JIEMEHT $fIBJISIeTC HOPMaJbHbIM. MHOXECTBO BCEX 3DPMHTO-
BBIX 3JIeMEHTOB €CTb BeIIeCTBEHHOE BEKTOPHOE MOANPOCTPAHCTBO
B A. Eciu x H y — KOMMYTHpPYIOIHE 3DMHTOBH 3JI€MEHTH, TO
(xy) =y'x*=yx=2xy u, cregoBartesNbHO, Xy — SPMHUTOB 3Je-
Mment. Jlna Kaxporo x & A sxeMeHTHl X°x ¥ XX" 3PMHUTOBHIL.

Kaxphifi ajieMeHT x € A e/[HHCTBEHHHM 0GpasoM IpencTaB-

JsieTcsl B BHAe X[+ [X,, TAe 3JEMEHTH X, U X, 3pMHUTOBH. [lef-

1 1
CTBHTEJIBHO, €CJIH MOJNOXKHTb X;==5 (x+ x%), xo= T (x — x%),
TO X, Xo — 3PMHTOBBI 3JEeMEHTH H X ==X+ ixy. OGparHo, ecau

X=X, + ixy THE X, U Xy — 5PMUTOBBH 3JEMEHTH, TO X" =X, —
, 1 1
~— X, U, CJIIOBATEJBHO, X =-2—(x + £7), xy = Ti'(x — x"). Takum
o6pasoM, MBI HOKa3aJH CYIIECTBOBAHHE M €IHHCTBEHHOCTb 3Jie-
MEHTOB X; H X3 3aMeTHM, UTO ‘
* e 42 2 1 —
XX =20 4 X5 (X% = x,%),
* 2 2 7 —
Xx =53 4 xf — i (X%, — x,X,),
#, 3HAUHT, SJE€MEHT X HOpPMAJIeH B TOM H TOJAbKO B TOM ciydae,
Korma x; H Xy KOMMYTHDYIOT.

[Npennonoxum, yrto anre6pa A copmepxur epuuuny. [Has
Toro uTo6H aneMeHT x & A 6bla o6paTuM, HeoOXORMMO H JOCTa-
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TOYHO, YTOGH 3jeMeHT x° 6bl1 06paTUM, H TOrAa () =(x-""
IMockosbky (x — A)*=x"— X nas Bcex A & C, oTciofa cjaenyer,
4To Spyx* = Spyx. DieMeHT ¥ & A HA3LIBAIOT YHUTAPHOLM, €CIH
xx'=x"x=1, 1. e. ecam x obparum u x=x"".

Ilycte A — uuBoslOTHBHAS anaredpa, /f:— aare6pa, moJyden-

Hasf U3 A npucoenuHenueM equuHubl. Ha A cyuiecTByer M mpH-
TOM eLHHCTBEHHAs HHBOJIOIHSA, SBJAAIOUIAACH IPOJLONKEHHEM
HHBOJIIOUHH HA A; 3Ta HHBOJIOUHS ompeje/sercs PaBeHCTBOM
(A x)=(A, x*) n1a A=C, x=A. Ecau x= A, 10 Sp)«’ =
= Spiax.

IMycts A u B — 1iBe HHBOJIOTHBHbIe ajreGpe. Moppusmon
aare6pst A B B HasuBaercs orobpaxenue ¢: A—> B, Takoe,
4TO

px+y=0o)+o@ oGxy)=9e(x) o)
¢ (Ax) = Ao (x), o (x") =@ (x)

aas Jobux x, y=A u A= C. HasoseM HHBOJIOTHBHOH Mmog-~
aareG6poii B A camoconpsikennyio mnoxgaare6py B A. Llenrp
aare6pbl A fBJIsleTCss MHBOJIOTHBHOH mopaare6poil. Ecmu A, —
CaMOCOTPSIKEHHbIA JABYyCTOpOHHHH Haean B A, To uHBoMIOUMHA
B A 103BoJjisieT ONpefeNHTb HHBOJIOUUIO B pakropanrebpe A/A,,
H KaHoHHyeckoe otoGpaxenne A wa A/A, saBasercs MopdpuaMoM.

Panukan uusosoTHBHOH aire6pel A coBmajgaer ¢ pagukaaoM
IIPOTUBOTIONOXKHOH asreGpbl H, CA€I0BATEbHO, ABJAETCA CAMO-
CONpPSAKEHHBIM.

[Tycte A — nuBo/oTHBHAR aare6pa. Ecan M < A — camoco-
npsKeHHOe IOJMHOXKecTBO, TO ero KoMMmyTaHr M’ saBasercs
HHBOJIOTHBHOH mopaaredpoit B A. Iags x& A O6GUKOMMyTaHT
maps {x, x"} IBJSIETCS HHBOJIIOTHBHOH TomaJreGpol, comepka-
meHd x U x°, H ara nofaare6pa KOMMYTATHBHA B TOM H TOJBKO
B TOM CJyuae, KOrja 3JieMeHT X Hopmaneﬂ.

Ilycts A — uuBoJIOTHBHAS ajrebpa, B —ee MakcuMmaJbHAf
KOMMYTAaTMBHAs HHBOJIOTHBHAA moaanare6pa. Torma B sBasercs
MaKCHMaJbHOH KOMMYTaTHBHOM Mojaare6poil (, 3HAuHT, HAMmoJ-
HeHHoH, eciu A — anre6pa ¢ epuunuedl). B camom pene, ecaH
ajeMeHT x & A KOMMyTHpyeT ¢ B, To x* Takke KOMMYTHDYeT
¢ B; chenoBaresbHO, €CaM X IMPeACTaBHTL B BHAE X - iXy,
FJle X; H X, — 3PMHUTOBH 3JEMEHTH, TO ¥; H X, OKaXYTCA KOM-
myrtupylomnumMu ¢ B. Ho torga mnogmaare6pa B A, mopoxien-
Hafn B W x;, OLHOBPEMEHHO KOMMYTATHBHA W HHBOJIOTHBHA H,
3HauHT, COBHAfaeT ¢ B, oTkyza caenyer, 4To ¥ < B; TOuHO
TaK XKe ¥y & B H, HakoHel, ¥ EB. _

ITycte A — nuBosiotuBHasA agre6pa. Ecam [ — nunefinas

dopma Ha A, 1o QymkuMa x+—>[(x") Ha A rTakKke sBaAAeTCH
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auueinoll dopmoit; atTa dopma olosnavaercs [* u HasuBaeTcd
conpamcennod ¢ f. UMewoT Mecto pasBeHCTBA

fr=f (G+FY=F+F, ()=i"

TCoBopsar, uto dopma [ aspmurosa, ecau [=7f*, Jlo6aa au-
HeliHasn ?Jopma Ha A eXHHCTBeHHHIM 06Da3oM HpeNCTABJALTCA
B Bune [+ ify, tae f; u f,— spmuroBel Gopmbl. das Toro
yTo6n JsuHelHas ¢opMa [ Obra 3pMHTOBOH, HEOGXOZMMO H
JIOCTATOYHO, YTOOH OHA Oblla BELIECTBEHHOH Ha MHOKecTBe A,
SPMHTOBBIX 3JeMeHTOB aqare6pet A. OTtobpaxenue [—>[|A4,
ABJsieTcsl H30MOP(H3IMOM BeHIeCTBEHHOI'O BEKTOPHOIO HPOCTPaH-
CIBA 3PMHTOBHIX (OPDM HA BEKTOPHOE NPOCTPAHCTBO, NBOUCTBEH-
HOe K BelIeCTBEHHOMY BeKTOpHOMYy mnpocrpanctBy A,. Ecaun A
KOMMYTAaTHBHA H Y — Xxapakrep A, To %' TakXe sBJsAETCS Xa-
pakTepoM A u otrobpaxeHue y+—>y" ecTb roMeoMoppusm X’ (A)
Ha X’(A).

2. HueonrwrusHsie HOpMUpPOSAHHbie aszelpol

OnpEpENERUE 2. HHeOAtOTUBHOL HOpmuposanHoll (coorser-
cT8eHno Ganaxosoll) aseebpoll HA3bIBAIOT HOPMUPOBAKHYI (CoOT-
gercT8enno bGanaxosy) aacebpy, cHabicennyo  uxsoroyuell
x—>x*, raxod, uro || x*|=|x|| 015 scex x.

MMpumepsn. 1) Ilyers T — n0KaJIbHO KOMIAKTHOE IPOCTPaH-
cTBO, A — anre6pa HenpepHIBHBIX KOMAJIEKCHBIX ¢GyHKuHA Ha T,
crpemsmuxcs K 0 Ha OeCKOHeUHOCTH, CHA6:KeHHAsT HOPMOH

I fll=suplf(¢)| u urBomouneit f—>f. Torna A — HHBOMOTHBHAS
teT

6axaxoBa aJgre6pa.

2) UnBomotuBHas anre6pa HempepbIBHBIX 3HIOMOPHH3MOB
cuin6eproBa mnpocrparcTBa (n° 1, npumep 2),” cuabxeHuas
OoGBIYHOH HOpMOH, fABJAeTCS HHBOJIOTHBHOA OGaHaxoBoH anre6-
po#i.

3) UuBoalotuBHas aare6pa A'(G) orpaHdvyeHHHIX Mep Ha
JOKaJnbHO KommnakTHo#t rpymme (n° I, mpumep 3), cuaGxeHnas
OGBIYHOH HOPMOH, SABJASETCH HHBOMIOTHBHOH 6GaHaxoBod anrel-
poii.

[Tyctb A — HHBOMIOTHBHAS HOpDMIpOBaHHas aare6pa, A — Hop-
MupOBaHHas aare6pa, mosyyeHHas M3 A NPHCOEJHHEHHEM elH-
gune. Ecau anre6py A cHaGpuTh uHuBojglonue#, kak B n°l,
10 A craueT MHBOMIOTHBHOH HOPMHPOBAHHON aare6poi.

Ecan A — uHBOJIIOTHBHAsA HOpMHpOBaHHAas ajrebpa, TO 3a-

MBIKAHHE €€ HHBOJIOTHBHOH nopaJjreGpH CHOBA fABJAETCA HHBO-
JiotuBHOR nogajre6poii. Ecim M C A, To HauMeHbllas HHBO-
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JIOTHBHAsI 3aMKHYyTasi nopaarebpa, conepkauias M, HasbiBaercs
HHBOJIIOTHBHOH 3aMKHYTOl nopaareGpoil, noposdennoi M; ona
COBIafaeT ¢ 3aMHIKaHHEM nojasareGpnl, MNOPOXKACHHOH MHO-
xectBoM MUM®. Ecau M coaurcsi K OfHOMY HOpMaJbHOMY
3JieMeHTY, To OHa KoMMyTaTHBHA. ®akTopaJjredpa HHBOJIOTHB-
HOfl HOPMHpPOBAHHO! ajare6phl MO CaMOCONPAKEHHOMY 3aMKHY-
TOMY JBYCTODOHHEMY Hpeajy, MPOU3BEJEHHE KOHEYHOrO 4YHCJA
HHBOJIIOTHBHLIX HOPMHPOBAHHBIX aJjreGp, MOMOJHEHHE HHBOJIO-
THBHOH HOpPMHpPOBAHHOHA anare6pH H HNPOTHBONOJOXKHAA K Hell
anre6pa SBJAIOTCA HHBOJIOTHBHBIMH HODMHPOBAHHHMH ajireG-
paMH C ecTecTBeHHOR HHEBO MOl Mel.

Ecau A — HHBOMOTHBHAS HOpDMHpOBaHHag aare6pa, a f — He-
npepniBHasi auHefinas dpopMa Ha A, 1o || [*li=I||f |l MuOXeCcTBO A,
SPMHTOBHIX 3JIeMeHTOB H3 A fABJAETCS BEIIECTBEHHHM HOPMH-
POBAaHHHM BEKTOPHHM npocTpancTBoM. [lycrs [ — aumefinas
HenpepuBHas spMuroBa (gopma Ha A u g==[|A,. Toraa | f|=
=/| g |l. HeiicTBuTenbHO, sicHo, uTo || fI| =] g Il; ¢ Apyrofi cTopoHI,
s moboro &> 0 cyiecTByer saeMeHT x & A, Tako#, uro || x |1
u|f(x)|>|f||—e. 3amensss x mpoH3BesenueM x Ha ckassap,
paBHHii | no alCoOJMIOTHOH BeJHUMHE, MOXKHO CUHTATh, 4TO
f(x)>=0; Torma

g5 x+x))|=—lf V) I=F@=ITlI—e,

<, mu nmeeM | gl =1l —e, otkyna,

B CHJY IPOH3BOJbHOCTH £>0, BHTEKAaeT Halle yTBEpIK/eHHe.
DpMHTOBH HENpEPHIBHHE JHHCHHHE (OPMBl Ha A MOXHO, cJje-
HZOBATeJbHO, OTOXIECTBHTb C BELIECTBEHHLIMH HENpEepHBHHMH
JHHeHHBIMH ¢opMaMH Ha A, p

H NOCKOJbKY “ 5

3. C-anrzebpu

OnpenenenuE 3. C'-aneebpoil HA3bL8ETCA UHBOAOTUBHASA
6anaxosa areebpa A, Tarkas, 4rol xF=| £"x| 0sa scex x = A.

IMpumepsl 1 u 2 n° 2 ssasiorca npumepamu C*-anrebp (Ton.
gekr. np., ra. V, 2-e usn., § 1). Hanporus, anre6pa npumepa 3
He siBasieTcs, BooOlle rosopsi, C*-anre6poi.

3ameuanns. l) I[lyctb A — GanaxoBa ajnre6pa, cHaGxkKeH-
Hasi HHBOJIOLHEH, YNOBJETBOpAIOLIEH aKCHOMe

(1 x 1P <l x"x |l

M3 (1) creayer, uto [[xIP<|Ix"lxl, orkyma [lx[<[lx"|,
3aMenssss x Ha x*, MH moayyaeM, uro [ x]=|x‘[. Crnegosa-



3 HueoswoTusnble HOpmuposannble arzebpui 75

TeJbHO, (1) Bieuer 3a coGoil HepaBeHCTBO
Pl 22 <] 2 IRy

u, crano Guth, A ects C’-aare6pa.
2) IMycte A ects C'-aare6pa. Torga AJst KaXA0ro 3JeMeHTa
X & A uMeeT MeCTo pPaBEHCTBO

| = Sup Il xx" [l
FI<1

B camom pesae, sicHo, 4TO |lx’|l<l BJedeT 3a coboit || xx’ || <<
|l x|l. TIpu noxasartenbcrBe HepaBeHcTBa [[X|[|<C sup | xx'|
X< 1

MoxHo cyaTaTh, uTo | x[|==1. Toraa || x*||=1 u | xx*||=| x [f=
3) Ilyctb A ectb C™-anreGpa ¢ eguauued. Mmeem

ITP==]1"1]={ 11

CaepoBatessno, [[1fj=1 unu 0. Ecan A=={0}, 10 J1|=1,
omyaa JJIs BCeX YHHTApHBIX 5JIEMEHTOB u moaydaeM |ul==
=|u'ult=1.
4) Myctp (A;) — cemefictrso C*-anreGp. Iyctb A — mHoXe-
CTBO BCeX IoCJefoBaTebHOCTEMH (xt)EHAi, TaKHX, YTO
sup;ll x;|< 4 oo. Ecnn BBectn Ha A onepanun

=)+ @)=+ 9) ME)=0x) (x) (0)=(Fw) (¥)=(*)

u Hopmy |l (x;)ll=sup;llx;ll, To, Kak HerpyaHO y6eambca, A
crager C’-anreGpofi. OHa HasmBaercsi npousBefenuem C*-aj-
re6p A,

5) Ilycts A — HHBOJIIOTHBHASI HOPMHPOBAHHAS anre6pa. Ecom
Nxll2=|lx*x] nias Bcex x= A, To Nomoauenne A aare6pn A
ectb C*-anrebpa.

Meegnoxenne 1. ITycte A — unsosrorusnas Ganaxosa
aarzebpa, B ectv C*-arcebpa, m — Hexoropeili mopusm unsonrio-
TusHoll aseebpor A 8 umsoaoTusHyro aszebpy B. Toeda dasn
scex x <= A cnpasedruso nepaserctso | n(x) (< x|

3ameryM, 4TO AJA KaXJOr0 3PMHTOBA 3JE€MEHTA Y B B

HMeloT MecTo pasenctsa || y? | = y'y l= y |t, otkyna |y
=|ly | u, caegosaresbHO,

2) pw=lyl

Panee Groio ormeueHo (§ 1, n° 3), uto Aa% Kaxzoro saeMeHra
x&A mu umeem Sppm(x) = Sp’x; craso GHTS,

p(m(x)) <p(x) <l x|l
H, 3HAYuT, ¢ yueToMm (2)

Ha @) F=la()l=p @ (") <l x|l » P

=
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IMeepnokerME 2. ITycre A ecrs C*-aneebpa, A — uusoto-
TusHan asreebpa, nosyuennas us A npucoedunenuem eOunuybl.
Toeda na aneebpe A cywecrsyeT u npurom eoOUHCTBEHHASR
HOpMQ, KOTOPAs A8ARETCH Npodorxenuem Hopmol Ha A u OTHO-
cureasno Koropol A cranosurca C'-aaeebpoi.

EnvHcTBEHHOCTD TaKOM HOPMBI BHITEKAeT U3 MpepioKenus 1.
Eciu A copepXuT eIHHUUHBIH 3/€MEHT e, T0 A mpeacraBisercs
B BUJE NPOU3BEAECHHS ABYCTOPOHHHUX CaAMOCOMpPSKEHHBIX HeajoB

Au C(é —e) (uepe3 & o6o3HaueH eIUHUUYHLIA 3semeHT H3 A).
JlocTaTouHO MOJIOKHUTH JJist Bcex x= A u A=C

lx+A@E—e)ll=sup(lxl, |A]);

TOrAa, B CHJIY 3aMeuadusi 4, aare6pa A okaxertca C*-anre6poi.

Ilpepmonoxum Ttemepb, 4to ajre6pa A He CONePKHT enu-
HUYHOro 3jeMeHTa. [lJd Kakaoro ajeMeHra x & A NOJOKUM
lx|=|Lgll, rae L,— onmepaTop yMHOXKEHH: cJ€Ba Ha X B aj-
re6pe A. OnpenesneHHas Tak HopMa 3/eMeHTa x & A, B cuay 3a-
MeuaHus 2, COBNALaeT ¢ uexonHol HopMoit Ha A. C npyro# cro-
poubl, x—>| x| ects moaysopma Ha A u llxy || x]'llyl Dra
_mosyHopMa daxTHueckH siBJasercsi HopMoii. [lelficTBHTesibHO,
nycth x=218 — x’ (A= C, ¥ & A) — saeMent us A, Tako#, uTO
xy=0 naa Bcex y< A; nokaxkem, uro rtorga x=—0. Ecuau
A==0, To A~'x" — neBas enuuuna B A; cienoBarenvHo, A 'x* —
npaBasg eiMHHUIAa B A U, 3HauuT, A, BONPEKH NPEJIOJOKEHUIO,
COLEpKUT eJmHHLIHbIﬁ 3JIEMEHT; cTaJjJo OwTh, A=0, H Torja
“f=x"||=0, 1. e. x¥*=0wu x=0. Tem caMbIM J0OKa34aHO, YTO
x—>| x| ectb nopma. Tak kak A — mosnHas asire6pa Kopas-
MepHocTd | B A, 10 aiare6pa A rakxke moana. Ocraercs IoKa-
3aTh (3ameuanue 1), uto [|z|P <22 aaa Bcex z& A; MoxHO
orpaHuuuThCH caydaeM [|[zll=1. Ias &Kaxgoro r<l cylue-

cTByeT 3jeMeHT y & A, tako#t, uto |y |1 u |2y | =r; Toraa,
NMOJB3yACh TEM, 4TO 2y & A, umeeM

1221 =15 (Z"2) y =l (z9) (zp) =Nl zy F =1

oTKyza || 2'2 || =1
[oBopsit, uTo asre6pa A, cuabGkeHHas HOPMOH, YKasaHHOMH
B npepsoxeHun 2, ects C*-anre6pa, nosyuensas uz A npucoe-

Ounenuem eOunuyor. 3aMeTum, uT0 3Ta HOpMa C'-anre6pu Ha A
He COBHmajaeT ¢ paccMOTpeHHo# B n° 2.

IPEpnoxkEHUE 3. ITycrs A ecre C™-aacebpa.
(i) Ecau h — spmuros asemenr 6 A, To Sp’h < R.
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(ii) Ecau ancebpa A colepicur eOunuyy u ecau U — yHutap-
Houl saement u3 A, ro SpuU.

B cuay npeasioxkeHuss 2, NpH AoKa3ateJbCTBE 3THX ABYX
yTBEepKAEHHH MOxHO ajreGpy A cuuraTh ajnre6poit ¢ efHHHUEH
(ecin A =£{0}). UmeeM (lull=]u"'||l=1 (3ameuanue 3), caeno-
BaresbHo, Spu < U (§ 2, caegcrsue 3 teop. 1). C apyroit cro-
poOHBI,

(exp (ih))’ = ( Yy, "Z’;") =Y X exp(— i),

n==0 n==0

H, CTajo ObiTh, 3/eMeHT eXp ({h) — yHHTapHbIH; C/ef0BaTeJbHO,
ecnun 2 < Sph, 1o exp(iz) U u, rakum obpasoM, 2 =R.

TlpeanoxkEHUE 4. [Tycte A ectv C'-aszebpa, B — ee C*-nood-
arzebpa u x < B. Tozda :

(i) Sp/x==Spyx.

(ii) Ecau A codepacut eOunuunsill saement, npuradaexcaujuil B,
0 B — Hanoanennan nodascebpa 8 A u Spyx==Spgx.

TlprcoennHeHHe eIHHHYHOTO 3JeMeHTa fAaeT BO3MOXHOCTDb
u3 (ii) soiBectn (i). Jokaxkem (ii). Ecau x — spMHTOB 3jeMeHT,
10 Spgx = R; cunenoBarenbHo, Sppx=Sp,yx (§ 2, npeaa. 6).
B o6uieM cayudae, ecanm 3JeMeHT x & B o6patum B A, TO xx*
o6paruM B A H, crajo ObTh, B CHJY CKa3aHHOro, B B; 3HauuT, x
o6patuM cnpasa B B. Touno tak xe mosydaercs, uro x obpa-
THM cJeBa B B u, cjenoBaTenbHo, x o6patuM B B. [losromy
B — nanosnnenHas nopanare6pa B A H, 3Hauut, Spyx=Spzx.

4. Kommyraruensie C*-arze6po

Teopema 1. Iycre A — xommyrarusnas C*-aaeebpa, B —
C*-arcebpa nenpepoigholx Komniekcroix gynrxyuts na X (4), crpe-
mawuxca € 0 na beckoneunocru. Toeda

(i) xamcoeii xapaxrep aszebpot A 3pmuros.

(i) Ipeobpaszosanue Tlenvhanda A8AAETCA UIOMOPPHUIMOM
C’-anzebpor A na C*-aneebpy B.

Ecan aneMmenT x & A apmutoB, 10 ¥x — BelectBenHas GyHK-
uus (npepsoxenune 3). Crano Gwith, 9x* =¥x a4aa Bcex x < A,
H yteepxaenne (i) moxasano. Tak kak QyHKuHU 9xxpa311enmo1'
touku npocrpancrsa X (A) u aas kaxaod Touku B X (A) cyme-
crByet QyHKUHA §x, He obpautaiomasica B HyJb B 3TOf TOUKe,
to ¢ (A) naorio B B (0O6w. ron., ra. X, 2-e usn., § 4, caen. 2
npeaa. 7). Oasi 3aBeplieHHst [A0Ka3areJbCTBA TEOPEMbl AOCTa-
TOUHO IOKa3aTh, 4o ¥ — m3oMerpuyeckoe oroGpaxeHuwe. Ho
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[9yll=lyil ana spmurtoBHX sMemenToB y (dopmyaa (2)), or-
Kyjna jnjas Bcex x = A uMeeM -

[xP=lxx)=I%x)I=1Fx Fxl|=|IFxIP.

CaeacrBue. Ilycte A ecte C'-aacebpa, x — HOpMaabHbL
anement 8 A. Toeda || xll=p (x).

Tak Kak x H x° MOPOXKAAIT KOMMyTaTHBHYIO C*-mogare6py
B A, MOXXHO OrpaHHUHTBCS CJyYyaeM KOMMYTATHBHOH aare6phH A.
Ho Ttorpa Haule yTBepKieHHE HeMeJJIEHHO BBITEKaeT H3 Teo-
pemnr 1.

5. dynryuonaasnoe ucqucaenue 8 C'-arzebpax

*  Tleennoxeuue 5. Iycre A ects C'-ascebpa ¢ edunuyei,
x & A — nopmuaavnotii asement, S=Sp,x, A’ ecre C*-arcebpa
¢ eduHuyeli Henpepol8Hbix Komnaekcrux gyukyut na S. Toeda
cyujecTsyer U npuTom eQUHCTBeHHbLl MOp@u3m areebp ¢ eOunu-
yeli @ unsoaoTUBHOI arcebpor A’ 8 unsoaOTUBHYO aacebpy A,
rakoil, uro ¢ (2)=x, ede 2 — gpynkyua A—>A na S. 3ror mop-
¢usm usomerpuuen. Eeo o6pas ecrs C*-nodaszebpa ¢ edunuyeli
8 A, nopoxdennas 34eMeHTOM X U, cTaAo ObiTs, COCTOAWAR U3
HOPMAABHBLX 348 MEHTO8. )

MuHorounens ot 2 # Z Bciopy mioTHH B A’, u moGoll Mop-
¢usm u3 A’ B A nenpepriBed (npenJioxkeHHe 1), oTKyaa HeMen-
JICHHO BBITEKaeT efHHCTBeHHOCTb Mopduama ¢. Ilycts B ecrth
C*-noganre6pa c enuunueii B A, MOPOXKAEHHAS SJIEMEHTOM X.
Ona koMmmyTatuBHa. OToGpaxenue y—> ¥ (x) npoctpancrsa X (B)
Ha Spzx=3S HempepLIBHO W HHDBEKTHBHO, TaK KaK [Ba Xapak-
Tepa aiare6psl B, coBmajaminue B TOYKe X, COBMAAAOT BCIOLY
(reopema 1 (i)); »To oToOpa:KeHHe mopoxkAaeT H3OMopH3IM
P: A’— & (X (B)), kotophlii mpeobpasyer QYHKUHIO 2 B pyHK-
uno Fzx. Usomopdusm '

A 2> @ (X(B)—L>B

B CYNepHO3HUMH C HHDBEKUHeH B — A sABJAsAeTCA HCKOMBIM Mop-
(pu3MomM.

-1

g

OnpenenBHHE 4. Ecau x — wopmasduwii sasement 8 A u
fE € (Spax), To saement @(f), yxasanneii 8 npedaoscenuu 5,
obosnauaerca [(x).

HiMeloT MeCTo paBeHCTBa

(3) F+a)(x)=F(x)+ g ()
“4) (Fg) (¥) =1 (x) g (x),
() f0)="F(),

(6) IF ) i==IiTl
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as f, g% (Spx). Ecnu f—cyxense HA S MHOrouwneHa

P (L, A), To[(x)=P(x, x*) B 06b1utOM asreGpaniyecKkoM CMbICJe.
B cooTBeTCTBHH C BBeJEHHLIMH BHIme 0603HAYEHUSIMH

Sp,f(x)=3S8pyf(x)=S8p, [=[(S),
Hag
(7) Spa(f(x))=7(Spa x).

ITpepnoxenuE 6. ITycre A u B cyre C™-ancebpst ¢ edunu-
yeti, @ — mophusm u3 A 8 B, x— nopmarensit snemenr 8 A,
Taxoti, 4To Q(x) — nopmarsnoti saement @ B. ITycre, dasee,
fe € (Spax). Tozda cymenue pynkyun [ na Spp @ (x) (mo-npex-
HeMy o6o3HauaeMoe uepe3 [) ydosseTeopseT cooTHOulenuIo:

@ (F(x)) =F(p(x)).

Orobpaxenua f+>@(f(x)) u f—>f(p(x)) sBasorca mop-
¢dusMamu anrebp ¢ epunnuelt u3 ¥ (Spy x) B B, IpuHUMAIONIEM K
onuHAaKOBble 3HaYeHus: HA QyHkuuax f(A)=A u f(A) =1; crano
OLITh, 3TH OTOGpAaKEeHUT COBIAMAIOT BCIOAY.

Cnencreue 1. fTycre A — xommyrarusnaa C'-arzebpa ¢ edu-
Huyeii, x A u f€®(Spx). Tozda G(f(x))=F-%x.

. CnepctBue 2. I[Tycro A ecrs C'-aacebpa c edunuyed u x<A.
Hyers =% (Spx) u g=€(Sp(f(x)))=% (f(Spx)). Tozda

gof=®Spx) u (gHx)=gF(x)

Orobpaxentne gr—>(geof)(x) ectb MopdusM anreGp c enu-
unuedi w3 B (Sp(f(x))) B A, Koropriii mpeobpasyer GyHKUHUIO
A+—>A B f(x). B cuay nokasausoit enuHCTBEeHHOCTH (IpenJo-
xenue 5), umeem (gof) (x)=g(f(x)).

Teennoxenue 7. Ilycre A ecre C'-ancebpa ¢ edunuyei,
x = A — nopmarenoul saement u f=0 (Sp x). [pusedennoe soiue
onpedesenue ¢ynxyuu f(x) u TO, KOTOpOE paccmarpusaroce
8 § 4, n° 8 (onpedenrenue 1), sxstsarentHot.

BosbmeM ¢ynkumo f(x) B cMelcae ompenenenuss 4. OroGpa-
xenne [r—>J(x), cyxkeHHoe Ha O (Spx), ABAsieTcsT HENPEpPHIB-
HeiM MopdusMoM anre6p ¢ egunuuei u3 O(Sp x) B A, xorophiil
npeobpasyer byHKuuo Ar—>14 B X H, CTajso OulTh, sBJAfETCA
mopdu3MoM, yKasaHHuM B § 4, Teop. 3.

TleeanoxREHKE 8. [Tycte A ects C'-anreebpa, x = A — nopmars-
notl asaement, S=Sp’x, A’ ecre C’-anrzebpa wnenpepoi8HbLX
pynryul na S, obpawarouuxcs 8 nyasv 8 touke 0. Toeda cy-
wecrsyer u APUTOM eOuHCTBeHKbLE MOPPUIM @ UHBOAIOTUBHOI
areebpsr A’ na ungomorusnyro aszebpy A, raxod, 410 @ (2) = x,
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Sror moppusm uzomerpuden. Eeo obpas ecte C'-nodairzebpa
anreebpor A, nopowcdennas ssemeHTOM X, U, CAe008aTeNbHO, CO-
CTOUT U3 HOPMAAbHBLX 3AeMEHTO8.

EnuncTBeHHOCTs MOp(H3IMa @ HEMENJEHHO CJAELYET H3 TOrO,
4TO MHOTOWIEHB OT 2 M 2, ofpamiaiuecs B HYJb B TOUKe
2=0, Bcrogy njorusl B A’. CyliecTBOBaHHE BHTEKAET H3 IpeX-
JIOXKEHHS D mocsae mNpHcOenHMHEeHHsT K anareGpe A eJHHHYHOTO
ajeMedTa (mpemsioxeHnHe 2).

Ecan f = A’, 10 obpas f mox meficTsmem Mopduama @ o06o-
anavaercs [ (x).

3ameuanne. Bce pesyabratel aTOro mnynkra Ge3 TpyAa
pacnpoctpansiorcs mutatis mutandis wa Mopduamer npenso-
KeHus 8.

Iycts x— spmuros asnement C™-anre6per A. Ero cmektp
BelecTBeH. PaccMOTpHM cJejyloliHe HempephBHHE (QYHKIHH
BEIIECTBEHHOH MepeMeHHOH:

t—>fi(#)=sup(t, 0), t+—>f()=sup(—£0), tr—>f3(f)=[¢].

Monoxum x* =f,(x), x~ =f,(x), | x|==abs (x) =f;(x). Tak Kak
¢dynkuun f,, fo, f3 BewecTsenss, T0 X¥, ¥~ H |x|— 5pMHTOBH
sneMenTsl C™-monanreGpn anreGpsl A, MOPOXKAEHHOH 3JeMeH-
ToM x. TTOCKOMBKY (YHKUMH f; HEOTpHI{aTENbHb, HMEEM

(8) Sp’ (x*)=R,, Sp’(x")=R,, Sp’(lx)cR,.

Ys pasencts () — ()=t fi()+HO=F0, LO)fH=0
noJyyaeMm
(9) x=xt—x", lx|=xt4+x", xtx~=x"xt=0.
Hopma snemenra | x| pasHa HopMe 2JeMeHTa X, a HOPMH 3Je-
MEHTOB X* H X7 MaXOpHPYIOTCH HOPMOH sseMeHTa X.
IlpenxnonoxumM, uro Sp’x<R,. Ilycts a=R; un g—cy-
wenue Ha Sp’x bynkuuu {— % Ilomoxum g(x) = x% Taxkum
o6pa3oM, x*— spMHTOB 3JeMeHT C’-moganre6psl anreGpn A,
nopoxaenHo# aneMmentoM x. Mimeem Sp’x*=R,. Hna mno6nx

L]
a, = R; HeMeAJEHHO MONYYAIOTCA PaBEHCTBA
(10) x0xB == x0+8,  (x0)B = x0B,

ITeEpsioKEHME 9. [Tycre x — spmuros saemeHT aaeebpel A,
rakod, uro Sp’ x = R,. Mlycrs a =R’,. Tozda x'I* — eduncreen-
Hotl sapmuros saement y 8 A, raxoil, uto Sp'y <R, u y*=x.

Yxe ussecruo, uro Sp’ (xV®) =R, u uro (xV%)%=yx. Ilycts
Y — KakOoH-HHGYZb 3pMHTOB 3JeMeHT H3 A, AJd9 KOTOpPOro
SpYy<R, u y*=yx. Ilokaxkem, uto y==x"¢, PaccmaTpusas
C’-noganre6py B A, nopoxaennyio saemenroM y (C-mopas-
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re6py, KoTopasi COAEPIKUT 3JeMEHT X H, CJIeLOBATEJNLHO, 3je-
MeHT x%), MBl MOXKeM OrpaHHYHTHLCS TeM CJyuaeM, KOTAA
anmre6pa A xommyraruBHa. Ho Torpa Haumle yrBepxkjeHHe He-
MeIJIEHHO BHITEKaeT M3 TeopeMH I,

6.C’-aaze6pa, 06epToieaowas unBoAIOTUBHYO 6aNAX08Y arzebpy

JIEMMA 1, ITycre A — unsoatotusnan aszebpa nad nosem C
u p — Hekoropasa noaynopma Ha A. Caedywwue ycaosus 3xeu-
BAAEHTHBL:

(i) dan moborx x, y = A umeror MecTo CoOTHOUWIEHUR

pixp) <p(x)p(y), p(x)=p(x) u p(x)*=p(x’x).

(i) Mnoocecreo M osemenros x, rakux, uro p(x)=0,
ABAAETCA CAMOCORDANEHHBIM OBYCTOPOHHUM Uudearom 8 A, u
HOpMa, UNOYYUPOBAHHAA NOAYHOPMOL p & aKkroparzebpe AR,
npeepauyaerT NOCAeONIOI0 8 UHBOMOTUBHYIO HOPMUPOBANHYIO
aseebpy, nonoaxexnue Koropoil ects C'-aazebpa.

(iii) Cywecrsyer mopdusm ¢ ungoaorusnoii areebpor A
@ Hexoropyio C*-anreebpy, Takod, 4ro p(x)==| @ (x)|.

Jlerko Bupets, uyto (i) = (ii) = (iii) = (i).

[MosyHopMy, YMOBJIETBODSAIOMYIO YCJOBHAM JEMMH, Mbl 6y-

ZeM HasbBaTh C'-N0AYNOPMOI HA HMHBOMIOTHBHOH aireGpe A.

Ilpennonoxum Ttenepb, uto A — uHsosworusnas 6Ganaxosa

ascebpa 1 S — MHOXecTBO Bcex C'-mosayHopM Ha A. Jljs Bcex

x& A u pesS umeer Mecto HepaBeHerBo p(x) <<l x| (mpeaso-

xenue 1). Oymknusa x+—>| x|, =supp(x) ects C*-nmoaynopma
p=S

Ha A, KoTopas fBJIfETCHA, OYEBHAHO, caMofl cuuibHo# C'-moay-
HopMo#.

OnpeaeneHdE 5. ITycre N — muoamecrso ecex asremenros
x & A, rakux, uro || x|, =0; C'-areebpa, serswowascs nonone-
Huem gpakropaseebpor A/R no wopme, undyyuposannod noay-
nHopmoi. xv—>| x|, nasetsaerca C'-aseebpoil, obepreigarouyer
ungosoTUBNY0 Oanaxosy aszebpy A, u obosnauaerca Stell(A)
uau St (A4).

Mpemnoxenne 10. [Jycrs A — unsoawrusnas 6Ganaxosa
aaeebpa, j— Kanonuweckuil mopdusn uz A 8 St(A). Tozda das
Kaxdoeo MOppuama @ uUHBoNOTUBHOI areebpot A 6 C'-arzebpy B
cywecTsyer U npurom eOuncTsennbili moppuam ¢ ua C-arzebpot
St(A) e C*-axreebpy B, rakod, uro @ =¢q’oj."

He#cteurenvHo, ¢ynkuusa x+—>||@(x)] ects C'-mosyHopma
na A. CaenosarennHo, || @ (x) || x|, 114 Bcex x = A. JanHb#
MopdHusM onmpenensfer Hocle nepexoga K dpakropaarebpe Hempe-
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peBHEE MopdusM u3 A/ B B, KoTopuil Npomo/kaercs 1o
HenpepuBHoctd B St(A). Exuncrsentocts ¢/ oueaupHa.

ScHo, uto ecau anare6pa A KOMMyTaTuBHA (COOTBETCTBEHHO
COLEPKHT eNUHHYHBIHA 3J7eMeHT), To ajre6pa St(A4) Takxke KoM-
MyTaTHBHa (COOTBETCTBEHHO COMEPIKUT eNMHHUYHBIH 3JieMeHT).

CaEACTBHE. [Tycrs A — KOMMYTATUBHAS UHBOMOTUBHAA ba-
Haxosa aazebpa, j— xanorudeckuti moppusm uz A s St(A).
Toeda orobpanmenue X (j) sasaserca eomeomoppuamom npocr-
pancrsa X (St (A)) na nodnpocrpancrso H 8 X (A), cocroauee us
APMUTOBBLIX XAPAKTEPOs.

HeficTBUTENLHO, SPMUTOB XapakTep eCTh HE UTO HHOE, KakK
MOphHU3M HHBOJIOTHBHEIX ajre6p co sHauenusmu B C*-agre6pe C.
[Tosromy u3 npeanoxenus 10 caexyer, uro X (j) ecth Guekuus
npoctpanctea X (St(A4)) #a H. Bosee Toro, B NpOCTPAHCTBE
X (St(A)) romonorun mpocroft cxoguMoctd Ha j(A) u Ha St(A)
coBmajfalmoT, Tak Kak j(A) maotHo B St(A) u npocTpaHcTso
X (St(A4)) pasHocTenenHo HempepniBHo. CregoBaresbHo, X (j) —
romeomopdusm.

[Tockoabky X () — roMeoMopdu3M, MBl MOKEM OTOXKJECTBHTL
npocrpancrBa X (St(A4)) u H. Torna ecom x = A, 10 dyHRUUSA
Ysta) (j (x)) ecTb cyxenne Ha H ¢yHKuuH G, (x).

Tleepnoxeune 11. Tycre A — unsoasiorusnas 6anaxosa aa-
eebpa, R —ee paduxkar. Ecau xR, 10 eeo Kanonuuweckuil
obpas j(x) 8 St(A) ecro Hyars.

Heitcteutensno, Tak Kak x'x= R, 10 Spi(x'x)={0} (§ I,
n°3, sameuanue 3); CaAenOBaTeNbHO, SPg 4 (F(x)"j(x))={0} u,

suaunt, [|[j(%)'j(¥)[|=0 (n°3, dopuyna (2)), otkysa j(x)==0.

7. C’-anze6pa 20KAAOHO KOMNAKTHOU 2pynnvi

[lycts G — nokanbHo KoMmNakTHAaf rpymna. [Iycts A — uHBO-
JioTuBHasg GaHaxoBa anre0pa orpaHHYeHHBIX Mep Ha (G, abco-
JIIOTHO HempephBHHIX mo Mepe Xaapa. C*-amnre6py, oGepThiBaio-
IIyI0 HHBOJIOTHBHYIO GaHaxoBy aJjare6py A, HasuBaior C'-as-
2ebpoil epynnee G n o6Gosnauaior Stell (G) mwmm St (G). Ecan
BeGUpaercs nesaf Mepa Xaapa Ha G, To A KaHOHHYECKH OTOXK-
necraasercs ¢ L'(G), u wmoxuo onpeneauts St(G) kax
C"-anre6py, 00epTHBAIOLLYI0 HHBOJIOTHBHYIO GaHaxoBy aJreSpy
L1 (G).

BuiGepeM HekoTopylo Jesyio Mepy Xaapa Ha G. Msmectho
(Hureep., ra. VIII, § 4, npepn. 6), uto ecmn pes A (G) u
fel2(G), To u [+ueL?(G). Ecom vy(u) o6GosHauaer 3HAO-
moppuam [—>pu+f npocrpancrsa L?(G), TO, Kak H3BeCTHO, ¥
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ABasieTcss npefcrasBieHdeM GanaxoBofi aare6pu A !(G) B Gana-
xoBy aarebpy B =% (L?(G)) HempephIBHLIX 3HIOMOP(PUIMOB
npocrpanctea L2(G) (Hwureep., ra. VIIL, § 4, crex. npenn. 6).
C npyrofi CTOpOHBI, H3BECTHO, YTO Y (fi) — conpsKeHHoe OTOG-
paxenue K sHgoMoppusmy v{u) (Hureep., ra. VIII, § 4, n° 3).
Jlerko BupeTh, 4TO oTOGpaxenye y(u') ABJACTCS CONPANCEHHbIM
K oToGpaxeHuio y(u) 1 yto y ecTb MOpP(PU3M HHBOJIOTHBHOH
anre6pui A'(G) B C'-aare6py B, HasviBaeMBblll se8bim pecyasap-
Hoim npedcrasaenuem anre6psl A'(G) B mpoctpancrae L?(G).
Coraacuo Hureep., ra. VI, § 4, n°7, npenn. 19, ato mnpen-
CTaBJIEHUE UHBEKTUBHO.

Cyxenune Ha L'(G) npeacraBieHusi ¥ onpejesiseT HHbEKTUB-
HEH Mop@u3M uHBOMOTUBHOA anare6Gpel L!'(G) B anre6py B (una-
3bIBAEMBIH JIEBBIM peryJsspHsM npeactaBiaenvem L!(G) B L% (G)),
¥, 3HaunT, cyuiectByer moppusMm y: St(G)-—> B, rako#t, uro

==4voj, rge yepe3 j o603HAYEHO KAHOHHUECKOe OTOGpaxKeHHe
L'(G) B St(G). ToBopsT, uTo ¥’ ecTb JeBoe perynaspHoe Npex-
crasnenue anrebpol St(G) B L2(G) (aro npencrasiene, BooGiile
roBopsi, He UHBEKTHBHO). Jlonyckas BoabHOCTb B 0603HAUEHHUSX,
MOXHO HANMUCATb DABEHCTBO

(11) exf =v () ()
aas fe L2(G) u ¢ = St(G). Nmeem
(12) lo=Fl<<ll@IFf k-

MpeanoxenuE 12, Kanonuueckoe orobpancerue areebpot L (G)
8 St(G) unsexrusHo.

Tak Kak oToOpaxkeHHe Y HHDLEKTHBHO, TO 3TO HeMELJEHHO
BHITEKAeT U3 PaBeHCTBA Y=Y oqQ.

CaenctBui. Aaeebpa L!(G) asasnercsa arzebpoil 6e3 paduxaara.
D10 BLITEKaeT U3 mpepsoxenuit 11 1 1

Hrak, MoxHo oroxpecTsutb L!(G) ¢ naoTHOH HHBOJIIOTHB-
Hoit momaare6poii B St(G). Torma KanoHMuYeCKas WHBEKLH:H
anre6pnt L!'(G) B St(G) nenpepuiBHA.

[pepnonoxum Teneps, uto rpynna G yuumodyaspra. Torga

MOXHO IIOBTOPUTb BCEe NpPEABIAYIIHE PACCYXKAEHUs, B3SIB B Ka-
yectBe HcxogHoro otoGpaxkenune (f, p)—>f+p=0(u)(f) wus
L3(G) X A (G) B L*(G). Touno TaK e, Kak ¥ paHblle, omnpe-
nensercs f+q ana [ L?(G) u 9= St(G), Ho Tenepvp pas
feL?(G) n ¢, P = St(G) nmeer MecTo pPaBeHCTBO
(13) @*Nxp=0x*(F*yp).
B caMom jpene, 3Ta (popMmysa chopaBegnuBa Aas @, < LI(G);
orobpaxenus (@, P)—> (¢* )+, (9, b)+—> @+ (f+ ) sBasorcs
Hel‘lgf(!gl):lBHbIMH GuanHeHHbBIMH 0TO6p axkenuamyu u3 St (G) X St (G)
B L .
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8. Hoxroxuresvrvie 3HOOMOPPUIMBL 2UrbOEPTOBLIX NPOCTPAHCTS

Ilycts E — KoMIIEKCHOe THJbGEPTOBO MPOCTPAHCTBO H
x= % (E). Hanomuum (Ton. eexr. np., ra. V, 2-e usn., § 1),
YTO 3JeMEeHT X HasblBaeTcs HoA0curesvHbiM, ecad (xE|E) =0
niast Bcex E e E; B TakoM cuayuae Mel GyxeMm mucath x = 0.
[TosoxurenbHble  sJeMeHTH npoctpaHctBa £ (E) 3pMHTOBH
(cM. TaM xe).

C npyrofi CTOPOHBI, NOJ CIEKTPOM 3jeMeHTa M3 NPOCTpaH-
crBa £ (E) mbl Bcerga 6yaeM IOHUMaTb €ro CIeKTpP OTHOCH-
TesbHO aJgre6pel ¢ exunuuedr £ (E).

IeenanoxeHUE 13. ITycre x = L(E). Caedyrowue ycrosus
IKBUBANCHTHbL:

(i) x — nosoocuresvHoLl 348 MEHT;

(ii) x -— spmuros u Spx = Ry;

(ijg) cywecrayer apmuros asement y usz L(E), rakod, 4ro
x =y

(iv) cywecrsyer nenpepsigroe aunelinoe orobpasicerue z u3 E
8 HekoTopoe 2uabbepro8o NPOCTPAHCTBO, TAKOe, 4TO X=2"2,

(i)=> (ii): npeamonoxuM, uro x>=0. Tak KaK s/JeMeHT X IpH
stoM spmuToB, to SpxR. Ilokaxewm, uto Spxr=R,, 1. e.
uro aJjemeHT A+ x obparuMm gas Bcex A>0. Ecmu f=E

HllEll=1, To ,

A+ HEIZ A+ 0)EIE)Z=A(E[E)=A

DTo HepaBeHCTBO /A0OKa3nBaer, uTo orobpaxenue A+ x u3 E
Ha Im(A + x) GHeKTHBHO H B3aHMHO HeNpephHBHO, T. €. UYTO
npocrpaHcrso Im (A 4+ x) moano u, 3nauut, 3aMkHyTto. C npyrofi
croponnl, Ker(A + x)" = Ker(A 4+ x)=0 u, cJaegoBaressHo,
Im (A + x) nnorso B E (Ton. gexr. np., ra. V, 2-e usn., § 1).
IosroMy saement A+ x ob6patum B % (E).

(ii) = (iii): ecqu anemeHT X 3pMuHTOB H Sp x < R, TO MOXHO
o6pasoBarh 3JeMeHT y=x">, u torga x=y>.

(iii) = (iv): oueBHHO.

(iv)=(i): ecnm x=2"2, T0 nas Bcex & E uMeer Mecro
HepaBeHCTBO

(xE1E) = (228 |E) = (2E | 2€) = 0.

CAEACTBHE. EcCAU NOAONCUTEAbHbIE JAEMEHTBL X U Y KOM-
myrupyror 8 £ (E), ro xy>=0.

HefictButensto, £ u y' Torga Toxe KOMMYTHPYIOT H, 3HAUHT,

Xy = yllzxy‘/z p— (xl/zy’/z)* (x'/zy’/z) > 0.
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Hanomuaum (Ton. sexr. np., ra. V, 2-e usn., § 1), uro gas
Kaxjaoro spMurosa ajeMmenra x u3 £ (E) ompepessiorcs cie-
LYIOLIUe YHC/a:

m(x)=__inf (xE|E), M(x)= _sup (x£]|¥).
EeE, |El=I ESE, [EI=1

Teeanoxenue 14. ITycte x — apMUTO8 3AEMEHT NPOCTPAM-
crea £ (E). Toeda

(i) m(x) u M(x)— coOTBETCTBEHHO TOUMbLE HUNCHAN U BEpX-
HAR epany MmHoxcectea Sp (x).
(ii) Ecan E {0}, ro || xll=sup(Im(x)|, | M(x)|).

Ilyers A& R. Jlag Toro 4YTo6Bl YHCJAO A pacHoJaraoch
JeBee MHOXecTBa Sp x Ha R, HEOGXOAMMO H JOCTATOYHO, YTOGHL
Sp(x—A)c<R,, T e. uro6H Xx_>=A, HHAYe TroBOps, YTOOLL
m(x)>=A; crajo GOBTb, (X)— TOUHAss HHXKHAA rpaHb Sp(x).

TouHO TaK Xe MOXHO IOKa3aTh, 4To M (x) — TOUYHas BepXHAA
rpaub Sp(x). B cuay (2), umeer mecro paBencrso p(x)=[x|;

ecmu E {0}, to Sp(x) e nyct u p(x)= sup |A| Caegosa-
heSp(x)

teabHo, (ii) BHTekaeT u3 (i).

Tlycrs E, F — xkoMmiekcHble THAbOEpTOBHl NMPOCTPAHCTBA H
2= Z(E; F). Tak gak 2z Z(E) u 2’2>0, to MoxHO o6pa-
1 ©
30BaTh 3JeMeHT (2°2) /’, KOTOPH $ABASETCRA MOJOXHTEbHRM
sjaementoM u3 £ (E).

1
OnpEAENEHHE 6. zement (2'2)" nasvisaercs abCoAOTHbM
sHaueHues z u obosnauaerca | z| usu abs(2).

Ecmn z e £ (E) — HopMaabHbI 3jeMeHT, To |2 |=[(2), rae
yepe3 f o6o3HaveHo cyxenne Ha Spz pyHkuuu {—>|g | (neficran-
AN
TEJBHO, |§|=(§§)/2 I/ BCeX KOMIIEKCHHX uucen ). B wacr-
HOCTH, A/ 3PMHTOBA 3JeMEHTa 2 ompejesenue 6 BHoJHe corva-
COBaHO C ompejenexueM m° 5.

