JIEKIIUA 1
I'nasa I.
NCHUCJIEHUE IICEBAOANPDPEPEHIIMAJIBHBIX OITEPATOPOB B R”
61. IlceBagoauddepeHnualIbHBIE OMMEPATOPHI U UX CUMBOJIBI
1. OBo3HAYEHUA. [Tomaraem
a=(ai,...,0n), a; €Ly, |a|=oi+ -+ oy,

0; =0)0x;, 0% =00 .. . 9%, £*¥=¢n . ¢

n *Sn
. — — 90 o __ Qi 67
D; = —id;, D*=D...D2n.

[Mogpo6HOCTY K CKA3AHHOMY B CIEAYIOMINX ABYX MYHKTAX MOXHO HAUTY, HAPHU-
Mep, B JEKIIAAX IPeIBIIYIIEero CeMECTPA.

2. TIPOoCTPAHCTBO IIIBAPIA 6vicTpo yOBIBatomux ¢yakmun S = S(R™) co-
CTOUT 73 GECKOHETHO TVIAIKAX KOMILUICKCHOZHATHBIX (PYHKIWA 4(T) ¢ KOHETHBIME
HOpMaMHX

[(u)|v = sup(1 + |a]) |07 u(z), (1)

rjle BepXHssA I'PaHb GepeTcs mo BceM & u BceM «, (3 ¢ |a| + |f] < N. 3gecs N mpo-
6€r‘aeT BCe IeJable HeOTpuaTeaIbHBIC YrCIIA. 3TI/I HOPMBEI OIIpeaeadioT TOIIOJOTUIO
B S. B wacTHOCTH, IOCIENOBATEILHOCTE (DYHKIUHA Uf, W3 S CXOAUTCA K (DYHKITAH 1U
B TOM IPOCTPAHCTBE, €CIM CXOTUTCA K Hel B KaXXOU U3 dTUX HOPM.

Ecmr u(z) € S, 1o 2*0Pu(z) € S.

3. IIPEOBPA3OBAHUA PYPBLE. I[Ipamoe npeobpazosanue Dypve ompenenseTcs
HampuMep, Ha GyHKIIAX 3 S GHopMyIon

(€)= (Pu)(©) = Fluw)) = [ e u(w) do ®)

31eCh U TAJIbIIIe
n
xT - £ = Z‘Tj&j'
1

Kak nmerxo mposeputs, npeobpasosamue (2) nepesogut Dju(z) B {;v(€) u mosToMy
D%u(z) B {*v(§). [danee, ono mepesogut zju(x) B —D;v({) (3pecs D; — mpoms-
BoAHAA 10 ;) u modTOMy zu(x) — B (—1)|O‘|Dg‘v(§). DTO MO3BOJIAET IPOBEPUTH,
gro oneparop F' orobpaxkaer mpocrpancTBo S(R™) dyHKOUA oT B mpocTpaH-
ctBo S(R™) pyukuuu ot £. [JOKa3BIBAETCA, ITO MO HENPEPLIBHLITE 6 00€ CMOPOHDL
uzomopPuzm. B gacrroCcTH, Haa mo6oro N mamgerca Takoe N', 910

[(Fu)|n < Cn,ne [{u) | v
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(menpepbiBHOCTH F'). OGpPATHBIM SBIAETCA OMEPATOD 00PAMHO20 NPeOOPA306aAHUA
Dypve

u(w) = (F~0)(@) = F (@) = (2m) " [ e <o(e) de. ®

4. IIPEACTABJIEHUE OIIEPATOPA B YACTHBIX MNPOU3BOJHBIX MPU ITOMOIIN
NNPEOBPA30OBAHUI DPYPBHE. PaccMoTpuM MUHENHBIN OIEPATODP B YACTHBIX IIPOU3-
BOIHBIX TOPAIKA M

a(z,D) = Z aq(x)D* (4)

|| <m

¢ KOdPUIUEHTAME U3 TPOCTpaHCTBa B GeckoHedHO Taankux GyHKIURA a(r), y
KOTOPBIX KaXaasd TpOU3BOTHAA Dﬁa(:p) orpaHmveHa. Takou omepaTop NEUCTBYET,
KOHEYHO, B S, T.e. MEPEBOJUT DTO MPOCTPAHCTBO B cebs, U HETPYIHO TPOBEPUTH,
YTO OH JEUCTBYET HEMpephIBHO. Mmeem

a(z, D)u(z) = Z o (2)F1EY(Fu)(€).

|| <m

ITonoxum

a’(xvg): Z aa(l‘)fa. (5)

lor|<m.

OTa QYHKIMA HA3bIBAETCA (NOAHbLM) cumeosom omieparopa (4); 6omee crapoe ee
Ha3BaHME — XapPaKTEPUCTUIECKAN MHOrOWIeH. OTMeTuM erne, 970 (pyHKIUA

a0(@,©) = 3 aalw)e” (6)

lor|=m.

HABBIBACTCA 24A8HbIM CUME040M oniepaTopa a(x, D). Mbl umeem

a(w, Dyu(r) = F,,[a(z, &) Fymeuly)], (7)

a(z, D)u(z) = (2r)" / / ¢Sz, €)uly) dy de. ®)

31ech CHAYAIa TPOU3BOAATCI UHTETPUPOBAHUE TI0 Y.

ITo Takou xe ¢gopmyne onpepenserca u ncespoauddepeHnInaIbHBIA OIepaTop,
HO TIPA DTOM CUMBOI a(x, {) yXe He 06A3aTeNbHO ABIAETCA MHOTOWIeHOM 110 §. O1-
HAaKO PACCMaTPUBATH MPOW3BOJbHBIE CUMBOJBLI O€CIIONE3HO, U B CICAYIOMEM TYHKTE
MBI OmpefienseM Hanbonee ynoTpeOnTeNbHbIE KIACCH CUMBOIOB.

5. KuAccel cuMBOJIOB S™. Ilycts m — sewecmeennoe auciao. Kmace S™ =
S™(R™ x R™) onpegenum Kak COCTOAIIMA U3 GECKOHETHO TMIAKAX KOMILIEKCHO3HAY-
HBIX QYHKIUN @, &), yAOBIETBOPAIONIAX HEPABEHCTBAM

030 a(@, €)] < Cap(1+ €)™ (9)

npu JTI00bIX «, (3. B ganbaenmem sto 6yayT cuMmBoast 11/10 — ncesgoauddepenm-
ANLHBIX OMEPATOPOB. UMCIO M MOXHO HA3BATH MOpAAKOM cuMBoaa. (IToka »To He



OYeHb TOYHOE OMpeIeneHne mopsaka.) [lopagok He MerseTcs npu guddepeHnnpo-
BAHWM 10 T U HOHMXKACTCA HA eJUHUIY Ipu AuddepeHnupoBanun mo &,

Ecmm m — maTypaipHOe 9MCI0, TO PACCMOTPEHHBIA BEIIIEC CUMBOI Aud pepeHy-
ATBHOTO OMepaTopa, OYeBUIHO, MpUHAAIeKHAT S,

Eme oqus mpumep: mpu mo60oM BemectserroM m byuxmas (1 + |€]2)™/2 npu-
Haamexur S™ (IpoBepbTe CAMOCTOATENBHO).

Tomomorus B S™ ompenenseTcs IpU TOMOIIA HOPM

la]lv = sup(1 + €))7 P02 0 a(w, €)), (10)

rlie BepXHsAs I'paHb Gepercsa mo BceM x, & u no BceM «, B ¢ ||+ |f] < N, a N
npo6eraeT meable HeOTPUIATEIbLHLIE TUCIA.

Y 1o6HO TOJOXUTH
S =U,pS™, SN, S™. (11)

OTMeTuM cpasy CAeAyIOmne JerKO MPOBepAeMble CBOUCTBA dTUX IIPOCTPAHCTB.
1) U3 m; < mgy caenyer, aro S™ C S™2.

2) ITpm sTom S™! mwaorro B S™2, a S™°° mnoTHO BO BCex S™.

3) Ecim a(x, &) € S™, To 3?3?@(:6,5) c sm-lbl,

4) Ecmu a € 8™, b e S™2, To ab € S™1T™2,

5) Ecmm a € S™, b e S™°°, 1o ab € S™°.

6. KnAccel U™ NCEBAOAUPDEPEHIUAATBHBIX ONEPATOPOB. IIJO a(x, D)
u3 kaacca U™ = U™ (R™) — sro omepaTop, onpenensembin hopmyaon (7) wim, 910
TO XKe, (8), rage cumBon a(x,{) npunagrexur S™.

[Mpusegem npocrenmun npumep 1110, He aprgiomerocs, Boobme rosops, gud-
(bepeHIIAILHBIM OIIePATOPOM:

A™ = F~H(1+ [¢]?)"/?F. (12)

On Gyxer nomesen npu paccmorpernu I1/10 B co6omeBCKUX TPOCTPAaHCTBAX (CM.
JTeKIUY Tpeabiaymero cemectpa). Tak kak omeparop Jlamraca A mmeeT cuMBOI
—|€]2 (mposepwTe), To omeparop (12) wacTo samuchiBaioT Tax: (1 — A)™/2, Dro,
BOOOIIIE TOBOPsA, APOOHAA cTemeHsb omepaTopa 1 — A.

Ha crepyromen neknum OygeT nmpoBepeHa,

TEOPEMA 1. Ilcesdodudpepenyuarvubiti onepamop uz W™ deticmsyem nenpe-
poLBHBIM 00pazom 6 npocmpancmee Ilsapua.

[IceBmogupdepenimanbubie omepaTopbl ObLIM BBeAeHBI B 60-X T'T. MPOILIOTO
Beka. llepBoHavYaIbLHO TOTPEOHOCTHL B HUX COCTOANIA B TOM, UTOOBI OOJETYUTH
TOMOTONUA TIPU PEINeHnr MPOOJIeMbl BRIYUCICHUS WHAEKCA DITUNTAYTECKOTO aud-
(epeHIImaILHOrO OTepaTopa Ha 3aMKHYTOM MHOT006pasum. UTo Takoe DILIUNTH-
9eCKUU OMepaTop Ha 3aMKHYTOM MHOrooOpasum (T.e. KOMIIAKTHOM MHOT000pa-
3um 6e3 Kpas), IOKa TOBOPUTHL paHo. Halmm JeKiuu Ha CAMOM [eje HAIEJeHBI HA
nocTpoenne Teopun damunTudeckux I1/10 ma 3aMKHYyTOM MHOTOOOpa3WM. OJLIN-
nruaHOCTh nuddepennuansaoro omeparopa (4) B R™ ompegensercs cirepyrommm
YCIOBAEM, HAKIAIBIBAEMBIM Ha €0 DNIABHBIA CUMBOJI (6):

a2, )| = cl¢™, (13)



rle ¢ — TMOMOXUTENbHAsA MOCTOSHHAsA. PaHO TOBOPUTH MOKa W O TOM, UTO TaKOE
MHIEKC DILIATNTUTIECKOTO OMepaTopa Ha 3aMKHYTOM MHOT000PA3Wu. 3anatda BhIYUN-
CIeHNA WHIEKCA DIINITUYECKOro omepaTopa 0bLia mocTasiaeHa V.M. I'eabdangom
7 TIPUBJIEKIa BHUMAHUE O9€HbL MHOIUX MaTeMaTuKoB. OHa ObLIA PEleHa B TOIOJI0-
IUYeCKUX TePMUHAX, I Iero W MOTPeObOBAIUCH TOMOTOINY — HEIPEPLIBHBIE TIPe-
00pa30BaHUsA DIIANTUIECKIX CUMBOJOB. llocTpoeHme HYKHBIX TOMOTONNKA OYeHb
CHJIBHO 00JervaeTcs, eCIn BMECTO MHOI'OWIEHOB MOXHO pacCMaTpuBaTHL OoJee 006-
mue QyHKINN.

Onmuaxko ¢ moasrerureM I1/10 6BICTPO BBIACHUIOCH, ITO OHU IPUACYTCTBYIOT BCIOIY
B AHAJIN3E U B OCOOEHHOCTH B TEOPHUHU YPABHEHUU B YACTHBLIX IIPOU3BOIHLIX. BHLIO
noctpoeno ucuanciaenne [1/[0O, u okazamock, 9T0 0HO BOOPAIO B ceOSI TEXHUTECKUE
TPYAHOCTH, KOTOPBIE MO 3TOTO BPO3b MPEOIOIEBATNCH B MHOTOYUCAEHHBIX CIEIN-
AJBHBIX CATYAIUAX B TEOPUM YPABHEHUU B IACTHBLIX IIPOU3BOIHBIX.

[Tces goudpepeHnuaAIBLHBIA OEPATOP MOXET MMETh UM OTPUIATENLHLI MOPSI-
JOK M, ¥ TOT[]a DTO WHTErPATBLHBIN OMEPATOP, IPAIEM OXBAYEHHBIMI OKA3bIBAIOTCSA
Ba)XXHEUINe NHTerPAJbHbLIE OePATOPhl MATEMATHICCKON (PU3UKM.

Mur mHavuHaeMm ¢ ocBoenus ucauciaenus [1/10. Knacc cumBomoB BRIGpaH nmpocTen-
IIUU, ¥ €r0 XBATUT Mad paccMoTpenus smmuntudeckux I[110. O6o6menus 6ymayT
YKa3aHBI O3 THEe.

[Tomoxum

U =, v, v =n,v™, (14)

Ncuaucnenne IO crpontes “c rounocrsio go npubasierns” [110 uz ¥~ (morom
YTOYHUM, 9TO 3/16Ch UMEETCA B BUAY). [[0DTOMY MHTEPECHO BBIACHUTD, 9TO COGOM
npeacrasaaioT 1I/10 mopagka —oo, T. e. II/1O m3 ¥~°°, Tak KakK CEMBOJI TaKOT'0O
[110 6bicTpo yobiBaeT mipu & — 00, TO B (8) MHTErPAIBI MO Y U & MOXKHO TIOMEHATH
mecramu. [Torywaercs, aro [I10 a(z, D) uz ¥~°° — uHTErpagbHBLI OIEPATOD

a(z, Du(x) = / Kz, y)uly) dy, (15)

rae a1po k(z,y) onpegensercsa ¢GopMyIon

k(2. ) = (2m) " / eim=1)€ 4 (g €) de. (16)

O6o3naunm gepes K~° = K~°(R" x R™) MHOXeCTBO Bcex GECKOHEYHO TVIa KX
bysxuun k(z,y), yI0BIETBOPAOIINX HEPABEHCTBAM

(1+ |z = y) ™07 0 k(x, y)| < Cap,n (17)

npu Bcex (v, 0 ¥ BCeX METbIX HeOTpUnaTenabHbIx N. CMBICT DTUX HEPABEHCTB CO-
CTOUT B TOM, UTO BCE MIPOU3BOAHBIE (PYHKIUHA k GBICTPO YOLIBAIOT TpH | — Y| — 00.
Ha crenyromen teknum OygeT TOKa3aHa

TEOPEMA 2. 1170 a(z, D) npunadaexrcum V="° mozda u moavko mozda, koz2da
on npedecmasum 6 sude (15) ¢ adpom k(x,y), ydosiemsopatowum nepasencmean

(17).



7. ACHUMIOTOTUYECKUE PA3JIOXKEHWUS CUMBOJIOB. IlycTh DaHBI CHMBOJIBI
a€S"ma; € S (j =0,1,...). MB ckaxeM, 9TO CHMBOI ¢ PA34A2AEMCA 6
acumnmomuyeckuti pad u3 cume0.406 a;, ¥ OygeM IACATDH

a~ag+a+..., (18)

eCIn
N-1

a—Y ajesmN (19)

0

opu 1000M HATypalbHOM N.
Hampuwmep, B ciaydae puddepennumanbaoro omeparopa (4) cumsoa a(z,£) ecThb
cyMMa
a=ap+ a1+ -+ an,

rae

aj(z, &)= Y aq(x)E”,

lo|=m—j

7 31eChb BMECTO aCUMIITOTHYIECKOT'O PAa MBI ©UMeeM KOHewdHyio cymMmy. I[locrennee
craraemMoe He 3aBUCHUT OT &.

Ha cregytomen neknum OGygeT noKa3zaHa TeOpeMa, IOATOTABIMBAIOIIIAI TOCTPO-
€HUe CUMBOJIUIECKOTO MCIUCICHUA:

TEOPEMA 3. I[Tycmv dana nocaedosamesvnocmsv cumeonos a; € S™=I, j =
0,1.... Toeda cywecmsyem cumeon a ¢ acumnmomuueckum pazsoxceruem (18).
Paznocmb 08yxr cumeoa08 ¢ makum GCUMNMOMUYECKUM PA3A0HCEHUCH NPUHADLE-
acum ST,

OTa TeopeMa MPUHAMLIEKAT XEPMAHIEDPY .

3aberas Bmepej, OTMETHM, 9TO [Be BaXXHEUIINE TEOPEMbI CUMBOJMIECKOI0O MC-
qUCAeHuS — >TO TeopeMbl 0 KoMmosumnuu aByx 11710 u o 110, ¢popmanabaO comps-
x)eraHoM K gampomy [I1710. B mepBou m3 HMX yTBEpXKIAeTCA, ITO IPOU3BEICHNE
aByx [T/1O — TI/1O, n yka3siBaeTCS PEIEnT MOCTPOEHUS IO CUMBOJIAM COMHOXUTE-
JeW aCUMITOTHICCKOIO PA3I0XKEHNI IJIA CUMBOJA IPOU3BEIeHUs. B0O BTOPOU Teo-
peMe yTBepXKAaeTcs, 9To omepaTop, ¢popManbao conpsmxkenubm K [10, — II/10, n
YKa3bIBAETCA PEIenT MOCTpoeHus mo cuMBoaxy mamuoro [I/10 acuMmToTmtieckoro
pasIoXeHusa cuMBoaIa popMaabHo conpsxkenuoro [I/10. Cubica cioBa “gopmanbao”
OyaeT 00BACHEH.



JEKIIUA 2

8. TOKA3ATEJILCTBO TEOPEMBI 1. 3amumewm 110 A = a(x, D) € S™ B BUgE

Au(z) = (271')_"/6”'561(33,{)1)(5) d¢, vne v(§) = Fu.

DyHKIUA v TPUHALTIEKUT S, TTOITOMY OBICTPO YOBIBAET, TAaK 9TO MOXHO nudde-
PEHIIMPOBATH O T TOJ 3HAKOM mHTerpaaa. [lomyaaem

D Au(a) = [ b (o, )0(6) de

U JIETKO IIPOBEPHUTD, 1T0 by € S™ 11l fcHo, wro sToT METErpanr — orpanudenHas
dyaknmsa. [lanee,

7 D Au(z) = / D2 b (2, )0 (€) d.

3/1eCh CBOMCTBA MOAWHTErPATLHBIX (DYHKIMU MO3BOIAIT MTPOUHTEIPUPOBATH II0
9aCTAM, ¥ MBI ITOTyTIaeM

2D Au(z) = (1) [ <D fbal, €)ole))

CHOBa BUJHO, 9TO HHTErPAI OFpaHUICH. Boaee Toro, mia ao60ro N MBI MOXKEM
HauTu Takoe N, 910

[(Au)|v < Cn v (V)| v

A rmak kak mpeo6pasoBanue Pypbe HEMPEPLIBHO OTOOpaxaeT S HA S, TO I JIHO-
6oro N maugerca takoe N, aro

[{(Au)|n < Oyl ) . O (1)

9. IIOKA3ATEJbCTBO TEOPEMEI 2. Ilycts a € S™°°. Sanumem Gpopmyry mais
Anpa:

k(z,y) = (2m)" / ¢V Ea(z €) de. 2)

Tak kKak cMMBOJ CO BCeMU €r0 MPOU3BOAHBIMU OBICTPO yOBIBaeT mpu £ — 00, TO
MOXHO nudHepeHnnpoBaTh M0 3HAKOM wHTerpama. [lorydaem

8?851{7(3?, y) = / ei(m_y){aa,ﬁ (.T, f) dgv

U JIeTKO BUIETD, 9TO G4 (2, &) € S™°. [amee,

(x —y) 0500 k(x,y) = / D[94y g(, &) dE.



31ech GeicTpoe yObIBaHmMe (MYHKINA Qo g(T,§) U €€ IPOU3BOSHBIX MO3BOMIAET IIPO-
WHTErPpUPOBATH IO IACTAM M MOJIYIUATH

(z — y)vagagk(x,y) — / e @V Ca, 5 (x,€) dE.

CuMBOIL G 3 ~(,&) cHOBa mpuHALIEKUT S~ °°, Tak 4TO MHTErpal orpanndeH. Ta-
KuM obpasom, k € K~°°.
O6patrho, nycts k(z,y) € K—°°. IlogcraBum B MHTErpal

Aue) = [ Ko yuly) dy

BhIpaXKeHVe 11 u(x) depe3 o6paTHOE IpeobpasoBaHme 3TON HYHKIUN U HOMEHsEM
MeCTaMy MHTerpaibl (0O9eBUAHO, 9TO DTO MOXHO caenarh). [lomyanm

Au(z) = (27)7" / e a(a, €)u(€) de,

rie

a(z,&) = /6_"(””_”'%(9:,2/) dy = e""""/e"y'fk(:v,y) dy. (3)

Orcroga
£a(z,§) = e_m/[Dﬁeiy'g]k(x,y) dy,

W 37eCh CIPaBa MPOU3BOJHBIE MEPEHOCATCA HA k MHTErPUPOBAHUEM II0 TACTSM.
[Mony4daerca orpaHuYeHHBIN HHTerpal. Mbl BuguMm, 910 a(z,£) 6BICTPO yOBIBAET
npu £ — 0O PABHOMEPHO 10 x. IIpoBepbTe caMOCTOATENBLHO, IYTO TO XK€ BEPHO I
npou3BogHbIX 0T a. (Hampumep, npu guddepenmuposannu Gysknun oz, §) mo &;
IPOUCXOAUT YMHOXEHWE AAPA Ha T — Y C TOIHOCTHIO JO MOCTOSHHOTO MHOXKW-
rens.) O

3AMEYAHUE. Bo3dMoxHO Ipyroe HamucaHue aapa, 1 OHO GyIeT UCIOMb30BATHCA
npu paccmorpernun [1/IO koOHEIHOTO OTPUIIATENBHOTO TMOPSIKA:

2n)y " [ [ e atw uty) dyd = [ Koo - yuly) dy

rie
K(z,y) = (21)" / ¢, €)de. (4)

[Tpu Takou 3anucu sapo — oOpaTHOE MpeobpaszoBanme Pyphbe 0T CUMBOIA 110 BTO-
poOMYy TIepeMeHHOMY, & CUMBOJ — COOTBETCTBEHHO IpAMoe peobpaszoBanume Pypbe
OT AIpa MO BTOPOMY TIEPEeMEHHOMY:

alz,€) = / VEK () dy. (5)



[Toka MBI He OcTaHABIMBAEMCS HA BBIACHEHWU TOT'O, B KAKOM CMBICAE W TPU KAKWX
YCJIOBUAX 3TU (POPMYJIBI KOPPEKTHHI.

