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O JIMHENHBIX CUCTEMAX YPABHEHUI
B OTIEPATOPAX OBOBIIIEHHOI1 CBEPTKII!

10. ®. Kopobeitauk

B craThe ¢ OMOIIBIO AGCOIIOTHO MPEJCTABISIOMNX CUCTEM W3 HEHYJIEBBIX SJIEMEHTOB {Z) })ecp IOJHOTO
JIOKQJTHHO BBIMYKJIOTO TIpocTpancTBa H cTpomrcs obmee pemrenwe B mpocrpanctse (H X H),, nuaeinoi
CHCTEMBI

m

(M(Y)); = dijMij(yi) =g;, g; €H, j=12,...,m

i=1
rae M; ; — maHeliHble onepaTopsl B H takue, uto M; j(xy) = a;,;(A)zx ps moboro A € B, 1 < 4,j < m,
Y=, . ...¥m) € (HXH)n, m>1
YKa3bIBAIOTCA TaKKe ycoBud, npu KOTOpbx omepatop M(Y') mmeer simneifiHblii HENPEPHIBHBIA MPaBBI
obpatuslii B (H X H)p,.

1. O6miue pe3ysbTaThl

1.1. [Tycrs H — nosHOE OT/IEMMOE JIOKAIBLHO BBITyK10€ npoctpanctso (JIBIT) naz moxem
ckasisipoB @ (& = C win @ = R) ¢ mabopom mpegaopm P = {p}, onpemessionium TOMOIOruio B
H; B — nexkoropoe MHOxkecTBO nHjekcoB n X (B) = {z) : A € B} — HekoTopasi COBOKYITHOCTh
HEHYJIEBLIX 9IeMeHTOB =) n3 H Takada, uto span X mimotHo B H.

Pacemorpnm, kak B [1, 2], cemeiicTBo () HeNpepbIBHBIX JMHENHHbIX oneparopos u3 H B H
CO CIeAYIONIUMU CBOMCTBAMU:

1) @ — kommyTaruBHag aarebpa;

2) (VA e B)(Vl € Q) l(zy) = a(N)zxy, tae a(A) — ckangpras GyHKINS, KOTOpas Ha3bIBa-
ercsa cumeosom (mmm rapaxmepucmuseckoti gynrxyueti) onepamopa | (o6o3nauenune: a = s(l));

3) omeparop I; ¢ «eauHUYHBIMY cUMBOIOM $([1) = 1 npunamiexuT Q.

Kaxk nerko nposepurs, l1(y) = y mna mo6oro y € H, u onepatop ly € () ABASETCH HYTh-
oneparopom B H (. e. [yp(y) = 0 ans Bcex y € H) torma m Tonbko Torjaa, xkorga ag(A) :=
S(lg) =0.

Omneparopsr u3 () HasBambl B [1, 2| omeparopamu 06061mennoii ceepriu. Ecm Ag = {s(l) :
l € Q}, o mexxny Ag u () cylecTByeT ecTeCTBeHHbIH anarebpantdeckuii m3omopdusm. Ilpu
5ToM A — KOMMyTaTHBHAS aarebpa ¢ eJAuHUIEIL.

1.2. Ilyctre m > 21 M; j € Q mpu 4,5 = 1,2,..., m. Harypanpaoe uucio m 3aduKCHpo-
BaHO /10 KOHIa cTtarbu. Paccmorpum B H cucremy

m
(Ly); =Y digM;j(yi) = g5, §=1,2,...,m, (1)
i=1
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B KoTOpOii d; j € ©, g; € H, a;; = s(M; ;). Ilpeanonoxum, uro B X (B) nmeeTcs mocie0Ba-
TesIbHOCTD teMentoB X = {z), }32, co cieayrommMu cBoiicTBaMu:

1) X — abcomorno npencrasisiomias cucrema (AIIC) 8 H (cormacuo [3| 510 03madaer,
oo

410 J11060it 271eMeHT T W3 H MOXHO NpeACTaBuTh B BUJE T = Y YsT),, The Vs € ® u psag
s=1
cxogurest abeomoTao B H);

o
2) 3 dszy, — abcomoTHO cxomsumiics B H Hyb-pan (T. e. pa ¢ cyMMOii, paBHOI HYJTIO)
s=1

TOTJa U TOIBLKO TOr/Ia, Koraa {J,}52, € A, rae A — HEKOTOpOe HOIPOCTPAHCTBO IPOCTPAHCTBA
nocsieoaresibHocreit Ag(X, H):

Ay(X,H) = {d ={d}32,: Y _ldslp(zr,) < o0 (p € P)}.
s=1

1.3. Tlocrapaemcs naiitu obmee pemenne cucrembl (1) 8 (H X H)py, := H X --- X H ¢
N———

m

nomomipio ATIC X. Ilyers YV = (y1,...,Ym) — pemenue cucrembl (1) uz (H X H)p,. Jas