Tleeasoxenue 15, [Tycre z = £ (E; F), M — nauarshoe nod-
npocTpancrso 048 2 (1. e. (Ton. 8exr. np., TaM XKe) OPTOLOHANL~
Hoe donoanenue k Ker 2) u N — xoneunoe nodnpocrpancreo 08 z
(r. e. Im2). Toeda

(i) Ker(abs(2))==Kerz, Im(abs(2))=M, | abs(2)li=|z]

(ii) Cywecrayer u npurom eQUHCTBEHHOE 4ACTUYHO U3OMETPU~
yeckoe orobpascenue u u3s E e F, Takoe, uro Keru==Kerz
u z==u(abs (2)).

(iii) Hauanrsnoe nodnpocrpancreo 048 u cosnadaer ¢ M,
KoHeuHoe — ¢ N.

(iv) Tycre 2y — noaovcurenrsuoitt snement uz € (E), a u, — ua-
cruuno usomerpunecxkuil arement uz & (E; F), npuuen Ker (u;)=
e=Ker(2) # 2=u,2,; 170eda z,=abs(2) u u;=u.
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Has nwo6oro §E = E nMeer MecTo paBeHCTBO
(14)  [128IF =(2"2E |§) = ((abs (2))’ £ [&) =II (abs (2)) § IP-

CrenoBarenvHo, Ker(z) =Ker(abs(z)) u [abs(z)|][=[lz|. Ilo-
CKOJIbKY 3JsieMeHT abs (2) spMuToB, mognpoctpancTeo Im (abs (z))
ABJIETCH OPTOTOHAJbHHIM JIOTMOJHEHHEM K MHOJIPOCTPAHCTBY
Ker(abs(z)) (Ton. sexr. np., ta. V, 2-e usg.,, § 1). Taxkam
o6pasom, (i) moka3auo.

W3 dopmyan (14) caenyer cymeCTBosaHue H30MEeTpPHUECKOTC
orto6paxenuss v u3 Im|z| B Imz, takoro, uro 2f = v (abs(2)) ¢
aasg qiobore £ < E. [lycTh 1 — 0JHO3HAYHO OTNpejiesIeHHHIH 3Je-
MeHdT mpocTpadctsa £ (E; F), KoTophlil AB/ISETCS NPOLOMIKEHHEM
sjeMeHTa v Ha Bce E u annyaupyer Kerz. Tormza u o6aagaer
nepeuucieHHbIMH B (ii) cBofictBamu. EnuHcTBenHocTs u  He-

MejlJIeHHO cjejyeT 43 Toro, uro F == Kerz@ (Im abs (z)).
SlcHo, uytr0 M — HauasibHOE MOANPOCTPAHCTBO AJIS u. Ero

KOHEeYHBIM mopmpoctpaHcTBoM siBaserca u (M) =u (Im abs (2))=
=Imz=N.
IMycts 2; u u; o6aagawr cBofictBamu (iv). Mmeem

* L] .
Fz=zuuz;

uju, — opronpoexrop supa Ker z; (Ton. sexr. np., ra. V, 2-e usg,.,
§ 1) u, sHauut, obpasa Imz.. Ilostomy 2’z2=2%, orkyza

* 1
2 =(z 2)h (mpepyoxenune 9). Ho Torma u, coBmagaer ¢ u
Ha Im(abs(?)) u Ha Kerz; ciemosarenbno, u;=u.
[Mapy (u, abs(2)) HA3HIBAIOT NOAAPHOLIM pA3AOKHCEHUEM SJie-
MeHTa 2.

IMeeanoxkenue 16. Iycre (u, |2]) — noasproe paaﬂoo/ceuue
DAEMENTA Z. Toeda

(1) ’Z l —-ll 4

(i) 12" |=u-l2z[-u

(111) ROAAPHOLM pasxzoofceuuem aaeMenra 2' seaserca napa
@' 12" ).

Tak xak u'u — oproupoextrop £ Ha Imjz|, To u'z=
=u*'-ulz|=|z|, otkyna caenyer (i). Hanee,

Zr=lz| - u'=Wu |2z|) u=u"-(u-|2|u).

C apyroit cropounl, #|M u u'|N — B3auMHo o6GpaTHHe H30-
MeTpuu M HAa N # N nHa M, nostomy saapoM otoGpaxeHHs
-lz]. u ABJISIETCS OPTOTOHAJIbHOE AomoJjHeHHe K N, ¥ ajeMeHT
u-lz|-u nonoxwurenex. IIpunumas Bo BHHMaHHe mnpen/oxKe-
Hue 15 (iv), nosyuaem, uro (4, u-|z|.u’)— noaspuoe passo-
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xKeHHe sueMeHtra 2. TeM cammeiM yrBepxkaenus (ii) wu (iii)
JIOK a3 aHHL.

Meepnoxenue 17. MTycre (u, |z2|) — noasaproe pasiosxcenue
aaemenTa 2. [ as 1020 4T06bL OTOOpANCEHUE 2 ObLA0 OUEKTUBHBIM,
Heobxo0umo u OocTaro4no, 4robbr dsement |z| Goia obparum
8 ZL(E) u 4robor orobpascenue u GbiA0 U30OMOPPHUIMOM 2UNb-
6eprosa npocrpancrea E na eunsbeproso npocrpancrso F.

JocTaTounocTb 3Toro ycaoBus odeupna. C aApyro#t cTopoHm,
ecJM oToGpaKeHHe -2 GHEKTHBHO, TO 3JIEMEHT 2'z, a 3HAuMT,
1
u (2*2)" o6patum B Z(E). Kpome rtoro, Kerz=0 u Imz="F;
crasio OHTb, U — H3OMeTpPHUECKoe OToOpajkeHHe INpoCTpaH-
crea E na F.

MeepnoKEHUE 18. MMTycre 2 L(E) u (u, |z2|) — noaspnoe
pasaoocerue anementa 2. Caedyoujue ycaosus IKEUBAAEHTHOL:

(1) z — HopManrbHBLI 346 MEHT;

(ii) ssaementor u u |z| Kommyrupyror;

(iii) 8 aacebpe L (E) cyuwecreyer yHuTApHOLE 3AeMEHT 0,
Kommyrupyowui ¢ | 2| u rakod, uto 2=v-]z|.

B . o 1

(1)=>(il): ecnm sneMeHT 2 HopMambHH{, To |2'|=(22")" =

1

=(2"2) = —=|z|; cleroBaTeabHO, NpHHMMAsl BO BHEMaHHe IpejJIo-
kenue 16 (i), umeem

lzlru=|2"lu=u-lz|- & -u=u-l2|

(il) = (iii): ecom u + | 2 |==[2| + u, T0 OTOGpAKEHHE U OCTABJSAET
HHBAapHAHTHEIMU noxnpoctpaHcresa Ker|z| u Im|z|, oproro-
HaJIbHO JOTOJHSIONE APYT APYra; NycTb v — sjeMeHT U3 £ (E),
copnanampuuii ¢ 4 Ha Im|2| ¥ C TOXIECTBEHHHM OTOGpaKe-
Huem Ha Ker|z|; Torma v — yHHTapHBIH 3JIEMEHT, KOMMYTH-
pylomui ¢ |z, # z=v-|2]|

(iii)=> (i): npu BuinosHenun ycaosuii (iii) umeem

2 =p 2P - 0v'=]2P -vv'=|2zP=2"2

§ 7. AareGpnl HenpepbiBHBIX PYHKUHA HA KOMHAKTHOM
npocrpaHcTee

1. ITodarze6por 8 € (Q) (Q—rKomnaxrnoe npocrpancreo)

TIpEpnoxenue 1. [Tycre Q-— KOMNAaKTHOE RPOCTPAHCTBO,
B — nodaazebpa ¢ edunuyei 8 € (Q). I[Ipednorowum, 4ro air-
2e6pa B cHabacena HOPpMOU, OTHOCUTEAbHO KOTOPOL OHQ ABARETCA
6anaxosol ancebpotl.

(i) Tpu xanonuueckol unwvexyuu nodarzebpor B & € (Q)
HOpMbL d1eMeHTO8 U3 B moeyr auwe ymensuiarscs.
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(i) B — aazebpa 6e3 paduraia.

(iii) Jas kascdoeo t& Q nycre o@(t) — xapakrep fr—>f(¢)
ang(eépbt B. Toz0a ¢ — HenpepvieHoe oTobpascerue Komnaxra €
8 X (B).

(iv) Ecau aneebpa B pasleaser Touxku komnaxra Q, 7o oro-
Opamcenue @ ecTo zomeomoppusm xKomnakTa Q Ha HeKoTOpYrO
samxuyTyo wacre 8 X (B).

(v) Ecau X(B)=¢(RQ), T0 B — nanosnennas nodarzebpa
8 € (Q).

(vi) Ecau B—HanoanenHas un8oa0TU8HASA nodarcebpa 8 € (Q),
10 X (B)=0¢(Q).

(vii) Ecau B — nanoauennas nodaszebpa 6 €(Q) u cywe-
creyer saement a & B, rakotl, aTo asementor suda f(a) (f — pa-
YUOHAABHAA (DYHKYUSA, He uMetoujas noacos 8 Spga) eclody
naotune 6 B, 7o X (B) =¢(Q).

OtoxnectsuM Q ¢ X(Z(Q), a %y (9 — C TOKIECTBEHHHIM
oro6paxenneM (§ 3, n°2). Torna ¢=X(h), rae uepe3 h o6o-
3HaYeHa KaHoHMuUeCKas uHbexnusi aare6pel B B % (Q), U yTBep-
sknende (iii) mokasamo. [lnsa Kaxjaoro anemenra [ & B u Kaxnoro
t=Q umeeM (95/)(@())=][(f), oTkyna ciaenyioT HepaseHCTBA

() Fllp = suplFaf [Z0F 1l g

H, cTano OblTh, yreepxkaenus (i) u (ii).

Ecau B pasgenser Touku B Q, To oTo6paxeHne ¢ HHbEKTHBHO,
H yrBepKieHue (iv) ciaenyer u3 Toro, uTo Q — KOMmakr. ¥ TBep-
skpeune (v) BbiTeKaeT M3 npepnoxenusa 7, § 3 u yreepxkueHus
(vii) npepioxenns 8 § 3. [Ipennosnoxkum, HakoHel, uto B — Ha-
NoJHEHHAs MHBOJIOTHBHASA Nogaare6pa B € (Q). [Tycts §—kakoii-
HUOynb MaKCHMaJbHBIA Haean B B, H nycTb @ — MHOXKeECTBO
s/71eMeHToB ¢ & Q, Takux, uto f (f) =0 a4 scex f = . lonycrum,
uro @ = . Torna cyuecTByoT oTKphiToe Hokpuitue (Vy, ..., V,)
KoMnakra Q M njs.Kaxjoro nejoro i < (1, n) dyuxkuusa f; €5,
takasd, uto [;({)#=0 ana scex t<V,. Tak kak amre6pa B
HHBOJIIOTUBHA, TO

é} fifiey

n
Ho saement X f;f; o6patum B @ (Q) u, crano 6uth, B B, TaK
i=}

KaK B - HanoJHeHHas monaare6pa. Mul mpHmIM K npoTuBOpe-
yuio. Takum o6pasoM, MHOXKecTBo D comepXKHUT To KpalHedh
Mepe OJHy TOUKy f,. S$lapo cooTBercTByIOmIero sTOH Touke
xapaxrepa aare6pel B COmep:KHT J§ H, CJAEN0OBaTeJbHO, COBMA-
naer ¢ J. [Toaromy Kaxnas touxka nmpocrpancrsa X (B) asaserces
06pasoM HEKOTOpOH TOYKH KOMNakTa Q npu oTofpakeHun @,
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ITpumep. [lyers Q=(0, 1}, B — anre6pa yukuuii f: Q— C,
uMeromux Ha (0, 1) HempephIBHBIE NPOH3BOJHBIE BIIOTH N0 MO-
psinka n, cHaOxkeHHad HOPMOMN, pacCMOTPEHHOH B mpuMepe 2
§ 2. Scho, uTo B — HamoJiHEHHAA HHBOJIOTHBHAA NojanareGpa
B ¥ (Q), pasgensaomas ToYku Q, cienoBaTenbHo, X (B) oToxze-
cTBAsIETCA € Q. .

TPEANOKERHE 2. [Tycre Q — KOMNAKTHOe RPOCTPAKCTEO,
B — 6anaxosa nodaszebpa ¢ edunuyeri 8 € (Q) (¢ undyyuposan-
Hoti Hopmoil), pasdessrowan Touku Q. Oromlecreum Q ¢ 3amK-
Hyroli wacrsto npocrpancreéa X (B)==Q’.

(i) Ars xamdozco sremenra f<= B ¢yuxkyua Ggf seasercs
npodosscenuem pyukyuu f wa Q u (|f|l=sup|Fsf|, Tax uro
Y g — usomerpuneckuil usomoppusm ascebpst B ra nexoropyro
6anaxosy nodarzebpy 8 € ().

(ii) Mycre B* — mHomecr8o 06paTumsix 318 MenT08 arzebps. B.
Oas kamdozo xapaxrepa Y, cywecTéyeT nNOAOHUTEALHAR
mepa W ¢ maccod 1 na Q, Takas, uro 048 Kamdo2o sremeHTa
[ &= B® umeer mecro pasercrso

log|% (1= [ log|f (o) du (o).
Q

(iii) Ecau y u w ydosaersopsior ycrosusam (ii), 1o 01a
Kancdoeo arementa [ = B umeer mecro pasencreo

1()= [ I (0)dn (o).
Q

(iv) ITpednoroncum, uro 41000 sremenr u3s Fr(Q) ssasercs
PABHOMEDHBIM npedenrom BelyecTBeHKbIX wacrell (pynkyul us B.
Toeda 0as mobozo xapakrepa y Q' cywecrsyer u npurom
eduricreennan mepa p, =0 na Q, rakas, 4ro dra Kaxdol Gynk-

yuu [ = B umeer mecTo pasencreo

(N = [ I (0) dyy (o).
Q

Kpome 1020, 021 ramdoi ¢yuxyuu f< B cnpasedauso Hepa-
BEHCT80 .

log| % () 1< | log!f (@)1 dpy (@).
Q

(3mecy yno6uo cunrath log 0==— oco. ®yuknus log|f| orpa-
HUUYEHHA CBEpXY, H MOITOMYy ee MHTerpaJs Ju60 KoHedeH, JHGO
paBes — oo.)

Yreepxpenue (i) BriTeKaeT u3 HepaseHctsa (1)
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Oyctey =, A, ..., A, =Ruf,, ..., f, = B [lokaxkewm, uto
2h log|%(f)|<< sup 2k loglfi (o)l

B cuay HenpepbHIBHOCTH JIOCTATOYHO [0KAa3aTh 3TO Hepa-
BEHCTBO [JA CJyuas, Korga 4YHcsaa A; pauHoHAJbHE H, CTaJa0
ObITh, MOCJE NPHBELEHHS HX K OLHOMY M TOMY Ke 3HaMeHa-
Tegdio, — Aas caydasi, Korga A;<Z pas Beex i Ho B 3ToMm
cayuae HepaBeHCTBO MoOKeT ObITb INepemHCAHO CJelyIOIHM
oBpasom:

log % (7 ... £ir)|< sup log | (7 ... fir) (@]

M €ro CnpaBelJHBOCTb BHITEKaeT H3 Toro, uto |[y[=1.

[Tycte B’ — BeKTOpHOe HNOANPOCTPAHCTBO B g (Q), mopo-
xjaenHoe ¢yuxkuusimu Buza log|f|, rme f= B'. Tlpepbinyumue
pacCcyKAeHUs NOKa3bIBAIOT CYIIECTBOBAHHE JHHEHHOH QopMH A
¢ nopmoit <1 ua B’, raxo#, uro log|y(f)|=~r(og|f|) nas
Bcex [ = B*. Jlanee, A MOXHO IIPONOJKUTD 10 JHHEHAHOH GOpMBL b
¢ nopmoii <1 Ha Bce Fr(RQ); 5TOMY HPOIO/IKEHMIO COOTBETCT-
BYeT BelllecTBeHHAsi mepa W Ha K, Takas, uro [p (< 1. Bebupas
B KauecTBe 3jeMeHTa | U3 B® nocrosinbyio e (=exp 1), monyyum
1l =p(1). CnegoBarenbHo,

I=p* () —p~ () <p* (D+u- () =lpl<1

u, sHauur, p=pT =0 u [pll=1; Tem cammm (ii) groxasamo.
[pexnnonoxuM, uto y H P obnagaioT croitcrsamu (ii). HJs
Jaio6oro asJjemenTa [ & B umeem expf & B*, caefmosareibHo,

f A({)ydp = f loglexpfldp=1logl|y (expf)| =
Q
= log|expy () | = Ry (f).

3amensis f nHa if, MBL BHIHM, UTO ffdu=x(f) nasa Joboro
Q

sjgeMenra [ € B.

JlonyCcTHM Temepb, UTO BHINOJHAKTCA NpeAnonoxenus (iv).
CyuectBoBanue , BoiTekaer u3 (ii) u (iii). C xpyroit croponsl,
AJst KamJAol GyHKuuM [ & B cnpaBeMBO PaBeHCTBO w, (%f)=
=& (x(f)) u, nockoabky & (B) mjaorHo B mpocTpaHcTse Fg (L),
XapakTep 7y OJHO3HAauHO ompepeaser Mepy p,. llyers fe& B.
Torga pas aioboro e>0 cymwectryeT QyHkuus g & B, Takas,
410
2 Fg—e<log(Ifl+e)<Hg+e.
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[Mycts h=expg = B*. U3 (2) caenyer, uto
3) [hle— <Ifl+e,
(4 Fl+e<]hles

U3 (4) BugHo, uro | FA™'| < e® u, snaunr, |y (FA™") | < " [Toatomy
6 loglx(DI<loglx(®)|+e= [loglh|du+e.
Q

3 (3) u (5) nonyyaerca HepaBEHCTBO

(6) logl % (NI [ log (I |+ &) du, + 2,
Q

U3 KOTOPOro, MOCKOJIbKY &>(0 MmpOH3BOJIBHO, BHEIBOZHM, YTO

fog () 1< [ log!/iduy.
Q

PaccMOTpUM Temeph <«KOHKPETHYIO» peanusanuio o6heKTos
Q, B, @, ¥5 npepsoxenus 2.

[Tycts A — HeKOTOpPOE MHOXKECTBO, ; —KoMnakTHas yacts CA.
O6osnauuM uepes P(Q;) Ganaxosy mnozaare6py ¢ eAHHHIEH
B ¥ (Q,), cocrosiuylo H3 GYHKUHH Ha ), KOTOPHe fBJIAITCA
paBHOMEpHBIMH TpejejaMH MHorousneHos Ha Q,. KoopaunaTHsle
GYHKUHH 2, |Q; TOMOJOrHYeCKH IOPOKAAI0T aare6py P(Q), u
P (Q,) pasneaset Touku Q. [Tycts Qf — NOJHHOMHAABHO BHMIYKJAAS
o6osouka Q). Taxk Kak nis Kaxzaoro aneMenta p & C[(Xy), < 4]

cnpaBe;muBo paBeHCTBO
sup | p(2)|=sup | p(2)],

zes}] zEQl

TO paBHOMEPHO CXOASIIHeCs TNOC/IeLOBATENbHOCTH MHOTOUJIEHOB
Ha Q, eMHCTBEHHHIM O06GPAa30M NPOLOJIKAITCA A0 PaBHOMEPHO
CXOASAIIMXCA NOCJEN0BATENBHOCTEH MHOrOUJEHOB Ha Qf; cTajo
GHITh, CYLIECTBYeT H TPHTOM EIHHCTBEHHBII H30MeTpHYecKHi
usomopdusm P(Q;) ua P (Q), KoTopufi Aia KaxAOH KOOpIH-
» A ’ o
HaTHO# OyHkuuu 2, na C* npeo6pasyer 2, |Q, B 2, |Q]. Taxo#
nsoMopdH3M MHl GyjneM HasbIBaTh KaHOHHuecKHM. lMeeT mecto
Ipepnoxenue 3. ITycre, 8 Oonoanexue K ycaoeusam nped-
A00ceHus 2, (x,) — cemelcT80 3aeMEHTO8, TONOAORUHECKU NOPO-

acdarowgux areebpy c efunuyeit B. [Horomum A=%(Q). Pac-
CMOTPUM KOMMYTATUBHYIO Ouazpammy

Q i o
‘Dl [‘D’
v v

Spa((x) s Sps((xy) ,
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ede @, @' — orobpasxcenus, onpedesennvie cemelicTaom (x,), i.u
j — kaunonuueckue unvexyu, Toeda

(i) @ u @' — eomeomoppusmo;

(i) Spg((xy)) AaneTCca nOAUHOMUANLHO BbLAYKAOL 060204 KO
Spa((x)s .

(iii) @ npeoGpasyer aneebpy A 6 F(Spa((xy)), a B—
& P(Spa((x))

(iv) ¢’ npeobpasyer $5(B) & P(Sps((x))

(v) @ u ¢’ npeobpasyror Gy e Kanonuueckutl usoMOpPHusM
uz P(Spa((x)) #a P(Sps((x)

HanoMHHM, 4TO @ H ¢’ HeIIpepHIBHL H CIOPBEKTUBHLL. B pan-
HOM cuTyauun oToOpaxenue ¢’ OuekTuBHO (§ 3, mpennoxe-
nue 9(i)), a { HHBEKTUBHO; CTAJNO OBITh, OTOOPAKEHHE @ MHBEK-
tusHo. [losatomy @ u ¢ — romeomop¢uamul. [lonuHOMHAILHO
BHITYKJas o6osouka koMmnakTa Q;==Sp,((x,)) coBnagaer ¢ MHo-
xecTBoM Qi =Spz((x))) B cuny caexctsus 1 npensoxenus 9,
§ 3. OGosnauum uepes 2, (A =A) koopauHaTHee (yHKIUH
Ha CA. SlcHo, uTo @ mpeoBpasyeT X, B 2, |Q, M uTOo ¢ mpe-
obpasyer Ygx), B 2,|Q[; caenosatensHo, ¢ H ¢ npeobpasylor B
B P(Q,), 95(B) B P(Q]) u 95 — B KaHOHHYeCKHHl H30OMOPOHIM
13 P(Q) B P(Q)).

2, Cayuad Q= CA

ITycth A — HekOTOPOE MHOKECTBO, Q@ — KOMIakTHas yacTs CA.
Tak kak P(Q) pa3genseT TOYKH KOMIakTa £, To mocaegHHH
MOXKHO OTOXKAECTBHTh C HEKOTOPOH HACTbl0 TPOCTPAHCTBA
X(P(Ez)). [Tycts mo-mpexHeMy 2), — KOOpJIHHATHbe QYHKIHMH
Ha CA.

Meepnoxenue 4. (i) Orobpaxcenue X (P (Q)) Ha Sp, g (1))
onpedeaennoe cemelicraon (2,), npedcrasraer coboii eomeomop-
gusm 0 npocrparcrea X (P (Q)) Ha ROAUHOMUAALHO BbINYKAYIO
o6oaouky Q' komnakra Q, TostdecT8enHbiii Ha Q.

(i) das kamdol ¢yuxyuu fe P (Q) eomeomopgusm 6 npe-
obpasyer npodoaxcenue Gpof ¢yuxyuu [ na X(P(Q)) 8 npo-
donscenue | yuxyuu f na Q'; npu sTom orobpascenue f—F
26848eTCA Kanonuveckum usomopgpusmon P(Q) na P ().

[Tpexnoxkenne 4 CBOZMTCA K TPEINONKeHHIO 3, eCld IIOJIO-
XATb B=P(Q) H x, =2, U 3aMeTUTh, UTO TOT1a OTOOpaKeHHE
@ npeBpallaeTcs B TOXKIAECTBEHHOE. '

CunencrsuE. Ecau Q ¢843H0, TO e20 NOAUHOMUAALHO 8bLhY-~
Kaas ob6oaouKa TaKdce CBA3HAO
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Ecau Q cBfi3HO, TO €IWHCTBEHHBHIMU HAeMIIOTeHTaMH B & (Q)
u, crano Gwrb, B P(Q) sBuastores 0 u 1. Tloaromy X (P (Q))
ceasno (§ 4, mpexnoxenue 12) u, 3HAUUT, NOJHHOMHAJILHO Bhbl-
nyknaas ofosouka KoMmmakra Q cBs3Ha (mpensoxedne 4 (i)).

3. Cayvad Q< C

IMycte Q — komnakTHas yacts B C, O, — HeOrpaHHYEHHAas
KOMIOHEHTAa CBA3HOCTH MHOKeCTBa C==Q, (0;), o, — cemeiicTBO
OrpaHHUYEHHHIX KOMIOHEHT cBssHocTH (O; mpexmoJaralnTcs Mo-
napHo pasanuHbiMu). Ilycts, Hakonen, E — HeKkoTOpas 4acTh
B C-=Q. OGo3uauum uepe3 R;(Q) 3ambiKauue B NPOCTpaH-
cTBe % (Q) MHoxecTBa cykeHu#i f|Q, rme [— pauuonanpuas
GYHKIUsI, BCe MOJIOCH KOTOpo#l pacnoJioxkeHw B E. D10 3aMbi-
KanHe ecTb 6aHaxoBa Hopanrebpa c¢ egunuiueil B & (Q), koropas
pasgenser Toukn Q. IlycTs 2 — ToxaecrBeHHAs PyHKUUA HA Q.
Torxga HanoJHeHHast 3aMKHyTas noxanare6pa B R (), nopoxueu-
HAas 3JeMEHTOM 2, CoBHamaer ¢ Rp(Q). DieMents H3 Ry (Q)
rosioMop GHBI BO BCeX BHYTPEHHHX TOYKAX KOMMNAaKTa Q.

B wusactHoctd, Ry (Q)=P (Q). TMonsoxuM Rcago ()= R(Q).
OGo3nauuM uepes [(E) MHOXecTBO BCeX i& [, TaKHUX, YTO

ENO;=, a uepes Qp — MHOKECTBO QU( U O,); MHOKe-
i e [(E)

ctB0 Qp, 6YAYYH OrpaHHUEHHHIM W 32MKHYTHIM (€ro JoHOJHEHHE
B C OTKPBITO), KOMIAKTHO.

TrEpsoKEHUE 5. (1) Orobpancenue cysiceHus
Rg (Qp) > Re (Q)

ABASCTCA U30MeTpudeckum usomoppusmom uz Ry (Qg) Ha Rp (Q).

(if) R (Qg) — nanoanennas nodaazebpa 8 € (Qg).

(ili) Kaxcdwoii xapaxrep arzebpor Rg(Qg) onpedeasercs He-
Koropot Toukot u3 Qg. ,

gv) Orobpaicenue y—> v (2) ects 2omeomoppusm uz X (Rg (Q))
Ha El X

(v) Ecau E' — nexoropasa uacte C==Q, T0O caedyroujue Ycio-
8US IKBUBAACHTHOL:

(3) Re(Q)=Rp (s (b) Qe=Qp; (¢) [(E)=1(E").

dlcuo, 4To orToGpaxkeHue cyxenus h u3 Ryp(Qp) B Rp(Q)
apasercas MopduaMmoMm. IToCKOMBKY rpanuuna MHOXKecTBa Qf co-
IepxuTcs B Q, To, KAK CJAEAYET U3 NPHHIUIA MAKCHMyMa, MoOp-
¢usm h usomerpuuen. IToxaxkem, uTo oH clopbekTuBeH. IlycTs
g = Rp(Q). Torma CymecTByeT NOCAENOBATENBLHOCTD f, PAIlHO-
HaJibHBHX (YHKUMH, BCe MOJIOCH KOTOPHIX pachoJoxKens! B E,
paBHOMEPHO cxofsamascsd K Gynkuun g Ha Q. dyukuuu f, roso-
MOp¢dHEI B £z, W rpaHulla MHOXecTBa {p comepXuTci B £
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C/1e]l0BATENbHO, B CUJIY MPHHIMIA MAKCHMyMa, IOC/Ief0BaTe/b-
HOCTb [, PaBHOMEpDHO cXomMTcs Ha Qp K HeKoTopolt ¢yHkuuu f
us Rp(Qg) u g=11Q. Takum obpasom, (i) noxasaHo.

ITycTh 25 — TOXKAGCTBEHHOE OTOOpaKeHHe MHOXKecCTBa Q.
B cuay caenctBusi npeasoxenus 6, § 2, mHoxecrso SpRE (@p)°E

ecTb 08 beJHHEHHE MHOKeCTB S 2. ==0_ ¥ COOTBETCTBYIOLINX
€ (2p)°E E

KOMIIOHEHT CBSI3HOCTH JOMOJHeHHd K Qp; ecau O; — onHa u3

HHX, TO cyllecTByeT Touka A& ENO; Tak Kak (A—2p) '

&R, (QE), TO AEE SpRE (@p)%e W CT2N0 6nte, O; He comep-
KUTCS B SpRE @p) 25 Takum o6pasom, SpRE (©p)PE= Q.. B 10 xe

Bpewmsi, B cuay (i), SPRE(9)2=SPRE(QE) zp. Tem cambiM yTBep-

xnenue (iv) mokasano, a yrtBepxkpuenus (ii) u (iii) BBITeKaloT
u3 npensnoxenuss 8, § 3, ecaM BOCIONL30BATbCA KAHOHHUECKOH
uubekiuet Rp(Qg) B ¥ (Qg). okaxem yreepxpuenue (v); oue-
BuaHo, uro (b)&(c); B cuay (iv), (a)=>(b). Honyctum, uto
Qp = Qp, 1 MokaxeM, uto Rg(Q)== Rg (Q); TaK Kak Qp == Qp ==
==Qp |, TO MOXKHO CUMTaTh, 410 E < E’; B cuay (ii), Rg(Qg) —
HANMOJMHEHHAasl 3aMKHyTas mnojpairebpa B & (Qg) u, crano OuTh,
B Rg (Qg), conepxamas 2g. Ilostomy

Re(QE) = Re (Qk)

RE(Q) = Re ().

Cnencreue 1. Caedyroujue ycaosus 3K6UEANCHTHEL;

(2) E umeer wHenycroe nepecederue co scemy miomcecrsanu O;.

(b) Orobpasncenue Y+ (2) A6A2ETCA 2OMEOMOPPHUIMOM PO~
crpancrea X (Rg(Q)) na Q.

(¢) Re(@)=R(Q).

Mycts E/ = C==Q. Ycaosus (a), (b) u (c) coorBercTBeHHO
sksuBajedTHnl ycaosuam [ (E)=I[(E’), Qg=Qp (B cuny npen-
noxenusi 5 (iv)), Rg(Q)=Rg (Q). [TosroMy Haie yTBepKieHHE
BHITEKaeT U3 Npexasoxenus 5 (v).

CnenctBuE 2. ITycre 0aa Kamdozo i1 setbpana Touxa
A€ 0, Mycre [ — KomnaekcHas zoromoppras pyHKyus e He-
koropoil oTkpsTotl oxpecthocty Q. Tozda [|Q asanerca pasHo-
meproim  npedesom cymcenud Ha Q payuoHarshex pynkyud,
OAIOCHL KOTOPBLX PACNOAOICEHbL 8 TOYKAX A

v, 8 cuay (i),

dTo BHTEKaeT H3 caefctBus | u npegnoxenus 4, § 4.



NPHJIOXEHHE

ITyers A — nekortopoe mHoxectso, @ —vacts 8 CA. YcHo,
YTO CJAeNYyIOMHe YCJOBHS 3KBHBAJEHTHBI:

(i) Hacts @ mpexncrasaser co6of MHOXKeCTBO Touek (c;)=CA,
JJsT KOTOPBIX CYIIECTBYIOT KOHeUHOe HaM GecKOHeuHoe cemelt-
ctBo (P;) snementoB 3 C[(Xp), 4] ¥ cemeficTBo (M;) Beuwe-
CTBEHHBIX uHceJs, Takue, uto | P;((c,)) | << M;.

(i) Hdas Toro urto6nl Touka (c;) m3 C* mpumapnexana O,
HeoGxomuMo ¥ gocraTtouno, uTobH | P((c)) << sup jP(c)} naa

cE

Bcex P = C[(X,)]

Takast yacte B C* HA3HIBAETCA NOAUHOMUANLHO BbINYKAOU.
Jlio6oe mepeceueHHe NOJMHOMHAJNBHO BHINYKJbIX uacreit B CA
OMMHOMHANbHO BbINYKJ0. Crano OblTh, KakoBa OBl HM GHLJIA
yacte ¥ B CA, cymecTByeT HauMenbllas IOJHHOMHMAJBHO BH-
nykJaas yactb @ B CA, conepxkamas ¥. I'osopsar, uto ® — nosu-
Homuaasro seinykaan o6oaowxa uactn W. Omna npepncraBasier
co6ol MHOXKeCTBO BCex Touek (¢3) & CA, rtakux, urto | P ((c) 1<
< su%lP(c)i naa Beex P e C[(X,)].

cE

Ecan uacrs W 3amkHyTa, T0 CA wme W OTKPHITO U, CTAJIO GHITD,
JIOKQJBHO CBSI3HO; MO3TOMY KaXXJast €r0 KOMIIOHEHTA CBS3HOCTH
oTKpHTa. Ecam K ToMy e MHOXeCTBO A KOHEUHO, TO U3 NpPHH-
IIMIa MaKCHMyMa CJeLYeT, YTO Ka)Khas OTrPaHMYEHHAst CBA3HAS
KomroHenta CA == copepxurca B .

ITyers A’ — nekoropas yacte B A, W =pr, ¥ u @& — noan-
HOMHAMBHO BHIOyKJast o6omouka uactn W’ B CA'. Tlockosbky
Kax bl asneMent u3 C [(XA)AeA,] OTOXKIECTBJALTCS ¢ HEKOTOPHIM
sneMentoM H3 C [(X,w),ueA], crnpaBseaJsuBo cooTHowenue & Spr, D,

JIEMMA 1. Iycre @ CA — KoMNAKTHAR HOAUHOMUAABHO
goinyKaan 4acTeb, Q — nexoropas ee oxpecrrocrs. Toeda cyuje-
cTeyer koHeunas uacte Ny 8 A, Takas, uro 08 kaxdoi wacru
A us A, codepacawgeir Ay pr,,(Q) cofepiur nosuHOMUANLHO
soinykayto 06os0uky wactu pr,, (D).

[Tockonbky @ — koMnakt, @ comep:xkuTcst B HpoM3BENEHUH
KoMnakTHHX KpyroB D, c uentpom B O pamuycoB R, (A= A).
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HOna kaxgoro muorounena P e C[(X,)] nycts @p — MHOXKeECTBO
Bcex d & CA, Takux, yro

[P(d)|<<sup | Pc)l.
ced
Unmeem
(1) ®=(H Dh)f](n(l)P)c:Q.
A P
Tak xkax I};[Dr— KOMIIAKT, TO CYIIEeCTBYIOT MHOI'OYJIeHH P, ...
..., P,=C[(X,)], Takue, uTo

) (IJDQ)ncppln e N0, SO,
IMycts Ay — MHOXeCTBO HHIEKCOB TeX IlepeMeHHHX, KOTOpble
dakTHYeCKH NpHCYTCTBYOT B Py, ..., P,. Tlycts A’ — HekoTopas

yacte A, copmepxamas A, Ilycts E —uacte C, onpegmesen-
Has HepaBeHCTBAMH |, KRy, (A= A') n | P;((c,)) |<<sup! Pi(c)]
ce®

(i=1,..., q). Torma E — noAuHOMHAJILHO BBINYKJAs YaCTb.
B cuay (1), pr,, (@) E. C apyrofi croponbl, mycThb (Cy)rap EE;
nyctb, ganee, (dy), <, — 97eMedT u3 C#, onpefeneHHH Cie-
ayomuM o6pasoM: d,=¢, 1 AS A, dy =0 pia ASA = A’;
Toraa, B cuay (2), (d,) €L, crano 6wth, (¢,) E pry,(Q). Takuwm
ob6pasom, E < pr,, (), ueM H 3aBepumaercst A0Ka3aTeJbCTBO.

JIEMMA 2. ITycre n>0 — yesoe uticao u Q@ — NOAUHOMUAABHO
sunykaan komnakTHas wacte 8 C". Toeda @ obradaer pynda-
MEHTAABHOU CUCTEMOL NOAUHOMUANOHO BbINYKABLX KOMHAKTHbIX
oKpecTHocTel..

CylecTBYIOT KOMNAKTHHA mnosaunuiananp A B C", BHyTpen-
Hoctb KoToporo comepxutT @, u cemeiictso (P;), ., 3J1eMeHTOB
us C[X,y, X,, ..., X,], Takux, uro @ npencrasiser co6oil MHO-
XKeCTBO TeX TOueK (21, ..., 2,) E A, AJs KOTOPHIX

P2 ooy 2) IS My

npu Beex I. Jlas kaxpoli KoseuHoft yact J MHoXecrBa [ H
aoboro &>0 mycts @ , — MHOXKECTBO BCeX (21, ..., 2,) EA,
Takux, uto |Pi(2y, «.., 2)I<<M; -+ ¢ nna Bcex i=J. Torna
Kaxjoe MHOxecTBO {; ., eCTb NOJHHOMHAJBLHO BBINYKJIAT KOM-
nakTHass oKpecTHocTs uacTH @ u nmepeceventte Bcex @, , cos-
nagaer ¢ ®. Crajno 6mth, @, 06pasylorT GyHIaMEHTANbHYIO
cucteMy okpectHocreii uacrtu @® (O6w. ron., ra. 1, 4-e usg.,
§ 9, Teopema I). .



YTIPAJKHEHH

§t
1) Mycro (e, e;) — kanounueckni Gasnc B R? i u — saeMeHT aireGprt
A= % (R%, ounpeneneunnii paBeHcTBaMH u(e,)=e,; u(ey))= —e,. I[loka-

3aTh, 4TO
Spyu=(, Sp,ut={—1}

2) Tlycts p — Mmepa JleGera una (0, 1), H — rusinGeproBo OpoCTPAHCTBO
L% (0, ), p), A= (H)u x = A — oneparop, koTopufi npeobpasyeT QyHK-
uno f(f) B dyukumo #f (¢). Toxasats, uto Sp,x==(0, 1), Ho omepatop ¥
He MMEeT HH OJHOro coGCTBEHHOIO 3HAUEHHH-

3) a) Ilycte H — ruan0epToBO NMPoCTPaHCTBO € OPTOHOPMHPOBAHHHIM
GasncoM (&g, €1, €y ...) H A=L (H). PaccMoTpHM ongarop Te % (H),
Takoft, uro Te;—¢g, , Ana Beex {20, n omeparop I'e= £ (H), rtakoil, uro
T'e;=¢; , am iz=1 u T'ey=0. Ilokasars, ur0 T'T=1, "o TT’80=0,
Tak uro Sp, (T'T) # Sp, (TTH.

b) Ilycts A — méreposa aJjre6pa ¢ eqununeli Haf HEKOTOPHIM [OJEM.
IMokasars, uro ectn %, y & A, to Sp (xy)=Sp (yx) (ucnoan3oBaTh Yynpax-
Henne 8 b) us Az, ra. VIII, § 2).

4) Ilycrs A — koMMyTaTHBHas aiare6Gpa Haj C, 3 — unean B A, £ — kaHo-
HHYecKaH HHBeKuHsa 3 B A, S — mHoxectBo xapakrepos § € X’ (A), koropue
aHHYIMpyoT JI.

a) TlokasaTh, ut0 oroGpaxkenne X’ (4) CIOPBEKTHBHO.

b) Tloka3ath, uto oroGpaxkenne X’ (4)|(X'(A)==S8) sBasierca romeo-
smoppuamom H3 X' (A)=S ua X(J) (Iyers ge=X (A)==S. TIlycrs
X1y cous Xn= A, >0 u V — okpecTHOCTs ToukH %o B X (A), onpenesennas
HepapeHcTsaMH | (X — xo) (x;) | < eli=1,..., n). llycts ssement 4y = 3 Takos,
uto ¥, (4p)=1. Tlomoxum u;=uwx,&J. Torna ecan |(x — %) (4;) | <9
(i=0,1, ..., n), rme 6 mocrarouno Mano, 10 X = V.

5) B ynpaxuenun 4 subepem A =C[X, Y], = AX. IIpoerpanctso X (A4)
oroxaecrpisiercss torga ¢ C2% S={0} —c {0} X C. Tlycrs U — MHOXecTBO
Touek (&, m) < C?% rakux, uto |&]|<e”!M. Tlokasars, uro X'(h)(U) we
SIBJISIeTCSA OKpecTHOCThIO HyJas B X (). BruBectw oTioma, uro X' (J) Heabss
OTOXKAECTBHTH C pakTopupocrpaHcTBoM X’ (A) 0o OTHOLIEHHIO 3KBHBAJEHTHOCTH,
KOTopoe) onpenedsiercs orobpaxkennem X' (A). (ITo aroMy nosoay cm. § 3,
yup. 17.

6) IpexnonoxuM, yto A — KoMMyTaruBHas ajreSpa Haj noJem, J — ee
MakcHMaJbHui npead. ITokasars, uro auGo A2 J w dim A/J =1, anbo A/
apasietcss tegoM. ([IpuMennts K daxropanreépe A/J ynpaxnenne 3 us Aae.,
1 I, § 9.) B uacrmoern, ecan A?2= A, 10 KaXAHH MaKcHMaJbHHHA uIeas
B A peryaspen. ,

7) Illyers A — koMMmyratuBHas aiareGpa Hag nodeM K, x= A naes K.
TokazaTh, 4TO MHOXeCTBO XapakTepoB ¥ = X (A), taxux, uro (%x) (x) =a,
3aMKHYTO B TOIOJIOTHH [[)KekoGcoHa, (dTo yTBepkAeHHe MoXeT OHTb CBe-
JeHO K chyualo, Korma A CORNEpKHT eIMHHUHKIA 3JeMeHT, a 3areM K cCJy-
qao o==0.)

4 3Bak. 1236
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1 8) Ilycrs A -~ mexkoropast aare6pa, - ABycTopoHHui wujean B A4,
JSLA) ~ MHOXeCTBO BCEX IPHMHTHBHLIX H/€JI0B B A, KOTOpHIE He coflepkKaTr J,
u A% —~ MHOXKecTBO BCeX orobpaxenuii it € A, Taxux, uT0 n(J) =0

a) Iloxasats, uro ecin ni & A3 10 | S e S (temma 1 (i)). Ecanm oros

6paxcenus m, % & A rakoBH, uro 7N M ']y sKBHBANEHTHH, TO W @ W
skBuBateHTHH. (MoXHo cuuTaTh, ute T (x)=n'(x) naa Bcex x & J. Torga
NN KaXAorc onementa ye A suauenn® n(y) u s’ (y) coBnmagaior Ha

2 Imn(x), a 370 NOANPOCTPAaMCTBO COBMafaeT € MNPOCTPAHCTBOM MNpen-
xes3 .
CTaBJAEHHS TL.)

N
b) Mokasarpb, 4To ecau &t €, TO f DPoOAONIKAETCH AO HEKOTOPOro afe-
X

menta ns A%, (ITyers 9 — peryasipusiii MakcuMalbubifl JieBHA Hpead B 3.
Mycts g — kakas-uu6yab npasas efuuuua B § no mopymo N. Ilpegnonaras,
yTo A COfepXKAT eNMHMUHBIA 3JeMeuT, MOKA3aTh, 4TO cooTHomenune AR -+
4+ A(1 —g)=A Baeuer 3a coboit g2e<N. Crang Gmrs, AR+ A(1 —g)
COMlepKUTCA B HEKOTOPOM MakcHMasnbHOM nesoM nfeane I m3 A IMokasars,
gro MAI=N, M+J=A4.)

¢) Brigects u3 a) # b), uTo oro6paxenne { —> J'1J asasercs romeo-
MOpOhH3MOM .Ls(A) Ha I (3) 4 uro orobpaxkenne n—>n|J aviaserca roMeo-

mopusmoM A® Ha J.

§2

1) Iycrs A — ajre6pa HenpepHBHHX KOMIIEKCHHX oOyukuuit Ha R,
crpeMsimuxcs K 0 Ha GeckomeunocTH, cHaGxennas HopMmoR |fll == sup | f()|.
teR

TlokasaTte, uto Torfta A OTOXAecTBJIseTcH ¢ anre6poll HenpepHIBHEX KOM-
NJEKCHBIX OYUKUMH, CTPeMAIUMXCH K HEKOTOPOMY KOHeyHOMY mpejejy Ha

GeckoneunoctH. [lokasath, uro nopMa [lgll=sup|g(f)| va A oriamuua or
teR

HOPMH, onpepefennoit B n® 1. -
2) Nycrp A — HopMupopanyas anre6pa v b= inf ([[x2||/ilx}{?). [TokasaTs,
x40

4T0 TOorja
b < inf (p (x)/lx) < VB,
x50

3) Mokasars, uto ecaw A — HOpMHpOBaHHaM aarebpa H x, y < A4, To
p (xy) =p (yx).

4) INycrs H — runnbepToBo NPOCTPAHCTBO € OPTOMOPMHPOBAMHbHIM Ga3u-
com (fy, fa -..). Ilyctb A — nopmupoBannas anare6pa & (H). Ilycts, panee,

orofpaxkeune x € A onpefenenc paBeHCTBAMH x(f,-)==2‘i,‘1+,. Moka3sats,
YTO X — KBA3HMUJBIOTEHTHHH 3JeMeHT B A, He ABJAIOIUACH HHJIBIOTEHTHEIM.

915) Hycte H — runp6eproBo NPOCTPAHCTBO € OPTOHOPMHPOBAHHHLIM
6asucoM (fy, fa ...). Onpesenum yucaa o, Gy, ... DABEHCTBAMH G =e %,

ecu m npexcTaBnsercs B BHAe npouspefenust 2% ua mewerwoe umcno. Ompe-
LeauM orToGpaxedne x € & (H) ¢ noMompio paBeHCTB

% (fm) = Wmfm+1-
TTokasaTh, uTO X He SABJAETCA KBA3HHUABLNOTEHTHHIM. (3aMeTHTh, uTO

flx™ = S";:P @m@ma1 oo Omapnat)s



§2 Ynpaxsenun 09

H OUEHHTH QG ... 2,_1.) Myers x, & £ (H) onpenenenn paseHncrsamu

x,(f,)=0, ecau m npencrasnsercs B BHjAE OPOM3IBEZEHHS 2% na neuernoe
wHCHO, M X, (fm)=“mfm+1 B nNPOTHBHOM caydae. [Toxasats, 4ro X, HHIb
TIOTeHTHH W UTO || X = X, || cTpeMutes X 0.

6) ITyets K — kommaxTHasi wacth C; A — Gawaxoma anre6pa Hempepbn-
HuX ¢yHknu#t na K, cnaGkennass Hopmoit ||f| = sup [f(#)[; fo — snement
. teK

Bufa z+>2z 8 A. Iloxasats, uro Sp, fy=K.

7) Ilycts A — Ganaxora asare6pa ¢ emmmuueil. Ilyers saemenr x & A
takoB, uro [ x — 1| < 1. ITokasats, uro cyuiecTByer siaeMent y < A, aas
Koroporo y?=x. (Mcnoab3osath pasmoxenue B psiL.)

8) Ilycrp A — wopmuposaunas aare6pa c¢ eaunuued. [Tokasars, 4To ecan
lx~'"l=1nxl~" mam moBoro obparumoro smemenra x< A, 10 A=C-1,
(dror peayabTaT cBoxHTEH K ciyualo, KOrAa aiare6pa A moama. ITyers pac-
CTOsIHME OT 3jeMeHTa ¥ & A xo mHoxectsa C-1 pasHo a>0. Ecnmu Ap=C
TAKOBO, YTO sJeMeHT X — Ag ofpaTuM, TO siement x — A ofpatam nps
[A~A¢l<a. Orciona MOXHO BHBECTH, YTO CHEKTP TAKOTO 3JEMEHTa X
mycr.)

9) Myers A — mopMupoBanHas aJre6pa c eQuHHued, B KoTropofl efuH-
CTBEHHHH JIEBHHA TOMOJNOrHUECKHA JeNuTeNsb HysAs ects 0 W eNHHCTBEeHHHIA
npaBH#t Tomosornueckuit gesnnrens Hyas ectb 0. [Toxkasare, utro Torna A=C- 1.
(Ecmu x & A H A — Touka rpawuusl sz X, T0 X — A — Tomosoruueckuii Jne-

JauTesb Hyas B A, crano 6uTh, B A. Chreposaresnsno, x =A.)
10) ITyets A — popMHupoBannas ajarebpa. Ias kaxnuoro siementa x & A

MOJTOXKHM
A (x) = inf (llxgll/Ngl). A (x) = inf (lyxl/lyl).
y#40 Y70

JIokasath CHpaBeTMBOCT: HepaBeHCTR
A (x) = A ()1 <lx—gll, [A7(x) = & (9)| < llx — gl
A(x) A () <A (xy) <IxIA(y) NV (x) ¥ (9) <V (xy) < AL(x) .

BriBecTH OTCIOZA, YTO MHOXECTBO JIEBHX (COOTBETCTBEHHO MPaBHX) TOMOMO-
FHUECKHMX Jeautejefl uyJsi 3aMKHYTO.

11) IMyerp A — GanaxoBa amreGpa c epunmueil. [Tokasats, uro MHOXe-
CTBO BCEX HEOOPATHUMHX 3J€MEHTOB B A, HE ABJAIOUMXCH TOMOJOMHYECKAMY
AeJHTEIAMY HyJd, OTKPHTO B A.

12) Iycrs X — KoMmmiekcHoe 6aHaXoBO MPOCTPAHCTBO, U MYCTh X & A=
= Z (X). Tlokasath, 4TO ecau X He o6paTdM, TO X — JIeBHA WJIH OpaBHi
TOMOJIOTHYeCKHH AeauTens Hyadsa. ([TocnenoBaTesqbHO PacCMOTPeTh ciydaH:

1°) oro6paxeHHe ¥ He HHBEKTHBHO;
2°; x(X)# X; _
3°) x — uAbekTHBHOE OTOGpaxeHwue, ¥ (X) nciony mrotHo B X A oriuyHO
or X.) ITokasath, UTO €C/HH X — B3AWMHO HENPEPHBHOE OTOGPaIKEHHE MpPO-
crpactBa X Ha 3aMKHyTOe MOANPOCTPaHCTBO B X, orauuHoe oT X, wam
€CJH X He HHBEKTHBHO OTO6paikaeT X Ha mce X, TO X sABJAeTCH BHYTDeH-
Hefi TOukofi MHOXecTBa Heo6paTHMHEIX SJeMeHTOB B A.

13) ITokasars, uto B aare6pe A u3 mpuMepa 5 n°2 o¢ymkuwa z He
ABNAETCH UM OOPATHMBIM SJEMEHTOM, HH TOMNOJOTHUECKUM JNEJHTeJNEM HYJIs.

14) Myers A — nopmuposanHas asre6pa ¢ epunuueir ¥ B =2 (A). Ilo-
KasaTh, uT0 0o6pa3s anre6pnt A npa mopdasme x —> L, sABJs€TcAs HamodueH-
Holt mopasre6poit B B. (Mcmombaosats Aze., ra. VI, § 1, opean 4.) Creno-
BaTeJbHO, €ClH X & A, TO Spr==SpB L.

i 15) Ilyctb A — Ganaxosa aareGpa.