10. TOKA3BATEJIbCTBO TEOPEMBI 3. B »ToM moka3zaTerbcTBe MHTEPECHA TIpe-
x1e Bcero gopmyaa, mo koropon crpourcs a(z,£). Ho mokasarerbcTso mocra-
TOYHO JEIVKATHOE.

[Iycts 0(€) — dyuxmmsa uz C°(R™), pasuas 0 npu |{| < 1 u 1 npu [£| > 2, u mycTs
{7;}3° — BospacTammas MOCIEI0BATEILHOCTD YUCEI, B KOTOPOU IEPBOE HUUCIO HE
MeHbIe 1; oHa cTpouTcs gambmme. [1omoxum

a(z,€) = 0(¢/7;)a;(x,€). (6)

[Ipn ¢pukcupoBanaOM (,€) TOMBKO KOHEYHOE HWCIO WIEHOB DTOTO PAJA OTINIHO
OT HYJIA, TIOBTOMY BOIIPOC O CXOQUMOCTH He BO3HUKAET.
Ouesngno, aro 0°0(€) m |€[P0P0(€) — orpanmaenubie byHKIMEA, TTO3TOMY

020(¢/7)| < Cp1+ ¢ (r> 1,6 eR).
Orcrona cregyeT, ITO
0202 [0(¢/7)a;(x,€)]] < Cap (1 + [¢)) 1177 (7)

npu 7 > 1 u Bcex x, &.
OueBuaHO, 9TO IpU (HUKCUPOBAHHBIX (1, (3, ] U AOCTATOYTHO GOJBIIOM T

Cap,g <271+ [€]) mms [¢] > 7/2. (8)
Mzr BeIGEpEM Tj > Tj_1 TaK, 9TOOHI
050 10(¢/5)a;(x, )] < 277 (14 [¢) 171 (9)
970 BO3MOXKHO B cuny (7) u (8). ['pyGo rosops, 1o cpaBHEHUIO ¢ (7) MBI CIIPaBa yBe-
JMUYMIU CTeneHb MEOXUTENA 1 + [€] HA 1, HO 3ATO IUCIOBON MHOXUTENh 3AMEHWLINA
Ha 277,

Teneps Gyuknmsa a(x, ) TOTHOCTBIO OnpefeneHa. 3adukcupyeM «, 3, N u momio-
wxuMm N’ = max(|a| + 5], N + 1). Ham mago onennts

000! la(a:, ) — Zaj(x,g)} =D +) +> . (10)
31ech

S = oza{o(e/m) — 1as(x,€)} € S, (1)



Tak Kak 3Ta (QYHKINUI paBHa HyaI0 pu 6oabimmx £. [lamee,

Y= 0xall0(¢/m)a;(x, )]

2 N+1

Do I<C+fgym =D (12)
2

B cuty (7). Hakomern,

> o= 020710(¢/m))]

N'+1

YIOBIETBOPSET HEPABEHCTBY (34€Ch MBI CyMMUDPYeM HpaBbie 9acTu B (9))

D 1< O+ fgymIAmvED, (13)
3

Mubi BuguM, 9TO MOAYIb deBon dacTu B (10) He mpeBoCXOaUT
C" (1 + Jglym-18=¥ D),

9T0 U TPeOOBAIOCH TOKA3ATh.
Ocranock 3aMeTUTh, 9TO ecan (PYHKIUU ¢ U @ AMEIOT OJHO W TO XK€ aCUMIITO-
TUYECKOEe pa3joXeHue ag + ---+any + ..., TO

a—a={a—lag+ - +an]}—{@—[ao+ - +an]} € STN1
npu awob6om N. [

11. [IPOBEPKA ACUMIITOTUYHOCTHU PA3JIOXKEHUA. Cremyromas TeopemMa 06-
JerdaeT 3Ty OIPOBEPKY.

TEOPEMA 4. IIpednoaoxcum, wmo

a(z,£) € C*, (0200 a(w,&)| < Cap(1+ [E])F2, (14)
aj(z,€) € S™I (j=0.1,...), (15)
[—1
a(ajaf) - Zaj(xvg)‘ S Cl(l + |E|)rl7 Ty — —OC. (16)
j=0

Toedaa€e S™ vua~ag+al+....

B gacrrocTH, ycrosue (14) BeimonHeno, ecim a € S°°, a ycnosue (16) gocraTodno
CYATATDH BLIMOJHEHHBIM C 1] = m — | (6e3 Kakux-1mm60 nud pepeHnupoBaHuin).

[llokazaTenbcTBO OyaeT 06CYXATHCA HA, CAeAYIOMeN JeKIUN.
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JEKIIUA 3

[ OKA3ATEJIbLCTBO TEOPEMBI 4. HyXHO MpoBepuTh HEPABEHCTBA

N

89?85 |:G;(a?,§) - Za’j(xaf):| ‘ < Ca,ﬁ,N(l + |£|)m—N—|B|—1, (17)

J=0

U DTO JeNaeTcA WHAYKTUBHO 10 || + |3|. Ho MBI orpanwauMcsa mepBBIMU IBYMs
mIaraMu.

1) |a| =|B] =0. Bepem I > N ¢ r; < m — N — 1 u ucnonszyem (15), (16).

2) |a| + || = 1. Ham noragobuTcs clrefyomas n3BeCTHAS JTeMMa.

JIEMMA. ITyems f € BX(R) u M; = sup |f9)(t)], j = 0,1,2. Tozda

M? < 4MyM,. (18)

Ee noka3aTeanCTBO MOKa OTIOXKUM. S3aKOHIAM PACCMOTDEHUE CIydas 2).
[omoxuM f = max|q|+|8|<2 Ha,s 1 TPEIIONOKAM, He TepAs 0OMIHOCTH, ITO [ >

m.
Ucnonbays (14), (15), pesyasrar 1) u remmy, noayunm mus |a|+|5] =1, N > N
N’ 2
o508 atr,) Y s ]| <0+ 1eDm =+ e
§=0
u 371eCh

m—N —1+pu
2

npu gocraTodro 6ombimom N’ > N. Ocraercsa ucnonszosats (15) mas j > N. O

<m-N-1-18

[OKA3ATEJILCTBO JIEMMbI. Bocnoassyemca ¢popmymoun Termopa,

fE+7)=f@)+7f'(t)+ T;f”(t+97), 0 € (0,1).

Bripaxas oTciofa nepByo NPOW3BOIHYIO, TOMYIaeM

2M, 7M.
MlSTO'i‘ 22- (19)

[pasas wacTh gocturaeT muaIMyMa mpu 2My /72 = M, /2. CooTseTcTBylomee T
paBHO 21/ My/M,. Hogcrasusas ero B (19), moryaem

My <2+/MoM,. [
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§2. Ucuucaenume II/10 B R”

1. AHAIN3 OIEPATOPA BOJIEE OBIIEIO BHUJA. PaccMOTpUM omepaTop BHA

Au(z) = (2m) / / €,y € uly) dy de. 1)

3aech BMecTO cuMBoaIa a(z, §) crout hyHkuus p(z, y, ), HazpiBaeMas amnaumydod,
OT Tpex I'PYII MePpeMeHHbIX, TPpUIeM T, Y, £ UMEIOT OAMHAKOBYIO Pa3MEPHOCTH N.
dyuknusa v mo-npexueMy 6epercsa u3 mpocTpancTsa IlIBapia.

3aMeTuM, 9TO MBI MOIVIE ONpefenuTh npocTpancTso S(R™ x R™2), e mpexmno-
Jarasg, 9To ni = No. Cermdac MbI IPEAIOI0XKAM, ITO

plw,y,€) € S™(R™ x R™). (2)

OTO MPOCTPAHCTBO COCTOUT M3 OECKOHETHO TVIANKNX (PDYHKIUU P, VIOBICTBOPIIO-
IMUX HePaBEHCTBAM

020,07 p(w,y, )| < Capy(1+ €)™ (3)

npu BCex «, 3, .

Mer gokaxem, aro (1) — II/1O us U™ (R™), u BEIMUCINM aCHMITOTHYIECKOE Pa3-
JIOXXKEHME ero CHMBOJIA.

Ho cravana MbI “pasBsxkeM ce6e pyKn” B OTHOIIEHWH TOPAIKA HHTETPUPOBAHNAS.
Ecim m < —n, To uaTerpan (1) aGCOMOTHO CXOAUTCS, HO IPA M > —N MBI HOKA
TOKHBI CIUTAThH, 9TO UHTETPUPOBAHUE TI0 Y MPEANIeCTBYET WHTETPUPOBAHUIO TIO
&, IoscauM, 9TO MHTErpa

v(x,§) :/e_iy'gp(l“,yag)“(y) dy

abcomoTHO cxoauTes u He mpesocxoaut C'(1+ |€])™, Ho To xe BepHO musa E*v(z, £)
npu 1060M @ (3TO MPOBEPSIETCS MHTErPUPOBAHUEM IO HaCTAM IO Y), TIODTOMY OH
OBICTPO yOBIBAET MPHU £ — 00, TaK ITO UHTETPAT

(2m)™ " / e 8y (x, €) de

TOXe a0COTIOTHO CXOMIUTCA.

Opmako warerpan (1) donyckaem peeyaapu3ayuio, TOCIe KOTOPOU MOPATOK WH-
TEerPUPOBAHUSA MEPECTAET UT'PATH CYIMIECTBEHHYIO POJib.

[TepBb crOCcO6 peryaapusanuu COCTOUT B CjaeAyomeM. BosbMmeMm (yHKIUIO
Oo(x) m3 C§° (R™), pasuyto 1 B6im3u Havana. [To reopeme JleGera o maxopupyemon
CXOUMOCTH,

Au(z) = (2m)™" gi_r)r(l)/Go(eﬁ)ei“"fv(x,f) d¢
= (2m) " iy [ 60(6€)e = Sp(a, g, €July) dy .
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7 37eCh “ABOMHOM” MHTETrPaJ IOJ 3HAKOM Ipeera abCOTITHO CXOIUTCA.

MubI yKaxkeM elre BTOPOU CII0Co0 peryIapu3alun, HO MOIb30BAThLCA Oy €M TOIBKO
mepBuIM. BBegem omepaTop

L=+ <Z§JD +1> (4)

rae D; = —id/0y;. Mbr umeem
eTWE = _Le Wt = ... = (=1)kLFemW ¢, (5)

[ToaTomy

o(2,€) = (~1)F /Lke—"y'ﬁ[p(:c,y,@u(y)] dy
= /e"'y{L’“[p(x,y,ﬁ)U(y)]dy
~ [ Y pate D) iy

lr| <k

¥ JIETKO TIPOBEPUTH, ITO 31€Ch Po € S™F. Takum o6paszom,

Au(z) = (27) // @€ S by, €) Duly) dy. (6)

|| <Kk

3/1ech HAI0 B3ATH Takoe k, 1o m —k < —n, u Torga “aBouHOU’ WHTErpaJs CIpaBa
OymeT abCOMOTHO CXOMAMMUMCI. DTO W €CTh BTOPOU CIIOCOO Pery/Isapu3aliui.

B mampmenmem mcmoabsyercsa obosHaderue ol = aq!. .. ay,l.

TEOPEMA 1. ITycmo p(z,y,€) € S™(R®™ x R™). Toeda A — IIAO uz ¥™ c
CUMBOAOM
&)~ palz,9), (7)

2de

1
Pal@,§) = = D¢ (.. 8| _, € gm=led, (8)

[TOKA3BATEJILCTBO. O0BbAcHAM, Kak BozHUKaeT (opmy:aa (7). Pazmoxuwm p(z, y, &)
Kak (PyHKIITIO OT 4 0 ¢popMye Teraopa 1Mo CTemeHsaM §y — 2 ¢ IeHTPOM Pa3IoXKeHU
B TOYKE I:

p(,5,8) = D ol )y — 2)* + pn (2,9, ), 9)

la| <N
rie

0(,€) = 5Dl ,)],_, € ST(RY X RY). (10)
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Ocrarok py Mbl BhimummeM mosgHee. CraaraembiM B cymme (9) oTBedarT onepa-
TOPBI

n) " [ [ (-1 (D Y o, uly) dy de

Eciu m < —n, To MOXHO mepecTaBUTh WHTEPAJIBI IO Y U TO £ W IPOUHTETPUPO-
BaTh MO YACTAM 10 . OTHU ONMEPATOPHI TPUMYT BU[

(2m) / / D Ep (. €uly) dy de. (1)

Ecnu xe ycnoBue m < —n He BBIMOJHEHO, TO TOT XK€ Pe3yIbTaT MOJYyIaeTCA MPU
noMoIn (MepBOR) PeryaAapu3au. A UMEHHO, MBI JOMXKHBI PACCMOTDETH

lim / / (D €19y (e€) g, € uly) dy de
~ lim / / "0 D00 (26) ga(w, €)]u(y) dy d€.

e—0

31ech MPOU3BOIHAS Da[ .. ] Borameasercs mo gopmyse JlenbHuma. DTO IMHENHAS

KOMOMHAIIA TPOU3BEACHUN (DYHKITWN D5 Qo (z,6) € S™ 1Pl 4 Dgﬁo (€€), B+v = .
O«eBugHO, ITO TpH € — 0 TOTOTETHO

Oo(c€) = 1, DY0y(c€) = 0 (v #0).

JIEMMA.
107[00(e9)]] < CH(L+1€)77, (12)

ede C,, ne 3asucum ome.

[lercTBUTEIBHO, 578g 00(§) — orpanuvenHas HYHKIUA, TAK ITO

£107[00(c€)] = €1€7(8760) (¢€)

— (byHKIHUA, pABHOMEPHO OI'PAHUYIEHHAA 10 € 1 &.
Temeps nmeeMm

/ / V€D g, (r,€) Do (e€Yuly) dy dé = / ¢ DY o (2,6) D00 (<€) (€) de,

rae v = F'u, 1 31ech B IOCIeTHEM WHTErpaJe MOAUHTEer DATbHOE BhIDAXKEHUE NMeeT
VHTETPUPYEMYIO MaXXOPaHTY, He 3aBucsamyto ot €. [lo Teopeme Jlebera o maxo-
pupyemon cxogumocTu, npu € — 0 marerpan cxogurcsa K 0 mpu v # 0 u

/ e o (x, E)u(€) dE

npu v = 0, T.e. y HAC ONATH moIydaeTcsa omeparop (11).

I[To mpasou gactu B (7) cumBox a(z,£) cTpouTcs mo Teopeme XEpMaHIepa.
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Tenepb HaJO UCCIENOBATH OCTATOYHBIA <wieH B ¢opwmyre Tewrtopa (9). Ero
MOXKHO 3AIUCATH B HHTECPAILHOU (hOpMe, IPUIAB €My BU]

pn(@,y, )= Y ppla,y,. )y — o), (13)
|BI=N+1
rue X
ol €)= "ot [0 =) @fplea v rly—aar 4

IT0 6eCKOHETIHO TaaKue pyHKnuu. PopMyaa eCTh B YHUBEPCUTETCKUX YIeOHUKAX
no anamm3y. PyHKIUE pg HacTeAylOT mpuHaIrexHoCcTh K S™. B namsHenmem
WCIOAb3YeTCA TOTBKO MOCAeTHEE OOCTOATENHCTBO.

Ocrarognomy wieny B ¢popmyne (9) oTBeIaeT OMEPATOP, KOTOPBIU MPYU TOMOIIA
TOU XK€ PeryIapU3aliy 3alACLIBACTCS B BUJIE

Ryuls) = @) 3 T [ [ 20 0(e)pp(o,0,uly) dsdy.

|B1= N+1

31eCh
(y — z)Pel@u)E = (_1)|B|D?ei(w—y)-£.

Mepenoca DP wa 0y(e€)ps(z,y,£) n nconb3ya TIPW TPEETHHOM Tepexofie TaKue
XKe COOOpaXKeHMsI, KaK BBIIIE, MbI MTOTYYIaeM, ITO

Ryu(z (2m)~ // dC y)ng (z,y,&)u(y) dydg, (15)

rie

(x,y,& Z D£ pp(z,y, &) € S NTHR®™ x R™). (16)
|BlI=N+1
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JEKITUS 4

Nrax, Mb1 uMmeem
A—a(@,D)=[A- Y aa(z,D)]—[a(z,D)— Y  aa(z,D)] = Ry — Ry,
la|<N la|<N
rae

Ryu(z) = (2m)™" / / @V Epn(,y, E)uly) dy de (16)

— omepaTop ¢ ammaTy ok ry € S™N-1 g

Rxu(a) = @) [ [ 06y (o, uty) dyg (17)
— 110 ¢ cumBoIOM

rn(z, &) = a(x,§) — Z to(z,£) € SMN-1,

la| <N

Cuuras, aro m — N — 1 < —n, MBI MOXeM IepenucaTh 06a dTU OMepaTopa B BUE
WHTErPAIbHBIX OMEPaTOPOB:

Ryu(x) = /kN(x,y)u(y) dy n Ryu(z) = /EN(x,y)u(y) dy. (18)

CpoucTBa X fAep yIydmanTca ¢ poctoM N, I B UTOre MOIydaeTcs, 9To A —
a(z, D) — omeparop ¢ aapom u3 K —°°, Tak aro sro /10 us ¥~°°. Jleramu mpo-
BepPhTE CAMOCTOATEIHHO, UCHOIB3YA COOOPAKECHUA U3 NOKA3ATEILCTBA TEOPEMBI O
IMAO w3 U~°°. Takum o6paszom, A — II/1O uz U™ ¢ ykasaHHBIM BBIIIE aCAMIITO-
TUICCKAM PA3I0XKEHIEM CAMBOJIA. [

OrmMeTuM, 9T0 B popMyJIe (8) MOXKHO 3aMeHUTH (ogHOBpeMeHHO) D¢ u 0, Ha O
u D,. DTo0 3aMeUaHNe OTHOCUTCA U K HEKOTOPHIM JAXbHENIIM (GOPMYIaM.

2. ONEPATOP, ®OPMAJIbHO CONPSKEHHBIN K I1/1O. IIycts A u A®) — ome-

pPaTOPHI, TeUCTBYOMME 111 TPOCTOTH B mpocTpancTse [lIsapma S(R™). Oneparop
A maspiBaercs gopmasvro conpaxcennvim K A, ecin

(Au,v) = (u, A%v)  (u,v € S(R)). (1)

3nech u panbiie (u,v) — 06bI9HOE CKaasApHOe npousseperne B Lo(R™):

(u, 0) = / w(w)o(@) da. ()

CoBO “GpopManbHO” MOLUEPKABAET TO 0GCTOATEILCTBO, 4TO omeparopbl A u A*)
He PACCMATPUBAIOTCA KaK omepaTopsl B Lo (R™) (orpaHnveHHbBIe UM HEOTDAHUIECH-
HBIE).
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[MTPuMEPHI. 1.ITycTs A — MHTErpaIBLHBIN ONIEPATOD
Auw) = [ Ko )uly) dy )
¢ anpom, ckaxeM, u3 Ly(R™ x R™). Torza A™) — Toxe MHTErpAIbHBIN OIEPATOP:

A(y) = [ Foyio(s) da. (4)
2. [lycts A — mudppepeHnuaIbHBIA OEePATOP

A= Z aqo () D (5)

|| <m

IUIST TIPOCTOTH ¢ Kodddumuentamu uz B°(R™). Torga A roxe nuddepeniy-
AJTBHBIA OMEPATOP:

AC = 37 D)) (®

laf<m

[IpoBepbTe HTO CAMOCTOATENbHO. B »Tmx mpuMepax cooTHomerue (1) pacmpo-
cTpaHseTca Ha 0oJee MUPOKHWE KIacChl (PYHKIUU. A MMEHHO, B MEPBOM CIydae
OTepaTOPHI ABIATCA orpanndeHHbIME B Lo (R™), u coorHomenue (1) pacopocrpa-
HseTcsa Ha GyHkumu u, v u3 Ly(R™). B BrOpoMm ciaydae Mbl uMeeM OrpaHWYeHHBIE
omepaTopsl u3 co60meBCKOTo mpocTpancTBa H™ (R™) (cM. JeKIuu mpegbiIynero
cemectpa) B La(R™), u coornomenue (1) pacupocTpansercsa HA (DYHKIUU U, U U3
H™(R™). Cenuac mbi paccmorpum ILJO, mis HEX y HAC HOKa HET TeOpeMbl 06
OrPAHUIEHHOCTH B COGOMEBCKUX TIPOCTPAHCTBAX.

TEOPEMA 2. Ilyemv A — IIJO uz V™ ¢ cumsoaom a(x,§). Toeda cywe-
emeyem gopmaivno conpascennuii onepamop A® | w amo IITO uz ™ ¢ cumsosom
a®™ (2, D), umenouum aCUMNMOMUUECKOE PA3AOACENILE

oOe,6) ~ 3 1 Dgogaln 6. (7

«

JOKA3ATEJLCTBO. 3amuinem Au B Buze

Au(z) = (27)" / i€ 0 (3, £) Fu(€) dE.