Jroboro j < m uMeem
oo oo
gj = Zgj,sm)\sa Y; = Zyj,sx/\sa
s=1 s=1

rae {gjstocy € Ao(X,H), {yjs}o2) € A2(X,H) npu j = 1,...,m. Orcioga npu Tex xe j

BBITIOJTHSIETCS
m 00 oo
Z dZ:J Z yi,Sai,j(As)fE)\s - Zgj7sm)\s g 0
=1 s=1 s=1
nn
oo m
2 (Z Figaig Oa)i = gj,s) - @)
s=1 i=1
Ho tormampn s =1,2,... mwj=1,2,...,m BepHO

D dijaijAs)is = gjs = hjsi hj = {hjs}e2y € A. (3)
=1

o0
Iycre {ds}2, — mobas nociaenosarensuocts u3 Ao (X, H). Torpa psag Y dszy, cxo-
s=1

anrest abcommorao B H. B cny wenpepwisroctn omeparopos M; ;i (1 < i,j < m) B8 H pan
oo
> dsa; j(As)xy, cxomurea abcomorao B H, otkyna {dsa; j(As)}52, € Ao(X, H), 1 < 4,5 < m.
s=1

Taxum obpazom, ecm M(As) — MHOXKECTBO MyJbTUILIMKATOPOB npoctpanctBa Ao (X, H),
i 4 A= . o0

TO TpH J00OBIX (DUKCHPOBAHHBIX 7,j < m nveer Mecto Bryrowenne A7 := {a;;(As)}52, €

M(As). Kak mpr yoenmmucs, ecin Y = (y1,...,Ym) — peutenne cucreMsl (1) u3 (H x H)py,

TO BBINOJHAIOTCS COOTHOIIEHUsT (3).

1.4. ITycrs, o6parwo, {y; s }52 | — pemenne Geckonewnoii cucremsr (3) n3 Ag(X, H) npui =
1,2,...,m. Torma BumoHstoTCA cootHorerus (2) (mpu j = 1,2,...,m), a, CJIeI0BATETHHO,
u (1).

Mg ucenenosanus cucremsl (3) 3adukcupyem Tpou3BOIbHOE S > 1 U pACCMOTPUM CHCTe-
My M ypaBHEHWIT ¢ 1M HEM3BECTHBIMI {Y; ¢ }ir

m
Z di,jai,j()\s)yi,s — gj7s = hj’s, j = 1, 2, cee M. (4)
i=1
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Bsesem ompenenurens w(A) = |dy jay ;(A) nopaaka m. OueBnano, 410 w(A) € Ag.

|m
k,j=1
[Tycts wj i (A) — anrebpamdeckoe jonoanenue snementa dy jay j(A). IIpeamonoxum, o uncia

As TAKOBBI, 9TO
w(As) #0 (s=1,2,...). (5)

Torma mo dopmymnam Kpamepa moxkuO 3anmcath pernerne cucrembl (4) (npu mo6om duken-
poBaHHOM § > 1)

= wj(As)
s = hy ) ke =1,2,...,m. 6
Yk, Z( 58 +g]73) w(>\s) ) 3 Sy s T ( )

J=1
Bynem mpeamonarars, aro qncia {As 150, yI0BIETBOPSIOT €€ TAKOMY YCJIOBHIO:

(g o0
3) {wj’](fi;))} € M(Ay) npu n106b1x GUKCHPOBaHHBIX j, k < m.
W As

s=1
Bamerum, uto ecau MHOKECTBO M (As) sBagercs KoabioMm (aarebpoii), T0 B CHIIYy TOTO,
910 {a;;(As)}52, € M(Az) npu 4,5 = 1,2,...,m, ycioBue 3) rapaHTHPYeTCs BKIOUEHHEM

e }OO € M{da). @)

s=1

IlogBemeM MTOT MOTYYEHHBIM PE3YIHTATAM.

Teopema 1. Ilyctes H, X(B), QQ u Ag — te xe, uaro B 1.1. Ilycts, najee, I0C1€40BATE-
mocre X = {z),}3%, yaoBiersopser ycioBusm 1) u 2), a unciaa Ay — ycaoBusm (5) u (7).
Ilycrs, nakonern, ¢ynknusg w(A) orndaa OT TOXKgecTBeHHOr0 HysI:. Torma obmmii Bi perre-

mnst cncremst (1) ¢ nponssonsroit npasoit wacteio {g; 1, n3 (H X H),, naercsa ¢popmymnamn
o
Yp = Z Yk,sT )y, B KOTOPBIX KOI(DDHIHEHTEI Yy, s Onpeesarorcsa popmyioii (6), rae, B cBoro

OtIepe,ZIb {hjs1se, (1 =1,2,...,m) — npousBoJbHBIE ITOCTEIOBATEIBHOCTH H3 A.
Cucremy (1) 6yzem B ,aaﬂbHeHLueM Ha3bIBATE Heocobot, ecmn dynkuus w(A) m3 Ag or-
JITYHA OT TOXKJIECTBEHHOTO HYJIS.