4‘
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a) Ilycre S — MHOMXECTBO OTPAHHYEHHBIX [OCIEAOBATENHLHOCTEH 3JeMeH-
ToBp u3 A C HopMolt [[(x,)l =sup llx,ll. IMycts M — MoKecTBO mMociefoBa-
rteapHOcTed (X¥n) & S 71aKuX, uro ll4ull crpemmres k myao. Ilokasars, uto
S — Ganaxosa ajare6Gpa, a N — ABYCTOPOHHHA 3aMKHyTIbi Hpeaa B S. Ilycrs
¢: S > 8§ = S/M — kanounueckuft Mopopusm. I[lokaszath, yTo TOrZa oTO6pa-
KeHue £ —> @ (%, £, £, ...)=0(x) aBasercs usoMeTpuueCKHM H3oMopdH3MOM
anre6pu A Ha Hekoropyio nopanre6py B S’. ITokasaTb gasee, 4To KamJbifi
JeBHH TOMOJOTHUECKHA JenuTels HYJIs B S’ ABJAseTCS TakMe JEBHM Aejd-
TeqeM Hyds. Hasi toro wro6b 3JeMeHT X & A 6wl JeBEM TONOMOFAYECKHAM
ReJUTeNeM HyJst, HeOGXOMHMO H NOCTATOYHO, YTOGH 3JjeMeHT O (x) ObiI JeBBIM
neaureqaeM Hyas B8 S’

b) IpeanonomxuM, uto A CouepXUT efnHUuHEIE saeMeHT. [lokasats, uTo
CYI(EeCTBYIOT HeKoTopasi GanaxoBa aare6pa B m H3oMeTpHuecKHH usoMophusm
anre6pu A Ha HekoTopyio nopaareCpy B B, Takue, uTo anement u3 A Heobpa-
THM B TOM H TOJBKO B TOM Ciaydae, ecau ero o6pas B B sBJsieTcs JeBHM
wau npasuiM geaurteseM Hyas. (Mcrmons3zosaTs a) M ynpaxuenus 12 u 14.)

16} a) [lyero A — HopMupoBaHHaa aare6pa, R — ee papukan [loka3sats,

qTo ecad ¥ = R, TO X — KBa3HHUIBNOTEHTHHH 3IJeMeHT. (I/IMeeM Spjlx = {0}
H TeM Gosee Sp’;i x = {0}.)

b) Mycto A — Ganaxosa aJareGpa, :| — ee pamHKag, < — JeBml Hjean
B A, BCE 57eMEHTH KOTOPOro KBAa3WHU/IBNOTEHTHH. 110kasaTs, Uro Torna < R.
{(Moxuo mpeanonarath, 4To ajre6pa A ConepXHT eXHHHUHBIA aneMeHT. Ecau
r=3 uas A, 1o Sp(ax)={0}; caenosarenbHo, aieMent | —ax obparnm
H, 3HauHT, ¥ < RN.)

17) Tlpenmoaoxum, uto A — Ganaxosa anare6pa, B — amre6pa nay C
Ges panukaaa, ¢ — mMoppusm u3 A B B. Ilokasats, uto sinpo MopdHdMa @
3aMkHYTO. (DTO SJMPO SABJASETCS IIEpeCeYeHHEM PETYJSPHBIX MaKCHMAJbHBIX
JIEBBIX HJ(EAJIOB.) )

18) ITycrs A — Ganaxopa aarefpa, m — HeHyJieBoe HENPHBONHMOe npej-
craBjeHHe aare6pu A B KoMm/iekcHoM BeKropHoM mpocTpaHctse X. [lycTs
&, — HeHyaeBoH aaeMent #3 X.

a) ITokasaTe, yTO AHHYAATOP J TOUKH £y SABJSETCS PEryJASPHEIM MAaKCH-
MaJbHBIM JIeBHM ujieasoM aareGpsl A; 5TOT HIeasa 3aMKHYT.

b) IMokasatp, uro oroGpaxkeHHe x 3> xE; onpepesasier mocsre mepexona
K (axropasre6pe Haomoppusm ¢ A-monyas A/I wa A-monyab X.

c) IMokasars, uro H3oMopdusM ¢ GaHaxoBa nmpocrpaHctsa A/ ma npo-
crpadeTBo X WHJAYUHpYET HA NOCAEJHEM HOPMY, OTHOCHTEJNBHO KoTopoll X
CTaHOBHTCS GamaxoBhiM mpoctpaHcTBoM, H @ (x)ii < llxll nas Beex x = A.

d) IMokasats, uto ecnu aare6pa A mpumuruBHa (Aae., ra. VIII, 5, ynp. 5),
1o A={0} wau G-l B 33aBHCHMOCTH OT TOrO, CONEPKHT ¥ A eTHHUYHEIA
ssemeHT Huax HeT. (Mcmonb3oBaTh NpejpbifiyillHe yNpaKHEHHsT H cJaefcTBHe 4
TeopeMsul 1.) :

91 19) Ilycrs A — GaHaxosa aare6pa m R — ee pagnkas.

a) [okasare. yto ect r<= R, 10 pan

NP

cxonuTess K ajementy x = R, rakomy, uro x2— x - r=0.

b) Iycte kaacc cMmexHocTH B A/R, KOTOpOMY NPHHANIENHT 9IeMEHT
ue< A, smasercs HuemnoteHtoM. Ilokasartb, YTO CYUIECTBYeT HJEMITOTEHT
B A, cpaBHHMHI ¢ aseMeHTOM # To Moxy.ao R, (Moxuo mpeanoaarats, 4To
A comepxur ejuHuuHL 3aeMeHT. Ilyers g=u—w?ceR u r= R —
TOCTPOEHHOE C TIOMOLIBIO ) pellenHe ypaBHeHHs 2 —x —g (1 — 49) ' =0.
Torna 4 — (2u — 1) ¥ — UCKOMbBIH HJIEMIIOTEHT.)
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20) Hycth A — GanmaxoBa aare6pa ¢ eaunuueft, r < A, { — rouka rpa-
Huus Sp, x. [loxasaTs, uTo pesoNbBEHTA 3MeMeHTa ¥ HE MOXeT GhTh mpo-
do/KeHa A0 (GYHKUHY, HempepuBHOf B Touke L.

21) IMycte A — GanaxoBa anare6pa c¢ epuHuueld, A — HexoTOpas OTKpPHS
Tas vacte B C, A > R(A) — oTo6paxenue A B A, Takoe, uro

(n R(A)—Rm)y=—(RA—pn) RAMRW

IIpH Bcex A, BEA.
a) [lyers Age=A. ITokasats, uTo 48 Beex A=A, TakuX, uto |A — Ag| X
XIR(A)] <1, cnpaBesanso paBeHCTBO

R(A)y= (Ao —A)"R(Ra)"¥',
n=0

b) Nokasars, uTo AJAA Beex ASA
(@™/aa™) R (A) = (—1)" nt R (M)"+L,

¢) ITokasars, uTo ecan oroGpamenne R ronomopdHO Ha GeCKOHEUHOCTH,
TO CYIIECTBYIOT 3JEMEHTH X, j, 24, Takue, uto 22==0, j?=j zj=jz=0,
x € jAj v as pocrarouHo GONBIIUX 3HAueHHA | A | UMeeT MecTo paBeHCTBO
00
R(A)==z+ jR (A, x). (3anucars R(A) = Z cnh~™ npu {A > Ao u BOCHOMB
n=0
30BaThes TeM, 4TO AN R cmpaBepnuBo paBeHctBo (1), MOXHO TOJOXHTB
Co=2 0,=1] Ca=21.)
d) Moxkasatek, uTo oToGpaxeHne R ecrb cyXeHHe HA A pe30JLBeHTH He-
KOTODOTro 3JeMeHTa U3 A B TOM H TOJBbKO B TOM cJlydae, eclH IPH HEKOTO-
poM Ao<=A anemenr R (o) oGparum.

e) ITokazaTh, 4TO npu BceX *&A ¢(yHxruua A |—->Z (Ao — A)* 2" yno-
na=0

BJeTBopsieT coorHomenuo (1), ecmu |A —Aq|llxf< L.

9 22) a) [lycte B — GanaxoBa aare6pa c¢ enuuuuel, weB, C>1 n
£>0. [Toxasars, uro cymecrsyer 1> 0, rakoe, uto us yeaosuit u<B, Ju<C,
law —w|<n, 0Ky << 1/4C creayer uepaseHctso ||yw — w| <e, rae y==
=(1—y+yu)-L

b) Ilycre A — GanaxoBa aareGpa. ITpeAmOJOKHM, NTO CYHIECTBYeT IO~
crofunas C, rakas, uto Adsa Jwo6Goro e>0 K MOGHIX 2JeMEHTOB Xi, X3, ¢0 o
vevy Xp € A cyuecTByerT aaeMeHT uA, a5 kotoporo || 4 |<C, | uxi—x, [ <e, ...
vou uxy — x4 | <e. TokasaTb, 4TO AAR BCAKOTO zEA u moGoro 6>0 cy-
LIECTBYIOT SJEMEHTH X, Y€ A, Takue, uto 2 = xy, y & Az, |z — y | <. (Moxuo
cunTarh, uto C> 1. Myers y = 1/4C, IIpumennas a) k A, onpeaesurb N0 HH-
AVKUHE TOCAeNOBATENBHOCTD Ly, Ug, ... 9JAeMeHTOB B A, Takux, uro|lun|<C,
aTeMEeHTH

n
sn= 2 v =y lup 4+ (1 —y)"
k=1

HMEIOT OGpaTHEIE fn, H IPU 3TOM [[fy2 — fn—j2ll <8/2%, ||tz — 2| <8/2. Tlo-

Naras yp = fnZ, MH BHAMM, UTO §, CTPEMATCA K HEKOTOpOMy mpexeny y4,
00

a X, CTPeMATCHA K 3JeMeHTY X = 2 (1 —y)k—luk; 3JMeMeHTH X H Y 0GJa-
k=1 -

naoT TpeSyeMHMH CBONCTBaMH.)



102 Hopmuposarnsie aazebpoi ra 1

c) Mycrs A — Ganaxosa aiarefpa, yHOBJETBOPAIOLAS BCEM YCJIOBHAM
n3 b). Iyers (2y, 25, -..) — HEKOTOpasg NOCJAELOBATENBHOCTb 3/IEMEHTOB H3 A,
crpemsmancs k 0. [10Ka3aTh, YTO CYMECTBYIOT SJEMEHTH X, Y1, s, --. H3 4,
TaKHe, UTO 2n == XlYp IJ9 BCeX n H Yn cTpemurcs K O.

23) a) IMycrs E — Ganaxoso npocrpaucreo, f: C—> E—nexas dyuknus n

m
0> P(0) = Z cue“le-—Tparouomerpnqecxni noautom (¢, 70). ITpexno-

=k X R
A0xHM, uTo | P (0) | A F(re®) | < Mr® nasm Beex r>>ro (M, ro, @ ~ HeoTpuua-
TeJpHHe noctodHume). [Tokasars, yTo Torjga ¢yHKuud [ ABJSeTCS NOJHHO-
) 25

°
wou crenenn <o. [ Myers ()= Y awd", 1(r, p)=r"7 [ P(8)F (re")x
' ¥=0 0

X e~ ETP 8 4 Torpa J(r, p) crpemurest k 0, Korma r CTpeMHTCA K .90,

a p>a; ¢ apyrofi cropoun, lim J(r, p)= crap.
r-o»-too

b) Auaioruino, MOKa3aTh, 4TO €CJAH @ — IEJOE HHCJIO H e PO X
N £ (re’®) || crpemures k O npu r >+ 00, To f — MHOTOUNeH CTeNneHH, MeHb-
meft o,

¢) IMycrs A — Banaxopa aire6pa ¢ exuusnefi, ¥ — KBa3HHHJIBINOTEHTHHI
saement A. Tlpexnoioxum, uTo AJf HeKkoToporo uejgoro n>0 HMmeeM
r~"|cos 0| [l (1 — Ax)"' || >0 npu r— + oo (A =re’®). Mokasars, uro Torna
x" = 0. (Ilpumenuts b

9l 24) a) Ilyers E — Ganaxoso npocTpasctBo, x: Cm= {1} > E — nesas

o0

¢yukuust or 1/(5—1), x (&)= 2 anl® x(3)= 2 bpt—" — pasnoxeHus
' n=0

n=0
dyukuun x npu | £ )< 1, coorsercrsenno npu | {|> 1. Jonycrum, uto lap!=

=0(n%), |ball = o (n*), a>0. Tokasare, uTo Torma x({) mBJAseTCH MHO-
royfenoM oT 1/(§ — 1) crenenu, mensweii o 1. (ITyers >0, Jagre <r=

==|[| <1 umeer MecTo HepameuctBo ljx ({I<Ce(1 — )17 a npu .l <rl<
1= 1\~
< 1l — nepasencrso [x Q) <e (l - ') ® Monaras |—¢ = ((o + —2——) .
03=Reie, nokasarb, uto g 0<Cr<1 u R>1 cnpaBegiuBo HePaBeHCTBO
—nlgd R
N (1=r) =4 cos8’
agma l<ruaR>=1
)l S R
(t—r=l) ,< 4 cosB ’
TMoaoxuth y () = x (£) 1 nokasars, yto R~%!]cos0[*+! .|l y (Re®) [l crpe-
muTcs K 0 npn R-—> - o papHomepno mo 0. [IpuMeHHTb 3aTeM ynpaxHe-
uue 23 h).)
b) Iycrs A — Ganaxosa anrebpa c egununef, §&A — HexoTopH KBasH-
HHJIBNOTEHTHHE 3JeMeHT, ¥ =1+ ¢. ITokasars, 4yTO [JIA BHINOJHEHHS pa-
N __ tn i __ N
BeHcrBa ¢" =0 neo6XoAHMO H JOCTaTOUHO, YTOGH Il x H—o(n )npn
n—>t oo, (dns HoKasaTeabCcTBA JOCTATOYHOCTH I0KA3aTb, NPHMeHds a),
yro R (A, x) — mHorouned ot 1/(A — 1) crenexH, He npeBocxoisfmed N.

C npyro#i croponn, R(A, x)= 2‘7 n(A—1)"""') Bupectn orciopa, uTo
n=0 .
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ecan P — panukan B A u ecan G - HeKoTOpast MOArpymna rpymin o6paru-

Mux B A saeMentos, Takas, uro [| xE" |= o (n) nau Beex x&G, 1o cyxenne
Ha G xanouH4eckoro otoGpaxenud A-—> A/P uubekTHBHO.

25) a) Ilycts A — HopMupoBannas anare6pa, ¥ u y — SJeMEHTH H3 A,
Takme, uTo Xy — yx =y. Ilokasare, uro y"=0 npa a>2 |x|l. (ITpumenuTs
dopmyny xy" — y"x = ny".)

b) Ilyctn £ — HekoTopas anre6pa JIu koHeunnft pasmepHocTu Hag C.
TMokasaTb, 4TO echu ajare6pa £ He HU/IbNOTEHTHA, TO OHA CONEPXKHT ABa
HeHyJIeBRHX 3JieMeHTa X, ¥, TaKHx, uTo [x, yl =y. (Bocnoabsoratbes cymre-
CTBOBAHHEM TaKoro sJemenTta x & &, au1a KoToporo ad (x) He HUJILIOTEHTEH.)

c) ITycts € — BeuecTBeHHash WJIM KOMIJIEKCHaa aJare6pa Jin KoHewHoit
pasMepHOCTH, Takad, uTo obepThiBaiomas aire6pa aiarebpu ¢ ofsajgaer Hop-
Mo#l, corsacoBamHOR co cTpyxTypoid aurebpo. Ilokasats, uTo agrebpa €
HHAbnoTeHTHA. (ITpuMenuTs a) u b).)

d) Tlycrs V — BemecTBeHnoe HJIH KOMIJIEKCHOe BEKTOPHOE IPOCT PaHCTRO
KOHeuHO#H pasmepHocTH, € — noganrebpa Jiu B gl(V), cocToHmas H3 HUJB-
MOTEHTHBIX 3HIOMOD(HIMOB, Xy, ..., Xn — sdeMeHTl B L. [lyerp a>0. ITo-
KasaTh, YTO Ha V cyllecTByeT CTPYKTYypa rHabGepToBa NpPOCTPaHCTBA, Takad,
gro [xill<a naa [ <i<n.

e) [lycts € — BetlecTBeHHAass WJM KOMIJIeKcHas anre6pa JIH koHeuHoi
pasmepuocTa. IlycTs, nanee, £ umibmorentna n U —ee oGeproBaiomasn
aare6pa. ITokasarb, yTo Ha U cyumecTByeT HOpMa, COrjacoBanHas cO CTPYK-
tTypoit anre6pbi. (Mcnoassys [pynnet u ase. JTu, ra. 1, § 3, yup. 5, u § 7,
yup. 3, HoKasaTh, 4TO cyuiecTayeT cemeficTBo (mp) upencrarsienai anreGpu €
B OpPOCTpaHCTBAX V3 KOHeuHOH pa3MepHOCTH, o06Jajlalouiix CJIeAyiomuM
CROACTROM: RJsi Kaxjoro sjdemeHTa #u&U cymecTryer A, Takoe, 4To 7y, (1) <0
H @y, (£) cOCTOHT mpu Bcex A U3 HHJIBNOTEHTHHX 3HAOMOpdu3amon. Hapenss
KaXkKioe NpocTpaHcTBO Vy ruisGepToBoft CTPYKTYypoH B cooTBeTcTBHH ¢ d),
nonyuuTh B upsmolt cymMe V rusibGepTOBHIX pocTpaHcTB Vy, npejpcrassenue 1t
asnreGpnl £, cOCTOfILEe M3 HENPEPHIBHBIX SHJIOMODDHIMOB, H TeM CaMbIM 0G-
HapyXHTb CyuleCTBOBaHHe HHWBbeKTHBHOro MoppusMa @ uz U B Z (V). Ioso-
xuth 3atem |lufj = flo (1))l ans Beakoro ue U.)

f) ITycts A — HOpMHpOBauHadA aarefpa ¢ eAMHUUEH, X H y — SJeMeHTH
u3 A. IlokaszaTb, uto ecan A#{0}, To xy — yx==1. ([Teproe AokazaTebCTBO:
HAMEeT MeCTO PAaBEHCTBO

Sp” (xy) =Sp’ (yx);
ecam xy =yx + 1, To Sp(xy) nepexogur B Sp(yx) B pesyabrare upeoGpa-
soBamua 2> 2+ 1; orciona crepyer, uro Sp’(xy) ueorpamhueH, uyro aG-
cypaHo. Bropoe gokasarennctBo: ecan [x, yl=1, To [xy, y] =y, oTkyaa,
B CHuy a), LS AOCTaTouyHO Gosbmioro n umeem y" = 0; tTak kaK [x, yP]=
= pyP~!, 10 monysaercu, uro y=0.)

26) TTycts A — nopmuposannas anre6pa u x&<A, DieMeHT X HA3HBAIOT
TONGJOrHYEeCKH HHJBUOTEHTHBIM, eciH x>0 npm n —> oo. ITokasaTp, uTO
X TOMNOJOTHYECKH HHJIbUOTEHTEH TOrZa M TOJBKO Toraa, koraa p(x)<l.

27) Iycrs A -~ KoMMyTaTHBHAs Ganaxopa ajrebpa ¢ enunuuei. Ilpeps
MOJIOKHM, YTO KaXNuft 3aMkHyTefi ujeas B A HMeeT KOHeuHwmit THI (T. €.
npencrapagercs B Bune Ax; 4 ... + Axp, rae xy, ..., x,,eA_).

a) ITokasath, uTC Beskud uaean 3B A szamkHyT. (MUmeem == Ax, + ...
eo. + Axp, roe x4, ..., xp=A. Tlyets (%41, Xi2, <. .) — HOCJAENOBATEALHOCTD
sneMeHTOB H3 3, cxofsmanca K xz. Jan (yy, ..., yn) € A" nosoxum

QW eees gn)=X11 F .o T Xyn =S,
Pp (g1, covs Yn)=Xpg1 + < oo + Xnpyn =3

Uneen ¢ = Z (4" 5), P, = Z (A S o= @pll>0 ap p>+ o0 u p—
ciopbeKTHBHOE OTO0pamenne. PaccMarpuBas COOpsXKeHHHE OTOGpaMeHHH
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K Q@ H @p, 3aKJIOUAEM, UTO @p CIOPHEKTHBHO IPH AOCTATOUHO GOJBLIIUX P.
Crano 6HTb, 3 =3.)

b) Ilokasarb, uTo ecan A — aareGpa 6e3 mesurteneir Hyas, to A=C- 1.
(ITpumennts a) n ynpaxueHue 9.)

c) IToxasaTh, YTO €CAH eIHHCTBEHHH HHJABNOTEHTHHH 3jeMeHT B A
ectp 0, To cymwecresyer uesoe # >0, takoe, uro A usomopdua C".(Tak Kak
aare6pa A Hérepopa, To {0} ABisercs HepeCeueHHEM HPOCTHIX KJEaJoB
D1y <+« Pmj 5TH HJeaNbl 3aMKHYTH B cuay a) u A/p; usoMopdusl C B cuay b).)

d) ITokasate, uto B obmem cayuae dimg A<+ oo. (ITycTh R — Muo-

XKeCTBO HHAbMOTEHTHHX 3JeMentoB B A, spasiomeecst (3aMKHYTHM) HAeaJoM
B A. Torma, 8 cuay c), dim (A/R)<-+oo. Tak kak R — umean xoHeuHoro
tuna, 10 R®*=0 pns pocraTouHo Ooxbmioro n. Hakomen, Kaxpplit Hpeax
R/RIT apnserca Mopxy/ieM KoHeuHoro THia Haa A/R, caenosarennHo,
dim (R/R' ) < +o0.)

28) ITycrs A — aare6pa ¢ enwHunedl Hag C, Haxe/eHHas J0OKaJbHO BHI-
MYKJOH OTHEHMON TOMOJOTHeH, TaKoMH, YTO yMHOMKeHHe B A pasfenbHO He-
npepuiBHO. JJieMeHT a&A HaseIBAIOT DEryJspHHIM, ecad cyuiecrsyer r >0,
TaKoe, 4TO @ —~A o6paTHM aas |A|Z>r, a MHOXKECTBO 3JeMEHTOR RBHJa
(@~A)"! npr |A]>r orpannueno.

a) ITokasaTh, uTO ecqau 3JeMEHT a peryJspeH, To A (a —-A.)_] ocraercs
OrpaHHYEHHBHIM HpH (A |>r.

b) IokasaTb, uTo ecau oToGpaxeHue x> x~! ompeneseHo B OKpecTs
HOCTH TOUKH | M HenpepblBHO B TouKe 1, TO BCce 3aeMeHTH U3 A peryJspHul.
¢) Ilyets U,y pnst kakaoro a = A ecTh MHOXKECTBO Takux A & C, uTo
(@ — p)~! cyumecTeryer u OrpaHHYEHO JJIS BCEX [L M3 HEKOTOPOH OKPECTHOCTH A.
IMycrs Sy = C==U,. [lokasarb, uT0 S, 3aMKHYTO, H €CAH @ — PErynspHbI
aneMenT 3 A, T0 S, — Henycrof KOMNakKT (B MpeanoJomeHuH, uto A=={0}).
U d) Myers a < A. IToxkasars, ut0 GyRKUHA A > (@ — A)~! rosoMopdHa

B U,.

e) Ilyctb a & A. Jlokasats, uTo A& U, B TOM U TOJMBKO B TOM Ciyuae,
Korja 3JeMeHT @& — A HMeeT peryasipHbH oGpaTHHIIL.

i) ITokasarb, uTo ecaw Bce 3JeMeHTH B A peryssapHs H A ecTb Teso,
10 A=C- 1.

29) Ilyers A~ anre6pa nan R, apasowascs TefoM ¥ cHaGxeHHas oThes
JIUMOH NOKANABbHO BBIMYKJOH TOHOAOTHEH, OTHOCHTENHHO KOTOPOH YMHOXKeHHE
B A HenpeprBHO, a oToGpakeHHe x—>x—! HenpepnisHo B Touke 1. [TokasaTs,
aro roraa aare6pa A R-usomoppua R, umr C, uan H. (Ecau anrebpa A
KoMMyTaTHBHa Hax C H cymectsyer aseMeHnt u=A, Takoi, uro u?= —|, —
cHabautb A crpykrypoit aare6pm Hajm C u npuMeHuT» ynpaxuenne 28 f).
Ecan A xoMMyTaTHBHa, HO TA4KOr0 37€MeHTa He CYIIECTBYeT, — OPHMEHHTH
ynpaxnenune 28 f) k anre6pe A ®RC, KoTopast siBAsieTca TesoM. Ecam anre6pa A
HE KOMMYTaTHBHA, ~— paccyXJaTb Tak Xe, kKak B Komm. azz., ra VI, § 6,
n°® 4, teop. 1, Tperuit cayuai.) .

11 30) IMyers A— asre6pa nax C, cocrosmas u3 cyxeundi Ha (0, 1)
PAanHOHANBHBIX (YHKHHHA OJHOR MepeMeHHOH C KOMILTIEKCHHIMU Ko3({pHIHEH-
TaMH. DTa ajarebpa sRJISAETCSH TEJIOM.

a) Cuabnutbh anre6py A rtonosoruell cxomumoctn no Mepe (Hurezp.,
ra IV, 2-e uan., § 5, n°11). [lokasaTh, 4TO B 3TOH TOMOJOIHH OTOBPANKEHHS
(z, )r—>x+4y, (x, y)r—>xy us AX A B A HenpepuBHH ¥ oTOBpaXKEHHE
x> x"! w3 A* B A raxxke HenpeperHo. Ara Tomonorus B A He ;BATETES
JOKaJbHO BHIIYKJIOH.

b) as xaxpgoro n e N* onpemeiuM HOCHENOBATEABHOCTD (w,‘ n)”____z

PpaBencTBaMH w_, = (r + DD prar > 1, wy =1, w, =(s+ 1)~ tstiin
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xag s> 1. Ecan | & A, nonoxam p, (f) = 2 w, ,|a,|<+oo, rne 2 at’—

r
pasnoxenue Jlopana ¢ynkuun f(f) oTHocutresrHo Touku 0. ITokasaTs, yTo
TOrJA Ppn ABJISIOTCH MOJYHOPMAaMH, KOTOPHE ONpeAeasioT Ha A MeTpH3yemyio
JIOKaJIbHO BHIIYKJYI0 Tonogoruio. OtobpaxenHe (x, y)—>xy us AX A A

HeNpepHBHO B 3Tolt Tonosordn.” OrtobpaxeHnue x—>x"! 53 A* B A me
aBaseTcs HenpepoBHHIM. Hakowen, asre6pa A He mOJIHA B 3TOM TOMOJOrHH.

31) a) ITycte A — aare6pa Hap C, cHAGKeHHAsH JOKAJNBLHO BHIYKION TOMO-
gorueit. [Tokasars, 4ro cleiywlngHe YCJIOBHS IKBHBAJEHTHH: @) CYLIECTBYeT
¢ynnamentampHas cncrema (U;) ypaBHOBEIIEHHHX BHOYKJIHX OKpecTHOCTEH
HyJst, Takux, yto U;U; = U; pas seex i; B) anreGpa A msomopdna HekoTo-
poli mojanrefpe npou3BeJcHHsT HOPMHDPOBAHHHX aJre6p; y) TonoJorus B A
MOXeT OHTh ONpEefeJeHa ¢ MOMOLIbIO CEeMeHCTBA MNOJYHOPM Py, YAOBJETBO-
PSOIEX HepaBeHCTBY p; (xy) << p; (x) p; (y) upu Jobux x, y & A AnreGpy A,
YAOBJETBOPAIOLUYI0 3THM YCJOBHAM, HA3HBAIOT JOKAJbHO m-BHMyKJoH. [To-
Ka3aTh, YTO B ITOM cCJy4yae oTofpamxeHue (x, y)—>xy u3 AX A B A 1ue-
npepstero. Ecion anrefpa A copepHT eIHHHUYHHH 3JieMeHT H G — MHOXECTBO

BCeX ee OODAaTHMHX 3J€MeHTOB, To otoOpamenue X +—>x~! us G B A ne-
NpephHIBHO.

b) Mycrs A — JoKa/NbHO mM-BHUYKJIAs ajre6pa ¢ €AWHHYHBIM 3JEMEHTOM.
ITokasath, 4T0 CIEKTDP KaXkAoro sjeMeHta u3 A He myct. Eciu A — tedo, TO
A=C-1I.

¢) Mycts A —~ nosHas, JOKaJBHO m-BoinyKJast anareGpa. ITokasath, uto
CyLIeCTBYIOT (GHILTPYIOlleecss Bo3pacraioiiee YIOPAHOYEHHOE MHOXKECTBO [,
cemelicTo (A;); o ; 6aHaXOBHX anre6p B HenpepHBHHE MOPHHIME Tyj: Ajr—> Ay

Ans [ <{j, YHOBJETBOPSIOUIHE COOTHOIICHHIO IV;jNjg == Mk, TAaKHE, 4YTO
anre6pa A uaoMopdHa noxaarebpe B 1_[ A;, coctosief u3 Tex 3JjeMeHToB (x;),
i

ANt KOTOPMIX Tj (xj)==x; upn i <.
d) Tokasats, uyro amre6pa € (R), cuabxennas TonoJgornefi KOMnakTHOM

CXOJHMOCTH, JOKAJABLHO rm-BuiykJaa. ITokasats, Aajiee, uTo MHOXecTBO ofpa-
THMHX 3JeMentoB #3 €. (R) miorno B ¥ (R) u He ABASETCS OTKPHITHIM.
e) Iycrk D — orkpuiras uacts B C, A — ajre6pa KOMIJIEKCHHX I0JO-
MOppHHX B D ¢dyuxuui, cHaGXKeHHass TOMOJOrHeH KOMMAKTHOH CXONHMOCTH.
ITokasars, yro Torpa aare6pa A JokaibHo rm-Beykaa. HenyneBo#t npegpen
[0CAEZOBATEJNLHOCTH 06PAaTHMBIX 3jeMeHTOB H3 A o6patum B A.

f) Tlokasarb, uyTo aare6pa Bcex OeCKOHEUHO AHQQEPEHIHPYEMBIX KOMII-
JgekcHHX ¢yHRuui Ha (0, 1), cHaG)XeHHast TONOJOTHER PaBHOMEpPHOH CXOXM-
MOCTH BMECTE CO BCEMH [DOH3BOJAHBIMH, SBJACTCH JIOKAJBHO m‘BI:IIIyKJIOI;.I.

g) Ilycte A — aare6pa (kaaccos) kommiekcHsix ¢ymuxunii f mHa (0, 1),
takux, uro fe LP ((0, 1)) ans kaxporo p> 1. [Tokasats, uro aarefpa A,
cnaGxennas HopMolt [ || f[l, (p>1), we sBugercs JoKaJbHO m-BHIIYKJIOH,
HO oToGpaxenne (x, y)—>xy u3 AX A B A HempepriBHO.

§3

1) Tlycts A — komMyTaTHBHaf GaHaxoBa aJsrefpa, 3 — MakCHMAaJbHBIR
npeaa B A. [ToKasath, yTo BOSMOKHE ToJbKO ABA CaeAyOmAX caydas: 1) J—
A4po HEKOTOPOro Xapakrepa asre6punt A; 2)  — HeKoTopas THNepIVIOCKOCTb,
conepxamas A? (npumennTb ynpaxknenne 6 k § 1). B wactHocTH, ecam
Hiean {§ He 3aMKHYT, TO {§ — FHIEPIJIOCKOCTs, IVIOTHA B A H coxepKallas
A2 (Uto6el noayuHTh npuMep 3ToH NocsenHell CHTYAl[HH, BOCIOJH30BAThCS
yupaxHeHueM 3.)

2) ITycrs A —6GanaxoBa anreGpa scex nociefosaresnsptocted x == (E, Eg, .. )
KOMILTEKCHBIX UHCeJ, CTPeMSIIUHXCH K HY.JIo, ¢ HopMoi# || x || = S;:lp [E:]. [Tyerp
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$§ — MHOXKECTBO BCeX TeX NocjeloBaresbHOCTell X, KOTOPHE HMeIOT JHIL KO-
HeuHOEe YMCAO OTJMYHHX OT Hyas uiedoB. [Iokasath, 4TO TOrja J — Hzaeas,
NIOTHER B A M He comepXamuAcs HH B OJHOM MakcHMaiabHOM Hpeare. (3a-
MeTuTh, uT0 A%2= A, ¥ UpHMeHHTH ynpaxHeHHe 1.)

3) Tlycrs A — HekoTOpoe MuoxectBo, p € (1, co( u A= [P (A) — mHO-

xecTBO BeeX ¥ = (Ea)y < 40 Ea € C, 2a1a koTopuix [[ x ||, = (2 | B |”>”p<+oo.
p

[Mokasath, uro A — GanaxoBa ajre6pa OTHOCHTENbHO CJAOMEHHS U OGBUHOrO
ymuoxcenns. (Ecnn || (&) lp<! # () ll,<1, 10

%“ g I° < (;I &, Ip’)l/p (;I n, Ipq)'/q'

rae 1/g+41/p=1, orkyma crenyer, uro ||(§,n,) [, <<1.) Tloxasars, naree,

yto A% £ A, A? nnoTHO B A U MHOMXECTBO HEHYJIEBEIX XapaKTepoB ajreOps A
€CTECTBEHHHM O00pa3oM OTOX/ECTBJSETCS € MHOMecTBOM A, CHaGXeHHHM
LUcKpeTHoO#t TomoJsornel. (Bocmosap3oBaThest TeM, 4TO EBOHCTBEHHIHM IHpocT-
pauctBoM & [P (A) spasiercs [9(A). TlpeoGpasosanue [esbdaHna okasbl-
Baercs TOLJA2 TOXAECTBEHHHM 0TOGpaxKeHHeM, a era o6pas B HPOCTPaHCTBe
¢yuruufl, crpemsuxes X 0 Ha 6eCKOMEUHOCTH B A, — IVIOTHHM H HE 3aMK-
HYTHIM.)

4) ITycth A — 62HaX0BO IPOCTPAHCTBO KOMILIEKCHBIX (YHKIHHA, MHTErpH-
pyemnx Ha (0, 1} mo Mepe JleGera. JlokasaTh, Wro €clH MOJOMKHTH

I-o@=[fe—De@ada
0

s @< (0, 1), To ¢pyukuuss f.g onpeneseHa MOUTH BCIORY H fBJAAETCA
ageMentom anre6pu A. (TIpozoskurs f U g uyseM Ha R == (0, 1) u nmpuMennurs
Hrurezp., ra. VI, § 4, n°5, npega. 12.) Tlokasath, uT0 A OKasnBaeTCH KOM-
myraTiBHOR GaHaxoBoit aJare6pofi. Ilyctp x € A — mocrosinnast (YHKLHA,
paBHas 1. Torza ¢ynkuus x* umeer BHE

o1
(n—1)1"

[Moxa3aTh, uTo asire6pa A MOPONKKAETCS 9JEMEHTOM X, 4TO X — KBa3HHHIb-
NOTeHTHHHA 5JeMeHT U 4To aJare6pa A coBmapaer co CBOHM DPanHKaJIOM.
Tyers ep (n=1, 2,...) —aneMentn #3 A, ompegeicHHHE pPaBeHCTBaMH
en()=n paa 0<Ct<C1/n, eq (f) =0 nas t>1/n. Bocnosnb3oBaThes 3T0# CH-
cTeMOfl 9JEMEHTOB LJS NMPOBEPKH TOro, YTo aire6pa A obnafaer cBOACTBOM,
ykasaHHeM B yup. 22 K § 2, B uacrnoctd, uto A% = A. TlpuMenss ympaxHe-
Hue 1, mokasaTth, uTO ajre6pa A He COLEPXKUT HH OFHOLO MaKCHMJbHOTO

uneana (peryJsiPHOrO WJH HeT, SAMKHYTOrO HJH HeT.) )
5) Ilycrs (ag, @y, ...) — NOCACZOBATENLHOCTh MOJOXKHTEJBHRX YHCEJ, Ta~
KHX, 4TO 0 =1, @ < a,q,, kET a,'elk =0, Tyers A — MuoxecTBO dop-
[~}

® >

m-+n

co

[~}
MaJbHHX PANOB X == 2 ExL® = C[[2]), rarux, o || x || = 2 &g | ap < o0,
k=0 k=0
ITokasarh, uro A — RoMMyraTuBMasd - GaHaxoBa aJre6pa c epuuuuef, mopa-
KJEHHAA 3JeMeHTOM [, MPHUEM eXHHCTBEHHHM MaKCHMaJjbHEIM HIealoM B A
ABJAETCA MHOMECTBO BCEX 3JIEMEHTOB X & A C HYJEBHM [HOCTOAHHBIM YIECHOM
B pasjoxeHHH 1o cremneHaM §. (3aMeTHTh, YTO 9JeMEHT [ KBa3HHHJBIOTEHTEH.)
6) Tlokasatb, uto B aare6pe C(X) panuonasbunx ¢yuknufi Han C muo-
xecrBo {0} ABAAETCA MaKCHMAJbHHM HIEAIOM, HO HE KOpaaMepHocTH |,
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7) lTycrs A — KoMMyTaTuBHas GaHaxosa aare6Gpa c eaununedi u y < X (A).
Has kaxnoro snementa x & A nonoxum || x ||, =] x(x) | + |l x — x (x) |l. ITo-
Ka3aTb, 4T0 X > || x ”x siBssieTcst HOpMol, uto || xy ”x <|| xllxllyllx, lie “x=l H

Fell<Nxll, <3lxll, ecan flefi=1

8) Ilycts A — koMMyTaTHBHasf GaHaxoBa aJgreGpa ¢ eauHuied, Takaf,
uro || 1]]=1. [Iycrs N — MHOXeCTBO BCeX HOPM B A, SKBHBAJEHTHHIX HCXOH-
Holl, o OTHOWeHHIO K KoropuiM A eme ocraercss GanaxoBofi aareGpoft, a 1
umeer HopMmy L.

a) Ilycre anemeHT xp € A TakoB, uro P (xp)<!l. JJaa kaxjoro x = A

IOJIOXK UM
[l %' = inf 3 llan Il
n

e HHXHAS rpaHb GepeTcst 1O BCeM NPeACTABJAeHHAM X B BHAe dot-aixo+...
oo + a8 (ap ap, ..., a, = A). Tokasars, uto Hopma x +—> || x |/’ aBaserca

andementToM N. (Tak kak p(x0)<l, TO ” x({”gk npH BCeX 7, OTKyAa

x| <kl x|.) Mokasars, uro || %o < L
) BuBecTH H3 a), YTO A8 KaXKJOro ajeMeHTa x € A HMeer MecTo pa~
BeHCTBO
p(x)= Inf n(x).
n&N

¢) [TokasaTs, YTO €C/JIH €JHHCTBEHHHM 3JeMeHTOM B N gBaseTcd HCXon~
Hast HopMa B A, To A= C. |. (IIpamenurs b) u yup. 7.) .

9) Myers A — xoMMyTaTHBHAR GaHaxoBa aJjreGpa, D — HeumpepeBHOe JIH-
nefiHoe otoGpaxende A B A, Takoe, utro D (ab)=(Da)b 4 a (Db) ana Bcex
a, be A

a) [lokasars, uTo Jif KaXgoro Xxapakrepa ¥ = X'(A) u kaxzuoro

[++]

AeC pur ¢ (a)= 2 (A*/n1) % (D"a) cxomures; A t+—> @, (a) — uenas
—0 . .
¢ynxuust H oro6paxende ar—> @, (a) upasgercs xapakTepom aarefpu A.

b) TIlokasats, uro wHCHO (p}'(a) He 3aBucAT OT A. (3aMeTHTn, 4TO
N (a)|<Ilall B cuny a).) CrenoBatensHo, ¥, (Da) = 0.

¢) Ilokasats, uto D nepesoaur anreGpy A B ee paxukai. Brisectd or-
CIOfia HOBOe JoOKasaTeabctBo yup. 25 f) k § 2.

10) Ilycrs D — anreGpa Bcex GeckoneuHo pHbdepeHUHpyeMbX (YHKIHA
f: (0, 1) >C,

a) Ilyers A —HekoTopas mopaJreGpa B D, cHaGxeHHAss HOPMOH, OTHOCH-
TeqbHO Koropoft A siBjgercss GaHaxomofl ajare6Gpoit. [TokasaTs, uro cyutecTByer
mocseloBaTeNbHOCTb (Mg, My, M3, ...) HEOTPHUATENLHHIX UMCEJ, TAKHX, YTO
g Kaxjoro x = A

sup | x® = 3
oSUR 5™ (1) | =0 (my)

(Ilyers D, — 6aHaxoBa aareGpa ¢yHRuuA, n pas HeupepHBHO AnddepeH-
nupyemsrx Ha (0, 1). B cuny mnpeastoxenns 6, KaHOHHUecKas HHbeK-
uugs A-> D, HempepmBHa; uyctb Mp—ee HopMa; ecdH X< A, TO
(1/n1) sup |,

o2 1 () 1< Mall £ 1)

b) TlokasaTe, uTo He CymecTByeT HHKaKoft HOPME Ha D, OTHOCHTe/LHO
Koropoit D craHoBuTcs GaHaxosofl ajreSpoit. (Has kaxnaoft mocieloBaTess-
HOCTH HeOTPHUATENLHBIX uHcesa (Mg, My, ...) cylecrsyer ¢yuxuns [ & D,
Takad, 4ro f("’ (0) == nmy, npu Bcex n = 0. ITpumeHuTs a).)
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il) a) Ilyere A — GaHaxoBa aJare6pa, ¥, — HekoTophili Mopdusm 3 A B C.
IMokazate, uro |y (x) | <<|x|| a1 Bcex x = A. ([lokasaTeqbcTBO TO Xe, 4TO
H J1J8 TeopeMmb l.)

b) JokasaTh cnpaBeXMBOCTb HpeNJIOKeHHS 6 6e3 NpexnoIoKeHHs: 0 KOM-
MYTaTHBHOCTH GaHaxXoBOH ajre6phn A.

12) Tlycrb A — GanaxoBa asre6pa c epuuuueit (x,) — Hekoropas nocJe-
JOBATEJLHOCTh OGPATHMBIX BJIEMEHTOB H3 A, cxoxsuascsd K sJeMedty x < A,
IMokasarb, uTO ecyH mOCJ/EXOBATENLHOCTD (p (x; l)) orpaHuueHa H €CJH
XpX == XXn TPH BCEX 7, TO 3JeMeHT X obpaTtuM. (B cuay ciaenpcrsus mpegmso-

-1 -1 .
HEeHHs1 5 HMEET MeCcTO HepaBeHCTBO p(l —x, x)<p(xn )P("n_ x):, ce

1

IOBAaTENBHO, SJIEMENT X, X O6PaTHM HPH AOCTATOYHO 6OJBUIMX n.)

11 13) Iycte A — 6anaxosa asre6pa [2(N) (yop. 3). Ilycte A, — nogs
aire6pa, o6pasoBaHHasi TEMH IOC/AEHROBATEJIBHOCTAMH, B KOTOPHIX TOJBKO KOs
HEeYHOE YHCJIO UJeHOB OTJHYHO or HyJdsa. Ilycte B — mpamas cymma Ay 1 C
¢ ymuoxendem (f, a) (g, B) = (fg, 0) mas Beex f, g€ Ay, a, = C n nopmott

I (F, @)l = sup (llfll, a— X f(n) )

Tlokasars, 4ro Torna B ssasercs KOMMYTaTHBHOH GaHaxoBO# anreSpoi,
paaukan koropoit R cosnamaer ¢ C«(0, 1), a2 dakropanre6pa B/R usomerpu-
yeckn usomopdpua A. [lyers m: §+B/§R—Kanonﬂqecxgﬁ mopduam. Iloka-
3aTh, uTO He CYIIeCTBYeT HMKakoil mnopamreGper By B B ¢ ponosmennem &,

ans xoTopo#l oroGpaxeune w|Bp: B,—)E/SR=A ABJIsieTcss romeoMopdus-

mom. (Ilycts B; —rakas nogmasre6pa. Ilycth aJement ug & A Takos, uTO

up(k)=1, up(EYy=0 nas kK 5 k. Tlycts, xatee, ep & B; ¥ 7(er) = up.
0 0

IToxasath, uro ep & Ay, uTO pAX 2 up/k cxopurea B A, HO pag 2 exlk
k=l k=l
He cxogurcs B B.)
14) Tlycte Q — xomnakTHoe MuoxectBo B C2, onpeneneHHOe HepaBeHCTBOM

1
S<lzP+iznk<I,

]
u nycts A — nmogasirebpa B € (Q), cocTosmian U3 GpyHku#i, rosoMophHux B Q,
IIycrs U—o0TKpBITOC MHOKECTBO, onPeneneHHoe HepaBeHCTBOM | 2 |2+ 2, |2 < 1.
Ha ocHoBaHnu Teopemn Xaprorca !) pusa kaxpoll dyuxumnn [ & A cywecrsyer

M HIPHTOM efgHHCTBeHHass (QYHKUHA few, rojomopduas B U u cosna-
napmas ¢ oynxiuedr f Ha Q. INMoxkasaTh, 4TO KaHOHHYeCKasms HHBLEKUHS H3 A
B @ (Q) ectp HaomeTpHueckuii Mopdu3M h, a ero 06pa3 ABJAETCA HANOJHEH-
Holl mopnajrebpoli B @ (Q), Ho oTobpaxenne X (k) He CIOPHEKTHBHO,

15) IMycte A # B — xomMmyrathBHHe 6aHaXOBH ajreGpe ¢ eguuuued,
@ — MopbuaM aare6p c enunaneii us A B B, (x)) — cemeficTBo s/eMeHTOB
H3 A, Takoe, uTO 3aMKHYTas HamoJiMeHHas noma/rebpa B A, NOPOXACHHAA
sTHM cemeiicTBoM, cosnagaer ¢ A. ITokasarte, uro RJs Toro, yTobu X (¢) 6bla
CIOPBEKTHBHEIM, HEOGXORHMO H ZOCTATOUHO, UT06H Sp 4 ((%,)) = SPg (P (X,)))-
(TMpumenuts puarpammy (1), n° 5, rie npaBag crpesika COOTBETCTBYeT GHek-
THBHOMY OTOGDAXEHHIO B CHJY NpPelJIOKeHHS 9.)

16) ITycrb A — kKoMMyTaTHBHAs GaHaxoBa ajreGpa, B — GaHaxoBa aJreGpa
HenpepbiBHHX QYHKUHKHE, cTpeMsuguXcsi K HyJIO Ha GeCKOHEUHOCTH B NPOCTPAH-

) Cwm., wanpumep, kuury: Boxmep C, Maprun ¥. T., ®yukuun
MHOI'HX KOMIVIEKCHBIX mnepeMmeHubix, M., 1951 (mepemennas u mpexnoJiaraercs
Tam BeUIECTBeHHOH, HO MOXHO ee CUMTaTh H KOMILIEKCHON).



$ 8 " Ynpaxcnenus 109

cte X (A). TlokazaTs, 4TO c/AeAyOlHEe YCJAOBHS SKBHBaJdeHTHH: (i) A — aa-
re6pa Ges pagnkaia u ¥ (A) samxuyto B B; (ii) § asagercs romeomop-

namoM A Ha 9 (A); (iii) cymectByer mocrosiHHag a >0, Takas, uro | x |2 <
<L alx2ll aas Becex x € A.

17) Tlyers A — koMMyTaTHBHas GaHaXoBa afreGpa, 3 — 3aMKHYTHIA Haeaa
B A, h — KaHonHyeckasn uubekuua u3 3 B A. Ilokasate, 4T0 mpOCTPAHSTBO
X’ () oroknmecrsasercs ¢ dpaxropupocrpanctBoM X’ (A) no oTHoOmeHHIO SKRH-
BaJNeHTHOCTH, olpepensemoMy oroGpaxeHuem X’ (A). ([IpumenuTs yupaxue-
une 4a) k § 1.)

18) ITycts A — KomMmyraTHBlasi GaHaxoBa aare6pa ¢ egHHHuelf, x — He-
koTopHl 5J7eMenT u3 A. IIpelnoNoxuM, 4TO HamOJHEHHAs 3aMKHyTas MOX-
anre6pa B A, mopoxaenHas saemeHTOM X, coBmagaer ¢ A, Torma oroGpa-
xenue y > % (x) noasosaser oroxaectsuts X (A) u Sp x. Iycrs 56 — muo-
xecrBo QyHkiuA Buga &y Ha Spx, korga y mpoGeraer Bcio aare6py A. ITo-
Ka3aTh, UTO TOrga MHOXecTBO Sgp(Spx) (Hureep., ra. IV, 2-e nan, § 7,
n° 4) sasaserca rpanuuelt Sp x orHocuteasto C. (I TpoBepkH Toro, HTo
§3€(pr) CONEPKUTCA B STOH TIpaHHUIe, NPHMEHHTh NPHHLUMI MAKCHMyMa.
OfpaTHO, NycTh 2p — HeKoTopas ToUKa 3TOA rpaHMIlpl; AJs A0KA3aTeJAbCTBA
ee npuHaLIOKHOCTH K Sgo(Sp x) pacemorpers (x —z,)_l, Korja 2; MocTa-
TOYHO GJIH3KO K 29 B C==Spx.)

19) ITycts A — xomMyTaTHBHast GaHaxoBa aJareGpa c eaunuled,, B — 3amk-
Hyrtas nomaiare6pa c¢ epuduueir 8 A, T — otoGpakenue ¥ >y |B us X(A)
B X(B), R — otHomenne skeuBaJdeHTHOCTH B X (A), onpesesnenHoe orobpa-
xennem T. TlokasaTh, uro torza I ompelesser (B peaysabTaTe Nepexona
k ¢agropnpocrpancrey) romeomoppuam X (A)/R Ha T (X (A)), v xia Kaxpoft
pyuxuun f=9 (x) (rae x & B) peanunna | [| RocTuraer csoero MakcHMyma
wa T (X (A)).

20) IMycre A —kpyr [2]|<<1 B C, A — mHOXecTBO Beex f & & (A), roo-
mMoppuuX BHYTpH A, A; — Ganaxosa mnopmaareGpa B ¥ (A), mopoxzienHas
agare6pol A v Qyukuuefi 2+ |z |. TTokasars, uto X (A;) romeoMopdHo MHO-
JKeCTBY TeX TOUeK (¥, X, X3) € R3, pan xoropsix x? + x% < xg, 0 x <L

21) a) Ilyere (X)), = o — HekoTopoe ceMeficTBo nmepemeHHsIx. Jlas ka-
xpgoro ¢opmanshoro paga & C[[Xpll) oo -0Oosmaunm uepes [[ff cymmy
abcosoTHEIX 3uauenddl ero Kosdduuuenros. ITycts A — MHOXKeCTBO TaKHX
Fe Cl[Xally = o> uto | fl < 4 oo. IMokazats, uTo mocsie BBefeHHA OGHIYHBIX
ofepanuii caAOKeHHsT U YMHOXeHnst A CTaHOBHTCA KOMMYTATHBHON GanaxoBoft
asreGpoit ¢ eguHHuell 6e3 paxukada.

b) TTokasaTs, uro mas Jao6Gofi koMMyTaTuBHO! GaHaxosoft aareGph ¢ exH-
uuuelt B cyuecrsyer aareGpa tuna A u HelpepuBHHIA Mopdusm aaredp ¢ exgH-
Huue#t n3 A uwa B.

22) Tlyers Q — nekoropasa KommakTHas yacre C™ IlokasaTs, uro oToO-

GpaxeHne .
(glv oy gn)'_é(gb LR gnv :l) vy Cﬂ)

ABAsTeTcs romeoMophusMoM KoMnakTa @ Ha MOJHHOMHAJABHO BHIIYKJIYIO KOM-
naktuyio gaers C*%. (Tlyers A= % (Q), z, — koopnuratHyie QyHkuuu Ha C”.