Nmeem

(Au,v) = (2m)~" / (@) / ¢ €a(z, €) Fu(¢) d¢ dz = (2m) " / Fu(€)w(€) dt.

rae (MBI 3aMeHsIeM T Ha )

w(é) = / e~ aly, Ooly) dy.
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Kak meTpyaHO mpoBepuTh, 510 dyHKIUI u3 npocrpancTsa [Isapua. (O4esngno,
aro |w(§)] < C(1 + |£])™, wo amamormvnas onenka noaydaerca mas {w(§) u
ganw(g).) Bocmonbsyemcs pasercrsom [lapceBans

(2m) " / Fu(&)w() dé = / u() FTw(z) da

(mmm, aTO TO XKe, noncrasuM Fu(€) = [ e " Sy(x) dz m nepecTaBUM WHTETPAJEL).
Mgz BuAEM, TITO

(Au,v) = (u, A®)v),

rae

AC)y(z) = (20) / / 1) €aly, E)o(y) dy de. ®)

Temeps Bocmoabayemcsa Teopemoir 1. Omepatop A®) — 570 IIIO ¢ He 3aBuCAmER
ot x ammmurygon a(y,£), on npuHALIexRUT U™ U >Ta TeopeMma TaeT HAM ACUM-
nroTmaeckoe pasnoxenue (7) cumsora a*). [

B mansmeumiem mbi GygeMm paccmaTpuBaTh u MaTpuydnbie [110 ¢ MmaTpuaabiMu
CUMBOJIAMU, TIEPEBOAAININE BEKTOP-PYHKIMKA B BeKTOp-pyHKIUU. B dTOM caydae
TOMBKO YTO JOKA3AHHAA TEOPEMa TOXKe BepHa, HO B (opmyae (7) HALO 3aMEHUTH

KOMILTEKCHO-COTIPSXKEHHYIO K ¢ (DYHKIIIIO G DYPMUTOBO-COIPIKEHHON K (. MATPUIEH

a*:

1
o) ~ 37— DEoa’ (,6). (9)

3. ®OPMAJILHO TPAHCIIOHUPOBAHHBIN ONEPATOP. [lomoxum
(u,v) = /uv dx. (10)
Hazosem omeparop A" dopmasvno mpancnonuposannvin x A, ecin
(Au,v) = (u, ADv)  (u,v € S(R™)). (11)
OTO COOTHOIIEHNE PABHOCUIBHO COOTHOIIEHUIO
(Au,7) = (u, AD),

TaK 9ITO

Ay = AMT, wm AWy = AO)T. (12)

Ecmu A — TI/TO w3 U™ ¢ cumBoaom a(z, &), To u3 ¢popmyast (8) momydaem

AOy(z) = (20)" / / @0y, €)o(y) dy de.

Ho 31ech HEOOBITHBIN 3HAK B DKCIIOHEHTE. 3aMeHsad & Ha —&, moarydaeM

AO () = (2m) / / DSy, —€)uly) dyde. (13)
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Ncnonb3ys Temepb TeopeMy 1, morydaeM CIeAyIOMUU Pe3yIbTAT.

TEOPEMA 3. ITyemv A — ITJ0 u3 U™ ¢ cumeoaom a(z,&). Tozda AY) — ITJ0 uz
U™ ¢ cumsonom a)(x, £), umernwum ciedyiouee acuUmnMOMULECKoe Pa3A0HCEHUE:

) (w,€) ~ Z D¢ =& (14)

4. MyANBHOE MPEACTABIEHUE TT1/10. 3amerum, aro (A)(") = A (u raxxe
(AN ) = A). Tlosromy mam [0 A = a(z, D) nomyckaeT 3amuch

a(z, Dyu(z) = (27)" / / i@ €q,(y, €)uly) dy de, (15)

rae ad(yaf) = CL(/) (y7 _6)7 nimn
ad(xv 5) = G,(/) (37, _f) (16)

OTa QYHKIUA HA3BIBACTCA Oyadabhvim cumsosom IO A, a dopmyna (15) — ero
dyaavubim npedcmasaenuem. Taxkum o6pa3oM, IyaabHOE MpPEACTABICHUE HMEET
BUI

a(z, D)u(z) = F_, [Fyelaa(y, u(y)]] (17)
B OTJIMYZE OT OOBIYHOT'O TMPEACTABICHUS
a(z, Dyu(z) = F, [a(z, &) Fymelu(y)]]- (18)

Ucnonbsys Gopmynst (14) m (16), morydaeM acumnmomuueckoe pazioxcenue
s 0YaivHo20 CuMB0.4a

aa(, ) ~ 30 ()P DgOa(r, ). (19)

«

OrmeTuMm, 910 ecau auddepeHnratbHbIN OMePaTOp 3aNucaH B BUIE

a(z, D)u(z) = Y D%ba(z)u()], (20)

|| <m

TO ero rZ(y'&JIBHI:»IIjI CUMBOJI €CTb

2,) = ) bal(wm)E™. (21)

lor|<m.

MercTBATENLHO, 1d omepaTopa (21) umeem

a(z, Dyu(z) = Y FH"Flba(z)u()],

loe|<m

u noxy4aeTcs dpopmyna (17) ¢ gyarbHbIM cuMBoIOM (21).
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5. TI/1O HA OBOBIIEHHBIX ®YHKIUAX. [lo cux mop mer paccmarusaau 1110
Ha (yHKIUAX w3 npocrpancTsa lBapua S = S(R™). Ucnoabsys nyanbabin K A
110 A"), MOXHO pacIpocTpaHUTh feiicTBEe omepaTopa A Ha 0606IIEHHEIE (BYHK-
num n3 npocrpancTsa [Isapua &' = §'(R™) nuHenHBIX HEMPEPHIBHBIX (YHKIMOHA-
JOB HAJ S. DTO geraeTcsa Mo (popMy.Ie

(Af,uy = (f,Av) (ue8S,fed). (22)

3nechd (g,v) — 0603HAYEHUE 1A PE3yIbTaTa MPUMEHeHUs (HYHKIHOHAIA (0606IIeH-
HOU (DYHKIUM) ¢ K OCHOBHOU (yHKIuM v. V3 Teopemsbl 3 cpa3y momyvaeTcs

Teopema 4. I[lcesdodudgepenyuarvuviii onepamop A uz W deticmseyem ne-
npepvieubim 06pazom 6 S'.

31eCh HEMPEPBIBHOCTD HAI0 MOHUMATH B CIEAYIOIEM CMBICTe: eCtd [, — f B S’
(t.e. (fm,u) — (f,u) nusa mobon dyakunu v € S), To Afp, — Af. HenpepwisaocTs
MPOBEPAETCS OUEBUIHBIM 00PA3OM:

(Afmy ) = (fms A)u) = (f, A'u) = (Af,w).

6. POPMYJIA 151 CUMBOJIA. B wacTHOCTH, nmMeeT cMbIcT Ae'® M,
TEOPEMA 4. /Jas cumeoaa IIJO A = a(x, D) umeem mecmo dopmuyaa
a(z,n) = e @ Ma(x, Dy)e ", (23)

Takum o6pazom, cumsoa 1710 oxgHO3HAYHO onpenereH >TU onepaTopom (B OT-
JAYIUE OT AMILTUTYIBI).

JIOKABATEJLCTBO TEOPEMEI. MMeem

(At u(z)) = (€27, Au(z)) = (2r)" / "/ €/ e~ a(y, —€)uly) dy d¢ da.

Samenum 31ech £ Ha —&. Tlomyamm, 9T0 DTO BBHIpaXXeHWE PABHO

(2m) " / i / e=in € [ / e a(y, €)uly) dy] de da.

31ech IBa BHEIIHMX WHTErpala ¢ MHOX#TeneM (27)~™ — 5To 00paTHOE U IpaMoe

npeobpa3oBanus Pypbe: qu_lmFg_,m. [TosToMy mx MOXHO yOpaTh, 3aMeHUB & HA 7

B OCTaIIIEMCaI MHTerpaJe:

(A, u(a)) = [ P aly myuly) dy = (& alz,n), u(z),

910 U gaet dpopmyry (23).

7. Komnosuuusa aByx ITJ10. Crenyromas Teopema, — MOXET OBIThH, BaXKHEU-
maa B ucaucaennu [1710.

TEOPEMA 5. ITycmv A = a(xz,D) u B = b(xz, D) — IIJ0O coomsemcmeenno u3
UM oy U2 Toeda C = BA — IO uz V™ *™2 ¢ cymeosom c(x,£), umerowun
ACUMNIMOMUUECKOE PABAONCEHUE

ol €) ~ 3~ DZb(, €)05a(x, €). (24)
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JEKIIVA 5.

[TOKABATEJILCTBO TEOPEMbBI 5. Mur sanumem IO B B o6br4HOU (hopme u
110 A B gyanbHOU (popMme:

(Bv)(z) = F,b(, &) Fose[v(2)], (25)
rae
v(2) = (Au)(2) = F, Fyelaa(y, Ouly)]- (26)
[Moxcrasum (26) B (25) u omycTum Fz_,gFg_)z [Momyunm

Cul) = i, b, €)F eloaty ull) = @) [ [ b0z, €)auty, ) dy e

(27)
Iro A0 ¢ ammmarynon b(z,&)aq(y,&) € S™+™2. Ero cumson c(z,&) mmeer
ACUMIITOTAYIECKOE PA3IOXKEeHTe

0,6~ 37 08 bl ©)Dgaa(. ), (2)
7 371eCh .
aa(@,§) ~ 3 5 (=1)V19¢ Dia(x,€) (26)

no ¢popwmyne (19). Tlogcrasum (26) B (25) u Bermcmum 9 mo Gopmyae Jeidbrnuya

|
ol -gl= Y %mf L0,

Y+i=«

[Tomymm

—1)18
(.8~ Y Do, ©)- 0 DL a(i (27)
2

OTO aCHUMOTOTUIECKUA DAJ, B KOTOPOM IMOPAJOK CIACAEMBIX MMATaeT € POCTOM
I8 + || + |0|. Tenepb Mbl Bocnonssyemcs gopmuyaoti Horomona

B !
m=8~= Y W(—l)m'ﬁﬁﬂd- (28)
5552, B!
[Monaras 3gecs € =n = (1,...,1), nonydaem

—1)18I
0= Z (ﬂ'()s' opu > # (0,...,0).
552, B!

[osToMy opmymaa (27) TpUHEMAET BU/T

5.€)~ 3 2100(w.) - Dafa.). O
Y
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SAMEYAHUS.
1. B 5TOM acUMOTOTUYIECKOM PA3IOKEHUU TIABHLIU WIEH €CTh ba.

2. Ecim A nu B — ckansapusie [110, To m1s ux xommymamopa
[A,B]= AB — BA

nonyuaaem [A, B] € S™1T™m2~1 B maTpuaHOM CIydae 3TO BepHO IPH yCJIOBUM TIepe-
CTAHOBOYHOCTHU CUMBOJOB a u b. B wacTHOCTH, MTOCTATOYHO, 9TOOBI OJUH W3 DTUX
CUMBOJIOB OBbLT CKAJIAPHOU MATPUIEN.

3. [lna muddepeHnnaIbHEBIX OMepPaTOPOB MOKa3zaHHAA (POPMYJIa MOMYyCKaeT He-
MMOCPEICTBEHHYIO TPOBEPKY; MPU DTOM JOCTATOTHO PACCMATPUBATH “OMHOLIEHDBI

b(x)07 u a(x)0r.

8. JIOKAJILHOCTb IUPDEPEHIUAJIBHBIX OIEPATOPOB U MCEBIOJOKAJb-
HOCTb [CEBIOAUDDPEPEHIINAIBHBIX ONEPATOPOB. HaMm moHagobsaTca ompene-
JIEHUsI, KOTOPBIE YK€ BCTPEIATUCh B Kypce 000OIEHHBIX (DYHKIINN.

ONPEAEJEHUE 1. Hocumeaem Supp u HempepwIBbIHON (yHKIUM %(T) Ha3bI-
BAETCA 3AMBIKAHUE MHOXKECTBA TOYeK, B KOTOphIX u(z) # 0. Hocurems suppu
MOXKHO TaKXkKe OIPENeIATh KaK HAMMEHbBIIIee 3aMKHY TOe MHOXKECTBO, BHE KOTOPOT'O
u(z) = 0.

[TPEANIOXKEHUE 1. ITyecmv ¢ u ¢ — dse Pynxuyuu uz C§°(R™) ¢ ne nepecexaio-
wumuca nocumenamu. Tozda ecau A — duddepenyuarvuviic onepamop ¢ kospdu-
yuenmamu u3 B®, mo @A) — nyaesoti onepamop, a ecau A — ILJO uz ¥, mo

Ay — IIJ0 uz U=°°.

3/1ech epBOe YTBEPXK IeHNe OIeBUIHO. BTOpOe MPOBEPSETCS MPU TOMOIINA TEO-
pembl 0 Komnosumuu. [lencrBurensHo, eciu A umeer cumBon a(z,£), TO U3 ompe-
nenerus [1/10 sugno, ato @A — 1O ¢ cumsonom ¢(x)a(z, ). Temepsb mpuMeHsaem
Teopemy o Kommosunuu K [1/10 pA u onmepaTopy ymuOXenus uHa . llomyvaercs
IT/IO ¢ acuMOTOTHIECKUM PA3IOKEHUEM CUMBOJIA, COCTOAIIAM U3 OTHUX HYJIEH.

ONPEAENEHUE 2. [lna o6o6mennon GpyHKOUM u, HATpUMED, W3 S’ ompemenam
ee mocumenvb Supp u = F' kKak HamMeHbIEee 3AMKHYTOE MHOXECTBO, BHE KOTOPOTO
u = 0. Iro ozmadaer, 910 (u,p) = 0, €cau HOCUTEIb OCHOBHOUN (pyHKIUU ¢ € S
CONEPXUTCA B JOIOJHeHNHA K I

[TPEATIOXKEHUE 2. Fcau A — dupdepenyuarvuviic onepamop ¢ xoaddunyuen-
mamu u3 B, mo on obaadaem caedyouum c80UCmMEoM A0KAALHOCTIUL:

supp Au C supp u. (29)

[lercTBUTENBHO, €CIn
«
A= g aq(x)D?,
lee|<m

TO

(Au, @) = (u,9), tae p= >  (=1)I*ID%p,

|| <m
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M €CIM HOCUTETh (PYHKIUE (0 JCKAT B JONOJHCHMA K F' = Supp u, TO TO Xe BEePHO
s pyuakuma ¢, Tak 9to (u, 1)) = 0.

[TceB gomudpepeHNUATBLHBIA OMEPATOP MOXKET OLITh MHTEerpPaJbHLIM OIepPaTO-
pPOM, TakK UITO B OOIIEM CIydae OH He 00JaIaeT CBOMCTBOM JOKAJILHOCTH.

OnpPEAENEHME 3. Ilycrs u(x) — obbranas dynkmus vHa R”. Ee cuneyaaprvin
Hocumeem Sing Supp v Ha3LIBACTCA HaWMEHbLIIee 3aMKHYTOe MHOXeCTBO F', BHe
KOTOPOT'0 OHA ABIAETCA OECKOHETHO IVIAIKOU (PYHKIIEH.

OnPEAEJNEHUE 4. IlycTs u — 0606mennas ¢yukuusa, sanpumep, uz S'(R™). Ee
CUHRYAAPHBIM HOCUMEAEM SINE SUPD U HA3LIBACTCA HAMMEHBIIEE 3aMKHYTOE MHOXKE-
cTBO F', BHE KOTOPOT'O OHA COBHAAAET ¢ GECKOHETHO IVIATKOW (DYHKIIAECH.

TEOPEMA 6. Ilcesdodudepenyuarvuviiic onepamop A € U geaaemcea ncesdo-
AOKAABHBIM ONEPAMOPOM 6 CACOYIOUWEM CMBLCAE:

sing supp Au C sing supp u. (30)

HOKABATEJNLCTBO. Ilycts 2 — momommenwme x F' = singsuppu u ¢, @1, P2
— Tpu OGECKOHEYHO TIANKWX (DYHKIIUU C KOMIIAKTHBIMU HOCUTENAMU, JTeXKAIIAMUI
BHYTpHU {), IpuieM 1 paBHA 1 B OKPECTHOCTHU HOCUTENd MYHKIUA ¢ U po paBHA 1
B OKPECTHOCTHU HOCUTENd (pyHKIuU 1. Umeem

(Au, o) = (Au, p10) = (p1Apau, @) + (P1A(l — @2)u, ). (31)

3aech pou € C§°(R™), Tak Kak u — 6eCKOHEIHO Tnagkas GyHKmusa B ; Apsu € S,
rTak Kak A mercrsyer B S; o1 Apau € C§°(R™). IlosTomy mepBoe craraemoe crpasa
B (31) — pesyabrar gercTBUA OECKOHEYHO DIAAKOM (PyHKIMU Ha . Bo BTOpOM
cIaraeMoM Hago yuecTh oupepenenne gerctsud [10 ma 0600mennyo GyHKINO 1
TO 06CTOATEILCTBO, UTO U KaK 0600menHas GyHKIua 3 S’ eCTh KOHeIHAS CyMMa
OPOU3BOAHBIX B CMBICAE OOOOMEHHBIX (DYHKIUU OT HEMPEPLIBHBIX (DYHKIUU Uy, (1)
He BBIIIEe 9eM CTEMEeHHOT'0 POCTa (CM. JEKIUK MPOILIOro CeMeCTpa):

u= E 0%y ().
la| <N
DTO BTOPOE cIaraeMoe MePeruchiBaeTCs B BUE

(Y 0%ua(®), (1 - 02) A1), (32)

lo| <N

OmnepaTop, AeNCTBYIOMUN 31eCh Ha (o, TpuHALIeXRUT W~ ° B cuay npenroxenus 1,
TaK 9TO DTO MHTErPaIbHBIN onepaTop ¢ saapom k(z,y) nz K~°°. Ilosromy Bbipa-
w)enue (32) MepenucHBaeTCA B BUE JUHENHON KOMOMHAIIAY BLIPAYKEHUN

(ua(2), 02 / B 9)0(y)- (33)

[Tepenocum npousBonHbIe Ha k quddepeHmpoBaHueM MO 3HAKOM WHTErpaJa, mo-
Jy9aeTCsA MHTECPATBHBIN ONepaTop ¢ AapoM ke (x,y) caoBa w3 K ~°°. Ilepe6pachi-
BaeM (pOPMAILHO TPAHCIOHUPOBAHHLIN OMIEPATOD HA U (), DTO BO3ZMOXKHO, TAK KAK
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©(y) MMeeT KOMOAKTHBIM HOCUTENb, a ko (Z,y) OBICTPO yOBIBAET NPU yAATCHUU T
OT 3TOr0 HOCUTENA. Boipaxkenue (33) mocie mepecTaHOBKY HWHTEIPAIOB IPAHIMAET
BU/I

<ga(y)7(10(y)>7 raoe ga(y):/ka(x,y)ua(x) dx

— 6eckoHeYHO Tagkas GpyHkmusa. [

3AMEHA NEPEMEHHBIX B I1/1O. Pacecmorpum IT1/10O
Auw) = (2m) " [ [ e al, )uty) dy de (34

u3 U™ u e obmactu @ m Q B R”. Toukm mepsou (1 HAGOPHI WX KOODIWHAT)
OyeM 0003HAYATE 9epe3 X, TOUYKKA BTOPOU — depe3 Z. IlycTh 3Tu 061acT CBA3AHbI
nuddeomopduzmom kracca C'°

=), x=1y(@), (35)

BTO B3aMMHO OOpaTHBIE 0TOOpaxkenus. Ilycts aq(x) m as(r) — nBe DyHKIUE U3
C§°(R™) ¢ mocurensmu, mexamumu BHYTpH (). VIM COOTBETCTBYIOT GECKOHETHO
raagkne (PYyHKIUEA OT T

31(%) = al(w(%)), 52(5) = 042(7#(5))

C HOCHUTEIAMH, JexaruMu B ), mpomomkeHHble Hyaem Bue (). MbI paccMoTpum
orrepaTop

(Av)(7) = a1 (z) A(aau)| rae u = v[p(z)] B Q.

=1 (Z)’

31ech mogpasyMeBaeTca ciaenyiomee. Pyuknusa v onpegerena Ha R, DyHkumsa u
ompeneneHa B {2, a ot TPOJOIKAETCA HyJIeM BHe (2.

Mpsbr gokaxem, 910 310 [I/1O u3 U™, 1 BHIYUCANM aCUMITOTHYIECKOE PA3I0KEHTE
ero cuMBoJa. Ho [as mpocTOTHI MOAPOOHO PACCMOTPUM TOJBKO CAYHAW m < —Mn.
Caydam m > —n pacCMATPUBAETCA IIPHU IMOMOIIA PEryIAPU3AIINAN.

Mger nmeem

(Av) () = (2m) " 61 (%) // VO~ a((T), §)aa(y)uly) dy dé.
[Moxcrasum y = ¢(y) Bo BHyTperHeM mHTerpate. [lomydnm

(Av) (7) = (2m)~" / / @ VOVEYE T €0 (7) di de,

rie

b, 5,€) = 1 (Ba(b (@), smz@)\ det 220 \

oy
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ITo popmyme A mamapa

(@) —Y(y) = V(z,y)(@ —y), (36)
e

¥ (7, 7) :/0 g—‘yf[% HE — )] dt. (37)

Kak M3BeCTHO, T4 MATPUIA GECKOHETHO TIaTKad B (2 X (), ¥ OHa 06paTIMa IpH 7 =
y, 6ynyau pasua Tam 0 (x)/0%. lpeamonoxum, aro marpuna ¥ (x,y) obpaTuma
npu

% —y| <e, T €suppfP, ¥ € supp fa. (38)

Bossmem cpesatomntyio dyuknuio Oy (z) € C§°(R™), pasuyio 1 npu |z| < /3 u 0 npn
|z| > 2¢/3, u sanumem A B Buge cymmnr Ajv + Agv, rae

Aro(@) = (2m)7" // DV EDEY (T, T, 6)06(F — Po(@) dide,  (39)
rae mTpux Bodle VU 03HAUAET TPAHCIIO3UINIO MATPUILI I

Ap(@) = (2m) " / / @D @EDEY (T 7 O — 00(F — )o@ djdé.  (40)

N3 >Ttux aByx omepaTopos rimaBHbIM saBasercs Ap. Mbr mokaxewm, aro sto 110
m3 U B aMILINTYIHOM IIpeacTaBIeHuun, a Ay € W™,
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JEKIIVA 6.