BAMEYAHUE. ITycrs T; ; — omeparop n3 @ Taxoit, uto s(7T; ;) = w;j(A), tme 1 < 4,7 <
[Tycts, namee, T € Q u s(T) = w(A). Paccmorpum sro6oe pererne Y = (yq, . .. ,ym) CUCTEMBI
(1) uz (H x H)p, (npu ycnoBuu, 9to npapasi 4acth cucrembl npunaaiexur (H x H)y,). Io
Teopeme 1 mpu k = 1,2,...,m BepHO

> “ hj sW k( g] sWj k 1 2
T 3] DILCo PRI ) oL CPN R
s=1 \j=1 ) s=1 j=1

Orcrona nmeeMm

Tyk = Z Z hjswjr(Xs)T, = ,i

s=1j5=1

Ho )’ hjsxy, — HeKoTOpOE HeTpuBHAIBHOE pas/oxkenne Hyns B H 1o cucreme X, n
s=1

ZT?’“ (Z hj,sm)\s) ZZh] swL s)zy, = 0.
7j=1 s=1

7j=1s=1

Taxum obpazom, 0 = v,i = Ty,i Jutst moboro k < m
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ITycrs, obparho, pu § < m psag ), hj &y, — MPOU3BOILHOE HETPUBHATILHOE PA3JIOKEHTE

uyast (HPH) 8 H no cucreme X u nycrb

Ui = ZZ J’swj’ zy, (k<m).

s=1 j=1

Torna Tyy = > o0, Z] 1 swik(As)zy,. C apyroit croponsl, mpu k < m Gyzaer

m oo
0= Z Tk (Z hj,sw)\s> Z Z hj,sw] k(As)zn, = Tyl%'
j=1 s=1

j=1s=1

Crneznosarenso, ro60e pemtenne cucremst (1) u3 (H x H),, umeer 8ug Y = {y,}32, = Y1+Yo,
me Yy = {y2}°, — uactnoe pemenue cucremb! (1), sanuceiBaemoe ¢ nomonpio AIIC X, a
{y k}k | — pemenne w3 (H x H),, onnopoauoit «npusejennoii» cucremst Ty; = 0,

k :_1 2,..., BUIA
>3-t

s=1 j=1

B KOTOPOM Z hjswy, — obumit sug HPH 8 H no cucreme X mpu j <

S_

2. IIpumepsni

2.1. Tycrs M; ;(y) := Y a?y®)(2), e a; ;(2) = 3 )’ 2. Bysem nanee cunrars, uro
k= k=0
a;j(z) € [1,0] m aro G — cozepzKkamias Ha4aI0 KOOPANHAT OrpaHHYeHHAas BBINYKas 001acTh

¢ onopuoit dynkuueir g(—p) > 0. Iycrs, ganee, L(A) — (1, g)-uarepnommpyiomas hyHKms
[4], T e. menag byHKIMA SKCIOHEHIMAJBHOTO TUMA € WHAWKATOPHOI amarpammoil g(p) n
npocteiMu HyIAMA {A, }0% | TaKUME, 9TO

. 1
lim [ —In|L'(\,)| — g (arg \p) | = 0.
n—00 |)\ |
[Monoxkum H = H(G) — npocrpanctso Pperrte Beex dbyHKImii, anaginTuaeckux B obaacru G,
C TOTIONIOTHel paBHOMEpPHO# cxoamvocTn Ha KommakTax G5 B = C, X(B) = {e** : A € C}. B
KadecTBe () BO3bMEM MHOXKECTBO BCEX JIMHEWHBIX MudDepeHInaaibHbIX 01epaTopoB HeCKOHe-
[o.@]
HOTO TOpsIIKA. ¢ ocTogHAbIME Koddbdummentavn Y. bry*)(z) Takmx, aro klim (|bg)kH* =0
k=0 00
(umaue roBops [5, 6], Q — MHOXKECTBO BCeX JIMHEHHBIX HempepbiBHBIX B H(G) omepaTtopos,
NepecTaHOBOYHBLIX ¢ oneparopom auddepentmposanus). B kauectee X BO3bMEM MOCIEI0-
BaTebHOCTE {27} e \s — myin (1, g)-wnreprnommpyiomeit bynkmmn L(\). B nanrom
cIydae

Ay(X, H) = {d:{ds}g‘;l Tim <|A nlds |+ glaxg A, )) o},

a MHOKecTBO A cocront m3 BCex nocaenosarensHocreil Buga {p(As)/L'(As)}52,, ¢ € [1,0]
(cm., manpumep, [4]). Kak uzsectno [4, 7] wysm Ay dynkuun L(A\) MOXKHO BBIOPATH TaK, 4TOObI
BBITIOTHAIOCH yeaosue (5) n

(Ve > 0)(3d > 0) |w(X)| > de 1!,
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e w(A) = |dk7jak’j()\)|zlj:1 — OTINYHAS OT TOXK/IECTBEHHOTO Hysist dbyHKIns n3 Kaacca [1,0];
kpome Toro, wjk(A) € [1,0] mpu j,k =1,2,...,m. 3ameTnm Takke, 4TO

Alph)::{b__{b} : «}EEH go}.