Torga (zt|$2, zt[9)1<‘i<n €CThL CHCTEMa TomoJorHueckHx obpasyiomux B A,

a paccMaTpHBaeMoe oToGpakeHHe ecThb oToOpaxeHue H3 X (A)=Q » C%",
olpenensieMoe 3TONH CHCTEMON TONOJOrHYECKHX O0pa3yIOLHX.)

23) Ilyers a = (0, 1), Q — muoxecrBo Touek (&, &,) = C?, Takkx, uro
IC; <L 1811, @, —MuoxecrBo Touex (&, L) & C?, rtakux, uto

1G1<1, 1%I<(U—0) &+
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a) TToka3arh, uTO AOMOJHeHHA K Q H Q3 B C? cBA3HH.
b) Tlokasatb, yTo Q sBJASETCA MOJTHHOMHAJBHO BHIYKIOH oGosoukoil Qq.

(Ech (Q?. Qg) =QuP=sC [;1' ;2], TO cymecrpyer yHeao E & C, takoe, yro

lel=1n|PELed)|<|PE )l mo|PE L)< sup  |PE. L)L)
(610 &) =9

24) Ilycrp A — ROMMYTaTMBHAf NOJHaf JOKaJbHO m-BHNYyKJafd ajreGpa
¢ eRHHHLER.

a) ITokasats, 4yro sjeMeHT X H3 A o6pPaTHM B TOM H TOJBKO B TOM Cay-
yae, korga Y% (x) = 0 maA BceX HeNMPepHBHHX XapakTepos % aare6pum A.
Pagukan B A siBnsieTc IepeceyeHHeM BCeX silep HempepPhHIBHHX XapakTepoB
aare6pu A H, cTano GHITb, 3aMKHYT.

b) Iycrs B npaMepe yup. 31d) k § 2 J — npean, o6pasoBansnit Beemi f,
TakHMH, 4T0 f(n)=0 An7 Bcex ZocraTouHo GoabluuX ueanx n> 0. TMokasars,
4TO TOrja KAXIHA MakCHMAJBHHA Haean, COAepXKalHA J, ABAAETCA NIOTHHM
H uMeeT GeCKOHEYHYI0 KOpa3MepHOCTB.

§4

1) ITycrp A — GanaxoBa aire6pa c¢ eqnHHueH, G — rpynna ee oGpaTHMHX
snemenroB. [1okasarte, yToO

a) Tlogrpynna us G, mopoxaeHHas exp A, ABAAeTCA CBA3HOH KOMHOHEH-
Toit equHunH rpymnu G,

b) Jdas roro uroGH sjaeMeHT X € A npelcTaBasijica B BHIe exp y (y = A),
HeoGXOAHUMO H AOCTAaTOYHO, YTOOH OH COJEpHkaJjcAd B KOMMYTATHBHOH CBf3HOM
noarpymie H3 G.

c) Jlas Toro utoGH SaeMeHT X & A npecTaBaaica B BHEE expy (y € A),
AOCTATOYHO, yTOGH 0 npHHajgJekas HeOrPaHHUEHHOR CBA3HOH KOMIOHeHTe
C==Spzx.

2) Mycrb A — Ganaxosa aareGpa ¢ egunHue#t, G — rpynna ee o6paTHMBIX
sjaeMeHToB, (; — CBH3Has KOMNOHeHTa eJHHHUW B G.

a) Ilyets x = A u n >0 — nenoe uucao, takoe, uro x%=e. [Tokasarp,
yro x € G;. (Cnegrp sneMeHTa X KoHeueH, MHoxecTBO Takux A & C, uro
saeMeHT y (A)==Ax -} e — Ae o6paTHM, HMeeT KOHeuyHOe JONOJHEHHE H, CJle-
noBaTeabHo, cBA3HO. Kpome Toro, y (0)=e, y(1) =1x.)

b) TpeanonoxkuM, uro aire6pa A komMmyraTHsHA. [loka3ars, YTO KaXKIuH
saement H3 G/G,, ornuuuuit or HefTpaanHOro, HMeer GeCKOHeuHHt MOPSAOK.
(Eetu x= G H "< Gy, T0 X"=expy,y<S A, B cHly n°9, OTKRyna
(x exp (— y/n))* = e. IIpuMenurs a).)

3) Ilycrp A — KOoMMyTaTHBHAS GaHaxopa aareGpa c eQHHHIER.

a) TTokasaTb, yTo ecau j— HpeMmmoTeHT B A, TO exp (2imj)==1.

b) Ilycre snementr p e A Takos, uro exp p==1. [lokasaTs, uro Torza
cnerTp Sp p (B cuay mpepsoxkeHHS 8) CBOXHTCA K KOHEYHOMY 9HCIY TOYEK
BHAA 2in®, n = Z. Jlas aucaa A€ Sp p HMeeT MeCTO DaBEHCTBO

I
[ew@p—nrnde=0—exp(=a)a1—p
0

BuBecTH oTCIONA, YTO KaXJad Touka H3 Sp p ecrs mpocrofl momoc GyHk-
&
wen R (A, p). TlpuMenss n° 11, mokasats, 9T0 p=2im D, nyjy, Ine
v=I
f,vee, 0, ©Z, a j, - NONAaPHO OPTOrOHAJBHHE HAEMIOTEHTH.
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9 4) a) ITycrs B — KoMmaeKcHoe 6aHAXOBO MPOCTPAHCTBO, & — TOUKA H3 B,
takas, uro [e|=1. ITokasars, uro mid KaxJoh TOUKH x & B cymecrsyer
npejen

lim o~ '(lletax|~—1);
a>0, a0

ofosnauum ero wepes @(x). Ilyerp P (x)= sulpl ¢ (ex). ITokasarts,
ec¢, le|=l
jpanee, wro 1 — moiyHopma, MaxopupyeMas HCXOXHOA HODMOR, H vuroO
P (x)=sup|f(x)], rae [ mpoBeraer Muoxecreo Bcex fe& B’ (B’ — gsoft-
cTBeHHOe mpocTpaHcrBo K B), Takux, uro | fll=Ff(e)=1.
b) Ipeanonoxnm rteneps, uro B — GamaxoBa ajreGpa, Ajas KOTOpoi
e — enuHuyHLi 3jement. Jlokasare, uro

(x)=_lim a~!logfexp(ax)|=
>0, a>0

=supa~!log| exp(ax)].
a>0

(3amerntn, uto log | exp (a + a’) x| << log| exp (ax) | + log|lexp (a’x) |b)
c) ITpumensia b), nokasars, yro | exp (Ax) | <Cexp (| A { P (x)). Uurerpupys

dynkunio A —> A2 exp (Ax) no okpyxuoctu | A | ==p, BmBecTH, uTO
Ix]<p~!exp (p¥ (1)),

OTKyJa, nosarag p == 1 (x)~!, moayuHTH HEpPaABEHCTBO
fel<ep (x)

(3neck e, pasymeercs, 0O3HayaeT OCHOBAHHE HATYPAJBHHX JOrapH(pMOB).
d) ITokasarb, uTo A7 KaXIOro HEHYJIEBOTO BJEMEHTa X H3 B cyuiecTsyer
¢yuxunonan f < B, Tako#t, uto

fe)y=[fl=t, f(x) 0.

(ITpumenuts a) H c).)

5) ITycts A — Gamaxosa asreGpa ¢ enuunueli, x = A u B — noaaare6pa
B A, nmopoxiennas sjemMentoM x. Jas Toro yrobu Sp x cBOAMJICH K KOHeu-
HOMY YHCJY TOYeK, ABJSIOLIMXCs MOJMIOCAMU PE30JbBEHTH, HEOGXOLHMMO H [0-

P
crarouno, urobn dim B < + co. (Ecam R(x, A) == Z F,(Ma;, rae a,= A
i=l

u F;— ckansapusie pauHoHasibHHE GYHKUWH, TO H3 pasjoxenus R (x, A)
B OKPECTHOCTH TOYKH A ==00 BHAHO, 4YTO X" WBJIAIOTCH JHHERHBIMH KOMGH-
HanusMHA saementoB ;. O6parno, ecan dim B <+ co, TO cyuecTByeT Hemy-
aepolt mosunom f< C[X], Tako#l, uro f(x)=0. Torma Spx comepxurcs
B mHoxectBe Hyaed f. ITyers A & Sp x — kakofi-uubyas uyab pyukuuu [ (X)
nopsaka p; nyers g (2)==[(z)(2 —A)"P B okpecrnocTn Touku A u g(z) =1
B oxpectHocTH Spx=={A}; TOrma g (x)— obpaTumuilt sxeMent us A wu
0=F(x)epy=g (x)(x —2e)P ey, otkyna (r—2Ae)’en =0 H Touka A
ABASIETCS MOJIOCOM DE30JIbBEHTH.)

6) Ilyctb A — GanaxoBa aJgre6pa ¢ exumunell, x = A, U - orkpuras
OKPECTHOCTE Sp X, COXepXKaIlast TOJNLKO KOHEYHOE WUHCJIO KOMIOHEHT CBs3-
wocru U; (i=l), n fe O(U). Iokasars, yro a1a Toro, urobu f(x)=0,
HeOoGXOOHMO H JOCTATOYHO BHIMOJHEHHE CJeAYIOUIHX YCJIOBHH:

a) oA Kaxpaoro i, Takoro, 4ro Sp x[1U; — GeckoHeuHOe MHOXECTBO HJH
cofiepxalllee CyLUIeCTBEHHO 0co6yi0 TOUYKY pesoinBentH, f |U;=0;

b) xaxzni NOMOC PE30ILBEHTH HOPSIAKA p ABJASETCA HYJEM NODAIKA == p
Pynxuyn f. {ITo moBony HeOGXOAHMOCTH STOFO YCJIOBHS CM. ynpaxkueHue 5).)
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7) Iycte A — xpyr |2]| <1 B C. Kaxjofi noc/ie10BaTeIbHOCTH (cn)n>0

KOMIITEKCHRIX YHCeJ, Tako#, uTo Zlcnl<+oo, conoctaBuM  (YHKIHIO
n
[+]
f(z)=2cnz”, Henpeputsuyilo B A H roxomopduyio B A. IMosoxum ||fl=
n

= 2 | cnl. Muoxkectso BCcex aTux GyHKuuA Ha A oKasmBaercs, Takum olpa-

n
30M, Ganaxosoil ajire6poii A ¢ obpasywouwel 2. ITokasare, uro X (A4) oToxae-
cTBasieTcy ¢ A, M ecan [ € A, a pynxuus g rojoMopdHa B HeKOTOpol oXpect-
noctd f(A), To n gefes A,

8) Ilycts A — xomMyraTuBHas OanaxoBa ajrefpa ¢ exuuuuell » x = A.
IMycrs S — neKoTopas uacth X (A), saMKkHyTas B TomoJjornd JlkekoOGcoHa,
¥ [ — KOMIIEKCHAs (pyHKUUS, FOJIOMOPHAS B HEKOTOPo# okpecTHOCTH (Fx) (S).
MMokasath, yTo cymecTsyer sJemeHt § & A, Takoft, uro Fy=Ff-%x ua S.
(TTyers § — nepeceuenpe sigep Beex ¥ & S. Hcnoassosats dyHKuuoHaXbHOE
weuncaende B8 A/J.)

9) Mycrs Q — orkpurasg Henycras uyacte B C. IlokasaTe, uTo Ha mpo-
cTpaHerBe O (R) He cyliecTByeT HOPME!, OTHOCHTEJBHO Koropolt O () wpasa- |
Joch On Ganaxopo#t aJreGpoit. ([Tpumenss Teopemy 1 § 3, mokasarts, uro
¢yuxknun w3 O (Q) Guid 6 orpaHHUEHHBIMHE.)

10) IIycts A — Ganaxopa ajrebpa ¢ epduuneft, x < A u k>0 — nenoe
YHCIO.

a) IlpennontoxuM, uto SpxcU u uro [|R(A, x)[=O0((1 —[4A] )k),
korga | A| -> 1. Mokasars, uro |x*|+ O (ln [¥), korza n— % oo, (st Kax-
goro 6> 1 c nomowpio uHTerpana Kol MONYUYHTh HepaBEHCTBO

6n 6—n
M
(6— 1y + (1—=8"1)F’

rae M He zaBucuT oT n K 0. [Tosoxuts 8 =n/(n — k) B Tom ciyuae, Korza
n—>-+ oo, u 8=n/(n+ k), xorga n > — o0.)

b) IMpeanonoxum, uro [lx%|f=0( |n]k) npu n—>» + oo, [lokasaTs, 4TO
SpxeU u uro [R(A ) =0((1 —|a])*tY), korma |A]—>1. (Tak kak
p(x)=p(x~1)=1, 1o Spx= U. Ilpu |2 | <1 cnpaBea’IuBo paBeHCTBO

RMA, x)=—x"1(14ax~ 42224 4%+ ...).

Tenepp octaetcss oueHHTh ||R (A, x)||. AnajoruunsiMm oGpasoM MOCTYIHTH
B cilyuae |A[> 1)

11) Mycms X; (coorseTcTBeHHO X,) — MHOXeCTBO BceX (2, 2p) & C?,
Ans KoTopHix Yy | 2, |2 + I 2y |2 <1 (COOTBeTCTBeHHO [2 l2 + l 2y |2 < l).
Myers X = X; U{(0, 0)} = C% Ilycrs, Aanee, A=F (X) u a;, a, — cyxenns
Ha X koopauHaTtHeix ¢Gyukuuii nHa C2 ITokasate, YTO coBMecTHHIA CHEKTp
Sp, (2, 2,) cosmapaer c X. IMocTpourb B2 Pa3MHUHLIX HEMPEPHBHHIX MOP-
¢dusma aareSp ¢ exununet us O (X) B A, mepepojnwiux 2y B 4y, 23 B a,.
(ITepsniit mMopdH3M crpouTest ¢ noMmompio TeopeMer 1. Bropo#t nosyuaercs
110CJIe NPEMEHEHHS chaeayiomel Teopemsl: A1 KaxkaoR ¢yuxkuum f, rogomopd-
HOl B HEKOTOPOH OKPeCTHOCTH MHoxecTBa X;, CymecTByeT OQyHKuHA g,
roJOMOD(HAs B HEKOTOPOH OKPECTHOCTH MHOXecTBa X, KOTOpam COBIajaer
¢ | B uexortopo#t okpectrHoctd X; (cv. § 3, ynp. 14).) .

91 12) Iycrs A — KoMmyTaTusHas 6aHaxoma aJareGpa ¢ eguuuief,

a) Just Kaxporo KomeuHoro cemeficrBa J ssemenros H3 A nyers S (J) <

< ¢’ — cosmecrami criexrp J. [Tokasath, yro ecau J' comepxkur J, To Kauo-
J’ J ’
HHYecKast ClOpbeKuus pry , H3 C” na C’ TakKosa, uro pry, (S)=S).

2n 1" < M
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Taxum oOpasoM, onpeieneH HHBEKTHBHHIA MopdusMm @, . us O(S(J))
B O (S (). Myers O (X (A4)) — nuayxrususifi upepen O (S ({)) otHocuTENBHO
@, (nunexcaMn daxTuyeckH cayxar Koueunoe yactu u3 AX N). Kauoun-

yeckne oTobpaxKeHus
9,:0(S(N >0 (X (4)

uapekTuBHbl. Hagemum O (X (A)) Tonodornell HEAYKTHBHOrO IIpegena, nopox-
nenHoli Tononorusmn Ha O (X (J)). Has kaxnporo sJaemenra ¢ € A xoopmu-
HaTHAS )q)ymmuﬂ B oxpecrHocrd S(a) = C onpepensieTr sMeMeHT 2, Ha
O (X (A)).

HenpepoiBras ciopbekunss X (A) > S (J) onpepensier HenpepHIBHEE Mop-
dusm F(S(7)) B € (X(A)). Mopdpusmar O (S(J))) >F(S{))) > € (X (4))
OnpeReNsIOT HeNPEepHIBHBIN MOpPHH3M

¢ O (X (4)) > € (X (4)

dror MophH3M, Boobme roBops, Ae HHBEKTHBEH.

ITokasarb, 4TO cyulecTBYeT W IPHTOM €JHHCTBEHHBIH HelpepHBHHE Mop-
busm aare6p c ennuuued ¢ us O (X(A)) B A, tako#t, uto ¢ (24)=a nas
Kaxjoro siaeMenta a & A (npumenurs Teopemy 1), Cynmepnosunus storo
MopdH3ma ¢ npeobpasoBaHueM [enpdanma coBnagaer ¢ @. -

b) Iycrs E — orpennMoe noxaJeHo BHIOYKJAOE npocTpaHcTBo, U — ciabo
orxpuras uyacts E M f: U—> C — nekoropass ¢yuxnus. Iosopar, uto ¢yuk-
uns f caabo rosomopdHa, ecoH ZJs kaxjol Toukk 4 € U cymecTsyor caabo
OTKDHITAa$ OKPECTHOCTh Vy 5TOH TOUKH, HEKOTOPOE 3aMKHYTOe BEKTOPHOE
noanpocTparcTBo F, koHeuHoii KopaamepHoctH B E H rodoMopdHast yHk-
nusg g, va p,(V,) (uepes p, oGoanauaercss xaHOHHyecCKoe ‘0TOOpaxenHe E
ua E/F,), rakue, uto f|V,=g,°op, Ecau K — craGo komuaxruas vacts U,
TO CYIECTBYIOT HEKOTOPast cnabo OTKphiTas okpecTHocth V. mHOKectBa K
B U, saMKHyTOe BEKTOpDHOE NOAUPOCTPAHCTBO FK KOHEYHOH KopasMepHOoCTH
B E u romomoppuas dyHkuus g, Ha pK(VK) (uepes p, obosnauaercs
KaHoHHYecKoe oTobpaxenne E na E/F ), takue, uto f|V =g °p,.

Moxkasate, uto O (X (A)) asasercs uHaykTuBHHIM Upegenaom O (S), rae S
npoberaer MHOXeCTBO ¢/1a00 OTKPHTHX oxkpecTHOcTeii X (A) B mBOHCTBEHHOM
k A npoctpancTBe H rie ueped O (S) ofosunauaercs aareGpa cnabo rougo-
mMopdHHX (YyHkUHIE B S, HageseHHAss TOMOJOTHeH KOMMAKTHON CXOZMMOCTH.

§5

1) ITycts A — peryasipHasi KoMMyTaTuBHast GaHaxosa aarebpa,  — sam-
kHyTH#l ngean B A, IloxasaTs, uto Torza 3 u A/J SBAAOTCA Pery/nspHBIMH
KOMMYTATHBHEIMH GaHaXOBLIMH anreGpaMi.

2) ITyets A — peryaapHas XOMMyTaTHBHas Gadaxosa aJareGpa 6es pajgm-
Kana, § — HeKOTODHil Hiean B A, § — Touxka B 4(J), I — MHOKecTBO Bcex
x e A, TakuX, ur0 Fx HMeeT KOMNAKTHHH HOCHTENB, HE lepecekaloUIuiics
¢ {y}. Mokasare, uro Torga J -+ § — Haumennmuii Haean & B A, Taoit, yTo
§5F 1 h(R)={x} :

8) Ilycrs A — xomMyraTHBHAsi GanaxoBa anreGpa, A' — GaHaxoBo npo-
crpatcTBo, ABoHcrBenmHoe ¥ A, Jas kaxporo smeMenra x & A of6o3HaunM
uepes o (x) anHefinpii omepatop B A, compsiKeHHB K ONEpaTOPy yMHOXKeHHS
Ha x B A. lngs x € A n " = A nonoxuum x « x"==p (x) - x’. BexropHoe nox-
npocrpaictBo B A’ HaspIBaeTCss HHBAPHAHTHBIM, €CJH OHO HHBAaPHAHTHO OT-
HOCHTEJIBHO BCeX oleparopoB g (x).

ITokasath, uTo

a) Jlas toro urobs saeMent x’ u3 A’ OblLT IPONOpPLUHOHATEH HEKOTOPOMY
HeHYJIeBOMY XapakTeDy aareOpbl A, HeOGXOHHMO H AROCTaTOUHO, 4ToOH mOA-
IPOCTPAHCTBO Cx” BwLIO HHBAPHAHTHBIM. .
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b) Otofpaxenne V > VO gpiserca GHekunell MHOXKECTBA 3aMKHYTHX
uaeanoB B. A Ha MHOXeCTBO ¢JaG0 3aMKHYTHX HHBapHAHTHHX NOAIPO-
ctpauctB B A’

¢) Ecau W — cna6o saMKHyTOe BeKTOPHOE NOAUNPOCTPAHCTRO, MOPOXKACH-
Hoe W, u W, rmpe W; v W, — nuBapuaHTHHe cJa60 3aMKHyTHEe NOANPO-
crpadctea 3 A, 10 0(W)=0(W,;)Uc(W,) (rae uepes o (W) oGosnaueno
MHOXKeCTBO XapaKTePoB, NPHHALIEKAMHUX HHBAPAAHTHOMY BEKTOPHOMY MOANPO-
ctpactsy W B A’ (ITpumenurs b).)

d) Ecain W — cqa6o saMkHyTOe HHBApHAHTHOE BEKTODHOe MOXMPOCTpaH-
ctBo B A, To 0(W) coBnmagaer ¢ MHOXECTROM BceX TakHX ¥ € A, Aaa Ko-
TOpPBIX H3 paBeHCTBA X » ¥ = 0 npu Bcex x'= W caepyer paseHcTBO (x, %) == 0.

e) Ecau A conepXur eNHHHUHBIH 3JIEMEHT, TO KaxJoe caaf0 3aMKHYToe
HHBAapHAHTHOE BEKTODHOe MOANPOCTPAHCTBO B A’ comepKHT No KpafiHell mepe
OINHH HeHYJeBOH Xapakrep.

Ipennonaras natee B 3TOM yIpaKHeHHH, 4T0 A — peryJspras amrefpa
6es pagnkana, copepiKallasi eXHHHYHBIH 3JeMeHT, MOKa3aTh, UTO

f) Eciz W ~ cnaSo 3aMyHyToe HHBapHaHTHOe BEKTOPHOE MNOANPOCTpaH-
crBo B A, a U — kakas-HuSyds OkpectHocTs MHoxectBa ¢ (W) B X (4),
to W comepxkHTcR B c1a60 3aMKHYTOM BEKTODHOM HNoxanpocTpaHCTRe H3 A,
OOPOXAeHHOM 3JMeMeHTaMH H3 U.

" g) Eciiu snemenr x = A rtakoB, uro Yx =1 B HekoTOPOH OKpecCTHO-
ctH o(x), rae ¥ & A u o (x¥)=0c(W), a W — crabo saMKeHyTOe WHBapH-
AHTHOe BEKTOPHOE MOANPOCTPaHCTRO B A’, HOPOKIEHHOE SJEMEHTOM X, TO
x+x" =y, (IIpumennurs f).)

h) Ecau o (x’) — oSbelHHeHHe J[BYX HenepeceKalOWHXCH SAMKHYTHIX

R 4 4 ’ 4
MIOKECTB @) H G, TO CYWECTBYIOT X}, Xy & A, Takme, uto @ (xl) =0,
¢ (xé) =0, ¥ =x]+ x5 (Bblépaﬂ, xp=u;»x’, Xj=u,s ¥, tne Gu =1

(cooTBercrrento 0) B OKPECTHOCTH G (COOTBETCTBEHHO 03), Ju; = | (cooTBer-
cTBeHHO 0) B OKPECTHOCTH Oy (COOTBETCTBEHHO Op).)

4) Ilycts A — peryasipHas KOMMYTaTHBHasi 6aHaxoBa aare6pa Ges panu-
Kana, YHOBJeTBOpsiiomwas ycaoBuio JHTKHHA, § — 3aMKHYTHH Huean B A,
x =¥(h(J)), F —rpausua Muoxkecta k (Ax). ITokasare, yro ecrn F1A ()
He COJEPXKHT HEeMyCTHX COBEPINEHHHX MHOXKECTB, TO ¥ € (BocmpousBectH
JAOKA3aTedbCTBO NMPeMJIoKeHUs 5).

5) ITyets A — perynapHasi KOMMyTaTHBHA® GaHaxoBa aare6pa Ge3 pajH-
Kana. IlpeanmosioxuM, yTo KaKAHH 3aMKHYTHH HAeas anare6pum A spasercs
HepeceyeHHeM DeryJsPHHX MaKcHMaJbHbIX HAaeasoB. Ilycre x & A. Ilycrs
F — muoxectBo HyJseft ¥'x. ITokasarb, 4TO TOrQa 3JeMeHT X SsIBJASETCH Ipe-
IeJOM TpPH A —» 00 TOCAEJOBATEIbHOCTH 3JEMEHTOB BHIA UnX, Tle uUup = A
H $'up paBHo Hymo B oKpectHoctH MHokectsa F. (Ilyers ¥ — mHOXecTo

BCeX 5JeMeHTOB y & A, Takux, uro Fy HMeeT KOMNAKTHHH HOCHTeJb, He
nepecekatowmniies ¢ F. Torga x = §§. [lpavennts npenaoxenne 4.) B uacr-

HoctH, aarefpa A ynosaerBopsier ycaoBHIO JIHTKHHA.

6) Ilyctp B — anre6pa KOMIJIEKCHBIX HeNpephiBHO AHPGEpeHUHpYeMbIX
¢yukuni Ha nrreppame (0, 1), cuaGxennas nopmoft ||fl =sup|f|+ sup|f|.
ITycts A — 3aMKHyran nodaare6pa B B, cocrosuas H3 Tex f& B, aiaa Ko-
ropux f(1o)=0. Ilycrs J — samkHyTH# Hiean B A, cocTosmuil H3 Tex
fe A, pas xoropux [’ (1,)=0. ITokasats, uro

a) Ilpocrpancrao X (A) oroxnecrasercs ¢ (0, 1) == {l/5} u amreGpa A
peryasipHa.

b) & — neperyanpubiil MakcHManbHni Hiean aareGpm A.

7) a) ITycrs R — mHOXecTBO Touek (2, 22, 25, 2) B C!, Takux, uro

2‘22=2, l<l21l<2, 23=24=0y
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OnpeAeJIHM 4HAJOMMYHO MHOXKeCTBA T] H T2 C MOMOLIBIO CJAEAYIOLHX yCJIOBHﬁ:
T|: 2122—"=2, |2|I=l, |23|<l, 24_——0,

T,_,: 2,2,

=2 |z|=2 |z|<i z=2z
[Moka3sats, uto MHOXkecTBo X == RUT, T, nosnnomuamsio Brnykao. (IToxa-
3aTh, 4T0 X €CTh MHOXECTBO TOuEK (2y, 23, 23, 2), TAKHX, UTO
2\ —
=2 |z|<2 [%|<2 |&|< z(z—2)=0,

2%

|22k <1 n lzf(z4—z§)|§1 A E=1,2....)

ITyets A — samkuyras nojaare6pa B % (X), nopoxnennas cyxennsmu Ha X
miorounenos Ha C*, ITokasats, uro X oroxpecraaserces ¢ X (A).

b) Oyers Ty, Ty < C — opHEHTHPOBAHHEIE B MOJOXHTEAbHOM HampaBJe-
iUy OKpYXHoCTH ¢ HeHTpom B O paguycor 1 u 2. IlycTs po, §y, v — MepH
na TI;, Ty, Ty, onpeaenennne c nomowsio dopm dz/z, — dzfz, dz/z2. Ilycrs,
nanee, B =Wo+ Uy, Tak uto p @ v—mepa na (T, UT,) X I';. O6osnauum
uepes B MHOXeCTBO TOueK z==(2, ..., Z;) € X, Takux, ut0 (2, 23) =
& (T UTy) X I',. OroGpaxenne 2t—> (2, 23) a3 B s (I UT,) X Ty apaserca
romeoMopduamom; obosnauum ero . Ilyers p —Mepa muga @~ ' (p @ v).
IokasaTh, uTO Mepa p OpTOroHasbiHa K airebpe A.

¢) Myers g — pynkuna ua X, paBHas wymo Ha RUT, n 2z; na T,

loxa3aTb, 4TO TOrAAa J. gdp+0 u, crano 6uTh, g & A. Oanako pas Kax-

Jloro 3HaueHHs z & X QYHKUHA g coBHajaeT B OKPECTHOCTH TOUKH 2 C HEKO-
TOPBIM 3JeMeHTOM H3 A.

§6

1} MNyers A — HOpMHpOBAHHas aare6pa, HajeJeHHas HenmpepHBHON HHBO-
mouueil. Ecau noaoxuts |jx||”==sup (jix|l, |x*}) aas kaxnoro snementa x & 4,
T0 A cHOBa oKasbiBaeTcss HHBOJIOTHBHOR HOpMHMpoBaHHOH aareGpoll H Homas
HOpPMa 3KBHBaJEHTHa CTapoM.

2) Ilyers A — xomMmyTaTHBHasi Ganaxosa aareGpa Gea papnkaza. IToka-
8aTh, 4TO Kaxnaas HHBoqonusi aare6pst A Henpepusua. ([Ipumenmts § 3,
npens. 6.)

3) Ilycrs A — HHBOMIOTHBHAH KoMMyTaTHBHas OaHaXoBa aarebpa
¢ enuHuuell, Bce Xapakreps KoTopofi spMHTOBH. [IpeanosoxuM, 4ro AJAf
KaXJ1oro Heo6paTHMOro 9pMHTOBA SJeMeHTa X € A uMMeer Mecro COOTHOImIe-
mre [[(x — )~ = o (2 (1)~2) npu A >0 1 ¥ (&) = 0. [TokasaTh, uro Torza
KaXkaBi 3aMKHYTHH Hpeana o aareGpnt A ecTs, nepeceyeHHe MAaKCHMaJbHBIX
uaeanos. (Iycrs ¢ A -—> A/J — kanonuueckwii MopduaMm. Ilycers saement
¥ & A rakos, uro @ (x) npuHamnexuT pagukany aare6pu A/J. Jocrarouno
AoKasarh, uto @ (x)==0. Ho sator dakr cBoaHTCA K CaAyyalo, KOTLa SJIEMEHT X
spMuToB. HMenosbsosarh ynp. 23 ¢) k § 2.)

4) Tlyers A — HHBOMIOTHBHAS KOMMYTaTHBHaW Gamaxosa aareGpa ¢ emm-
Huuel. [TokasaTs, yTo AJs TOrO, uTOOH KaXaWi ee Xapakrep GBI 3pMHTOB,
HeoOX0NHMO H fOCTaToOuHO, 4ToGH saeMent | -+ Xx* Gua o6paTHM 1JA KaX-
aoro x & A. (Ecan Kaxapii xapakrep aare6pat A spmuTos, 70 F(1 4 xx*)>0
Bciony Ha X (A). Ecam uekoropmil Xxapakrep ¥ B A He 3pMHTOB, TO Cyume-
CTBYET SPMHTOB 3JeMeHT ¥ & A, raKofl, uto ¥ (¥) = i, orkyna % (1 + xx*)=0,
¥ sneMenr 14 xx* He ofparuM.)

5) Ilyecrs A — kommyTaTnBuasn GaHaxopa ajrefpa, Hajie/leHHasi HHBOJIO
ItHeld, Takolt, uTo | x*x = x ||+ | x*|| ana kaxgoro saemenra x & A. IToka-
8arb, yto torma A ecrs C-aare6pa. (Tak kak || y?]l =y ||? aan apMuTOBa
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axementa y, to |yl = p (y); sameuasn, uto Sp’ x* = Sp’x ana kaxkgoro x& 4,
noayyaem

feth-fxll=lxsl=p(x**)<p(xNpK)=p(*) <l
oteyaa [#*I<<lxll m lx*l=1x.)

6) Ilycrp A ects C*-asreGpa, N — MHOXECTBO €e HOPMAJBHBIX SJeMeH-
TOB, ¥ & N, V — Hexkoropas okpectHocTh Hyas B C. ITokasaTe, uTO cymie-
cTByer okpecrnocth U rToukn x B N, Takas, uTO IAs KaXKJAOTO 3JEMeHTa
y = U umeior mecro coorHomenuss Spy < Spx~+ V u Spx < Spy -+ V. (Ilpu-
MeH§HTB) caeacTeMe Teopemn 1, mpepsoxeHne 3 u3 § 2 u npeanoxente 10
us § 4.

7) Nycrs A — KommyTaTHBHasi C*-asrebpa n x & A. [Ipenmo/ioxuM, 4ro
C*-nopanre6pa B A, MOpOXieHHas 3JeMeHTOM X, copnajaer ¢ A. Ilokasars,
yro Toraa i —> ¥ (¥) ecrp romeomopdusm X' (A) na Sp’x.

8) ITycts A — GaHaxoBa adre6pa ¢ eannunel, x = A u S=Sp x. ITpea-
nOAOXHM, u4To cyuecrsyer mopdusm ¢ us % (S) B A, koropu#i mepesopur 1
Bl u 2B x (depes z ofo3HaveHo ToOXJecTBennoe orobpaxeunne S). IToka-
3aTh, yro torga @ ()i =1 fll aas kaxnoh pyuruun f = € (S). B wacrnocty,
ecan @ HempephiBeH, TO  B3aMMHO HenpepsiBeH. (MoxHO cyHTaTh aJqrebpy A
kommytatnerO#. [Tycrs A & S. Cymecrsyer xapakrep y € X (4), Tako#, yro
A =1y (x) =1 (@(z)) = (X (9) (%)) (2). Crano 6uitb, X (p) (%) sBASETCH Xapak-
repom [t f(A) amreGpu % (S). ITycrs fe % (S). Cornacno ckasannomy
BhIlle, CYUECTBYET Xapakrtep xeX‘A), tako#t, uro |f| mocruraer cmoero
;arﬁc’gﬁwy)ma 8 touke X (¢)(x)- Toraa |x (9 ()] = fll u, snaunr, o (i >
= .

9) Ilycrs G — nokanbHO KoMmakTHas rpymnna. Ilokasarsb, uro ecan St (G)
CONEPXXUT efHHHUHBIA 3jeMeHT, To rpynna G auckperHa. (BocmoabzosaTsesa
TeM, 4TO B THJbGeproBOM mpocrpanctee LZ (G) ToxaecTsenHoe oToGpaXkeHue
ecTb mpeaes mo Hopme 3Hpomopdu3mos Y (f), rie Y — neBoe peryasnpHoe
npeacrapaenne B f € L1 (G).) -

§7

1) Jas Kaxporo TOmOJMIOrHYECKOro mnpocrpaHcrsa Q 06o3nauHM uepes
% (Q) anre6py orpaHHYeHHHX HENPEPHBHHX KOMIIEKCHHX (yHKuHA Ha Q,

cna6xennyio Hopmoit |ifll =tsu;;z|f(t) | u unBomouumedt fr—>f.
=

a) ITokaaats, uro % (Q) — kommyTaTuBHas C*-anreGpa ¢ egHHULER.

b) Oas kaxpoil ToukH € Q u Kaknoi dyukuun [ F(Q) noaoxum
% (F) == (#). Ilokasars, uro TOrAa >y, ABAAETCSA HeNPEPHIBHbIM oTOGpas
KeHnem @ (OHO HasbiBaeTcsl KaHoHHuyeckuM) H3 Q B X (# (Q)).

c) IMokasath, uro ecay Q BHOJHE Pery/NsipHO, TO @ SBJSETCT TOMEOMOp-
¢u3MoM @ Ha HeKoTOpoe MoAaupocTpaHcTBO, miaotnoe B X (% (Q)). (Las noka-
saresbcTBa paseHcTBa @ (Q)=X(%#(Q)) nokaszaTb, uTO HeNMpepLBHAA KOM=
naekcHas ¢yHkunsg HA X (% (Q)), paBHasm Hymo Ha @ (Q), ecTb TOXjgeCTBeH-
Hefi HyJsb.) ITokasats, uro X (% (Q)) oroxnecTBiasercs ¢ KoMnakTudbHKaunel
Croyna — Yexa mpocrpaHersa Q (O6wy. ron., ra. IX, § 1, yup. 7).

d) Ilyerp A — Ganaxora nopaare6pa ¢ eauuunedi B #(Q) n R , — otno-
IleHHe 3KBHBAJICHTHOCTH B Q:

f()y=f() onnameex fe=A

ITokasaTs, uro Hachmenue S Komnakra K< Q no RA samkayTto. (Ilycrs
tex S; pas gaxnofl ¢ynkuuu f& A n kaxporo € > 0 nyerb Vi, g — MHOXe-
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cTBO Bcex ¥ &8, Takux, uro |[(§) —[f{#)|<e; econ i, oo, fnEA u
€1, «-vs €0 >0, TO

Vfl""ln ﬂan_enﬂK=/=®;

cieI0BATENBHO, ( n Vs, s)ﬂ K % @, otkyna t= S.)
feAde>0

e) Ipeamonoxum, 410 npoctpaHcTBo & HopmasabHo. [Tycrs R — oruome-
HHe SKBHBAJEHTHOCTH, 3ajaHHoe Ha Q, n A=A, —monairebpa B % (Q),
cocrosimas H3 (YHKIHMH, MOCTOSHHEIX HA KJ4accaX SKBHBAJEHTHOCTH mo R.
Iokasars, uto R =R ,. (Henoassosats O6y. ron., ra. IX, § 4, ynp. 15)

f) IlpemmosoxkuM, uro Q — komnakr. ITokasaTth, uTo Torza Rt—>AR
apisercds GHEKTHBHEIM OTOGpaKeHHEM MHOXeCTBA OTHOLIEHH! SKBHBAaJEHT-
HOCTH, pasbuBanomux Q, na MuHoxecrso C*-mopanreép B F (). (ITycrs A
ectb C*-mopanre6pa 8 % (Q) n R=R,. Iloxasats, uro R pasOupaer Q,
npuMennts Teopemy CroyHa — Beflepmrpacca k anrebpe QyHkumi, mempe-
puBHHIX Ha Q/R, moayyeHHofl m3 A nepexofoM kK ¢axTopasre6pe.)

2) MMycTs Q@ — KoMnaxT, R — OTHOIIEHHe SKBHBAJCHTHOCTH, pazbuBaioliee Q,
B — aamkuyTas nogajire6pa B € (Q), conepxauas AR (o6osHaueHnHe H3 ynp. 1).
Ilokasath, uro eciu [ @ (Q) coBnagaeT Ha KaxAOM KJjacce SKBHBAJIEHT-
HOCTH ¢ C HEKOTOPHM sJieMeHTOM g, u3 B, to fe B. (Ilyers € > 0. Cyme-
CTBYeT OTKDHTas HaChleHHas OKPEeCTHOCTb V, TOukH ¢, Takad, uTo | fg¢ | <€
ua Ve Iyers Ve, ..., Vc,, — nokpuitie Q. ITycrs (#y, ..., #y) — pa3bueHue
eIMHALL, ToAuHHenHoe MOKpuTHIO (Vo) ..oy Vc,,) H CoCToslliee H3 QyHKUHA
aare6pa A e Torza

g=tge, + .ot + dnge, =B

n|f—g|<e Bcoay Ha Q.)

3) Ilycts Q — KoMuaxkTHOe NPOCTPAHCTBO H Ay, AT Kax ol TOYKH
® € Q, — KoMMyTaTHBHas GaHaxoBa aJjreGpa, Cojepxallas €JHHHYHBIR 9Je-
MeHT e, ¢ Hopmol, pasHoft 1, ITycte B — 6anaxoBa aJjreGpa, cocTogmas

u3 (xe) € H Aw, Takux, uyto || x| == sup || xull < 4 co. Iycts C — Gana-
o=0 0=
xoBa mojanre6pa B B, oGnajaowias CIenyHOU IMH CBOHCTBAMH:

(l) e= (em)m =0 = C;

(ii) ecsm x = (xu) € C H f = € (Q), T0 dynkuHA © —> [ (©) Xp ABATETCSH
sjementoM C;

(ili) pmu kaxAoro x = (xy) = C dyukuus ® —> || xell noayHenpepsisHa
cBepxy.

Ilycth X — cymMa Bcex MHoXecTB Buaa X (Agy). Jas kaxkjioro xapak-
repa 9y & X (Ap) myctb @ (%) — xapakrep aarebpsl C, ompeje/eHHHi paBen-
CTBOM q)(x)%(xm))=x(xmn). Iokazats, uro ¢ onpenessier GHEKIHIO MHOXe-
crea X Ha X(C). (Ilyerb £ X(C). Tak kax & (Q) MOXHO OTOXKIECTBHTH
¢ Ganaxoso#f nogfaiareGpoit B C, To £ ounpelessieT HeKOTOPHIH Xapakrep aJ-
re6pu € (Q) u, craso OHTb, HEKOTOPYIO TOUKY ®p < L. Ilyerh x = (xp) & C
u y==(yo) = C, npnuem x, =y, nycrb € > 0; umeen || xo —~ o ll < & B He-
xotopoil okpectHocTH U ToukH @y uycers (ymkuxs f: @-> (0, 1) pasua |
B Touke ®p M 0 BHe U; Torja BHmoJHsercs Hepaeencrso || fx —fyll<e
u3 koroporo caxenyer, uto [&(fx — fy)|<e, orkyna |E(x) —E(y)|<en,
sHaunt, E(x)=E(y). Orciona s3akioyaeMm, 4TO CyleCTBYeT Xapakrep
yeX (A“’a)’ Takofl, uto §=q(%).)
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4) ITyers Q@ — KOMIAaKTHOE HPOCTPAHCTEO, TaKoe, YTo GaHaxoBa aarebpa
@ (Q) okasniBaeTCs NOPOKACHHON HEKOTODPOH MOCJHELOBATENBHOCTHIO (f1, f2» +o-)
HjeMmnorenToB. [IokasaTh, YTo Torfa GYHKUHA

@ > h(0)= i 3~n (2]',, (@) — l)
n=1

pasmensier TOYKH MPOCTPAaHCTBA Q H, Cef0BaTeJbHO, HOPoXKJaeT GaHaxoBy
aare6py & (Q).

5) Ilycrb A — GaHaxoBa aareGpa, onpeleiieHHasd B § 2, n° 2, npumep 2.
INyers @ & (0, 1) = X (A). [Tokasatb, uTo HAUMEHbHINA 3AMKHYTHA HACAN o
aareSpa A, raxoft, uro A (J)={w), comnamaer ¢ MHoXeCTBOM BCEX 3JeMeH-

to8 fe A, aaa xotopux f, [, ..., [ paBum uymo B Touke . (Bocnoabao-
patbess § 5, mpems. 4.) Ilokasars, Rajee, uro ecyim g € A, To ero KaHOHH-

| ¥ (o) |

k! ) Az

n
yeckHH o6pa3 B takropaarebpe A/Jy uMeer HopMy 2 (
he=0
re6pa A/Je u3omopdua aareGpe C [X]/(X"'H). Exuncreennuft MakCHMaJbHEIR
Bieasx B A, conepxamuii J,, CoBNajaer ¢ MHOKECTBOM BCeX 3JIEMEHTOB [ A,
Takux, uro f(w)=0.
6) ITyers A —xpyr |{|<<1 B C u A~ Ganaxoea aareGpa, oupele-
seHHast B § 2, n°2, npeMep 5.
a) ITokasarb, uro eciu x € A, To x ABAsIerCs npefedoM B A npun — oo
¢yuxuuf Buga

t> (@) =x (5257).

Ho x, siBnsieTcs paBHOMEPHBIM NPENEJOM MHOroY/JeHOB, NodToMy § - o6pa-
syomas ajare6ps A.

b) ITokasarb, uro X (A) KaHoHHYecKd oromjecrBasiercs ¢ A. ([Ipumenurs
npemiokenre 1 (vii).)

¢) IIycrs S — samruyran uactb B A. ITokasarb, 4TO ecaB S ComepKHT
x0T GOb OXHY HEW30JHUPOBAHHYIO TOUKY, TO 3aMEKaHHe S B Tomosoruau
JxekoGcona cpsnagaer ¢ A.)

d) IMyers x = A; noxoxum x* (§) == x ({). [Mokasats, uro oTobpaxenue
x +—>x" sBasierca H30oMeTpPHUECKoH HHBouopHeRd anreGpl A, H TOAbKO Te
XapakTepel B A 3PMHTOBH OTHOCHTEJbHO 3TOH MHBOJ/IOLHH, KOTOpHIE olnpeje-
JIMIOTCA BEINECTBEHHHIMB TOUKAMH A.

e) Oto6pakenne x —> x | U ectb uaoMopousm uz A Ha P (U). ITokaszars,
aro kaxjas ¢yukuus us p (U) fBasercs paBHOMEPHHIM OpeReJoM Bemie-

cTBeHHuX vacrefl ¢ypkuuit uz P (U).

7) Oycrs A; (coorBercTBenno A,) — GaHaxoBa aiareGpa ¢ emHuulef, pac-
cvotpernas B § 2, n°2, npumep 2 (coorBeTcTBeHHO 5) U A== A, X A,. Ilo-
Ka3aTh, 4To A — asnreGpa Ge3 pajukana, HO MHOXKeCTBO & A (A) ue smasercsa

HH 3aMKHYTHIM, HH TI0THHIM B & (X (A)). (ITpEMenuTh yupaikuerue 6.)

9l 8) IIycth Q — KoMmakTHOE OPOCTpaHCTBO, B — GaHaxoBa mopasareGpa
¢ exunnnell B ¥ (Q) (orHoCHTEJIbHO HMHAYIMPOBAHHON HOPMBEI), PA3AeJAIOMAN
Toukd Q. MOXHO OTOXHECTBHTb Q C HEKOTOPOH 3aMKHYTOH HacThio NMpOCTe
pancrsa X (B) = Q. I[Tycrb B* — MHOXeCTBO BCeX o0paTHMHIX 3jleMeHTOB B B,
AusreGpy B HasuBawT log-moO0yaaproi, eCiM MHOXKeCTBO BeeX GYHKIUH BURA
log ff, rae f € B, naoto B Fp(R). (B uacrnocry, aare6pa B log-mony-

astpra, ecan ¢ynkuuu Buaa &f, rnef npoberaer B, naoTus B g (). B camom

nexe, loglef|=#f) B panbuefimem npesmosaraercH, uto aire6pa B
log-monyasipua.
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a) Mokasats, 4To AN KaXKZOro Xapakrtepa y & Q' cyllecTBYeT # UPHTOM
eRMHCTBEHHAR Mepa Wy =0 Ha Q, Takad, yro

tog [ (1) | = [ log| (@) duy (@)
Q

nas Kaxpoll GyHkuHH [ & B*, u, ctano 6bith, Takan,uto y (f) = f f (o) dpy (o)

Q
pas kaxiaoll ¢oyHkunn [ B. MMeer MecTo HepaBeHCTBO

tog | % (N1 << [ log|7(0) | diy (o)
Q

pas kaxpofl dyEkusd f & B. Ycaorne % (f) = f f(®) duy(©) naa gaxpoht
Q
¢yukund f € B opHo3HayHO onpemenisieT Mepy Wy.

b) Ilycrs ¥ = Q. IlyeTs, pajee, | — NOJOKHUTEJNbHAS MePa Ha Q, npHueM
@ == -+ M2, TAE Wy ~ aBCOMIOTHO HeNPephIBHAL, 2 [y — CHHIYJIPHAS KOMIO-
HEHTa OTHOCHTEJBHO My, ITycts 5 — anppo y. ITokasaTs, uTo Torna

inff 1— 2d=inffl— 2 dy,.
fesgl f2du fESQI f1? duy

¢) Ecnu 3 = Q, h— peotpuuatenpuan ¢yukuus 3 L' (uy), J — anpo
xapakTepa ¥, TO HMeeT MECTO PaBEHCTRBO

inf f||—f|2hdux=exp (f (logh)dux).
fESQ Q

d) OGosnauum uepes H? (y) sambikaHHe KaHOHHYecKoro oGpasa B s LP (pu),
rpe p — NOJIOXHTeNMbHa Mepa Ha @, p € (1, co(. Hyers =R 1 J — axpo ¥.
INokasats, uto L%(uy) ~— npsmas (ruasGeproBa) cymma npocrpanctsa /12 (py)
H 3aMmnkamds B L2(py) KaHOHHueckoro o6pa3a MHOXecTBa ¥ (cocTosuiero
H3 BceX (QYHKUHMA, CONPSKEHHBX K PYyHKUHAM H3 S)'.,

e) MTpocrpanctso H! (iy) ecTh MEOKECTBO KJIaccoB kb Qpynrkunit he £ (uy),

T2KHX, 9TO f fhdpy =0 paa secex dymkunit f < J.
Q
f) Ecan A — neorpuuaTeabuas dynkuus u3 Z! (1), TO paBeHCTBO A= L.

re f & Bt (ny) 1 J‘ fduy # 0, uMeeT MecTo B TOM M TOJIBKO B TOM Cayuae,

Q
korna log he 2 (uy). -

19) Ilycte Q — KoMnakTHOe TNPOCTPAHCTBO, B — GaHaxoBa nopaJre6p
¢ epunuueli B ¥ (Q) (orTHocHTeNbHO HHRYUHPOBauHOA HOpMH). Kaxmwui
sJeMeHT ® H3 Q onpemensieT XapakTep Yo atrebpw B. Ecin o, o' =Q, To
MH GyAem nucaTh @ ~ @ B TOM clyuae, Koraa || %o — %o || < 2-

a) Nyets o, o’ = Q. IokasaTs, YTO ec/NH CyumeCTBYeT NocJegoBaTelp-
HocTh (f,) ssemenroB w3 B, Takux, uto || ful| <1, |fn(@)| > 10opun—>con
lirginflfn(m) — fn(®@)|>0, To cooTHOWeHHE ® ~ @ He HMEeT MecTa.
n-»o

(Moxno ecuutath, 4T0 fn(®)->1. Paccmorpum gn = (fn — An) (1 — Anfn)™1s
rie Ay — HexoTopas NOcJefoBaTe/bHOCTh wHces 3 untepsata (0, 1(, cTpe-
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maumuxesa xk 1. HMveer mecro HepaBencTso | gnll << 1. Ecan mociegoBaTeln-
HocThb (An) BHIOPATh HajgJdexawuM 06pasoM, TO MOXKHO JOGHTbCSH TOrO, YTOOH
gn(@-—>1ugpl@)>~1) -

b) Ilycte R —~ MHOXeCTBO BeilecTBeHHHX uacTed sjaeMeHTOB M3 B.
TMoka3aTh, 4TO eciu ® ~ ©, TO cymecTByeT Takoe wHcao ¢ )0, I (, uro
JUIS KaxI0H HeOTpHUATeJbHOH (YHKuUMM [ H3 R MMeeT MecTO HepaBeHCTRO
f(®) = ¢f (0’). (B npoTuBHOM cJyyae CyWECTBYeT MOCJIELOBATEeABHOCTh QYHK-
it fy, fa, ... € R, Takux, ut0 fn =0, fp(0’)=1n f,(0) >0 npu n-—> oo;

nyctb gn < B v Rgn=fn Toraa e Sne B, ” e n ;'< 1, , e n @) , = 1/e,

— ﬁ))
Ie &n ! —> 1 npu n-> o0, a 3T0 mpoTuBOpPeuHT a).) Moxuo Takke Hpeano-
narath, uto f(0')=cf (0) Aag Kaxjgoh HeoTpuuaTeanHoN GYHKUHH [ u3 R.
CyluecTBYIOT HeOTpUUATedbHEE MepH O H P Ha Q, Takue, 4TO [ (0) — ¢f (0') =

=a(f) u [ (o)) — cf (0) =B (/) ars f& R. Tlomoxuy pg = (1 — ¢?)~' (cp + ),
B = (1 — )" (ca+ B). Mokasars, 410 By (/) =f () ¥ By (f)=f(o') am
moboit dyuxnuu f < B u, kpome Toro,

CU S Py CHy < gy .

c¢) [MpeanonoxumM cHOBa, uTO ® ~ @'. TToKa3aTh, YTO eCad U — MONOKH-
TelpHas Mepa Ha R, Takas, uro p(f)=f(®) nas Bcex dyukuuit fe= B, 10
CymiecTBYeT MHOJNOXKHTeJbHAsi mepa p’ Ha R, Takas, uro p' (f) =/ (0") ans
Beex ¢yuxkuufi fe B u cp <P aasm Hekortoporo c =)0, I (. (B coorser-

cTBUM € OGo3HaueHHsMu u3 b) mosomuts W = py, — cpg, -+ cp.)

d) IToxasaTb, 4TO OTHOWIEHHE ©® ~ © ABJISETCH OTHOLIEHHEM 3KBHBAJIEHT-
Hoctn B Q. (IIpumeHuTH C).)