Pacemorpum onepatop (39). [Momensem MecTamMy uHTErpaabl IO Y u € U caeIaeM
TTIOICTAHOBKY

U(z,7)=n

BO BHYTDPEHHEM MHTETrDaJIE. 3aTeM CHOBA IIOMEHAEM MEeCTaMU MHTErpaJabl. HOJIy—
M

Ay0(@) = (2m)" / / FED MY (F, §,)o(F) dj di, (41)

rae
VW(Z,7,n) =0T, 7,0 ~HE,P)n) - | det U(Z, 7)| " 00(Z — 7). (42)

Hecmoxuo mpoBepuTh, 9TO »TO aMmanTyaa u3 S™. 3HAYIAT, 111 — 1110 3 ¥™,
[Tepengem k omepaTopy (40). Ero MOXHO TpeIcTABATHL B BUIE

Ayo(@) = / kG 50 () 7 (43)

rie
k(@) = (2m)" / SOOI (3 7 ) de (44)

b®)(F,7,£) = b(Z, 7,€)[1 — 00 (F — )] (45)

[IpoBepum, ¥T0 310 siApo U3 K ~°°. Iloka sicHO, 9TO OHO HETPEPHIBHO ¥ PABHO HYJIIO
npu Gomemux |Z| + |y]. Pyskmma b(?) u pasma mymo Takxke mpum Mambx |T — 7.
OTO MO3BOJIAET 3AMMUCATD CTOAILYIO MePe Hel DKCIOHEHTY B BUIE

(i@ -v@)-e — W@ = V@)% i@ -vm) e
il(@) — ¥ (y)[?

NuaTerpupys mo vacTaM, MBI 3aMeHAEM b ma dyskmmio w3 S™~L. IloBTopsas
51y mpouenypy, samensgeM b2 ¢yukmment w3 S™ N ¢ npomssoxpro Gombmum N.
Orcioga Bugno, uTo kK € C'° u, 3naunt, k € K~°°.

Nraxk, A/Q EV—°y Acym,

AcmvnroTudaeckoe pasnoxenne cuMBoaa »>Toro [110 sanmucsiBaeTcs rpoMo3 KON
opmyon

09 (y)
9y

5.0) ~ X 2y @055 (D), ¥ Gl e
(a0

Mpubr samenunu 60y(Z — y) Ha 1, Tak Kak dTa QyHKIUA paBHa | mpu Manbx |T — g
OrmeTuM, 9TO onpegernTenn 6epyTcsa OT B3aWMHO OOPATHBIX MATPWIL IPA 4 = I.
Cnasubin wien B (46) orBedaeT o = () U OKA3BIBACTCA PABHBIM

su@alu@.| 2] )o@, (47)

‘-|det\1/(%,g})|_1} .
.

T
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K sTomy BaxkHOMY BBIPAXKEHUIO MBI €III€ BEPHEMCS.
3. II/1O B co60aeBCKUX IIPOCTPAHCTBAX
1. COBOJIEBCKUE MTPOCTPAHCTBA. IIpocTpaucrso H®(R™) paccMaTpuBaioch

B JIEKIUAX MPEIBIIYIIEro ceMecTpa. JTo momonHerue mpocrpanctsa CH°(R™) mo
HOpME, OIIPEeIeNsIeMOr PaBEeHCTBOM

Jull2 = 2m) ™ [ Pu©)(1+ Jg)* . 0

MHuoXuTenb crpaBa BBeAEH A TOro, 9TOObI mpu § = () moryvanack HOpMa B Lo:
HAIIOMHWM, ITO paBeHCcTBO [lapceBans mmeeT Bu

/ u(@)o(@) di = (2m)" / Fu(€)Ful€) dt. (2)

[Ipocrpancrso H®(R™) cyxaeTcs ¢ POCTOM § ¥ IIPU § > /2 COCTOUT W3 Hempe-
PBIBHBIX OIDAaHWYEHHBIX (YHKIUN ([OCIe UX UCIPABIEHUs, eCIM NOHAT0OUTCA, HA
MHOXecCTBaxX HyaeBow Mepbl). C pPOCTOM § UX MIAAKOCTH MOBbImaeTcsa. [Ipm or-
PUIATEILHBIX § B 3TU MPOCTPAHCTBA MOMAJAI0T 0000MEHHbBIE (PYHKIUY, He SBIAIO-
mueca OOLITHBIMUA (hYHKIUAMA.

Hopma B H*(R™) momyckaeT CAAyIOUIYIO 3aINCh:

lulls = |A%ullo, tae A* = F7'(1+ [¢*)*/?F, (3)

»TO, KaK MbI 3HaeM, [1/10 u3 U?.

B npocrpancrse H®(R™) npu 1060M § IIOTHB 6ECKOHETHO TiagKue (HpUHATHbBIE
dyHKIUA.

ITpo omepaTop A, onpeaeneHHBIN Ha TAKUX (PYHKIUAX U yIOBIETBOPAIOIIAA HA,
HUX HepaBeHCTBY ||Aul/m—s < Cs||u||m opu mo6om s, roBopaT, 9T0 OH deticmeyem
6 wkase coboaesckur npocmpancms HE(R™) u umeem nopadox m. Ipu xaxmgom
S TaKOU OMEPaATOpP MPOMOIKAETCA A0 OMEPATOPa, AEUCTBYIOMIETO OrPAHUYEHHBIM
obpazom m3 H™(R™) 8 H™*(R").

OmnepaTop mOpAIKa —0O — DTO OMEPATOP, NEUCTBYIOMUA OrPAHUICHHBIM 00pa-
soM m3 H® 8 H*TY co ckompb yroguro 6oabmmM N IpH T060M S.

2. OrPAHUYEHHOCTDL II/1O B COBOJIEBCKUX HOPMAX.

Ham momano6uTcsa
JIEMMA TIIyPA. Paccmompum unmezpasbuviii onepamop

mm:/meﬂw@. (4)

IIpednoaonxcum, ¥mo KoOHeuHbl 8EPIHUE DA

sup / Ke)ldy u sup / K (z,9)| do. (5)
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Toeda onepamop (1) oepanuuen 6 Lo(R™). Boaee mouno, umeem mecmo nepasen-

lgllo < v/ MiMs||fllo. (6)

I OKA3ATEJILCTBO. NUmeem B cuny mepaBenctsa llIBapia

lg(z)|? S/|K(fv,y)|dy/IK(w,y)llf(y)IQdySMl/IK(:v,y)llf(y)de-

Orcrona
lg(2)[|> < MyMs| f||?. O

Temepb MBI JOKaXeM BaXXHEHUITyo TeopeMy 06 orpanmdennocTn 1110 B co6omes-
ckux mpocrpancTBax. Cmbica ee cocrout B ToM, 910 110 mopsaaka m B mpexHem
cMbicie (T.e. mpumHammexamuun V,,) MMeeT TOPALOK 1M B HOBOM CMBICAE — KakK
OIepaTop B COOOIEBCKOU IIKAJE.

TEOPEMA. ITycmv A — IL0 uz V™, m € R. Toeda A — ozpanuuennviii onepa-
mop uz H*(R™) ¢ H*~™(R"™) npu scex s € R.

TOKA3ATEJBCTBO. Bce HyXHBIE HEPABEHCTBA JOCTATOYHO TOKA3LIBATDH Ha (pu-
HUTHBIX O€CKOHETHO TVIAIKUX (DYHKIIUAX.

1. YrBepxmenme Teopembr cpasy norxydaercs maasa 11O A® B cuny dopmys
(3) u oueBuanOrO cooTHOmenusa ASAt = AST. Teneps o6wuti cayuat ceodumesn x
cayuaro s = m = ( cregyomuM o6pa3oM:

A=A""*A1A%, rae A, = A*"MANTE € OO (7)

B CWIy TeopeMbl 0 Kommoaumuu. [lamee 6ymem mpeamomaratb, 9To s = m = 0.

2. Iycmyv cumson a = a(€) we 3a6ucum om x. B »TOM clIydae HaM He HyXKHA
ero TIagKOCTb, HOCTATOYHA orpaHwdeHHOCTh: |a(x,§)| < C;. Nmeem

[4ul = 20 [ la©Fu©de < CRem™ [ |Fu©lde = CHlull (5)

ITO 3aMeIaHUE CaelaHO TOJBKO C IEeJbI0 MOACHUTH, YTO B CIyYva€ HE€ 3aBUCAIILECTO
OT T OOKa3aTeJbCTBO COBCEM IIPDOCTOE.

3. IIyemw a(x,&) = 0 npu |x| > r, 2de r ne 3asucum om . Tomoxum v(x) =

(Au)(x). Nmeem

(Fo) () =(2m) " / / e a(r, ) (Fu) (€) de dix =
(2m) " / b(n — &, €)(Fu) (€) d. (9)

rae

b(n, &) = /e_iw'"a(x,f) dx.
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OTO MHTErpaJa Mo mapy pajguyca r, u Bce (PyHKINT

n*b(n, €) = / D%z, £) da
OFpaHH‘IeHBI. MO)KeM HaIlInCaThb

[b(n = €,€)] < Ca(1 + |n — &P~ (10)

rxe nocmoannas Cy 3a6ucum moavko om r uw maxy ¢ |05a(x,€)|, o] <n+1. Us
HepasercTBa (10) caemyeT orpanmdeHHOCTH oneparopa (9) B cuny aemwmsr [lypa, u
0CTaeTCA UCIOIB30BATH paBeHCTBO [lapcesans (2).

4. ITyemy a(x,&) € S™°°. Torga A — WHTErpATbHBIN OMEPATOD C HEIPEPHIBHBIM
(maxke 6ECKOHETHO TMIANKHAM) AAPOM, YAOBICTBOPAIOIIAM, B TACTHOCTH, HEPABEH-
CTBY

[k(z,y)| < Cslz —y|™" 71, (11)

7 €r0 OrPAHUYEHHOCTDh CHOBA caenyeT u3 jgemMbl [lypa.

5. Ob6wuit cayuati. 3adukcupyeM ase dyukuunm ¢(z), 1 (z) m3 CH° (R™), rakue,
910 () HeOTpUIaTenbHa, paBHa 1 mpu |z| < \/n/2 (3T0 MOTOBUHA JIUHBI [UATO-
Hauu eauHUIHOrO Kyba B R™) m 9(z) paBna 1 B okpecTHOCTH HOCHTELS QDYHKINA
@. IMomoxuwm

ou(a) =¢<x—a>[zw<x—ﬂ>]_, balw) = ¥(z — o), (12)
B8

rie « mpoberaeT MeJOYNCIeHHYIO permeTky B R”. 3aech cymMma mo [ B KaxXgIou
TOYKEe I MOJOXKATEILHA U COCTOUT U3 KOHEYIHOI'O UKNCIa CIATAEeMBIX, He IIPEBOCX0 I~
mero GUKCHpoBaHHOU mocToAHHOU. PyHKIMEU @, 06pa3yoT pa3bueHue eIuHUIILL.
MpbI uMmeeMm

A= "paA=A1+ Ay, tre A1 =) 0o A(l=ta), Az =Y @aAthy-. (13)

Omneparop A1 COCTOUT U3 CIAaraeMbIX, IpuHA IIeXAMUX V™~ °° B CHIy IpeIIoXKeHNI
1 u3 nexkumu 5. s sgep kq(z,y) 5TUX OIEPATOPOB CIIPABEJINBLI OLEHKH

@ = yIM07 0 ka(z,y)| < Cpv (14)

C TOCTOAHHBIMU, HE 3aBUCAMMMEA OT . HO B J1060U TOUKE T OTIUIHO OT HYJIS
TOJIBKO KOHETHOE TUCIO AAeD ko (T, Yy), OPDAHUIEHHOE He 3aBUCAIIEH OT I MOCTOSIH-
Hou. [losToMy aHamormvHas oueHKa BepHA A Y ko(x,y). A »T0 o3HA4IaeT, 4TO
Ay € U, Caydaum Takoro omnepaTropa yxke pacCMOTPeH B 1. 4.

OcTaercsa MOKa3aTh OMPAHMICHHOCTL omepaTopa As. Mcmoab3ys HepaBeHCTBO
[MIBapma, HamuieM

[Asu(@)]> <D 02 s Agpul?
o 3

[TepBas cymma paBHOMepHO orpaHmtieHa. B unexax Bropon ¢gA — IO, xk koTo-
PBIM TIPUMEHUM Pe3yIbTaT MYyHKTa 3, COOTBETCTBYIOMIASA OIMEHKA PABHOMEPHA IO
B. Tony1aem

[Azul]> < C " lypApgul® < CC’ / > i@ |u(e)? de < CC'C||u)?. O
B B

(15)
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JIEKIIA 7
4. IToamnoguopoausie IT1/10

OTOT IMYHKT COAEPXKUT IMOATOTOBKY K paccMoTperuio smmuntudeckux [1/10. Mot
OIIpemeNInuM IIOIKIACC \112}1 kaacca W™, Takon, 9To B HeM Kaxauix 110 mmeer, B
YACTHOCTH, OJHOPOTHBINA IO & TVIABHBIA CHMBOIL.

[Tomoxum

Ry =R"\ {0}. (1)
Beemem crawana kmacc odnopodwuir cumBonoB. Ilycts b(x,§) — dyHKIUMs Ha
R" x Rfj. YcmoBuMca nucaTb

be Sy =Sy (R* X Rg), (2)

ecan
1) nnsa b(x,£) BHITOMHEHO YCAOBUE NOAOHCUMEALHOT 00HOPOIHOCTU CTNENEHU T,
mo &

b(z,78) = 7"b(x,£) (T>0,£#0) (3)

n
2) cupaBeauBHL (DABHOMEPHDIE) OMEHKN

070 b(2,€)| < Caple|™ 1 (€ #0), (4)

rjie TOCTOAHHBIE HE 3aBUCAT OT &, &.

3amMeTnM, 9T0 Takas GYHKIUI He momagaeT B kaace S", 3a UCKIIOYCHNEM CIy-
9asg, KOrJa m — HATYPAIbHOE UUCI0 U DTO MHOTOWICH 10 &, OJHOPOJIHBLIU CTEIeHI
m (uma m = 0 u b "He 3aBucuT oT §). [IeMCTBUTENLHO, OMHOPOAHAS (DYHKIAS OT
&, He ABIAOMAACA MHOTOWICHOM, UMeeT OCOOEHHOCTHL B Hadamxe (ecauw m < () win
nprobperaeT ee MoCaIe JOCTATOYHOrO dnciaa guddepeHnIupoBanui mo &.

Haszosem Teneps 110 A = a(z, D) uz U™ noauoduopodnvim u GyneMm mucaThb
A€V, =97 (R"), ecmm

a(z, &) =~ ag(z, &) +ar(z, &)+ ..., (5)

rae a, € S;'"Y, B clefyromeM CMbICTe:

N
o0 [acc,s) - Za,,cr,s)} ‘ < Cop W IE™ PN > O >0, (6)
v=0

rae nocrosuausie Cy g N He 3aBUCAT OT x,&. CumBon a(r, ) Toxe OygeM Ha3BIBATH

noauodropodneim u Gysem mucats ¢ € Sy = ST} (R x R™).

[IpocTenmuy IpuMep — OIePaTOp B IACTHBIX IPOU3BOAHBIX (¢ KOadh dUIIEHTAMA
u3 B°°). B sTom caydae pasnoxkerus (5) KOHETHBI.

Eme npuvep: A™. Acummnroruaeckoe pasmoxenue cumpona (€)™ = (14|¢]2)™/2
sroro I1/10 B cvbicae (5) CTPOUTCA € UCTIONB30BAHNEM OMHOMUAILHOTO PSa:

(m/2)(m/2 1)

2!

(O™ =g 1+ Sl + €+,
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rjle BCe WICHBI Psja HAJ0 YMHOXUTE Ha |{|™. DT0o pasioxkeHne ABISeTCS B JaHHOM
crydae cxonammmes pa €| > 1 pagom.
[IpmMepsl cUMBOIOB w3 S, He ABIAIOMIIXCA MO0 THOPO THBIMMA:

€+ (Y2 (&) + (&)Y n(E).

Dynkuun a, B (5) 0UEBUAHBIM 06PA30M OMPENENAIOTCA OAHO3HATHO. DyHKIMA
ao(z, &) naszoiBaeTcs 2aasnbim cumeosom IO A = a(z, D) (mo-aHramick princi-
pal symbol). Dyukuma a(x,{) HA3BLIBAETCA noanbim cumsosom (complete symbol).
YenoBue pasuomepnoti sasunmuurnocmu droro IIJ10O cocTouT B TOM, ITO

|a0(x,§)| > C|E|m7 (7)

rae C — MOMOXUTENbHAS MTOCTOSHHAS.

Hanpumep, omepatop Jlammaca A wmMmeeT raapmbI cumBol —|¢|? u, Komewmo,
paBHOMepHO damunTuder. Oneparop A™ umeeT TIaBHLIM cUMBOI [€|™ 1 TOXe paB-
HOMEPHO DJLIUMNTUYIEH.

[Iycts A(£) — 6eckonedno raaakas pyuakmusa Ha R™, paBHas 0 B OKPECTHOCTY Ha-
vaga u 1 BHe 6oabinen okpectHocTr. Torga us (5) ymHOXKeHueM Ha 0(€) nomydaem,
9T0

a(z, &) ~ 0(§)ao(, &) +0(§)ar(z, ) + ... (8)

O6patro, orcioga caepyet (5). [losTomy no 3adannoti nocaedosamesvbrnocmu {a,}
00HOPOOHLIT cumB0.406 U3 S;" 7 cmpoumca noanblli cumeos ¢ pazioxcenuem (5).

Ecmn A u B — monuoguopogusie 1110, To 5To xXe BepHO MM UX IPOU3BEIEHIUS
C = AB, upu >ToM ero IMIaBHBIU CUMBOJ Co PaBEeH MPOU3BEACHUIO dgby IIABHBIX
cumBosioB 1710 A n B.

Ecmu A — mommoguopoaubi 1110 ¢ rIaBHBEIM CHMBOJIOM g, TO (POPMAIBLHO CO-
NPSXKEHHBIU OIIePATOP A®) — roxe nommogropoaubi [1/10, ¢ nIaBHBIM CUMBOIOM
Gy (B CKaIADHOM CiIydae). AHAJIOMMYIHOE yTBEDXKIEHWE BEPHO B OTHOIIEHUM (DOD-
MaJIbHO TPAHCIOHHPOBAHHOT'O OIIEPATOPA, €r'0 TMIABHBIA CHMBOJ COBIALAET C dg.

Ecmn mbr genaem nuddeoMopdHyO 3aMeHy mepeMeHHBIX T = 1)(y) B IOJMOIHO-
poaaom II/1O ¢ rmaBubiM cuMBoaOM a(x, ), To momydaem moamogHoponab 1110
C TJIABHBIM CUMBOJIOM

ao(y,n) = ao [y (y), lTy

Cp. ¢ dopmymon (47) B mexiuu 6. Cerdac MBI HIMIEM § BMECTO I ¥ UMEEM B BULY
Te TOUKH &, B KOTOPHIX oj(x) = 1, j = 1,2. Popmyna (9) OygeT MCIOIB30BAHA
npu paccmorperun [1/10 Ha MHOrOO6paA3MAX.

B nokaszarenscrse orpanutennoctu 1110 B co6omeBckrx HOpMaX OBLIO MCIIOIb-
30BaHO JOBOJBHO MHOT'O TPOM3BOIHBIX CUMBOJIA. Ceﬁqac MBI BaﬁMeMCH YTOYIYHEHUEM
OLIEHKX HOPMBI s oauo xHopoaaoro [1/10. Mel BeIACHEM ee CBSI3b ¢ BepXHEHN T'pa-
HBIO MOJIYJA TIABHOTO CUMBOJIA.

Haumem co crysaa m = s = 0.
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TeOPEMA 1. Ilyemy A € W), M = sup|ag(z,£)|. Tozda das a06020 € > 0

cywecmeyem maxoe Ce > 0, wmo
[Aullo < (M +€)l|ullo + Cellul| -1 (10)

MTOKABATEILCTBO. Iomoxum My = M +¢/2. Torga M? — |ag(z,€)|*> > 0, w
MOXHO IIPOBEPUATH, ITO

bo(x,€) = [M7 — |ao (2, €)1/ € Sp.
[Mycrs B — mommoguopoausiu 1110 ¢ raasabiM cuMmBoaoMm by. Torma,
M} - A*A-B*B=Tc U}

ph?

mockoabKy 510 II/10 u3 \Ilgh C HyJeBBIM I'TAaBHBIM CHUMBOJOM. Temeps mmeeM

(Au, Au)g + (Bu, Bu)g = ME(u,u)q — (Tu, u)

7, 3HAYUT,
| Aul|§ <M |ull + | Tullo/|ullo <
€\2 2 e’ 2, A2 2
(M + 5) [ullo + - [lullo + C2lTulls <
~ 2
(M +€)|ullo + Cel|Tull]”,
TaK 9YTO

[Aullo < (M +&)l|ullo + CcCllul| 1. O
Temeps MbI paccMoTpuM moauoguHopoaasir 1110 mopsaka m.