Tak kak lim )
500 |An

TeopeMbl 1 cienyer, uro ecnu {gy(z)}p, — mpousBoibhble dyukmun u3 H(G), dynkims
w(\) omIraHA 0T TOXKAECTBEHHOTO HYJIs, {\g}52; — Hyu (1, g)-unrepnonupyromeit GyHKIII
o0

|lnm < e mpu mobom £ > 0, To yenosue (7) TakyKe BBIMOJHEHO. 13

L()\) ¢ ykasauubIME BbITITe CBOfICTBAMY 1 gk (2) = . grs€?, k= 1,2,...,m, — Kakne-m60

pazsoxkenns ynxmuii gy () B abcomorno cxonsmmuecs: B H(G) paast 1o ATIC X = {e?s? 12,
TO 00IIee pelneHmne CHCTEMbI

Zdﬂzak y1 :gj(z)ﬂ j:132a"'7m7 (8)
i=1

3 (H(G) x H(G))m, mnaercsa dbopmyramu

(@:(m %OQ+~ﬁ M k=1,2,...,m. 9)
Yk ;(L(As) gk)

i gj,swj,k(As)
j=1 w(As) .

Taxkum obpasoM, obrmee pererne cucreMsl (8) m3 H™(G) 3aBUCHT OT m NPOU3BOJBHBIX
bynxmmit {0 (Xs) @ k= 1,2,...,m;s = 1,2,...}. Yanresag, aro {e}?}°, — AIIC 5 H,
MOXKHO MPHUIATH OOIIEMY PEIeHuI0 CUCTeMbI (8) HECKOIBLKO MHO BUJI, MCTIONL3Ys 3aMevanue
B Koune § 1. Mmenno, obmee pemrenne Y = {y;}7° | 3amuceiBaercs B Buje Y = Y; + Yo, rue
Y; € (H x H)y,, Y1 — obmiee pemenne u3 (H x H),, «0puBeIeHHO» CHCTEMBI

B srux dbopmymnax gy, =

Ty, =0, k=1,2,...,m, (10)

MMeIOIIIee ONpe/IeIeHHy 0 (OMUCAHHY0 B KOHIlE § 1 cTpyKTypy), a Yo — UacTHOE pelienue CucTe-
Mol (8), abdexrusno onpenensiemoe ¢ momompio ATIC X. Mmenno, ecm ipu j = 1,2,...,m
o

gj(z) = > gj’se/\sz, 10 Yo = {y,%}znzl, rae s Jaoboro k > 1 Oymer
s=1

ZZ 9j,sW3,k\As ) sw], )\Sz

s=1 j=1

Takum 06pa3oMm, «creneHs Npou3Bosaay o0mero pemenns cucrembl (8) B (H X H)p, He npe-
BOCXOJIUT «CTeMeHu mpou3Bosiay obmuiero pemenns u3 (H X H),, 0ZHOPOJHON «IPUBEIEHHON»
CHUCTEMBI.

2.2. Ilycrs reneps M; ;(y) = pij(D)y, rae Dy = y' u p; j(A\) — mMHOrowien crenenu
ri; = 0. Bynem cunrars, no-npexknemy, ¥to 0 € G u G — orpaHuveHHas BBITYK/as 00/JaCTh
¢ omopuoii dbynknueit g(—p). B gannom cayuae w(\) = |pi7j()\)|zlj:1 — MHOTOYJIEH CTETeHN
pm = 0. Byaem npennosarars, 9T0 MHOTOWIEH w(A) OTJIMYEH OT TOXKJIECTBEHHOTO HYJs (T. €.
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cucrema Heocobas). Ucnonbsya Ty ke AIIC X, uro u B nmpumepe 1, ToydnmM, 910 TpeCTaB-
JieHne OOIIero pernennst CUCTEMbI

Ti,j

dezak er :gj(z)’ j:172a"'7m7 (]-]-)
=1

u3 (H(G) x H(G))m naercs dopmynamu (9). 10 perenne 3aBUCUT HOPMATBHO OT 17 TPOU3-

As
BosbHBIX bynKImit {¢g}, u3 [1,0], Tounee, o1 m dynKImil BHIA (ZI’C(()\ )) AsZ - Mozx-
HO TakKe 3ammcarhb obmee pemenne w3 H™(G) cucremsr (11) B BI/me Y = {uli, =
Yi{yi } + Yo{y2}7 |, riie Yo — duxcupoBannoe 4acTHOE PeleHne CUCTeMbl BU/Ia
g ,sw k As)