910) ITycrp Q- komnakTHOe npocTpancrso, A — GaHaxosa mojaJire6pa
¢ eaunnuedl B % (Q) (oTHOCHTENBHO HHAYLHPOBAHHOX HOpDMBI).

a) Yacts K B Q HasbBaeTCH AHTHCUMMETPHUECKOH (OTHOcHTeJbHO A),
ecau Kaxjpas ¢yuknus fe< A, Bewecrsennas Ha K, moctosuHa Ha K. IToka-
3aTh, YTO KaX/Jas AHTHCUMMETPHYeCKas YyacTh COAEPKUTCI B HEKOTOpOf
MaKCHMaJbHOH aHTHCHMMMeTpHueckol yactd. MakcumaJsibHas aHTHCHMMeTpHYe-
ckas yacTh 3aMkHyTa, MHoxecrBo £ MaKCHMAaJbHEIX AHTUCHMMETDHYECKHX
yactell saBasercss pasGuenuem Q.

b) Iycts At~ MOANPOCTPAHCTBO GaHAXOBA MPOCTPAMCTBA KOMIIEKCHBIX
mep Ha Q, oproroHajsHoe K A. ITycTs g — sKcTpemaJbHas TOUKA €AHHHYHOIO

wapa B A'. Tlokasats, uto (MHHMMaNBHEIR) HOCHTENh | AHTHCHMMETPHYEH.

¢) Mycts f= & (Q). Mokasarts, yro ecau f | K= A | K nns aoboro K e &,
to f e A (Ilpumenuts b) # Teopemy Kpefina — Musapmana.) Haiitu Ha stom
NyTH JOKa3aTedbcTBO TeopeMbl CtoyHa — Beftepmirpacca.

d) Yacrts £ B Q HasmBaercs NHKOM (OTHOCHTEIBHO A), €CaH CYUIeCTBYeT
oyukunst fe A, Takas, uto || fll =1 u E — MHOXKECTBO BceX TeX TOUEK © € £,
aasi kotophx f{w)==1. Torga MoXHO cuuTaTh, uTo |f(x)|<1 ana x & E
(samensia f ua (14 f)/2). Tlokasats, uro moGoe cueTHoe HeNycroe Nepeceye-
HHe TMUKOB €cTh MUK, u ecau E; u E, — nuky, 10 Ey U E4 ects nuk. (Ilycts fi,

1
fzeA H f,=1 na E, |};]<! na Qe=E; nycth gi=—4—(l—fi)]/"EA;

torga 1 —gg,=1Ha E\UE; |1—~g1g:]<1 Ha Quam(E, ) Ep).)

e) Tlycts E — nepeceueHde NHKOB. IIycTh ¥ — MHOXECTBO BCeX (BYHKLUHE
fe A, pasunx mymo Ha E. IlokasaTe, uto Ttorza orobpaxenue fr—>f|E
onpejensieT Haomerpuio us A/ na A|E.

f) Mycrp E — vekoropuit muk. ITyers E' < E — HeKOTOpHI UK OTHOCH-
resavHo A| E. Mokasars, uro toraa E' — nuk oTHocuteasHo A.

g) Mokasatk, uto xamgas wacte K € ® apasieTcs mepeCeyeHHEM LUKOB,
(IIpuamennts d) u f).)
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h) ITokasats, uro ecin K& &, 1o A| K samknyto B & (K). (Ipume-
Hurh €) 1 g))

i) IMycrs R — MHOXECTBO BeIIECTBEHHHIX uacte#t anemenror us A. Ilpex-
oyoKuM, 4To Q&= & ¥ uTo R HHBAPHAHTHO OTHOCHTENBHO YMHOMKEHHS.
[Moxasath, uto @ ceogurcs Torga k Touxe. (I[Mycte xy <= Q. Oas anemeHta
g & R cymecTByeT H NMPUTOM efHHCTBeHHAas QyHKuHs [e A, rakas, uro u =R
A [(xo) € R; monoxum N (2} =l fil. Torma R — BemecrBeHHoe GaHaxoBO 1po-
CTPaHCTBO OTHOCUTENBHO N; TeopeMa 0 3aMKHYTOM IpadMKe NOKa3HBAeT, UTO
yMHOXEHAEe B R DPa3fesbHO HENPepHBHO H, CTaN0 GHITh, HENPEPHBHO. MHOXe-
¢rBo0 S =R 4 iR MOXHO HafewuTh CTPYKTypol Ganaxoso#t ajrebpu. Ilycrs
pe R np(0)>0 gaa scex o < Q. Tloxasars, yTo 4JS KaxkLOro XapakTepa ¥
B S nMeer MecTo HepaBeHCTBO &y (p) >0, n BeBecTd 0TCIOAa, YTO log p <= R.
[peanonaras, uTo Q % {Xo}, MOXHO HocTpoHTb GYHRUHI [ € A, Takyl, uto
O<RF<1 Ha Q f(xo) =R u ropma ||f|| ckoap yroaro Beanka, Coraacno
CKa3aHHOMY BHluie, cyutectByeT ¢yHkuus V e A, rakasa, uro |V 2= &},
Hmeer mecro HepaseHctso ||V || <1, caenosarensno, N (V)< 2, no nopva

N (RVY) =5 (V4 [~ 9V (x0) )

cKoJIb YTOLHO BeJIHKA.)

j) Toxasatb, 4ro e€cqdn R HHBADHAHTHO OTHOCHTEJNBHO YMHOXEHHS, TO
A=¢ (Q). (Tpumenurs a), c), h), i).) Cruenosaressno, ecan A #* € (Q), 10
cyliecTByeT 3JeMeHT # & R, Takofl, uro u? ¢ R,



FAABA 1

KOMMYTATHBHBIE JIOKAJIbHO KOMITAKTHBIE
rPYNNbI

Beiony 8 9r1oit raame uepes G o6osmauaercs KOMMYyTATHBHAA JIOKAJILHO
komMnakTHas rpynna, cHabGxenHas Mepoi Xaapa; nocrexnusa 6yaer o6osHa-
yaThCsl, €CTH HE OroBOpPeHo NpOTHBHOE, yepes dx. [Ipocrpancrea LP (G, dx)
€yayTt o6osnauatbes L7 (G).

§ 1. NpeoGpasosanue Pypbe

1. Yrurapnoie xapaxrepsol KOMMYTATUBHOU AOKANLHO
KOMNAKTROR 2pynrnol

OnpefenenHE 1. YHurapweim xapaxrepom epynnot G Ha3zwt-
Baercs HenpepoisHoe npedcragaenue G 8 MYAsTUNAUKATUBHOL
epynne U KomnaekcHoix wuces, pasuolx no modyaw 1.

JLpyrHMH CJIOBAMH, YHHTAPHBEIHA XapaKkTep — 3TO HellpephiBHASA
KoMmiekcHas ¢yHKRuma y Ha (G, Takas, 4TO

x(x)=x®) %), |2 I=1 (x,y=0).

3aMeTHM, 4TO KaXJi0e O2paru4ennoe HelnpepuBHOE NMPeACTaB-
JgenHe rpynnul G B C* sBJNsgeTCA Ha CaMOM JeJle YHHTapHHIM
XapaKkTepoM.

sIcHO, YTO mNPOM3BENEHHE JBYX YHHTADHHIX XapaKkTepos,
06paTHBI K YHHTADHOMY XapakTepy, a TakyKe QYHKUHsA, TOXKIE~
CTBEHHO paBHag 1, cyTh yHHTapHbe xapakrepsl. CieznoBarebHo,
MuokecTBo G BCEX YHHTApPHBHIX XapakTepoB rpynnb U oGpasyer
epynny OTHOCHTE/JIbHO YMHOXEeHHs, NPHYEM 3Ta FPynna Kommy-
rarusra. C npyroit cropousi, orobpaxenHne (y, g v =y
HenpephHBHO B TONOJIOTHH KOMNAKTHOL cxodumocru, u rpynna G,
cHa6xxeHHAs TOMNOJIOTHEH KOMIAKTHOH CXOAHMMOCTH, CTAHOBHTCA
. Tonosoeuseckoll epynnot.

-~

OnpegeneHHe 2. Tonoaoceuueckans epynna G Haswvieaercs
Jsoiicreennod r epynne G.
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e

Tak Kak rpynna G JiokaJbHO KOMNAKTHA, TO OTOGpakeHHe
(x, £)—> £ (x) nenpepoiero na npouseedenuu G X G (06wy. Ton.,
ra. X, 2-e u3x., § 2, reop. 2).

[Tycts H — ruan6eproBo NpPOCTPAHCTBO pasMepHocTd | H
¥, — HEKOTOPHI yHHTapHHIA xapakrep rpynnn G. Oro6Gpaxenne,
KOTOpPO€ KaXkAOMy X & ( CTaBHT B COOTBETCTBHE roMoTeTHIo B H
¢ Ko3hHUHEHTOM % (x), fABJSETCS H3OMETPHUYECKMM HempephiB-
HEIM JIHHEHHHIM IpeicTaBJeHHeM rpymnst G B H, OGparHo,
KaxKI0€ H30METPHYECKOE HEMPEPHIBHOE JHHEHHOE NPEACTABJIEHHE
rpynnsl G B H noayuaercss takuM croco6oM. ITosoxum Torma
s p e A (G)

$)) x(w) = f % (%) du (x).
G

Uz npennoxenus 11, Hwureep., ra. VIII, § 3, caenyer, urto
oTo6paxeHHe p+—>y (u) ABIsSETCS HEHYJEBHM XAPaAKTEepOM HHBO-
JaioTHBHOH GaHaxoBodl amre6per A'(G). TakuM o6pasom ompexge-

asercsa oto6paykeHHe, HA3HIBAEMOe KaHOWu4ecKum, rpynns G
B X (A'(G)). KpoMe TOro, HMeeT MeCTO PaBEHCTBO

v @)= [x(xNdi (= [ @) di ) =20
G G ’

B xapakrep p+> y(u) ABJIAETCA IPMUTOBLLM.

Cy:xeHHe 3TOTO Xapakrepa Ha HHBOJIOTHBHYIO GaHaXxoBy Nof-
anaredpy L'(G) naer spmuToB xapakrep {, anre6pu L!(G); nas
Kaxaod ¢ynkuuu e L!'(G) HMeeT MecTo PaBEHCTBO

(@) & ()= [ Fx)x(x) dx.

3amerum, uro &, < 0: ecim dynknusa [ & K (G) crpemures

kK mepe Hdupaka e, B npocrpancTBe €’ (@), cHaGxeHHOM caaboii
tonoaorueit (Hureep., ta. VIII, § 2, cnexcrsue 1 snemmu 4),
10 §,\ (f) crpemutea k % (e) =1 0.

ITpepoxenne 1. OTobpanenue j: ¥, —>T, ecTv eomeomoppusm
epynnet G na X (L!(G)).
B camom pese, Tak kak G — orpaHuyenHas uacrb B L™ (G),

TO HHbeKHusA G B mpocrpancrBo L™, cHabxkeHHoe caabol TOmO-
Jgoruelt o (L™, L'), nenpepmBHa. Crano 6HTb, OTOGpaxeHue j

Henpepuieno. Ecan y = G u f e LY(G), To paBencTso

gx(sx*f)=X(x)§x(f)

Nokaseisaer (npH BHGOpe Takoi ¢ymkumu [, uro &, (f) 7 0), uto.
| ~— unwexrusnoe oTobpaKeHue. _
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IMyers £ e=X(LY(G)) n ¢ynkuus [ L'(G) rtakosa, uTo
t()# 0. daa x = G noaoxum

(3) % (9) = (e * NI (7).

Tak kak oro6paxenue x+—>e,xf rpynnsl G B L!(G) nenpe-
pbiBHO (M HTeep., ra. VIII, § 2, npena. 8), to dpynkuus y nenpe-
poigHa. B To xe BpeMs H3 HepaBeHCTBA

[x @ I <lleexf TN I=IFUNEH]

CJAEeLyeT, UTO OHA O2PaHu4eHq.

IMyers Teneps B — 6Gasa GpuiabTpa OKpecTHOCTEH 3/eMeHTa e,
cocrosilias M3 KOMIAKTHBEIX OKpecTHOcTeH. JL/aa Kaxaol oKpect-
Hoctd V =B nyers gy — Kakas-HHGYAb M0J0XKHTENbHAS Helpe-
phiBHAs QYHKLUNSA, paBHAd HYMO BHe V, ¢ HHTErpaJoM, paBHHM l.
Ussectno (HMureep., ra. VIII, § 4, npena. 19), urto

e.+f =lime xgy+f
(upemen B upocrpancrse L!(G) 6epercst no ¢uabrpy). Tak Kak
C(ex*gy+l) = (,*gy) 5 (), 10

% (x)=lim¢(e,xgy),
H nas Kaxaod ¢yukuun h < L' (G)

L(ersh) =limE (eyxgy+h) = (lim{ (e,*gy)) L (B) =% (%) ().
CrenoBaresbHO, A1 JIOOHX X, y & G HMeeT MeCTO PaBeHCTBO
% (xy) = (e xe,x NG (= x(x)E (e, *N)/E (=% (x) % (v),

H ) OKasbiBaeTcss yHurapueim xapaxrepom rtpymusl G. Kpowme
toro, ecrn g & L1(G), 10 g+f = [ (e,+Ng(x)dx 8 L(G) (Hnreep.,

ra. VIIL, § 1, opexn. 7), otkyna

2@t (=2 (g = [ t(e,sN g (x)dx =
=t() [ 109 g (v dr =2, ()2 (H

H, crano OwTh, { ={,. Takum o6pasom, oto6paxenue j crops-
eKTUBHO H, CJeLOBATe/TbHO, GHEKTHBHO.

Hakonen, MuoxectBo- W Bcex asemenroB ' = X(L'(G)),
rakux, uro §(f) =0, ecTb oTKpoiTan OKPeCcTHOCT6 TOUYKH [ B
X(L'(G)). Ecmn =W, To B cHJIy CKa3aHHOTO paHee

i@ () =T (eexNIE (-

Ilyere K — KoMmnakTHas 4acTtb rpynnn 0. MHoXecTBO Beex
GyHKUMA BHAA ey*f a8 x &K sABAferca TOIAA KOMIAKTOM
B L1(G). Tak Kak X (L!(G)) orpanuueHo H, cTajgo GHTb, paBHO~
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crenedno menpepuiBHO B L™ (G), 1o I’ (e,*f) cxomutca pasmo-
mepHo Ha K K [(e.xf), korna ¢’ crpemurcs ¥ { no W (O6uy.
TOR., Ta1. X, 2-e usg., § 2, reop. 1). Orciona HeMepmJeHHO Cile-
AyeT, uTo oroOpaxeHnue j~! HenpepoisHO, ueM M 3aBepllaercs
JLOKa3aTeJbCTBO.

Tenepb Mbl OYfE€M OTOXAECTBJATb KAaXKABIH YHHUTApHBIN
xapakrep ¥ rpynnel G ¢ XapakrepoMm fk—>ff(x)x(x)dx ana-
reGput L!(G).

Bameuanus 1) Mo y6eguauch B TOM, UTO 0TOGpaXkeHue |
GuektuBHo. Ha camom gmene (3To 6yxer mokasaHo B Jpyrom
BHIMYcKe) uMeeT MecTo Gosee ofliee yTBEPXKAEHHE O COOTBET-
CTBHM MEXJY HeNpepHBHLIMU MPEJCTABJIEHHIMH JIOKAJIbHO
KoMnakrHo# rpynnel [ M HempepHIBHbIMH NPEACTABJICHHIMH
agreGpel L' (H). _

2) Kanoundeckoe oro6paxenue rpymnst G B X (A'(G)),
Boo6ilUe rosops, He sBafeTcA ciopbeKtuBHeM (§ 2, ymp. 14).

© Cnegctsue 1. Kaxdoud xapaxtep aszebpus L'(G) spmuros.
Kanonuuecxoe orobpascenue npocrpancrea X (St(G)) (ra. 1,
§ 6, n°7) 8 X(L!(G)) snsaserca 2omeomopphuamon.
[Tepoe yTBepXKAeHHE — INPSIMOE CJEACTBHE [PeRbIAYILEro.
Btopoe BbiTekaeT U3 [epPBOro M CJAEACTBHS Npeasoxenus 10,
ra. I, § 6.

CaenctsuE 2. Tonoaceuseckan epynna G AOKAABHO KOM-
NAKTHA.

B nmanbueiinieM Mbl GyieM OTOXAECTBJATH G, X (L (G)) n
X (St(G)). Yepesa (£, x),rae x & G, £ = G, 0603HaAYNM KOMILIEKC~

Hoe uncio £(x). Ecan (£, x)=1, To rosopsar, 4To x u £ opTo-
ronanbusl. Ilycte A — Hekoropas uacts G (COOTBETCTBEHHO 5);
MHOKE€CTBO BCeX 3JieMeHToB rpynnsl G (coorBercTBeHHO G), OpTO-
roHaJbHBIX K A, ABJfeTCs, OUEBHAHO, 3AMKHYTOLU nodepynnotl
B G (coorBercrBenno () M HaspBaeTcs aHHYJAATOpoM A; MbI
Gymem oGosmauats ero uepes AL,

Has x & G otobpaxenue £+—> (£, X) eCTb YyHUTAPHHIH Xapak-
tTep M(x) JMOKaAbHO KOMMAKTHOH KOMMYTATHBHOH TIpYMNIHI G;
3TOT ()aKT HEMEIJEHHO CJEAYyeT H3 OIpPEJENEHHS yMHOXKEHHs
B G M TOro 06CTOATENbCTBA, UTO oro6paxenue (x, £)—(%, x)
HenpepuIBHO. Mbl MOXKeM, TaKHM 06pasoM, OmpexeJuTb 0ToGpa-

Kenue 1 rpynnsl G B ee BTOpY ABOHCTBeHHYIO rpynmy @,
Ha3bIBaeMoe KanoHuueckum oToOpaxkenneM. OrtolGpaxende v
OKAa3LIBAeTCsl HENpepHBHBIM, U 1A Jmobex ¥, y =G uMeeM
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n{xy) =n(x)n(y); 3To cienyeT U3 HeNpPepHIBHOCTH OTOGPaKEHH
(x, £)—> (%, x) 1 nmpepnoxenusa 9, O6wy. Ton., ra. X, 2-e u3x.,

§ 2. Urak, xanoHu4ecxoe orobpaxenue v u3 G e G, onpede-
A@HHOE PaBeHCT8OM

), =4, vy (x=G,A=0),

AsafeTca HenpepuisHolm mopdusmom epynnst G ¢ G. Mb yBH-
auM (teopema 2, n°b), uTo oTo6paxeHHe n B AeHCTBHTEJbHOCTH

npeacrabasfer co6oft usomopguzm rpynnk G Ha G.

2. Onpedenenue npeobpasosanus Pypove

Onpeneaenue 3. ITpeobpasosanuem ®Pypse mepor p = M (G)
HA36I6AETCA PYRKYUA Fou=Fu (060o3navaeman unozda 4epes

uw) #a G, onpedesennas pasenHcT8OM

O (Fw @)= [ & Hdp (0.

Konpeobpasosanuem Dypve mepor | HA36L6aI0T HYHKYUIO Fn
Ha G, onpedeseHHYl0 PABEHCTEOM

G (Fu)(#)= [ (£ x)dp (x).

MNeensoxenue 2. Ilpeobpasosanue Pypse F u Konpeobpaso-

ganue Dypoe F ABAAIOTCA MOPHUIMAMY URBOMOTUBHOL arzebpbL
HA'(G) 8 uneoaOTUBHYIO aN2ebpY O2PAHUYEHHbIX HENpPepbleHbLX

pynxyui Ha G.
Kak Mu Bugeaun B n°l, oToGpaxenne p+—> f (2, x)du(x)
ecTb SPMUTOB XapakTep aare6pst M1 (G). Orciona HEMeAIEHHO

caenyer, 4to F u F — MopdU3IMB HHBOJIOTHBHOH aJrebphl

M1 (G) B MHBOJIOTHBHYIO are6py KOMIUIEKCHHX dymkiuit a G.
Kpome Toro,

(6) [FW@1=| [ T du ()] <hub,

OTKyAa BHAHO, uto dynkuun Fu (4, anajoruuso, Fu) orpanu-
uyennl. Haxkonen, ecan £ crpemurcs K £, B G, 70 dyHruus £
na G crpeMuTcs K £, PAaBHOMEPHO HA KaXJOM KOMIAKTe, OCTa-
Basicb orpanuueHHofi uucjaoM 1. Otciona caepyer, uto (Fu)(£)
crpemutcst K (Fu)(£y) naf Kaxjofi OrpaHMUeHHOA MepH .
CaenosarenbHo, Fp (u, anamroruuno, ¥ pu) HeupepLBHHL.
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OTMeTHM cJefyioliye moje3Hble GopMyJbl:
(7) (Fu) @)= FpEH=(Fn)®;
(8) 1F e =1 F il <l Il

(9) (ge’x) (-’2) = (-’2’ x),
(Fe,)(2) =(%, x)

(B wactHoctn, Fe,=Fe,=1);
(10) (& (exrm)) (£) = (&, ) (Fu) (2),
(F (Bep)) (£) = (£, £) (Fu) ()
F(£-p)y=¢epxFq,
F (% -p)=g-1+Fp.

W3 Bcex atux <¢opMys He OUEBHAHB pas3Be JHIIL ¢Hop-
myJbl (11). OHH CJIeAyIOT M3 PaBeHCTB

(F (W)@ = [ @2 Ddux)=
= [ GF Xy du ()= (F p) (9%~ = erF 1) (9)-

IMyrem cyxeuusi na mnomanre6py L'(G) ompenensiorcs mpe-
o6pasoBanne Pypbe u komnpeoGpasoBanne @ypbe ua L!(G).
CrenoBarenbho, njsa [ & L'(G) uMel0T MecTO paBeHCTBA

Fn W= [ & (¥ dx,
FN (B = [ (& ) dx.

K anonnueckoe oToGpaskeHne rpynibl G B X (L1(@)) siBasteTcst
FOMeOM0p¢)H3M9M (npenn. 1), u Konpeobpasosanue Pypove, ecau
oroamcdecreure G u X (L1(@G)), cranosurcsa npeobpazosanuen I'eav
panda. Onnako X (A'(G)) He oroxjaecrsisierca ¢ G.

(11)

(12)

ITPEnsOKEHHE 3. [Ipeobpasosanue Pypse u Konpeobpaso~
sanue Dypoe CYT6 UHTBEKTUBHbIE MOPMUIMBL UHBOAOTUBHOLU

anzebpor L'(G) 8 ungoatoTusnyro areebpy ‘Eo(ﬁ) HenpepoLaHbLY
pynryull, pasnotx nyso na Geckoneunoctu 8 G.

DT0 yTBepXKJeHHe BHITEKAeT H3 CBOHCTB npeo6pasoBaHust
Tenbdpanna (ra. I, § 3, npena. 2), npenjioxenns 2 ¥ TOoro 06-
cTosiTeNIbCTBA, 4TO L!(G) ~— anreGpa Ges panukaJja.

3ameuaHHe. B oramuue or npeoGpasoBanusi ®ypre Ha
M'(G), npeoGpazoBanne Pypbe Ha L!'(G) saBuHcHT OT BHGOpA
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Mepn Xaapa dx. Ilpu samene dx mepoit adx(a>0) HoRoe mpe-
obpasoBanue Pypbe oyukuuu fe L'(G) craHOBHTCS pPaBHBIM
a-Ff.

Paccmorpum C™-anreGpy St(G) rpynnst G H OTOXAECTBHM
L'(G) ¢ nekoropoil nyorHo#t nmopajre6poit B St(G). B cuay caen-
crBus 1 mpensoxenus | u reopems 1, ri. I, § 6, npeoGpasosa-
Hue Pypbe n KonpeoGpasoBanne Dypbe NPOLOIKAIOTCH 1O He-
NpepHBHOCTH 10 ugomoppusma C'-anrepu St(G) ma @°(G),
o6o3naueHus & u F coxpaHfloTes; pasyMmeercs, usomMopodusm F
ectb mpeoGpasoBanue [enbdanga gas St(G).

3. Teopema Iranwmepenn

O6osnauum uepes A(G), uau npocto A, BEKTOpHOe MOAmPo-
crpanctBo B L!(G), nopoxjeHHOe QYyHKUUsiMH Buia f=* g, rae [,
g= L' (G)N L2(G). Tak kak L'(1 L2 — upean B LY, To A — ujgean
B L!, conepxawuiica B L' (1 L% Tlockoaeky (£f) * (2g) = £ (f * g)
aa t<=G, fell, ge L' (Hureep., ra. VI, § 3, npent. 6),
T0 the= A gas Bcex h < A.

JIemma 1. Cywecrsyer 6asa uastpa B nHa A ) K (G),
TaKas, 4ro

(i) e, =limgodx 6 npocrpancree €’ (G), chabacennom TONO-
Aoeuel PasHOMEPHOL CX00UMOCTU HA KOMRIKTHbIX 4QACTAX APO-
crpancrea € (G); _

(ii) limaF@==1 8 ronosceuu komnaxrrot cxodumoctu Ha G
ul|Fol,<<1 0aa kaxcdoi pyrryuu ¢, npunadiexcaueit KAKomy-
Hubyds mHoxecTsy u3 B;

(iii) limge=*f=f 6 npocrpancree LP(G) 0dan aw6oeco
pe(l, + oo ( u kaxdoii gynkyuu f <= L? (G).

HeficrBuTebHO, mycth By — 6aza oduabTpa OKpecTHOCTed
sneMenta e B G, cocrosimas H3 CHMMETPHUHBIX KOMIAKTHHIX
OKpeCTHOCTell, COLepIKAIUUXCH B HEKOTOPOM (UKCHPOBAHHOM
KoMInakTHoM MHoxecTBe. ITycrs X =8B, u X’ — MHO®ECTBO Bcex

¢oyukuui Y =X, (G), ragux, urto supppc X u fmp(x)dx=- 1;

nycTh X7 — MHOXKeCTBO BCeX 3JEMEHTOB BHaa P =y aua p = X',
Torna X" < ANK (G), 1 MHoxecrso B, cocrodimee H3 BCex
rakux X7, apasercs Gasoi ¢uaprpa Ha AN K (G). Croiictso (i)
(coorsercrBenHo (iii)) cienyer us Hureep., ra. VIII, § 2, n°7,
cren. 1 gemmbr 4 (coorsercrenno § 4, n°7, npenn. 20). Kom-
makTHas uvacTb B G “siBrdeTcs KOMIAKTHOH uactblo B @ (G);
cregoBaresbHo, (i) Baeuer 3a coGoil paseHctBo lims Fo=1
B TONOJOTHM KOMIAKTHOH cxogumoctd Ha G. Bropas uacts
yTBepxAeHus (ii) oueBHAHA.
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Iycts |, g= L' (G)N L2(G). Has kaxnoi pyukuun ¢<=St(G)
HMEIOT MeCTO coOTHoueHudA: @*f & L2(G), o=, <||q)” Ik
H(p*f)rg= q)*(f*g) (rn. I, § 6, n°7, dopmyaa (13)). B cuay
Hureep., va. VIII, § 4, npena. 15, q)*(f*g) ecTb (QYHKLHA H3
%°(G) u cnpaBefJuBO HEPABEHCTBO

o)l <N@LIFklglk

Takum o6pasoM, aaa fe A u 9 = St(G) copasenyuso coor-
Howenne @*fE%°(G) u @r—>(9=[)(e) ecTb HempepLIBHAA JH-
Heiinasn popma na St(G). Us roro, uro & — usomopousm St(G)

Ha %°(G), BbiTekaer

JIemMA 2. [Jas kancdoii ¢pyuxyuu [<= A cywecreyer u npu-
TOM eOUHCTBEHHAA O02PAHUYEHHAS Mepa Py Ha G, raxas, 4ro
dan aro6oii = St(G) cnpasedauso pasencrso

(13) (@) (€)= f (F o) dpy.

Mycts Temeps f, g =A. I[Jm J11060PI bynkuan @ < L'(G)
HMeeM Toria

(14) (FF+ ) (Fo)= f (F Q) (Fh)duy= [ F (@+f) dpy =

—((tp*f)*g)(E)
H3 toro uto (p*f)*g=(p=g)+f u F (L'(G)) naotHo B %’O(G),
npuMenss (14), BHBOZMM PaBEHCTBO
(15) (FD-pe=Fg)-1; (f.g=sA).
[Tycte ©f — OTKPHTOE MHOXECTBO B G, cocrosmee u3 tex =G,
it KOTOprX (FD (J?)qe 0. Ilycts ¢ — xapakTepHCTHUeCKas
(GYHKUHA MHOXKECTBA G == Q;. IHaa xaxpolt dyHkuun g A,
yuuthiBas (15) u Hwureep., ra. V, § 5, n°3, teop. 1, uMeem

f(fg)d(w-uf)=f<p(5"f)dug=0.

B cuay semmst 1, A miortso B St(A), caenosarenvro, F (A)

IVIOTHO B %’O(G) H3 3TOT0 3aMeYaHHMf W MHpPeAbIAyIIero paBeH-
CTBa BHIBONUM, 4YTO @ py=0, T. €. UTO Mepa p; cocpeaoroqeua

Ha wmnoxcecree Q. Ilycts vy — Mepa Ha Q; miortHocTH (F f~!

Mo OTHOWEHHIO K p¢l Q. B cray (15), vi|(Q; N Qp) = v, | (R N2g)-
[Mockoabky & (A) niorHO B ?°(Q), MHOXKecTBa Q; miaa fE A
obpasyloT oTkpmiToe mokpbitue G. anee, cywecrsyer edut-

CTB8EHHAR Mepa vV Ha G, rakas, uro dasn xao;caou Ppynryuu
f= A umeer mecro pasencrso vy =wv|Q;.

5 3ak. 1236
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Ecau f= A4, 10
(16) ‘ u=(Ff)v.

JleficTBMTeIbHO, KaXAas H3 yactedi paBeHcTBa (16) mpenacrapasier
co06ofil Mepy, COCPeJOTOYEHHYI0 Ha (;, H CyXeHHe KaxXMIoOH

H3 sTHX Mep Ha Q; cosnamaer ¢ (¥Ff)-v. B uacrHocty,
fELl(G v). Hanomuuwm, uto, ¢ Apyro#t cropons, g'fe%'o(G)

Crano GhTb, ?fEL'*’(G v).
dopmyaa (13) Moxker OBIThL Temeph 3amUcaHa CJELYIOLIAM
o6pa3oMm:

(17) @xN(e)= [ Fo)(&FT) dv,
G
rne ¢ = St(G), f= A. B uactHocTH, nas1 f, g= A
18)  [@FHEFgdv=_(*g @)= [f®gxYdxr.
2 G

ITokaxeM Temepb, 4YTO Mepa v HHBAPHAHTHA OTHOCHTEJNbHO
capuroe #a rpynne G. Ilycrs £ G. Ilpu samene ¢yukuui f

Hgu A Ha ¢yukuuu £-f u £ g uurerpan ff(x)g(x“)dx
He u3Mmenutcs. [losatomy, B cuay (18), G '
VIIFN(Fg)=v(eexF)(es+Fg)=

= (&, * (FN(F Q) =(e,~1 *v)(FN (F g)).

B (F @) =(FT - (e—1%v))(F2)
Orciofa, BcnoMmHHas, yrto ¥ (A) mjotHo B ?0(5), BHIBOIHM pa-
BEHCTBO
m=FT-(e10),
cnpaBeAsaHBoe AJAA Kaknaoi ¢yukuuu fe A, Taxkum obpasom,
Mepa €,-1%v HHAYUHDYeT HA Q; MePy v; M, SHAUUT, E,—1 %V =1,

HOSTOMy Mepa v OTJHYAeTCA JHIIb MOCTOAHHBIM MHOXKHTEJIEM

or Mepn Xaapa a G. ®dopwmy.a (18), koTopylo, nonaras g=F,
MOIMKHO TPHBECTH K BHIY

(19) [1F1rav=[1ipax,
é G

HUnage rosops,

NOKA3HBAET, 4TO STOT MHOXKHTEJb MOJOXHTeJeH. CraJyo O6bITh,
v — HeKkoropaa mepa Xaapa na G-

OnrepenenuE 4. Mepa Xaapa v na G Haseisaerca accoyi-
uposannoll ¢ ucxoluoll mepoti Xaapa na G.
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Bnpexs uepes df Mu OGyxeM oGosnayaTe Mepy Xaapa Ha G,
aCCOUHMHPOBAHHYIO C Mepoi dx.

3aMeuaHue. Ecaun 3amenuts Mepy dx Mepoit a-dx, To
cBepTKa JBYX 3JeMeHTOB [, g L'(G) 3aMeHHTCs BHIpaeHHEM
af » g, a npeo6pasoBanne Pypve [ nepeiiner B aFf. Ilo-
3TOMy [; He H3MeHHTcs, a Mepa v nepeitger B a~!v. Craao
6uiTh, Mepa dx® df ua G X G He 3aBHCHT OT BHIGOpa MepHl
Xaapa dx.

TeoreMAa 1 (ITnanwepens). Ecau [feL'(G)NL2(G), 7o
Ffe=12(G). Orobpamenue fr—s>Ff uz L'(G)NL*(G) e L2(G)
o0nosnauro npodoaxaercs 0o ugomerpun npoctpancrséa L?(G)

Ha L2(G) (G u G cHabxcersl mepanu dx u dX).
HOas nokasareabcTBa 3aMeTHM, 4To B cuay (19) cyxenne &
Ha A mpencraBaser coboil H3omerpHio npocTpanctsa A< L(G)

na mnoampocrpancrso F (A) B L2(G). Tak xak A 1IOTHO
B L%(G) (1emMa 1), To ¥ 01HO3HAYHO MPOZONKAETCH A0 3o~

merpun @ npocrpancrtsa L2(G) ma NOANPOCTPAHCTBO B L2(G)
Jlns mokasatenbcTBa pasenctBa O (L*(G)) = L2(G) pocraTouno
noKasathb, 4TO 9'(/1) MJOTHO B L2(G) Tlycts h — ajeMentT u3
12 (G), oproronasdsuiii k F (A). Ecan f, g= A, To (Ff)(Fg) =
=F (f+g)=F (A); caenosaresnvro, dyukuds k- (¥f) oproro-
HaiabHa K F g. [ostomy h-(FFf) oproroHaibia K & (A) naa
mobokt dynkuun feA. Ho h-(Ff)eL'(G) u F (A) nrotHo
B %°(G); crano Owith, GyukuHs h-(F[) nokanbHo HyJeBas
otHocuresbHo df. IlockosbKy MHOXKecTBa Qp 06pasyioT OTKpHI-
Toe€ MOKpHITHE MNpoctrpaHcrsa G, orcioma craeayer, uro h=0,
yeM H J0Ka3LBAETCS Hallle yTBepKIEHHE.

Mycrs fe= LY (G)NL%(G). B cuay JaemMmbl 1, cymecTsyer
buaprp B Ha A, cxomsmuitcs K onnospemeﬂﬂo B L'(G) u
L%(G). UmeeM

@ (f) = limg, ;@ (g) =limp, ; Fg 8 L2(G)
0 Fi=limg ,Fg B #°(G);
cnenoBarensio, F g =0f, yeM H 3aBepuraercs Z0Ka3aTebCTBO
TEOPEMBI.

Mbt_OyneM oGosnauatb HsoMerTpHio npoctpancrsa L?(G)

Ha L2(G) YKa3aHHYI0O B TeopeMe I, no-npexuemy uepes ¥ u
COXpaHHM 3a 3Tof H3oMeTpHel HA3BaHHe npeobpaszosanus Pypee.

AnasnornunbiM o6pasoM, npopoJxenHe usomerpun F Ha L*(G)
6yner no-npexHeMy o0o3Hayatbcs F H Ha3HBaTbCA Kollpeolb-
pasoBanneM Pypre.

5.
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4. Popmyaa obpaujenun DPypve (npedsapuresvroili caydai)
IMockombky & — naomerpus us L%(G) Ha Lz(é), noJy4aem
(fle)=(FFeg)
s mo6ux sneMentos [, g = L?(G). WUnave rosops,

(20) (F+8)e)= [ FI () Fg@ ds.

Bri6upasi, B uactHocty, [, g < L'(G) ) L2(G), noayuum
Fi-Fg=(F+5<L'(G).

Heennoxenue 4. Ecaw f€ A, o FfeL(G) u dan acex
xeG

(21) f)=[ & nEFN@ 2
é

(«popMyna obpammenns Pypbe»).

JleficTButenpro, dopmyaa (20) HemeJeHHO IPHBOXHT K op-
myne (21) npu x=e; uToGBI NMOJyuuTh OGIIHH Ciayuail, AocTa-
TouHO (yHKuHMIO [ 3aMeHHTb (yHKUHelH &,-1+ /.

R
Ec/au MBI pacCMOTPUM Telephb BTOPYIO ABOHCTBEHHYIO rpynny G
A

k rpynne G ¥ KaHoHHYeckoe orobpaxennme n u3 G B G, TO
cMoxeM sanucath ¢opmyay (21) B Buie

(22) f=(FFfonq A BCEX fe A.

3ameuanue. Iycrs FEL(G)N L2 (G). Tonaras f=F Fon,
HonyuuM (yHKIHIO, HENPEPLIBHYI0O M orpaHHdyesHyio Ha G. Idasa
Bcex g <= L'(G)N L?(G) uMeeT MeCTO paBEHCTBO

@) [eWiwde=[gl)dx [(2 NF#d2=
a a g

= j FeWF(9)ds,

noJyuallieecs: B pesyanaTe npuMenenus Tteopembl JleGera —

Oy6unn Kk dyuruuu g(x)F(2)(2, x), HHTerppreMon na GXG.
Jlanee, UMeET MeCTO HEPABEHCTBO

| ei@a|<IFeh-1Fl=lghk-1FL

U3 KoToporo caexyet, 4ro [ L*(G). C npyro# CTOPOHHI, MpH-
MeHss TeopeMy 1, HMeeM

[eWiwde=[Fz@OF D de= [ FgFf(e)de
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CpaBHuBast mocsexHee PaBeHCTBO C PaBEHCTBOM (23), MH BH-
aaM, uto F=Ff B L?(G) u uto f=F Ffon

OGparno, ecan fe= L2(G) u Ff=L'(G), T0 MOXHO TpHME-
HATh npeawiaywee K ¢yskuun F=Ff u s3akawuars, uro f

IOUTH BCIOAY COBNAKAET C Henpepvisnod dynkunelr (FFT)on.
Wnaue rosopst, popmysa (22) ocraerca cnpasedausoi u 011 Tex

fe 12(G), d4a xoropax Ffe L(G).

ITeepaoxEHME 5. Banaxosa aseebpa L'(G) peeyrapha.

JocTatouHo mokasarb, UTo ecaH P — 3aMKHyras udacte G H

¥ — Kaxas-HuGyap TouKa M3 (7, He NIpHHaadexkamas P, To cy-
wecrByer ¢yuxuus [ L'(G), rakas, uro ¢yuxuus F| pasxa
Hymo nHa P u ue pasua Hymo B TouKe §. Ilockoabky, B cuay (11),

F (xf)=¢e,+* F[, MoxHO Ge3 orpanHueHHs OGILIHOCTH CYHTATD,

9ro y==e, ¢ e — HelTpanbHHl 5nemMentT B G. B TakoM cay-
yae CYUECTBYeT CHMMETPHUHAs KOMNAKTHas okpectHocts U
TOUKH e, Takad, 4ro U?[|P = (. Mycrs Fy u F,— nBe neor-

pHLLATeJbHbIE HEMPepbIBHBIE PYHKIHH Ha G, paBuble HyJa10 BHe U
H TNOJIOXHTeAbHbIE B TOUKE e. PyHKUHS F3=F1 * F, paBHa HYJII0
Ha MHOXecTBe P, a B TOUKe e NOJOXHTeNbHA; MO3TOMY JHOCTa~

TOYHO MOKasaTh, uro Fze& FL'(G). Ho Tak kak F; = LY(G)n
NL2(G), i=1, 2, 3, To MOXHO MPHMEHHTHL MPHBEXEHHOE BHIIIE

sameuanne. Ilosarass f,=FF;on, wuafigeM, uro f;, < L?(G),
F;=%T,;. Kpome roro,

fa— (Fl*Fg) n= (?Fl'g-—Fz)O‘ri:
=(¢F1°ﬂ)'(§-—F2°'ﬂ)=f1f2,
otkyna fse L'(G) u Fa=F [, = FL(G).

5. Teopema dsoiicrserrocru

TeoremMA 2 (Ilourpsirns). ITycre d;-—Mepa Xaapa Ha 5,

A
accoyuuposannas ¢ df. Kanonuueckoe orobpasxcerue 1 u3 G g G
ABAACTCA U30MOPPUIMOM TONOAOUYECKUX 2PYRN, nepesolaujum

dx 8 dx. Ecau ¢ nomowbto 31020 U30MOPPUIMA OTOMOeCT8UTS
R -~

G u G, To xonpeobpasosanue Pypove us L*(G) na L?(G) u npe-

obpasosanue Pypse uz L2(G) na L? (G) orcao/cyrcn 63aUMHO 06-

paTHoL MU,

TMokaxem cHauasa, 49TO OoToOpakeHHe 1) HHBEKTHBHO H SIB
JAsiercst roMeoMopouamoM G Ha m(G). das sroro A0CTaTOYHO
MoKasaTb,. YTO JHJd. KaxxAo#h oxpecrdocrH U snemenra ¢ B G
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A
cymecrByer okpectHoctb W asementa e B G, Taxas, uro
1! (W)c U. Ilyere V — cumMeTpHuHast xoMMaKTHas OKpecT-
HOCTb 3JeMeHTa e B G, Takas, uro V2 U, u nyctb [ — HeHy-
aeBasi GyHKUUS H3 JL”+ (G) c HocuTeseM, copepxamuMmcs B V.,

Monoxum g=F * . Torna g=A, suppgc U u g(e)>0. Tax

KaK TOMOJIOTHS Ha G ects Tomosorus MpocTOd CXOAHMOCTH Ha
L'(G) (npepnoxenue 1), TO CyiecTByer oKkpecTHOCTb W aje-
R

Menra e B G, Taxas, 4To

E] E

reWS(Fg H—(Fg e)l<ggl)
(nanomuum, uro Fge L! (6‘) (mpensioxenue 4)), T. e. Takas,

qTo
$SWS(FFg () — FFE <52

Ecmu x= v (W), To, B cuay (22),
lg()—g@)I<3gle),

otkyna g(x)=0 u x= U, rak kak suppg <= U.
A
Hanee, n(G) — noKajsbHO KOMIakTHAsA Noarpynna B G, a cJue-
A
JoBaresbHO, 3aMKHyras B G (O6w. ron., ra. 1II, 3-e u3n., § 3,
A

caen. 2 npeps. 4). Ecau 6b cymecTBoBas ajeMeHT X E G, Ta-
Ko#, uto ¥ & n(G), To cyuecrsoBana GH (IpensoxkeHHe 5) He-

HyJneBast QyHKIHA fe L1(G), rtakas, uto ff(ﬁ)(;’rl, x)d2=0

aas Bcex x < G. Torma, B cuay teopeMu JleGera — OyGuHn,
aas Jgio6o  ¢yHkuuun u = L'(G) BHNOAHsMJIOCE GH PaBEHCTBO

[ i@ @En@de=[u@d [ [HE DHde=0,

OTKYAA CJIe/I0BAJIO 6u, uto [(£)d£=0, uro abcypauo. CraJo
OHITb, n(G)-—-G dopwmyaa (22) JOK23bIBAET, UTO 1) 97 — H30-
merpust w3 L2(G, df) na L“’(G, n(dx)), Clef0BaTebHO, dX —

=1(dx); 2) ecnu oroxaecTBuTh G M G C MOMOIBIO KaHOHHYe-

CKOro OTOOpaKeHHs T, TO F oF OKaKeTCs TOKIECTBEHHBIM
oro6paxenneM mpocrpancrsa L?(G). Teopema noxaaaﬂa

B manbuefimem Mbl OyneM oroxuectBasite G H G.

Tlyete G, G’ — n0KalbHO KOMNAKTHBHIE KOMMYTaTHBHbIE
rpynnel M @ —oto6paxkenne us G X G’ B U. Ina xaxporo
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sgemeHTa x < (@ (coorBerctBeHHo ¥’ & G’) myerh a, (coor-
BeTcTBeHHO fy) — dynkmua  x'—>¢@(x, x’) (coorBeTcTBeHHO
x—>q@(x, x)) na G’ (coorsercrBendo G). Ilpenmosoxum, uro
oto6paxeHHe X—>a, SBASETCS H30MOP(QH3IMOM TONONOTHYECKOH

rpynnet G Ha TomoJornueckyio rpynny G’. Tornga, B cHay Teo-
peMbl 2, oro6paxenne x’+—> s ABJasieTcs H30MOpHHIMOM TONO-

Joruyeckoit rpynnsl G’ Ha tomoJoruueckyio rpynny G. B rakom
cayuae TonoJiornueckne rpynnst G u G’ nasnBawTea 080iicTaeH-

HolMU OTHOCUTEABHO @, M MBI OTOXJECTBJSeM KaxIAyi H3
rpynn G, G’ ¢ nBoficTBeHHOM K Apyro.
6. Henocpedcreennsie caedcreun reopemvr d8oiicreennocru

Teopema Hompﬂmﬂa NMOKAa3bIBAET, YTO TONOJOTHYECKHEe

rpynnsl G u G MrpaoT CHMMETPHUHEE POJH H UTO OTHOCHTEBHO
npocrpaders L% mpeoGpasosanue ®ypbe H KompeoGpasoBanue
®ypbe B3auMHO obpartHh. KpoMe Toro, Hmeercs ecrecTBeHHOe

CoOoTBeTCTBHe MeXJay npeo6pasosannamu Pypbe Ha G u G,

TIpEgnoXEHUE 6. [Tycte a= AV (G) u = A (G). Toz0a
UMEIOT MeCTO PABeHCT8a:

(24) j FB(x)da(x j Fa(£) dB(£),

(25) g(fﬁ-a):ﬁ*g'a.

Jokaxem paseHcTBO (24). UmeeM

[FoWdaw)= [ da(x) [ T& =) dB(2).
6 5

G

U3 sToro paseHcTBA HeMelJeHHO BhiTeKaer (24), ecam Boc-

NO/b30BaThCsi TeM, uTo dynkuus (£, x) UnTErpHpyeMa Ha G X G
no Mepe o ® f, n npuMeHuTs TeopeMy PyGuuu.

JTlokaxem paBencrBo (25). IIyers £ < G. Himeem

(F Fp-0)(®)= [ & ) Fp()da(x)=
G

= [& B dax) [0, »ap).
G @
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B stom cayuae o¢yukuus (£§ £07, X) TaKKe WHTErpHpyeMa Ha
GXG o Mmepe a ® f, u reopema Jle6era — dy6unu maet

(& @8- ) (5)=[ dp(9) f (7 %y da(x) =

G

= j Fa (£~ dB () =B * Fa)(£)
G

CaepncrBHE. OTobpamcenue F unzextueno va M'(G).
He#crBuresnbho, ecan Fo=0, To a4 J060# GyHKUUH

feLY(G) Bhimo/IHsAeTCst paBeHcTso o(F f)=0. Ocraerca same-
THTh, uto & (L'(G)) miorao B %°(G).

CyluecTByeT MHOrO JAPyrux (YHKHHOHAJbHBIX MPOCTPAHCTB
Ha G u G (momumo mupoctpancts L?), nas koropux F w
¥ — B3aumHO o6parHhule n3oMoppnaMul. Hanpumep, umeer mecro

TeoreMA 3. [Tycre B(G)— muomecrso ¢pynxyuil [ L'(G),
raxux, 4ro Ffe L'(G). Tozda F |B(G)— buexyus us B(G)
na B(G) u obparnas k Heil 6uexyus ecrs F | B(G)

Tlyers f & B(G). Torna Ff e LY (G)N¥°(G) = L (G)N LY G).
Mosoxum [/ =FFf < L*(G). Las kaxpolt dyukuuu g < K (G)
nMeeM

(", Fy=(FgIf)=@|FF)=(Ff, gy={ Fg).

OTciofna CcJaemyer, 4ro f'=feLi(G) H ?feB(fi). B TO ke
BpeMsl, KaK JIerKO BHIETb, (F|B(G)) o (F | B(G)) — ToxpmecTBeH-
HOe oTo6paxeHne MHoxkecTBa B (G). Menss poasmu G H G,
3aBepliaeM JOKa3aTeJbCTBO TEOPEMHI.

3ameuanune l. CipasegquBo COOTHOIIEHHE
(Fe=L'(6) n Ff =L (E)&SF=LY(G)NF (L'(G)).
JeficTBUTEIBHO, W3 TeOpeMHl 3 ciaeayer, 4TO
(f=L'(G) n Ff= L (G)=>F = LY(G)NF (L} (G)).
OGparno, ecm fe LN (G)uf=Fg, rae g= L (G), 10 g = B(G)
u, sHaunt, f & B(G) B cuay rteopeMH 3

3ameuanne 2. Muoxecrso B(G) ssasercs ajare6poi u
OTHOCHTEJbHO YMHOXKEHHsS], H OTHOCHTEJbHO ONMEpAi(HH CBEpPTKH.
B camom neune, ecau f, g=B(G), To fxg= L' (G)n F (F+g)=

=(FNH-(Fg=L'(G G), MOCKOJBKY, HampuMep, ?fEL'(G) H
Fge%"(G) Crano GuTth, f*g<= B(G). C mpyroii CTOpoOHH,
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fee L'(G), tak kak [eL'(G), a g=%°(G); xpome Toro,
f=F1 u g=Fg, tne ', ¢’ = B(G); caenoparensho, fg==
—?(f’*g) u, 3Hauut, fg = B(G).

OrMerum Takke, 4To F [EPeBOAHT CBEPTKY B NPOH3BEle-
HHe (u obparuo) B B(G) u B(G)

Bupouem, dopmyaa F (fg)=(F)*(Fg) cupasenusa u
B APYrHX Cayuasx, a He ToabKo Koraa [, g & B(G). Hanpumep,
HMeeT MeCTO

ITeepnoxenue 7. Ecau |, g = L?(G), ro F (fg) =(FN+(F g).