TEOPEMA 2. Ilyemv A € W7, M = sup,.¢=1 lao(z,§)|. Toz2da cywecmeyem
makoe Ce > 0, umo npu aobom s

[Aulls—m < (M +€)lulls + Cclluflm—1- (11)

MTOKABATENLCTBO. Tlomoxum Ay = A®~™AA™*. Sro IO ms ¥),. Ecmm
u € H*(R"), To v = A®u € HO(R"), A=%v = u. MuI yxe 3HaeM, 9T0

[Arvllo < (M +e)[[vllo + Cellv]| -1

OTa OIEHKA COBIIALaeT ¢ JoKasbiBaemou. []

TEOPEMA 3. Ilycmb A — w060t onepamop, das KOmMopozo npu HEKOMOPOM S
CNPasediusa oyeHKa

[Aulls—m < Cillulls + Collulls—r (u € H*(R™)). (12)
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Toz2da das ao6oeo € > 0 cywecmesyem makotd onepamop T, deticmeyowut o2panu-
uennvim 06pazom uz npocmpancmea H(R™) co cxoav yzodno 6oavuum no modyao
ompuyamenpnoim t 6 H3~™(R™), umo

(A = T)ulls—m < (Cr+e)llulls. (13)

IIpu smom ecau A — IIO nopsadka m, mo T — IO nopadka —oo.
[TOKABATEJIBLCTBO. Ilycts dpyukuus Oy (§) npunamgrexur C5°(R™), 0 < 0(§) <
1u6y(&) =1 upu €| < h. TTonoxum
00(D) = F~100(&)F, T = Aby(D), v =[I— 0y(D)]u.
Mzbr nmeem
[1=60(O)?/[1+ €17 < (1+ 1)~

[ToaTomy

1(A = T)ulls—m = [Avlls—m < Cillolls + Collolls—1 < (C1 + Ca(1 + 1) 72)full,.

3/1eCh Mepexo] OT ¥ K % BO3MOXKEH B CUIy CBiA3u 00pa3oB Pypwe pTux QyHKIUU
u cBoucTB dyuKuun 0y(£). Ocraercs ydecTb, 9T0 h MOXHO B3ATH CKOJIb YIOJHO
6ompmmm. []

§3. dmmmnrudeckue II/10 B R”

TEOPEMA 1. ITyemo A — pasnomepro sasunmuveckud II70 uz U (R™). Tozda
cywecmsyem maxot pasnomepro sasunmuveckuti ILJ0 B u3 \If;,ln (R™), umo

BA=1+T,, AB=1+T5, (1)
ede T; — IIJO nopadka —oo. I'aasnvie cumeoavt IIO ag u by ceazanvt dopmyaot
bo = 1/@0.

Omneparop B HasbiBaeTcsa d6YCMOPOHHUM NAPAMEMPUKCOM, WIA TPOCTO NAPa-
mempurcom nuasa A.

[NOKABATEJ/IbCTBO TEOPEMBI. Ilycts cumsox a ITJJO A mMmeer acumoToTmde-
CKOE PA3JIOXKEHUE
aza0+a1+.... (2)

Bymem crpouts acumnToTndeckoe pasmoxenue cumsoaa b 110 B
b%bo-i—bl-l-..., (3)

UCXO[s M3 mepBoro m3 coorHomeHw# (1). B cmry Teopemsl 0 KOMIO3MIZU MBI
JO/KHBI IMETh
boao = 1,

brag + boar + ) de;bo - Dyya0 = 0,
b2a0+b1a1+---:0
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7 7. 1. OTciona MOCIef0BaTEILHO OPeIenseM

by = aal S S;m,
by = G,O_l[—boal — Zagjbo . ijao] € S}:m_l,
by = aal[—blal + .. ] € S}:m_z

u 7. ;. Ilpm BeIMECIEHME KaxKJ0T0 b; MCHOTB3yeTcs TO 0OCTOATEILCTBO, ITO
IpeILI VI LIeHBI B PA3IOXEHUN CUMBOJIA b yx)e ompenenersl. [lo acumoToTue-
CKOMY DA3IOXKeHUIo (3) CTPOUTCA CUMBOM b, 9eM ONPENENACTCA MOIUOTJHOPO THHIN
I[TI0O By ¢ TounocThio 10 caaraemoro u3 W—°. TI/10 B = By npuHaIIeXuT \I/;,Zn
Mpgbr mocrpomau sror IO rak, aro B1A =1 + Ty, rae T; — 11710 nopsagka —oo.
Taxon I1/10 By HA3LIBAETCA A€6bIM NAPAMEMPUKCOM TII A.

Amnamornano crpoutTcsa npaswvii napamempurc By — takon 1110 u3 ¥

ABy =1+ T3, rpe Ty — 1110 uz U~°°. Tenepsr umeem

—m

ph » ITO

B1ABy = (I +T1)Bs = B1(I + T3).
N3 mocrenmero paBeHCTBa BUAHO, ITO By — By € W™°°, mak 4ro o6a II1O0 By n
By ABIAIOTCA IBYCTOPOHHUMHE TapamMeTpukcamu mis A. [
Teopema 1 mMmeeT BaXXHbBIE CAEICTBUA.

TEOPEMA 2 (0 TOBBIMIEHUX DIAJKOCTH DPEMICHUN DIUTUITUIECKUX YDABHEHWUN ).
ITyemv A — paswomepro sasunmuuecrud IIJ0 uz U7 u Au = f 6 R", 2de u €
H*(R™), a f € HS™(R™) ¢ noaoscumeavnoim t. Toeda u € HSTH(R™).

[OKABATEJ/ILCTBO. Wcmonbsys napamerpukc B, umeem BAu = Bf, oTkyna
u=—Tu+ Bf € H*THR"),

rak Kak Thyu € H*(R") =NH"(R*). O
ITOMY yTBEPXKAEHUIO MBI B CIEAYIOMEN JEKIWA MTPUAAIAM JOKATLHYO (HhOPMY.
TEOPEMA 3 (06 ampuopHOu onenke). [Tycmbv A — pasnomepro dasunmuveckud
11770 uz W, . Tozda
[ulls < C(Aulls—m + lJulls—1) (v € Hpm(R")). (4)

[TOKABATEJILCTBO. Wcmonb3ys mapamerpukc, w3 cooTHomenus Au = f omars
Oy 9aeM
u=—Tyu+ Bf,

OTKYyZIa
[ulls < [[Tyulls + IBf]]s

7 KaK CIe[CTBUE
[ulls < Cull flls—m + Collulls—1. O

OTMeTnM, 9TO B IOCIEJHEM CIATAEMOM HOPMY ||t]|s—1 MOXHO 3aMeHUTH HOPMOU
JTI060T0 TTIOPATKA, MEHBITIETO S.
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JEKIIUA 8

[TpuBegeM TOKATBHBIM BAPUAHT T€OPEMBI O TIOBBIMIEHUY I IKOCTH pemenun. Ho
IUIA IPOCTOTHI OTPAHUIUMCSA CIyIaeM MOBBIMEHU TIATKOCTH 10 6€CKOHETHOCTH .

TeEOPEMA 4. Ilyemv A — sasunmuveckud 1140 uz W5p (R"), u € H*(R") u
Au € C*(Q), 2de Q — nexomopas obaacmov 6 R”. Tozda u € C*(2Q).

HOKA3ATEJILCTBO. He orpanm+umBas o6IHoCTH, OyaeM CIATATHL 00JACThH )
mapom. [lycTs () — KOHIIEHTPUIECKUN MIAp MEHbIIEro pagmyca. JocTaTovHo mo-
KazaThb, 9To u € C'° () (mocte BOZBMOXHOIO UCIIPABICHNS HA MHOXKECTBE HYJIeBOU
MEpHI).

[TocTponM moCIe[0BATETBHOCTE DYHKIMI () € CYXKAOMUAMUCA HocuTeaamn (k =
1,2,...) Tak, 910

¢ =1 B OKPeCTHOCTH HOCUTENA SUPP Pr41 A Qo supp @ O ﬁo.

B wactrOCTH, BCe ¢y paBubl 1 Ha ().
3aMeTuM, ITO

Or+1Apru = pry1Au — pr1 Al — @p)u € C5°(R™),

Tak Kak B mepBoM wieHe cupaBa Au € C'° Ha Supp ¢k+1, @ BO BTOPOM <ICHE
(pk_|_1A(1 — (,Ok)' € U—°°,
Temepb MPOBOAUM CICAYIOMIYIO MHAYKIN0O. VMeem

o Apr1u = (P2 A — Aps)(pru) + A(pau). (5)

31ech copaBa oA — Aps € U1 u pyu € H¥(R™), Tax 4To TepBoe craraeMoe
cnpasa npuHaamexut H*~ ™ 1 (R"). Tak kax neas vacTs npurantexut C°(R™),
TO IO TeopeMe 2 3aKmoTaeM, ITo @ou € H5T1(R™).

[Hamee, 13 COOTHOIIIEHU

p3Apou = (p3A — Aps)(pau) + A(psu) (6)

AHAOTMYHO 3aKi09aeM, 9To p3u € HST2(R™), u . 1. B mwrore u € H® (). O

3aMeTnM, 9TO HILIUITHIHOCTH JOCTATOYHO MPeAIoraraThk B {2, Tak Kak 13 mapa
Qo pmmunTudeckunn B € rraBHbI cuMBOI (ag(x, &) # 0 mpu 2 € ) MOXHO TPOLOTI-
KUTH [0 TIABHOT'O CUMBOJA, PABHOMEDHO DILIUITAIECKOTO B R™.

CIEACTBUE. Ecau Au= f u A pasnomepno sssunmuven, mo
sing supp u C sing supp Au (7)

u, 3HaUUM,
sing supp u = sing supp Au, (8)

MOCKOIBKY 06paTHOe K (7) BKIIOUEHUE CIIPABEIUBO BCETA.
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Tenepb MBI MOKaXeM, 9TO W3 AMPUOPHOU OLEHKHU (CM. TeopeMmy 3) ciremayer -
JATTAIHOCTD.

TEOPEMA 5. Ilyemv A € V7 (R™) u
lulls < C([Au]ls—m + llullm—1) (9)

das Pynrkyui u uz H*(R™) npu nekomopom s ¢ nocumenamu 6 Hekomopot oxpecm-
nocmu O = O(xg) mouku xg, 2de C ne 3asucum om u. Toeda 2aaéubiii cumson
ag(x, &) aaaunmuuen 6 mouke xg:

ao(x0,§) 70 (£ #0). (10)

[TOKA3ATEJIBLCTBO. IIpenmonoxum, ato ag(xo,&p) # 0 mpu mekoTopom &y # 0.
[Tpumenum ouenky (9) K GyHKIMAM

u(@) = ¢(z)e' ™, T >0,

rie
e CP(R™), |l¢llo=1, suppe CO.

Nmeem

lulls = 1A%ullo = [A* () (e 0)]].

[ycts b(x, &) — cumBoa npoussegenus A*(p-). Torga mo uzsecTHOU HaM GOpMy.JIE

JUIST CUMBOJIA TIOJ] 3HAKOM TIOCJAEIHEN HOPMBI CTOUT b(7, Tfo)em"'fo. [Ipu sTom
1
b(‘T,f) ~ Z Wag(l + |§|2)S/2 ' 8?@(1’),
TakK ITO
b(x, 7€) = 7°|&0|*p(x) + O('rs_l) (1 — 00). (11)
Anamoruano

[Aw[s—m = [[A*7" Aulfo,

T IO/ 3HAKOM TIOCTeTHeH HOpMbI cTouT c(x, 7€o)e! ™€, rae c(z, &) — cuMBOT omepa-
topa A*~™A(p-). [lna Hero uMeem

cla, T60) = €70 6o~ ao(@, E0)p(a) + O ).

Teneps onenka (9) gaer

7°1&o]° < CT%|&1°™™ max  ao(x,&o)| + O(Ts_l). (12 M)
TEsupp ¢

[TycTb supp ¢ HacToabko Mard, uro Ha HeM C max |ag(z,&o/|&o|)| < 1. Torma mpm
JIOCTATOYHO GOMBIIOM T BO3HAKAET MPOTUBOpedne. [
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64. TlceBgoaudpepeHnuaATbLHBIE ONIEPATOPHI
HA 3aMKHYTBIX MHOroo6pa3muax

1. TIAODKOE 3AMKHYTOE MHOTOOBPA3UE. PaccMoTpuM n-mMepHOE 3aMKHYTOE
muOroo6pasme M krnacca C'°°. Hanpumep, 570 MOXeT OBITEH 3aMKHYTas 6€ CKOHETHO
rrajgkas rumeprosepxHocTh B R?T!. He BraBadch B COBCEM TOTHOE OIpefeleHHe,
HamoMuEEM, IT0 M — “mocTaTovHO XOpoIlree”’ TOIOJIOrXIECKOe IPOCTPAHCTBO, IO-
KPbBITO€ KOOpAMHATHBIMU OKPECTHOCTAMU O Kam,u;aﬂ TaKasgd OKPpECTHOCTHb MMeeT
kapTy — obnactb U B R” co B3amMHO OHO3HAYHBIM OTOGpaXenueM = = £(y) obua-
cru U ma O. KoopauuaTse! y B U aBasioTcsa JoKaIbHBIME KoopauaaTamu B O. Ecim
KOoOpauHATHBLIE OKpecTHOCTH (O 1 Oy MepeceKaroTCs, TO UX MPooOPa3sl Ha KapTax
Ui n Uy — OTKPBITHIE MHOXKECTBA W CBA3BIBAIOIIEE UX OTOOpaKeHue /11_152 SIBJISIETCS
6eckoHevHO raagkuM auddeomopdusmom. KapThl KOOPpAMHATHBIX OKPECTHOCTEN
00pa3yroT aTiaac MHOT00Opas3usa. 3aMKHYTOCTH MHOT0OOPAa3Msa 03HATAET €TI0 KOM-
NAKTHOCTH (M OTCyTCTBHE Kpas). KOMIAKTHOCTH — 3TO BO3MOXHOCTH BHIODATH
u3 JM060r0 TOKPHITUA MHOrO006pasus M OTKPBITHIME MHOXECTBAMU (B YACTHO-
CTU, KOOpAMHATHBIMU OerCTHOCTHMI/I) KOHEYIHO€ TIOAIOKPBITHUE. 3KBI/IB&JI€HTHO€
YCIOBUE COCTOUT B TOM, 9TO JI00as MOCIEI0BATEALHOCTh TOUeK Ha M comepxuT
IO JTIOCIEIOBATEABHOCTD, CXOIAMIYIOCA K HEKOTOPOU €r'0 TOYKE.

SaMKHyTasA TVafKas THIepPIoBepXHOCTh B R” Kak MpaBWIO 3aTaeTcsa mapaMe-
TPUYECKH ¢ pasHou (TJIALKOW) mapaMeTpusalnueld B Pa3HBIX MECTaX, MapaMeTphI
— DTO W €CTh JOKaJIbHBIE KOOPAUHATHI. bBosee o0yl mpuMep 3aMKHYTOI'O TJIa, -
KOT'0 N-MePHOI'0 MHOT000pa3us (hak THYeCKU CaMbI OOIIUN) — 3aMKHY Tas VA IKasl
OBEPXHOCTH pazMepHocT n B RN, N > n.

Dyuknua f(x) Ha M Ha3bIBaETCA 6ECKOHETHO MIAIKON, ecin Bee pyukuun f(k(y))
Ha KapTax KOOPAWHATHLIX OKPECTHOCTEW OECKOHEYHO IIajKue. ITU (PYHKIAN
obpasytor npocmpancmseo C°(M) = E(M). Ananorudno onpenensorTcs QyHK-
muu kracca CN (M) ¢ xomeunbiM N € Z,. “YacTHBIE TPOU3BOIHBIE OIPEIETEHDI
JOKAJIBHO B JOKAJbHBIX KOOPAMHATAX W 3aBUCAT OT WX BbIOGopa. Kak mpasumo qud-
(epeHnuanbHBI omepaTop Ha M HEeIb3sa OonpefeanTh cpady ITVIOoOATbLHO.

[lns1 KaXK 1OT0 TOKPBITHS {Ok}kK KOODAMHATHBIMYA OKPECTHOCTAMHA (WM JTIOOBIMI
OTKPBLITHIMEA MHOXECTBAME) CYIMIECTBYET MOJIUHEHHOE DTOMY TOKDBITUIO pa3bue-
nue edunuyb, — cucteMa yskmmi {py S co coicTBaMm

K
pp € C®(M), @& >0, supppp C Ok, Y i(z)=1. (1)
1
B mpoctpancte C (M) MoxHO BBECTH HOPMY
- e ®(y)]l. 2
Il = s 105 (o)) )

DTa HOPMA, 3aBHCUT OT BLIOOpA pa3OHeHMd eIWMHWUILI ¥ JOKATLHEIX KOODAXHAT, HO
MOYKHO IIPOBEPHUTD, UTO IPHU PA3HEIX BLIOOPAX IMOMYIaI0OTCA DKBABAICHTHLIC HOPMEL.
(DKBUBANIEHTHOCTH ABYX HOPM O3HAYAET, ITO MX OTHOIIEHWE BAKIIOUEHO MEXKTY
MONOXATENLHBIME TIOCTOAHHBIM. )

[Ipocrpauctso E'(M) ompeaenseTcs KaK TPOCTPAHCTBO JIUHEUHBIX HENPEPHIB-
HbIX GyHKunOHAIOB Hag £ (M) = C>(M).
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O6cyaum Temepb Bompoc 06 maTerpupoBanum mo M. Ounpemerum naomuocmo
Ha M Kak COBOKYIHOCTEH GECKOHETHO TVIAIKUX MOJOXUTEIbHBIX (pyHKIUY pr7(y) HA
kapTtax U, Takux, 9T0 ecanm KoopauHaTHEe okpecTHOCTH O 1 O’ mMmeroT memycToe
nepecedenue, TO AaA Todek Ha Kaprax U m U’, COOTBETCTBYIOIMUX TOYKAM DTOTO
nepeceveHusd,

pu(y) dy = pu (y') dy'. (3)
OTO 03HAYAET, ITO
Oy(y') |~
oy’
O6bI9HO WIOTHOCTH 3anuchiBalOT Tak: dr = {py(y) dy}.
Teneps onpenemum uxmezpad ot Gyaknun f(x) no M dbopmymron

det

(4)

puly()] = pu(y')

/M faydr=3" / (For) e ()] oo () dy. (5)

3/1eCh MCIOAb30BaHbI pa3bMeHNe €IUHUIILI, COCTOAIIEeEe U3 (DYHKIUUA (Of C HOCUTE-
JIAMU B KOOPAWMHATHBIX OKPECTHOCTAX Ok, IIJIOTHOCTH M JIOKaJIBbHBIE KOODJAMHATHEI B
U), Ho urrerpan 6rarogaps (4) 3aBECHT TOABKO OT BHIGOpA TWIOTHOCTH. Ecau,
B YACTHOCTH, HOCUTETh (PYHKINN [ JEXNUT B KOOPAUHATHOU OKpecTHOCTH O, TO

/M f() di = / F(w())o(y) dy. (6)

Kaxmyro menpepsiBHy0 GyHKImIO f(7) Ha M MOXHO Temepb OTOXIECTBUTH C
pacmpegeneaueM, win o606mennon gyuxnuen, uz E' (M) mo dhopmyre

(o) = [ f@ypla)da, ¢ ee) ")

Ckransproe npouzeedenue na M onpenensercs ¢hpOpMyIon

(f. 9)ons = / f(2)9(@) de. (8)

Manee ecTeCTBEHHO ompefeaseTcsa npocmpancmeo Lo(M) Kak rums6epToBO pO-

CTPAHCTBO, TOLYIaeMOe, HapuMep, nonoasenueM npoctparcTsa C' (M) menpepsis-
o o 1/2

HBIX (DYHKIUA 110 COOTBETCTBYIoMmen HOpMeE ||ullo.pmr = (u, u)O/M. MoxHo ompene-

)

auTh u gpyrue npocrparctsa L,(M), 1 < p < co.

[TPUMEP. PaccMoTpuM JByMepHYIO 3aMKHYTyo mosepxaocTh S B R3. Ilycrs
OHA JIOKATHHO 3aaeTCsA YPABHEHUAMNA

Tj = xj(tlth) (J = 17273)7 (9)

rae GYHKIUA cIpaBa 6€CKOHETHO IIagKKhe. 31eCh tq,ts — JOKAJIbHBIE KOOPINHATHI.
Jle6erosa mepa B R? mopoxpgaer me6erosy Mepy Ha S, n “mraTerpan 1-ro poga’” mo
sron Mepe (“mo mromaay Ha S”) BRIYUCIAETCA MO U3BECTHOU (HOPMYJIe

/f(x)dS://f(xl(tl,tg),...)\/ﬂdtldt% (10)
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rane
E:E)tlx-f)tlx, F:8t1$'at2l', G:8t2$'8t2$. (].].)

[Tpu sTom, Kak u3BecTHO, BenwauHa V FG — F2, 3aucamas oT BHIGOpaA mapame-
TPU3aUN, BHIPAKAETCA depe3 AKOOMAHBI CIeqyIomuM 00pa3oM:

:|1/2

S3AMEYAHUE. Ilpm 3agaHHOM IIOTHOCTH KaxKaas TOUKa Ha M MMeeT OKpecT-
HOCTH C TAKUMU JOKATLHBIMEU KOOpAuHaTaMu Yy, 910 py(y) = 1.

2
EG—F? = HthM

O(t1,t2)

B manHOM ciydae mioTHOCTH ecTb {V EG — F2 dty dts}.

[encrBurensHo, nycth O — Kakasg-HUOY b KOOPAUHATHASL OKPECTHOCTh, B KOTO-
POY HAXOUTCSA B3ATAA TOUKA, 1 yY; (j = 1,...,n) — TOKAIbHbIE KOODAUHATHL B HEH,

U — coorBercrBytomas kapTa. [lomoxum

Yn
Y1 =Y1y-+Yn-1=Un—1, Yn = /~ P Uty vy Un—1,1) dt. (12)
)

n,0

Torma dy/0y — amxHaAA TpeyroIbHas MATPHUIA ¢ ITaBHOK auaronamnsio (1,...,1, pg)
u

dy = | det(dy/0y)| dy = pg () dy,

Tak 9T0 py(Yy) JeNCTBUTEIHHO PABHO 1.