ZZ J J IS iy, k=1,2,...,m,

s=1 j=1
a Y] — omgHOo M3 pernennii OTHOPOTHON TPWBEIEHHON CUCTEMbI T(D)y,ﬁ =0,k=12,....m

rae T — mHOTOUIEH crenenu pp,. Orcioga cieyer, uro obmee pemenne n3 H™(G) cucrembr
(11) 3aBucuT HE GOJIEE UEM OT Py, MPOM3BOJBHBIX MOCTOSHHBIX. B uactaoCTH, eciu p, = 0 u
w(A) = D # 0, 1o pemenue cucremnr (11) uz H™(G) eAMHCTBEHHO U 3aNMCHIBAETCS B BUJIE

y Zzgj’swj’ As) /\sz, k=1,2,...,m

s=1j5=1

Ecmu xe pp, > 1, To U3 cKa3aHHOTO BHIMIE CIeayeT, u4To obree perrerne cucrembl (11) u3
H™(G) 3aBucur He Gosiee 4eM OT Py, MPOU3BOIBHBIX MOCTOSIHHBIX. Bosiee eTanbHbIH aHAINS
[OKa3bIBaeT, 9To 001mee pemenue cuctemsl (11) w3 H™(G) 3aBUCAT TOYHO OT Py, IPON3BOIH-
HBIX TOCTOSIHHBIX. Takasi »Ke CUTyalus WMeeT MeCTO W B Cydae Jjiioboro mpocrpancra H,
Y/IOBJIETBOPSIONIEro Tpenonoxkennsay § 1 (mpu zy := eM?).

DTH pesyabTaThl MOJIE3HO CPABHUTHL C copepxKanueM §3 1. X monorpadun [8]. Mmenno,
TaM (MU HEKOTOPBIX JIOMOJHUTETHHBIX MPEINOJOKEHUIX U JPYTUM — CTAHIAPTHBIM — Me-
TOJIOM) MOKA3aHOo, 9T0 00mee pemenne cucrembl (11) B mpocrpancTse Beex (yHKIMIt, HEmpe-
peiBHO JuibdepeHIpyeMbIX my pa3 B 00JIACTH WX OTPEJIesIeHNs], 3aBUCUT (JIMHEHHO) OT Ppy,
IPOM3BOJIBHBIX TIOCTOAHHBIX (37eck my = max{r;; : 1 <4,j < m}). Creayer oTMeTHTD, YTO
meroz MoHorpaduu [8] CHIbHO YCI0KHSIETCS B CJlydae, KOIJla MHOIOYIEH W MMeeT KPATHBIE
KopHHU. B TO Ke BpeMs MeTo]] JaHHO paboThl He 3aBUCUT O CYNIECTBY OT KPATHOCTH KOpPHEMH

w(A).
2.3. Ilycrs, kak B nepsoM mpumepe, M; ;(y) = Z ay v y*). B xauectse npocrpanctea H

BO3bMeM HPOCTPAHCTBO &,(—a,a) Bépaunra — }KeBpe mpun 0 < p<1,0<a< +4oo:

119 (@)l (onpe)/?
gile <o

(=) = {1 € C¥(=a.0) + (¥ > 1) |l = sup sup

720 |z|<an
rie 0 < ap, Ta,0<o0, 1o € (0,+00]. fAcno, uro &,(—a,a) — npocrpancreo Ppemre. Ps
io: ai’jy(k) () cxommrest abeomorao B Ey(—a,a) TOraa W TOILKO TOTAA, KOTAA JJIs JIFOOBIX
n_> 1 uny € &)(—a,a) BoimoaneHO

(G+k) il
Zlamuy ||n_z|a,g|sup wp W@ (onpe)ile

320 |z|<an jile
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oo ..
Herpyzaro nposeputs, uro pag y. a;” y*) () cxommres abeomorno B E,(—a,a), eciu umeer

k=0
Mecto ycnosue (mpn |bg| == |ak )
o0 |bk| (k_|_])(k+])/p on ilp - )
(Vn > 1)(3m > n) Z (o pe)T7 il;%) T o = Yhm < oo. (12)

=0

Bamernm, aTo ipu J060M ukcupoBarHoM k > 0 BepHO

kN /i L i\ VI 1/p
lim <7(k +J) ) =1, lim ((ﬁ) ) = <U—n) <1
j—00 ]J Jj—o0 Om, Om

u mo3ToMy s 00X k > 0, n > 1 um > n O6yxer

. N 1
. (k+j)’f+f<on)f v
0, =sup | ———— | — < 00.
§>0 7 Om

CrestoBaTesibHO, €Cin BBIOHEHO yeaosue (12), T e.

o~ b
(Vn > 1)(3Im > n) Z ompe) k/pézm::'yﬁ’m<oo,
k=

o0 ..
TO P Y. aZ’]y(k) (x) cxomures abcomorHo B £,(—a,a) n ero cymma M; j(y) ecTb IuHEHHBII
k=0
HeTpepPLIBHEI omeparop B £,(—a, a):
(Vn = 1)(3m > n)( 3y} m < 00)(Vy € Ey(=a,a))  |Mijylln < Yo mllYllm-

Paccmorpum nenyto yHKImIO

7wk .
e oy = —. Kak noxasano B 9], L €1, rne

2

A

I,= {L € H(C),L #0: (Vn € N)(3C, € (0, +00))(Vz € C)

In|L(2)] < (1+1/n) (Tmz| +]2]°) + Gy }.