3710 paBeHCTBO CHIpaBefJHBO, ecaH [, g < B(G) (sameua-
nae 2) u, B vactHocTH, ecqu [, g = A(G). Ilockoaeky A(G)
mnotHo B L?(G) (nemma 1 (iii)), gocratouHo MoKasaTh, 4TO Je-
Basg M TpaBas YaCTH NPe[N0/4araeMoro paBeHCTBA CYTh Hempe-
puiBHbIE (QYHKUHH OT (f, &)= L?(G) X L*(G) co s3HaueHHAMH
B #°(G). Ho oro6paxenne (f, g)— F (fg) ectb cymepmosuuus
orobpaxenus ([, g)+—=fg us L*(G) X L*(G) B L'(G) ¢ orobpa-
xkenueM h+—>Fh us LY(G) B ¥°(G); orobpaxenue (f, g)—

> (F]) »(F g) aBaserca cynepnosuuuelt orobpaxenus (f, g) —
—(Ff, Fg) w3 [*(G) X L*(G) B L*(G)X L*(G) ¢ orobpaxe-
nuem (h, W)—h+H u3 L2(G) X L2(G) B #°(G); ocraercs
NPHHATL BO BHHMaHHe TO 0GCTOATENbCTBO, UTO BCe 3TH 0TOGpa-
JKEHHS] HeIPepPHIBHHL.

7. @ynxropuanvrvie ceolicrea A8oiicréenHocTU

ITyers G, H—noxa/bHO KOMIIAaKTHBIE KOMMYTaTHBHBIE I'PYIITH
# ¢ G— H —wmopdusm Tomoaoruueckux rpymn. Ecau = H,
TO £o@ sBJAETCA XapakrepoM rpynns G, Kortopwi#l oGo3Ha-
yaercs yepe3 (¢ (£). DTo o6o3HaueHHe COOTBETCTBYET (opMyJe

(£, o) =(9(2), v

cnpaBennuBofi maa Jiobwx £ H u y=G. Orciopa BUHO,
uTo ¢ npexcTasJfeT co6oit MopGu3M Tomosoruveckoii rpynnus H

A

B TomoJioruueckywo rpynny G; MopdusM ¢ HaseiBaloT dsoli-
cT8eHHbIM K MophusMy @.

Ecam ¢’: H—> K — Mop(}u3M TONMOJIOIHYECKHX rpynn, 7O, KaK
cleayer M3 mnpuBeneHHo# Bhle GopMyJH, (¢ o @) ——qJ (18
Ecsu @ — ToxaecTBenHoe oToGpaxenne rpynme G, To § — To-
JKIeCTBeHHOe OTo6pakeHHe IPYIIIH G.

dra dopMmysaa mNoKaswHBaer TaKKe, uTO cp ¢ (mocraTouHo

KaHOHHYECKH OTOXKAECTBHTb G C G He H)
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TeoreEMA 4. [lycre G’ — samknyras nodepynna ¢ G, G” —
paxropepynna G/G’, [ — kanonuueckan uHvexyus G’ 8 G,
p — KaHoHuueckas cropsexyus G na G”:

G’ LN G- G”,
G <G <G
Toeda orobpadxcenue P ABARETCA USOMOPPHUSMOM G” na G'%,
a oroépao/ceuue [ — rounbim moppusmon G wa G’ ¢ adpom G'*,
SlcHo, uto p(G”) ecTb MHOMKECTBO YHHTApHHIX XapaKTe-
p

pOB rpynmsl G, paBHBIX Hymo Ha G’, T. €. MHOXECTBO G

Ecnu snement £7< G” TakoB, uTO p(£")==e, To pan BCex
x € G uMeeT MecTo paBeHCTBO | ==(x, ﬁ(ﬁ”))-—-(p(x) £, u3
KOTOpOro cienyer, uro £ £” =-e. TloaTOoMy OTOOpaxeHHe p HHBEK-
taBHO. C APYTO# CTOPOHBI, NYCTb U — uekoropas OKPEeCTHOCTb

sneMenta e B G”. CyuiecTBy0T KoMIakTHad dacTs K” B G” u
uyucao e>0, Takue, uTO
(£"=G” u (2", »"Y—1|<e pas Bcex x" K=" < U.

B cuay O6uw. ron., ra. 1, 4-e n3g., § 10, n° 4, npexx. 10, cy-
ImecTByeT KoMnakTHada wacte K B @, Ttakas, uto p(K)=K”".
Torma

#=6” n [{(p(£"), ) —1|<e aas Beex x=K)=> " <= U.

Hnaue rosops, cyliecTByeT okpecTHOCTh V sseMenra e B G,
TaKas, 4TO

(ja” = Gll np (xll) sV)=sireU.
Takum o6pasom, p sBJseTcsi H30MOPPH3MOM G” Ha G’J'
2) Sleno, uto Anxpo orobpaxeHus i cosnanae'r ¢ G'*. Tyers
L — pBoficTBennass rpynmna K rpynne Gli~ '(e), Tak wuro
@/f”l(e)zz. Cywectyer Mopdusm ¥P: L— G TOMOJOrHYECKHX
PYNN, Takol, uTO 1 — KaHoHMuecKas CIOpbeKuus W3 G Ha L:

¢’ 2 LY,
G’ AL <26
C npyro#t CTOPOHHI, oToGpaxkenne i MoxeT GHTb IpexCTaBJIEHO

B BHZe o, rme n: G’ — L — Hexotophlit MOpdH3M TomOMOTH-
ueckux rpynn. Tak kak Ppon==1i, To P (L) D G’. Us pamencrsa

(o p)(G")={e}



7 [Ipeabpasosanue Pypoe 139

caepyer, uro (po¢)(L)={e} n, 3uauur, ¢(L)= G’. Tarum
ob6pasoM, P (L)=G’. CoryacHo mepBoH YaCTH J0Ka3aTe/]bCTBA,
P — usomoppusm L wa G’. Crajno GuiTb, 1 — usoMoppusm G’

Ha L, n—naoMopqmsm L va G, ai— tounni Mopdusm G
na G’ ¢ agpom G’

CaencrBue 1. [Tycre G’ — nekoropasa nodepynna e G. Toeda
(¢t =a.

IIpenmonoXuM CHauaja, uTO nom"pyrma G’ 3amkHyTa, H
MCTOMb3yeM 0603HaueHHs TEOPEMbI 4, Torpa i ectb TOYHBLH

Mopqmsm G na G’ ¢ AAPOM G'* u, crano GuTs, [ — H30MOp-
(usm G’ wa (G'*)*. Ecan oroxpecrsuts G’ ¢ G/, G ¢ G u i

c i, To Mop®hH3M [ OKaKercs Haomopqmamom G’ wua (G'J')
OTKyxa G’—(G’J') B of6ueM cayuae umeem

G (@) =) =0

CuaencrBHE 2. [Tycre (H;) — cemeiicTeo 3amkryToix nodepynn
8 G. Tozda arnyaaTop 3AMKHYTOL noaapytmbz, noposicoennoll

nodepynnamu H; cosnadaer c nH;. Annyaarop nepeceuenus

nH | ABARETCA 3AMKHYTOL noaapynnou, nopovcdennoi nodepyn-
i
1
nanmu Hi .
[Tepoe yTBep:xkaenne oueBHaHO. Bropoe moJayuaercs (c yue-
ToM eJgencreus 1) samenoir G una G.

CaencrBrE 3. [Tycre ¢: G— H — mopdusm Tonosoeuneckux
epynn. Jas 1020 urobs. ¢ Oovin. TOUHOIM CIOPBEKTUBHbLM MOp-
Pusmom, neobxodumo u aocramtmo, 4robbL § Obra TOUHBIM
UHBEKTUBHOLM MODPUIMOM.

Ecnu @ — CIOpBEKTHBHBIA TOUHBIA Mophu3M, To § — HUHBEK-
" TUBHBIHA TOuHBIA MopdHu3M (Teopema 4). Ecin ke § — MHBEKTHB-
HBIH TOYHHLE Mop®H3M, To @ sBJsAercs HaomopdHsMoMm G Ha
HEKOTOPYIO JIOK2JbHO KOMIAKTHYIO H, CTaJo OblTb, 32MKHYTYIO
noarpynny B H; cJjenoBaTesNbHO, ¢ — CIOPBEKTHBHHIH TOUHBIH-
Mop huaM (TeopeMa 4).

Cnencreue 4. Mycre ¢: G —> H ~— mopgdusm tonosroeuneckux
epynn. [laa To2o urobor @ Obta TOUHBIM MmOpGPuUIMOM, HeOGXo-
Ounmo u docrarouno, urober § Osin TOUHBLM MOPPHUIMOM.

OTO HeMelIeHHO BHITEKAeT H3 CJEIACTBHS 3 H KaHOHHUECKOro
pasJoXKeHds1 TouHoro MopbusMma,

CuencrBue 5. Iycro Gy, ..., G, — A0KAABHO KOMRAKTHblE
KommyTaTueHsle epynnol U MA; — KAHOHU4ECKaR unzdeKkyua G,
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8 epynny G = <1]_I< G;. Toeda orobpadcenue (5»])1<I.<n ua G
1\ \n ==

8 H G,; a8aseTCA U30MOPPUIMOM.

1I<i<n

Adag n=2 310 caeayer u3 teopemnl 4. UtoOH nokasath
ofuiee yTBepKAEHHE, NOCTATOUHO MPOBECTH HHAYKLUHUIO MO f.

CnenctBuE 6. [Tycte ¢: G H — mopgpusm Tonosozuueckux

epynn. Toeda nodepynna Imge 6 H u nodepynna Kerp 6 H
s3aumno 'oprozonassust. B wactHocTu, daa Tozo 4T0GeL MOp-
usmn § Obia unBEKTUBHOIM, He0DX00umo u GocTaTo4HO, 4TODBL
Im o Gotr naorneim 6 H.

Ilyety = A. Ons Toro uToGbl § < Ker$, neobxogumo
W L0CTATOYHO, 4ToOH ( (9), x) =1 f1a Becex x = G, T. e. uTo6H

{9, ¢ (x))=1 nas Bcex x& G, uHaue rosops, 9To6w § < (Im ¢)* =
—(m¢)". Iosromy Kerp=(Img)", a B cuny caencrsus I,
Im = (Ker §)".

Cnepcreue 7. [Iycre ke<1Z. ITycre G® u Gy — obpas
u adpo moppusma x+—>x* us G 6 G. Tozd0a G, u aamvicanue
nodepynnst G™® @aqumno opTozoHarbHOL.

JleficTBuTenbH0, MopduaMbl x—>x° H3 G B G u £+ £°
us G 8 G nBoficTBeHHH JIpYyr JAPYry.

KomMyraTuBHyio rpyuny C HasbiBaioT de.iumoil'), eciu Ans
Kaxaoro ajseMmenta x =C u Kaxjoro uucaa k= 7Z cyiectsyer
sjaemenT y < C, Tako#, uto y* = x.

Cneacreue 8. (i) Ecau epynna G Jdeauma, To G——epynna
6e3 Kpyuenus (T. e. He UMEET 2NEMEHTO8 KOHEe4HO2O ROpadKa).

(ii) Ecau G — epynna 6e3 Kpydenua u k=7, To mrosxecTeo

saementos x* (2de x npobezaer G) naorno s G.
(iii) Tycre G OQuckperna uasu KomnaxTHa. JJas Toeo urobet G

6eira Oeaumoti, Heobxodumo u docrarouro, 4robs. G He umesq

Kpydenus.
YrBepxaenus (i) um (ii) Bertekaor u3 caencrBus 7. Ecum
rpynna G pucKpeTHa HJH KOMIAKTHa, To o6pas MopdusMma

x+—>x* u3 G B G samruyT u (iii) Burtekaer u3 (i) u (ii).

8. ®opmyara ITyaccona

IeennoxenHe 8. ITycre H — samxuyrana nodepynna 8 @G,
a— nepa Xaapa na H, § — mepa Xaapa na G u y=_p/e — coor-

) Ynorpebaserca Takxe TepMHH noiuas. — [Ipum. ped.
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sercreyrowan mepa Xaapa na G/H. Oroxdecrsum (G/H)"
¢ HY u obosnauun uepes y mepy Xaapa na H*, accoyuuposan-
nyro ¢ y. MMycre [ = LY (G). [Ipednoroxcum, 4to cyxcenue na H+
nenpepoienoli pynkyuu F| unreepupyemo (no mepe v). Tozda
02a nouru ecex x =G Pynkyus h—>[(xh) na H aearserca
a-UHTeepupyemoll U cnpased 8o pageHcT8o

[1hydamy= [ (b, x)(@T) (k) dy (k).
H L

Hssecto (Hureep., ra. VII, § 2, npepa. b), uto a/s nouru
Beex xr &G ¢yHKUHA h_|—>f(xh) SBJISETCA O-HHTErpHPYEMOi

Ha H ¥ uto dyukuus % +—> F (¥)= f [ (xh)da (h), onpenenennas
H

noury Bcioay Ha G/H, y-uaterpupyema (uepes % obGo3nauaercs
KaHOHHUecKI o6pas asnementa x B G/H). IlpeoGpasosanue
®dypbve dyukuuun F, paccmaTpuBaeMoe Kak ¢GyHKuus na HL,
3ajaeTcss PaBeHCTBOM

(26) FF ()= [ & Bay@) [ F(eh)dan) =
G/H H

= [ & DT3B =(&T) (b
[¢]

B cuny Hamero npeAnoJiOXKeHHd OTHOCHTe/IbHO GyHkunu f,
noJyuaeM, cjefoBartenvio, FFeL! ((G/H)A). Crano _GHTb,
bynkuus F moutH Beiogy coBmagaer ¢ bynkuumeds F (FF)

(reopema 3), T. e. noutu Bciony Ha G/H HMeeT MeCTo paBeHCTBO

F(&)= [ (k, x)(FF) (k) d3 (k).
"L :
IMpunnmass Bo BHHMauve (26), moJyuaeM Halle yTBepXICHHE.

CaenctBueE. Coxpanum ob6oswauenus H, a, B, vy, ¥ npedso-
acenun 8. Mycre [ = L'(G). [Ipednosomum, 4ro

1) cymenue ¢pynkyuu Ff na HL unreepupyeno;

2) Oaa ecex x G ¢ynxyua h—> [ (xh) na H unrezpupyema;

3) ff(xh) da (h) — nenpepoieran (ynkyus or x.
H
Toeda umeer mecro paeerncrao (¢popmyra ITyaccona)
(27) [ 1) da(my= [ (F1)(k) di (k).
H jTan

IlefAicTBHTENBbHO, HCHOJIB3YS BBENEHHHE BHlILE 0603HAYEHH,
Mbl BuguM, uto bynkuud F u F (FF) coBnafaioT NOYTH BCIOLY
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H HeNpPepHBHH; CTaJ0 ObITh, OHH COBNANAIOT BCIOAY M, B YacT-
HOCTH, B TOYKe e, OTKyZa B mosyuaercs (27).

3ameuanue. Mb yBHAHM B JajbHefIlleM, KorAa paclpo-
cTpaHuM npeoOpasoBande Pypne Ha pacnpepesenus, dto ¢op-
myJsa (27) BeipakaeT To o0CTofATEJbCTBO, uTo NMpeoOpasoBaHHe
dypre Mepn Xaapa @ B H coBmagaer ¢ Mepo#t Xaapa ¢y B HL.

Npepnoxenue 9. Coxpanum oboswatenus a, B, v, H nped-
aosenus 8. ITycre @, Bu y—accoquupoaauubze mepot Xaapa
na B=GJH, G u (G/HY = HL. Toeda & =p/3.

Myers fEX(G). Nas x=G6 n ys G monoKHM
o(x, 9)= [ [(xh)(y, h)da(h).
H

Crenyromue ¢akThl oueBHIHBE: a) Qynknus ¢(x, y) npu
(HUKCHPOBAHHOM X BaBHCHT TOJbKO OT KJacca j aJeMeHTa y

B GIHL, b) dbyukuus (y, x)(p(x, y) npu OHKCHPOBAHHOM y
3aBHCUT TOJIBKO OT KJacca X aieMedta x B G/H; ¢) dynkuna ¢

HempepeiBHa Ha G X G.
Oynkuust §—> @(x, y) ectb Konpeodpasosanne dypre GyHK-
nun h+—>f(xh) Ha H, caeposarejbHoO,

(28) [ 1o, 9)Pda@)= [ 17 (k) Pdah).
Gt H
KonpeoGpasosaneM @ypbe HempepblBHOH (YHKUMH X +—>

—>(y, X)@ (%, y) ¢ KoMNAKTHHIM HocHuteseM Ha G/H sapnsercs
cregyomas ¢GyHkuns xa H-L:

ke [ (kD Dol HdyH =

G/H

= [ av() f gk, xhy [ (xh) da (h) =
GIH

= [ dv(® f (yk, %)f (x) da(h) =

GiH

— j (yk, %) [ (x) dp(x)=FT (yk).
G

CJietoBaTe ibHO,
(29) [1ot pray@ = [ 1FT@h P (k).

GIH HL



g M peobpasosanue dypoe 143

U3 (28) u (29) BHIBOAHM lIENOUKY paBEHCTB

jl(s?'f )PdB () = flfx)Fdﬁ(x)

= [ave jlth )P da(h)=

alH '

- de (%) f lo(x, y) Fda(§) =
GIH it

= [ da@ [low pPavi=
GiHt GIH

= [ da@ [1E&DERIPR®).
Gt gl

Bui6upas [ #= 0, moayuaem orciopa, uTo & == p/3.

9. Hpumeptr dsoiicTéennocTu

IMrepnoxeEnuE 10. Ecau epynna G korneuna, o G uzomoppHa
(soobuye eosops, He Kaworuuecku) epynne G.

Mycts x=G, £=G u n=Card G. Umeem (£, x)"=1.
Xapakrtep rpyunsl G fABJdeTCAd B TaKOM CJayuyae romoMmopdus-
mom G B rpynny Kopueii u3 1 B C. Hame yTtBepxpente cie-
ayer torga u3 Aaze., ra1. VII, 2-e usn., § 4, n°8, npen. 8 u
npHMeD.

IMpepnoxenne 11. Jas roeo urober epynna G Getra KoM-

naxTHotl, Heobxolumo u docTarouwo, urobet epynna G Goiaa
duckpernot. Hopmuposanuneie mepor Xaapa (Hureep., ra. VII,

§ 1, n°3) na G u G sasastorca 10200 accoyuUuUpOBAHHbIMU.

[Ipepnonowum, uto rpynna G Komnakraa. Torga cyiue-
CTBYeT OKpecTHoCcTh V aJjeMenta e B G, obaamawomas ciaefywo-
muMH ceofictBamu: ecad Y=V, 1o [x(x) — 1|1 gaa awo6oro
anementa x < G, caenosateabno, |y (x)" — 1|1 nns mawo6oro
x=Guawboro n < Z; ctano 6uTh, g (x)=1 aas aoboro x = G u,
auaunt, V ={e}. Tem camblM nOKa3auo, yto rpynna G JAHCKpeTHA.
Urak, ecau G — KoMnakruad rpynna, o G — IUCKpeTHas rpynmna.

IMpennonoxum, uwro G — auckpernas rpynna. CuaGaum
rpynny G HopMHpOBaHHOH Mepoil Xaapa «, KOTOpasd NMPHIHCH-
BaeT Kax/Joii TouKe maccy, pasuyio 1. Tlycts f— xapakrepu-
cTuueckas ¢yukuusa sjaementa e Ha G. Torga Ff=1 na G
H F[ cTpeMuTCsT K HYJI0 HA GECKOHEYHOCTH, CJefoBaTejbHO, G
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komnakTHa. C JApYroi CTOPOHEI, MO OTHOMICHHIO K ACCOMHHPO-
BaHHOH ¢ a mepe Xaapa & ¢yukuus F[ umeer uarerpas, pas-

moiil 1. Tlostomy a(G)—I M, 3HAYHT, & — HOPMHpOBaAHHAA Mepa
Xaapa Ha G.

3ameuanue. Ormerum, uTO /s KOHeUHOH rpymne G,
cocrosiiefi H3 f 3JE€MEHTOB, INOHSITHE HOPMHPOBAHHOH Mephl
Xaapa pgBycMbIcjeHHO. B »ToM caydae, KaK yKasaHO B NpEAJoO-
wenuu 11, ecoum o — mepa Xaapa Ha @, KOTopas NPHIHCHIBAeT
Kax1O0fl ToUKe Maccy, paBHylo I, To accouMHpOBaHHas ¢ Heit

A

Mepa Xaapa & Ha ¢ NpuUNHCHIBAET KaxKAOH TOUKE Maccy, pas-
aylo 1/n. .

Caepcrsue 1. Ilycre H—3amxuyras nodepynna 8 G. [an
r020 uTo0b8l 3TQ nodepynna 6bma KOMNAKTHOU, Heobxo0umo u
docrarouro, urober nodepynna H* 6bu1a OTKpbITOLl 8 G.

,H,eHCTBHTeano TO, UTO no;u‘pynnaH OTKPHITA, PaBHOCHJIBHO
TOMY, YTO G/H' nuckpersa, a G/H* usomopdHa H.

Caepcreue 2. [Tycre (Hg),o, — ybuisaroujee ¢uastpupyro-

weecs cemelicrgo KomnaxTHolx nodepynn 8 G. JJas 1020 4T06G6l
epynna G oToxc0ecT8A4aCs ¢ NPOEKTUBHbLM npedesom nodepynn

G/H,, Heobxo0umo u Jdocrarouro, wTobbl epynna G npedcras-
as0ac6 8 8ude 06vedunenus oTkparox nodepynn Hg (usomopgp-
uowx (GIHYM).

To, uto rpynna G OTOXKJECTBJsIETCST € INPOEKTHBHBIM IIpe-
neqom noarpynn G/H,, paBHOCHJIBLHO TOMYy, YTO nHa={e}

a
(O6w. ron., ra. III, 3-e msn., § 7, mpens. 2), T. e. Tomy, uro
UHé nioro B G (caencrsue 2 Tteopemnl 4). Ho UHé'—-OT—

~

KpbITask H, CTajJo OHITL, 3aMKHyTas noirpynna B G.

CuepncrBue 3. I'pynna, OsolicTéennas K npoussedenuto Kom-
naktHolx epynn H,, oroscdecreaserca ¢ npamot cymmoii Ouc-

Kperroix epynn H,.

3To yTBepxkjAeHHe IpeAcTaBiser COGOH uvacTHHH cayuaifi
caencTBua 2.

Meepnoxeune 12. Hycrs K — aoKkaasHo KomnaxTHoe Hedu-
ckpernoe Teao (He o06asaTesbno KommyrarusHoe). Boibepen
8 kKauecrse G addumsuyto epynny K. HyCTb ¥ — urcuposan-
Howli yHutapreui xapaxrep 8 G, oTauuneui or 1. [Jaa x, y<= G
noaoxcum @(x, y)=y(xy). Toada epynna G dsoucTseuua cebe
OTHOCUTEALHO @.
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HOnaa x, y& G nonoxum ¥, (x) =1y (xy). Henocpexcrsenro
BHJHO, 4To %, & G H uYTO oToGpaxeHHe 0: y+—> y, eCTb HHDBEK-
THBHBIA roMoMop¢puam u3 G B G. Kpome toro, oro6paxenue 0
HEempepeIBHO, TAK KaK oToSpaxenHe (x, y)—>1y,(x) u3 G X G
B C HenpepsBHOo, H 0(G) miotHo B (G, Tak Kak DPaBeHCTBO
Yy(x)=1 ana Bcex ye G Bjaeuer 3a cobofi x=0. Ilyerp
2—>|z|— abcoJIOTHOE 3HAUeHHe, oOIpeeJsdiollee TONOJOTHIO
B K (Komm. aaze., va. VI, § 9, n° 1, upepa. 1), v nycts ae-
MeHT Xy & K TakoB, 4TO %X (%) #= 1. Tlyere M>0. Ecan pas
jx|<<M sBHunoaHAETCA HepaBeHCTBO [y () — 11 <Hyg (x0) — 1,
10 |yl |>M, 1. e. |y|<M '[xy|. Orciona sakaouaem, 9to
oToOpaxKeHHe y —> Y, ABJAAETCI roMeoMopduaMoM rpynne G Ha
0(G); caegoBarenbho, 0((G) JoKaJbHO KOMIAKTHA H TNOTOMY

saMkuyta B G, H, 3uauut, 0(G)=G

Caencrsue 1. (i) I'pynna R Osoiicrsenna cebe oTHocureasHo
orobpaxcenus (x, y)—>exp (2nixy). I'pynna R, raxum obpazon,
orosxcdecraaserca ¢ R, a mepa Jlebeea accoyuuposana cama
¢ cobot.

(ii) F'pynnee Z u T ssasorca Jsodcrsennsimu Opye dpyey
oTHOCUTeAsHO oTobpaxcenus (n, i) exp(2innt) (20e uepes t
o6o3Hauen Kanonuueckuli obpaz e T sewecrsennoeo uucaa t).

I'pynna R aBoficTBeHHa ce6e OTHOCHTEJNBHO OTOOpaKeHHs
(x, y)—>exp (2inxy) (npexnoxenne 12). OroxkaectBuM R c R.
Aunyasarop moarpynnsl Z B R=R coBnagaer roraa ¢ Z u (ii)
caenayer u3 teopeMul 4. ITycTh @ (COOTBETCTBEHHO Y) — HOPMHPO-
Bauhas Mepa Xaapa Ha Z (coorBerctBenho T). Eciu uepes f
o6osnaunTh Mepy JleGera Ha R, 10 y=f/a. Mepa Xaapa &
(CoOTBETCTBEHHO §) HA Z=T1 (cooTBeTcTBeHHO T=1Z), acCoLHH-
poBaHHass ¢ o (COOTBETCTBEHHO Y), SBJAETCH HOPMHPOBAHHOM
mepoil - Xaapa Ha T (cootBercTBenHo Z) (npepsoxenue 11).
B cuay mnpennoxenns 9, Mepa Xaapa Ha R =R, accouuupo-
BauHas ¢ B, coBmagaer ¢ fi.

3ameuanue 1. BepHemcs, B UYACTHOCTH, K ONpefe/EHHIO
npocrpanctsa X (L'(Z)), nautomy B ra. I, § 3, n° 3, npumep 4.

Ecau e oroBopeHo NpOTHBHOE, MBI BIIpeib OyeM OTOXAECTBJATh R
¢ R B cootBercTBuu co cieactBuem 1 (i).

CaegctBuE 2. [Tycrs [ — Komniexcnas pynkyus, unTeepupye-
man na R. [Tpednosoxcum, uro 04 kaxcdoeo x = R umeer mecro

HepagencTso D lfx+ni<do u uro pyukyus x>
nez

1 /26 3ak. 1236
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—> 2 f(x+ n) nenpepeisna. Mpednoroscus Takice, 4To

ZI(S"f n)| < 4+ oo.
Toeda
2 (FDNm)= 2 [(n).

DTo paBeHCTBO npencraBaseT co0of dacTHHH cayya# caen-
CTBHUSI IpenJioxeHHs 8.

CnenctBue 3. I'pynna R™ dsolicteenna cebe OTHOCUTEAbHO

n
orobpascenus ((x;), (y;))—> exp <2m'2 x,-y,). Tpynna (R™) ,

rakum obpasom, oroxdecresserca ¢ R", a mepa Jlebeza acco-
yuuposana cama c¢ cobotil.

OTo yTBepKaeHHe BHITeKaeT M3 caepctaua 1 (i).

3ameuanne 2. Ecau 3apgana HekoTopas noarpynna H
8 R", TO ell coOTBETCTByeT OpPTOTOHaJ/bHAs IOATPyNNa H*

B (R") =R", xoTopas ecTb He 4TO HHOE, KaK NOATPYNNa, ACCO-
yuuposannas ¢ H B cmbicae onpenenendsa O6uy. ron., ra. VI,
§ 1, n°3.

[Iyets p — npocrtoe yucsto. /g Kaxaoro yucaa x € Q, cylue-
CTByeT H HpHTOM eMHCTBEHHOe uHCja0 A(X)EQ BHaa
g/pY, rae 0<Cg<p', Takoe, uto A(x) —x =Z, (Azre., ra. VII,
§ 2, n°2, teop. 2); nonoxum g/p” == A (x). IcHo, uto A(x 4 x’) =
=A(x)+A(x)(mod Z) u uto GYHKHHA A JOKZJIbHO NMOCTOSHHA
Ha Q,. I[TostoMmy dynKuEa x+—> exp (2ni) (x)) ABAAETCT YHHTAD-

HBIM XapakTepom rpynmsl Q,. Ero anpo cosmanaer ¢ Z,.

Caexctsue 4. (i) I'pynna Q, OsoiicTeenna cebe 0OTHOCUTEAbHO
orobpaxcenusn (x, y)+—> exp (2imh (xy)). pynna Q,,, rakum obpa-
30m, oroxdecTeaneTca ¢ Q,, Hopmuposantas mepa Xaapa Ha Q,
(Mureep., tn. VII, § 1, n°6, npumep) accoyuuposana cama

¢ coboil.
(ii) I'pynnee Z, u Q,/Z, Osoiicteennor dpye dpyey OTHOCU-

TEAbHO oro6pao:ceuuﬂ (2, i) —>exp (2inh (2t)), ede uepes i obo-
3Ha4en Kanowuueckuii obpas 68 Q,/Z, p-aduueckozo uucaa t.

IlokasaTesbCTBO OyKBa/bHO NOBTODPSET N0OKa3aTeJbCTBO
caegcteus 1.
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§ 2. CTpyxkTypa KOMMYTATHBHBIX JOKaJbHO
KOMOAKTHBIX rpynn

1. Tpynnot, nopoxcoerrvie KOMRAKTHOIMY YACTAMU

JIemma 1. Iyere H — aokansno KomnaxkTHas epynna u
@ — nenpepoigrotli mopdusm us R (cooreercrsenno 1) e H.
Ecau ¢ ne ssaserca usomopgusmom (ronosocuseckum) us R
(cooreercreenno Z) mna wexoropyw nodzpynny 8 H, 1o @(R)
(coorsercreenno @ (L)) — OTHOCUTEABHO KOMRAKTHOE MHONCECTBO.

Ilycts [ — ofpasa Mmop¢pusma ¢. ITOCKOMBKY MOXKHO 3aMe-

autb H Ha [, MBl OGygeM mnpepmogarath, 4yro [ mjaoTHo B H.
[Tpeano/oxuM, Jajee, YTO CYIIECTBYIOT OKpecTHOCTb V 3.e-
menta e B H u unemoe M>0, rakde, uyro Aaf Kaxaoro {>M
n3 R (coorBerctBeHHo u3 Z) @(f) & V. Torna ¢ — HHBEKTHBHBIA
mMopdu3M, cyxenue @ Ha (— M, M) siBasiteTcst roMeoMOpdH3MOM
u cyxendHe ¢~! Ha V()] HenpepmBHO; cJeJ0BATeNbHO, @ €CTb
tonoJjiornyeckuii u3omoppusm uz R (coorserctBeHno Z) Ha /.

IIpennoaoXKHM, 4TO @ He fiBJSeTCs TOMOJOrHYECKHM H30MOp-
¢uzmMom Hu3 R (coorBerctBenHo Z) Ha [. Ilyets W — kakas-
HHGY b OTHOCHTE/BFO KOMIAKTHAsl OTKPHITasi OKPECTHOCTb 3Je-
medTa e B H ® V — cHMMeTpHUHAs OKPeCcTHOCTb 3JeMeHTa e,
takas, uto V2 W. Jlia Kaxjoro sjaeMenta x & H =1 cyue-
cTByeT uHcJo § & R (coorsercTBenno Z), Takoe, uto x = @(s)V.
CorsacHo npexpyiyliemy a6sauy, cyuiecTByer yHcJo £ & R (coot-
BeTcTBeHHO Z), Takoe, uyto |{|>s u @()sV. HMeem x &
Eq;(t—l—s)q)(t)_'ch)(t—I—s)W, t+s>0. dadee, OTKpBITEHE
muoxectea @ () W nast u>0 o6pa3yloT oTKphITOE nOKpeiTHE H.
CyiwiecTByIOT CTPOrO MOJOKHTEJbHbIE YHCAA Uy, ..., U,, TAKHE,
qro W U Q) W. I'IyCTb T — nanGoJsbliiee H3 YHCEJ U;.

I<i<n

Iyctb x= H n s-—mf{tlt 0,p( = Wx} Torrag(s)x e W,
M CyIlecTByeT TakoH HOMep i, 4TO p(s)x '=e@(y;) W n, snauur,
@(s—u;)=Wx. Buibop uncaa s obecneudBaeT HEPaBEHCTBO
s —u; <0, orkyza cJaexyer, uto s<.I. Takum o6pa3om,
H=9¢((0, T)) W — KOMnaKT. '

JIemma 2. Ecau epynna G nopoocdaercs KOMRaKTHOU oKpe-
cTHocTeto V. 3nemenTa e, To cyujecréyeT OucKpeTHas nod-
epynna D e G, usomoppuan epynne " u takas, 4ro axrop-
epynna G[D xomnaxTha.

Tak kakK V2 -— KoMOakT, TO CYWIECTBYIOT 3JEMEHTH X, ...

euy Xy = G, maxue, yro V2= |J V. Iyers Dy — nogrpynna,
I<T<k

56 ' -
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nopo K/eHHasl 3TUMH sjeMenTaMu. Mmeem V2 Dy, otkyia no
MHAYKIMH 1ogaydaem, uyto V"< D¢V u, kpome toro, G=D,V.
Ilycts Torfa J — uyactb MuOxectBa {l, ..., R}, Takas, uTo mojg-
rpynna D, nopoxkueHHas sjeMeHTaMH ¥;({ & J), TONOJOTHUECKH
usomoppua Z*’ npuuem J — MakcumasbHas M3 uacTedt, o6.ia-
JAOIIKX TaKHUM cBoicTBOM. [lokaxeM, uto G/D xkoMmmakTHa.
Ilyctb p — KaHOHH4eckasi clopbekuuss G Ha G/D. Tlycers
ie{l,2, ..., k}—J. Ecin nogrpynna H; 8 G/D, nopoxpaenHnas
3JeMeHTaMu p(x;), TonoJjoruyecku usomopdHa Z, TO MOATpymmna
B G, nopoxaesnas D H x;, TUCKPeTHA, u oToGpaxerue (d, n)—
+—>dx} asasierca usomoppuamom D X Z na 3Ty moarpymmy, 410
TIPOTHBOPEYHT MakcHMaJabHOCTH J. M3 nemMul 1, ciemoBaredsHo,

BhiTekaer, uto H; — KoMnakt. [Tostomy G/D = (“ H) p(V)y—

KOMIIAKT.

TMrepaoxesuE . Caedyrowjue ycao8us 3K6UBAACHTHbL:

(i) G noposicOeHa KOMNAKTHOL OKPECTHOCT6I0 3INEMENTA e

(i) G npedcrasaserca e sude npamozo npouseeaeuuﬂ 2pynn
RP u Z npu HeKkoTOpbLX P U q U HEKOTOPOLL KOMNAKTHOLL epynnbL;

(iii) G A0KAAbHO usomopdra epynne R" npu nexoropom n;

(iv) G npedcrasaserca 8 sude npamozo npoussedenus zpynn
R? u TY npu HekoTOpolX p U q U HeKOTOPoL OUCKPEeTHOLU apynhsL.

(i)=>(iii): eciu rpynma G o6samaer crofictBom (i), To cyie-
«ctByer noxrpynna D B G, nso'wop(pﬂaﬂ Z" u takaq, uro G/D-—
'KOMMNAaKT (JeMMa 2). Torma D* —ILHCKpETHaﬂ rpynma, cJefoBa-
-TeJIbHO, G nokanabHO n3oMopodHa G/D , T. €. D a 3Hauut, T"
#, cTajgo 6uTb, R™. ~

(iil))=>(iv): econ G JIOK@JIbHO uzoMoppua R", To cmsasHad
KoMnoHenTa eguuuus (G), B (G fABJAAETCH OTKPHITOH NOATPYI-
noit, usomoppuoit R? X T** (06uy. ron., ra. VII, § 2, Teop. 1),
U, CJeJA0BaTeJbHO, aeauMmof rpymmoit. I{is 3aBeplieHHsl j0Ka-
_3aTeJbCTBA NpeRJoKeHust | HaM moHazoOuTCs

JIemMma 3. ITycre A u B — Kommyrarusnste epynnst, C — nod-
epynna 8 B u ¢ — mopgpuan uz C 8 A. Ecau epynna A Oeaunma,
T0 cywecrsyer moppusm u3z B e A, asasouuiics npodoace-
Huem mopgpusma Q.

(JlpyruMH cIOBaMu, AeJHMMBble TPYNIbl HHHEKTHBHB B KaTero-
DPHM KOMMYTATHBHHIX rpymn; cMm. Aze;, ra. VII, 2-e usn., § 2,
vmp. 3.)

[Tycts €& — muoxectBo nap (X, f), rae X — noarpynna s B,
conepxamas C, u [— Moppuam us X B A, asisouwuiics npo-
JoJKeHHeM @. YnopsaouuM MHoxecTBo & ¢ momolublo oTHO-
uennsi: «X < X’ u [’ ectb npomoskeHne [». Hemocpemcreenuo
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nposepsiercst, uro & uuaykruBHo. Ilyers (X, f) — MakcuMasab-
Hulil aaement B €. Ecau X = B, Bo3bMeM KaKo#-HuOyAbL 3Je-
MeHT X u3 B==X n o6pasyem nmoarpyinny X/, nopoxneHnylo X u x.
Ecau x" ¢ X npu a06oM n = 0, To MoXKXHo npomo/ikuTh [ Ha X',
BHIGHpast B KavecTBe [ (X) Npon3BoabHbil 3/1emeHT u3 A. B mpo-
THBHOM cJyuae IIyCThb N — HauMeHbllee ILeJoe IIOVI0KHUTebHOe
yncJao, Takoe, uto x" & X. ITocko.abKy rpynna A peauma, cylle-
cTByer ajeMeHT y <= A, takol, uro y"=7Ff(x"), u MokHO mnpo-
AoMKHTL [ Ba X/, moJaras f(x)=y. B KaxpoM 3 3THX ABYX
ciyuaeB 3sJemedT (X, f) He Gymer makcumajabibiM B €. Ciaeno-
BateabHo, X = B, n JeMMa nokasaHa.

IMpumenum JaeMMy 3 K TOXKAECTBEHHOMY 0TOOpaxKeHHIO u3
C=(6)0 B A=(6)0, B=0G. [Tosyyaercst npoekTop T Hu3 G
na Gy, KOTOpbIH HenpepblBeH, TAK KaK HENDEepPBIBHO €ro CysKeHHe
HA OTKPHITYIO MOATpYyNIy G, CuaenoBarenHo, G npeacraBasercs
B Bujle NpsiMoro npousBeleHuss rpynnsl G, u AHCKpeTHOH Non-
rpynusl 7! (e). Umniukanun (iv) = (ii) = (i) oueBuansl. Ilpenno-
enne | nokasaHxo.

CagnctBuE 1. Ipednosomcun, uro epynna G nopoxcdena
KOMRAKTHOL oKpecTHocTol0 saemenTa e. Toeda (G codepxcur
nHauboabwyo KomnaxkTHyro nodepynny K, u G usomopdpra
R? X Z7 XK.

B cuay npensoxenus 1 rpynna G otoxpgectsiasercs ¢ rpyn-
nmoit R? X Z° X K, rae K — HeKoTopasi KOMHAakTHas Trpynna.
ITycts p-- KaHoHuueckast clopwekuna G na RP X Z% Ecam
K’ — kakas-uu6yAp KoMmakTtaast noarpynma B (G, 10 p(K')—
KOMIAKTHAas Nojrpymuna s R? X Z7, csonsuiasics, c/1eJ0BaTeJabHO,
K HeHTpa/JIbHOMY 3JIeMEHTY. ITostomy K/ < K u, 3sauut, K — Hau-
GoJblias KoMnakTHasi mojrpynna B Q. .

3ameuanne l. B pasnowennn G=R” X Z7 XK, yka-
3anHoM B npejioxenun 1 (ii), moarpynna K onpepeJsieTcst 01HO-
3HayHo Kak HauboJbliast KOMOakTHAas noarpymmna B G, u nmom-
rpynna R? X K takxe onpene/sercssi OAHO3HAUHO, MOCKOJABKY R?
ecTb cBs3HAs KommodeHnta enunHunbl B G/K. IlpuHuMas B0 BHu-
maune O6uy. ton., ra. VII, § 2, npensa. 1, Mbl BuauM, uTO H
nesoe 4ucJo p onpenensercss ofHo3HauHo. HakoHey, MOCKOJbKY
G/(R? X K) usomoppra Z7, uesoe uuc/I0 ¢ ONMpee/IsaeTcs OIHO-
3HauHo. B CHJIy ABOWCTBEHHOCTH, B Pa3JOKeHHH

G=R"X T XD,

ykasauHoM B upenjoxenun 1 (iv), moarpymmu R? X T, D u
HeJble YACAA p H ¢ ONpelessIoTcs OJHO3HAUHO.
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CaenctBuE 2. Cuedyroujue ycaosus 3KBUBAACHTHbL:

(i) G u G nopoxcOersv, KOMRAKTHOIMU OKPECTHOCTAMU 3Ae-
MeHTa e; R

(ii) G rokassno usomopgpra epynne R™, a G — epynne R";

(iii) G usomopgua npoussedenuro R’ XTI X Z XD, 2de
O — Koneunasn epynna, -

(iv) G. usomoppua npoussedenuro R’ X Z! X T XD, ede
O — koneunan epynna.

B cuny npensoxenust 1, (i)&(ii); kpome Ttoro, oueBHAHO,
yro (iii) & (iv) u (iii)=>(i). Ecan cnpasenauso (i), To G =R? X
X T X D, rne D — nuckpersas rpynna, mopoxAEHHas HEKOTO-
pofl KOMIAKTHOH 4acTbio; HO Torna D — rpymnna KOHeyHoro THna
H, ctano OuTh, uMmeer BuA Z? X @, rme @ — KoHeYHasi rpymnna
(Aae., r. VII, § 4, n°6, teop. 3).

3ameuyanue 2. B coorBercTBHH ¢ 0OO3HAUYEHHSIMU CJIEM-
creua 2 otoxaectBuM rpynny G ¢ RP X T/ XZ' X ®; RP X T?
eCTb CBI3HAs KOMMOHeHTa eduruun B G, T? X ® — ee Mmakcu-
MaJbHas KOMNakTHas moAarpymna, T? — cmsi3Has KOMIOHEHTa
eIUHHLK MAaKCUMAJIbHON KOMIIAKTHON NOATPYIINH; LeJbIe UHCad p,
g, r ONpenessilOTCA OAHO3HAuUHO rpynnoil G, cor/JacHo 3aMmeua-
Haio 1, a rpynna Q@ onpeneasercsi rpynmoii G ¢ TOYHOCTBHIO
Lo “soMopdusma.

IleepnoeEnHE 2. [Ipednoaoscum, wro G komnaxtha. Toz20a
cywecrsyer ybusarwoujee @uabTpupyroueecn CeMelicrso 3amMKHY-
Totx nodepynn H, 8 G, Taxoe, uro 1) G oroxcdecrsasercs ¢ npoex-
TugHoLM npedesom axkropepynn GIH ; 2) kaxcdan axropepynna
G/H, usomopgpna nexoropoii epynne T! X @D, ede ® — koneyHas
epynna.

JecTBATENbHO, MOCKOJBKY rpynna G pgHcKpeTHa, oHAa fB-
Jageresi 00befHHeHHEM BO3pacTaolero GUabTPHPYIOLIerocs ceMeit-

crBa noarpynn Dy koHeunoro tuna. Ilosoxum Hoe=Dgz. Torna G
OTOECTRJAETCA C MPOEKTHBHBIM npefesoM ¢akroprpynn G/H,
(§ 1, caexcreue 2 mnpemnaoxenusi 11). C apyro#t cropoubi, D,
usomoppua rpynme Z? X @, rme B — KoHeuHasi rpynna, crajao
6biTh, G/H, usomoppua T? X O.

2. O6wuii cayuaii

IMeepnoxenuE 3. (i) Kaxdas 10KAAbHO KOMNAKTHAR KOMMY-
TATUBHAA 2pynna npedcTasaserca 8 sude Npamozo npoussefenus
nodepynnet, usomop@roi Hekoropod epynne R", u nodepynnes,
obaadaroueil KomnakTHot OTKpuTOL nodepynnoi.

(ii) Kaxdasn 10KAALHO KOMNAKTHAR KOMMYTATUBHAS 2pYynna
ecTs 00BefunHenue 803pACTAIOWE20 PUABTPYIOULSOCA CemelicTea
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OTKpuITOLX N002pYNN, KOTOpbie ABAAIOTCS NPOEKTUBHbIMU npede-
aamu epynn, usomopprox epynnan suda R? XTI X Z7 X O, 20e
O — koHeunas epynna.

Yreepxpaenue (ii) suiTekaer M3 mnpeasoxenuit 1 u 2, ubo G
ecTb o6hbefuHeHHe Bo3pacramoluiero (HAbBTPYIOLErocs ceMelicTBa
OTKPBITBIX MOATPYMN, MOPOKIAEHHBIX KOMIIAKTHBIMH OKDECTHO-
CTAMH 3JeMeHTa e.

[Iycts, ¢ apyroft cropoHe, H — oZHa H3 3THX MNOATPYII.
Torna H mnpexncrasasiercs B Buge R? X Z? X K, rie K — KoM-
nakr (npepsioxenne 1). Kanouuueckas ciopbekuus H na mesn-
myio rpynny R” mnpogonxaercsi (nemMMa 3) 10 HenpepeIBHOTO
npoektopa m u3 G va R?. Crano 6bith, G — npsiMoe Mpou3Be-
nensie R? u snpa L npoekropa @, u Z7 X K — oTKpHTasA MoA-
rpynna B L. CiegoBaresbro, L/K — puckpeTHast moxrpymmna.

IlrennoxERNE 4. (i) [Tycre B — muoocecrso ecex aremenros
u3 G, koTopsie nopowdaroT OTHOCUTEABHO KOMNAKTHYIO nod2pynny
8 G. Toeda B ecre samrxnyras nodepynna 8 G.

(i) Hycro C — ceasnas kKomnonenra eduruyb, 8 G. Tozda
Bl =C.

Tak kKak npoH3BeneHHe ABYX KOMIIAKTHHX uacreli u3 G ecThb
KOMIIakT, To B — moarpynma. 3aMeTHM, UTO KaXIbli 3JeMeHT
13 G npHHALJIEXKHT HEKOTOPOH OTKPBITOH NMOArPYIHIe, TOPOKLEH~
HOH KOMIAkTHOH okpecTHocTblO 3jJeMmeHTa e. [losToMy nmokasa-

TeJbCTBO TOTO, UTO KaIbli 3/7eMeHT W3 B mnpumagnexur B,
ceogutes (nmpemsoxenue 1) K cayuato, korga G =R? X Z7 X K,
rie K —xommnakrtHag rpynna. Ho B 3toM cayuae sicHo, uTo
B=K.

Hokaxem (ii). Ilpernoxenne 3 (i) mospoJsser orpaHHUYHTHCS
ciyyaeM, Korga (G COmep:XKHT KOMIAKTHYIO OTKPBITYIO nof-

rpynny H. Torga H' — koMmnakTHasi oTkpbiTas noirpymnma B G.
Craso GbiTh, C — cBAI3HA KoMNoHeHTa exuHulisl B H+. C apy-
rofi croponsl, B > H u B/H ecrb MHOXecTBO BCEX 3JEMEHTOB
u3 G/H, Koropble NOPOXKIAOT OTHOCHTENBHO KOMMAKTHYIO MO~
rpynny B G/H. Tlockoasky H+ oroxaecrsisiercs ¢ (G/H)™, moxHo
OrpaHMYATBCA CJyd4aeM, Korxa rpymna G JHCKpeTHa M, CTaJo
ObiTh, G KOMIIaKTHA. Ho rtorma C ecrtp mepeceuenue OTKPHITHIX
noarpynn B G (O6y. ron., v 111, 3-e usn., § 4, n° 6, npenn. 14);
3aMKHyTasi Hoarpymna B G OTKpbITA B TOM H TOJNBKO B TOM
cJlyuae, ecJli OHa HMeeT KOHEUHBIH HHIEKC (HJH eC/IH ee AHHY-
JATOP KoHeueH); cJuaexcTBHe 2 Tteopembl 4, § 1 mokasuBaer,
yro Cl mnpexcraBisiercss B Bufe o0beIHHEHHs KOHEUHBIX MOJ-
rpynn u3 C, T. e. coBmamaer ¢ B,
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Caeacrsue 1. [Ipednoroxum, 4ro epynna G KOMRAKTHA.

Toeda caedyrowyue ycaosusa 3IKBUBAAEHTHBL:
(1) G — ceasnan epynna;
(i) G — epynna 6e3 kpyuenus;
(iii) G deaunma.

370 BHTEKAaeT H3 NpPENJOXeHHs 4 H CcaexcTsus 8 Teo-
pemut 4, § 1.

Caegcreue 2. Ilpednoaosunm, 4ro G Komnaxrna. Toeda cae-
Fyrowue ycaosus IK6UBANEHTHOL:

(i) G snoane necsasna;

(i) G cocTour us 9.1eMENTO8 KOHEURD2O napadxa.

JT0 yTBEpKIEHHe — HAaCTHBIA cayua#h npegsoxenus 4.

Caencreue 3. Ecau epynna G c8sa3na, 7O oHa Jeauma.

Hedcreureabno, G n3omopdua Hekoropo#t rpynme R™ XK,
rae K — KoMmakTHaa cBsidHas rpynna (npepnoxenue 1), Ilo-
STOMY AOCTATOYHO NPHMEHHTH chaeacTsHe I.

§ 3. F'apmonnuecxnit cuure3 B npocrpaucraax L! (G),
L*(G), L™ (G)

1. Tapmonusecxui cunres 8 L' (G)

B cuay upepgoxenus 5, § 1, 6anaxosa aseebpa L'(G) pe-
eynapHa.

Cornacho § b, ra. I, 3aro ob6crodrenscTBo Baeuer 3a coboit
pAl CJaeACTBHH, KOTOpble MBI 31ech HpusexeM B dopMe 3aMe-
uyanui.

1) Ecan F — samgHyTas yacts G 1 K — KoMnakruias 4acts @,
takue, uro F1K= @, Tto - cymecrsyer o¢yuruua [ L'(G),
takas, uro Ff pasio O wa F n 1 va K (ro1. I, § 5, mpena. 1).

2) Oas xaxnoro uaeana J B L'(G) oGosnaunm uepes £ (3)
M10XKeCTBO TOueK M3 (, B KOTOPHIX 00paulaloTci B HYJb Ipe-
o6pasosanns Pypbe Beex QyHKUHI H3 J; 9TO MHOKECTBO 3aMK-
nyto. Has kaxpmo#t yvactn M us G nycrs £ (M) — uneaa 8 L1(G),
cocTosiHA H3 Becex dyHKHMH, npeobpa3oBaHHe Typbe KOTOPHIX
obpawaercst B HyJb Ha M; aror Maean 3aMKHYT. BBens stu obo-
3HayeHHs, NPEANoJIOKHM, 4To M — 3aMkHyTas yacre G. Toraa
MHOXECTBO Bcex HpueanoB I B L'(G), rakux, uro A(J)=M,
COJAEPKHUT HAHGOJBIIHA 3/1eMeHT, 2 UMenHo [ (M), n HanMeHbIIKE
3/JEMeHT, a HMEeHHO MHOXecTBO Bcex Gynxuumit [ L'(G), npe-
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ofpasopanne Qypbe KOTOPHIX HMeeT KOMIAKTHBHIA HOCHTEJb, HE .
nepecekatomufics ¢ M (ra. I, § 5, npenn. 4).