[TokpoiBas MHOrOOGpasme OKPECTHOCTAMM C TAKUMU JOKAJLHBIMEA KOODIWHA-
TaMU ¥ BEIOUPAA KOHETHOE MO MOKPBITHE, TIOAYIaeM CNEyuasbubll “masviti” amaac
u3 KAPM, CORAACOBAHMBIL C 3aJAHHOUT NAOMHOCMBIO MAK, YMO 6CE Py MOKcIe-
cmeenno pasuvy 1. Popmyna (5) mis mHTErpasa MPU WCIOABL30BAHUN DTUX KAPT
NPUHUMAET BU[

/M faydr=3" / (For) 5 ()] dy. (5)

Coboaescrkue npocmpancmea H®(M) BBogaTcsa crepytommm o6paszoM. IlycTs
{04} — moKpBITIE MEHOT006PA3MA KOOPAMHATHBIMI OKPECTHOCTAMMY, 1 TycTh {1, }
— cucremMa PYHKIUU CO CICAYIOMMUMA CBOMCTBAMMU:

Ui € COO(M), Y >0, suppr C Oy, Z@bk >0 ma M. (13)

Mus mo6oro s € R u mo6oun ¢yakmun u € C°° (M) momoxum

e = | 3 - (14)

re moAPasyMeBaeTCs, 9TO (PYHKIUA Uy TPOJOIKEHA C COOTBETCTBYIOMEN KAPThHI
Ha R™ HymeMm BHe ee HOCUTeNs W HOpMa BhraucieHa B R™. IIpoctpamctso H* (M)
ompeenseTcs Kak momnonnerue npoctpanctsa C°° (M) mo sToun HOpME.



39

O4eBnaHO, ITO H>TO MMILOEPTOBO TPOCTPAHCTBO CO CKAMAPHBIM IIPOM3BEIEHUEM

(U’,U)S,M — Z(ud}kav’wk)s,R"- (15)

Paszubie BLIGOPHI KOOPAMHATHBIX OKPECTHOCTEN, JOKAJTBLHBIX KOOPAUHAT U CUCTEMBI
(GYHKIVUY 1)y, TPUBOIAT K DKBUBAJEHTHBIM HOPMAaM. JTa CUCTEMa MOXKET ObITH, B
JaCTHOCTH, pa3bueHreM eqUHUIILL:

> ()

[Ipyron momesHbIn BEIGOP STOU CHCTEMBI: C YCIOBHEM

> Wi(z)

B nocaegHeM Cayvae, €Can MOJMb30BaAThCA MaJbIM aTJIaCOM M3 KapT, COTVIAaCOBaAaHHBIX
¢ 3aJaHHOU ILIOTHOCTBIO,

1. (16)

1. (17)

(u,v)o,m = /M uv dx, (18)

tak aro H°(M) mommocTsio cosmagaet ¢ La(M).

Nmeer mecro menpepwisHOe Biokenne Hg (M) O Hg (M) mpu s < s'; 6onee
TOT'0, DTO BIOXKEHWE KOMIAKTHO (6aarogapsa kommakTaocta M). Tlpu s > n/2 + k
mmeem Herpepsisaoe Broxkerne H* (M) C O (M), k € Z,. Tosromy H>®(M) =
NH?*(M) moxuo orox gecrsuts ¢ C°°(M). Ipocrpancrso [H*(M)] menpepbiBabIX
nmuHeNHbIX QyHKnuoHanos Hay H* (M) moxuo oroxnecrsuts 1) ¢ H*(M), ncnons-
3y# ckaaapHuoe npoussenenue (15), 2) ¢ H—*(M), ucnonbsys npogokenue popMbr
(u,v)o,m B2 H*(M) x H=*(M). Ho »TOT BTOPOM BapMaHT yAacTCi 060CHOBATH
ToabKO mo3guee. Cwm. mexkmuio 11.

HekoTopsre moApoGHOCTH MOXKHO HAUTH B JEKIUAX IPEALLAYIIEIO CEMECTDA.
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Jlekmusa 9

2. OnpegejqEHUE IIJIO HA MHOroosBPA3uM. Ilycts M — 3amMKHyTOE M-
MepHOe 6ECKOHEYHO TIafKOe MHOr00Opas3ue, u mycTh A — omnepaTop, AeUCTBY IO
B C®°(R™). Yepes ¢ u ¢ 6ymem o6o3nadaTh Gpyakuum uz C(M).

Mer ckaxem, aro A — II/1O u3 U™ (M), ecu BBIOIHEHBI IBa yCIOBUL.

1. s mo6BIX @, 1) ¢ He MepeceKarmuMuca Hocureaasymu @ A (1)) mpogomxaercs
IO OTIepaTOpa MOPAAKA —00 B CO60MEBCKOU mmKage Ha M.

2. Ecau HOCHTEIM DYHKIUE @, 1) TeXKAT B OJHOU KOOPIUHATHOU OKPECTHOCTH
O, To

pApu = Ay, (19)

rae Ay — ILIO w3 U™ (R™), saBucamumi ToabKo oT O U BEIGOPaA JOKATLHBIX KOOD-
auaaT B O.

31ech U gagablie moapasymeBaeTcs caegyiomee. CreBa u — mobas (GpyHKIUA 13
C>°(M). Hocuremn ¢pyaxnun u sexar B O. Ilocre nepexomga K JOKaIbHBIM KO-
opawHAaTaM Toay4daioTcsa QyHKIuu Ha Kaprte U, paBHble HY/II0 BOJU3U TPAHUIIHI
kapTol. OHu mpogomkaoTcesa Ha R” HysIeM BHe CBOMX HOCHUTENIeH. B mpaBod IacTH
dopmyast (19) moayuaercsa dyuknus vHa R” ¢ mocurerem B U. OHa mepeHOCUTCS
Ha O m mpogomxaeTcsa HyaeM Ha M BHe ¢BOEro HOCHTE.

B moarekcrTe »Toro ompegereHus — TeopeMa o0 ToM, ITo B R” xoMmo3umusa Buga
©A(t-), rme A — T11O, a ¢ u ¢ — dyakuunr u3 C5°(R™) ¢ He mepeceKaAIMMUC
mocurensmu, ectb 11/IO mopsagka —oo, a TIaBHOE, TeOpeMa O 3aMeHe MepPeMeH-
weix B [I/1O. B cuny stux Teopem Tomrbko 4rTo manHoe onpegenenume 110 ma M
KOPPEKTHO.

Brisegem reneps (opmyry mas npencrasierus 1110 A ma M. Mycrs {04} -
TIOKPHITHE MHOT006Pa3ns KOOPAMHATHBLIMI OKPECTHOCTAMMY, a { ) }H< — paz6uenme
eIMHUIILI, COCTOAIee 3 OECKOHETIHO TIAKAX (PYHKIIAYA U HOIIXHEHHOE YTOMY II0-
kperTuio. [lycts Ap = Ay, — 1110 u3 Broporo myHKTa ONpeeTeHIs, OTBEYAIOIINE
Oy. Iycrs ¢y, — dyukunm uz C°° (M) ¢ Hocurensmu B Ok, paBHble 1 B OKPECTHOCTH
HOCcUTeNs pYHKIUU Qp. Toraa

A= "orA= opArte+ Y opA(l— -

[locremasas cymma — omepaTop moOpAgKa —oo. TakuMm o6pa3om,

A= opApti -+ ..., (20)

3[€Ch W JAJIbIIe MHOCOTOYMEM OO03HATAETCA OIMepaTop MOPALKa —oo. AHAIOIUI-
HYIO (DOPMYJIy MOXKHO MOJIY9IUThH, yMHOXasA A Ha paszOueHure eIWHUIBI CIIPABAa:

A= pApor-+.... (21)

N3 >tux popmyr cpa3y caeayer

TEOPEMA 1. II/]0 uz V™ (M) deiicmeyem ozpanuuenmubim obpazom uz H®(M)
6 H*~™(M).
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[lencTBUTENBHO, JOCTATOTHO BOCIOAb30BATHCA AHAJOTUIHBIM PE3yIbTAaTOM /s
110 s R™.

3ameruM emie, 9To m06ou omeparop suga (20) win (21) — IIJO us ¥, (M). Sro
crenyeT W3 TeopeMbl o 3aMeHe mepeMmeHHBIX B [1/10.

Yepes U~ (M) o6osuaqum nepecedenune Bcex W™ (M) u gepes U (M) — 06b-
enuuenue Bcex W (M). 3amerum, aro ¥~ °° (M) coBmamaeT ¢ KIacCOM MHTErDATb-
HBIX OTIEPATOPOB

/k(x,y)u(x) dx

¢ 6€CKOHETHO TIAIKUMA sapamMu. MoxXHO mOKa3aTh, 9TO OH XK€ COBIAIAET C KIAC-
COM OIIEPATOPOB MOPALKA —0O0 B cOOOMeBCKOU mKage M.

[Momusm cumBoa IT10 kKak mpaBrIo MOXHO PACCMATPUBATH TOJILKO JOKAILHO, B
JOKATBHBIX KOODJAUHATAX.

[0 A u3 U™ (M) Ha30BEM N0AUOIHOPOIHLM, €CIU BCe Aj — MOINOTHOPO JHbIE
[IIO. Orr IO obpasytor xnace Wy (M).

[IpumepaMu MOTYT CIYXUTDH OMEPATOPHI B IACTHLIX IPOU3BOIHBIX ¢ 6€CKOHETHO
TIAJKUMA KOX(DPUIUEHTaAME (UX 3AMUCh OOLIYHO JOKAIBLHA U 3aBUCUT OT BHIOGODA
JIOKATBHBIX KOODAWHAT) ¥ OMNEePATOD YMHOXKEHWs Ha OECKOHEIHO DIAJKYI0 (QYyHK-
o, 510 M0 uz W, (M).

Byner mokaszamo, aro moamoguopoaue 1110 nmMeeT mHBApUMAHTHO OIpeneIeH-
HBI TVIABHBIA CUMBOJ. [IoATrOTOBKA MPOBOAUTCA B CICAYIOMIEM IIyHKTE.

3. KACATEJBHOE U KOKACATEJIbHOE PACCJIOEHUSA HAL M. Ilycts U —
o6aactb B R” U B KaXIOU ee TOUKe Y 3aMaH TUCIOBOU CTOAGEN o (1) BHICOTHI M.
CoBOPAT, ITO DTO KOWMpasapuawmuwil sexmop (TOTHEE, TIOME KOHTPABAPUAHTHBIX
BEKTOPOB), €CIU TIPU TPe0o6Pa3OBAHUM KOODAWHAT Y — § = Y(y) 5TM BEKTOPHI
TpeobpPa3yrTCAa IO TPABUIY

- _ 9y(y)

g = a—yU. (22)

OTOo mpeobpa3oBaHue UMATHPYET JUHEUHYIO IaCTh IPeoOpPa3OBaHud Y — Yo B Y — Yo!

. oy
y—yo—a—y(y—yo)Jr----

[Toss1 KOHTPABAPMAHTHLIX BEKTOPOB 00PA3YIOT JIMHENHOE MPOCTPAHCTBO C WH-
BAPMAHTHO ONPEICNCHHBIMA (He 3aBUCAIAME OT BBIOOPA KOODAWHAT) JUHEHHBIMU
OTEePATIAAMIY.

Eciu B U 3agana kpusBas y = y(t), To KacaTeabHble K Hew BeKTOPHI dy(t)/dt
KOHTDaBapuaHTHBI. [[eUCTBUTENBHO, IPU MEPEX0qe K KOOPAUHATAM Y yPABHEHUS
kpuBon npuauMaioT Bug y = y(y(t)), n

dy _ 9y dy
dt Oy dt’

KOHTpaBapI/IaHTHbIe BEKTODPBI HAa3bIBAIOTCA TaK2XX€ TEH30pDaMM TUIIA <0> .
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Tenmeps BCHOMHUM TOHATWE TIOMA KO6APUAHMHBIL 6EKMOPO6, UIA KOBEKMOPOS,
0
WA MEH30P06 NOPAIKaQ (1 . DTO TOXEe BEKTOpP 7) BLICOTHI N, IPU DTOM Tpeby-
eTcsa, 9TOOBI CTaHAAPTHOE CKAJIIPHOE TPOUW3BEIEHUE 1) - 0 HE 3aBUCEIO OT BBIGOPA
koopauaaT. [lopTOMy M3 paBeHcTBaA

- - . Oy

cAeayeT MTPABMIO TpeoOpPa30oBaHUA KOOPIMHAT KOBEKTOPA

o7\
~ Y
n=\5] n (23)
Ay
[TepengeM K MOHATUAM KaCaTEIbHOU ILIOCKOCTH M KACATEILHOIO PaCCIOCHU.
Pukcupys Touky = Ha M, paccmoTpuM mapsel (Z,T), Toe T — KOHTpaBapUaHTHBIE
BEKTOPHI,  BBRIXOAAIIME W3” T. IDTHU Mapbl 00PA3YIOT KACAMEALHYIO NAOCKOCMb
T,M. Eciu M — runepnosepxaocTb B R*T!, To 5T0 06bIvHAA KacaTelbHAA ILIOC-

KOCTb, COCTOAIMIAS W3 BBIXOMAINIUX U3 X BEKTOPOB, KACATENIbHBIX K ITPOXOIAIIAM
gepes x TaagkuM KpuBbiM Ha M. O0benuHenne

™ = | J T,M (24)
rEM

Ha3bIBAETCA KACAMEAbHbIM paccaoenuem MHOTOOOpasmsa M. 3pech KacaTeabHBIE
mmockoctu T, M n Tz M B pasHbIX TOYKAX T W L CIUTAIOTCA HE MMEIOIMUMU OOIITIX
TOYeK. JTO OECKOHETHO IIaJKOe HEKOMIAKTHOE MHOI000pasme ¢ KOOP JUHATHLIMA
okpectHOCTAMI O X R" u npeobpa3zoBaHUAME JOKAILHLIX KOODIUHAT

y=yy), o= ay (25)

Koxacameavnas naockocms T M cocrout w3 map (x,€), vae & — KOBEKTOPHI.
O6nenunenue

™M= |J ;M (26)
reEM
Ha3BIBAETCA KOKACAMEAbHbIM Daccaoenuem MHOTOOOpaszus M. ITo 6eCKOHETHO
rIaKoe HEKOMIIAKTHOEe MHOT006pa3ne ¢ KOOpAuHATHBIMEA OKpecTHOCTAMu O X R™
7 TpeoOPa30BAHNAMY KOOPAWHAT

y=yy), n= (g%)l_ln- (27)

4. T'mABHBIA cuMBOJ II/1O HA MHOTOOBPA3UKU. BcmomMuHMM, <ITO mpu mpe-
06pa30oBaHUU KOOPAMHAT — TMOACTAHOBKe § = y(y) rmasubin cuMsoa IO mpeobpa-

3yeTca no GopMyie
9y(y)

. (%520) =ty
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OTciona cremyer, 910 TmaBHbM cuMBon ag(z,§) TIAO n3 VT (M) nveer nBapu-
AHTHBIM CMBICA KakK (PYHKIUSA Ha KOKACATEILHOM pacciaoenmu T*M, Todnee, HAa
T*M \ 0 (w3 T*M BoibpacbiBaeTca “HyaeBoe cedeHue”, COCTOAIIEE U3 KOBEKTOPOB
(,0)). DTO MOMOKUATEIHLHO OTHOPOAHAA TO & DYHKIUA CTEIEHU M. DTO O3HATAET,
aro “mpexcrasurenu’ ag(y,n) TIABHONO CAMBOIA B JOKAIBHBIX KOODIUHATAX TIO-
JIOKUTEJIbHO OTHOPOMAHBI CTEIEHU 11 110 7).

B wacTHOCTH, MMEET CMBICT YCIOBUE IAAUNIMUUHOCTNU

ao(z,£) #0 (£ #0). (28)

Yxe CJIe,ZLYIOIlII/Iﬁ 9JI€H a7 IIOJHOI'O Pa3JJOXKEHUA CUMBOJA HE MMeEET MHBAPUAHT-
HOro cMmbIicia. Ho MoxHO JOKa3aThb, ITO TaK Ha3bIBAE€MBbIN Cy52JLa6Hbl’lZ CUMB 0N

(sub A) = a3 (z,€) % S 0k, 0, 10(5, €) (29)

IMEET MHBAPUAHTHBIA CMBICH, €CIM JOTOBOPUTHLCA IMOIL30BATHCA TOILKO JOKAIb-
HBIME KOOPAMHATAMU, COTVIACOBAHHBIMU C JAHHOU TIIOTHOCTBHIO (BCe QYHKIUU Py
DaBHBI €IVHUIIE).

OrMeruM emie, 9TO Ha OKPYXKHOCTU S ([IMHBI 27) €CTECTBEHHO MONb30BATHCS
IEePUOJUIECKON KOOPAUMHATON. B DTOM cilydae MOMHBIA CHMBOJ MMEET CMBICT KaK
2m-niepuogudecKas (pyHKIUA OT I:

a(x + 27, &) = a(x,§). (30)

Anamoruaro o6cTout geno Ha Tope T =S X --- X S — OpAMOM IPOM3BEICHUN N
OKPYXKHOCTEH.

5. UcuucaeHue I1/10O HA MHOTOOBPA3UU. Bce TeopeMbl CIeAyIOT U3 aHAIO-
T'MYHBIX TE€OpEM B Rn, HO MMPpOCIEeANTH yaaeTCsa TOJNBKO 3a INTaBHBIMU CUMBOJIAMU.

TEOPEMA 1. ITyems A € U™ (M), B € U™2(M). Toeda C = BA € U™ +m2()]).
IIpu smom ecau A u B noauodnopodust, mo C' noauwodnopoden u €20 24a6Hbll CuM-
804 ecmb npoussedenue 24a6HblT cumsoros II/10 B u A:

Co = boao. (31)

[TOKA3BATEJIBLCTBO. IlycTs ¢, ¢ — nBe Gpyuxiun uz C'*° (M) cragana ¢ He mepe-
cekarommmMucs Hocurenamu. Ilycrs dyakmus x u3 C° (M), pasHas 1 B 0OKpecTHO-
cTu HOCUTENsS PYHKIUA © U TaKas, 9T0 HOCUTeIU (PYHKIIUN X U 1) He IePeCeKAITCA.
Torga

¢BAY- = pBxAY - +9B(1 — x) Ay

O6a craraembix cipasa mpuHagmexat W~ (M).

[IycTs Temeph HOcHTEMM 06enMX (PYHKIUU (0, 1) JeXKAT B OJHOU KOOPAUHATHON
OKPECTHOCTH, U TmycTh X — qyukmusa uz C°°(M) ¢ vocurenem B O, paBHas 1 B
OKPECTHOCTH 00heINHEeHns HOcUTenen pyHkmun ¢ u . Nmeem

@BAY- = pBxxAY - +oB(1 — x*) Ay -
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B oepBOM CiaaraeMoM MblI MOXeEM IMOACTAaBUTH BMECTO A n B COOTBETCTBYIOIIIUE
II10 B R™, Bropoe craraemoe mpuHagiexur W~ (M). Orcioga suguo, aro BA
— IO w3 U™1+™2 (M), mommofHOPOAHBINA B CIydae MOMMOAHOPOAHEIX A 1 B. [lna
OPOBEPKU YTBEPXKIACHUSA O INTAaBHBIX CUMBOJAX HOCTATOYHO MPEAIIOJOXUTE BCE€ TPpU
(yHKIME paBHBIMEA | B OKPECTHOCTH (PUKCUPOBAHHOU TOYIKU. []

[TycTb Ha MHOT00Gpa3Nu 3adUKCUPOBaHA (IOJIOKATENbHAL GECKOHETHO IIa,TKas)
TJIOTHOCTH. Toraa ompenereHbl CKAIAPHOE TPON3BeIeHTE

(u,v)o = (u,v)o,m = / uv dx

M
u ¢popMma

(u,v)o = (U, v)o,m = / uv dx, (32)

M

u s Kaxnoro oneparopa A, nemcrsytomero B C°° (M), onpegenenbl GopMaIbHO
compsixkenusiin onepatop A®) um dopmanbHo Tpancmorumposanub omeparop A
COOTBETCTBEHHO (HOPMyIaMu

(Au,v)o = (u, A%v)g 1 (Au,v)o = (u, ADv). (33)

TEOPEMA 2. ITyemv A — ILJO uz W™(M). Tozda A™ u AV — momxce IO
uz U™ (M). Ecau A nosuwodnopoden, mo A®) u AY) moxce noauwodnopoous, u

UT 2AABHBLE CUMBOABL PABHbL coomeemcemeenno ag(x, &) u ag(x, =), 2de ag(x,§) —
2aasnvil cumson IO A.

JITOKABATEJILCTBO. IIpoime Bcero BoCmoaIb30BaThCAI MAJIBIM aTIACOM I3 OKPECT-
HOCTefI C IOKaJIBHBIMU KOOPpAWHATaMM, COTVIACOBAHHBIMU C SaﬂaHHOfI IIJIOTHOCTBIO,
u dopmymon (20):

A= " opApth -+ .,

3[€Ch U JaJbIe MHOIOTOYNEM OOO3HAMEH GEeCKOHEYTHO CIVIAXKUBAIOIIAN OMEPATOP.

Nmeem
A®) = Zka](:)(Pk7 AN = ZWA;(;)Q%,

65. dmmmnrTudeckue I1/10 vHa 3aMmKHyTOM MHOrooGpa3uun

1 . ITAPAMETPUKC JJIA DJIIUITUYECKOrO I1/10.

TeoPEMA 3. Iycmv A — saaunmuveckut 1170 us U5y (M). Toeda cywe-
emeyem maxoti sasunmuueckut II70 B u3 \I/;,T(M), Ymo

BA=I+... uw AB=1+.... (1)

Taasuwiii cumeon by IO B pasen 1/ag, 2de ag — eaasuwii cumson IO A.