TTonoxkum

_ . . ) N
I, = {f € H© : Gnet) Il =yl < }

u oboznaunM cuMBosioM M (I,) Kacc Bcex HempPephIBHBIX MyJIBTHIINKATOPOB IpocTpaHcTsa I,
(¢ coorBercTByIOMmIEH MHAYKTHBHON Tomomorueii). Ilycrs A := {A;}3°, — coBOKymHOCTH BCex
uyneit L(z) (Bce onm — mpocteie) u E(A) = {exp(A\yz) : k = 1,2,...}. Coracuo Teopeme
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3.5.1 m3 [9] coBokymHOCTH Bcex abcomoTHO cxonamuxcsa B E,(—a,a) HPH mo cucreme £(A)

onpeae/IdeTCda PaBEeHCTBOM
o]

<

(>‘) )\k:v_
Tow ¢

k=1

B KoTopom M € M(I,) u dbynkiua M(A) ommmdra oT ToXKAecTBeHHOTO Hysd. Ilpm srom
(

E(A) — AIIC B £,(—a,a). Orciona caemyer, 910 00lIee pererne Heocoboi CucTeMbl

Zd,Jzak yz _gj(m)’ j:1a27"'ama (13)

=1

u3 (€,(—a,a) x £,(—a,a)), naerca (npu BeinonHenun yciaosus (12)) dopmymamu

— [ Mp(Xs) | . .
yk(m):Z<le((>\ )) +gk,s> e)\s ;o k=1,2,...,m,
s=0 5

rae My (X) € M(1,)\{0}, a Z gk s€+T — Kaxoe-mbo pasnokenne bynkmnn g;(z) 3 £,(—a, a)

B abCOJIIOTHO CXOJSIIIUICS B 5 »(—a,a) pax no cucreme E(A).
BameTum, 94TO B JJAHHOM CJydae, KAK HETPYJHO MPOBEPHUTH,

M(I,) = {f € H(C) : (Ve > 0)(3C. € (0, +00))(Vz € C)
(2)] < Ceexple(tm 2| + |217)) }.

Ay ke byHKIwo L(2z) MOXKHO MCHOIB30BATh U JIJIs1 TTOCTPOEHUs OBIIETro PeIneHnsi Heocoboii

cucremsl (1) n B cayqae, xorma M; ;(y) = pij(D), rae p; () — MHOTOUIEHBI CTENEHH T; ),
m

n gynkuna w(A) = |di jpi;(z)];;_, ormrana or roxecTBernoro Hyas. Tak Kak pesysbTaTel
=

LIS STOTO CJIydasi BIOJHE aHAJOIMIHBI U3JI02KEHHBIM B 1.2, TO MBI He Oy/1€M OCTAHABINBATHCS

371€Ch HA 3TOM.

3. O suHeitHOM npaBOM O0OPATHOM [Ji MATPUYHOTO oneparopa L

B nmacrogmem maparpade HacC OyIeT WHTEPEeCOBATH BOMPOC O CYIIECTBOBAHUU PEIIEHUS
cucrembl (1), KOTOPOE 3ABUCHT JTMHEHHO U HEMPEPHIBHO OT MpaBoil yactu. Mnaue roBops, eciam

m
M((H x H);,) — MHOXKeCTBO BCex JHHeHHbIX omeparopoB L Buma (Ly); = Y d; ;M; ;(yi),
i=1

J=12,....m, tne M;; € @, To TpebyeTca HaiiTu yC/IOBHd, IPH KOTOPLIX omepaTop L
nmeer juHeiHbI npasbiii o6parusiii (JIIIO) B (LBY =Y ans soboro Y € (H x H)py), a
TaKyKe JIMHeNHHbI HenpeprBHBIT mpasbiii ooparueii (JIHIIO) u3 knacca L.((H x H),,) Bcex
JIMHEHHBIX 0nepaTopos, HenpepbiHO aelicTeyiomux u3 (H X H)y, B (H X H)p,. DT0T BOtipoc
uccenoasica B pabore [2|. Ilpusemem oauu pesysnbrar u3 [2|, KOTOpBIi MOHAJIOOUTCA HAM
mmke. [Tycrs A(A) — marpuna (dk’jak’j()\))km’jzl ¢ onpenesmresiem w(A) u Iijk — omeparop u3

- .. mo
Q c cumBonoM s(Ljx) = wjk(A). Kak B [2], oneparop L : (LY); = > Ljxyr, j =1,2,...,m,
k=1

HA30BeM co103HbiM ¢ L onepamopom. B |2] ycTaHOBIEHBI COOTHOIIEHNUS

VY = {y,}?, € (H x H), LLY =LLY =LY,
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B KoTopeIX (LY); = lyy;, 7 =1,2,...,m, u l, — oneparop u3 @ Taxoit, uro s(l,) = w(A). B
§ 2 paborsl [2] nokazaHa

Teopema 2 [2; reopema 4]. Ecsm onepatop ly, nmeer JIIIO B L(H) (nmn JIHIIO B L(H)),
ro oneparopsr L, L u L umeror JIITIO B L((H x H),,) (coorsercrenno, JIHIIO B L ((H X
H)p)).