3) Iycts Y — uekotophiit Huean B L'(G) u g: G — C — He-
npepbiBHas QyHkuus. IlpennonoxuM, 4To s KaXKAOH TOUKH
x< G cymecrsyer ¢yHkuus [, &S, Takas, uTo OyHKHAA g
paBHa ¥ (f,) B HeKoTopo#l okpecTHocTH Y. IIpennonoxuwm, nanee,
yTo cyuiecTsyer OyHKuMA [, & J, Takas, uto g pasHa ¥ (fy)
B JONOJHEHHH K HEKOTopof KoMnakTHoil uyacTH G (ycJosue,
KOTopoe TPHBHAJBHO BuiNoJHsercs, ecau G puckperda). Torga
cymecTsyeT Oynkuus fe S, rtakas, uto g=%f (r1. I, § 5,
cren. 2 upema. 2).

JIeMma 1. Muosxcecrso scex ¢ynxyuii us L'(G), npeobpaso-
sanue Dypse KOTOPLLX UMeEeT KOMNAKTHbLL HOCUTEAb, ABAAETCA
naotuoim nodnpocrpancréom 8 L1(G).

Iockoasky K (G) naorio B L2(G), mommpoctpanctso V
B L?(G), cocrosumee u3 Beex Tex fe& L*(G), Ans KoTophix
Ffe X (G), naotno B L?(G). Ilycrs teneps g < L'(G). Torza
CYWIECTBYIOT g, M go < L*(G), Takue, uro g=g,g, (MOXHo,
HanpuMep, MOJIOKHTh g,==|g|/z 1 nopo6path g, COOTBETCTBYIO-
mHM o6pa3doM). Crano OniTh, QYHKLHS g SIBJAAETCA NpelesoM
B L'(G) dyukumit Buna gig;, rae gV, gy V. Ocraerca 3a-
meruth, uto F (gig)=(¥g})*(¥eg;) (§ 1, npeanoxenne 7)
n (Fg)) = (Fgp) = X (6).

IMpegoxenne 1. [Tycre §— samkuyroui udear 8 L'(G) u
fe L' (G). Toeda ecau F[ obpawaerca 8 Hyaro 8 HEKOTOPOU
okpecrroctu h (%) (cm. sviue 3ameuanue 2), 1o f =S

IMycts ¢>0. Cymecrsyer dpyukuus g L'(G), Takas, uTo
Hf—}/*glh<s (Mureep., ra. VIII, § 4, opemn. 20). B cuay
aeMMb 1, MOXHO cuHTaTh, 4To ¥ g MMeeT KOMNAKTHHA HOCH-
teab. Torna & (f + g) =(F ) (F g) uMeeT KOMNAKTHHHA HOCHTEJD,
He nepecekawmmidca ¢ (), craro OwTh, [*g & (3aMeua-
uue 2). Tak Kak € MoXHo BHIGpPATb CKOJb YrOAHO MAaJbIM, TO
fe3=3

TeoreMA 1. [Tycro § — samknyroiui udear 8 L'(G), oraudnsiil
or LY(G). Tozda cywecrayer Touka y < G, Takas, uro (F[)(x) =0
drn scex f= 3.

B cuny aemmsl 1 m caencrsusi | npensioxenus 4 ri. I,
§ 5, J comepxkHTCA B HEKOTODOM DEryJIAPDHOM MakCHMalbHOM
uaeanse amrebput L'(G), T. e. B sApe HEKOTOPOro XapakTtepa
3Toll a/are6phl. . .

7 3ax. 1236



154 Kommyrarusnoie 40KaibHO KOMNAKTHbie epynnst ra 1l 8

Caepcteue 1. Mycre fe L'(G). Toeda ecau F| Huede He
obpawaercs 8 Hyas, To pyHxkyuu suda [ xe,, ede x npobeeaer G,
obpasyror TOTANBHOE MHONCecTen 8 L!(G).

Iycts V — 3amKHYyTOE BekTOpHOE MoAmpocTpaHcTso B L!'(G)
nopoxaeHHoe GYHKUHAMH BUAA [ xe,. B cuay Hureep., ra. VIII,
§ 4, cren. mpens. 20, OANPOCTPAHCTBO V SIBJISETCH 3AMKHYTHIM
uneasoM B L'(G). Us teopemunl 1 Torga ciepyer, uto V = L'(G).

Ilycts g — xomnaekcHas ¢yuxuus Ha G, O — ¢duaerp HA G.
HasoBem ¢yuknuio g caabo ocyuraupyoweii no O, ecau pas
Jio6oro >0 cyuwecTByOT MHOXecTBO M & @ H okpecTHOCTD V
ajleMeHTa e B (, TaKkue, 4TO

(reMunyeV)=>gky) —g )<

Caepcreue 2. IMycrs © — ¢urerp na G, unsapuanTHbil oT-
Hocuteasno cdsuzos. Iycre, daree, pynkyus [ = L' (G) rakosa,

yro F| Huede He obpawaercs 8 Hyas u ff(x) dx==1. [Tycres,
(4]
HaxoHey, g < L*(G). Ilpednoroxunm, 4o [+ g umeer KoHeuHolii
npedea a no ®. Tozda
(i) Hdasn ramdoii ynkyuuw [ =L'(G), raxod, uro

ff’ (x)dx=1, f’#g crpemurcs k a no @.
(4]

(i) Ecan Oonoanureasro npednoaoxcurs, uro g — caabo
ocyurrupyrowan pyukyus no ®, ro g crpemurcs £ a no O.

3amenas g o¢yHkuued g — a, MOXHO CBECTH YTBepKACHHE
K cayuao o=0.

Iycrs § — MuoxkecTBO Beex dynkuui [/ < L' (G), Takux, uro
f’+g crpemurcs k 0 no @. $Scuo, yTo § — BEeKTOpHOE MOANPO-
crpaHcTtBo B L!'(G), HHBapHaHTHOE OTHOCHTE/JbHO cABHroB. He-
pasencteo [[A+ ' |, <I &I I, man ke L1(G), W &L(G)
NOKa3blBaeT, YTO § — 3aMKHYTOE MOAIPOCTPaHcTBO. CTaso ObiTh,
% — samguyTHH uaean B L!'(G). Tak KaK mo NPeANoJIONKEHHIO
fel, to, B cuny teopemm 1, §=L1(G). Tem camum (i) go-
KasaHo.

[TepefineM x moxasarenncTBy yrBepkaeHus (ii). Ilycrb e>0.
Torpa cywectByior M & @ u KoMmnakTHas OKpecTHOCTh V aJe-
MeHTa e, TaKHe, YTO

xeMuysV)=2gy'x)—gI<e

Hy;cn, h — xapakrepuctHueckas QyHKUHA OKpecTHocTH V m
p—umepa V. B cuay (i), A+ g crpemurcs Kk 0 no ®. Cnpasen-
JIHBO DaBEHCTBO

Fhr )@= et de=g@)+ 3 [ @09 —g (@) dx.
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Ecmm zeM n x€V, 10 |g(x72) —g(2)|<<e. Crano OwiTs,
ze M= | (0@ —e@)|<e

Crepoparenpho, limsupglg|<Ce. BBuay npoussosbHOCTH e
nojyuaeM yrtBepxkpaeHHe (ii). :
IIpuwmep. I[lycts Z a,2" — cTeneHHOH PsiJi C KOMIJIEKCHBIMH

nz

ko3¢ dunuentaMu 1 A — nocrosiHHas, Taxas{, 4TO nl a,|<<A nas
Bcex n. dus 2 C u |z|<1 nyers f(z Z a,2". lonycTum,

4To f(X) CTPEMHUTCS K HEKOTOPOMY KOHe‘-IHOMy tmcny l, koraa x
CTpeMHTCs K 1, MpHHMMas BellleCTBEHHbIe 3HAauYeHMs, MeHbllMe 1.

Torpa psad Z a, CXo0uTCcA U e20 cymma pasua l.

nz=
Ilpn nepexoze X rpynne R, MbI CMOXEM HHTEPIpPETHPOBATH
dyukuuo E—>f(e8), rxe E,ER , KaK HEKOTOPYI0 CBEpPTKY.
s kER:. HOJIOK UM

g (}") = 2 an.

on<<A

Ecmu 0<A<<A, To, 0603Hauas depes [A] Hesyio YacTb A, HMeeM

(1) g —g@)l=] Y a|<
A< ngN
<loplt| X al<
Atl<n <A

A

dt
<|0‘m+11|"'AIT==
A

A
=|ay, |+ Alog 5~

dra ¢popmysa mokasbiBaer, uro g (A) — cnabo ocHHIIHPYIOLAs
¢yuxuus, korga A — -4 oo. C apyroi#i cTOpOHH,
a(l =)+ (a+a)(z—2)+(@+a+a)@—2)+ ... +
+ @+ a4 ... Fa,) (2" —2) =g+ a2 + a2 +
+ a2t — 2" g+ a + ... +ay).
W3 nepaseHncrBa
|2+ (ay +ag+ ... +a,) | <Alz|" logn

CJAELYET, UTO z"+1(ao+a1—|— -+ a,) crpemurcs kK 0, Korzxa
n— -4 oo, a |z|< 1. Takum oépasoM g 0<x <1

f(x)= go(qo+a1+ cov o ag) (xm — xmH),

nz

7*
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*
Dror psiA cxopurest; crano Outh, man § Ry

(n+i)g

@ fehH=Y | g(%)e—xdx—_-rg(%)e—xdx.

nz=20 nt

DynKUUSA xwg(%) e~* B cuay (l) unterpupyema. 3aMeTuMm

cHayaJa, 4To
=) =| (e (5) =6 (1)) e <

< [ A(L+log x)e=*dx <+ o,
0

»
u, crano 6uth, g < L™ (RY).
Hama 3agaua cBesach K [J0Ka3aTeJbCTBY  [aBeHCTBA

\ liT g(l/A)==1. Ho B cuny (2), ¢ynkyus E+—>f(e"t) na
2>0,A>0
epynne R;_ (dbynkuusa, koropast crpemurcs K [, korma §—0)

npedcrasanercs 8 sulde ceeprki g u «Z)ymcquu x—>xe~* (ecqu
B34Th B KauecrBe Mephl Xaapa na R} Mepy dx/x). SlcHo, uTo

9Ta NOCNEAHss (QYHKUMs TpUHAgIexur L! (R+) W ee HHTerpaJ

paBen 1. CorsacHo ciencTBMIo 2, JOCTaTOYHO A0KAas3aTb, YTO €€
npeo6pasopanne Pypbe HUrZe He obpauaercss B HyJb. TaK Kak
x+—>log x ectb H30MOpdPH3M U3 R‘; Ha R, To Kaxaplii xapakrep

rpynne R*+ uMeeT BHL Xx+>el¥loex—=xi¥ rpe y=R. Takum
o6pasom, Bce CBeJOCh K JOKa3aTesJbCTBY TOTO, UTO

f xe—*xtvdx/x =0,
0

T. €. TOro, 4TO

fme"‘x"y dx==0.
0

Ho xopomo ussecrHo (Pyuky. deiicre. nep., ra. VII, § 2,
n°1), uro ¢ynkuua z+—>I(2) ronomopdna u me obpamaercs
B HyJb, Korna #z>0. B cuny npepjoxenus 3, § 1, ram xe,

oo

F(z)=fe‘ttz"dt LA TIOJIOKMTEJBHLIX BEIIECTBEHHHX 2 H,
Q
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crano Obith, AN #z>0 mocjae aHAIHTHYECKOro NPOJOMKEHHS
(cm. Var., R.); cnenoaa're.nbﬂo,

j e=*xidx =T (1 + iy) # 0.
0

JIEMMA 2. ITycte K — Komnaskruas wacte G u n>0. Toeda
cywecreyer ¢gyukyun j< LY(G), obaadarowan Takumu ceoli-
cTeaMU:

DIih<e2 A

2) Fj=1 8 okpecrnoctu neiliTpassrozo asementa epynnvt G

ANji—j*e,lh<<n 9aa scex x =K.

o~

Cymecteyer okpectHoctb U 3nemenra e B (, Takad, 4ro
teUs |1 —(x, £)|<W4 a1 Bcex r=K.

¥ MeHbIas, ecad noHagobures, okpectHocTh U, MOXHO CUHTATHL

ee OTKPHITOH, CHMMETPHUHOH H HHTerpHpyeMoH OTHOCHTEJLHO

mepul Xaapa m Ha (G, accolnupoBaHHOH ¢ Mepoil dx. axee,
CYIeCTBYeT CHMMETpPHYHAsi KOMIMaKTHasi OKpecTHocth V aJje-

meHra e B G, rtakas, uro VU u m(U)<<2m (V). Xapakrepu-
crayeckne ¢yHKuUHH oKpectHocre U u V MoxHO 3amucars
B Buae Fu u Fu, rie us L?(G), v L?(G). My nokaxew,

4TO (PYHKIHSA j=m (V) ' uv, npuragnexamas L!(G), o6nagaer
HYXXHHMH CBOHACTBaMH.
1) Umeem

Hh<m@)lsklo=mW)" | FullFol=
=mV) ' mU) mV)" < V2.
2) Cymecrsyer okpecrnocts W sjemenra e B G, taxas, uro

VW < U (0O6uy. Ton., ra. 11, §4 npent. 4). Oaa £ & W umeewm,
B CHJy npeisioxeHHs 7, § 1

(FE)=m( )_1(9'u*3"v)(2)=
=m V)" [ (Fu) (9)(F0) (97%) dm (g).
G
Ho ycaosue (Fv)(9!£) =0 Baeuer 3a coboit j-£ <V, cae-

moBareabHo, § &V 't VW < U u, crano 6urs, (Fu)(g) = 1.
[Tosromy

(FHE=mv)™ f (F o) (9712) dm (9) =

=m(V)~ jg'o ) (@) dm (§) = 1.
a
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3) Eciu x= K, 10
lu—use, B=[1(Fu) (@) (1 — (&, D) Pdm(£) < m(U) (n/4y
G

u, anaiormuno, [v—ov+e,B<<m(V)(n/4)%; caenosatensHo,
li—jsei=mV)  u(o—ovse)+ (re,)(w—ure) <

<mW) (lulym@)* 3410k m @) <
<zm @) m (V) mp)t =
= (U)'/z m (V)—'/z % <.

IMrepnoxenne 2. Ascebpa L!'(G) ydosrersopser ycaosuro
Hdurkuna (ra. 1, § 5, n°2, omp. 2).

Iycrs oymkuusi fe L'(G) rtakoma, uto [ f[,=1. Ilycrs
¥ — xapakrep L'(G); paccMOTpHM OTHe/JbHO CJyuad, KOTAa
Xapakrep ¥ HyJaeBod u HeryJseBod. Ecuau y — HyJaeBoi xapakrep,
TO JOCTATOYHO IIPOBEPHTH, YTO CylIeCTByeT HOCJ/eJ0BaTe/IbHOCTh
(g1, & -..) B L'(G), raKkas, uto |f— g, * [l crpemurcsa x 0
u F g, obpaumawrcs B 0 BHe HEKOTOpoH KOMIaKTHo# vyactd B G,
a 5TO CJeAyeT HellocpeicTBeHHO M3 JeMMH 1. Temepb mpenmo-
JoxuM, uto Y < G u (Ff)(x)=0. HyxHo nokaszath CyilecTBO-
BaHue mnocsaexosarteabHoctd (fy, fy, ...) B L'(G), Tako#, uto
|\f —F#f,l, ctpemures x 0 u Ff, obpamawnTcs B Q B HEKOTO-
pofi okpecTHocTH Toukd ¥. C momouibio CABHroB B G 3TOT cay-
yaii cBOMTCS K TOMy, Korga Y ==e. CyllecTBYIOT (YHKUHS
u, = L'(G), rakas, uro ||u,l,=1 u

NF—=Fxu, << n,

n xomnakt K, B G, Takoi#i, uro f [f(x)1de<1/n. B cuny
G=K,

JeMME! 2 cyuwectByer dpyukuus j, & L'(G), takas, uro || j,[,<2,

Fj,=1 B HEKOTOPOI OKPECTHOCTU 3JeMEHTA € U || j, — fn ¥ e, |

< 1/n nasa Becex x = K,. Toaoxum f, =u, — j, *u, 0 nokaxem,

4TO NOC/IEL0BATENbHOCTD (f,) 06/axaeT TpeGyeMbIME CBOHCTBAMH,

fcno, uro
g-fn = g-un - (g-]n) (g-un)
ofpamaercs B HY/JAb B HEKOTOPOH OKPECTHOCTH 3/eMeHTa e.
C apyro#l cTopoHs!,
Wl =PSSO *u, —Flh 407 *jalllualh <
< Un+ I #j,
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Ho nus noutn scex y = G MbH UMeeM

Frid @)= [ 1) ju gy dx= [ [(£)(a (x79) — i (9)) d,
G G
noroMy uro 0= (Ff)(e)= f f(x)dx; orciona
G
IF 5y << [ 1T O U ey — o I d =
G

= [ Waree—iahdr+ [ 1F@ e, —julde<
K, G=K, _

<z [li@ldr+4 [ T@ldr< 4 +5=3,
Kn

n
G—Kn

Oxonuarennno || f = f, — [ |, <6/n, yueM u 3aBepmaercs nokasa-
TeJbCTBO NPEIJIOKEHAS.

[Mpumensasa upennoxenne 5 § 5 ra. [, moayumm Temepn
caelyloli pesyJabTart:

TeoreMA 2. [Tycre §— samxuyroui udeasr e L'(G), rakoil,
yro epanuya muoucecrea h(J) (3amewanue 2) ne codepicur He-
nycrotx cosepuieHHblx Mroxcecrs. Toeda § cosnadaer ¢ mHogce-
creom ecex pyuxyuii fe= L'(G), rakux, uro Ff obpawaercs
8 Hyav Ha h(J).

HanpoTus, /7 NMPOH3BOJLHOrO 3aMKHyToro uueata B L!(G) sakmouenne
TeopeMbl 2 HeBepHO (cM. ynp. 9). Bosee Toro, MoXXHO 1MoKa3aTe, uTo ecid G He
KOMNaKTHA, TO CYLIeCTBYeT 3aMKHyThifl #aealt B L! (G), KoTopulil He sBlIseTCs
camoconpsKeHHuM ).

Caencreue. Ecau samxnyroui ubean § 6 LY(G) codeprcurca
8 COUHCTBEHHOM PeYAAPHOM MAKCUMANLHOM ulease, TO CaM
udean § A848eTCA PLEYAAPHOLM MAKCUMONBHOLM.

2. T'apmonuseckuii cunres 6 L™ (G)

B sroM nyHKTe MB 6yleM OTOXAECTBJATh MNPOCTPAHCTBO
L®(G) c psoiicteennbiM K L!(G), cna6aus ero cjaabo#t Tomoso-
rueit o (L*(G), L' (G)).

Oro6paxenne W — WO ecTp Guekums MHOXecTBa Caa60
3aMKHYTBHIX BEKTOPHBIX moanpocrpancrs 8 L*(G) Ha MHOXKe-
CTBO 3aMKHYTBIX BEKTOPHBIX moanpocrpancrs 8 L!(G).

C npyro#t cropoHwl, ecan fe L1(G) u x = G, T0 conpaxeH-
HBIM K 3HZOMOopdusMy g—>f * g (coorsercrsenno g—>e, * g) 6ana-

1) Cwm., Hanpumep, Ru d i n W., Fourier analysis on groups, Interscience
tracts in pure and applied mathematics, Teopema 7.7.1.
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xoBa mpoctpancrsa L'(G) aBasfeTcs 3HEOMOPHH3IM g’»—>f=«=g’
(coorBercTBeHHO g'—>¢ _, * g’) Gamaxoma mnpocrpaHcTsa L% (G)
X

(Hureep., ra. VIII, § 4, n° 3, npumep 6). Oas rtoro utoGu 3a-
MKHyTO€ BeKTOpHoe mnoampoctpanctso B L!'(G) 6blio HIeanom
B L'(G), HeoO6X0AUMO M AOCTATOYHO, YTOOH OHO GBIIO MHBAPH-
AHTHHIM OTHOCHTeABRHO ciBuroB Ha (. Crajno GuTh, 0an TO20
urobul cAab0 3aMKHyTOE 8exkTopHoe nodnpoctpanctso 8 L™ (G)
6bLA0 UHBAPUAHTHOIM OTHOCUTEABHO CBEPTKU € INCMEHTAMU U3
L' (G), neob6xo0dumo u docrarourno, 4Tobor OHO GblAG UHBAPUAHT-
HbLM OTHOCUTeAbHO cdsuzos Ha (.

IMycts U — c1a6o 3aMKHYTOE BEKTOPHOE MOAMPOCTPAHCTBO B
L*(@G). TlpennonoxumM, ytro U (a 3naunt, U°) nHBapuautHo or-
HocuTeabHo cnBuroB Ha G. Ilyers fe LY(G). Oas kaxnoi
dyukuun g < L= (G) nmeem (f » g) (x) = (e, * f, g). Crasno Guit,
015 1020 utobur pynkyus [ npunadaexcara UP, neobxodumo u
docrarouno, 4rober f+g="0 das scex g U.

Ecan W — BekropHoe nognpocrpauctso B L™ (@), caaGo 3a-
MKHYTOE H HHBAPHAHTHOE OTHOCHTEJBLHO C/BHMOB, TO MbL 060~
sHauyuM uepe3 A (W) MuoxkecTBo Beex ¥ € G, npuHagiexamux W,
3TO MHOXECTBO fIBJAAETCH 3aMKHyTo# dYacthio B G. Ecan F—

3aMKHyTas 4yacth B G, To MBH o0Go3HayuM uepes V (F) canabo
3aMKHYTO€ BEKTQpHOE MofnpoctpaHcTBo B L™ (G), mopoxaeHHoe
sJaeMeHTaMu 3 ¥; NMOCKOJBKY KaxKinu# caBur Ha G NEePeBONHT
Jo60ft XxapakTep B NpONOPLUHOHAJbHYIO eMy @yukuuio, V (F)
HHBADHAHTHO OTHOCHTEIBLHO CIBHrOB. [IpuMenss o6o3nauenns i ul,
BBeleHHHle B 3aMeyaHud 2, n° 1, mosayvaeM, yro

@) A(W) = (W),

(4) V(F) == FT).

U3 cootnomenuit A(E(F))=F, E(h(l)) > caenyer, uto
(5) AV (F))=F,

(6) VAW) < W.

IrEpnoxenue 3. IMycre W — nenynesoe ciabo 3amkuyroe
gextopnoe nodnpocrpancreo 6 LT (G), umsapuautnoe ornocu-
TeabHo clsuzos. Toeda W codepycur no kpaiineli mepe odun xa-
paxrep epynnor G.

He#creureanto, W=~ L'(G) u, crago 6umth, A(W°) == @
(teopema 1); caemorareasno, A(W) == @ (dopmyaa (3)).

Meepnoxenue 4. Mycre W — caabo samxuyroe eekroproe nod-
npocrpakcreo 8 L™ (G), uusapuantHoe OTHOCUTEAbLHO C€ABU208.
Toeda
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(i) Jlas arboii okpectroctu U muoocecrea A(W) 8 G ka-
adas Pynxyus u3z W sasasercsa caaboim npederom AuHeiinbLx
KomOunayuwii xapakrepos, npunadsescaujux U,

(ii) Ecau epanuya muomcecrea A(W) ne codepocur nenycrorx
COBEPUIEHHBLX MHONCECT8, TOo Kadan ¢yukyus uz W sasaserca
caaboim  npedenrom aunelinoix Kombunayuli xapaxrtepos, npu-
Hadaedcaugux W.

Hast nokasareancTBa yTBepXKAeHHs (i) MoCTaTOYHO H0OKa3aTh
caenywouee: nycte |— ¢yukuus us L!'(G), oproroHasbHas K
anemenraM u3 U; Ttorpa [ oproronannHa kK W. Ho & | o6pa-

-1
maeTcs B HyJb Ha MHoXecTBe U, KoTopoe SBJsIETCH OKpecT-
Hocteio h (W0 (dbopmyna (3)); crano 6mth, [ = WO (npennoxe-
uue 1). YrBepxkpeuue (ii) ycramapiauBaeTcs aHajoruyHo ¢ TpH-
MEHEHHEM TeopeMbl 2 BMeCTO NpeisioKeHHs 1.

ITyete W — cniaGo saMKHyTOe BeKTOpHOe moAmpocTpancTBo B L% (G),
HHBapHaHTHO® OTHOCHTEJbHO CHBHroB. OTHCKAaHHe XapakTepoB, NpHHAaIJe-
Kkamux W, uHorga HaswBalOT «rapMOHHYecKHM anajusom®» B W, Ilpemioxe-
nue 4 BhipaxaeT TO OGCTOHTeJIbCTBO, YTO MOXHO B HEKOTODOM CMLICJIE BOC-
CTAHOBHTE 9JieMeHTH H3 W ¢ NOMOIIBI0 BHIUICYNOMSAHYTHIX XapakKTtepos, HJH,
KaK rOBOPAT, OCYILECTBATh <«rapMoHnueckuil cuutesy B W. B Oonee wmmupo-
KOM CMBIC/IE DEIIeHHe ﬂpOG.ﬂeM, AHAJOTHYHKIX HJAH 3KBHBAJNCHTHBIX paccMo-
TpeHHHIM B n° | B 3, TakKe HA3HBAIOT «FaPMOHHUECKHM CHHTE30M>.

3. Tapmonuueckuii cunres 8 L?(G)

JIEMMA 3. ITycte X — n0Kaasno KOMnAKTHOE NPOCTPAHCTBO,
W — Hekoropas HeoTpuyaresvnans mepa va X. Jlas kawxcdoi ynk-
yuu f L* (X, p) nycre V;— orobpascenue $—>$[ npocTpan-
crea L*(X,n) 8 cebsa. Mycre T — nenpepoisroii sHOOMOPHUIM
aunvbeprosa npocrpancrea L?(X, p), Kommyrupyrowuii ¢ Vi das

kaxcdoti  pynkyuu fe K (X). Toeda cywecrsyer GyHKyus
g& L*(X, n), rakas, uro T=V,.

1) Ilyers fe& L*(X, p); nokaxeM, uTo T kommyTtHpyeT c Vy.
HOnsa mobux g,k L2(X, p) umeem ,
(TViglh) — (ViTg|h)=(Fg|T*h) — (F(Tg)|h) =

= [ F (0 g TR (x) d (x) —

— [10)(Te)(x) R (») dp (0).
Ho . .
g-(T*meLl'(X,n) u (Tg)- h= L' (X, p);
crano 6uth, (TVsg|h) — (ViTg|h) — nenpepuiBHas QyHKUHA OT

saementa [ B TomoJsorun o (L™ (X, w), L' (X, n)); mo mpemnoJsoxe-~
HHIO 3Ta QyHKUHMs paBHA HyJio Ans Beex [fe& K (X), cnemosa-
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TEJNbHO, OHA TOXJECTBEHHO paBHA HyJ 0. TeM caMbIM N0Ka3aHo,
yro I'V;=V;T.

2) Iycts Y — HekoTopas p-u3Mepumast vactb X, ¢y —ee Xxa-
pakrepucruueckas ¢yuxuus, Hy —nognpocrparcrso B L (X, p),
cocrosmee H3 GyHKuuH, paBHbIX Hymo Ha Xe=Y. Torga, B
cuay 1), T xommyrtupyer ¢ Vo, u Voy .y, T.€. oCTaBJA€T HH-

BapHaHTHHIMH Noanpoctpaersa Hy, u H, _,. OGo3nauum uepes

Ty cyxenue T Ha Hy.

3) TpeanosoxuM, uro X — xommnakt. Torma | e L*(X, ).
[Moaoxum g=T (1) L*(X, p). Ilyctb ¥ — MHOXeCTBO BCex Ta-
kux x= X, uro |g(x)| >|T|. B cuay 2), nMeeT mecto paBeH-
ctBo T(py+1) =¢qyp T (1) =qpg, clenoBaTeaLHO,

[ 1g()2du (x) <IT R [ du ().
Y Y
Crano OblTb, MHOXeCTBO Y sBJdeTcs W-IPEHeOpEKUMEIM,

Takum o6pasom, |g|<||T || moutu Bcioay. C apyro#l cropoubl,
nas Kaxpol ¢yskumn [ K (X) nmeem

TH=TV)=Vi(T))=V;g=[fg=V,l,

otkyna T'=V,.
4) TlepeiineM K ob1emy cayyaro. CyliecTByeT JJOKaJbHO CUETHOE
ceMelicTBO (X,) MomapHO HenepeceKalmMXcss KOMIAKTHBIX yacTel

B X, takux, yro X — U X, — JIOKaMbHO TpeHeGpexxuMoe MHO-

a
wectBo (HHreep., ra. 1V, 2-e u3n., § 5, n°9, npena. 14). Ilpu-
Mmennm 3) x xaxaomy T Ka' Torpa cymecrsyer QyHKuHs g,, u3-

MepuMast Ha K, Takas, uto |g,|<<IIT | Ha K, u TKaf=gJ IS

fe Hg, Tlyers g— Qyuxuns na X, pasHas g, Ha K, AJs
xaxgoro o u 0 na Xe={JK, Torna g — saement u3 L= (X, p).
a

Oneparopst V, u T coBnajaior Ha KaxioM HKa H IOTOMYy Ha
L2 (X, ).

Neeanoxenue 5. (i) [Tycre M — uamepumas 4acte G (ornocu-
Tessrno mepol Xaapa). Tozda muosncecreo scex raxux [ < L2(G),
uro F[ obpawaerca 6 nyass nouru eciody na M, asisercs sam-
KHYyToum 8ekTopusim noonpocrpancreom Ey 6 L2°(G), uneapu-
(HTHbLM OTHOCUTEABHO COBUE08.

(ii) Hycre M u M’ — uamepumoie wacru 8 G. JJas 1020 4r0bot
E,=E,,, neobxodumo u docrarouno, 4robot M u M’ cosnadaiu

€ TOYHOCT610 00 AOKAALHO npene6peolcuM030 MHOJCeCT8A.



3 Fapuonuneckusl cunres e npocrpancreax L'(G), L2(G), L= (G) 163

(iii) Bcaxoe samxnyroe sexropuoe nodnpocrparcreo 8 L2 (G),
UHBAPUAHTHOE OTHOCUTEAbHO cO8u2o8s, coshadaer ¢ Ey npu He-
Koropom M.

Y1Bepxkaenue (i) HeMenjieHHO ciefyer H3 Teopemn [lnan-
mepess.

Ecou M u M’ coBmagaioT ¢ TOYHOCTBIO A0 JIOKAJBHO Mpe-
HeOpeXXMMOro MHOKeCTBa, To scHO, 4to E, =E, . Ecan xe
M u M ue o6safaloT 3THM CBOHCTBOM, TO CYLIECTBYeT, Ha-
npuMep, KOMMAaKTHOe MHoxecTBo K, He mpeHeGpexnMmoe W Ta-
Koe, uT0 KM, K G=M; MyCTe Qg ~= €r0 XapaKTePHCTH-
yeckasa Qyukuus. [Tockolabky @x & L2((G), cylecTByer ¢yHKUHS
f e L*(G), rakas, uto Ff=qg. Torna f€E,,, f&E, u, crano
6ure, E, # E,,. Tem cambiM (ii) AoxasaHo.

IMycTs, HAaKoOHEL, £ — 3aMKHYTOE BEKTODHOE MOAMPOCTPAHCTBO
B L2(G), uHBapHAHTHOe OTHOCHTeJbHo caBuroB. Torga gaa
kaxnoll gyukuuu f e L'(G) momnpocrpaHcTBo £ M OpTOrOHAJb-
Hoe nonoJnenxe K E B L?(G) HHBApHAHTHH OTHOCHTENLHO 3HIO-
mophusma @ —>fx@ B L?(G) (Hnreep., rn. VIII, § 4, npenn. 6
(iii)); cramo GwiTh, opTOroHaNbHBIA mpoekTop Pp Ha E KoMMy-
THpYeT ¢ 3THM 3HZoMopduamoMm. BriGepem B kauectse f mpe-
o6pasoBanne Pypbe QyHKUHE BHIAA g, * g2, THE g1, 82 = K (G)).
IMpunumast Bo BHHManue npefjoxenue 7 § 1, mbl BHAHM, uTo
supomopdusm F PrF ~! nmpocrpanctsa L?(G) (rae F = F ) Kom-
MyTHDyeT C ONepPaToPOM YMHOXKEHHS HA gy *g,. Ilna Kaxnoi
dyukuun g € L™ (G) o6osnaunm uepes V, sngomopdusm §—> g
npocTpaHcTBa L?(G). Tlo HenpephIBHOCTH W3 MOPERIIECTBYIOMErO
pesyabTarta ciemyeT, uro FPyF ' wommyrnpyer c¢ V, mas
gE X (G). B cuny nemmur 3, ¥ PpF ! umeer Bun V, c Heko-

Topoii ¢pynknmeir he L% (G). Tak kak Pp= Pp=P}, 10 Vp=
=V, =V2 u, crano 6uTb, h="Fh=~H, Tak uTo h— xapaxre-

pucTHUeckas (YHKUHS HEKOTOPOro H3MEPHMOro MHoXecTBa M.
Ecmu f = L2(G), To

fEESPf=ISVFI=F&S .
& Ff obpamaercs B Hyb ouTHBCOAy HA G=M&SfeEE;

OTKYyAa caenyeT yTBepxkpenue (iii).



YMPAXHEHUSA

Bo Bcex ynpaxuenusix raase 11 uepes G o6osnaunaercss, ec/lH He OFrOBO-
PeHO mpOTHBHOE, KOMMYTAaTHBHAf JIOKAaJbHO KOMIAKTHAs rpynna,

§1
1) Myers G=R.
a) Myets @, p, g =R 1 p<<q. Toaoxum F(x)=¢"* ma p<x<yq,
f(x)=0 naa x>g umu x<p. Torga

girlo=2ny) _ lq(o=2ny)

(FH(y)=i

© — 2ny ‘
b)<I'Igc1'iP o =R, B>0. Monoxkuu f(x)=e"BHD*% r1q x>0, f(x) =0
s x<0. Toraa :

(T ()= 3‘_—2;7?,3

—alx|

¢) Mycrs a>0. TTonoxum f(x) =le- e Torpa

(D ) = g

=%2 Torpa

(FH () =V e 27,

d) Monoxum f(x)=e

o0 .
(Honaraa g(y)= f e "X R=iyx gy y6enHTeCA B COPABEAJAHBOCTH DPaBEHCTBA

=00

o
g (y)=—yg(y), nocte vuero npumenuts QopMyay fe"" dt=?lV'ﬁ us
(i}

Dynky. dedcrs. nep., ra. VI § 1, n°3,

91 2) a) Ioxasars, uto dyukuua f+—> (e~ (n =0, 1, ...) obpasyior
toradbuoe Muoxectso B L2 (R). (Ilyers f & L2 (R) — oproronainHast QyHKUUS
K Kaxpoft u3 dysxuuit "¢~ Tlonaran

F(z)= f f(f) e~ ™M gy e,

nokasate, uro F — penas OyHKnHfA, BCE HPOM3BOAHSIe KOTOpoRt B Touke 0

pasEn mymo. Busecrd orcioga, wro F (fe=™')=0)
b) Nyers k=N, PeC[t]), o — crapmuit xod3dpdunuent P. Ilokaszarh,
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o0

4T0 TOrKa HHTerpak f ((a*/a®) e"2"ﬂ) P (t) di pasen 0, ecan deg P<k, u

- 00
(—=1)% k1 27" q, ecan deg P = k.
¢) Hueer mecro pasencrso (d*/d*) (e=¥%) = Py, (£) e~ rpe Py — muo-
fOYNeH CTENEHH R CO CTapmHUM KO3PDUIHEHTOM (—l)k22knk,
d) Jan me N u te< R noaoxum

m
Hom (1) = (—1)™ (m1)=tholld=—mg—mi2 ns’ ———:t,,, (e,

H#m HazmpaloTcA QYHRUMAMH Spmuta. [lokasaTh, 4TO OHM 06pasyior opro-
HopmupoBanuuift 6a3uc 8 L2 (R). ([Ipumenurs a), b), c).)

e} [Mokasats, a0 F (Hp) = (—i)™ Hm.

3) a) Myers >0, A>0 u | R-> R — dyuxuus, pasmHas Hymo BHE
)—o, a(, audefiuas na (—a, 0) u (0, @) u pasHaa kA B Touke 0. [lokasars,
4TO TOrAA

h  sin® ntat

FNN=gzg—p5—
b) Myers
N
gx)= X flx+n).
n=—N
Torga

___h sinn;of sin (2N -+ 1) nt
 (Fe )= an? £ sin nf *
¢) Hna sagannmix nocaenosareabnocret (h;), (o), (N;) nyers g; (npn

Kax oM i) — QyHKRUHA, moaydenHas, kak 8 b). Ilycrs Zh¢<+ 00, TaK 4TO
i

Zg; CXONHTCH PaBHOMEPHO K HeKOTOPO# Henpepusuofi ¢yuxuum g. [loka-
i

8arh, 4TO ecCad EhiaiNi<+ 00, 2 % logN; <+ n zth,- == o 00
i ] i

(uanpumep, ecau hy=1/i2, oy =1/Vi, N;=1i), 10 ¢pynxuna g u Fg mure-
o .
rpupyeMn, Ho X g (n)= oo,
f====00

4) a) Myers G G — #0KaJBHO KOMMAKTHHIE KOMMYTATHBHBIE TPYMMH,
¢ G>G~— HenpepuiBHNA MopdusM, p & A'(G) u py =@ (n). [Torasars,
yro torga Fpy=FucqQ.

b) Ilycrs o — aBromopdusm rpynmu G, A — ero Moayas, & L' (G) u
f = foo. [lokasars, uro rorma (FF)(£) =A (e}~ (F)) (6:’2).

5) Mlycrs p & A'(G). Npeanonoxum, uro Fpu & L1 (G). Torasats, uro
cymecrayer [ & L (G), rakas, uro dp (x) = f (x) dx. (Bocnoab3oBarbeu hHALT=
poM B u3 Aemmut 1. Torga @sp crpeMurcad caabo k i mo B U F (gwp)=
=(F ¢)(Fp) crpemures k¥ Fu 8 L1 (G), a, crano Outh, ep =2 F (F (psp))
CTPEeMHTCH X f(e?’u) B %°(G). CaenonaTem:\Ho, dp (x) =(FFp) (r) dx.)

6) Mycre H — noarpynna 8 G u p e A' (G). [lokasats, 4TO AAA uHBA-
PUAHTHOCTH & |L OTHOCHTEALHO CHBHIOB, OnpelejaAeMuX oieMentamu us H,

He0GX0AHMO H ROCTATOYHO, STOGLH HOCHTE]b | COAepXKanacs B a5,
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7) Iycrs fe L1(G). [Iyers F — rosoMopduas ¢yHKUHESA, onpejeleHHas
B orkpuiTolt wacth U B C u o6najaiomas caenyiolHmMy ceodcrBamu: o) U
COLEPXKHT MHOXKECTBO 3Hauenuil  f; B) ecnim G me amuckperHa, ro 0= U u
F (0)=0. Mokasars, uro Torma cymecrsyer byuruus g < L! (G), rakas, uro
Fo(F)=&g. ([Ipumenurs roJoMoppHOe (GYHKUHOHAMBHOE HCUHC/ICHHE
B afare0pe, nosyuensoit us L! (G) npucoesdHeHHeM eJHHHIBL)

8) Nycrs p=(1, 2) u p"= (2, + o©) TakoBH, 4T0 —l-+;l,= 1. Myers

f & & (G). Moxasats, uro || F [ ||, <|I fll, (370 nepapencrro ussecTHO A

p=11u p=2. B obmeM cIyuae npuMenurh HepaBencrso M. Pucca (Hureep.,
ra IV, 2-e u3gn., § 6, yup. 18).) Buisectu orcioga, uro oTroGpaxenue o | %‘(f\G)
IPOROIKAETCS N0 HelPepsBHOro JAuHelnoro orobpaxenus us L? (G)s L? (G),
cornanawiee ¢ npeodpazosanuem ®ypoe na L? (Gy L (G) uua L? (G)N L2 (G).

1 9) ITycrs G — soKa/bHO KOMNAaKTHAsA rpynna (He ofGA3aTesbHO KOMMY-
TaTHBHasg), CHaGxXeHHas Jesoil Mepofl Xaapa.

a) IMokasate, uro ecau f e L' (G), To cywectsywor [;, fo = L (G), rakue,
uto fi*fs = [. (Bocnoibsosarbes ynpaxuenuwem 22 b) ra. I, §

b) Nyers fi, fa= LY (G) u [, =0, [3 > 0. llokasats, uro fysf, coBnaxaer
HOYTH BCIOAY ¢ GYHKIHeH, moJyHenpepuiBHoH cuusy. (PaccMartpusath f; Kak
Ipefies B CMBIC/IE IPOCTOH CXOAMMOCTH BO3pacTaioliefl [10cJjef0BaTeNbHOCTH
HeorpuUAaTe bHBX GyHKuuA uz L* (G).)

¢) IMonoxkuM, G=R. Oas kKaxjoro oTKpmroro unteppana I =)a, b(
n})nomum A(l)y= ]'f’ a,+ (b—a)6(, A (I)=)a+5(b—a)6, b( rgyc'rb

4 4 4 4 4 4

I5=)0,11, = A(1g), 1= A" (1g), Iy = A(I), Iy = A" (1))« 1, = A (1)),
1;, =4’ (l;_l), .+o . Ilycrn, nanee, F=1I,U/,U .... [Tokasars, 4To He CyiiieCTBYeT
Takux gAByX uacre#t F; u F, us R, utro F; 4+ F; = F. [Tokasars, nanee, uro
ecaH f— HellpepeiBHAsf HeoTpunarTetbHas ¢yukuus Ha R, Takag, uro F=
={x|f(x)>0}, To He cymecTRyer HH ogHOH mapw byuruui [, f, = L' (R),
TaKuX, uTO f1 220, f2>0 un f=F, « f,. ([Ipennonoxum, uro Takoe PaBEHCTBO
uMeer Mecro. [Iyers E; — Muoxectso Bcex x & R, Takux, uro f;(x)>0.
Mycrs F; — MHOXeCTBO Touek mJOTHoCcTH By (Hureep., ra. V, § 6, ynup. 15).
IToka3sare, uro F = F; 4 F,.)

10) INyers k= Z. [MokasaTs, YTO CJAeAYOLIHE YCJOBHS SKBHBAJECHTHSL
) orofpaxenue x+—>x* 13 G B G unnekrusno; B) oToGpaxeHMe £1—> £k
u3 G B G clOpBEKTHBHO,

11) Tyets (Gi); oy — ceMeficTBO JI0KAJBHO KOMNAKTHEIX KOMMYTAaTHBHBIX
rpyni. Jas xaxporo i</ nycers H; — KoMnaktHas OTKpHITash WOArpyina
B G;. Ilycts G — gokagdbHoe npsiMoe mnpousseneHue (; orHocutenrHo Hj
(06w, ron., ra. III, 3-e u3nm., § 2, ymp. 26). Has raxnoro xea nycTb
%i — cyxenue x Ha G; [TokasaTk, uTo ¥ F—> (%i); =; €CTh H30MOPOH3IM TONO-

Jorudeckoll rpyuns G Ha JAoKaJabHOE npsimMoe npoussefenye (; OTHOCHTeAbHO HiJ'.

12) MMyers Gy ectds rpynma G, cHaGxkeHHas IMCKPeTHOH TOMOJIOrHeH,
H § — yuuTapHbft xapakrep G4 ITokasats, YTO npu moGoM BHOOpE Xy, X3,...
..., ¥p = G 1 e > 0 cymecrnyer asiement £ G, takolt, uto | £(%;) — % (% )| <<
<e, I KiK. (Kanonnaeckass wumbekuns u3 Gg B G nMeeT B KawecTBe
npoiicteeHHoit Mopduam u3 G B (Gy)™, 06pa3 KOTOPIro NJOTEH B CHIAY CAEf-
cTBUsL 6 TeopeMnl 4.)

13) a) MMokasate, uro L!(G) — 3amkuyrsiéit ugeat s A!(G) u, caenopa-
TeabHo, G OTOKAECTBJIAETCS ¢ HEKOTOPoH oTkpuiTol wacteio B X (A (G)).
(Cum. ra 1, § 3, yup. 17.)

b) Ecnu A ;(G) (cooTBercTBeHHO A4 (G)) — MIIOKECTBO paccesHHBIX
(COOTBETCTBEHHO aToMuueckux) Mep p & A'(G), 10 Hg(G) — samKuyTHi
uncan B J'(G), a M, (G) — saMxuyras nonaareGpa B A1 (G).
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qM14) ITycte E — G. T'oBopsaT, uto MHOXecTBO E Hezasucumo, ecu And

moGof CHCTeMH Xp, ..., Xp TNOMapHO pa3AHYHHX 37eMeHTOB H3 E ¥ meamx
n n n n
yHCen 1y, ..., N A3 paBeHcTBa ¥,l... x = crepyer, uto x'=...= x,F=

= e. MuoxkectBo E uasuBaoT #roxecraom Kpownexepa, ecou moGast Henpe-
pHiBHAaf KOMINJeKcHas ¢yHKUuHs Ha E, paBHas no alcomorHoft Beamuune [
SBJASETCSH DPaBIOMEPHBHIM mnpejesoM Ha E yHHTapHHX xapakrepoB rpymnel G,
Iycts G = (Z/gZ)N. ToBopsaT, uTo E — MHOXECTBO TUNG Kg  ecin xampoe
HenpephiBHOe oToOpaxenue F B MHOXECTBO KOPHelt ¢- creneHH M3 egu-
HHUM COBNajfaeT Ha E ¢ HEKOTOPHM YHHTADHHM XapakTepoM rpynnd G,

a) Ilycts P — xomnaktHoe wmHOXecrBo Kponekepa. [lokasars, 4T0 ecan
mepa b & A! (G) cocpenotouena ua P, rosup| Fp|=|u||. Busecrd orciona,
4TO KaXJas HempephiBHAY KoMmMJeKcHas ¢yHkuns Ha P npepcrasiasercs B
sune Ff|P, rne f = L1 (G).

b) Iycre E < G — KOHeYHO® HE3aBHCHMOE MIIOXKECTBO, H NYCThb | ~—
KOMILIeKCHast QYHKUUSA, paBHad nmo aGcomoTHoii Beruunne | na E. IIpenmono-
JKHM, 4TO N/ 3JeMeHTa X & FE NOpAjKa ¢ HMeeT MecTo paBeHctBo [(x)7=
=], [Ilokasats, uTo Toraa OyHKuHS [ sBJAseTCA DPaBHOMEPHHIM MpeAL/IOM
Ha E yuuTapHHx xapakrtepos rpynnu G. ([Ipumennts ynp. 12.)

c) MokasaTe, uTo Kaxaoe MHOXecTBo KpoHekepa He3aBHCHMO H cojep-
XHT TOJBKO 3J€MEHTH GecKOHeUHOro MopsaKa.

d) ITokasaTh, 4TO KaxAoe MHOXecTBO THma Ky B (Z/qZ)N He3aBHCUMO.

e) Iyers Vi, ..., Ve — HenycThe OTKPHITHE Henepecekaouiuecs yacte G.
ITokasaTh, uTo ecau m0Gasd OKPECTHOCTh 3JeMeHT2 e B (0 CONePKHT 3JEMEHTH
6ecKOHEYHOr0 MOpAIKa, TO CYLIECTBYIOT X; & V;, TakHe, 4TO {Xi,..., ¥p} —
muoxecTBo Kponekepa. Eciu G=(Z/qZ)N, TO cyulecTByloT x; € Vi, Takne,
yro {xj, ..., Xp} — MHOXecTBO THHA Ky

f) Iycrs E < G — HesapHCHMOE KOMIaKTHOe MHOXectBo, F=EE~!
H p & A'(G) — paccestunas Mepa, cocpenortoueHHas Ha F. Ilokasath, 4ro

Toria Mep €, W, pd, pd ... monapHo Hesasucumel (amech p” = psp”!l).
(TToka3aTh, uTo eciu m < 1, TO MHOXKECTBO 3JEMEHTOB (X1, Xz, ..., ¥5) & G,

TaKHX, UTO X1Xs...Xn & F™, npeneSpexxuMO OTHOCHTENBHO MepH B O R R ...
... ®p.) BuBect, B npenmonoxenus, uro p =0, pasescTso

m n
D awFll= N o llinli
k=0 k=0

copaBelaHBOE A JIOGOro HaGopa KOMMJIEKCHHX WHCEN O, Oy, 4., Op.

g) Ilyets E < G — He3aBHCHMOE KOMIIAKTHOE MHOXKECTBO, i, ..., Hr —
paccessuHble HEOTPHUATEABHBIE MEPH €IHHHYHOA MacCCH, COCPeIOTOYEHHHE Ha
Henepecekaownxcs uactax Ey, ..., E, u3 E. Ilycts, nanee, 2y,...,2,&C

v | 2; ] <1 nas seex i. TTokasaTs, 4To cyliecTByeT XapakTep ¥ aare6pu A (G),
rakofi, uro y (u;) =2; aaa | <i<Cr. (ITokasath cHauana, paccyXias Tak

m mn

xe, Kak B [), uTo ecau (ny, ov., ) 5= (Myy ovu, M), TO MepH fy Toooovp 7
n n .

B B s, ep. 7 HesaBHCHMHL 3aTeM, npennoraras, uto |z;|==1 Laf Beex (,

MOKAa34Th, 4TO CNEKTPAJbHHI PALHYC JNeMeHTA 8 -+ Z /1y -+ ... -+ Z,1, paBeH
r-+ 1 H, crano GHTB, cymiecTByeT Xxapakrep y aare6ps 4! (G), Taxod, uto
x{eet+ Ziy -+ ... +Z4,)=r-F1; 570 H €CTh HCKOMHH XapakTep 1Js Cay-

1 .
yag |2;|=1. B ofmem cxyuae sanucarh zi=-§(z§+z;~’, rie | 27| =
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| .
=|2f =1,gpi=-§-(pg+pg’, Tak u4tobbl aja Mmep wu{, ny, ..., uj, u7

OCTABAJHCh CNpaBeJJHBHIMH BCe Te IPEANOJNONKEHHS, KOTOPhle BHITOJHSIMNCH
g Mep My, ..., pp) Obo3nauas yepes M4 (E) GanaxoBo npocTpaHeTBO pace
CeAHHHX Mep, cOCPefOTOYeHHHX Ha E, BHBecTH OTCIOZA, YTO Kaxnas Hempe-
prBHag Juhedinas ¢dopMa c HOpMOH#, ue mpeBocxoiauwedt |1 na M4 (E), opo-
noJxaetcss A0 XxapaxTepa aaredpel A (G).

16) IMyers & (R™) — MHOKecTBO BceX Oeckoueuno AudpdepenuupyeMbx
byuruuit f: R® - C, takux, uto npousseneune Moboii NpcH3BoaN0H hyukuuy f
Ha Jio6o# muorousnen orpamnueno. Torza & (R*) — L' (R") n npeoGpasosa-
nge Qypre F | P (R") aBasercs aBromopdusmMom mHoxkectsa & (R®). Ioka-
3aTh, YTO €CJH Xj, ..., Xn — KOOpPAHHATHHE Qynkunu Ha R® yecan f = # (R?),
10 (0/0%;) (F[) = — 2inF (xjf). .