JIOKABATEILCTBO. Ham momago6arca asa mokpeiraa {Og}Y m {0k} muo-
roo6pasus M co creayrommM ¢cBOUCTBOM: eciu nepecedenue O N O; HEMyCTO, TO
obobenuuenue Ok U O; cOnepXUTCA B IepecedeHnn 5k N 61.
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st kaxporo k mangem rakon I110 Ay € U™(R™), uro gua byHKuun ¢, 1) u3
C*°(M) ¢ mocurersmu B Oy,

P A = pAg1)-

B COOTBETCTBYIONIMX JOKAILHBIX KOOpAnHaTaxX. OmepaTopsl Ay MOXHO IPEIONo-
XUTH PABHOMEPHO DA TAYECKAMA. 3AMETUM, 9TO €CIU HOCUTENN (PYHKIUN @, 1
pexar B O N Oy, TO

QAR = QAp - . (2)

31ech ClIeBa U CIPaBa UCIOAbL3YIOTCI Pa3HbIe CUCTEMBI JOKAJLHBIX KOOpAnHAT. Te-
nepb 3aUKCUPyeM KOHETHOe Pa3OueHue equHUIBL Y | P, MO TINHEHHOE TOKPHITHIO
{O}, m npexnmonoxum, 9ro HOCHTENH MYHKIUK ) HeXKUT B Of u 910 9, = 1 B
OKPECTHOCTH HOCUTENA PYHKINU Q. Mbl nmeem

A:Z@Z)kAkgok--l-....

[Mycrs By —samunrudeckun mapamerpukc pasa Ag. [Tomoxum

B = Z@lBlwl' (3)

7 IIOKaXKeM, ITO DTO JeBLI mapaMerpukc aaa A. Mmeem

BA = Z ZSOIlebllbkAksOk -

3/1eCh B KaXIOM CIAraeMOM WA QP — TOXKACCTBEHHbIM HYIb. WA OOHEJUHEHNAE
mocurenen GpyHkumn 1 u ; aexutr B O N O;. B mocregnem ciydae MOXHO 3a-
MeHUTb A Ha A; ¥ mepemucaTh COOTBETCTBYIOIIEE CAATAEMOE, UCTIONb3yd (2), B
BHJIE

o1 B Arpr, = ei Bi(1—=yi+n) (1—pip+r) Arpr+- - - = i AiBrog+- - - = prop+. . ...

CyMmmMupys o k u [, moaydaeM e[UHIYHBIA OMEePATOP ILIIOC 6ECKOHEYHO CIVIAXKUBA-
FOIAM.

Nanee, kax B R™, ¢cTporM npaBbI TAPAMETPUKC U IPOBEPACM, ITO 004 ABIAIOTCS
IBYCTOPOHHUMU TTapaMeTpukcamu. [

2. CJIEACTBUA.

TEOPEMA 4 (06 ampumopuon ouenke). Ilycmv A — sasunmuueckud IT70 u3
on(M). Tozda cnpasedausa ouenka

[ulls.ar < Cs([[Aulls—m ar + [lulls—1,80)- (4)

TEOPEMA 5 (0 MOBBIMEHAW TIANKOCTH pemrerui). [[ycmos A — sasunmuueckud
110 uz U7 (M). Toeda ecau v € H*(M), Au € H*"™+' (M), 2de t > 0, mo
u € HSTH(M).
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N3 TeopeMbl O MOBBIMIEHUHW TIALKOCTH CAEAYeT, 9T0 nodnpocmpancmeo KerA
pewenuti 001oPodHo2o Issunmuueckozo ypasuenus Au = 0 cocmoum uz 6ecko-
HEUHO 2A00KUT PYHKYUL, 6 YacmHOCMU, OHO He 3a8UCUM O S.

Teopema 0 TOBBITIIEHNY TIATKOCTY CIPABENINBA, TAKXKe B JOKATHHOM BapUAHTE,
HaIpuMep, TaKOM:

TEOPEMA 6. Ilycmv A — saaunmuueckut 110 uz W5, (M) uwu € H*(M), max
umo Au € H*=™(M), no Au € C* 6 obaacmu G na M. Tozeda u € C™(G).

IDTO caeqyeT U3 yXKe YCTAHOBICHHOT'O aHAJOTUYIHOTO pedynbTaTa B R”.

Kak u B R", naa o6o6mennon pyHkmuu u Ha M Onpenensercsa ee CuH2yispHbii
Hocumenb Sing Supp v — HaUMeHbIIee 3aMKHYTOe MHOXKECTBO, BHE KOTOPOI'O OHA
ABIAETCA OecKoHeIHO riagkou. [las mpomssoasuaoro 110 A

sing supp Au C sing supp u. (4)
s smmanturgeckoro 10O u3 TeopeMbl 6 mMoIyvIaeTcs, ITO
sing supp Au = sing supp . (5)

CrpaseqnnBa Takxke TeopeMa, 0OpaTHas K TeopeMe 5 00 aIpuOPHOU OIEHKE:

TEOPEMA 7. ITyemv A — 10 uz V71 (M), u nyemo das $ywryuii u uz H*(M)
¢ nocumeaamu 6 oxkpecmmuocmu O mouxu xo na M cnpasedausa oyenka

[ulls,ar < CUlAulls, 1 + l|ulls—1,80)- (6)

Toeda A sasunmuuen 6 To: eaasubili cumeos ag(xo, &) omauuen om nyss Ha He-
HYAEBLIL KOKACAMEALHBIL 8EKMOPAT 8 L.

[lercTBUTENBHO, MOXHO MPEANON0KATH, 9T0 () — KOOPAUHATHAA OKPECTHOCTD,
7 TEPEeuTH Ha KapTy, a B R Takas TeopeMa yXke T0Ka3aHA.

[Ipex e 9eM mepexoanTh K OCHOBHOU TeopeMe 00 SKBUBAJICHTHOCTH DJLIUITUY-
HOCTH U (PPearoabMOBOCTH, PACCMOTPHUM BaXKHBIU IIPUMED.

3. ONEPATOP BEALTPAMU-JIATITACA HA PUMAHOBOM MHOT'OOBPA3UN. IlycTh
M — puMmaHOBO MHOT0OOOpa3me. DTO 3HATHUT, ITO HA HEM 3a1aHa BEITeCTBEHHAS CUM-
MeTPHUYHAA TIONOXKATEIHO ompefenenuas marpuna ¢(y) = (gi;(y)) B TOKAIbHBIX

KOOPAWHATAX, KOTOPasA IPU WX M3MEHEHNN BeleT cebS KaK TeH30p THUIa 9

7(3) = (g—g) @) 5 )

[Ipr momoOImM 5>TOM MATPHUILI BEITUCAAETCA IINHA KPUBOU Ha M: eCom [Is IIpo-
CTOTHI KPHUBAsA JEXKUT B KOOPAMHATHON OKPECTHOCTH W 3aJAE€TCA YPABHEHUSIMUA
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y = y(t) B mokanpabIX KoopmmHaTax (o < t < f3), TO AIUHA BBIYUCISIETCS IO
dopmynre

g
1= [ W OrsOwoar

[Manee, »Ta MaTpuIa ONpenersieT MIOTHOCTD

dr = {\/O(y)dy}, rae O(y) = detg(y). (8)

Ecmu G — obnacts Ha M, TO ee puMaHOB 06HEM BBIPAKAETCI UHTETPAIOM fG dx.
Hampuwmep, eciz M ecTh n-MepHASA TOBEPXHOCTH B RYY | TOKATHLHO 33, IaHHAS yPaB-

HEHUAMU

of =2kt 9" (k=1,...,N) (9)

(MHIEKCHI Y KOODAUHAT Cenvac MUILYTCA HaBEPXY ), TO

gijzza‘”k(.y) 0" (y) (i,j=1,...,n). (10)

dy*  OyJ

B crywae gBymepHo# mosepxHOCTH B R® MaTpuma g(y) — aTo MaTpuma

E F
F G
Omneparop Bersrpamu—/lannaca onpenensercs ¢hpopMyaon

Au(k(y)) =

ﬁza VB0, st (1)

3mecw (g% (y)) — marpuma, o6paTHas kK MmaTpume ¢(y), TO TEH30p THTIA ((2)>

['maBHBIZ cuMBOJI omepaTopa —A ecTb

Zgij (Y)ming,

9TO MOJOXMUTENBHO ONpeneNeHHad KBaapaTudIHad (popMa, TaK ITO ONEepaTop DJIn-
nTudeH. Kpome TOro, Kak HETPYAHO TPOBEPUTH, OH (POPMATBHO CAMOCOIIPSIKEH.

4. PPEATOJBMOBLI OIIEPATOPHI.

ONPEAENEHUE. Ilycts Hy u Hy — rwib6epTOBBI MPOCTPAHCTBA (MOXKHO OBLIO GBI
paccMOTpeTh GaHAXOBBI IPOCTPAHCTBA) U A — onepaTop u3 Hy B Ha, s IPOCTOTHI
orpanmdeHHbn. OH Ha3BIBAETCA (PedeoabMoBbiM, €CIU BBHITIOJTHEHBI CJIETYOIINe
TPU yCJIOBUS.

1. fAnpo KerA komednomepHO.
2. O6macts 3uadenun Im A 3amxuayTa B Hs.
3. Ona nmeer B Hs xoneunoMmepHoe pomonnenne Coker A.
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PaszrocTs

#(A) = dimKer A — dim Coker A (12)

Ha3bIBAETCA ukdexcom omeparopa A.

B nurepaType BcTpedaeTcs Takxke Takas TEPMUHOIOTHUA: BMECTO “Gpearonb-
MOB omepaTop”’ MUIIYT “HETEPOB omepaTop”, a GpeAroILMOBLIM HA3BIBAIOT HETEPOB
OTIEPATOP C HYJIEeBHLIM WHIEKCOM.

Hanpumep, nycts Hy = Hy = H uw A = I + T, rae I — eguauunnia, a T —
KOMIAKTHBIU onepaTopsl. O6Ien3BecTHO, 9T0 Torga A — GppearoasMos omepaTop
u »#(A) = 0. Dra Teopema MOKA3bIBAETCA B 00I3aTEALHOM Kypce (QYHKIMOHATIH-
Horo aHaamsa win aHaamsa-1I1. Imasawiz npumep — omeparop I + T B mpocTpaH-
crBe Lo(G), rie G — kakaa-uuGy s 061acTh B R™ u T — HHTerpagbHBII OIEPATOP
fG K (z,y)u(y) dy ¢ XBagpaTUIHO UHTETPUPYEMBIM SIPOM.

[Tycrs A — orpanuvenusin oneparop u3 Hy B Hy. Orpanudenusinn omepatop B
n3 Hy B H{ Ha3bIBETCA A€68bIM Napamempurcom nus A, ecan

BiA=1,+T, (13)
n npasviMm napamempurxcom, €Can
ABy = I, + Ts. (14)

3necy n paasmme I; u T; — eIMHWTHBIA 1 KOMIIAKTHBIA omepaTopsl B H;, j = 1,2.
Ecau omepaTop B ABIgeTCsA M€BLIM ¥ MPABLIM MapaMeTPUKCOM, TO OH HA3BIBAETCS
(IByCTODOHHVMM) TapaMeTpukcoM misi A. OTU TePMUHBI MBI CDABHUM C BBE/EH-
HBIMU pPaHbIIe aHaIOruIHbIME Tepmuaamu gia [1/10 B cregyromem myHKTE.

Ecau onepamop A umeem aeswviti u npasviti napamempurcot By v By, mo oba
OHU ABAANOMCA D6YCMOPOHHUMY NAPAMEMPUKCAMU. [|eNCTBATEILHO, TOTIA

B1ABy = (I1 + T1)By = B1(Iy + 1),

7 pa3sHOCTHb B1 — By 0Ka3bIBaeTCA KOMIAKTHBIM OEPATOPOM, TaK KaK MPOU3BeIe-
HIE OIPAHUYCHHOI'O OIEePATOPa Ha KOMIAKTHBIM KOMIAKTHO. OTCIoma Jerko cie-
IyeT HaIlle YTBEPX IeHUe.

[MPEATOXKEHUE 1. 1.IIycmb onepamop A umeem aeswviii napamempurc. Tozda
OH UMEEM KOHEUHOMEDPHOE ADDO U 3AMKNYMYIO 004acmb 3Hauenut. 2. ITycmov one-
pamop A umeem npaswvii napamempurc. Tozda on umeem 3amrnymyo o0biacmb
anauenuti. 3. Iycmov onepamop A gpedeoavmos. Tozda on umeem deycmoponmnudi
napamempurc.

[TOKABATEJILCTBO NPEAJOXKEHUA 1. Ilycts By — MeBbIM mapaMeTpPUKC, Tak
9TO MOXKHO HOIB30BaThCs cooTHomernueM (13). Torga

Ker A C Ker(I; + T1),

oTcioa cpasy ciaegyer, 9To Ker A xoHedHoMepHO. [loKaxkeM Temephb ClIeryolee
BCITOMOT'aTeNbHOE TTPeIIOXeHe:
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[MPEANOYKEHUE 2. [lpu nasuuwulu 4€6020 NAPAMEMPUKCA HA OPMO20HAALHOM
donoamnenuu (Ker A)- % adpy onepamopa A cnpasedauea oyenxa

[ully < C[lAull2 (15)

C HE 3ABUCAULET 0N U NOCMOAHHOU.

[TOKA3BATEJILCTBO MPEMAMOXKEHUSA 2. [omyctum, 9To ornenka (15) HeBepHA.
Torma cymecTByeT Takas MOCIeI0BATEILHOCTD DJIeMEHTOB U, | KerA, aro ||u,||1 =
1 un Au,, — 0. U3 (13) cnenyer, aro u, +Tiu, — 0. Tak kak oneparop T; KoMIak-
ren, a {Tu,} — OrpaHWYIeHHAA MOCAEIOBATEILHOCTh, TO €CTh TAKAS TOAMOCIEN0-
BATEILHOCTD UHIAEKCOB {Ng }, 9TO mocaenoBaTeabHOCTh {Tu,, } dyHIaMeHTATbHA.
[Iycts aas mpocToThl o6o3Hadenun {Tu,} dynramenrarsua. Torga u {u,} dys-
nameHTanbHa. Tak kak Hj monHo, To {u,} wMeer npenen u. DTOT mpeen uMeer
enmHUHYO HOpMY 7 oproroHaneH Ker A. B To xe Bpemsa Au = 0. ITo npoTuBo-
pedne nokassiBaeT omeHKy (15).

Temepb mpoBepuM 3aMKHYTOCTH OOnacTu 3HadeHuu. [lycrs Au,, — f. Boramras
U3 U, OPTOTOHAILHYIO POEKIno Ha KerA, MOXHO IPeAIoNI0XaTh, 9TO0 U, | KerA.
Ucnonb3ys onerky (15) ¢ uy, — Uy, BMeCTO u, moaydaeM, 91o {u, } GyHIaMeHTaIbHA.
Mycts u,, — u. Torga Au, — Au. 3uaanr, g = Au. [

s YTBEPXK ICHUA 2 IpoOBEPpUM KOHEIHOMEPHOCTH KOAMIPA. Omna BUIHa U3 (14)

HpaBaﬂ JaCTh UMeeT KOHCTHOMEPHOE MNOIIOTHEHUEe, 3HAYIUT, U JeBadd.

Hamerum mnam pokasarenhcTBa yTBepx)aenus 3. Ppearoasmos omeparop A
B3amMHO ogHO3HawHO oTobpaxaer (Ker A)L ma ImA m B cmry menmpepwBHOCTH
uMeeT 06paTHBIR (0 TeopeMe 06 06pATHOM omepaTope), o60o3HadIuUM ero By. TIpo-
nomxuM By 10 oneparopa B, OIOXWUB €ro paBHBIM HyJeBoMy onepaTopy Ha (Im A)L.
YauThIBas KOMITAKTHOCTh KOHEITHOMEPHOI'O OMepaTopa, MOXHO M0Ka3aTh, 9T0 B —
mapaMe TPHUKC.

Ha camom mene cmpaBeqIumBBI yTBEPXKIeHUA, OOpaTHLIE K YTBEpXIeHUAM 1 1 2.

5. OKBUBAJIEHTHOCTb DJUIMITUYHOCTU U PPEATCOJBMOBOCTU. Crenyio-
mas TeopeMa ABAAETCSI OCHOBHOU B HACTOSAIIEM maparpade.

TEOPEMA 8. Iycmv A — II/JJO u3 \Ilg}l(M) Toz2da caedyrowue ymaeprcoenus
IKBUB AACHITIHDL.

1°. Onepamop A sasunmuuen.

2°. Onepamop A umeem dsycmoponnuti napamempurc B € \I/;’}l(M) 8 CMbLCAE
meopuu II/70.

3°. A — gipedeoavmos onepamop uz H*(M) 6 H*~™ (M) npu aobom s.

4°. Ilpu mobom s cnpasediusa anpuopHas oyeHKa

ulls,pe < Cs (I Aulls—m,nr + llulls—1,a]- (16)

BLoaee mozo, ycaosue 3° npu mexomopom s pasHoCUALHO IMOMY YCAOBUW NPU
BCET S, U MO KHCE BEPHO OAA YCA08UA 4°.
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[OKA3ATEJILCTBO. MuI yxe 3HaeM, uT0 1° = 2, 1° = 4° npu Bcex s u 1° <= 4°
Tpu KaKOM-HUOGY IH S.

Teneps 3amerum, aro 110 mopagka —oo ABIAETCA KOMIAKTHBIM OIIEPATOPOM
n3 H®' B H*? npwm m0661xX 51 # So. [lodTomy 2° = 3° npm Bcex s.

[Ipeamonoxum, 9TO BHITOTHEHO ycaoBue 3° mpu HEKOTOpoM S. Torma omepaTop
A B3ammuO 0HO3EATHO oTo6paxkaeT (Ker A)L ma Im A 1 mo Teopeme 06 o6paTHOM
oTepaTope MMeeT HelpepLIBHEIA ob6paTHbii. IlosTomy Ha (Ker A)L mmeer mecTo
AIIPUOPHAS OIEHKA

lulls e < CllAuly—mas- (17)

[ycts {u;} — 6asuc B Ker A, 0pTOHOPMEPOBAHHBIN B CMBIC/IE CKATAPHOTO MPOU3-
segenus B H*(M). Torga mobas dyukunsa w3 H®(M) npexcrasuma B BUje

u=1u-+ Z(u, Uj)s, MUj,
rae u € (Ker A)L. TloaTomy

llls,pr < Clll AT s—mnr+) 1w uz)s a5 pa] < Ol Aulls—mnr+ ) 1w, ug)s ]

3aMeTuM, 9TO
|(u,0) 5,00 ] < C|[ulls—1,0r][0]|s41,01, (18)

DTOT BApMAHT 0606ImeHHOro HepaBeHcTBa [IBapna moscHUM HeMHOTO HuXe. Ilo-
sromy moxydaeM (16). M3 (16), kak MBI yKe 3HAeM, CAeAyeT HIIANTAIHOCTD OIe-
paTopa A.

Ocranocs mposepuTs HepasercTBO (18). TIpu ero npoBepKe MOXKHO 3AMEHUTH U 1
v QYHKIMAME @u U v, TAe ¢ U ) — 66CKOHETHO MIajkue GYHKIUU ¢ HOCATELAME B
HEKOTOPOU KOODPAMHATHOU OKpeCTHOCTU. CUmTas JOKAIbHBIE KOODIUHATHI COMIa-
COBAHHBIMI C 3aJaHHOU ILIOTHOCTBLIO, MOXKeM mepenTu Ha Kapry. B R"™ myxnoe

HEPABEHCTBO TPOBEPAETCA DIEMEHTAPHO, HATIPUMeED, IPU ITOMOIIY TPeo6pa3oBaHUA
Dyprwe. [

[ OMOJHATENBHBIE 3AMEYAHUSA. 1. FEcau Ker A = 0, mo anpuopnas oyenxa
sepua 6 gopme (17).
ODTO claeqyeT, HAIPUMED, W3 MPEIIOKEHUsT 2.

2. Iyemo sasunmuueckuti IIJ0 A € \II;T;L(M) umeem obpammubii A™' npu ecex
s. Toeda A™! — saaunmuueckuii 1170 uz Vo (M).

[lercTBUTENBHO, € B — mapaMeTpPUKC, TO
BAA™' = (I+T)A™ ! = B,

OTKyIa BuAHO, uTo A~! — B — omepaTop mopsaika —oo.

3. fxpo samunTuaeckoro omepaTopa COCTOUT W3 O€CKOHETHO TVIafKnX (PYHKIUI
N HE 3aBUCUT OT S. HO eme npeacTouT MOKa3aTh, 9TO MHAEKC HE 3aBUCUT OT
$ W 9TO OOPATUMOCTH DIIUITUTICCKOTO OMepaTopa MpU KaKOM-HUGYIb S BIEIET
06paTUMOCTD IPHU BCEX S.
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6. CONPAXKEHHBI ONEPATOP. Ilycts A — II/1O u3 U™ (M), u nycTh cHavana
m < 0. Torga A u A®) — orpanudenHbIe OmePATOPHL B Lo(M) u paBeHcTBO

(Au,v)o.nr = (u, AMv)g . (19)

BepHO A yskuuu u, v w3 H"™(M). OHO o3HAYaET, ITO 0NEPAMOp A co-
npaxcen k A 6 cubicae meopuu onepamopos 8 2usb6epmosom npocmpancmee. B
JanbHeneM OyIeM 3aIuchbiBaTh ero B Buge A*, 6e3 cKoOOK B moKaszaTesne.

[Iycts Tenepsr m > 0. Torga A — meorpanumdvenusin onepatop B Lo(M). Ero
obaactbio onpenenenus D(A) asaserca npocrparctso H™(M). Ecau A 3avMkHyT,
TO BBUAY WIOTHOCTU B Lo(M) ero o61acTu onpeneseHns OH UMEET COMPSKEHHBIN
A* B CMBICIIE TEOPUH OIMEPATOPOB B IMALOEPTOBOM IPOCTPAHCTBE.