DTOT pe3yabTaT MOXKHO 006paTuTh. C 3TOi 11e/1bI0 BBeieM pu Ji00oM k < m ciemyromnime
oneparopsr: Iy — oneparop «mnpoektuposaunsty (H x H),, na H:

VY e (Hx H)y  TLY = (V)i =y
Ry, — oneparop «mnognwemay w3 H B (H X H)p:
Vye H Rky:Y(k)E(HXH)m,

rie

0, j#k,
Yy )i = :
(Yiry); { v, =k

Omneparopsr Il u Ry nuneiiasl n wenpepbiBabl, npudeMm [, 11, BRyy = y mist gobbix y € H
u k < m. Takum obpazom, oneparop 1) := Iy BRy ssaserca JIIIO ana l, 8 H, eciu B —
JITIO ayst L8 (H X H)pyy w JIHIIO s l, 8 H, ecu B — JIHIIO pna £ 8 (H x H),,. Takum
obpazoM, CrpaBe/inBa

Teopema 3. ITycrs oneparop L umeer JIIIO (wnmm JIHIIO) B B (H X H)y,. Torna npu
mobom k < m omeparop Ty := Iy BRy sBaserca JIIIO (cooorBercrsenno, JIHIIO) mns 1,
B H.

Corocrasiisist TOT pe3ysbrar ¢ Teopemamu 1, 2, 4 u3 [2], nosmyuaem

CaencrBue 1. PaBHOCU/IBHBI CIEYIOIIHE YTBEPIK ICHHS:

1) omeparop I, umeer JIIIO B H;

2) oneparop L nmeer JITIO B (H x H)p;

3) oneparopsr L u L mumeror JITIO B (H X H),,.
Ilpu srom, ecnm JIIIO k L wnmn K l, wium jguHeiiHble npaBble obpaTHble K L L moxHO
orpeseJInTh KOHCTPYKTUBHO, TO 9TO K€ CaMO€ CIPABEIIHBO U JIJIS OCTAJIbHBIX U3 HUX.

CuencrBue 2. PaBHOCH/IBHDBI CIEIYIONIHE VTBEDXK JCHUSI:

1) cymecrsyer JIHIIO nnsl, B H;

2) cymecrByer JIHIIO mmsa L B (H X H)p;

3) mmeercsa JIHIIO gna L u L B (H x H),p,.
IIpu srom anst achpexrusroro onpenenenns JIHIIO u3 1)-3) cnpaBeammBo Bce CKa3aHHOE B
caencTBun 1.

CiuencrBue 3 (yrounenue teopembl 2). ITycrs omeparop l,, umeer JIITO (mmu JIHIIO,
min 3ppexrusno onpenensemprii JIHITO) B H. Torpa anst marpuansix onepatopos L u L
cymecrytor JIIIO (coorBercrBenno, JIHIIO umn s¢ppexrusao onpenensemsie JIHITIO) B (H %

Crnemyer 3aMeTHTh, 9TO Bonpoc o cymiecrsoBanun JIHIIO s pasnudHbIX OmepaTopoB
06OBIIEHHOT CBEPTKM MCCIe0BAJIC MHOTMMHU aropaMu (cM., Hanpumep, auccepranuio [10]
u 6ubsmorpaduio K Heit). Vcmomp3yst moydeHHble MU Pe3YIbTAThl U CAEJICTBHE 3, MOYKHO
yKa3aTh JOCTATOYHBIE YCIOBHs CyIIECTBOBAHWSA MPABOTO 0OPATHOrO y MaTPUYHOIO ONepaTopa
L. B xagecTBe WITIOCTpAIlUA PACCMOTPUM JBa TPUMepA.
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IIpumep 1. Ilycte G — orpannuennas Beimykiaas oonacts B C; ¢(z) — dynkuus, ana-
JauTHYeckasi B equHnaHOM Kpyre D u oroGpaxkaromasi ero kondopmuo Ha G. B pabore [11]
JIOKA3aHO, ITO €CJU

sup | (2)] < oo, (14
z€D
oo
10 m0Goit mueitnbiit auddepennuanbupii oneparop Buga Loy = 3 apy®(2), e ap € C
k=0

oo
u klim Elag|'* = 0, 3 |ag| > 0, mmeer JIHIIO (pamee Maprumo u FO. ®. KopoGeiimmk
— 00 k=0

o
nokazasm, 9To J060it onepatop L, y kotoporo a(z) := . axz® € [1,0]\{0}, ciophexTusen B
k=0