1116) Iycrs H — samknyras moarpynna B G, g — szaement na L!(G),

Takofi, YyTo &F ¢ ofpamiaeTcs B HYJb Ha HL, & nycts €>0. Iloxasate, uto
cywecTByeT Mepa p € A'(G), cocpenoTouennas na H u Takas, aro | p || <2,

lgrpll<<e n Fpu=1 B HeKOTOPOH OKPECTHOCTH HL,

§2
1) a) Oas toro arofh rpynna G umena cueTnyio 6asy, HeoGXOIMMO H 0~
craTouno, uToOn rpynna G umena cyetnyio 6asy. (Ecam G umeer cueTnyio
6asy, 1o L' (G), a crano 6uth, X (L' (G)) umeer cuetnyio 6asy.)
b) Ias toro utofu rpynna G OwJja cueTHOM HA GECKOHEYHOCTH, Heo6XO-
AMMO H JOCTaTouno, 4TOOH rpynna G colepikana OTKPHTYIO MOATPYmNY €O

cuetnofi Gasoft uan uro6n G Ghija MeTpusyemoil. (Bocnosnb3oBaTtbest mpepsio-
xendem 3.) )

¢) Oas Toro urofH XommakTuag rpyuna G Gba MeTpHayeMod, neobxo-
AMMO M JOCTaTOYHO, 9TOOH rpynmna G Onaa cuetHoil uan uto6w G Ohlaa uso-
MOpdHa HEKOTOPOH 3aMKHYTOH mopgrpynne B TVN. (Cuernan JHCKPeTHAsA rpynna
apaseress akroprpynuoil rpynnn ZNN))

2) a) Kaxnaa Geckoneunas KomMMyTaTHBHas rpymna I' monyckaer nexo-
TOPYIO cueTHYIO GeckoHeunywo daktoprpynny. (Broxuth caetyio Geckoneanyio
noarpynny A < I’ B HekoTopylo cuernyio gxeammyio rpyuny A’ 4 npumenuts
Aze., ta. 11, 3-e napn., § 2, ynp. 14; satrem npogo/mxuts na I' 70X gecTBeHHRIH
mopduam n3 A B A')

b) Kaxpan GecKOHeuHAss KOMNAKTHAsi KOMMYTATHBHAA TIPynna COAEPKHT
MeTpH3yeMylo GeckoHeunylo 3aMkuyTylo noarpynny. (Ilpumenats a).)

3) a) Iycte K — xomnaktHas rpynna, Ep — MHOXKECTBO ee 3JIEMEHTOB
nopagka n. Ilokasath, uto ecan K 5= E, npu moGom 7, TO MHOXeCTBO
sqementoB H3 K Oecxoneunoro mopsaka maothHo B K. (Ecau E, umeer uepny-
CTyl0 BHYTPeHHOCTB, TO Ejm = K AJ51 HEKOTOPOTO LeJa0ro m == n.)

b) Ilycte I’ — KoMMyTaTHBHasi JUcKpeTHas rpynna, MOPAAKH 3JeMEeH-
TOB KOTOpPoH He orpanuuenr. [lokasats, uto Torpa I' momyckaer cuernyio
daxroprpynny, obaafamomyio TeM xe csoffictsoMm. ([Tpusaeus te ke cooGpaxe-
HHs, YTO M IPH peltenny ynp. 2 a).)

c) Ilokasate, 9TO €C/IH KaKAAA OKPECTHOCTH 3JeMeHTa € B G CONEPKHT
3JeMEHT GecKOHEYHOro mopanka, To G COREPKHT MeTPH3YEMYID 3aMKHYTYIO
noarpynny, obaagamomyto Tem ke cBoHcrBoM. (CBecTd ofwnil cayuafi x ciay-
yalo, korga G — KoMmaxrthas rpymnna, 4 NpUMeHHTL a) H b).) B nporusuom
clydae M ecau rpynna G He IHCKPeTHA, TO CYUIeCTBYeT HeJsoe YHCI0 §> 1,
Takoe, 4To rpynna G CONEPKAT 3aMKHYTYIO MOATPYmTY, H3oMOPdHYIO rpynne

(Z/gZ)N. (TMpumennts Ase., rn. VIL, § 2, ynp. 4 ¢).)
4) MMokasaTth, aro ecau rpynna G KoMHakTHa, a G COOEPKHT 3JIeMEHT
GeCKOHEUHOr0 MOPAAKA, TO CYWIECTBYeT HeTPUBHAJbHEIA HeMmpepHBHLIA Mop-
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¢uam u3 R 8 G. (ITockoneky R — pesuMas rpynmna, CyleCTBYeT HeTPHBHAJb-
Hu# Moppuam u3 G B R.)

5) [Tyerp p — upocroe uHcao. Ilokasars, uto rpymna Q, ne upescras-
JAETCA B BHJe NPOM3BEJECHHH KOMMAKTHOM H aMckperHofl rpyunn. (Beskan
KOMMaKTHas moirpynna B Qp HMeeT BHA p"Z, ¢ HeKOTOPHM n & Z.)

6) ITokasarts, uro ecaum G — rpynma, COCTOSIIAS H3 3JEMEHTOB KOHEUHoro
nopagka, 10 G u G Brosme mecBssnw. (I'pynmna G BiosHe mecBAsHa B cuuy
cnefereun 2 npenyoxenns 4. JlokasarenberBo Ttoro, yto rpynna G BuoJiHe
HECBSI3HA, CBECTH ¢ NIOMOWIBIO MpeAjoXKenns 3 K cayyalo, korja G KoMmakTaa.

ITokasatr 3aTeM, yTo BCe aJeMeHTH G HMEIOT KOHEYHBIH NOPANOK.)

7) Daement r & G OygeM HasHWBATh 9J1eMEHTOM GeCKOHEUHON BLICOTH,
ecju pJaa Jioboro n & Z cyuectsyer sjeMeHT y & (G, Takofi, uto y'=1x.
ITokasate, yto ecnu G KOMIIaKTHA, TO MHOMKECTBO 3JEMEHTOB 6eCKOHeyHof
BHICOTH HBJIHETCH CBM3HOM KOMIOHEHTOH egHHHNW rpyman G.

918) IMokaaaTh, uTo CJELYIOUIHE YCJAOBHS SKBHBANEHTHH: @) G — JIOKAaJBHO

ceasnast rpynna; ) G nsomoppra rpynme R™ X E X D.rae EuD JLHCKPETHH
M Kaxjas nojrpynna koHeyHoro pakra B D cBoGopHa.

9) a) Ilyerb a = (aq, i, Qs, -..) — HEKOTOPAS TOCJIEJOBATENBHOCT LEJNX
gyncen > 1. CraGauM rpynny Z CTPYKTYPOR TOMOJIOrHYECKOro KOJbLA, AJA
Koropoi Muoxecrsa Zaga) ... dp o06pasyior GyHIAMEHTAJBHYIO CHCTEMY

okpecrHoctell myss. OGosmaunm yepes A, nomossenHe aToro KoJabua. Iloxa-
3aTh, 4o A, —BNOJHe HECBHM3HHI MeTpHsyeMulil KoMmnakt. [TokasaTe Jaree,
YTO €CNH p — MPOCTOE YHUCJIO H @; = p TpH Beex i, T0 A, =Z,.

b) OGoshauuM uepes Z(a™) My’JbTHIJIMKATHBHYIO TPYNNY KOMILIEKCHBIX
yncen Buja exp (2inl/(aga; ... a;))(l = Z, r = N), cHab6KeHHYI0 JHUCKPeTHOR
tononornefi. [lokasars, uro orobpaxcenue y >y (1) aBaserca HaomMopduaMom

H3 (Aa)/\ Ha Z (a%®).

¢) [ycrs B — moarpynma B R X A,, cocroamas us anemeHToB BHja (n, n),
rie ne1Z; ona jpuckperHa. [loJoxuM Za=(R X A,)/B. Tlokasats, uro
2, —cCBAi3Has METpPH3YeMaH KOMNAaKTHaf rpyuna. (3aMeTHTh, YTO KaHOHHYe-
ckuit 0o6pas R B I, mJoTeH, u BOCMOJb3OBATHCH JEMMO#H L)

d) Mycrs T, — apaaTHBHan Doxrpynna AHCKpeTHoR rpyanu Q, cocrosiwas
M3 BCEX panMOHAJBHWX uncen BuAa [/(aa; ... a;)(l=Z,r=N). Ecmn
% s (Za)/\, TO Y olpejesser YHHTAPHHHA Xapakrep rpynnst R X A, u, craio
OuTh, yHHTapHmE xapakrep Ha R, umeowmu#i BuA x > exp (2imayx), rae
ay € R. Iloxasats, uto ortofpakenue Y t—> 0y HBJHETCA H30MOpHHIMOM
rpynnst (Za)/\ na I',. R

e) ITokasars, uro rpymna Q KaHoHHueCKH H3oMoppHAa rpymne 3, mpu

a=(2,3,45,...)

f) ycts Ry — rpynna R, cuaGxkennas puckpernoit tonoJornei. [Tokasars,
4TO (Rd)/\ HaoMophHa rpymme (Ea)‘, rie a=(2,3,4,5,...), ¢ — MowmHOCTL
kourunyyMa. (PaccMorpers 6asnc R Han Q.) .

4110) Tomosoruueckass rpynna Ha3WBAeTCs MOHOTETU4ECKOU, €CJH CYlie-
CTByeT 3JIeMeHT 3Toff IDYMMH, cTeMeHH KOTOPOro MJOTHH B HeH, H cOsenou-
JdaabHol, €CJM CYUleCTBYeT HenpepuBHHE MopbH3M u3 R B ary rpynny, obpas

KOTOpOro IJOTEH.
a) IMokasars, uto A, (coxpansiorcs o6o3HayeHHus ynpaxHenus 9) — MoHo-

TeTHYeCKast rpymia H YTO Kay[as BIOJHe HeCBA3HAS MOHOTETHYECKAas KOM-
maKThas rpynna TOMOJOTHYECKH H3OMOp(pHa rpynne A, OPH HEKOTOPOM a.
b) IMpesnonoxnM, yro G xomnaxrhHa. [lokasaTh, uTo jas TOro, HYTOGH

rpynna G OnJsa mMoHOTEeTHYeCKoH, HeoOX0AMMO ¥ JOCTATOYHO, uToGH rpynaa G
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6niia m3omMopdHa HekotopoH mojrpymne B T, cHaGkeHHo# AHUCKPeTHOH ToIO-

JIOTHEH. .

c) Ipennonoxum, uro G komnaktHa. [T0KasaTh, UTO CaeLylOIHE YCIAOBUS

IKBHBAJIEHTHH: o) rpynna G coJjeHoujajpHa; P) rpymnna G usomopdua He-

koropolt noxrpynne B R, cHa6xkeHHON nHCKpeTHOM Tomosorneli; y) G — rpynna

6es Kkpyuenusi u Card G <C¢ (MomHocTbh KOHTHHYYMa); 8) G — dakroprpynna
[+

rpymns (Z,)°, rne a=1(2,3, 4, 5,...).

d) Ilokasate, uro ecan @ — KOMIAKTHAs CoOJIeHOHAajbHAsl Tpynna,
T0 G — MOHOTeTHyecKaH rpymma.

11) O6o3naunM uepes L (G) MHOXKeCTBO HeNpePHIBHLIX NpPeACTaBJCHHUI
rpynnsl G B R. Hasosem odnonapamerpuseckoli nodepynnoit 8 G oGpas
HenpepwsHOro Mopdusma u3 R B G.

a) Ilokasats, uTO cJaegylolHe YCJIOBHSI 3KBHBAJEHTHH: ) G npeacras-
JgsieTcsi B BHie OGBhegHHEHMS OJHONAPAMETPHUECKHX NMOACPYNm; B) Kamaulit
mopduam u3 Z 8 G mnpopo/kaercss A0 HellpepHBHoro Mopduama u3 R B G;

y) kaxpbifi HenpepbiBHEHHA mopdusm u3s G B R/Z nopoxpaeres nyreM mepe-
X072 K (akroprpynne HekoTOprM 3aeMentoM H3 L (G); 8) kaxamft ynurap-
HHH XapakTep rpymnn G Hmeer Bup e, rpe A< L (G).

b) Ecan rpynna G HMeer cyeTHYIO r?asy, TO YCJOBHA, llepeuHc/IeHHHE
B a), 9KBHBAJEHTHH cJeaywomeMy: &) G=R X T/, rpe [ — cueTHOE MHOXKeCTRO,

¢) O6benuHenne ofuoONapaMeTpUYeCKUX NOArpynn B G sBJIFETCH NJOTHOM
noarpymiol B cBsi3HoN KoMnoHeHTe enMHHUH rpynnsl G, (ITpumenuts yup, 4.)

d) Ecan t+—> ), — HenpepoisHOe oToGpaxenne nurepsana (0, 1) s G,
TaKoe, UTO Yo =€, TO CywecTByer oro6paxenne {r>A; u3 (0, 1) B L (G),
Takoe, 4TO @) A¢(x) a8 KaxAOro sieMenta ¥ & (G HENPEPHBHO 3aBHCHT
or &, B) x,=exp (2imA,); ¥) A,=0.

e) OGbennHeHHe OQHONMAPAMETPHUECKHX HOATPYNN B G SBJSIETCH Takke
o6benuHeHHeM ayr H3 (G, cogepkamux e (dyea H3 G onpegeisieTcst Kak
o6pa3 HenpepuBHoro oro6paxenust u3 (0, 1) B G). (Ilpumenurs d).)

12) CoxpaHum o6osnauenne L (G) u3 yupaxuenus 11.

a) Iycte H — 3amknyras noarpymna B G. [lokasats, uTo KaxabiH aJe-
merT H3 L (H) mnponomxkaerca po asaemenrta H3 L (G). (Csecru sty sapauy
cHayaja K cayqaio, korga G =R" X D, rae D — puckperHas I;Pyrma, 3aTeM
K clyyalo, Koraa Hcxopueifl sjement u3 L (H) tpusuasnen Ha R”, u, Hakonen,
K Cayualo, Korfia rpynna G puckpetrHa. BocmouabsoBaTbess TeM, uro rpymma R
JeanMa.)

b) ITokasaTs, 4TO KaXAWH HenpepuBHHH MopduaM us H B RnXTl
(I — npou3BOJIEBHOE MHOXECTBO) IPOOMKAaeTcss A0 HenpepHBHOTNO MOpdH3Ma
us G 8 R"X T/ (Ilpumennts a) u teopemy 4 § 1.)

¢) O6patno, nycte A — JIOKaJIbHO KOMIAKTHas KOMMYTAaTHBHAfl Tpymna.
HonycTuM, uro adst JoGoll JIOKAJbHO KOMIaKTHOH KOMMYTaTHBHOH rpynnn G
i moboii samknyTofi moarpynnel H B G KaXKAHH HenpepHBHHA MOpdH3M @
u3s H 8 A npoponaxaercs 1o HenpepbiBHOro Moppuama u3 G B A. Ilokasars,
yr0 TOrAa CYIieCTBYIOT TakKWe 4YHeJI0 f W MHOXecTBO /, uto rpynma A H30-
MopdHa R” X T!. (Tlonaras G=R u H=12, noxasath, 4TO rpynna A ceAsHa
H, cJegoBaTesbHO, Npegcramisercss B suge R® X D, rpe D — puckperHas
rpymia. Ilokasats, uto D — npoekTHBHHH H, crajo OHTb, CcBOGOLHHIH
Z-MonyJib.)

13) INycre C — koMnakTHas yacte G u >0,

a) Ilycte @ — mepa Xaapa Ha G. [Tokasars, UTO CYILiecTByeT KOMNAKTHas
yacte D B G, Takas, uto a(CD)<{(1 + e)a (D). (Cayuaii, korna G =R",
TPHBHAJEH; 3a74aUy MOXKHO CBECTH K CJIy4alo, kKorna G COLePKHT KOMIAKT-
Hy!0 OTKpHTylo mogrpynny H, takywo, uto C sipJsiercd HacHueHHoH mo H;
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NO3TOMY MOXKHO OTPAHHYHMTBCH cJlyuyaeM AUCKPeTHOA rpynnel G; 3aTeM MOXKHO
NPeRNON0KHTb, 4TO G — IpyNna KOHeYHOro THNA i, HaKOHel, YTO G=12"%)

b) [Tokasate, uTo cyuwecTByeT dyHkuns k = L! (G), Takas, uto & k = K (G),
(FRY(x)=1 pra x=C n |kl <1+ e (Bubpars dynkuuio k B BuIe Afg,
rie A — NocTOsiHHaf, a npeoGpasoBauns Pyppe dymkuuil f, g = L% (G) aBas-
JOTCA XapaKTEPHCTHUECKHMH (YHKUMAMH HaJexamuM o6pa3oM BHOPaHHEIX
MHOXKECTB, H IPHMEHHTb a).)

q114) a) [Ipepmonoxum, UTO KaXjaas OKPecTHOCTb 3JeMeHTa e B G
COAEPKUT SJaeMeHT OeckoHeyHoro ropsaaka. [IokaszaTb, YTO CYU[ECTBYIOT
BIOJIHE HECBfA3Has CcOBepUIEHHAd MeTrpuyeckas KoMMOakTHad dYacTh P B G,
AeJsiomascss Muoxecrsom KpoHekepa, M HeHyJeBas paccesHHas Mepa, CO-
cpenorouendHass Ha P, (Csectu 3ajzauy K cayyalo, Korza rpynuna G metTpH-
3yemMa, ¥ NpHMeHMTs yop. 3 c). BocmpoussecTd jafee KOHCTPYKuHio H3
O6u. ron., ra. IX, 2-e u3n, § 6, 1emma 3, u, KpOMe TOrO, BOCIOJB30BATHCA
yop. 14 e) x § 1.)

b) Iokasats, uto ecan G=(Z/qZ)N, To cyutecTByIOT BIOMHe HecBsH3-
Has coBepLIeHHAd KOMMakTHas uacTb P B G Tuna K; n Henynemas pacceanHas
Mmepa, cocpeioTodyeHHas Ha P.

c) IIpepnonoxum, uro rpynna G ue auckperna. [lokasaTh, 4YTo cyiue-
cTBYIOT: @) saement T u3 A (G), Taxofl, uto sup|F t| crporo Maxopupyercs
CIEKTPAJIBHLIM PAANYCOM SJIEMEHTa T; B) ueob6patumuiil snement v’ U3 A (G),
Takoll, uto F v’ >=1 mciogy Ha G; y) He 3pMHTOB XxapakTtep Hua HA!(G).
(HUcnombsosats a), b), yup. 3 ¢) u ymp. 14 ) k § 1.)

d) BueecTd H3 c), uto rpymna G, otkpmrada B X (M'(G)), He mioTHa
B X (A'(G)).

§3

1) Ilycts F — 3amkuyras uacts B G H K — KoMnakTHad uactb B @,
rakue, 4ro F[1K={(). IloxaaaTsh, 4To CymecTByeT HempepuBHasa OyHkuHd
g < L' (G), rakas, uro F g pasHo O Ha F u | na K. (PaccMorpers creprky
byuxuun f us n°l, samedanne 1, ¢_npeoGpasosannem DPypre HeKOTOPOH
Gbyukupy Buga ks b, rne b, ¥ =X (G), n h=h =1 na K\)

2) Ilycrs g — xoMiuekcHan ¢yHKuHA, onpefeneHHas Ha )0, -+ oo,

00

naTerpupyemass mo Mepe JleGera. [Ipeanonoxum, 4To f g(dt=1 u yro
0

[~}

f gt *dt =0 pas scex x e R. Ilycrs f — H3MEPHMAR H OTPaHHYeHHAs
0

400
1 t
koMmaekcHas ¢yHkuus Ha ) 0, - oo (, Taxas, uro < f g (;—)f(t) dt crpe-
0
MHTCA K KOHEUHOMY Opejeny /, Koraa x cTpeMuTcs K -+ oo.
a) Ioxasars, 4TO A KaxIOH KOMINEKCHOR (YHMKUMH A, onpemesedHHON

Ha )0, -+ oo(, uurerpupyemoli no mepe JleGera u umeiwoutei pasHuf I
HUTErpas,

e
- <) Fnat
0
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crpeMutes K [, korga X crpeMurca - oo, B uwacTHocTH,
: ‘
1 J' F(b) dt
X
(1]

crpeMutcH K [ npu X -> + o0. (ITonaras g, () ==1g (£), hy (¢) = th (1), yGe-
RHTbCA B TOM, UTO g € L (R+); & g, murge me obpamaercs B HyJb U gy +f

ctpemutcest K [, ¢rano OuTh, Ay« f cTpemATCes K L)
b) Tokasats, uro ecau QyukuHs f(f) sBaseTcs ¢1aGo OCUHINIHDPYIOLULLH

na R, korna f cTpeMutess K + o0, o lim f(¢)=1
+ t-» 4o

3) Myete fe L ((0, () u k= R:_. ITokasats, 4TO ecJn
400
f e~ 155 (1) di

0

1
X
crpemutcs K [ npu x = 4 oo, 10
X
k =1
—~ f(x—t) F(t)dt
0

cTpemutest K [ npu £ > + co. (Pacemotpers dyukumn g (f) ==e~* u h(f) =
=kl =01 1 0t mn () =0 pan t>1)

4) Tycets f: R—>R ¥ gt R—>C — gse pyukunu. JonycruM, uto f = L= (R),
g< L'(R), uuterpan g pasen | n & g nurne ne o6paumiaercst B uyab. Ilpen-
10JI0KHM, Aajee, uTo ?— MeaJenno yOuBaomas GyHKIHASL, T. €

liminf (f (9) — [ (¥)) 20

upn £ >+ oo, y>x u y— x - 0. [Tokasate, ato ecau (g« f) (x) cTpemurca
K [ upu x >+ oo, To f(x)—>1 upn x - - oo.
5) Ilyerp g: R - C — nenpepuBHan QyHKIHS, Takas, YTO

Ll

)] < + oo.
> sgﬂlg()l + o

nmecn tSISn

Slcno, uto g L'(R). TlpennonoxuM, 4to J'g(t) di=] u F g uurge une

-0
o6pamaerca B Hyab. [lycrs, nazee, p — KomisiekcHas Mepa ua R, rakas, 49To
[w]| ((x, £+ 1)) ocraercs orpannuessodi, Koraa t npoGeraer R. [Tokasars,
yto ecad (g s p)(x) ctpemurck K [ upu x —> -+ oo, To Aan moGofi Hempepwis-
Hoit dymkumu A: R - C, rtako#i, uro

oo

h(D)] <
> sipﬂl (O <+

Nne==e=00 n<t :ﬂ

u nHTerpad A paeen 1, (A +p)(x) crpeMurcs k I/, KOrAa X CTPEMHTCH K -+ oo.
(TTokasats, 4TO ¢QyHKUHA Aep fApamerca cnabo ocUmAIHpYOmEd B 4TO-
(g +(h+p))(x) crpemutes Kk /, Korga x cTpeMuTCeS K -+ 00.)

6) [Mycte g — HekoTNpas PYHKUHA, AJS KOTOPOH BHNOJHAIOTCH MPEANo-
Joxenust ynpaxHeuus 2, [Ipeanonoxum pgofo/nuTensHo, 4ro =0 #
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lim inf g (x) > 0. IIycrts, Ranee, f — uaMepuMas BelleCTBEHHAST OrpaHHyeHHast
x>0

cunay ¢yukuust Ha uurepsane )0, 4 oo (. [ToxasaTs, 4To ecau uHrerpan
+00
1 f
7 eHwa
0
CTPEMHTCS K I, KOrXa X CTpeMHTCH K - oo, TO
. ] .
o)== [ 1t at
0

erpemurcs K /, Korga x crpemutcs K -+ oo, (ITokasaTs, aT0 $yHKUMS ¢ orpa-
HHYeHa npu X = 1, 3areM, 4T0 O — MeAJeHHO yOuBaiowas GYHRUHA H, HaKo-

Heil, 410
+co
1 t
3 J’ g (—)‘-)O(I)dt
0

erpeMuTes K [, KOTZa X CTPeMHTCS K - 00.)
407) a) Ha nocnenosarensuocru {1, 2, 3,...} onpexmeasercd Taxk HasH-

BaeMast ynkyus Mé6uyca p caenyiomum obpasom: (n)=(—1)% ecom n
{)asnaraewa B MpouspefieHHe R MPOCTHIX NMOMAapHO pa3IUUHKX MHOXKHTeJefl
B vacraoctd, u(1)=1), u pu (n)=0 5 nporusHom cayuae. Oaa x>0 noso-

KuM M (x) = Z i (n) u f(x)==x=1M(x). INokasarb, uro Torxa ysxuus f

- ns<x
orpanuyena u f(y) —f(x) = O ((y — x)/x), rax uro f ~ c1a60 OCHUMIHPYIO-
masn ¢yHkous Ha rpynne R.

b) fas x>0 nycrs [x] —uenan wactp x. IMonoxum go(f)= [l a
g (1) = 2g, (1) — ag, (at) — bg, (bt) (a, b= R+). Torga g (f) — orpaHuyennas
¢yukuks B oKpecTHoCTH ToukH 0, papHas HyJI0 AJad JOCTATOUHO Gosbuux f}

cTaso GhTh, g — uHHTerpupyemas no Mepe JleGera ¢yHKuHA Ha HMHTepBaje
)0, 4 oo (. Mokasars, uro ecain s&=C u #As>0, t0

400
J' gt dt=(2—a"5—b"%) i +s) (11_}'_":) )
0

rae $(1+ )= n~1*+9), Tonyckan, uro
n=l| 1

s~ 1

E(s)—

NPOAOKAETCS Ha BCIO KOMIJIEKCHYIO TMJIOCKOCTH KaK mesnass QYHKIHS B 4To
oyuxuus £ (s) raxxke npogonkaercd, HurAe He ofpailasick B HyJb Ha fps-
Mot #s==11), susecrn, 4ro

400

fg(t)t"dt#O
0

') Cum., Hanpumep, Valiron G, Théorie des fonctions, t. I, Paris,
1942, pp. 505—510. '
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Aas Bcex x = R.
“+ o0

c) TMokasare, uTO J. g(x)f(t)dt=0(x), xoraa x> co. BuBecry,

0
yro M (x)=o0(x), xorga x > + oo.

8) Ilyers ¢ (0, + oo ( > R — MoHOTOHHO BO3pacramouwas HeOTPHUATe/b
Has GYHKUHS, TaKas, 4To QYHKOHS tt——>e"‘"q:(t) HHTerpupyemMa fno mepe
JleGera, korga o> 1. Jlaa kaxnoro uucaa s e C, rakoro, yro #s> 1, noso-

“+ o0
XM [ (s)= f e~ %t (¢) dt. Tlpeanosoxum, uro cymecrByer wHceiao A < G

0
obJaafaoniee CredyIOuHM CBOHCTBOM: Korja @ cTpemHures kK 1, ocraBasice > 1,

bysKkuHSA
4
o+ it—1

PaBHOMEPHO CTPeMHTCS Ha KaxAOA KoMmakTHOi uacTH R k HekoTopolt dyHk-
u#H g. [Tokasats, uTo TOrAa

lim @()e~t=A.
PR

(Moaoxum a(fy=e o) zas 1>0, a()=0 gas <0, A()=A pas
>0, A(t)=0 paa {<<0. [Tycrs A >0. TTonoxum, nasnee,

2 [ sin 2 \2
kx(f)=l]/;“(51;m .
t
1—-|—,, 1< oM,
Kh(t)={ 7 ecmn [t <<
0, ecsiu | 1] > 2A

Hcnoassyss ynp. 1 k § 1, reopemy JleGera — PyGunn u Teopemy Ilnanme-
pens, moxasarb, 4TO

T—>f(0+it)— (t=R)

] (o o]
lim—— | By (x — ) (a(t) — A(t)) e~ dt =
limore [l = 00— A0

e>0 o0
2
1 -
——— f Ky (y)e~*g (y) dy,

V2n o
H BLHIBECTH paBeHCTBO

1
lim ——
x>+ Von

[m—nawar=a

Jokasath 3aTeM, uTO @ — OrpaHUYEHHASs H MEAJEHHO yGhBaomAs dyHk-
uas. HakoHen, npHMeHHTs YOP. 4 HJH 0OYy4YHTh PE3yJbTAT HEMNOCPEACTBEHHO.)
9) Iycrs § — muoxecrso Beex fe& P (R?) (§ 1, ynp. 15), rakmx, yro

& | aunysmpyer chepy S,. ITycTs, Zadee I — MHOXecTBO Beex f& Y, Takux,

wro (9/0y,) (F[) aunyaupyer S, Tlycrs, nakonen, {“?,?3— 3amblKaHHd 3. N
B L' (R%). ITokasats, ato Torza /() =h(F)=S5,, uo I+ §. (Mycrs p—
NOJIOXHTE/NbHAS MePa eJIHHHYHOH Maccel Ha Sy, MHBapuauTHas OTHOCHTEJBHO
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oprorokaasnofl rpynnst B R3, [Tokasats, uto (F 1) (¥, ¥s, ya) = (sin 2mr)/2nr,

rae r= Vy%+ y2+ y. Bumectn orcioga, uto ¢ymkuas | Ha R%, ompeme-
JeNHAS PABEHCTBOM

fCyy, 92, 43) =y, (F 1) (91, Y2 y3),

aBasiercs saeMentoM #3 L% (RY), oproroHakehbiM K Jf, HO HE OpPTOroHaMb-
wiM K ) .

10) Hazosem C-muoscecrson B G 3amxuyryio uacts E B G, o6aapamouiyio
caepyouimMn croficteamu: ecan f&L'(G) H F [ aunymnpyer E, 10 AMs
mo6oro e>0 cymecryer dyuxuus gL' (G), rakas, uto |f—frgl<e
u supp (F g) — KoMODAKTHOE MHOKecTBo, He nepecekamoomeecss ¢ E. Iloka-
3ath, YTO

a) Ecit E ectp C-mHOXectBO B (, TO CYIIECTBYeT €JAMHCTBEHHBIH

o
saMkiyTHH unean 3 B L! (G), xaa Kotoporo A (J) =E.

b} Jlro6ass touka ua G spasercas C-MHOXKECTBOM.

c) O6Begunenye AByX C-mHOXKecTB ecth C-MHOXECTBO.

d) Jlio6oe MHOMXECTBO, NOJydeHHOe caBHroM C-MHOXeCTBA, CAMO ABJASETCH
C-MHOXECTBOM.

e) Ecau H — samku Taf MOArpynna B G, E — samkuyras uactb 8 H,
TaKas, uTo_ee rpamina £’ otnocurenbio { sBasierca C-MHOXECTBOM OTHO-

cutensho G, To E srasercs C-mHoxecTBOM oTHoCHTesMbHO G. (Mcmoabsorath
yop. 16 xk § 1.)

f) epeceuene E B R"™ koHeunoro uHcJa 3aMKHYTHX [OJYIPOCTDAHCTB
ectb C-muoxectBo. ([TpoBectn muayKuHio O pasMepHocTH atddHHHOrO nojp-
IPOCTPaHCTBA, MOPOKAEHHOro E, H npumeHuts b), ¢), d), e).)

11) Ilycts E — 3amxayras wacrb B R". ITpeAnonoxuM, YTo cyuecTsyer
BHYTPEHHSI1 TOYKa p MHoxectBa E, Takas, 4ro JMo6asi npsiMast, OpOXOaAlIast
yepe3 p, mepecekaer TrpaHHLy MHoxkecrBa E He Gosee ueM B JBYX TOYKAaXx,
ITokasatb, uTO TOTAA CYWIECTBYeT eAMHCTBEHHBIH 3aMKHYTHIA dpean
B L' (R™), rako#, uro & f aunymupyer E. (IlpeacraBurs dynkuuio [ kak mpe-
pen B LY(R") dyukuu#i, moayuenHeX H3 [ ¢ HOMOWBIO rOMOTETHH C LieH-
TPOM B TOUKE p.)

b || 12) OGo3nauum uepes o Mepy Xaapa rpynnut G, a yeped B — buabrp
oKpecTHOCTel! aseMenTta e B G.

a) Ilyctb U — unrterpupyeMas OTKPHITasi OKPECTHOCTh 3JeMeHTa e B G.
[Toxasarb, uTO CymeCTBYyeT HeoTpulaTenbHas GyHkuus a&L!'(G) ¢ unre-

rpanoM, pasHuHM 1, ofpamalomasicsi B HyJb BHe U, rakaf, yro F ae Ll (6) H
ja(x)2 dx < 2/a(U). (ITyctp V — KoMnaKTHasi OKpPECTHOCTb 3J€MeHTa e,

G

rakafl, uro V< U, a(U)<V2a(V); nycrb, ganee, W — cuMMeTpuunas KoM-
HaKTHaH OKPECTHOCTh 9JeMeHTa e, takafd, uro VW2 U; ¢yHkunm a umercs
H Buge a=Af*g, rae A — NONOXHTENBbHAS NOCTOAHHASA, a [, § — XapaKre-
pHcruueckue ¢yskuuau oxkpecrsocredt VW u W.)

E) Mycrs e L* (G). O6o3naunm uepez A(f) MHOXKecTBO s/eMeHTOB
u3 G, OpHHAAJMERALIAX CJa60 3aMKHYTOMY HHBAPHAHTHOMY OTHOCHTEJIBHO
CABHrOB HoAmpocTpakcrey B L% (G), mopoxaednsoMy ¢yuruuedi f. ITokasars,
yro ecnt f, g L®(G), ro

A(fg) = A(D A(g).
(ITycrs U — Kakas-sHOYAb OKPecTHOCTb 3aeMenta e. ITokasarb, uro ¢yuk-
uust fg asasiercss cJaGHM OpexesioM JIHHEHHHIX KOMOHHALHE 5/1€MEHTOB
n3 G, npunaanexamux muoxecrsy A(f) UA(g)U.)
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¢) Myers g = L™ (G), K — xomnaktHas yYactb G, f — ¢yskuns u3 L1 (G),
Takas, 4ro & | obpamaercs B Hyar Ha A= A(g) u Bue K. Jlas xaxumoi
okpectHocTH V & B nycrs @ (V) — BepxHsisi rpaHb MHOXKeCTBA 3HaueHHR |F [|
Ha AV. Tlokasatb, 410 ecjH

lim infy @ (V)2 a (V)™ & ((AV = )1 K) =0,

ro (f,g)=0. (Ilyctb £>0. CymecTByer KoMnaktHas 4acts H B G, Taxas,

qro f | Flde<<e. Jlanee, cymecTByeT oOTKpHTas oOKpecTHoeth U ane-
Gem [

MeHTa e B G, Takad, 4T0 | (x, £) =1 I<e npu x=H, £=U. lpumenss a)

K G u U, noayunym ¢yuxiuio a<L!(G). Myers b=F a= L' (G). Henoan-

sys b), nokasats, 4ro & (bg) obpaaerca B Hys b BHe AU. C apyro# cTopoHm,

| [reax = [ reb ax|<e(hih+ 2 gher

# nockoasky f, gb'e L?(G), HMeeM

| [ tes ax|=| [ @D @enas|= D (& (go)as).

(AU=A)NK

Ipasas uacTb NocjeAHEro paBeHCTBA MaXKOPHPYeTcs BHIPaXKeHHEM
2]l @ (U) ™2 @ (U) & (AU == A) K)'=).

d) Myers  — samkuytwii uaean B L' (G), A=~h(J), [— pyukuus us
L1 (G), rakas, uyro & | aunyaupyer A, S — MHOXeCTBO BCeX TOYEK, B KOTOPHX
obpamaercs B Hyab & [, S’ —rpannua S, B — MaKcHMaJbHOe COBeplleHHOE
MHOXecTBO, cojepkameecsi B S'NA Hax VeB nyers @ (V) — sepxuss
rpaHb MHoxecTBa sHaueuuit |[Ff| B AV. [Ipepnoaoxum, HaxkoHel, uTO Ka-

Kjasi Touka H3 B oGaanaer okpecrocthio K B G, Takoft, 4To
lim infy, o (V¥ a (V) o ((AV=)nK)=0.

TokasaTs, uro Torga f= 3. (Bocnoabsosathes TeM, uto airebpa L!(G) yno-
BreTBopsieT ycnopHio JIHTKHHa, H paccykaaTh Tak xe, Kak B npear 5, § I,
ra. I Myers G ) {00} — KoMmakTHHRALHS A.nexgaﬂnpoaa npocrpaHetea G, H
nyers N — MHoXecTBO Bcex XxapakrepoB ¥ < GlJ{oo), Takux, uro F[ He
OpHHAZJEKHT F <3 B OKpPecTHOCTH ToukH Y. [lokasarb cHauaja, 9To0
N < B{x)}. 3arem, Hcmoab3ys c¢), nokasarb, uto N < {oo}. Hakonen, moka-
3ath, 410 N =(}.) : )

e) Mycre 3 — samxuytuf ugean B LY (R®), A=F£(J), f — pyukuus u3
L' (R™), rakas, uro F[ obpamaercd B Hyar Ha A. Jas A>0 oGosuaunm
uepe3 A, MHOXKecTBO Bcex ToueK H3 R”, BHemHHX mo oTHomeHHIO X A H pac-
HOMOXKeHHHX OT A Ha paccTOsHHH, He mpesocxonsueM A. [Tonoxam o (A) =

= sup {(F[)(x)|. Tlokasats, uro ecan liminfe (A)2h "a(Ap)=0, T0
x4, i h>0
fe 3. (Ipumennrs d).)
i) Myers fe LI (R), a=)0, 1( 1 f}y]alf(y)|dy<+oo. Tokasats,

Y10 TOrJA CyilecTByeT HOCTOSHHAN R, TaKasi, uto |(F [) (¥ 4 h) — (F ) (x) |<<
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< kH®, (ITokasaTe, uTo mJa Joboro Hamepen 3afaHHoro uucaa N >0 HMeer
MECTO HePaBEeHCTBO

N
(EHE+n—ENE <o [l @lag+2 [ 116)1dy<
=N lyI=N

N
< 2qanN'¢ fly“f () ldy +-2v— f L% (9)1dy,
~N lyl=N
u 3atem BHGpats N =|h|".)

g) Myerb § — saMmkHyTE# ugean B L' (R), f — dynkuus H3 L' (R), Ta-
Kaf, uto o[ o6pawaerca B Hyap Ha h(J). Ilokasars, uro ecan

flyl/’f(y) |dy <+ o0, 10 f= . (Ipumenuts €) u f).)



VKA3ATEJIb OBO3HAYEHHH

LHudps nocie onpegenseMoro CHMBOJA O3HAUYAIOT COOTBET-
CTBEHHO HOMeEp IVIaBhl, naparpada ¥ NyHKTa (H/IH yIpakKHeHHS).

A (A— anre6pa Hag KOMMyTaTPIBHbIM nmonem): I, 1, L.

Spax, Spx (x—oaaement anarebpel A ¢ epunuued): I, 1, 2.

R(x, A) (x — sneMeHT aarebpnol c empwuuued): I, 1, 2. ,

Spyx, Sp’x (x — anemeHT HekoTopoii asre6par A): I, 1, 3.

X (A), X(h) (A— kommyTaTuBHas asreGpa c exuuuued, h —
Mopdu3M KOMMYTATHBHHIX aJjre6p ¢ eauuuues): I, 1, 5.

G4(x), G (x) (x — a1eMeHT KOMMYTATHBHOH aare6pu ¢ efUHHIEH):

X’(A)’, 5(’(}2), X(A) (A — gkoMmyTaruBHas ajreGpa, h— Mop-
¢u3M KOMMyTaTuBHHIX asre6p): I, 1, 6.

Ga(x), 9 (x), %alx), F(x) (x—smeMeHT KOMMYTATHBHOI
aarebpu A): I, 1, 6

J(A) (A — anre6pa): I,

V(M) (M — uacrp HeKOTOpOH aare6pu): I, 1, 7.

1(T) (T — vacrs J(A)) I 1, 7.

A(A— aare6pa): I,

L., R, (x — snement HopMHpoeaHHoﬁ anre6pu): I, 2, 1.

p(x) (x — ssemeHT HopmHpOBaHHON aare6pn): I, 2, 3.

C(U; E), O(K; E), O(U), O(K) (U — oTKpbITOE IOIMHOKECTBO
npocrparcra C", K — xomnakr B C*, E — KOMIJIEKCHO®
O0aHaxoBO mpocTpaHcrBo): I, 4, 1.

A (A—0anaxoBa aareGpa ¢ eguHUNEd, KOMMyTaTuBHas): I, 4, 1.

@a (a—snemem uz A 1, 4, 1.

f(a) (a —snement us A", | — snement us O (Spa; A)): 1, 4, 4.

f(x) (x — anemenT 6aHaxoBoll, He 0673aTeNbHO KOMMYTATUBHOM,
anre6ps, f— anemert us O (Spyx): 1, 4, 1.

expx, logx (x — anemenT GaHaxoBofi aireGpel ¢ ejuHHUEH):

Ry (A, x) (H — oTKpbITO-3aMKHYTO€ NOAMHOXKECTBO B Spx):

h(3J) (3 — unean xomMmyratusHoll GauaxoBo#t aare6pm): I, 5, 1.

t(M) (M —uacts B X(A), rne A — KommyraTuBHas GaHaXoBa
ajre6pa): I, 5, 2.
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%', [* (x— sneMeHT HHBOJIOTHBHOH aJareGpH, [— JuHeiHas
opMa Ha HHBOJIIOTHBHOH aJarebpe): I, 6, 1.
w Fleea(G), fe LN (G): 1, 6, L.
f(x) (x—ﬂopMa.anbm snevent C* -anrebpbt A, [ — sneMent u3
% (Spa¥): 1, 6, 5.

xt, x=, lxl abs(x), x* (x — spmuToB 3meMeHT C*-anare6phi):
I, 6, 5.

St (A) (A — unBomoTuBHas GaHaXxoBa aare6pa): I, 6, 6.

lz], abs(2) (E, F— xoMnjexcHbie HAbOEpTOBH NPOCTPAHCTBA,
z=Z(E; F)): 1,6, 8.

St(G) (G — nokaapHO KoMnakThas rpynna): I, 6, 7.

| xll, (x— snemenT muBOMIOTHBHOH aarebpm): I, 6, 6.

H” (u) (n — mosoxuTeabHast Mepa Ha KOMIIAKTHOM MPOCTp aHCTBE,
I<p<+4o0) I, 7, yup. 8.

G (G — noKanbHO KOMIIAKTHASE KOMMYTaTHBHAR rpynna): II, [, 1.

(%, x) (x=a, 2= 6): 11, 1, L

A* (A—wactb B G w8 G): 11, 1, L.

9';1, 9';1, fi (n — orpannuenHHas mepa Ha G): II, 1, 2.

Ff, Ff feL'G): 11, 1, 2.

¢ (@ — MopdHU3M JOKaJbHO KOMIAKTHOH KOMMYTATHBHOH Trpyim-
ou): 11, 1, 7.

#, (dynxkunn dpmura): II, 1, ynp. 2.

ZR™: 11, 1, yup. 15.

p (pynkuusa Mé6uyca): 11, 3, ynp. 7.



YKA3ATEJIb TEPMHHOB

nocjse

Hudpot

onpepenseMoro TepMHHA O3Hayalor

COOTBETCTBEHHO

HOMEp IVIaBwl, naparpada H DYHKTa (WJH YNpa)cHeHus).

Anrebpa uusostorupnas: I, 6, 1.

— HOpMHpOBaHHas  (KOMIJIEKCHAs):
bl ’

- — HHBOMOTHBHARA: [, 6, 2.

~ MOJIyUeHHAs NPHCOSAHHEHHEM eRH-
aane: I, 1, 1

— ¢ egunnuen: I, 1, 1.

— — — nopmaposaunan: I, 2, I.

— — — — nonayueHHasg  NpHCOEAH-
HeHHeM emHHuuUB: [, 2, 1.

C*-anrebpa: I, 6, 3.

— JIOKaJIbHO KoMmakTHOR rpymnmet I,
t]

— 0GepThiBaloUias HHBO/IIOTHBHYIO
Ganaxosy anre6py: I, 6, 6.

-— ToJyueHHasi MPHCOeJUHEHHEM eJH-
maue: 1, 6, 3.

AuHyAsiTOp 4aCTH JIOKANBHO KOMIaKT-
HOX KoMMyrarTHBHOA rpymusl: II,

Banaxosa aarebpa: I, 2, 1.
— — uHBOMoTHBHAA: [, 6, 2.
— — KOMMYTATHBHafi  peryJispHau:

)y Wy

Feandanga npeoGpasopanne: I, 2, 5 u

I'eng’q)amxa-Masypa teopema: [, 2,

Ipynna, nxBoHCTBEHHas K JIOKaJbHO
KOMIIAKTHO# KOMMYTaTHBHOH rpyn-
ne: I, 1, 1.

- mounorernueckas: 11, 2, ymp. 10.

— conenouganstas: II, 2, yop. 10,

JiBoiicTBenHpit MOpdH3IM  JIOKAa/NbHO
KOMIIAaKTHO# KOMMYTATHBHOH rpyI-
ot I1 1, 1.

Henaumas rpynna: I, 1, 7.

Henurens Hyas Tonoaoruyeckuit: I,

Il,x(e’xobcona romoorssi: I, 1, 7.
Hurkuaa yeaosue: I, 5, 2.
Jyra: II, 2, yop. 11,

3uaueHne abcomoTHOE 3/eMeHTa H3
Z(E, F) (E, F— xoMmniexkcHoie
ranpbepToBe mpoctpancrsa): I, 6,
8

—_ pbcma rosiomopHol ynkumn: I,

s Lo

Hgean npumuarusami: I, 1, 7.

HusoniorHpHas HopMupoBaHHas ad-
rebpa: I, 6, 2

— noganrebpa: I, 6, 1.

Husomouns: 1, 6, 1.

Kpasuunapnoreutunli anement: I, 2,
3

Kon;;eotipasosaﬁne Gypre: 11, 1, 2.

JlokanbHo m-peinyknas anmrebpa: I, 2,
yap. 3l.

Mnoz(ecma Kponekepa: II, [, ynp.
14.

— He3asacamere: II, 1, ymp. 14,

Mopdusm anre6p c¢ egunauen: I, 1, 1,

— HHBOJIOTHBHBIX aare6p: I, 6, 1,

Hanonunennas mnoganrebpa aare6poic
exunnued: I, 1, 4

Henpusogumoe npeacrasaenne: I, I,
7

HOpl;daJleblﬁ aneMenTt: I, 6, 1.
Hopmuposannas anre6pa: I, 2, 1.

O6epTeiBalomas anrebpa HHBOMIOTHB-
HOBk GamaxoBoit aareGpsi: I, 6, 6.
OG6o/104yKa MOJHHOMHAJBHO BRIMYKJAs:

I, MNpanoxente.
Ocnosanue aare6pm: I, 1, 1,
Orobpamente KaHounueckoe #3 G B

G: 1L, 1, 1.

Muk B KoMnaktHoMm npoctpaHcrse: I,

7, ynp. 10.
Inanwepens rteopema: II, 1, 3,
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Ilopanre6pa uusomorusuas: I, 6, 1.

- gorMonayaspHas: 1, 7, 8.

— ganoaueunasn: I, 1, 4 u [, 2, 4.

IMoarpynna oxxonapamerpuueckas: 11,
2, yap. 11.

IMogmHOXecTBO caMoconpgxennoe: I,

IMoausomuansio BrNyKAasg 060n04YKa:
I, Tlpunoxenue.

— — uacte: [, Ipunoxense.

C*-noaydopma: I, 6, 6.

[TosnsipHoe pasjokenne 3fNemeHTa H3
Z(E;F): 1, 6, 8.

[Tourpsaruna reopema: II, 1, 5.

[MpenctaBnenne amreGpu 1, 1, 7.

— — H"enpusogumoe: I, 1, 7.

IIpencrasnenns sksuBandeHTHbie: I, 1,

ITpeo6pasosaune lenndannpa: I, 2, 5
ul, 2 6

— O®ypoe: 11,1, 20 11, 1, 3.

TMpamuteeHnf upean: 1, 1, 7.

[MpocTpancTBO XxapaKTepoB KOMMYTa-
THBHO# arareGpe: I, I, 6

— — =~ — ¢ endHHuei: I, 1, 5.

Pangnyc cnekrpampnnifi: I, 2, 3,

Perynsipras komMmyrtarHBHas Gasaxo-
Ba aare6pa: I, 5, 1.

PeryaspHoe npexcrassense (neBoe):
H '+

Perynspusiii ssement: 1, 2, ynp. 28.

Pesonbsenta saemeHta B aareGpe c
ennnuued: I, 1, 2,

Pocirox ronomopduoit GpyHKuuH:. I, 4,

Camoconpsixkennasg JaHHefiHas ¢opMa:

6,

H »

Camoconpskentoe NOAMHOXKeCTBO: I,
, 1.

CaMoconpsiKeHHbi 3JeMEHT B HHBO-
JIOTHBHOH aare6pe: I, 6, 1.

CHcTemMa  TONOJIOTHUECKHX o6pa3ylo-
MIHX HOPMHPOBaHHOH aare6ph: 1,
2,1

Caabo .OCILHJIJ]pr!OU.laﬂ dyukppsa: 11,
1. :

Copmecrunifi cnektp: I, 3, 5.
CnekTpanbhntéi panuyc: I, 2, 3.
CnexTp saemetita 8 aarebpe: I, 1, 3.
— — — — c enuuuuef: I, 1, 2.

Teopema leapdanna — Masypa: 1, 2,
5

— l'iJlaHmepeJm: 11, 1, 5.
— Tloutparuua: II, 1, 5,
Tonosorus Hxeko6eona: 1, 1, 7.

Yuurapuoifi xapakrep: I, 1, 1.
— anement: I, 6, 1.
Ycaosue Hurkana: I, 5, 2.

®opma AHHefinas, 3pmutona: I, 6, 1.

®opmyna obpamenus Pypoe: 11, 1, 4.

— [lyaccona: II, 1, 8.

®Pynxuus Mé6uyca: 11, 3, ynp. 7.

— MemJieHHo y6wmiBatomtas: I, 3
ynp. 4.

— cnabo ocunasupyromas: 11, 3, 2.

— Opwmura: 11, 1, yop. 2.

®ypre npeobpasoBante Mepn (DyHK-
unn): I, 1, 26 11, 1, 8.

Xapaxtep KOMMYTaTHBHOM anreGpml ¢
epunuuei: 1,1, 6

— YHHTapHHH JOKaJbHO KOMDAaKTHON
KommyTatusHo# rpymmei: II, 1, 1.

YacTb aHTHCHMMeTPHUHAs B KOMMaKT-
HOM npocrpanctee: 1, 7, yap. 10.
— NOMHHOMHANBHO Bhinykaas: I, [Tpu-

JIOXKEHHE,

AneMeHT KBa3HHHJLNOTEHTHBIA HOP-
MHpOBaHHOA aare6pe: I, 2, 3,
— YHHTApHHIH HHBOJIOTHBHOM aJreG-
pei: 1, 6, 1.

DneMeHTH OpTOroHafbHbie H3 ABOM-
crBeHHbix rpynm. 11, 1, 1.

—  TONOJOTHYECKH NOPOK AAIONIHE HOP-
MHpOBaHHyl0 aiarebpy: 1, 2, 1,

ApmuToBa dopma: 1, 6, 1.

OpMHTOS 3MEMEHT HHBOJIOTHBHOM aJ-
rebpni: 1, 6, 1.
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