TEOPEMA 9. ITycms onepamop A € Hg}l(M), m > 0, saaunmuuen. Toeda
amo samrxnymui onepamop 6 Lo(M). Conpasxcennbiii onepamop A* cosnadaem c
Popmasvro conpancennvin A®) u umeem my sce o6aacme onpedeaenusn H™(M).

[TOKA3BATEJILCTBO. IIpoBepum 3amMkHyTOCTL. IlycTsh w; € H™(M), up — u B
HO(M) n Au; — f B H(M). Torma Au, — Au 3 H-™(M), Tak 910 Au = f
8 H-™(M). Ho mak kak f € H°(M), To mo Teopeme 0 MOBBLIIIEHWH TATKOCTH
u € H™(M). Takum o6pazom, u € D(A) u Au = f. D10 1 03HATaET, 9TO OIEPATOD
A 3aMKHYT.

Mer umeem v € D(A*) uw A*v = g, ecin

(Au,v)om = (u,9)o,m A1z v € H™(M). (20)
Bpemerro o6o3uaamm oneparop A*) gepes B. Nmeem
(Au,v)o,m = (u, Bv)om g1 u,v € H™(M). (21)

OTO IPOBepAeTCA ANIPOKCUMANUer (GyHKIWEA % U v 6ECKOHETHO TNIATKUMEA (hyHK-
UAMU.

N3 cpasrenus (20) u (21) Bugno, uro D(B) = H™(M) C D(A*) u A* = B Ha
D(B).

C npyroi croponsl, ecma v € D(A*) u A*v = g H°(M), T0 Bv = g8 H-™(M).
Ho g € H°(M) u B snmwnTwes, TaK 9TO B CAIY T€OPEMbI O TIOBBITIICHAH TTa TKOCTH
v € H™(M). Takum o6pasom, ycTaHoBIeHO o6paTHoe BKaoderne D(A*) C D(B)
U COBIIaJCHUE DTHUX ABYX ONepaTopos. []

CkOOKH B mOKa3aTenae MBI Temepb OyAeM OMyCKAThL W OyAeM MUCATDL ([ DILIA-
nruaecknx A) A* smecto A,
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Jlekmusa 11

7. IIPOCTENIINE CIIEKTPAJIbBHBIE CBOUCTBA I1/1O. B sTom nyakTe MBI Oy mem
paccMaTpuBaTh MCEBAOAUMOEDEHINATLHBIN OMEPATOp Kak omeparop B La(M).

CoracHO M3BECTHBIM ONPEICTEHUAM, Pe30.4bsenmuoe muoxcecmeo p(A) omepa-
Topa A B rmib6epTOBOM MpOCTpaHCTBe H — HTO MHOXECTBO TAKUX TOYEK A HA
KOMILIEKCHOU TLIOCKOCTH, 9TO omeparop A — Al mMeeT OrpaHUYEHHBIN 00pATHBIN

Ra(\) = (A~ A1),

Ha3bIBAEMBIN PE304b6eHMOT omepaTopa A B Touke A\. OTO OTKPHITOE MHOXKECTBO;
nomoxuerue o(A) K HEMy 3AMKHYTO W HA3BIBAETCA cnekmpom omeparopa A. B
nHTepecylomeM Hac ceirdac crydae H = HO(M).

Ecmr IIIO A u3 U™ (M) umeeT OTPUIATENHBIA TTOPALOK 1M, TO OH KOMIIAKTEH
B H°(M), Tak xax geicTByeT orpamueHnbiM ob6pasom uz HO(M) 8 H=™(M), a
H~™(M) snoxeno 8 H°(M) xommaxTro. CriekTp Taxoro omepaTopa COCTOUT W3
HYJIA ¥ M30JMPOBAHHBIX HEHYIEBBIX COOCTBEHHBIX 3HAYCHUN, KAXKJOMY HEHYJIEBOMY
COOCTBEHHOMY 3HAYEHUIO OTBEYAET KOHEIHOMEDPHOE KOPHEB0E NOJNDOCMpPancmeo,
COCTOAIIEE U3 COOTBETCTBYIOMUX DTOMY COOCTBEHHOMY 3HAYEHUIO COOCTBEHHBIX U
NPUCOEINHEHHBIX BeKTOPOB 1 Hyis. COOCTBEHHDBIE 3HAYEHUS MOTYT CKAILTUBATHCS
TOAbKO K Hymi0. Todka (0 MoxeT ObITH WM HE OBITH COOCTBEHHBIM 3HAYEHUEM,
HO omepatop A me dpearonsmos B HO(M) (xoTa dpeirorsMoB Kak omepaTop 13
H°(M) 8 H-™(M)): ero obmacTsh 3Havenmi mesamkayTa B HO(M). Towaxm A,
Takue, 910 oneparop A — Al B ruas6epToBoM mpocTpancTBe H He sBasercs dpej-
POJTBMOBBIM, HA3BIBAIOTCA TOYKAMU cyujecmeennozo cnexkmpa omeparopa A. Ta-
kM o6paszoM, (0 — Touka cymecTBeHHOro cuekTpa I1/1O orpunaTe sHOro mopsagKa.

[Ipr m = 0 mommoguopoaubiu 110 mMeeT CymeCTBEHHBIN CIIEKTP, COCTOMIIIN
M3 3HAYCHUU A\ [IABHOIO CUMBOIA G (x,§). [leucrBurensro, rmasasm cumsoa 11710
A — A pasen ag(z,&) — A\, m mpu TakuX A DTOT OMEPATOP He DILINITUYEH, 3HAUAT,
He dpearoasmos B HO(M).

[Tpr m > 0 swmnruaecknn [110 A MoxeT UMeTH HEILyCTOe Pe30JIbBEeHTHOE MHO-
®KecTBO. Ecam 5To Tak u A IPUHANIEKUT €My, TO pe30oabBeHTa R 4(\) koMmakTHA
B H'(M), Tak wto A — onepamop ¢ xKomnaxmuoti peszoaveenmoti. CreKTp Takoro
orepaTopa, KakK W3BECTHO, COCTOUT U3 M3OJUPOBAHHBIX COOCTBEHHBIX 3HAYEHUM,
KOTOPBIE MOT'YT CKAILIMBATLCA TOIBKO K OECKOHEIHOCTH. Kax1oMy coOCTBEHHOMY
3HAYEHNIO OTBETIAeT KOHEIHOMEPHOE KOPHEBOE MOAIPOCTPaHcTBO. [Ipo omepaTopsl
C TAKAMH CBOUCTBAMHU T'OBOPAT, ITO OHU UMEIOT JUCKPEmHbLl Cnexmp.

Ecmu A = A*, o oneparop A mHaszwiBaeTcs camoconpaxcennvim. COeKTp TaKOro
orepaTopa JEeXUT Ha BEIeCTBEHHOU OCH, MPUCOEIUHEHHBIX BEKTOPOB HeT. Kcam
A — caMOCONPAXKEHHBIM KOMIAKTHLIN ommepaTop B H, TO OH mMeeT OpTOHOPMUPO-
BAaHHBIA 0Aa3WC W3 COOCTBEHHBIX BEKTOPOB. AHAJOIUIHO OOGCTOMT AEI0 B CIytdae
CAMOCOIPAXKEHHOI'O OIepaTOpa ¢ KOMIAKTHOU PE30JbBEHTOMN.

W3 ckazamnoro caegyer, 9To camoconpsxkenubin [1/10 oTprunaTenbHOro mopsKa,
MeeT OPTOHOPMUPOBAHHLIN Oasuc w3 cobcTBenabx dynxmmin 8 HO(M). Ecmn A
DJUIATITUYEH, TO, UCIOIL3YS TEOPEMY O IMOBBIIMIEHUN I TKOCTH, JeIKO IPOBEPUTh,
910 co6cTBennbIe GyHkun npuaaprexar C°(M). Eciu A — somuntudeckun 110
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MOIOXUTEIHLHOIO MOPALKA, TO aBTOMATUYECKU BTO OIEPATOP € KOMIIAKTHOU pPe-
30JIbBEHTON U OPTOHOPMHUPOBAHHLIM 6Aa3MCOM M3 COOCTBEHHBIX (pyHKIMHA. M cHOBA
JETKO TPOBEPAETCA, ITO oHU mpuHanmexat C(M).

[IprMepoM caMOCOMPSIXKEHHOr0 ILIUITUYECKOr0 ornepaTopa (Mopsaka 2) sBis-
eTcs orepaTop benbrpamu—Jlamraca Ha pyMaHOBOM MHOT00Opa3NH.

Ecmu [110 A HeHYI€BOr0O MOPAIKA HILIUITAYCH, HO HE ABIAETCA CAaMOCOIPAKEH-
HBIM OTIEPATOPOM, TO er0 COOCTBEHHBIE U MTPUCOETNHEHHbBIE (DYHKITUU TPUHA, ITeXKAT
C>°(M). DTo crexyer 3 TOro, 9TO OHU NPUHAMLIEKAT AIPAM DILTUITAIECKIX OIIe-
paropos (A — AI)* ¢ marypareaevm k.

Ho 3xecwk mpum HenemoM m npuxoauTcs HECKOMBKO PACIIUPUATH KIaCC PACCMATPH-
BaeMbIX [I/1O m momycTHTH, 9TO B ACHMITOTHUYIECKOM PA3IOXKEHUW CUMBOJA, TIO-
PAIKE CIAaraeMbIX He 00A3aTeTbHO OTIUYIAIOTCI OT m Ha memoe ducao. [loapobHo
Ha 3TOM OCTAaHABIUBATHCA HE 6y,z1;eM

8. CAMOCOIPAXKEHHBIN OBPATUMBIA SJIUNTUIECKUNA I1/10.

TEOPEMA 9. IIycmb t -awboe sewecmeennoe wucao u ag(r,&) — beckoneuno
enadras nosoxcumeavnas Gynryus wa T*M \ 0, nosoxrcumenvro 0dnopoonas cme-
newu t. Tozda cywecmsyem obpamumwvlii camoconpaxcennvrt II10 A uz \Il;h (M)
C 2AABHBIM CUMBOAOM (g, 63AUMHO 00HOZHAUHO U HENPEPLIBHO 0MOOPANCAOWUT

HY(M) na HO(M).

INOKABATEILCTBO. 3adukcupyeMm KoHedHoe mokpertme {Op}S mmoroo6pa-
3 M KOOPAMHATHBIMU OKPECTHOCTSAMU U MOTIMHEHHOE eMy pa3bueHue eTuHUIIHI
> = 1, cocrosmee 3 6ecKoHeYHO rmaakux GyHKIu. [lycTh 1) — 6eCKOHETHO
raagkune pyHKmun ¢ HocuTeaamu B O, paBHBIE | B OKPECTHOCTAX HOCATETEN (PYHK-
i . Ilepenoca Gyukuumio ag(z,£) Ha COOTBETCTBYIONME KAPTHI, CTPOUM TaM
10 A% B 10KATHHBIX KOODAUHATAX C STHM IVIABHBIM CEMBOJOM. Ilomaraem cHa-
qaga

Ag = pp AW -

Oro swmntudeckun I1/10 ma M ¢ rmaBHBIM cuUMBOIOM ag. Ilomaraem
_ _ 1 *
A1 = ReAO = §(A0 + AO)

1o camoconpsaxeHHbn dummnTudecku [110 ¢ TeMm xe rIaBHBIM CUMBOJIOM. Ecin
ero aapo Ker Ay TpuBmaabao, To oH o6paTuMm. I[lycTh onHO HeTpuBmaabHO. Torga
OHO KOHEYHOMEDHO W COCTOUT M3 GECKOHEYHO TIaAKuX (PYHKIUU; BO3bLMEM B HEM
oproHOpMupoBaHHEH 6asuc {e;(z)}. Tlomoxmm

A=A+ Z(, €k)0,MEk-

Oror II/IO ormmaaerca or A; Ha GECKOHEYTHO CIVIAXKUBAOIIANA OIEPATOD, TaK 9TO
oo swmunTudeckuin 11710 ¢ TeM xe TIAaBHBIM CAMBOJOM, W OH OCTAETCA CAMOCO-
npskeHHasiM. [IpoBepuM, 9T0 ero Aapo TpuBmaabaHo. OHO COCTOUT U3 GECKOHETHO
raagkux pysknun. [IpegcraBum M00y0 (PYHKINWIO W3 HETO B BUAE U = U + w, T'je
v 1 KerA; mw € Ker A;. Torga v,w € C°(M) un

Au= Av+ Z(w, €k )0,MEk-



54

31eCh
(Arv,ex)om = (v, Are) =0,

TaK 9ITO

Av € (KerAl)L, Z(w,ek)oyMek € Ker A4;.

[TosTomy ecmm Au = 0, To Ajv =0 n Aw = w, Ttak aro w = 0. Ho Ay me MmoxeT
AHHYIWPOBATH HeTpUBHATbHEIE daeMeHTH 3 (Ker A;)L, mosromy u v = 0.
Nrak, A ocymecTsaseT HyXHBIM n30Mopdusm. [

B 6yaymeM MBI mokaxkeM, 9TO TaKue M30MOP(MU3MBI MOXKHO YCTAHOBUTDL IpHU
IOMOIIM CTemenern oquoro »mmmnrudeckoro 110 mopaaka 1.

TEOPEMA 10. Ckaasproe npoussedenue (u,v)opr 6 H°(M) npodoascaemces
do nenpepwvienoti opmwvr wa H* (M) x H=*(M) u ydosaemsopsem 06006wernnomy
nepasencmey Ileapya

(u, )0, < Cs|lulls,mlvl| 5,1 (22)

Ima gopma npu v € H=5(M) daem obwui 6ud auneinoz2o nenpepvisrnozo @ym-
yuonasa wad H*(M).

[TOKABATEJBCTBO. IIpogomxkumocTs GOPMBI ¥ HEPABEHCTBO (22) BBIBOAATCS
U3 aHATOrMYIHBIX pesyabTaroB B R™. U3 (22) cregyer, uro snementsr v w3 H 5 (M)
OIpeNeNAT JIXHEUHEIE HelpepHBHbIe QyHKIMOHAILL (u,v)o v Hag H®(M). YUro
5TO OGIIUY BU[ JUHEMHOTO HEIPEPBIBHOTO GyHKIMoHATa Han H® (M), nposepseTcs
pH TIOMOIIA TeopeMbl Pucca 06 o0meM Bue JUHEHHOTO HEIPEPBIBHOTO (hYHKITA-
omama B TuaROepTOBOM TpocTparcTse H = H°(M) n npensraymen Teopemsr. Cp.
JEKIINY TPEIbIIYIIero ceMecTpa. [

9. PoJsb aapA IIJO A*. B smeMeHTapHOU TEOPHUM JUHEUMHBLIX OIEPATOPOB
TOKA3LIBAETCSA, ITO ecau A — omepaTop B rmabb6epToBOM mpocTpaHcTBe H ¢ IIOT-
HOU 00JaCTHIO OTPEAEIeHUs, TO CONMPAXKEHHBIN onepaTop A* cymecTByeT, ero aapo
Ker A* zamkuyTO 1

H =Tm A @ Ker A*. (23)

TeoPEMA 11. ITyemv A — saaunmuueckui 1140 uz W7 (M). Paccuompum e2o
kax onepamop uz H*(M) ¢ H*~"™(M). Cnpasedausa gopmuyaa

H*™™(M)=1ImA® Ker A", (24)

ede 0pMO2OHAALHOCbL UMEET, MECO OmHocumeabno dopmubl (u,v)o ar, NPodo.a-
acennoti wa H*~™ (M) x H™ *(M).

[Mosicaum, 9o 3aeck Im A 3amkuyTa B H*~™ (M), a Ker A* koHeYHOMEDHO U He
3ABUCHUT OT S, TaK Kak A* sumunruden smecre ¢ A. CymecTBEHHO, 9YTO MBI MOXKEM
paccMaTuBaTh A* BO Bcenm cO60MEBCKOU MIKAJe, OOLIYHOIO MOHATHAA COIPAXKEHHOTO
oIepaTopa B MIILOEPTOBOM IPOCTPAHCTBE TYT HEJOCTATOTIHO.

[TOKA3BATEJLCTBO TEOPEMBI 11. Ecim m > 0 u s = m, To dopmyna (24)
HEMOCPEACTBEHHO caeayeT u3 GhopMyast (23).
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DTOT pesymbTaT 03HATAET, 9TO B cry4dae m > 0 ypasrerme Au = fc f € HY(M)
umeetr pererue v € H™ (M) Torga u Torbko Torga, korga A*f = 0. Cenvac mbr
00600IIM DTOT Pe3yabTaT HA TPOU3BOJILHBIE 1M U S.

Omneparop m3 Teopembl 9 obozmHaumMm wepe3 A;. Ypasuenume Au = f dkBuBa-
JIEHTHO YPaBHEHUIO

Bv=g, rone B= As_mAAs_l, v=Asu, g=As_f.

3mecy B — samumrmwaeckuit 110 mopsagka 0 w v, g € HO(M). [lns ero paspermamo-
CTH HEOOXOAUMO U JOCTATOTHO, ITOOBI BLIIOJHATOCH YCIOBHE

(g, w)oy =0 mpu B*w =0,
T.e. (momaraem h = Ag_pw)

(As—mfa w)O,M =0 mpm As_lA*As—mw =0,

(fyh)om =0 mpm A*h = 0.
NmerHO >TM yCea0BUA W HALO OBLIO TOTYIATD. [

CHEACTBUE. Undekc sasunmuueckozo IIJ0 A svipaxcaemcs dopmyaoii
s(A) = dimKer A — dimKerA". (25)

On ne 3asucum om s.

10. [JAJIBHEUIMIUE CBOWUCTBA UHAEKCA. Ilycts Hy, Hs, H3 — runs6epTOBBI
OpOCTPAHCTBA.

[IPEAJNIOXKEHUE 3. Ilycmv Ay : Hy — Hy, Ay : Hy — H3 — ¢ppedzoabmosbr
onepamopbwi. Tozda A3 Ay : Hy — Hs — ¢ppedeoavmos onepamop u

ITO YTBEPXKACHNE NOKA3BIBAaE€TCA BO MHOI'MX KHUI'aX. BOBMO}KHO, MbI TOKaXKeM
€r'0 B Ha4YaJe CIeayIoIero cemecrpa.

[IPEAJOKEHUE 4. ITycmv A : Hy — Hy — gpedeoavmos onepamop u B : H? —
H' —napamempurc dasa A. Tozda B — @pedzoavmos onepamop u

#(B) = —3(A). (27)

[lepBoe yTBepXaeHHe AOKA3BIBATHL He OyAeM, AAA dIIANTHICCKAX A 0HO ode-
sugHO. Popmymna (27) caegyer u3 (26), Tak Kak mpoussegenue BA umeeT HyJIeBOU
THICKC.

[TPEATIOXKEHUE 5. Ilycmv A — Ppedzoavmos u T — Komnaxmmuwvii onepamopbi
uz Hy 6 Hy. Toeda A+ T — ¢pedeoavmos onepamop uz Hy 6 Hy u

#(A+T) = 5(A). (28)
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OTO ClefyeT U3 TOTO, 9TO mapamerpukc B mias A ocTaeTcs mapaMeTPUKCOM s

A+T.

[IPEAJIOXKEHUE 6. [Tycmv A — (oepanuuennvii) @gpedzoavmos onepamop uz Hy
6 Hy. Toeda cywecmsyem maroe wucao € > 0, umo ecau AA — onepamop uz Hi
6 Hy ¢ nopmoti ||AA|| < e, mo A+ AA — fpedeoavbmos onepamop u

#(A+ AA) = x(A). (29)
[HOKABATEJNILCTBO. Ilycts B — mapamerpukc aus A. Torga
B(A+ AA)=BA+ BAA=1,+T, + BAA.

[TycTs
IBII[[AA[] < 1.

Torga cymectsyet (I1 + BAA) ™! u
(I + BAA)™'B(A+ AA) =1, + (I + BAA)™'T.

[ocreree craraeMoe KOMITakTHO, Tak 910 (I1 + BAA)~1 B — nesuiit mapameTpukc
g A + AA. TIpassiii CTPOUTCA aHATOTHIHO, TaK 9TO MOXHO B3ATh € = ||B| L.
JIro601 06pATUMBIA OIEPATOP MMEET HyJeBOW WMHAEKC, TaK 9TO WHAEKC MOCTPOECH-
HOT'O TMapaMeTPHUKCa Takou ke, Kak y B. Orcoga n w3 npegioxenus 4 ciegyeT

(29).

[TPEAIOXKEHUE 7. ITycmv A — ¢hpedeoavmos onepamop uz Hy 6 Hy ¢ nysesvim
undexcom. Tozda cywecmseyem makxoti kKoneunomepnviti onepamop T, umo A+ T
obpamum.

[TOKABATEJBCTBO (Cp. € 9acThio goKa3aTeabcTBa TeopeMsl 6). Ilycrs uy, ..., Uy,
— 6asuc B Ker A m vy,...,v, — 6asuc B Ker A*. Tlomoxum Tu; =v; (j=1,...,m),
T = 0 ma (Ker A)' u pacnpocrparum T ma H; 10O IMHEHHOCTH. JTO KOHETHO-
MEPHBI OIEepPaToOp, TaK UITO OH KOMIakTeH u A + T coxpaHseT HyJIeBOU WHIEKC.
Tenepsb LOCTATOYIHO MPOBEPUTH, YTO A + T mMeeT TPUBHAILHOE AIPO.

[TycTs h —saement sroro sapa. Ilycrs h = hi+hs, rae hy € KerA n hy | Ker A.
Torga

(A4+T)hy =Thy, (A+T)hy = Ahy, Thy L Ahsg,

Tak 910 Thy =0 u Ahy = 0. Orciona caenyer, ato hy = 0, a Takxe 910 Ahy = 0
u hy = 0 (cMm. npegnoxenue 2). [