H(G)). Orcroma cnempyer, aro ecam dynkums w(z) = |di,jai,j(z)|?’;:1, rae a;;(z) € [1,0]\{0},
OTJINYHA OT TOKJIECTBEHHOTO HyJisl, TO DU BBITIOTHEHNN yCioBus (14) MaTpudHbie 0mepaTophl

L w L umeror JIHTIO s H(G).
IIpumep 2. Ilycto [ > 0, P(2) = Y. aq2%, tne a = (a1, a9,...,0p), 2= (21,22, -+ 2n),

la|<l
n
ze€C, |lal =Y ap, a €Ny, > laa] >0, ay € C. Ilycrs, ganee, P(D)y := Y aaD%y(2),
k=1 la|<l la|<
olaly
D . O6ozaaanm vepe3 () MHOKeCTBO Beex muOorownenos P (I =0,1,2,...)

a =

y Dzt ... Ozp™
onmcannoro Buga; H = £(Q) = C*°(N), rae Q — orkpsiToe MHOKecTBO B R" 1 C®°(Q2) —
npoctpatncTeo Dperrie Becex Geckoreano auddepermupyemMbix B ) (byHKIHUI ¢ TOMOJIOTHEI,

ompesiesisemMoit caeTHbIM Habopom npeaHopM | £k = sup sup |f®) (x)]; 3meck
€8, |a|<k

QY ={zeQ: |z| <k, p(z,00) >1/k} (k=koko+1,...; ko >1).

Kak u BBIIIIE, T = ]-7 (,U()\) = |dl,jal,](>\)| rae A= (>‘17"'7)"n); az,](>‘) = S(-P’L,](D))a

m

ij=1
n

z) = exp(\,z) = exp Y. A\pTk. B xauectse () Gepercss MHOKECTBO BCeX JUHEHHBIX mudde-

k=1
PEHITHAJILHBIX OTIEPATOPOB B YACTHBIX MTPOU3BOIHBIX KOHEYHOTO TOPSIKA OT 71 TIEPEMEHHBIX C
KOMIIJIEKCHBIMU [OCTOSTHHBIMU KO3 durmentamu. B pabore [12] nonydensl pasindnbie Kpu-
tepun Toro, uro oneparop P (D) u3 @ umeer JIHIIO B £(2). [IpuBegem 371ech OUH U3 HUX.

Cnenyst JI. Xépmangepy [13]|, muorounen P(z) = Y an2® HazbiBaercs runepbojinvyeckum
laf<q

oraocurensao N € R*\{0}, ectu N — He xapakTepncrnka (He XapaKTEPUCTHIECKOE HATIPAB-

JIEHUE), T. €., ecin

D aaN®*#0 n (Fr € R)(V¢ € R")(Vr <mp)  P((+ i) #0.

lal=q

Cormacao teopeme 3.8 u3 [12] omeparop P(D), XapaKTepuCTUYECKUiT MHOTOUIEH KOTOPOTO
P(z) oramyen or toxgecrBenHoit nocrosinnoii, nveer JIHIIO 8 £(Q) Torga u Tosbko Toraa,
Koryia P rumepboimyeH OTHOCUTETHHO JTII060r0 HEXapAKTEPUCTUIECKOTO HAmpaBienns. Takmm
obpazom, eciu MHOTOUIEH W(A) = |di,jai,j()\)|zlj.:1 OTJIMYEH OT TOXK/IECTBEHHON MOCTOSAHHON 1
runepOOIMIeH OTHOCUTEIBHO JTFO00TO CBOEr0 HEXaPAKTEePUCTHIECKOTO HAIPABJIEHUsI, TO MaT-
puusbie oneparopsl L u L umeror JTHIIO B (£(2))™.

Kax nokazano B [12], kpurepun taxoro ke xapakrepa Haanuaus JIHIIO y smneiinbix aud-
bepeHIIIATBHBIX OMEPATOPOB B YACTHBIX MPOU3BOAHBIX C TOCTOSAHHBIME KO3 dunnentamm
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CTIpaBeIINBBI U Jist Apyrux mpoctpancts H Geckoneuno nuddepentmpyembix byHKImi (Ha-
npuMep, s HEKBA3UAHAIUTHIECKUX TTPOCTPancTB ZKeBpe), 910 1aeT BO3MOKHOCT yKa3aTh,
UCTONb3ys ciieficTBue 1 Teopembl 3, goctarounbie ycnoBus nagmaus JIHIIO y marpuusbix
0IepaTOPOB B COOTBETCTBYIONIUX MPOCTPAHCTBAX. Mbl He OyeM OCTAHABIUBATHCS 3/1€Ch HA
9TOM.
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